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TREATISE ON A:iVIMUNITION. 

ERRATA. 

Page 56, line 3 from bottom of text. FOI'" object aimed at which" &c., read 
" object aimed at at which" &c. 

Page 77, note 5. For" cane " read" canvas " 

Page 78, line 22. For" fuze composition, made in it " &c., read" fuze composition. 
are made in it " &c. 

Page 81, note 1. For" p. 79," read" p. 80," 

Page 81, note 4, line 3. For" 303/60 " read" 3o/3{60" 

Page 87, line 1. For" ight" read" light" 

Page 101, note 1, § 3rd, last line. For" filled." relLd" fitted." 

Page 104, note 8, line 1. For" loading" read" fuze" 

Page 104, note 8, line 2, ditto. 

Page 104, note 8, § 2, line 2. Fm'" 1865," read" 1863," 

Page 118, note 8. For l~' read l~" 

Page 144, § 5 of text. Omit" one seventh to one eighth" 

Page 177, line 8. Omit from "In construction" &c. down to end of line 11, and 
substitute" The capacity of the hopper is about 95 Ibs." 

Page 223. The passage from "This light burns about 2 minutes" &c. down to 
"and packer's name, &c." ought to be placed before the " Note" on blue and greeu 
lights. 

Page 255, paragraph on Diaphragm Shrapnel fuze, line 2. For "shrapnel," read 
"fuze," 

Page 256, line 4. For" is " read" are" 

Page 257, line 7 from top. For" two" read" '2" 

Page 257, line 19 from top. For' 9", read '9", 
Page 267. Description of 20-seconds fuze, § 3, line 2. For" fig. 26 " Tead" fig. 16" 

Page 267. Description of 20-seconds fuze, § 3, line 5. For" fig. 26 " read" fig. 9" 

Page 274, line 3 from bottom of text. For" seam" Tead" same" 

Page 275, line 13 from top of page. Insert comma after" numeral" 
Page 377, line 9. For" of assisting" read" by assisting" 

Page 392, line 3. For" xii" Tead "xiii" 

Page 392, line 4. For" xii" Tead" vii " 

Page 393, line 21 from bottom. For" 31" read" 263 " 

Page 396, line 13. For "12" read "xiii" 
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PREFACE. 

TRill following extract from the letter which I addressed to the 
Superintendentl Royal Laboratory, when officially submitting the 
first volume of' this work, sufficiently explains its nature and 
object. 

It also accounts for the great length to which the foot-notes 
have. extended; and I would request particular attention to this 
explanation, without which the plan of the work will not appear 
very intelligible. 

" In forwarding this part of the work for your consideration it 
is desirable that I should briefly explain,-

" 1st. The object with wliich it was originally undertaken, and 
which I have kept in view during its preparation. 

" 2nd. Its exact nature, scope, and arrangement. 
"1st. When I first joined this department as Oaptain-Instructor 

the wan t of some complete work on laboratory matters at once 
presented itself to me; such a work I presumed would materially 
assist the instructional staff, and tend to simplify and shorten the 
course of those under instruction to an extent which is indicated 
by the fact that the MS, notes made by officers in this depart
ment have extended sometimes to little short of 1,000 pages. 
But snch a work I conceive will have a wider application. The 
number of officers and others of the two services who have the 
opportunity of going through a laboratory course is very small 
compared with that of those who have not this opportunity; and 
yet the subjects dealt with in this course are of equal interest and 
importance to all. It follows then that the absence of any work 
giving a complete description of the ammunition and laboratory 
stores generally in use must be attended with inconvenience and 
disadvantage to the sel~vice at large. 

" Moreover, even to the yeomanry, volunteers, and militia 
forces a great number of the subjects dealt with in this work 
have a direct professional 'interest. It has been to meet these 
wants, admitted by very many officers, and appreciated by none 
more keenly than by T11yself, that this work has been undertaken 
and prepared. 

" 2nd. I felt, then, that this work was not intended for the sole 
use of any particular class of officers or others under instruction, 
of any particular course, long, short, or special, or of any particular 
branch of the service outside the department; it was required to 
meet the wants of all who might turn to it. for reference or 
information. 

" These considerations determined me in the first place to make 
the work as full and complete as possible, excluding, however, 
manufacture, upon which it is indispensable that an officer should 
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make his own notes on the spot, actually observing and following 
the operations, of which a written description, even if ~ccompanied 
with O'ood drawinO's, would fail to convey an accurate Idea. 

b ~ 

" A difficlllty, however, presented itself at the outset, which has 
influenced the arrangement of the work, and which it is therefore 
necessary I should name. It is evident that, while many officers 
will consult this work only to satisfy themselves as to the general 
construction and appearance of a particular store, others, such as 
nremasters, officers going through a long course, &c., may require 
very much fuller information. . 

" To have adapted the work exclusively to the requirements of 
the latter class would have in a measure defeated my original 
intention, by swamping the text with details and making it need
lessly minute for general purposes; on the other hand, to have 
omitted these details altogether would have diminished its value. 
I accordingly met t!le difficulty by transferring all minuter details, 
and, as far as practicable, all measurements, from the text to foot
notes and to tables, leaving the text as general and accurate as 
possible. For example, it may be quite sufficient for ordinary 
purposes that an officer should know that a metal fi.lze is made of 
an alloy similar to gun metal-that infonuation is given in the 
text; a note, however, gives the proportion of the ingredients of 
thnt metal, and to this note an officer requiring the information 
would be able to turn. 

" Again, I have placed in an .Appendix those subjects which 
required to be discussed at so great a length as to make them 
inadmissible in the body of the work, together wit.h details of 
some experiments and lengthy extracts from the reports of com
mittees or other works. 

er Another explanation of the great length to which the foot
notes extend is this. I have been anxious to substantiate, if 
possible, every statement in my text, to put forward nothing but 
departmental details which does not rest on better authority than 
my own, and this has necessitated a vast number of references to 
other books, and, in some cases, extracts therefrom. 

" These references to books will, I believe, serve another pur
pose; they will prove useful in guiding those who may desire it 
to other works bearing upon these subjects, and will afford a sort 
of guide for professional reading or inquiry. 

" I have also endeavoured to quote in the notes the authority 
for the adoption of any particular store or pattern, or for any 
particular change, with date, and this will probably be found 
useful for reference. 

"While endeavouring to make my work as complete as possible, 
I have carefully avoided going elaborately into theory or into those 
"ubjects, such as the flight nnd motion of projectiles, the chemical 
nature of laboratory compositions, &c., which connect themselves 
with other courses of instruction, although in several instances I 
nave referred the reader to works where he may inform himself 
upon these subjects. I ha.ve not attempted, except in a very few 



instances, to describe any stores not actual~!f in the service, or 
stores which having long since been practically superseded are not 
yet exhullsterl, and have never been officially pronounced oh8olete, 
or stores which are at present only expet·imental. 

" Such is the nature, scope, and arrangement of this work. It 
is necessarily somewhat lengthy; but the subject is t1. mo~t exten
sive one, embracing a greater range, including a laro-er number of 
details, and having a wider professional interest proo~bly than anv 
other subject which could be named. • 

" Such a subject I thought if treated at alLshould be treated 
thoroughly. 

" It is impossible but that in a work of this sort some errors 
should have crept in; but I have done my best to exclude them, 
and the greater part of the work, which has engaged me more or 
less since I first joined the depal'tment, has been revised and 
re-written as often as three times," 

The great length to which this volume, devoted to smooth-bore 
equipment, has extended is due, as explained in tht! opening 
passage of the work, page 3, to the fact that many smooth-bore 
stores form part also of rifled-ordnance equipment, and are thus 
common to the two classes of ordnance. This :first part, there
fore, although strictly limited to smooth- bore equipments, is as 
indispensahle to the study of ammunition for rifled ordnance as the 
forthcoming part of the work, which professes to deal exclusively 
with that part of the suhject. Thus, for example, the Pettman 
general service fuze would generally be regarded as a rifled
ordnance store; but it belongs also to smooth-bore ordnance, and 
is included therefore in this yolume. So of a vast number of 
other stores which belong to the two equipments, but which the 
plan of the work includes under the head of smooth bore, as 
having in many instances belonged to that class before rifled guns 
were introduced. 

In some future edition it may appear desirable to reverse this 
arrangement, bringing the whole of the rifled-ordnance stores 
under that head, and occupying the smooth-bore part only with 
stores which exclusively belong to it. But for the present the 
plan which I have adopted appeared to me for many reasons to be 
the most convenient. 

My object in keeping smooth-bore ordnance separate from 
rifled ordnance has been thereby to avoid the continual changes 
to which a combined account of the two would have been liable. 
As it is, the changes in smooth-bore st(>res even during the pre
paration aud printing of this volume have been so numerous as to 
have made it no easy matter to ensure the correction of the work 
~p to the date of publication, and these changes have materially 
iIicreased the labour of its prouuction. 

Rifled ordnance, small arms, and rockets are all in a state of 
active transition, and it wouid be impossible at the present 
moment to produce anything like a complete or satisfactory wbrk 
on these classes of stores. But we may hope that the changes in 
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smooth bore equipment" will not be more numerous than can 
easily be notod in the margin, and that this volume will remain 
substantially correct for several years. 

I have now only to express my thanks to the many ofucers and 
others from whom I have received aS5istance in the pl'epamtion 
of this work. Among the large number who have so assisted me 
my thanks are, I think, specially due to the following :-To 
Brigadier-General Lefroy, who has placed at my disposal many 
valuable books and documents and the records of the Ordnance 
Select Committee for reference; to Captain Gordon, C.B., the 
Principal Superintendent of Stores, who has replied to my too 
numerous questions with a ready courtesy, for which I cannot 
sufficiently express my obligations; to Capt'lin Browne, B.A., who, 
in addition to furnishing a valuable chapter on the "Principal 
Substances used in Laboratory Compositions," has assisted in the 
reading of the proofs; to M. Alphonse Lovey, who was so good 
as to correct the proofs of the various French extracts; to 
Quartermaster Hassall, who, during the period that he was 
attached to the instructional branch of the Royal Laboratory, 
took an active and most useful part in collecting the information 
for the work; and to Seljeant-Major O'Donnell and Serjeant
Instructor Macken, who have IDflteriully aided me in its com
pletion. 

Royal Al'senal, 
November] 867. 

V.D. M. 
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LIST OF PLATES. 

The plates referred to in this work, are the Chromo-Lithographic 
Drawings of laboratory material executed in the Royal Laboratory at 
Woolwich. 

A complete set of these drawings, executed up to the present time, 
comprises many plates which are unconnected with this volume, draw
ings of ammunition for rifled ordnance, and small arms, and of rockets, 
which will be dealt with in the second volume; and the order of the 
plates is not the onler in which the subjects are taken in this book. 
But the references have necessarily been given to the plates as they 
stand, and as they have been numbered in sets already issued; to have 
re-numbered or re-armnged them would have rendered the references 
useless fiS regards such sets, and would have been productive of great 
confusion. 

It seems, however, desirable that a complete list of these drawings 
should accompany this work, more especially as in some of the earlier 
issues the plates were not numbered. Such plates may easily be num
bered in accordance with the following list to facilitate reference 1 :-

Plate 1. Brass Pentagon Case. 
" 2. Common Diaphragm and Mortar Wood Fuzes. 
" 3. N aval:Metal Time Fuzes, and :Moorsom's Fuze. 
" 4. Small Arm Ammunition for Rifled Muskets, • 577 bore 

(including Lancaster). 

" 
5. Tubes. 
6. Long and Signal Lights. 
7. Pettman's L. S. Percussion Fuze. 
8. Portfires; Coast Guard and Common. 

" 
" 
" 
" 

9. Signal Rockets, t lb. 
" 10." "lIb. 
" 11. Cartridges for B. L. Rifled Guns, filled. 
,,12. " " "empty. 
" 13. Pettman's S. S. Percussion Fuze. 
" 14. Small Arm Ammunition, '42 pattern. 
"15.,, "'51,, 
,,16. "Westley Richards' B. L. Carbine. 
,,17. "For Rifle Carbines, . 577 bore. 
,,18. " Rifle Pistol. 
" 19. Portfire, Life Buoy. 
" 20. Carcasses (with tabulated dimensions). 
" 21. Shell, Diaphragm Shra.pnel, 6, 9, 12, and 18-pr. (with 

tabulated dimensions). 
" ~2. Shell, Diaphragm Shrapnel, 24, 32, 42, ·56-pr., and 8" 

(with tabulated dimensions). 

1 In some cases, plate 5 for example, new plates on the same subject and bearing 
the same number have been executed. In these instances the references to the figurell 
"IYill n.ot III wa:ys be cOl:rect. 
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Plate 23. Obsolete. 
" 24. Sheil, Diaphragm Shrapnel, filled and finished. 
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" 27 and 28. Obsolete. 
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" 34. Shell, common, (with tabulated dimensions). 
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" 37. " Parachute Light. 
" 38." ,,(with tabulated dimensions). 
" 39. Bursters. 
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Rockets. 
" 43. Breech-loading Projectiles. 
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" 45. " Time Wood, Boxer, 9, see Muzzle-loading Ordnance. 
" 46. Boxer Ammunition for Snider Rifles. 
" 47. Fuze, Time, Wood, 10 seconds, 7-pounder, Muzzle

loading Ordnance. 
" 48. Boxer's Shrapnel Shell for Muzzle-loading Ordnance. 
" 49. Fuze, Time, Metal, Armstrong, pattern E. (Freeth's 

modification ). 
" 50. Fuze, Time, Wood, Boxer's, 20-sec. B.L. Ordnance. 
" 51. Fuze, Time, Wood, Boxer's, 20-sec. M.L. Ordnance. 
" 52. Boxer Ammunition for Snider Rifle. 
" 53. 
" 54. 

Also the following plates of shell and fuze implements, which are 
issued with the different sets of implements to which they refer, but 
nre Dot numberecl or included in the regular sets of plates. On demand 
they could, however, be supplied with the other phtes. 

No. 1 set. Smooth Bore Garrison. 
" 2" do. do. 
" 3" Rifle and Smooth Bore Garrison. 
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Special set, Rifled Guns of Position. 
" 7 per. M.L. Gun for Mountain Service. 

Implements, Naval Shell and Fuze, R. and S. B. 
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INTRODUCTION. 

THE principal warlike stores required for the service of all branches 
of the military and naval forces of. this country are manufactured in 
Government factories established for the purpose, each factory or 
department confining itself to the production of some special class of 
article. 

The class of warlike stores manufactured in the Royal Laboratory is 
Ammunition ;-accepting the word in a comprehensive sense-a sense 
justified by its etymology and early usage,l-as embracing not merely 
the charge or projectile for guns, mortars, &c., but all tubes, portfires, 
fuzes and kindred appliances connected with the service of every 
description of ordnance, small-arm, and rocket. 

Although special considerations necessarily determine the construc
tion of each article of war stores, certain general considerations are 
never lost sight of' in the production of all articles of this class. They 
must be efficient with clue regard to cheapness. The materials em
ployed and the construction of the articles must be such as will enable 
them to withstand, as far as practicable, the varying influences of 
climate, and the rough usage to which they are liable to be subjected 
on service. Simplicity of construction should be carefully studied; 
and where detonating or inflammable compositions have to be employed 
they must be so disposed as to reduce the risk attendant on their em
ployment to a minimum. War stores which fail in any of these general 
conditions must be considered as but imperfectly satisfying the require
ments of the service for which they have been introduced. 

It is evident that where every detail connected with the construction 
of any particular article has been determined in the manner which will 
best meet both the general and special requirements of the service, any 
failure on the part of the manufacturer,-any practical departure, that 
is. to say, from the tlteoretical construction,-will produce an article 
imperfectly adapted to meet the required end. Therefore, in dealing 
with warlike stores, it is important to look at them from two points of 
view, the one Abstract or Theoretical, the other Practical, and thus, 
first, to study their construction, to consider wherein that construction 
satisfies, or fails to satisfy, the requirements of the service; and then, 
turning to the workshop, observe the processes by whi0h the manufac
turer produces the articles which the inventor has designed. 

A Laboratory Course, then, consists in a study of the natures, con
struction, uses, and methods of manufacture of the several articles 

1 "Ammunition is derived from the Latin muniJ'i; originally to protect by a wall, 
" then to fortifY, then to supply all that is necessary to defence. The French use 
" munition in the same sense, though one may easily understand how it came to be 
" used in the more restricted sense of powder and shot. The ad in admunition or 
" ammunition is due to medireval Latin ruage."-MS. Letter from Professor Mar 
~~liil1er, Sept. 20th, 1865. 
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embraced under the head of "Ammunition ;" and the completeness of 
the course will depend upon the time and attention which. may be de. 
voted to these several points, and upon the thoroughness with which 
the numerous details involved are mastered. 

This work professes to deal only with that part of the subject which 
is designated above theoretical, and cannot therefore strictly be called 
It complete laboratory course. It is mther, as expressed on the. title 
page, a treMise on ammunition aud other laboratory stores, embodying 
a description of the severul articles included under this head, of their 
applications and relative advantages, together with a sketch of the 
more salient points in their history, with such other miscellaneolls 
information as seems to be germane 10 the subject or necessary to its 
comprehension. 

The manufacture of these articles, or the practical part of the conrse, 
can only be studied in the workshops and by the machines where the 
processes involved in their production are being carried on. No de
scription of these processes, however accl1l'ate, even if accompanied 
by the most elaborate drawings, could ever supply the place of actual 
personal observation; and this portion of the course can therefore only 
be completed in the Royal Laboratory. Similarly, the application of 
the knowledge thus acquired must be a matter of subsequent experience 
at the School of Gunnery or on service. For the study of the general 
principles, however, of the" theoretical" part of the subject, such per
sonal attendance is not absolutely indispensable, however desirable; 
and in itself, therefore, a work which deals with that part only may be 
regarded as complete. 

The subject may be divided and dealt with in the following order :-
Part I. Ammunition for Smooth-bore Ordnance. 

"IT. Do. Rifled Ordnance. 
" III. Do. Small Arms. 
" IV. Rockets. 
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PART I.-A1\iMUNITION FOR S~100TH
BORED ORDNANCE. 

Under this head are included all ammunition and stores which form 
part of smooth-bore equjpments. J'dal1y of these stores, however, form 
part also of riflec1 ordnance equipments, and are thus common to the 
two classes of ordnance.l Such stores are necessarily included in this 
1)art. It is desirable to point this out, in order to explain in some 
measme the great length to which the sulJject of ammunition for smooth
bore ordnance ~xtends, as compared with that for rifled ordnance, and in 
order to make tnose who would study this work aware that a larO"e portion 
of this first part is as indispensable to the study of ammunitio; for rifled 
ordnance as that part of the work which professes to deal solely with 
that subject. 

Part I. is divided into three sections. 
A. Projectiles. 
B CI { (a.) Firing Charge, or Charge proper. 

. large. (b B . Cl .) urotll1g large. 
r Means of r (a.) Means of Firing the Gun, "dz., tubes, 

C {. '1' t1 portfires, &0. . 19C~ l~g lei (b.) Means of igniting the Bursting Charge, 
arge. l viz., fuzes. 

Each of these sections permits of fmther subdivisions, and includes 
not only those stores which may full naturally within the section, but 
such miscellaneous artieles as connect themselves rather with the par
ticular section under consideration than with either of the other two. 

Division of 
sllbject. 

N.B.-The following Circular, No. 931 (Stores), 28th October 1865, :-'Iarking stores 
affects War Stores generally, and is therefore quoted at length :- with a numeral, 

" It has been decided by the Secretary of State for War, with the to distinguish 
concurrence of His Royal Highness the Field 1\J arshal Commancling-in- the pattern. 
Chief and the Lords Commissioners of the Admiralty, with a view to a 
more ready and complete identification of stores of difterent patterns, 
to stamp in future all articles manufactured in Government Depart-
ments, so far as their size, form, alllllJature will permit, more particu-
larly those which enter into tbe equipment of garrison, naval, and 
field artillery, with a Roman numeral in additiun to the date of 
manufacture-to signify whether it is the r., 11., IlL, or IV. pattern of 
any particular store. 

"Officers commanding H.M. ships, and Officers commanding gar
risons and field batteries at home and abroad, are enjoined, that 
whenever reference is made to any particular article of store, the 
numeral it bears, and date of manufacture where it is added, are 
invariably to be quoted." 

See also War Office Circular, 7 (new series), § 1,126. 
By a subsequent decision it was intimated that this regulation should 

take effect only from the 1st January 1866. "All patterns governing 
" supplies manufar.tured down to 31st December 1865, or sealed 
" previous to that date to govern future manufacture, are to be No.1, 
" only those sealed on or after 1 st J (lnUaTY 1866, to recei ve Nos. Ir., 
" &c."-War Office Circular, 8 (new series), § 1,162. 

1 Such, for example, as tubes, portfires, lights; much on the subject of the charge, 
bursting charge, the different cases for packing cartridges, &c., some of the fuzes, and 
many other stores which could be easily eU!IJIlerated. 

15836. B 
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As by far the larger proportion of the stores at present in the 
service' are Patterns I., it has been thought necessary in this work only 
to point out when a store is No. II. or III., &c. In all cases, therefore, 
where not otherwise specified, stores are to be assumed as being 
Patterns I. and marked accordingly. 

SECTION A.-PROJECTILES. 

Projectiles for smooth-bore ordnance may be divided into three 
classes :-

Ca.) Shot. 
(b.) Shell. 
(c.) Incendiary and Miscellaneous. 

Subdivision (a).-Shot. 
Solid shot are the simplest, as they are the most ancient description 

of proj ectile. 
If the date of the introduction of gunpowder is hidden in obscurity 

and uncertainty, how shall we attempt to determine the date of the 
introduction of a projectile which preceded gunpowder by many 
centuries,-which, in its primitive form of a stone projectile whistled 
from Da.vid's sling, and was hurled by "engines invented by cunning 
men" 1 from the walls of Jerusalem, in the old wars related in the 
Sacred narrative? ' 

Although shot, if so the rude projectiles of these early times may be 
called,2 were not at £rst made of iron, it is probable that even in the 
most remote ages they had something of the form of the simplest 
description of shot-the" round shot "-of the present day; for we may 
easily believe that the stones thrown from the balistm and the other 
engines of the day were selected with refel'ence to their special fitness 
for this service,3 and no scientific training was needed, but a simple 
knowledge of the practice of their craft, to teach the first artillerymen4 
that their rude engines would throw a round projectile straighter and 
further than one of any other form. 

After the discovery of gunpowder, and tho introduction of cannon, 
stone shot still continued to be used,5 but by degrees these came· to be 
superseded by lead and iron balls, which latter do not appear to have 

1 II. Chronicles, chapter 26, verse 15. 
2 " Shot and shell are Teutonic words. Shot is from shoot. German, scTtiessen." 

....,...MS. Letter from Professor Max Muller, September 20, 1865. 
3 " Dans les temps anciens les pierres et les projectiles globlllai"es avaient ete Ie pre

" mier essai."-Instruction d' Artillene, p. 281. 
Major Owen speaks of the "trebuchet" as being a machine for firing "round 

stones."-Lectllres on Ar/ilier.,!, &c., edition Srd, p. 2. 
4 " The term' artillery' was applied to all kinds of weapons before the introduction 

of gunpowder."--Owen's Lectures on Artillery, edition 4th, p. 1. 
5 It is probable that stone shot were not retained long after the introduction of 

cannon, for they must have been too brittle to withstand the shock of the explosion of 
the charge. Gibbon says, "Stone balls . . .. were found too brittle to resist the 
" force of powder," Artillerist Manual, p. 156. Still, that they were used admits of no 
dou?t .. See on t)lls subject Ancient Cannon in Europe, in Proceedings, Royal Artillery 
!z:stitution, voL IV. p.307 ; and vol. v. pp. 7. 12,22, &c. i 



come into at all general use until about the end of the 14th century,! 
although they had been employed in Italy as eurly a,; 1326.2 

In addition to stone, and iron, and leal!, various materials have been 
proposed and employed for shot, such as compounu projectiles,:; bronze, 
stone encircled with iron, wrought, iron, &c., but all these materials 
were open to certain objections; 4 and eventually shot for general pur
poses came to be made entirely of cast iron, which unites in a greater 
degree than any other material, the essential qualities of hardness, 
strength, density, and cheapness.5 

It would be very difficult to determine exactly when each nature of 
the present Solid east-iron shot was introduced; but all those shot 
which h,tve rivet holes drilled in them may be said to bear date 1856,6 
when that method of attachment was adopted. The solid cast-iron 
shot for the IOO-pr. and I50-pr. were approved in 1864.7 

The history of red-hot shot-of these same solid cast-iron shot Red-hot 2hot 
brought to a red heat for incendiary purposes-need not be treated as 
the history of a separate projectile, but it is interesting to note that the 
employment of heated projectiles of difterent sorts, elates not from some 
period subsequent to the introduction of cast-iron shot, but, in all 

1 "Stone projectiles were used before the introduction of gunpowder and very 
" generally after it, until the year 1400, when the :Frcnch made them of cast iron."
American Artiller!! Course, p. 67. 

"A la fin du XIV" siecle, comme au commencement du XV", .... les canons 
" lanqaient ...• des balles de plomb."-Le Passe et l' Avenir de I'Artillerie, vol. i. 
pp. 42,43. 

" De 1378 a 1400, on faisait deja usage de baukts de fonte."-Instruction d'Artil·· 
lerie, p. 282. 

See also" Ancient cannon in Europe," in Proccedings, Royal Artillery Institution, 
vol. iv. pp. 12, 13, 14,25-36. 

"Pendant la seconde moitie du XIV" siecle; ..•. les grosses bouches a feu pro
" jettent des boulets de fer au des boulets de pierre."-Le Passe et l' Avenir (I' Artillerie, 
vol. iii. p. 107. 

There is mention of iron shot having been used in the ear(lj part of the 14th cen
tury. "Ibn Nason ben Bia, of Grenada, mentions that .... balls of iron 'Were 
" thrown by means of fire, 1331."-Colouel Chesne!! on Fire Arms, p. 43. 

See also Le Passe et rAven;,. ,,'Ar/iiierie, vol. iii. p. 72, where it is stated that 
small iron shot were mad" in 1326; :lnd again, ibid. p. 81 :-" En 1346 les Anglais 
" employaient it la bataille de Crecy trois C~ilons qui lan9aient des balles de fcr." 

I do not think, however, that 'We are justified in assigning an earlier date than the 
close of the 14th century for the general introduction of iron shot, and this is the 
ccnclusion arrived at by Lieut. Brackenbury, R.A., in his able paper on Ancie11t 
Cannon in Europe. Indeed vVilki!1son in his" Engines of War," p. 48, states that 
jron shot were not used ill Enr;la11d until the second half of the 16th century. "Iron 
" bullets .... were first used in England in 1560." 

~ Ancient Cannon in Europe, in Proceedings, Royal Artillery Institution, vol. v. 
pp. 22, 25,36. 

3 At the Siege of Cac1iz cast-iron shells filled" with lead, forming projectiles of great 
" strength and density, were thrown from mortars to a c1istance of 3£ miles."-Ameri
can Artillery Course, p. 69. 

4 "The defect of stone as a material for projectiles is a want of density and tenacity." 
-American A,·tillery Course, p. 67. . 

" Lead as a material for projectiles possesses the essential quality of density; but it 
" is too soft to be used against very resisting objects, since it is flattened even against 
" water ..•. Its use is chiefly confined to small arms and case shot (' spherical '), 
" which are generally c1irected against animate objects."-Ibid. p. 68. 

" When great strength and density, combined, are required in a projectile wrought 
" iron may be used, but it is very expensive to work."-Ibid. p. 68. 

G Ibid. p. 68. 
G 12th i::leptember 1856, General Regimental Order 415, par. 44, date of approval of 

present pattern rivets, see p. 120. 
7I50-pr. approved 19th April 1864. See War Office Circular, '3 (new series), 

'par.946. 
lOO-pr. approved 17th 1I1:ay 1864.-Ibid. par. 947. 
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probability, from some centuries in a.dvance. "Balls of red hot clay, 
" thrown hom slin~s, m:ty be considered as the prototype of hot shot, 
" and they were useu by a native tribe to set fire to a Roman camp 
" during Cresar's war in Gaul ;"1 and Simienowicz says, "The practice 
" of shooting red-hot iron is far from being of modern date; for long 
" before the mention of an :1rtillery it was the custom of the ancients 
" to defend themseln!s with red·hot iron, as is testified by Dioc1orus 
" Siculus .... Vitl'l1vius, speaking of the people of the town of 
" JH:1rseillEs, saith that they threw bars of rcel-hot iron from' balistre,' 
" to burn the besiegers' works." 3 But the full value and effect of red
hot shot were scarcely appreciated until the memorable siege of 
Gibraltar 1779···1783. Drinkwater ascribes the repulse of the grand 
attack upon the place mainly to the employment of these projectiles. 
On one occasion the garrison fired "eight thousand three hundred 
" rounds, more than half of which were hot shot." 3 

The spherical cast-iron shot thus adopted" for general purp03es" 
were not, however, suitable for employment under all the various 
circumstances to which warf~,re and modern mechanicaJ imnrovements 
and appliances gave rise; and for such purposes shot, which may be 
regarded as, aftel' a manner, special, were introduced; some of them, 
such as chain shot and bar shot, again to disappear; while others, such 
as case, grape, steel, and hollow shot, are st.ilI retained. 

Case Ehct. Case shot, or as tl1ey are sometimes called" en.nister," a.re pro bab1y 
not of much more modem elate than solid shot, for from. the earliest 
times, since the intl'odnction of cannon, artillerymen h:we been in the 
habit of firing upon occasions coarse gravel, old nails, bits of iron, bolts, 
stones, and the like;'> known by the name of "langridge," 5 or "pyro
technic hail," 6 and these projectiles may be considered the prototype 
of our present case shot. 

1 Eq1lipment :;f A,·tillery, p. 11l. 
2 Great A,·t I?/' Artiliery, p. 303. 
S Drinkwater's Siege of Gibraltar, p. 293. 
4 " A la fin du XIV- siccle, comme au commencement du XV· .... les cans l'an

~aient '.' . . des bOltes a mitruille remplies de balles de plomb ou des sacs remplis de 
pierres." -Le Passe et i'A,.enZr, voL i. p. 42. 

,- Tin case, filled with steel bolts or darts, and canvas cartridges containing small 
" balls were used by Henry IV. of France."-Owen's Lectlll'es on Artillery, edition 4th, 
p. 8. 

The author of the Great Art of Artillery mentions another cmious description 
of case shot :-"There is a way (which is none of the most despicable) of making 
" it into balls . . . . which is done thus: take of pitch 4 parts, colophone 1 part, of 
" wax 1 part, of sulphur 2 parts, and a little tmpentine ; melt these over a slow fire, 
" and being melted, throw into them 8 parts of quicklime, 4 parts of powder of tiles, 
., and 1 part of the filings of iron or hammer scales. Incorporate all these ingredients 
" well together; which done, add to them as many pebbles or musket balls as are 
"needfuL 'Whilst this composition is cooling make it up into balls that they may 
" exactly fit the gun or mortar you intend to use. 

" There are those who make this shot into balls with plaster or powder of alabaster 
" ..•. others again make it into balls with dirt or clay, which they set to dry in the 
" sun and wind."-The Great Art of ATtillen}, p. 307. 

5 In some dictionaries" langrage" or "langrel"; sometimes these names are applied 
to regular case and grape. I believe that" langrel" is properly a particular description 
of (now obsolete) shot, for in James' Dictionary the following passage occurs :_ 
" Langrel shot, a sort of shot which runs loose with a shackle, or joint in the centre." 
-James' JJlilitat1j Dictiunary, p. 813. 

G " Pyrotechnic hail, by which one meant case shot or cartouch shot, partridge shot, 
" and grape shot."-The Great Art of Artillery, p. 306. 

". Wha~ pyrob?lists mean by pyrotechnic hail is a small parcel of little hard bodies, 
which bemg proJected, perform an effect after the manner of natural hail; but it is 
somewaht more hard and perilous, an artificial hail being mostly of coarse gravel, 
:river pebbles or any stones of the bigness of a pigeon's egg and sometimes of scandent 

b a1Js or slugs, or little bits of iron and all such like things."-Ibicl. 
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It is stated that canister shot were first used in the defence of 
Constantinople about the middle of' the 15th century. 

It seems certain that a projectile resembling the case of the present 
day in many respects, though differing from it in other, was used as 
early as the 16th century. This projectile, which was called" hageI
kugel" (hail shot) is described as a "leaden shell or rather box: of 
" cylindrical form; its fuze was the old common fuze placed in the 
" axis of the shell and at one end of the cylinder; the bursting powder 
" surrounded and covered the fuze in the interim· of t.he shell; the rest 
" of the empty space of the shell was filled up with 'hail '-pieces of 
" iron, bullets, or even pcbhles; uncI, lastly, the shell was 8uitahly 
" closed at the other eud. 

" This projectile was introduced into the gUll so that its fuze was 
" turned towards the charge of the piece; thc fire with it seems to 
" have been successful to snch a degree that it was employcel in 
" action." 1 

The pre;;ent pattern tin case shot may be sai<l to have been introduced 
in 1861, up to which date all case shot in lI;;e in ollr "ervice lwd wooden 
bottoms. But owing to the difficulty in obtaining -wdl-seasonecI wood, 
Colonel Boxer propo:sed (26th :"II ay 1859) that sheet iron or tin pi:tt~ 
should be substituted. This proposition was agreed to in 18612 for aU 
case ~hot for garrison and llllyal service, wooden bottoms being retained 
for all case for bronze ordnance. 

The iron case shot for 32-p1'., 8-inch, lO-incI!, and IOO-pl'. guns were 
not approved until the commencement of IH66.' 

The history of Grape shot is in the main conicmporary with that of Grape Shot. 
case, for, like case, it may 1.>3 considered as an improycd description of' 
langridge; and the projectiles described as "des s,tcS remplis de 
" pierres," which we are told were used as early as the 14th century;t 
and more especially those spoken of in Owen's Lectures on Artillery 5 

as "canvas cartridges containing small balls," were merely rude forms 
of the quilted grape which, until the introduction of" Catlin's grape" 
in 1822, were generally employct1. 

Bar shot and ehain shot scem to come more properly unrler the hcad 
of grape than of' c,tse ; and these there is every rca~on to bclieyc were 
used very soon after the introduction of cannon." 

:i'lIodern grape shot, t.he " quilted grape" rcferretl to above, consisted 
of an iron plate from the cr.ntre of which passed up an iron spindle, 
round which spindle were piled sltucl shot enclosed in a canV(1S bag, the 
bag being drawn together between the balls, or "quilted," by a strong 
line. 

From a sort of rough likeness which this pr~jectile bore to a bunch 
of grapes it obtained the name of" grape" shot. 

In 1822 7 a new pattern grape shot proposecI by W. Caffin, Esq., bte 
of the Royal Laboratory, ,\~ cwl\yich, was adopted, but not manufactured 
until 1856. The quilted grape, bowel·eJ·, is not yet altoget.her ob~o!ete ; 

1 " The Shrapnel Shell in England and BelgiuJIl," &c., p. Gl. See Apper::dix .-\., ou 
the subject of this projectile. 

~ 27th March 1861. 'vVar Officz Letter of that date, 79/B/307. See also rrar OjJice 
Circular 680, par. 2-H. 

3 War Office Ci;-cular, 9 (new series), § J ,192. 
4 Le Passe et I'Avenir d'Artillerie, p. 43. 
5 \)wen's Lectllres on Artiller.lf, edition 3rd, p. 10 
G The curious in such matters may see in the Itoyal ~lilitary Repf'Sitory, \Voolwicb, 

a double-ban-elled cannon for throwing chain shot. 
7 Approved 2nd September 18~2. Board's letter of that date. 
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althoucrh no longer manufactured, the existing stores, where serviceable 
are ordered to be used up; and re-issues of grape of this pattern which 
have been returned from ships or stations,l are sometimes made from 
the Royal Arsenal, Woolwich. 

Hollow shot were originally proposed by General Shrapne1 2 some 
time in the early part of this century, and were int.roduced for all 
natures of guns and howitzers (except the IS-pr.) from the lO-inch to 
the 12-pr.3 

They were common or naval shell securely plugged with iron. Some 
time in lS56-7 4 the manufacture of the smaller natures of hollow shot, 
56-pl'. downwttr<ls, was discontinued; but lO-inch and S-inch hollow 
shot were manufactured until 1859-60,5 when shells with countersunk 
gun-metal plugs were substituted.6 Although hollow shot as a distinct 
projectile thus became obsolete, existing stores are to be used when 
serviceable for practice;7 and all returned hollow shot, of whatever 
nature, when serviceable, are re-issued from the Royal Arsenal, W 001-

wich, "for practice only." Commanding officers of artillery are 
directed not to use any common shells, as hollow shot, "whilst any of 
the old p<tttern hollow shot remain at the station." 8 

Steel shot were first used in England for the purpose of penetrating 
iron-plated vessels in 1859; 9 and from that time until lS65, when they 
were iirst regularly issued for service to Her :Majesty's ships, steel shot 
of various dea!:!riptions, and the productions of various manuf"cturers, 
were experimented with on a large scale, from both rifled and smooth
bore guns.10 

Splierical chiIled iron shot were introduced in 1867,11 as the result 
of the success which had attendec1 the use of this material for elongated 
projectiles. Chilled iron has become so closely associated with the 
name of Major Palliser, by whom it was proposed, in conjunction willi 
a particular form of pointed ogivalliead, for rifle projectile's, thD,t it 
is desirable that it should be underRtood that spherical chilled iron 
pr0jectiles formed no part of Major Palliser's proposals. A spherical 
chilled iron shot is not a Palliser shot, which consists of a particular 
combination of form and material. 

1 The question respecting the re-issue of grape of this pattern was raised in 1864 
in connexion with the large stores which had accUlliulatecl in the Royal Arsenal from 
the Ionian Islands. The decision was that quilted grape should be re-issued when 
serviceable. 

2 Petition presented by Henry lveedham Scrope Shrapnel to the House of Com mOilS, p. l. 
3 There were two natures of hollow shot of the S-inch calibre, viz., the C0mmon 

shell plugged with iron, weight about 46 or 4 71bs.; and a shell specially made for the 
purpose and similarly plugged, weight 56 Ib8. The heavier projectile was generally 
issued for sea, the lighter projectile for land-service. 

4 I have been unable to trace the exact date. 
S Manufacture of hollow shot as a separate projectile discontinued for naval service, 

8/2/,39, War Office Circular 590, par. 7, and for land service, 22/6/60, War Office Cir
cular 639, par. 93. 

6 See p. 25. 
,War Office Order 61/Laboratory/1925, and Royal Artillery Dirculw' Memorandum, 

30th September 1864, par. 13. 
S Royal ATtilleT.'! Circular ll1emorandum, 30th September 1864, par. 13. 
g Pruceedings, Royal Artillery Institution, vol. iv., p. 205. 
10 For an epitomized account of these experiments, see Proceedings, Royal ArtillenJ 

Institution, yol. iv., p. 205, et seq.; for a fuller account, see Reports of Special Com
mittee on Iron. 

11 Approved 6/7/67. W.O. Letter 11/7/67, 75/12/3255. 



There al'e at present eight difiel'ent sorts of shot in the service, Shot-Seven 
viz. :- Classes. 

1. Solid cast iron. 
2. " steel. 
3. " chilled. 
4. Sand. 
5. Hollow. 
6. Case. 
7. Grape. 
8. Eprouvette shot. 

1. Solid cast iron 1 (see table I., p. 322), or as they are sometimes called Shot-Solid 
round shot, are of 12 different natures, viz., 150, 100, 68,56,42, 32, cast-iron. 
24, 18, 12, 9, 6, and 3-prs. and are distinguished by their respective Sizes. 
(approximate) 2 weights. 

They are solid spheres of east iron.3 Description. 
Solid cast-iron shot are riveted to wood bottoms when intended to be 

used with guns of position,4 or with bronze guns,5 but not otherwise; 
in the first case, because they keep the shot steady in the limbers, and in 
the second hecause the addition of the wood bottoms preserves the bores 
of bronze ordnance from injury by diminishing windage and so prevent-
Ing the ricochetting of the shot through the bore, to which cause the 
denting of the bore of bronze guns, where no bottoms are used, is due.6 

The bottom is attached by means of a cylindrical gun-metal rivet 7 

(pl. 34, fig. 8), slightly hollowed out at one end, and with a projecting 
conical head at the other; 8 a hole (pI. 34, fig. 11, Ie, L, JI.I, :N,) about 
<me-tenth of an inch in depth, shaped like the fl'llstUIll of a cone, the 
base of which is towards the centre of the shot, is undercut :in the 

I The words" cast-iron" are necessarilv introduced in contradistinction to solid 
steel shot; but doubtless solid cast-iron shot will be more co=only spoken of, as 
heretofore, simply as " solid shot." 

2 For exact weights, see table. 
3 The iron used is a mixture of ordinary (hot blast) pig iron, old iron, and 

" founders' scrap;" no rnle can be given as to the precise proportions of the several 
irons, which will vary to a certain extent with the nature of each, and with the size of 
the shot to be cast, the larger shot requiring a softer iron than the smaller sizes to 
ensure a true casting without" feeding." 

The following example will give a fair idea of the component parts of an average 
charge:-

No.1, pig iron 8 cm. 
No.4, " - 10 " 
Old iron 4 " 
Founders' scrap - 10 " 

4 Except for practice." Solid shot for practice with these guns are issued loose," 
Horse Guards Circular Memorandum, Royal Artillery, 19th May 1865, paragraph 4, 
also 27/1/65, 55/Artilleryj2-+8L 

5 " The use of wooden bottoms with 6-pr. shot firing from brass guns with 4 oz. 
" charges at instruction practice in the Royal Navy is to be discontinued; it having 
" been ascertained that firing loose shot with such charges does not injure the bore 
" of the gun." Approved 29th December 1860,75/12/845.-War Office Circular 
665, paragraph 174. 

6 In some experiments which were carried on at Shoeburyness in November 1859 
90 shot without wood bottoms were fired from a 9-pr. brass gun in 80 minutes; 
the practice had then to be discontinued owing to the breaking of the shot in the 
bore, and on examination the gun was found to have been rendered perfectly useless, 
the bore being dented in places to the depth of half an inch, the metal being cracked 
even to the outside, and the muzzle having Decome almost oval in form. MS. 
Lectures by the late Captain Lyons, RA., Inspector of Ordnance. Also qnoted in 
Owen's Lectures on Artille'rlJ, edition 4, p. 14, note 3. See also, on subject of inju
rious effect of windage on brass gun, Boxer's Treatise of Artillery, section i., part 1, 
pp. 156-7, where references to Piohert's COUTS d:Artillerie are also given. 

i 18th August, 1855, M./1661. Formerly the bottom was attached by means of 
tin strapping. This was an inconvenient plan for many reasons, see Rivets, p. 122. 

8 See p. 121. 
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shot, and the gun-metal rivet being passed through the woo~ bottom, 
its cylindrical or hollowed-out end is made to enter the small rlvet-hole, 
and owing to this end being hollowed out, a few smart blows on the 
head of the rivet cause it to expand and fill up the conical hole, thus 
securely attaching the bottom to the shot.l 

All solid cast-iron shot are painted black (with the exception of the 
68-pr.) to preserve them from corrosion; the 68-pr. shot is painted 
red, instead of hlack, to distinguish it from the 8-inch hollow shot of 
the same ealibre.2 

Solid cast-iron shot are used against masses of men, to breach ma
sonry, against wooden 3 shipping, and against material generally. 

Sometimes, when fired against inflammable material, such as shipping, 
stores, &c., they are heated to a "wafer" red heat, and fir-ed with re
duced charges.4 Red··hot shot have been partially superseded by 
:UMtin's shel1.5 

Solid (east-iron) shot are fired only from guns, carronades, and the 
12-pr. sea service bronze howitzer (10 cwt.). 

Solia. cast-iron shot are issued either-
(1.) Loose, unprepared for bottoms. 
(2.) Loose, prepared for bottoms. 
(3.) Riveted. 

All solid cast-iron shot, except those for gnns of position or bronze 
guns,6 are issued (I) "Loose, unprepared for bottoms." In this case 
they are not packed. 

Solid cast-iron shot are only issued (2) "Loose, prepared for bottoms" 
when intended for service in India with guns of' position or bronze g11l18, 

or on exceptional demands. They are then sent away with their rivet 
holes plugged with beeswax (to preserve them from rust.), and not boxed. 

For guns of position, or bronze guns, solid cast-iron shot. are generally 7 

sent away (3) Riveted. In this case they are packed in w08den 
boxes, the number per box varying with the nature of the shot.s The 
boxes are generally 9 made of deal plank, with elm ends. lO They are 

I In pl'inciple this plan is similar to one which has long been in vogue for getting a 
hold upon heavy stones for the purpose of lifting them. See note on subject of lewis 
holes, p. 37. The simple and ingenious application of this principle by means of an 
expanding rivet I believe to be entirely original. It was proposed by Colonel 
Boxer, R.A. See p. 120. 

2 The 6S·pr. shot appears to have been first painted red for naval service 5th May 
1849, A.fUS3l, see Qrdnance Regulations, Home p. 162, paragraph 635. A pro
posal was made in 1864 to discontinue·the practice, but the large existing store of old 
hollow shot prevented this from being carried out.-Extracts from Rep01·ts, §rc. 
Ordnance Select Committee, vol. ii., page 63. ' 

3 Against iron-plated ships they are of little or no use, as is proved by the following 
conclusions arrived at by Captain Chads, R.N., from numerous experiments made at 
Portsmouth in 1" 54 at a range of 450 yards. 

(1.) "That both solid and hollow shot would, tmder ordinary circumstances pass 
through t and %ths inch iron without breaking. ' 

(2.) "That. under ordinary circumstances, solid shot will pass through !-inch iron 
without breaking; that hollow shot, under similar circumstances, will generally 
break up. 

(:3.) "That under ordinary circumstances all shot (cast iron), solid or hollow will 
bret.~ up in passing through ~ths inch iron."-Proceedings, Royal Artillery Instit~tion 
yo1. JV. p. 199, 

, See Board's order, 31st January, 1855, 55 D.j149, paragraph 1. For reason for 
employment of reduced charges, see p. 145. 

" See pp. 64, 65. 6 See p. 9. 
i See exceptions, p. 9, notes 4 and Ii. 
S See table XII. p. 33l. 
: I say" generally." because to save waste other hard woods are sometimes used for 

thJ,~, p~r~ose. These boxes are made in th: Roy~l Carriage Department . 
.. L ntil1864 the boxes for hot and tropICal climates were made of teak with sabicu 
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merely rough boxes of various sizes, the lid of which fits with a dove
tail to the body, and is tied on with tarred corel. l 

The boxes are marked in black with the words" Round Shot," the 
nature of ordnance with which those in the box can be used, the 
number in the box, and the date of issue. For tropical climates 
(when the shot have teak bottoms attached) the boxes have in addition 
the words" For tropical climates" marked on the lid in black 

2. Solid steel sl/Ot 2 are made of three sizes, viz., 1.50,100, and 68-prs. Shot-Solid 
They are soliel ~pheres 3 of steel, of the same diameter as the con'es- steel. 
poneling solid cast iron shot;> and of a quality "to produce an equal Sizes. 
" effect to that obtained at Portsmouth between the 13th and 27th 
" January li-.G-k with the 68-pr. and 9·2 inch spheri1:al Hhot supplied by Description. 
" }\Ie~srs. Firth and Sons."5 

The quality of the steel is a very important consideration. If too 
brittle it will break up en impact, and sCJme shot of this character tired 
in 1862 led the Iron-plate Committee to rcport thnt "The blow given 
" by a wrought-iron or by a, steel projectile to ~ll iron plate is not so 
" much more effecti\"c than that given by a cast-iron projectile as to 
" render it tiesirable to substitute wrought-iron or steel shot for good 
" cast-iron shot. The higher price of steel or wrought iron over cast 

ends; but it is considered that this is unnecessary. The bottoms being made of teak 
for such climates and by order 19/11(64, 57jGen. No./3D60 and.3069, the practice of 
making boxes for hot and tropical climates of tea" was discontinned, except for small 
arm ammunition. 

1 These boxes are manufactured in the Royal Carriage Department. 
2 First issued for service to H.M.S. "Hector," 6th February 1865. They are 

supplied by contract by :i\fessrs. Brown and Co. 
o " Each shot to be a true sphere and to be subject to rejection if more than' 05 of 

" an inch out of round," Specificution, l:1th July 1~61. 
4 See table 1. p. 322. 
5 Specification, 12th July 1864. The measure of this standard of comparison is 

best obtained by reference to the experiments in question, the resnlt of which is 
summed nr iu a Report furnished by Captain Cooper Key, C.B., R.N., "selecting 
" those cases where a fair hit was made on an uninj1!red portion of the plate at a 
" distance from the edge." 

Gun 
Charge. 

IOn·pr. 
S.H. 

251hs. 
charge. 

RAXGE 200 YARDS. 

Plate. 
I Ship. RE:"LUtKS. 

I )Iaker. I Thickness. 
, 

51·inch - "Jlollareh"i Ppnetratecl its whole diameter 

I 
lodged in side ~ shuck ill wake 
O.f kneC'-chock which was sprung 
and started. . 

5~·-inch .. "..:\.m~rica"; Penetr:1teu plate and tbrou.a;h 
backing to opposite side of deck; 
shot and iron splinters tearing 
planks open in a. div(>r~ing direc
tion to H,'e feet <l.i:imeter. 

6S·]11·. Firth's Battcl'ley I 4Hneh -" ::Ilonarch'" Penetrated plotc nnll into ship's 

l~·rt;~. Steel. COUlpanY'
1 

I ; ~l;~~ t~t: ~;;;l~l~~~'~~~~l~~lC~l~~~~ 
charge. I! inside st:lrtell &lilt broken. 

" The comparative value of the material for the construction of projectiles wlllch 
are to be used against armour plates appears to be as follows:-

1st Firth's steel. 
&c. &c. 

• • . . . . . . . . . . . . . . . • . • . . It may be considered as satis
factorily proved that the 10-pr. smooth-bore gun, with a charge of 2.5 Ibs., will pene
trate a 5t-inch plate and a sound line of battle ship's side. at the distance of 200 yards, 
with a shot of th~ material of Firth's ( . . . . . ) steel, and in doing so 'II ill make 
a hole in the ship that would endanger her if near the water line,"-Tral1sactiono and 
Report of the Special Committee on Iron, 1864, p. 52. 



Shot-Solicl 
Chilled. 
Sizes. 
Desripttion, 

12 

" iron lenlls thG CommittCG to belie\'e that a greater effect cnu be pel 
" formed at a less cost by the additional number of cast-iron shot that 
" can be used for the same price. In this experiment the steel shot~ve7'e 
" too brittle, and broke 1lp in nearly every instance." 1 

On the other hand, though great toughness is required, softness is to 
be avoided, or the work will be expended on the shot, which will be 
much" set up." The Committee, in their report of an experiment with 
spherical steel solid shot, tired at Shoeburyness, 1864, say, "The sho 
" were very tough, but were too soft for penetrating armour plates, for 
" although they did not break up on impact, they were considerably 
" set up.' " 2 ' 

Solid steel shot m'e painted white,3 and are further distinguished by 
a large S stamped upon them.4 

Steel shot are used for firing against iron-plated vessels or defences.5 

They are issued loose, unprepared for bottoms. 
No more steel shot will be made, as chilled cast-iron has been 

officially substituted for steel for b<1ttering PUl'pOSCS,6 

3. G/tilled slwt 7 are made of two sizes only, viz., 150-pr. and 
IOO-pr. 

They are solid spheres of iron cast in iron moulds or chills, whereby 
a llew character is imparted to the iron in the process of casting, 
rC'nrlering it intensely hard and white and brittle. An explanation 
ot' the effect produced by chill casting is afforded in the following 
passage :-

"The mode of existence of carbon in iron is in grea.t measure 
determined by the conditions of solidification after complete fusion, 
ftud the temperature at which fusion has been effected. Rapid solidi
fication favours the retention of carbon in the combined state, and by 
this meaus it is possible to convert characteristic grey iron into per
fectly white iron. Thm; by pouring liquid grey cast iron into a cold 
metallic mould, so as to cause the most sudc1en cooling possible the 
exterior of the solid iron, where it comes in direct contact with the 
mould, will be found to be in the state of white iron, while the 
interior will be in the state of grey iron. This principle is ex
tensively employed in practice, in the process known as chill-casting. 
It is adopted when desirable to render the surfaces extremely hard, 
white iron being intensely hard as compared with grey iron."8 

The chemical difference between white and grey iron consists 
principally in the condition of the carbon which it contains; in white 
iron the carbon is in a combined state; in grey iron it is generally 
uncombined, being mechanically diffused through the mass in the form 
of graphite, the amount of carbon not necessarily differing materially 
in eHher. 

1 Proceedings. Royal Artillery Institution, vol. iv., p, 209. 
2 Proceedings, Royal ArtillenJ Institution, voL iv., p. 209. 
3 11th August 1865, W.O.C., 7 (New Series), par. 1118. For the composition of 

the white, or rather cream-coloured paint, see table XX. p. 345. 
4 Approved 21/9/65; War Office JWinute of that date, 75/12/2587. Before that 

date the S was much smaller. It is now 1" long. 
S See p. 8, note 3, respecting the inefficiency of solid cast iron shot for this purpose. 

For a most iuteresting and complete resume of the experiments made in this country 
with steel shot, and for a consideration of the relative merits of steel, cast iron, chilled 
cast iron. homogeneous iron, as materials for peuetrating armour-clad vessels, see" Ex
" periments with Projectiles against Iron Armour" by Captain A. Harrison, R.A., 
Proceedings, Royal Artillery Institution, vol. iv. p. 195. For fuller particulars se~ 
Reports of Special Committee on Iron, 1861-4; and Holley'S Ordnance and Armour 
Part II. " E:~periments against .Armour," p. 623 to 780. ' 

6 24th Oct. 1866. lV. O. C. 12. (New Series) § 1348. 
7 Approved 6/7/67. lV.O. Letter 11/7/67,75/2/3255. See page 8 respectinO'these 

projectiles not having formed part of Major Palliser's proposals. '" 
S Percy's Metallurgy, page 117. 



,Yo have tIlU;; in COllll'2Xiull with chill cU5ting, thesc <lata, 1st, that 
white iron contains its carbon chiefly in a. combined state; 2nd, 
that iron so constituted is intensely hard as compared with grey iron, in 
which the carbon exists chiefly as graphite; 3d, that rapid solidification 
such as chill ca~ting "£lVOurS the retention of carbon in the combined 
" state," and thus tends to harden and alter the character of the iron. 

The iron employed is carefully se1ected with reference to its 
susceptibility to chilling effects; thus certain grey irons will scarcely 
chill at all, l other irons are too hanl and would be lia1)le to "over chili " 
and to cmek in cooling. 

If the object be, as in the shot now under consideration, to prod.uce 
a chilling etl:ect through the mass, to produce, in other words, a wholly 
white iron projectile, it is necessary to Etrike a mean between too soft 
and too hard irons, and in practice the mean is generuily found either 
in a mixture of white and grey cold blast irons in proportions which 
will vary slightly according to the size of thc projectiles and the brand 
of the iron, or in the employment wholly of " mottled" i:'on, an iron 
which falls about midway as regards its chemical characteristics 
between white and grey iron, containing about half its carbon in a 
combined, and the other hn.lf in an uncombined state, und which may, 
in fact, be regarded as white and grey iron ready mixed. 

Spherical chilled shot may thus be described as spheres of chemically 
white iron produced by the chilling proeess. 

They are painted black, with a white ring round the centre. 
Chilled shot are used !tgainst iron-plated vessels and defences.!! l"~S. 
They Rre issued loose, unpreparccl for bottom~. _ 
4. Sand shot3 are made 01 15 Jiifel'cnt sizes, viz., '1, 3, 2, 1, and S'.{}t--t)a:h1. 

l-li- lbs.; 13k, 8, Gt, 6, 5, 4, :'It, 3, 2, and It OZ8. ( see table). They are Si"cs. 
merely small solid. splJeres of cast iron, which derive their name from :;:'",cr:;lti{)!l. 
the fact that at a time when the larger cast-iron shot were cast in iron • 
moulds, or "chills," these shot were cast, as at present, in sand. They t "05. 

are chiefly used in making up case and grape. 
Sand shot, however, have a s2ceiul application, being sometimes fircd 

from mortars in charges of 100 pounLl shot for the 13 and lO-inch, and 
50 pouncl shot for the S·inc11 mortar. They are piled loose in the mortal' 
upon a hemispherical wood bottom, which i:; plac8cl over the cartridge;' 
and. are used in this way where numbers of men are crowded together, 
or to drop among a hostile fleet of small boats, like a verticd fire of case 
or grape.5 Stones are sometimes used for the same purposc.6 Sand 

1 "Not all grey irons cun be converted into white by this me~ns." Percy's 
Metallur9!f, p. 11 7. " 

2 Spherical chilled shot are much less effective than Palliser shot j but they are 
slightly superior to cast-iron, aud though inferior to steel they are very much 
cheaper. For comparative effects of spherical steel, chilled ani cast-iron shot, see 
Captain Noble's Report on The Penetration of Iron Annour, &c. Appendix: giving 
result of ,arious experiments, p. 39 to 54. 

3 Sand shot are always demanded by weight thus-
"Shot cast in sand 1 Ib.-14 cwt. 3 qrs." 

4 When pound shot. . . . . . . . arc used, they are brought up in (l box or basket 
to the front of the mortar, in the &ame manner as shells. The number who brings 
" up the cartridge brings up a wooden bottom, which" 3 " places o,er the powder. 
" Nos. 2 and 3 empty the shot into the mortar and give the empty basket to 6."
Manual of Artillery Exercises, p. lOi. 

s" En quelque sorte Ie til' it mitraille des feux ,erticaux." -Instruction if Artillerie, 
p.410. 

6 "The charge must be covered over with a plank or piece of wood, and on this 
" the basket containing stones must be placed. The total weight of the stonos should 
" be from 90 to 1 00 Ibs. . • . . .. Granite stones are the best, as they are th~ least 
., likely to break."-.Manual of Bengal Artillery, p. 80. 

" "Then :pound shot or stones are used," &c.-lI-Ianual of Artillery Exercises, p. 107. 
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shot of 1 lb. weight are issued for this purpose in boxes containing 
100 and 50 respectively; and are known as "pound shot charges" 1 for 
mortars. When used for grape of " Caffin's pattern," 2 they are painted 
black, otherwise they are not painted. 

Packing and When sand shot are issued for pound shot mortar charges they are 
issue. packed loose unpainted in boxes; 100 in a box for the 13 and lO-inch 

mortars, 50 for the 8-inch. 
The boxes are similar to those used for solid shot, and are marked in 

black with the words" Shot," " 1 lb.," the number in the box, and date 
of issue. 

Shot-:-~ollow. 5. Hollow shot are no longer separate projectiles,3 common (pI. 34) 
DescrIptIOn. and naval shells, with countersunk gun-met"l plugs (pI. 34, f1gs. I, 2, 3)4 

without wood bottoms or tops, being now supplied for the purpose.5 

Hollow shot are fired from the same ordnance as common and naval 

Uses. 
shells, yiz., glll1S, howitzers, and carl'onadcs. 

They are used against wooden ships at short ranges, the all vantages 
resulting from their employment being that, while the splintering effect 
produced by them at short ranges is greater than that produced by a 
solid shot of the saIlle calibre and the fragments n,re more numerous,6 
they can be fired from ligher guns.7 They are not adnptcd for long 
ranges, because their accuracy is inferior to that of' solid shot of' equal 
diameter, in consequence of the greater effect of the atmosphere upon 
tbe lighter body, and because, owing to their rapid loss of velocity 

I Sometimes called" Pierrier" char~es from the French word" pierre" (stone) ; 
mortars of large calibre, but light metal, having been used to fire charges of stoues 
which ultimately were replaced by these 1 lb. shot charges. Two brass" Pierriers " 
of 18 calibres were cast in the Hoyal Gun Factories in 1853; they weigh 18 cwt. 
each, and are to be seen at Chatham, There are several old "Pierriers" in the 
llotunda.-(iIlS. Letter from General Lefro.1l, 5/8/6.3.) 

Olficial Catalogue of the l}Iuseum of Artillery in the Rotunda, by Brigadier-General 
Lefroy, p. 41, Nos. 224, 225. Struilh's Fortification, 7th Edition, p. 25. 

Sometimes the word" Pierrier" has been applied to [funs usee! for discharging 
large stones. I believe this application of the word, however, to be incorrect, though 
I think it necessary to call attention to the fact to avoid confusion. My authority 
for believing that the name is properly only applicable to mortars will be found in 
the following quotations from two :French works; the quotations taken in con
junction with the remainder of this note give all the necessary information respecting 
the service of these pierriers. 

" Pierriers: Par les pierriers il faut entendre mortier·pierrier qui sont veritable
" ment une espcce de mortiers, avec lesquels on jette des pierres d"ns nne ville assieo-e, 
"dans (les tranches et sur des ouvrages on jette meme des grell~des."-1JoIenLOi~es 
d' Artillerie, voL ii. p. I. 

" Pierrier: C'est une espece de mortier, mais moins charge de metal."-Dictiomwire 
d' Artillerie, par Col. Cotty, p. 331. 

" Charger un pierrier: Les pierriers se chargent camme les mortiers jusqu'a l'intro
duction de la poudre inclusivement; alors on place un plateau de bois, et sur 
ce plateau un panier en osier; on remplit ce panier de pierres. Quane! on n'a point 
de panier, on charge Ie mortier d'tme couche de terre et d'une couche de pierres aiter
nativement jusqu'a, la bouche."-Ibid. p. 60. 

~ The only grape in which the balls are exposed. 
3 See p.8, respecting the hollow shot in use until 1859-60, also same page respect

ing the existing stores of the old pattern being used, where serviceable, fur practice. 
4 See p. 100. The counter-sinking of the plug, flush with the stU'face of the shell 

prevents the possibility of the shell jamming in ramming home when being used as ~ 
hollow shot without a wood bottom. 

S A separate projectile is thus done away with, common and naval shells servino- in 
the double cap:lcity of shells and hollow shot. " 

6 Naval Gll7mel'.'/, 3re! edition; pp. 86, 168, see also pp. 254 to ;)70. Experiments i71 
H.1JoI.S Ercellent, pp. 16, 17,42,44,46,47. . 

'i 10 and 8-inch guns were specially introihlCed to fue shell and hollow shot. 
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(from the same cause), their penetrating power at long rung-es is very 
inconsiuerable. 

Hollow shot are sometimes firecl 11Ot, but this avplication is it rare 
one.1 

·When common or nayal ,;hells are issu;Jd as IlOl1ow shot they arc sent 
away" loose," not packed.3 

6. Case shot are nutde of the following size>; : 3, 6, 9, 12, 18, 2-1, 32, Shot-Case. 
42,56 pr., lO·inch and 100-pr. (see table). Sizes. 

They may be divideu into three classes :-( 1) iron case; (2) tin case Description. 
with iron bottom; (3) tin case with wooden bottom, 

Case shot for the 3:2-pl'. gun, 8-inch gun amI howitzcl', 68-pr. gun, 
lO-inch gun anll howitzer, and lOO-pl'. guns belong to the tirst class,3 
and consist of hollow iron 4 cylinders with iron 5 ends, filled with sand 
shot of different sizes according to their natnres, the interstices beinO' 
filled with paper, shavings, &c. The bottoms of the lO-inch and 8-inch 
are slightly rounded, to permit of the cartridge being set home III 

simultaneou5 loading.6 

The top end of ca'Se shot of this class i" litted with an il'On handle. 
The 32-p;·., 8-inch, alllI lO·inch case shot of this pattern are distin

guished as Pattern 11.7 
Class (2) 8 comprises case shot for aU il'on Ol'dnance (except 5t 

howitzer) above 12-pr., not included in class (1), yiz., 18-pr. gun and 
carronaue, :N-pr. gun and can'onade, 42-pr. gun and carrollade, 56-pl'. 
gun, and 6S·pr. cl11'ronudc. 

Class (3) 9 comprises case shot for all bronze ordnance, fO!' all iron 
ordnance below the 12-pr. (inclusive), and for the 5t howitzer (iron as 
well as bronze), viz., 6-pl'. gUll amI carrolillLle, 9 pro gun, 12-pr. gun and 
carronmle, l:2·pl'. howitzer, 4.}-inch howitzer, 5·~inch howitzer, 24-pr. 
howitzcr, 32-pr. ho·witzel'. 

Both classes consist of hollow tin 10 cylinders, filled, like class (1), with 
sand shot of different sizes, according to their natures, the interstices 
being filled with shavings, sawdust, &c. The tops of tlle cylinders are 
also of tin, soldered on, the distinguishing featnre of the two classes 

1 ""Wilen it is desirnble to fire hot hollo1lJ sllOt a smail hole must be drilled through 
" the plug to allow of the escape of the heated air."-J1[(L"nual of Artillery Exerci.<e, 
p. 150. 

~ See method of issuing loose empty shells; commoD, p. 29, and naval, p,34. 
3 Approyed 25th January 1866, yYar Office Circular 9 (new series), § 1192, and 

extended to 8-inch and 10-inch howitzers by War Office Letter, 75/12/2828. 
4 No. 18 W.G. for lO-inch, 8-inch, and 32-pr.; No. 16 'V.G. for IOO .. pr. 
s No.8 W.G. for all sizes. 
6" In consequence of the 8-inch" (experimental) "case shot being flat at the 

"bottom . . . . it was found that the charge did not reach the bottom of the 
" chamber, and nine miss-fires took place in ten rounds. Either the cartridge should 
" be rammed home by itself when using reduced charge, or the bottom of the shot 
" should be rounded off."-Extracts of Reports, &,c. Ordnance Select Committee, 
"Vol. iii. p. 104. 

i In accordance with lVar Office GiI'cular 8 (new series), § 1162, and in contra
distinction to the old (No.!.) pattern case of these natures which, although no longer 
manufactured, are not yet obsolete. For land service the old pattern is re-issued if 
serviceable; but it is not now re-issued for naval service, 26/2/66, 75/12/2733. 

8 Approved 27th March 1861, War Office Letter of that date, 79jB/307 ; and 
War Office Circular 683, § 241. 

9 See p. 7 respecting all case shot in our service haYing at one time had wooden 
bottoms. It is impossible therefore to :fix the date of the introduction of this class. 

10 Tin plate, i.e. thin sheet iron tinned over. Tin plate, of a very pure quality, 
" charcoal plate," only is used. The following are the distinguishing marks or brands 
of the different sized plates used in the manufacture of the various natures of case 
shot: XXD, XD, X:X:XX:S, XXXS, and XXS. See ta.ble m. p. 324. 
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consisting in the bottom being iron in the one class and wood in the 
other.l The bottom of class (2) is an iron 2 disc, s~cured by ha~mer
ing the lower edge of the cylinder, whi~h has prevlOuslJ: b.een fr.mged, 
down upon the iron. A. rope handle IS fitted on to thIS Iron dISC for 
convenience in lifting.s • 

Case shot of class (3) have wooden bottoms, on account of the Iron 
having a tendency to score and injure the bore of the bronze guns, and to 

CASE SHOT.4 
CLASS (2) IS.FR. CLASS (3).-FoR BRONZE ORDNANCE. 

avoid a separate projectile for iron guns of corresponding calibre. The 
bottom is secured to the cylinder by tacks 5 placed 4 inches apart, the 
heads being soldered over ;6 it is allowed to project slightly below the 
case, this projecting part being shaped conical for Gomer-chambered 
ordnance, and for unchambered ordnance of corresponding calibre; 7 

1 Throughout this course, when the ".top" or "bottom" of a projectile is spoken 
of, the terms are applied to the sides or ends which in the gun are situated respectively 
away from and next to the charge. 

2 Sheet iron, No. S, W.G. 
It has been shown (p. 7), that the iron was substituted for the wooden bottoms for 

manufacturing reasons only, and not with any idea of altering the construction of the 
projectile; accordingly, the relative position of the ends of the projectile in the gun 
would naturally remain unaltered, and the end that went away from the charge before 
the change would continue, as a matter of course, to go away from it, after iron had 
been substituted for wood. It is necessary to point this out, and to bear in mind the 
object with which the rope handle is attached, viz., for" convenience in lijUng," other
wise it might be supposed that this handle is intended to be used to swing the case 
into the gun, thus bringing the tin end next the charge. It is the more important to 
point out that the handle is not intended to be used in this way, because great lmcer
t:linty and misconception have existed upon the subject, and there has consequently 
Dot always been perfect agreement as to which end of these projectiles should go next 
to the charge. I wish therefore to emphasize the fact that the tin end always goes away 
from the charge. 

4 Case shot of class (1) is identical in appearance with the grape for the lO-inch 
gun, see cut, p. 19, except that the case for lO-inch and 8-inch has, as stated in the 
text, the bottom slightly rounded. 

-Tin tacks No. 50 for 24-pr. and 32 and No. 72 for 12,9,6, and 3-prs. 
6 To prevent the tacks from scoring the bore, and also to secure the tacks. 
7 The 12opr. gun case is the only one affected by this rule, this being the only un

chambered piece of ordnance with a chambered howitzer to correspond., the case for 
which has a wooden bottom, the only other gun (or unchambered ordnance) case 
whic? .have ~ood bottoms being. the 6 an~ 9-prs. No~ does there seem any reason f01' 
prOVIding this 12opr. gun case WIth a comcal bottom, smce this gun is not chambered 
while the 12-pr. howitzer, which is chambered, has a different case altogether. Th~ 
reason, probably, Is to be found in a desire to apply the rule which was framed origi~ 
nally fo'r shot and shell bottoms to case bottoms also i and as this application doe$ 
no harm, if it ~oes no good, it is a~sible.. : 



CASE SHOT.4 
CLASS (2) IS-PR. CLASS (3).-FoR BRONZE ORDNANCE. 
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hemispherical for cylindrical-chambered,l and cylindrical for all other 
ordnance. 

The 32-pr. howitzer case is the only case of class (3) which is fitted 
with a rope handle.2 

The case for the 5~-inch howitzer has two holes made on the lower 
- side of the hemispherical wooden bottom, to 

24-PR. OR 5~-IXCII HOWITZER. admit the fingers, and so assist in lifting. 
TILe dotte~ l;,~e~ ~how the. wood It is impossible to lay down any positive 

bottomjor a-"znch hOWItzer. rule as to the number an(l weight of the sand 
shot employed in making up each nature 
of case,3 but it may be noticed that the case 
for howitzers and carronades are generally 
filled with lighter sand shot than the case 
for the corresponding natures of shot guns, 
and weigh less. The case for the 24-pr. 
and 12-pr. howitzers for sea service 4. con
tain larger balls than the same sized case 
for land service, and are of greater total 

"-..-.. - weight. 
Case for guns and carronades is painted 5 red; 6 howitzer case 

black.7 
Case shot arc fired from all natures of guns, howitzers, and carronades, Uses. 

except guns with wrought-iron A tubes.s 
Case shot is used against troops in masses, for the :flanking defences 

of ditches, narrow defiles, and to destroy the rigging of shipping.9 It 
is, however, effective only at short ranges, on account of its rapid dis
persion, and because of the lightness of the balls, whereby their velocity 
is very soon lost. They would therefore rarely be available for ranges 
exceeding ?OO or 350 yards,lo 

1 There are only two pieces in the service with cylindrical chambers, viz., the 5;1-
inch iron and the 4t-inch bronze howitzers. 

~ This is necessary on account of the weight of the projectile. 
3 See table III. p. 324. 
4 All other case are used indifferently for land and sea service. These are the only 

two natures in which anT distinction is made for the two services. 
5 lYar O.tfice Letter, 2."/1/61/, 75/4/212, approTes of this distinction of colour. 
G See table x..'C. p. 345. 
7 See table XX. p. 345. Case of class (1), although used for 8-inch and 1O-inch 

howitzers, is not howitzer but gun case, and is therefore always painted red, whether 
fired from guns or howitzers. The old pattern case for these howitzers, however, 
which belonged to claf's (2), differs from the gun case and is painted black. 

s See 31/8/65, 75/12/2572. For this reason no case shot are provided for the 
1 50-pounder ; all guns of that calibre having wrought-iron A tubes. 

9" Case shot has always been considered the most destructive kind of ammunition 
" which is tired from artillery."-Sywpsis of Ordnance Select Committee Report, 
Shrapnel shell, p. 5. See also Sir Howm'd Douglas' Naval Gunnery, 3rd edition, 
p. 421; also Straith on Artillery, 7th edition, p. 149. See also Ameriean ArtillenJ 
Course, p. 485. 

"Case shot produces its greatest effect against cavalry, taking into consideration 
" both men and horses; it is less efficacious against infantry, and still less against 
"artillery. This must be evident when it is recollected that cavalry, occupying a 
" greater surface, and being much higher, ought to be most exposed to its effects than 
" infantry; and that the latter will suffer more from it than the artillery, the guns 
" being separated from each other by considerable intervals."-Manual of Artillery 
Exercise, p. 17. 
. 10" In grape and canister firing the apex of the cone of dispersion is situated in the 
" mozzle of the piece, and the destructive effect is confined to short distances."
American Artillery Course, p. 457. . 

" Beyond 300 yards the dispersion of the shot (the case being broken by the shock 
" of the discharge) is too great to be effective.~Owe1).'s Lectures em.Artillery, Ed. 3, p. 66 
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Case shot are always issued boxed in boxes similar to tllOse llsed for 
shot. The number in each box varies with the nature of case.l 

The boxes are marked in black with the words "Case shot," the 
nature of ordnance with which those in the box can be med, the number 
in the box, and date of issue; and for bronze guns 2 the number and 
weio-ht of the shot with which each case is filled is marked Oil (in black) 
in addition. For tropical climates (when the case shot have te:1k bottoms) 
the boxes haye also the words" For tropic:1l climates," in black. 

(7.) Grape Shot 3 are made of the following sizes, viz., 6, 9, 12, 18, 
24, 32, 42, 56, 68 pr., and lO-inch (see table ).'~ 

All grape,S with the exception of that for .can-onades and ~he lO-~nch 
gun is made of Caffin's pattern,6 and conSIsts of four hOrIzontal Iron 
plat~s, the lower one wrought,7 and the others cast iron, through the 
centre of which passes l), wrought-iron 8 spindle, bolt-headed at the 

GRAPE SHOT. C.~FFIN'S PATTERN. 

32-l'R. 68-l'R. 

lower end and screwccl at its upper end to receive a nut. Between 
the plates are arranged three tiers of sand shot,9 three in e[lch tier, 
except for the 56-pr., which has four shot, and the 68-pr., which has 
five. The bottom plate has indentations corresponding to the number 
of shot in the lower tier, in which indentations these shot rest. The 

also Synopsis of E:rperiments by Ordnance Select Committee, 8vo. edition, p. G6. 
Under favourable conditions, that is to say, when the ground is hard and level, they 
may be used at somewhat greater ranges. Captain Benson, in his American Artillery 
Course, says (p. 457), "The most suitable distance for field canister shot is from 
" 350 to 500 yards" (in this he probably includes grape shot); "if the ground be 
" hard and the surface be uniform, the effect may extend as far as 800 yards." 

1 See table XII. p. 331. 
2 Except for the sea service 24-pr. and 12-pr. howitzers. 
a Caffin's pattern, approved 2nd September 1822, Board's letter of that date. 
4 A grape shot for the 3-pr. iron gun was in the service nntil 1866, when it was 

formally abolished, 5th June 1866, War Office Circular 10 (new series), § 1244. 
5 See p. 8, respecting the issue of quilted grape. 
6'Wm. Caffin, Esq., late of the Royal Laboratory, Woolwich. 
7 To enable it better to withstand the shock of the discharge. The iron used is flat, 

bar iron of the following thicknesses: 68-pr. to 32-pr. inclusive, t-inch; 24 and IS-pr. 
t-inch; 12' 9 and 6-prs., t-inch. 

8 Bolt iron of the following sizes: i-inch for 68 and 56-prs.; i-inch for 42-pr. to 
12-pr. inclusive; i\rths-inch for 9-pr.; and iths for 6-pr. 

9 For sius of shot see table IV. p. 324. 
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other plates have holes enst in them for the shot to rest in, aud as these 
holes have to receive the upper parts of the shot of one tier, and the 
101\'er partR of the shot of the tier next above, each plate is furnished 
with double the number of holes that there are shot in a tier.! The 
whole are secured together by screwing the nut on to the spindle tightly 
down upon the upper plate. 

All grape of Caffin's pattern are painted black.2 

The advantages generally claimed for this pattern over the quilted Advantages of 
grape are as follows: Caffin'spattern 

1st. That it is made ofless perishable materials.3 

2nd. That it is more portable, and occupies less space in transport 
and in store, from the fact that it need not to be made up until required 
for usc, grape of this pattern being easily put together.4 

3rd. That its destructive effect is probably greater.s 
4th. That its parts are interehangeable.6 

Grape for the following ordnanc3 is not made of Caffin's pattern :_ 
(a.) Carronades. 
(b.) lO-inch gun. 

Grape for (a) carronades resemble the case for the corre~ponding 
natures of ordnance, being tin cylinders wi th one end iron, and filled with 
balls. The balls, however, of the grape are larger and fewer,7 and the 
cylinders are longer. 

1 Of course the top plate, which has no tier above it, only requires the same number 
of holes as there are shot in a tier, but for the sake of uniformity of manufacture and 
for convenience in putting the shot together, no difference is made in this respect 
between it and the other cast·iron plates. 

2 See table XX., p. 345. 
3 Sir vVm. Gongreve, in his letter submitting this grape, on behalf of 1Ir. Caffin, for 

approval, said, "This mode of combination is not only cheaper than the present mode 
" by canvas and cord, but more durable; in fact, gTape shot, thus made up, would 
" last as long as common round 8hot."-8ir n'm, CU!lyrae's Letter of 18th ilIay 
1822. 

4 The making up of the quilted grape was a comparatively tedious process, requiring 
considerable skill; and the quilted grape could scarcely be issued unmade up. The 
Gaffiu's pattern grape, however, may be put together in a very short space of time by 
unskilled men. 

S The Report of the Committee on the subject, 28th August 1822, says, " A more 
" efficacious fire was obtained from this pattern thau from the. old quilted," and 
" Sir 'William Congreve, in his letter of the 18th ::'.Iay 1822, says, .. The plates 
" and bolts used to combine the shot sen'e as so much additional missile matter as 
" hngrage, which could not but be valuable, especially for naval senice." Sil' 
Howard Douglas, however, describes some experiments carried on at Gavre in France 
in 1840, with grape shot closely resembling" Caffin's" pattern, which seem~ to con
tradict this opinion. The grape "consisted," he said, "of 10 balls of 4lb. each, 
" disposed in two layers between plates of wrought iron, throngh which passed a 
" central stem; the balls were confined laterally by three iron hoops, one above 
" another, and the upper plate was kept close over the balls by means of a screw." 
Respecting this experiment he remarks, " On the whole, howeyer, grape shot confined 
" between iron plates appears to offer no advantage over that which is in canvas."
Naval Gunnery, edition 3rd, pp. 171,172. 

6 Gaffin's pattern grape is hardly ever reported unseniceable, but is generally 
returned, however bad, as "repairable," because in the majority of cases a sufficient 
number of good balls and plates can be obtained from those nnder examination to 
make up without trouble, and when re-painted, into grape as good as new. Whereas, 
in the case of the quilted grape, it frequently happened that the whole of the canvas 
bags and lines were rotted away and unseniceable, thus rendering unserviceable the 
whole of the grape under examination. This relative advantage of the Caffin's pattern 
will be more appreciated abroad or on service, where new bags and quilting lines, 
and instructed men to make up the grape, are not readily proourable. 

7 See tables III., IV., pp. 323, 324. 
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The (b) lO-inch grape is an iron 1 cylinde;- filled :vith 3 l~. balls, .and 
baving an iron 2 top and bottom, the top bemg furmshed wIth an Iron 
hantlle. 

10-IN. GRAPE. 

Those grape which are not of Caffin's pattern are painted red.3 

Grape is fired from iron guns and carronades only.4 It is not fired 
from guns with wrought-iron A tubes.5 

Grape is used under the same circumstances as case, except that 
owing to the incrc~sed weight of thc balls it is effective at, longer 
ranges,6 and is more destructive to the rigging of shipping.7 Since the 
beginning of 1866 its issue has ceased for naval service.s 

Grape shot are always issued mac1e 9 up and boxed, in boxes similar 
to those used for shot; the number in each box varies with the nature 
of grape.l° The boxes are marked in black, with the words "Grape 
shot," the nature of ordnance with which those in the box can be used, 
the number in the box, and date of issue. 

1 Sheet iron, No. 16 wire gauge. 
~ Sheet iron, No.8 wire gauge. 
3 See table XJL, p. 345. 
4 Grape is not supplied for howitzers, nor is it ever fired from bronze ordnance because 

of its liability to injure the bore. There seems, however, no reason why grape shot of 
the pattern of the carronade grape, viz. tin cylinders filled with balls, should not be 
fired from bronze ordnance with as little chance of injury to the hore as results from 
the firing of case from such gnns, since the two projectiles differ only in the size of 
the balls and in the grape having an iron bottom, for which a wooden bottom might 
easily be substituted. 

5 See 31/8/65, 75/12/2572. 

6 "Under favourable circumstances grape may be used up to 600 yards."-Lectures 
0" Artillery, edition 4, p. 78. 

7 "They" (grape) "will penetrate the enemy's barricade defences on the upper 
lC deck, and though they ~annot penetrate a mast, or by any direct wound bring it down, 
" yet they can break cham plates, cut shrouds, or stays, however thick, and from the 
" number of such chances will be very likely, in a strong breeze, to dismast the enemy." 
-Naval Gunnery, edition 3, pp. 421. 

s 20th February 1865, War Office Circular 9 (new series), § 1189. 

9 There seems to be no reason why, if desirable, grape should not be issued unmade 
up, and for the purposes of transport this method has much to recommend it. At the 
same time I c.nnot discover that grape ever has been so issued. 

10 See table XII., p. 331. 
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(8.) Eprouvette sltot is only made of one size, the 8-inch. They Shot-Proving 
.are cast-iron 1 shot, carefully turned after casting to a true spliere,2 Powder. 
weighing 68 lb3.3 They are provided with leVI-is hole8.-1 

They are not painted. 
Eprouvette shol; are used, as their name implies, for proof of powder "Gse. 

with the eprouvette mortar; 5 hence the necessity for the great accuracy 
of form and weight required by the specification. The eprouvette proof 
is now, however, only temporarily retained, pending the adoption of an 
impro,ed system of proof, when eprouvette shot will of course become 
obsolete. 

Subdivision (b ).-Shell. 

Shells, although probably not of so early a date as shot, are by no Shell ~f )om
means modern appliances, having been used, it is stateu, in the 12th ~~~o;.ss -
and 13th centuries by the Chinese.6 Indeed, we find even earlier men-
tion than this of something of the nature of shells, for the Chinese, before 
tlte Cltristian era, employed" hollow globes of iron filled with a bushel of 
" gunpowder and so arranged that they exploded on the approach of 
" an enemy, so as to cause great destruction in his ranks." 7 They 
probably sprung originally from the" fire pots" of the ancients,S ·which 
were jars or ve~sels of different materials, filled with" Greek fire" l1llcl 
other incendiary compositions;9 and it was but natnral that these 
compositions should in grpat measure ha\'c gradually given way to the d 
more powerful and destructive agent which the c1iRcovery of gunpowder Handgrenll es. 
rendered available. It seems certain that shells t.hrown by hand (hand 
grenades) or by slings, or from the warlike machines which preceded 
cannon10 were used for some time previous to their regular introduction 
as a projectile for use with guns and mortars.ll During many years 

I The mixture used is superior to that employed for ordinary solid shot, and carefully 
selected, in order to bring the size and weight of the shot within the ·very restricted 
limits allowed by the specification. The iron now used is hematite (a cold blast iron), 
2 cwt. ; langloam, No.1 (a superior hot blast iron), 2 cwt.; founders' scrap (selected 
hard) 1 cwt. 

2 " .A. variation of . 005 inch in diameter" is allowed.-Notes on J1Iateriel, p. 2i. 
3 The limits of weight allowed are ± 1 oz. -Ibid., p. 27. 
4 See p. 36, 37. 
5 See p. 142. 
6 Owen's Lectures on ArtillcTlJ, edition 3rd, p. 5. 
" flu Feu Gregois et des Origines de la Poudre." Par M. Remand et M. Fave, 

p.186. 
7 Called" Thunder of the earth."-Du Feu Gregois, &c., p. 176. 
8 " I shall never allow that the military ollre or fire pots are posterior to the hollow 

globes .... very far to the contrary. I dare affirm that our grenados are derived 
from the fire pots .... since I have the testimony of several great authors who 
lived in unspotted credit and reputation among the ancients, to support me in it."
The Great Art of Artillery, p. 236. 

9 Respecting fire pots and fire balls, and the history of military pyrotechny generally, 
see p. 58 et seq. . 

10 Respecting the use of the sling and other instruments for throwing grenades, see 
The Great Art of Artillery, pp. 215 to 223. 

11 "The mortar and grenade were in common use previous to the recognized introduc
•• tion of the bomb; the mortar was applied to the projection of huge stone balls, and 
•• the grenade was thrown by hand."-Dahlgren's Shell and Shell Guns, p. 5. 

" We do not find the least footsteps of the great grenados amongst the ancient 
« Pyrobolists, but their writings make ample and particular mention of the smaller as 
H what they were well acquainted with."-The Great Art of Artillery, p. 210. 

c2 



22 

the terms "Grenade" or "Grenado" appear to have been applied 
generally to all shells;l the name is derived from the Pomegr~nate, 
the crrains contained by the fruit being repreRented by the grams of 
gUllp~wder.2 The word shell similarly is derived from the German 
"Schale," i.e. the outside, rind, bark of anything.3 

By degrees the use of grenades was extended 0 to mortars, to which 
their application was long restricted,4 the shells be1l1g made both round 
and oblong.5 The round sort retained the name of "grenades," 6 the 
oblono- sort were called" bombs ;" probably from the noise caused either 
by th~ firing of the gun, or the bursting of the shelF Both sorts were 
afterwards fired from cannon,s but to these, of w11atever shape, the 
name grenade seems at first to have been invariably applied. 

Shells .firs~ used It is difficult to fix precisely the date at which shells or "grenades" 
as proJectiles. were first used as projectiles. There is some doubtful record of their 

having been thus employed with mortars as eariy as 1376,9 and we 
read of shells fitted with fuzes having been fired in 1421, at the siege 
of St. Boniface, in Corsica. They are spoken of by Gibbon1o as "ex
" plosive globes," and are described as two hollow hemispheres of stone 
or bronze, "joinecl by means of a hinge, a circle of iron, and keys. 
" The fuze to this rude shell consistCll of a sheet iron tube enclosing 
" the priming, and riveted to one of the hemispheres." 11 

It is not surprising and scarcely to their discredit that the artillery
men of those days should have failed to recognize in these rude and 
imperfect projectiles the important properties which improvements in 
their construction gradually developed, and that, in consequence, their 
use on their first introduction was partial and exceptional ;12 that such 

1 And not only at first to shells filled with gunpowder, but sometimes to shells filled 
with" particular composition."-Tlte Great Art of Artillery, p. 210. 

~ .. They are called grenades from the resemblance they bear to the Punic fruit, 
" which we call pomegranates; for as the rind of these enclose a vast number of 
" grains, from whence they derive their name of grenates ; so our military grenados 
" are filled with innumerable grains or corns of gunpowder, &c. . . . . The greater 
" grenados .... doubtless borrowed their names from the smaller sort. which have 
" a greater natural resemblance to the Punic fruit above mentioned than the large 
" have."-Ibid., p. 210. 

3 " Shot and shell are Teutonic words .... Shell is the German schale, i.e. the 
" outside, rind, bark of anything. Thus shell is used in shell fish, i.e. fish with a shell, 
" the shell of an egg. From this it was transfened to the hollow iron ball enclosing 
" the powder."-MS. letter from Prqfessor },[ax 111iiller, September 20th, 1865. 

4" Long restricted to vertical fire from mortars," &c. &c.-Equipment of Artillery, 
p.109. 

5 Cylindrical shells seem also to have been employed by Louis XIII. in 1627 and 
1628.-Ibid., p. 224. 

6 "Most pyrotechnists call those balls that are hollow and spherical grenados, and 
'I those which are longish and oval they call bombs."-The Great Art of A,· tillery, 
p.224. 

7 "These early cannon were called bombardia, from /3op./3os, on account of the 
" gr~at noise their firing occasioned."-Wilkinson's Engines of War, p. 49, see also 
AnCIent Cannon in Europe, in Proceedings Royal Artillenj Institution, vol. iv., p. 304. 

8 The Great Art of Artillery, p. 238. 
9 1376, "at Jadra by Venetians."-M. Meyer, see Dahlgren, p. 1. 
10 Lieut. Gibbon, American Navy, author of" Artillerisfs Manual." 
11 Gibbon's Artillerisfs Manual, p. 156. See also Instruction D'Artille"ie, p. 283, 

where shells used at this siege are described. 
I~ "There is a good reason .... to doubt whether the moderu bomb was under

" Gtood and used at the remote epochs thus assigned, or if it be admitted that a correct 
" idea of it has been entertained, there seems to be a tolerable assurance in the sparse 
" 3lld isolated occasions usually quoted that its construction and proper mode of 
" npllication were -'0 indifferently comprehended as to interpose a bar to any useful 
" realization of its capabilities."-Daldg,·en's Shell and Shell Guns, pp. 1,2. It is 
probable that the accidents which attenied their use caused them to be abandoned for 
the time.-American Artillen; Course, p. 102. 



was the case, however, cannot be doubted, for, although we find occa
sional mention of them as hadug been used here and there during the 
15th and 16th centuries,l it seems certain that they did not come into 
general use, nor do they appear to have been appreciatecl or their con
struction to ha,e been properly understood, until about the beginning 
of the 17th celltury.2 A passage in Wilkinson's Engines of PVar 
seems to prove that morbr shells were not used at sea until the close 
of the 17th century.3 

Hitherto the employment of shells had been restricted to mortars, Shells first used 
and it was not until the beginning of the 18th century that they for horizontal 
were used for horizontal fire, and then first only from howitzers.4 fire. 

1 They are spoken of by differ~nt military writers as haying been used in-
1521, at the siege of J\f6zieres.-Thiroux, 49. 
1552, at the siege of Rhodes by the Turks.-Durtubie, 'I7liroux. 
1534, invented in Holland.-Paixhans, 350. 
1542, at the siege of Bordeaux.- Tltirol1x, 46. 
1580, used in Holland.-Paixilans, 350 ; see Dahlgren, p. 1. 

"Valturisd, "ho is the olde~t of modern writers on shell, .. , carries the in
.. vention of bombs at least a century further back than Strada (viz. to somewhere 
« about the date of the pUblication of his work, or 1472), for in his work there is the 
" figure of a cannon somewhat of the howitzer kind, destined to throw a brazen ball 
.. filled with powder."-Grose's "lfilitary Antiquities, vol. i., p. 408. 

"In 1478 an attempt was made to use .... hollow projectiles filled with powder, 
" to which was attached a burning match to set the powder on fire."-A1Ilerican 
Artillery Course, pp. 101, 102. . 

" II paroit que ce fut au Siege de Rhodes, en 1552, que les bombes fment d'abord 
" employees."-Dictionnaire d' Artillerie, par Col. Cotty (Paris, 1822), p. 37. 

"Hollow projectiles are said to huyc been used on the earliest recorded occasions; 
" at Naples, 1495; at Padua, 1509; at Heilsberg, 1520; at ~Iczieres, 1521; at 
" Rhodes, 1522; and at Boulogne, 1542 ; and were made of cast iron, of bronze, of 
" alloys of lead and tin, and finally of cast iron, as now. A.lthough limited in the 
« 17th century to the existing sizes, the preceding century had witnes sed the use of 
« bombs of a much larger size. At Boulogne, as early as in 1542, shells of 19 inches, 
(' French, at Berlin, 1683, mortars and shells, of 1,100 lbs. weight existed; at the 
" bombardment of Genoa, in 1684, shells of 1,320 Ibs. were thrown, anel even as late 
" as 1745 at the siege of Tom'nay the French threw shells of IS inches, weighing 
" 550 Ibs."-On the JIilitary ([nd lV(l"al Uses of very large Shells. By R. Mallet, Esq. 
See Journal, United Service Institution, vol. ii., p. 412. 

~ There is no lack of authorities to establish this fact; in St. Julien's" Forge de 
Vulcan," shells of four different natmes are described in detail (see Dahlgren, p. 3) ; 
and Dahlgren says-" Their first well authenticated use was by the Dutch Prince 
" Henry of Nassau, in 1624, at the siege of Grol. The results must haye been con
" sidered highly satisfactory, inasmuch as a more extended application of them ensued 
" at subsequent sieges, and in reducing the Fort of Schink, the Prince employed them 
"exclusively. Their reputation now spread over Europe, and they were soon intro
" dueed into the services of other pOll·ers."-Dahlgren, p. 4. 

"Le marechal de la :Force en fit nsage au siege de la :Mothe, en 1634, et tout porte 
" a eroire ,!n'on ne s'en iftait pas encore servi en France avant celte epoque, quoiqn'
" elles y fussent connues depuis IOllgtemps. C'est donc par erreur que l'on en a 
" attribue l'invention a un habitant de Venlo en 1588, puis'qu'on les a employees 

soixante six ans auparayant." -Cotty's Dietionnaire de l'Artillerie, p. 3i. 
"Les grenades· a main et les grosses grenades, munies des fusees ..•• ont ete 

« emploYl'es par I' Artillerie des Provinces U nies des Pays-Bas, au siege de Breda, en 
« 1617 .... Si ces deux projectiles n'etaient point absolument inconnus auparavant, 
« ils reyurent en Hollande les perrectionnements qui les rendirent eflicaces et usuels." 
Le Passe et l'AI'en;r de l'Artillerie, vol. iii., p. 322. See also Ibid., vol. ii., p. 345. 
See also The Grea.t Art q{ Artillery, pp. 210, 214,232, et seq. 

3 "It is stated by Voltaire in his Essai sur l'Histoire Universelle that bombs were 
" first used at sea by the French in the bombardment of Algiers (October 28, 1681), 
" previous to which it was thought impossible to use mortars anywhere but on land." 
-Engines ql War, p. 51. 

4 "Shells began to be used in horizontal fire about 1700. In this stage of their 
" progress they were fired from howitzers with small charges of powder."-Equip
ment of Artillery, p. 109. 
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Towards the close of the 18th century they were projected from 
guns.1 

In addition to iron, various materials have from time to time beRn 
employed or recommended for shells-brass,2 bronze, hardened lead,3 
and even <rlass 4 havinrr been made use of for this purpose. 

In the "'beO'inninO' ~f the 19th ceutury ~hells ot' a di~tinct class-a 
class which "'depended upon different causes for their effects, viz. 
shrapnel shells-were introduced, but the history of these will be 
taken sep~1rately.5 

There are at present six: (Efferent classes of shells in the service, viz. :-

L Common -} 
2. Naval - Shells of the Common class. 
3. Mortar -
4. Hand grenade -
5. I~lproved shrapnel 6 - } Shells of the Shrapnel class. 
6. DIaphragm" . 

1. Common shells7 (pI. 34, fig. 11,) are made eight different sizes, 
viz. 10 inch, 8 inch, or 68-pr. ; 56,42, 32, 24, 18, and 12-prs. They 
are hollow concentric S spheres of cast iron,9 having a fuze hole for 
the reception of the fuze, by means of which the bursting ch'1rge with 
which the shell is filled is exploded at the propel' time. 

The determination of the thickness of metal of a shell is an im
portant point, for "the character of the projectile will vary with the 
" relations which exist between the iron shell ancl the burst;ing 
" charge." 10 In determining this thickness two opposite require
ments have to be consiclerecl; if the shell is not made of a certain 
thickness it will not withstand the shock of the discharge of the gnn ; 
this consideration will therefore determine the minimum thickness of 
the metal, while any increase on this thickness will of course, by 
increasing the weight of the shell, be favourable to its range and 
penetration; on the other hand, in proportion as the thickness of metal 

1" The next improvement, suggested by a casual experiment in 1779, was to fire 
" them from guns with large charges, and thus to combine with their other destructive 
" powers the increased velocity thus obtained "-Equipment of Artillery, p. 109. 

2 The mutinous sepoys in India made use of brass shells. There is one taken from 
a limber box at Lucknow in the Museum of the Royal Artillery Institution. 

3" Hollow projectiles .•.. were made of bronze, of alloys of lead and tin."-0111 
the MiZitm'y and Naval Uses of very large Shells. 

4 " Glass grenades are sometimes made use of with good effect .... these grenades. 
" are used in Spain at present, and have been since the early part of the 15th 
" century."-Aide .Wemoire to the Military Sciences, vol. ii., part 1. Art. Grenades, 
p. 190. 

5 r have thought it better to give the history of shrapnel shells elsewhere (see pAl), 
as that history embodies so much instructive matter, connected with the construction, 
application, &c of the shells, and of those which have sprung out of the original 
shrapnel, viz., the Improved and Diaphragm Shrapnel, that it should not be separated 
from the description of those projectiles. 

6 The improved shrapnel shell is now neither manufactured nor issued, but the stores 
of this projectile are not exhausted, and I have therefore given it a place among the 
servi.ce shells. 

i Present pattern, i.e., for Pettman's fuzes, approved 30th October 1861, War Office 
Circular 739, § 414. This change, however, did not give rise to a distinct change of 
pattern, but was applied to the existing shells, the patterns of which (with COtlnter
Btl?k plugs) had been approved 22nd June 1860 and 25th July 1860, War Office 
CIrcular G30, §.§ 93 and 9i. 

S As nearly as possible; it is doubtful if any cast-iron shells are perfectly concentric. 
9 :rhe. iron llsed is the same a.s for solid cast-iron shot (see p. 9, note 3), but the 

casting 18 made at a somewhat higher temperature. 
20 Shells and Shell GUllS, p. 64. 



is increased the quantity of powder which the shell will hold, and con
sequently its explosive effect, will be diminished. It is by carefully 
balancing these considerations according to the circumstances of th<.> 
case,! and by striking a judicious mean, that the dimensions of shells 
have had to be determined.2 In common shells the thickness of metal 
is about one-sixth the diameter 3 (pI. 3.J:, fig. 11, A, B). The weight 
of common shells (empty) is about two-thirds that of a solid shot of the 
same calibre.4 The fuze hole is sligbtly conical 5 in form, and is made 
of a size to receive Boxer's common fuze G (pI. 2) and Pettman's land 
service percussion fuze 7 (pI. 7). It is of one diameter 8 for all common 
shells. The fuze hole is tapped with a right-handed thread 9 to enable 
it to receive a screw gun metal plug 10 (pI. 34, figs. I, 2, 3), by which 
it is closed when not required for use, and to enable it to receive the 
Pettman's fuze, which being made of metal has to be screwed in.ll 
Tapping the fuze hole also serves to roughen it, aud so gives the wooden 
fuze a hetter hold, thereby diminishing its liability to be knocked out 
upon the shell striking against a hard substance in ricochet practice.12 

The fuze holes of all comIllon shells are countersunk 13 (pI. 3.J:, fig. 11, 

I " These conflicting conditions must be harmonized according to the part which shell 
" guns are designed to fulfil, whether they are to be the principal or auxiliary power 
" of the batteries."-Shells and Shell Guns. p. 104. 

2 Shells and Shell Guns contains some interesting remarks upon this subject. 
Admiral Dahlgren considers that English and French shelJs go to the two opposite' 

extremes in the matter of the relations existing between the iron shell and the charge, 
"and probably to the utmost extent to which it would be advisable to carry either." 
The English 8-inch shell, he says, ., Could not be made he!1vier without manifest 
" prejudice to its explosive power; the 22 cents. French shell could not be made to 
" contain a greater charge without the sacrifice of accU?acy and penetration in a most 
" injurious degree" (p. 64); and reasoning from these facts, he concludes that "the 
" English shell extends its effects to a greater distance, but the French shell is more 
" powerful within the range of which it is capable, and it has yet to be satisfactorily 
" proven that the English shell can exercise decisive effect beyond this range" 
(p. 65). 

The thickness of metal of ancient shells was much less than at present, being one
eighth, one-ninth, and one-tenth ther diameters. They were, however, projected from 
much less powerful guns, and with considerably reduced charges. See Great Art of 
Arti[[enj, pp. 22<1, 242. 

3 The 10 inch shell has a thickness of only one· seventh ; this is because the gun is not 
considered capable of bearing the increased strain involved in the use of a )leavier 
projectile. 

4 Except the 10 inch, which being thinner necessarily weighs proportionally less. 
5 The pitch of the cone is as nearly as possible one inch in nine inches, or exactly 

one in 9·375. 
6 See p. 250. 
7 See p. 273. 
S At the top ; the diameter at the bottom will of course vary with the thickness of 

metal. 
9 14 threads to the inch. 
10 See p. 100. 
n Until the introduction of Pettman's fuze, the fuze hole was only tapped regularly 

to the distance reqnired for the reception of the gun metal plug, the thread below this 
being irregular, merely a roughening of the sides, becoming fainter towards the bottom; 
the introduction of this fuze, however, rendered it necessary to continue the thread 
regularly the whole way down; and the preparation of (countersunk) shell in store to 
receive Pettman's fuze consists therefore in continning and deepening the thread to 
the bottom of the fuze hole, not in altering in any way the size or shape of the fuze 
hole. See p. 308. 

Shells which will receive Pettman'sfuze are distinguished by a cross cut upon the gun 
metal plug, and all common shell are now so prepared. See Gun. metal plugs, p. 100. 

12 Approved 8/2/54, see Board:s order, 31st January 1855, 55/D./149, para. 23, art_ 
VIII. 

13 22nd J·une 1860, and 25th July 1860, W. O. c. 639, §§ 93 and 97. 
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D, H, J, E), so as to bring the top of the metal plu~ '~hen it is scre:ved 
home flush with the surface of the shell, thus permlttl11g of the proJec
tile beiner used as a hollow shot 1 (without a wood bottom). The 
counters;nk plug is also better preserved from injury in transport than 
a projecting plug, and shells thus prepared can be more readily piled 
as shot. 

The 12-pr. (pl. 34, fig. 5) common shell differs from the rest in having 
its fuze hole fitted with a gun metal bush or socket (pI. 34, fig. 4) ex
tending some way into thc interior of the shell; 2 the object of this 
bush is to make the bursting of the shell more certain, it having been 
found in practice that on the explosion of the bursting charge the 
common fuze was blown out, and the whole of the gas frequently escaped 
at the fuze hole without bursting the shell; 3 the best remedy for this 
defect was evidently to reduce the size of the hole at which the gas 
escaped, and in some way to secure the fuze against being blown out.4 
Both these objects are satisfactorily accomplished by the long tapering 
bush, the upper part of which:· being made the sante size as the fuze 
holes of all other common shells, will admit the same fuze, while owing 
to the conical form of the bush, and to its being continued below the 
metal of the shell, the orifice at the bottom is somewhat reduced, and 
the fuze is moreover almost completely protected from the direct action 
of the bursting charge.5 The bush is countersunk and tapped in the 
same way as the fuze holes of other common shells, from which the 
12-pr. differs in no other respect.6 

1 See" Hollow Shot," ante, pp. 8, 14. The necessity for not having the plug pro
jecting above the surface of the shell when using it as a hollow shot without a bottom 
scarcely needs explanation, for it is evident that otherwise there would be a liability of 
the shell jamming in the bOlt). 

2 Recommended, 9 August 1855. Synopsis of Ordnance Select Committee Report
Shrapnel Shell, p. 231. Account of Alterations and Additions in Ordnance, &"e., 22nd 
October 1855, para. 2l. 

37th June 1855, "From the reports of practice at Shoeburyness it appears that 
" the 12-pr. common shell fails to explode with the newly constructed fuze-hole." 
-Synnpsis, Ordnance Select Committee Report, Shrapnel Shell, p. 229. "The 12-pr. 
" shells were bouched, as it was found in former experiments that with the large cone 
" f117;e they did not burst, when not prepared in that manner."-'-lbid., p. 231. 

There is probably in all common shells (except when metalfuzes are used) some loss of 
gas in this way (see Appendix L., p. 379); but the value of this loss decreases inversely 
as the size of the shell, and, except in the case of the 12-pr., is not sufficient to affect 
the bursting of the shell; in the 12-pr., however, owing to the great disproportion 
existing between the size of the fuze hole and the bursting charge, the gas is able to 
escape nearly as rapidly as it is generated; or at any rate the amount of gas which 
does not effect its escape instantaneously in this way is insufficient to burst the shell . 

• 4 I take no account of another method which suggests itself, viz., to reduce the 
thickness of metal of the shell, an arrangement by which the capacity of the shell for 
powder would have been increased, and the work for that powder to accomplish would 
have been diminished, because this remedy would certainly not be resorted to except 
in the absence of all other efficient and available remedies, since it would have reduced 
the weight, and consequently the range, accuracy, and penetration of the shell, already 
from its size and weight sufficiently limited; the difficulty might also have been over
come by reducing the size of the fuz(j hole, but such a plan would have been open to 
the objection that it would either have entailed the introduction of a special (smaller) 
fuze, or, if the present fuze had been retained it would have projected from the shell 
to a much greater extent than is considered desirable. The bush was proposed by 
Col. Boxer in 1855.-Synopsis qf Ordnance Select Committee Report,-Shrapnel Shell, 
p.22!L 

S It is reasonable also to suppose that the pressnre of the gas upon the bush rather 
tends to tighten its hold upon the fuze, by pressing in the sides. 

6 A few old (common) shells may occasionally be met with which have had their fuze 
" holes bushed, having been cast too large for the present fuze."-Notes on lJ:laterial, 
Capt. Fraser, 1st edition, p. 22. 



All common shell, except wheu used as hollow shot, ure fitted 1 with 
wood bottoms (pI. 34, fig. ll). The object of the bottoms is mainly 
to ensure the fuze occupying the proper position in the bore, viz. as 
nearly us possible in the axis of the piece, and on the side away from 
the charge,2 otherwise not only would there be a greut liability of the 
shell jamming in loading, but "frequent premature explosions would 
" occur from the disarrangement of the fuze." 3 

The bottoms, in uddition, ure useful for the same reasous as re
comment 1 their employment with certain classes of shot.4 

The bottoms are attached by means of the same gun metal rivet 
(pl. 34, fig. 8) that is employed to attach wood bottoms to shot;5 the 
rivet hole in this case being made exactly opposite the centre of the 
fuze hole. 

AU common shells are painted bluck.6 "Gses 
They are fired from guns, howitzers, and carronades, and from the 

5i-inch and 4%-inch mortars.7 

A shell may be made to burst either while in motion or when ut rest: 
in the first case each of the frugments will have a forward velocity pro
portional to thut of the shell at the moment of fructure, anu spl'eading 
out will act in the same way as a charge of case or grape, or as the frag
ments of a shrapnel shell;8 while, if the shell is stationury when it bursts 
its effect will evidently mainly depend upon the size of the bursting 
charge und the consequent violence of the explosion. 

Shells may therefore be considered as having two distinct applica
tions; they may be used as Missiles or as Mines. 

As Missiles they are most formidnble and most generully used against 
the personnel of an enemy, but as niines they are most destructiye 
aguinst his materiel; 9 the circumstances of war are rare when shells 
cannot be ndvuntageously employed in one or other of these capacities. 

1 Before issue, as demanded, or before loading. 
2 " These sabOts are necessary in order that the fuze may be kept in the axis of the 

" bore when loading, and no doubt serve to decrease the rebounding of the shell when 
" in the bore." -Owen's Lectures on Artillery, edition 4th, p. 79. 

" .A bottom of some kind is necessary in firing with shells, on account principally 
" of the difficulty in placing it in loading so as to keep the fuze outwards, and in the 
" axis of the piece."-Reporl of a Committee of Artillery Officers assembled in I S19 
(Sir W. Robe, President) for the purpose of ascertaining whether any sort of bottom 
be necessary for shells, Miscellaneous, vol. ii. p. 40. 

3 Colonel Boxer's Sandhurst Course, p. 20. Also Report of Committee of Artillery 
Officers, Miscellaneous, vol. ii. p. 40. 

4 See p.9 . 
. \ See ante, p. 9; and see wood bottoms, p. 113, and rivets, p.121. 
6 For paint, see table XX., p. 345. 
7 The 24-pr. and 12-pr. co=on shells are fired from the 51-inch and 4i-inch 

mortars, see p. 38. 
S See p. 43 respecting General Shrapnel having derh'ed the principle of his shells 

from this observed effect. However, in the shrapnel shell, as explained elsewhere, the 
object is to obtain a minimum dispersive effect, and the principle of action of the two 
projectiles is thus diametrically opposite, the effect of the fragments of the comlllon 
shell being in great part derived from the bnrsting charge. 

9 "In the experiments carried on at Portsmouth (1847) with shells buried in the 
" earth, and in others (1849) with shells embedded in timber, the explosions which 
" took place afforded the strongest proof of the prodigious power of shells acting like 
" mines."-Naval Gunnery, edition 3rd, p. 281. Perhaps the most direct applica
tion of shells as mines is their employment as "shell fougasses." A shell fongass 
consists in one or more shells buried in small heaps, to burst either under the grOlmd 
or on its surface (see Macaulay's Field Fortification, p. 219). "Lorsque ces projec
" tiles s'enfoncent dans les terres, ils y font fougasse."-1izstruction d' Artillerie, p. 44l. 
But it must !lot be supposed that in speaking of shells as mines I intend only to refer 
to this their more direct application in that form. They are equally to be con-
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But it is aO'ainst shippinO' that shells are especially formidable, for here 
they are d;structive alik~to men and to material, and while the bursting 
of the shell shatters the timbers and structure of the ship, the splinters 
carry havoc amon'" the crew. In addition to their direct destructive 
effects the smoke ~aused by the ex:plosion in the confined space between 
decks is a source of annoyance and confusion'! 

Shells have sometimes been used to set fire to magazines, buildings, 
combustible stores, &c., but this may be considerec1_ as an altogether 
exceptional application/~ and carcasses rather than shells would 
generally be used for the purpose.3 

Common shells are also used empty as hollow shot, both cold and 
hot; their employment in this capacity has been already dwelt upon.' 

sidered as mines, whether they have been deliberately deposited by hand to act as such, 
or whether they have been lodged with more or less penetration, after being fired from 
a gun or howitzer. 

The application of shells as mines.-" Transferable mines" was advocated with 
great ability and at considerable length by Mr. Mallet, in a lecture before the United 
Service Institution in 1858. This lecture is contained in the Journal of that society, 
voI. ii. p. 409-451, under the head of" The Military and Naval uses of very large shells." 
The manner in which ]IiI-. Mallet proposed extending and intensifying this application 
was by the employment of monster shells 36 inches in diameter, weighing empty2,4811bs., 
and containing a bursting charge of 480 Ibs. of powder, thus giving a totalnlled weight 
of about It tons, thrown from mortars of corresponding proportions. This is no place for 
going into the arguments for and against this scheme; I wish merely to record the 
fact and to indicate the direction in which those who care to pursue the subject at 
greater length may do so. Two of the mortars and a large number of the shell are at 
Woolwich, and may be seen in the Royal .Arsenal. 

1 Sir Howard Douglas describes and discusses at considerable length the effect of 
shells bursting on board ship. These effects he speaks of as" tremendous,"-"terrific 
" effects, physical and moral."-Naval Gunnery, edition 3rd, pp. 278, 279,280, 285-9, 
&c. &c. The fact of the tremendous effects of shells against ships is scarcely likely 
to be questioned, orlmighthave quoted a large number of authorities in support of my 
text. The practical view of the question, and the view which I believe to be enter
tained by all naval and military men, is very concisely embodied in the often quoted 
exclamation of the naval officer, " For God's sake, keep out the shells !" 

The following account by an eye witness of the effect of shells in the action between 
the iron-clad" Merrimac" and the wooden ship" Congress" "exhibits," as Sir Emer
son Tennent observes, " a realized epitome" of the effects of shells against shipping: 
-" The first shell that burst within the' Congress' killed every man at the nearest 
" gun; another and another burst amongst the crew, and the ship was soon a slaughter
"house. Operations were now out of the question. The wounded were in crowds, 
" horribly cut up. The ship too was on fire; the shells had kindled her wood·work 
" in various places. Nearly all the guns were dismounted. the bulkheads blown to 
" pieces, rammers and handspikes shivel'ed, and the powder boys all killed. The 
" inside of the ship looked like the interior of a burned or sacked house. Every • 
.. thing was in fragments, black or red. burnt or bloody. The horrible scene lasted 
" about an hour and a half, and then shestruck."-The Story a/the Guns, pp. 225-6. 
See also some experiments carried on in 1851 to determine the amount of in conv en i
ence likely to arise from smoke caused by bursting shells between ships' decks.
Erperiments in H.M.S. Excellent, pp. 175-178. 

3 " Shells intended to set fire to magazines, buildings, &c. are generally filled with 
" Valenciennes composition, pieces of pOl"tnre, tar, rocket compositions, and other 
" combustibles."-Straith's Artillery, edition 7th, p. 138 . 

.An immense number of cases might be quoted in which shells have been used to 
set fire to stores, &c. .A. modern instance of their employment in this capacity is 
the bombardment of Charleston in 1863, where the Federal squadron fired shells 
charged with "Greek fire." Their use 011 this occasion was officially objected to by 
the Confederate general as barbarous, &c. We do not learn that this objection 
carried with it any weight. 

3 Respecting the employment of shells as carcasses, see p. 70. 
4 See pp. 14, 15. 
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Common shell are issued in three ways :-
(1.) Empty, loosc, prepared for wood bottoms. 
(2.) Empty, riveted. 
(3.) Filled, riveted. 

They are ge!lcmlly issued (1) "Empty, loose, prepared for bottoms," 
for garrison sCi·vice, and for lnelh. (garrison ami field), and a cert:J.i II 
proportion are so issueu. for naval servi<.:e.1 They are then sent away 
with the l'iYet hole plugged with beeswax, the gun J11ct~ll plllg~ (with 
len.ther collar under the shoulder) screwed illto the fuze hole, which is 
slightly beeswaxed to prevent rusting-. 

They are generally issued (2) "empty, rireted" for field sen'ice, 
(India excepted). They then have the bottom riveted 0;], the fuze 
hole closed a.s aboye, and are boxed in boxes similar to tll05e used f01· 
shot, the number of shell in each box varying ,yith the natllre.3 The 
boxes are lllarked on the lid in black, with the words" common shell," 
"fur Boxer's fuze," the nature of ordnance with ,yhich those in the 
box can be used, the number of shell in the box," and the date of issue, 
and in red the words" Largo cone." 5 FOI' tropical climates they hav(~ in 
addition the words" For Tropical climates" marked on the lid in black. 

A proportiQIl U of common shells are issued (3) filled for boat service, 
and for 2-:1:-p;·. and 12.pr, howitzers when these guns are used for broad
side purposes.7 They [Ire then isslled riveted, completely filled with 
p()wder, and haying Pettman's L.S. percussion fuze (pI. 7) ~cl'ewed into 
the fuze hole,S the screw of the fuze hole being previously lubricated 
with beeswax; and are packed in boxes similar to those used for shot, 
the number per box varying with the llature.9 On eaeh shell is sten
cilled the word "Filled." 10 The boxes are marked on the end in black 
with the WOl'lIs" Common Sbell," nature of gun or howitzer, "Pettman's 
Fuze,"ll number in box, date of issue, and in red the word" Filled ;" on 
the lid of the boxes is marked. in red the words" Large cone." For 
tropical climates (when the shell have teak bottoms) the boxes have in 
addition in Mack the words" For Tropical Climates." 

Packing and 
issue. 

2. Naral shel1s.l2-There are nyc different sizes of shells prepared Shell-Naval. 
specially for naval service, and for thi~ reason known as" Naval Shells."13 

1 It must be borne in mimI that common as well as nayal shells arc issued for sect 
service, generally 24 and 12-pr. sbells for howitzers and boat service, and of these a 
proportion are issued empty and others filled. 

~ See Gun-metal plugs, p.lOO. 
a See table XII., p. 33l. 
4 The lo-inch box containing only one shell is not marked with the number. 
S This has reference to the cone of the fuze, see p. 237. 
6 The proportion to be issued filled will in a measure depend upon the magazine 

room, see also p. 34, note 5. 
7 Notes on M:ateriel, p. 23. 
8 Before the introduction of Pettman's fuze" filled" common shells were issued with 

the (at that time) gutta-percha wad (see Wads,p. 105) _n tbe fuze hole underneath 
the gun·metal plug lsee screw gun-metal plugs, p. 100). They have also upon occasion 
been thus issued for field service. 

9 See table XII., p. 33L 
10 In accordance with War Office Letter, 6/11/66,75/12/2987. 
n When issuecl (see note 8 aboye) with plug and wad in fuze hole the boxes are 

marked" for Boxer's Fuze" instead of with the words" Pettman's Fuze." 
12 See table V., p. 325. 
13 These are the only shells spef'ial(1J prepared for naval seryice, but they are not 

the only shells issued to the navy, common shells, generally 24 and 12 pro howitzer 
shells, being issued for boat and occasionally for broadside service. Diaphragm 
shrapnel shells, generally 8-inch, 32, 24, 12, and 6-prs., are also issued to the navy; 
these do not differ from diaphragm shrapnel shells for land service, except in a 
proportion of them being" filled" before issue. 
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These are the 150-pr.,l lO-inch IOO-pr.,! 8-inch or 68··pr., and 32-pr.2 

They are only fired from guns and howitzers. They all differ from 
common shells of the same natures in three 3 respects. 

I 

1. In the size and shape of the fuze hole. 
2. In the fuze hole being bushed. 
3. In the number and arrangement of the rivet holes. 

SHELL,-NAV AL. 
8-inch. 

1. The fuze holes are cylindrical instead of conical, and are much 
larger than those of common shells ;4 they will receive Boxer's naval 

1 Present pattern 150 and 100-pr. naval shell (with 4 rivet holes at top) finally 
approved, War Office Circular, No.6 (new series), par. 1084. 

2 The 32-pr. has sometimes been called the 6-inch. 
3 The 8-inch or 68-pr. naval shell is of rather greater external diameter than the 

corresponding shell for land service, and its metal is slightly thinner, being the same 
thickness as the lO-inch shell for both services. The 150 and 100-pr. naval shells 
also differ from common shells in being made of" diaphragm iron," i.e. half hot and 
half cold blast, see p. 54, note 5. 

4 Approved 12th August 1858, Royal Artillery General Regimental Order, 402 
par. 36. It might be concluded from the remarks made in note 3, p. 26, that tlll~ 
enlargement of the fuze hole would affect injuriously the explosive force of the shells; 
this, however, is not the case, for the fuzes used with naval shells are of metal, and 
being screwed in are not liable to be blown out on the explosion of the bursting 
charge; hence there will be no loss of gas from this cause. The size of the fuze holes 
of naval shells is not therefore, within reasonable limits, a matter of much consequence; 
whereas in common shells it has been show to be an important consideration. 



SHELL,-NA VAL. 
8-inch. 
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metal time (pI. 3, figs. 9, 12,) fuzes, or Pettman's sea sen·ice per
cussion fuze (p. 13, fig. 21). 

2. The fuze hole is bushed with a gun metal cylinder, which is tappecl 
with a right-handed thread,l to receive either of the above-nnmell fuzes. 
The object of this bush is to diminish the chance of the fuze hole screw 
becoming rusty, whence difficulty and delay, and in some cases perhaps 
accidents, might result in screwing the metal fuzes into or out of " filleel 
shells." 2 

The bush is carried to within ·2 of an inch of the bottom of the fuze 
hole, that thickness of iron being left to form a shoulder helow the bush 
to support it on the discharge of the gun.3 

The fuze holes of all natures of naval shells, except the 32-pr., are 
countersunk to permit of these shells being used as hollow shot, without 
wood bottoms.4 The fuze hole of the 32-pr. is not countersunk, as this 
would involve a reduction in the length of the bush of these shells, 
which could be ill afforded.5 The 32-pr. shell cannot, therefore, be 
used as a hollow shot without a wood bottom. 

The fuze holes of naval shells are closed in the same way as those of 
COIllIllon shells, with a gun metal screw plug.6 

3. The 3rd point of difference between naval and commOll shells con
sists in the number and arrangement of the rivet holes. 

The bottoms of the lO-inch, 8-inch, and 32-pr. are attached by means 
of two copper rivets, inclined to one another. These" naval" rivets are 

1 Approved 9th September 1858, Royal Artillery General Regimental Order 402, 
par. 38. The pitch of thread is 16t to the inch. 

~ In the event of the fnze hole becoming rusty a great deal of friction would be 
occasioned in screwing a metal fuze into or out of the shell; and as a large proportion 
of shells for naval service are issued" filled," to economize magazine room it is easy 
to conceive that serious accidents might arise in this way. Moreover, to screw these 
metal fuzes into an unbushed fuze hole would be a violation of a generally recognized 
principle that the contact of iron with any other metal in the neighbourhood of 
gunpowder should, as far as practicable, be avoided. Thus an unbushed shell would 
under the circumstances clearly be more dangerous than a bushed one; and it is 
quite easy to see how at any rate difficulty and delay, if not accidents, might be 
occasioned in the event of the fuze hole being rusty. 

It will, perhaps, be said that the same arguments apply in the case of common shells 
when Pettman's metal fuzes are used with them, and yet that common shells are not 
hushed. Three impOliant considerations, however, suggest themselves in explanation of 
this difference,-lst. Whereas the use of metal fuzes has until recently been the rule in 
the naval service, it is the exception for land service; 2nd. That the C(\r;se'quences of 
an accidental explosion of a shell on board ship would be infinitely more disastrous 
in the majority of cases than if the shell had exploded on land; 3rd. Owing to the 
coarser thread of the land service fuzes, and to the fact of thc fuzes and fuze holes of 
land service shells being conical instead of cylindrical, the friction created in screwing 
a metal fuze into those shells is under all circumstances less than with naval shells and 
fuzes. 

3 The backward strain caused on the diScharge of the gun by the inertia of the bush, 
and of the fuze which it supports, would, in the absence of such a shoulder, be thrown 
upon the threads of the screw (by which the bush is screwed into the fuze hole), and 
there would be a great probability of these threads stripping. 

4 See common shells, p. 26. 
5 The thickness of metal of the 32-pr. shell is so much less thau that of the 10 and 

8 inch shells, that the necessary length of bush to support the fuze properly could not 
be obtained except by adopting one of two arrangements, viz., dispensing either with 
the shoulder of metal below the bush, or with the countersink. .As the shoulder of 
metal cannot be dispensed with without interfering with the efficiency of the shell (see 
above), it was necessary to resort to the other alternative, and accordingly the fuze 
hole of these shells is not countersunk, the bush being thus flush with the surface of 
'the shell, and the plug projecting. 

6 See plugs, p. 101. Until 1863, when issued empty and riveted, a cork used to be 
driven into the fuze hole~ of na,al shells in place of the gun-metal plug. This was 
abolished by order, 27/1/63. 
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merely cylindrical pins of copper without lleads,l which pass through 
inclined holes in the sabots into corresponding inclined holes in the shell, 
the bottom being secured not by the expansion but by the inclination 
to one another of the rivets (see woodcut, p. 30). 

The single rivet system as applied to common s11ells is inapplicabJe 
to the two lower natures of naval shells, because the wood bottoms of" 
the latter are hollowed completely through in the centre, the iron of the 
lower part of the shell being thus exposed flush with the bottom of" 
the sabOt. The object of this arrangement is that when the guns are 
"double shotted," 2 a not uncommon pract.ice with the navy, the shot 
and shell may be in actual contact."3 

Double shotting is forbidden with the lO-inch gun,4 and the lO-incu 
naval shells have therefore the same bottom as the IO-inch common, 
but for the sake of unifo'l;mity have this bottom attached in the same 
way as the bottoms of other naval shells, viz., by two navall'ivets.5 

The 150 and 100-pr. have no wood bottoms, but taps,S which are 

1 See page 121-
2 The term" double shotting" is applied to all cases in which two projectiles, of 

whatever natures, are placed together in the bore of a gun; thus a gun loaded with 
two solid shot, a solid shot and a grape shot, or a double charge of case or grape, would 
be spoken of as" double shotted." (See Naval Gunnery, pp. 101, 102). In the pre
sent case, however, the term double shotting is applied simply to loadi!!g with a solid 
shot and a shell, the former being placed next the chru·ge. 

3 Before this arrangement was adopted, and wheu the shot and shell were not in 
actual contact (the wood bottom intervening), the shell was frequently cracked, and in 
some instances broken np, by the shot striking it. Sir Howard Douglas mentions this 
fact having been demonstrated at some experiments at Gavre in 1842, where a wad 
took the place of the wood bottom; see Naval Gunnenj, p. 239. 

It was also clearly shown in some experiments in 1848 aud 1849, on board the 
Excellent, when not only shell, but shot, were split by the intervention of a space, 
and it was considered to be " clearly shown that shot should be in close and imme
" diate contact with each other, to prevent their splitting." Experiments in H.j}I.S. 
Excellent, pp. 141, 143. See also upon this subject, Hand Book for Field Servioe, 
p. 289, where the following passage occurs. "In double-shotting guns care should be 
" taken that the two shot be brought into actual contact, for if a space be left between 
" them they will both probably split. The intervention of a junk wad between two 
" shot renders them more liable to split than if they had been placed in actual contact. 
" The same precautions are necessary when firing a shot and shell together." 

This effect is not difficult to explain: if, after loading a gun with a solid shot, a 
shell be placed in the bore slightly in advance oE it, an air space intervening, the shell 
must necessarily receive a violent blow on the firing of the gun, from the shot being 
projected against it; now, if some substance be introduced between the two projectiles 
to fill up the ,acant space, the violence of the blow received by the shell will be 
diminished in proportion to the density of this medium. (" The resistance which 
"different mediums oppose to bodies in motion is proportional to the respective 
" densities of'the different mediums, and to the squares of the ,elocities of the moving 
"bodies."-Imperial Dictionary.) If the medium, therefore, be a wooden bottom, the 
blow will be less violent than if nothing intervened between the two proj ectiles, but 
its violence will not be sufficiently diminished for the shell to be able to withstand it 
without considerable danger of being fractured or injured. 

The strain upon the gun is also increased when the two projectiles are not in actual 
contact, on account of the temporary but violent check given to the forward motion 
of the shot, and consequently to the gas which is propelling it, on the former striking 
the shell. 

4 Double shotting, which is principally a naval practice, " is forbidden with the 
" lO-inch gun, with the 8-inch gun of 52 cwt., and with all carronades."-Handbook 
for Field Service, edition 3rd, p. 296. 

" Carronades, the 8-inch 52 cm., and the IO-inch guns are never to be double 
shotted."-Griffith's Artillerist's Manual, edition 9tb, p. 238. 

N.B.-Both the works quoted on this subject are" Published by Authority." 
5 Approved 6th October 1863, War Office Circular 855, par. 849, p. 121. 
ft See p. 117. 
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attached by means of foUl' naval rivets; 1 these tops have two rope 
"beckets" passing through them for convenie nee of lifting and 
loading.2 

100-PR. NAVAL SUELL, WITH EUI Tol' PElUIAXE);TLY RlVETED o~. 

Scale, .t. 

Plan. 

Eleyation . Section. 

.Although these shells have no wood bottoms, they are provided with 
two bottom rivet holes, like other naval shells, in case it should hereafter 
be thought desirable to attach wood bottoms.s 

The 150 and lOO-pr. naval shells have thus six rivet holes, four at 
the top and two at the bottom. 

The advantages of the tops are, that they enabled shell boxes to be 
dispensed with, thus effecting a saving in storage, expense, and weight, 
besides expediting slightly the service of the gun, and avoiding the 
danger of the shell failing out of the box, or injuring the fuze.4 

1 Originally only two rivets were used; four were approved lOth March 1865; see 
War Office Circular, No.5 (new series), par. 1041. 

2 The shells are brought up to the gun by means of the beckets, fuze downwards; 
the lower end of the shell is placed in the bore, and the beckets pulled through. 

3 Those first issued had tops and bottoms. 
• See more fully respecting the advantages of tops, p. 119. 



Scale, i. 

, Plan. 

Elevation. ' Section. 
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The 150-pr. and IOO-pr. naval shells are lacquered internally with a 
mixture of: 1_ 

Rosin - 121bs. 
Brown Spanish - 2 lbs. 
Plaster of Paris 1 lb. 
Turpentine - - t pint 

to diminish the liability to premature explosions, when fired with heavy 
charges. . 

All naval shells are painted black. 
Packing an.} Naval shell, like common shells, are issued, either:-
issue. (1.) Empty, loose, prepared for bottoms or tops. 

(2.) Empty, riveted. 
(3.) Filled. 

A proportion are issued (1) "empty, loose, prepared for bottoms" (or 
" tops "), to be available as shell or hollow shot. They have the rivet 
holes plugged with beeswax, the gun metal plug screwed into the 
fuze hole, and are sent away unboxed.2 

A small proportion 3 are issued (2) "empty, riveted" for drill pur
posses, or when the shell room is not large enough to take the full 
proportion of" filled" shells.' 

They then have the fuze hole closed as above,s the bottom or top 
riveted on; and, with the exception of the 150 and IOO-prs., are boxed, 
one shell in each box. The boxes fasten by means of a hook and staple, and 
are somewhat different in construction to those used for land service.6 

The boxes are marked 011 the lid in black with the words" Naval 
" Shell, 1858 pattern,"7 "Empty," nature and date of issue.8 

For tropical climates (when the ~hell have teak bottoms or tops) the 
boxes are marked in addition with the words "For Tropical Climates," 
in black. 

The large proportion of shells for naval service are issued (3) 
"filled." They bave a Pettman's 8.S. percussion fuze screwed into the 
fuze hole,9 and the wood bottom or top riveted on. The 150-pr. and 
lOO-pr. are not boxed; the lO-inch, 8-inch, and 32-pr. are packed 
singly in the same boxes as are used for the "Empty, riveted" naval 
shells,lO the boxes being marked in the same way, except that they have 

1 Until July 1865, the following lacquer was used
Coal tar pitch, 2 lbs. 
Swedish pitch, 1 lb. 

But when that lacquer was given up for rifled projectiles (23rd July 1865, War 
Office Circular 7 (new series), § 1120), it was similarly given up for these shells. 

2 See hollow shot packing and issue, p. 15. 
3 This proportion will vary with the magazine room on board, as, "when ships 

" cannot stow all the filled shells allowed, empty ones are to be supplied to complete 
" the proportion." Revised Alphabetical Proportion of Ordnance Stores for Sailing 
Ships and Stea7l.ers, ~c. Store Account Office, 13th April 1853, p. 44. 

4 See note next above. 
5 Until 1863 a cork was used for" Empty riveted" naval shells, see p. 102, note 3. 
6 In 1864 a nail was introduced behind the hook to prevent it from coming out of 

the staple. 
7 This has reference to the fuze hole, which was assimilated in size to that for Moor

som's fuze in 1858. Approved 12th August 1858, 75/7/46. See Royal Artillery 
General Regulation Order, 402, para. 36, see also p. 239. 

S Naval shells are always packed one in a box, and it is therefore unnecessary to 
specify the number upon the outside. 

u Until 15th November 1865 only 75 per cent. of the filled naval shell had 
percussion fuzes screwed into them, the remaining 25 per cent. were filled with 
i ~ seconds fuzes and 50 per cent. 20 seconds fuzes were carried spare. But by 
('rder of that date " all shells filled for naval service (except field service segment 
" and spherical shrapnel), whether for rifted or smooth-bore guns," were directed to 
be "in futnre carried with percussion fuzes in the fuze holes, the usual proportion of 
" time fuzes being supplied in addition."~ War Office Circular 8 (new series), S 1151. 
ro~~~ • . • 
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on them in black the word" Filled," instead of the word (, Empty," also in black" Pettman's S.S. Fuze." The shells have stencilled on them 
the word" Filled." 
~ In accordance with a scheme approved in 1866,1 for the assimilation of.fitze holes and the introdztction of Pettman's .qeneral se n, ice fuze, it has been decided that when a sufficient supply of fuzes, adapters, and plugs are available, naval (sphericql) shell are to be completed with general service bush, the existing stores of shell being fitter! for the reception of this fuze by means of the" adapter for naral spherical shells "2 permanently screwed in; also for future manufactU1·e tlte 32-p1'. 8" and 12" naval will have tops liM the 100 and 150-prs. 

\ 

GENERAL SER"\'"ICE BUSH FITTED IN 150-PR. NAV.I.L SHELL. 
:Full Size. 

J }~. 
Section. 

i4 threads per inch right hand. 

! 
i 

A G· At SERnCE FC:ZE HOLE FOR NAVAL SPIT£JUCAL SIlELL. DAFTER E]);ER Full Size. 

I 

i 
J 

( 16} threads per 
___ ~~"'~",~WA~< inch right hand. 

14 threads per }'l!l"~w/.w'w/.!l!!y.I--
inch right hand. 

\. 

Elevation. Section. 
The "F bush" is the bush which has been adopted for the M.L. and larger natures of B.L. rifled shells. It is slightly larger than th; fuze hole of common shell, but the pitch of cone and thread are the same. 

1 See War Office Circular 10 (new series), § 1238; also War Office Order 5th July 1866, i5{12{2852. ~ See p. 109. i.See p. 29, note 4. 
15836. D 



GENERAL SERVICE BUSH FITTED IN ISO-PR. NAVAL SHELL. 
]'ull Size. 

i 4 threads pel' inch right band. 
Section. 

ADAPTER GENERAL SERnCE FuZE HOLE FOR NAVAL SPHERICAL SHELL. Full SJze. . 

Elevation. 
'-----

( 16 ~ threads per 
~I. -~~~~~~'/'~\. inch right hand. 

1~ J 

) 
14 threads pel' J"-"-'~ .' ~w"""""gq-}Dcb nght band. 

Section. 
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It will receive the general service plug, Pettman's general service 
percussion or Boxer's M.L. O. and B.L. fuzes. 

Shell-Mortar. 3. lJ:fortar shells (see table, shell mortar fuzes, and plate 35, fig. 11). 
Sizes. There are three natures of shells specially prepared for use with mortars 

only, (for land and sea service), and known as "m~)1tar shells," viz., 13, 
10, and 8-inch.1 They differ from common shells ill three respects,2 

Description. 1. In having a larger fuze hole (not countersunk). 
2. In being fitted with" lugs" or "lewis holes."3 
3. In not having wood bottoms attached, and the consequent absence 

of rivet holes. 
1. The fuze holes of mortar shells (plate 3.5, fig. 11, D, E,) are larger 

than the fuze holes of common shells,4 to admit the longer and larger 
fuze which is necessary for the greater time of flight of these shells. 

The fuze hole of the 8-inch mortar shell is rather smaller than the 
fuze hole of the 13 and lO-inch, which are of one size. The necessity 
for reducing the fuze hole of the 8-inch arises from the fact of the 
diameter of this shell being too small to admit of the fuze being set home 
in a large fuze hole.5 

2. 13 and lO-inch mortar shells were formerly fitted with" lugs," 6 

they now have" lewis holes," 7 drilled into them to facilitate loading. 
The "luO's" consist of two small proj ecting loops or ears of iron, 

situated on ~pposite sides of the fuze hole; they serve for the admiss~on 
of a pair of hooks attached to a chain and handle,S by means of wInch 
the shell is lifted and placed in the mortar. 

Lewis holes (plate 35, fig. K, L, N, M,) serve the same pUl'pose as 
lugs, and are more convenient, noi being liable to be lmocked off the 

1 The present pattern lo-inch and 8-inch mortar shells, i.e., those with lewis holes, 
were approved 17th January 1856; see Alterations and Additions in Ordnance, &c., 
30/6/56. The date of the 8·inch cannot be traced. 

2 The lO-inch mortar shell has greater thickness than the lO-inch common shell, 
see table V., p. 325. 

In note 3 at p. 25 it is explained that the lO-inch common shell has a less pro
portional thickness of metal than other common shells, viz., about one-seventh instead 
of one-sixth the diameter, on account of the comparative weakness of the gun. No 
reason, however, exists for reducing the thickness "Of metal of the lO-inch mvi ,<II' shell, 
and this shell is therefore made of the same proportional thickness as other shells, viz., 
about one-sixth its diameter. 

I have thought it desirable to point out the only case in which the thickness of metal 
differs in mortar and common shells, and to explain the reason of this difference, 
beCause I believe there is a very general opinion that all mortar shells are thicker than 
common shells of corresponding calibres; at least, I have been aware of such an impres
sion on the part of many officers and men who have been attached to the HoyaJ 
Laboratory for instruction. 

a The 13-inch and lO-inch only are thus prepared; the 8-inch does not differ from a 
common shell in this respect. 

4 This sized fuze hole. Approved 27/1/55; see Account of Alterations and Additions 
in, Ordnance &c., 31/1/55, 55-D/149, para. 29, art. xu. 

5 It is evident that the smaller the fuze hole is made, the less distance a conical fuze 
will enter into the shell; and the length of the mortar fuze is so great thut if the 
8·inc~ shell were fin;nished with a full-sized fuze hole, the bottom of the fuze would 
come mto contact WIth the bottom of the shell before the fuze had" bitten" in the fuze 
hole. The plan which has been adopted is open to. the objection that it causes a 
greater length ?f the fuze to protrude from the shell, but this is a lesser evil than 
wo~d be occaslo~ed by resorting to the only other available remedy, viz., the intro
ductIOn of a speCIal fuze for use with this shell. 

6 The practice of :fitting lugs to mortar shells is very ancient, for in The Great Art 
of Artillery the following description of the mortar shells of the time (1649) occurs: 
« Near the Tent they have two little ears or handles, by which they are lifted mto the 
«morta:."-The Great Art of Artillery, p. 224. 

7 LeWIS holes adopted, 17/1/56,137-B/6. See Alterations and Additions in Ord
nance, War Office, 30/6/56. 

S See" lug-hooks," p. 125. 
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shell in transport, and not interfering with the cleaning of the shell 
when in process of manufacture.l They consist of two holes, situated 
in the same position as the lugs, on either side of the fuze hole, and 
inclined towards one another. They admit two lewis hooks,2 amI by 
means of these the shells are lifted and placed in the mortar.3 

The 8-inch mortar being a short piece, and the shell comparati,ely 
wieldy, any arrangement for lifting the shell and placing it in the 
mortal' is unnecessary. These shells accordingly arc not prepared with 
lewis holes. 

3. Mortal' shells ha,e no wood bottoms attached, because in the 
case of the 8-inch mortar" owing to the shortness of the piece, the 
" shells can readily be placed in the right position, as regards the fuze 
" in loading," 4 and the shells for the 13 and lO-inch having lugs or 
lewis holes, it is impossible, if these appliances for loading are made use 
of, 5 to place them in the piece otherwise than cOlTectly. 

I This cleaning or removing the hard sandy crust which forms on the outside of the 
shell when it is cast, is performed by placing a number of shells in a large iron drum, 
which is made to revolve by machinery, the friction thus created breaking lip and 
removing the crust. Mortar shells cast with lugs could not be "milled" in this way, 
and the labour and expense of cleaning the shell aud remoying the core (which is 
broken up by the same process) was much increased in consequence. 

2 See p. 124. 
3 I believe this principle of lifting heavy weights was first applied to lift heavy 

stones. Burn's Naval and Military Dictionary has the following mention of the 
word: "Lewis, s., louve,f.; Lewis. Hole in a stone, trou evide a queue d'hirollde, m." 
Turning to the word" Louve," we find" Louve, f., sling; -iron pincers; ram's head; 
" plug or pin of iron at the end of a crane rope, ~·c., by which ponderous stones are 
" l{fted up." In the "Imperial Dictionary," "Lewis" or "Lewisson" is described 
as " An instrument of iron, used in raising large stones to the npper part of a building. 
" It operates by the dovetailing of one of its ends into an opening in the stone, so 
.. formed that no vertical force can detach it." The accompanying drawing and ex-

planation of the instrument is also 
given. 

" a a, two moveable parts, perforated 
" at their heads to admit the pin-bolt 
" c d. These are inserted by hand into 
" the cavity formed in the stone, and 
" between them the part b is intro
" duced, which pushes their points out 
" to the sides of the stone, thus filling 
" the cavity; e a half ring-bolt, with 
" a perforation at each end; to this 
" tackle above is attached by a hook. 
" The fastening pin passes horizontally 
" through all the holes, entering at the 
" right side, d, and forelocking on the 
" other end, c." 

This is evidently the same principle, 
although somewhat differentl J' applied, 
as that of lifting weights by means of 
two holes inclined towards one another. 
The application of this principle to pro

jectiles in the form of two inclined holes or slots is not so modern as might be supposed. 
In the Royal 1iilitary Repository at Woolwich is an old 10-inch carcase, with two 
inclined slots in it near one of the vents, evidently intended to serve the same purpose 
as the Lewis holes of the present mortar shells. 

4 Colonel Boxer's" Sarufhurst Course," p. 20. 
5 In the authorized Artillery drill book it is laid down that the lugs or lewis holes 

are always to be made use of in loading these mortars. Loading 13·inch mortar : 
" 8 and 9, prepare shells as usual, and bring them up QY means of beam hooks to the 
" left size of the muzzle ..... 2 and 3, lay hold of the ends of the beam-hooks, and 
" with 8 and 9 lift the shell into the bore, assisted by 6, &c." .... Loading lO-inch 
mortars: " 8 and 9 bring up the shell with hand-hooks, and put it in."-" 11,fanual of 
Artillery Exercises," p. 107. 

D2 





Shells for 
5!-inchand 
4.i-inch mor
tars. 

Uses of mortar 
shel1. 

Packing and 
issue. 

38 

The fuze holas of mortar shells are not closed with a metal plug, but 
have a beeswaxed cork placed ill them.1 

AlthoufYh mortar shells hM'e' no fuze hole plugs the fuze holes are 
tapped, 01':' rather roughed, to gi\'e the fuze a better hold in the shell. 
This screw is only canied nbout half-way down the fuze hole, The 
fuze holes of mortar shells are not countersunk, their edges being 
beveled off to diminish their liability to injury. 

Mortar shells are pa.inted black before issue. 
Thev are fired from mortars only. 
The~e are two other natures of mortars besides the 13, 10, and 8-inch, 

viz., the 5i-inch (royal), and the 4i-inch (coehorn) morta.rs. Special 
shells, however, are not required for these mortars; common shells, 
24-pr. (pl. 35, fig. 4), and 12-pr. (pI. 34, fig. 5, pI. 35, fig. 5) re
spectively, being used (without wood bottoms 2) with these pieces. 

The character of a mortar shell is the same as that of a common 
shell; but its application is somewhat different. They are userl for 
vertical instead of horizontal fire, and their employment is chiefly 
confined to the bombardment of towns, fortresses, and entrenched 
positions ;3 they are also sometimes employecl with great effect against 
shipping.'" . 

Mortar shells are lssued
(1.) Empty. 
(2.) Filled. 

In both cases they are unprepared for bottoms. For all services, 
except sea service, mortar shells are issued, (1) "empty," and are sent 
away loose, with a beeswaxed cork in the fuze hole. 

For naval service they are generally isslled (2) "jilled," they then 
have the fuze hole secured as above, with the addition of a "kit 
" plaster" 5 placed over the cork for the better protection of the 
bursting charge. 

1 War Office Circular, No. 590, para. 9.-For method of removing the cork, see 
Shell and Fuze Implements, p. 298. For introduction of cork and abolition of metal 
plug for mortar shells, see p. 99. 

• "The same shells as the 24-pr. and 12-pr. common. , .. The 5§-inch and 
" 4t,-ineh are issued loose with the metal plug (same as for common shells) screwed 
" in, and are of course available in a double c.apacity."-" Notes on Materiel." p. 24. 

3 " The large mortar shells, 13, 10, and 8-inch, nre generally used in bombarding 
" towns and works, and for this purpose it is desirable that the shell should penetrate 
" and burst. the fuze bein~ therefore bored, as it is technically termed, 'long.' These 
" shells are most useful In destroying and setting fire to buildings ancllllagazines, 
" levelling earthworks, &c. The small mortar shells are generally fired against 
" troops posted behind cover, and they should therefore be made to explode the 
" instant they reach the ground; if they penetrate into the ground and then explode, 
" the splinters will have little lateral range, and the destructive effect of the shells 
" will be greatly decreased."-Owen's Lectures on Artillery, edition 4th, p. 79. 

"Mortars generally perform a more important part in siege operations than 
" homtzers; there are times even when they playa very decided part."-A1IIcrican 
Artillery Course, p. 488. 

4 Sir Howard Douglas, in his admirable work on naval gunnery, makes no mention 
of vertical firing; but I need hardly seek for authorities in support of the statement 
made in my text. that "mortar shells are sometimes employed against shipping." The 
fact that mortars form part of the armament of all sea forts and sea defences is ill 
itself sufficient confirmation of this statement. As the iron plating of the sides of ships 
of war becomes more common it is reasonable to suppose that vertical fire will playa 
more important part than at present in naval operations. 

Ii Appro,ed, 8th March 1860. War Office Circular, 590, para. 9. Kit plaster, a 
round piece of "barras cloth," (a stout description of canvas) soaked in kit composition 
plastered over the fuze-hole, and sprinkled over the outside with sawdust to prevent it 
~rom sticking to objects with which it may come into contact. (See" Bru:ras Cap" 
In" Carcal!SeS," p. 73.) (For kit composition, see table XX., p. 345.) 
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When issued" filled," they are boxed, the number in each box vary
ing with the nature of Rhell.1 On the shell is steneilled t110 word 
"filled." 2 The boxes arc marked ill black with the Wl)n:ls "mortar 
shells," "tillea," for "Boxer's fuze," the nature of shell, weight of 
burstiIlg charge, and date of issue; and in red with the words "htrge 
cone." 

(G.) .l-Iand grenades (see table) 3 are of two sizes, the lanu sen-icc or ~lldl-Hand 
3-p1'., and the sea, service or 6-pr. hand grenade.4 ~~renade. 

The): are small shells :ei'e:nbling common shells in tl!eir cl:arneter l~::~~iption. 
and mmn features, but chffermg from them in some pomts of detail. 
They m['cY be at once distinguished from common shells Ly their inferior 
size, tIll: 12-pro being the smallest common shell made. The other points 
in which they differ ii'om common shells are as follows: 

1. In the proportionate thickness of metal. 
2. In the size of the fuze hole, and in its being neither tapped nor 

countersUllk. 
3. In the absence of rivet holes. 

1. The thickness of metal of the ham1 grenade is proportionately 
less than that of common shell~, being about one-seventh instead of 
about one-sixth the diameter. This is to enable the grenades to hold 
a larger burBting charge; strength and weight not being required iu 
these projectiles.;; 

2. The fuze hole, which is the same size for botll natures, is smaner 
than the fuze holes of common shells; 6 it will ]Oeccive the 11a11(l grenade 
fuze.7 The fuze hole is not tapped, as owing to itB not being fitted. 
with a metal plug, and to a metal fuze never being used with a h:tlld 
grenade, no screw is required, nor is it necessary even to roughen it 
with a dew to preserving the fuze from being knocked out on striking.s 

Hand grenades not being fitted with metal plugs, or URed us hollo\v 
shot, do not require to have their fuze holes countersunk. The fuze 
holes of hand grenades are closed, like those of mortar shells, with 
beeswaxed corks. 

3. Hand grenades do not ha,e wood bottoms attached; rivet holes 
are therefore unnecessary. 

1 See table XII., p. 33l. 
~ In accordance with lVar Office Letter, 6ill/66, 75/12/2'.)8;. 
3 Respecting the early use of hand grenades, and the origin of the word, see the 

sketch given (ante, p. 21) of the history of shells. 
4 They were formerly always designated by the terms "land" and" sea sen-:ice" 

grenades respectively; but are now sometinles spoken of as 3-pr. and 6-pr. grenades, 
mdependently of the service for which they are intended. The terms 3-pr. and 6-pr. 
have reference to their calibres, not to their weights. 

5 Strength is nut requisite in hand grenades, because, being generally thrown by 
hand, they are not required, like other shells, to withstand the shock of a discharge; 
weight is not required, because, from the nature of the application of these projectiles, 
accuracy and penetration and great range-the only advantages derivable from 
increased weight in a shell-cannot be attained with them. 

6 It has been explained (see p. 26) how the escape of gas at the fuze hole of the 
12-pr. common shell is sufliciently great to necessitate the adoption of an expedient to 
insure the bursting of the shell. If this is necessary in the case of the 12-pr., still 
more necessary is it in the case of the smaller shells with which we are now dealing. 
The remedy, however, is simple in the case of hand grenades, for, owing to the neces
sity for the employment of a special fuze with these projectiles (see p. 267), the objec
tions urged in the case of the 12-pr. (see note 4, p. 26), against meeting the difficulty 
by decreasing the size of the fuze hole, do not hold good, and the size of the fuze hoI;) 
is decreased accordingly. 

7 See p. 267. 
8 Evidently the shock which a shell thrown by hand receives on striking can hardly 

be violent enongh to knock out the fuze if the latter has been set in with ordinary care. 
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They are painted black before issue. 
Hand grenades are thrown by hand,l where other . shells cannot 

conveniently be brought to bear. They are much used lU the defence 
of places against assault, being thrown among storming parties, into 
crowded ditches, and wherever men are collected in ~asses for boarding 
purposes, and at such close quarters or under Buch CIrcumstances as to 
make them available.2 

The 3-pr. can be thrown by trained men about 28 or 30 yards.s 
Another application is to fire them from mortars in large numbers, 

like charges of pound shot, upon masses of men; 4 they are available 

1 Formerly the strongest men were selected and trained for this duty, and in conse
quence called" grenadiers." The term has been retained for the (nominally) tallest 
and finest companies of infantry, and is applied generally to men of a superior physique. 

"Grenadier . . . . so called from carrying and throwing hand grenades . . . . 
" usually tall active soldiers."-Imperial Dictionary. 

" Hand grenades are shells, about 31bs. weight, thrown from the hand by practised 
" men; hence the name grenadier."-Straith's " Treatise on Artillery," p. 146. 

" Grenadier, originally denoted a soldier who threw the grenade ... , . The term 
" originated with the French in 1667."-Encyclopredia Britannica. 

The fuze has to be lighted by hand. The difficulty of doing this has induced the 
French to apply a percussion arrangemen~ to the heads of their hand grenade fuzes. 

:For description of this arrangement, see Hand Grenade Fuze, note 7, p. 268. 
2 "Grenades are never thrown upon an enemy on level ground, as the splinters 

" would be as dangerous to those who used them as to the opposing party. They are 
" exceedingly useful for throwing over parapets, on to unflanked ditches, and upon 
" storming parties; likewise in the defence of stockades, houses, barricades, streets. 
" &c."-Straith's Artillery, p. 146. 

" On les jette dans Ie chemin couvert ou dans les tranchees d'une place assiegce."
Cotty's Dictionnaire it Artillerie, p. 156. 

The French and Americans recognize a larger description of grenade in addition to 
hand grenades, called" rampart grenades." They are used to roll down ramparts and 
high places, being too large to be thrown by hand. "Grenades de rampart. Elles 
" ont dimensions plus fortes que celles a main; apres avoir mis le feu a la fusee, on 
" les roule du haut du rampart dans Ie fosse. Elles sont du calibre des boulets de 24 
"et de 16,au pesentde3'916 kil.,il 5·S74kil. (Sa 12liv.)......!'DictionnaireitArtillerie, 
p.156. 

" Grenades are of two kinds: The hand grenade, &c. . . . • Rampart grenades are 
" larger, and are used to roll down a breach in its defence, to throw over the ram
" parts, &c. Any kind of shell, unfit for firing, either from being defective in form 
" or solidity, may be used for the purpose."-Gibbon's Artillerist's Manual, p. 166. 

Common shells have also been used in our service, and would always be avaiJable 
for the same purpose, although we do not recognize the term "rampart grenades." 

3 "A hand grenade may be thrown from 28 to 30 yards."-Manual of Bengal 
Artillery, p. so. 

"May be thrown to a distance of 13 fathoms" (i.e., 26 yards).-Adye's Pocket 
Gunner, edition 5th, p. 147. 

"A hancl grenade, 3 inches in diameter, weighing 2 lbs. 10 oz., can be thrown by a 
" man to a distance of from 28 to 34 yards."-Aide l1Ie1llOire to the Military Sciences 
voL i .. art. Grenade. ' 
Th~ French teach th.eir men to sling hand grenades, and in this way they are made 

effectIve at a greater dIstance. They have also been fired from the shoulder from 
small" musketoons." See Aide J1Iemoire to tlte JJIilitary Sciences, vol. i., article 
" Grenade." 

< "They are sometimes bound up ancl quilted together, like grape shot, fuzes ont
" w~r~s, to be. thrown from mortars for clearing wOTks of their defenders, &c."
Strallh s Treatise on Artillery, p. 146. 

" The stone mortar is employed in siege operations to precipitate a large mass of 
:: ~to~ .. s or hUlld grenades upon the heads of an enemy in the advanced trenches, or. 

ill like manner, to clear the breach of its defenders preparatory to an assault."
.American Artillery Course, p. 179. 

" As many grenades are put in a basket as it will hold. They arc laid in layers, 
: the fuzes un?apped and l?laced upwards, so that the priming may not fall out. The 

upper layer 15 covered WIth stones or dry grass, kept down by pieces of wood po,ssed 
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for this purpose under nearly the sallle circumstances as pound 
shot.1 

Hand grenades are generally issued empty for land service, with the Packing and 
fuze hole secured with a cork. They are not boxed. issue. 

For naval service they are issued filled, with a hand grenade fuze 2 in 
the fuze hole, and the fuze covered with a kit plaster.3 On the grenade 
is stencilled the word" filled."4 These are boxed. 

Shrapnel SIU'll. 

The Shrapnel shell was invented by General Shrapnel, of the Royal Shells of . 
Artillery,5 from whom it derives its name. "It consisted originally of Shr~pnel class 
" a thin iron shell, filled with musket or carbine balls, sufficient -Hlstory. 
" powder being inserted with the bttlls to cause the bursting of the 
" shell when ignited by the fuze." U 

It is important clearly to establish at the outset,7 
1st. What was the proposed application of the shell. 
2nd. What the principle of action upon which that application 

depends. 

1st. The proposed Application of the Shell :-It was intended, not to Object of 
supersede case or grape, but to act as case or grape at longer ranges Shrapnel shell. 
than were attainable with those projectiles,S and its character was 
defined with great exactness on its first introduction by the Dame which 

" through the basket. 33° of elevation has been found the best angle, as when fired 
" at this angle they do not bury themselves."-Manual of Bengal Artillery, pp. 79, 80. 

In Major Seton's work upon shrapnel shells mention is made of another and some
what remarkable application of hand grenades. "Some hundred and £fty years ago, 
" a species of shell, filled with hand grenades, was invented and thrown; the fuze of 
" the grenades igniting by the explosion of the shell, they themselves in time ex
" ploding."-Observations on Shrapnel Shells, p. 10, note. 

Decker also says, "On dit qu'au siege du Rhodes, en 1522, les Turcs se sont 
" servis de bombes remplies de grenades; c'est Iii. l'exemple Ie plus ancien d'un pro
" jectile, qui a une aflinite eJoignce avec les schrapnels modernes."-Decker's Expe
riences sur les &hrapnels, d. 13. 

See Aide Memoire to the Milit01Y Sciences, vol. i., art. " Grenade," where a great 
deal of information is given respecting these projectiles. 

1 t:iee p. 13. 
~ Seep. 267. 
3 See p. 38, note 5. 
4 In accordance with War Office Letter, 6/11/66,75/12/2987. 
5 I mean not only that the shells were first constructed according to General 

Shrapnel's recommendation, but that he was the first who clearly perceived and prac
tically applied the true principle of shrapnel fire. This subject, however, is too 
lengthy a one to be perfectly treated in a note; and in Appendix A. will be found 
authorities in support of this statement, and an inqniry into the validity of General 
Shrapnel's claim. 

6 Synopsis of Ordnance Select Committee Reports Oil Shrapnel Shells, p. 5. 
7 It is important clearly to establish and to understand these two points, because 

upon them hinges in great measure General Shrapnel's claim to the invention. 
S "Shrapnel shell were not intended to supersede the case or canister aud grape 

" shot which are still in the service, but to be "sed (It distances beyond the radges of 
"case and grape."-!::,"'ynopsis of Ordnance Select Committee Report on Shrapnel 
Shells, p. 5. 

Colonel Shrapnel thns speaks of his invention :-" The object now accomplished is 
"tr.e rendering the fire of case shot effectual at all distances within the range of 
"cann6n."-Ibid.,p. 6. ~'r,?,.,,> ., 
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was then given to it, and which is still to a certain degree preserved,
the naine of" spherical case shot." 1 

2nd. The Principle 0/ Action of the Shell :-The shrapnel shell acts 
as follows :-It describes !), path similar to that of an ordinary spherical 
projectile up to witllin a short distance of the object aimed at, when, 
if the fuze be properly adjusted, t.he shell will be exploded, the bullets 
and fraO"ments continuing their forward course with a communicated 
velocity'" equal to that of the shell at the moment of fl'l1cture, aad 
(kscribing, as tl1GY slightly disperse, "a curved cone, the apex of which 
" is at the point of explosion."2 The effect of the shell, it will bo seen, 
depends in no '/cay upon tlle bursting charge, w7licl~ should merely be 
sufficient to open the shell and not sufficient to cause any dispersion of 
the blllids and fragments,S but entirel'!) upon the velocity communi
cated to tlte pieces by tlte slzell at the moment of Tuplw·e. There is, 
therefore, as has been well said, this characteristic difference between 

1 Shrapnel shell, or, as they were then called, "spherical case shot."-Synopsis 
of Ordnance Select Cornrnittee Report on Shrapnel Shells, p. 5. The name" spherical 
case shot" is a highly instructive one as to the proposed use and 0 bj ect of these pro
jectiles; :mcl it seems undesirable, therefore, that it ·should be altogether lost sight 
of, although it would be still more undesirable to speak of these pl'ojectiles on~1J by 
that name, "to the prejudice," as the author of the British Gunner well says, "of the 
ingeniousillventor Major-General Shrapnel. (See British Gunner, Introductory Notes.) 

The followiug passage seems to prove that the name" shl.'apnel shell" was not sub
stituted for that of" spherical case shot" in Oul' service until 1852 ;-" Report of the 
" Committee on l\{r. Shrapnel's letter of the 17th May 1852, requesting, on behalf of 
" the family of the late General ::;hl.'apnel of the Royal Artillery, the honour of the 
" Board issuing an order that the spherical ease shot be called' shrapnel shell,' instead 
" of 'spherical case' by some and' shrapnel shells' by others, from the circumstance 
" that other nations have long since done this honour of invariably attaching his name 
" to this weapon; and because the family have not the means to afford the expense of 
" erecting a monument awarded to the graves of other distinguished officers, btlt which 
" such a distinction would be the means of representing. 

" The Committee see no objection to this application of Mr. Shrapnel, and solicit 
" yotlI' Lordship's authority for his request being granted."-Ibid., pp. 83, 84. 

" Shells invented by the late General Shrapnel in future to be called 'shrapnGI 
"shells,' instead of' spherical case shot."'-GeneraZ Order, lIth June 1852, M/236. 
See Account oj Additions and Changes in Ordnance, ~c., Director General's Office, 
Woolwich, 29th December 1852, par. 3. 

2 Colonel Bo:>:er's Remarks upon the Diaphragrn Shrapnel Shell, p. 24. "The bullets 
" when thus disengnged proceed (in accordance with Sir Isaac Newton's first law of 
" motion, that every body continues in a state of rest or uniform motion in a right 
" line, until a change is effected in it by the agGncy of some extc1'llal force,) in the 
" same direction and with the same velocity as that impressed on the shell at the 
" instant of bursting; and they continue so to move on until brought to rest by the 
" continued forces of the air's resistance and gravity, or by impinginO' on any solid 
" bocly."-Obsen;ations on the Shrapnel Shell, p. :38. 0 

I would direct the attention of those who wish to go more closely into this question 
of the part performed by the bullets of a shrapnel shell to Decker's Experiences sur 
les Shrapnels, p. 22, et seq., and to Major Seton's Observations on the Shrapnel Shell 
particularly the chapter, p. 25, headed" Some Remarks on the Theory of Shrapnels.'~ 

3 The bursting charge is "merely sufficient to open the shell at the required 
"moment, and release the bullets."-Owen's Lectures on Artillery, p. 8l. 

" The charge of powder . . . is small, just sufficient to burst the shell." - Observa
tions on Shrapnel Sheils, p. 37. 

" The bursting powder acts exclusively on the containing case or shell without at 
" all affecting the contained bullets."-Ibid., p. 3S. ' 

" This projectile is so arranged that the bursting charge shall merely release the 
"bullets without affecting in any degree their onwards motion."-Colonel BoxelJs 
Sandhurst Course, p. 20. 

" That the bullets, when relieved, shall be slightly affected in the direction of motion 
" of the shell by the action of the bursting charge. . . . . The latter condition 
"embodies General Shrapnel's grand principle."-Remarks upon the Diaphragm 
Shrapnel SheU, p. 26. 
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a shrapnel shell and a common shell,-" that the former produces its 
" effect by means of the chal'ge of the piece; the btter by means of 
" the charge of the shell," 1 and the principle iln-olved in tlds distinc
tion is, in fact, the leading principle of shrapnel .fire.2 

The effect of the shell will therefore depend upon the velocity with 
which it is proceeding at the moment of l'upture,3 and thus, aU other 
conditions being the same, will be proportional to the initial velocity of 
the projectile.4 

The following account of the circumstances which immediately led to OrigIn of 
the invention of the shrapnel shell is given by Sir Howard Douglas :_ Shrapnel shell. 
" The first employment of shells fired direct from long guns at bodies 
" of troops at considerable t!istanccs was at the memorable siege of 
" Gibraltar in 1 is!. In firing from batteries placet! high on the rock. 
" from which the whole interior of the besiegers' trenches and batteries 
" could be seen, round shot fired frGm heavy guns would evidently have 
" been wasteful and ineffectual practice against workmen and troops 
" thus exposed to the direct, though depressed fire of the fortress. 
" The distance being too great for grape or case shot, howitzer shells 
" were tried; but shells fired directly from howitzers had neither accu~ 
" racy nor forco sufficient to tnke full allvuntage of the command which 
" the batteries possessed over the works on the isthmus below. The 
" charges being sman, the projectile velocity of the shells at the 
" moment of bursting was not sufficient to impel the fragments forward 
" with the force required to produce the desired effect, whilst the great 
" bursting charges which the sheHs contained, ocoasioned velY great 
" dispersions of their splinters. Guns ,yere therefore substituted for 
" howitzers, and 5~-inch shells fired from long 24-pr8., with as large 
" charges as the shells could resist. The effects Wel'e prodigious; the 
" fragments of the shells were driven forward with far greater force; 
" the dispersion was less, on account of the great preponderance of the 
" projectile velocity, and the effect upon the whole troops and work-
" ing parties in the enemy's trenches and batteries were extremely 
"destructive. This remarkable instance of the effieacy of direct shell 
" firing attracted the notice of an artillerists. The conditions of this 
" description of practice are materially different, as has been already 
" explained, from that of shells whose effects depend wholly upon 

1 Obsen'ations on Shrapnel Shells, p. 38. 
" Ce projectile se distingue encore des ohus orrunaires, et meme principalement en 

"ceci qu'il a pour destination, non pas d'0clater a sa chute ou apres sa chute, lllais 
" d'eclater en l'air, par consequent pendant son trajet. On saurait par experience si la 
" tbeorie ne l'avait pas deja appris, que les tclats et les balles sont encore jetes en 
" rayonnant en avant pendant un trajet assez considerable, et c'est 111 l'effet caractc'
" ristique des shrapnels."-E.rperiences sur les Sltrapnels, p. 22. 

~ See Observations on Shrapnel Shell, p. 10, note. 
3 All other conilitions, such as the size of the shell, the range, the distance from the 

object fired at, at which it explodes, &c., being the same. 
4 "The effect of this projectile is in proportion to the initial velocity."-Aide 

Memoire to the 1"filitary Sciences, :u·t. Shrapnel Shell. 
Strictly speaking, it would perhaps be more correct to say that the effect of these 

shells is proportional to their" £.nal" or " remaining" velocities, and this mode of 
expressing it would certainly eliminate one of the conditions which must be taken. 
mto account where the effect is expressed in terms of the initial velocity, viz., the 
range; but it would still be necessary to qualify the statement by the introduction of 
the words" all other conditions being the same" (conditions expressed. in note 3), and 
it would not be so convenient an expression to use, as will be apparent when I have 
to refer to it in dealing with those advantages of the diaphragm shrapnel shell which 
are connected. with the employment of full service charge, and the comparatively high 
initial velocities which these charges produce. 
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" their explosive force; but the few fragments into which the common 
" shells are broken, usually 15 or 16, forming what may be termed a 
" charge of langrage, consisting of a few irregular lumps of iron, are 
" neither suited in form, nor capable in number, of producing any very 
" extensive effects upon large bodies of troops. The late Major-General 
" Shrapnel had the ability and sagacity to perceive that under such 
" circumstances the effects of direct shell firing might be prodigiously 
" increased by filling the shells with musket or carbine bullets, enlarging 
" the charges in proportion, and reducing the bursting charge to a 
" quantity just sufficient to break the shell with as little scattering 
" effect as possible upon the bullets; and to that able and distin
" guished officer, therefore, is due the credit of the invention which 
" has rendered his name so justly celebrated." 1 

This shell appears to have been first experimented with, with a view 
to its introduction into the service, in 1803,2 and to have been first 
employed in action against the French at the battle of Vimeira in 1808,~ 
with the most remarkable effects, both physical and mora1.4 

The valuable properties of the original shrapnel shell, however, were 
neutralized to a great extent by one very serious defect, viz., a liability 
to explode prematurely.5 Before the introduction of Boxer's fuze this 
defect was attributed principally to " the setting down of the fuze com
" position, caused by its own vis inertia, together with the concussion 
" of the air, both tending to cause the effect at the time of the explosion 

1 Na;val Gunnery, pp. 424, 425. 
2 "The records of the Select Committee show that on the 3rd June 1803 experiments 

" were made in the presence of the Committee by Major Shrapnel, who fired shells 
" loaded with leaden balls."-OrdnaTice Select Committee Report on Shrapnel Shells, 
p.7. 

I have been unable to fix with any certainty the precise date on which General 
Shrapnel first proposed his projectile, for in the Memoirs of Sir John Sinclair the 
follewing passage occurs :-"He (Shrapnel) brought it forward in 1802, but could 
" gain little attention."-Memoirs of Sir John Sinclair, p. 243. 

" Ce fut, rut,on, en 1800 que Sir Shrapnel inventa son projectile, et en 1803 qu'il fit 
" a Mounht Bay ses premieres epreuves; d'autres eurent lieu en 1805 a Woolwich."
Decker's Experiences sur les Shrapnels, avant-propos,nr. 

The following passage, however, would seem to place it beyond doubt that it was 
as early as 1784 that General Shrapnel first brought forward shells on the same 
prmciple :-5th April 1813, Lieut.-Colonel Shrapnel wrote as follows: ". Not
" 'withstanding it is nearly 30 years ago since I first exhibited the firing of balls in 
"'metal cases.'''-Ordnance Select Committee Report on Shrapnel Shell, p. 34. 

It is certain, from a letter of the Duke of Riclunond's in the records of the Ordnance 
Select Committee, dated 1792, that the projectile was formally submitted to a com
mittee of artillery officers in that year. 

3 This action took place on the 21st August 180S; but there is little doubt from a 
letter of Colonel Robe, cOIUlliancling the Royal Artillery in Portugal, that the shell 
had been used in the battle of Roli<;a, which took place four days previously, VIZ., on 
the 17th August IS0B.-See Ordnance Select Committee Report an Shrapnel Shells, 
p.14. 

" Their efficiency was triumphantly established in the actions of the 17th and 
" 21st August, against Marshal Junot."-Memoirs of Sir John Sinclair. 

"En 180B, les sht'apn.els etaient employes contre les Fran<;ais a la bataille de 
" Vimiera."-Experiences sur les Shrapneis, avant propos. III. 

4 For. my authorities for this statement, and for more upon the subject, see 
Appendix B. ' 

5 For proof of the existence of this defect, see Synopsis Ordnance Select Committee 
Reports on Shrapnel Shell, pp. 35, 38, 39. 66, 69. 70, 78, &c.,; also Colonel Boxer's 
Ret1J4rks on Diaphragm Shrapnell Shell, p. 2, &c. 

The failures are stated to have" amounted to 17 per cent. in the extensive trials of 
" 1819, and to 22 per cent, in the trials pf I 852."-Supplement to Synop.,;s. &c. p. 7. 
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" of the charge ;" 1 it was also thought to arise in some cases from the 
shell being too weak to withstand the shock of the discharge.2 

Although this defect was obviateJ to some extent by thickening the 
shell, and in a greater degree by the introduction of Boxer's fuze, it 
was not entirely removed by these measures 3 and it became evident, 
therefore, that the failures arose from other causes. 

The main causes that were then assigned for the~e premature explo
siong were, either-

1st, That the fuze was dl'iven out by the reaction of the bullets in 
the shell, thus enabling the flash of the discharge to communicate with 
the bursting charge; or, 

2nd, That the percussion or friction of the bullets evolved sufficient 
heat to ignite the bursting powder.4 

From a large number of experiments which were carried on, it was 
incontestably proved that to the last cause the failures were almost 
wholly attributable.5 Attempts were made to remedy this in one or 

1 8.lj7lOpsis Ordnance Select Committee Reports on Shrapnel Shell, p. 66, &c. 
In the old pattern fuze the composition was exposed and unsupported at the bottom; 

and it is easy to understand how the effect mentioned in the text might be produced 
by the shock of the discharge, particularly when the shortness of these fuzes (one 
inch) is considered; evidently, also, the liability to accidental premature explosion 
would increase as the range decreased, owing to the shorter length of fuze which 
would be used for the shorter ranges. 

• Synopsis Ordnance Select Committee Report on Shrapnel Shells, p. 8, &c. 
3" It was proved beyond donbt, that, however perfect the fuze might be premature 

" bursting would still happen."-Remarks on Diaphragm Shrapnel Shell, p. 3. 
" It further became evident that the shell "Was sufficiently strong, in itself, to with 

" stand the shock received from the powder in the gun."-Ibid. p. 3. 
• Remarks On Diaphragm Shrapnel Shell, p. 3. Ibid. Appendix Ordnance Select 

Committee Report on Shrapnel Shell, pp. 84, 89. 
5 " There cannot be a question that this is the principal cause of failure, for I have 

" myself seen several shells which were filled with balls and the bursting powder, but 
" without fuzes (the fuze hole being plugged with wood), explode on striking the butt, 
" and in these cases the powder could only have been ignited by the action of the bullets 
" in the interior. "-Remarks on Diaphragm Shrapnel Shell, p. 3. 8-in. 32-pr. and 
24-pr. shrapnel shells carefully selected were prepared as follows, and fired with 
charges of 10 lbs., 10 lbs. and 8 lbs. respectively :-

(1.) Filled with bullets and the bursting powder, and wiih a solid plug of wood 
:firmly driven into the fuze hole. 

(2.) Filled with bullets, but without the bursting powder, and with a solid piece of 
wood firmly driven into the fuze hole. 

" lYearly the whole of the shells with the bursting powder exploded in the gun, but 
" there was not O!'1E breakage with the shell., WITHOUT THE BURSTIXG POWDER. 
" . . .. These results lead me to the following conclusions: . . . . That by the 
" shock which the projectile received at the 'discharge,' sufficient heat "Was evolved 
" in some part of the interior of the shell, by friction, or condensation, to ignite the 
" bursting powder."-Ihid., Appendix. 

" If there be any fact in regard to artillery matters which has been thoroughly and 
" completely established by actual experiments it is this, that a separation is abse
" lutely necessary in order to the efficiency of the shrapnel shell. . .. , The results 
" of a series of experiments in 1852, 1853, and 1854, undertaken chiefly for the pur
" pose of ascertaining the cause of this defpct (premature explosion) l~t~ no doubt On 

" the mind of all who witnessed the practice that it was mainly attributable to the mix
" ture of the powder with the balls." -Remarks upon Memorandum, p. 2 ; also 2liema
randum by Ordnance Select Committee on Diaphragm Shrapnel Shell, p. 7, where these 
words al!ain occur. See also table of practice carried on in 1853, with a view to " dis
" covering the real cause of failure" given at pp. 31 and 32 of Colonel Boxer's Re
marks on Diaphragm Shrapnel Shell. Also Synopsis of Ordnance Select Reports, §rc., 
pp. 89 and 191. "It appears to the Committee that .... the separation of the 
" bursting powder has prevented premature bursts, a great poi,.t gained over the 
" original shrapnel."-Report of General Brereton's Committee, Dec. 14th, 18;;8. It 
is important to dwell upon this point, the main cause of failure of the shrapnel shell, 
because, as will presently be seen, the value of Colonel Boxer's improvements in this 
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two ways ;-by coating the interior of the shell with a cement to 
diminish the friction ;1 by fixing the balls with pitch, sulphur, plaster 
of Paris, uml other materials,2 and by reducing the charge of the guns; 
these attempts however, were attended with unsatisfactor.y results ;3 
fmel in the meantime Colonel Boxer suggested the separatlOn of the 
bursting eharge from the bullets, "as tlte only means of securing 
" success." 4 This separation he proposed (in 1852) to eftect by means 
of a wrought iron partition or cliaphragm.5 

The experiments which were carried on with shells constructed on 
this pattern were most satisf,l,Ctory,6 and in 1853 7 the Committee 
recommcm1ed the manufacture of a large number of the shells "with 

projectile as effected in the diaphragm shrapnel shell cannot he fully appreciated, nor, 
indeed, the necessity for introducing such improvements, or of superseding the original 
shrapnel in any way, recognized, if this point be not first incontestably established. 

It is more than probable that in some eases the premature explosions arose from 
other minor causes, such as the splitting of the fuze in ramming home, and the partial 
withdrawal of the shell by the rammer, the head of the fuze being nearly the same size 
as the hole iu the head of the rammer. Respecting the occurrence of explosions from 
this latter cause, see Synopsis of Reports and Experiments by the Ordnance Select 
Committee, Shrapnel Sheils, p. 229, where the following passage CCCUl'S : " One very 
" serious defect I observed, however, with regarcl to the rammer head, the hole in the 
" centre is almost exactly the same size as the head of the fuze; the consequence was 
" that the shell was withdrawn with the rammer head, until 1 filled up the hole. This 
" may perhaps account for some of the failures." That some of the premature explo
sions resulted from these minor causes is, as I have said, more than probable, but that 
the main cause of failure was the heat gcnemtecl by the percussion or friction of the 
bullets seems conclusively established by the passages and experiments above quoted. 

1" Some shells so prepared were fired, but with the most Illsatisfactory results."
Remarks on Diaphragm Shrapnel Shells, Appendix. 

~" In some of the continental artilleries this has been effected by fixing the balls 
with sulphur, pitch, plaster of Paris, or other materials." -Synopsis of Ordnance Select 
Committee Report un Shrapnel Shell, p. 289. . 

3 Remarks on Diaphragm Shrapnel Shell, Appendi.l:.-The last remedy, even if it 
had proved successful, would have heen 0 bj ectionable from the reason that its adoption 
would have impaired the efficiency of the shell in direct proportion to the decrease in 
the initial velocity which would necessarily result from any reduction in the charge. 

4 Remarks on Diaphragm Shrapnel Shell, Appendix.-'l'his was in 1849 (see Re
marks On Diaphragm Shrapnel Shell, p. 2), and in September of the same year an 
~xperiment was made" with shrapnel shell having the bursting charge enclosed iu 
" canvas bags, so as to separate it from the balls. This mode of preparation was 
" suggested by Captain Boxer, to prevent liability to premature explosion by the 
" friction of the balls within the shells."-Report of the Committee, see Synopsis of 
Ordnance Select Committee Reports on Shrapnel Shell, p. 287. 

"This experiment appears to have been very successfu!."-lbid., p. 287. 
5" I have the honour to propose .... that .... the powder be separated from 

" the balls hy means of a trrought.iron partition." Letter fl'om Colonel Boxer to 
Secretal,] of IIraster-General of Ordnance, dated lOth May 1852.-Remarks on, 
Diaphraglll Shrapnel Shell, p. 2. Ibid. Appendix. "In consequence of the favour
" able result of the experiment (referred to in preceding note), Captain Boxer, on the 
" lOth of May 1852, proposed that shrapnel shells, from the 24-pr. upwards, should 
" be constructed with a wrought-iron plate for the purpose of separating the powder 
" ~om the balls." -Synopsis of Ordnance Select Committee Reports on Shrapnel Shells, 
p. ,,87. 

6" The Committee consider that the result of this experiment is highly satisfactory. 
" ..•. The Committee desire to congratulate Captain Boxer on the success which 
" has attended his efforts to improve the shrapnel shell."-Ibid., p. 288. "I am to 
" remark that Colonel Abbott appears to have overlooked the numerous failures which 
" occurred with the original shrapnel shell, amounting to 17 per cent. in the extensive 
" trials of 1819, and to 22 per cent. in the trials of 1852, whereas on the latter occa
" si?n those with Captain Boxer's shells were under 6 per cent."-W.O. Letter, 1st 
April 1 858. See Supplement to Ordnance Select Committee Reports on Shrapnel 
Shell, p. 7. 

1The 1st October 1853.-Synopsis of Ordnance Select Committee Reports on 
Shrapnel Shell, pp. 287, 288. 
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" a view to their introduction into the service." 1 This recommeuda
tion was adopted, and the diaphragm shell provisionally approved.2 

As, however, this anangement WllS not applicable to the large Introduction of 
existing stores of shrapnel shell, the Committee recollllllended that Improved 
these shells should be rendered secure against premature explosion, Shrapnelshdl. 
and so made available for service, by separatiug the ha1ls and powder 
by means of a socket and tin cylinder introduced at the fuze hole,3 
acconling to a former suggesti0!l of Colonel Boxer's ;4 the recommenda-
tion was approved,5 and aU the shrapnel shell in store were converted 
in this way, and designated" Improved shrapnel shells." 6 But no new 
shells were manufactured on this pattern, the arrangement being only 
applied to the shrapnel shell in store as, -admittedly, 3, makeshift, by 
means of which the one great defect of these shells, liability to pre-
mature explosion, would be overcome;7 and the reason why the 
arrangement was not recommended for more general introduction was 
this :-The construction was defective ill one very important respect, 
" the buroting powder, to cause rupture in the shell, must act through 
" thc halls, ami thereby cause a very great spread in all directions,"8 ,tIl 
euect, which, as Colonel Boxer observes, is "contrary to the funda-
" mental principle of Shrapnel she11."9 

110l'eover, the balls wel'e liable, in spite of an admixture of antimony 
with the lead, to be much disfigured by being crushed against the sides 
of the shell at the moment of rupture, their velocity and striking force 
being in consequence greatly diminished. For these reaS0115 the cylin
der arrangement was applied only to the existing store 0.1 shrapnel shell, 
which were" improved" in this manner. 

,\"hen these shells had been converted into" improved shrapnel" as 
above described, the serv-ice was supplied with shells constructed on 
the diaphragm pattern, which, as above stated, had been approved in 
1853. In 1858 the details of construction were matured, and some of 

1 Ibid_, p_ 288. 
2Datcd lIth October 1853.-See 1-faster-General's letter of that date.-SynopszS 0./ 

Orr/II'lIlec Select Committee Beport on Diaphragm Shrapnel Shell, p_ 289. 
" S.'IIiOjlsis (,( Ordnance Select Committee Reports on Shrapnel Shell, pp_ 19i, 200, 

201, &c_ See drawing of shell, ibid. p. 19S. 
4 "1Iy first idea was to place the powder in a cylinder in the continuation of the 

"fuze hole."-Colonel Boxer's Bemarh on Diaphragm Shrapnel Shell, p_ g_ 
s 23rd ::\Iarch 18;;4. See Synopsis ~f Ordnance Select COlilmittee fleports on 

Shrapnel Shell, p_ 200; but it was not until January 1855, that the detailecl instructions 
respecting the conversion of the existing store of shrapnel shell '.-ere promulgated to 
the Royal Artillery. See Account of Alte,-ations and Additions in Ordnance, Carriages, 
&-c_, &,c_, 31st January 1855, par. 29. 

G The necessity for couverting the large store of shrapnel shell into efficient projec
t,les became more imperative from the fact that at this time batteries were being 
€cjmpped for despatch to the east, in anticipation of the war against Russia, which 
shortl~- after"ards broke out; and the demand thus suddenly created was greater than 
could be met by a supply of the diaphragm pattern. 

7 Colonel Boxer, in a letter dated 2ith September 1853, says: "As there are a 
" great uumber of shrapnel shell now in store, I beg to say that having no .. for so long 
" a time turned my attention to the subject, I can with confidence undertake to prepare 
" these shells in such a manner as to prevent the defect qfpremal1.re explosion, although 
" it will be impracticable to make them as efficient as the diaphragm shell."-Remarhs on 
Diaphragm Shrapnel Shell, p. 11. 

B See Remarks on Diaphragm Shrapnel Shell, pp. 9, lO_ 
g Ibid. p. 10. "The fundamental principle" here referred to is the principle of pre. 

serving the balls as much as possible from the action of the bursting charge, and making 
their effect independent of any such action, and dependent only upon their own 
communicated velocity. 
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them were slightly altered,l and in that year the diaphragm shell of 
the present pattern was provisionally approved.2 

The diaphragm shell was notfinally approved until 1864.3 

5. Improved Shrapnel Shell.-There are nine sizes of improved shrap
nel shell, viz., 8-ir;ch, or 68-pr. ; 56,42, 32, 24, 18, 12, 9, and 6 prs. 

The improved shrapnel is a thin cast-iron spherical shell, made with 
a slight lip under the fuze-hole, but in other respects concentric:l. It 
contains a number of bullets, varying in nature and number with the 
size of the shell, carbine bullets being used up to the 12-pr. size, 
and musket balls for all the higher natures; smaller bullets (pistol and 
buckshot) being inserted when the shell has received its complement of 
the larger sized bullets. The bursting charge is contained in a tin 
cylinder attached to a gun-metal socket which is screwed into the fuze
hole, this cy Hnder passing down the centre of the shell. 

To prevent the bullets from conglomerating, or losing their shape, 
they are hardened by mixing antimony with the lead;5 and with the 
same object rosin is poured in between them to fill up the interstices. 
The rosin also serves another purpose, viz., effectually to imbed the 

I Colonel Boxer explains the state of the case thus:-"When the diaphragm 
" pattern was first proposed, I had no opportunity of making the necessary experiments 
" to determine various details in regard to the arrangement of the wrought-iron 
" partition, the depth of the grooves, &c., &c., which, although in appearance but 
" trifling, are nevertheless points upon which the success of the system depends. How
" ever, as the results of the first trials at Shoeburyness in 1852 and 1853 were reported 
" as highly satisfactory, and there was neither time nor opportunity to prosecute the 
" inquiries in relation to the most efficient arrangement at a period when the shells 
" were required for immediate service, the original designs were adhered to. The 

_- shells in question were supplied by contractors, the majority of whom were totally 
, inexperienced, and, owing to the peculiarity of construction, it was impossible when 

<, the shells were delivered, to test or examine them in a way to determine whether or 
" not the design had been correctly carried out. ........ Owing to the above 
" causes the diaphragm shells which have been issued for service are defective, both 
« in design and workmanshiJ>!'-Re1llarks 071 Diaphragm Shrapnel Shell. Appendix. 

The following were the· more important details which underwent modification in 
1858. The strength of the flanges of the diaphragm were reduced to a minimum con
sistent with affording proper support and the metal was thickened round the junction 
shell and diaphragm, thus diminishing the tendency to fracture at. this part and 
ensuring the proper action of the grooves and opening of the shell (see p. 53); the 
interior of the shell was coated with marine glue (see p. 52); the bases of some of 
the shells were thickened, as also the metal about the fuze hole (see p. 54). 

2 29th September 1858, 75/12/213, General Regimental Order, 388. 
a From 6-pr. to 8" approved 27 September, 1864, War Office Circular, 3 (New 

Series), para. 953. The 100-pr and 150-pr. diaphragm were not included in this 
approval; the dates of their respective adoptions are, 100-pr., 16th November 1864, 
War Office Circular 3 (New Series), para. 1000; and lSO-pr. . 

4 The old shrapnel shells, in fact; see drawings showing dimensions and form of the 
shrapnel shell, in Diagrams of Guns, &c. by Colonel Boxer. Plate 43. 

b Lead, 6 parts, antimony, 1 part; or about 15 per cent. antimony. This was pro
posed by Colonel Boxer for shells of the diaphragm pattern (see Remarks on Dia
phragm Shrapnel Shell, pp. 11, 12, 14, also Ordnance Select Committee Report on 
Shrapnel Shell p. 80); and was applied to the" Improved Shrapnel" bullets. The 
liability of the bullets to mass together and to become shapeless masses of lead had 
been noticed. among other defects of the original shrapnel shell, and various attempts 
were at different times made to overcome it; sand, clay, cement, and other substances 
were placed between the balls with this object, but these remedies were not altogether 
efficient, (Ordnance Select Committee Report on Shrapnel Shell, pp. 187 215 &c.) in 
some cases .the composition. us~ failed fr.om being too adhesive, as ~as p~oved' by 
bullets haVln(l' been found ~ticking to the pIeces of burst shell. Ibid., pp. 215,219 .. 

The neceSSIty for hardenmg the balls of the" Improved shrapnel" is also rendered 
greater by the fact that. the b~sting charge. in opening the shell nec<,ssarily crushes 
the blillets agamst the Side of It, and the disfigurement of the balls arising from this 
cause is muclI decreased by the admixture of antimony with the lead. 
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balls, th.us preve~ting them fro;n pressing upon or breaking the tin cylin
der wInch .contams the burstmg charge; and being a brittle substance 
when col? IS broken up on the bursting of the shell, and the bullets are 
at once lIberated.! 

IMPROVED SHRAPNEl., 9·PE. 

The socket 2 is a gun-metal cylinder slightly conical in the interior, 
projecting about· 2 inch above the outside of the shell, and carried into 
the interior so far as is necessary to admit the improved shrapnel fuze. 
The interior diameter of this socket is slightly less than that of the 

1 See that part of the preceding note which has reference to some of the compositions 
experimented with having been too adhesive. "Rosin has been substituted and this 
" evil (the adhesion of the balls to the composition, and to the sides of the shell,) 
"diminished, if not entirely remedied."-Ordnance Select Committee Report on Shrap
nel Shell, p. 219. 

~ Sometimes called a " bush" or " bouche " (see Ibid. p. 197); the term " socket" 
is, however, I believe, the more correct of the two; "bush" being generally \though 
not invariably) applied to a socket open at the end, such as the bush of naval shells. 
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diaphragm socket, or than that of tl1~ fuze-hole o~ :1 common shell,l 
The socket is closed at its lower end, wIth the exc3ptlOn of a small fuze
hole to allow of the passage of the flame from the fuze to the bursting 
charge. The tin cylinder is soldered on to this socket, of which, iu 
fact, it forms the prolongation; the lower end of the cylinder (which is 
not in contact with the bottom of the shell), being closed. The socket 
is tapped with a right-handed SC1'eIV, for the double purpose of giving n 
firmer hold to the fuze, and of admitting a screw gun-metal plug with 
plug of wood covered with serge attached.2 The bullets are introduced 
into the shell throuo'h a loading-hole 3 situated at the upper part of the 
shell, nen.r the fuze~lole. These holes are of two sizes, being smaller 
for the 6, 9, and 12 'Pl'. shells than they are for the larger natures.4 

The loading-hole is closed and secured with a screw gun-metal plug.5 

Improved shrapnel shells were painted black before issue, and riveted 
to wood bottoms in the same way as common shells. They are fired 
from guns, howitzers, and earronades, but may now be regarded as 
almoRt entirely obsolete. 

The manner in which these shell act has been already described in 
dealing with the history of the original shrapnel shell,6 the proposed 
application of the two shells being the same. The circumstances under 
which they may be most effectively employed will be stated in the 
explanation given of the use of the diaphragm shrapnel 8he1l.7 

6. Diar/}'{iplun Shrapnel ShellS (pls. 2J, 22, 24, and table).-There 
are 11 different natures of diaphragm shrapnel shells, viz., 6, 9, 12, 
18, 24, 32, 42, 56, 68, 100, 1 50-pI's. 

" The peculiar features of the diaphragm shrapnel shell consist in the 
" separation of the interior of the shell into two [unequal] parts by a 
" wrought-iron partition or diaphragm (pIs. 21, 22, fig. 3), and in the 
" metal of the shen, being so disposed as to cause the bursting powder 
" to open the S11C11 in a manner to relieve the bullets without causing 
" irregular dispersion from the trajectory of the projectilc."9 Such is 
the general description given by Colonel Boxer of his shell; and as these 
two principal features may be regarded as the key to its construction, it 
will be of the greatest assistance to keep them continually before us in 
studying the details and peculiarities of this construction. It will be 
found that nearly all the details arc more or less subordinate to one 01' 

other of these two main features, and it will therefore be convenient to 
arrange them, as fttr as practicable, uncleI' one or other of these heads. 

1 The development of the improved shrapnel fuze is rather less than that of the 
diaphragm and co=on fuzes (see Improved Shrapnel fuze, note 5, p. 255), and the 
diameter of the socket is proportionally smaller. It is necessary to point this out, Or 
it might be supposed that the diaphragm fuze and the diaphragm plug would fit these 
shells. 

2 See plugs, p. 101. 
3 See note 8, p. 52, on subject of" loading hole" of diaphragm shell. 
4 The reason for this is obvious, 6, 9, and 12-pr. shells being filled with carbine 

balls, .while the higher natures are filled with musket balls (see text, p. 48), and it is 
unde.su:able to make the loading hole larger than is absolutely necessary for the 
adnusslOn of the bullets, for fear of weakening the shell to an injurious extent. 

5 See" loading hole plugs," p. 104. 
~ See text and notes, pp. 41, 42. 
I See p. 56. 
g Finally approved 27th September 1864-, War Office Circular,3 (new series) para. 

9~3, except IOO-pr., !lpprov:ed 16th November 1864, and 150, approved ..... . 
No patt.ern ~f a l?-m.ch dIaphragm shell has been approved, for there is no gun- in 
th,e sernce 'nth w~lIch It couId.be used, except with very reduced charges, and therefore 
WI~ a. great sa:flfic~ of ~fficIe:rcy. (see .p. 43), the 10-inch gun being unequal to the 
stram lI\Yolved In firmg this proJectJIe WIth the full service charge. 

9 Rel'TUlrks on Diaphragm Shrapnel Shell. Appendix. 
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The subject may thus be trenteu as follows :-
1st. Those points which connect themselves with the separation of 

the bursting charge from the bullets. 
2nd. Points connected with that peculirtr disposition of the metal of 

the shell, by means of which the shell is opened without the flight of the 
bull('ts being affected by the bursting charge. 

3rd. Miscellaneous details which do not fall properly under either of 
the above heads. 

1st. Those points u,hich connect themselves witlt tlte separation oj tlte 
bursting charge from tlte bullets.l 

The diaphragm shrapnel shell is a thin cast-iron shell, divided into 
two unequal parts by a thin cup-shaped wrought-iron2 partition or 
diaphragm 3 (pIts. 21, 22, fig. 3). This diaphragm is supported by 
four small projections or flanges (pIts. 21, 22, fig. 3, C) on its 0ircum
ference, equidistant from one another, which are cast into the metal 
of the shell.4 It is situated with its convex side presented towards the 
fuze-hole, and of the two chambers thus formed in the interior of the 
shell the upper and smaller one, or powder chamber, contains the 
bursting charge, while the bullets are situated in the lower and larger 
division, which may therefore be spoken of as the bullet chamber. 

There is a hole (pIts. 21, 22, fig. 3, A) in the centre of the 
diaphragm, immedia,tely underneath the fuze-hole, to allow of the gun
metal socket 5 (pI. 24, fig. 3), which is screwed into the fuze-hole passing 
down into the she11.6 This socket is the same internal diameter and 
shape as the fuze-hole of a common shell, and of a length to receive the 
diaphragm fuze, and in the case of the 150 and 100-prs., the common fuze. 
It is consequently rather larger and more conied than the socket of the 
impro,ed shrapnel. It also difters from the impro,ed shrapnel socket 
in having a fire-hole (pI. 24, iig, 3, M) at the side instead of at the 
bottom, through which the flame from the fuze communicates with the 
bursting charge. To facilitate the passage of the flame from the fuze 
to the fire-hole the socket is made rather longer than the fuze, allli a 

I See p. 46 respecting the necessity for such separation. 
" The diaphragm of the 15o-p'". is slightly depressed in the centre, to form a sort of 

cup round the socket, in which the powder will rest, thus making the ignition of the 
bursting charge more certain. A tough superior charcoal sheet-iron is employed for 
diaphragms; 6-pr. to 9-pr. inclusi,e, 18-wire gauge; from 12 to 24-pr. inclusi,e, 
17-wire gauge; higher natures, 15-wire gauge. 

3" Diaphragm," a partition or dinding substance:'-I",pe,·ial n:diollWY. 
4 Along a circle equidistant throughout its circumference from the centre of the fuze 

hole. 
In the shell manufactured before 1858 the whole rim of the diaphra"om was cast into 

the shell, but in the 1858 pattern shells the rim was reduced to the four projections by 
which the diaphragm is now mainly supported, the projections being made of the 
minimuill strength requisite to pre,ent the diaphragm being displaced by the shock of 
discharge when very high charges are used. The support afforded in this way is about 
one-half of the support which the diaphragm had in the original construction; and in 
this way the resistance offered by the diaphra"om to the action of the burstiug powder 
was much reduced, and the tendency to fracture round the line of junction propor
tionally so (see note I, p. 43). 

S Sometimes called a " bush" or " bouche," see Synopsis Ordnance Select Committee 
Report, Shrapnel Shell, pp. 280, 281; see p. 48, note:l. 

6 Although this socket is a necessary element of the diaphragm construction, being 
required to complete the separation between the bullets and the bursting charge, it 
serves another purpose, viz., the protection of the fuze from the reaction of th" 
bullets (see p. 45), and in this way also contributes towards the efficiency of the 
shell; and, more important still, by preventing the escape of the bursting charge at the 
fuze hole, it renders the whole of it available for the opening of the shell. For dimen
sions of socket, see table VI., p. 326. 

15836. E 
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shallow slot or groove is cut up to this fire-hole from the bottom of the 
socket. The socket is tapped to the depth of about an inch, to receive 
a O'un-metal plug with a wood plug covered with serge attached,1 (pI. 24, 
figs. 4, 5) with which the socket is closed ur:til the shell is required ~or 
use. As in the case of the common shell, thIS screw also serves to gIve 
a better hold to the fuze.2 The socket does not project like that of the 
improved shrapnel shell, but is made flush with the surface of the shell.3 

As the bullets are introduced into the shell through the socket the 
bottom has to be left open until after this has been effected. This hole 
is closed by means of a small gun-metal plug (pI. 24, fig. 1, P, R), which 
screws in.4 

To :fill up any interstices which there may be between the diaphragm 
and the side of t.he shell, or between the diaphragm and the socket-ill 
act to insure a thorough separation of the bullets from the bursting 

charge,5 the interior of the shell (both bullet and powder chambers) is 
coated with Jeffrey's marine glue.6 The marine glue also prevents the 
shell deteriorating from rust.7 . 

The bursting charge is inserted into the shell through a loading 
hole 8 (pI. 24, :fig. 1, C, A, D) in the shell, corresponding to the loading 
hole in the improved shrapnel, but much smaller, as in the improved 
shrapnel it is required to be large enough to admit the bullets. 

There are two sizes of loading holes, viz., small for all natures up to 
the IS-pr., inclusive; and large for the higher natures. These holes 
are closed by a screw gun-metal plug 9 (pl. 24, fig. 7). 

We now pass to, 2nd, points connected with that peculiar disposition 
of the metal of the shell by means qf which it is opened witltout the 
flight oJ the bullets being affected by the bursting charge. 

1 See plugs, p. 101. 
2 See" co=on shell," p. 25. 
3 It is unnecessary to countersink the fuze hole of these shells, as they could never 

be used as hollow shot.-(See "co=on shell," p. 26.) 
4 To make a close joint the threads of the screw of this plug, before it is placed into 

the socket, are smeared over with white lead. 
S "In order to secure a perfect separation between the bursting powder and the 

" bullets."-Remarns on Diaphragm Shrapnel Shell, p. 41. 
The importance of making this separation perfect and complete arises not only from 

the fact that otherwise the main object of these shells would be defeated, and the 
powder becoming mixed with the bullets the premature explosions sought particularly 
to be guarded against would probably occur, but, because, in case a premature explo
sion did not occur, the shell would be very liable not to explode at all, for the fuze, it 
lIlust be remembered, communicates only with the powder chamber, from which, in the 
case of an imperfect separation, we may suppose the bursting charge to have wholly 
or in part escaped. There would thus possibly result from an imperfect separation 
either a premature explosion or no explosion at all. 

6 This coating was first adopted in the 1858 pattern shell, see Remarns on Dia
phragm Shrapnel SheZl, p. 41. "Jeffrey's Marine Glue" is a patent article. 

7" To prevent deterioration from rust."-Remarhs on Diaphragm Shrapnel Shell, 
p. 41. This is a point of considerable importance, as in case of the flanges of the dia
phragm, by which it is fixed into the shell, becoming corroded to any considerable 
ex~t, or of the metal of the shell round the line of junction being similarly affected, 
the diaphragm would be liable to become loosened or displaced, and would thus fail in 
its object of separating the powder from the bullets. 

8 I~ would perhaps be more cOlTect to apply the term" Filling-hole" to this hole in 
the diaphragm shells, as shells filled with powder are directed to be spoken of as 
"filled" not" loaded" shells (75/12/571, 8/3/60; see War Office Circular, 590, 
par. 38). 

In the improved shrapnel shell there is no such reason for altering the name of the 
hole, for the bullets, not the powder, are inserted at the" loading hole," and although 
the shells are generally spoken of as "+:77 • .1 with ball" there is no order upon the 
subject. J~, 

9 See plugs, p. 104. 
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The importance of adopting an arrangement to ensure the bursting 
charge oponing the slwll without affecting the flight of the bullets will 
be appreciated when we consider that otherwise not only would General 
Shrapnel's" fundamental principle" be violated, but the efficiency of 
the shell would be injuriously affectetl in thc highest degree by the 
bullets being liable to be blown up or down, or forwards or backwards, 
according as the fuze happened to be below or above, or behind or 
before at the moment of explosion,l and the effect of the shell would 
thus depend in a great degree (1) upon the accidental relative position of 
the powder and bullet chambers at the moment of explosion, and (2) (as 
any great dispersion of the bullets by the bursting charge would produce 
great divergence from the trajectory of the shell) upon its bursting at 
some exact known distance from the object fired ai-conditions which, 
from the difficulty of exactly judging the distance of an object, and the 
still greater difficulty of exactly judging the distance of the shell from 
that object at the moment of rupture, it would be impossible to impose. 
For these reasons, therefore, un arrangement of the nature indicated is 
absolutely essential to the success of the system. 

The plan adopted in the diaphragm shell is as follows :-The shell is 
weakened in the interior by four grooves (pI. 21, 22, figs. 2, 1 bb) equi. 
distant from one another, which taper in width and depth as they 
approach the top and bottom of the shell. These grooves form so many 
"lines of least resistance," along which the bursting charge takes efiect, 

thus acting, "as it were, from the outside of the mass of balls," 2 and 
so preserving the balls from the direct action of the bursting charge, 
and opening the shell into :five or more large pieces. 

But while the shell is weakened in the directions indicated by these 
grooves it is strengthened in another direction (pIts. 21, 22, fig. 1 m), 
for the following reasons: as the shell will inevitably burst at the line 
of least resistance, wherever that may be, it is evident that if there 
were a greater tendency to fracture at any part of the shell than in the 
direction of the grooves, the effect of the grooves would be, as it were, 
neutralized, these being no longer lines of least resistance; now, there 
is naturally, from the fact of the four little flanges (pIts. 21, 22, :fig. 3, C) 
by which the diaphragm is supported, being cast into the metal of the 
shell, and from the resistance offered by these flanges to the action 0; 
the powder, a great tendency to fracture round the line of junction 

I Memo. on Diaphragm Shrapnel Shell, p. 4. 
2 Remarks on Diaphragm Shrapnel Shell, p. 10. The diagram here given is taken 

from Colonel Boxer's Remarks on Diaphragm Shrapnel Shell, fig. 3, and is a copy of 
a photograph taken of" a shell burst with the regular bursting charge." 

E2 
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of tIle diaphragml-a greater tendency to fracture, that is to say, than 
in the direction of the grooves, if a special arrangement be not made to 
guard against it. The necessity for so guarding against it will be fully 
recognized if the effect of a separation round the line of junction is 
clearly perceived, viz., that the upper part of the shell would be liable 
to be blown off, thus either failing to release the bullets or injuriously 
affecting their flight.2 

Two remedies or arrangements suggested themselves, viz., either to 
increase the depth of the grooves or to reduce the strength of the 
flanges to a minimum, consistently with the security of the diaphragm, 
at the same time thickening the metal of the shell rounel the line of 
junction ; the second remeely vras preferred to the first, which" would 
" have weakened the shell, and made it less capable of withstanding 
" the shock of a heavy charge ;"3 and in the 1858 pattern sltells this 
remedy was adopted.'" The arrangement, therefore, by which the 
bursting of the shell is accomplished without the flight of the bullets 
being affected, consists (a) in the four grooves, and (b) in the tendency 
to fracture round the line of junction of the diaphragm being diminished 
to such an extent that the grooves are actually lines of least resistance. 
, Having dealt with details which are more or less intimately cen
nected with the two main features of the shell, the 

(3.) l1fiscellaneous details, whick do not properly fa II under either of 
the above heads, may now be treated of. 

To en~ure sufficient strength in the shell, a superior description of 
iron is nsed for diaphragm than for common shell.5 

The weakening of the shell down the four grooves, and the strength
ening of it round the line of junction of the diaphragm, have alreaely 
been treated of as connected with the second of the main features of 
the projectile. The metal of the shell is not, however, of uniform 
thickness elsewhere. In all the natures above the 12-pr. it is made 
thicker at the bottom than at the sides, to enable the shells to vyith
stand the shock of the discharge of the gUll. G The thickness of metal 
has also been increased about the fuze hoies of all natures of diaphragm 

1 " It was found from the resistance which was offered to the action of the bursting 
" charge by the cast-iron projection below the diaphragm that there was a great ten
" dency to fracture through the line of junction."-Remarl,s On Diaphragm Shmpnel 
Shells, p. 39. 

2 " The explosion of the bursting powder would separate the shell at the part where 
" the wrought-iron partition joins the interior stuface, and the bullets would either not 
" be relieved in the shell, or would be affected more or less in their proper course 
" according to the relative positions of the powder und the bullets at the moment of 
" explosion, and the force of the explosion its~If."-lbid., Appendix. 

3 Ibid., p. 39_ 

4 It is important to bear in mind that this improvement, upon which the success of 
the system in a great measure depends, was not adopted until 1858, and shells manu
factured befoTe that date are accordingly not considered serviceable. The shells made 
before 1858 may be distinguished by having a projecting instead of a flush socket. 

ii The mixture is ;-half hot, and half cold blast; or, one-third hot one-third cold 
anc1 one-third" scrap" frc'In above mi:-ctul·e. " 

6 First adopted in the 1858 pattern sheIls.-" In the improved desio-ns for the laro-er 
ca~bre~ of shells, the metal has been ma~e .thicker at the bottom, o~ that part of it 
which IS next the charge when the shell IS ill the gun, than in any other parts for I 
found. by care~ ex,periment that . . . . . }here was a liability to fracture . . . : . by 
the direct actIOn of the burstmg charge. -Remarks on Diaphragm Shrapnel Shell 
p. 40. It is unnee€s'a!"Y to increase the thickness of the bottoms of the three lowe~ 
natures, as the thickues- w],ich i.g necessarily given to them at the sides is found suffi
cient for the bottoms. lO'; se!"17icp. charges for these shells being comparatively light. 
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shell to the extent requisite to afford proper support to the socket.1 

The bullets with which the shells are filled vary in number for each 
nature, carbine bullets~ being used up to the 12-pr. (inclusive), and 
musket bullets 3 for the higher natures ;,1 smaller bullets (pistolS and 
buck shot 6) being inserted when the shell has received its complement 
of the larger-sized balls. They are hardened by a small quantity of 
antimony being mixed with the lead,7 to prevent them from conglome
rating, or losing their shape.s In the I50-pr. diaphragm 2 oz. sand 
shot are used; a few mixed metal bullets being inserted to fill up after 
socketing.9 To assist in preventing conglomeration of the bullets coal 
dust is shaken in between them, filling up the interstices.l° 

Diaphragm shells are riveted to wood bottoms (pI. 24, fig. 2, 
a, g, h, e) by a single expa.nding rivet (pI. 24, fig. 6), in the same way 
and for the same reasons as common shells,ll except the I50-pr., which 
is attached by four inclined copper rivets, like a naval shell. 

Diaphragm shells are painted black before issue.l2 They weigh when 
filled with balls about (see table) seven-eighths 13 the weight of' solid cast 
iron shot of the same calibres. 

Diaphragm shell are fired from guns, howitzers, and carronades.14 

1 First adopted in the 1858 pattern shells. "I found when very high charges were 
used the socket ..... was at times displaced and partially driven inwards, thereby 
cracking the metal at the fuze hole. In the present construction, I have remedied this 
defect by increasing the thickness of metal where the socket is screwed in. This 
thickness is, of course, more apparent in the lower than in the higher natures."-Re
marks on Diaphragm Shrapnel Shell, p. 40. 

2 A spherical ball . 60 inch in diameter, and weighing when made of lead 350 grains, 
or 20 to the pound; in mixed metal (lead and antimony) 22 to the pound. 

S A spherical ball • 68 inch in diameter, and weighing when made of lead 490 grains 
or 14~ to the pound; of mixed metal 1 oz. each or 16 to the pound. 

4 Larger balls are used for the 150-pr. diaphragm, i.e. balls of 8 to the pound before 
socketing, and after the socket is inserted filled up with balls 16 to the ponnd. 

s 31st August 1852. "Captain Boxer, having requested that the shrapnel shells of 
" his construction may be filled with pistol bullets, after the usual number of lead balls 
" have been inserted, permission was given accordingly."-Ordnance Select Committee 
Report on Shrapnel Shell, p. 9l. 

The pistol bullet is . 556 inch in diameter and weighs in lead 27 to the pound; 
mixed metal 29 to the pound. 

G A spherical bullet '33 inch in diameter, weighing in lead 132 to the pound, and in 
mixed metal 140 to the pound. 

7 Lead 6 parts, antimony 1 part, or about 15 per cent. antimony. For the 150-pr. 
it is 4 lead, 1 antimony. 

8 See p. 48. 
9 A bout 250 sand shot and 30 1 oz. bullets. 
10 See p. 48. 
11 The rivet holes in all natures above the IS-pr. are the same size as the rivet holes 

of common shell; the lower natures have a somewhat smaller hole (and consequently 
a smaller rivet), to avoid weakening the shell unnecessarily. For size of rivet-holes, 
see table VI., p. 326. See also' Rivets,' p. 12l. 

10 Those who have studied the foregoing description will have no difficulty in dis
tinguishing a pile of diaphragm shell from a pile of improved shrapnel; but it may be 
useful to collect here the several points of distinction. They may be distinguished, then, 
from the improved shrapnel in three ways :-(1st) By the loading-hole, which is much 
smaller in the diaphragm. (2nd) By the socl,et, which is flush with the surface of 
the diaphragm shell, but projects slightly in the improved shrapnel (it should be 
noticed that plug projects in both shells, but much less in the diaphragm than in tl,e 
imprOVed shrapnel); the diameter of the socket is also less in the last-named shell. 
C3rd) By the fire hole, which is situated ill the side of the socket in the diaphragm 
shell, while in the improved shrapnel it is at the bottom of the socket. 

13 "Filled" (without metal plug, wood bottom and burster). 
14 The employment of diaphragm shrapnel shell with carronades must necessarily be 

restricted to 'Very short ranges, the charges of carronades being too small to give the 
velocity requisite to produce any appreciable effects' at long ranges. The same may 
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The proposed application of the diaphragm shell is the same as that 
of the original shrapnel shell; viz., "not to supersede case or grape, 
" but to act as case or grape at longer ranges than are attainable with 
" those projectiles; "1 and it is used therefore at ranges varying from 
500 or 600 yards upwards, under circumstances very similar to those in 
which case and grape would be employed at shorter ranges, that is to 
say, against the personnel rather than against the materiel of an 
enemy.2 The limit as regards the range at which they can be effect
ively employed is determined by the velocity which the shell should 
have at the moment of bursting; and in this respect the diaphragm 
shells have considerable advantage over the original shrapnel shells, 
which could only be :fired with reduced charges (for fear of prema
turelyexploding them), and therefore with diminished velocities and 
at comparatively inconsiderable ranges,3 while the diaphragm shell 
can be :fired with the full service charge.4 The distance in front of 
the object aimed at which they should explode to produce their greatest 
effect will depend upon the velocity which the shell has at the moment 
of fracture,5 and this distance will vary from 20 to 120 yards.6 

be said of their employment with howitzers, though the greater charge will give a pro
portionally greater range and effect. But in determining the circumstances under which 
diaphragm shrapnel should be used, from any nature of ordnance, the artilleryman 
should never lose sight of the fact that velocity is the essence and limitation of shrapnel 
fire, and that, all other conditions being the same, the effect of shells of this class "will 
" be proportional to the initial velocity of the projectile." (See p. 43.) 

It is a question whether, under certain circumstances, vertical shrapnel fire might 
not be effectively employed; and I think it is conceivable that circumstances might 
arise in which shrapnel shells fired from mortars would give good results-at ranges, 
for example, beyond the reach of pound shot charges. 

I See pp. 41, 42, where also the action of a shrapnel shell is explained. 
2 "Shrapnel shell are most effective against troops (especially cavalry) in line, 

" column, or masses of any kind, when uncovered and at considerableranges."-Owen's 
Lectures 011 Artillery, p. . 

"The shrapnel shell is very destructive when used against bodies of cavalry or 
" infantry, as it produces the same effect as common case or canister shot from guns 
" or howitzers, but at a much greater range."-Griflith's Artillerist's Manual, p. 97. 

"The shrapnel shell is by far the most effective projectile against skirmishers and 
" troops in line, and, if skilfully handled, is superior to any other missile under many 
" circumstances."-Col. Boxer's Sandhurst Course, p. 20. 

" Shrapnel is case shot extended, but it requires very great skill on the part of those 
" who use it in order to combine the right elevation with the proper length of the 
" fuze."-Manual of Artillery Exercises, p. 17. 

a Seep. 46. 
4 " It appears to the Committee that the diaphragm shell can be used effectually 

" with the service charge."-Report of General Sir W. Brereton's, X.C.B., X.H., 
Committee, :December 14th, 1858. 

"In firing shrapnel shell from heavy ordnance with the old shell, it was necessary 
" to reduce the charge to prevent premature explosions; the diaphragm shell can be 
" fired wi~ the service charge."-Report oj Colonel Sir George Barker, X.C.B., 
Royal Artzlle:r?J, 11th January 1858. See Supplement to Synopsis of Ordnance Select 
Committee Report on Shrapnel Shell, p. 22. 

5 Eviden~y, 8:t long r~ges, where the. shell will have a low velocity at the moment 
o~ fracture, It will be desIrable to burst It nearer the object than when the velocity is 
higher, and where the bullets will consequently preserve their effective striking force 
for a greater length of time. 

6 " The bursting of the shell should not be at a greater distance from the object than 
" about 120 yards," as the bullets, "from their comparatively small diameter are much 
" influenced by the resistance of the air."-Colonel Boxer'S Sandhurst Cou;se, p. 20. 

Shrapnel shell are intended to burst" 30 or 50 yards short of" the object.-Haud
Bookfor Field Service, p. 5. 
" "The effect prodllc.ed b! the bullets will :hiefly depend upon the bursting of the shell 
" a~ exactly the reqUIred lll~tant; no. preCIse rule can absolutely be laid down as to the 
~tance short of the object at whIch the shell ought to burst. It is generally con

" Sldered that shrapnel shell should, if possible, be made to burst from 20 to 80 yards 
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The advantage of the diaphragm construction over that employed by 
General Shrapnel! in his original shell may he enumerated as fol
lows :-lst. The fatal defect of premature explo~ion is completely over
come;2 2nd. The shell will stand a full service charge, and its range 
and effects are proportionally increased ;3 3rd. The dispersive effect of 
the bursting charge on the bullets is probably reduced;4 4th. The 
liability of the balls to become disfigured or to stick together is over
come;5 5th. The keeping qualities of the shell are increased;6 and 
6th. They may be carried" filled" with greater safety.7 

Diaphragm shells are issued three ways: Packing and 
(1.) Empty, loose, prepared for bottoms. issue. 
(2.) Empty, riveted. 
(3.) Filled. 

In all cases they are issued" filled with balls." 8 

They are issued (1.) "Empty, loose" only for India and on excep
tional demands. In this case they have a diaphragm fuze hole plug 9 

(leather collar underneath the shoulder) screwed into the fuze hole, the 
rivet hole plugged with bees-wax, anclloading hole plug 10 screwed into 
the loading hole, the screw of which is lubricated with Rangoon-oil; 
and they are sent away loose and not boxed. 

When issued (2) "Empty, riveted," the usual condition of issue, 
except for India, as above stated, and for sea service, they have the 
fuze and loading holes secured as above, a wood bottom riveted on, 
and they are sent away in boxes similar to those used for shot and 
shell, the number per box varying with the nature.l1 The boxes are 
marked on the lid in black with the words " Boxer's Diaphragm Shrap
nel Shell,-/58 pattern," the nature of ordnance with which those in 
the box can be used, the number in the bOX,12 and date of issue. For 
tropical climates (when the shell have teak bottoms) the boxes have, in 
addition, the words " For Tropical Climates" marked on them in black. 

They are generally issued (3) " Filled " for naval and boat service. 
They then have the fuze hole secured as above, ancI the papier macM 

" short of the object; or in practice the artillerist should endeavour to regulate the 
" fuze so that the shell may explode when about 50 yards (the mean between 20 and 
" 100) short of the object fired at. The bursting of a shrapnel shell at the proper 
" distance ii'om the object fired at is of the greatest importance, &c."-Owen's 
Lectures on Artillery, p. 83. 

"There is a point of much importance, which has been well established by the 
" results of the experiments lately carried on with diaphragm shell at Woolwich, 
" namely, that if the elevation be correct, it matters little whether the shell burst at 
" 100 yards or 20 yards from the object fired at."-Remarks on Diaphragm Shrapnel 
&~~~ • 

" The proper position of the point of rupture varies from 50 to 130 yards in front 
" of and from 15 to 20 feet above the object."-AlIlcrican Artillery Course, p. 456. 

1 For an inquiry into the general efficiency of these shells, and into the validity of 
the objections which have been urged against them, see Appendix C., p. 35S. 

~ See p. 44. 
3 See p. 43. 
4 See p. 53. 
oSee p. 55. 
6 See p. 52. 
7 Owing to absence of friction with powder and bullets. See p. 52. 
8 The term" Empty" as applied to a diaphragm shell has, therefore, reference only 

to the absence of the bursting charge, and not to the absence of bullets; these are 
always placed in the shells before issue. 

9 See Rcrew gun metal plugs, p. 101. 
JO See p. 104. 
11 See table XII., po 331. 
l~ Except the boxes for the 150-pr., lOO-pr., and 8 inch, whicll contaiu only one 

shell each, and are not marked with the nnmber. 
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wad 1 in the loading hole underneath the plug, the wood bottom riveted 
on; and they are issued in boxes similar to those used for shot, the 
number per box varying with the nature.2 The boxes are marked the 
same as the boxes containing" Empty, riveted " diaphragm, the word 
" Filled," marked in red, being substituted fi)r "Empty." On the shell 
is stencilled the word" Filled." 3 

Subdivision (c.)-Inoendiary and Misoellaneous Projeotiles. 

Under this head are included those projectiles which are used to 
carry fire into an enemy's position, whether with the object of setting 
fire to his buildings, stores, shipping, &c., or with the less directly 
offensive object of merely lighting up his works and discovering his 
working parties, &c. ; also those projectiles which, like smoke balls and 
Manby's shot, have miscellaneous applications. 

Generalhistory. The practice of t.hrowing burning compositions and incendiary pro
jectiles against an enemy dates from the most remote ages, and is 
probably nearly contemporary with the first employment of projectiles 
of whatever description.4 Its antiquity has already been indicated by 
the mention which has been made of the facts that bars of red-hot iron 
and balls of red-hot clay were thrown from the balistre to destroy the 
enemy and their works,6 and that the grenade probably took its origin 
from the" fire pots" of the ancients.s Perhaps, however, the first and 
simplest form of burning composition employed was scalding water, 
which, we are told, was poured down upon besiegers when scaling a 
wall or breach.7 The employment of burning oil for a similar purpose 
was n step in advance, which seems shortly to have followed.8 In time 
boiling oil gave way to incendiary compositions of a more formidnble 
and viscid nature, chief among which must be named the celebrated 
Greek fire.9 

1 See p. 107. 
2 See table XI!., p. 33l. 
3 In accordance with W.O. Letter, 6/ll/66, 75/12/2987. 
{ "Les hommes, des qu'ils ont cherche it se nuire, ont vraisemblablement fait 

" usage du feu contre leurs ennemis; et les recits qui attribuent it Alexandre Ie Grand 
" l'~ploi des compositions incendiaires n' offrent rien d'invraisemblable; il est 
" certain que,. plusieurs siecles avant notre ere, des melanges de maticl'es com
" bustibles furent employes dans les sieges, et lances par les assiegeants ou par les 
"(l€fenseurs. Thucydide, dans la relation du siege de Platee, -'Eneas Ie tacticien, 
" Vcgece, Ammien Marcellin, et plusieurs autres ecrivains en font mention."-Le 
Passe et I' Avenir, vo1., ill. p. 2. 

5 See p. 6. 
6 See p. 2l. 
1 See Le Passe et I' Avenir, vol. jiL, p. 2. 
8 Le Passt! et l' Avenir d' Artillerie, vol. iii., p. 2. -" The dwellers on the banks 

" of the Indus are said to have made a. kind of oil which, being enclosed in earthen 
" jars and thrown against woodwork, caused so strong a flame as could only be 
" extinguishe.l by mud thrown upon it."-Owen's Lectures on Artillery, edition 31'<1. 
p.4. 

9 Sometimes called" Wet fire, because it was observed to burn upon water" (Tile 
Grellt Art afArtillery, p. 227), or "Fire rain" (ibid., p. 227), or "Oil of cruel fire" 
(1WS. notes, by F . .A. Abel, Esq., Chemist to the War Department); or "Maritime 
" fire" (Owen's Lectures on ArtiUery, edition 4, p. 3). The ingredients of Greek 
fire, as given by different writers, are very various; I select a few, some of which 
at any rate, will amuse the modern chemist. "Saltpetre, naphtha pitch gum and 
" bitumen" (~Ir. Abel's MS. notes). "20 lbs. saltpetre, 8 lbs. suiphur ;iv~ and 
" 5 lbs. of willow charcoal" (Owen's Lectures on AI·tillery, edition 3rd, p. 4) ; 
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This" fire" was generally thrown in pots or phials,! but sometimes 
it was projected in barrels from the warlike machines then in vogue,:! 
or uttached in a phial, or in a ball, to the heads of arrows, spears, and 
lances.! 

" Tar, gum juniper, oil of turpentine, oil of bitumen, oil of sulphur, oil of nitre, or 
" saltpetre, oil of eggs, and oil of laurel or bay, each six parts; powder of dry bays 
" and of camphire macerated in brandy, of each 14 parts; of saltpetre, to the whole 
" weight of them all. Put all these into a glass vessel with a narrow neck w~lllut~d 
" and stopped up, then bury it in horse-dung for six months. This composition 
" shall be shaken every fourth day, and then distiilclt in seraphino."-( Tlte Great 
Art of Artillery, p. 227.) "The residuum or turpentine, after the oil of it is drawn 
" off, oil of tnrpentine, of tar, of rosin, or pitch of cedar, of camphire, of bitumen, of 
" mummy, of new wax, of duck's grease, of pigeon's dung, oil of sulphur vivum, 
" oils of juniper, of laurel, of linseed, of hempseed, of petrol, oil of tyles, alld of oil of 
" the yolks of eggs, each half a pound. Of saltpetre 10 lb., of sal ammoniac 7 ounces. 
" Let all these soak in brandy in such manner as to be covered by it, then buried in 
" horse dung, and renew it every third day. Then draw off a seraphino," (sic, 
probably means extract by distillation,) "which you shall thicken with ox dung 
" reduced to a very fine powder."-ibid. p. 2i8. 

"Probably contained sulphur, bitumen, naptha, camphor, and petroleum."-Cotty's 
Dictionaire D' Artillerie, p. 13. 

"Prenez du soufre pur, du tartre, de la sarcocolle (espece de resine), de Ia poix, du 
" sel decrepite. de l'huile de petrole et de I'huile commune. Faites bien bonillier 
" tout ensemble. Trempez-y ensnite des etoupes, et mettez-y Ie feu. Si VOllS voulez 
" Ie transvaser, vous Ie passerez a l'entonnoir comme il a ete dit plus haut. Allumez
., Ie, et iI ne pourra i,tre eteint qu' avec de l'urine, du Vinaigre ou du sable."-Le 
Passe et L'A.'enir, voL iii., pp. 18, 19. 

Those who are curious in this matter will find other receipts given. Ibid. p. 19, 
and about seven others in the Great Art of Artillery, pp. 2i9 to 282. See also Grose's 
Military Antiquities, vol. i., p. 387 to .300. 

1 "These fires were thrown in pots at the enemy."-Tlte Great Art of ArtiUery, 
p.278. 

"'Ve will conclude, then, that the vessels which held the Grecian fire were made 
" of some wood or metal, and that they were open and ~ot covered up like our fire 
"pots. The pots of earth or wood, &c." Ibid. p. 279. "That these ollm or pots of 
" fire, and several other vessels filled with combustible composition, were nsed by the 
" ancients, to set fire to bnildings, &c., is not to be disputed." Ibid. p. 385. " I 
" could bring several other authors in favour of the fire pots of the ancients." Ibid. 
p. 287. "It was thrown by hand enclosed in phials, in which it was kept."-Grose's 
Afilitary Antiquities, voL i., p. 389. 

: Grose's Jllilitary Antiquities, vol. i., p. 389. 
a ibid., vol. L, p. 389. 
" Fire-arrows and darts were formerly called malleoli; I never met with any that gave 

" a more pertinent and rational description of them than Ammianus, who writes to 
" . this effect. The malleolus, a kind of anow, is formed thus :-' It is an alTOW made 
" , of cane which between the cane or reed, and the head or point, is armed with an 
" , iron several times doubled, and made like a woman's distaff. The belly of it finely 
" , hollowed, and it is laid open or pierced in several places,' and' the hollow trunk of 
" , it being filled with combustible matters, and fired, and shot easily from a large bow, 
" , (for if it be 'violently dismissed, the fire of it will be extinguished,) it will burn 
" , whatever it sticks in."'-The Great Art of Artillery, pp. 398-9. 

" Fire lances are not unlike a sort of long javelins, which were anciently called 
" phalaricre, and were usually shot at the enemy by engines, or thrown by hand. 
" The phalarica is a kind of spear, armed with a great iron head, between which and 
" the staff it is wrapped round with rosin, bitumen, and tow steeped in oil, which is 
" called fiery, and being shot from the balista, sticks in any wooden works, and fre
" quently sets fire, &c."-Ibid. 401. 

"An bout des lances furent attaches des Vases que Ie cavalier devait briser sur 
U l'ennemi." 

"D'antres lances avaient un fer creuse et ouvert a l'extremite, qni dardait un jet de 
" ll.amme pareil a celui qni s'echappe de la fusee." 

"Les arcs lan9aient des fieches portant aussi, pres de lenr pointe, nne envellope 
" contenant la composition incendiaire," &c.-Le Passe et L'Aueni:r, vol. iii., p. 349. 
Ibid. 24, 27, and plate 2, figs. 10 to 14 . 

• , The fiery darts of the wicked.."-Ephesians vi. 16. 
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It seems probable that the effects of " Greek fire" were much exag
gerated,Ior at least that they were rather moral than physical; it 
is unquestionable, nevertheless, that the fire was much used,2 and that 
it attained a great celebrity. The latter fact is sufficiently evidenced 
by the odium which even to this day generally attaches itself to the 
name of "Greek fire," by the strong moral feeling y,hich exists 
against its use, and by the sort of tacit agreement which has been ob
served between civilized nations in respect to its non-employment.3 

By degrees the number of incendiary compositions increased; the 
discovery of gunpowder, and its employment as a constituent of these 

1 "Tout porte a croire que l'on a exagere les proprietes du feu gregois."-Cotty'8 
Dictionnaire D' Artillerie, p. 131. 

" Les compositions. . . . n'inspirerent plus autant de terreur quand elles ruent con
" nues."-Le Passe et L'Avenir D' Artillerie, vol. iii., p. 352. A modern chemist reading 
over the ingredients in the different compositions professing to be " Greek fire," would 
certainly conclude that the physical effects had been exaggerated. Doubtless all these 
compositions had certain incendiary properties, and judiciously· employed against 
combustible materials doubtless produced certain destructive incendiary effects; but 
that these effects were really as great as the writers of the time .would have us believe, 
seems to be in the highest degree improbable, if not a physical impossibility. 

2 It is unnecessary, and would be in the highest degree laborious, to attempt to 
collect the different passages showing how generally the fire was employed in the early 
ages; but it may be mentioned that it was much more exteusively used in European 
warfare than is generally ima"oined. Of this fact the following instances may be 
quoted: -" Philip Augustus, King of France, having found a quantity of it ready 
c, prepared in Acre, brought it with hin1 to France and used it at the siege of Dieppe, 
" for burning the English vessels in that harbour. It was also used at several other 
" sieges in France •.•. When the Bishop of Norwich besieged Ypres, A.D. 1383, 
" the garrison is said by Walsingham to have defended themselves so well with stones, 
" arrows, lances, Greekfire, and certain engines called guns, that they obliged the English 
" to raise the siege with such precipitation that they left behind them their great guns, 
" which were of inestimable value. A great part of that army was soon after besieged 
" in the town of Burburgh by the French, who threw such quantities of Greek fire 
" mto it that they burned a third part of the town and obliged the English to 
" capitulate."-Gros6's Military Antiquities, vol. i., pp. 389, 390. 

3 Hewitt's Ancient Armour and Weapons in E1lTope, vol. i., p. 90. 
I have not overlooked the fact that" Greek. fire?, as it has been called, was used at 

·the siege of Charlestown in 1863; but when I consider the strong official representa.
tions which the besieged general made on the subject to the Federals who were 
employing it, I cannot but regard this solitary instance of its employment in modern 
times as a violation of the rule which has by common consent been morally enforced 
against its employment. It is an exception which proves the rule, if ever exception did. 
At the same time, there certainly appears to be some inconsistency in condemning the 
employment of" Greek:fire" and stigumtizing it with the epithets" cruel" and " bar
barous," so long as carcasses and Martin's shells remain recognized instruments of 
warfare. 

It may be interesting to give a few particulars of the Greek fire used at Charlestown. 
It is the invention of a Mr. Levi Short, and consists of two descriptions, one of which 
is a dry composition, the other liqnid. The former is composed of saltpetre, sulphur, 
and lampblack driven into a little iron tube about 3 inches in length and half an inch 
in dianleter, and open at one end. The composition is pierced a short distance up its 
centre with a fine hole and burns therefore with considerable violence from the open 
end. The outside of the tube is covered with pitch, with the object of creating a 
fiame. A number of these tubes are placed inside a shell with the bursting charge 
which is ignited by a fuze in the ordinary way. The explosion of the bursting charg; 
opens the shell and ignites the little tubes of" Greek fire," which are thus scattered 
about among the enemy. 

The liquid description is coal tar naphtha, which is thrown in shells or through hose 
like water. It should be noticed here that experiments were some years ago carried 
on by the Ordnance Select Committee with petroleum, naphtha, and other inflammable 
liquids, with a view to determining its incendiary properties. The result of the 
experiments was not such as to justify the Committee in recommending their recog
nized employment, chiefly on account of the difficulty which presented itself of keepinO' 
it in a sufficiently vi8cid condition to be injurious.-See Extracts irom Reports ar':d 
Proceedings of Ordnance Select Comlnittee, vol. i., pp. 469, 470. 
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compositions, or, at least, in conjunction with them, doubtless in
creased their reputation, as it must have increased their power and 
effects'! About the 17th century incendiary compositions were ex
tensively employed. They were thrown in a variety of ways; in " fire 
pots" similar in character to those already alluded to,2 in greuades:; 
(in which form they must have closely resembled our modern car
cass), at the ends of spears;~ hnces 5 nud arrows,6 ns "fire rnin," 7 in 
the form of fire balls of all sorts,S such as " death's heads," the" pyro
bolist's valet or attendant," ~ "thundering balls," 10 "fire crowns and 
garlands," 11 "fire sacks," 12 "stink balls," 13 "light balls," 14 "smoke 
balls," 15 &c. 

Of the projectilcs thus enumerated the greater number have disap
peared ; some, however, such as light balls and smoke balls, are still 
retained in the service, the construction and even the compositions of 
those now in use resembling very closely those of the smoke and light 
balls of the 17th century. 

With this slight sketch of the history of incendiary projectiles gene
rally we may proceed to give a detailed account of those now in the 
service; and further particulars respecting their separ:1te natures. 

The incendiary and miscellaneous projectiles of the service are 
in number, viz. :-

1. Martin's shell. 
2. Carcasses. 
3. Ground light balls. 
4. Parachute light balls. 
5. Smoke balls. 
6. ?iIanby's shot. 

six Incendiary pro
jectiles-Bix 
classes. 

1. lJfartin's SheZl.l6-There is no record of any projectile correspond- Shell--:',Iartin. 
ing to Martin's shell having been employed until recently; and it seems History. 
certain that with whatever incendiary compositions shells may irom 
time to time have been :filled, it was reserved to the 19th century to de-
vise the means of employing molten iron for this purpose, and of hurling 
shells filled with this terrible agent against an enemy. TheEe shells 
were proposed by Mr. Martin, a ciyilian, in March 1855,17 and appear 
to have been first experimented with in April 1856. 8-inc11 shells of 

I "It must be allowed that all the fire "l"essels of the ancients were but trifles and 
" children's play, when compared with ours; or at most, that they were but the 
" shadow of our modern fire-pots, because they wanted our thtmder-imitating gun
" powder, &c."- The Great Art of Artillery, p. 385. 

~ Ibid. p. 382. 
3" They were filled with gunpowder and sometimes with particular composition."-

Ibid. 210. 
4 Ibid. 401. 5 Ibid. 401. 6 Ibid. 398. 7 Ibid. 274. 
s Ibid. 249, et seq. 9 Ibid. 299. 10 Ibid. 2i2. 11 Ibid. 385. 

1~ Ibid. 392. 13 Ibid. 296. 14 ]bid. 284. 15 Ibid. 287. 
16 Spoken of in the Select Committee Reports and War Office Circulars as " Martin's 

Liquid Iron Shells." 
17 It appears certain (War Office Letter to Mr. Martiu, 20th July 1857) that Mr. 

Martin bronght forward his invention as early as October 1854., although it does not 
seem to have been submitted officially to the Select Committee until the date I ha,e 
given in my text. 1Ir. Martin's name is not the only one associated with shells of this 
nature, for in May 1854. 1Ir. Morris proposed a "liquid iron shell," which was rejected 
in the June of the same year. The subject was re-opened in December 1855, and Mr. 
Morris was invited to make some shells, at his own expense, for experiments; he did not 
avail himself of the invitation, which was kept open until 1857, when the authority for 
the experiment was, on the recommendation of the Committee, cancelled; also in J anual" y 
and February 1855, a Mr. Daft brought forward a shell of the same nature, which had 
been in,ented by a Mr. George Appleby; no mention is made of any trial having been 
made with these shells. However, in considering 1Yfr. Martin's claim to priority of in· 
vention the War Office decided that his " claim to originality appears to hold good against 
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thls nature were introduced into the service ill October 1857,1 though 
the present pattei'll was not approved until 1860.2 No lO-inch were 
approved until 1860.3 • 

Martin's shells are of two sizes, the lO-inch and 8-mch.4 

MARTIN 8-1NCH. 

They are spherical cast-iron shells, coated in the interior with loam, 
and filled before loading with molten iron, which is poured in through 
a "filling hole," which corresponds to the fuze hole of a common 
shell. 

" Mr. Daft;" but the fact of Mr. Morris' shell having been proposed in April 1854-a 
few months previous to lIIr. Martin bringing fOl,ward his shell (October 1854)
" seems," to use the words of the War Office Letter tn Mr. Martin already quoted, 
" to justify caution in admitting you (Mr. Martin) to the credit of being the first 
"inventor." These facts are embodied in an Ordnance Select Committee Report 
No. 1,134, 24th July 1857. . 

1 " 8-inch Martin's shells .... were introduced into the service by Lord Panmure's 
order in October 1857."-Report of the Ordnance Select Committee, embodied in Horse 
Guards' CirclLlar, No, 856, 7th June 1860-24th December 1860, p. 3, 

2 Approved lOth lfebruary 1860, War Office Cil'cular 590, par. 4. The change in 
pattern made in the 1860 shells consisted in the groove in the filling hole being intro
duced. Previous to 1860 the filling holes were made plainly cylindrical. 

3 30th May 1860, lVar Office Circular 639, par. 94. 
4 Some 32-pr. Martin's shells have been manufactured and experimented with, but 

the experiments not having been satisfactory, the Select Committee did not recommend 
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Their external diameter ii; the same as t.hat of common shells of cor
responding cnlibres; their thickness of ruetal is les~ at the sides than nt 
the top and bottom, in order that they may break up rradily on striking 
an object.; the metal at the bottom being mnde of such a thickness as 
will suffice to enable the shell to withstand the shock of the discharge of 
the gun. The top of the shell is made ahout the same thickness as the 
bottom, the thickness required being obtained by flattening the inte
rior of the shell at this pnrt, and not by rounding it off gradually as is 
done at the bottom.! The object of thus thickening the top of the shell, 
which has to withstand no suock or blow, is as follows; when the 
shells are filled, no plug is usetl to close the filling hole, the molten iron 
which flows into and fills this hole forming when" set" a plug of itself. 
The shell is thickened, then, to cause this metal to cool and solidify 
more rapidly.2 In order that the metal when it sets in the :filling hole 
may form a more effectual plug, the filling hole itself, which is other
wise cylindrical, is slightly enlarged about half way down, by a groove 
which is made in it ut this point.3 The metal flowing into and setting 
in this groove becomes more securely fixed than would be the case 
were the hole made plainly cylindrical. 

The filling hole above this groove is tapped to receive a SCl'ew-gun 
metal plug,·1 with which the shell is closed until it is required for use; 
this plug being necessary to exclude moisture.5 The :filling hole is 
not countersunk. The interior of the shell, it has been said, is coated 
with loam; the loam is mixed with cow-1lair, to give it greater cOllsis
tency.6 The thickness of the loam coating is about ·25-inch. The 
object of conting the inside -with a non-conducting substance, such as 
loam, is that the llcat is thus more confined in the interior of the shell, 
and the iron with whidl the shell is filled is thereby retained in a liquid 
or viscid state for a greater length ahime; while the shell itself does 
not become heated so quickly, the inconveniences and danger arising 

their introduction into the service. The effect prlllluced by small shells of this descrip
tion does not appear to be great enough to compensate for the trouble and inconveni
ence necessarily involved in their employment. No intermediate sizes-42-prs. or 
56-prs.-have been tried, as these guns arc little used; nor have any I50-pr. or lOO-pr. 
shells of this nature yet been manufactured, probably because these guns were intro
dnced subsequent to the adoption of iron-plated ships, against which Martin's shells 
are comparatively useless. 

1 This square or flattened form answers the purpose better than the rOlmded fonn, as 
it gives the requisite increase of thickness exactly aud OIl!Y, at the point required, 
without interfering with the sides of the shell, any increase in the thickness of which 
necessarily diminishes the tendency of the shell to break up, as it is required to do, on 
striking an object. The flattened fonn also gives greater capacity to the interior of 
the shell, so enabling it to contain a greater quantity of molten iron. This form is not 
applicable to the bottom of the shells, because here the strength of the bottom must 
be, so to speak, ~haded 0..0' gradually into the weakness of the sides, or the shock of the 
discharge would probably blow the bottom into the shell, fracture taking place round 
the angle where the sides joined the bottom. 

The top of the shell being subject to no such shock or blow, and being thickened 
for quite another object (see text), is not liable to this accident. 

2 Evidently by thickening the metal of the shell at this part the length of the filling 
hole will be increased, and the metal at the top of the filling hole being thus so much 
further removed from the mass of molten iron in the interior of the shell will cool more 
rapidly. 

3 This groove was not made in the shells of the first approved pattern; but was first 
introduced in the shells approved in 1860, see p. 62, note 2. 

4 See plugs, p. 102. 
5 See p. 66 respecting the necessity of keeping the shell perfectly dry. 
6 The cow-hair also facilitates" ventilatiol) " in casting. 
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from rapid expansion being thus avoided,l and the shell being more 
easily handled. 

Martin's shells are paint.ed black before issue, t1lld are riveted 2 by 
single expanding rivets (pI. 34 fig. 8.) (in the same way as common 
shell) to wood bottoms.3 When filled they weigh 115 Ibs. and 1591bs. 
respectively/k . '. 

Martin's shells are used to set fire to wooden ShIPS,5 combustIble 
stores, buildings, &c., in short, for ~he same obje.cts as, and under 
similar conditions to, red hot shot, whICh they have III a great measure 
superseded.6 

They are fired against the object to be destroyed, and the shock of 
the concussion which they sustain on striking breaks up the shell and 

1 It must not, however, be supposed that the shells do not expand at all. The fol
lowing table extracted from th~ Committee's Report will show what the expansion of 
these shells is and at what rate It occurs. 

Inches. Expansion. Inches. 

Diameter of shell before filling - 7'87 
0'01" 
0'015 
0'08 

" one minute after filling 
eight minutes after filling 
one hour after filling 

- 7'88 
- 7'885 
- 7'95 

" See Ordnance Select Committee Report No. 856, 7th June 1860. Embodied in 
Horse Guards Circular' of 24th December 1860, p. 9. 

Another shell was gauged in the same way at different periods of time after filling 
with the following results :-

Inches. Expansion. 

Diameter when cold - 7' 835 
" 15nllnutesafterfilling- - 7'800 0'025 
" 30"" - 7'865 0'030 
" 45"" - 7'860 0'025 
" one hour " - 7'855 0'020 

Greatest expansion - O' 030 
Compare these results with those obtained in an experiment to determine the expan

sion of hot shot, given p. 145, note 4. Also Handbookfor Field Service, edition 3rd, 
p.299. 

2 Ordered to be riveted 17th February 1860, 75/12/505. See War Office Circular 
590, par. 5. 

3 "It was found by experiment that the wood bottoms commence charring three 
" minutes after the shell is filled, and catch fire in about 15 minutes." See Ordnance 
Select Committee Report 856,7th June 1860, embodied in Horse Guards Circular 
of 24th December 1860, p. 9. 

The bottom is necessary to keep the filling hole of the shell towards the muzzle of 
the gun, and to keep the heated metal in the filling hole away from the wad, which is 
placed between the shell and the charge. It also serves as a sort of additional protec
tion between the hot shell and the charge. 

4 Ordnance Select Committee Report 856, 7th June 1860, embodied in Horse G'U(£rds 
Circular, 24th December 1860, p. S. 

5 Nor are they altogether useless against thin iron plates, as is proved by the follow
ing extract from the Committee's Report, -" Three struck iron plates of It inch and 
2 inches; time filled, 11 minutes, 7 minutes, and 7t minutes. They all broke up, 
brea./ting away and forcing in large portions of the plates, much of the brolten shells and 
,nolten iron passing into the section and setting it on fire. See llid. p. 16. 

Ii It must not be supposed that red-hot shot are entirely superseded by Martin's shells, 
for there are circumstances in which the former might be used with greater advantage 
than the latter; indeed, there are some circumstances, though rare, which would 
altogether forbid the employment of Martin's shells, such, for instance, as those referred 
to in Ordnance Select Committee's Report, 2,616 22/12/62. See Extracts from the 
Reports of Ordnance Select Committee, voL i., p. 59). " Where space cannot he found 
" 01' made to place the cupola" (in which the iron for filling the shells is melted) " out 
" of the way of the guns, or where there is a danger of sparks entering magazines." 
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scatters forward its molten contents. They are most effective when 
they have heen filled a few minutes.! 

'rhe grounds on which the Committee recommCllU their introduction Advantages, 
are four :-lst. That they are easily fi11eo..2 2nd. That they are more 
easily handled and placed in the gun than hot shot. 3rd. That in 
using them there is less danger of bursting the gUll than with hot 
shot; 3 and 4th1y, that their incendiary power exceeds that of hot 
shot.-1 To these might be added that they may, when desired, be made 

1 ., The 8-inch shells .... appear to be most effective when filled between five and 
" eight minutes •... The same remarks appear to apply to the lO-inch shells, but' the 
" number of rounds of this nature that have been fired is not sufficient to justify a precise 
" rule."-OrdJl(lJIce Select Con.nlittec'" Report, No. 856, embodied in Horse Guards Cir
elllaT, 24th December 1860, p. 4. "One shell filled six minutes and another four and 
" a half minutes appear to have been the most effective in this practice."-Ibid., p. 9. 

~ This statement of the Committee is intended to refer to the filling of the shells 
after the iron is melted, when the operation is simple enough. I give this explanation 
because otherwise I foresee that the statement nakedly expressed is liable to give rise to 
discussion on account of the difficulty which is beli<:wd by many to exist in preparing 
the cupolas and melting the iron. It does not properly enter into my province to discuss 
whether these operations are or are not difficult, but as connecting themselves with the 
employment of the projectile I offer the following considerations upon the subject:-In thc 
first place, it is questionable whether the difficulties which arc alleged to connect them
selves with the working of the cupola have not been much exaggerated; in the second 
place, whatever difficulties may appear at the outset, there seems no reason why they 
should not be surmounted by efficient instruction, such as is now given at the Gunnery 
Schools of Artillery and Navy, and disseminated thence throughout the two services; 
in the third place, it must be borne in mind that the preparation of the cupola and 
practice in its use need not, and should not, be deferred until the shells are required to 
be used in actual warfare, but would be made a matter of ordinary drill in time of 
peace; in the fourth place, one or two instructed men in a crowd of lminstructed will 
be sufficient to direct and control the operations, and to cause the difficulties to dis
appear. Fifthly, and finally, I believe that any body of men of ordinary intelligence, 
who have never seen a cupola or been in any way instrncted in its use, may, by care
fully attending to the minutely detailed and admirable official Instructions fOT the Work
ing and Management of Portable Cupolas, &c., which have been issued, dispense even 
with the two or three instructed men above referred to, and prepare the cupola, and 
melt a charge of iron without any assistance from practised hands. When these con
siderations are taken into account, and when it is remembered that, once under weigh, 
ordinary labourers can work the machine, reducing the metal to a liquid state in 20 
minutes and making it )ield a ton of liquid metal every 28 minutes (see Illstructiolls 
for the lYorking, &·c. of Portable Cupolas, p. 14, par. 70 and 71). Perhaps the lill
favourable opinions which appear to be entertained by some respecting the use of these 
cupolas will be at least modified. 

The following passage from a report of the Ordnance Select Committee bears upon 
the subject :-" 'l'hey observe that illm'tin's shells were first adopted as being a far 
" more efficient means of offence than red-hot shot, and although the preparation of 
" these shells was attended with certain difficulties, it was considered that they were not 
" beyond the intelligence and education of the British artilleryman of the present day. 
" The technical instrnction required for melting the iron is of a simple character and 
" very co=only diffused among the artizan class by the great extension of industrial 
" occupations in that direction."-Extracts frol1l Reports rif Ordnance Select Com
mittee, vol. ii., p. 10. 

3 See what has been said, p. 63, about the loam coating preventing the rapid expan
sion of these shells, and p. 64 respecting their expansion. 

4 Ordnance Select Committee Report, iVo. 856, 7t" June 1860, embodied in Horse 
Guards Circular Memo. qf 24th December 1860. Respecting the incendiary power of 
hese shells, I would refer those who "ish for confirmation of this point to the numerons 

experiments recorded in this report. The following opinions have also been recorded 
by Capt. Hewlett, R.N., respecting these shells after much practice with them:
" I am of opinion that these shells filled with liquid iron are more certain and destruc
" tive in their incendiary effects than red-hot shot, or any otlier missile at present 
"known!' "I now beg to call their Lordships' attention to the fact that this trial 
" appears to be a very conclusive one as to the immense effect and destrncti~eness of 
" molten iron when used against wooden ships." " Each of the five shells that struck 
" the vessel fired the ship more or less, and the effect was that she was obliged to be 
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available as hot shot, by allowing them to remain for some time after 
filling, until the metal in the interior becomes set ami the outer shell 
heated. l 

lJl using these shells it is of the highest importance that the follow
ing points be attended to :-lst. That the shell is quite dry before 
being used, or there will be danger of accidents from the squirting up 
of the liquid iron by the steam which will be generated on pouring 
molten metal into a damp shell.2 It would be desirable where practi
cable slightly to warm the shells before filling them. 

2nd. That the shell be filled perfectly full, otherwise it will be more 
or less eccentric, aud its accuracy of flight proportionally affected.3 

3rd. That they are not fired immediately after filling, or they will 
be liable to break up in the gun.4 

Martin's shells are always issued "ri,eted" they have the filling 
hole secured with the screw gun-mehtl plug,5 and are packed in boxes 
similm' to those used for shot, the number in each box varying with the 
nature of the shell.6 

" sunk to prevent her being totally destroyed by £re." -Horse Guards Circular Memo., 
of 24th December 1860, p. 19. 

'C At the present time, however, considering the increasing employment of iron plated 
" ships, and the probabilities of attack being made by vessels of this kind, the ad van· 
" tages due to the employment of Martin's shells will be considerably reducecl. The 
" great power and accuracy of rifled glllS of large calibres will no doubt lead to an 
" extensive substitution of them for smooth-bore guns in sea batteries within a short 
" period, and will further narrow the circumstances under which Martin's shells will 
" be used. The use of molten iron is not contemplated for shells from heavy rifleu. 
" guns, as it is considered that even as an incendiary agent a shell with a large burst
" ing charge of powder is more dangerous than a shell of molten iron, while the suffoca
" ting effect of the smoke between decks and the destruction caused by splinters add 
" to the effect, and make it in every respect more formidable."-Extl'acts of Reports 
of Ordnance Select Committee, vol. ii., p. 10. 

I . . . • "One struck short and entered the bulk-head en ri~ochet, and set it on £re as a 
" red hot shot. This shell had been filled one hour when it was £red, and although 
" it had been rolled about its shape remained unaltered."-Ordnance Select Committee 
Report, 856, 7th June 1860, embodied in Horse Guards Circular, 24th December 1860, 
p. 9. "After 15 minutes the iron" (in the 8-inch shell) "becomes solidified, but the 
" shell will still act as a hot shot."-Ibid., p. 4. 

~ "The Co=ittee recommended . . . . that they should be stored in a dry place, 
" and the attention of the officers, in whose charge they may be, called to the neces
, sity of keeping the interior thoroughly dry, on account of the danger which would 
, arise from the presence of moisture whilst pouring in the' liquid iron.' "-Ordnance 
Select Committee Report, 856, 7th June 1860. See Horse Guards Circular, 24th 
December 1860, p. 3). "See that there be no moisture in the shells." Instructions 
j<,,' the fjTorhing &"c. of Portable Cupolas, p. 18, par. xcvi. 

3 " 'The Committee think it possible that the shells were not filled up, which would 
" account for their eccentricity and consequent erratic flight. It is very necessary 
" that these shells should be quite full, and as the iron settles down in the shell a little 
" a moment after it is ponred in it is better to fill up a second time."-Ordnance 
Select Committee Report, 856, 7th June 1860, see Horse Guards Circular of 24th 
December 1860, p. 6. . 

It is evident that in addition to the concentricity and accuracy of flight of the shell 
being injuriously affected by not filling it completely, a partially filled shell could not 
have its filling hole plugged by the cooling metal in the same efficient way as a filled 
one, and for this reason, if for no other, it is necessary to observe that the shells are 
carefully filled to the top of the filling hole. . 

4 "The 8-inch shells should never be £red until they have been filled four minutes 
:: or they. are liable to burst in the gun .... The s~me remarks appear to apply t~ 

. the 10-lDch shells, but the number of rounds of this nature that have been fired is 
<C riotsuflicient to furnish a precise rule."-Ibid., p. 4, also ibid., pp. 13, 14. 

• see !!Crew gun-metal plugs, p. 102. 
6 See table XIL, p. 331. 
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The boxes are markcd on the lid in Mack, with the words" Martin's 
tlhell," nature, and the elate of issue} ·When for tropical climates (with 
teak bottoms) the necessary words arc added. 

2. Carcasses (sec table VIII., p. 327, and pI. 20).-C0nsiderable con- Carcasses
fusion and uncertainty existed for a long time, and until a comparatively History. 
recent date, respecting the application of the term "Carcass," a fact 
which admits ofthe following explanation :-As the ran""c and powers of 
cannon increased it became necessary to strengthcn the " fire balls" 
conBitlerably, to enable them to withstand the increased shock due to a 
hig?er. charge. ~his was effc?ted in several ways, among others by 
enCIrclIng them WIth bars of Iron, generally covered with canvas and 
quilted with cord; and "fire balls" thus strengthened received the 
name of "carcasses," a term which doubtless had reference to their 
construction, and which the ribs of iron and skeleton frame, filled with 
composition, rendered not inapplicable.a Gradually the oblong iron 
skeleton and canvas covering gave way to a yet stouter case, in the 
form of a thick spherical iron shell, into which the carcass composition 
was placed, the shell having in it vents for the passage of the flame 
when the composition should have become ignited.3 This is the con-
struction of the modern carcass, and to this projc,ctile the name 
" carcaes" was extended, bdng for some time used indifferently with 
these spherical iron shells, and with the oblong il"on-fl"ame and canvas-
covered projectiles to which it had been first applied. 

In this way we arrive at an expIn.n.ation of the fact that nearly all 
works which profess to give an account of carcasses speak of them as 
of two natures, spherical and oblong, and describe, under the head of 
« carcasses," not only the projectiles which we now understand as such, 
hut thc oblollg projectile with which moclern artillerymen arc familiar 
under the name of "Ground Light Balls." 

1 The box containing the 8-inch :Martin's shell has the date on the end instead of on 
the lid. 

2 I cannot produce any positive authority respecting the origin or early application 
of the word" carcass." It seems however to be implied in numerous works upon the 
subje<!t which I have consulted, and very pointedly and strongly in the following 
extracts-that the distinctive difference betweeu "carcasses" and" fire balls," as the 
names were first applied, is the one which I have suggested in my text, viz., that 
carcasses were first so called with reference to their construction; nor does this 
explanation appear to me in the slightest degree strained or fanciful: "On appelle 
" carcasses des balles a feu renferment une armature en fer plat, presentant la forme 
" que Ie projectile doit avoir, et destinee a lui donner plus de consistance."-Insiruction 
<l ArtilZerie, p. 378. 

"Les baIles a. feu se font avec les memes matieres et se construisent presque de Ia. 
" meme manii!re que les carcasses. Leur difference consiste en ce que les carcasses 
" ont des bandes et des cercles en fer qui les lient, au lieu que les balles a fen sont 
" faites avec un sac de toile de forme ovale, et, de meme que les carcasses, elles sont 
" cordellfoes avec du menu cordage, pour leur donner plus de solidite.-Cotty's Dic
tionnaire <l Artillerie, p. 23. 

"There were formerly two species of carcasses in the service, ,·iz., the old oblong 
" carCasse!l, a description of which will be found under the head of light balls, which 
" they very mnch resemble."-British Gunner, p. lOI. 

II The reasons for the adoption of the spherical form are so evident as hardly to 
require explanation. The iron shell construction admitted of the carcasses being used 
at longer ranges than the original oblong construction on account of its greater strEingth, 
but evidently the full range, the full advantage, that is to say, of this increased strength, 
could;not be obtained except by altering the shape of the projectile-here, therefore, 
was one strong reason for the adoption of the spherical form; another, -perhaps the 
principal·QBe, was the great inaccuracy of flight of the oblong projeeti.le;, a defect 
which might·berega.rded as inconsiderable so long as theywere j)oIyiiSed at very short 
ranges, but whiehit became necessary to overcome in proportiOn· as the range increased. 

15836. F 
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In endeavouring to determine, therefore, the exact epoch at which 
carcasses were first employed, it is necessary carefully to distinguish 
between the carcasses first so calleel and carcasses as we now understand 
them. The history of the former sort blends almost imperceptibly into 
the history of fire baUs and incendiary compositions generally, the 
history of the latter, spherical iron shell carcasses, is hardly as ancient. 
It is with the history of the latter that we are now concerned. 

Probably carcasses, like shells, were occasionally and exceptionally 
used previous to their regular and general' employment. In this way 
we may account for the mention which is made of their having been 
here ancI there employed as early as the 13th century.l From the 
description given of these projectiles, however, they seem to have 
resembleu our modern carcasses in nothing but principle, and in being 
made of iron, their appearance and construction having been altogether 
different.2 It seems certain that carcasses of the present construction 
are of much more modern date, and did not make their appearance until 
the 17th century; 3 and even as late as the close of the last and the 
beginning of the present century the original oblong carcasses had not 
been altogether superseded by those of the more modern spherical 

I" De gros projectiles creux en fer, perces de plusieurs ouvertnres,etaient lances par 
" les trebuchets et portaient Ie feu au loin."-Le Passe et r Avenir de r Artillerie, 
vol. iii., p. 350. . 

"Ces projectiles etaient des vases en fer, perces d'ouvertures qui laissaient passer Ia 
" fiamme."-Ibid., p. 28. 

2 They were of fanciful shapes, and £lIed with some of the numerous compositions 
of the time. They generally had four vents, or "doors" as they 'were called.-lOid., 
p. 29, and pl. 2, figs. 1 to 8. 

3 I incline to the opinion that they did not make their appearance until the end of 
the 17th or beginning of the 18th century, and my grounds for holding this opinion 
are as follows :-I can discover no mention of carcasses, as we now understand them, 
in " The Great Art of Artillery," but in a note at p. 245 of the work the translator 
says-" Our carcasses are an improvement upon fire balls." This would make it 
appear as if carcasses had been introduced between the date of the first writing of 
the work iu 1649 and its translation in 1729. This would fix the date of the intro
duction somewhere between the latter half of the 17th or the beginning of the 18th 
century. It may perhaps be urged that the translator is here applying the word 
" carcass" to what we now understand by "ground light balls," but I do not think 
this is the case, because in the description given of the different sorts of" fire balls" 
in the work which he is translating, some sorts appear to be almost identical with 
our modern" ground light ball," and the translator must therefore have Dleant some
thing different to the ground light ball when he is speaking of carcasses being an 
improvement on these. Therefore, I conclude, he here applies the name carcass to 
the spherical iron shell carcasses. 

James in his Dictionary certaiuly mentions their employment in 1592, but he does 
not say where, or under what circumstances they were then used, and I think this may 
be classed among instances of their exceptional employment previous to their regular 
introduction. He. however, speaks more precisely of their employment about the 
period which am inclined to assign for their regular introduction, viz:, the close of 
the 17th century. He says they were then used by the Bishop of Munster at the 
siege of Grole, in 1672, where the Duke of Luxembourg commanded (p. 88). It is 
true that we lUSO read of grenades filled with incendiary composition having been used 
at the siege of Breda, and at other operations in the Low Countries, about the begin
ning of the 17th century (see the Great Art of Artillery, p. 210, and 232 to 237) ; 
indeed, even earlier than this,"in 1588 at the siege of V akterdonc, a town in Gueldres" 
(Grose's Mzl<tal1j Antiquities, vol. i., p. 404), bnt the very fact of the employment of 
these projectiles as carcasses only seems to furnish an additional reason for believing 
that our present torm of cart'a.,s, which is certainly better adapted for thepmpose to 
which these grenaaes were appJed, was not known at that time, but was snbsequently 
introduced. I have, however, thought it safer, in spite of the strong presumptive 
evidenc" that they did not appear until the end of that century, to say that they did 
llotllllikll their appearance until the 17th century, without fixing any particuIarpart 
of that century as to the period at w hieh they came into general use. 
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iron shell construction, both sorts having been at that time in the 
service. l 

?yentually, however (pr:obably some time early in this century), the 
orlgmal oblong constructIOn was altogether given up for carcasses, 
and only used for ground light balls, for which projectiles it is still 
retained.2 

The fir;:;t spherical iron carcasses had not always the same number 
of vents as at present, sometimes they harl four, ~oUletimes five, some
times one or three vents,3 but eventually they were all marie with 
four,4 and this number of vents came to be adopted for all iron car
casses.5 The experience of the Crimea, however, showed that four 
vent carcasses were very liable to break up under the shock of the 

1 The Bombardier or Pocket Gunner, edition lS13, p. 37, under the head of car
casses, their dimensions and weights, 1796, gives" round" carcasses for all natures 
of gnus, howitzers, mortars, and carronades, from the 13-inch down to the lS-pr_ ; 
also four "oblong carcasses" for mortars and howitzers from the 10 -inch to the 
4,\-inch_ See also MS. work on "Laboratory lVork," 'compiled about the beginniug 
of this century by the lat~ Sir Augustus Frazer, RA., pp. 143 to 159, and at pp. 154-7, 
see drawings of the different natures of carcasses, including both spherical and 
oblong; indeed, it would almost app~ar from thi" work as if at that time there had 
been only one round carcass (the 13 inch), the other natures being oblong. 

~ The evidence as to the date when the oblong carcasses disappeared is most con
tradictory, probably in great measure owing to the confusion for some time existing 
between oblong carcasses and ground light baIls. Muller's Treatise of Artillery, 
3rd edition, pnblished in 1 7S0, has the following passage :-" None but round carcasses 
" are used at the present time, the flight of the ohIong is so uncertain that they have 
" been quite laid aside:' On the other hand I have shown (see note above), from 
The Bombardier or Pocket Gunner, and from Sit· Augustus Frazer's Laboratory TVo)'k, 
that the oblong carcasses were in the service as late at least as 1796 and 1800. It 
seems certain, therefore, that they had not disappeared in 1S00. 

Nor do the contradictions cease here_ James's M,1itary Dictionary, edition 1816, 
says-" Oblong carcasses are obsolete in the British service," but The Bombardier or 
PocRet Gunner, edition 1827, EtilI retains the four oblong natures. I imagine, how
ever, that this is an error, for the British Gunner, lS2S edition, says-" The round 
" are the only species now employed, the use of the oblong being discontinued on 
" account of the nncertainty attending their ranges ;" and in the preface of this work, 
speaking of the edition of the Bombardier published in the preceding year,the author 
says-" In 1827 :Major Adye published an eighth edition, but in this, wldle much 
" obsolete matter .cas retail1ed, many of the improvements to which the advanced state 
" of the service had led were entirely omitted" (preface, p. 3). It is certain, there
fore, that the oblong construction ceased to be used for carcasses between lS00 and 
1828, at any rate, and most probably between 1800 and 1816 (if the statement in 
Janles's Dictionary of the latter date, quoted above, be correct). 

I have not overlooked the fact that Burns· JVtn'aZ and ~1filit[(,.y Dictionary, edition 
lS54, describes carcasses as formed of" iron hoops and canvas and cord, and generally 
" of an oblong shape," but this must be an error (proceeding probably from the canse 
which I have assigned above for the different contradictions, viz. the confusion of the 
terms" carcass" and "light balls "), the oblong carcass having certaiDly disappeared 
before tllat datE'. 

3 "Formerly there were 13-inch round iron carcasses, with one, three, and five 
"holes each, but they are no longer in use; those with four holes being fonnd to 
answer beat.-Laboratory Work, p_ 154. 

4 See preceding note. This change was probably officially adopted about 180S, a 
fact which I gather from a manuscript volume of experiments carried on under the 
superintendence of the Captain Instructor, Royal Laboratory, since 1855_ In the 
report of some experiments which were made with carcasses in 1855, under Captain 
Orr's superintendence, the following passage occurs :-" In investigating the IDJttter 
"some memoranda dated lS08, and signed '\\'illiam Congreve, Comptroller,' were 
" found, which observed that an alteration had been made about that period in the 
"pattern of the 13 inch carcass; but as there had been no demand for carcasses 
" during a peace, all the drawings had been lost except some with a thickness of metal 
" of 2' 3 inches, and four vents." 

5 The British Gunner, edition 182S, descnbes all the Datnxes of carcasses then in 
the service as haVing four vents, p. 101. 
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discharge, and experiments were carried on in 1855 which led to car
casses being made thenceforth with three vents.1 As no patterns or 
drawings of carcasses existed at that time, and as it now became neces
sary to manufacture carcasses to meet the demand,2 it devolved upon 
the Superintemlent of the Royal Labomtory to submit drawings and 
patterns; and in 1860, these drawings and patterns were approved "to 
" govern the manufacture of future supplies." 3 

Until about 1854, another form of carcasses was employed in our 
service, viz., common or mortar shells, with a number of stars of 
"Valenciennes composition" placed insicle them with the bursting charge; 
this composition, which is siLid to have derived its name from haYing 
been first used by the Austrinns at the siege of Valenciennes 4 in 1794, 
was of the nature of carcass composition,5 and when the shell burst, 
being ignited and scrLitered about, it set fire to aU combustible materials 
upon which it fell. It was found, however, that these shells but imper
fectly answered the purpose required of them, owing to the stars being 
blown to pieces by the bursting charge,6 and accordingly Valenciennes 
stars are no longer used; 7 :1nd the only recognized carcass in the seI:Vice 
is the pattern approved in 1860. 

Upon an emergency" shells may be made to produce the same effect 
" as carcasses, by putting into them, in addition to their bursting 
" ch:1rge of powder, pieces of portfire, ends of fuzes, aUll other strong 
" burning substances; these when scattered by the bursting of the 

1 Manuscript Book of Experiments, conducted by the Captain Instructor, Royal 
Laboratory, pp. 1-4-. 

2 Up to that time the existing store of carcasses had sufficed to meet the demand 
without any being manufactured. 

3 Appro1"ed 9th July, 1860, 75/2/7. See ToVar Office Circular No. 63(), par. 96. 
4 "Valeuciennes composition, so called from its having been used by the Austrians 

" at the siege of that place."-Br'itish Gunner, p. 103. 
H At the siege of Va.lenciennes the Austrians made use of shells filled with a peculiar 

" composition, which has since borne the name of that town."--Straith's Artillery, 
p.147. 

"This manner of using shells is mentioned by Captain Thomas Binning in 1689 
" (p. 158) :-' In your grenado you may put some Uttle balls of unquenchable compo
" 'sition, that when the shell breaks and brings down the rubbish of a house those 
" 'little balls may raise fire afterwards.' It appears, however, to have, fallen. into 
" disllse, for it is not mentioned in Adye's Manuscript; and the name Valenciennes, 
•• by which the composition has, been distinguished since 1794, suggests that it was 
" unk'nQWll 1:c> tare EnglishA~ when the Austrians used it at the si<'ge of that 
H plna"-Equipment of ArtillB17t, p.'98. ' . 

S Valenciennes composition is composed as follows :_ 
Saltpetre - 6' 25 Ibs. 
Ground sulphur - 2' 5 " 
Resin l' 25 " 
Antimony - 10 ozs. 
Linseed oil - 6' 25 " 

The 13, 10, 8, and 5:t-inch shells contained nine stars of different sizes; the 4il-inch 
six stars. The proportions in each shell were-IS-inch, lIb. 8 ozs.; lO-inch, 14 ozs. ; 
8-in:~, 9 ozs.; 5:t-inch, 5 ozs.; 4*-inch, 30zs.-Manuscript Cadet Course, pp. 382-3. 

6 It has been found by expenment lately that these stars are blown to pieces on 
" the bursting of the shell, and are therefore of little use when placed in ordinary 
"shells."-Manuseript Cadet Course, p. 383. 

It has be~n suggested that these. stars might be serviceable if placed in paper shells, 
as the burstmg ?harge would not m t)rat ca~e have to be so large, and the shells would 
moreover contam more stars. Agamst this, however it must be uro-ed that a paper 
shell can be £red only with a very reduced charge, and is therefore ~ailable only for 
a ve;y short range. 

'1;rr'liras not until 1863 that Valenciennes composition was formally and officially 
abo~ >l'he authority for its abolition is contained in War Office Letter 29/12/63, 
WoolWIch, 5'114959. 
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" shell in which they arc contained reaclily set fire to inflammable sub
" stance;; ·with which they may come into contact." 1 

There are nine different sizes of carcasses 2, (plate 20 and table VIII., Sizes. 
p. 327) in tile service, viz., 12, 18, 24, 32, 42, 56, 68 pr., 10" and 1311 • 

A carcass is a concentric cast-iron shell, filled with a combustible Description. 
composition and having three fire holes or ventd 3 for the composition 
to burn out of, situated in the upper hemisphere, equidi::;tant from each 
other. The metal (pl. 20, section D, E) of a carcass is considerably 
thicker than that of a common shell of corl'eAponding calibre, being 
rather more than one-fifth the tliameter.4 Thi~ construction it> l1ece~-
8ary because, being much weakened by the three vents, there would be 
a danger of the carcass breaking up uuder the shock of the discharge, 
if its strength were not illCl'eased by increasing the thickness of metal.s 
The determination of the thickness of metal is also influenced by another 
consideration, viz., the fact that as a carcass is not required to burst, it 
must be made of sufficient strength to withstand the pressure exertetl 
upon it by the gas which is generated in its interior by the burning 
composition. 

This consideration also connects itself with ihe determination of the 
size of the vents, which are made of a size to admit of the composition 
burning freely without exerting an undue pressure upon the interior.6 

The vents are cylindrical in form, and are situated, as has been 
sai<l, equidistant from one another in the upper hemisphere of the 
carcass,-in the hemisphere, that is to say, which goes away from the. 
charge.7 

J Straill,'s Artillery, p. 147. 
It is also laid down in an authorized Course qf Laboratory Instruction, published 

l)y the" Permanent Select Committee of Artillery Officers at Dum Dam.» "that shells, 
" common (unserviceable), are made into carcasses by having holes bored into them" 
(p. 58). I have not embodied this suggestion in my text, because it seems to me that 
it is not a very valuable one. The shells would be so much weakened by the presence 
of these additional holes that they could only be used with the most reduced charges, 
and their application would from tlus causc be so limited as to make shells thus pre
fared practically of but little vaJue.-(See text abm·e on this subject; and respecting 
the making of carcasses so much thicker than common shell.) 

Z Present ptittern appro,ed, 9/; /60, ~Var Office Circular No. G39, par. 96. 
S Sometimes called" fuze holes." 1'he desiguation vcnt, or fire hole, appears to 

me, however, to con,ey a more correct idea of the ntiture and object of the holes. 
4 The proportion which the thickness of metal bears to the diameter is as nearly as 

possible as . 214 : 1, except in the case of the 1 :3-inch, where the proportion is more 
nearly as . 23 : l. 

• Mention has already been made (see p. 69) of the fact that carcasses were 
not alwavs made with three vents, and that the experience of the Crimea showed 
that four-vent carcasses were very liable to break up under the shock of 
the discharge. This experience, and experiments carried on in 1855, led to all 
carcasses being then ceforth made with three vents, and to the metal being made of 
such proportionate thickness as would enable the carcass to withstand the shock of 
the discharge. 

6 The diameter of the vents bears a fixed proportion to the thickness of metal, and 
is very nearly as . 9 : 1; expressed in terms of the diameter of the carcass, the diameter 
of the vents will be to the diameter of the carcass ,ery nearly as . 192 : 1. These 
proportions do not quite hold good in the case of the 13-inch, where the diameter of 
the vents: thickness of metal: : (very nearly) . 8 : 1, or diameter of vents: diameter 
of carcass :: (very nearly) . 18 : 1. 

7 The distance apart of the vents is such as to bring them all within one hemi
sphere, and varies, of course, with the size of the carcass. It will be found that if a 
point be taken in the centre of the group of vents, and a straight line drawn from this 
centre to the nearest point of each vent, the length of the line will be (nearly exactly) 
double the diameter of the vent, or very nearly the thickness of metal multiplied. 
by I·S. 
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The 13 and lO-inch carcasses are fitted with lewis holes, which have 
superseded the lugs with which these natures were originally provided.l 
The object of the lewis holes is, as in the case of the two higher 
natures of mortar shells, to facilitate loading.2 

The composition with which carcasses are filled is composed of the 
following ingredients, melted and mixed together :-

1bs. oz. 
Saltpetre, ground 3 6 4 
Sulphur, ground 4 2 8 
Rosin, pounded 5 _ - 1 14 
Antimony, sulphide of6 0 10 
Turpentine, Yenice 0 10 
Tallow, Russian 7 0 10 

The shell is completely filled with the composition,S and a cylindrical 
hole about . 5 inch in diameter and enlarged at its upper end, is made 
through the centre of each vent down into the composition, and driven 
with fuze composition.9 There are thus three of these holes in each 
carcass; one of them passes more than half way through the compo
!tiOD, and is longer than the other two, which are of .equ allength, the 
wo shorter appronching the longer on either side, about the centre of 
he carcass, without quite breaking into it. 

The enlarged part of each hole is matched with a piece of quick 
match, a small bole is drilled into the fuze composition to enmre its 

1 In the case of the IO-inch carcass, no distinction is made whether the projectile be 
intended to be fired from a gun, howitzer, or mortar; this nature of carcass always 
having lewis holes or lugs and I'ent hole, and thus being available for either nature 
of ordnance. 

2 See po 313. 
:1 See p. 318. 
4 See p. 316 •. 
5 Sometinles called "colophony." For distinction between rosin and resin 

see p. 316. 
6 Sometinles called" crude antinlony." See p. 311. 
i Russian tallow is generally used; but ordinary or" town made" tallow answers 

as well. 
S It is m~ important that it should be completely filled, otherwise, and if interstices 

and. spaees be left,.th2re will. be a danger of the shell proving unequal to the increased 
internal pressure to which it 'Will be subjeeted; such increase of pressure arising from 
the generation of a greater amount of gas in its interior, in proportion to the number 
and extent of these spaces and interstices. 

Moreover, if the carcass be not completely filled, the composition will be liable to 
suffer from the shaking to which it is almost certain to be SUbjected to on service, and 
will probably be fissured and cracked, if not partially pulverized, in this llIa.Im~. 

9 For ex.act dimensions of the holes see table VIII., p. 327.. .. 
The method of making these holes into the composition connects itself more properly 

with the manufacture of the projectile than with a description of its construction; 
nevertheless, it. may, perhaps, serve to make that description more intelligible if the 
method be bcieiiy explained. It is as follows:-The composition is placed into the 
carcass in a hot, soft state through one of the -vents, the other two being temporarily 
closed with bungs; and directly the carcass is full the bungs are removed and a wooden 
plug of the size and shape of the required hole is forced into each vent, two of these 
plugs being shorter than the third. The handles of the plugs are then tied together to 
prevent them from s~g. The plugs are greased previously to placing them in, to 
prevent the composltion from adhering to them. When the composition is nearly 
" . .set" they are withdrawn, again greased, and then replaced.. They are allowed to 
:reB'!2lin lllltil the composition is quite cold and hard, when they are taken out and the 
ho:les lJims'fo:rmed driven with fuze composition and matched.-(See on the s~bject of 
tlUs hole,l>.N, llOte 1.) 
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ignition, and a plug of brown paper is placed into the hole over the 
match to protect it. Finally, each vent is secureu by a "1arras cap," 
(considerably larger in diameter than the vent), which is" kitted" over 
it, and sprinkled with sawdust to prevent it from sticking to other 
bodies with which it may come into contact.l Carcasses are riveted 
to wood bottoms when they are fired from guns and howitzers, but not 
when they are fired from mortars.2 The bottom is fixed to that hemis
phere of the carcass which has no vents in it, and is attached in the 
same way as that of a common shell, with a single expanding rivet} the 
rivet hole being opposite the centre of the group of vents. All car
casses except the I3-inch have a rivet hole drilled in them, in order 
that they be used with or without wood bottoms, according to the 
nature of ordnance with which they are used:" 

Carcasses are painted black before issue, and weigh, when filled, 
rather more than filled common shells of the same calibres.5 

Carcasses are fired from guns, howitzers, carronades, and mortars. 

They are used to set fire to shipping, buildings, and combustible Application. 
stores, being employed chiefly in bombardments, and in repelling naval 
attacks.6 

The fuze composition is ignited at each vent by the flash of the dis- Action. 
charge, and continues burning during the flight of the projectile, 
gradually and thoroughly igniting the carcass composition, through the 

1 It is the same arrangement as that of the" kit plaster" used to COYer fuze holes 
of filled mortar shells. (See p. 38.) 

It is hardly necessary to state that the barras cap and plug of paper must be 
removed from each vent before kading. (See Manual of Artillery Exercises, p. 107, 
for directions respecting practice witlt carcasses.) 

2 The reason for attaching wood bottoms to carcasses when fired from guns and 
howitzers is of course to keep the vents on the side away from the charge. In the 
case of mortars bottoms are unnecessary. (See p. 37.) 

3 The same rivet as is used with common shell. See p. 121. 
4 The I3-inch carcass could never be fired except from a mortar, there being no 

guns or hO'witzers of corresp~nding calibres. It is therefore unnecessary that it should 
be furnished with a rivet hole. 

5 In the case of the 13-iuch, as there is no common shell of that size, the comparison 
is made with the mortar shell. 

A reference to table V., p. 325, and table VIII., p. 327, will show that this 
calculation as to the comparative weight of carcasses and shells is very rough. In some 
instances the weights are nearly equal. In the case of the 13 and IO-inch, on the other 
hand, there is very great disparity of weight between the two descriptions of projectiles, 
the 13-inch carcass being about 30 lbs. heavier than the 13-inch shell; and the IO-inclt 
carcass about 20 Ibs. heavier than the lO-inch shell. 

For tins reason the £'uIl service charge is not allowed to be used in firing carcasses 
from the la-inch sea service mortar and the lO-inch gUll. (Upon this subject, and 
for the reason for reducing the service charge for the 13-inch sea service mortar when 
firiug carcasses, and not re{lucing the service charge of the 13-inch land service mortar, 
which is a lighter .piece, see note 2, p. 147.) 

As regards the great disparity of weight between the 10-inch carcass and common 
shell, this is partly due to the fuct that the shell, as already explained (see note 3, 
p. 25), is of proportionally thinner metal than other C{)llllllOn shells. It will be 
observed that the disparity of weight does not exist to the same degree in tlte case of 
the lO-inch nwrtar shell, which is heavier than the lO-inch common shell, and 
cousequently more nearly the weight of the carcass of that calibre. 

6 "Carcasses are chiefly employed in bombarding towns, to produce confia"aration." 
-Col. Boxer's Sandhurst Course, p. 21. 

«Carcasses are chiefly employed in bombarding towns, shipping, &c."-Owen's 
Lectures on Artillery, edition 4th, p. 84. 

Carcasses" are much used ill bombardments of towns and setting fire to shipping." 
-A,rtillery Tables, ~c., with Course of Laboratory Illstruction, p. 58. 
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interior of which it passes, and which attains its full violence whe~ 
but not until, the fuze composition is consumed.l 

The carcass composition then burns with great violence out of the 
three vents, igniting all combustible substances within its reach. 

Carcasses will burn from about three to 12 minutes, according to 
their natures.2 

Their value as incendiary projectiles is neutralized to a certain extent 
by the fact that although they cannot be easily extinguished, they may 
be smothered by throwing earth upon them, or by rolling them away 
to a place where they can do no harm, or by throwing them ovcrboa\'d 
in case of their fa1ling into a ship: und owing to there being no dangel' 
in approaching them, or much difficulty in handling them, these· 
measures may generally be casily and safely taken. 

Carcasses are issued either-
(1.) Empty, loose, prepared for bottoms. 
(2.) Filled (and finished 3) and loose, prepared for bottoms. 
(3.) Filled (and finished), riveted. 

Carcasses are very rarely issued (1.) "Empty, loose." All are issued 
in this way for India; 4 with the rivet-holes plugged with beeswax,5 
and unpacked. 

Carcasses are issued (2.) "Filled (and finislzed) loose, prepared fa?' 
hottoms," for mortars only; they have the rivet-holes beeswaxed,6 are 
packed in boxes, simibr to those used for shot, the number per box 
varying with the nature.7 The boxes are marked on the lid in 1'ed, 
with the words" Carcasses," "Filled," the nature of ordnance with 
which those in the box can be used, the.number in the box, the date of 
iEsue, and tare and gross weight of box.s 

The more common way of issuing carcasses is (3.) "Filled, riveted." 
They are then packed ill boxes, as D .. bove, the boxes being marked on 
the side in red, with the words "Carcasses filled," the nature and 
number; and on the top of the box, also in red, the packer's name, 
station, and daLe of issue, tare and gross weight. For tropical climates 
(when the carcasses have teak bottoms) the boxes have 011 them, ill 
addition, the words "For tropical climates," in red. 

1 It will be observed that by the arrangement adopted of making three holes and 
(hiving them with fuze composition, the surface of carcass composition which becomes 
ignited on the projectile first leaving the gun is inconsiderable, being gradually ex
tended 3l$. the fuze composition burns away. Thus the violence or full effect of the 

. carcass is in a mea&1lle. reSmtined or economized until the time when it is required
until the time, that is to say, when the ca:rCllSS reaches the object fired at; while the 
violence will then be greater-in proportion to the greater extent of surface ignited
than it would be if there were no holes with fuze composition. In fact, these fllZe 
hol~s act J?uch like the fuzes of shells, carrying t~e :fir~ u!1til the ;nornent of required 
action arnves, ~~e burstmg charge of the shell, ill this IllustratIOll, representing the 
carcass compOSItion. 

2 The following table shows appro::rimately the mean of the actual times of burning 
of a large number of carcasses burnt ill the Ruyal Laboratory at proolby the Assistant 
Superintendent, at different periods :-

13-~ch carcass, mean time of burning about 11' 7 minutes. 
lo-~ch do." " 9'0" 
8-mch do." " 8'0" 

32-pr. do." " 7' 0 " 
24opr. or 5!-~ch " " 5' 5 " 
12-pr. or 4t;.mch " , 3' 5 

3 By" ~nis~ed" I mean matched, primed, and the'vents secured with'the "kit plaster." 
4 Captam 1< raser's Noles on jWateriel, p. 5. 
5;Except the IS-inch, which has no rivet hole (see p. 73). 
G ~llreceding note. 
1 Seet,a~.XU., p. 331. 
S The box cOntaining the 13-inch is not marked with the tare and gross weight. 
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3. Ground Light Balls.-The history of ground light balls has Balls-Light 
been already in It measure indicated in the history of incendiary pro- Ground. 
jectiles generally, and of the carcass in particular .. 

The great antiquity of the projectile makes it diffic.ult to determine History. 
exactly when they were first employed, or to separate the history of 
light balls of the present construction f)·om that of the" fire balls" of 
much earlier daie.1 It is certain, however, that grollud light balls of 
the present construction preceded carcasses, being used as carcasses, 
long before the spherical iron shell carcass was introduced; ~ and it is 
probable that the construction was adopted for fire-balls as an inevitable 
consequence of the introduction of gunpowder as a propellant agent, 
and the development then given to the range and powers of cannon.:! 
Before that uate fire balls and light balls, for the two terms were com-
monly used almost synonymously,3 were made of an infinite variety of 
shapes and constructions,'" many of which, indeed, WCl·e retained until a 
comparatively modern date. 

Balls of tow steeped in an incendiary composition ,yere U5CU for the 
purpose,s and uaUs of stone or iron covered with composition,S and 
paper shells similar to our present smoke balls filled with composition; 'l 
but the most common plan was to place combustible matters and com
position into a stout canvas bag, either oval or spherical, and to 
strengthen the bag with woolding,~ and in some cases with a saucer
shaped iron top and bottom.9 . 

This latter construction, which we find in vogue as early as the 17th 
century, was almost identical with that of our modern light balls, with 

1 See History ofIncendiary Projectiles, p. 58. 
2 See p. 6i. 
3 If any distinction existed it was as follows:-Fire balls were used to carry fire into 

the enemy's works, both to set fire to them and to light them up. They thus served 
the double .purpose of carcasses and light balls, as we now understand t1le terms. 
Ligltt balls, on the other hand, were not used for hostile purposes, but merely to light 
np the works of those who employed them. "Light balls are made in the same 
" manner as fire balls, but contain no shells, and are used to light up our own works." 

• -Gibbon's Artillerist's Afanllal, p. 283; see also American Artillery Course, p. 361, 
to same effect. 

At the same time, this distinction was by no means carefully preservecl, for in the 
Great Art of Artillery, we find, under the head of "Light Balls," the following de
scription of their use: "These may be thrown amongst the enemy when they are in 
" the ditch, or at the foot of a rampart, or preparing for an assault; they will also 
" serve to annoy those who are at work upon the galleries, or who approach you by 
" sap to lodge themselves in the mines. By their bdghtness they will also show you 
" whatever is doing whhout your walls; in short, these nocturnal lights wHl dis
" cover to yon all the enemy's contrivances and stratagems to compass the ruin <Jf 
" your fellow citizens and yourself. They moreover will Dot only serve to light yon 
" in the night, bnt burn most outrageously and destroy everything that is within the 
" sphere of their action."-The Great Art of Artillery, pp. 284-5. 

Extracts from other authors might be made to show that there was no precise and 
fixed meaning applied to these terms. Burns' Naval and Military Dictionary, for 
instance, gives them as synonymous. 

There are therefore, I think, good grounds for saying that they" were commouly 
" used almost synonymonsly." 

4 "The form of fire balls may be very varions."-17te Great Art of Artillery, p. 
245. In this work six different sorts of fire balls are described (p. 249 to 257), and 
four sorts of light balls (p. 284 to 286). "Various sorts are described by different 
" anthors." -MUller's Treatise of Artillery, p. 206. "There are varions sorts of fire 
" balls and lightbalIs."-James's Military Dictionary, p. 34. 

5 Muller's Treatise On Artillery, p. 206. 
6 Ibid. p. 206. 
7 Ibid. p. 206. James' Military Dictionary, p. 34. This plan was not obsolete in 

1828. See British GUnner, pp. 53, 54. 
S See The G,·satkt of Artiller!l, pp. 249 to 257, where six different varieties of this 

form of fire balls are described. 
9 Ibid. p. 252. 
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the exception of the iron ribs, by which in these latter the ends· are 
connected, and the projectile strengthened; 1 the addition of these ribs 
was an improvement which doubtless soon followed; 2 and projectiles 
of this construction were used, as has been explained, as carcasses until 
their supersession by the spherical iron shell carcass of the present 
pattern.s 

To make fire or light balls more dangerous to approach they have at 
different times had grenades and small shells attached to them,4 and 
this arrangement, which seems to have much to recommend it,5 is still 
retained by the Americans.6 

It is evident from the above that light balls (pI. 26) of the construc
tion now in vogue date from some centuries back; indeed, even the 
compositions employed for fire and light balls in the 17th century were 
in their ingredients almost identical with those now used.7 It must 

1 These" fire balls" so nearly resemble the light balls of the present day that I 
append the description giTen of them in The Great Art of Artillery. "In the pre
.. paration of this, you must first haTe a bag (no matter whether it be spherical or 
" spheroidical), in the bottom of which you shall fix six or eight or more hand grenados, 
" with very short fuzes, which shall be turned downwards; these grenado's shall be 
" afterwards buried under a proper composition, with which the remainder of your fire 
" ball shall be quite filled up; you shall then haTe two iron basous like scales, the 
" rims of which shall be bored through with little holes. That which you design to 
" be uppermost shall be open at top like a milk strainer. To the opening of the upper 
" bason you shall solder an iron fuze, which must be filled with one of the compo
" sitious we haTe already giTen for fuzes. This done, clap your basons upon the top 
" and bottom of your ball, and lace them tightly on through the aforesaid holes in the 
" rims ofthem."-p. 252. 

2 ETen at this early date (the 17th century) we find iron wire used to strengthen 
the balls; as the author of The Great Art of Artillery mentions its employment in the 
case of light balls, "for fear they should be dispersed in their projection, or fly to 
" pieces in the air, instead of remaining whole and entire as they ought.';-The Great 
Art of Artillery, p. 285. 

3 See p. 67. 
4 See description of fire ball quoted from The Great Art of Artillery, note I aboTe. 
S See passage in British Gunner, extracted from CoL Jones' Journal of the Siege

of Ciudad Rodrigo: "Light balls are of such excellent use in discoTering working 
" parties, that surely some means ought to be taken to render them of daxlgerous 
" approach, by attaching (to them) a grenade or other missile so prepared as to 
" explode at uncertain periods of their burning. 

'< At these sieges two or three bold men of the .Engineers' brigade were always in 
" readiness .to . run up and e:ttinguish. the. light balls as they fell, and generally suc
" ceeded, in a few seconds, in smothering them with filled sand-bags, or by shovelling 
" earth over them.."-British Gunner, pp. 55-56. 

6 "Fire balls are oval-shaped projectiles, formed of canvas sacks filled with com
bustible material .... the sack is placed in a spherical mould, .... and a layer of 
soft composition placed in the bottom. On this is placed the shell, with the fuze down, 
it being kept in its place by twine passing through the sides of the sack, or by a piece 
of ~vas sewed to the sides," &c.-Gibbon's Artillerist's .Manual, pp. 282-3. Also, 
Amencan Artillery Course, p. 360, to same effect. 

7 In proof of this I give side by side the ingredients now used in ground light balls, 
and one of many compositions giTen in The Great Art of Artillery for the same 
purpose. . , 

Of the present light ban. 
Saltpetre. 
Sulphur. ' 
Rosin. 
Linseed oil 

COMPOSITION 

Given in The Great Art of Artillery, p. 247. 
Saltpetre. 
Sulphur. 
Rosin (" colophone "). 
Meal powder. 

and in ~ting of the preparation of these compositions the author says, p. 248: " You 
" will not d6 amiss if you sprinkle your composition over with a little oil of some 
"s?~" We haTe thus the whole of the ingredients as at present used, with the 
addition of mealed powder. 
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not be supposed, however, that this construction and composition have 
been retained as being superior to anything which the modern artillery
man and chemist could suggest; on the contrary, both construction and 
composition admittedly very imperfectly answer the ends required of 
them, and the projectiles, although still in the service, are so inferior 
in many respects to the parachute light ball as to have become almost 
virtually obsolete.1 

There are four natures of ground light balls (pI. 26, and table) in the Sizes. 
senice, viz., 10, 8, 5t, and 4% inch.2 

Ground light balls are oblong 3 projectiles, about It calibres in Description. 
length. They consist of an iron skeleton frame (pI. 26, figs. 4, 5), par~ 
tially covered with canvas, filled with an inflammable composition, and 
woolded (pI. 26. fig. 6 K.) over what may be distinguished as the cylin. 
drical part with cord or twine, vents (pI. 26, fig. 5, a b) being provided 
at the upper end for the composition to burn out of. 

The two higher natures differ from the two lower in several details 
of construction: in the first place, the skeleton fi'ame consisti', in the 
higher natures, of an iron cup at top and bottom, connected by four 
stout iron ribs,4 equidistant from one another, welded together and 
rh'eted to the insides of the cnps, the whole being strengthened by 
a circular iron baUll, which passes horizontally round the interior of 
the other ribs, and is riveted to them midway between the cups. The 
open or cylindrical part between the cups is covered with canvas,s 
and (after filling) woolded with cord. The lower natures have only an 

1 Respecting the objections to which ground light balls are open, see p. 79. 
~ Captain Fraser in his Notes of TVar l}!aterial gives jh'e natures of ground light 

balls, viz., the four I have given and the 13 inch. He, however, appends the following 
note to this statement: "There appears to be a doubt as to whether the Ill-inch is 
« authorized, but a few were.made and issued. fro.m the Royal Laborator;r some time 
" back" (p. 1). 

There seems to be no doubt that IS-inch ground light balls were in the service at 
the beginning of this century, as tables are iu existence giving the dimensions of this 
nature, (in Sir Augustus Fraser's .tIS. Laboratory B'ork, under the head of caresses, 
he gives Ill-inch "oblong hammered iron carcases," which are what we now call 
ground light balls; some old Laboratory Course Books also give the dimensions of 
" 13-inch ground light balls,") and I am unable to discowr that this nature of ground 
light ball has ever been officially pronounced obsolete. Practically, however, they may 
be said to have become so ; several facts point to this conclusion, the most important of 
which I may enumerate. Foremen and others who have bem employed in the Royal La
boratoryat Woolwich for periods varying fr,lm 28 to 35 years ~peak with great certainty 
as to none ha.vmg been manufactured during their senice; the books of the depart
ment, which have been examined as far back as 1823, show that none have been issued. 
during the period of 40 years; there is rio pattern of a 13-inch ground light ball in the 
pattern room of the department; no one who.m I have consulted can speak positively 
to having seen one, nor do there appear to be any in existence; they are always treated 
as non-existing, the British Gunner (l828 edition), the Hand Book for Field &rviee 
(third authorized edition), some },IS. Notes on Labom.tory Material, by Colonel 
Boxer, written several years b:LCk, all store returns and drawings, give only the four 
natures that I have named in the text; a memorandum of Colonel Boxer's for the 
Ordnance Relect Committee, dated 24 January 1860, contains the following passage: 
" The following natures light balls are at present in the service . • • . viz., lO-inch, 
" 8-inch, 5it and 4%-inch;" and finnlly when, in 1862, the Ordnance Select Com.mittee 
assigned charges to the different natures of ground light balls, they dealt only 'With the 
10, S, st, and 4t-inch, and treated the 13~inch as non-existing. 

Therefore, although I3-inch ground light balls 'Were doubtless at one time or another 
in the service, they may be regarded as having become altogether obsolete. 

3 As nearly as possible egg-shaped. 
4 The four ribs are made out of two bands of iron, the pieces of ir@ employed for 

the purpose ~ long enough to double, and fonn each two ribs. 
5 A stout description of cane called" Osnaburg" is used for the purpose; it is 

placed twice lOnnd the frame. 
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iron cup at bottom (pI. 26; fig. 1, ~,A, F), the top be~ng closed by 
carrying the canvas 1 covenng over It, and the shape beIng defined by 
the ribs, which are arranged as in the higher natures. 

The higher natures are fitted with two "lugs" (pI. 26, fig. 4·, c c') 
at the top, to facilitate loading; 2 the lower natures have no lugs; the 
former have also five vents, the latter only fonr. The vents are in 
both cases situate at the top of the light ball-through the cup in the 
one case, through the canvas in the other-between the ribs, the fifth 
vent in the 10 and 8-inch being made in the centre of the cup through 
the top junction of the two ribs; and, finally, the higher natures differ 
from the lower in being made altogether stronger, stouter iron being 
employed for the ribs and cups,3 and cord instead of twine being used 
in woolding.4 

The composition with which ground light balls are filled is composed 
of the following ingredients,5 melted and mixed together: 

Saltpetre, ground 6 

Sulphur, ground7 

Rosin, pounded B 

Oil, linseed, boiled 

lbs. ozs. drs. 
640 
280 
1 14 0 

- 0 7 8 

The" ball" is completely filled with the composition, and cylindrical 
holes (pI. 26, fig. 7, S, Q, and fig. 3, P, H), which, when the composi
tion is cold and hard, are driven with fuze composition, made in it at 
each vent, in the same way as in carcasses, and for the same reasons, 
viz., to facilitate the ignition of the composition.9 These holes all 
penetrate towards the centre of the composition. In the case of the 10 
and 8·inch the centre hole (pl. 26, fig. 7, Q) is longer than the others, 
and passes down the longer axis of the projectile, the others approach. 
ing it on either side. In the ease of the 5t-inch two of the holes are 
longer than the other two; in the 4i-inch the holes are all the same 
length. These holes are matched with quickmatch (pI. 26, fig. 3, S T, 
and fig. 7, U, T) drilled into to facilitate ignition, and plugged with 
brown paper (pI. 26, fig. 3, 0, Q, and fig. 7, R, 13), in . the same way as 
the COlTesponding holes in carcasses. When the balls ha,vebeen filled 
and the composition is colel the canvas covered portion between the 
cups or cylindrical part is wooL.led with cord or twine, according to the 
natute.1? .. . 

1 The same canvas as for the higher natures, also passed twice round. 
2 See mortar shells, p. 36. 
3 Ribs {10 and 8-inch bar iron· 375 inch thick. , 

5~ and 4%-inch sheet iron '072 inch thick (No. 15 wire gauge). 
au: s {IO and 8-inch sheet iron' 238 inch thick (No.4 wire gauge). 

p 5t and 4S·inch sheet iron' 072 inch thick (No. 15 wire gauge). 
4 It is haJ.'dly necessary to observe that this increased strength is required to enable 

the larger projectiles to withstand the greater shock to. which their greater weight and 
the larger charge used necessarily subjects them; to give them, in fact, snbstance 
corresponding to their weight and size. 

D It will be observed that the first three ingredients are the same as for carcasses 
linseed oil being substituted for the antimcny, tallow, and turpentine. ' 

6 See p. 313. 
7 See p. 318. 
S See p. 316. 
9 See also carcasses, p. 74, note 1, where the exact obiect and effect of these holes 

.is~ed. J 

16 See· teitt above. 
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The whole projectile receiY(~s two coats of slate-colour paint,l and a 
" kit plast.or "2 sprinkled with saw-dust is placoll over the top, coverinO" 
and protecting the vents.3 0 

Ground light balls weigh when finished from about half to three
fifths the weight of common shell of corresponding calibre.4 

They burn hom 9 to 16 minutes, according to their natures.s 
Ground light balls arc fired from mortars,6 and arc principally used Application 

to light up aUlI discover the enemy's working parties,7 and might 011 and uses. 
un emergency, or in the event of their falIillg among combustible stores, 
be available as carcasses, from the very similar and highly inflammable 
nature of their composition. 

These projectiles but imperfectly answer the end required of them, 
for the following reasons :-

1st. From their construction they can only be fired with very reduced Disadvantages. 
charges 8 and at inconsiderable ranges; while their form tends not only 
fllrther to restrict the ranges at which they are avaihtble, but to render 
tllem most inaccurate and uncertain in flight. 

2nd. Their inaccuracy of flight is in a peculiar degrce tletrimental to 
the efficiency of the projectile, for cyidently shonld they happen to fall 
at any distance from the object to be illuminated, or short of the 
object,9 or into a ditch, or upon the wrong side of a parapet, building, 
or traverse, or into any soft, muddy ground, they will be more or less 
useless.lo 

1 For the composition of this paint, sce table L\:., p. 345. 
~ See p. 38. 
3 This "kit plaster" covers the whole top of the ball, ancl as far down as the 

woolding. To make it sit more closely the circular piece of barras used for the pur
pose is slit in three or four places, from the circumference towards the centre. .Ai; in 
the case of the carcass of course the kit plaster and the brown paper plugs must be 
removed before loading. See :J£anual of Artillery Exercises, p. 1 OJ. 

4 Their actual weights are given in table IX .• p. 327. 
5 The approximate mean time of burning of light balls is as follows:-

10·inch light balls, mean time of burning about 15 to 16 minntes. 
8" 14 to 15 
5'" "" 1 0 to 11 
4,j."" ,,9 to 10 " 

6 The ignition of the fuze composition at each vent, its gradual burning downwards 
and ignition of the light composition, is exactly the same as in carca,ses, and I have 
not thought it necessary to repeat the description which I gu,e (at p. i 4, note J) of 
that action. 

7" Light balls are employed to discover an enemy's position at night."-Colonel 
Boxers Sand.~"rst Course, p. 29. .. 

" Light balls are generally employed by the garrison of a besieged place to discover 
« at night the working parties of the enemy; they may also be thrown into the ditch to 
" ascertain the strength and disposition of assaulting columns." -Owen's Lectures on 
Artiller.'!, edition 4, p. 85. 

" Light balls are of . . . • . . excellent use in disco,ering working parties."
Extract from Colonel Jones' Journal of Siege of Ciudad Rodrigo; Briti,," Gunner 
p.55. 

"Light balls are used to throw into the enemy's works at night when work is 
"supposed to be going on."-Artillery Tables, ~·c., 11IS. Course of Laboral'Jry 
I'lstruction, p. 57. 

S See charges, p. 148. 
9 The smoke will act as a sort of screen if the projectile fall short of the object 

« If it be not projected beyond the object it will have the contrary effect to that which 
" is intended."-Colonel Boxer's l.IS. Notes, p. 95. 

10 " If the ground npon which it falls be very soft, or if it should faIl into a hole or 
" ditch, the light will be either in a great measure destroyed orobscured."-Colonel 
Boxer's )JIS. Notes, p. 95. 
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Srd. The safety with which they may be approached, and the ease 
with which they may be smothered with earth or thrown over the 
parapet or ship's side, go very far to reduce their practical value.1 

4th. The composition with which they are filled is a comparatively 
dull burning composition, and inferior to those now genera.Hy ~mployed 
for illuminating purposes; and this fact renders the proJectlle but a 
poor light, even when employed under favourable circumstances.2 

5th. If all the foregoing objections were overcome there would still 
remain this one-that the area illuminated by a body burning upon the 
ground is necessarily very restricted; and the effect of a ground light 
of whatever construction would thus always be extremely limited.3 

Ground light balls are always issued. filled and finished, in boxes 
similar to those used for shot, the number per box varying with the 
nature.4 The boxes are marked on the side in black. with the words 
"ligh t balls, ground," the nature and number ; and on the lid, also in 
black., the packer's name, station, and date of issue, tare and gross 
weight. For tropical climates the boxes have on them, in addition, the 
words " for tropical climates," in black.. 

4. The Paracn.ute Light Ball or Suspended Ligl!t.-The idea of a 
parachute or suspended light originated with Sir William Con greve, 
who constructed and fired rockets on this principle about the beginning 
of the present century.5 

The application of this principle in its present form-that of a para
chute light ba.ll or shell-is due to Colonel Boxer, who was led to the 
investigation of the subject by a passage in Sir J. Jones's Sieges in the 
Peninsula, in which the defects of the ground light ball are dwelt upon, 

1 " Light balls are of such excellent use in discovering working parties, that surely 
" some means ought to be taken to render them of dangerous approach by attaching 
" (to them) a grenade or other missile so prepared as to explode at uncertain periods 
" of their burning. 

" At these sieges two or three bold men of the engineers brigade were always in 
" readiness to run up and extinguish the light balls as they fell, and generally suc
" ceeded in a few seconds in smothering them with filled sand bags, or by shovelling 
" earth over them. 

"The garrison always directed their :fire on the men whilst so occupied, which. 
" directed it altogether from the working party, employed perhaps at a few yards'dis
" tance from the ball, to its right or left. Some casualties occurred to the men thus 
" employed, but generally they .had extinguished the light ball before a second dis
" charge of artillery OOllld be brought upon them."-Extract from Colonel Jones' 
Journal of the Siege of Ciudad Rodrigo, 8Jld British Gunner, pp. 55, 56. I have 
before quoted this passage (see p. 75) in support of what I said respecting the. 
desirability of attaching a shell to the projectile to render it more dangerous to 
approach; I have, however, thought the passage might well be repeated here, con
sidering the very marked bearing which it has upon my text. 

~ The composition used is, as 1 have shown (p. 76, note 7), in its main ingredients 
a. -very old one. It burns with a dull red light, and with a good deal of smoke; a:nd is 
almost better suited for carcasses than light balls. 

It c:annot be readily extinguished, even by throwing water upon it, but as has been 
explained, it may be smothered and temporarily ex.tinguished, by heaping earth, or 
other non-combustible materials, upon it. 

"The composition is not at all adapted for the subjeet aimed at, for the flame is not 
" only comparatively dull, but the smoke produced is of a black colour, and conse
" quently instead of reflecting the light it only obscures it."-Col. Boxer's MS. 
Notes, p. 97. 

3 " From its situation, tha.t is upon the ground, and the illuminating power of the 
flame being comparatively small, its discovering property is very local, not exceeding 
from 15 to 20 yards around the light."-CoL Boxer's MS. Notes, p. 95. 

4 aee table XII., p. 33I. 
·."We beg to state, in justice to Sir William Congreve, that the idea of a suspended 

" light was fust suggested by this ingenious officer, and that parachute rockets were 
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particularly the ease with which they may be extinguished; and in 
which the a.ttachment of a shell or grenade to the ball, with a view to 
rendering it dangerous to approach, is strongly recommcndcc1.l 

On reading this passage it occurred to Colonel Boxer, as he tells us, 
that th& maJority of the defects of the ground light ball might be over
come by the employment of a suspended light; 2 and he succeeded in 
producing a parachute light ball which, although admittedly defective 
in some respects,3 so far satisfied the requirements of the scrvice that it 
was introduced in 1850, although none were manufactured for service 
until 1855.4. 

Experiments carried on subsequently to the introduction of this first 
pattern led to the details of construction being considerably modified, 
with a view to the removal of the defects; and in 1863 Colonel Boxer 
submitted a new pattern of the three existing sizes, viz., 10", 8", and 
5i", which underwent further alterations in 1864, and was finally 
approved and introduced into the service in 1866 (pI. 37,38). A further 

" constructed and fired by him a great many years ago."-Col. Boxer's J.1IS. Notes, 
p.97. 

I have managed to procure an old drawing of Sir William Congt'eve's parachute 
rocket, of which this figure is a copy. 

Parachnte rockets, although no longer used for warlike purposes, are employed by 
firework manufacturers as an effective method of throwing a coloured light. 

1 See p. 79, where the defect of the ground light ball is commented on, and where 
the passage ill question is quoted at length ill note. 

2 " It occurred to the author upon reading the above note that a light suspended ill 
the air would be far more efficacious than one upon the ground."-CoL Boxer'S MS . 
. Notes, p. 95. . 

3 "There are defects ill this pattern."-Letter frvm Col. Boxer to Under Secretary of 
State for War, 25th .April 1860. . 

4 It seems certain that these parachute lights were not formally adopted (" It can
not be traced that this light ball has been formaJlyadopted into the service."-Ord
.mznce &Zect Cmnmittee Report 720, 31st March 1860, :Minute 779, 303/60) ; but they 
were manufactured for service in 1855 upon an order" dated 7th June 1855, Dj294, 
" .a.)l(j.414; 10 inch were snpplied for siege purpose in the Crimea."-Letter from Col. 
Borer to Under &cretary of State for War, 25th .April 1860. On 4th September 
1850, M/313, " in conseqnence of the satisfactory termination of the experiments" with 
these lights at Shoeburyness the Board of Ordnance ordered an 8 inch and a 10 inch 
to be J;IllIde and deposited in pattern room (with descriptive explanation), "as patterns, 
" in the ~t of such natures of stores being at any time required," and this may 
perhaps be .ded as a formal approTal of the light; but their practical adoption 
dates from 1855 •. 
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sliO'ht modification, consisting in the introduction of a small bursting 
ch~rge and the strengthening of the upper chains, was made a few 
months later} 

The most important improvflment effected in this, the present, pattern 
consisted in the outer case or shell being made of iron instead of paper, 
thus greatly increasing the strength of the projectile, and rendering it 
available for a greater range. 

A number of minor changes were also effected, such as an alteration 
in the pattern of the socket and upper inner hemisphere, a reduction of 
the number of vents fr(lID five to one, a different construction of vent, 
&c.; which all, more or less, tended to increase the efficiency of the 
projectile, and to develop its powers. 

The Parachute Light Ball ll (see pI. 37, 38) is made of three sizes, 
viz., 10", 8", and .st." 

It consists of two hemispheres of tinned iron 3 soldered and riveted 4 

together,5 so as to forID a spherical shell or hollow case to contain the 
parachute and light. 

The lower hemisphere is thicker 6 than the upper, to enable it to 
withstand the shock of the discharge. 

On the upper part of the shell is a circular hole closed with a remove
able tinned iron circular washer 7 (pI. 37, :fig. 3, C C') slightly 
rounded so as to correspond with the sphere of which it forms part. 

This washer, or "socket plate," is secured to the upper hemisphere 
by five iron bolts 8 and nuts, (pI. 37, fig. 10) a leaden 9 washer (pl. 37, 
fig. 3, F, F) intervening between the two, and serving to exclude the 
:flash of the discharge from possible entry at this joint.10 

A gun metal 11 fuze socket 12 (pI. 37, fig. PP' 00') pa~ses through the 
centre of the socket plate, lead washer, anel upper hemisphere into 
ille interior; this socket is conical,13 open at both ends, and tapped14 

1 lV.O.C. 10 (new series), § 1243. 
2 Approved 2nd of January 1866, War Office Ci:rcular 9 (new series), § 1193, and 

War Office Circular 10 (new series), § 1243, 21st June 1866, when some further 
slight alterations were approved. 

3 Sheet iron of the following thickness is used. Lowerhemisphere;Il, W.G., for 
5~" and 8", 9 'V.G. for 10"; upper hemisph~re 17 W.G., for 5~" and 8", f5W.G., 
for 10". The iron is the best charcoal iron, it is tinned by dipping it heated into 
melte<\tin after formingit into hemispheres. 

4 WitA co-pper rivets '1" in thickness, three rivets in each shell equidistant from one 
another. " 

5 The edges of the two hemispheres do not coincide but overlap, a portion of the 
lower atmcsphere being cut away or countersnnk to admit the edge of the upper 
which thus fits into the lower hemisphere, resting upon the ledge formed by the conn·· 
tersink. 

6 See note 3 above, where the thicknesses are given. 
7 .The same iron as is used for the upper hemispheres, viz. 17 W.G. for 5!" and 8", 

15 W.G. for 10/1. -
8 The bolts are • 25/1 in diameter. 
9 Sheet lead . I" thick. 
10 When the socket plate is. bolted tightl:y down on to the lead collar, the joint is 

made yet more secure by pressmg the lead WIth a blunt tool against the socket plate 
giving the apreal'"d.Uce of soldering. ' 

11 The copper, tin, and zinc alloy used for other laboratory !!"Un metal stores see 
p. 100, note 2. b' 

12 Perhaps a more correct name would be bush, since this socket is open at the 
bottom. . 
"IS The same ~one a~ the fuze hole of a co~on she,u, i.e., as nearly as possible 1 in 9; 
f'm<,~.aetual dimensIOns of the sockets, which vary m the different shells, see pL 37, 
fig.~,;~.table, pI. 38. 

14 With arlght-han.ded thread 14 to the inch. 
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about the upper part for the reception· of a screw gun metal plug (pI. 37, 
fig. 12), with which it is closed when not in use,1 llnd to afford a better 
1101J. to the wood fuze 2 (pI. 38, figs. 16, 18, 20). 

The parachute and light compositions are contained in two tinned 
iron 3 hemispheres (pI. 37, fig. 3, C"', and C''''), enclosed in the 
case above described. The lower of these hemispheres contains the 
light compositioD,4 pressed in,5 and consisting of-

Saltpetre, ground,6 7lbs. 
Sulphur, sublimed,7 1 lb. 2 oz. 
Orpiment, red,s 11 oz. 

and which burns for the following periods :-

10" burns about 3 minutes 0 seconds. 
8" " 1" 40 " 
5f' " I" 0 " 

At the bottom of the lower inner hemisphere is a large circular 9 

vent (pI. 37, fig. 3, :MM'.) or "fire hole," closed with a stout 10 papier 
machC disc (pI. 38, figs. 14 and 15, and in section, fig. 5), which serves to 
afford support to the composition and to prevent it from being fissured 
or the priming displaced by the shock of discharge. 

The space which intervenes between the light composition and the 
top of the plug (pl. 38, fig. 5 00') is pressed with fuze composition, by 
means of which the composition is ignited and the plug blown out. 

A hole 11 passes through the centre of the plug amI contains a perfo
rated 12 disc 13 of fuze composition 14 (pI. 38, fig. 5, 0 Q'), and a con
tinuation of this hole extends into the centre of the light composition 
ltnd is filled with a solid pellet of fnze composition (pI. 38, fig. 5, 
ONN'). 

The-perforation of the plug pellet is continued through the interme
diate layer of fuze composition, and a short distance into the pellet in 
the light composition to ensure ignition, and the hole is "laid" with 
quick match. 

To prevent the vent from hecoming enlarged by the action of the 
burning light composition, the edge is bent inwards and the angle filled 
with powdered clay. 

1 See p. lOS. 
~ See p. 25. 
3 Sheet iron of the following thicknesses is used: Lower (inner) hemisphere, 22 

W.G. for 5f', 17 "V.G. for 8",15 W.G. for 10"; upper (inner) hemisphere, 17 W.G. 
for 5!" and 8", 15 W.G. for 10". It will be observed that in the 8" shell the two 
hemispheres are of the same thickness; similarly in the case of the 10"; but in the 
5~" shell the lower (inner) hemisphere is made of a thinner iron than the upper one, 
in order not unnecessarily to diminish the capacity of the shell. 

4 The composition is almost identical with that used for long and signal lights, and 
the old so-called" blue" light composition. (See p. 221.) It burns with a brilliant 
white light. ~ 

5 By hydraulic pressure. 
S See p. S15. 
7 See p. 318. 
S Otherwise known as realgar, or sulphide of ars€ruc. See p. S12. 
9 For dimensions, which vary for each nature, see table on plate 38. 
10 For dimensions, see table on plate 38. 
H For dimensions of this hole, which vary with each nature, see table on plate 38. 
I~ Perforated on the principle of a tube, to ensure immediate and certain ignition. 

(See p. 236 respecting the priming of fuzes, &c. on this plan.) 
J3 These dlscs are made by hydraulic pressure. 
14 See table XIX., p. 344. 

15836. G 



84 

The bottom (inner) hemisphere is closed at the top with a disc of 
tinned iron,l (pl. 37, :figs. 3 and 4, LL"), bolted 2 on to a circle or
washer of angle iron (pI. 37, fig. 3, I), distinguished as the diaphragm 
or ":flange plate," 3 which is rivetedlto,4 the inside of the hemisphere 
and rests upon the composition. The circular space in the centre of 
the :flange plate is closed with a millboard disc, the edge of which 
is marine-glued" on to the light composition, and the top of which is 
marine-glued on to the plate with which the hemisphere is closed. 

The chains (pI. 37, figs. 7 and 4), by which the hemisphere contain.· 
ing the light is attached to the cords of the parachute, are secured 
to three flanges on the flange plate, equidistant from one another, and 
are separately cemented down with a strip of calico and shellac varnish 
to ensure the chains being in the proper position on putting the projectile 
together, and to prevent" kinking." 

The upper (inner) hemisphere (pI. 37, fig. 3, a", a"') forms a case 
for the parachute. This case is slightly depressed at the top to allow 
room for the socket, and is attached at this part to the upper (outer) 
hemisphere by means of two stout chains (pI. 37, figs. 3 and 8).6 The 
parachute (p1. 38, fig. 6) itself is made of calico 7 in the form of a large 
umbrella,8 the ribs being defined by cords 9 (pI. 38, fig. 6, Q' Q" R") 
carried down the seam of the gores. 

These cords are continued below the parachute for some distance,Io 
and are then knotted together, formed into a coil a few inches long 11 

(pI. 38, fig. 6, RR'), and finally connecteif'to an iron ring.l2 From this 
ring depend the three iron chains, the· lower extremities of which are 
hooked on to the flange plate. The light is thus actually attached to 
and suspended from the parachute at such a distance as to provide 
against the possibility of the parachute being injured by the flame or 
heat; the chains preserve the ropes from possible injury from the same 
'cause. 

The upper end of the pnrachute is connected with its case by means 
of a piece ofcord,l3 which is. attached to an iron loop inside the top of 
the hemisphere andthrea(led through a hole (pI. 38, fig. 6, S8') in the 
apex of the parachute. The cord is u;nxa.velled and smeared with kit 
composition, and the hole through which it passes is fa.ced with leather,I'i 
considerable resistance being thus offered to the drawing out of the cord 
and of the separation of the parachute from the case. 

The parachute and cords are carefully15 folded and packed16 into the 

1 Sheet iron, No; 22 W.G.fcr 5~", 17 W.G. for 8", and 15 W.G. for 10". 
2 For dimensions of bolts and rivets} see table on plate 38. 
a Tinned sheet iron, No. 19 W.G. for 5f', 17 W.G. for 8", and 15 W.G. for 10". 

The name" flange plate" is preferable to diaphragm, which this plate is not. 
4 With iron rivets.· 
, With Jeffrey's marine glue. See p. 52. 
6 For dimensions, see table on plate 38. These chains are coverecLwith .caJico to 

prevent them from" kinking." 
7 White calico 39" wide for 10" and 8"; jacconett 36" wide for the 5t". 
S For detailed dimensions of the parachute of the different natures, see table on 

plate 38. . 
9 "White line, 18 per dozen" for 10" and 8", "whip-cord" for 5t". 
10 See table on plate 38. 
11 ibid. 
12 Tinned iron of the dimensions. given, Ibid. 
13 "White line, 8 per dozen." 
14 The leather disc is 2·5" in diameter. 

• IS The careful and regular ioldini of the parachute and cords is a point of the highest 
~ortance; a bhm~er in the op~ration may render the projectile useless by interfering 
WIth iheprompt action and openmg of the parachute. See p. 85. 

16 ~ Oll. 1llld.er a screw press. 
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upper (inner) hemisphere, the coil of cord is fastened to the iron ring, 
and the whole laid carefully upon the hemisphere containing the light 
the edges of the two hemispheres coinciding and being I),erlapped o~ 
the outside by the edge of the lower outer hemisphere. 

A small bursting charge of powder (3 drams for the 10", U, for 8" 
and 1 for 5f') is placed in a red shalloon bag, round the interior of the 
upper outer hemisphere immediately o,er the depression of the inner 
hemisphere. Two quick match leaders 1 are laid between the inner 
and the outer shells, the two upper ends being brought behind the 
bursters, and the paper removed in order that the flash from the fuze 
may have free access to the match; the lower ends, from which also 
the paper is removed, are brought together under the fire holes, and a 
direct and instantaneous 2 communication is thus established between 
the fuze and the priming pellet at the fire hole. 

The two inner hemispheres have a groove indented round their cir
cumference for the quick match to rest in, and that part of the fire hole, 
plug, and pellet over which the match passes is similarly indented. 

The parachute light ball weighs, when completed
Average weight. 

10 inch 
8 

" 
" They are not painted. 

31!lb8. 
15 " 
61 " 

A fuze3 prepared at such a length as to ensure action during tlte l'reparati( 
descending portion oftlte trajectory4 is fitted into the socket, the shell and actioI 
placed in the mortar,5 which is laid at 45°, and the fuze uncapped. 

By the action of the fuze the bursting charge is exploded, the quick 
illatch and priming6 are fired, and sufficient force is thus generated to 
separate the outer hemispheres and to relieve the parachute from its case. 

The parachut~ is relieved and expanded in the following manner: 
The explosion of the bursting charge, match, and priming separates the 
two outer hemispheres, and, the case of the parachute being attached 
to the upper hemisphere, the two top hemispheres are carried away 
together, while the two lower hemispheres are- forced in the opposite 
direction; and owing to the kitted cord which is attached to the case 
and strung through the top of the parachute, the latter is drawn out 
to its full length and immediately expanded by the air.7 

I See p. 226. 
2 See p. 225, where the action of confined quick match is explained, 
a See p. 269. 
4 " Arrange the fuze so as to disengage the contents some time after the projectile 

" has attained its maximum height, for if the shell has much horizontal velocity, an 
" oscillatory motion will be the result."-Col. Boxer's MS. Nates, p. 96. 

It is very important to attend to this point, and so to avoid the violent oscillations 
which will take place if the shell is ascending, due to the continued forward impulse 
of the heavier portions of the projectile in a direction contrary to that which the ex
panded parachute would naturally assume; the hemisphere containing the light being 
in fact, in this case, propelled forward and dragging the expanded parachute after it. 

o Special mortars have been designed for firing these projectiles, lighter than. the 
service mortars, which would, however, be available. Reduced charges are used. See 
page 148. 

6 The communication between the match and priming is, as pointed out in the text, 
instantaneous. 

1 The kitted cord, it must be understood, is drawn completely throngh as the para
chute becomes extended. To assist the expansion of the parachute it is so folded in 
the case that on being dxawn out the edges are at once exposed to the influence of the 
air, which is thtiS, so to speak, coaxed underneath it, until it is fully expanded. 

G2 
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The ignition of the light composition, the opening of the shell, and 
the expansion of the parachute thus take place almost simultaneously 1 

on the action of the fuze. 
After the parachute has become expanded it floats (pI. 38, fig. 6), 

with the illuminating hemisphere suspended from it, in whatever 
direction it may be carried by the wind; gradually falling to the 
ground and thus illuminating a considerable area, the extent of which 
will val'J with the force of the wind and the elevation attained by the 
projectile.2 

In using these projectiles, the force and direction of the wind, by 
which the direction and duration of their flight are enormously in
fluenced, must be considered in laying the mortar, with reference to the 
object or area to be illuminated.3 

Use. Parachute light balls are fired from mortars only.4 They are used 
to light up the enemy's works and working parties, and generally to 
discover his position and operations 5 under similar circumstances to 
ground light balls,6 to which they are preferred for the following 
reasons :-

Advantages. 1st. Because every disadvantage enumerated as inseparable from the 
ground light ball 7 is overcome: the range and accuracy of the parachute 
light ball is greater; 8 its effect is scarcely affected by any slight possible 
inaccuracy of :flight; it is of course not_liable to be approached and 
smothered or removed;!} and t1le illuminating power is much g:ieater, 
not merely because of the more brilliant composition employed,lO but 
because a light suspended in air necessarily illuminates a greater 11 area; 
while the parachute also from being carried along by the wind increases 
its discovering properties.12 

I To an observer the action appears instantaneous. 
2 .As a general rule, the duration of the light composition will exceed that of the time of 

falling of the parachute, even when fired at 45° with the full charge allowed tc be used. 
a See note 12 below. 
4 See p. 87, note 2, respecting a special mortar being under consideration for these 

projectiles. 
5 "Light balls are of excellent use in discovering working parties."-Sir J. Jones's 

Sieges in the Peninsula, vol. i, p. 368, note 2. . 
"Light balls are used to discover an enemy's position at night." -Col. Boxer's 

SaruIhurst Course, p. 29. See also Owen's Lectures on Artillerlj, edition 4th, p. 85 ; 
Artillery Tables to written Course of Laboratory Instruction, p. 85. 

"These lights are intended principally to be used for siege purposes, to discover 
" working parties, &c. at night, and to illuminate any large area of ground."-O.S.C. 
Rep&rt, 720, 31st Maxeh 1800. 

6 See p. 79. 
7 See pp. 79,80. 
S See p. 79 respecting the necessarily restricted range and inaccuracy of an elongated 

projectile, such as the ground light ball, fired with a very reduced charge from a smooth 
bore mortar . 

• 9 See. p. 8.1 resJ.lecting. Col. Boxer having. bee~ le~ to contrive the original Pantchute 
light primaril:y mth a Vlew to overcome this ObJectlOn to the ground light ball, which 
had been forCIbly urged by Sir J. Jones in his Sieges of the Peninsula, vol. i., p. 368, 
note 11 (see p. 80, note 1, where this passage is quoted at leno-th). 

10 Se~ p. 80 respecting the inferiority of the ground. light ball composition, which 
burns Wlth a dull red light, as opposed to a brilliant white one. 
" 11 '.' Th~ s?Spended light illuminates from 300 to 400 yards around the point over 

which It 15 suspended." -:C()l. Boxer's MS .. Notes, p. 95. "The ground hght will 
" illuminate not more than from 15 to 20 yard.~."-Ibid. p. 95. 

12 Col. Boxer's MS. Notes, p. 95. ccThis mor,on of the ligh IS generally considered 
" to be a defect, but if we consider the object auned at, it would rather appear to be 
" th .. e reverse.. Should. the wind be blowing directly towards the battery, the shell 
" :must be projected to Its greatest range." -lrnel.. p. 96. 
. In this. respe.ct the new pattern paracliute is very much superior to the old one, 
masmneh:llIl,being of a stouter construction and able to stand a higher charge, it will 
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2nd. The parachute ight is available for illuminating purposes at 
sea-on board ship or fi'om coast batteries-in the event of night 
engagements or attacks;l the ground light ball is not. 

3rd. The weights of the apparatus required to project the shell, and 
of the projectile itself, are considerably less than those of the grouud 
light ball and service mortars.2 

Among minor l1dvantages of tIle parachute light may be reckoned its 
probable greater durability, since the part of it which is exposed is 
made of less perishable material than the ground light ball, while the 
interior is well protected; and its applicability to signalling, general 
illuminating, and firework purposes. 

Parachute light balls arc packed in wooden lloxes, one in each. On Packing and 
the box is marked in blnck, "Ball Light, Boxer Parachute," nature, i~sue. 
date. 

5. Smoke Balls.-Smoke balls are of ancient date, as may be gathered Balls-Smoke. 
from the allusion 'IV hich has already been made to them in the history History. 
of incendiary projectile~,3 and from the fact that the author of The 
Great A1't oj'Artillery, writing in the middle of the lith century, gives 
a description of smoke balls,4 and says, "We have a way of preparing 
" balls, which during their combustion cast forth a noisome smoke, and 
" that in such abundance that it is impossible to bear it." 5 ' 

The compositions then used for creating this" noisome smoke" were 
generally placed in canvas sacks, and other coverings similar to those 
for light balls, and we find no mention of paper shells similar to those 
now used having been employed at that period for the purpose. It is 
reasonable, however, to belieye that this construction of smoke ball 
was not altogether unknown at that early date, for the paper shells were 
certainly then med for fi1'ewor1,8,6 and the construction would naturally 
have recommended itself, where no great range was required, by its 
simplicity and cheapness. It is probable, therefore, that the present 
construction of smoke balls was nearly, if not quite, contemporary with 

range further, and thus may be made to trayel as far as may be necessary beyond the 
object or area to be illuminated, a voiding the possibility of the light being blown back 
over one's own batteries, as actually happened in some experiments with the old pattern 
at Malta in 1859, "when the light was fired against the wind, and came back an:I 
" eyentually fell to the right rear; it would have lit up the battery far more than 
" surrounding objects."-O. S. C. Report, No. 720, 31st l\Iarch 1860. 

In the other three directions of the wind, the property of the light being carried 
along will certainly prove rather advantageous, as statcd by Col. Boxer, than other
wise, since by keeping up a judiciously directed fire of these lights, the whole range of 
the enemy's works or position may be illuminated and reconnoitred. 

1 "They might also be employed at times in the naval service with great advantage." 
-0. S. C. Report, No. 720, 31st March 1860. 

" It is also imagined that the suspended light would be of great value on board ship, 
" not only for war purposes, but also under a yariety of circumstances in time of 
"peace. In coast batteries also it might be employed with advantage."-CoL Boxer's 
1I:£S. Notes, p. 96. 

2 The weights of the projectiles respectively are-
Ground light balls. Parachute light balls. 

lO-inch - - .1 lb. 2 oz. 31~ lbs. 
8-inch • - 34 lb. 2 oz. 15 lbs. 
5i-inch - - - 8 lb. 12 oz. 6~ Ibs. 

The weights of the parachute mortars are not yet determined, "nor indeed is the 
qUE.'stion of their introduction eyen decided upon. 

s-See p. 61. 
4 "Which the Germans call 'Dampfirend blend kiigelen.' "-The Great Art qJ 

Artilkrg, p. 287. 
6 Ibid. p. 287. 
f See The Great Art of At-tillery, p. 193, where the whole process of making a paper 

shell, almost exactly as they are now made, is described. See also Ibid. pl. K, figs. 
94 and 95. 
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the earliest recorded employment of projectiles of this nature, and that 
it formed one among the many methods of construction then, in vogue,l 

In character the composition employed for smoke balls 1ll the 17th 
century was very similar to that now ~sed.2 . . 

There are :five sizes of smoke balls In the serVICe, VIZ" 13, 10, 8, 51, 
and 4%-inch. . . ., . 

A smoke ball is a sphencal concentrIc paper3 shell, havmg a bole m It 
SMOKE BALL. (corresponding to the fuze hole of a common 

shell), which provides for the ignition of the 
composition with which the shell is filled, in 
the first instance; and for the escape of the 
dense smoke which that composition emits 
when ignited, in the second. 

The thickness' of the paper shell is from 
about rl'7th to -t-~th its diameter, according 
to the nature.4 

The vent 5 is made slightly conical in 
form, like the fuze hole of a common shell; its 
dimensions vary with the nature of the shell. 

1 I cannot find any mention of the employment of paper shells for projectiles of this 
class earlier than 1780, except the mention (to which I have allnded in my text) of 
their being nsed for fireworks; Milller's Treatise of Artillery, published at that dat~, 
gives this construction for light balls, and strongly reco=ends it (p. 2??). This 
work contains no mention of smoke balls. James's Military Dictionary (edItIOn 1816) 
gives the paper shell construction for smoke balls (p. 34), but also represents them as 
having four vents, like carcasses, instead of one, as at present. . 

2 I give the compositions as employed now and i,n. the 17th century, side by Slde, 
for the purposes of comparison. 

Ingredients now used in smoke-ball Ingredients used in smoke-ball com-
. composition. position in 17th century. 

Saltpetre. Saltpetre. 
Coal. Coal. 
Pitch (Swedish). Pitch. 
Gunpowder. Tar. 
Tallow. Rosin. 

Sawdnst. " 
Crude antimony. 
Sulphur. 

The Great Art of Artillery, p. 287. 

The three first ingredients, it will be observed, are the same, and although the last 
ingredient, sulphur, cannot b.e properly said to enter into our smoke-ball composition, 
still it is used by us in the manufacture of smoke balls, being sprinkled in with a small 
quantity of coal at different stages of the operation of filling for a purpose which is 
explained in the text (see p. 89). Thus, out of six ingredients which are now used in 
the manufacture of smoke balls, no less than four were used in the 17th century. 

3 A stout paper, called "cannon cartridge," g-pr. paper, is used for the purpose. 
The shell is made by pasting successive slips or layers over a greased spherical wood 
" former" in the first instance, and then over one another. The" former" is re:rl:J.Qvlld, 
wh~ the substance of papel' paste?- over it is sufficient to admit of it being done, by 
c:ut~open the shell and then placmg the two empty hemispheres together, and con
tmUl~g ~o paste layers of paper over them until the shell is brought up to gauge. This 
~escnpti?n properly connects itself with the manufacture, but it seemed to ine that by 
llltroducmg It her~ I should. be making the construction of the shell mote intelligible. 

4 I th {13cmCh.}.; '-- h h· . ' " , n e 10" It 18 auvut -f'l't . t e diameter. " 

" {~t;;} " -hth ". 
" ~" ~,ftth;~ , . 

5. ~me~imes called the" fuze hole," and although I prefer the designation " vent," 
as;~g more correctly the end which it serves, the term" fuze hole" cannot 
f'au'l:(beQbjected to, since the hole and its prolongation into the composition are; as 
explameiUn the text (see p. 89), driven With fuze composition to s"ecure ignition. ; 
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The composition with which smoke balls are filled is composed of the 
following ingredients, melted and mixed together :-

Powder, L.G., bruised 1 5lbs. 
Saltpetre, ground 2 1 " 
Coal, pounded 3 1 " 
Pitch, Swedish 2 " 
Tallow, Russian 4. 0 " 

o OZS. 

o " 
8 " 
o " 
8 " 

To this composition are added the following dry ingredients, which 
are mixed together, and one-third part of the mixture sprinkled into the 
shell on three occasions during the filling,-that is to say, when the shell 
is a quarter, half, and three-quarters full. 

Sulphur, ground 
Coal, pounded 

12-inch. 
20zs. 
20zs. 

lO-inch. 
I oz. 
1 oz. 

8-inch. 
t oz. 
t oz. 

For the 5! and 4f-inch small quantities are placed in twice. 
These dry ingredients serve, by the sudden evolution of gas on the 

composit~on burning down to them, to clear the vent, which otherwise 
would be liable to become clogged by the lava of the burning compo
sition, to an extent sufficient to interfere with the free passage of the 
smoke. The shell is completely filled with the composition, and a hole 
made in the prolongation of the vent, which, when the composition is 
cold and hard, is driven with fuze composition in the same way as in 
ground light balls and carcasses, and for the same reason, viz., to secure 
the thorough progressive ignition of the composition. This hole is also 
matched with quick match, bored into to facilitate ignition, and plugged 
with brown paper; and the :shell receives two coats of stone colour 
paint; 5 a kit plaster fJ being :finally placed over the vent and sprinkled 
with sawdust. 

The action of a smoke ball on the fuze composition becoming ignited Action. 
is similar to that of a carcass or ground light ball, with the exception 
that instead of :flame issuing fi'om the vents, a dense smoke is given 
forth, whence the projectile derives its name. They burn from about 
one to eight minutes, according to their natures? 

The two principal uses assigned to these projectiles are-1st. To Uses. 
suffocate or expel the enemy or his working parties from mines, case-

1 See p. 135. 
~ See p. 316. 
3 In old laboratory works this is frequently called" sea coal," a term formerly used 

to distinguish this coal from charcoal, the former being generally brought by sea from 
Newcastle or the northern coal £elds. Indeed, to the present day mewOl·k makers fre
quently speak of charcoal as coal, and of course the distinction sea or sea·borne coal 
then becomes necessary. The coal used for smoke balls is required to be of a highly 
bituminous nature, such as is used for gas manufacture. It is generally procured 
from Newcastle. 

4 Russian tallow is generally used; but ordinary or "town-made" tallow will 
answer the purpose. 

5. For composition of this paint, see table XX., p. 345. 
6 See p. 38. 
7 The approximate mean time of burning of each nature of smoke ball is as follows: 

I3-inch burns from about 7 to 8 minutes. 
lO·inch 5 to 6 " 
8-inch " 4 to 5 " 
5t-inch " 2 to 2t ., 
4t-inch " 1 to 1 if " 
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mates, between decks, or other confined situations; 1 2nd. To conceal 
one's own operations or position, or to mislead the ellemy with respect 
to them; 2 3rd. Perhul)s the most valuable use of smoke balls is to 
serve as signals in the Arctic regions} 
~ Smoke balls are made, it will be observed, of such sizes as will 

enable them to be fired from the different natures of mortars, and they 
are generally spoken of and considered (19 projectiles. It is uncertain, 
however, whether they are intended to be fired at all. No charges have 
ever been assigneu to them, and the charges which they would stand are 
so inconsiderable as to render t.hem available only at the short.est ranges. 
Moreover, the question arises, under what circumstances would it be 
desirable to fire them,? It would be extremely difficult, if not impos
sible, to project them into a mine or confined situation, and it is not 
easy to see how the object of deceiving the enemy with respect to one's 
position or operations by means of' one of them could be assisted by using 
it as a projectile; for even in the case where this deception was sought 
to be established by creating a column of smoke away from one's position, 
the act of firing a gun would probably defeat the end ill view; and when 
smoke balls are applied to their third use, that of signalling, it is hardly 
conceivable that it would be necessary to fire them il'om a lllort<'tr. 

Therefore, although smoke balls are invariably treated and considered 
as projectiles, it seems tl1at their right to be so considered, having regard 
to the nature of their constl'uction and the circumstances of' their 
employment, is very questionable. 

1 " These balls are employed for throwing into mines or other confined situations 
" to suffocate or expel the working parties, &c."-Owen's Lectures on Artillery, 
edition 4th, p. 86. 

"Smoke balls are used to throw into mines to suffocate or expel the working 
" parties."-.1l.fanusc,",pt Cadet Course, p. 385. 

It is easier to assign this use to smoke balls than it would be actually to employ 
them in this way, for there would certainly be considerable difficulty in placing or 
throwing one into an enemy's mine or casemate, or between his decks; still, it is not 
altogether impossible to conceive circumstances undel,: which smoke balls might be 
made use of for this or a similar purpose; but, at the same :time~ in availing himself of 
this means of destruction, and in deliberately setting to work to suffocate his enemy, 
an officer would run some risk of incurring. that sort of obloquy which, rightly 
or wrongly, has attached itself to acts of a similar character said to have been 
committed in. Algeria.. 

2 "smoke balls are used • • •• to conceal your own position from an enemy."
Owen and Dames' Lecf:ttres on Artillery, p. 73. Here, again, it seems that the cir
cumstances would be rare in which smoke balls could be employed as intended. Any 
attempt to conceal one's own position by raising a dense screen, as it might be con
sidered, of smoke, would be more likely to attract than to divert fire; and so clumsy 
an attempt to deceive the enemy would almost certainly fail. But by creating a 
smoke by means of one of these projectiles, not in. front of one's own position but-away 
from that position, one might perhaps hope to mislead. the enemy, or, a.t least, to- !livert 
his attention from the actual nature of one's operations. 

II It is e'Vident that a thick column of black smoke risin.g up amid the icebergs and 
white landscape of the Arctic regions must be visible to a greater distance than any 
other description of signal which could be employed. 

The Arctic expedition, which was fitted out in 1852, comprising the following 
~;Up.s, "~~abel," "~t;ance," "Resolute," "North Star," "Intrepid.," and 

Ploneer, was supphed Wlth the following smoke balls~ 
Iofuch 45. 
8-in.ch 25. 
5!-inch - 55. 

It is said that the North .American Indians employ smoke signals on the prairit's > 
and OJ!.e can hardly concelve a more efficient means of attracting attention in an 
uninhabited country, 



91 

Smoke balls arc alwnys issued filled and fini,.;hed, aIllI boxed.1 The Pa k' d 
boxes are marked on tile side in black, with the W01"<\"; " Smoke balls," iss~e~ng an 
the nature and number; and on the lid, abo in b/acll, tIl!) ~tation and 
date of issue, tare and gross weight. For tropical climates the boxes 
have on them, in addition, the words" For tropical climates," ill black. 

6. ~ll((lIb.1/s 81IOt.-The plan of saving lives in cases of shipwrecks Sh t-M b 's 
by means of a line thrown so as to establish a communication between Hi~torv. an y 
the ship and the shore seems to have been first proposctl about tlle close -
of last century, by Lieut.enant Bell, Royal Artillery.2 Thi~ offtcer pro-
posed to project from a mortar n spherical shell filled with lead, and 
having" a deep-sea line" attached. Some trials were made with the 
apparatus in 1791,3 before a Committee of the Society for the Encou
ragement of Arts, Manufactures, and Commerce, and the success of the 
experiment was so mnrked and unequivocal,4 that in the following year 
the society adjudged the inventor a reward of 50 guineas.S 

Lieut. Bell's claim to the priority of the invention was also recog
nized by a committee of artillery officers assembled at Woolwich in 
May 1811, to report on "Cttptttin Mallby's invention for saving the 
" lives of shipwrecked mariners," this committee reporting that they 
" feel that they should not entirely discharge their duty, were they to 
" omit observing, that the Committee of the Honourable House of 
" Commons do not seem to have been informed of all the means pro
" posed. by the late Lieut. Bell, of the Royal Artillery, for the attain
" ment of the same laudable object; it being stated in that Honourable 
" Committee's Report, that Mr. Bell's invention is totally inapplicable 
" in all cases of vessels being stranded," and that Captain ~Ianby's 
" invention is new.6 In justice, therefore, to the memory of Lieut. Bell, 
" and to his surviving family, and with respectful deference due to the 
" judgment of the Honourable Committee, the concluding of the seven 
" observations inserted in one of the papers of Lieut. Bell's account to 
" the Society for the Encouragement of Arts, Manufactures, and Com
" merce, is subjoined in his own words, as published in that Society's 
" transactions, and the Repertory of Arts for 1808, p. 318, by which 
" observations it appears tlwt Lieut. Bell then proposed what Captain 
" lrIanby has since so ably and so successfully carried into eJfect." 7 

The passage" in Lieut. Bell's own words," referred to by the Com
mittee, is as follows: "There is every reason to conclude, that this 
" contrivance would be very useful at all ports of diffteult access both 

1 See table XX., p. 33l. 
2 It appears from Kane's List that Lieut. Bell was promoted from serjeant to a lieu

tenancy in the invalid battalion.-Kane's List of the Royal Regiment of Artillery, 
p.21. 

329th August 1791.-Repertory of Arts for 1808, voL xiii, p. 315. 
4 The line was thrown to a distance of 400 yards.-Ibid., 315. 
o A full account of the experiments, and drawings and a description vf the apparatus 

are given under the head of" Account of a method of throwing a rope on shore by 
« means of a shell from a mortar on board a vessel in distress." By Lieut. John Bell, 
Royal Artillery, in the Repertory of Arts, 1808. 

6 This allusion to the opinion of the " Committee of the Honourable House of 
" Commons" has reference to a report made by a Committee of that House in 1810, 
in which Lieut. Bell's claim to any merit attaching to priority of invention is ignored, 
and his proposition spoken of in the words quoted in tlle text, viz. : as " totally inap
" plicable in all cases of vessels being stranded;" while Captain Manby's proposition 
is treated as original. The incorrectness of this opinion is sufficiently shown by the 
passage from the Report above quoted, and by Lieut. Bell's own remarks, which I 
have given further on (see p. 92). 

7 The Annual Register for the year 1811, p. 521. 
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" at home and abroad, where ships are liable to strike ground before 
" they enter the harbour, as Shields Bar, and other similar situations,· 
" when a line might be thrown over the ship, which might probably: 
" be the means of saving both lives and property; and, moreover, if 
" .a ship was driven ashore near such a place, the apparatus might 
" easily be removed to afford assistance, and the whole performance is 
" so exceedingly simple, that any person seeing it done, would not 
" want any further instruction."l 

It is thus placed beyond doubt that Lieut. Bell's proposition was not 
limited to throwing a rope from a vessel to the shore, but included the 
reverse operation of throwing a rope from the shore to the assistance 
of a stranded vessel, and this by almost exactly the same means as were 
subsequently successfully applied by Capt. G. W. Manby, R.N. 

But if the merit of having been the first to propose this plan cannot, 
in justice, be conceded to Captain Manby, it is at least indisputable 
that that officer was the first practically to apply it, and that by his 
exertions the details were matured and the idea successfully carried 
into effect;2 for; in spite of the success which had attended Lieutenant 
Bell's experiments, his proposition does not appear ever to have re
ceived official recognition, or to have been practically entertained or 
adopted.3 

Captain l\{anby worked out the subject with great care and ingenuity, 
and in 18Il his plan was experimented upon by the committee of 
artillery officers before alluded to.4 

The results of these experiments were in the highest degree success
ful, and the adoption of his propositions was recommended.5 This 
recommendation led to an address being moved. in the House, on the 
14th June 1811, to the Prince Regent, "praying that he would be 
" graciously pleased to order that Captain Manby's invention sho~ld 
" be stationed on different parts of the coast, &c., and assuring him 
" that the House would make good the expense." 6 

... ;.:;-" :\".: ,', 

1 Repertory of Arts for 1808, voL xiii., p. 318.· .:; .. 
2 "Lieut. Bell then proposed what Captain Manbyhas sineeso ably and auccess

" fully carried into effect." - Report of Artill~ry Committee, Annual Begi$fJer:· for 
1811, p. 521. . 

" Mr. Bell had cursorily observed that a line might be ciuried over a ship fi'om th~ 
" ShOre by mettillil <If. bism.ortli.r; but for the actual execution of this proposal. in a 
" 'VlIri~ of cases we are indebted to the meritorious exertions of Captain G. W. 
,j Manby:i''':'''::EnCYdopadiaBritannzca;·vo1::xiii., p. 441. .• 

3 It is not impossible that this arose from the fact that the inventor died shortly 
afterwards, in 1798. See Kane's List of Officers of the Royal Regiment of Artillery, 
~~ . . 

4 This Committee was ~omposed of the following field officers of· Artiller,y;-:
Lient.-General Lloyd, Major-General ;Ramsay, Colonel Bortlrwi~' ~~t';'%D.el 
Ri01l,Lieut.-Colonel Spicer, Lieut.-Colonel Colebroolte, Lietl:\.-Colo~1 ::seerer, Major 
Gold':Maj«-Bnclmer. Their Report bears date, Royal Arsenal; Woolwich, 22nd 
May ISH; and. is entitled "Report from the Committee of Field Officers of Artillery. 
" containing l!Jl..aeeount of the experiments made 1/.1; Woolw:iqh on the 18th and 20th 
" May last on Captain Manby's in.vention· for. ~v4tg: the ;lives of shipwrecked 
". mariners."PriDfleitby·order of the Honse oJ; Oommon,s.-An1!ual Regis.ter for 
1811, pp. 518 to 521. .. : ... : .. . 

5 The Committee were of ': o»~ that they cannot too strongly recommend· an 
" invention, the partial application of which has been attended with such beneficial 
. n. effects. . . . • It is also the wish of the Coll\IDittee . to render their full tribute of 
'<" .praise to Captain Manby for his ingenuity in so much improving and bringing into 
l' \~!lai use this invention, to. the perfecting of which he has so zealously and 
" ~ devoted himself."-Annual Register for 1811, p. 520. . 

6 The «Mress was moved by :MI,.Wilberforce.-Annual Registel' for 1811, p.52l. 
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The propositions which Captain Manby had submitted to the Com
mittee were eight in number, from which the follo,\'ing are selected, 
as being the only ones having a direct bearing upon the history of 
the present service life-preserving apparatus :-A small brass how
itzer 3-pr. bore, which, with its carriage, weighed 62 lbs., and was 
strapped on to the fore part of the saddle of a mounted man, 200 yards 
oflog line being coiled upon a deal frame and slung as a knapsack on 
the back of the horseman, the line being projected from the howitzer 
by means of a "kind qf pear shot, It diameters in length," and weigh
ing 4 Ibs. 12 ozs. 12 drs. By means of this shot, and with a charge of 
2t ozs. of powder, the howitzer threw the line 143 yards. "Next, a 
" method of affording certain relief to vessels stranded in the darkest 
" night, with an improved mode of rendering the life rope more 
"distinguishable." This arrangement consisted, nr8t1y, in nring 
what Captain Manby called "light balls," viz., paper shells filled with 
" stars," from a mortar, to throw a light over the scene; and, secondly, 
in projecting from the 5i-inclt mortar, charged with 8 ozs. of powder, 
a deep sea line attached to a sltell ~l'ith four fuzes in it.l 

He also suggested at this time connecting the rope to the shot by 
means of "some stout strips of llide plaited extremely close at tlte eye."2 

It is, therefore, placed beyond doubt that Captain Manby's original 
propositions included, among other contrivances, 1 st . .A. pear-shaped 
or oblong shot. 2nd. A shell of 5i-inch calibre. 3rd. A shell con
taining four fuzes. 4th. A plaited. hide thong for the purpose of con
necting the line to the projectile. The immediate connexion of these 
details, with the history and origin of the present service pattern, 
ManDy's shot, will at once be percei-.ed, the projectile now used being 
of an oblong form, 5i·inch calibre, containing four fuzes, and having 
a plaited hide thong. There is no record of the exact form in which 
Captain Manby's original propositions were adopted, but it would seem 

1 Captain Manby's other propositions and t:xperiments, briefly described, were as 
follows :-An arrangement for firing" by chemical agency of two substances, which 
" ignite from coming iuto contact with one another;" a plan for laying and firing 
from a boat" when the sea is continually breaking over it;" an arrangement by 
which the rope is coiled in a basket and then carried to the spot required; a rope 
ladder "intended to be projected or conveyed to a crew wrecked under a cliff," 
consisting of a single rope, with loops spliced to it at convenient distances for the 
support of the feet and hands 'when climbing; "the distance a deep-sea line can be 
" projected from the shortest 8-inch mortar" (in the course of this experiment a deep
sea line with 68-pr. shot attached was projected 439 yards; chargc, :2 lbs_; elevation, 
23<); the distance an 8-inch barbed shot" with a patent Sunderland 2-inch rope 
" attached" could be projected (the distance was 336 yards). 

These propositions will be found ill extenso, as I have already intimated, in the 
Annual Register for 1811, pp. 518 to 521. Much interesting information will alw be 
found on the subject of Captain Manby's original propositions in the Encyclopadia 
Britannica, voL xiii., pp. 441 to 444, where copious extracts are given from an essay 
published by Captain ~[anby himself in 1812, entitled" An Essay on the Preserl"ation 
" of Shipwrecked Persons!' 

~ Captain Manby's own words respecting this part of the subject are as follows:
" To connect the rope to the shot and prevent it from being burned by the powerful 
" inflammation at the discharg:e of the mortar, ,:a~ most ess,:nti:;Ily necessary, and 
" success resulted from almost mnumerable expenments; chams m every variety of 
" form and size broke, and proved that not only strength, flexibility, and eJasticitv 
" but a body at once continuous and entire was required. • , 

" At Ipngth some stout strips of hide, plaited extremely close at the eye, happily 
" effected the object so indispensably wanted!'-Observations witkDirectiarts on the 
Method brought into use by G. W. Manby_ 

See alw EncycZopredia B"itannica, TOJ. xiii., pp. 461 to 464, where nearly the whole 
" observations" (e.x:tractedfrom Captain Manby's. published essay) are given with 
illnstrations. 



94 

from the "Observations, &c.," printed respecting his inventions, as if' 
the majority of them were approved and introduced. It is certain, 
however, that IDany were allowed to lapse and become practically 
obsolete; and it appears that the two projectiles most used were, a 
spherical 24-pr. shot, or shell filled with lead, having an eye-bolt riveted 
to it, furnished with a stout twisted hide thong, for the purpose of at
taching the rope, and a grapnel or oblong shot with a barbed iron 
staple, to which the rope was fastened, projecting from one end. 

Some demands for tbis class of stores in 1857-58 lead to experiments 
being instituted by Colonel Boxer, Superintendent of the Royai Labora
tories, the result of which was the introduction and issue, in 1859 or 
1860,1 of an improved and modifiec1l\fanby's shot, and the pattern then 
introduced is, with the exception of some slight alterations, which were 
subsequently (in 1863 2) made in the thong, the present service pattern. 
Spherical Manby's shot are not, however, altogether obsolete, a pattern 
of a 6-pr. having been deposited in the model room of the Royal 
Laboratory in 1862,3 to g~vern the supply on special demand. 

Without entering upon a detailed description of the different plans pro
posed from time to time for establishing communication betweenastranded 
vessel and the shore, it will, perhaps, be well to mention that Manby's 
apparatus is not the only one which has been used for this purpose. The 
following passage from the Encyclopredia Britannica "ill sufficiently 
indicate the variety and scope of these inventions. "Mr. G. Del vigne 
" uses a howitzer instead of a mortar, while a portion of the line to be 
" carried is contained in the projectile. Mr. Greener has a method of 
" discharging a rocket, with a line attached, from a light harpoon' gun. 
" When discharged, the rocket ignites, and is said to prolong the 
" range to a greater distance than if the gun or the rocket were aloue 
"employed. Captain Jerningham, Royal Navy, has an anchor of a 
" peculiar form, which he propose.> to nre from a Manhy's mortar, in 
" sufficient numbers to afford the means of hauling a life-boat through 
" the surf. Mr. A. G. Carte employs a war rocket instead of a Den
" nett's rocket." 4 Kites have also been suggested as a simple means of 
carrying a line from 5 a wreck to the shore,6 and are manufactured for 
this purpose by the" Shipwrecked Mariners' Society, London Bridge." 
The Board of'Trade employed, to a great extent until 1865, Dennett's 
rockets, in preference to Manby's shot; and there can be no question 
that the balance of advantages inclines strongly to the side of' the 
rockets.7 

1 I cannot ~scover the precise date when these shot were introduced, but it appears 
that the first Issue of them were made in May 1860 for the use of the Coast Guard 
at Lowestoft; and this marks their first practical introduction. The proportions of 
these shot, and of the different stores, fuzes, lines, &c., which together constitute a 
complete" Manby's apparatus," were not officially determined or laid down until 25th 
Angnst 1862. See War Office Circ,dar i9S, par. 633. 

!/! 12th October 1863. 
3 13th January 1862. 
4 Encyclcptzdia Britannica, vol. xiii., p. 445. 
5 Evidently they arenot generally available for carrying a line in the other direction, 

as the win~ will almost invariably be blowing towards the shore. 
e The Tunes, 10th December 1864, contains two letters on the subject. 
7 Rockets ~e more. port.ab1:, as also is the apparatus from which they are fired.; 

they. carry theu- o~ 1I1ummating agent, and are thus independent of fuzes, do not 
reqrure so long a hne as a shot fired from a mortar, where the angle of elevation is 
&reater ; and finally, ~e more accurate, owing principally to the fact that the deflec
Don caused by, the action of the wind upon the line is in a great measure corrected by 
tlIerocl<et havmg a tendency to fly np in the wind's eye. 

In 1862 (3rd. December) the Ordnance Select Committee experimented with some 
:Manby's and Delvigne's shot against Dennett's 9-pr. rockets, and" the result was a 
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In 1865 a rocket, proposed by Colonel Boxer, R.A., was adopted by 
the Board of Trade to supl'rsede Dennett's rocket, to which it is pre
ferred, because,-" 1st. The range of Colonel Boxer's rocket is little, 
" if at all, inferior; nnd in every other respect it is much superior_ 
" 2nd. The combination of Mr. Dennett's two rockets is very objec
" tion~ble, and from their velocity they frequently carry away the 
" line, and sometimes both do not ignite_ They are also double the 
" expense." 1 These rockets arc fast superseding l\fanby's shot at all 
I3tntions, and the latter may shortly be expected to become entirely 
obsolete. 

There are two natures of Manby's shot in the service, the 2-!-pr. ob- Sizes. 
long (pI. 2.5, fig. 1), or "cylindrical," and the 6-pr. spherical shot. They 
are de5ignated 24-pr. and 6 Pl'. respectively from their ealibres, not from Description. 
their weights.2 The 24-pr. oblong, or "cylindrical" Manuy's shot, is 24-pr. 
a cast-iron cylindro-conoidal projectile,s with a slightly rounded base;l 
and about 1:!- calibres in Iength.5 The shot is drilled down its lunger 
axis for the reception of u wrQught-iron bolt, which pusses completely 
through the projectile from end to emi,G and projects about fiye jnches 
beyond the base, terminating in an eye, to wl1ich is attached a plaiteJ 
hide thon~, 2 feet in length. Four holes (pI. 25, fig. 2), for the reception 
of" fuzes,"7 are drilled into the shot ut the base, equidistant froLl one 
another and from the centre of the base, and slightly inclining inwards.s 

" general conviction on the mind of everybody present, and shared by 11r. Delvigne, 
" of the great superiority of the rockets over either of the other plans." The rockets 
were fired singly and in couples at an angle of from 30' to 35". "The single rockets 
" carried a line 240 yards, the double rockets 370 yards, with great steadiness of 
" flight, and with less length and weight of line in proportion <!arried out than the 
" pieces fired at 45°. The range obtained with Manby's apparatns, charge 12 ozs., 
" was 200 yards; and with the same mortar firing Mr. Dclvigne's elongated shot, was 
" 185 yards. The same shot, however, fired from the rifled 5t-inch howitzeratllSO 
" with 10 ounces, attained a range of 298 yards, but the line broke three times."
Extractfrom. Reports and Proceedings of Ordnan~e Select Committee, vol. L, p. 199. 

On the subject of the employment of rockets for carrying a line, see a work pub
bli5hed at St. Petersburgh, entitled "Applicati()n des Fusees au jet des Amarres 
" Sa!lvetage, par General-Major Konstantinoif," which contains a good deal of 
information upon this subject, and explains the constructiOl: of a rocket proposed by 
the author for this r.urpose, very similar to the Boxer life-saving rocket. 

I Report of Captain Robertson to the Board of Trnde. The construction of this 
rocket and of the apparatus which is issued with it will be described in the section 
on rockets.in a succeeding volume of this work. 

2 See p. 96. 
Il Perhaps more strictly an obtuse cyJindro-ogivaI. 
4 It is difficult to say whether this end should properly be called the" base," or the 

" upper end." When the projectile is placed in the piece, this end is towards the 
mnzzle, and is therefore, strictly speaking, the " upper end," but the shot changes its 
p03ition on leaving the piece, and what was the front of the shot in the gun becomes 
the base or hinder part during its passage through the air. Therefore, and as the 
term is a more convenient one to use, I have designated this end the" base" of the 
projectile. 

I have also hesitated between the terms" slightly rounded" and" nearly flattened" 
in describing the form of the base, bnt have selected the former as conveying perhaps 
a rather more correct impression of the actual shape. 

<; For actual dimemi'ms, see plate 25. 
6 A reference to the drawing of the section (see pI. 25, fig. 2) will show the manner 

in which the bolt is secured to the shot, viz., by means of a projecting head or 
shoulder on the bolt, which is pushed into the shot from the ha.se up to this shoulder, so 
much of the bolt as projects at the top of the shot being hammered down to :form the 
head, and thus securely riveting tbe bolt into its position. 

7 More properly lights, s~e pp. 97, 270. 
S The inclination given is just sufficient to thr01l' the flame of the burning" fuzes" 

free of the hide thong. 



6-pr. 

Action of the 
oblong shot. 

96 

These holes are conical in form, and are about the same diameter as the 
fuze holes of the 13 and 10 inch mortar shells.1 They are about 3t 
inches in length, and are roughed in the interior to afford a better hold 
to the fuzes.2 

The bide thong, or "strop," which is fastened to the eyebolt, i~ made 
of four strips of raw horse hide,3 doubled through the eye and tightly 
plaited, the plait being further secured by being stitched in several places 
with hide.4 The end of the thong is formed into a loop which is tightly 
woolded with fine tarred spun yarn.s 

The shot and bolt are painted black before issue; the thong is un
painted. These projectiles weigh (with thong) about 30t Ib8. 

The 6-pr. spherical Manby's shot is rarely demanded, and is scarcely 
to be considered as a service projectile. It consists of a diaphragm 
shell filled with lead,6 and having an iron loop fixed into it, to which is 
attached a thong similar to that of the oblong projectile. This shot 
has no fuze holes. 

It is painted black before issue, and weighs about 8 Ibs. 
The action of the oblong shot is as follows ;-the end of a line7 is 

made fast to the loop hole of the thong, the rest of the line being care
fully coiled either in a basket or upon the ground or deck,S and a fuze 
(pI. 25., fig. 5.) is placed in each of the four holes made for the purpose. 

1 For the actual dimensions, reference must be made to pI. 25, fig. 2 . 
. 2 This roughing is not affected in the same way as in mortar shells by means of a 

sort of thread, but is done by cutting a number of shallow groves about· 2 inch apart 
round the sides of the holes. 

3 The bide is prepared with lime, and is teclu:llcally known as "horse·hide-raw
" lime." The strips are cut with a tape!:IDg towards each end, so as to give the 
required taper to the thong when completed. In tb.e history of this projectile (p. 91) 
it has been mentioned that Captain Manby tried several m.aterialsfor the thong before 
he adopted hide, and it is deserving of notice that Captain Jerningham, R.N., who 
carried on a large number of experiments with the apparatus, preferred manilla rope 
thongs to hide. In a report upon the subject he says-" Strops of manilla rope were 
" found to be the most serviceable."-Captain Jerningharn's Report, Her Majesty's 
Ship, " Cambridge;' Devonport, April 27th, 1,s60. 

4 In a 4-plait of double hide. 
The hide known technically as "white horse" or "whit leather," is used for 

tJ;lls purpose; it is the same material as is used for whip thongs. Until 1863 fine 
wire was used for this purpose ; hide is preferred to wire because the latter had a 
tendency to cnt the thong. . 

5 It was not woolded until 1863 ; by woolding the end any chance of the line being 
cut is iIlminished. 

6 Diaphragm shells are used because there are no other shell of this calibre; and it 
has not been thought necessary to manufacture a separate projectile, when a diaphragm 
shell answers the purpose perfectly well. 

7 The line generally used is" deep sea line;" bnt there is issued with each appa
ratus 113 fathoms of It-inch rope. 

See War Office Circular 793, par. 633. . 
S The coiling of the line so that it may run out free without check is.a matter of 

coU!!iderable importance. There are several ways of coiling it ; in a baSket, or if the 
beach be even and free from large stones as follows:-the length of the fakes not to 
exceed two yards, as if they are longer the rope is more liable to be broken" by the 
" proportionately increased vibration."-Instructionsfor use of Manby's Apparatus. 
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The fuzes being uncapped the projectile is placed in the piece 1 with its 
hase towards the muzzle, and upon the discharge of the piece carries 
out the line, one end' of which being retained, a communication is thus 
established between the vessel and the shore. The use of the hide 
thong is to remove the line from the immediate flash of the discharge, 
and so to prevent it from being burned.2 The fuzes serve, by the 
bright light which they give forth, to indicate the path of the shot and 
guide the firing party in laying the piece. The strength and direction 
of the wind must be considered in determining the direction to be 
given, the trajectory being affected by them to a very great extent, 
owing to the influence which the wind has upon the line. With deep sea 
line, and with the ordinary charge of 12 OZS., the range varies from 400 
yards llownwartls, according to the strength and direction of the wind.3 

Another way, as used in the whale fishery, is as follows:-

.A third method, called " chain faking," is sometimes employed. 

fX 
\ ! I \ , 

\ / 
>( 

.A fourth method is shown in plate 42. 
J A 51-inch (coehorn) mortar specially prepared (with a crutch for firing quill

friction tubes), was used for projecting these shot (see 'Y.O.C. 793, para. 598) until 
1866,-but by 21/2/66, 51/20/8742, it was intimated that metal friction tubes might be 
used with them. On an emergency they could be fired from a 24-pr. gun or howitzer. 

~ "To connect the rope to the shot, and prevent it from being burned by the 
"powerful inflammation at the discharge of the mortar."-ObservatUm.switb. directio1lS 
on the method brought into use by G. W .. iWanby. 

3 In some experiments carried on in the Royal Laboratory 1859, with a charge of 
12 ozs., elevation 45°, the range varied from 260 to 400 yards. 

"For the Manby 24-pr. cylindrical shot the charge is 12 ozs., giving a range of 
" about 300 yards."-Captain Fraser's Notes on MaUnel, p. 6. 

In Captain }Ofanby's Observations with Directions, §rc., he gives the j following 
charges and ranges for the spherical 24-pr. shot. (As this shot consisted of a 
shell of 51.inch calibre filled with lead, it must have weighed considerably over 
24 Ibs., and probably was about the same weight as the present oblong 24 pr.) 

Charge. With deep Sea Line.! With It-inch Rope. 

oz. yds. yds. 
8 220 180 

10 270 220 
12 3.20 250 

I 



Another way, as used in the whale fishery, is as follows:-

A third method, called" chain faking," is sometimes employed. 

A fourth method is shown in plate 4_2_. _____ .......;"--_~~.........:~~ __ 
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The 6-pr. is used in the same way, with the exception that, having 
no fuzes, the operation of fixing and uncapping them is dispensed with.l 

These projectiles are mainly llsed to establish a communication be
tween the shore and a stranded vessel,2 but the principle is applicable 
to a variety of other purposse, "such as throwing rafts or pontoon 
bridcyes across rivers in the absence of boats, and throwing suspension 
bridges across ravines or mountl1in torrents for the passage of troops' 
and materiel: in naval matters, in landing through a surf, laying out 
anchors, or taking a vessel in tow by throwing a grapnel over a buoy 
fast to a line in heavy weather." 3 

MISCELLANEOUS STORES CONNECTED WITH 
PROJECTILES. 

The following miscellaneous articles are connected more or less 
directly with the different projectiles, and fall accordingly within this 
subdivision of the work. 

{ Fuze Hole. 
Plugs Loading Hole. 
Collars, Leather. {p . ,.,r' h' {FUze Hole. 
1Y d' apIel' .l.1'J.ac e Loading Hole. 

a, Junk. 
Grummet. 

Adapter Spherieal Shell, General Service. 
Bottoms, Wood, Shot and Shell. 
Tops. 
Ri vets, Metnl, Shell. 

Beams, Shot or Shcn.{_ Lewis {~:~: 
Hooks, Shell or Shot Eprouvcite, or " Tongs." 

Lu {Beam. 
g Hand. 

Boxes, Tin, Wad, and Plug. 
Chisels, Purchase, Tompions. 
Scmpers, Copper. 
Spouting and Trestles for Shells. 
Gauges, Iron ring, Shot ,or Shell. 

It also appears that in the determination of these ranges the most unfavourable 
conditions had been taken, for in another part of his observations Captain Manby 
says, "An iron mortar . . • . will project a 24 lb. shot, with an inch and a half 
" rope attached to it 250 yards, or a deep sea line 320 yards, against the utmost power 
" of the wind." . 

I No charge is laid down for the 6-pr., nor is there any data to enable me to assign 
even approximate charges and ranges to this projectile. . 

2 With respect to this, the natural and simplest application of the projectile, the 
value of tbe invention will be more readily perceived if we bear in mind that" the 
" most fatal cases of shipwreck and. the most frequent are those which occur within 
" the distance of fro~.3o(} to 60 yards off the land." -Observations, &,C. 

Captain :Manby quotes several instances in which lives have been saved by his 
apparatus; and doubtless our Naval annals and the records of the Board of Trade 
would afford many other instanCes of its successful application. 

3 Letter frolll Captain Jerningham, Royal NaVlJ, to the Ordnance Select Committee 
May 21 ~t, 1860. T~e application of tbe . apparatus for aidiug the passage of troop~ 
ae;oss rn·ers or rannes w~s proposed to the Ordnance Select Committee by a Mr. 
DilI~ and reported uron In 1861 (Report 1,740, 27/7/60. Committee Minute 4387, 
15/7161). The Comnuttee reported that they met with" snch a succession of diffi.
" culties," that until the whole apparatus is. revised "it is obviously much too 
" precarious an experiment to have any military value." 
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Plugs. 

There nre two classes of plugs, viz. :

Ca..) Fuze Hole Plugs. 
(b.) Loading Hole Plugs. 

Plugs-two 
classes. 

Until 1856 the fuze holes of shells were closell by plug.:; of cork or Plugs, metal, 
wood, hll t in the preceding year 1 Colonel Boxer had proposed sub- Rh.ell, fuze hole. 
stituting white metal 2 screw plugs, and in 1856, on the recommenda- HIstory. 
tion of the Ordnanee Select Committee, this proposition W!"IS officially 
adopted,3 and white metal plugs appro,ed for the fuze holes of all 
",hells, mortar included. 

III 1851:P the white metal plugs of.field sert'ice shells were superseded 
by a plug, slightly altered in form, made of gun metal, the white metal 
having proved unequal to withstand the jolting to which it was 
inevitably exposed, and being liable from its softness to work loose in 
transport.s In the following ycm} gun metal plugs were appro,ell for 
all shells except mortar, for which white metal appears to ha\'e been 
retained. 

But in 18607 white metal plugs altogether disappeared, for early in that 
year metal plugs for the fuze holes of mortar shells were discontinued, 
and corb re·introduced in their stead. 

The history of metal plugs for the loading holes of diaphragm shells is Plugs, me~l~ 
contemporary with that of these projectiles, the oIiginal pattern diaphragm ~h~ll, loading. 
having had its loading hole closed with II metal plug, and the approval ir-.~· 
of this shell in 1853,8 hav.ing necessarily included the approval of the 1.0ry. 
plug. 

From the fir:::t the~e plugs were mude of gUll metal, and they differed 
from the present pattern only in the absence of the head, being merely 
small cylillliers screwed to fit the loading holes. 

In 1858 these plugs were first made with a head of the present pattern, 
as it was found that without a head the plug was liable to work into the 
shell during transport. 

The loading' hole plugs of improved shrapnel shells were at first made 
of woo<1,9 but in a few months time 10 a gun metal plug of the present 
pattern was suh~tituted for the wood.. 

1 19th December 1855. See Synopsis qf Efports and Experiments by the Ordl1ance 
&lcct Committee, Shrapnel Shell, page 232, also page 26, where (in 1853) substitution 
of wood for cork plugs in Shrapnel shells is approved. 

~ Lead and antimony in the proportion of lead, six parts, antimony, one part. 
3 Approved 21st ]'ebruary 1856. See Ibid. p. 233 ; see also, Account of Additions 

and Alterations, ~c., 30th June 1856, para. 12. A precis of the experiment by which 
the efficiency of these plugs was established, taken from the S!J7!OP$is of Reports and 
Experiments by tile Ordnance Select Committee on Shrapnel Shell, page 233, is given 
at page 10 1, note 1. 

4 2nd Jlme 18G8. See Royal Artillery General Regimental Orders 402, 16th June 
1859, par. 41. 

" The plugs became displaced from the jolting of the carriage, and are ground by 
rubbing against the other shells. 

612th September 1859, 57/Woolwich/1627, Royal Artillery General Regimental 
Order, No. 415, 31st December 1859, par. 44. 

; Metal pJu"a-s discontinued for mortar shells, and corks approved, 8th March 1860, 
75/12/57, War Office Circular 590, paragraph 9, 

" 17th November 1853, M/2127, see Account of Alterations and Additi<1tl .• ,~., 31st 
January 1855, paragraph 2. 

~ "The hole shall be plugged with wood before issued for praetiee or. service." 
Approved 27th January 1855; see Ibid., 31st January 1851.i,par. 29, SectlOn IV. 

lU Approved 9th May 1855, L/329, see Ibid., 22nd Oetober 18li5. par. 12. 

15R36. II 
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(a). Fuze hole plugs are of ten different 1 natmes. 

1. Plug for fuze hole of common shell. 
2. " " diaphragm shrapnel shell. 
3. " " naval shell. 
4. "general service fuze hole. 
5. "filling hole of Martin's shell. 
6. "fuze hole 10" parachute light. 
7. " ,,8" " 
8. " ,,5t" " 
9. Drill plug, with lanyard, common. 

10. " "navaJ. 
All these plugs aJ.'e made of gun metaJ.2 

Plug, metal, (1.) The plug for the ftlze holes of lJonmlOn shells (pI. 34, figs. 1, 2, 3) 
shell, fuze hole, is slightly conical in form, and rather less than i-inch in total length.S 

~=~~on. The lower part of the plug is screwed with a right handed thread,4 to fit 
the fuze holes of common shells. 

The upper part of the plug; above this screwed portion, consists of a 
projecting head or shoulder, just large enough to enter the countersink 
of the fuze hole, the edge being rounded on its upper side, and the top 
of the plug being countersunk, and having a squaJ.·e ·key hole in the 
centre for the reception of an iron key,5 by which the plug is screwed 
into or out of the shell. 

A cross is cut on the top of the plug to indicate that the shell into 
which it is screwed has been prepared to receive Pettman's land service 
fuze.6 

Underneath the shoulder of the plug is a leather collar (pI. 34, figs. 
9, 10), or washer,7 which, when the plug is screwed home, renders the 
interior of the shell more impervious to moisture. 

Uses. These plugs aJ.·e used to 'screw into the fuze holes of common shells, 
whether filled or empty. They serve :-

1st. To protect the fuze' hole from injmy during transport, and when 
the shells are :filled; 2nd, to enable the shells to be used as hollow shot 
(without wood botloms) ; and 3rd, to exchide all dirt, and (in conjunc
tion with the papier macM wads provided for use with filled shells)8 
all moistme; and to prevent the possibility of the passage of any :Ilame 
from without, in the case of a neighboming accidental explosion, thus 

1 The plug for the fuze holes of improved shrapnel shell is not included in this list, 
because it is no longer manufactured, but as these plugs cannot be considered entirely 
obsolete until the store of improved shrapnel shells become exhausted, they could not 
properly be altogether passed over, and accordingly mention is made of them at page 
lQI, :o.0te 2. I have thought it better to introduce the plug in this way in preference to 
burdening the text with the description of an article now almost obsolete. I:have 
follGweil this system with respect to other articles connected. with improved shrapnel 
shell, ncb. as the loading hole plugs, fuzes, &c., used with these shells . 

• £ Or :rttth.er. ,0£ an alloy similar to gun metal. The alloy is .: <lOPper, 111bs., tin, lIb., 
zmc, It oz. 

S For dimensions of tlJese plugs see plate 34. 
4 14 threads to the inch.. 
5 See shell and fuze impl.eme!tts, page 307. 
6 See Co=on shell, page 25, and Pettman's land service fuze, page 276 . 
.AI!- Co=on shells now.manufactUred. are thus prepared, and consequently all plugs 

~ow lSSu:d have 0e cross cnt. . They are the same plugs as U'ere issued previcus to the 
mt.roduction of tIllS fuze, except tn respect to having the C1'OS8. 

1.S\le Collars, page 105. 
8 .. F()r~l.ication of these wads, see page 1U6. 
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enaoling shells to be caITiea, or stored filled, without danger and 
without deterioration of the bursting charge.! 

(2.) The plug for the fuze ltOle of diaphragm shell 2 (pI. 2.J:, fig. 4, 5,) Plug, metal, 
differs from the common plug in two respects,-lst, in having no cross s~eJl, fuze hole, 
cut upon the top, for the reason that Pettman's fuzes are not used with ~m-aym 
diaphragm shells, and any such distill.guishing mark is tl erefore s pne . 
unnecessary; and, 2nd, in having attached to it, extending down-
wards into the socket, a wooden plug (pI. 24, fig. 4, T, Y), slightly 
conical in form and covered with serge, and of a size exactly to fill the 
socket.3 

The object of this addition to the plug is to prevent the powder of a 
filled diaphragm shell from working through the fire hole and choking IT 
the socket, and thus interfering with the insertion of the fuze. ses. 

InaU other respects this plug is identical with that used for the fuze Plug, metal, 
holes of common shells,4 and it has the leather collar under the shell, fuze hole, 
shoulder. naval. 

Its applicat~on and object are the same :;tlso.5 

(3.) The plug for fuze holes of naral shells resembles that used for 
the fuze holes of common shells in general appearance and construction, 
though differing from it in dimensions and details. It is necessarily a 

1 .. I have the honour to propose that an arrangement be made to render charged 
" shells secure, shonld an explosion occur in the boxes of the limber or wagon." 
(Letter from Col. Boxer to Mr. Monsell proposing thc adoption of fuze hole plugs 
and wads. 19th December 1855.-See Synopsis, &'c., page 232.) 

That shells thus plugged are perfectly safe, as well as impervious to moisture, is 
proved by the experiments carried on by the Ordnance Select Committee on this 
subject. These experiments are so conclusive npon the general question of the 
efficiency of the plug, and the point appears to me so important a one to establish, 
that I give a precis of them as recorded in the Synopsis. 

1st. A. pile often live shells (diaphragm shrapnel) was formed, nine of them being 
fitted with a metal plug, the tenth, which was underneath, was exploded. 

This experiment was repeated nine times without injury to these shells, using the 
same nine every time. 

2nd. Two 9-pr. limber boxes were then packed, one with 18 24-pr. common shells, 
the other with 18 24-pr. diaphragm shrapnel shells, and with the due proportion of 
cartridges, bursters, &c., each shell containing 2 drs. of powder, and being secured 
as recommended. 

The boxes were placed side by side and exploded simultaneously. The shells were 
scattered in all directions with such force as to break off several of the riveted bottoms, 
but none were fired by the explosion, and only oue lost its metal plug, the bursting 
charge being effectnally protected by the gutta-percha wad under the plug. An altera
tion has been made in the shape of the head of the plug which renders it perfectly 
secure. 

8rd. Two limber boxes filled with common and diaphragm shells were run for 
hours over the roughest ground in the arsenal, and on examination no movement 
whatever was found to have taken place in the metal plugs with which the shells had 
been filled. 

4th. A. 24-pr. common shell with plug fixed was kept 24 hours under water its 
interior was then found to be perfectly dry.-Synopsis, &c., p. 233. 

2 The plug for the fuze hole of improved shrapnel shell resembles that for 
diaphragm in every respect but one, viz., the development of the cone, the improved 
shrapnel socket being straighter and more nearly cylindrical than that of the 
diaphragm. 

3 The ends of fuze cones are ordinarily used for this purpose, covered with serge, 
and fastened to the gun-metal plug by means of a brass pin. 

For dimensions, &0., see plate 24. 
4 Conseqaently the same key can be used to screw it into or OI/t of the shell. 
S Of course it is never used in conjunction with a papier machewad,the wood plug 

~overed with serge. being an obstacle to such an arrangement;· moreover, a papier 
mache wad is evidently unnecessary for the socket of a diaphragm shell. 

R2 
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larger plug, to enable it to fit the fuze holes of .naval shells, cylindrical 
instead of conical, and screwed to a different pItch.! The form of the 
head is also somewhat different, the edge being bevelletl on its upper 
surface, not rounded, and there is no crosS cut. The key hole is also 
larger than in the common plug.2 

Use. The two plugs resemble one another in aU other respects,. the naval 
pluO' also havillO" the leather ccillar under the shoulder. TheIr applica
tio: is the sam~, so far as their employment with ernp~lJ shells goes;3. 
but plugs are never issued with frliecl naval shells, such shells ,being 
always fuzed.4 . 

Plug,metal, (4.) TltepZugfoT the general servicefuze hole 5 (pI. 43, fig. of7-inch 
fuze h7le . B.L. hollow shot) is a conical gun metal plug without any head, and 
genera serVIce. havino- a square keyhole in the top of the same size as the keyhole in 

the n~val plug. The cone is the same pitch as that of the common 
plug, but a thicker frustum. This plug serves for a~ fuze h?les of the 
general serv.ice gauge. For smooth-bore ordnance Its use WIll be con
fined to future issues of naval shell fitted and bushed to this gauge, or to 
existing naval shells fitted with the general service adapter. It will 
thus gradually supersede the naval plug. 

PI1lJ1:,metal, (5.) The plug for the filling hole of Martin's shells is almost 
shell, Martin's. identical with the naval plug in respect to its general dimensions, shape, 

pitch of thread, and size of key hole. The two differ, however, in the 
screwed part of Martin's plug being shorter tlJan that of the naval plug, 
and in the head being rounded on its upper edge, more after the manner 
of the common plug. The two plugs are interchangeable. 6 

Martin's plug is fitted with a leather collar underneath the shoulder. 
The application of this plug is the same as that of the naval plug, 

viz., for use with empty shells only, to protect them from damp,7 the 
filled shells being closed by the molten iron cooling and hardening in 
the filling hole.s 

1 16t threads, right-handed. 
2 A special key is provided for this plug. See Shell and Fuze Implements, p. 307. 
3 Until 1863 naval plugs were only used with those naval sheUs which were issued 

" empty, loose," and not with those issued" empty, riv;eted."· The latter, being boxed, 
were fitted with a cork instead of a plug. For sake of uniformity, and to avoid con
fusion, this was altered in 1863 (Departmental Order, 11/2/63), and alt.empty naval 
shells, whether loose or riveted, issued with screw metal plugs in the fuzeh0le., 

0 4 ,See page 34. This of course renders the employment of papier machC wads 
with theSe pll'l'gs~. 

There is no reason whatever why filled naval shells should not be plugged instead 
of fuzed, if desired, since there is every reason to believe that the burstingclrarge 
of a shell plugged with a gun-metal plug is as secure from damp and danger as where 
a fuze is employed as a plug. The fitting of filled naval shell with fuzes is, however, 
dependent upon other considerations. . 

S This plug was first introduced for 7-inch B.L. hollow shot 30th May 1865, War 
OjJice£'ircvlar 5 (new series), § 1085. Its use was afterwards extended to all pro-
jectiles fitted with the general service bush. . 

6 Although interchangeable, it would be undesirabll!'to do away with either of these 
plugs. A plllg Of the length of the naval plug is necessary for naval shells; but to 
make use of this plug for Martin's shells (where so great aleugth is not necessary) 
would involve an additional expense of 13s. 7d. per 100 plugs, the cost of the two 
pl~gs per 100 being-naval 1l. 19s. 3~d., Martin's 11. 5s. 8F. 

, The paramount importaneeof keeping the interior of Martin's shells free from 
damp has been dwelt upon and explained at page 66. 

g ?,he pIng is ~erely screwed into the shell when issued to protect it from damp, 
~d IS not reqUlr~d when the shell is filled with molten iron._Minute from Super
~dent Royal Laboratories to Ordnance Select Committee, Report, 2752, 1/4/63. 
See~ from Reports and Proceedings of the Ordnance Select Committee, vol. i. 
p. 208.'. 
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(6.) Plug for the fuze hole (pI. 37, fig. 12) of the lO-inch parachute Plug, metal, 
lightl resembles the common plug, except in the absence of a cross cut shell, fuze hole, 
upon the top. It is rather larger in diameter than the common plug, parachute lIY'. 
and rather shorter; 2 the pitch antI direction of thread and angle of 
cone arc the same. 

A cross cut is unnecessary upon these plugs. The plug for the 
lO-inch parachute light can be used only with that projectile; it serves 
to protect the interior from damp, dirt, &c., when not ill use. 

The (7) plug for S-inck paracltttte 3 resembles that for the lO-ineh Ditto,parachute 
parachute in all respects but one, yiz., that it is rather smaller in 8". 
diameter;' 

The (8) plug for 5i-illCh parachute light 5 is rather smaller in Ditto,parachutc 
lliameter G than that of the 8-inch parachute, but differs from it in no 5Y'. 
other respects. 

(9.) Drill plug, tvitn. lanyard, common,7 is merely a common 
complete with leather collar), with a tarred lanyard 10 feet 
attached. It is lacquered before issue.s 

pIuO' Ditto, drill, 
lon~ with lanyard, 

" common. 

It is used, as its name implies, for drill 0 purposes, the object of the 
lanyard being to enable the gun to be unloaded by pulling out the 
sbell, thereby avoiding the more laborious operation of depressing the 
muzzle.10 

(10.) The drill plug with lanyard, naval, differs from the ordinary D~tto, drill, 
naval plug in the head, which is made like the head of a Pettman's sea WIth lauyard.. 
service fuze, flat on the top, and with four wrench holes equidistant naya . 
ti-om one another and from the centre of the head.ll It differs from the 
naval plug, also, in having a tarred lanyard 10 feet long attached, and 
in being lacqnereLl.l2 In other respects the two plugs are the same, 
being adapted to the same fuze hole. 

I Plug approved 2nd January 1866.-War Office Circuiar 9 (KS.), § 1193. 
~ For dimensions, see plates 37, 38. 
3 Approved 2nd January 1866.- TVar Office Circular 9 (N.S.), § 1193. 
4 For dimensions, see plates 3i, 38. 
D Approved 2nd January lSGG.-lYar Office Circular 9 (N.S.), § 1193. 
6 For dimensions, see plates 37, 38. 
i Proposed by Commandant School of Gunnery, and approved 13th May 1863, 

War Office Circular 835, par. 773. 
S For the compo~itiou of the lacquer used with these plugs and ,)th0r l:lrass work, 

see tahle XX., page 345. 
9 It is used" for drill with shells at field and garrison smooth· bore guns" (War 

Office Circular 835, par. 773) instead of Pettman's percussion fuze, answering the 
some end, as fur as instruction in the method of screwing in the fuze iR concerned.. 
without the danger which necessarily attends in a certain degree, howe,"er slight, all 
operations with a percussion fuze, and with the advautage mentioned in text, that 
the gnn may be safely unloaded. 

The plug is not generally, if eyer, used when drilling with time fuzes, the practice 
of the School of Gunnery when such fuzes are used being to go through the opera
tious of boring, preparing, an<l fixing the fuze exactly as on service; nor d')es the 
question of danger, as in the case of percussiou fuzes, connect it~eU· with this 
practice. "We use a lanyard and metal plug when drilling with percussion fuze 
"(Pettman's). We bore and fix the time fuze when exercising with shrapnel or 
" common sheIL"-Extractfrom letter from Colonel Gardner, R.A., Chief I~. 
School of Gunnery, Shoeburyness, 31st August 1863. 

10 "To unload with facility."- War Office Circular 835, par. 773. 
11 The object of shaping the head like that of the fuze whose place it is to take at 

drill (see note 9 above) does not need explanation. In this respect .the sea service 
drill plug is better suited to the end for which it is required than is thc land s=rvice 
drill plug. 

I~ See table XX., page 345. 



Use. 

(b.)Loading 
hole pIngs, 
two sizes. 

Description. 

Uses. 

Packing and 
issne of pIngs 
generally. 

104 

The naval drill plug, like the common drill plug, is used for drill 
purposes, l and the ohj ect of the lanyard is the same. 

(b.) Loading hole plugs for diaphragm shells 2 (pI. 24, fig. 7) are 
of two sizes, viz.:-

(1.) Small, for all natures of diaphragm up to the 18-pr., inclusive. 
(2.) Large, for aU diaphragm above the 18-pr. 
These plugs resemble one another in construction, differing only in 

their dimensions, and in the pitch of the tht:ead.3 They are cylindrical 
plugs of gun metal screwed to fit the loading holes of the shells with 
which they are issued, and having a projecting head which prevents the 
plug being screwed in too far, or working into the shell during trans
port.4 The head is flat on the top, with a groove cut across it for the. 
purpose of screwing the plugS into or out of the shell.5 

These plugs are used, as their name implies, to close the loading holes 
of diaphragm shells, whether empty or filled. They exclude all dirt, 
llJld (in conjunction with the papier macM wads provided for use with 
filled diaphragm shell) 6 all moisture, and render the bursting charge safe 
against accidental explosion, thus enabling the shells to be carried, or 
stored filled, without danger, and without deterioration of the bursting 
charge. 

Fuze hole plugs, with the exception of drill plugs, are issued in the 
shells to which they belong.7 

Drill plugs are issued loose, or in shells for drill as demanded. 
Loading hole plugs al'e issued in the shells to which they belong, and 

5 per cent.8 sPal'e wads and loading hole plugs are issued for field service 
and guns of position, in tin boxes 9 specially provided for the purpose. 

1 It is also used at drill under precisely the same circumstances as the land service 
drill plug, viz., instead of Pettman's percussion fuze, and for the same reasons (see 
page 103, note 9). When drilling with time fuzes the navy do not generally, if ever, 
use this plug, a dummy white metal fuze being spectallyemployed for drill purposes 
(see page 271). 

2 The loading hole plugs for the improved shrapnel shell are treated of in note 2, 
page 101. See what has been said in note 1, page 100, regarding the system followed 
thronghout this work in respect to all articles connected with improved shrapnel shell, 
such as loading hole, plugs, fuzes, &c. . 

:f For dimensions, see plate 24, fig. 7; 
4 See p. 99 respecting these plugs having.bep.n made until 1858 without heads. 
5 Screwdrivers are issued for this purpose with No. 3 set shell and fuze imple

ments, R. an~ S. B., and with 2,3, and 4 field sets. See page 307. 
s The loadmg hole plugs for improved shrapnel shells differ from those of diaphragm 

shell in being la!ger a~d in having no head; being merely cylindrical plugs of guu 
metal. screwed WIth a rIght-handed screw, and with a cut upon the top. They arc of 
two s~zes,. smal~ up to .the 12-pr., inclusive; l~rge for the higher natnres. This ditt:er
ence In dunenslons arIses from the fact that a150ve the 12-pr. mnsket instead of cal'ume 
balls are used. The sizes of tlJe plugs are as follows:-

Small . 45 inches, length; . 805 diameter; 16 threads to I inch. 
Large - '55 ,,'86 16"" 

7 See p.57. 
81!ntil 21 st N ovemb~ 1863 a propOliion of spare loading hole pIngs were issued. 

TJ:.e lssue of spare loading hole plugs 'Was discontinued on that date.-Bee War Office 
Ort:u/ar 855, par. 852. The reason that the issue of spare loading hole plugs was 
retained was because otherww, the loss of one of these pluers would render the shell 
useless. " 

. Originally it w~s 10 per cent. spare for field service, and 5 per cent. garrison ser
Vl<:e: On the rensal of the field eqnipments in 1865,5 per cent. was adopted for both 
bel',,·sees. ; 

9l:iee \ ... 126. 



10.5 

For howitzers and guns of position the boxes are rectangular, and for 
other field guns, cylindrical. 

For garrison service spm'e loading hole plugs are issued in ordinary 
packing cases. 

Leather Collars.l 

When metal plugs were introduced for shells in 1856 they were fitted Collars leather 
with gutta-percha washers. In 1862 2 leather wa~ substituted for gutta- shell. ' , 
perch::!, for the washers of diaphragm aml improved sIu'apnel plug;: jor History. 
service in India, on account of the liability of the gutta-perella to dete-
riorate and become unserviceable in hot elimntes.:3 In 1863 4 all collm'~ 
for all scrviees were (lirected to be made of leather, the employment of 
gutta percha for this 1'Ul1)ose being entirely discontinued. 

There are three sizes of collars, viz. :- Natures. 
(1.) Small (S.B.), for common (1'1. 34, figs. 9 and 10) and diaphragm 

and common drill plugs; and for Peltman's land-sen-ice fuze. 
(2.) Large, for the naval, Martin's, nUll naval drill plug auLl for the 

7t and 20 seconds tiUle anLl Pettman's sea-service percussion 
fuze. 

(3.) Parachute, plug collar. 

The three collars differ only in dimensions, being rings or washers of Description. 
thin brown leather,5 of fi size to fit under the shoulder of the plugs with 
which they m'e respectively used. 

They are fitted on to all fuze hole plugs, and serve to close the shell Application. 
more effectually against moistme.6 

FVads. 
There are three classes of wads :--

(a.) Papier roache. 
(b.) Junk. 
(c.) Grommet. 

(a.) Papier mache 7 wads.-Wads for secming (in conjunction with Wads, papier 
the metal plugs) the fuze and loading holes of mled shells were first machl'. 

1 Sometimes called washers. 
~ Appro.ed lIth January 1862, War Office Circular 781, par. 5:;3. 
5 Extracts from Rep07·ts of Ordnance Select Committee, .01. ii., p. 373. 
416th August 1863, TVar Office Circular 855. par. 853. 
The letters S.B. (smooth-bore) are necessary to distinguish this collar from the 

small R. (rifle) collar. The large collar serves for R. and S.B., and no distinction 
therefore is required. 

• The leather used is ox hide, "brown seat," sha.ed to weigh about 11 Ibs. per 
hide, and to gauge from 1 G to 18 wire gauge in thickness. Hides as near this thick
ness as possible are purchased; if they are too thick they are passed between rollers 
to reduce them. 

The dimensions of the collars are as follows:-
Diameter. 

r---------~--- -. 
Exterior. Interior. 

Small (S.B.) - l' 27 inch O· 985 inch. 
Large - - 1'51 " 1'27" 
Parachute light - l' 25 " O· 9 

It will be observed that the interior diameter of the large collar is the same as the 
exterior diameter of the small one, thus enabling the two to be cut from one disc of 
leather. 

r. 'There does not seem to be any object in fitting drill plu"a-s with these collars. The 
pmtern drill plugs, however, are so fitted. 

7 Respecting the correctness of this name see p. 106, note 7. 
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adopted in 18513,1 having been proposed by Colonel Boxer in the preceding 
yea1'.2 ." 

On their first introduction the use of -w[Lds -was not confined to common 
::md dinphragm,but they were [Llso supplied for mortal' shells. But on 
the metal fuze hole plug of mortal' shells being replaced by a cork in 
1860,3 the discontinuance of w[Lc1s for these shells followed as a natural 
consequence. 

On their first introduction the wads were made of gutta-percha, and 
this material was retainetl until 1863,4 -when papier machC bees-waxed 
was substituted for both fuze hole anclloading hole W[lels, the gutta-pereha 
being fouml to deteriorate in warm climates.5 " 

Pupier machC wads are of two natures, viz. :-
1. Common. 
2. Diaphragm. 

(1.) Common loads (pI. 34, figs. 6, 7, and pl. 35, figs. 9, 10) are only 
made of one size, viz., to fit the fuze hole of comJUon shells." 6 

They are discs of mill·board,7 of the required thickness, and soaked in 
melted beeswax, which renders them less susceptible to the effects of cli
mate ll,nd moisture. 

These wads are used to place in the fuze holes of filled common shells, 
underneath the gun mctal plug,8 to rencler the shell free fi'om any danger 
of accidental explosion, and to securc the bursting charge against dete
.l'ioration fi'om damp.9 

121st February 1856. See Accuunt of Alterations and Additions, lfc., 30th Jlme 
1856, par. 12; also Synopsis, lfe., p. 232. 

2 Proposed. 19th December 1855, Sf/napsis, §Je., p. 232. 
3 Plugs were discontinued for mortar shells 8th March 1860, TVar O.tfice Circular 

590, par. 9, and the abolition of wads for these shells was effected in the May of the 
same year (4th May 1860, lVar Office Circular 639, par. 105). The use of the wads 
was never extended to any but these three natures of shell, because they are inap
plicable alike to naval, improved shrapnel, and Martin's shells; the fu'st being always 
fuzed. when filled, the second, having a serge plug in the socket (and, of course, as 
there is no communication with the powder through the loading hole, they could not 
be used for this hole as in diaphragm shell); and with Martin's shells and parachute 
lights they are not required. 

4 Approved 16th Au,,"11st 1 863, TVar Office Circular 855, par. 853. 
5 Ibid. Also Extracts from Reports and Proceedings of Ordnance Select Commitlee, 

vol. i., p. 373. " 
6 They are of such a size as to enter the upper part of the fuze hole with ease, while 

.they require forcing to pass them completely thl'ough the fuze hole into the shell. 

Diameter. Thickness. 

Their dimensions are '95 
;- wIIEIl-board. " differs from pasteboard in being made of the required thickness 

direct fi'om the pulp, while pasteboard consists of sheets of paper successively pasted 
o,er one another until the required thickness is attained. I am not aware whether, 
strictly speaking, the tcrm papier machii is correctly applied to this material, papier 
mache being, as I understand, pieces of paper (originally, it is said, old advertising bills 
torn from the walls) stuck together with paste, and pressed in a damp state into 
moulds. 

8 A boxwood drift is provided with No.3 set of shell and fuze implements for gar
rison service, and with Nos. 3 and 4 sets field service implements, and with the naval 
implements (s('e p. 307) for the purpose of letting in the wad; it is removed by forcing 
it into the shel [ with the end of the fuze. 

9 That these wads perfectly answer the end required of them is proved by the ex
Teriments carried on by the Ordnance Select Committee in 1856 before the adoption 
of the wads was recommended. A precis of the experiments (taken from the Synopsis, 
{fe., p. 233) is gi,en at p. 101, note 1. I would particularly direct attention to the 
~;atement that in the case of one of the shells losing its metal 'plug, "the bursting 

charge was effectually protected by the gutta-percha wad under the plug." 
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2. Diaphragm wads (pI. 24, fig. 8) are of two sizes, viz. : Wads, papier 
(1.) Small-for all natures of diaphragm up to the IS-pl'. inclusive. mache, dia-
(2.) Large-for all diaphragm above the IS-pl'. phragm. 

They diifer fi.·om the common wmIs in size, being made to fit the loading Description. 
holes, instead of the fuze holes, of the shells with which they m'e used. 
They (lifier ii'om one another in dimensions.1 

Tlw)" are cut out of papier mucM and soaked in beeswax, in the same 
way as the common wads. 

These wads are used to place in the loading holes of filled diaphragm Application. 
shell, underneath the metal plng,2 to close the hole more perfectly, and 
thus rcmlcr the shell free from any danger of' accidental explosion, and to 
secure the hursting charge from llamp. 

(b.) (c.) "\V ads, junk and f,"1·ummet.-Junk wads were alone used until Wads,junk 
about 1824, when Captain Feud, R.N., proposed the substitution for a~d grommet. 
certain purposes of grummet waLls. This proposition was appro,ed in H1story. 
1827,3 the date of the formal introduction of' the grummet wad, although 
they appear to haye been used experimentally as early as lS24.4 

The grounds upon which the substitution of grummet for junk wads 
was a(h'ocatcd were ehiefiy,-lst. Saving of expense; the grummet wad 
is rather less than half the price of the junk wad." This saving is 
eifecteLl partly on material and partly on workmanship. 

2nd. Greater efficiency. This point was conclusively established by 
some experiments which were made upon the subject in lS49. 

"The following table gives the n,erage distance of many rounds that 
" shot in 32-pr., 8" and 10" guns were started out, when those guns were 
" rUll out with a strong jerk against the sweep piece; the guns being 
" loaded with distant charges and single shot. 

{
'Yith grummct wads the shot started out one 

" 32-pr , 56 cwt. guns inch. 
" With junk wads It inches. 

{
With grummet wads the shot started out 1 t 

" 8/1, 65 cwt. guns - inches. 
"With junk wads, 2 inches. 

{
"With f,,'1'ummet wads the shot started out I! 

" 10", 85 cwt. glms - inches. 
'Vith junk wads, 7 inches. 

1 Their respecti ,e dimensions are as follows:
Diameter. Thickness. 

Small - - 0' 385 inch 0' ]25 inch. 
Large - - 0'48" 0'125 " 

~ As in the case of the common wads, boxwood drifts for the purpose of setting in 
these wads are pronded, with No. 3 set of shell and fuze implements for garrison ser
vice, and with No.2, 3, and 4 sets for field ser>ice, p.299. These wads rarely, if ewr, 
require to be remoyed, should it be necessary to do so, however, they must be forced 
into the shell. 

36th Xovembel' 1827. Letter from Lord High Admiral of that date. 
4 I conclude that this was the case from the fact that a return is extant in the Roval 

Laboratory Office of the saving of expense by this subst1tution of grummet for jUnk 
wads between 1824 and 1828. 

5 The following examples of the prices of the two will suffice :-Junk, 10", per 100, 
5l. 18s. 3d. ; grummet, 10", per 100, 2l. Is. lId.; jlmk, 8", per 100, 3l. 13s.6d. ; grum
met, 8", per 100, ll. 78. 3d.; junk, 6-pr., per 100, ll. 68. 5d. ; grummet, 6-pr., per 100, 
lIs. 6d. (Price List of "Woolwich Military Stores, 1865, pp. 334, 335.) By the 
return referred to it appears that the saving of expense effected between 1824 and 
1828 was 126l. 48. 4td. In 1844, I~Ol. was awarded to Captain Fead for his in,en
tion. See Board's Letter, 5th August 1844, DJ79. 
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"This experiment clearly shows the advantage of gmmmet wads OVer 
" junk wads, particularly with 10" guns." 1 . 

Sir Howard Douglas also refers to some other experIments on board Her 
Majesty's ship" Excellent" in 1847, as proving that a gmmmet wad is 
more efficient than one of junk.2 

Brd. Saving of storeage.3 

For certain purposes, such as firing hot shot, &c., junk wads were 
necessarily retained. 

In 1849, "split grUlllillet" wads were first made by cutting an inch 
out of the circumference;l. to obviate the difficulty in entering the wad 
into the gun when it had become enlarged by damp, or .when made too 
high, and it was found that wads thus made expanded III the gun and 
served all the purposes required of them.5 

This construction was subsequently, until 1865, partly given up ; for 
although split gmmmet wads were recognized in the official drill 6 books, 
and artillerymen and sailors were instructed at the schools of gunnery, 
&c., in their preparation, the pattern grummet wad on which the issues 
were made from store was a whole unsplit wad until 1865,7 when split 
wads became the recognized pattern. All the wads in store were 
ordered in 1866 to be cut.s 

(b.) Junk Wads 9 are made of 10 different sizes, viz., 6, 9, 12, 18, 24, 
B2, 42, 56, 68-pr. or 8-inch and lO-inch.lO 

They consist of cuttings of old" junk" beaten into a solid cylinder 11 

and woolded over the ends with yarn,12 the strands of which intersect at 
the centre of each end of the wad. 

The sides of the wad are bound round with yarn, 13 and the wad brought 
up to a diameter about equal to that of the high gauge of the projectile,14 
the thickness vmying from 1 %" to Bt" according to the nature.l5 

Junk wads m'e used to place between the cartridge and the shot when 
firing with hot shot. 16 

They are also used to place over the shot when guns are to be kept 
loaded, so as to preserve the cmiridge from damp and fi:om the chance of 
ignitionP 

Thicker junk wads are used" for proof of ordnance, one or more being 
" placed in front of the projectile." 18 

1 Experiments in Her Majestys Ship" Excellent," p. 164. 
2 Naval Gunnery, p. 155. 
3 Experiments in Her Majesty's Ship" Excellent," p. 165. 
4 Experiments in Her Majesty's Ship" Excellent," p. 164. 
5 Experiments ill Her Majesty's Ship" ETcellent," p. 164. 
6 Forthcoming third volume of Manual of Artillery Exercise. 
76th December 1865, TVaI' Office Circular S (new series), § 1165. 
8 War Office Circular 951 (Stores), 14th AprillSl\6. 
9 These wads were made in the Royal Laboratory for several years; they are now 

manufactured by the Military Store Department. 
10 Junk wads are not supplied for the 150 and lOO-pr. guns, as hot shot are for-

biddeu to be fired from them, 24/4/64, 57/2/8825. 
11 The junk is hammered into a mould of the required size. 
12 Siugle yarn. 
13 Single yarn up to 32·pr. inclusive, three strands of spun yarn for higher natures. 
14 See table XIV., p. 335. See lYaval Q-unnery, p. 152, respecting the objections 

to employing very high wads. 
15 See table XIV., p. 335 . 
. ~, Manual of Artillery Exere>'ses, pp. 58 and 145. O"en's Lectures on Artillery, 

effi.tiIonc 4, p. 97. . 
17 EYiperiments in Her Majesty's Ship" Excellent," p. 163. 
18 Owets Lectures all. Artillery,edition 4, p. 97. 
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(c.) Grummet wads l are made of 12 different sizes, viz., 6, 9, 12, 18, Wads, gram-
24,32,42,56, 68-pr., or 8", 10"~ 100, and 150-pr. met. Sizes. 

They are rings or circles of twisted 2 rope,3 brought up to about the Description. 
high gauge of the projectile 4 'with which they are intended to be used, a 
small piece of the circumference being cut out or omitted; two" cross 
pieces" of rope 5 are tied on 6 at right angles to one another, the ends 
of these cross pieces projecting about half an inch beyond the grummet 
and being cut off with a bevel. 

The use of the pieces 7 is to retain the form of the wad, and" nip or 
bite" upon the bore of the gun when the grummet is home. 

Grummet wads are used when firing at angles of depression, or at Application. 
angles of elcyation less 8 than 3°, to place over the shot and so prevent it 
from running out.9 

In using them care should be taken always to place the cross pieces 
outside, i.e., away from the projectile.10 

Grummets,ll that is grummet wads without cross pieces, have been used 
instead of wooden bottoms for shot and shell, and are still thus occa::,ionally 
employed in Inilia.l2 Their application in this form is as follows: "Two 
" grummets, one large and one small, are required for each shot and shell, 
" which are to be snaked together." 

Adapter Spherical Shell, General Ser·vice.l3 

An adapter is required to enable naval shells fitted with the JUoorsom Adapter 
fuze hole to receive the Pettman's general serdce percussion or the Boxer general service 
M.L. time fuzes. This adapter is merely a cylinder of gun metal, S.D. 
screwed externally to the diameter of the Moorsom fuze hole, and 
internally made conical and screwed to the general service gauge and 
pitch. 

It is intended hereafter to adapt the existing store of naval shells by 
screwing permanently one of these adapters into the fuze hole. 

1 See p. 10i respecting their introduction in 1827; they were made in the Royal 
Laboratory for several years. 

2 The strand which is required to make one grurumet is coiled round the inside of 
the gauge and taken between the finger and thumb at the point of intersection and 
turned or twisted frDm right to left, until a three-stranded ring of the required size is 
formed, the ends being secured by splicing. 

3 Tarred 3;\-" rope for 56-pr. and upwards, 2f' for 12-pr. and upwards, 2" for 9 and 
6-pr., and H" for 3-pr. 

4 See tabie XIV, p.335. See also Naval Gunnery, p. 15!, respecting the objec
tions to employing very high wads. 

5 Tarred 2:\-" rope for 10", 150 and 100 pr., 2" for 30-pr. and upwards, 11" for 
g-pr. and upwards; 1" for the lower natures. 

6 'With tarred twine, one cross piece passed through the strands of the other. 
7 Manual oj Artillery Exercises, page 58. 
g :Manual qf Artillery Exercises, pp. 57, 145. 
9 See p. 107 respecting the superiority of grummet over junk 'Wads for this purpose. 
10" Otherwise they are not only less efficient in securing the shot from shifting, 

" but they are also liable to be drawn out again with the rammer." 
Experiments in Her J.£ajesty's Ship" Excellent," p. 165. See also lrfanual oj 

Artillery ExerciseJJ, p. 145. 
11 The word" grummet" is applied to a rope ring worked in a particular manner. 
12 See p. 111. 
13 Approved 4th Jan. 1867., W.O.C. 13 (new series), § 1396. 
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Bottoms,l Wood, Shot or Shell. 
Bottoms wood It is not easy to determiu9 the exact date when wooden bottoms 
shot or shell. 'were first fixed to shot and shell, but it is certain that the practice is 
History. by no means :1 modern one. It appears to have been in vogue in the 

French service since about 1762.2 The method at pre5ent employed 
of attaching the bottoms to the projectiles by means of rivets is, how-

SUOT. SHELL. 

cyer, comparatively modern, having heen introduced on the recom
mendation of Col. Boxer, R.A., in 1855.3 Previous to that date 
the bottoms bau been attached by means of "tin straps," which, 
passing at right angles over the projectile, were soldered on to another 
tin strap whieh passed round the bottom. 

I Called by the French" sabOts a boulet," and this term saM! is sometimes used in 
our own service. At one time bottoms were called "tamkins" "tampions" or 
" tampions," but these terms are now differently applied, being used to designat-e the 
cylinders of wood or stoppers placed in the muzzles of gnns to prevent water, dust, 
&c. from entering, and also for drill purposes. To this day, however, the term 
tampion is sometimes applied to the bott01ll of grape shot. "vVooden bottoms were 
" originally called tamkins and tampions."-Equipment of Artillery, p. 94. See also 
respecting the original application of the wOl'cl "tompion," The Great A,·t of A,-tillery, 
p. 231, where they are spoken of as being used to "confinc the powder in the 
" chambers of mortars:' which in those days were loaded with loose powder. 

2 Le Passe et l' Avenir de l' ATtillerie indicates that this was about the date of the 
firEt employment of wooden bottoms; "Le boulet, relic par des-bandelettes en fer
" blanc a un sab6t en bois," &c., Ibid. voJ. iv. p. 113. See also Ibid., vol. iv. p. 245. 
The plan appears to ha,e been introduced by Gribeauval, not with the object with 
which wooden bottoms are now attached, but to facilitate fixing the charge to .. the 
projectile. - --

Cotty fixes the date of the first employment of wooden bottoms at some ten years 
later. "Les sabOts sont en usage dans l'artillerie Fran~aise depuis 1772."-Cotty's 
Dictionnaire de l'Artillerie, p. 394. This discrepancy may perhaps be explained by 
the hypothesis that on their first .introduction wooden bottoms were only used for 
field guns, but that gradnally they were extended to siege guns, not coming into 
general use (" en usage" as Cotty expresses it) until the date which he assigns. 

" Wooden bottoms were in general use for field service in 1796, and had been 
occasionally used in the earlier stages. of gunnery."-Majol' Miller's EqUipment of 
Artillery, p. 94. 

3 First adopted for shot and common shells, 18th August 1855. See Account of 
Additions and Alterations in Ordnance, §rc., War Department, 22 October 1855, 
para. 21, and extended to diaphragm in the December of the same year. See further 
on, Rivets, p. 120. 
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Other contt'ivances have been suggested to answer the same end; 
the French, for examplc, employed straps which, crossing over the 
top of the projectile, huttoned on to little fiat-headed soft metal buttons 
on the bottom of the sabOt.! General Shrapnel in 1803 proposed the 
substitution of leaden collars for wooden bottoms;~ and :tbout 1818 
a :Mr. Wear proposed effecting the attachment by mean;; of tin solder} 
Bottoms IUl\'e also been attached to shells by means of cement,·l aUlI it 
was proposed in the beginning of this century to carry the ~hot loose, 
fastening on the bottom when requircd by placing the paper cover of 
the cartridge over lwc(jectile and sabot.5 

Grummcts have abo been used instead of wooden bottoms,6 and are 
still so employed at many stations in India, being either by "snaking" 
two grummets together or by means of strips of skin. In 1803 a pro
position was made to dispense with bottoms altogether, "co\"ering the 
" shot instead with the paper cover of the cartridge."7 

Canvas may also, upon an emergency, be used instead of tin strapping 
either in the form of bands, or of a bag.s Other plans have from time 
to time been proposed an(I tried, but the plan of strapping tlle bottom 
to the shot by means of tin as above described, and the introduction of 
which there is every reason to believe was contemporary with the first 
employment of wooden bottoms,O was retained in our service until 1855, 

1 Cotty's Dictionnaire de I' Artillerie, p. 394. 
"~femoranda. and Extracts on the Subject of the ,Yooden Bottoms for Round Shot 

ofField Guns."-il[isceZlantolls, vol. ii., p. 22:3. 
~ Synopsi~ 'If Ordnance Select Committee Reports: Shrapnel Shell, p. 9. "The 

" Committee recommemled that experiments be made before they clceided as to the 
" advantages of this proposition, but there is no account of experiments with leai 
" collars on the Committee Records." -Ibid. p. 9. 

3 This plan, which consisted in" plating the bottom of the shot with pure tin, 
" and then soldering the wooden bottom to it by means of a small collar of tin,"
C1fBscellaneou .• , vol. ii., p. 22, &c.)-was experimented upon by a committee of officers 
in 1819, and tested by Sir A. Dickson in France; no very conclusive result appears 
to have been arri,ed at, and the plan seems to have been only moderately successful. 
-J.[iscellancolls, vol. ii., pp. 3i -4.1 and pp. 22+-226. 

4 This system is still pursuecl in some parts of our Indian possessions. 
There is in the Royal Artillery Institution at 'Voolwich a shell used by the 

mutineers in Inclia with the bottom attached in this manner. 
s See "lIiscellalleous, vol. ii., p. 222. 
6 See forthcoming third volume of JIallual (If Artillery Exercise... See also p. 109. 
7 This proposition was submitted to an Ordnance Committee in 180:\ who reported 

against its adoption for the reason that "if the soldier should neglect (in the hurry of 
" action) to put the cover o,er the unstrapped shot, the bore of the gun would be 
" injured, and if it should be pointed, even under a very small angle of depression, the 
" shot would run out of the cylinder before the gun can be fired."-i}!iscellaneous, 
vol. ii., pp. 222, 223. 

It should be noticed, however, that the Committee were of opinion, that" on service 
" when time admits of it, the paper shollld be put over the shot and bottom, wh;ch it 
" appears, by a course of experiments carried on at 'Voolwich in February 1801, tends 
" to preserve the bore of the gun."-Ibid., p. 222. 

8 If tin or sheet iron cannot be procured, straps may be made of strong canvas, one 
" inch wide, sewed at the points of crossing. ....•. Another method is to wrap 
" round the ball a band of canvas, one inch wide, one half of which is glued to the 
" ball, the other to the sabot."-GibbQns' Artillerist's },Ianual, p. 343. • 

9 "Le boulet, relie par des bandelettes en fer-blanc a un sabot en bois."-Le Passe 
et I' At,enir de l'ArtiiZerie, vol. iv., p. 113. "Le projectile etait grossi par les 
" banilelettes de fer-blanc necessaire pour l'attacher au sabot en bois."-Ibid., p. 245. 

That this plan has also been in use in our own sen-ice at least since the end of last 
century, and probably since bottoms were first used, may be concluded from the fact 
that Sir Augustus Frazer's" Laboratory Work," written about 1800, gives at p. 1111, 
drawings of round shot strapped to wood bottoms" old and new pattern." 
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when, itS already explained, the existing method of attaching the 
bottom;; by means of rivets was adopted. 

The present plan of hollowing out the bottom for naval shells was 
first adopted for one fourth of the naval shells supplied, on the recom
mendation of Capt. Sir J. Maitland, R.N .. in 1856,1 such bottoms being 
attached by strapping; two years later 2 it was extended to all 8-inch 
and 32-pr. naval shells, and in the following year 3 was extended to the 
lO-inch naval shells, and the present method of attachment adopted. 
In 1863 4 the 10-in. bottom was ordered to be made of the land-service 
pattern, i.e. not hollowed out and with one central rivet hole, but some 
months latel} for the sake of uniformity in the method of attaching all 
naval bottoms, the present interchangeable lO-inch bottom. was adopted. 

Some slight changes and modifications have, from time to time, been 
introduced in the bottoms for particular natures of shells, those for dia
phmgm shells for example having in the first instance all been made of 
end-wood, the present limitation of that pattern to the smaller natures of 
diaphragm shell (24-pr. downwards) not having been adopted until 1860 ;6 
and the assimilation of bottoms fot chambered and unchambered ordnance 
of corresponding calibre was effected in 1860.7 

Wood Bottoms may be divided into six classes,S viz.: 
1. Common. 
2. Naval. 
3. lO-inch (land or sea service). 
4. Diaphra",am shrapnel shell (up to 24-pr. inclusive). 
5. 150-pr. diaphragm shrapnel. 
6. Mortar. 

They are made of well-seasoned elm, alder, teak or cedar; the two 
latter woods being employed for tropical climates, on account of their 
comparative immunity from the attacks of white ants;9 or in the absence 
of a proper supply of teak or cedar, elm soaked in COlTosive sublimate 
may be used)O For other than tropical climates elm is generally used, 
being a light, tough, and very durable wood; in the absence of a supply of 
seasoned elm, alder is used. 

126 March 1856. See Alterations and Additions, &,c., 30 June 1856, para; 15. 
212 August 1858.-General Regimental Order, 402, para 36. 
3 15 J anuaxy 1859.-War Office Letter to Principal Superintendent of Stores of that 

date, 75/7/69. . 
4 War Ofoe Minute, 17 April 1863, 57/2/7481. .As the lO-inch gun is not 

allowed to be double·shotted the bottom does not require to be hollowed out. 
s 6 October 1863.-War Office Circular, 855, para. 849. 
62 August 1860.-War Office Letter of that date, 75/12/714. 
7 Approved 8 August 1860. See War Office Circular, 639, para. 110. The chan"e 

had been partially effected earlier in the same year. See War Office Circular 59'0, 
pars. 32 and 35. See also on the subject of the assimilation of 1O.inchbottoms, 
Extractsfrorn Reports, .,re. of Ordnance Select Committee, vol. i., pp. 459-60. . 

S Bottoms for case shot are not inclnded, these forming part of the projectile (see 
p. 16), and not requiring to be dealt with separately. 

9 Teak was first used for tropical climates 12th February 1859. GeneralRegimental 
Orde,', 402, par. 1850. The use of cedar was sanctioned in 1865, on the recom
mendation of the Ordnance Select Committee, Report 3926, 9th October 1865. 
Appro.ed 31st October 1865, War Office Circular 8 (new series), § 1152. .All 
unsernceable bottoms at foreign stations are to be replaced on the spot by bottoms 
of teak or cedar, TVa,. Office Circular 9 (new series), § 1191. See also Extracts 
Ordnance Select Committee, vol. iii., 363-4, respecting different woods and plans which 
have been tried. 

The Committee say that teak is the best wood for tropical climates but that" cedar 
" hasllkewise exhibited a remarkable immunity from attack." , 

10 Approved 31st October 1865, War Office Circular 8 (new series), § 1152. 
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1. Common Bottoms (pI. 38, fig 11, d, g, h, e) are made of 12 different Bottoms, wood, 
sizes,l viz. :-3, 6, 9, 12-pr., 4%-inch, IS, 24-pr., 5!-inch, 32, 42, shot or shell, 
56-pr., 8-inch or 68.pr. c~mmon. 

They are differently shaped, viz.: (a.) conical, (h.) hemispherical, and ~:::ription 
(c.) cylindrical, in accordlIDce with the following rule 2 :- • 

(a.) Conical,3 for projectiles for gomer-chambered ordnance, and for 
uncbambered ordnance of corresponding calibre.4 

(h.) Hemispherical,5 for projectiles for cylindrical chambered ordnance. 
(c.) Cylindrical, for projectiles for all other ordnance.6 

The wood is cut plank-ways,7 in the form of a clisc, of about the dia
meter of the low gauge of the projectile.s The sides of the disc are 
afterwards shaped conical, hemispherical, or are left cylindrical, according 
to the naturc of projectile for which they are intended. 

Thc upper surface of the bottom is holiowed out for the reception of 
the lower part of the projectile, and a rivet hole is drilled through the 
centre of the bottom; this hole cOlTesponlis in form to the rivet 9 which 
it is intendell to receive, and by which the hottom is attached to the 
projectile, i.e., a portion of it i" cylindrical, and that part which is occu
pied by the head of the rivet conical. The nature of projectile with"" 
which the bottom is intended to be used is stamped on the under side 
of it. 

Common bottoms are attached to the base of the following projectiles Application. 
by means of a single expanding gun metal livet :10_ 

All solid (cast-iron) shot for bronze guns and guns of position; all 
common shell below the IO-inch,ll except when they are used as hollow 
8hot,12 and in the case of the 24-pr. and 12-p1'., except when :fired £i.·om 
mortars; all diaphragm shrapnel shell, above the 24-pr. ; 13 all Martin's 
shell; and all carcasses, except when they are fired from mortars.14 

Their use is as follows: 15-In the case of shot for bronze guns they Uses. 

1 The 100ineh has a bottom of a different pattern, see p. 114. 
2 This rule does not extend to carronades, with which, in case of shells being re

quired, such gun or howitzer shells as might be available wonld be employ~d, and the 
bottoms would thus be either conical, hemispherical, or cylindrical according to 
circumstances, and without regard to the fact that all carronades have cylindrical 
chambers. 

3 The bottom is thus a short frustum of a cone; the bottoms for the following 
ordnance are of this form: S·inch or 68·pr.; 32-pr.; 24-pr.; 12-pr. (the lO-inch gun 
and howitzer has a separate bottom; see p. 114). 

, This assimilation was approved 8th August 1860. On recommendation of Prin
cipal Superintendent of Stores, \Voolwich; see lVar Office Circular 639, par. 1l0. 
I t had been partially effected earlier in the same year; see War Office Circular 590, 
pars. 32 and 35. 

5 Strictly speaking not hemi8pherieal; the sides only are rounded, and the bottom 
is 110t therefore a true hemisphere. Perhaps" CUR-shaped" would be a more accurate 
description. Only the following ordnance require hemispherical bottoms: St-inch 
and 4jiths-inch (" Coehorn") howitzer. 

G The following ordnance have cylindrical bottoms: 56-pr. ; 42-pr.; IS-pr.; 9-pr. ; 
6-pr., and 3-pr. 

, That is the grain runs horizontally across the bottom. 
S The low gauge of the projectile is employed to gauge the bottoms, and they must 

pass through it. The cylindrical bottoms come up to it closely; the conical bottoms 
pass through it easily. 

9 See p. 12l. 
IQ See p. 12l. 
!l For which a special bottom is provided, see p. 114. 
I~ See p. 27. 
13 Special bottoms are provided for the lower natures, see p. 115. 
14 See p. 27. 
I. Their uses have been described elsewhere under the head of each projectile with 

which they are used, but it is thought better to recapitulate them collectively at this 
point. 
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preserve the bores £i'om injury by diminishing windage,l while for guns 
of position they are useful to keep the shot steady in the limbers;2 in 
the case of shells their principltl use is to enSlU'e the fuze occupying the 
proper position in the bore,3 in ltdditioll to being uscful in the pl'esel'vlt
tion of the bOl'CS of bronze orclnanceltnd the limbers of field gUllS, as for 
shot; in the case of Marti.n's shell and Cltrcltsses they are required to keep 
the front part of the projectile away from the charge. 

They are also probably serviceable i.n all cases in a greltter or less de-
gree in diminishing windage, and thus improving the practice.4 

Bottoms wood 2. Naval Bottoms 5 are made of two sizes on1y, 32-pr. n,nd 8-inch, 
shot or ~hell, 'which ltre both cut conical. They differ from common bottoms in being 
n~val. hollowed completely through in the centre, so as to expose the il'On of 
SIZes. thc shell flush with the lower surface of the bottom, thus permitting of 

the shot and shell being in actual contact when the guns are double
shotted.6 

Description.. This construction renders the single expauding rivet system of n,ttach-
ment inapplicable to these bottoms, which are accorcling1y attached by 
means of two inclined rivets,7 thus necessitating two inclined cylindrical 

'rivet holes (pI. 34, fig. 12) through the bottom, one on either side of the 
central hole . 

.Application.' Naval bottoms are used only with the 32-pr. and 8-inch 01' 68-pr. 
naval shells,S when used as shells, and with the 32.pr. naval shell 9 when 
fired as hollow shot,l° For future manufacture the bottoms will be 
superseded by topS.!l 

3. The -10-inch Bottom12 (pI. 34, fig. 12,) (land or sea serv lee) is only 
made of one size, which is cut conical; it differs from a common bottom 
in hn,ving three rivet holes; one in the centre for use with common 
shell, the others as in nan]'l bottoms, for use with naval shells. Thus 
the bottom is differently attached, according to whether 'it is used with 
common or naval lO-inch shell.l3 

The lO-inch bottom is not hollowed out because this gUll may not be 
double-shotted.14 The lO-inch bottom is used only with the lO-inch 
common, na';al, diaphraglfl, aJlel Martin's shells anc1 cn,rcasscs, except in 

1 See p. 9. 2 See p. 9. 
a See p_ 27. 
4 Sir Howard Douglas also says, speaking of some experiments made in 1842-1844. 

" It may be observed that the velocities were greater when the hollow shot had wood 
"bottoms,than when they had not, in the ratio of 1 to 0-98 nearly."-.Nacal Gun
n7,p;·155. 

P:reseut pattern approved 12th Au.:,oust 1S58.-Genel'al Reifimental Orela 402, 
par. 36. 

6 See p. 32. 
: See pp. 121, 122. 
S See p. 112, respecting the lO-inch having at one time had this form of bottom. 

This was not needed, since this gun is not allowed to be double-shotted. 
9 The 32-pr. naval shell is not countersunk, and cannot therefore be useCl, as a hollow 

shot without a wood bottom. 
10 See p. 34. 
11 See p. 118. 
~ lO-inch bottom present pattern, approved 6th October 1843, War o.ffice Circular, 

135;), par. 849. 
13 The object of this is to preserve uniformity in land and sea service, and to avoid 

the necessity of altering the naval shells; the inclined rivet system being employed 
when these bottoms are used with naval shells, and the single expanding rivet system 
when used with common shells.-See on this subject Extracts fran! Reports §rc. 
Ordlla/we Selt'ct Committee, vol. L, pp. 459, 460. ' 

.. See p. ll? respecting the 10-inch bottom for sea service having originally been 
h0!10wed out h~e the oth:r naval bottoms, and the ground upon which this form was 
obJ~ to as hkely to mislead. The store of hollowed out 10-inch bottoms is not 
yet exhallSted. 
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the case of the common shell wIlen they ffi'e used as hollow shot, and in 
the ca"e of carcal'sC's when they are fireLl from mortars. 

4. Bottoms for Diaphragm Shell up to 2-1·pr. inclu~i,c, are of fi,e Bottoms, "Wood, 
ditlercnt size~, yiz.: G, 9, 12, 18, and 24-pr. They arc made conical s~ot or shell, 
and evlindrical in 111'l'orc1ance with the rule quoted for common lJOttom~.1 dhInphraP."1 m 
'1'1 • l'ffi fi l' lIb' I I s. rapnc. lOy {I er Tom ,-,ummon )Qttoms III tIe WOO( clIlg eut cne -ways, t Ie Sizes. 
~rrnin thl1~ running vertically up and tlown the hottom ; 2 the objeet of j)~seripticn. 
thb t'onsti'tletion is to cause the bottoms to break up more readily an<1 
into :-maller pie('(':; on the dii:eharge of the gun, and tllU~ to diminish the 
danger to one's own troop" or skirmbhers in the neigh;)oUl'itood of the 
guns. The flight of the projectile b also favourably ntrected in propor· 
tion to the reat1ine:,s with which the bottom leaves the projectile} On 
the otll,,!' h:mt1, the employment of eml wood by weakening the bottom 
fur tiring purpos('~, weakens it also for transport, amI to give it more 
body, as it were, tho wood is carried higher up the projectile, the bottom 
being in fuet made deeper. A tin' strap or band i,; ",bo placed round 
the llOttom to I'trel1gthen it; a groove being cut for the reC'eption of thi~ 
band. These ],ottoms arc uttaehccl bv means of a. ~ingle expamling 
rivet ~ to dianhra!!ll1 "hell for ol'l1nance ~>f' 24-pr. calihre a~a u1ll1er. ~ 

5. The h~tton~ for the 150-131'. diaphragm shrapnel is a common 
bottom with the naval attachment, i.e., incline(l rivets. There arc foul' 
1'i\-et8 u~ecl for til:" l;otto111, thc rivet holes being countersLlnk to permit 
of the mellium ri>-et being use(1. 

6. JIortar Bottollls ure of three sizes, viz.: for 13, 10, and 8-ineh 
mortars. They are hemispheres 6 of woou ; not holloweu out, nor pro-
vided with a rivet hole. n tt d 

They are used ·with mortars when firing pound shot i and smal~ shell:3, :,hOot ~n:s;h:'l~~ , 
such ::5 hand gl'enadcs,~ awl are placeLl over the powuer, With the mortar. 
rouIHled side down, and the pound shot, 100 or 50, according to the Sizes. 
nature of mortar,9 piled loose, or in a hasket, upon them. Application. 

\Veod bottoms, with the exception or naval and mortar bottoms, are 
either issued attached to the projectile, or strung on rods and mandrils, 
20 (or a fraction, as demanded,) on eaeh rod. The rods are iron; the PacT'in" ~d 
bottoms are placed face to face upoa the rod, which passes through the is~u; otbot
rivet holes. At the lower end of the rod is a flat elise of iron, and on toms generally. 
to the upper end to keep the bottom stenuy is strung a ·wood washer, 
with rope handle or becket attaehecl; the whole being secul'G(] by a nut 
whieh screws on to the top of the rod. Naval bottoms are on a wooden 
mandril, 20 (or le~s, as demanded,) on each, the hole in the centre being 
too large for an iron rod. The 10y,-e1' enu of the mandril is shod with 
iron,lo The bottoms are kept steaLly by a WOOllen \veclge at each enu or 

1 See p. 113. The 6, 9, and IS-pr. bottoms are cylindrical, the 12 and 24·pr. 
conical. 

~ See p. 113. 
a It is probable that this consideration first deteTmined the adoption of this con

struction of bottom, for at first the bottoms of all diaphragm shrapnel were cut in 
this way (see p. 112) ; the other consideration named in the text probably inflnenced 
the retention of the end wood bottoms for the smaller nature diaphragm shell, ·which 
-are chiefly used in the field. End "Wood "Was given up for the higher natures chiefly 
on the ground of expense. 

4 Tin XX. single, and X. double. 
5 See p. 121. ~ 
6 Strictly bemispheres, not shaped like the" hemispherical" co=on bottoms. 
i See p. 13. 
S See p. 40. 
~ See p. 13. 
)0 This was first adopted in 1865. 
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the mandril; a wooden washer intervening between the wedges and the 
bottoms. A rope becket is strung through the upper end of the mandril. 
Mortar bottoms are issued loose. 

Tops, Wood, Shell. 

The necessity of economizing stowage on board ship, as far as practi
cable, has led from time to time to various suggestions bywhich the space 
occupied by shells in boxes might be reduced, a consideration which 
became of more importance as the proportion of shell guns in naval 
armaments was increased. 

In the French service an attempt seems to have been made to suppress 
shell boxes and to provide compartments similar to those in limber boxes, 
which lllship, and" in which the shells are stowed so as to take as little 
"room as possible." 1 

The French also proposed" to trice the shells to the beams." 2 

In 1849 Mr. Charles Hickes, a gunner, R.N., having the same end in 
view, proposed" a square wooden cover" 3 in which the shell, previously 
attached to a bottom, should rest, the fuze which passed into a hole in the 
cover being thus protected; a becket was attached to the. cover for con
venience of lifting and loading. These covers, "fuze covers," as they 
were sometimes called, were in the service until 1852,4 when, for reasons 
which cannot be traced, they disappeared. Their disappearance is made 
more unaccountable by the fact that they seem to have been very suc
cessful.5 

In 1853 MI'. Hickes proposed an improvement on the removable 
square wooden cover in the form of a round cover or top permanently 
attached to the shell,6 being" strapped on in the same way as the 
" wooden bottom," 7 and having a becket for lifting and loading. 

The straps were made of zinc, and for these it was proposed to sub
stitute "Muntz metal" of 12 oz. to the foot, as being "one half stronger 
" than zinc and not liable to corrode." 

Other plans of attaching these tops, such as by means of marine 
glue, cement, &c., were proposed; and some modifications were made 
in the tops, which, it should be noticed, were proposed only for use 
with shells fitted with Moorsom's fuzes; and it was suggested that to 
distinguish the upper end of the shell, it would be advisable to paint 
the tops" a dead white." 8 . 

In 1855 these permanent tops were tried at Shoeburyness, and on 
board the" Excellent;' with satisfactory results.9 

For some reason which does not appear, but probably because of the 
pressure caused about that time by the Crimean war, the recommenda
tion to fit all naval shells having Moorsom's fuzes with these permanent 

1 Nm'al Gllnnery, p. 504. 
2 Ibid. p. 315. 
3 See Nm'al Gunl/ery, p. 314, where a drawing of this alTangement is given; also. 

memorandum from Colonel Boxer, R..A., to Ordnance Select Committee, November 
5, 1863; also Extracts fr01l/. Reports, ~"c., Ordnance Select Committee, vol. i., p. 476. 

4 March 1852.-Ibid. p. 476. 
5 Ca~tain Chads, R.N., in u letter of the 19th December 1853, speaks of these covers 

as haVlng been adopted generally in the service "with much advantage."-Royal 
La60ratunJ Letter Book 124, fo!' 304. , 

~ Extractsfrom Rep~rts, ~c., Ordnance Select Cornmittee, vol. i., p. 475. 
, Letters from Captam Churls, R.N., 19th December 1853.-Royal La.boratory Letter 

Book, No. 124, fol. 303. 
! Ex/raetfrom !lep~rts, ~'c., OI'~lllallCe Select COlll1itiUee, vol. i., p. 476. 

Letter from Captam Key, R.::S., to Ordnance Select Committee dated Her Ma-
jesty's ship" Excellent," 14/10/63. ' 
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tops was not adopted, and the wbject was allo\\"ed to drop, until 1863 
when it was revived by Captain Key, R.X., who proposed" a lllodifi
" cation of .Mr. Hicke::;' plau," 2 suggested" by the present method of 
,; securing wooden bottoms." 3 

Captain Key's proposition was to attach the top by me:ms of two 
inclined copper rivet" and the questions at once arose whether the tops 
should be permanent or removeable, ami whether, jf perma,nent, they 
should be used in conjunction with or without wood bottoms. 

Experiments were made durin'" 186-1: ; and in the AuO'ust of that 
:rem 4 bottoms and tops, pel'mal](?~tly ri veteci on, Were approved 5 for 
the 150-pr. and lOO-pr. naval shell. 

Tors AXD ROTTO}!S, 100-PR. 

Plan of Top. 

!t. __ ----~------i·. s------.. -_ .... __ ~ 
Elevation. 

Section. 

Subsequent experiments showed the feasibility of dispensing with 
bottoms, which were accordingly given up, on the ground that 'without 
them" it is easier to introduce the shell into the bore of the gun" and 
to withdraw them when required, besides the saving of expense which 
is thus eft'ected.6 

1 Letter from Captain Key, R.N., to Ordnance Select Committee, 14JIOj63.-Extra.cts 
Reports, ~·c., Ordnance Select Committee, vol. i., p. 475. 

'Letter from Captain Key, RN., to Ordnance Selt,ct Committee, 14/10/63. 
3 Ibid. 
-l 27th. AuO'ust 1864, TVar Office CirC!llar (new series), pars. 948, 949. 
5 The app~oval for the 150-pr. was "provisio:wl" only. 
e Extractsfrom Reports, ~·c., Ordnance Select Committee, vol. ii., p. 222. Sec! how:. 

ey<l', p. 114, respecting the probable effect of bottoms on the accuracy of fhghto, 
projeciIes. 
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Plan of Top. 

Section. 
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It was then thought desirable to attach the top by means of more 
than two rivets. Th::ee were proposed, but for manufacturing 
reasons this number was inconvenient, and on the recommendation of 
Colonel Boxer four rivets were used. 

In 1865 1 tops, permanently fittell on with four rivets, and without 
bottoms, were approved for the 150.p1'. and 100-pr. lltwal shells . 

.A. further slight change was subsequently made, and P,tttern II. tops 
for 150 and lOO-pr. lllwal S11C11 was approved early in 1866.2 After 
this again the edges of the holes were rounded off, to facilitate the 
introduction of the wood fuze; and this pattern CIII.) was ;tpproved of 
early in 1867. (See cut on page 33.) 

Although bottoms were given up, these shells were directed "still 
" to be pl'epnrcll for the attachment of wooel bottoms l)y having two 
" rivet holes drilled in them for that purpose ;" 3 in case it should here
after be thought desirable to employ bottoms. 

·Wood tops for naval 8he11 4 are only madc of two sizes, ] 50 and 
IOO-prs. Patterns have also been sealed for the 10", 8", or 68-pr. and 
32-pr. naval shell. But no shells of these natures have yet been pre
pared or fitted to the tops for service, and the pattern will guidc future 
manufacture only. 

They are eylindl'ical discs of the same natures of wood as are em
ployed for bottoms.5 The wood is cut plankways in the form of a 
cylinclricltl disc, somewhat less than the diameter of the shell. The 
lower side of the disc is hollowed out to fit the upper part of the shell, 
the lower edge being rounded. . 

A hole about 21t in diameter is mndc through thc centrc of' tIle top 
for the fuze, the thickness of wooel at this part (about lit) beiug suffi
cient to arrorel the requisite protection to tho cap and upper part of the 
fuze. 

Around this central fuze hole, at a distance from its circumference of 
about 1", and equidistant ii.'om one another, are situated four inclined 
cylindrical rivet holes, of the same .;iiameter as those in naval lJottoms,6 
for the reception of the copper rivets by means of which the tops are 
attached to the shell. 

The upper surface of the top is grooved out to diminish its thickness 
and weight, to facilitate its breaking up, and to receive tIle top part of 
the rope beckets, which would otherwise interfere with stowage. 

Through the top at this groove run freely 7 two rope 8 loops or 
" beckets," the splice being on the upper side of the top. 

The beckets are for the purpose of lifting anclloading.D The 150 and 
100-pr. tops are st::t.mpecllII. (for pattern III.). 

Tops are fitted on to the 150 a11d IOO-pr. naval shells instead of 
bottoms, by mep"ns of four 10 inclined cylindrical copper rivets.l1 

The use of the top is, 1st, to keep the fuze in the proper position in 

1 25th January 1865 and 10th March 1865.-War Office Circular, No.5 (new 
series), par. 1044. 

2 28th January 1866.-War Office Circular,9 (new series), § 1187. 
3 War Office Circular, 5 (new series), par. 1041. 
4 Present pattern (with four rivet holes) approved 25th January 18G5 and lOth 

:M:arch 1865.-War Office Circulal', No 5 (new series), par. 1041. 
5 See p. 112. 
6 See p. 114. 
7" Render freely through."-lVar Office Circulal', No.3 (new series), par. 948. 
S l·,v white rope. The length of rope required is, 150-pr., 2' 9"; loop, 2' 6/1. 
9 See p. 33, note 2, respecting the use of these beckets. 
10 See text,above respecting two rivets having originally been used. 
11 See p. 121. 
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t!le bore; 1 and 2nd, to enable bottO!llS 2 and shell boxes to be dispensed 
wit.h. 

The advantages claimed for shells fitted with tops o,er those fitted Aavant:tges. 
with boxes and bottoms are :-

1st. Saving of Space in Stowage.-It has been pointecl out that this 
was the first o~ject wit.h which the employment of tops was advocatec1.3 
The saving of space has been computed at 50 per cent.4 

2nd. Saving of Expense.-This was computed at 84 per cent. on the 
cost of the boxes, when tops and bottoms were proposed to be used ;5 as 
tops without bottoms are now used, the sasing is probably somewhat 
greater. 

31·d. Sa'l:in,q of Weigld.-This amounted, whcn tops and bottoms 
were proposeel, to from 12 to 15 per cent. on the shells as at present sup
plied.6 It is now, in the absence of bottoms, somewhat greater. 

4th. Grllater Expedition in loading, and generally an Increase of 
Convenience.-It is stated that the guns can be more rapidly served with 
shells provided with tops and bottoms thltn with boxed shells,7 and as 
shells with tops only are superior to those with tops and bottoms, on 
account, among other retLSOns, of the greater ease with which they can 
be introduced into the bore,S it follows tlmt shells with tops only can be 
still more readily loaded th~tu the sn,me shells with bottoms and boxed; 
and it seems to be the opinion of Ulwal men, by whom these shells are 
used, that the sGrvice of the gun is genel'ally ftwilitatecl by this method 
of fitment, and that it gives rise to no inconvenience in fixing the 
fuze.9 

5th. Equal if not greater SecuJ'it,lJ,1o-Thc shells are stowed on tue 
tops, the fuze being downwards, and thus as perfectly protected as if the 
shell WOl'e in a box, with the additional aclv[tntage that, owi.ng to there 
being in this c~,se no box fOl' the shell accidentally to fall out of, the 
element of' insecurity involveel in such a possibility is got riel of.l1 

Rivets, Jlletal, Shell. 
A slight sketch of the different methoils proposed and employed for Rivets, metal, 

attaching wooel bottoms to projectiles has all'c3,dy been given in the shell. 
lIistory of vmod bottol11s,13 ::\11Q it has been explained that the present History. 

1 See p. 27. 
~ See p. 11·t. 
~ Sec p. 116 respecting the adva:.1tage of dispensing with boxes. 
4 Captain Key computed it at ;,0 pel' cent.-His Letter of 1-\/10/6:3. Also E.t'f1'!1cis 

from Reports, §rc., Ordnance Select Cv,nmitlce, vol. i., p. 475. ,Vhcn ilIr. Hickes' 
original round tops were proposed, the saving was coroputecl at about one-third gain; 
and this is prob:tb1y the more correct estimate of the two; for it must be rememberec1. 
that the practical gain cannot be mer.smed by the difference between the content of 
the box: and that of tne shell with top, siDce a great deal of this space gained will be 
non-~vailable. The gain of stowage is chiefly hodzontal, the vertical thickness of the 
bOxeS beiu.g approximately mad~ up for by the shelves now required. 

5 Extractsji'om Reports, &,e., Ordnance Select Committee, vol. i., p. ·],75. 
61bid. p. 475. 
7 Captain Key's letter to Ordn:tnce Select Committee, 14/10/63. 
8 See p. 117. 
9 Extractsfrom Reports, §rc., Ordnance Select Committee, vol. i., p. ·lifi. 
10" The shells are kept as secret and secure as ill boxes."-Captain Chads' letter 

19th December 1853. 
See on the subject the opinion entertaine(l by the Select Committee as to the safety 

of shells thus iitted.-Extracts from Reports, «c., Ordnance Select C01l1mittee, vol. i., 
p.475. 

11 " An avoidance of the danger of the shell falling out of the box and injuring the 
" fuze."-Captain Key's Letter to Ordnance Select Committee, 14/10/63. 

I~ See wood bottoms, pp. 11 0, 111. 
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method of riveting the bottoms superseded the tin strapping which had 
been previously employed.l 

Rivets were first proposed by Col. Boxer in 1855,2 and adopted, after 
a series of experiments by the Select Committee,3 for common shells in 
the autumn of that year; 4 but their application was not extended to 
the shrapnel class of shells 5 until the December of that year. The rivets 
at first introduced were not, however, of the same pattern as at present, 
having a large fiat head, which was found in some cases to interfere with 
the separation of the bottoms from the projectiles on firing.o Conse
quently, Col. Boxer proposed an alteration in the pattern, the head. 
being made conical, instead of fiat and square.7 This alteration was 
approved in 1856,8 but in 1859 It further slight change was made in the 
general dimensions of the rivet, the hollow being deepened, &c. The 
pattern them approved is the present land service rivet.9 

The naval rivets were not proposed until 1858, and the system of 
single rivets being inapplicable to bottoms hollowed out in the centre, tin 
strapping was retained for those naval shells which were fitted with this 
particular form of bottom 1.1nti11859; but in 1858 Col. Boxer proposed 
attaching these bottoms by means of two cylindrical rivets inclined towards 
one another at an angle; the proposition was adopted, and the present 
pattern naval rivet approved 1859.10 

Rivets for tops for the 150-pr. and 100-pI" naval shells were first 
adopted in 1864 ; 11 and in 1865 12 four rivets wcre directed to be used for 
each top, instead of two. 

Rivets for attaching wood bottoms and tops to projectiles may be 
divided into two c1asses-

(a) Common. 
(6) Naval. 

) See wood bottoms, pp. llI, 112. For advantages of rivets, see pp. 122,123. 
2 10th January 1855. See Synopsis of Ordnance Select Committee, Slu'apnel Shell, 

p.224. 
3 An account of these experiments will be found Ibid., pp. 285-6-8. 
4 Approved 18th August 1855.-See Alterations and Additions in Ordnance, War 

Department, 22nd October 1855, para. 21. 
5 Approved for shrapnel shells 19th December IB55, S/8519. See Ibid., 30th June 

1856, para. 6; also Synopsis of Reports of Ordnance Select Committee, Shrapnel Shell, 
p.232. 

6 " I have observed in some few of the 9-pr. shot which have been recovered after 
" firing at Shoeburyness that the form of rivet at present used for attaching thc wood 
" bottoms to shells and shot for field service is defective." -Extract fron) a letter from 
Captain Boxer, R.A., to the Director-General of Artillery, 28th August 1856. 
Synopsis, §lc., p. 233. 

7 Ibid., p. 233. 
8 Approved 22nd Septemher 1856. Ibid., p. 234; also Alterations and Additions 

in Ordnance, §le., 31st May 1857, para. 5. 
9 Col. Boxer proposed this alteration in 1857, but it was not approved until 12th 

Sept. 185~. See Gene~al Regi"!ental Order, 41?, 31st December 1859, para. 44. 
Some partICulars respectmg the ddference of the rivets will be found in Syn()psis, &"c., 
pp.235-6-7. 

10 Approved 13th January 1859, 7~/7{69, lY"ar Office Letter to Principal Superin. 
tendent of Stores of that date. Pract1cally this system of attachment is rega::ded as 
having been adopted in 1858, and naval shells with the bottoms fitted on in that way 
are spoken of as "pattern J 858." 

n 27th August 1864.-War Office Circular, No.3 (Npw Series) paras. 948, 049. 
12. 25th January 1865, and 10th March 1860.-War Office Oircular, No.5 (New 

Senes), para. 1041. 
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(a) Common rivets (pI. 34, fig. 8) are made of two sizes,l viz.: R.ivets,metal, 
(1.) Small; for the bottoms of diaphragm shrapnel shells (pl. 24, SIzes. 

fig. 6) up to the 18-pr. inclusive. 
(2.) Large; for the bottoms of all other riveted projectiles, except 

naval shell. 

The two rivets differ only in dimensions,2 their construction being Description. 
identical. They are small gun metal cylinders, hollowed out at one end, 
and having a projecting head at the other. The head is the frustum of 
a cone, the broad flat base of which forms the top of the rivet. 

Common (pl. 34, fig. 8) dvets are used to attach the bottoms to all 
projectiles except naval shell. . 

The application is as follows: The cylindrical shank of the rivet is Us~ and appli
passed through the hole in the wood bottom into the rivet hole in the cation. 
projectile; a few smart blows on the head of the rivet cause the hollowed 
out end of the shank to expand, filling up the rivet hole, and thus (the 
head of the rivet being too large to pass through the wood bottom) securely 
attaching the sabOt to the projectile.3 

(b) Naval rivets are made of three sizes,4 viz. : 
(1.) Long; for 150-pr., 10", and 32-pl·. tops. 
(2.) Medium; for IOO-pr. and 8" tops, and 32-pr. bottoms, 

150-pr. diaphragm shrapnel bottoms. 
(3.) Short; for 10" and 8" bottoms. 

and 

Rivets, metal, 
shell, naval. 
Sizes. 

The three sizes differ only in length,5 not in diameter or construction. D . ti 
Naval rivets are merely cylindrical pins of copper,6 without heads, and escnp on. 

not hollowed out like the common rivets. 

I For some time a special (small) rivet was' employed for 3-pr. solid shot; but this' 
being found unnecessary, was discontinued in 1863. A small rivet is used with the 
lower natures of diaphragm, because too large a rivet hole might weaken the shell 
prejudicially. 

{
Large {Diameter of shank, 0: 433 inch. 

" Th' . t' 1 Length" 0 51 " - elr SIzes respec lve yare: - Small ~ Diameter of shank; O' 310 " 
l Length " 0'43 " 

3 The instructions issued with the implements for" fixing wood bottoms" are so 
·clear and explicit that if attended to it is hardly possible that a mistake can be made. 
Although these instructions are given further on (see Shell and Fuze Implements, 
p. 292), I give that part of them which bears upon the application of the rivet: 
" Place a rivet in the rivet hole of the wood bottom, with the point projecting beyond 
" the concave surface; place it on the shell, moving it about until the rivet drops 
." into the rivet hole, place the punch on the head of the rivet, and give it a few smart 
« blows with the hammer." 

See also, on this subject, Solid Shot, p. 9. 
4 Rivet holes are placed in the bottoms of the 150-pr. and lOO-pr. naval shells; with 

a view to permitting bottoms being attached to these projectiles in case it should here
-after l)e thought desirable to do so (see p. 34). In such a case, there would' be a 
fourth naval rivet shorter than any of the three enumerated as being now in the service, 
viz., between l' 02 inch (high) and l' 0 inch (low) in length, and of the same diameter 
as the other naval rivets; the same rivet, in fact, as was used with lO-inch naval shell 
bottoms before .April 1863, up to which date these bottoms were hollowed out, (see 
p. 112), and the same rivet as would now be used with the old pattern 10-inch 
naval bottoms, of which the store is not exhausted. 

5 The dimensions of naval rivets are-
Length. Diameter. 

High. Low. High. Low. 
Short - I' 12" l' I" } 
Medium - 1 . 22" 1 . 2/1 • 252" . 238" 
Long - l' 92" I" 9" 

~ Copper wire No.3 gauge used for the purpose. 
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They are used to attaeh bottoms and tops to mtval shell and the 
bottoms of I 50-pl'. diaphragm shrapnel shell. Two rivets are required 
to attach a bottom, foul' rivets to attach a top.l One is passed through 
each of the holes in the wood bottom or top into the rivet holes in the 
projectile, and driven home. The inclination which the rivets have to one 
another causes the attachment of the bottom or top.2 

The advantages of the rivet system of attachment over the original pln.n 
of strapping them is as follows : 

1st. The operation can be more easily and expeditiously performecl; 
ancl it is so simple as to admit of shells and bottoms being issued sepa
rately where desirable, thus enabling a great saving in storage to be 
effected.3 

2nd. The attachment by meallS of rivets is more secure and per
manent.4 

3rd. It admits of the windage being redueed.5 

1 See p. 117 respecting two rivets having originally been employed for tops. 
2 The principle of this attachment will remind the reader of the lewis holes of 

mortar shells. (See p. 37.) 
The following extract from the instructions issued with the implements used f01' 

" Fixing Wood Bottoms or Tops to Naval Shells" is given here as bearing upon the 
application of these rivets: "Place the bottom or top on the shell; pass the guide 
.. wire through one of the rivet holes and into one of the rivet holes of the shell; 
" withdraw the guide wire; insert a rivet, and fix it slightly by a few smart blows, 
" with the hammer; bring the other holes to correspond with those in the shell; 
" insert the remaining rivet or rivets; fix them slightly in the same manner; then 
" rivet all firmly." 

3 I rank this advantage first, because it seems to me to include more than either of 
the. others ; not only is a great saving of magazine and storage room effected, from 
the reason that when shells and bottoms are issued separately, the former may be 
piled out of doors, and the latter packed away; but the greater simplicity of the 
operation produces a corresponding saving of time in the manufacture; in other words, 
produces a saving of expense. 

4 The tin strapping, as every artillery officer of experience can testify, very fre
quently shifted in travelling, and sometimes broke, the projectile being often found 
in the limbers separated fl'om the bottoms. Moreover, where the bottoms diel not 
become actually detached, they were liable to turn round the projectile (on the 
loosening of the strapping), and in some cases shells were found with the bottoms still on. 
but hindside before; that is to say, with the fuze hole towards the wood bottom instead 
of away from it, thns completely defeating the object with which the bottom was 
originally attached; and it is certain that, from every point of view, the attachment 
by means of tin strapping was inferior in security and permanence to thut obtained 
by meaus of rivets. The fOllowing passage bearing upon this subject occurs in an 
official report made by the Captain Instructor of the Royal Laboratory in J 859, of an 
inspection made by him of the ammunitiou in charge of Artillery at ten different 
stations and forts in Ireland: "A large proportion of the shot is strapped, and 
" authority is demanded every month from Dublin by officers commanding batteries 
" to have this' strapping' repaired, as it is constantly being broken by the action of 
"travelling. The 'riveted' shot very seldom become detached from the' sllbOts,' and 
" they can almost always be i=ediately repaired by an intelligent man."-(lleport 
made by Capt. Orr, R.A., Captain Instructor, Royal Laboratory,. to Col. Ea:reT, 
Superintendent Royal Laboratory, 31st January 1859). 

5 Evidently, by double the thickness of the tin strapping. Advanbge has not 
however, been practically taken oftills, though in .Tanuary 1857 Col. Boxer submitted 
to the Ordnance Select Committee a scheme proposing to reduce the windage. This 
scheme also had the merit of assimilating the windage to one uniform standard the 
windage assigned therein to the different projectiles being abont :rLth of the calibre. 
The C~m~ittee on Ordnance (1858), "r~co=ended reducing. theO~indage by a re
.. duetJ.on In the bore of the guns; as thIS plan rendered the eXIsting store of shot and 
" shell available with old and new guns." On this subject 6ee E:.-trncts from Repol·t.~ 
of Committee on Ordnance (1858) quoted in Appendix D. 
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4th. It is cheaper.! 
5th. The practice with riveted shot is superior to tha,t with strapped 

shot.2 

Bearers, Shot and Shell. 

Shot Beare7's 3 are made of 10 different sizes, viz. 3, 6, 9, 12, 18,24, 
32-prs. ; and 13 inch one size each; one size to serve for 8-inch or lOO-pr., 
and one size to serve for 10-inch or 150-pr.4 

They are rings of iron,5 somewhat less in diameter than the projectile 
for which they are intended, and have loop-shaped iron hanclles tied in 
at the points of junction with the ring with flat iron bands.6 The whole 
bearer is painted black, and stamped with the nature. 

1 Cheaper, both as regards material and workmanship. The following statement 
shows the comparative average cost of strapping and riveting 100 shells, taking the 
32-pr. as an example. 

Material -
Wages 

PER 100 SllELLS. 

Strapping. 

s. d. 
9 6 
9 0 

Riveting. 

s. d. 
2 9 
410 

, Difference in 
favour of riveting. 

s. d. 
6 9 
4 2 

Bearers, shot 
or shell. 

Total --lss----7"7--I--loli--

2 This seems to have been conclusively established with regard to riveted bottoms. 
by some experiments carried on by Captain Haultain, Royal '.Artillery, with 9-pr. 
brass guns, at Woolwich, in 185S. The following extracts from the report made by' 
Captain Haultain bear upon the subject:-

" .At the outset of this practice, the trial of the two modes of fastening wooden 
., bottoms to the shot appeared comparatively a matter of secondary consideration, 
" and was altogether subordinate to the object proposed, viz., the trial of the two 
" charges; yet, from the results obtained, and from other considerations, its import
" ance will be apparent ..... Whilst the averages of extent of range, are as often in 
" favour of one as of the other, in "egularity of range the superiority is decidedly on 
" the side of the' rivet.' But it is principally in direction that its superiority is most 
" strikingly and invariably maintained. . ... .As far as this practice is capable of 
" furnishing a decided result, the superiority of the rivetted over the strapped sabOt 
" has been fully established to an extent little anticipated, probably, by :my one, and 
" not easily to be accounted for. 'Without this superiority, and even with a supposed 
" slight inferiority, the advantages of the rivet over the strap, as a means of securing 
" the sab6t to the shot, were deemed sufficient, and justly so, for its adoption into the 
" service."-Captain Haultain's Report if Practice with 9-pr. b"ass guns, Woolwich, 
1858, pp. 12 and 13. See more on same subject in same report. 

'Whether this 5th advantage can be claimed for riveted top_' as against strapped 
tops I am not aware; but as the superior practice with riveted bottoms is probably 
due to the greater l"eadiness with which bottoms thus attached detach themselves on 
firing, so it may be presumed the practice is likely to be better with shells that have 
tops riveted than :with shells that have their tops strapped. 
. 3 Shot bearers were made in the Proof Department until about 1857 or 1858, since 
which date they have been manufactured in the Royal Laboratory. 

Hot shot bearers are of an altogether different construction, and are made in the 
Royal Gun Factories. 

4" Until rp-cently, it appears there was but one pattern for naval service, viz. 
" lO-inch or 68-pr."-Notes on Materiel, p. 3. 

5 Round bar iron, !ths for I3-inch, ,\, inch for lO-inch down to IS-pr. inclusive; 
~ths for the smaller sizes. -

The whole bearer is formed of one piece of iron twisted into the required form. 
6 Originally the iron was twistei at this part, but the bearers were found to be 

weakened by this construction, which was accordingly superseded by the present one
soon after the bearers passed to the Royal Laboratory. 
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Shot bearers are used principally for painting spherical projectiles; the 
IOO-pr. and 150-pr. sizes are also used by the Navy to bring the shot up 
to the gun.1 

Hooks, Shell and Shot.2 

Hooks for lifting mortar shells and facilitating loading may be divided 
into two classes: 

(a.) Lewis hooks. 
(b.) Lug hooks. 

(a.) Lewis hooks are of three sorts
(1.) Beam. 
(2.) Hand. 
(3.) Eprouvette, or "tongs." 

(1.) Beam lewis hooks consist of a rounded wooden staff or beam, 
about 4 ft. 6 in. long, tapering slightly towards the ends. Suspended 
from the centre are a pair of iron chains about one foot in length, terminat
ing in two iron" lewis" hooks or studs, inclining inwards. 

HOOKS, BEAM LEWIS. 

The beam and iron work are painted lead colour,3 and on the former is 
lettered in white" 13 inch." 

Beam lewis hooks are used in loading 13-inch mortars with shells or 
carcasses having lewis holes:1 The studs or hooks are placed in the 
lewis holes, and the weight of the projectile by producing a tension on the 
chain tends to draw the hooks towards one another, thus making the hold 
secure. The projectile is lifted by means of these hooks, the ends of the 
beam resting on two men's shoulders, and placed in the mortar.5 

Sometimes the iron chain work and hooks· are issued separately, for 
attachment to a beam at the . station. This store is distinguished as 
"hooks, sling, chain, lewis." 

(2.) Hand lewis hooks consist of an iron loop-shaped handle, to which 
are attached two iron links about 3 in. long, terminating in two iron 
lewis hooks or studs. They are painted black. 

HOOKS, HAND LEWIS. 

Hand lewis hooks are used in loading 10" mortars 5 with shells or 
carcasses having lewis holes. Their application is the same as that of the 

I Until 1866 the 68-pr. bearer was used for this purpose also. By 10/2/661 
57/2/12076, its issue to ships of war was directed to be discontinued. 

~ The word ., shot" is necessarily introduced to include the lewis hooks or tongs 
which are med with eprouvette shot. ' 

3 The ,ordinary colour of artillery material. 
4 See p. 36. 
S Manual of Artillery Exercises,p. 107. 
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beam lewis hooks,-except that the shell is carried by hand instead of on 
men's shoulders. 

3. Eprouvette lewis hooks,l or "tongs," 2 consist of a beam about four Hooks, shell, 
feet in length, on either side of the centre of which, 3" apart,3 are two lewis, eprou
elliptical slots, which pass with an inward inclination through the beam.4 vette. 

EPROUVETTE TONGS. 

Through these slots work a pair of iron tongs, the lower end of which 
is fitted with lewis studs having an inward inclination to correspond with 
that of the lewis holes in the shot. 

These tongs are kept in the slots by being knob-shaped at the upper 
cnd. 

To protect the beam from wear at the slots it is faced at its upper end 
and under side, in the neighbourhood of the slots, with iron. 

The beam is unpainted; the tongs are painted black. 
Eprouvette lewis hooks are used for placing the eprouvette shot 5 in the 

mortar for proof of powder, and will of course became obsolete on the 
adoption of a different system of proof.6 

They are applied in the same way as beam lewis hooks, with the excep
tion that instead of the grip being produced by the tension of the chain 
it results from the drawing down, by the weight of the shot, of the upper 
ends of the tongs through the inclined slots, the lower ends being thus 
brought close together. 

(b.) Lug hooks are of two sorts: 
1. Beam. 
2. Hand. 

Hooks, shell, 
lug. 
Natures. 

1. Beam lug lwolts resemble the beam lewis hooks in all respects, Hooks, shell, 
except in the end of the chain being furnished, not with lewis hooks, but lug, beam. 
with a pair of common hooks for placing through the lugs of the projectile. 

HOOKS, BEAM LUG. 

Beam lug hooks are used in loading 13/1 mortars, with shells, carcasses, 

1 Approved 25th October 1861, lVal' Office Cil'eular, 739, par. 428. 
" They are sealed under the name of" Tongs."-Ibid. 
3 This measurement is 011 the upper side of the beam from edge to edge of the slots. 

On the lower side, owing to the inclination of the slots, they are of course nearer. 
4 In a vertical plane. 
S See p. 21. 6 See p. 21. 
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or ground light balls having lugs.! Their application is the same us that 
of the beam lewis hooks, with the exception that instead of studs beinD' 
fitted into lewis holes the hooks are hooked into the lugs. 0 

Sometimes the iron chain work ana hooks are issued separatdy for 
attachment to a beam at the station. This store is 

HOOK, HA...,<"D LUG. distinguished as "hooks, sling, chain, lug." 
2. Hand lug fwofiS consist of a pail' of iron 

hooks, each hook being shaped at its upper end into a 
loop-shaped hamUe. -

They are used in loading 10" mortars with shells. 
carcasses, or ground light balls having lugs; 2 one 
hook is hooked into each lug, ana the shell is carried 
by two gunners.3 

Boxes, Tin, Wad and Plug. 
Tin boxes for wads and plugs 4 are of t\yO natures, (1) rectnngular, and 

(2) cylindrical. They are both made of tin, and are painted black, with 
the exception of the lids, which are painted red, and on issue lettered 
with the nature of the contents. 

The lid of the rectangular box: hinges on and fastens with a hasp and 
staple; that of the cylindrical box: is removable, and merely :fits on. 

These boxes are issuell to receive the whole of the wads and -the spare 
loading hole plugs for cliaplu'agm shells for field service and guns of position. 

The rectangular box receives the whole of the wads and the spnre load
ing hole plugs for howitzers and guns of position; the cylindrical box 
those for all other field guns. 

Chisels, Purehase, Tompion. 
Chisels, pur- The cl1isel for removing tompions from the muzzles of guns is [l steel 
chase, tompion. " chisel," about 7 inches in length, the end slightly curved, alll1 having a 

hlunt edge. The top of the chisel is knob-shaped, and (L hole is maue 
through the upper end, for a corel, by which, if required, the chisel Clin he 
slung. 

Scrapers, cop
per, for shell. 

Spouting, for 
shell. 

Scrapers, Copper, for Shells. 
Copper scrapers for scraping out shell which may hnve contliineu. 

powclel' a;:e maue of nine different sizes, viz. 6,9, 12, 18, 24, 32, a11(l 
lO-inch, one size each, and one size which serves for the 8-inch or 68-pr., 
56, and 'i2-prs. 

They are cylindrical rods of copper, varying :G:om about 13 to 22 inches 
in length.5 One end is slightly hookeu.; the other is sharpened to a 
blunt edge. 

Spouting and Trestles for Shell. 
" Spouting," for the ready conveyance of spherical projeetilos from one 

part of an arsenal, store ground, &c. to the other, is made in Icngtl1s of 
about 12 feet. It consists of two brackets of wood of this length, hoI ted 
together parallel to one another, but with a space of about 3t inches 

1 See pp. 36, 72, 78. 
~ See pp. 36, 72, 78. 
3 Manual afArtillery Exercises, p. 107. 
4 Present pattern appro,ed 29th September 1864.-War Office Circulctr, 3 (new 

series), par. 980. 
5 Each size is about one inch longer than the other, the approximate length of any 

particular size can therefore be easily computed by taking the 6-pr. as 13 inches, and. 
adding so many inches as there may be sizes between the 6-pr. and the size required 
thus the 32-pr. would be 13 nches + 5 inches = 20 inches. ' 
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between them. Over the two central bolts of each length are rectangular 
blocks of wood, by which the sides of the spouting are kept apart. The 
end bolts of each length have over them iron coupling, by means of which 
the lengths are coupled together. The upper sides of the brackets are 
faced "With thin sheet iron, which protects the wood from wem'. Cm-ved 
or " circular" spontings are issued and used for tm-ning corners. These 
spoutings are used to roll spherical shells and projectiles from one place to 
another, a number of them being coupled together as requil'ed, and the 
projectiles rolled along the top, They rest upon wooden Trestles formed Trestles, for 
with three legs, bolted together, und about 2 feet 6 inches high. shell spouting. 

The spouting [md tl"estles are paintecllead colour. 
Shell spouting is used on a very large scale in the Royal Arsenal at 

Woolwich. 

Gauges, Iron, Ring, Sltot or Shell, 
Ring ganges, for examining shot or shell, were fmnished in sets for ~auges, iron, 

each calibre, from the It ounce sand shot up to the 13 inch, Each set rmg, shell or 
contained two or more gauges, viz. high and low for the ordinary pro- shot. 
jectiles, and a high ancl low for those projectiles of which the diameter 
may differ from that of the ordinary projectile.1 For example, there 
were four gauges for the 68-1)1"., viz. for all 68-pr, or 8-inch diaphragm 
shrapnel and nuvru shell, case, grape, and solid shot, low for ditto; high 
for the 68-pr. or 8·inch common and mortm' shells, low for ditto, An 
order of 1866,2 however, limits the issne of gauges for service to one 
high gauge for each calibre. These gauges are in reality only test 
rings. 

These gauges are merely rings of'iron of the required size,3 and having 
an iron handle. They m'e used to examine sphericru projectiles, which 
should pass in all t1ircctions tllrough the high gaugcs. 

Low gauges as well as high gauges are issued to firemasters and 
inspectors of' warlike stores, store stations, &c. The projectiles should 
not pass through the low gauge . 

.A1I1MUNI'1'ION FOR SMOOTH-BORE ORDNANCE. 

SECTION B.-CHARGE. 

The em>ly history of gunpowder is involved in considerable obscmity, Gunpowder. 
and it is not easy to determine exactly when it was first employecl as a History. 
propellent agent. It seems certain that it was known in India and China 
before the Christian era, and may have been used in warfm'e at that epoch. 
It is probable, however, that it was not at all generally used in Europe 

1 See tables I. to IX" p, 322 to 327. Until latterly gauges were also issued for 
projectiles having the bottoms attached by tin strapping,larger than those required for 
the same projectiles with riveted bottoms, And as the stores of strapped projectiles 
are not yet exhausted these gauges may still be required, but they should be specially 
demanded, and they are not included in the table. 

2 War Office Letter, 29/9/66, 75/12/2914, 
3 For dimensions, see table Xill" p, 334, 
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for fire arms until the close of the thirteenth century or the begimID}g 
of the fourteenth.l 

More than three centuries elapsed after the first employment of gun. 
powder before the charges of guns were placed in cartridges. During 
this period loading was effected with loose powder, but the slowness of 
tlus method, and the danger attending it, led, in the early part of the 17th 
century, to the partial introduction of cartridges.2 At first, however, 
cartridges were only used for rapid firing,3 but gradually they came into 
more general use, although to the present day mortars are frequently 
loaded with loose powder.4 

Various materials have at different times been used for cartlidges: 
paper of all sorts, "double paper," "cured paper," and "paper royal," 
together with I)ltI'chment, bladders, canvas, linen, merino, "wild bore," 
"bombazette;" 5 paper and parchment being the two whieh were most 
commonly employed, until the introduction of serge. 

Introduction of These two materials and all cotton and linen stuffs were, however, open 
flannel to the objection that not being completely consumed by the discharge of 
cartridges.. the gun the unconsumed portions were left in the bore generaliy in a state 

of ignition, and had to be removed with a "wad hook," thc service of the 
guns being in consequence very slow, and being attcn<1cd moreover with 
considerable danger.s The parchment was also found liable to shrivel up 

I This is the conclusion to which the author of the Le Passe et l' Aven ir de l' Artillerie 
comes after a patient and laborious investigation of' the evidence. ., On peut toutefois," 
he says, "Ie placer surement entre les annees 1270 et 1320."-Vol. iii., p. 353. See 
also Lectures on Artillery, edition 4th, p. 4. Notes on Gun:powder, p. 2. Proceedings 
Royal Artillery Institution, "Vol. iv., p. 289, et seq. Text Booh, pp. 3€, 37. James' 
Dictionary, p. 346. 

2 "Diego Dfano connaissait l'usage des gargousses en papier renfermant la charge de 
" poudre, mais on ne les employait que dans les circonstances ou l'on de\'"ait tirer plus 
" rapidement."-Le Passe et l' Avenir de I' Artillerie, tome iii., p. 307. See also the 
Great Art of Artille?"!}, written in 17th century, where the employment of paper cart
ridges in loading " large cannons" is spoken of and described. 

" Cartridges are either to be made of canvas, fustian, or other linnen cloth, or with 
" thick strong paper, especially of paper Royall."-The Gunner, (1628,) p. 27. 

3 " On ne les employait que dans les circonstances ou 1'on c1evait tirer plus rapide
" ment."-Le Passe et l' Avenir de l'Artillerie, vol. iii., p. 307. 

"L'usage des gargousses en papier double, en parchemin ou en toile, 6tait prescrit 
" pour les circonstances ou Ie til' devait etre tres-prompt."-Ibid., vol. iv., p. 28. 

"On employait dans les circonstances qui exigeaient un til' rapide des sachets en 
" papier double, en parchemin ou en toile, qui contenaient la cl1arge de poudre; mais 
" on continuait a se servir, habituellement, de la lanterne."-Ibid., vol. iv., p. 281. 

4 Manual of Artillery Exercise, p. 107. 
6 "Gargousses en papier doul5le; en parchemin et en toile." -Le Passe et l' Avenir de 

l'Artillerie, "Vol. i"V., p. 28. 
" Cartridges are either to be made of canvas, fustian, or other linen cloth, or of thick 

" strong paper, especially of paper royall."-The Gunner, p. 27. 
"They are made of various substances, such as paper, flannel, parchment, and 

" f1annel."-Miiller's Treatise of ArtillenJ, p. 201. 
"The cartridge bag should be composed of wild-bore, merino, or bombazette, which 

" should be composed entirely of wool."-Gibbon's Artillerist's Manl1al, p. 340. 
"Cartridges for heavy guns are now partly made of cured paper only, and partly of 

" cured paper with flannel bottoms."-James' Dictionanj, p. 92. . 
Cartridge, a case of paper, parchment, or flannel.-Ibid., p. 92. 
6 "The cartridges were .•.. made of paper, which required the operation of 

" worming guns after every discharge, on account of the lower end of a paper cart
" ridge remaining generally at the bottom of the bore in a state of' ignition." ---Naval 
Gunnery, p. 385. . 

The paper retained the fire too much, and the .. bottoms remain in the piece and 
" accumulate so milch that the priming cannot reach the powder."-Miiller's Treatise 
On Artillery, p. 201. 
" "1:e parchemin. a l'inconvenien; .de laisser a:, fond du canon des culots q ll'il faut 

retlrer avec Ie tlrebourre, pour eVlter d~s aCCldens graves."-Cotty's Dictionnaire 
de I' ArtiUerie, p. 151. . 
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and choke the vents} Sir Charles Douglas perceived that these objec
tions might be overcome by the employment of flannel for cartridges, and 
in 1778 he "proposed that clll'tridges should be made of flannel."2 

Sir Charles's propositions were not "immediately adopted," and 
" paper cartridges • • • . continued for some years in general use."3 But 
the objections to paper cartridges were in a measure overcome by placing 
flannel bottoms to the cartridges, and this plan was occasionally adopted.4 

The advantages of employing flannel for cartridges, especially where quick 
firing was desired, were so evident that this material was introduced for 
field service cartridges some time about the beginning of the present 
century,5 and it is probable that flannel was also adopted for naval Clll't
ridges about the same time.6 "When flannel came to be generally adopted, 
and when paper finally disappelll'ed, it is not easy to determine, but it 
is certain that the latter was nearly obsolete in 1828,7 and since that 
time flannel (serge) cartridges have been exclusively used.8 

The weight of charge in proportion to the weight of the projectile has Weight of 
varied continually since the first employment of gunpowder. Indeed, charge. 
these changes have been so numerous that it is impossible to do more 
than indicate the more important of them. In the latter part of the 15th 
century we find the charge fixed at one-ninth the weight of the stone 
shot,9 but towlll'ds the close of that century the charge was increased to 

1 "When they are made of parchment or bladders, the fire shrivels them up, whereby 
" they enter into the vent and become so hard that the priming iron cannot remove 
" them so as to clear the vent." -Muller's Trea.tise of Artillery, p. 201. 

2 Naval Gunnery, p. 385. For full details of this and Sir Charles Douglas's other 
suggestions" for improving, facilitating, and quickening the service of naval ordnance," 
see Ibid., pp. 384 to 388. 

3 Na.val Gunnery, p. 385. 
4 The cartridges of H.M.S. "Duke" were thus fitted at Sir Charles Douglas'S own 

expense. See ]bid., pp. 385, 386. See also Muller's Treatise of Artillery, Appendix 
(Artillery Dictionary) p. 8, where mention is made of parchment cartridges fitted 
with flannel ends, and covered over with a parchment cap, which was removed before 
loading. 

"Cartridges for heavy guns are now partly made of ..•• cured paper with 
" flannel bottoms."-James's Military Dictionary, p. 92. 

5 I cannot fix the exact date at which flannel cartridges were first introduced, but 
I believe I am correct in saying" about the beginning of the present century," from 
the fact that James's Military Dictionary (edition 1816) says," Those" (cartridges) 
" for field ()rduance are all made of flannel" (p. 92); while from Naval Gunnery it 
appears that in 1778 "cartridges were all made of paper," and that they" continued 
" for some years in general use" (p. "385), therefore it seems certain that flannel 
cartridges must have been adopted about the very end of the last or the beginning of 
the present century. 

6 This seems to be indicated by the fact that according to the Pocket Gunner, edition 
1813, flannel cartridges were at that period sometimes used for heavy as well as field 
guns, although paper was not yet obsolete. 

7 The British Gunner, edition 1828, gives eight descriptions of paper cartridges, 
with the remark, "The above are the only <iescril)tions of paper cartridges in the 
" service, and they are now nearly obsolete," p. 123. 

It is rather curious that in the Ordnance Regulations (home) of 1855 mention is 
made of paper cartridges as if they were still in reserve, the Commanding Officer of 
Artillery at each station being required to transmit half yearly to the Director of 
Artillery a return among other stores of "cartridges, paper and flannel (filled and 
" empty)," p. 150, par 589. 

B As I have before mentioned, mortars are even now sometimes loaded with loose 
powder; this, however, is merely a qnestion of convenience, the ranges of mortars 
"!Jeing regulated by the weight of charge. 

9 "Une livre de pouldre doiht suffire a gecter une pierre pesant neuf livres, et se la 
" pierre poise moings de neuf livres, on doiht soubstraire d'une livre de pouldl'e it 
" Pequipolent de ce que la diete pierre pois moins, on adjouter 5e plus poise des dictes 
" neuflivres."-:-Le Passe et L'Avenir de l'Artillerie, tome iii" p. 153. 
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one-fifth,! 01' even in some cases to nearly one-fourth2 the weight of the· 
projectiles. But then, as now, the proportionate weight of charge varied 
with the different natures of guns, and we find it lying betwccn one-sixth 
and four-fifths the weight of the projectile-in some cases even being 
the same weight.3 In those clays, however, the weight of charge did 
not affol'tl, as it does at present, a just indication of its strength, for the 
nature of powder varied with the different anns, and by altering the 
proportions of the ingredients, or by pulverizing the saltpetre more or 
less thoroughly, or by making the mixtl1l'e of ingredients more or less 
intimate, the artilleryman of the 15th century modified the strength and 
violence of action of his powder to suit particular applications,1 a fact 
which will aeeount for the very high proportional weight of charge used 
for some of the arms. 

Two centuries later, when the composition of gunpowder was more 
settled, we still :find the weight of charge varying considerably with the 
nature of piece and projectile. Sometimes it WlUl as high liS half the 
weight of the projectile,5 sometimes as low as one thirty-second, and 
from that time to the present day changes, which it would be tedious 
and profitless to attempt to enumerate, have been continuuHy made in 
the weights of charges; until in 1863 (see table),6 the present scale 
of charges and method of mm'king cartridges was mloptetl,7 find land allLI 
sea service cartridges assimila.ted. As regards t.he history of" bursting 
charges so much as it seemed necessary to give will be found fit page 168. 

1 " La charge, qui avait ete crun neuvii:,me du poids de la pierre, etait port[.e au 
" cinquicme, parce qu'on ctait parvenu a anglllenter la resistance des bouches i1 feu." 
-Le Passe et l'Avenir de Artillerie, n. 195. 

2 "Si la bombardie tire nne pierI'; de cent lines, on lui donnera vingt-quatre livrcs 
" de poudre, et on augmcntera la cllarge de dix-neuf a vingt livres pour cha'lue cent 
" livres que Ie boulet pesera de plus." -Ibid., p. 194. See also Ibid., p. 365. 

3 " IJes bombardcs, mortiers, commuines, moyennes et comtcs rel'oivent H) livres de 
" poudre pour 100 livres de projectile; les passevolents, basalics ccrbottanes et spru
" gardes, 10 pour 100; les arquebuse~, 50 pour 100; les escopettes, 80 pour 100 Ott 
" meme poids cgal."-lbid., p. 198. 

4" La qualite de la poudre varie aussi avec In. naturc de la piece ..... Trois moyens 
" conconraient a modGrer la force d'impulsion, en rendant l'explosion plus lente; 10 

" une moindre proportion de salpctre; 20 nne moinclre purification de cettc substance; 
" 3° une moinclre pulvcrisation ct uu mClange moins intime des trois substances .•.• 
" Ou fabriquait quatre poudres differentes est l'on se servait d'une detonation mains 
" vive a mesure que Ie projectile 11 lances utait plu~ lourd."-·Le Passe ct l' Avenir de 
l' Artiilerie, vol. iii., pp. 198, 199. 

S " For balls or bombs of great weight . . . . you take half an ounce of powder for 
" every pound. This .proportion may be observed for projectiles down to 100 Ibs. 
" But from 100 lb. to 1 lb., you shall increase every quintary, that is, every fifth 
" number, with 15 grains," &c.-Great Art of Artillery, p. 228. 

"In order to shoot grenados from cannon, the requisite of powder Rhall never 
« exceed one-eighth of the weight of the greuado and all its furniture."-Ibid. p. 242. 

"La charge de pouclre des pieces de campagne etait habituellement de la moitie du 
" poids du boulet, mais on tirait souvent des grenades avec Ill. charge du tiers."-Le 
Passe et i'Avenir de l' Artillerie, vol. iv., p. 13. 

6 Approved 24th March 1863, 75/3/623, War Office Circular, No. 822, para. 728. 
7 Up to that time sea service cartridges were differently marked and made up from 

those for land service. There were three natures of charges for each gun except the 
10-inch, which had only two, these charges being designated" distant," "full >, and 
"reduced," and being marked respectively in black, blue, and red, ( Ordnu.nc(J llegu!tl
tions, Home, 1855, page 162, para. 633), the two latter having also a blue and a red 
ball respectively. To enable them to be distingilished at night the cartridges had 
three, two, or one row of stitches according to whether they were distant full or 
reduced. The alteration adopted in 1863 did not affect the nature of eh~rO'es' for 
each &,un, but merely: reduced .them al~ to one uniform system of marking, thus 
rendermg the same weIght of charge avallable for both sea and land service and thus 
(with the abolition of a few charges) considerably reducing the number of ~artridges. 
The total reduction of cartridges effected by this change was about 30. 
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Gunpowder.1 

Gunpowder is the agent employed for the firing charge of all ordnance, 
and for the bursting charge of all projectiles, and it will therefore be 
desirable to introduce at this point a short description of the composition, 
action, and properties of this substance. 

Gunpowder is au explosive propellent agent, consisting of an intimate 0unpow.de:, 
mechanical mixture of saltpetre, sulphur, and charcoal. The propor- Its desc:lption, 
. fl· di . diJr . • I h d h· h properties, and tIOns 0 t Ie lllgre euts vary III uerent countl'les. - n t e power w IC varieties 

is manufactured at the English Government Factories, Waltham Abbey, . 
they are as follows: 3_ 

Saltpetre '.\_ 
Sulphur 5 -

Charcoal -

75 parts. 
10 " 
15 

" 
The action of gunpowder is due to the rapid decomposition of the 

saltpetre by the charcoal, the actual effect being that the charcoal is 
burned by the oxygen of the saltpetre, with which it combines in the 
act of burning to form Carbonic Acid.6 

By the burning of the charcoal the· oxygen in the saltpetre becomes 
separated from another gas, Nitrogen, with which it was at :first com
bined, and combines with the carbonic acid, t.he two forming a large 
volume of heated gas of great expansibility. 

It is to the sudden evolution of these two heated gaus ( Carbonic Acid 
and lYitrogen) that the explosive force of gunpowder is mainly due. 

In a mixture of saltpetre and charcoal alone this action is compara
tively slow. Sulphur is therefore added to render it more rapid,7 an 
effect which it produces on account of its igniting at a much lower 
temperatnre than either of the other two ingredients.8 

1 No work of this description would be complete without some description of gun
powder, a substance which enters, in one form or another, into nearly all the important 
laboratory compositions, and it seems to me that this part of the work, when we are 
about to deal with gunpowder in its simplest form and most direct application, is the 
most suitable for the introduction of such a description. 

This description, however, I would have it understood, pretends to no higher 
character than that of a simple and elementary account of the substance, and of its 
general action; it is not put forward as a treatise upon the subject, and I have not 
attempted to go into it deeply or exhaustively; to do so would be foreign to my object, 
for gunpowder, it must be remembered, is not an article of laboratory manufacture, and 
this description is given merely with the object of affording the reader so much know
ledge of the subject as is indispensable to the study of a laboratory course. 

2 The Manufacture of Gunpowder, p. l. 
a These proportions are not those which theoretically would give the greatest 

amount of gas. The charcoal is in excess to allow for ash, and the sulphur is 
diminished, as it acts injuriously on the metal of the piece.-See on this subject Notes 
on Gunpou;der, pp. 2, 3. 

~ See p. 315. 
5 See p. 318. 
6 Where the proportion of charcoal is greater than that contained in common 

gunpowder, it will be less completely and rapidly burned, and the gas produced will be 
carbonic Oxide and not carbonic acid; blasting powder, for example, "contains a 
" greater proportion of charcoal and less saltpetre, its action consequently is slower." 
-On the ]J!fanufact1lre of Gunpou'der, p. 2. 

Moreover, such powder will be less powerful, since, by the decomposition of the 
saltpeh'e in presence of much charcoal, a larger body of gas is formed, (2 CO for CO,), 
but less heat is developed, and the expansion of the gas at the moment of explosion is 
considerably less. 

7 The rapidity of inflammation is one of the causes upon which the explosive effect of 
gunpowder depends.- See Notes on Gunpowder, p. 3. 

8" In a mixture of nitre and charcoal alone, the oxidation (deflagration) proceeds 
with comparative tardiness; the addition of sulphur greatly augments the combustibility 

15fl3h. K 
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It also renders available a greater quantity of oxygen for the burning 
of the charcoal, by combining with the potassium in the saltpetJ'e, and so 
liberating the oxygen with which the potassium was combined." 

The combination of the sulphur with the potassium, forms (':ulphide of 
potassium? some of which is carried into the air by the escaping gases, 
where it catches fire and burns, producing the flash and white s1ll0ke,3 
with which all who are acquainted with the action of gunpowder must 
be familiar.4 That portion which is not can-ied out to the air find cou
sumed forms the solid residue of fired gunpowder.5 

To produce these results it is merely necessary to raise the powder 
(or a portion of it) to a temperature slightly in excess of that which is 
requisite to ignite the sulphur, or about 6000 Fahrcnheit,6 when the 
action described will ensue, the heated gas which is generated from the 
portion first ignited being transmitted by the expansive power through 
the interstices, and igniting each grain in its passage. The rapiLlityof 
action of gunpowder is determined, therefore, by two conditions: 

(a.) The rate of burning of each grain; 01' the Velocity of Com bustion. 
(b.) The rate at which the grl1ins successively become ignitml; or 

the Velocity of Ignition.7 

of the mixture (in consequence of the low temperature at which it ignites)."-Abel 
and Bloxham's Hand Book oj Chemistr.1j, p. 237, see also on the Manujacture oj Gun
powder, p. L "The addition of sulphur quickens the combustion, raises the tem
" perature of gases, and increases their expansion."-Text Book, Jl. 66. 

1 "The sulphur by its presence also renders available for the oxidation of the carbon 
" an extra amount of oxygen, viz., that which is united with the potassium, the latter 
" being at once converted into sulphide on the ignition of the powder."-l1and Book 
oj Chemistry, p. 237; see also on the Manujacture oj Gunpowder, p. 1. 

2 See end of preceding note. . 
3 The white smoke is chiefly sulphate of potassa and carbonate of potassa; hut 

there are other ingredients.-See Notes on GUl1powdel·, p. 21. 
4 "In p)"actice, it is found that small quantities of many other products arc invariably 

" formed, besides carbonic acid, nitrogen, and sulphide of potassium, among which 
., may be mentioned carbonic oxide, hydro-sulphuric acid, bisulphide of carbon 
" vapours, carbonate of potassa, cyanide and sulpho-cyanide of potassium, and aqueous 
"vapour. The most important products of a careful and complete combustion, on a 
" small scale, of powder of the above composition, have, however, been found to cor
" respond pretty closely to the above theoretical expression."-HandBooh of Chmnistry, 
pp. 237,238. See also Lieut. von Karolyi's paper on the" products of the combustion 
" of gun cotton and gunpowder," in the PJoceedings Royal Artillery Institution, vol. 
iii., p. 383, also Notes on Gunpowder, pp. 21 to 23. 

6 Respecting the composition and proportion of this solid residue, see Noles on 
Gunpowder, p. 21. . 

6 " The beat must be raised to about that at which sulphur would sublime," viz., 
" about 6000 Fahrenheit."- Text Book, p. 69. 

" One portion of the substance must in the first instance. be raised to a temperature 
" a little above that necessary to sublime the sulphur, the heat reqnired is between G09° 
" and 6800 Fahrenheit."-Col. Boxer's Treatise on Artillery, section L, part i., p. 16: 

., Gunpowder," says Captain Bishop. "explodes exactly at the 6000 of heat by 
" Fahrenheit's thermometer."-Ure's Dictionary, vol. L, p. 980. See also Noles on 
Gunpowder, p. 7. 

"·It has been proved that powder may be inflamed not only by the powerful COIl

" cussion of iron against a hard substance, but by the concussion of comparatively soft 
" bodies, provided it be sufficiently powerful. Experiment has shown that powder 
.. placeu. upon lead or even wood, may be ignited by the concussion of a leaden 
" bullet fired at it."-Abel and Bloxham's Hand Book oj Chemistry, p. 245 ; see also 
Synopsi~ oj Ordnance Select Committee Reports, Shrapnel Shell, p 89; also what has 
been saId at p. 45 about the cause of t!le premature explosions of the original 
shrapnel shell; also Boxer's Treatise on Artillery, section L, part i., p. 16; also Report 
on Ballistic Experiments, p. 93, para. 63, 1>4. 

7 CaJlE\d by Colonel Boxer "the velocity of the transmission of inflammation."
Treatise en ArtiikTY, sect. i., part i., p. 19. 
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. These conditions are subject to a great variety of modifications from 
a number of minor influences. It has already been shown how (I) the 
presence of the sulphur and (2) the proportions of the ingredients affect 
the rate of combustion of the powder. In additiOlJ, (3) the quality of 
the ingredients; (4) the method of manufacture; (5) the dryness of the 
powder; (6) the presence of foreign ingredients ;1 (7) the hardness of 
the powder; (8) its density; (9) the size of the grains; (10) their 
shape; and (11) the degree of glazing imparted to them, all influence, 
more or less directly, one or other of the two main conditions upon 
which the rapidity of action of the powder ultimately depends.2 

It is, however, only with the four last-named that we need now 
concern ourselves, because the others vary but little for the different 
natures of powder, the manufacturer seeking, as far as possible, to 
control and modifY the action of powder to meet particular applications 
mainly by altering the density, size, and shape of the grains, and by 
glazing them more or less highly, without in any way altering the 
constitution of the powder.3 

As regards the Density oj tlte Powde1'.-This point was not at one 
time thought of as much importance as it has recently been shown to 
be ; and it is now certain that experiments with different powders are 
no criterion of their other qualities unless their densities be uniform.4 

A dense powder necessarily burns less rapidly than one of lower specific 
gravity, bulk for bulk, from the fact that the former contains in a given 
bulk more to consume than the latter, and from the fact that its texture 
is also closer, and hence less favourable to combustion. 

A powder of high den8ity stands travelling better, and dusts less 
rapidly, than one of lower speeific gravity.5 

As regards the Size oj tIle G1'ains.-When a charge of powder is 
ignited each grain in its turn becomes ignited over the whole surface, 
and continues burning in concentric layers until it is consumed. It is 
eyident, therefore, that as a large grain will take a longer time to burn 

I A plan for making powder non-explosive by this means has been patented by Mr. 
Gale of Plymouth, and has attracted some attention. He mixes a foreign non-explosive 
substance, such as finely powdered glass or bone dust, with the grains, and by this means 
desU·oys the interstices and cuts off communication from one grain to the other, making 
the powder practically non-explosive. He, in fact, dilutes the powder with so much 
foreign incombustible finely-powdered substance. By sifting: out the diluent when 
required for use the explosive properties of the powder are restored. This pro
posal, it should be pointed out, is not original. The plan is fully described by Piobert 
(Traite d'Artillerie, The(,,·ique et E:J:perimental, pp. 213-C!20, under the head of 
"Moyens de Diminuer la Vitesse a'Inflammation de la Poudre "), who used sand, and 
in some instances powdered sulphur, charcoal and saltpetre. Some experiments, which 
appear to have been successful as far as they went, were conducted by M. J!'adeieff, 
"Professeur de Cbimie a l'Ecole speciale d' Artillerre a Saint Petersbourgh," the 
material employed being wood charcoal and mineral charcoal (graphite) in the pro
portion of one part of "carbo-graphite" to two parts of powder by weight.-See 
Ibid., p. 220. 

2 See Colonel Boxer's Treatise on Artillery, sect. i., part i., pp. 17-2l. 
3 An exception to this has already been mentioned in the case of blasting powder, 

which is made with Jess saltpetre and more charcoal; but this is mainly on account 
of the" great reduction in price" thereby effected.-On the _iI'Iamifacture of Gun
powder, p. 2; Hand Book of Chemist'l1J, p. 239. 

4 "Read memorandum from Lieutenaut Noble. He points out that uuless ~ome 
"means are taken for ensuring greater uniformity in the density and strength of 
"powder it is useless to attempt any comparison as to range, unless guns are fired 
" with powder from the same lot."-Extracts of Report of Ordnance Select Committee, 
\"01. iii., p. 22. 

; Boxer's Treatise on Artillery, sect. i., part i., p. 20. 

K 2 
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in this way than a small one, so, all other conditions being the same, a 
charcre made up of large grains will take longer to burn than the same 
charge made up of smaller gr::dns.l But the rate at which the grains 
successively become ignited will also be affected by the size of the 
grains; and here the effect will tend in the opposite direction to that 
just described, for as the interstices through which the gases pass 2 

decrease as the size of the grain decreases (all other conditions being 
the same) the Velocity of Ignition will also proportionally decrease, and 
in a measure counterbalance the effect produced by the increased rate 
of burning of each grain. The direction and extent to which altering 
the size of the grains will affect the rapidity of action of the powder 
will depend upon the conditions under which the powder is ignited, 
such as whether it is exploded in an open train; in small enclosed 
charges; in large enclosed charges; whether the charge, if large, be 
thick and short, or long and thin; whether it fits the bore closely; 
which portion of it is first ignited, &c. These conditions are so 
numerous that no universal rule can be laid down; and if for ordinary 
purposes we assume that, all other conditions being the same, fine graill 
powder will burn quicker than large grain, except in large charges,S 
our conclusion is likely to be upset by a slight alteration in the shape 
or density or hardness of the grain. This, however, is perhaps on the 
whole the most correct general conclusion to arrive at. In the case of 
"mealed " or "dust" powder the Velocity of Ignition is so much 

1 Boxer's Treatise on Artillery, pp. 17, 18; also Text Bao", p. 70. 
2 The gases by which the grains successively become ignited. 
3 There can be no question that this is the case when the powder is in open trains 

or in small enclosed charges. If the powder be in trains the ignition of the particles 
is almost independent of the interstices; and it is evident, therefore, that the Velocity 
of Ignition will hardly be affected by the size of the graias, upon which th eextent of 
the interstices greatly depends; consequently, under these circumstances, all other 
conditions being the same, fine grain powder will burn quicker than large grain. 
" In experiments with trains of powder the increased surface exposed to the heate.d 
" gas was found to more than compensate for the diminished facility to its expansion; 
" and genemlly a train of small grain powder laid upon a surface without beieg 
"enclosed will be consumed more quickly than a train of large grain powder."
Colonel Boxer's Treatise on Artillery, sect. i., part i. p. 20. 

So also with small enclosed charges, where, owing to the flame having to traverse 
an inconsiderable distance to complete the ignition of every grain, the effect of Rlow 
ignition is but little felt, and" a small grain gives the quickest combustion."-Text 
Book, p. 70. 

In the case of large enclosed charges, however, the velocity of ignition becomes a 
more important element; and as the grains increase in size, the interstices being 
greater, the facility of ignition increases proportionally, and frolU thi .. cause there 
would be a tendency to increased rapidity of action with large grained powder as 
the size of the charge increased. The results of such experiments as have been mad~ 
upon this subject seem to indicate that the Velocity of Combustion scarcely decreases 
in corresponding proportion, and the increased Velocity of Ignition is thus not 
counterbalanced--the ultimate result being quicker action on the part of large grain 
powder in lfl.l"ge charges than of fine grain.-See on this subject 1rclltise on Arlillery, 
sect i., part i., p. 20, par. 58. " Large grains in large charges allow the quick passage 
" of the flame through the charge; and, although each gram is longer barning than 
" small grain woul~ be, the whole charge is much more rapidly consulUed."--Text 
Book, p. 70, par. 39. L. G. R. powder "has been described as a slower burning 
" powder than L. G., but 011 what ground the Committee aTe unable to say, as all 
~:. their experienc>e goes to prove the contrary." Extracts Ordnance Select Committee, 
lli. p. 113. 

Mo:-eover, in the case ,)f long charges ignited at the back end, the ultimate rapidity 
of actlOn of the powder is influenced by another callse, viz., the fact that the front 
part of the charge becomes" sct up" and the ,interstices destroyed. The front part 
af the c?arge thus becomes, as it were, one large grain, and its rate of combustion is 
proportionally reduced; or, if the gun be 110t 101lg enough to burn it, this portion of 
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decreased by the almost total absence of interstices that it more than 
counterbalances the increase in Velocity of Combustion due to the 
reduction in the size of the particles, and mealed powder (except, 
perhaps, when altogether unenclosed) is slower in its action than fine 
grain powder. l 

.As regards the Shape of the Grains.-The shape of the grains will 
also affect both the Velocity of Combustion and the Velocity of Ignition: 
the first, because an elongated grain exposes a greater surface than the 
same weight of grain shaped as a cube or sphere, and is therefore more 
rapidly consumed;2 and the second, because if the grains are flat or 
angular, fitting compactly, as it were, into one another, the interstices 
for the passage of the heated gas will be fewer and smaller than when 
the grains are of a more rounded form, alld the Velocity of Ignition will 
thence be proportionally decreased.3 The direction and extent to which 
the rapidity of action of the gunpowder will be affected by the shape of 

the charge is blown out aud lost. Different effects will be produced according to 
which part of the cartridge is first ignited, or accordi.ng to the difference in the 
diameter of the cartridge and bore, and the consequent facility to the expansion of 
the powder afforded, independently of the interstices. Further, it is not fair always 
to assume that la.·gel· grains give more interstices. This will depend upon the form of 
grain, and the reasoning which is based upon this assumption will thus be liable to be 
invalidated by a slight alteration in tIle form lIf the .grain. For these reasons it is 
difficult to lay down auy precise rule upon this subject, though there is reason to 
believe that the one given in the text will generally be found correct under the 
ordinary conditions of practice. 

This very interesting subject is discussed in Colonel Boxer's Treatise on ATtillery, 
sect. i., part i., p. Ii -20; and at considerably greater length in Piobert's Traite 
d' Artillerie, TMol"ique et E:J:perimentale. Some interesting experiments bearing upon 
the effect of very large grains in very large charge will be found in the Report on 
Ballistic Experiments, p. 70. It should be noticed, however, that although the 2 A 4 
powder used on these occasions. gave much higher velocities than the L. G. fired in 
comparison, this effect cannot be wholly ascribed to the difference in the size of the 
grains of the two, but in part to the density of the larger powder being" slightly 
less."-Ibid., p. 72. 

A yet more conclusive experiment was made in August 1865, when rifle L. G. and 
L. G. powders were used of identically the same densities. It appears from this expe
riment that a greater velocity was obtained with the R L. G. than with the L. G. 
powder with !J'ms in every case except one (lO-inch), while, with mortars, the L. G. 
powder gave the highest velocities. ]!'or details see Appendix E., p. 370. 

1 "If the charge be composed of mealed powder a longer time is found to be neces
" sary for the complete combustion of the whole than in the case where the sub
" stance is granulated."-Boxer's Treatise on Artillery, sect. i., part i., p. 20. 

2 "If the form of the grain he elongated then will the quantity of gas generated in 
" a given time from a grain of similar weight to that of the cube or sphere be increased, 
" on account of the greater ignited surface, and consequently the time necessary for 
"its complete combustion is diminished."-Boxer's Treatise on Artillery, sect. i., 
part L, p. 19. • 

"Those [grains] round in form (the grains being of the same volume) are longest 
" in burning, there being a greater distance for the flame to penetrate, and the smallest 
" surface presented to the action of the flame." _ Text Book, p. 70. 

3 "If the i;rains are of a rounded form there would be more interstices, and a 
" greater facility will be offered to the passage of the heated gas, and therefore this 
"shape is most favourable to the rapid and complete inflammation of the whole 
"charge. On the other hand, particles of an angular or flat form, fitting into each 
" other, as it were, offer greater obstruction to this motion; and the velocity of trans
"mission of inflammation is thereby diminished."-Colonel Boxer's Treatise on 
Artillery, sect. L, part i., p. 20. 

" The rounded form of grain is the most favourable for the transmission of the 
" flame, the interstices being larger; the elongated or flat grains, if fitting into one 
"another, obstruct the· passage of the flame, and retard combustion."-Text Book, 
p. 20; see also Piobert's Traite d' Artillerie, TMorique et Experirnentale, pp. 152-160. 
where this subject is fully and scientifically discussed. 
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the grains will depend upon the conditions under which the powder is 
fired. As a general rule, the flat or angular form gives the most rapid 
action in trains and small charges; the spherical form more rapidity in 
lar/!.'e charges'! 

The degree of glazing imparted to the grains wiUalso affect the rapidity 
of action of the powder, high glazing retarding the ignition of each grain.2 
Glazing also serves other purposes; it causes the powder to meal less,S 
and renders it less liable to absorb moisture.<L 

The considerations which recommend the employment of gunpowder 
as a propellent agent are- . 

1st. The gradual nature of its decomposition. This is a most impor
tn.nt point, "for were it otherwise the gun, unless of enormous strength, 
" must be shattered in pieces, as well as the projectile, for in such a case 
" this great force being suddenly exerted upon one part ouly of the 
" material, there would not be time for the action to be distributed over 
" the particles at any great distance before those in the immediate vicinity 
.. , of the explosion were forced out of the sphere of the action of the 
" cohesive force, and consequentlyruptul'e must take place."5 Fulminates 
and other explosive substances, which are much more rapid in their de
composition than gunpowder, would be inapplicable as propelling agents 
for this reason.6 

1 The reason of this will be readily perceived. As fiat, angular grains retard the 
VelocityofIgnition, while they facilitate Velocity of Combustion, evidently the employ
ment of this form will be most favourable to rapidity of action where the first of these 
elements (Velocity of Ignition) is of least importance; and this, as hos been explained 
(see p. 134, note 3), is the case in trains and small charges. But in large charges 
Velocity of Ignition becomes of greater importance, and the increased rapidity of 
combustion of the :flat grains is in such (large) charges more than counterbalanced by 
the greatly decreased facility to ignition. 

The cubical grain will be slow under all circumstances, that form being not only 
unfavourable to rapidity of combustion, but also offering great obstacles to ignition. 

2 "The glazing • . . . will interfere in some degree with the ignition of each 
" grain." -Col. Boxer's Treatise on Artillery, sect. i., part i., par. 21. 

"The powder is considerably longer in igniting."-Text Book, p. 69. 
3 " The principal advantages arising from it" (glazing) " is that the powder so pre

" pared will in travelling, owing to the smaller amount of destructive force consequent 
" on friction, produce less mealed powder."-Col. Boxer'S Treatise on Artillery, sec
tion i., part i., p. 21. 

" Glazing makes the powder more durable, causes less dust to be formed in trans
" port."-Text Book, \'. 69. 

"In transport very little dust is formed."-On the Manufacture of Gunpowder, 
p.18. 

4 "Glazing •.•. increases its preserving quality, being less liable to absorb 
" moisture."-Text Book, p. 69. 

"Powder glazed in this way withstands the action of moisture to a far gl'eater 
" extent than unglazed powder."-On the Manufact1l1'e of Gunpowder, p. 18. 

• Col. Boxer's Treatise all. Artillery, section i., part i., p. 17. 
6 See on this subject Ibid., p. 17. On the Manufacture of Gunpowder, p. 1. Notes 

tJn Gunpollider, p. 2. Text Book, p. 6. .Also report on Baron Lenk's gun cotton, ill 
Proceedings of Royal Artillery Institution, vol. ilL, p. 380, where the relative "jin'ce 
brisante" (" the time within which a certain weight 0 f an explosive' material in a 
" gun has been converted into a certain volume of gas, or the volume of gas produced 
" under otherwise equal conditions") of gunpowder and gun cotton arc spoken of. 
:rhe relative effects produced upon a gun by fulminates and by gunpowder, lllay be 
Illustrated and compared by a very simple chemical experiment. If two thin glass 
tubes be taken and a small charge of gunpowder placed in the one and in the other 
an equal charge of, say, fulminating mercury, and if the two tub~s be closed each 
with a cork and sufficient heat applied to explode the two charges it will .... encrally 
happen that the gunpowder will blowout the cork, while the mercury will shatter the 
tube. . 
, The following extract from a paper on " Some of the causes effects (lnd military 
" application of explosions," ~ead by Y .. A • .Abel, Esq., F.R.'S. bef~re the Royal 
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2nd. The manner and degree in which the action may be modified to 
suit particular applications without altering the composition or chemical 
character of the powder.! The manner in which the necessary modifica
tion may be effected merely by alter.ing the densi~y of the powder, by 
varying the size and shape of the grams, or by glazmg them more or less 
highly, by altering in short the physical character of the powder, has 
.already been explained. 

3rd. The comparative safety attending its manufacture and transport.2 

4th. Its comparative cheapness, the saltpetre and sulphur being abun
dant natural productions, and the charcoal being easily and cheaply 
manufactured.3 

5th. Its comparative keeping qualities.4 . . I 
The principal powders used in laboratory manufacture are known as- ~~:~~~: used 
(a.) Mealed powder. in laboratory 
(b.) " pit powder. . manufacture. 
(c.) Fine grain, or "F.G." (known until 1865 5 as "common F.G.") 

{
(known until 1865 as "me-

(d.) Fine grain shell, or "shell F.G." dium riffe powder, or R.A. 
medium.") 

(e.) 
" 

(f.) " 

exercising, or "exercising F.G." (known until] 865 
as "started F.G.") 

,'ff ,"ff F G" 1'1 e power, or ..; 
11 e or n e •• originally distinguished as 

J 2 ). 

{

(known until 1865 as "Enfield 
'ff d" " E R " 

(g.) Large grain, or "L.G." (known until 1865 as "common L.G.") 
. " " {(knOWn until 1865 as com-

(h.) Large gram, shell, or shell L.G. mon L.G., classes 3 and 4.) 

Institution, March 21 st, 1862, explains so clearly the relative effects of a gradual and 
instantaneous action in the chamber of a gun that I have thought it desirable to 
quote it at length: 

" By the comparatively gradual decomposition of an explosive mixture, such as 
" gunpowder (when employed as a charge in a gun), the force exerted by the gases 
" generated in the confined space discovers, before it attains its maximum, that por
" tion of the chamber enclosing the powder (i.e. the projectile) which is separated 
" from the remainder. By the motion which it immediately imparts to this, the 
" smaller mass, the strain upon the larger mass, forming all but one side of thc cham
" bel' (i.e. the breech of the gun), is at once relieved, while the force continues, to 
" the close of its development, to act in the direction of the mass which has once 
" yielded to its influence, and thus propels the projectile." 

" The explosion of a charge of a fulminate, on the other hand, in the chamber of a 
" guu, is so instantaneous that the maximum of force is at once developed, and the 
" strain thus exerted within the chamber, at the same time that it overcomes the 
" inertia of the projectile (or the moveable side of the chamber), will also overwhelm 
" the cohesive force which maintains the mass of the chamber entire and the breech 
"' of the gun will therefore be shattered." 

I "The inflammability of powder is greatly influenced by its physical nature."
Abel and Bloxham's Hand Book of Chemistry. p. 245, see also on the "Causes, 
Effects, and MilitanJ Applications of Explosions," p. 4. 

2 "Gunpowder under ordinary circumstances and >vith ordiuary precautions is 
" safe iu manufacture, store, and transport."-Text Book, p. 63. Also Abel and 
Bloxham's Hand Bool, of Chemistry, p. 237. Notes on Gunpowder, p. 2. 

3 On the Manufacture of Gunpowder, p. 1. Text Book, p. 63 
1 ,< None of the ingredients are deliquescent, nor are they hydroscopic, with the 

" exception or the charcoal, which is only slightly so. Therefore gunpowder, if not 
" exposed to a very damp atmosphere, may be kept for any length of time without 
'" having its strength materially impaired."-Notes on Gunpowder, p. 2. 

5 The official designation of these powders was changed 9th January 1865, by 
War Office Circular 892, 57/Gen. No./30S5, a copy of which is given in the Appen

. dix for convenience of reference. See Appendix. 
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L . . . .. L r< r known until 1865 as 
(i.) arge gram exerClsmg, or eXerCISll1g .\cT. ~ t ,·t d L <:' 

l S 0,1 C .',r. 
u.) " Tifle, or "rifle L.G." (known until 1865 as A4.) 
(k.) Pellet powder. 

trlealedpowder. (a.) Mealed Powder is ordinary cylinder powucr reducCll to a suffi
ciently fine dust to pass through a sieve of 120 meshes to the inch. It 
enters as an ingredient into several laboratory compositions, such as port
fires, &c., in which extreme regularity of burning is not neccssaq; it is 

Mealed pit 
powder. 

F.G. powder. 

Shell F.G. 
powder. 

also usp-c1 for priming paste. 
(b.) Mealed Pit Powder is made from a powder the charcoal of which 

has been charred in pits (hence its name) instead of cylinders. Like 
ordinary mcaled powder, it will pass through a sieve of 120 meshes to the 
inch. It is used in fuze composition, being preferred to mcalcu cylinder 
powder for this purpose because of its grcatcr regularity in. burning.l 

(c.) Fine Grain Powder, or "F. G." is of a size to be ret,Lined upon 
a sieve of 36 meshes to the inch, and to pass through one of 16. It is 
used for the charge of the 7 ·pr. muzzle-loading rifled gun, for the 
charges of all smooth-bore small arms (except those for which shell 
F.G. is used), for the bursting charges of the four lower natures of 
Armstrong segment shells} and was employed for the now ohsolete 
bursting charges of rockets. 

(d.) Fine Grain Shell or "Shell F.G." is of fI, size to be retained 
upon a sieve of 72 meshes to the inch, and to pass through one of 44, 
and is made with alder 01' willow charcoal. It mlS callccl until 1865 
" ~Medium" rifle powder to distinguish it from the old ritle arm (" RA.") 
powder made with dogwood charcoal (32 to 72 mesh), the size of the 
grain of the two powders being nearly alike. It is used f01· the bursting 
charges of diaphragm shrapnel shell, f01· the Brunswick ritle, and f('l" 
Colt and Deane and Adams's pistol cartridges. 

ExercisingF.G. (e.) Fine G1·ain Exercising, or "E:re1'cising F.G." is merely old 
powder. F.G. powder" stn,rtea" from broken up cartridges, &c. It is used fOl' 

blank small arm cartridges. 
RifleF.G.pow- (/) Fine Gmin Effie, 01'" RffieF.G.," known unti11865 as Enfield 
del'. Rifle Powder or "E.R." It was originally distinguished as " .r 2'" and 

if; of It size to be retained upon a sieve of 20 meshes to the inch, ancl to 
pass through one of 12. For some time after the introduction of the 
Enfield Uifle ordinary fine grain powder was used with it, but it soon 
became apparcnt that this powder was unsuited for this arm, greater 
uniformity of action and regularity of combustion being necessary, and 
as the result of a number of experiments, a special powder (16 to 24 
mesh) was introduced in 1859, and called" Enfield Rifle Powder." 
Experiments were however continued with a view to effecting further 
improvements in the character and composition of the powder, and in 
1860 the present "Rifle F.G." powder (" J2", as it was first called) 
was adopted for service rifled small arms,s with a row exceptions, such 
as Whitworth, Colt'S, Deane and Adams', &c. It diifers from nne grain, 
not only in the size of the grains but in some points of manufactnre, the 
most important of these being the substitution of dogwood charcoal for 
alder, the more complete incorporation of the ingredients effectcd by 

I See On the Manufacture of Gunpowder, p. 7, and note. See also p. 25 I, note 5. 
2 For some time a special F.G. powder was supplied for the bursting charges of 

Armstrong segment shell, viz., a powder of 24 to 82 mesh, obtained after dusting I{F.G. 
This special powder, however, is no longer employed. 

3 Adopted, on recommendation of Special Committee on Gunpowcler, 18th October 
1860,74/2/589, War Office Circular No. 665, par. li8. Whitworth's cartridges, 
Colt's, and Deane and Adams' are not made up with this powder. 
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working them in the mills for a longer time,1 a difference in the density,2 
and in the grains being rounded and more even and highly glazed. 

(g.) Large Grain or" L. G." is of a size to be retained upon a sieve L.G. powder. 
of 16 meshes to the inch, and to pass through one of 8.3 The grain" 
are angLllar, somewhat irregular in shape, and very slightly glazed.4 

It is used for the charges of all smooth-bore guns (except wrought-iron 
guns). No more of this powder however, is to be made, and R.L.G. 
powder will be used for the charges of S.B. ordnance when the present 
store of L.G. is exhausted. Meanwhile L.G. will be used for all bronze 
and cast-iron smooth-bore ordnance. For wrought-iron smooth-bore 
ordnance R.L.G. comes into immediate use. 

(It.) La1'ge Grain Shell or "Snell L.G." is merely L.G. of an in- SheIlL.G. 
ferior class, viz. classes 3 and 4: (under Circular 512).5 It is used for powder. 
the bursting charges of all shell, rifle and smooth-bore, except shrapnel 
and the four lower natures of Armstrong segment shell. It will 
ultimately be superseded by R.L.G. powder. 

(i.) Large Gmin Exercising or "Exe·rcising L.G." is merely L.G. Exercising 
powder" started" from broken up cartridges. It is used for saluting L.G. powder. 
and exercising charges for guns, that is, it is used in the same capacity 
for cannon as Exercising F.G. for small arms, i.e. for blank firing. 

(j.) LW'ge Gmined Rifle or" Rifle L.G.,"6 known until 1865 as A4 Rifle L.G. 
powder, is of a size to be retained upon a sieve of eight meshes to the powder. 
inch, and to pass through one of four.7 The grains are angular and 
highly glazed.s 

It is used for the charges of rifle guns of 12 tens and under (except 
the 7-pl'. gUllS) and for the charges of wrought-iron smooth-bore guns, 
being preferred to L.G, for this purpose on account of its greater 
uniformity. It will come into use for the charges of all S.B. ordnance 
when the present store of L.G. is exhausted, thc manufacture of L.G. 
powder having been discontinued.9 

(k.) Pellet Powder was recommended for temporary adoption with Pellet powder. 
heavy guns by the Gunpowder Committee in 1R66; and the destructive 
effects produced by the R.L.G. powder upon some large rifled guns 
about this time led the Ordnance Select Committee in 1867 pro-
visionully to endorse this recommendation, pcnding the conclusion of 
certain experiments instituted with a view to discovering if the par. 
ticular eize and construction of pellet recommended was the one precisely 
best adapted for the purpose. 

1 Enfield rifle powder is worked 5t hours instead of 31 hours. 
2 Enfield rifle powder is subjected to a pressure of about 50 tons per square foot 

instead of about 70. 
3 One pound of L.G. powder contains an average of 80,000 grains. 
4 Large grain powder is not regularly glazed, the process of dusting imparts suffi

cient glazing to it " without any further operation."-Text BOO/I, p. 38. 
5 See classification of powder, p. 141. 
6 This was one of the experimental powders tried by the gunpowder Co=ittee. 

Sir William Armstrong having observed the favourable resnlts attending its experi
mental use reco=ended, 11th April 1860, its adoption for his guns generally. The 
Gunpowder Co=ittee agreed to this as a temporary measure, and its provisional 
introduction was sanctioned. 

7 One pound of Rifle L.G. contains on an average 13,000 grains. 
8 Black lead is used to impart a higher glaze to the grains. 
9" The manufacture of ordinary L.G. powder is to be at once discontinued. All 

powder made at Waltham Abbey or obtained by contract for employment with 
.' ordnance, whether rifled or smooth bore, is to be rifle L.G." Approved 21st 
" February 1866, W.O.C. 11 (New Series), § 1291. 
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The substitution of cylindrical pellets for grains was recommended in 
the first instance by the manufacturing difficulties which were found to 
attach to the production of very large grained gunpowder. These 
Jifficulties may be referred to two heads :-lst. Expense. 2nd. Absence 
of uniformity in size, shape, and density. 

The increased cost of very large grained powder is due to the com
paratively small product furnished by a given weight of press cake. In 
the production of large masses of gunpowder which should range 
between narrow limits as to size and shape, and to wllich a smooth and 
finished. surface has to be imparted, a considerable quantity of the press 
~ake becomes broken into dust and small grains which have to be re
worked before they can be usefully applied. 

With regard to a want of uniformity, it is not difficult to understand 
that the variation in size and shape of grains which is inevitable in all 
granulated powder will increase greatly with the size of particles re
quired, and a large grained powder made by the ordinary process must 
always in this respect be a less uniform powder than one made up of 
finer grains; and, as the action of powder depends so largely upon these 
elements, it is of the highest importance to eliminate as far as possible 
all variation due to these causes. 

These difficulties it appeared to the committee might be in a great 
measure overcome by adopting the principle, extensively in vogue in the 
Royal Laboratory, of applying hydraulic power to the uniform com
pression of compositions. The system consists in convcrting meal 
powder or a similar composition into cylindrial pellets of a particular 
Jegree of firmness or density by submitting it to a well-regulated amount 
{)f pressure. 

From the application of this principle to the manufacture of gunpowder 
we obtain the pellet powder which has been recently expcrimentally 
adopted for our heaviest rifle charges. 

Pellet powder is not only much more uniform in size, shape, hardness, 
.and density than ordinary granulated powder, or rather the size, shape, 
hardness, and density arlmit of much readier control when the powder 
is treated by this process than under the ordinary process, and is thus 
very much morc uniform and defined in its ultimate action, while, as has 
been explained, it is also less expensive to manufacture. 

Having then determined by experiment what size and shape find 
density of pellet are best suited to the end in view, it is always easy to 
produce by the pellet process any quantity of powder which, within 
reasonable limits, will give the same results. 

The Gunpowder Committee tried a large variety of pollotR, and 
ultimately expressed a preference for that which has boen provisionally 
adopted, pending further inquiry into this part of the subject. The 
pellet is a small, very hard cylindrical disc of comprcssed gunpowder 
partially perforated in the centre. 

The pellets are produced from cylinder mealed powder l made of 

I The powder for making the pellets is arrested at that stage of its manufacture 
into ordinary powder which is kuown as "broken down mill cake." "After the in
" gredients are prepared and mixed they are incorporated in the mill for (1bout 3t 
" hours, and when this is finished the mixture is termed ' mill cake' bein'" to all intents 
" and purposes powder, only in a state of half cake and half dust. T; be converted 
« into service gunpowder it would require to be pressed in the hydraulic press into 
:: ;>hat is ca!led 'pres~ cak,",' whi.ch press ca~e is afterwards broken up by machines 

mto the dIfferent SIzes of grams we reqUlre. But to enable the mill cake to get 
", in between the plates of the press it is first passed through a breaking-down machine, 
«~bich crushes up any large pieces in the mill cake into meal. It is at this Rtage of 
" manufacture that we stop it and barrel it up when wanted for pellets."-Extract 
from MS. letter from Captain F. M. Smith, Assistant Superintendent Royal Gunpowder 
Factory, Waltham Abbey, 25th A'pril1867. ' 
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alder or willow charcoal, which ~s compressed by hydraulic power 1 into 
discs of the following dimensions and structure :-

Range of density of pellets, 1 ·65 to 1 ·7. 
Diameter of pellets, ·75". 
Depth of ditto, 0 ·485" to 0·495". 
Diameter of cavity, or indentation} 0·2" at top. 

in the pellet - - - O· 15/1 at bottom. 
Depth of cavity, 0- 25/1. 
Range in weight of pellets, 85 to 9.5 grs. 

Before being pressed the mealed powder is slightly dampec12 to cause 
it to bind and to give the required degree of hardness of the powder. 

When dry, the pellets are drummed for half an hour without black 
lead. The object of drumming is less to impart a surface than to 
round off the edges, which in transport would be apt to yield dust. 

This pellet powder has been recommended for provisional adoption 
for the charge of all guns above 12 tons in weight. Its destructive 
effect upon the gun is very much less than that of R.L.G. powder, 
but its propellant force is not, in a gun of snitable length, at all 
affected. 

Classification of pO'loder.3 

The classification of gunpowder was arranged as follows by the War 
Office Circular No. 512, 9th December 1858; 75/General No.j126. 

"Mr. Secretary Herbert desires that in future the following classifica
tion of gunpowder, in all magazines, shall be observed :4 

" Class 1. New powder. 

1 The hydraulic pressure applied is about 2,000 Ibs. per square inch. 
2 The powder coutains about 5 or 6 per cent. of moisture. 
3 A somewhat different classification to the one here laid down has generally been 

followed at Purfieet and Waltham Abbey. It is as follows :-
Class 1. Serviceable for exercise. 

" 2. Repairable for exercise. 
" 3. Serviceable for shells. 
" 4. Repairable for shells. 
" 5. Serviceable for sale. 
,,6. Do. for extraction. 
" 7. Serviceable, for fervice. 
" 8. Repairable, for service. 

4 It may be convenient to know under which marks the different classes of powder 
may be looked for, and the following extract from a letter trom Major Henry, late 
AssiEtant Superintendent of Waltham Abbey, is given as explaining this point. To 
avoid repeating the words L.G., F.G., &c. the powders as named in Circular 892 have 
been numbered as follows:-

Names according to 
Circular 892. 

Numbered, for couvenience 

I - I Exercise. I Rille. I Shell. I Redusted. 

~1~Q~I~a.hQI~~I~hQI~Q 

"Class 1, in Circular 512, would come under 1, 2,5,6, that is to say,it would be 
" found in the banels marked like 1, 2, 5, and 6. These barrels would all bear the 
" maker's name. 

" Class 2, in 512, would also come under 1, 2, 5, and 6, but there would be no 
" maker's name, as this powder might come from all quarters, started from cart
"' ridges, &c. The date 'of examination would be shown. 

"Class 3 would come under 7 or 8, although :new powder (M.R.A.) would also 
" come under 8. 

" Class 4. No powder has been restoved for several years, and therefore this class 
" ceases to exist. If there should be any left it would come under 7 or 8. 
. " Class 5. Would not come under any of the new marks, as Circular 892 only 
.. applies to powder in use in the service. Powder for extraction is ' sent to Waltham 
:' , Abbey,' 'and that for sale is taken away fromPurlleet by the purchasers.''' . 
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"Class 2. Powder which has been returned from the Royal Navy, and 
IJaving been kept perfectly dry, has been found, after proof, to be equal 
to the required standard. 

" Class 3. Returned powder, which may have become broken in the 
grain or dusty, if dry, may be considered fit for filling she Us. 

" Class 4. Returned powder fit for :filling shells after being restoved.l 
" Class 5. Condemned powder only fit for extraction. 
" Samples of any powder which may be damaged or much caked are 

to be forwarded from Home Stations to the Superintendent Royal Gun
powder Factory, for his decision as to the best course to be adopted. 

" At foreign stations the recommendation for the disposal of such con
demned powder are to be made by the fire-master at the station, subject 
to the approval of the General or other oiUcer commanding, who will 
forward the same for the decision of the Secretary of State." 

(Signcd) JOlIN ROBERT GODLEY. 

Extract from 'War OiUce Circular, No. 590, par. 10. 
"Gunpowder taken out of shells to be carefully examined, and, if 

" found perfectly serviceable, set apart to be used again for filling 
" shells." 

Recommended by the O. S. Committee. 
Approved 10/2/60, 75/12/505. 

Proof of powder.2 

Extract from" Ordnance Regulations," "Home," 1855. 
Article 559, 12th April 1850/E/4G8. 

" The following rules are to be observed in proving large and fine 
grain gunpowder with the 8-inch Gomer mortar at all stations. 

1. "The bed to be placed 011 a horizontal platform, and thc mortal' 
brought to exactly 45° elevation and properly pointed. 

1 The practice of restoving powder has recently been discontinued by Order 8th 
May /67,75/3/989. 

~ Powder is subjected to a variety of other tests, such as flashing, cubing, taking its 
specific gravity, testing its moisture, absorbing properties, examining it with l'egard 
to its freedom from dust, grit, or foreign matters, and with regard to the general con
dition of the grains (which" should be angular, crisp, and sharp to the touch, not 
" ea.sily reduced to dent by preSSlU'e between the nngers").-On the Manufacture oj 
Gunpowder, p. 20. See also Notes on Gunpowder, pp. 18 to 20. 

"Good powder should exhibit perfect uniformity of texture; light specks or 
" glittering points indicate an incomplete mixture, The grains should be suillciently 
" hard not to be easily crushed between the fingers, and not to soil these 01' a piece 
" of paper by mere contact." -Abel and Bloxham's Hand Bool, of Chemistry, p. 224. 

The details of these tests, however, are not given, as they enter into a Waltham 
Abbey rather than a Royal Laboratory course. Indeed, I have hesitated about 
introducing the mortar proof; but as this most fallacious test is still contiuued, 
pending the adoption of a more scientific and reliable system, I have thought that it 
would make this portion of the work, in which gunpowder is treated of~ more 
complete and of greater practical value to give the rules to be observed in coudllcting 
it. 

Respecting the value of this method of proof, the following remal'l(s by Major 
'~fordecai are extracted from Major Baddeley's Pamphlet On the ltInnujitcture of 
Gunpowder, p. 26 :-" By comparing the resnlts of the proof by the eprouvettes with 
" those furnished by the co=on pendulum, it would appear that the eprouvettes are 
" entirely useless as instruments for testing the relative projectile force of ditfm'ent 
" kinds of powder, when employed in large charges as in common. Powders of little 
" density, or of fine grain, which burn most rapidly, give the highest proof with the 
" eprouvettes, whilst the reverse is nearly true with the cannon. Thus all the 
" eprouvettes concur in assigning the first rank among the cannon powd;rs to the 
" powder F, which is the lowest on the scale by the cannon; whilst the powder A. 
" which is the strongest in the gun, is one of the weakest by the eprouvettes. Nor do 
" these instruments assign any superiority to powder which is well incorporated over 
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2. "To be fired with two ounces of powder, accurately weighed, and 
placed as uniformly as possible in the bottom of the chamber by means 
of a funnel. 

3. "The 68-pound shot being carefully cleaned is then to be placed 
in the mortar gently and uniformly by means of It pair of lifting tongs 
provided for the purpose. 

4. "The mortar being fired by means of a quick match placed in its 
vent, three times from the same sample, the actnal range in feet must 
be carefully noted and the average of the three rounds shown thus :-

Example. l 

First. 

244 

Second. 

230 

Third. Mean. 

248 240i 
5. "The mortar and shot to be carefully cleaned every round, and 

both to be kept well oiled when not in use. 
6. "Great care should be taken in reporting the trials of powder to 

state as conectly as possible the marks (commonly known as distin
guishing marks) in every partieular,which are upon the barrels from 
whence the samples have been drawn, especially as respects the age of 
the powder, not omitting the clate it was received at the station." 

Detailed instructions relative to the periocls at which proof of powder 
is to be taken, the manner of selecting the barrels, and the forms on 
which the proof reporis are to be rendered, is given in War Office Cir
cular 674, 5th April 1861; indeed, proof of powder should not be 
undertaken until the instructions contained in this Circular have been 
referred to.2 

The subject of the charge may be most conveniently dealt with by 
subdividing it into (a) Firing charge, or charge proper,and (b) Bursting 
charge. 

(a.) Charge, Proper. 

The powder used for all bronze and cast-iron smooth-bore ordnance is Powder used. 
for the present, and while the store lasts, L.G. Ultimately RL.G. will . 
be used for the charges of all smooth-bore ordnance.3 

" powder of the same kind in other respects, which has been very imperfectly 
" worked; on the contrary, they all give results with the powder incorporated by 
" 15 minutes work under the rollers, equal or superior to those furnished by the 
" same powder worked 90 minutes. The only real use of these eprouvettes is to 
" check and verify the uniformity of a current manufacture of powder, where a 
" certain course of operations is intended to be pursued, and where the strength, 
" tested by means of any instrument, should therefore be uniform; but as a mean s of 
" proving gunpowder received (as it is in our service) from manufacturers pursuing 
., different processes, these eprouvettes may be pronounced worse than useless, since 
" they lead to erroneous results." -See also Extracts from Repo,·ts of Ordnance 
Select Committee, voL ii., pp. 243, 244, and vol. iii., pp. 200,206, where tIle eprouvette 
test is strongly condemned, and a pendululll test recommended in its stead. Until 
pendulums or other suitable apparatus are provided, however, it is proposed to 
continue the eprouvette proof. 

1 "The ranges quoted from the Orduance Regulations are much shorter than is 
" usual with the powder now made, the L.G. powder generally giving from 280 to 
" 290 feet. It is the custom when a shot falls short of 240 feet to allow a second fire, 
" as it is concluded some mistake must have occurred to cause so short a range."
Extracts from letter of Assistant Superintendent Royal Gunpowder JJfanufacto1'1.J, 
Waltham Abbey, letter, 2]st April 1864, R., 93. 

~ For convenience of reference this Circular and the Forms annexed to it are given 
in Appendix: F, p. 371. 

3 See page 139.· It has now been decided by the Ordnance Select Committee to 
recomme.nd the employment of R.L.G. powder for all smooth-bore ordnance, except 
mortars, and the manufacture ofL.G. powder has been stopped.- War Office Circular 
11 (new series), § 1291. See also Extracts Ordnance Select Committee, iii., pp. 206, 300 
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For wrought-iron smooth-bore ordnance R.L.G. powder will be at 
once used.1 

It is impossible to give any invariable rule for the weight of the charge 
in terms of the weight of the projectile, because of the vast number of 
reduced and e:x:ceptional charges, and because even in the case of "ser
" vice" charges,2 there is, in the majority of cases, more than one of these 
charges for each nature of gun, according to its weight of metal, or 
whether it is made of iron or brass.3 

The following rule, however, is perhaps sufficiently appro:x:imately 
correct for general purposes: 

For shot guns the weight of the mean service charge is from one-third 
to one-fourth that of the shot.4 

For shell guns and howitzers the weight of the mean service charge 
varies from about one-si:x:th to one-twelfth, one-seventh to one· eighth 
that of the heaviest projectile.5 

For carronades the weight of the service charge is about one-twelfth 
the weight of the shot.6 

For mortars the weight of the charge varies with thc rangc. 
For the under-mentioned purposes and projectiles reduced charges 

must be used: 
1. Double shotting. 
2. Red-hot shot. 
3. Manby's shot. 
4. Martin's shell. 
5. Carcasses when fired from the I3-inch sea sen·ice mortar 

and lO-inch gun. 
6. Ground light balls. 

1 The eXisting store of filled cartridges for this class of ordinance, with L.G. 
powder, is to be considered serviceable. 

~ " Service" charges, as distinguished from rec1uced and exceptional charges. 
3 The :l2-pr. gun, for instance, has no less than five different" service" charges, 

varying from 10 lbs. for the 63, 58, and 56 cwt. guns, to 5 Ibs. for the 32 cwt. gun. 
The 24-pr. gun has four "service" charges; the 42-pr. and 68-pr. each three 
" service" charges; and the 8-inch and several other guns have each 2 " service" 
charges. Again, the brass 9-pr. and 6-pr. guns have different" SCI vice " charges to 
the iron 9-pr. and 6-pr. guns. 

4 More nearly ith than ,j-rd, as will be seen from the following table :-
The ISO-pl'. mean" service" charge is 35 lbs. = *1,h (about) weight of shot. 
" 100" "is 20 lbs. = 1'th exactly. ' 
" 68" " " " is 16 lbs. = 4 th (nearly) weight of shot, 
" 56" service " is 14 Ibs. = ;J-th (exactly) " 

42 " mean service charge is about 12 lbs. = between ,rrd and}th " 
" 32" " is about 8 lbs. = ith ex:,ctly " 
" 24"" "is nearly 6 lbs. = fth exactly " 
" 18"" " is 31!- Ibs. = fth exactly " 
" 12" service is 4 lbs. = ,rl'd exactly 
" 9" mean service is 2j lbs. = between -krd and *th 
" 6 " " ,," is 14 lbs. = between ird and ith " 
" 3 " " "" is 11 ozs. = almost exactly :tth " 

I should notice here that each solid shot has been taken at the weight commonly 
assigned, i.e., the 8-inch or 68-pr. shot has been taken as weighing 68 Ibs., the 32-pr. 
32 lbs., &c. &c. In this way the practical application of the rule is made more easy. 

5 In the case of ordnance fi'om which shot are not fired it has been necessary to 
take the heaviest projectile, i.e., diaphragm shrapnel shell, !'xcept in the case of the 
10-inch, from which this shell is not fired. For the 1O-inch, therefore, I have taken' 
the common shell, weight about 84 lbs. 

6 In most cases it is exactly l1l-th, but in the 68-pr. it falls between 1'1)"th and -f.I:th ; 
while in the 6-pr. it rises to -loth. I have, however, thought it beot to give the mean 
average, and this, as stated in the text, is 1.'o-th. 

Ftom an original reference in red ink on a paper entitled" Remarks on the means 
" of extending the range of the 68-pr. carronades" in Misceilaneous, vol. ii., it would 
appear that the charger, of carronades prior to 1798 were higher than at present 
being tth the weight of the shot; but in that year it seems they were reduced t.o T\rth; 
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7. Parachute light balls. 
8. Smoke balls. 
9. Ricochet. 

10. Angles of depression, greater than 15°. 
11. Saluting and exercise. 

(1.) Double shotting.-When guns are double shotted reduced charges Charges for 
have to be used to avoid increasing the strain upon the gun.1 The fol- ~ouble shot
lowing table 2 gives the maximum charges with which the 68-pr. 8-inch tmg. 
and 32-pr. gun" may be fired double shotted with perfect safety, and the 
corresponding ranges, with certainty of operation through a (wooden) 
ship's side. 

68-pr. 95 cwt. gun 10 lbs. charge 400 yards. 

8-inch {6.5 " ,,} 5 lbs. 200 
60 " " " " 

{
56 & 58 " 6 lbs." 450" 

39 50 & 45 " 5 lbs." 400" 
~·pr. 42,.40, 39 4 IbR." 300" 

32 & 25 " 3 lbs." 200" 
(2.) Red·//Ot SllOt.-In firing red-hot shot the charge is not to Charges for 

exceed three-fourths the service charge,3 because (a), owing to the rapid red-hot shot_ 
expansion of the shot, and the consequent reduction of windage, the 
strain upon the gun is proportionally increased;4 and (b) a red-hot 

1 " Reduced charges are used for this purpose, as with the full charges the strain 
" upon the metal of the gun would be greatly increased."-Owen and Dame's 
Lectures on Artillery, third edition, p. 64. 

2 Extracted from the Handbook for Field Service, p. 298. See also Ea:periments 
in H.lrl.S. "Excellent," p. 147. 

" Double shotting .... is forbidden with the lO-inch gun, with the 8-inch gun 
" of 52 cwt, and with all carronades" (Handbook for Field Service, p. 297), and no 
charges are therefore assigned for double-shotting these guns, nor are any other guns 
included in this list, because, double shotting being almost entirely a naval practice, 
itis not necessary to provide for other guns than the ones principally used by the 
navy for broadside purposes. There are no data respecting the 150 and 100·pr. 
guns. See also on this subject Sir H. Douglas's Naval Gunnery, pages 94 to 103. 

S "The charges to be used in firing hot shot shall not in future exceed three-fourths 
" of the weight of the respecth'e servi.ce charges for the several natures of ordnance." 
-Account of Alterations and Additions in Ordnance, &,c., 31st Jan. 1855, para. L 

4 " III consequence of the expansion of the shot, and the adjacent metal of the bore, 
" the windage is reduced, and a greater strain will be exerted upon the metal of the 
" gun; the expansion of the gas will also probably be increased by the heat generated 
" within the bOl'e ; moreover, very grE'at penetration is not required, the object to be 
" attained is, that the shot merely lodge in the timbers."-Owen's Lectures on ArtilleJ'Y, 
edition 3rd, p. 8 L 

Experiments were made in 1858 in the Royal Gun Factories, and on board the 
" Excellent," to determine the expansion of the under-mentioned shot, with the 
following results :-

{
maximum expansion 

SS-pr. shot minhtlum " -
mean ,,-

{
maximum 

32-pr. shot ndnimum 
means 

{
maximum 

24-pr. shot mitlimum 
mean 

Dull·red Heat. 

Inch. 
'08 
'06 
'069 
'07 
'04 
'061 
'06 
'4 
'048 

-Handbook tor Field Service, p. 299. 

Red Heat. 

Inch. 
'10 
'07 
'086 
'08 
'055 
'068 
'075 
'055 
'064 

WhitcHel1t. 

Inch. 
'19 
'08 
'129 
'12 
'05 
'083 
'17 
'06 
'097 

These experiments were carried on by the Committee on Ordnance, of which General 
Cator, R0yal Artillery, was president. The conclusion to which the Committee came 
" from these experilllents, and careful investigation of previous reports," was that 
the following should be allowed for the expansion of shot by heating: 68·pr., '12; 
32-pr., . 1; 24-pr. '1. . 
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shot is generally required to lodge in the object fired at-a ship, for 
example-and not pass through it. 

(3.) Manby's Shot.-The maximum charge for the 24-pr. oblong 
Manby's shot is only 12 oz., giving, with 450 of elevation, a range 
of from 400 yards downwards, according to the strength and direction 
of the wind.I 

If a higher charge is used, the line is generally broken.2 

There are no data on the subject of the charge for the 6-pr. spherical 
Manby's shot. 

(4.) Martin's Shell.-When firing these shells from 10 and 8-inch 
guns the charge is 8 1bs.; with the 68-pr. 10 1bs.3 Reduced charges are 
necessarily used with these shells, (a) 4 to avoid SUbjecting the gun to 

1 "For the Manby 24-pr. cylinclrical shot the charge is 12 ozs., giving a range of 
" about 300 yards."-Capt, Fraser's Notes on Material, p, 6. See more upon this 
subject, p. 97, note 3. 

2 In some experiments which were carried on in the Royal Laboratory at "lVoolwich 
in 1859 with elongated 24-pr, Manby's shot and deep·sea line, the line broke with a 
lIb, charge, With a stouter line than deep-sea line (It-inch rope, for instance) a 
heavier charge might perhaps be used. 

S See War O.tfice Circular 822, para, 728, On the subject of the Iolbs, charge 
for these shells, the Ordnance Select Committee remarks: "It appears that there is 
" very little difference between the ranges given by 81bs, and 10 Ibs,; and it becomes 
" a question whether 81bs" which is the saluting and exercising c.harge of the 68'pr" 
" should not also be the charge for Martin's shells,"-ExtrcLcts jrom the Reports and 
Proceedings oj 0, S, Committee, vol. i., p, 129, 

The following" Abstract of Practice" with Martin's shells, given ibid" p, 129, may 
perhaps be useful for reference, 

I I 
... ... 

" 6 b 0 0 Ranges. 0) 
I=< en 0:: >=I .., <l) 'd "d '" ~d '" r-. " .g, " Nature of § S l: " Date, ci ~~ E=i, ci ci ,~ '" " ' " , Gun, ~ I=<i'!' "''' "d= 0 

ci "';: 

:! § ",,0 "0 ... 7~ '" g§~ "'~ o:c 
~~ 0 f:a s=.'0' 'S ci 0::" 

0 
~ 

~~ oJ " ... ~~ ..!l 6 
",I>< '" ~o ~~ Z ~ ~ ~ ::<I ~ ~ '" 

1863. I 
1bs, lbs, Sec, Yds, Yds. Yds. 

arch 13- 08·pr, 95 cwt, • 5 10 li9 1'78 513 558 529 14'2 0'4 0'3 M 
61S 

" - " " - 5 3 10 59 S'68 958 1,070 1,031 33'0 1'5 1"3 

" - " " · 5 5 10 59 1,457 
-{,JeOI 

5'08 1,500 1,484 15'4 S'l 2'9 

8-inch 
1,832 

" - . - ;I 
11 

8 59 1'95 546 SS9 5nO 14'2 1'3 0'9 
60s 

" · " - - 5 3 8 59 3'66 983 1,012 994 10'0 1'2 1'2 

8 5'70 
4,fH8 

" · " - · 5 5 59 1,342 1,403 1.419 31'0 4'6 4'S 

10,inch 
" - - · 5 1 8 117 1'72 326 341 

4,4-84 
8:l2 4'8 0'0 0'5 

" - " - - ;) 3 8 117 3'12 536 682 
/lSQ 
6:J:J 39'2 1'6 1'0 

~ I 
8 117 4'62 

705 

" · " - 5 5 S9~ 958 930 10'2 2'0 2'2 
j , .fO'I/) .. - .. - 5 71 8 117 6'55 1,316 1,454\1:308 43'0 9'S 6'1 

I 

The mean ranges, as obtained in former experiments, are interlined in italic figures, 
4 As regards" the strain upon the gun ;" this is greater with a Martin's than with 

a common shell, because (1) the weight of the shell itself is greater (a filled 8-inch 
Martin's shell weighs 59 lbs,; a fillecl S'inch common shell about 491bs" or 101bs, 
less; a filled lO-inch Martin's shell weighs I151bs, ; a filled lO-inch common shell 
about 841bs" or about 31 Ibs, less), and (2) the expansion of Martin's shell, however 
~light (see p, ?4), produces a corresponding reduction of windage,:and a proportionally 
lU<lreased stram, 

This consideration has chiefly determined and rendered necessary the reduction of 
the charge for' practice with these shells from the lO-inch and S-inch guns. 
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an undue strain, and (b) because the shells themselves would probably 
not withstand the full service charge.! 

(5.) Carcasses, ~vhen fired from the 13-inch sea service mortar, and Charges for 
from the 10-inch gun, are fired with charges not exceeding 161bs. and carcasses. 
8lbs. respectively, because these pieces are unequal to the strain involved 
in firing a carcass with their maximum service charges.2 

In all other cases they may be fired with full service charges.3 

1 As regards the shells being themselves unequal to the full service charge, this is 
due to the fact that they are heavy without the solidity and strength of which weight 
is generally an indication, and from the peculiar nature of their application they cannot 
be made of greater substance. . 

This consideration has chiefly determined and rendered necessary the reduction of 
the charge for practice with these shells for the 68-pr. gun. 

~ "In consequence of the extra weight of the l3-inch and 10-inch carcasses-30 lbs. 
" and 20 lbs. respectively more than the shells of these calibres-it is not considered 
" advisable to use the full service charges in firing them from the l3-inch sea service 
" mortars or 10-inch guns; as although the carcass will withstand the charge, it would 
" not be prudent to subject the gun or mortar to the extra strain. The maximum 
" charge to be used when firing carcasses from the J 3 inch sea service mortar is to be 
" 16lbs., and when firing them from the lO-inch gun 9lbs."- War Office Circular, 
639, para. 96. Subsequently, in 1864, by War Office Circular 855, para. 830, the 
9lbs. charge was abolished, and the 8lbs. charge directed to be used in firing" carcasses, 
" Martin's shells," &c. &c. 

It will, perhaps, be remarked that the 13-inch land service mortar is a much lighter 
piece than the sea service mortar of this calibre, and yet that the full service charge is 
allowed to be used in firing carcasses from these pieces. This is to be explained by 
the fact that while the maximum charge of the sea service mortar is very heavy-
20 lbs.,-that of the land service is comparatively light-only 9 lbs.; and while the 
first of these mortars is unequal to the strain involved in firing a projectile weighing 
234 lbs. with 20 lbs. of powder, the land service 13-inch is fully equal to firing the 
same projectile with a charge of 9 lbs. 

3 "With these exceptions, full service charges may be used in firing these projec
" tiles."~ War Office Circular, 63!!, para. 96. 

The following Abstract of Practice made with carcasses by the O.S.C. in 1866, and 
recorded in Extracts, &c., O.S.C., Vol. IV., pp. 153, 154, may be useful for 
reference :-

POWDER, L.G. 

No. of Rounds. Nature of lI'Iortar. 

5 13-inch L.S. 
5 
5 
5 

5 Is-inch S.S. 
5 
5 
5 

5 10·inch L.S. 
5 
5 
5 

5 
5 

10·inch S.S. 

5 8·inc11 
5 
5 
2 
3 

g 5!-inch 

5 

5 4t-inch -
5 
5 
5 

15836. 

C1ULrge. 

5 
7 
8 
9 

7 
10 
13 
16 

4 
6 
8 
9 

l' Ii 
It 
2 
2 

'344 
'375 
'406 
'437 

'219 
'250 
'281 
'312 

Mean Range. 

1,349 
1,871 
1,989 
2,220 

1,840 
2,508 
3,126 
3,632 

1.165 
1,4!i7 
1,820 
2,085 

2,469 
3 000 3:845 
4,049 

l,ii(ii! 
1,210 
1,512 
1,674 
1,599 

576 
620 
683 
711 

568 
601 
644 
686 
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(6.) Ground Light Balls are fired with very"l'educed charges, varying, 
at an angle of 45°, from 2lbs. to 1 oz., according to the nature of ball 
and required range. These projectiles are not sufficiently strong to 
withstand the shock of a heavy charge. 

The following table, compiled by the Ordnance Select Committee 
after some experiments carried out by them in 1861-2, gives approxi. 
mately the charges for ground light balls.l 

lO-Inch. 8-Inch. uHnch. ~·Inch. 

Range. 
Weight. Weight. Weight. Weight. 

Yards. lbs. ozs. lbs. ozs. lbs. ozs. lbs. OZS. 

200 0 10 0 4 0 2 0 1 
300 0 llt 0 6 0 3 0 2 
400 0 13t 0 st 0 4t 0 3 
500 1 0 0 11 0 5t 0 4~ 
600 1 2t 0 14t 0 8t 0 6t 
700 1 6 1 3 0 12 0 9t 
SOO 1 12 1 10 1 0 -
850 2 0 1 14 - -

(7.) Paracltute Light Balls.-The lO-inch of the present pattern 
may be fired with a charge not exceeding 2t lhs., which at an angle of 
45° will give an average range of from 1,200 to 1,400 yards.2 The data 
respecting the maximum charges which may be employed with the two 
lower natures is not so complete. They have not been fired with 
higher charges than-8-inch, lIb.; and 5t-inch, 8 oz. The ranges due 
to these charges have not been determined. Parachute light balls of 
the original pattern 3 will not stand a higher charge than 2 lhs.,':! and, 
owing to their lightness, do not generally range farther than 600 yards 
before bursting.5 

(8.) Smoke Balls can be fired only with very reduced charges, some· 
thing under a pound.6 There is, however, nothing officially laid down 
upon the subject. 

1 Extracts from the Reports and Proceedings of the OrMatice Select Committee, 
vol. i., p. 104. 

With reference to the practical value of this table, the Committee remark, in their 
report, that "These light objects are much affected by the wind, ond their irregularities 
" are so great that average ranges, even if accurately determined, which would require 
" about 50 of each nature to be fired, would be of very little real utility, and all that 
" seems necessary is to give officers a guide to the charge to be used for a givcn ronge, 
" leaving them to correct it by their own observation at the moment. The above 
" table claims no higher degree of accuracy than is necessary for this purposc."-lbid. 

2 By the range of a parachute light ball, I mean the distonce to which it is projected 
before bursting, ascertained approximately, by measuring the distance from the mortar 
of ony object over which it appears to burst. 

That the shell will stand this charge, and that this charge will give the mnge 
assigued in my text, has been proved by several experiments, particularly on May 8th 
and June 4th, recorded in MS. Vol. of Practice Reports, p. 53. 

3 Those contained in paper shells. (See pp. 81, 82.) 
4 "In some experiments conducted in the Royal Laboratory in 1861 a 2k lbs. charge 

" was used, and the light ball was broken up."-MS. Volume of Experiments, p. 96. 
5 See Ibid_, 10S. . 
G I conclude that these projectiles would only withstand a charge of a few ounces 

of powder from the fact that" star shells" of a similar construction cannot be safely 
fired, as has been proved by expariment, with a higher charge than about 12 ounces. 
III some experiments conducted in the Royal Laboratory in June 1861, with star 
shells, none of the shells were broken up with a charge of 12 ozs. ; but out of three 
fired with a cbarge of 16 OZS. two were blown to pieces.-MS. Vol. of Experiments, p. 
106. I would here, however, direct attention to page 90, where the question whethcr 
smoke balls would be likely ever to be fired at all, and whether they are prol?erly to 
be considered as projectiles, is discussed. 
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(9.) Ricochet Practice is carried on with reduced charges, varying Charges for 
with the nature of gun and conditions of practice, as range, elevation, ricoc~et 
&c. &c. practice. 

The following table of ricochet practice 1 shows the charge, elevation, 
time of flight, and effect, at different ranges, with various guns and how
itzers, collected £i'om a series of ricochet firing carried on at Woolwich 
between the 14th June and the 2nd October 1821, with round shot. 

Recent experiments show that the table is sufficiently accurate for 
practical purposes. 

Nature of Ordnance. 

24t-pr., iron, 9 feet 

18· pr ~ iron, 8 feet 

12-pr., iron, S~ feet 

I 
Yds. 

( 400 

I = 
.~ :g 
I = l 6~ 
r 400 

600 -
-l8~ 

600 
-

( 400 

I 6~ 
.~ -
I 8~ 

600 
l -

9·pr. field service, { 
bronze .. .. = 600 

OS.pr. carronade -
24·pr.howitzer,bronze { 
12-pr. do. do. -

600 
600 

600 

Ibs. oz. 
o 8 
o 10 
o 12 
o 12 
1 0 
1 4 
1 0 
1 4 
1 8 
2 0 
o 12 
1 0 
o II 
o 12 
1 0 
1 0 
1 8 
o 12 
1 0 
o 6 
(\ 8 
o 8 
o 10 
o 12 
o 12 
1 0 
o 8 
o 10 
o 5 
o 6 
o 7 
2 0 
o 12 
1 0 
o 10 

48 
3St 
32 
32 
24 

~t 
Uk 
12 
32 
24 
32 
24 
18 
18 
12 
24 
18 
82 
24 
24 
19} 
16 
16 
12 
24 
19lt 
28t 
24 
20t 
84 
32 
24 
19lt 

15 10 
15 9 
30 18 
30 15 
30 17 
10 6 
SO 10 
30 10 
15 9 
15 6 
20 7 
30 11 
30 23 
30 8 
30 10 
30 10 
3() 12 
SO 9 
30 '13 
30 16 
30 20 
30 11 
30 12 
5 2 

30 7 
30 15 
15 7 
15 6 
10 -
10 1 
10 3 
10 4 
25 15 
10 2 
10 3 

Of 
Rounds 
fired, 

Propor
tion that 

took 
effect. 

Remarks. 

Work 
without 

tl'averses. 

Work 
traversed. 

Work 
without 

traverses. 

Work 
traversed. 

Work 
without 

traverses. 

Work 
traversed. 

Work 
without 
traverse. 

Work 
without 

traverses. 

(10.) Guns may be fired at angles of depression not exceeding 15° Charges for 
with the full service charge, but when fired at greater angles of de- angles?f 
pression, reduced charges are used, as follows: depreSSIOn. 

Half charges - - from 15° to 30° 
Quarter " from 30° to 50° 

With these charges, it has been proved by experiment, gun may be 
fired from wooden or iron garrison carriages 2 without cap squares, 
without danger of their being dismounted. 

(11.) For Saluting and Exercise.-The charge varies from about Charges for 
half to three-quarters the service charge, according to the size of saluti~g and 
the gun 3 and for these services new powder is not used, but "started" exerClse. 

1 From the Handbookfor Field Service, pp. 133, 134. 
2 General Regimental Order (Royal.Artillery), p. 461, para. 10. 
3 Except the sea service 6-pr. brass glm, which has a charge for exercise (or 

"instructional practice," as it is called. in War Office Circular 665, para. 174) of 
only 4ozs. See table XV., p. 336, or see War Office Circular 822, para. 728. 

L 2 
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L.G. powder, i.e., powder from broken· up cartridges which has become 
deteriorated. This powder is officially known as exercise L.G.! 

Cartridge. 

For safety, convenience, and rapidity of loading,2 the charge of powder 
is generally pla,cecl in a bag, made specially to contain it, and known as 
the cartridge.3 

These bags are made of that particular description of woollen stuff or 
flannel known as serge; the very best and purest quality of serge only 
being used for the purpose.4 

The advantages of serge over paper, &c. as a material for cartridges 6 

are-
(1.) It is more completely consnmed by the discharge of the gun.6 

(2.) It packs better than paper and resists the action of travelling better.7 
Cartridges are mac1e of two shapes :-

(1.) Cylindrical-for all except Gomer-chambel'cll ordnance. 
(2.) Conica1 8-for all Gomer-chambered ordnallce. 

1 See War Office Circular 892 (quoted in Appendix G., p. 374). 
2 See p. 128. 
3 The name" cartridge" is perhaps more commonly applied to the filled cartridge 

than to the empty one, which is often spoken of as the" cartridge bag." It is, how· 
ever, more correct to apply the term to the bag per se, speaking of it when empty as 
a " cartridge;" when filled with powder as a " filled cartridge" (" cartridge, a case of 
" 'paper, parchment, or flannel, fitted to the bore of the piece, and holding exactly its 
" proper charge."-James's MilitanJ Dictionary, p. 92); nor, properly, is the name 
applicable only to the bag which contains the charge of a gun, rifle, &c., being also 
applied to the bags which contain the bursting charges of shells (see Store Returns, &0.) 

4 The principal points to be attended to in the selection of serge for making car· 
tridges are-that it is composed entirely of wool, that it is close in texture," het 
" pressed" or calendered, and not frayed. "Hot pressing" stiffens the fabric, and 
improves it for the service for which it is required; besides rendering it less liable to 
be attacked by moth and other insects. Cartridges have been specially prepared, by 
soaking them in crude wood naphtha, in corrosive sublimate, and in carbolic acid, 
with a view to preserving them from the attacks of moths and other insects. For an 
account of these experiments, the final result of which is not yet reported, see Extracts 
from Reports and Proceedings of Ordnance Select Committee, vol. i., pp. 193,275,367, 
and vol. iii., pp. 362-3. . 

5 Its advantages have been already indicated in the history of the introduction of 
this material, see pp. 128, 129, but I have thought it better to repeat them more 
precisely here. 

G "Flannel is used so that no ignited particles may remain in the bore of the piece 
" after the explosion of the charge."-Boxer's Sandhurst Cour.l·e, p. 30. 

"Le serge ne carbonne pas co=e Ie parchemin, ce qui donne moins de risques 
" pour Ie feu."-Cotty's Dictionnaire de t' Artillerie, p. 398. 

" Serge is used in preference to paper or parchment .... as it is not liable to 
" leave sparks in the gun."-Owen and Dame's Lecture .• on Artiller!!, p. 82. 

"The cartridge bag should . . . . be composed emire!y of wool, free from any 
" mixture of thread or cotton, which would be upt tv retain fire in the piece."
Gibbon's (American) Artillerist's Manual, p. 340. 

See also ante, pp. 128, 129. 
This is a most important consideration, for where the cartridge is not completely 

consumed the unconsumed portions, whether in a state of ignition or not, have to be 
removed with a wad hook between each round," the service of the guns being in 
" consequence very slow, and being attended, moreover, with considerable danger."
Ante, p. 128. 

7 "Serge resists the action of travelling better" than paper. Owen and Dame's 
Lectures on Artillery, edition 3rd, p. 82. At the same time it takes up rather more 
room. "The tonnage of flannel cartridges is one-fifth more than that of paper."
Bombardier and Pocket Gunner, edition 7, p. 95. 

a More properly, perhaps, " conoidal," the end being rounded, but I have retained 
the term which is generally used. 
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The construction of these two classes of cartridges is as follows :-All 
cylindrical cartridges, aud those for the 12-pr. howitzer, are made of one 
piece shaped thus :1 

ct,_-------. Cf 

6, 

All conical cartridges (with the exception of those for the 12-pr. 
howitzer) are made of two pieces of serge shaped thus :2 

3 ~, 

In all cases the edges a b c-al b1 Cl are made to overlap one inch or 
three-quarters of an inch according to the nature of cartridge,3 and 
sewn with three or two rows " of running worsted 5 stitches, thus forming 
a bag open at the upper end. 

This construction is adopted in preference to merely bringing toge
ther the edges (not overlapping), and then sewing them, because,

(1.) The weight of the charge and the strain which it occasions is 
divided equally between the three rows of stitches, instead of being 
thrown altogether upon the inner row. 

(2.) The possibility of a triple thickness of sergc forming under the 
vent is avoided.6 

The 25 Ibs. cartridge for the lOO-pr., and the 40 and 351bs. cartridges 
for the I50-pr. guns, have a broad piece of serge 7 sewn longitudinally 
round the upper part of the cartridge 8 and formed into a loop, or 
" becket," at the choke, to assist in loading G and in withdrawillg it 
" from the case in which it may be deposited." 10 

J For actual dimensions, see table XV., p. 336. 
The sides of a, b, and a" b" of the 12-pr. howitzer are slightly sloped, to give it 

the required conical form. 
2 ]"{)r actual dimensions, see table XV., p. 336. 
3 See table XV., p. :336. The following general rule, though not strictly correct, is 

sufficiently accurate for practical purposes. .All cartridges (including bags for spare 
powder) above those for the 6-pr. gun, 12-pounder howitzer, and 5~ inch mortar have 
an overlap of one inch, and are sewn with three rows of stitches, the lower natures have 
an overlap of ~ of an inch, and al·e sewn with two rows of stitches. 

4 Ibid., see preceding note. 
5 Worsted known as " No. 2.0 Hank worsted," or about 75 needles full to the ounce, 

is used for the purpose. 
6 Evidently with the present construction no more than two thicknesses of serge, 

i.e., tbe overlap, can possibly be presented underneath the vent. 
; Formerly worsted webbing g inches wide. 
8 Originally this band was carried all round the cartridge to strengthen it, but it 

was found sometimes to be unconsumed, and on the proposition of Capt. Key, R.N., 
the present pattern was substituted. 

n Thl) unwieldly size of these cartridges renders necessary some such arrangement. 
10 War Office Circular 3 (new series), para. 950. 
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Cartridges are printed in black,l with the nature of gun and weight 
of charge, those for howitzers, and mortars, and carronades, having in 
addition the letters" How." and" Mor." and" Car." respectively.2 

There are two exceptions, and two only, to this system of marking 
viz., the 10 lbs. cartridge for the 65 and 60 cwt. 8-inch guns, and th~ 
10 lbs. cartridge for the 58 and 56 cwt. 32-pr. gun, these cartridges 
being marked, in addition, with the letter D (for" Distant "),3 and the 
weight of the gun, to indicate that this charge may not be used with 
lighter guns of these calibres. 

Filled Cartridges.-If the cartridges are to be issued filled the re
quired charge of powder is carefully weighed or measured 4 into them, 
after which they are "choked" and "hooped." . 

" Cltoking" consists in drawing together the open end of the cartridge 
into several pleats 5 with a brass needle threaded with three strands of 
worsted,6 three turns being taken round the pleats, the choke thus 
formed being further secured by passing the needle five times through 
it alternately above and below the turns of worsted, thereby stitching 
down the worsted at four points equidistant from one another. The 
choke is cut off to 1/1 (except for 150 and 100 pI's., for which it is limited 
to 3") to prevent jamming in loading.7 

" Hooping," which is necessary to support the cartridge and retain 
it in its shape, consists (except for the 100 and 150 Pl'. cartridges) in 
making one, or two, or three hoops 8 of worsted round the body of the 
cartridge, and is done as follows :-In making the last stitch in choking 
the point of the needle is turned downwards, and carried through the 
powder, and out at the seam, dividing the space between the shoulder 
and bottom of the cartridge according to the number of hoops required. 
The worsted is then carried tightly round the cartridge, forming a 

1 Block type (see table XV., p. 336). 
2 This system of marking was adopted 24th March 1863.-War Office Oircular 

822, para. 728, see history, p. 130. 
Cartridges for carronades were not revised; but in the event of any being required 

the same plan with the letters" Car." is followed. 
a "Distant" is an old naval distinction; until 1863 naval cartridges were of three 

natures, "Distant," "Full," and "Reduced," and although the tel'IllS have not 
altogether disappeared, cartridges, with the two exceptions above named., are no 
longer so marked or distinguished. 

4 Respecting the relative advantages of the two plans, weighing .and measuring, 
see p.l7S. 

o The description of choking and hooping cartridges falls more properly under the 
head of Manufacture, but, as in one or two other cases in this course, I :find it im
possible to make my description of the :finished article complete, without describing 
the processes by which it is completed. 

6 .A. stouter description of worsted than that which is used for sewing the cartridges 
being" 14 hank," or from 38 to 40 needles full per ounce , 

7 This has reference chiefly to simultaneous loading, when if the choke be left too 
ong, it is liable to get under the shot, which would jam in the bore, and prevent its 

being rammed home.-(Experiments on H.M.S. Excellent, p. 173). Originally the 
chokes of land service cartridges were left longer that at present, the rule being 
not to exceed half the diameter of the cartridges, (see Manual of Artillery ExerCises, 
p. 148) ; but the naval chokes were limited to 1/1 in 1851, when simultaneous loading 
became general in the navy.-(See Experiments on H.M.S. Excellent, p. 173, and 
Ordnance Regulations, p. 162, para. 634). Afterwards the length was shortened to 
t", and so retained until about 1861, when the 1" choke was reverted to. In 1863, 
when land and sea service cartridges were assimilated, all land service chokes 
were made of one unifol'Illlength of I", a length still retained, except for the 150 and 
lOO-pr. cartridges, which being of large diameter, do not require to be cut so short. 

S See table XV., p. 336. .A. good generalrule is, that the number of hoops corresponds 
with the. number of rows of stitches; this rule, however, is only approximately correct 
the nnmber of hoops actually depending less upon the bulk of the cartridges (th~ 
consideration wbich governs the numbel· of rows of stitches), than upon its length. 
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"hoop," which is stitched to the cartridge at two or three points in the 
same way as the turns of worsted at the choke were secured; one, two, 
or three hoops, as required, are made in this way. 

The 150 and 100 pl'. cartridges are hooped with blue worsted braid; 
each hoop is formed by running the braid round and through the cart
ridge, looping one end, and passing the plain: end of the braid through 
the loop. The hoop is then hauled tight, the cartridge being worked 
and beaten into shape, and the braid secured with a half hitch formed, 
to ensure a secure fastening, upon the loop. 

The diameters of cartridges for unchu.mbered ordnance are rather less 
than the high gauge of the shot.! 

The diameter of the cartridge is more imp'ortant than might at first 
appear. Colonel Boxer says that Major Mordecai's experiments proved 
" that when the cartridge is of the same diameter as the bore of the gun 
" the initial velocity is less than when the cartridge is of less size." 2 

This he explains as follows :-" When the cartridge perfectly fills that 
" portion of the bore which it occupies, it is only by penetrating 
" through the whole mass of the powder that the flame is communi
" cated to the front part of the charge; but when there is a space left 
" round the powder the heated gas will pass along this space in less 
" time than it would through the interstices between the grains, and 
" thereby the ignition of the whole charge will be more quickly accom
"plished. Although, then, the tension of the gas will be slightly 
" diminished on account of the greater space which it will occupy, still 
" the complete inflammation of the powder will take place before the 
" ball has moved so great a distance, and, therefore, the useful effect of 
" will be augmented. This effect will be greater in proportion as the 
" density of the gunpowder is increased; for it will be more advan
" tageous, when using dense powder, to communicate more rapidly 
" the heat required for its inflammation, than when the substance does 
" not present so great an obstacle to its complete combustion, More
" over, in addition to the actual augmentation of the useful effect of the 
" powder, a greater proportion of this useful effect is expended upon 
" the shot with the cartridge of reduced diameter, and a less proportion 
" in producing a permanent enlargement of the bore." 3 

Lieutenant Noble, in his Second Report on Ballistic Experiments, 
also observes, "It is evident that if the cartridge were made of the 
" same size as the bore of the gun from which it was fired, the only 
" method by which the gas £rst developed could penetrate the rest of 
" the charge is by passing between the interstices of the grains. When, 
" however, the cartridge is elongated, and consequently of less diameter 
" than the bore, the gas can pass along the space left between the 
" cartridge and the top of the bore, and thus facilitate the complete 
" ignition. 

" This gas also has the effect of causing the shot to move, and so en
" larging the space which the powder occupies at the moment of its 
" maximum tension; it thus relieves the gun by causing the initial 
" strain to be spread over a greater surface." 4 

Clearly, therefore, there is a certain point to which it is advantageous 
to reduce thc diameter of the cartridge; but. any reduction below this 

1 The dillJlleter of the reduced charges is generally considerably below the gauge. 
2 Treatise on Artillery, pp. 79, so. 
3 Ibid. p. 80. 
4 Second Report on Ballistic Experiments, pp. 74, 75, see more on this subject 

down to 79. 
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point, which may for practical purposes be dist.inguished as the hi"h 
gauge of the cartridge, ent.ails loss of velocity. e 

" The effect of elongating the cartridge 5 inches, and reducing the 
" diameter of it from 7·4 to 6·0 inches, had the effect of reducing the 
" initial velocity by 67 feet, and the range by 25 yards and 63 yards."l 
Sir Howard Douglas says, "From experiments made in France (1842-
" 1844) with a 30-pr. and a 12-pr:, long guns, projecting solid and 
" hollow shot, with and without wooden bottoms, it appears that, gene. 
" rally, the charges being equal, the cartridge which has the greater 
" dia,meter causes the shot to have a greater initial velocity." 2 The 
results of the experiments made on this subject by the Ordnance Select 
Committee, and recorded.in Lieutenant Noble's Second Report on Bal. 
listie Experiments, seemeL1 to prove that the diameter of maximum 
efficiency is somewhat below that of the present service cartridges, and 
this report states that, "It might be worth while to alter the dimen
" sions of the present service cartridge with all smooth-bore cast-iron 
"guns. It has been proved that with the 68-pr. cartridge an elonga
" tion of nearly two inches does not affect the velocity and range, and 
" it is evident that the initial strain must be reduced by the use of a 
" cartridge 12 inches long instead of 10." 3 

After :filling, all cartridges have stamped on the bottom the initial 
letter or monogram of the station at which they are filled, except those 
:filled by the Royal Artillery, which are distinguished by having no 
initial letter stamped ou them:~ 

The following initial letters and monograms have been adopted 5 for 
the different stations: 

Alderney - A Guernsey - -« 
Chatham ~ C Jersey J 
Chester -~ Pembroke -p 
Cork -H@ Gosport G 
Devonport D Sheerness -8 
Dover -vB Tynemouth -T 
Dublin -aD Upnol' -u 
Edinburgh E Woolwich W 
Fort George (It 

------------------._------------_. __ ._-_.---
1 Second Report on Ballistic Experiments, p. 77. 
~ Naval Gunner/j, p. 154. 
3 Second Report on Ballistic Experimell.ts, p. 79. 
4 Approved, 28th May 1863. War Office Circular 835, para. 763. 
519/3/64,75/3/715. 
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Excentional Cartridges.-The following cartridges may be considered Ex~ptional 
r . . 1 d tl £' - d d cartndges_ as to a certam extent exceptlOna, an are 1ere10re all'ange un er 

that head;-
(a.) 51bs. cartridge for 8-inch gun. 
(b.) Bags to contain loose powder. 
(c.) Drill cartridges. . 

(a.) The 5 lbs. cartridge for the 8-inch gun being shorter than the ~ lbs_ ?artrldge 
chamber has to be brought up to length to admit of simultaneous load- or 8-lU. gun. 
iner. The additional length is given by means of a coal-dust wad (a 
bl~e serge bag filled with coal dust 1), which is choked into the cartridge 
over the powder. For L. S. saluting purposes this adclitionallength is 
not required, and for this purpose therefore a coal-dust wad may be and 
is dispensed with. 

(b.) Bags for containing loose powder are of two sizes, and will con- Bags for loose 
tain respectively 10 Ihs.2 and 15 lbs., or less, of powder. powder. 

They are made of serge, and in construction resemble a large cart
ridge, with an overlap of one inch, and three rows of stitches; and 
when filled are choked in the same way, but not hooped. 

They are marked in black with the No. of lbs. which they contain, 
and the nature of powder. 

The principal use of these bags is to contain loose powder for the 
making up service and of exceptional charges, for filling shells, and 
for occasional requirements. 

(c.) Drill Cart1-idges.-For drill purposes dummy cartridges 3 are Drill. 
issued, made of blue serge instead of white, and filled with coal dust cartndgcs. 
instead of powder. The marking of the cartridges is the same as that 
of the service cartridges, with the exception that the printing is white 
instead of black,4 and that the word" coal-dust" is added. In the 
lOO-pr. and 150-pr. drill cartridges leather is substituted for serge, and 
the interior is filled with cuttings of waste material. 

Cartridges 5 are issued either- Packing and 
(a.) Empty, or I (b.) Filled. issue. 

Cartridges, except for naval use, are generally issued (a) Empty; 
a!t",ays so for the Royal Artillery,6 except for active service.7 . 

They are made up into bales,S the number of each nature in a bale 
being as follows ;-

Cartridges,to contain 40 lbs. 200 of each. 

{ 35 
" 25 " " } 250 

" " 

1 Welsh coal dust, 12 to 4 mesh, is used for this purpose. This size of grain is re
tained because a smaller size might work through into the powder. Welsh coal dust is 
preferred to any other, as being hard and little liable to dust. Other materials have 
been employed, such as cork and sawdust; the former was giveu up as being too expen·· 
sive, the latter because it absorbed damp readily. On the subject of the necessity for 
employing a wad to elongate these cartridges, and of other plaus which have been 
tried from time to time to accomplish tbe same object, see Sir Howard Douglas' NaIJal 
Gunnery, p. 433, 434, et ante. 

2 The 10 lbs. bag maybe almostregllrded as obsolete, as it is now rarely, if ever, issued, 
although as it exists in the service it would be supplied if demanded. 

3 Approved, 27th January 1863.-See War Office Circular 835, para. 762. 
4 In black the letters would hardly be distinguishable upon the dark blue ground. 
S Drill cartridges are always issued made up, in conunon packing cases. 
6 It was formerly the practice always to issue cartridges filled. 
i First issues to field batteries are generally filled. 
S The making of cartridges into bales as here described, seems to have lJe~ll. first 

adopted on the recommendation of Lieut. Col. Harding-e, K.H .. 1st December 1848 
(see Changes and Alterations, §re. §re., i6th August. J 849). 
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Spare powder bags, to contain {15 " } aoo of' each. 

CM:~' :: {ri} 400 
" 

{igt :: } 600 

{ ~ :: } 700 

" " " 

" " " 

{ 5 } 4:: 800 

3 " 
" " " 

{ 2t " } 2" 1 ,000 

11 " " " " 

{ 14 " } 1,.500 " "1,," 
" "ot" 3,500 " 

The bales are made up into two Imlf bales or "tics," secured with 
packthread, the two being pressed together iuto one bale by Ilydraulic 
pressure,I and covered with "oiled canvas," 2 nnll finally with stout 
hessian, secured by stitching. A full-sized bnle should 1)0 It cube of 
about 19 x 18 x 17 inches. 

The bales are marked similar to the cartridges which they contain, 
with the addition of the number of cartridges in tho balo, the weight 
of' bale, date of baling, and the number of balo for that day, with the 
words, 

Cartridges, flannel, empty; thus :
Cartridges-FIannel-Empty 

32-pr. 6 Ibs. 700 
R.L. 1. Weight, Ibs. ozs. Date 

Cartridges are generally issued (b) Filled for the navy, ltnd tllPY lire 
so issued for exceptional land services 3 on demand. 'rhey are tIlen 
packed according to the service for which thoy are required in OliO 01 

the following descriptions or cases 4 :-

1. Metal lined caso. 
2. Brass pentagon case. 
3. Brass rectangular case, plain. 
4." " "coI1'ugated. 
5. Barrels. 
6. Boxes. 

1. The metal lined case 5 is made of three Hizos, Whole, Half; a1\(l 

---------------------_._-----------._. _._--_ .... _._-_.----_._-
1 The pressure is about 1,120 lbs. per square inch. 
2 More properly, oiled or waterproof calico. 
~ Such as experimental purposes, volunteers, &c. 
4 Dell's case (see p. 10, note 2) is not included, as no more of thiA dCRcription will 

be made. See, however, recommendation of the Committee with reference to a 
number of these cases at Bull Point, that as long !Ill the supply IURtH th(~y may be 
issued for land service in preference to breaking them up. They are Rtill so i8~lled. 
-Ex·tracts, Reports, {fa., Ordnance Select Committee, vol. ii., p. 88. 

S The metal lined case is not properly a laboratory store, having been manufactured 
since 1832 in the Royal Carriage Department (previous ,to that date it W!lll made in 
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Quarter. They may be described as rectangular 1 wooden boxes lined 
with tinned copper.2 The cases are made of yellow deal, with corners 
of English oak, and two cleats of ash or elm down one side to take a 
rope grummet.3 

At the top end of the box is a square lid or "door," hinged on 
copper wire,4 and secured when closed by two gun-metal screw bolts, 
the door being furnished midway between the bolts with a copper 
ring for convenience in opening.5 

The bolts are unscrewed by mean8 of a gun-metal key with a wooden Keys, metal, 
handle, which is issued for the purpose. for cases. 

The door shuts down over a circular opening in the lining, which is 
closed by a bung of tinned copper fitted with a copper ring 6 for lifting. 
This opening is 8' 5, 7 '18, 4' 75 inches in diameter for the whole, half, 
and quarter respectively. 

The bung rests upon a sort of ledge or groove in the lining, and with 
a view to protecting the contents of these cases from damp when filled 
the following composition, called" luting,"7 is smeared over the junction 
of bung and lining :-

Tallow,S 61bs. } M It d d . d t th 
B 96 Ib e e an mlXe oge er. eeswax, S._ 

The half and quarter metal lined cases are seldom used for land ser
vice; by the navy they are used to contain small combustible stores, 
such as bursters, small-arm ammunition, fuzes, &c. &c. 

The use of whole metal lined cases is chiefly confined to garrisons 
where the magazines are not very dry,lO and siege trains and large 
sailing vessels,l1 to contain filled cartridges 12 or powder. 

If used to contain loose powder, the powder is always placed in 
serge bags; the different sizes will contain respectively about 120, 60, 
and 30 lbs. . 

the Royal Laboratory), but a laboratory course would hardly be complete without 
some description of this case, which I have accordingly introduced. 

Originally ammunition was packed in lead lined barrels, then in lead lined cases, 
then in copper lined cases. In 1848 considerable alteration was effected in the cases, 
which were much improved, and some further alterations seem to have been made in 
1854. (MS. Memo. furnished by Carriage Depal'tment, &c. 31st January 1855, 
para. 11.) 

1 Almost a cube. 
WholcCases. Half aud Quarter. 

~ Copper used for lining bottom and body, 16 oz.} 
" "top 24 " 
" " necks 20 " 

16 oz. 

All the fastenings of these cases are copper. 
3 Made of one-inch white rope. 
A pattern case made of teak was approved for tropical climates 14th April 1864, 

see War Office Circular 2 (new series), para. 921, on account of teak being less 
attractive to white ants than n.r.-Extra.ctsfrmn Reports, ~c., O.·dna.nce Select Com
mittee, vol. ii., p. 2. This case was given up again 17/3/65, 51/24/3938. 

4 No. 10 wire gauge. 
5 Copper wire, No.3 wire gauge. 
r, Copper wire, No.5 gauge. 
7 Sometimes spelt " lnten." 
8 Either Russian or "town made." 
9 Moderately pure beeswax, such as can be obtained in the ordinary market. 
10 See gun ammunition barrels (p.164), which are ordered to· be used in ". dry; 

magazines," thus limiting the use of metal lined cases to those magazines which are 
not dry. . 

11 The necessity for economizing magazine room as much as possible aboard 
steamers is sufficient reason for not employing these cases for general naval purposes. 

12 For the number of cartridges which they will contain, see table XVII., p. 341. 
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When filled the cases are sealed by a circular paper label shellaced 
over each screw bolt, and "bearing the packer's name and placc and 
date of issue; until these labels are broken or removed the case cannot 
be opened. 

The cases are stencilled in black on the lid, with the nature 1 and 
number of cartridges which they contain. Below this is marked the 
name of the station for which they are intended, and on tho right the 
date of manufacture. 

On the side of the case between the cleats are stencilled tho tare and 
gross weight. The object of this is to furnish It check against cases 
getting away empty, or with a deficiency of cartrillges. 

2. Tlte brass pentagon case 2 (pI. 1) is of' two Hizes, Whole and Half. 
The whole case is a five-sided prism3 made of sheet brl1ss;1 with tho 

exception of the top and fittings,5 which arc made of' cast lmtsH.B 

The body of the case is formed by bending the bra:;s shoot up into 
the required prism,7 and rivoting and soldering the junction,S aud then 

1 In the case of the 5 lbs. cartridge for the 8" gun the words" CoalduHt wml" are 
placed upon the lid in addition, the object being to distinguish thesc curtl'iuges from 
the old pattern with sawdust wads. 

2 Sometimes called" improved brass pentagon." 'l'his case was proposed hy Col. 
Boxer, and adopted 1859. (First issue, whole, 11th Octoher 1859, half, 24th 
'February 1860) to supersede Dell's case, over which it presented several advantages. 
Dell's case, as explained in note 4, page 156, is no longer made, hut as large storeR exist 
at different stations, and as they are sometimes, in preference to brcaking them up, 
used for land services (Extracts from RapOl·ts, !}fc., Ordnancil Select Committee, 
vol. ii., p. 88), a short description of the case may perhaps be useful. Dell's case, 
which was patented by the joint inventors, "William Hale, engineer, and Bdward 
Dell, merchant, both of Woolwich," in the year 1841 (see Specification qj'l'atcnt, 
No. 9047), and adopted by Board of Artillery 20th May 1842, Lj114, is an hexagonal 
prism of white metal, in some cases pure wrought or cast tin, hut generally tin 
hardened by an admixture of about 2 per cent. of copper. (Thc Illean of ,t number 
of analyses made in the Chemical Department gave tin [/2 lead a' 5, coppcr 3' 5, zinc 
and tin and antimony 1'0.) The hexagonal form was selected as heing mil' which 
permitted of the cases fitting compactly together in the magazine and off'i.'ring at the 
same time "a figure or shape of considerable strength and stifiuess" (spcdiication). 

The upper end of the case is furnished with a circular lid Of "cover," which 
hinges upon a curved bolt and shuts down over a circular opening on the top of the 
case upon a white metal bung, with which the opening is closed. 

The arrangement for opening and closing the case is the same as that of the brass 
pentagon, with the exception that the lid of Dell's pattern is Rccurcd by means of a 
screw bolt similar to those in the metal lined case, and which can be unscrewed hy the 
same key. 

The junction of bung and case is made water-tight by luting. 
Handles are fitted into the angles of the cases, and in sOllle of those of later date 

the cover is made removeable from one siue of' the opening to the other by an 
arrangement similar to that adopted in the brass pentagolJ. 

In addition to the hexagonal form Dell's cases were made jll'ntngol1 for thl> top and 
bottom rows, and of several sectional sizes to fill up the magazines; of these sl'ctionaJ 
cases there were (including the pentagons) no less than f(lUr, making' with the 
hexagonal five natures of case in all, and as the cases were made whole, half, and 
quarter, there were no less than 15 ,'arieties and sizes of Dell's case. 

S The plan of this case is not a "regular" but an " irregular" pentagon two of 
the angles of which are right angles and the remaining three 120°. ' 

4 Sheet brass, No. 13 wire gauge. The brass used is as nearly as procurable the 
following alloy :-Copper 70 parts, zinc 30 parts, hy weight. 

S Viz., top, lid, hinge bolt, knuckles, lock screw, hutton, and uutH. 
G The proportion of copper and zinc in this brass corrcRpond as nearly as possible 

with those employed in the sheet brass which is used for the rest of the case; see 
note.2 

7 The size of this prism. is 1?' 3 inches high and 15' 5 inches across, measuring from 
the centre of the largest SIde em plan) to the obtuse angle opposite. 

S The junction is formed up one of the right angles of the prism. 
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fitting into the open ends of the prism the top and bottom, which are 
also riveted and soldered in. 

The body is strengthened by a strip of brass riveted up the inside 
of the largest face of the prism. 

In the top of the case is a circular opening 8' 1 inch in diameter,! 
which is closed by a brass bung 2 countersunk in the centre, and fur
nished with a copper ring handle.3 This hung rests upon a grooved 
ledge inside the opening, the junction, as in the metal-lined case, being 
made water-tight by luting.4 

Round the opening is a projecting neck, and over all shuts down a 
brass lid or cover, hinged upon a curved bolt, which is fixed to two 
projecting lugs on the lid, and works through a brass knuckle on one 
side of the neck. 

The exterior of the neck and the interior of the lid are furnisheu 
with rims slotted away at intervals, the slots in the one corresponding 
with the projections in the other. The portions of the two rims not 
slotted away are inclined, forming, in fact, right-handed screws, the 
thread of which is partially slotted away.s The lid, when shut down 
over the neck, is screwed round from left to right, until it presses 
firmly upon the bung.6 

The lid is secured in its position by a small" lock screw" on the 
knuckle, which, when screwed home, presses a small grooved brass 
'.' button" so tightly against the hinge bolt as to prevent the lid from 
being turned round. 

To enable the lid, if desired, to be shifted to the other side of the 
opening,7 the cases are furnished with two knuckles opposite to one 
another. At opposite angles of the case are placed two brass handles 
furnished with rope grummet.8 The case receives two coats of drab 
paint 9 inside and out. 

The half pentagon is literally a half of the case above described, the 
section being taken through the angle which subtends the larger face. 
It is thus an irregular four-sided prism, und either a right or left half 
section, according to which half is taken. In construction it is identical 
with the brass pentagon; 10 but the opening is only five inches in 
diameter instead of eight. 

These cases, whole and half, are used for sea service. The whole 
case will take all cartridges except those for the 100 and 150-prs. ; 11 

, The diameter of this opening at its narrowest part is given, as it connects itself 
with the sized cartridge which can be put into these cases. 

2 The same sheet brass as is used for the body of the Cltse. 
3 Copper wire, No.3 wire gauge. 
4 See page 157. 
r. In Dell's specification the construction of this part of the case (which is the same 

as in the brass pentagon) is thus described :-" On the neck is cut or formed a screw, 
"there being spaces removed or omitted to be produced. . . . Within the cover is 
" formed a corresponding screw, with spaces or blank intervals."-Specifzcation, p. 2. 

6 By this ingenious arrangement not only is the closing of the case more effectually 
rerformed, but the lid cannot be opened until it is unscrewed. 

7 In case of the knuckle becoming injured, or sometimes for convenieuce in opening 
the <:!ase, it might be desirable to shift the lid. 

S Made of %-inch rope. 
9 For the composition of this paint see table XX., p. 345. 
10 Except in one unimportant respect, viz., that no support is required in the 

interior. 
11 "For the number of cartridges of each nature which these cases will contain see 

table XVI!., p. 341. The diameter of the cartridges for the 100 and 150 prs. is larger 
than the opening of these cases. 
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the half pentagons are generally usell for small combustible stores, such 
as fuzes, lights, portfires, bursters, &c.1 

The cases are sealed when :tilled by a small rectangular paper label 
bearing the packer's name and place ancl date of issue, which is 
shellaced on to the side of the lid and top of'the case, crol:lsing the junc
tion of the two, and preventing the case being opened until the lahel is 
broken or removed. The cases arc marked in the same way as the 
metal-lined cases,2 with the exception that the whole of the marking is 
on the lid of the case and none on the side, where it would be liable to 
become obliterated. 

There are issued with these cases wooden levers 3 with two gun-metal 
studs for turning the lids, one stud being applied against the end of the 
hinge bolt, the other bearing upon the side of the lid; also gun-metal 
spanners for screwing or unscrewing the "lock screw." 

3. The brass 1'ectangular plain case" is only made of one size. It is 
a rectangular case of sheet brass,!) with cast brass top and fittings,G and 
differs from the brass pentagon only in shape and size, and iIt one or 
two small details; the method of closing and securing, and the general 
construction of the two cases, l)eing the same. The points of difference 
are as follows :-

(1.) Shape and size. The case is a rectangle, 22 x 18t x 11 inches.7 

(2.) The opening in the top of the case is larger than in tho brass 
pentagon, being 10 inches.s 

(3.) The bung is provided with two handlcR instead of oneY 
(4.) The lid, instead of being solid, is merely n, ring of metal, the 

whole of the centre being removed, exposing tho bung.10 

(5.) There is only one knuckle instead of two, the lid thus not being 
remove able. 

(6.) Two holes are made in the lid for the reception of the studs of 
the lever, by which the lid il:l turned round. 

Like the brass pentagon, these cases are painteil ural! insitlc and out. 
They are luted and sealed, when filled, in the Bamc way. These cases 
will take the filled cartridges of the 100 and 150-pr. gunH,u and are 
issued to all ships which have charges over 16lbs. Any shill which 

1 Formerly small-arm ammunition was packed in these cases; but in the Proportion 
of Ordnance Stores for Smooth-bore Ordnance fm' He,' Majl!sty's Ships, 1864, there 
is the following note, p. 32 :--" Small-arm ammunition to be packed in metal-lined 
" cases, as metal or brass (lases are not strong enough to bear the weight of lead ball. 
". . . . This decision will only take effect in future equipments." 

~ See page 158. 
3 In 1866 a new lever for this purpose was adopted suitable fo)' all metal cases; 

the lever is marked Pattern II. Approved 16 July 1866, W.O.C'. 11 (N.S.), § lS22. 
4 Approved 8/4/64, War Office Letter 20/4/64, 57 f2/879tl. 
5 The same as is used for the pentagon cases. 
6 Viz., top, knuckle, handles (two), lid, hinge-bolt, lock-screw, and hutton. 
7 Two pieces of brass are used in making the body instead of one the two SCiUUR 

which are at diagonally opposite angles, being riveted and soldered.' Two Sl1rpO~ 
instead of one are required for the inside of the case. 

~ To admit the larger cartridges for which the cases are intended . 
. These handles are ~ade of cast copper instead of copper wire, a small proportion 

of zmc, about 1 : 12, bemg added to the copper. 
10 The object of this is to save the cost of unnecessary metal which in It large 

number of cases would amount to something considerable. ' 
11 !'hey will of course take all sized cartridge~; but they ar~ intended. only for the 

cartr;dges or the two guns I have named, the diameter of whlCh is larger than the 
opemng of the brass pentagon case. If the opening of the pentagon had been 
e;nlarged there would have been a loss of space in packing in them the heavier cart
ndges for these two large guns. 
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has one rectangular case has all its ammunition, except for sea service 
thus packed.1 

The same lever is issued with these cases as for the pentagon cases, 
the studs corresponding with the holes in the lid. The same spanner 
as is used for the pentagon serves for the rectangular case. 

They are marked like the brass pentagon cases,2 but have the tare 
and gross weight on the bottom. 

4. The corrugated rectangular brass case 3 is a rectangular case of Cases, brass 
corrugated 4 sheet brass,5 with cast brass top and fittings.6 rectangular, 

It is a deeper, longer, but somewhat narrower case than the plain corrugated. 
rectangular case, being 22' 3 X 22' 85 X 9·85 inches. 

The hole is smaller than that of the plain case, being 8t inches in 
diameter, as large as the width of the case admits. It is placed about 
the centre of the case instead of, as in the plain case, at one end of the 
top. In other respects, except in the neck being somewhat lower, this 
case is identical with the plain rectangular case, the method of closing, 
lid, knuckles, handles, &c. being the same. 

The advantages presented by the corrugated over the plain case 
are:-

1st. Saving of weight; the difference in favour of the rectangular 
case being about 221bs.7 

2nd. Saving of expense; the difference being a little over 11. per 
case.8 

These cases were originally introduced for the cartridges for the 
7", 8", and 9" ins. rifled guns; their use has now been extended to 
S.B. cartridges, of which they will recei ve all sizes,9 except the I50-pr. 
cartridges, which are too large in diameter. They will gradually 
supersede the plain rectangular case, of which no more will be made, 
as the 150-pr. gun, for which alone this case would be necessary, will 
cease to form part of naval equipments. 

With a view to facilitating the stowage of these cases in magazines 10 Cases, brass 
an alteration has been effected in the method of closing the case, which rectangular, 

corrugated, 
1 The general substitution of rectangular for pentagon cases has not been recom- Pattern II. 

mended, because it would be attended with a loss of from 4 to 10 per cent. stowage 
in all but 3 out of 21 sizes of cartridges.-Ordnance Select Committee's Minute of 
9/2/65 or 57/2/10,058. 

2 See page 160. 
3 The first pattern was approved 25/4/66, W.O. Letter 28/4/66, 75/Genl. No./505, 

but the dimensions of this case were 22'5 x 22'85 x 9'95. By W.O. Mjnute28/4/66, 
57/2/12,252, the case was ordered to be made of the present dimensions. None of 
the first pattern were ever issued, aud the pattern approved 28/4/66, therf.fore became 
Pattern I. The formal approval of this pattern is given in W.O.C. 12 (new series), 
§136~ . 

4 The corrugations run from top to bottom, and are 0'15" deep. 
S Sheet brass 19 wire gauge, or considerably thinner than that employed in the 

plain cases, which is 13 W.G. 
6 See p. 160, note 6. 
7 The actual average eights are {Plain, about - 691bs. 

w Corrugated, about - 471bs. 
£ 8. d. 

s . {Plain, about - 3 19 0 
The pnces are Corrugated, about _ 2 17 6 

1 1 6 

The saving is due to the difference in weight of metal. 
9 See table XVIU 
10 The projection of neck and lid boyond the sides of the case entails the necessity 

of placing battens between the No.1 Pattern corrugated cases, thns causing certain 
loss in the magazines. 
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will be ndoptcd for future manuf::tCture. The neck of the case practi
cally disnpPeltl's, only sufflCiei1t being left to afford a shallow groove for 
the lid, on to which are fitted two countersunk lumdles, to rest in. The 
lid does not lock as in the other rectangulm' cases, bu.t is secured by a 
brass rod, which is hinged over it; the hinge being a double-jointed 
one the rod can he turned aside or backwards, as may be most con
venient. It is clamped over the lid when desired by means of 11 lock
screw in the centre. By this arrangement, whilc the opening is retained 
of the same size as in No. I. pattern corrugated case, the abscnce of 
the projecting neck enables the cases to fit close together in the maga
zine.I 

ThRse cases are distinguished as Pattern II.2 
5. Barrels.-There are only three descriptions of barrel directly 

connected with the" charge," of which one only, the" gun ammunition 
barrel," is intended or regularly used for packing Cftllnon cartridges; 
but there are a large number of burrclR and. kegs in the service for 
packing small-arm ammunition and varieus In,horatory Htmes, and for 
manufacturing and departmental services, as follows:-

(a) Powder bar~e~. }The only harrels AtricUyeonnected 
(b) Gun ammumtlOn barrel. with the eharrre. 
(c) Budge barrel. to 

(d) Cnrtridge (small arm) barreL 
(e) Kegs for paint. 
U) " soap. 
(g) " grease. 
(h) Cement barreL 
(i) Store barrel. } 
(J) Bullet barreL U " 1" d 
(It' Ch' t b seu 011 y lor departmental an manu-) alge u . ft' 
(l) 1\1 ealed powder tub. ac urmg purposes. 
(m) Paste tub. 

In addition to these there arc portfire lJUckets,:l sponge buckets,4 
clothing vats, &c. 

(ct) Powder Barrels 5 are made of three sizes,6 Whole, Half, and 
Quarter. They are machine-made 7 harrels, the staves of which are of 
oak 8 (or tenk for tropical climatesH), anu the heaus of the SIlJUC 

dowelled together; 10 t.heyare " full bound" with ash and four riveted" 
copper hoops. 

1 See note 10 on preceding page. 
2 Pattern II. case was approved 2flth January 1887, W.O.C. 13 (ne~' series), § 1402. 
3 See page 230. 
4 See page 184. 
r, Approved 3rd Nov. 1862, Wa1' Office Cirl1ular 815, § G!l7, but not actually 

scaled until 2nd June 1866, W.O.C. 11 (N.S.), § 1324. Hec (lIRO Erratn, p. 137. 
6 A fourth (" eighth ") size has also been made to send away smail quantities of 

powder, but is not recognized as one of the regular service powder c,an·da. 
7 Barrels made by machinery are not only superior in finish and strength of con

struction to the hand-made barrels, and much more durable, but they possess the 
advantage of having the staves uniform in size and thus interchangeable. 

The Ordnance Select Committee, in their Report 3424, Minute 12821, expressed an 
opinion in favour of machine-made barrels, founded on the very favourable mention 
made of experimental machine-made barrels during two years of tril>l abroad. This 
opinion they subsequently endorsed and confirmed in 1865, lteport :3988. 

8 Thoroughly seasoned American oak is preferred. 
9 " For issue to stations, where they will be exposed to the attack of white ants, 

they are to be made ofteak."-W. O. Circular 11 (N.S.), § 1324. 
10 With wood dowels, an order exists on this subject.-Ordnant:e Regulations, 

Home, p. 142, par. 569. 
)l With copper rivets. 



163 

The principal dimensions 1 of the three sizes of powder barrels are as 
follows :-

I 
Diameter. Width 

Height. Number of of Staves at _. 
\ 

Staves. thickest 
At Ends. At Pitch. Part. 

Inches. Inches. Inches. About 2 Inches. 
"'nole - - 21· 15· 17· 22 2·45 
Half - - - 16·9 II· 9 IS·4 18 2-5 
Quarter - - 14·2 10·25 ll· 6 15 2·5 

Powder barrels will contain respectively 100, 50, and 25 lb8. of 
powder.3 

Powder barrels are used to contain loose powder,4 and occasionally, 
though rarely, for the conveyance of gun ammunition. 
. When small quantities of' loose powder or ammunition of any sort 
are sent by rail they are placed within a serge bag inside the barrel; 
the barrel is placed wi thin a can vas bag, and the whole in an iron safety 
case 5 specially intended for the conveyance of ammunition or powder 
by rail. Under other circumstances the loose pow del" is placed loose in 
the barrel, and has no further protection. Cartric1gc3, &c., however, are 
always placed in paper covers,6 with or without waterproof bags inside, 
according to circumstances,7 the barrel being also lined with paper. 

(b). Gun Amrr.~tnition. Barrels 8 were first made in 1860 9 on the Barrels! ~un 
suggestion of Admiral Caffin, 'with a square lid and fir top; but subse- ammumtlOll. 
quently the Superintendent, Royal Laboratory, proposed substituting a 
circuhtr lid and teak top, the object of the alteration being, "to prevent 
" the tightening of' the lid from the warping n.nd swelling of the 
" timber, anu at the same time to secure a strong and close lid."10 The 
proposition was adopted, and barrels with circular lids approved in 
1863.11 

Gun ammunition barrels are of two sizes, Whole and Half. They are 
respectively whole and half powder barrels, "full bound," instead of 

I These dimensions were slightly increased 23d April 1861 (lVar Office Circular 
724, par. 359), that the barrel might hold" 100 Ibs. large grain [RL.G.] powder for 
" rifled guns;" but on 3rd November 1862 the original and present dimensions were 
reverted to (War Office Circula,r 815, par. G97). 

" Sometimes, to use up spare stuff, the staves are made larger or smaller, when their 
number will of course vary. 

3 trntil1847 they were not filled completely; in that year they were ordered to be 
filled. 

4 The strong objections which present themselves to the employment of a barrel 
which has to be unheaded and partially unhooped to remove the contents, for contain
ing loose powder, has led to a pattern being designed in the Royal Laboratory, the 
head of which opens< This barrel is of a different construction to the gun ammuni
tion barrel, but if acloptecl will doubtless be used for cartridges as well as for loose 
powder. It is varnished outside; and it is proposed that loose powder shonld always 
be placed inside a waterproof' bag or lining to the oarrel for its better protection. 

S See page 166. 
6 See page 167. 
7 See page 168. 
B So called to distinguish them from barrels intended for small· arm ammunition. 

They were originally miscalled .1 improved powd~r barrels." l'resent pattern ap .. 
proved 19th April 1863, War Office Circular 859, pal'. ; 14. 

9 The whole barrel was approved Dth Fehruary 1860, lVar Office Circular 500 
par. 39. The half not until 4th September 1862, War Office Circular 793 par. 6:;4. 

10 War Off..ce Circular 835, par. 774. 
II 19th April 1863, War Office Circular 835, par. 774. 

15836. 
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"quarter bound," 1 the top end having a circular hole in it 10 inches 
in diameter 2 in the whole barrel, and 7t inches in the half barrel. 
Over this head is placed a wooden 3 top,4 also having a circular hole to 
correspond with that in the head, this hole being closed with a circular 
wooden lid. The lid hinges on to the cover, and is fitted at the 
opposite side to the hinge, with a rectangular brass plato and screw bolt 
by which the lid, when closed, can be secured. These bolts can b~ 
unscrewed by means of the same gun-metal key as is used fo\' the metul 
lined cases.5 For convenience of opening, the plate is provided with a 
gun-metal ring. 

The method of securing the half gun ammunition barrel is slightly 
dijf(>rent to that described for the whole barrel. The brass ring is on 
the screw bolt, which thus requires no key to open it,O and the lid 
is not furnished with a plate, the bolt screwing into a socket in the oak 
heatU 

GUll ammunition barrels are used for conhtining filled cannon cart
ridges or bursters, either for purposes of transport or for storage in 
magazines which are" so free from damp as to render the increased 
" protection afforded by the metal lined cases unnecessary."8 

They are better adapted for these services than powder barrols, as 
their contents can be removed without unheading or coopering the 
ba1'1'e1.9 

Gun ammunition barrels are not intended or adapted for tho rocep" 
tion ofloose powder, and when su(;11 is issued in them it must bc placed 
in a serge or other bag. 

When filled cannon cartridges are packed in gun ammunition harrels 
they are placed for their better preservation in paper covers 10 (with or 
without waterproof bags inside, according to circumstances),ll the barrel 
being also lined with paper. 

The barrels are sealed when filled by a small safety label, r<imilnr to 
that used with metal lined cases, which is shollaced over the serew bolt 

. in the whole barrel, or by a rectangular label over junction 0[' lid and 
cover in half barrel. 

J3arrd, nudge. (c.) Budge Barrel.-The budge barrel seems to have l)col1 in u'so for 
several centuries. Major Miller speaks of the "uoudge barrel!" 
having been included among the stores ellumerated "in the carliest 

1 A full bound. barrel d.iffers from a quarter bound barrel in having more !ISh hoops, 
tha.t paTt (}f the quarter whioh in the latter barrel is uncovered being in the fnll bound 
barrel oompletely covered with hoops. 

2 In those first approved the hole was only 8t inches in the whole hlll'1'<:\; it was 
increased in 1865 to admit the larger cartridges which ahout that time came into 
vogue. 

3 Generally teak, as approved, hut mahogany amI otlier lJanl wo()d~ of thiR nature 
are sometimes used to save waste. 

4 This wooden top necessitates tbe head beiug set in slightly·lower down tban in 
the powder barrel, and the capacity of the gun ammunition barrel is thus slightly 
less . 

.; Seep. 15'7. 
6 Evidently this plan of fastening is much less secure than that adopted for the 

whole g~n ammunition barrel which will doubtless be adopted for all gun ammnllition 
barrels In future supplies .. or until the adoption of the universal barrel alluded to, 
p. 163, note 4 . 

• 7 This. necessitates the holes in the head and covel' b0ing made {~cccntric, so as to 
gIve a shght ledge on the fonner for the screw bolt of the latter to screw into. 

8 War Office Circular 590, par. 39, and ToVar Qlfice CircuZ'lr 793, par. 6M. 
D See not? ~, p. J 63, on the de.~irabjJity of adopting this principle for all ban'els or 

ca,ses contammg POWd01 
10 See p. 167. 
II See !? 168. 



165 

" printed instructions for the management of ordnance." 1 The name 
budge is corruptcd from the old word bougct, l1 leather bag (now 
budget).2 

There is only one size of budge barrel in tll(J service. It is a quarter 
powder barrel with only vne heml, the open end being closed by l1 
leather bag top, fi tted on to the chime of the barrel by mel1n~ of a stOll t 
ash hoop; this top can be closely drawn together by means of a leathern 
thong which runs through it. 

Budge barrels are chiefly used to contain loose powder for the service 
of mortars; but they are available and useful for many similar purposes 
where it is undesirable to expose large quantities of loose powder. 

They form part of naval siege and garrison equipments. 
(d.) Small Arm Cartridge Barrels are made of three sizes, Half, ~arrels, Cart-

Quarter, and Eighth. rIdge. 
In dimensions and construction the half and quarter barrels are the 

same as the half and quarter powder barrels, except in having no 
copper hoops, and in being whole bound with l1sh hoops. 

The eighth-size cartridge barrel resembles the half and quarter sizes 
in construction. Its principal dimensions are-

Height. Greatest Diameter. Size of Staves. No. of Stayes .. 

11 . 5 inch~s 8' 5 inches 2i inches 13 

These barrels are used for the conveyance and storage of small-arm 
ammunition,3 the half,size for blank, and the quarter size for ball, and 
the eight.h size for small supplies. An order 215th August 1866,4 how
ever, directs that in future boxes alone :11'e to be used for the carriage 
of ball ammunition; blank to continue, as heretofore, to be packed in 
half barrels, "or in quarter if found more convenient." 

(e.) Kegs f;r Paint are made of five size!>.. They are iron-bound Paint kegs. 
kegs, and contain re8pectively No. lone gallon; 6 No.2 a gallon and a 
half ; No.3 three gallons ; No.4 six gallons; No.5 nine gallons. They 
are hooped with iron hoops only. 

These kegs are used for the issue of the ingredients (ground thick) 
of the paint for painting shot and shell, &c. 

They are not used f01' the issue of paint mixed ready for use, which 
is issued in tin cans, of which there are seven sizes, No.1 being the 
largest. Paint kegs are also used for the issue of various small stores 
as required. 

(f) Kegs for Soap are of three sizes, to hold respectively 1 cvv:t., Soap kegs. 
561b8., and 281bs. In size they very nearly correspond to the three 
powder barrels. 

(g.) Ker;sfor Grease are made of one size only to hold QSlbs. They Grease kegs. 
are hooped with iron anel ash hoops. They have a bung in the pitch 
like a beer barrel. 

I "The loose powder was kept in a 'boudge barrell,' covered safe with some hide, 
" garment, or cloth; and the proper charge was measured and loaded by means of 
" the ordinary copper ladle."-Equipment of Artillery, p. 117. • 

~ Ibid. p. 117, note," Reserves of' loose powder for the infantry were carried in great 
" bouqets made of dry neats leather." 

8 Strictly speaking, therefore, these barrels do not connect themselves with the 
sllbject of ammllnition for S. B. ordnance; bnt it seemed desirable, even at the risk 
of 'Violating the principle adhered to as closely as practicable throughont this worl~ of 
keeping separate the stores connected with each class of ammunition, to introduce a 
description of these barrels with the rest. 

4 War Qffice Letter 25th August 1866, No. 7669, 265, and 7669,4454, 30/8/GG. 
5 Thr. measnre of these capacities has been made in water. 

, M2 
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Cement barrels. (It.) Cement Barrels 1 are made of one size only, viz., to hold 4t 
bushels of Portland cement. They are mltde of white deal, and have a 
hole (6 inches in diameter) in the centre of the head, closed with a 
wooden bung, a close join t being made by means of a ring of' kamptuli
con fastened on to the bung; the bung screws down with iron screws. 

Stove barrels. (i.) Stove Barrels are of one size only. Thcy consist of a whole 
powder barrel with only one head, and no copper hoopR, the open 
end being closed with a removable woodcn cover. The barrel is hooped 
with foul' broad ash hoops. They were uscd for restoving powder, but 
as this practice has recently been discontinued 2 stove hands will bo 
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no longer required. 
(J.) Bullet Barrels are of one size only, viz., It quarter powder barrel 

wit.h only one head. They are used in breaking up small-arm mnmuni
tiOll, to :tHow the bullets to fall into. 

(/l.) Clwrge Tub.-One size only. It is It large open tub with three 
broad ash hoops. It is used in the Royal Lltboratory to contltin the 
measured proportions, "ch:trges," of fuzc, portfire, or other eOlllposition. 

(l.) Mealed P010der Tub.-One size only. It is a srunll inverted 
tub, copper hooped; the open (small) cnd is closed by It l'omovable 
woodell covel'. These tubs are uBed in the Royal Labomi:ol'Y to contain 
moaled powdcr for manufacturing pmpoocs. 

('Ill.) Paste Tub.-One sizc ollly. It is a small tub hool'c<l with two 
hroftd ash hoops. The open (large) cnd is unprotoeted by any covel'. 
These tubs are uscd in thc R,oyftl Laboratory to contain paRte fbI' mMU

factul'ing purposes. 
6. Ammunition Boxes.3-(See Table xviii.) Clwnon cartl'ic1ges are 

issued to field batteries at home in rough deal ooxes <I simila,r to shot ltlld 

shell boxes,5 and measurin,g 28! x lO~ x 11 ~ inches.6 The boxcs are 
lined with hl'own paper, and each cartridgc is placed. in a paper cover7 or 
pulp ba,g,8 :tnd on demand in a watcrproof bng.9 B0xes are marked 
with the nature antlllumbcl' of their con tcnt.s on the end of box, amI the 
name of thc station Oil the top. 

Cases, Iron, for Conveyance of Ammunition by Rail. 
Iron safety cases are of two sizes, half and qmtrter. 
They arc hollow cylinders of iron large enough to admit rCAJIcetively 

half and quarter powt1er or ammunition barrels. Oue end is p<'rrrul
l1ently closed, the ot,her has a J'cmovnble circular iron lid, whieh is 
secured to the cylinder by means of foul' iron screw bolts. These bolts 
arc unscrewed or tightened by means of a spanner, which llr'(:olllpltllies 
the cases. The cases are painted black inside anel out. Bound the 
llpper surface of the lid are the words 10 " To he empticd irntlleililtt"ly 
ull,1 returned to" (the name and place being labelled on whell the cas() 
is despatched). ' 

1 ~<\.pproved 11th November 1865, 57/24/408/P. It is unlikely that any more of 
these barrels will be made. 

2 Discontinued by order 8th May 1867, 75/3/'J89. 
3 Approved 10/1/62, see War Office Circular No. 759, par. 494 . 
• j These boxes are manufactured in the Royal Carriage Department. They are 

generally made of deal with elm ends, althongh refuse wood of various descriptions 
is frequently used up in their manufacture. 

5 Except that they are copper, instead of iron fastened. 
6 See table XVIII., p. 344. . 

. 1 vVhen paper is use~, that description known a~ "cannon cartridge. g .. pr. ,. paper 
IS employed .. Inde~d, It seems probable that this paper got its name from being em
ployed fOT thIS serVIce, and principally with field service, i.e. 9-pr. cartridges. 

e See covers for cannon cartridges, p. 167. 
9 See waterproof cartridges, p. 168. 
l~ The words are c,ast in the lid. 
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These cases are used for the better protection of ammunition, powder, 
or combustible stores, when sent by rail. 

The stores are placed inside a half or quarter powder or ammunition 
barrel, which is placed inside a canvas bag 1 and finally into the iron 
case. 

When loose powder is sent by rail it is placed inside a flannel bag 2 

within the barrel, being packed as above. 
Bagsfor iron cases are of two sorts-(a) canvas, (b) flannel. 
Bags, canvas, are of two sizes half and quarter. They are nearly Bags for iron 

cylindrical open mouthed bags of stout canvas, large ei10ugh to admit cases, canvas. 
respectively a half or quarter powder or ammunition barrel. 

The bottom of the half size bag is formed by a circular piece of 
canvas; the quarter size is made in one piece, the bottom being shaped 
lik'e the bottoms of cartridges for unchambered ordnance. 

The principal dimensions of these bags are (approximately)-

Length 
Diameter at mouth 
Diameter at bottom 

Half Size. 

ft. in. 
2 5 
1 10 
1 1 

Quarter Size. 

ft. in. 
2 5 
1 8 

rounded 

These bags are used to contain filled powder or ammunition barrels, 
in iron cases, for conveyance by rail. 

Bags,jlannel, are of two sizes, half and quarter. They are (nearly) Bags for iron 
cylindrical open mouthed bags of serge large enough to receive the cases, flannel. 
contents of half and quarter powder barrels witltin the bm'rels, when 
powder is sent by rail. 

The bottom of' the half size is formed by a circular piece of serge; 
the quarter size is in one piece, the bottom being shaped like the 
bottoms of cartridges for unchambered ordnance. 

The principal dimensions of these bags are (approximately)-

Half Size. Quarter Size. 

ft. in. ft. in. 
Length 2 5 2 5 
Diameter at mouth 1 7 1 6 
Diameter at bottom 1 1 rounded 

These bags are used to contain loose powder in the barrels when 
sent by rail,3 the barrel being afterwards placed in a canvas bag, and 
in an iron safety case. 

Paper Covers for Cannon Cartridges.4 

Cannon cartridges when not packed in metal, or metal lined cases, Covers paper 
and for field 01' boat service, however packed, are placed for their better cartridge. ' 
preservation from damp, in pulp or paper5 covers.6 

1 See p. 167. 
2 Seep. 167. 
3 When small quantities of powder are sent the 10 01' 15 lb. bags (see p. 155) are 

used. 
4 .Approved 24th March 1865.-War Office Circular No. 822 par. 729. 
5 Formerly paper was used. "Cannon cartridges, 9-pr." paper. Pulp covers or 

bags are now used. 
6. See War Office Circular 793, pat. 605, respecting field service cartridges being 

so ISsued. 
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These covers are marked with a number from 4 to 19, each Covel' 
taking a variety of chal'ges.l When issued fillecl they are marked" like 
" the cartridge inside, to prevent theneces~ity of opening it to ascertain 
" its contents." 2 

Waterproof Cct1'trirlges. 
When specially demanded waterproof cannon cartridges are, for their 

better preservation, packed in waterproof puper hags.3 

When they ar~ used the paper covers are also used, as a cover for the 
waterproof bag, and to prevent its being rubbed or worn.4 

The waterproof paper 5 used for these bags consists of two thicknesses 
of" white-fine" paper, having between them an even thin layer of india
rubber dissolved in mineral naphtha. This paper is formed into bags 
of the required size by cutting out a rectangular piece of the size re
quired,6 and doubling this piece into a l'cctanguhtr bag, the side edges 
of which slightly overlap one another, and are cemented together with 
the glutinous india-rubber solution, the bottom of the bag being also 
closed in the same manner.7 

These waterproof bags are ohly supplicd from Woolwich,s when 
specially denwnrled.9 The words" waterproof bagH" arc always placed 
on the outsides of cases containing ammunition so packed. 

(b.)-Bursting Charge. 
Bursting. The history of bursting charges is in the main contemporary with 
charge,History. that of shells; and it would be laborious and unprofitable to go into all 

the different minor changes 'which have from time to time been effccted 
in the different bUl'stiIlg charges. It will therefore be sufficient to quote' 
here the d~1tC of authority for the introduction of the bursting charge of 
each shell in vogue until 1864, when the pmttiee of filling shells was 
atlopted, and at p. 172, note, I have givcn the {htte of the first (·mployment 
of paper bags and calico covers, in plac.c of the serge bursters pI'eviousl~ 
employccl, Since the promulgation in 1864 of the Order (:,;oe below) 
that shells are (with certain exceptions, see text, p. 172) to be filled by 
---------------------_ .. _--_ ... __ ..... _-_._ ..• __ .-

1 See table of cartridges, XV., p. 336. 
2 War Office Circulm', No. 822, par. 729. 
3 The question whethe~ these waterproof paper bags arc liable to deterioration {l'om 

the softening of the india7rubber seeJ:tls to have been satisfactorily settled by a report 
from the C'heJ:ilist of the WfJJ: Department to the Ordnance Seicct Committee, to the 
effect that" they ha"l'"e not sustained any injury by the protracted ('XpOHnrc to a warm 
" and clamp atmosphere, which they have receivcd."-E.1·tl'act.~ from 1l11)orts of 
Ordnance Select Committee, Vol. i., p. 20,1,. 

4 As the paper cover is always placed over 11'0 ,mtcl'pl'oof hag, and is always 
marked with the nature of each cartridge, it is, of coul'~(!, unl1cccssai·y to repeat this 
marking upon the waterproof bag, which therefore never receives uny other mark than 
its distinguishing number. . 

5 The paper is procured by contract, and is a scaled pattern store (date of sealing 
Sjll/64, 75/3/750). The specification which govems its sUllply is as follows:

Each ream to weigh 49 to 52 lbs. 
Each sheet to measure 29 x 19~ inches. . 
The sheets to be perfectly waterproof by D.n even intermediate layer of pure india-

rubber. 
Each sheet to be formed of two sheets of paper weighing 305 grains. 
India-rubber weighing 435 grains. 
6 In the case of the larger bags two pieces of paper are requircd, but the principle of 

construction is exactly the same. . 
7 These edges do not overlap, but are merely brought together with the soluti()n 

between them. 
8 War Qffi.c.e .Letter 20 Nov. 1863. 75/3/676. 
9 War O.ffice Circular No. 842, par. 794. 
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capacity instead of by weight, a Ta.ble of Bursting Charges (see Table 
XV!., p. 340) is only useful as giving the approximate weight of the 
several charges, and this Order, of course, in the case of those shells to 
which it is applicable, cancels all previous authority respecting the 
weight of the bursting charges of such shells. 

Ib8. oz. 
I3-inch, charge of - • - - - - 10 8 

Approved 20th August 1855, see Account of Alterations, 9-c. 
30th June 1856. 

lO-inch mortar shell, charge of - 5 o 
Approved 1st March 1859, Geneml Regulation Ol"der, 415, 

par. l. 
lO-inch naval shell, charge of -
lO-inch common shell, charge of 

- 6 4 
- 6 4 

Approved 27th October 1862, War Office Circular, 815, par. 
672. 

8-inch common, naval, mortar, charge of - 2 4 
Approved 8th December 1854, M/4796, Account of Altera-

tions, 9"c. 31st January 1855, pal'. 4. 
56.pr. common shell, charge of -

Approved 1st March J859, 75/.12/246, General Regulation 
Order, 402, par. 27. 

42-pr. common shell, charge of - -
Approved 1st March 1859, 75/12/246, General Regulation 

Order, '102, par. 27. 
32-pr. common shell, charge of -

Approved 1st March 1859, 75/12/2"16, General Regulution 
Order, 402, par. 27. 

2 o 

1 6 

1 2 

24-pr. common shell, charge of - -:- - - - 0 12 
ApproV'"ed 20th February 1858, 75/12/92, General Regnht tion 

Order, 402, par. 27. 
18-pr. common shell }APprOVed 19th November 1859. Table{O 10 
12-pr. common shell of charges .for ordnance and bursting 0 6 
FI d d { 6-pr. charges for shells. Authorized 0 4 

an grena e 3-pr. 1!:l69. 0 2 

Bursting charges for diaphragm shrapnel approved 29th June 18(H, 
War Office Circular, No.2 (new series), par. 915, exeept G-pr., whieh 
remained without increase, as originally allproved 19th NovemlJcr 1859; 
see Table of charges for ordnance and bursting charges for shells, 
authorized 1859. On 22nd September 1864, see War Office Circular, 
No.3 (new series), par. 954, it was ordered that all shells, with certain 
exceptions (see p. 172), were to be filled by capacity instead of hy 
weight; and on the 2nd October ]865, by War Office Circular 927, a 
new scale of approximate bursting charges was adopted (see Table XVI., 
p. 340. This scale was not applied to the bursters themselves until the 
following year, when patterns of bursters adapted for these approximate 
bursting charges were sealec1.l 

Gunpowder is used for the bursting cllarges of shells; most of the 
considerations which recommend its employment for the charge of the gun 2 
connect themselves with, and recommend, its employment for the charge 

18th June· 1866, War Office Circular 10 (new series), § 1234. 
2 See p. 136. ' 
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of the shell, viz., the gradual nature of its decomposition; 1 the com
pm'uti ve safety attending its manufacture and transport; and its cheap
ness. The powder used for the bursting charges of !tIl shellR, except 
diaphragm shrapnel, is lnrge grain shell, or" shell I~.G." 2 FO.r this, 
w hen the present store is exhausted, RL G:. powder w:ll be S.Uhstltuted. 
For diaphragm shells" shell F.G." powder lS uHed, It qmck aetmg powder 
being desirable in order that the rupture of the ~hell ana ~he. l:ele.use 
of the bullets may be effected as promptly aH pOsH.Illle, thUH chnulllslung 
the possibility of the charge acting upon the bltlls,-l . 

Except for diaphragm shrapnel flhclls the lJUl'tlting charge iH always us 
much as the shell will hole!, the fihells being filled by capaeity, "the 
" powder bein o' well shaken clown by tapping the shell with It mallet 
" during the pl~cess," inRtel1c1 oi' fl,S formerly by wcight;:t. enough room 
being leTt for the introduetion of the fuze. 5 

The advantages of thus filling the shell" arc foul'
L The effect oft1.lC shell is increased.s 

1 The gradual decomposition of a shell charge is scarcely less important in itH wny 
than the gradual decomposition of a gun charge, although not for the ~ame reuson. 
The superiority of gunpowder over a fulminate for this jJarticular purpose is well ex
nlained by Mr. Abel: "Enclosed in a shell, a charge of a fulminate will produce a 
~, much greater shattering effect than gunpowder upon the metal ('nveiopc, reducing 
" it to a much larger number of fragments; but the pieces of the shell produced by 
" employing gunpowder as the buroting agent will be propelled with much greater 
" violence, because there is still a development of force after the rupture of the shell, 
" while, with the fulininate, the entire force is at once expended upon the bursting of 
" the shell."-Some of the Causcs, E.fJ'ects, and ltlilitary Applications oj E.rl'losioIl8, 
p.3. 

~ See p. 139. 'Vhere" shell L.G." is not procurable, " I,.Go" would be UIled. 
3 " A very rapidly burning powder is necessary in muny instances: for example, in 

" shrapnel shells, in which the charge of powder is rCtjnirccl to bn'uk open the shell 
" without interfering by allY great dispersive effect with the flight of thc enclosed 
" bullets or fragments of metal."-AbeJ, On some '!f tlle Causes, EjJi·ct.~, {(wI fifilitary 
Applica.tions of Explosions, p. 3. 

4 Approved 22nd September 1864, see 'War Office Circular, No.3 (new series), 
par. 954; also, War OjJite Circular,884, and Royal ArtiZZ'!1Y Circular ]Jfclllo. 13th 
December 1864, par. 3. 

S " Care must be taken to leave room for the clisplacementof powder by the fuze, 
" which will be about 4 ozs."- War Office Circulal', 884. 

6 This statement may appear to be open to question, for it is 110t uncommonly be
li~'I'ed. and until lately was generally taught, that a greater effect is produced by a 
Ilartially filled shell than by one completely full. "It is a query how much powder 
" should be put in a shell;. . . . . . it is agreed by most ofIic('rs that they 
" shbuld not be quite full; one that has taken most pains to fiud out is of opinion that 
" they should be full within oue-third of what they can hold."-l\liillel"H 'Treatfxll (If 
Artillery, pp. 205-200. Again, " Untillutely the bursting charge ouly lilled a certain 
" portion of the interior of the shell, for it was considered that thc s\llaller charge 
" would cuuse the shell to break into lal'ger frugments."-Owen's lA'clure.9, &c., 
€ilition4, p. 78. There is little doubt that with the smaller charge the fragments will 
be larger (see extract from Piobert given below), but looking to the nature of work 
which a shell is required to perform, and the circumstances of its employment, its 
general effect may certainly be said to depend less upon the size of the frugmcuts than 
upon their number, their velocity or striking force, and the explosive power of the 
projectile, and these, as the following extract from Pi obert shows very conclusively, 
are greater with a full than with a -reduced bursting charge: "Experiences Sllr l'eclate
" ment des pTojectiles creux dans les circonstances du service.-On a cherch6 d'abord 
" l'influ6nce de Ia grandeur de la charge des projectiles creux sur Ie nombre et Ie poids 
" des cclats et sur la vitessc dont ils etaient anim6s par suite de l'eclatement, afin 
" d'avoir tous les "laments necessaires pour appr6cier leurs effets. Les bOllS de 22 
" centimetres ont etc charges avec c1iverses quantit6s de poudre, depuis celle gui fait 
" su::ement 6clater, jusqu'ii celle qui remplit Ie projectile; on a obtenu Ie resultats 
" SUlvants :~ 
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2. The danger of premature oxplo$ion is diminished.1 

"Experiences sur l'eclatement de l'obus de 22 centimetres et de 26 millimetres 
" d'epaisseur de parois. 

N ombre des Eclats Poids Moyen des Vitesse Moyenne des Charge de Pondro. de plus 
de 100 Grammes. Eclats. Eclat •. 

K. K. M. 
0'70 19 U 20 1'029 93 
1'00 23 0'860 162 
1'50 27 u28 0'i44 161 
2'00 37 0'528 420 

" Tous les projectiles ctaient en fonte ordinuire de bonne qualite. 
On voit, par ces resultats, que Ie nombre des gros eclats augmente avec ]a charge, 

mais dans Ult rapport moins grand; par suite, leur poids olllyen diminue. La vite.se 
commnniquee aux: eclats par l'explosion augmente aussi avec les charges, mais dans 
un rapport plus grand que celui de ces charges."-.Piole,t, Traite d'Artillerie, 
Theoriglle et E.?:pl!.rimentale, p. 35:3; see ibid., pp. 3:;4, 355. 

The following (Sxperiments made on board the" York" in 1$53 also establish this 
point vcry clearly :-

Nature of Shell. 

I 
32-pr. or 6-inch ShellS{! 

f 
-"1 s··inch shells 

, I 
r! 
! i 

1O.inch shells - -tl 

No. 

2 
3 
4 

1 
2 
3 
4 

2 
3 

Bursting 
Oharge. 

10 ozs. 
14 

" 16 
" 18 
" 

It Ibs. 
'>--4 " 2k " 2~ " 
4 

" 
5~ 

" 

Number of I 
SpUnters founel. 

Missing Portions of 
the Shell. 

11 2 lbs, of iron. 
14 2 

" " 23 ~" 20 6! " " 
24 1 

" 21 2 
" 26 14 
" " 31 II ~ Ibs. of iron, and the 

fuze. 
20 II Ibs. of iron, and 'the 

fuze. -
6~ Ibs. ofiron. 

35 20~ " 

" These experiments clearly show tllat sllells will burst into a greater number of 
" pieces when close filled with powder than when only containing their present 
" bursting charges."-·E.tpcl·irneuts in .ffer Majesfy's Ship" Excellent," p. 111. 

~loreover, "the amount of smoke caused by their bursting will also be greater, nn 
" inconvenience which has been proved to be of no small magnitude."-Ibid., p. 1 h. 

1 This consideration applies, perhaps, rather to elongated than to spherical shells, 
which do not appear to be liable to explode prematurely from this cause. But with 
rifled shell premature explosion almost invariably results from partially" filling the 
shell. 

" In the practice on the 22([ July fonl' shells burst very short (at from 200 to 300 
" yards); and on examining other shells which had been filled at the same time it 
" was found that a small space had been left between the top of the powder and the 
"fuze. In the practice of the 28th great care was taken to completely fill the shells, 
" and the result was that they all burst at the proper distance."-Extracts frorn 
Reports and Proceedings of the Ordnance Select Committee, vol. i., p. 338. 

" There is no doubt that a partially filled shell is more liable to premature explosion 
" th3Jl one wholly filled."-Ibid., vol. iL, p. 197. 

The Committee, in recommending the complete filling of the Armstrong shells 
mainly on this account, "turned their attention to the general qnestion," and extended 
their recommendation to the spherical shells named in the text, for this and the other 
reasons given above. See upon this subject ibid., voL ii., pp. 196, 197. 
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3. The sIlelIs are less eccentric and consequently more accurate in 
:flight.1 

4. The issue of bursters is much reduced and simplified.2 

Diaphragm shrapnel shells are not filled by capacity but with measured 
charges, because the bursting charge of these shells is required to be 
the minimum sufficient to ensure the proper opening of the shell,3 and 
the capacity of the shell cannot therefore be adopted ttS the measure of 
the charge. 

Except for (a) diaphragm shrapnel shells for aU services. and (b) 
all shells for field and siege service, loose powder is used for filling, 
the powder being generally carried in 15 lb. or 10 lb. bags, or in spare 
cartridges.4 

But for the above named (a) and (b) shells the powder is issued in 
measured charges, and placed in bursters, for the following reaRons ; 

(Ct.) The necessity for the employment of measured charges for 
Diaphragm Shrapnel shells for all sel'vices will appear from what has 
been stated above, viz., that the charge should be the minimum sufficient 
to open the shell; and for 

(b.) Field and Siege Service Shells of all natures it is recommeuded 
by the following considerations. These shells not bcing can-ied filled, 
the issue of powder for filling them in some form or another is indis
pensible, and it is thought more convenient and less dangerous to issue 
it in made up charges approximating as nearly as possible to what will 
suffice to fill the shells, than in any other way. 

For these services, therefore, made-up bursting charges in burstcrs 
are retained; but it is distinctly laid down that these shells mUHt bc 
completely jilled before use, " by tapping them with a mallet during the 
" process; "5 accordingly if the contents of one burster are insufficient to 
completely fill a shell another must be opened to make up the deficiency. 

The bursters or "cartridges" in which the burst.ing charges for these 
shells-field and siege services, und diaphragm for all services-are 
issued, consist of a pulp or. paper bag,6 which contains one charge, ttnd 
is placed inside a calico bag.7 

1 "The filled shells will probably be less eccentric than onc partially loadcil, and 
"consequently be more accurate in flight than the latter."-Ow871 and Dcnlle~' 
Lectures, §rc., ed. 3, p. 66. 

" This irregularity is much greater when the sheJIs are partially loade<l with lead, 
"sand) and even -with the bursting powder, allY of which is Jiable to change ita plnce 
" in the shell during flight.· The disadvantage produced by partial loading is manifest 
" from the fact that shells so loaded neither range so correctly nor HO titl' as when 
" they have been entirely filled with the loading material."-Nuval Gumwrlj, p. 257 ; 
see also ibid., pp. 201, 261. . . 

" Theil' flight will be more accurate."-E:qJCI·iment8 in ller ],[aj(!sfy's Ship 
" Excellent," p. 112. . 

2 Measured and made up bursting charges are now only required with field and 
siege sheils, and with all diaphragm shells, their issue being discontinued for other 
services. 

3 See pp. 43, 44,50. 
4 On an emergency cartridges would be opened for the purpose. "The shells 

"when required for service, should be filled from the spare powder or cartridges ,; 
(E:r:tractsfrom Reports and Proceedings (if Ordnance Select Oommittee, vol. ii., p. 1.97), 
01' any available powder might be employed. 

5 Royal Artille;y Oircular Memorandum, 13th December 1864, par. 3. 
G Bags made dil'cct from the pulp; the same as those used for commoll cartridge 

covers. 
, 7 ~pproved 2nd June 1860,75/12/657,. General Regimental Order 428, para. 13. 

I reVlOUS to 1860 serge bags, generally cuttmgs and remnants of old cartridges were 
used,: without a paper bag. ' , 

Theca1ieo employed is shirting (with as litHo paste dressing as possible-a dressing 
of size not obje-eted to), sewn into a bag. 
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The calico and paper bags, are numbered, to correspond with one 
another, from 1 to 7, each bag taking a variety of charges,! as follows: 

lbs. oz. drms. 
No.1 bag to contain 0 0 24 or under. 

lbs. oz. drms. 
2 

" " 
above 0 0 20 to 0 0 30 

3 
" " " 

0 0 30 " 0 0 70 
4 

" " " 
0 0 70 " 0 13 0 

5 
" " " 

0 13 0 
" 

2 8 0 
6 

" " " 
2 8 0 

" 
4 0 0 

7 " " " 
4 0 0 " 12 0 0 

When filled the calico bag is marked in black with the word" burster," 
and the weight of the charge; for diaphragm Ehell the bursters have on 
them in addition the nature of shell. The bags are choked by being 
tied with twine; the choke is not cut off.2 

Blowing cltarges.-In some cases" where it is not desirable or safe Blowing 
" to burst the shells," 3 reduced bursting charges, called "blowing charges. 
charges," are used. 

These charges 4 are as follows :_ 

From 12-pr. to 24-pr. inclusive 3 ozs. 
" 32-pr. to 13-inch " 4 ozs. 

The loss of weight of each shell, consequent upon the difference of 
weight between the blowing and bursting charges, is considered imma
terial in practice.5 

And it has been proved by experiment that the deviation from the 
path of the projectile caused "llyj;he action of the blow~g chaig~ at 
" right angles to that path is quite inappreciable when considered in 
" its relation to the amount of deflection due to the inaccuracy of the 
" gun itself." 6 

Blowing charges are made up from loose powder, and are placed loose 

1 See table of bursting charges, XVI., p. 340. 
A reference to this table will show that Nos. 1,2, 3, 4, 5, and 7 bags are used for 

smooth-bore ordnance, but not No.6; this bag is used for the bursting charges of 
rifle projectiles only. 

NOB. 4 to 7 paper bags are the same as are used for the smaller natures of cannon 
cartridges (see table of cannon cartridges, XV., p. 336); thus the paper hags run in an 
unbroken succession from 1 to 19, Nos. 1 to 3 being for bursting charges only, Nos. 4 to 
7 for covers for cannon cartridges and bursting charges, and Nos. 8 to 19 for covers 
for cannon cartridges only, It should be noticed that when used for bursters they are 
called" bags," and when used for cannon cllrtriclges they are called" covers." The 
calico bags are from 1 to 7 only, and are only used for bursters. 

2 Up to 1859 the choke was cut off. 
3 Extracts from Reports, 41c., Ordnance Select Committee, vol. i., p. 32. 
4 Proposed by Col. A. J. Taylor, Royal Artillery, and approved 7th October 18'62. 

- War Office Ci"culw', 815, para. 676. 
On the subject of the introduction of these blowing charges, see E:dl'acts from 

Reports, 41c., Ordnance Select Committee, vol. i., pp. 32-3 alltl 348-9. 
5 "Col. Taylor considers that this loss of weight would be illl1llaterial in practice!' 

-Ibid., p. 82. 
It was formerly the practiee, at least with mortar shells, to fill up the vacant space 

with sand or available material. 
6 Extracts from Reports, &,c., Ordnance Select Committee, vol. ii., p. 198. These 

experiments, which were made· with more particular reference to an accident which 
occurred at Plymouth in 1864 during practice, seemed to establish that the deflection 
from the path {)f a 68-pr. common' shell at 1,000 yards, moving with a velocity of 
950 feet per second, would not exceed 1 yard in 50 yards. -
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into the shell, except in the case of mortar shells, when they are placed 
in woollen bags, which are jammed into the fuze hole by the fuze.l 

The bags or " cartridges" are made of red s11a1100n,2 and are of two 
sizes, one to contain 4 ozs. for the 13, 10, and 8-inch mortal', and the 
other to contain 3 ozs. for the 24~pr. and 12-pr. common shells when 
fired from the 5~-inch and 4~.-inch mortnrs.3 They arc nnrrow towards 
the 'mouth, to fit the fuze hole, andlllwe a brass ring at the month to 
prevent the bag from falling in. Below this nnl'l'OW portion they bulge 
out so as to bring the charge as much as possible about the fuze, and so 
ensure its ignition. 

Bursters are issued either-
(a) Empty, or 
(b) Filled. 

Bursters are generally issued (a) Empty from Woolwich, and it 
depends upon the nature of the service whether they are re-issued from 
the store stlttion to which they are in the first instance consigned, 
empty or filled. 

When issued empty the calico bags are printed al1l1matlc up in bales, 
the same wnyas cannon cartridges,4 the number in each balo being fiS 

follows: 
No.7 800 

" 
6 ., 1,300 

" 
5 2,.500 

" n " 5,000 
" 
" 

The paper bags are sent away in vats. These do not lmve the 
nature of the charge printed on them. 

Bursters are issued (b) Filled on demand, or for active servico. 

I Approved 2nd March 1865, ·War Office Circular 5 (new series), para. 1045. The 
reason for bringing the charge up around the fuze in the case of mortar and not in that 
of common shells is that, owing to the fuze of the former having no powder channels, 
there would be a possibility of the non-ignition· of the blowing charge if it were intro
duced loose; while with the common fuze the action of the powder channels secures 
the ignition of the blowing charge, wherever it may be situated in the RheJ1. 

This plan of placing the blowing charge into a bag seems to have been ill vogue 
until 1855, when the Boxer fuze was introduced. "The reduction in the size of 
" the fuze hole, and the increase of space in the shell, consequent on the use of a 
" smaller fuze, created some little difficulty in doing this; and on some authority 
" which cannot now be traced, the Royal Laboratory prepul'cd shells lind fuzes specially 
" for· practice, the former having a brass cylinder to receive the bursting charge, and 
" keep it separate from the sand within with which the shells are weighted."-E.rtrl!cts 
front Reports, ~c., Ordnance Select Committee, vol. ii., p. 198. 

These sockets were let into the shell much in the same way as the sockets and tin 
cylinders in the improverl shrapnel, and special fuzes, containing three inches of com
position for 13, 10, and 8-inch, and 2 inches for 5t and 4%-inch shells, were used with 
them. But never having been formally and officlally introduced, and having only, as 
it appears, been used at Woolwich, they are hardly to be considered service stores; 
and since the re·introduction of the bags in 1865 their issue, and that of the fuzes for 
use with them, has been discontinued.-lbid., vol. ii., p. 279. 

2 Shalloon is preferred to serge as being thinner and more convenient for the 
purpose. 

s. It is a question whether these bags could be used with the 12-pr. shells and small 
mOil1ta;rfu.zes, on account of the length of the fuze; if the common fu.ze were employed 
with the shells, the use of the bag would be unnecessary. 

4 'See pp. 155, 156. . 
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They are then packeu according to the natm'e of service for Ivhich 
they are required, in one of the case.s used for packing cannon car
tridges,I though generally in the sectional or small-sized cft,ses. 

Waterproof bUl'sters.-When specially uemanded waterproof, the 
non-waterproof bag is superseded by a waterproof paper bag, of the 
same description as is used for cannon cartridges.2 O~'Cl' this is placed 
the ordinary calico bag, marked and secured as usual. 

Filled Shells. 
The circumstances under which shells are issued filled, viz., to the 

nayyonly, or on spccial demitnd, have been c1etailell under the head of 
"Packing and issue" of each nature of shell.3 It m[1Y, however, be 
convenient to rec[1pitulate here, in connexion with the subject of the 
bursting charge, how e[1ch nature of shell, wltenjilled, is secured. 

(L) Common sftells.-These are issued ri I'eteu, completely filled with 
powder, and with the Pettman L.S. percussion fuze screwed into the 
fuze hole.4 

(2.) Naval sltells.-They are issued ri veteu to top or bottom, com
pletely filled with powder, and h,we l'cttmau's 8.S. (or, whcn fitted 
with the General Scrvice bush or adapter, Pettman's G.~.) percussion 
fLlze screwed into the fuze holo.5 50 pel' cent. spare 20 seconds fuzes, and 
2;3 per cent. 7~ seconds spare are issued with the shell~, but not in them. 
The same proportion of 20 seconds and 9 seconds wood time fuzes are 
issued with shells having the General Service fuze-hole or [1(ln,pter. 

(3) . .lJfortar sltells.-When mort.ar shells are issued filled they are 
completely filled with powder, the fuze h01e closed with a beeswaxed 
cork, and ovel' all is phtcecl a "kit plastel·." G . 

(4.) Ifand grenades, when issued fi.llec1, have a IWJ1(l grenade fuze 
in the fuze hole, and a kit plast.er over it. 

(5.) Diaphragm shrapnel sltells.-:-Filled diaphragm shrapnel shells 
have the loading hole secured With a papier made wad underneath the 
loading hole plug and are issued riveted. 

The fuze hole is secured with the ordinary dia.phragm fuze hole 
plug; care being taken in filling the shell to see that the fire hole in 
the socket is clear, itnd to shake a little powder into the socket. The 
shells are fillcc1 from \.lUl'sters, [1nd not by capacity. 

MISCELLANEOUS STORES CONNECTED WITI-I CHARGE. 

The following articles, being connected more or less directly with the 
subject of the eha.rge, are introduced at this part of the work :

Machines for filling cartridges, Caffin's. 

I See p. 156. 
2 See p. 168. 

FUl1llels. 

,'Vaterproof calico was for a short time used for the larger bnrsters, but was discon
tinued in November 1864. 

s Seepp. 29, 34, 38, 41, 57. 
4 See note 8, p. 29, respecting the employment of metal plugs and papier "mache 

wads for the fuze holes of filled common shell before the introduction ofPettmanJs fuzes. 
5 Until 1865, when the existing store of Moorsom's fuzes was ordered to be broken 

up, a proportion of these fuzes were issued with 32-pr. guns. Until November 1865, 
25 per <:ent.7f' fuzes were issued in the shells, the remaining 75 being Pettmon's S.S. 

G See p. 38. 

l!'illed shells. 
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Measures, copper, powder. 
Magazine, portable, Fead's. 
Cases, leather, cartridge. 
Shoes, magazine. 
Cloths {fo~ airing po 'v del'. 

hall'. ' 
Wadmiltilts. 
Hides, tanned, or powder. 
Drivers, metal, cooper. 
Hammers, cooper. 
Scissors for magazine nse. 
Types for marking cartridges. 
Gauges, brass, ring, for filled cartridges. 
Buckets, sponge. 
Hoops, copper, for powdcr barrels. 
Hivets, copper, for ditto. 

Gaffin's Machine jor filling Gannon Gm·fridges. 

Machines. This machine is an adaptation of a principle applied by WIll. 
filling cart- Ca~n, Esq., late of the Royal Laboratory, in the small arm cartridge 
ri~ges, Caffiu·s. filling machines. It was designed and proposed by Admiral Caffin, 
HIstory. R.N., in 1838; and subjected to a trial on board H.M.S. " Excellent," 

in the early part of 1839, in comparison with the pllLn then ill 
vogue of filling cartridges by copper mcasures, and recommendcd for 
adoption by Captain Hastings, RN., "bccause powder may be filled 
" more expeditiously, more safely, and more accurately by it t~lan by 
" the mode at present in use." 1 This recommendation was approved, 
and the machine adoptcd for naval use in May 1839.2 

They have alwayl'l boen made in the Hoyal Laboratory, oxcept for !\ 

sbort period botween about 1859 and 1860, whcn a largo number were 
supplied by contract.3 , 

Natures. Caffin's machine for filling cannon cartridges 4. is made of one size 
only.5 

Description, It consists of a gun-metal wheeled "carriage," which receives 
two brass measures, and travels up and down on gun-metal rails 
underneath a Im'ge wooden hopper.6 

The hopper is for the reception of tho powder from which the car
tridges aTe to be filled; the measures aro for measuring tho charge into 
the cartridges. There is a hole in the bottom of the hopper through 
which the powder flows into the measures as they arc 1'('Hpcctively 
brought under it; and thero are two holes, fittod with braSH spouts, 
through which the measures, in their turn, discharge their contellts into 
the cartridges. 

The machine is so arranged that while one measure is filling the other 
is emptying, and by working the carriage backwards and forwards
which is done by means of ropos attachod to a woodcll troadle and 
worked by the feet-cartridges can be filled with groat rapidity. 

I Letter from Captain J. Hastings, H.M.S. "Excellent," 17th May 1839. 
~ Board's order, 24th May 1839. 
3 The first contract for these maehines seems to have been dated 2nd August 1859, 

75/9/170, anci the last 16th June 1860, 7309/~93. 
4 Not regularly sealed until 13th Sept. 1866. W.O.C. 11 (N.S.), § 1319. 

> • For some time there were two sizes in use, and a third, larg!'r, size was even 
,~e; but when these stores were formally sealed in 1866 the" medium" size was 
alone retained. 

6 Polished mahogany. 
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• The metal fittings of these machines are all of copper,· brass, or gun 
metal, and the parts are mostly made removable for clealling.l To 
diminish the chance of accidents from friction, the surface below the 
hopper, against which the upper part of the carriage rubs in travelling, 
is lined with serge; again, to prevent any powdmo from falling under 
the wheels, small copper trays are fixed over the wheels to catch fn,lling 
grains, a wooden tray is also fixed underneath the treddle with a simibr 
object. In construction the three sizes are identical, but the hoppers 
and measures being of different sizes, the gencf[tl dimensions of the 
machines are modified accordingly; the capacity of the hopper in the 
three sizes is respectively about 2001bs., 951b8., and 451b8. 

The measures are as follows: 
No. Ibs. ozs. 
2 Iv.Ieasures to contain, each 2 0 
2 

" " 
2 8 

2 
" " 

2 10 
2 

" " 
3 0 

2 
" " 

3 t) 

2 
" " 

4 0 
2 

" " 
5 0 

2 
" " 

6 0 

16 

-
The measures are interchangeable, the difference in capacity being 

effected merely by altering t1w size of the bodies without altering the 
diameter of the top and bottom rims, or the length of the mCf\BUres. 

On each machine are labelled the following directions for its fixing 
and use: 

Direc#ons for fixing and using Caffin's .~lJfachine for fiZZing Cannon 
Cartridges. 

Fircing the lJ£acltine. 

A machine should be supplied to a ship as SOOl1 as she is put into 
commission, in order that it may be propcrly fixed by the dockyard; 
the most eligible place is in the main magazine, opposite to a light. The 
trough should be placed by the dockyard, to catch any grains of powder 
that may fall when at work. 

Should the gunner, when working the machine, obse1'\'o that too 
much powder escapes he must screw up the boards, taking care to pre
serve their parallelism; and, in adjusting them, to allow a sheet of 
writing paper to pass freely between the plate Oil the top of the measures 
and the cutting-off collar under the uppor board. 

Should it be absohttel.1l necessary to take th.e machine to pieces, 
although this is' to be avoided if possible, the same adj llstmGllt must be 
<>bserved in putting it together again. 

'Using tlte lJfachine. 

Care must be taken to dust it thoroughly with a painter's brush both 
before and after use; to do this effectually the carl'iage for the measures 
must be taken out, and the uppel' and lower boards well brnshed, as n,lso 
the top plate and frame of the carriage. This should iJ,1:,;0 be done W]18il-

1 Guu-metal spanners for removing the nuts are issu~d with the machines. 
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ever it may be necessary to shift the measures, ancllikewise occasionally 
dtlrinO' the operation of filling the cartridges. 

Whenever the top plate of the mea'>ures is taken off for brushing Ol" 

c113.nO'inO' th3 measures, it is never to be put down on the floor or deck; 
but l~eldin the hand untilreplaceu, that no grit or dirt may bl.) collected 
upon it. 

The man who fills must also be c:1reful to brush away any grains or 
powder' into the trough that may e$c.tpe ove; thll ~op of ~he measures. 

When the cartridcres to be filled agree In wOIght wIth My of the 
measures a c!tl'tridO'e "'Of th!tt charge may be filletl ft'om each discharging 
shoot; b~t when the reqllired chat'ge differs in woight f't'om anyone of 
the measures, thon if the weight can he millIc up by two measures of 
different capacities these are to be rlttCcll in the machine, anel the car
tridO'(\ in sllch ea,se will have to be placec1 undet· eitch shoot in succession 
to ~ake up the charge requit'eu: for in,'!tallce, a 5 lb. and a 4 lb. will 
give a 9lb. clHwge; a 4 lb. and a 3 lb. a 71b. charge; anti so on. 

These machines are approved fot· naval usc only, bllt they would or 
course be avaihtble for land service. On land, however, callnon cart
ridges are at pl'eHcnt filled by weight instead of c:tpacity; and, although 
the filling is less rapidly performed tllitn with Caffin's ma.ehine, the 
weight ot' powdcr in each cat·tridge i" exactly correct" whereas, the 
density of the powder and the charges delivcred by the melt8UL'eS being 
variable, the weight of measured cllitl'ges will vary ill Il. corresponding 
proportion, and effect a difference in large eart-ridgcs of more than half 
a pound.! 

Funnels. 
Funnels are used for the following purposes :

(a.) For loading mortar$. 
(h.) For filling cannon cartt-idgcs. 
(c.) For fllling shell. 

(a.) Funnels for loading n201·tltrS were formerly 2 macIe of copper; 
they are now made or-tin,3 painted blaek inside llnd out.. The funnel 
is about nine inches in diameter at the widest part, ltud contracts to 
about two inches, being fitted with a spout about 2t feet long. These 
funnels are used for loading mort,ars when thc chal'ge is irltrodllced 
loose:' 

Funnels, cop
per, naval car
tridge. 

(h.) Funnels for filling cartridges are made entirely of copper.s 
There. is only one size of funnel for this put'pose, viz., that known as 
the C' Royal Navy funnel," which is used for filling navnl cannon cart· 

1 An experiment was made in the Royal IJaboratory in 1864 to test the relative 
merits of the two methods of filling cartridges. The details of this experiment are given 
in App,'ndix II., p. 3i 4. These details may be epitomise{l as f()llows: Three natures 
of cartridges were filled, 6S-pr. 16 lbs., 32-pr. 10 Ibs., and 7-ineh B,T •. (Annstrong) 
121bs. The numbet' of e.ach filled per hour by the two methods were as follows: 
machine 202, 222, and 331, against 160, 160, and 203 by scales. Dut to produce 
these results the number of men employed WCI'<l,-fol' the machine five men for each 
of the smooth bore cartridges, and six. men for the Armstrong c~rtridges j and for 
the scales only three men and olle boy 10 each case. Moreover while the cartridges 
filled by the sCll.I~ all weighed correctly, those filled by the ma'chine varied for the 
16 lbs. charges from 161~s. 10 07,S. to 16 Ibs. :; ozs. with new L.G. powder, and from 
I7lbs. to 161bs. 3 ozs. WIth "sta,loted" L.G.; for the 101bs. charge, from 101bs. Sozs.· 
to 10 Ibs. 3 ozs. (new powder); and for the 12 Ibs. charge from 13 lbs. 6* OZS. to 
131bs. 1 oz. (new" Rifle L.G.") See Appendix H., p. 374, for further detruls. 

2 ~.ntil about ,lS5S or IS59; I have not been enabled to :fix the exact date. 
. 3 1 In known III the trade as "XXX single tin sheet" is used for these funnels. 

~ See Ma~"~l of Artillery Exercises, p. 104, where one" fillin'" funnel," as it is 
th~r~'eaUed, IS Included among the stores required for the service of mortars 

b (}oPpel: aheet, IS wire gauge. ' . 
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2'itlgos,1 but which is equally serviceable, if required, for filling land 
service cartridges. 

(c.) Funnels for .filling shells were all made of copper untilI859,2 
when leather funnels with cepper spouts were substituted, except for 
:filling naval shells. There are now six sorts of funnels for filling 
she1l8-

1. Nitval shell funnel. . 
2. Common, large. 
3. " small. 
4. Diaphragm, large. 
5. " small. 
6. Boat magazine funnel. 

The (1) funnel for filling naval shells is made entirely of copper,3 Funnels, cop
and is about 6' 4 inches in diameter at its widest part, contracting to per, naval 
about 1 . 0 inch, and being fitted with a cylindrical spout about 2' 5 shell. 
inches in length. These funnels form part of the equipment of the 
Royal Navy.4 

The (2) large common funnel 5 is made of kid, with a copper spout. 
The principal dimensions are, in round numbers, as follows :-Length 
of spout, 2t inches; width of spout at end, 1; inch; depth of kid, 5 
inches ; wid~h at top, 7 inches; at bottom, Ii inch. 

This funnel is used for filling all common, mortar, and rifled shells, 
except for field service. It is supplied with Nos. 3 and 6 garrison sets 
of implements, and with the naval implements.6 

The (3) small common funnel 7 resembles the large common funnel, 
except ill dimensions, which are as follows :-Length of spout, about 
It inch; width of spout at end, t inch; depth of kid, 3t inches; width 
at top, 5 inches; at bottom, i inch. 

This funnel is used for filling common shells for field service only, 
llnd is employed for this purpose in place of the large common funnel, 
on account of its inferior size. It is supplied with Nos. 3 and 4: set of 
implements for field service.s 

lcunnels, 
leather, with 
copper spouts, 
common, large 

Funnels, 
leather, with 
copper spout. 
common, small 

The (4) large diaphragm funnel differs from the common funnels Funnels, 
only in being smaller, and in the spout being cylindrical instead of leather, with 

1 Other sizes have also been made for filling cannon cartridges for use in the Hoyal 
Laboratory and Sub-laboratories, and to meet special demands; but the funnel named 
in the text is the only recognized one for this purpose, none being included in land 
service equipments. 

~ 13th May 1859, War Office Circular 590, pal'. 25. The change was made prin
cipally with reference to convenience in packing in the cases containing the sets of 
implements. 

3 32.ounce copper sheet. 
4 It might at first sight appear desirable to abolish this funnel, substituting the large 

or small common shell kid funnel; but as the latter costs as much, is less durable, and 
of no valu~ when worn out, such a change could not be recommended, especially as 
the space occupied by the copper funnel on board ship is inconsiderable. 

5 Called the mortar fnnnel until 1865, when, on the revision of the sets of imple
luents, this funnel was taken into use for common and rifled shells, except for field 
service, and the present designation was adopted. 

6 And with the special set for rifled siege guns, which is not included in this 
volume. 

7 The funnel was known as the common funnel until 1865, when, on the revision of 
the sets of implements, the mortar funnel was taken into use for common sllells, except 
for field serVice; a distinction of "large" and" small" then became necessary. 

S See page 307. . 

15836. N 
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copper spout, slightly tapered. The principal dimensions are :-Length of spout 
diaphragm about t inch; width of spout, ~ inch; depth of kid, 3 inches; width 
shrapnel, large. at top, 4 inches; at bottom, ! inch. 

This funnel is used to fill all diaphragm. shells above the 18 PI's,! It 
is issued with No.3 set of garrison implements 2 and No.3 set offield 
implements.3 

Funnel, The (5) small diaphragm funnel differs only from tho large diaphragm 
leather, with funnel in being smaller. The principal dimensions are :-Length of 
c?pper spout, spout, t inch; width of spout, i inch ; depth of kid, 2;l; inches; width 
dIaphragm at top 21 inches' at bottom ~ inch. shrapnel, small. ,!r , , 4 

Funnel, 
leather, boat 
magazine. 

Measures, cop
per, powder. 

History. 

Natures. 

This funnel is used for filling diaphragm shells up to the 18 pr., 
inclusive. It is issued with No.3 set of garrison implements, and with 
Nos. 2 and 4 sets offield implements. 

The (6) boat magazine funnel 4 is made entirely of leather.5 The 
ordinary service funnel would, however, answer the same purpose, ana 
there seems no reason why this special funnel should be retained. 

Copper Powder Measures. 

Measures for powder are merely cylindrical copper 6 cups of different 
sizes. A set generally consists of the seven following sizes :-4 Ibs., 
2 lbs., I lb., 8 ozs., 4 ozs., 2 ozs., I oz., which will suffice for ordinary 
purposes; but on demand measures of the following sizes are supplied :-
12 lbs., 10lbs., 8 Ib8., 7 Ibs., 6 Ibs., 5 Ibs., 4 lbs., 3 lbs., 2! Ibs., 2 1b8., 
It Ibs., Ii lbs., 1 lb., 12 ozs., 10 OZS., 8 ozi'l., 70zs., 50zs., 4 ozs., 3 ozs., 
2i- ozs., 2 ozs., 1 oz., t oz., i oz. ; their capacities being calculated with 
reference to L.G. powder. 

Copper measures for each diaphragm bursting charge are also issued. 
They differ from the others only in being furnished with a copper 
handle. The sizes are 80 drms., 70 drms., 60 drms., 50 drms., 40 drms., 
30 drms., 24 drms., 18 drms.; their capacit,ies being calculated with 
reference to shell F.G. powder. 

Leathe1' Cases for Cartridges. 

Cases for carrying filled cartridges,and bringing them up to the 
guns, were formerly made of wood, and called" cylinderA." The sub
stitution of leather for wood for tIlis purpose was first adopted for the 
naval service, and extended subsequently to the land service. Many of 
the wooden cylinders are doubtless still in existence at different stations; 
and the name" cylinder" is sometimes, though improperly, applied to 
the, leather cases. They are now a contract store. 

There are altogether nine different sizes of leather cases for smooth· 

1 See page 104 respecting the loading holes of diaphragm being larger above the 
lS-prs. 

2 See page 307. 
3 See page 307. 
4 .Approved, War Office Order 57/2/9382, 10/9(64. 
5 Basil. 
6 Copper sheet 14 wire gauge is used for the 12 lbs. measure, and 15 wire gaugEl 

for the lower natures. 
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bore 1 cartridges in the service; they are shown in the following table, 
with the guns with which they are intended to be used.2 

Distinguishing I 
Name 

or Number. 

D. 

Dimensions in 
Inches. 

Diam. Depth. 

Use. 

For 150-pr. guns. 
Mortar 9i!- 15 For] 3-inch sea service mortars and 100-pr. guns. 

1 9 11 lO-inch guns, lO-inch howitzers, 13-inch (L.S.), 
and lO-inch mortars. 

2 9 17 68-pr., 56-pr., and 42-pr. guns. 
3 8 19 8-inch guns. 
4 7 16 32-pr. guns of 63 to 56 cwt. 

{ 8-inch howitzer.3 

5 8' 12 32-pr. guns of 50 to 39 cwt. 
24-pr. guns of 50 to 33 cwt. 

6 7 9 { 32.pr. guns of 32 and 25 cwt. 
5i!--inch and 4i-inch mortars. 
8-inch mortars.4 

7 6i!- 11 { 18-pr. and smaller'smooth-bore glIDS. 

They are merely leather cylinders with a moveable leather lid and a 
long leather handle, up and down which t,b.e lid slips. The different 
sizes vary only in length and diameter. They are distinguished on 
board ship as follows ;5_ 

Lower deck cartridge cases are painted white. 
Middle deck" "blue and white stripe. 
Main deck" " red. 
Quarter deck and forecastle" black and marked upper 

. deck. 
They are used for bringing the charge, whether in cartridges or in 

loose powder,6 from the magazine to the gun, and protect the charge 
from damp and accidental explosion.7 They are not uncovered" until 
the sponge is out of the bore." 8 They are not required when the 
charge is very small, and can be placed under the arm ; for field ser
vice, for example, except when loading with loose powder. 

1 The cases for rifled ordnance are not included in this list. 
2 In addition to those enumerated in this table there are still in store some cases of 

an obsolete pattern, "No.2, old pattern," originally intended for lO-inch mortars and 
10·inch howitzers. These will be issued; but when the store is exhausted Nos. 7 and 
5 cases will be issued (as shown in table) for service with these guns. 

3 See preceding note, respecting" No.2 old pattern" case being issued for these 
guns until the stock is exhausted. 

4 See note 2 above, respecting" No.2 old pattern" case being issued for these 
mortars until the stock is exhausted. It should be noticed, however, that a ca~e would 
not generally be required for so small a cbarge as 2 lbs. (the service charge for the 
8-inch mortar), except when loading with loose powder . 

• 5 Proportion of Ordnance Stores for Smooth-bore Ordnance for Her Majesty's 
Ships, p. 16. 

6 In case of mortars when cartridges are not used.-See Manual of A.rtillery 
Exercise, p. 107. 

7 This point was conclusively established by experiments made on board the 
"Leviathan," " Menai," and" York" in 1847, 1852, and 1853. "These experiments 
"certainly prove the great security of the present leather cartridge cases."
Experiments in Her Majesty's Ship" Excellent," pp. 86-88, and 90-94, where details 
of the experiments are given. . 

S Manual of A.rtinery Exercises, p. 145. 

N 2 
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:lJfagazine Shoes. 
There arc four different patterns of magazine shoes, viz. :-

1. Shoes, magazine, service pattern. 
2. Shoes, magazine, Waltham Abbey pattern. 
S. Goloshes, leather, Waltham Abbey pattern. 
4. Goloshes, leather, service pattern. 

Shoes, maga- The (1) Service .Magazine Shoe 1 is made of 10 different sizes, from 
zine, service. 2 to 11.2 The size of the shoe is stamped upon the sole. These shoes 

tie o,er the ankle with a leather thong. They are made cntirelyof 
untanned leather. 

Shoes, maga
zine, W.A. 
pattern. 

Goloshes, 
leather, W. A. 
:pattern. 

The (2) JJIagazine Shoes for PValtham Abbey 3 are a species 
of untanned leather ankle·jack or "Blucher" boot,4 generally made 
of 7, 8,9, 10, and 11 sizes." They are issued only to the Gunpowder 
Factory, Waltham Abbey. 

The (3) Golosh, leather, Walt/tam Abbe,1fJ is a large loose untanned 
leather boot, the hi.gh sides of which extend a considerable (listance up 
the calf; they are made of sizes suitable to cover magazine shoes from 
6 upwardsl These boots arc issuecl only to Waltham Aubey and 
Purfleet, and are used when working amongst loo,e powder. 

Goloshes, The (4) Service Golosh is all untanne<1 leathor slipper', fitted with a 
leather, service. strap and buckle to fasten over the ankle. They arc matle of sizes 

suitable to cover magazine shoes from 6 upwards. 

Cloths, canvas, 
airing powder. 

Cloths, hair. 

Magazine shoes and goloshes are intellded, as their name implies, to 
be worn in magazines and buildings containing combustihle stores and 
compositions, as a precaution against aociJents. The Ol'tlcrs respecting 
their employment are most peremptory,S and no person should be 
allowed to enter a magazine or composition buililing without shoes, 
except in bare feet or stockings. 

Clo tlt sf 01' Ah'ing Powder. 
Cloths for Airing Powder arc merely large canvas 0 cloths fitteil with 

a brass ring at each corner, and on two of the sides. The usual size is 
six feet by six: feet, but they have been made and issued of' other sizes, 
Their usc is sufficiently indicated by their name. They nre issued to 
military store officers, inspectors of warlike stores, &c. on dcmaud. 

Hair Cloths. 
Hair Cloths 10 are of one size only, viz. 15 feet by 12 feet. They are 

cloths made of horsehair. of ,the above size. They arc general! y black, 

1 Approved lIth July 1860, TVar Qffice Ci,·c1.dar 639, pal'. 154,. 
~ It does not follow that all these sizes have been i~~ued; hut they are procllrable. 
3 Approved 27th October 1860, vVar Olfiee Oircular oG5, par. lll3. t:ioll1etimes 

known as "Blucher's magazine, W.A. pattern." 
4 The slipper pattern shoe or golosh is unsuitable for use at vValthnm Abbey, where 

the shoes are exposed to so much greater wear and tear than elsewhere, on account of 
their liability to wear down at heel. 

S Of course other sizes would be made jf demanded. 
6 Approved. See Minute, 51/Purfieet/510. 
7 Other sizes would of course be issued if demancled. 
8 "The several persons whose duty obliges them to go into the magazines are 

" invariably to take off their shoes and put o. n magazine slippers before they enter, 
" or else to enter bare footed, &c. &c."-Ordnance RI,£mla/ioll.s, 1101lle, p. 123,1855. 

"1. All persons so employed are to change their "lotheR, viz. coat, waistcoat, 
" trousers, cap, and shoes, and wear the suits specially provided for this purpose."
~ar Qffice Circular 870 (Combustible Stores), 12th July 1864. 

• 9 Sail cau vas, No.6. 
lOPresent patttern, "with double warp and shoot," approved '/1/62, rFar Office 

Circular 759, par. 498 These cloths are procured by contract. 
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with white stripes. Ihir cloths are used to place upon the floors and 
tables of magazines, or buildings where powder work is carried on, to 
prevent accidents from grit. They are also used to lay down on a 
jetty to roll powder barrels over, and generall! for similar purposes. 

Wadrniltilts. ' 
Wadmiltilts 1 are made of two sizes: large, 14i feet by 12 feet; and Wadmiltilts. 

small, 9 feet by 6 feet. They are strong, rough, woollen cloths of the 
above sizes, and are used principally for covering powder and protect-
ing ammunition generally,2 and, exceptionally, for placing on the floors 
or tables of magazines to diminish the liability of accidents from grit,3 
&c. &c. 

They are issued with siege trains, to magazines, and for boat 
service, &c. 

Tanned Powder Hides. 
Tanned Powder Hides 4 are of one size only, weighing on the average Hides tanned 

80 lbs. They are, as their name implies, large hides,5 and they are used powd~r. 
for similar purposes to hair cloths, as circumstances may recommend. 

They are issued to magazines, &c. &c. 

Hammers, COOpel'. 
Hammers 6 for use in magazines 7 have a gun-metalS head, slightly Hammers 

curved. and about 6t inches in length; one end of the head is fiat, the cooper. ' 
other end presents a dull edge. 

The haft of the hammer is made of ash, and is about 10 inches long. 
These hammers are for heading and unheading powder or ammunition 
barrels, and performing such coopering operations in a magazine, or 
wherever powder is being handled, as may be required. Only these or 
wooden cross-head mallets should be used for such purposes. 

"In heading or unheading powder barrels, the persons employed are 
" never to use the bare adze against the copper hoops, but are inva
" riably to apply a driver."9 

Drivers, 1I1etal, Cooper. 
Drivers 10 for URe in magazines have gl1n-metal ll heads and ash hafts. Drivers mew 

The haft is strengthened with a gun-metal ring near the upper end. cooper •• 
These drivers are for coopering powder and ammunition barrels, and 

for performing coopering operations in a magazine, or wherever powder 
is being handled, tightening hoops, &c. as mn,y be required. 

I Wadmiltilts are procured by contract. 
~ See Ordnance Regulations, Home, p. 141, par. 500, where the employment of 

wadmiltilts under certain circumstances is enjoined. " A barrel of powder wrapped 
" in a wadmiltilt is safe from the explosion of two similar barrels in the open at a 
" distance of 10 feet; but it is not safe, when not so wrapped at a distance of 15 feet." 
Report O.S.C. 4470, 30th ,January /67. 

~ Hair cloths or hides should properly be employed for this purpose. 
N.B.-TherlJ is also a description of wadmiltilt specially prepared for covering 

carts containing ammunition, and known as "covers, wadmiltilts, witlt canvas ends." 
These wadmiltilts are fitted with canvas ends, straps, and buckles, for the purpose or 
attaching them to the carts. 

~ Contract store. 
S Bull's hide, 6 Sometimes called adze. 
i This pattern, which has not been sealed, was deposited in the pattern room, Royal 

Laboratory, in 1860. . 
S The same alloy as for 7l and 20 service fllzes, see note 7, p. 258. 
9 Ordnance Regulations, Home, p. 142, par. 570 .. 
10 Pattern deposited in Pattern Hoom, Hoyal Laboratory, 18/9/61. 
II The same alloy as for 7l and 20 second fLlZes, see p, 258, note 7. 
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Scissors for Magazine use. 
Scissors, metal. Scissors for magazine use 1 are made entirely of gun metal.2 

They are employed in making up cartridges, and whenever scissors 
are required to be used in the presence of gunpowder. 

Types for 
marking car
tridges. 

Gauges, filled 
cartridges, 
brass ring. 

Bucket, sponge. 

Hoops, copper, 
for powder 
barrels. 

Types for marking Cartridges. 
Types for marking cartridges are issued in sets,3 as required, for 

each description of cartridge. They are blocks of gun metal/" with 
the letters raised. 

Gauges, Brass Ring, for filled Cartridges. 
Ring Gauges for examining filled cartridges are made of 13 different 

sizes, viz. 3, 6, 9, 12, IS, 24, 32,42, and Sf! (howitzer); 56-pr., 68-pr., 
10", 100 and 150-prs. (See Table XVII.) 

They are merely gun-metal rings of the required size with a handle 
on which is stamped the nature and size. The metal is not lacquered. 

Ring gauges are used in the making up and examination of filled 
cartridges, over which they should pass freely. 

Spunge Bucket.5 

There is only one description of sponge bucket in the service; it is 
a wooden iron-hooped bucket painted black and fitted with a rope 
handle. The top edge of the staves is rounded off'to prevent injury to 
the sponge stave, and the ends of the rope handle are hosed with 
leather. 

These sponge buckets are used for the purpose of wetting the sponge 
head when it may be required to do so. They are issued for gltrrison 
service.6 

Hoops, Copper,fo1' Powder Barrels. 
Copper hoops for powder barrels are of two sizes for ench description 

of barrel, viz., bilge and chime hoops. There aro thus eight different 
sizes of hoops,7 viz. ;-

, {Bilge. 
Whole barrel Chime. 

H If [Bilge. 
a "l Chime. 

Quarter" {~~f~~. 
Bilge. 

Eighth" Chime. 

They are made of (commercially) pure copper, . 08/1 thick, for all 
but the whole barrel, for which they arc . 09" thick.s 

1 Pattern deposited in Model Room, Royal Laboratory, 18/9/61-
2 The same alloy as for 7:t and 20-secoIld fuzes, see p. 258, note 7. 
S The nature and number .of sets required should be specified on tho demand. 
4 White metal was originally used for this purpose, and for aome types (those for 

mortars for example) is still supplied. 
5 Present pattern approved 27th October 1865, War O.ffic~ Circular 8 (new series), 

§ 1167. 
A pattern was previously approved 22nd May 1865, War Office Circular 6 (new 

~eries), par. 1098. The only difference between the present pattern and that sealed 
m May 1865 was that the top edge oftbestaves of the present pattern is rounded off 
instead of being left sharp as in the former pattern. 

6 Leather. buckets are issued with field batteries for similar purposes. 
7 Other s~zed hoops have been issued for repair of barrels, but for the future it is 

proposed to ISsue only the hoops named. ' 
8 See table :X;X:O:., p. 348, for exact dimensions in all directions of these hoops • 

• 
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Rivets, metal,for Copper Hoops. 
Metal rivets for copper hoops are made of five sizes, viz. :-

One size for whole barrel hoops. - -} For 
" " half barrel hoops - - departmental 
" " quarter and eighth barrel hoops - manufacture. 

No. 270 1 for whole barrels - -} :For repairs 
" 2691 for half and quarter barrels - . only. 

They are rivets of (commercially) pure copper, with a round flat 
head, and differ only in size.2 

Hints on Coopering. 
The fonowing hints on coopering are introduced as likely to be 

useful, and as being connected with this part of the work. 
Powder barrels consist of three parts, viz.-

1. Staves. 
2. Heads. 

. 3. Hoops. 

Rivets, metal, 
for copper 
hoops. 

Themost protuberant part of the barrel is known as the "bilge," 1. Staves. 
and the centre of the bilge is distinguished as the" pitch." 

Between the bilge and the end of the barrel is the" quarter." 
The extreme end is known as the " chime." 
To distinguish one end of the barrel from the other, that which is 

opened (when required) is known as the "top end," the other as the 
"back end." The topend maybe known byhaving the staves bevelled 
off cloee to the chime to facilitate heading. 

There are thus also the "top" and" back bilge," the "top" and 
« back quarter," the" top" and" back chime." 

The heads are known as the "top heads" and "back heads" re- 2. Heads. 
spectively. When a head is in three parts, the" do)'Vels" having been 
broken or pulled asunder, the two outside pi€cesareknown as the 
." cants" or "outsides;" the other part is known as· the "middle" 
piece. 

Barrels are either "full bound" or "q ual'ter bound," according to 3 Hoops. 
the number of. hoops. An powder barrels, either full or quarter 
bound, have four copper hoops, the remainder ash. These hoops 
are situated about the chime and round the bilge of the barrel, and are 
known as the "copper chime" and" bilge hoops." . 

On the "full bound" barrel there are also six ash hoops at each 
end, situated one below the copper bilge hoop; four at the quarters and 
(lne above the copper chime hoops. 

Quarter bound barrels have the same number of copper hoops as 
full bound barrels, but only three ash hoops at each end, situated one 
above and one below the copper chime hoop, in other words, they have 
no quarter haops. 

A barrel can be unheaded in two ways. The first and more common To unhead a 
method is to place the barrel with the top end uppermost, and then to ~rreL - .. 
remove the top chime hoops and loosen the top quarter hoops. The FlrSt method. 
left hand is then pressed upon the middle piece of the head, which is 
struck gently with the adze or mallet close to the chime on the side 
nearest the cooper, until it is started out of the groove and falls into 
the l?arrel; . .. 
. The· second method is called "boxing out" the head, and is adopted Second method, 

when the groove is deeper than usual, or when from other causes, or "boxing." 
such as the barrel being incorrectly made and having too sharp a curve, ,. 

1 Thefiglires 270 and 269 are those by which· these rivets, which have generally 
been obtained by cootract,areknown in the" nail book." 

2 Sae table xx:rr.;p. 1r4S. . . 

• 
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barrel-head 
whole. 

Head in two 
pieces. 

Head in three 
pieces. 

Flagging. 

To alter the 
size of a hoop. 
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the head cannot be readily removed by the first method. The hoops. 
are loosened and removed as before, and the left hand placed upon the 
head, and a few smart blows are struck with the ~allet round the pit ell 
oftbe barrel, by wbich means the stavcs are, as It were, sprung back, 
and the head being thus released falls through. 

To head a barrel.-The head, if whole, is placed with its bevelled edge 
(on the side away from the cooper) in the geooye, the left ha~d i~ then 
placed upon it, and the head slightly s.truck, as much as posslbl~ III t~6 
direction away from the workman, wIth the adze or maUct; III .tlllS 
manner it is driven into the groove all round. Thc chime hoops are 
then replaced. If on heading a barrel the head sho.ulcl accidcnt.ally )Je 
driven a little below the groove, it can generally be JarreJ back mto Its 
place by laying tIle barrel on its sido and tapping the top end of the 
staves. 

When the head is in two pieces, the dowels (if still adhering) must 
be cut away. The larger piece is then placed with the whole of the 
left front in the groove to the left hand side, away from tho workman. 
The small piece is then placed alongside the larger, its further edge 
also entering the groove; the left hand is then placed over tho junctiolJ, 
and by means of a few gentle blows given with caro and at tho opots 
where they may seem to be most required the head is driven into the 
groove. 

If the head is in three the dowels must bo cut off and tIle pieoes 
matched aocording to the lettering on tho head. One of tho" cants" 
or "outsides" is then placed as the l:1rgcr pieco ill the last CUlOe, and 
supported by the left thumb, which is brought over the side. The 
middle piece is then placed against it, its further edge in the groove, 
and its straight edge pressing hard against the side of the "ount." 
The other cant is then placed in the groove; and proceed as when the 
head is in two pieces. 

Sometimes when the barrel is headed the head will bo found to be a 
little out of round or injured at the edge, thus leaving un opening 
between the head and staves. It then becomes necessary to usc the 
"flagging tool." One of its teeth is pressed against the inside of' the 
stave where the opening appears, and the other tooth outr,ide thc tltave 
tel the right.- By pressing against the handle, and using it us a lover> 
the opening is widened, and a little "Dutch rush" or "flag" (if not 
procurable, paper or rag will serve) is placed inside the gap; the flag
ging tool is then removed, .and the stave being released springs bnck 
into its place, pinching in the rush against the head. 

To avoid using a knife (wMch s}£ould never be ltllowed to enter IJJ 

magazine) the rush should be placed as much as possible flush with the 
top of the head of the barrel. 

If the ash hoops are too large they may be reduced in diameter to 
the required size by placing a small three sided prism or wedge of 
wood, called a "Dutchman," between the shoulders or notches of the 
hoop. If the hoop is too smull it may be enlarged by cutting away 
part of the shoulders. 

Taking to Before taking a barrel to pieces for stowage (called "shaking" a 
f.i:~:~i~g" a barrel) the s!aves must be numbered round the inside with a piece of ' 
barrel for stow- chalk or a pOlllted tool. The hoops are then removed and laid aside. 
age. :he ash hoops (if the barrel is to be sent away) are seldom packed with 

It; the. copper hoops are doubled up. The head is divided into two or 
three picces by pulling open the joints without breaking the dowels. 

Th.e staves al:e then packed round the copper hoops and the" ends/' 
and the pack secured with twine or with some of the wooden hoops. ., 
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To put the barrel together again the pack is untied and the copper To put a barrel 
hoops unbent. One of the copper chime hoops is then taken .in the left together. 
hand and held at about the height of the barrel from the ground, the 
cooper kneeling on his right knee. The staves, as numbered, and with 
their top ends uppermosti' are then arranged round the inside of the 
hoop, their lower ends resting upon the ground, the first few staves as 
they are arranged being supported by the outside of the left leg and 
left foot. In this manner the barrel may be built up, when the upper 
bilge hoop is slipped on. The barrel is then turned round and the 
other bilge hoop slipped on. The head is then put together and the 
back head is placed into the barrel (working chiefly from the inside) ; 
the back chime hoop is then placed on. The barrel is then headed up, 
the top chime hoop being previously removed to admit of this being 
done; the cl1ime hoop is then put on again. 

All the hoops, except the bottom chime hoop and the top bilge hoop, To rem?ve a 
must be removed; remove the required stave and I'eplace it by another, ~,tave ~lt~?Uh 
and then replace the hoops. shalnng t e 

The heads of vats (chiefly used for the conveyance of clothing, har- barre~ down. 
ness, &c.) are secured by means of two hoops nailed round the inside l~di~ and ts 
of the chime of the vat, the head being between them. u ea g va • 

To unhead a vat thus secured the "outside lining hoop" (as the 
hoop above the head is called) must be removed, and this is done by 
"prising" out the nails with a chisel or lever of any convenient sort, 
commencing at the" lap" of the hoop. 

To head the vat.-The head is laid upon the inside lining hoop, and 
the outside lining hoop is nailed over it. 

AMMUNITION FOR SMOOTH":BOREORDN.A.NOE. 

SECTION C.-MEANS OF IGNITING THE 
CHARGE. 

This section may be divided into-
Ca.) Means of igniting <lharge (proper). 
(h.)" Ditto bursting charge. 

ea.) Means of Igniting Charge Proper, 01' Firing Charge. 
Under this head are included all those stores which are directly or Means of 

indirectly connected with the firing of the gun. igniting the 
These may be divided into classes as follows :_ firing charge. 

Class 1. Tubes. 
" 2. Portfires. 
" 3 .. Lights.! 
" 4. Match. 

The rudest and earliest contrivances for firing cannon seem to have History of 
been red hot spikes or bars, which were introduced into the vent, and tubes .... 

1 Signal lights hardly connect themselves with the firing of guns, but they are not 
easily separa]}le from portfires; indeed many" portfires" are merely sigriallights, and 
this seems on the whole the most suita.ble place for their introduction. 
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.. communicated fire to the charge,l anu a pair of bellows for heating the 
priming irons formed part of the artillery equipment in the 14th and 
15th centuries.2 

Doubtless, however, this plan was found inconvenient and uangeroUIJ 
more especially with the larger guns which were gradually being intro: 
duced; and it is not surprising to find it in a great measure, if not 
entirely, superseded before the middle of the 15th century, by the pilltn 
of priming with loose powder;3 a small train being laid up to the vent. 
and particular instructions being given to the gunner to stand away 
from the gun after lighting the priming, "pour eviter Ie dict danger et 
.. peril qui pourraient advener en vostre personne." 4 

How the priming powder was ignited does not appear; it may have 
been effected by means of a heated iron rod, or by means of a match 
made for the purpose, most probably the latter, although there is no 
mention of the match or of the linstock used for holding the match 
until the 16th century.5 • 

No further improvement in the means of firing the charge was 
.effected until some time about the beginning of the 17th century,6 
when artillerymen had recourse to the occasional employment of quick
match, which placed in the vent acted as a weak tube.7 The match 
used for this purpose was called porte:feu,8 a name which we still retain 
and apply to our "portfires." 
---------------------------

1 "Le feu etait mis il la poudre par nne baguette de fer rougie a feu de charbon."
Le Passe et L'Avenir de L'Artillerie, vol. iii., p. 78. In 1379 we find again, "L~ feu 
" etait mis it la charge par nne baguette de fer rougie au feu." -Ibid., vol. iii., p. 1 Cl3. 
Again, 1432, "Le feu etait mis ala charge avec des broches de fer rougies au feu.",,
Ibid., vol iii., p. 121. 

2 " Des souffiets faisaient partie d'approvisionnement d\l1l c~l>ns mis en batterie."
Le Passe et L' Avenir de L' Artillerie, vol. ill., p. 121. 

3 Some time between 1400 and 1450. The first mention of priming powder
"poudre d'amorce "-occurs in the Le Passe et L' Avenir de L'Artillerie, vol. iii., p. 149. 
The passage is extracted from an old .French work, and is in such old fashioned 
French as to be almost unintelligible, and I have thought it unnecessary to quotc it. 

4 Ibid., vol. iii., p. 149 (see preceding note). 
5 Le Passe et L'Avenir contains no mention of the linstock or match until the 

beginning of the 17th century. "L' Affiit du faucon portait .• _ . unc boute-feu 
« (linstock) avec sa meche."-Ibid., vol. iii., p. 319. But Major Miller, quoting 
Whitehorne, who wrote in 1560, describes the linstock or linte-stock, as "a matche 
" fastened to the end of a staffe a yarde or two yardes long."-Equipment of Artillery, 
p.104. This places the match at least as early as the 16th century; and it may 
have been used in the latter half of the 15th, or on the first' introduction of priming 
·powder • 

. 6 Le Passe et L' Avenir de L' Arlillerie, vol. iii., p. 338. 
7 The explosive action of quickmatch when, confined in a cylinder of paper or 

linen or any other material in the form of a" leader" (see p. 226) is well known, and 
is similar to that of a tube (for an explanation of this action HCC p. 225), the hole 
being in this case not up the centre as in the tube, but betwe~l1 the match alld the 

.sides of the cylinder or vent. 
But it is evident that quickmatch is mnch le~s powerful.than a tube; for the double 

nason that the quantity of explosive matter which it contains, and so the quantity 'of 
gas which it evolves, is less than that of a tube of the same size, and that the space 
between it and the sides of the vent is proportionally much greater than the space 
formed up the centre of a tube. (For advantages of small hole in tube, see p. 203.) 
It is instructive to remark that the name which the French now commonly give 
~o their tubes "Etoupille" is derived from the word" Etoupe," which signifies 
m'p~otechny a "thread or match prepared in a particular way." James' Military 
Dletzonary, p. 415. ' . ' 

8 This name occurs in a description given in Le Passe et L' Aveni?' de L' Artillerie, 
vol. iii., p. 338, of the operation of priming a mortar in those days. "Un morceau 
"'d'une iitoupille qlli etait nOmInee porte:feu etait place dans la lumiere du mOl1:ier ef 
" 'entoure de cire qui l'y fixait, apres quoi on amor<;:ait encore avec de lapoudre fine 
"do!l't ~n remplissait Ie bassinet. Une autre partie de cette etoupille appelee porte
" feu etait plaeee dans Ie boute-feu, et Ie bombardier s'en servait pour mettre Ie feu 
" d'abord it Ill. fusee de Ill. bombe, puis it l'amorce du bassinet." 
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Although about this time, or even earlier, the flint had been 
introduced as a means of firing small arms,l no attempt seemS to have 
been made for about 200 years to extend its employment to cannon. 

In the meantime an improvement was being made in the method Quickmatch 
of priming guns; the quickmatch was no longer used by itself, but tubes. 
was placed inside a tube which could be dropped into the vent, and 
the top of this tube being primed the train of loose priming powder 
was done away with. The great improvement was made apparently 
some time in the first half of the 18th century,2 perhaps rather 
earlier. The advantages resulting from the introduction of tubes 
were not only (a) increased rapidity of fire,s the difficulty and delay, 
which must have been considerable, of threading the quickmatch into 
the vent and training loose powder up to it being done away with; 
but (b) the protection of the vent,4 which in the absence of a tube, 
more especially when loose powder was used, became worn or burnt 
away very rapidly; and (c) greater security from accidents, such as 
might and no doubt did frequently result when priming had to be 
used. 

About this time, too, viz. the end of the 17th 01' beginning of the 18th 
.century, it seems probable that portfil'es were introduced, for we find 
mention of them in works of a few years bter date.5 

We thus arrive at the fact that tubes Illade with quickroatchthreaded 
through them and primed, and which were :fired by slow match or port
fires, were in use about the beginning of the 18th if not during the 
dose of the 17th century. 

No doubt it was soon discovered that these tubes were too weak, and Regular tubes. 
that a great increase of strength might be obtained by substituting 
for the quickmatch composition with a cavity up it, and in a few years 
we find mention of this improvement having been effected. The 
French tubes are described in 1768 ~ being ":filled with mealedpowder 
" moistened with spirits of wine ;a small hole is made through them 
". the size of ~ needle, through which the fire darts 'with great 
" violence and gives fire to the cartridge, which must be pierced 
" beforehand with the priming iron." 6 . 

This description would answer perfectly for a tube of the present 
day; it only remains, therefore, to inquire into the material then em
ployed for the bodies of the tubes, and the cOl1nexion between the tubes 
of the early part of the 18th century and the" cummon" tubes (pI. 5, 
figs. 1 to 5) at present in use will be complete. 

1 Le Passe et L' .Avenir de L' .Artillerie, vol. iv., p. 58, et seq. Hythe Text Book, 
p.99. . 

2 " Tubes of this kind were in use in 1766." Equipment of .Artillery, p. 113. 
In Muller's Treatise of .Artillery, published in 1780, one of these tubes is described ; 

the tn be is made of tin, "through this tube is drawn a quickmatch, the cap is filled 
" with mealed powder moistened with spirits of wine." These tubes had a cap of 
paper tied on, ,. but latterly this cap is made of flannel steeped in spirits of wine, and 
" with saltpetre dissolved in it, and there is no occasion to take it off, since it takes 
" fire as quick as loose powder," p. 203. James, in his Military Dictionm-y,p. 415, 
describes the same tube. 

S Mllller speaks of tubes as" tubes used in quick firing." (Treatise of .Artillery, 
p. 203); and it is not improbable that they were first used specially for quick firing. 

4 .Appendix: to Muller's Treatise on .ArtillerlJ, .Artillery Dictionar!l, at the ena, p. 30. 
5" Portfires have been in use since the beginning of the last century."~Equipment 

of .Artillery, p. 104. . 
Mull~r, writing in 1768, says, " Port5.res are used sometimes instea.d of matches t.o 

" set fire to powder or composition."-Treatise on .Artillery, p. 202. 
And an old. Traite d'.Artifices, prepared at Strasbourg in 1764, and quoted in 

Scheel's Memi>z"res d' .Arlillerie, p. 160, says that tubes were fired" avec une meche ou 
.. , une lance a feu." . > •• ,... > 

6 Muller's Treatise on Artillery, p. 1I03. 
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Various materials were used for the bodies; the most common was 
tin which, however, was objected to as being injurious to the composi" 
tio; which it contained, and as being very succeptible to corrosion'! 

. The French employed reeds,!! and some experimental tubes as it 
appears were made of copper 3 which was no doubt preferred to tin, 
then as now on account of its non-liability to corrosion.4 

In addition to tin, brass, copper, and reeels, other materials llave from 
tinie to time been adopted or suggested for tubes; paper, which seelUS 
first to have been employed by the Dutch,5 pewter,6 zinc, thin iron, and 
finally, in 1778, quill . 

. Some of these materials were badly suited for the purpose, and the 
only ones at present employed in our service are copper (pI. 5), quill 
(pl. 5), and paper (pI. 5) on an emergency. In the French service 
reeds 7 are still retained. 

Tubes for many years were made of different lengths, and every 
piece of or<1oance had a tube of the same length as its own vent.s In 
somc cases they were made pointed and long enough to pie,:ce the 
cartridge, doing away with the separate ope.ration of pricking.9 But 
thislatter arrangement was found inconvenient, bccause from the end 
of the tube which projected inside the vent sometimes becoming bent 
by the explosion of the charge there was occasionally a difficulty in 
withdrltwing the tube, the gup. being in a way spiked.10 . 

The _plan of having tubes of different lengths was also manifestly 
inconvenient, -)Jut for a long time it was thought necessary, as the 
peculiar action of a tube, by which it ignites gunpowder at some 
distance .from it,. was not rec.ognized. It is not easy to say oxactly 
when the S1mplification of reducing all tubes to one uniform length was 
effected, but it seems certain that it did not take place until some time 
in the present century.u 

1 "An objection is made against these tubes, which .is that tin is npt to spoil the 
" quickmatch when they are kept for some time; and it is imagined that salt water 
" would soon corrode them."-Muller's Treatise on Artiller.'!, p. ~03. 

" Le fer-blanc avait l'inconvenientde se rouiner facilement, at de gfLtcr en peu de 
" temps la composition que l'Oll mettait dans les fus£-es."-Cotty's Dictionnaire de 
l' Artillerie, p. 139. 

2 "The French use a small reed to which is fixed a wooden cup about two inches 
" long."-Muller's Treatise on Artillery, p. 203. 

3 The fore-mentioned Sa.'ton made his of coppcr tapering towards the end."-Ibid., 
p.203. 

4 Brass was substitu~ for tin on account of the latter being subject to corrosion." 
-Equipment of ArtiUery, p. lIS; also Pocket Gunner, edition 1827, p. 382. 

5 Paper tubes retain to this day the name of paper or Dutch tubes. . 
6 " Lieilt.-Col. Harding of the ~oyal Artillery has invented a pewter tube." -James' 

Military Dictionary, p. 416. 
7 Thiroux, Instruction d'Artillerie, p. 69. 
Reed tubes were for some time in use in our service, but are now quite obsolete. 
S Equipment of ArtilienJ, p. 113. • 

. See also Pocket Gunner, edition 1813, p. 382, where the lengths of the different 
tubes are given; the largest for the 13-inch mortar was 12' 2 inches, and the shortest 
for the .H-inch mortar 3' 6 inches. "On les fait ..•. de longueur et de grosseur 
" propomonnee aux lumieres."-Cotty's Dictirmnaire D'Artillerie, p. 139. 

9 "Autrefois on les faisait . . . . assez longues pour que le bout put percer Is. 
" cartouche, iIs evitaient par la mano)Uvre du degorgeoir."-Cotty's Dictionnaire 
de l'Artillerie, p. 139. 

It does not appear that English tubes were ever made in tlris way. 
10" I!-S eprouvoient l:inconvenient de voir leurs pieces enclouees par le porte-feu qui 

" rest8.lt dans la lUlDlere, et se trouvait souvent comme rive interieurement parle 
" refou:emen! occasion~e par l'inflammation de.la poudre." Ibid. p. 139. 

II MaJ~r Miller says It was not effected" until after 1813" (Equipment of Artillery, 
P: 113tr and the Pocket Gunner of that date gives, as stated in note 8 above, the 
different lengths of the tin tubes then in use. But a later edition of this work (1827). 
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HithQrto we have had to do only with tubes which required the 
application of a match or portfire to ignite them, nor was the intro
duction even of these tubes by any means universal, the slow match 
and powder horn continuing to be used in our navy until quite the end 
of last century, probably because metal tubes (and with the exception 
of paper and reeds, no others were then known in our service) were 
considered dangerous and objectionable between decks.1 

But in 177S Sir Charles Douglas, on his appointment to t.he "Duke," Introduction of 
brought before the Admiralty and the Ordnance several propositions quill tubes. 
"for improving, facilitating, and quickening the service of naval 
" ordnance,"2 including introduction of flint locks and quill tubes; these 
propositions, however, were not immediately entertained, and the match 
and priming horn continued for some years in general use.3 

But although flint lo~ks and quill tubes were not officially or 
generally adopted, Sir Charles Douglas caused them to be supplied at 
his private expense to his own ship; "he bought a sufficient number of 
" common musket locks, which being let into pieces of wood, as into 
" the stock of a musket, might then be fastened with iron wire to the 
"guns. He purchased goose quills for tubes, and the 
" ingredients necessary to fill and prime them." 4 

The value and importance of this improvement was completely 
established in the great battle of the 12th .A pril 1782. "On Sir 
" Charles Douglas' appointment to be captain of the fleet he was suc
" ceeded in tIle command of the' Duke' by Captain, afterwards Lord 
" Gardner, and in the battle of the ensuing year the quick and efficient 
" firing of that ship was so conspicuous and powerful as to enable the 
" gallant Gardner to widen the gap which his leaders hnd made in 
" the enemy's lino, and so open the way for Rodney to pass to a 
" memorable victory. Thn;t glorious day settled the question of locks, 
" by bearing down all further opposition to the introductioll of im
" provements which the prejudices of the time deemed useless and 
« unnecessary refinements; but that battle having likewise put an end 
" to the maritime part of the war, no measures for the supply of locks 
" to naval ordnance appear to have been taken till 1790, when' brass 
" locks' of a new pattern were provided, and continued in general use 
" throughout the late war. These no doubt contributed greatly to the 
" efficieneyof our practice, to the accuracy and rapidity of which all 
"French authors attribute tlw superiority of oLir gunnery in the 
,( actions and battles of the early part of the war, the French not 
" having adopted locks till 1800." 5 

also gives tin tubes of different lengths, and it 'Would appc:lr that even if they were no 
longer manufactured the store was not yet exhausted. 

Cotty's Dictiorl7laire de I' Artillerie (edition 18:22) speaks of them as being of different 
iengths (p. 139). 

The British Gunner, edition 1828, speaks of all the tubes then made as of two 
lengths, the brass three inches, and the paper two inches (p. 403). The simplification 
was therefore most probably effected between 1813 and 1828. 

1" Tin tubes would manifestly be dangerous and highly objectionable on the 
" fighting decks of a ship."-Nav(!l Gunnery, p. 385. 

2 Naval Gunnery, p. 385. 
3 Ibid., p. 3B5. 
4 Ibid., pp. 386-7. 
5 Ibid., pp. 387-8. 
Sir Howard Douglas also quotes a passage from Lord Saumarez's Naval Evolut£ons, 

p. 46, which ascribes the invention of locks and quill tubes solely to Sir Charles 
Douglas, and which bears ample testimony to the value of the invention. The passage 
is as follows :-" .Although strong prejudice and attachment to old customs prevented 
,( the general adoption of that excellent system of naval gunnery (locks, quill tubes, 
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This passage seems t~ fix the official adoption of flint locks and quill 
tubes for naval use at 1790. 

The improvement was certainly a most important one, as tending to 
make the service of the guns both quicker and safer; 1 at the same time 
there were objections to the extension of the system witlt tlte existing 
locks and tubes to field service, because of the uncertainty of a single 
flint and the difficulty of replacing it, and the obvious objections to a 
prin~ing of loose powder.2 These objections Sir Howard Douglas pro
posed to overcome by the employme~t, in the first place, ?f a loc~ with 
two flints, which would do away WIth the necessIty whlCh untIl then 
existed for the occasional employment of a match or portfire, and in the 
second place, of a tube with a peculiar priming which would do away 
with the priming of loose powder hitherto used.3 

These locks were adopted for the navy 1n 1818,4 but there is no 
record of the adoption of the tube. 

In principle this tube was not unlike the "match" tube 5 proposed 
by Lieut. Fynmore, R.N. and adopted a few years later,6 and which 
was generally used for all ordnance with flint locks until the adoption 
of the percussion principle several years later. 

When or to what extent flint locks were adopted for land service is 
uncertain, but there is little doubt that it was some years after their 
introduction for naval use, and that their employment for land service 
never became general,7 and a large, probably the larger, proportion of 

" flannel cartridges, &c.) of which Sir Charles was the sole inventor, it was found 
" to answer so well by Captain Gardner, who had so great a share on the 12th of 
" April 1782, that it afterwards became universally adopted in the navy."-Sce Naval 
Gunnery, p. 387, note. . 

1 The following passage from a letter of Sir .Alexander Dickson's to Sir Howard 
Douglas sets forth fully the advantages of locks: -" The use of locks with heavy 
" ordnance, particularly in the operations of a siege, presents very great advantages, 
" for by the employment of slow match only the nre is frequently retarded, and 
" nothing can be more dangerous than lighted portfires in a battery. I have seen 
" several very shocking accidents occasioned by the use of them, owing to the want 
" of presence of mind of the gunner having the portnre lighted in his hand at the 
" moment of a shell falling near him. In the sieges I have directed I have ever 
" prevented as much as in my power the use of portfires, but Ciuclad Rodrigo WllS 

" the only operation in which I was fully successful in this respect, and it was to the 
" help of about 16 or 20 naval gnn locks, in addition to thc slow match used, that I 
" was indebted for the vigorous fire kept up in that attack. I trust in future, there
" fore, that in all siege equipments each piece of ordnance will be supplied with a 
" lock., the use of which under every circumstances, except in heavy rain, would 
" supersede the portfixe, which in the very confined situation of a land hattery, and 
" where much powder is in circulation, is so dangerous."-lbid., pp. 38g-nll, note. 

2 MS. letter of Sir Howard Douglas to Sir A. Fraser, 1818.-MiscellmH!(J'IlN, vol. i., 
p. 7l. 

3 This tube is described as being one "with a large cake of priming, und notched 
" or mitred, so as to fold down into a groove in the pan, which upon being shut would 
., grind in the priming, exposing fresh surfaces easily ignited," and " be secure from 
"wind and rain."-Ibid. 

4 Naval Gunnery, p. 388, and note on same page. 
S The match tube is not yet obsolete; see for a description of it, &c., p. 4. 
6 Pmbablybetween 1818 and 1824; men who were in the Royal Laboratory in 1824 

speak positively to the Fynmore tube being then manufactured. The B1'itish Gunner, 
1828 (p. 402) includes these tubes. 

7 A passage in Naval Gunnery, pp. 389-99, would almost imply that flint locks 
were never used for land service, and that their proposed adoption "remained in a state 
" of suspension, until at length the discovery of the pel'cussion principle and its 
" application to fowling pieces indicated that all flint locks would ere long bc super
" seded by percussion locks and tubes." 

But there is no doubt flint locks were used for land service to a certain extent, and 
I cnnciude therefore that the passage refers merely to a lock of a particular con
structioo, and not to locks generally. 
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land service guns continued to be fired with common quill or paper or 
tin or brass or reed tubes 1 by the application of a lighted match or 
portfire. _ 

The next improvement was the adoption of the percussion principle 
for firing guns, an improvement which greatly increased the accuracy 
ofthe practice, particularly at sea or against moving objects, by making 
the firing of the gun more instantaneous,2 besides effecting a great 
economy of material and space by the abolition of pOl·tfires, priming 
powder, &c. 

It is difficult to fix with absolute certainty the date of the intro- Detonating 
duction of the first percussion or detonating tubes, but there are tubes. 
good grounds for believing that none were made for service until 
l83I.3 
. These tubes were proposed by Mr. Marsh of the Royal Arsenal 
Surgery,4 and consisted of a quill body, with a side quill filled with 
detonating composition, fixed on at right angles to the body, much as 
the "nib-piece" of the present copper friction tube is fastened on. 
The tubes were varnished over completely with sealing-wax varnish,s 

1 Mention is made of tubes of these different materials in Sir Augustus Frazer's 
MS. Laboratory Work, pp. 22-32. The Pocket Gunner, edition 1813, p. 381, edition 
1827, p. 382, and British Gunner, edition 1828, p. 403, and in some MS. directions 
for making tubes which were in use in the Royal Laboratory. 

2" In every case whel'e there is much motion (and there will be a great deal mOfe in 
" propelled than in sailing ships) the shot will not be delivered from the cylinder until 
" its direction is altered, more or less, from that in which the piece was pointed when 
" the trigger was pulled. It is thereby not only vastly important to use those means 
" that are best calculated to produce the most instantaneous dischargc possible, but 
" also to consider what direction and what particular part of a vessel's motions are 
" most favourable for firing the ordnance with the greatest prospect of effect."-
Naval Gunnery, pp. 404-5. -

"Coast battery -guns will be required to 'S~lOot flying,' put they will have little 
" chance of hitting active steamers at considerable diStances, .. .. =less the action 
" of the lock and tube be so quick as to produce the most instantaneous possible 
" discharge."-Ibid., p. 391 ; see also Ibid., p. 398. 

3" The detonating tubes for that ship (the' St. Vincent ') were the first made."-
MS. Letter from Sir Augustus Frazer to Hon. Capt. Duncan, dated 29th Dec. 1831. 
Miscellaneous, vol. L, p. 193. 

There seems to be an impression, however, that experimental percussion tubes had 
been made before this by Sir William Congreve and others, but I have not been able 
to find any authority to support this opinion. 

4 Several persons employed in the Royal Laboratory speak so positively ta 
Mr .. Marsh having proposed these tubes, that I have no hesitation whatever in 
givirig him the credit of the invention, although I have not been fortunate enough to 
come across any official recognition of the same. 

Sir Augustus Frazer, in the letter quoted in preceding note, says, "Mr. Marsh, of 
" the Arsenal, is very zealous as well as very intelligent in the cause of percussion 
" and detonating improvements!' 

5 Red sealing wax dissolved in spirits of wine. 
Several foremen and others of the Royal Laboratory who were engaged for some 

years in the manufucture of these tubes have described them to me; and in a small 
book of miscellaneous matter in Sir Augustus Frazer's handwriting, lent to me by 
General Lefroy, the following description of the tube occnrs:-

" Quill Naval Detonating Tube. 
" Main tube, quill 2t in. long; nib cut off at bottom. 
" Side tube, quill 1 in. long, snipped on one side by cutting knife. 

" Main tube, common. 
" Composition. 

" Side tube, '2 inch~mealed powder at end joining main tube; remainder of compo
sition, half chlorate of potassa, half sulphuret of antinlOny. 

" Both main and side tubes to be pierced with two sized pincers, to be cemented at 
joint, and both tubes varnished, care being taken that the main tube will freely enter 
the vent after varnishing." 
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and were known as the rectangular percussion' quill tubes.1 With this 
tube the lock was "fixed to the vent field out of the way of the explo
" sion from the vent,"2 an advantage which no doubt originally recom
mended this construction to the inventor. But the tube was open to 
the objection of being comparatively sluggish in its action, thufl 
defeating the principal object of the introduction of the percussion 
princip1t'.a 

Some slight alterations were made in the tube with a view to remedy 
this defect, apparently with but slight success, and 11 great variety 
of percussion arrangements and hammers for firing them were sub
mitted for approval about this time and during t1le next few years.4 

Eventlll1l1y the plan of tying the detonating quill across the top of 
the mllin tube, which was cut into a crutch to receive it, was tried,. 
and some few of these "crutch-tied" tubes seem to have been 
ml1nufactm'ed for service.s 

This construction was not found convenient, the heads being liable 
to shift, and a further and final improvement was made in 1846, by the 
introduction, on the recoIDmenc1l1tion of the lute Colonel Dansey, R.A., 
of the cross headed detonating quill tube (pl. 5),6 which continued 
in the service until 1866.7 Evidently, however, this plan, and that 
adopted in the "crutch-tied" tube, though doubtless increasing the 
rapidity of action of the tube, necessarily brought the hammer over 
th(\' explosion of the vent. "Thus it was necessary to devise some 
" means by which the hammel', after having struck fairly upon the head 
" of the tube pluced in the vent, should instantaneously slip or be drawn 
" aside, so as to be out of the wu,y of the explosion through the vent. 
" Various modes of effecting this have been devised in the British and 
" in otl,ler naval services, but the most efficient and simple implement of 
" this nl1ture is that invented in 1846, by the very able :1\1<1 skilful officer 
" ColoDe1 Dundas, Inspector of Artillcl'y."8 

The following descript.ion of the now obsolete cross-headed detonating 
tube may not be without interest. 

The body of the tube is made of goose quill about 2' 5 inches in 

1 See account of the Changes and Additions in Ordnance, ~c., May 20th, 1846, 
par. I. 

2 Naval Gunnery, p. 892. 

3 "This constrncti~ w3!l found., however, to be so sluggish as not to accomplish the 
" great desid.eratum in naval gunnery, which: is, that the firing of tbe cbarge and the 
" actual delivery of the shot from the gun shall take place as quickly as possible after 
" pulling the trigger line,"-Ibia., p. 392. 

4 Descriptions of some of these plans, and of the trials to which they were subjected, 
are given in a little MS. book of miscellaneous matter by Sir Augustus J!'ruser, lent 
to me by General Lefroy, vol. xix., pp. 1, 14, &c. It appears that in 1832 a "Joint 
" .Naval and Artillery Committee" was formed to inquire into the subject; as, how
ever, none of the plans submitted met with approval it is unnecessary to detail them. 
For an account of the different locks tried see Naval Gunnery, pp. 392, to 397. 

5 At least so I am told, but there seems to be some doubt as to whether these 
" crutch-tied" tubes were ever anything but experimental. 

6 Approved by the Master-General, 9th September 1846. S~e Account of tM 
Changes ana Alterations in Ordnance, ~c. (fe., 20th July 1847, pal'. 1. 

7 War Offiee O"aer, 6th Septemb'llr 1866,> 75/10/445. 

8 Naval Gunnery, p, 392. • 
Col. Dundas' lock s~ems to have been approved by the Ma,ster-General, 2nd October 

1846. See Account of Changes and Additions in Ordnanee, ~e., ~c., 20th July 1847, 
par. 7.' . 
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length, 1 cut clear of pith and scraped clean on the outside to the 
required gauge.!! 

.At a very short distance from the top of the tube 3 a hole is bQred 
transversely through both sides of the qnill. Into this hole, 
after the body l1as been driven 4 and pierced 5 ill the usual manner,6 
a small, pigeon's quill or "snipe" is inserted, crossing the tube 
at right angles, and secured by being tied on with fine silk. The 
snipe has previously beeu filled with detonating composition consisting 
of- . 

Potash, chlol·ate Of7 

.Antimony, sulphide of 8 . -

Glass, ground 9 

6ozs . 

6 " 
1 oz. 10 drams. 

damped with spirits,-methylated, 1 quart; shellac, 357 grains; in the 
proportion of75 minims to 1,000 grains of composition. 

The open 10 end of the snipe is filled with shellac putt,y.n 
The portion of the tube above the snipe is filled with L.G.12 powder 

to increase the flash, and closed against moisture by shellac putty.13 
The body of the tube is varnished blaek/~ and, the head snipe, with a 

thicker varnish, recl.l5 

These tubes are ignited by percussion, the blow being delivered by 
a hammer fixed on to the gun for the purpose, and thrown over on to 
the tube by the pull of a lanyard. The pull must be a sharp one,~ or 
there will be a chance of the tube and cross-head being brnised without 
igniting. 

They were formerly used for lancl 16 and sea service, but they have 

1 Only the extreme point or nib. of this tube is removed, the tube bein&-:Iilled from 
the top, which makes it unnecessary to' cut off as much' from the end as must be re~ 
movedr in the case of the common quill tube. Indeed, except for convenience in 
inserting the clearing wire, it is unnecess!try to cut off even the point of these tubes. 

2 The working gauge is ·196 inch. 
3 As short a distance as possible, for the reason that all the quill above this hole 

will have to be crushed by the hammer before the blow reaches the" snipe." The 
distance is actually about ·1 inch, or ·15", meaning to the centre of the hole. 

4 With a drift, No.7 W.G., having a projecting point. 
5 With No. 19 copper wire. 
6 See note 1 above, on these tubes being filled from the top. 
7 See p. 315. 8 See p. 311. 
9 Bottle or window glass is preferred to flint glass on account of its superior 

hardness. ' Moreover, chemically, bottle or window glass is generally superior. "Com
" moil bottle glass or window glass should be used. Flint glass contains a small 
" proportion of silica, and a large proportion of the oxide of lead; aDd chemical 
" research has shown that the combination of the bases with the acid in such a com
" position is comparatively unstable: the conseqnencc will be a separation of the 
" alkali potash, which is very deliquescent."-Col. Boxer's MS. Notes, p. 70. 

The chemical superiority of bottle or window glass is not, however, so apparent 
for those detonating compositions from which, as in the one under consideration, and 
as in most of those employed for tubes, fuzes, &c" the influence of the atmosphere 
is almost complctcly excluded; it is only when exposed to air that flint or lead 
glass is more prone to change. 

10 The nib is not removed from the end of the snipe. 
11 For composition of the shellac putty, see table XX., p. 345. 
12 L.G. p'owder is preferred to a finer grained powder, as being less likely to get 

into and choke the central hole of the tube. 
la See table XX., p. 345. 
J4 For composition' of this varnish, see table XX., p. 345. "It is desirable to 

" varnish or paint the whole surface of the tube, as the quills are liable to attract 
" moisture from the atlUllsphere."-Col. Boxer's MS. N'oies, p. 72. 

15 See table XX., p. 345. 
16 See history, p. 192~ 

158;36. 0, 
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been completely superseded on land by the copper frictioll tube; for' 
sea service by the quill friction tube. 

They are open to the following obj60tions :-
"1st. It is evident that before the blow from the hammer can take 

effect upon the detoilating composition the projection beyond the cross, 
quill must be destroyed, and therefore a comparatively large amount of 
force is required to ignite the tube. 

"2nd. Should the vent of the gun be at all enlarged, nnd the blow not 
sufficiently strong, the cross quill will be doubled up, and the whole, 
tube forced into the ,ent, till the top of it is flush with the veut field. 
Should this happen, it will cause great delay, for it is exceedingly 
difficult either to remove the tube or to ignite it on account of the 
putty at the top. This circumstance constantly occurs in practice, and 
the difficulty is generally overcome by forcing the tube down the vent 
with the priming wire, a most dangerous operation on account of the 
presence of the detonating composition, which is very liable to ignite 
by the friction." 1 

Thus far we have traced the application of the percussion principle 
to naval guns only; we have now to see how far the same contrivances 
have been brought into use for land service. 

There is no doubt that detonating tubes were not used on land for 
several years after they had been introduced into the navy. An at
tempt seems to have been made in 1832 to employ for field serVIce 
detonating tubes, on the same principle as the rectangular detonating 
quill tube then in use in the navy; with the exception that tinned 
brass was substituted for quill.2 There is 110 record of these tubes 
having been adopted, nor was any subsequent attempt to introduce 
detonating tubes for field service more successful. But in 1845 the 
"rectangular percussion quill tube" was adopted for garrison and 
siege service 3 and in the following year superseded, on the recom-
mendation of Col. Dansey, by the cross-headed tube (pI. 5).4 , 

In 1846, therefore, we have the cross-headed quill tube in general 
use for land-service, except for field service, with which common tubes 
and portfires continued to be employed. 

It should also be mentioned here that in 1844 Major Jacob proposed, 
as an improvement on detonati.ng tubes and hammers, the employment 
of a percussion cap, and the experiments with these caps seem to have 
been decidedly successfu1.5 

In· the meantime the atten~on of some of the officers and foremen in 
the'ROyalLal'Joiatorynad heen directed to a tube brought ove.r to this 
country by a German officer, Lieut. Siemens, which depended not upon' 
percussion, but upon friction, for its ignition.s Several attempts were 

1 Col. Boxer's MS. Notes, pp. 71, 72. 
Perhaps a safer plan would be to place the head of another detonating tube over 

the vent and fire it by means of the hammer on the chance of the flash from. the 
detonating composition igniting the :first tube. . 

2 An account is given in the little MS. Book of miscellaneous matter before referred to 
(vol. xvi.,p. 58). of the "brass detonating tubes then (1832) on trial for field service." 
In appearance they must have been very like the present copper friction tube. They 
seem to have answered but indifferently, and there is a remark to the effect that 

. " their utility in superseding common tubes and portfires was not yet apparent." 
3 Approved 21st Novem.ber1845. See Account (if tIle Changes and Additions in 

Ordnance, &,c" May 20, 1816, par. 1. 
4 Approved 9th Sept. 1846.-16id., 20th July 1847, par. 1. 
5 For account of the trials made by two committees to whom this "percussion gun 

" cap" was submitted, and for extracts fr('lm their Reports, see Naval Gunnery, 
pp .. 398 to 403. . 

sIll 1841 100 "metal friction tubes," invented by Lieut. Siemens, were ordered' to 
be made in the Royal Laboratory for experiment.-Board's Letter,' 24 Dec,lMl, 
Mj1425. 
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made to introduce them, and Colonel Dansey designed some quill 
friction tubes,l which, however, were not introduced. It seems that an 
objection was made to them on the ground that the detonating com
position would eat away the friction bar, and so speedily render them 
unserviceable. 

In 1851 2 Mr. Tozer of the Royal Laboratory succeeded in perfecting 
a copper friction tube (plate 5), of the pattern now in use, and this 
tube was adopted for ail land service artillery, whether field, garrison, 
or siege, on 24th June 1853.3 It was not recommendecl for naval 
service, on the ground that any metal tube would be dangerous and 
highly objectionable between decks. 

A few years later, however, Colonel Boxer recommended a quill 
friction tube, for naval service, which was adopted in 1856,4 

This tube resembled that now in use, although a change was made 
in the pattern in 1859, when the loop was dispensed with 5 and an 
arrangement made by which the tube would be supported under the pull 
of the lanyard in a small" crutch" fitted on to the side of the vent.6 

In 1865,7 however, the original plan of a loop was reverted to, com
plaints having been made of the crutch arrangement being inconvenient, 
and the adoption of this pattern was followed (in 1866) by the abolition 
of the cross-headed detonating tube. 

The introduction of friction tubes was a great improvement for both 
.land and sea service; in the field they superseded, as we have seen, the 
common tubes and portfires, the objections to which have been already 
pointed out, viz., that they retarded the serviee of the guns, and that 
their employment was attended with considerable danger; and, more
oyer, the risk of setting fire to ripe corn, dry grass, &c., is much less 
with friction tubes than with portfires, "for the setting fire to a country 
" more generally arises from cutt.ing theportfire than fl'om the dis
" charge." 8 For garrison and. siege and sea senice. they' sttperSeded, 
in the two formerserviees entirely, in the latter service partially,9 the 
detonating tube. Subsequently, in 1866,10 the detonating tube became 
altogether obsolete. In this way the hammer is got rid of and the 
firing of the gun is in all probability more instantaneous. The only 
objection entertained to them by the navy seems to be that the friction 
bars are apt to cut the men's bare feet..ll 

The few minor alterations which have been made in the different 
tubes of late years, such as the substitution of eopper for brass for the 

1 Some quill friction tubes were ordered to be made for experiment, 21st May 1841, 
11/207, and were reported ready for issue, 18th August 1841. 

2 This tube seems to have been fust submitted on 23 May 1851. Experiments were 
also made the same year with quill friction tubes on pattern of one obtained from 
French frigate "Bellepoule," but more detonating composition was required than it 
" was deemed prudent to use." Some more of Col. Dansey's quill friction tubes were 
tried in 1845. 

3 Board of Ordnance letter, 24th July 1853, M/316. 
4 Approved 16th July 1856.-See Account oj Alterations and Additions in. Ordnance, 

~c., 31st May, 1857, par 2. 
5 Approved 21 April 1859.-Royal ArtillelY General Regimental Orders, 415, 

1 Dec. 1859, par. 10. 
• For description of the" friction tubes without loops" see note 3, p. 206, 
7 21st November 1865, War Office Circular fl (new series), § 1148. 
8 Sir Alexander Dickson, quoted in Naval Uunnery, p. 390, note. 
9 One t1urd cross-head<:d tuues were issued to the navy in case of failure on' ~he part 

of fire friction tubes. 
10 War Office Order, 6th September 1866, 75/10/445. . 
11 The same objection was urged against Major Jacob's caps, see Report of Naval 

Committee, Naval Gmmery, p: 402, 
o 2 
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common metal tube in 1854;1 the abolition of this tube in 1865 ;2 the 
varnishing the detonating tubes black, instead of with red sealing-wax: 
varnish, in 1857 ; 3 the adoption of tin or zinc cases for packing in the 
same year,4 the introduction of the dummy friction tube for drill in 
1863 ; 5 the introduction of a slightly improved quill friction tube 
(Pattern II.) in 1866,6 and the lacquering in ~he. following year of met9J 
tubes inside as well as out; 7 these changes It IS unnecess'[\,ry to dwell 

Appli~ation of upon. All that remains to be noticed regarding the history. of tubes is 
elecmcagency. the introduction for special purposes of tubes fired by electrrc agency. 

Until 1856 guns were fired at proof by the clumsy and dangerous 
plan of priming the vent with a tube, or with fine powder, a~ld placing 
over it a piece of portfirc intended to burn about three mmutee and 
f1tstened on to the gnn by means of clay. All being ready the portfires 
were liglltec1 and the proof party then retired to a safe distance.8 A 
curious accident, which took place in May 1852 at the proof butt, 
Woolwic11, illustr!ltecl in ft remftrk!lble manner the danger of this plan. 
Several 56-prs. were being proved, when, owing to the lengths of 
portfires not burning precisely the sume time, the charge of one gun 
became ignited before that of some of the others. This gun burst, 
and one of the fragments striking the adjoining gun, swung it round 
in the direction of the Arsenal. The piece of porUire, 11Owcver, was 
not displaced, and the charge becoming almost immediately ignited, the 
shot was projected over the Ar"elHl,l and town of Woolwich, falling 
eventually in the Dockyard, but happily without doing much dmnage.9 

In spite of this accident guns continued to be :fired in the manller 
described. 

Another accident of a similar description waf! narrowlyescapeu. a 
few years later (close of 1855), when one of the fragment.s 0f a burst 
mortar struck and sIewc(l round another mortar, "laying" it exactly 
for the Royal Artillcry Barracks. I.uckily, however, this mOl tar had 
:fired just before being struck. This last escape resulted in an order 
being given by Col. Eardley Wilmot, that guns should only be proved 
one at a time; and meanwhilelVIr. McKinlay, the proof master, had 
turned his attention to the firing of guns at proof by ga.lvanic agency, 
and had contrived a tube with that object. 

The principle of firing powder by electricity was not new, although 
it had not been previously applied on a large scale to the :firing of the 
charges of gu:q.s, having hitherto been mainly used for the exploding of 
min:es. The first employment of electricity as an agent for effecting 
the ignition of gunpowder, dates as far baek as 1751, anel is due to 

~ Copper had been previously employed for the friction tube, and, indeed, as before 
pomted out (sec p. 190), for common tubes before 1768, after which the common metal 
tubes in this country continued to be made of brass until the close of 1854. In that 
year Captain Frazer recommended the substitution of copper for these tubes; in making 
~e sugge~tion he st~ted, " The composition will be better kept, the chemical action on 

~he copper not being so strong, and I have found, on trying some of the brass tubes 
" III the Laboratory that they sometimes, by expanding, act as a partial spike in the 
" vent when fired."-·Letter from Capt. Fraser, RA. to Superintendent, Itoyal 
LaboI'atories, 28 August 1854. 

~ 13th October 1865, War Office Circular 8 (new series), § 1149. 
24th Dec. 1857. See :Royal Artillery, General Remmental Orders 4)2 par 14 

4 Ibid. ,,-, , • • 

: Approved 10th July 18G3.-War Office Circular, 842, par. 802. 
See War Office Circular 8 (new serres), § 1148 note. 

7 Lacqu~~ing inside provisionally appro,\,ed, 2/5/67, W.O. Letter 3/5/67 75/10/509. 
: Proceedmgs Roya;l Art~llery I~stit1tt;on, vol. L, p. 36. ' 

See account of this accldent glven Ibid. 
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Franklin; while later, in 1767, Priestley turned his attention success
fully' in the same direction.1 The electricity then employed was 
"frictional electricity," and the experiments which were made with it 
were scarcely of a practical or useful character. "It was not until 
" 1831, that an actual application of frictional electricity to mining 
" purposes was first made by Moses Shaw of New York, who with 
" fuzes charged with gunpowder and fulminate of silver succeeded in 
" exploding several mines simultaneously, detaching large masses of 
"rock. It is stated by him in his account of the experiments, that he 
" was unable to operate during the greater part of the year, on account 
" of bad weather. In 1842 and 1843, Messrs. Warrentrap, of Bruns
" wick, and Gotzmann of Freiburg, made more successful experiments. 
" Having effected improvements in the insulation of the conduction 
" wires used, and employing fuzes which contained a mixture of sul
" phide of antimony and chlorate of potassa, they succe§ded in exploding 
" from eight to ten mines simultaneously through 78' 5 metres. N ot
" withstanding these results, they were compelled to abandon the 
" attempt to employ electricity as a certain agent for the explosion of 
" gunpowder, on account of the evil influence of atmospheric moisture. 
" In 1845 the subject was again brought up by Mr. Charles Winter, 
" who succeeded in inflaming powder, through a telegraph wire, reaching 
" between Vienna and Hetzendorf, a disLance of 4,906 metres." 2 

The success of the Ruhmkorff coil in 1853 induced the Austrian 
Government to call upon the Imperial Engineer Academy to "propose 
" a system of exploding charges by.electricity," 3 probably intending 
that the electricity employed should be electro-magnetic instead of 
frictional. 

"The somewhat complicated character of the induction coil machine," 
howevelo, "and the necessity for the employment of some voltaic battery 
" with it, appear to have been a~cepted at the outset, ,by. the Austrian 
" investigators, as formidable obstacles to the application of the apparatus 
" in qiIestion to military purposes. Attention was therefore again 
" directed to the application of frictional electricity; and, after three 
" years' experiments, a system of opemtion, involving the employment 
" of an electric machine, was considered to lHwe been sllfficiently suc
" cessful for introduction into the engineer service. The system in 
" question appears to have furnished very important results, and to 
" have been frequently applied to industrial operations." '" 

The objections to this system are "that some scient.ific skill is 
" required in the manipulations, thftt great carc is needed in the pro
" servation of the apparatus, and that the inductiye action is somctimes 
" so energetic that explosions are occasionally determined in other 
" mines, not intendod to be included in the series, anclllot connected 
" with the machine." b 

The method of ignition employed with frictional electricity, \vas 
simply the separation of the wires, the "park from which, pas~ing 
through the powder or other explosivc substance, fired it. 

1 "The employment of el~ctricity as an agent for effecting the ignition of gun
" powder suggested itself to Franklin in 1751, and to Priestly in 1767."--Abel on 
Recent Applications of Electricity to the Explosion oj Gunpowder, p, 1, see also Ibid. 
p.1O. 

2 Abel on Recent Applications of Electricity to the Explosion of Gunpowder, pp. 
10, ll. 

3 Ibid. p. ll. A description tjf the apparatus employed is giYen: Ibid. pp. 11, 12. 
4 Abel on Recent Applications of Electricity, p. 11. A descriptwn of the apparatus 

employed is given.-Ibid., pp, 11 and 12. 
; Ibid., p. 12. 



Galvanic tube. 
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It is stated that Mr. Hare WM the first who" entertained the idea' 
of exploding mines by voltaic electricity by rendering incandescent a 
wire traversed by a galvanic current. l 

This was probably about 1831.2 

The idea was realized about 11338 3 by Mr. Roberts,4 who devised a 
descriptiori of fuze, or "cartridge," which is thus described: "Two 
" copper wires are procured about a tenth of an inch in diameter, and 
" three yards in length, well covered with silk or cotton tarred, so that 
" their insulation may be very good. They are twisted together for a 
" length of six inches, care being taken to leave their lower extremities 
" free for a length of about half an inch (separating them about ha;lf 
" an inch), from which the insulating envelope is removed in order to 
" stretch between them a fine iron wire after having taken the pre
" caution of cleaning them well. The upper extremities of the two 
" copper wires are likewise separated, in order to allow of their being 
" placed respectively in communication with the conductors, that abut 
" upon the poles of a pile. The body of the cartridge is a tin tube 
" three inches long and three-quarters of an inch in diametel', the 
" solderings of which are very well made, in order tIlIl,t it may be 
" perfectly impermeable to water. A gla~s tube might equally well 
" be employed, were it not for its fragility, which has caused a tin 
" tube to be preferred. The system of ,copper wires is introduced into 
" the tube, fixing them by means of a stem that traverses it at such a 
" height that the fine iron wire is situated in the middle of the tin tube, 
" so arranged that the ends of 1ll.e copper wire do not anywhere touch 
" the sides of the tube. The cork is firmly fixed at the upper extremity 
" of the tube with a good cement; the tube is then filled with powder 
" by its other extremity, which is likewise stopped with a cork, that is 
" cemented in the same manner."5 

Some attempts had been made to apply this principle of ignition to 
the firing of guns as early at least as 1853 ;"6 but they were chiefly of 
an experimental ,and imperfect nature; and it was not until 1856, 
when Mr. McKinlay submitted his "galvanic tube" (p1. 5), that 
the principle can be said to have been definitively adopted for this 
particular purpose.7 

The system of ignition adopted in the galvanic tube was that which 
Roberts had previously made use of in Jlis "cartridge ;" 8 but the appli
cation was necessarily somewhat uirrerent,9 and the cartridge body filled 
with: powder was replaced ,by a tube driven and pierced in the usual 
manllel' and fitted with a head containing the arrangement for firillg it.10 

The body of the galvanic tube (pI. 5 fig. 6). wns mnde of' quill 
(pI. 5, fig. 1) 2i inches in length, c1rivcn nncl pierced in tho usual 

I De la Rive's Treatise on Electricity, vol. iii., p. 319. 
2 The Annals of Electricity, vol. iv., p. 359. It is statcd in this work that the idea 

was suggested by the abortive efforts of an ingenious individual of the name of Shaw, 
to effeet this object by mechanical electricity. 

3 Transactions and Proceedings of the London Electrical Society from 1837 to 1840, 
p.7~ . . ' 

4 Ibid. p. 77. Also De la Rive's Treatise on Electricity, vol. iii., p. 319. 
5 De la Rive's Trea;/;ise on Electricity, vol. iii., pp. 319, 320. I ha.ve given this 

extract at length, in order satisfactorily to estalllish Mr. Roberts' claim to the first 
application of the prineiple which is followed out in the galvanic tube. 

6 Abel mentions that a gun at "Dover was fired by a battery at Calais by voltaic 
agency in that year.-Abel on Recent Applications of Electricity, &0., p. 4. 

7 The date of the adoption of McKinlay's galvanic tube is 9th February 1856.
W(W Office Letter oqhat date, 273/24/1. 

s"'Seetext above. 
g €1a:tn.pa!."<1 desoription of Roherts' c.artridge with that of the galvanic tube at p. 201. 
10 See p.201. . 
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way.l On to the top of the tube was secured, by means of shellac 
varnish, a nearly hemispherical box wood head (pI. 5, fig. 2) t.9f an 
inch in diameter. This head had a central vertical hole, into which 
the top of the body fitted. The upper or flat side of the head was cuppeel 
out,2 the bottom of the cup being flush with the top of the body. 

Through the head, on either side of the central hole, were two 
horizontal perforations, which were lined or bushed with copper tubing 
(pI. 5, fig. 3).3 These perforations were so situated that the upper sur
faces of the bushes were exposed ill the cup. These surfaces were con
nected by a fine 'steel 4 wire (pI. 5, fig. 2), which passed through the cup, 
its ends being soldered on to the bushes. The cup was filled with L.G. 
powder,S and capped with a disc of stout paper (pl. 5, fig. 5),6 over 
which was a disc of a finer 7 paper (pI. 5, fig. 4), the edges of which 
were snipped, and varnished over the edge of the cup. 

The body was unpainted. The head of the tube is varnished yellow. 
These tubes were fired by means of a voltaic battery, the action 

being as follows :-The circuit wires of the battery were placed in the 
copper bushes; one end in each, and the current passing along these 
wires was brought to the bushes, and thus to the steel wire by which 
these bushes are connected. This wiI-e being of inferior conducting 
1) ower offered a resistance to the passage of the current, and b~coming 
instantaneously8 heated to redness, the powder in the midst of which it 
was situated was ignited and the tube fired.9 

These tubes were used for proof of' ordnance and experimental firing 
from the date of their introduction in 1856 till 1862, when they were in a 
great measure superseded for these purposes by the electric tubes 10 

(pI. 5, :fig. 2). They were formally pronouncecl obsolete iLl 1866. 
The galvanic tube continued to be used from the date of its introduc- Electric tubes. 

tion in 1856, for proof and experimental purposes, until 1862, when an 
instrument and tube for firinggUIl!!, by.m~I!;!> of " magnetic ·induqtion" 
or "magneto electrieity,"wereped'ected.by Mr. Abel (Chemist to the 
War Department) and Professor Wheatstone. 

Not only is the nature. of the electricity employed for these tubes 
different from that hitherto in vogue, being magnetic instead of galvanic 
electrici ty; but the principle of ignition is different, being one which had 
originally been proposed by Messrs. Statham and Brunton about 1851, 

1 Driven from the top. It is only nibbed to the same extent as the detonating quill 
tube, see p. 195, note l. 

~ To the depth of O· 2 inch. 
3 13! oz. copper sheet. 
4 Steel wire, about No. 40 wire gauge. Some of the first galvanic tubes had 

platinum wire, but iron wire . being cheaper and equally effective it was adopted 
instead. 

5 L.G. powder was preferred to a smaller grained powder, as being less likely to get 
into and choke the central hole of the tube, and so interfere with its action. 

6 " White wrapping" paper. 
7." Purple fine" paper. 
S The rapidity with which the wire becomes incandescent depends upon the strength 

of the current of electricity, but for practical purposes it may be regarded as 
instantaneous. . 

9 "The •... method ..•.. consists in causing the current (at the place where 
" the powder is to be exploded) to traverse a short piece of £ne wire made of some 
" metal of inferior conducting power, such as platinum or iron, which in consequence 
" of the resistance offered to the passage of the current is raised to a red heat on 
" completion of the metallic circuit, of which it fOl;ms a portion. The thin wire is 
" surrounded with gunpowder."-Abel on Recent Application of Electricit!J to' the 

. E.vplosion qf Gunpowder, p. 2. 
10 See p. 209. 
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and applied by them In. a fuze, knowIl c~m~only as '~ St~tham's !uze," 
in whkh a spark passzng throztgh a pnmtng matcnal IS substItuted 
for the incandescence of a wire, and for the simple spark of frictional 
electr1city,1 in order to bring about the .ignition of the I!owdcr. The • 
Statham's fuzes "are prepared by takmg two ends of eopper wire 
" covered with ordinary gutta-percha; their extremities are stripped 
" of the gutta-percha, they are twisted, and the ends are bent so as to 
" make them enter into an envelope of vulcanized (sulphured) gutta-
" pereha which has been eut off from a copper wire, whieh has been 
" for a l~nO" time covered with it.. Upon this envelope a sloping cut is 
" formed, ~nd after having maintained the extremities of the copper 
" wires at about the eighth of' an inch from each other, tl1ei1· points are 
" covered with fulminate of mercury, ill order to renuer the ignition of 
" tIle powder more easy. The cut is filled with powdcr; and the 
" whole is wrapped round with a piece of caoutchouc tube, or else it is 
" placed in a cartridge filled with powder. In the Statham fuzes, it is 
" the sulphuret of copper adhering to the layer of vulcunized gutta-
" percha, Wllich is removed from the copper wire that it covered, 
" which by being inflamed under the action of the inductioll spark 
" brings iibout the explosion." 2 

Statham's fuzes were originally intended to be fired by means of 
voltaic electricity,3 but they were subsequently used by M. Uuhmkorif 
and Colonel Venlu (of the Spanish serviee) in some exp()riments with 
electro-magnetic induction, or "voHa-inc1uction," iusti tuted with 
Ruhmkorff"s coil,4 and were probably used with that apparatus by the 
Russians in their mining operations at the siege of Sebastopol, and by 
Messrs. Dussant and Rabatter at the port of Cherbourg in 1854.5 

Subsequently experiments were made at Woolwich with n ·view to 
determining whether any priming material superior to the sulphurct of 
copper proposed by Statham could be employed; and in the end' the 
" best results were obtained with fulminate of mcreury." 6 

About this time attempts were made to substitute magneto-electricity 
f01' electro-magnetism, and in the first ('eXperiments at Woolwich a 
powerful magneto-electric machine which had been constructed by 
Mr. Henley and exhibited by him at the Paris Exhibition in 1855 WitS 

employed.7 E,'en with this powerful instrument it was evident that 
some other priming material than that employed by Statham was 
requisite to ensure certainty of action; still more evident was it that 
tha old plan of allowing the spark to act upon gunpowder itself could 
not be d~ended upon.a The final efforts were tIlerd'arc directed to the 
di~co:very of a .suitable fl¥en.t to ser~e B;s. a perfectly certain lllCl1iUlU (or 
pnmmg materIal) for efiectmg the 19l1ltlOn of charges by menns of the 
magneto-electric machine.o 

After a long series of careful experiments conduct.ed by Messrs. Abel 
and Wheatstone 10 the priming material at present in use 11 was adopted, 

1 " It happens that when, by the effect of the length of the ;~d~:~or:ili~t abut 
" upon the mine, the circuit presents too great a resistance the induction spark is able 
" to pass ~ough the powder without inflaming it."-De 'Za Rive, vol. iii. 1). 321. 

2 De la Rive's Treatise on Electricity, vol. iii., pp. 321, 322. ' 
S Abel on Recent Applications of Electricity, &c. &c., p. 2. 
: Ibid., p. 16; De la R~ve's Treatise on Electrici,ty, vol. iii., p. 321. 
6 A ~el 'On Recent A.pplzcations of Electricity, &c., p. 7. 

Ibzd., p. 8. 
7 Ibid., p. 16. 
S Ibid., p. 16. 
9 Ibid., pp. 16, 17. 
10 Th~se experiments are detailed in Abel on Recent Applications of Electricity, 

fro~ wInch I have made a lengthy extract in Appendix I. see Il. 375 
.1 See page 210. ' • 
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and a system of tubes for firing guns,! fuzes for firing mines,2 and 
magnetic machines for exploding these tubes and fm:es, was designed. 

The system of firing guns, &c. by means of magneto-electricity pre
sented several advantages o,'er the existing plan of employing voltaic 
agency; 3 and in 18624 the "electric tube" (pI. 5, fig. 2), which was 
the result of the above-named l)xperiments, superseded the galvanic 
tube for proof antl experimental purposes. 

CLASS I.--TuBEs. 

Tubes for firing guns may be gClleraily described as hollow cylinders Tubes. 
of quill 5 or copper or paper dt'iven with mealed powder 6 damped with General 
met.hylated spirits,7 and pierced up the centre with a fine hole; each description. 
tube being fitted with an arrangement {or igniting it, according to its 
nature •. 

These tubes are made of a. size to enter easily the vents of all service 
guns, viz, about· 2 inch,s the diameter of all vents being about ,~ths of 
an inch; they are from 2' 5 to 3 inches in length. 

Ppou the hole up t.he centre of the composition the action of the tube 
depends; without this hole it would burn as a fuzo or portfire.9 The 
actual effect of the hole is to expose r, large surface of composItion to 
immediate ignition; and the gas whioh is thus generated being sub
jected to consiclemble pressure in the cll,yity, necessarily rushes in the 
only directions in which an escape is open to it, viz., through the tube, 
with accumulating i'orcE', producing an explosion, the effects of which 
are directed in the llrolongation of the tube.l° 

The, distance at which these effectR will be serviceable varies, of 
course, with the foreo of the tube,-in other word~, with the velocity 
with which the gas issues from it. This will depend" upon the amount 
" ofpJ'essure which the particles have been subjected to in the cavity." 
Now, the pressure increases iu proportion to the quantity of gas 
generated, and diminishes as the space which is occupied by the gas 
increases. If this principle be taken into account, it is evident that a 
small cavity in a tube is more advantageous than a large one, for the 
quantities of gas are as the ignited surfaces, whereas the spaces occupied 
by the gas are as thc squares of those surfaces; 11 therefore, although by 

1 See page 209, 
~ See page 284. 
3 For an enumeration of these advantages see page 211. 
4 The electric tube was not officiallJ/ introduced until 27th J:llluary 1866, lVm' 

Office Circular 9 (new series), § 1201. Pattern If. was approved 23rd :May 1866, 
War Office Circular 10 (new series), § 1237. The first issue, however, was made in 
1862, which marks the date of its practical adoption. 

5 The quill tubes (pI. 5, fig. 5) are not quite cylindrical, but the slope of the side is 
so slight that the term" cylindrical" may be allowed in a general description. 

6 M<?aled rifle F.G. powder is now generally used; but any powder will answer the 
purpos~. 

7 The quantity of methylated spirits used should be as small as possible, merely 
sufficient to lay tlze dust of the powder, and so to cause it to bind better, The more 
spirits are used the greater the chance of the composition fissuring and cracking when 
the spirits evaporate. 

S Not to exceed' 216 inch at the thickest part. Btfore varnishing, the body of the 
tube must not exceed' 208 inch, except i~ the case of the common quill tube, which,; 
not being painted, may be . 216 inch. 

9 Colonel Boxer's Sandlzurst Course, p. 29. 
1" The effects are sensible also in an upward as well as in a downward prolongation 

of the tube, and to the same distance and ~xtent ; but in a tube the downward effects 
alone are utihzed, and practically therefore the upward effects may be disregarded. 

11 The curved surface of a cylinder = 2 ... rlt, where lz = height; volume = ... r2lz; and 
as the gases are as those curved surfaces, while the space which they occupy is as the 
volume, we have the pressure, or, in other words, the force, varying inversely as the 
square of the radius or circumference. 
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increasing the cavity the quantity of gas is increas.ed, the amount of its 
elasticity is at the same time diminished.1 

The quantity of composition in a tube will also affect its strength to 
a certain degree; and thus, with tubes of the same external diameter, 
the thickness of the metal employed for the bodies is a consideration 
which should not be overlooked. The thicker the material the less 
powerful, cmteris pariDus, will be the tube.2 

There are seven different sorts of tubes-
1. COl;lper friction tube. } Service tubes. 
2. QUlll " " 
3. Common quill. } . 
4. Matc~ or Fynmore. Tubes for exceptional and miscel-
5_ Papel,. or Dutch. laneous services. 
6. ElectrIC. 
7. Dummy friction. 

Tubes, friction, 1. Copper Friction Tube (pI. 5).3-The body of this tube is made 
.copper (ser- of copper,5 and is about three inches in length. Near the top of the 
vice).4 body, and at' right angles to it, is fastened a small hollow cylinder 

or "nib piece" (pI. 5, figs. 4, 5) of copper 6 nearly half an inch in 
length. The nib piece is secured in its place by two projecting armsl 
which are bent round the body; it is then woolded on by means of fine 
copper wire (pI. 5, fig. 3), and finally 8 soldered. 

A fire hole is drilled into the body, in the prolongation of the nib 
piece,9 to allow of the passage of the flame from the detonating to the 
tube composition. 

When. the b()dy has been· driven and pierced in the usual way a 
"friction bar" (pl. '5. figs. 6, 7) is in&eJ:ted.in the nib piece. The fric· 
tion bar is a small, :flat rasp of cOp'per;~ ha~ fLU eye~.loop stamped 
in it at one end, the remainder of the bar beingroughoo.,~J!. both 
sides by a number of small grooves which are stamped across it,~ 0lld 
of the bar being doubled over to increase fdction. 

Above and below this bar are placed small rectangular patches()f 
the following detonating composition: ll_ 

1 Colonel Boxer's MS. Notes, p. 75. 
: When the quill friction tubes were introduced it was observed that they were 

more powerful than the copper f~iction. This was accounted for by th(' coppel' being 
tm1i:.eartbl!m ~ .. q1Iill." .. ' ~. 

3 Appro...red. 24th ;r uly 1858. Board's letter, M{316. 
4 The word "service" is introduced to distinguish this tube from that for the 

7-pr. M.L. gun. 
s 16 ounce copper sheet. 
6 10 ounce copper sheet. 
7 These arms forming part of the nib piece. See pI. 5, figs. 4, 5. 
3 Copper. wire, No. 80 W.G. "The tubes first made had not the copper. :wire 

«attached. It was found that some of them, when fired, burst open at the junction 
.. between the rectangulaJ.· tube and the body, and in some the rectangular piece was 
"blown away by the explosion of the composition."-Mcmorandum from Colonel 
Boxer to Ordnance Select Committee, 10{11/64. 

D This is done after the nib piece is secured in its place, the drill being inserted 
through the nib piece.. 

1D 24 ounce copper sheet. 
11 It will be observed that this composition contains no ground glass, like that of the 

detonating tube (see p. 195). In the friction tubes the friction is promoted by means 
of the withdrawal of the friction bar, which is sufficient to ensure its ignition without 
the glass; and any increase of sensitiveness beyond the degree which is absolutely 
'lteCessary is to be avoided, as rendering. the tubes more liable to accidental explosion. 
But .. in the detonating tube, where the effect is produced by a blow, and results, so to 
speal,t,.~tely from the friction established by this blow between the. particles 9f 
composition, a higher degree of sensitiveness is necessary; hence the employm.en(of 
ground glass in the one case and not in the other. 
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Potash, chlorate of 1 
Antimony, sulphide of2 
Sulphur, sublimed 3 

60zs. 

6 " .1. 
.2 " previously damped into a paste, and formed into 

with-, 
rectangular patches 

Spirits, methylated 
Shellac 

in the proportion of 200 minims to 1,000 
patches being subsequently dried. 

1 quart 
- 824 grains 

grains composition; the 

The nib piece (pI. 5, fig. 9) is tightly pinched together,4 flattening it 
on to the composition and friction bar, and thus making the withdrawal 
of the bar without the ignition of the detonating composition almost 
impossible.5 The looped end of the friction bar is slightly turned up to 
facilitate the introduction of the hook of the lanyard. 

The top of the tube is plugged with shellac putty; 6 the bottom is 
closed by a disc of paper 7 varnished on.8 The tube is lacquered inter
nally and externally in brass lacquer,9 to diminish liability to corrosion.1o 
The mouth of the nib piece is varnished with a thick shellac varnish; 11 

the top and nib piece then receives a coating of thin varnish, and finally 
the whole tube 12 is varnished black.l3 ·When finished these tubes will 
resist water for a considerable time.l4 

They are ignited by the friction established by the quick withdrawal 
of the friction bar, into the eye of which the hook of a lanyard is 
introduced. 

Before pulling, the lanyard should be stretchecl ou t to its full length ; 15 
the pull should be sharp,16 and rather in a downward than in an upward 
direction,l7 . 

1 See p. 313. 2 See p. 311. 
:J See p. 318. The sulphur is added pli.ncipally with a view to lengthen thefiash 

and. thliS make the ignition of the tube compositionmol'ecextain.' . 
4 By means of a, stont pair' of pincel's, considerable force being exerted, in order 

that the detonating composition may be forced into the grooves of the friction bar. 
• Donbtless, however, the friction bar may be, and sometimes is, withdrawn without 

firing the composition. See text above respecting the sort of pull v.rhich should be 
given to the lanyard to ensure the action of the tube. 

G See table XX., p. 345. 7 "White fine" paper. 8 With thin shellac varnish. 
9 See table XX., p. 345. . 
10 Internal lacquering provisionally approved 2/5/67. W.O, Letter, 3/5/67, 

75/10/509. 
11 See table XX., p. 345. The object of using a thick varnish for this purpose is to 

exclude moisture as much as possible from the most susceptible portion of the tube. 
12 Top and nib piece included. In this way it will be observed the nib piece-the 

part from which it is most important to completely exclude moisture-receives two 
coats of varnish. 

13 Copal varnish. Originally shellac varnish was used, but it was found to chip 
off in transport, and copal varnish was substituted. The object of varnishing these 
tubes is to close the joint completely against the entry of moisture. 

14 These tubes may be soaked in water for several days without deterioration. On 
the 3rd March 1865 I caused 12 of the tubes to be placed in water. On the 8th March, 
i.e., in five days, six of the tubes were taken out and fired; five fired as well and 
.quickly as new tllbes, and ignited the· puff; the sixth had become damp, and fired 
sluggishly, without firing the puff. Two tubes were taken out on the following, i.e., 
the sixth day; both fired well. Of two tubes taken out on the seventh day one failed, 
and both tubes tried on the eighth day failed completely. This seems to show that 
new well made tubes will resist water at least four or five days. 

15 Manual of Artillery Exercise, p. 83. 
16 Ibid., p. 83. A slow pull will sometimes, in the event of the detonating composi

tion having become a little damp, be liable to withdraw the friction bar without 
igniting the detonatillg composition, just as a lucifer match may be passed slowly over 
a rough surface without igniting it. This illustration may be found useful in instruc
tion, the nature of pull being compared to the action of striking a match. Besides, 
the slower the pull the longer the interval between the word" fire" and the actual 
firing of the gun. 

17 To avoid jerking the tube out of the vent. 
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Copper friction tubes afe issued for laucl service only; they are not 
available on board ship on aceount of the inconvenience which neces
sarily results from the employment of a metal tube between decks.l 

These tubes are packed 100 or 50 in a zinc cylinder, the lid of 
which is luted to the cylinder with beeswax and turpentine, and 
secured by a strip of calico varnished on and painted black. The lid is 
labelled (In the top with the nature and number of tube and date of 
issue,:.! and since the tubes have been lacqucred internally the word 
"lacquered" has been added on the label. 

On the side of the cylinder are labelled in large letters the words 
"Not to be placed in the magazine on any pretence whatever." 

Tubes, friction, 2. Quill Fl'iction Tubes 3 (" with loops") (pI. 5).-1'he body is 
quill. made of quill (pI. 5, fig. 1) 2t inches in length,4 driven and. pierced 

in the usual way. About· 2 inch from the top of the tube a small 
horizontal slit (pI. 5, fig. 1) is made transversely through both sides of 
the quill; through this slit is inserted a copper 5 "friction bar" (pI. 5, 
fig. 6) similar in general appearance to that of the copper friction tube, 
but rather stouter. 

The friction bar passes completely through the tube, projecting on 
both sides of it, the roughened end of the bar in one direction, the 
looped end. in the other. The roughened end is slightly bent down" 
wltrds to increasc friction in its withdrawal, and the looped end is 
twisted until the loop is vertical instead of horizontal, thc introduction 
of the hook of the lanyard being thus facilitated. 

The quill is strengthened about this part 6 by being woolded above 
and below the friction bar 7 with fine copper wire 8 (pI. 5, fig. 2). 

On to the top of the friction bar, inside the quill, is driven 9 a small 
quantity of the following detonating composition: 10-,-

Potash, chlorate of 11 6 ozs. 
Antimony, sulphiue of12 6 " 
Sulphur, sublimed 13 t" 
Powder, mealed 14 - 1 " 

1 Naval Gunnery, p. 385. 
2 Until June 1864 the cylinders were stencilled and not labelled. The tops of the 

cylinders for the different natures of tubes were further distinguished by being painted 
different colours. The stencilling ,,"as found liable to become obliterated. 

3 Present pattern (II.) approved, War Uff-ce Circular 8 (new series), § 1148, note 
date not recorded, but was early in 1866. Pattern 1. approved 21st November 1866, see 
Ibid. Originally approved with a loop of slightly ditferent construction, 16th July 
1866, see W.O.C.8 (new series), § 1148 ; and afterwards, from 18"B to 1865, made 
without loops. The friction tubes" without loops" were identical "IV ith those" with 
loops," except that the leather band round the head was not formed into a loop, but 
merely served to enlarge the head sufficiently to fill up a" crutch" which was placed 
alongside the vent. 

4 Only the extreme point is removed, as in the detonating quill. 
5 30 oz. copper sheet. 
G Strengthened that it may better resist the withdrawal of the friction bur. Evi

deutly, in the absence of some such precaution to make the upper part of the quill 
rigid, there would be a great chance of the bar being withdrawn without exploding 
the detonating composition. 

7 The woolding extends nearly' 2 inch in each direction. 
s No. 80 copper wire. 
9 Tightly driven by means of a metal drift, so as to' ensure its entering the grooves 

of the bar. . 
10 It will be observed that this detonating composition is the same as that employed 

for the copper friction tube, with the addition of 1 oz. of mealed powder. This addi
tion is made with a view to increasing and prolonging the flash and so making more 
certain the ignition of the tube; for it must be borne in mind that there is only one 
!latch of detonafing composition in these tubes, and that on the side of the friction bar 
am-y.fro-m the body. A flash too·feeble to surround the bar, or so rapid as not to be 
Jlro~onged. beyond the complete withdrawal of the bar, would therefore possibly fail to 
19mte the tube. 

11 See p. S13. 12 See p.311. 13 See p. 318. 14 See p. 188. 
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previously damped into a paste and formed into circular patches with 
spirits,-methylated, 1 quart; shellac, 448 grains in the proportion of 
200 minims to 1,000 grains of composition; the patches are not dried 
before being. driven iuto the tube; over the detonnting composition a 
little gunpowJel' 1 is driven; above this a little ground clay; and, finally, 
the tube is headed up with beeswax. 

The whole ofthe upper part of the tube and the roughened projecting 
end of the friction bar are then varnished,2 and the end of the bar is 
dipped into ground glass to increase the friction, A small parchmellt 
cap (pI. 5, figil, 8, 9) is afterwards tied over the top with fine kitted 
silk, 

Round that part of the tube through which the friction hal' passes 
is tied with kitted silk a stiff leather 3 band (pI. 5, figs. 4 and 7), which 
forms a horizontttlloop about l-~ inches long. 

The end of the loop is kept open by the insertion of a small plug 
of leather 4 (pI. 5, fig. 4) which is secured by a copper wirc5 staple. 
The upper part of the tube, cap, and loop are varnished; 6 and the body 
of the tube is varnished black.7 

These tubes nre ignited by the friction established by the withdrawal Action. 
of the friction bar, into the eye of which the hook of a lanyard is in
troduced. The pull should be of the same nature as that which is 
directed to be given with tIle copper friction tube.s The object of . 
the loop is to support the tube under the puIl, the loop being placed 
over a pin along5ide the vent, and the strain is thus borne, not by 
the quill body of the tube, which would be liable to break, but by the 
leather 100p.9 

Quill friction tubes are used for naval service only, and on demand 
for signal guns. They are used also for firing. life buoy port.fires. 

These tubes are issued 100. or 50 in ~ zine. cylinder,lO closed and Packing and 
secured in the usual way. The top of the cylinder is labelled with the issue. 
nature and number of tube, and the numeral II. to indicate the pattern. 
On the side of the cylinders in large letters is labelled "Not to be 
" placed in the magazine on any pretence whatever," 11 and the fol-
lowing "Directions for quill friction tubes :"-

" Fitting tlte Lan.1jard.-Afwrpassing the lanyard through the guide 
plate, a knot or stop id to be made on it, at such a distance fi'om 
the hook that it shall be not less than one inch and a half from the 
guide plate, when the hook is placerl in the eye of the friction bar of 
the tube. 

1 Generally shell F.G., but almost any powder would answer the purpose. 
2 See table XX. p. 345. 
3 "Brown seat hide." 
4 " Cross hide." The original tubes, "with loops," had not this plug of leather, and 

were open to the objection of the l(lop closing, and giving rise to inconvenience 
and delay in opening it to place over the pin. 

G No. 21 copper wire. 
6 See table XX., p. 345. 
7 See table XX., p. 345. 
sSee p. 2U5. 
9 In the quill friction tubes" without loops" the leather band round the. tube rested 

in a small crutch fixed round the vent, and upon which the strain was thus thrown, 
The upper part of the vent is enlarged to prevent the body of the tube having any 

Dearing. 
10 Quill friction tubes ." without loops" 'Were packed 150, in zinc cylinders. 
11 A restriction which is generally observed with all stores containing detonating 

composition, except. percussion caps. • 
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" Using the n~be.-The tube is to be inserted into the vent, and the 
leather loop placed over the supporting pin. 

" The hook of the lanyard is to be placed in the eye of the friction 
bar of the tube. 

" When firing, the lanyard is to be pulled smartly." 
The cylinders are generally issued to the navy in deal boxes; these 

boxes are of two sizes, viz. :-
Small; which contains 10 cylinders of 100 each, or 1,000 tubes 

with loops.! 
Large; which contains 20 cylinders of 100 eacll, or 2,000 tubes 

with loops.2 
On the box is stencilled, in addition to the nature and number of 
tube, the restriction about not being placed in the magazine. 

3, The common quill tube (pI. 5) is a goose quill (pI. 5, fig. 1) 
three inches in length,3 cut clear of the pith, and scraped clean on the 
outside to the required gauge.'" 

The top of the quill is slit into seven prongs (pI. 5, fig. 2),5 which 
are woolded over and under with worsted until a head or flat cap about 
half an ineh in diameter is formed. The lower end of the quill is cut 
off for .filling. 

The body of the tube is driven and pierced in the usual way. The 
" cup" of the tube is thickly plastered with a priming paste, con
sisting of mealed powder, distilled water, and gum-arabic,6 and then 
dredged with dry mealed powder. A paper 7 cap is twisted over the 
cup and the wire again passed up through the hole in the tube through 
the priming and cap.s 

These tubes are not varnished. 
They are :fired by the application of a lighted match or portfire, and 

are used for occasional and exceptional services, such as signal guns 
and saluting "chambers" at the Tower and St. James' Park and other 
stations. They would not be issued as service tubes unless specially 
demanded. 

These tubes are issued either 100 or 50 in a zinc cylinder, closed 
and secured in the usual way, and labelled on the top with'the nature 
and num bel' of tube and date of issue. . 

4. The Match or Fynmore tube 9 (pI. 5, figs. 1 to 4) is the same as the 
cQm~on quill with the addition of eight strands of worsted, each two 
itiehes inlength~ whiooa,re attached to and hang from the cup. These 
strands are converted into match, whence the tube derives its name, by 
smearing them with a thick paste of mealed powder, methyhtted spirits! 

1 Or 1,500 tubes" without {oops." 
2 Or 3,000 tubes" without loops." 
a Three inches in length before the slitting, not after the removal of the nib. 
oj. The working gauge is . 196/1, although, as before stated, a . 216 gauge is finally 

employed., 
; It appears from the following extract from Sir Augustus Frazer's MS. notes that 

at one time these tubes were made with six prongs, and afterwards with eight :-" The 
" slitting knife has at present seven cutters or blades; at first they had only six, and 
" after that by order of Colonel W.ood they were made with eight blades." -Laboratory 
Work, p. 24. 

6 Formerly mealed powder, methylated spirits, and shellac were used. The object 
of using shellac or gum-arabic with the priming is to cause it to adhere to the 
worsted. 

r" White fine," cut into a small rectangle. 
~'Fo ~sure thE\, important operation of the piercing of the tube not being omitted. 
9 Seel.'especting introduction of this tube, page 192. • ' 
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and gum arabic,1 and drawing them through dry mealed powder. These 
tubes are not painted. 

Match tubes were introduced for employment with :fiint locks, the 
strands of worsted being laid in the pan instead of priming. They are 
still sometimes demanded, but it seems doubtful whether they ought 
not now to be considered obsolete.2 

The match tubes are issued each in a paper cover, 50 in a zinc Packing and 
cylinder, closed and secured in the usual way, aud labelled on the top issue. 
with the nature and number of tube and date of issue. 

5. Paper or Dutch tube (pl. 5) is a rolled paper 3 cylinder (pI. 5, fig. 3) Paper tubes. 
2! inches in length, on to the top of which is rolled spirally a narrow 
strip 4 of the same paper (pI. 5, fig. 1), so as to form a head or cup. 

The body of the tube is driven and pierced in the usual way, and the 
cup is filled with a priming paste of mealed powder and distilled water, 
built up conically and pierced.s 

The tube is capped with a piece of paper 6 previously saturn,ted in a 
solution of saltpetre and water, tied on to the head of the tube with 
fine silk, and after capping the wire is again passell up the tube and 
through the cap. . 

The whole tube with the exception of the cap is varnished black.7 

These tubes are fired by the application of a, lighted match or portfire; 
they do not require io be uncapped before firing .. 

They were formerly a service tube,S but are now no longer manu
factured for this purpose. They would only be made on an emer
gency in the absence of quill or other tubes, but since, on such 
occasions, they might be advantageously employed, and are easily 
made, their manufacture is still included in a labomtory course. They 
are open to the objection of being liable to clog the vent by the peeling 
or stripping of the body, which then becomes difficult to remove, and the 
portions left in the vent in . this wa,y are in the majority of cases in a 
state of ignition. . 

These tubes not being an article of IJaboratory manufacture are Packing and 
never issued. issuc. 

6. Abel's Electric Tube9 (pI. 5).-The body is quill (pI. 5, :fig. 1), Tubes, electric, 
about 21 inches in length driven and piercecl in the usual way. The Abel. 
tube has an eg~-shaped beech wood head, in which are three perfora-
tions; one passiug down the longer axis of the head receives in its 
lower part the top of the body of the tube, which is fixed to the head 

1 In proportion of 1 oz. of gum arabic dissoivecl in t pint water to 1 quart of 
spirits. 

2 There is reason to believe that in some cases they have been fired by portfu'es, but 
it should be distinctly understood that this use is an improper one, the common quill 
tubes being intended to be employed when the ignition is to be effected by a lighted 
match or portfire, Respecting the employment of the FynmOl'e tubes as primers for 
Armstrong guns, particulars will be given in the section on rifled ordnance. 

3 "White fine" is employed when procnrable, but other papers might on an 
emergency be used for the purpose, If" white fine" paper be used the rectangle 
should be 4' 5 inches >< O' 5 inches. 

4 A rectangular strip 19 " O· 4 inches. 
5 The little cone of priming is generally built up round the piercing wire, which i~ 

pushea through the tube and made to project for the purpose. In this way the piercing 
of tlie priming is ensured; if it were not pierce.d. the ignition of the tube would be 
of cowse retarded. .. 

6 "White fine" paper. 
7 See table XX., p. 345, 
8 See p. 190. 
9 Present pattern (II.) approved 23rd May 1866, War O.ffice Circular, 10 (new 

series), § 1237. See p. 203, respecting previous approval. 
These tubes were first called magnetic or "magneto-electric." 
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by shellac varnish; above this it receives two fine copper wires 
(pI. 5, fig. 5) completely insulated,in a covering of gutta-percha,l at a 
distance apart of about c\th of an mch.2 

The other two perforations, which are horizontal, are pamllel to each 
other on each side of the central one, and at right angles to it, are lined 
or bushecl with copper (pI. 5, fig. 6). ' 

The piece of double covered wire above referred to, is originally 
about I~ inches in leJlgth, which allows of the gutta-percha being 
removed from about It inches of the wires. These bare ends of the 
fine wires, whieh are made to protrude from the top of the tube-head, 
are then pressed into slight grooves in the wood, provided for their 
protection; and the extremity of each is passed into one of the hori
zontal perforations, in whieh position it is fixed by the introduction of 
the copper bush, so that the wire is firmly wedged between the wood 
and the exterior of the bush, and is thus, at the Same time, brought into 
close contact with a comparatively large surface of metal.3 

The other ends of the wires are embedded in the following explosive 
" priming composition :" 4 

Copper, sub-phosphide Of.} 
Copper, sub-sulphide of. G 

Potash, chlomte of. 
A small cylinder of paper is rolled round the gutta-percha, projecting 

slightly below it, to receive the priming material, the bottom being 
afterwards closed with a piece of nne gut, and the whole varnished. 

These tubes are vltmished black all o\'er.o 

1 "This double-covered wire consists of two copper wir~ of O· 022 inch diameter, 
" enclosed side by side, at a distance of n-inch apart, In a· coatmg of gutta-percha of 
" t-inch diameter. It has been prepared by the Gutta Percha Company for 1ihi.spar
•• ticular purpose, in considerable lengths (300 yards), from which the pieces of requi
" site length are cut off as required. The insulation of the two wires has becn found 
" perfect.throughout the whole length manufactured at one time."-Abd on Recent 
Applications of Electricity, &,c., p. 22, note. 

~ " It is indispensable to the proper insulation of the wires . . . . that the terminals 
" should be at least one-sixteenth of an inch apart." -Ibid., p. 20. 

3 The whole of this passage is taken nearly verbatim from Abel on Recent Applica
tions of Electricity, &,c., p. 22. 

4 It is of the highest importance that the ends of the wires should be actually in 
cOlttact with the composition. 

5 The ingredients tohe used for this composition, and more especially the propor
tions.ln wbkb. theyJili.oilld 'be. ~mjll(jyed, were the result of a very large number of 
carefal experiments, 'conducted by Messrs. Abel and Wheatstone, the character of the 
composition being a very important element in the fuze; if of too high a conducting 
power, not only would the required sensitiveness of the mixture be interfered with, 
but, an almost pelfectly continuous connexion being established between the two poles 
of the magnets, the passage of the current would be facilitated to such a degree as to 
prevent the iguition of the composition; on the other hand, it was essential to snccess 
that the priming material should possess considerable conducting power, 01' the current 
would not .pass at ali, and so no spark would be produced. " Considerable difficulties 
" were encountered in the endeavours properly to balance these conditions," which, 
however, the present mixture is described as exactly satisfying, this miXture' being 
" possessed of high conducting power attainable without detriment to the ready ex
" plosiveness of the material."-Abel on Recent Applications, of Electricit!J, &,c., p. 2l. 
Moreover, it is of a very stable character, and tubes "primed with it have been found 
" to have lost none of their delicacy and certamty when tried two years after prepa
" ration."-Ibid., p. 20. 

An interesting and detailed account of the introduction of this priming material is 
given ibid., pp. 16 to 21, and for convenience of reference I have, in Appendix J, 
qupted the passag" at length. 
'Jf.~ not ,thought desirable to make public the exact proportions in. which the several 

infedienta are employed. 
See _hie XX., p. 345. . 
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The electric tube can be fired by means of any electric agency, but Action. 
is specially intended to be fired by means of a magneto-electric appa-
ratus or " magnetic exploder." 1 The action is as follows: The circuit 
wires of the apparatus, completely insulated,2 are placed in the bushes 
of the tube; the" induced" current of electricity passes along these 
wires;through the bushes, to the fine copper wires, and so to the 
priming material in which their terminals are embedded. . There, owing 
to the priming composition being of high conducting power, the cur-
rent leaps from one wire to the other ill the form of a spark, explocling 
the sensitive composition in its passage, the flash generated by this 
explosion firing the tube. 

The electric tubes are used for firing guns at proof, and for other 
experimental firing, having superseded the galvanic tube for this pur
pose, or for firing a large number of guns simultaneously; 3 they are 
also used for firing the" time" guns at Edinburgh, Glasgow, Sunder
land, Newcastle, and other northern towns, the current being daily 
flashed at noon along ordinary telegraph wires from the Royal Obser
vatory at Greenwich. 

"The system of :firing charges by magneto-electricity possesses Advantages of 
important advantages over the application of the voltaic battery to m~&,neto-elec-
th t th ' . I f' h' h P II trlCltyover a . purpose, e prmclpa 0 w lC are as ~o ows: voltaic O'ency 

" The magnetic exploder is at any time ready for immediate employ- as a me~s of 
ment; it is easily transported by hand, being of small dimensions and firing charges. 
weight; it is not liable to injury or derangement, provided the most 
ordinary care be applied to its preservation and transport; it may be 
employed for many years without suffering any important diminution 
of its power; and, as all arrangements ill connexion with the instru-
ment are mechanical, any injury which they ma.y sustain can be repaired 
by ordinary workmen. 

"The electric tube is more certain than any tube arrangement applied 
with the voltaic battery, and as safe as any arrangement employed for 
igniting gunpowder by friction or percussion. It may be preserved for 
a great length of time in any climate, and will bear very rough treat. 
ment without chance of'injury. 

1 This tu@e can also be fired by any other known system of electricity, frictional, 
voltaic, or electro-magnetic. 

2 "It need scarcely be stated that in dealing with electricity of induction, defects in 
.. the insulation of the main and branch wires had to be very carefully guarded 
.. against. Several failures in the first experiments were eventually traced to some 
" defect of that kind. An instance even occurred, before the proper method of pro
.. tecting the connexions of the charges with the insulated wires was adopted, in which 
" the deposition of moisture upon the gutta percha-covered wire, near the charge, 
" prevented the ignition of the latter, by forming a connecting link between the 
" extremity of this wire, where,it was exposed and attached to the fuze, and the un
" covered wire leading to the earth in consequence of the two wires being in contact 
" at a distance of several inches fi'om the fuze. It is therefore always a preliminary 
" pree.antion of primary importance, that the insulating covering of the wire to be 
" employed be carefully inspected, while the latter is being laid out for use, and that 
" any imperfections be protected from possible contact with the earth, or from the 
" access of moisture; a result easily attainable by the application of some waterproof 
" envelope to the injured portion." -Abel on tlie Recent Application of ElectTicity, 
~c .• p.29. . 

3 The accOlmt of the experiments given by Mr Abel would seem to indicate that 
with a small apparatus as many as twenty-five charges can be fired simultaneously, or 
" with snch rapidity that the effect on the ear was as one explosion."-Abel on Recent 
Application of Electricity, ~c., p. 25.. . 

But" with battery-power of great magmtnde, and 'Inth the successful :fulf!1ment of 
" the numerous indispensable conditions and precautions (whieh long experlenc~ has 
" shown to be involved in considerable uncertainty), it is possible to fire at one tflUe u. 
" very much larger number of charges."-Ibid., p. 34. 

15836. P 
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" The implements and materials required for carrying on operations 
with the magnet, in addition to the instrument, the wire, and the tubes 
are very few in number, inexpensive, and easily replaceable; they 
occupy but little space, and require no more care in their transport than 
ordinary artisan's tools. 

"All the operations necessary in the employment of the magnet (the 
connexion of the tubes with the instrument, their introduction into the 
charges, and the explosion of these), are of the simplest possible cha
racter, and can therefore be performed by any person of ordinary 
intelligence. 

"It can be confidently affirmed that the general certainty of the 
magneto-electric arrangement is decidedly greater than that of voltaic 
batteries, and that the necessity of ensuring a proper insulation of wires 
and connexions, though it may be regarded in the light of a difficulty 
by those accustomed to carryon operations with the voltaic current, is, 
in reality a condition which may be fulfilled readily and with certainty 
by the use of very simple means and precautions." 1 , 

Electric tubes are issued by fifties in zinc cylinders, closed and 
secured in the usual way, and labelled with the nature and number of 
tube, and date of issue. On the lid is stencilled the numeral II. (for 
Pattern II.) 

T';lbes, dummy, 7. The Dummy Friction Tube 2 consists of a cylindrical steel bar, 
drill. or "stem," three inches long, which enters the vent of the gun, and is. 

Scale, half natural size. 

forked or crutch-shaped at the head. A steel V-shaped spring or 
"prong," to which a tarred lanyard 10 feet 101lgis attached, "is 
" placed in the fork, and is drawn through .by the same motion as i& 
" required for firing a tube." 3 

These tubes are used as substitutes for friction tubes at drill, for land" 
and partially for sea service. 

1 Abel on Recent Application of Electricity, ~c., pp. 33,34. 
2 Proposed by Col. Taylor, R.A. ; original pattern approved lOth July 1863, War 

Office Circular; 842, para. S()2, but the prongs "having been found liable to fracture at 
" the eye," the present pattern, " in which the prong is made stronger, and the split 
" of the spring is carried through its neck, instead of the latter being solid," was 
approved 18th June 1864.-War Office Circular,2 (new series), para. 918. 

a War Office Circular, 842, para. 802. A pull of about 18 lbs. is required to 
withdraw the prong, which is considerably greater than is necessary to fire a friction. 
tube. 



Scale. half natural size. ' 
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CLASS 2.-PORTFIRES:' 

There are five different descriptions of portfires. 
(1.) Common. 
(2.) Miner's. 
(3.) Slow or blue. 
(4.) Coast Guard. 
(5.) Life buoy. 

Portfires, 
natures. 

The (1) Common Porifire.l Portfires, com· 
The general history of common portfires has been indicated in the ffi~' 

history of the means of igniting the charge, where it is stated that the s ory. 
name" porte-feu" was originally applied to the quick match which was 
used to place in the vents of guns.2 Portfires, as we now under:3tand 
the name, were probably not used until the end of the 17th or the 
beginning of the 18th century,3 previous to which time slow match and 
red hot iron bars were used for the purpose.4 

The changes which have been made in them since their introduction 
have been comparatively few und unimportant, such as slight altera
tions in dimensions and in the quantity of mealed powder, in the sub
stitution of 100 lb. for 60 lb. paper, and of spirit for oil paint. 

The common portfire (pI. 8) is formed of stout paper 5 rolled up 6 Description. 
into a hollow cylinder about 16 inches long, ·675 inch in external, 
and '45 inch in internal diameter. The case is closed at one' end '7 and 
driven 8 with the following composition, whi~h burns with great local 
heat, at a mean rate (when driven) of about one inch in 50 seconds :9_ 

Ibs. oz. 
Saltpetre, ground 10 6 0 
Sulphur, sublimed 11 2 0 
Powder, cylinder, mealed 12 1 4 

The exposed end of the composition is primed with a paste of mealed 
powder and methylated spirits, and a small hole, ·1 inch in depth, is 
bored into the centre of the composition to facilitate ignition.13 

1 Until 1865 they were also distinguished as "L.S." (long. small), an old distinction, 
the origin of which I have not been able to trace, but which there was certainly no 
sufficient reason for retaining. 

2 See p. 188. 
S See p. 189. 
4 See p. 188. . 
5 A stout brown paper, known as "100 lb. paper," i.e. weighing 100 lbs. per ream, 

is used; until about 1856 a paper weighing 60 lbs. per ream, and known as "port;.. 
fire paper," was employed. The change seems to have been effected on account of a 
difficulty in obtaining the original paper, and as the 100 lb. paper answered the pur
pose, portfires were then and have since been made of it. 

o The paper is first pasted on oue side, and tnen rolled upon a cylindrical steel 
former, the size of the interior of the required case, viz. '45 of an inch. 

7 After the ('a~e is dry ; the paper being turned in fold hy foIi!, fill as to form a 
solid bottom. 

S Driven by hand, with a number of steel drifts, tipped with gun mMal, and II 

mallet weighing 1 lb. 10 ozs. 
The details of the process of dd ving, as those of making the case, are c.onuect(Or[ 

.with the manufacture and not with the description, and need not therefore be intro
duced here. 

9 See limits of time of burning allowed at proof, ]'. 21 J • 
10 See p. 313. 
n See p. 318. 
l~ See p. 138. . ' 
13 Ignition is facilitated by this hole, owing to the greater surface of composition 

which is thus exposed. This improvement was introduced on the recommendation 
of Colonel Boxer, who applied it in the mst instance to his fuzes (see p .. 236). 

p 2 
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The case is painted :flesh colour on the outside,! and the date of 
manufacture and driver's name are stamped upon it. Common port
fires burn from 12 to 15 minutes.2 

They are used for land 3 and sea service, for firing guns in the absence 
of friction tubes, or in the event of these failing, and they would also 
be employed, as their name implies, to carrY.fire wherever required. 

Common portfires are tied up in bundles of 12 or fractions, as de
manded, with a brown paper cap tied over the open end of the whole 
bundle. They are then packed in deal packing cases, lined with brown 
paper, on which are stencilled the nature and number, date of'issue, &c. 

For sea service they are packed in brass pentagon cases. 
The (2) Minm"s Porifire differs from the common portfire in the case 

being longer and thinner, in the proportions of the ingredients of the 
composition, which is also less closely driven, and in not being painted. 

The case is about 19 inches long, about . 3 inch in external, and 
about . 2 inch in internal rliameter, a thinner description of' paper than 
that used for common portfires being employed.4 

The composition is 5 -

lbs. oz. 
Saltpetre, ground - - 4 0 
Sulphur, sublimed 2 0 
Powder, cylinder, mealed - 2 0 

The composition is driven comparatively lightly, thus accelerating the 
rate of burning of the portJire.6 The end is primed but not bored into. 

Miner's portfires are not painted. They burn about seven minutes, 
or at the rate ofahout three inches per minute. They were used by 
miners and others in blasting operations until the introduction of 
• Bickford's mining fuze," 7 whence their name; one end of the portfire 
being placed into the charge, the other end being ignited. They may 
be used on an emergency instead of common portfires, for which they 
form a cheap and not inefficient substitute.s 

They form no part of land or sea service equipment, and are now 
rarely issued, and that only on special demands. 

The (3) Slo~v or Blue Porifires seem to have been first made by the 
garrison at Gibraltar in the great siege (1779-] 783) in the emergency 
to which a want of common portfires and match gave rise,9 and since 

1 See table XX., p.345. Until about 1855 oil paint was used, but this was found to 
affect the composition injuriously, and was accordingly diSContinued (see p. 237 
respecting the objection to using oil or grease in the neighbourhood of composition), 

2 These are the extreme limits allowed at proof. 
3 By War Office Circl1.lct1· 8 (new series), § 1 J 49, the proportion of common portfires 

in field, siege, and garrison equipments was diminished. 
4 "White wrapping paper," 45 lbs. per ream, is used. 
6 This is a qnicker burning composition than that employed with common portfires, 

the sulphur and mealed powder being present in larger proportions. 
6 See also preceding note respecting the composition being quicker Imrning as a 

composition than that employed for common portfires. 
7 Subsequently improved upon by Ord's mining fuze, see p. 283. 
8 It should be noticed, however, that being but lightly driven and not 1.>dng painted 

they would not stand much knoclting about or exposure. 
9 " Portfires were made at Gibraltar in the following manner: 'fwo ounces of 

" nitre wer.e dissolved in a gallon of water, and sheets of soft brown ]lapel' dipped in 
" the solutlOn ; these when dry were rolled up to aboLlt the Ri?p of ~ Oillmon port
ee fires."-Tlte Pocket Gunner (edition 1813), p. 291. "Slow match was made at 
" Gibraltar during the last siege in the following manner :-Eight ounces of salt. 
" petre were put into a gallon of water and .iust made to boil over a slow fire; strong 
" blue paper was ~hen wetted with the liquor, and hung to dry; when clry each sheet 
.. was rolled. up tIght, and the ~lUtward edge pasted down to prevent its opening; 
" half a sheet thus prepared will burn three hOllrs."-Ibid., p. 235. I cannot find 
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that time, although never very generally used, t.heir manufacture has 
not been entirely discontinued; the advantages which recommended 
their employment for certain services, such as on board ship and for 
night firing,! having doubtless been held sufficient to justify their 
retention in the service. 

The slo,v or blue portfire is made of blue porous unsized paper,2 Description. 
saturated with a boiling solution of-

Saltpetre, ground,3 3 ozs. 
Water, distilled, from one to two quarts, according to nature of 

the paper.4 
When dried the paper is rolled into a solid cylinder 16! inches long 
and ·7 inch in diameter.5 

Slow portfires are unpainted; they burn slowly, or rather smoulder, 
whenf'e their name; one portfire burns from two to three hours. 

ThE:Y may be used upon an emergency instead of common portfires,6 
or instead of slow match, and for certain services, such as on board 
ship, where they would not throw fire about the decks, or in night 
firing when it is undesirable to discover your position; present some 
advantages over common portfires ; 7 they are also used at Purfleet and 
elsewhere for proof of powder. 

Until recently they formed part of siege train equipment, but are now 
no longer issued except on special demand. 

Slow portfires are issued in the same way as common portfires, Packing and 
with the exception of the paper cap, which is not required. issue. 

The (4) Coast Guard Porifire 8 (pI. 8) was introduced probably Portfire, coast 
between 1830 and 1840.9 Previous to their introduction the old f-i,:ard. 
blue lights were used; these, it seems, were objected to because IstOry. 
having to be held in the hanel while burning, the man who held them 
became a mark for the enemy's or smuggler's fire. A light which could 
be stuck into the ground while burning was therefore adopted, though 

any mention of these portfires in Drinkwater's History of the Siege of Gibraltar, but 
as Major Adye, by whom the first edition of the Poc"et Gunner was prepared, was at 
Gibraltar a few years subsequent to the siege, no doubt the statement which I have 
quoted above is correct. In some ]\18. papers belonging to the Royal Artillery 
Institution, containing an account of some operations during this siege, the following 
passage occurs: -" Each non-commissioned officer was provided with a lighted slow 
" and paper match, and two portfires." The paper match was very possibly the 
" slow portfire," to be used instead of slow match or pOl'dires, as necessity might 
arise. 

1 See text above. 
2 Blue" sugar loaf" paper (i.e. the paper used for wrapping up sugar) is used, bnt 

almost any porous paper would answer the purpose. 
S See p. 313. 
4 The quantity of water is regulated in accordance with the absorbent powers of 

the paper. 
S The paper is unpasted, except down the seam formed by the last roll. Perhaps 

the simplest and best description which could be given of these portfires would be 
"a solid roll of touch paper." 

6 See p. 214, respecting the occasion upon which they were first made. 
7" Under some circumstances these portfires may employed with great advantage." 

-Col. Boxer's MS. Notes, p. 6l. 
S These were sometimes known, until 1865, when the distinction was given up, as 

" percussion portfires." The name has reference to the fact that they were generally 
fitted by the Coast Guard with a detonating arrangement (see p. 216), but they were 
never issued from the Royal Laboratory so fitted, and the name was an incorrect one. 

9 I can quote no official authority for this statement, but this is the conclusion to 
which my inquiries among foremen and others who have been employed for many 
years in this department led me. At the same time it should be stated that the' 
Laboratory books, which have been searched back as far as 1820, contain no mention 
of the regular introduction of these portfires. 
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why the original composition should have been altered for one con. 
siderably inferior in brilliancy and illuminating power is not so easily 
explained. 

The coast guard portfire case is made of a stouter description of paper 1 

than that of the common portfire, and is shorter and thicker, being about 8l. 
inches 10ng,2 l' 4 inches in external and 1· 0 inch in internal diameter.~ 

The composition 4 with which the case is pressed 5 is-
Ibs. oz. 

Saltpetre, ground 6 8 0 
Sulphur, ground 7 - 4 0 
Powder, cylinder, me~led 8 I 0 

On to the lower end of the case is fixed 9 a tin cone (pI. 8, fig. 8) three 
inches in length filled with rosin to strengthen it. The cone forms a 
spiked end to the portfire and enables it to be stuck into the ground. 

A rolled paper 10 collar (pI.S, fig. 4) is fixed 11 on to the outside of the 
case, about 2 inches from the upper end; and the end of the portfire 
is protected by a rolled paper cap 12 (pI. S, fig. 6), which can be removed 
at will. The end of the cap rests upon the collar, which protects it 
from being accidentally knocked off. 

The coast guard portfu'e is painted very light grey. It burns from 5 
to 6 minutes. I3 

It is used by the coast guard as a signal light, for which purpose, 
however, it is imperfectly adapted; because, in the first place, the com
position possesses qomparatively small illuminating power, and, in the 
second, the case is liable to become choked with the htva which the 
composition forms in burning, and the light is thus obscured.l4 A 
"long light" fitted with a cone instead of a handle, would probably 
.answer the purpose much better.I5 

" These portfires are generally fitted by the coast guard with a con
" trivance for igniting them by percussion, consisting of a glass globule 
" tilled with sulphuric acid, which is emb,"dc1ed in mixtnre of chlorate 
" of potassa and sugar, placed upon the top of the composition;" on the 
breaking of the globule, " a violent action ensues, and enough heat is 
" evolved to ignite the portfire composition."16 

I Rocket paper, weighing 168 lbs. per ream. 
2 8' 625 inches, exclusive of the thickness of bottom of case. 
S The case is in diameter the same as the half pound signal rocket case, the same 

former and guage being used. 
4 .A quicker burning composition than that employed for common portfires, owing 

to the presence of a larger proportion of sulphur. 
6 The composition is now pressed by hydraulic pressure, not driven by hand. 
6 See p. 313. -
7 See p. 318. The only reason for employing ground instead of sublimed sulphur is 

its ccmparative cheapness. It is neither so fine nor so lJUre. . 
8 See p. 138. 
9 This cone is secured to the case with twine, a fringed edge which projects beyond 

the base of the cone being fitted over the case and woolded, and a piece of fine paper 
pasted over the twine. 

10 The original" portfire" (60 lb.) paper is used for the collar. 
11 Secured by shellac varnish. 
12 The same paper as for the· collar (see note 1 0 above); the cap is formed by 

rolling the paper upon a fonner to the required size, and then choking and pluggiug 
one end. 

13 These are the extreme limits allowed at proof. 
H " The composition for these portfires is not sufficiently strong to force the solid 

" residue from the case, and consequently after a short time the light becomes much 
" obscured."-Col. Boxer's MS. Notes, pp. 55, 56. 

IS Col. Boxer's MS. NlJtes, p. 56.-It is in contemplation to effect this change, and 
thus. supersede coast guard portfire altogether. 
: 161hid., p. 55.-He adds, " .A much safer means, however, might be devised." See 
p. 214, note 8, reswcting these portfires having been called" percussion portfires." . 
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Coast guard portfires are issued 100, or less, as demanded, in deal racking and 
packing cases, not lined, but each layer battened down. The boxes Issue. 
are marked with the nature and number of portfire, date of issue, 
weight, &c. 

The (5) Life Buoy Portjire 1 (plate 19) was introduced at the time of Portfire, life 
the introduction of Lieut. Cook's R.N. life buoy, of which it forms a ~Oy. 
part, viz., some time about 1827.2 story. 

The first life buoy portfires seem to have differed from those now in 
use, in the composition being the same throughout, and in being ignited 
by means of a flint lock ~ncl the match tube; subsequently a detonating 
hammer and cross-headed tube were used; and eventually Mr. Richard
son, gunner, R.N., proposed the present arrangement for firing, by 
means of a fi'iction tube, which was adopted 1862.3 The latter plan is 
a great improvement on the others, which necessitated the pulling of 
two triggers,· one to fire, and the other to release the buoy, thus making 
it possible, by the accidental pulling of thA wrong trigger first, for the 
buoy to be released unignited. 

The life-buoy portfire (pI. 19, fig. 3) consists of seven pieces of port- Description. 
fire of the same external diameter as the common, but larger internally, 
viz., '55 of an inch, the thickness of case being thus less,4 and the 
quantity of composition in a given length more.5 

The different pieces of portfire are of unequal lengths; they are 
driven with the same composition as is used for coast-guard pOl'tfires,6 

with the exception of the first 3t inches of the first length, for which 
the following quicker burning composition is used :-

Quick composition (for first 3t inches)
Saltpetre, ground,7 3lbs. 
Sulphur, sublimed} 2 lbs. 
Powder, pit, mealed,9 lIb. 

The object Qf using a quick. burning composition for the first few 
. inches of the portfire is to diminish the chance of its being extinguished 
by the water, in which, on the first falling away of the life buoy Ol' until 
it settles, it is liable to become submerged.10 The end which first be-

1 Present pattern approved 24 April 1862.-War Office Circular, 781, par. 556; 
.and War Office Circular, 793, page 19, erratum. OI'iginally designated in store re

, turns, &c., "Fuzes fixed to plates." This name was entirely given np in 1865, and 
the name by which they had been more familiarly known, that of" life bnoy port-
£res," adoptcd in official documents. . 

A more correct name would be one which it seems has sometimes been applied to 
them, "life buoy lights." This name is employed by Col. Boxer in his MS. Notes, 
p.63. 

2 I cannot discover the exact date, but it was certainly before 1828, as the records 
of the Royal Laboratory, Woolwich, contain letters of that date authorizing the issue 
of fuzes and plates to Lient, Cook for the use, apparently, of the mercantile navy. On 
the 13th September 1826, a life buoy on a plan of Sir William Congreve was adopted: 
I believe therefore that Lieut. Cook's buoy must have been introduced about 1827. 

324 April 1862.-War Office Circulm', 781, par. 556; and War Office Circulu:r, 
793, page 19, erratum. 

4 The same paper is used as for common portfires, but as the case is thinner a 
smaller quautity is of course required. 

• The illuminating po weI' of the portfire is thus increased, while the case, being more 
readily burnt away, is less liable to become choked and the light obscured. 

fi See p. 216. 
7 See p. 31.3. 
S See p. 318. 
9 See p. 138. Pit powder is probably used because it burns rather quicker than 

ordinary mealed powder. 
10 A quick burning composition is necessarily, cceteris paribus, better able to resist 

water than a slow burning composition, .for the quantity of gas generated by the 
former in a given time is of course greater than that geu.eratecl by the latter, or in 
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comes ignited is slightly bevelled off on one side,1 a hole . 5 inch deep 
aD.d about a quarter of an inch in diameter is bored into the compositio~ 
and driven with mealed powder, the whole of the smface of the compo
sition being plastered with priming paste and finally capped with 
paper.2 The ends of the other lengths (with the exception of the last 
length), are all cut at an angle of 45°, thickly primed} and a small hole 4 

bored throu"h the priming into the composition to facilitate ignition. 
The lenO'ths of portfire are connected by means of'small tinned-copper 

elbows (pl~ 19, fig. 5), or" mitres," their junctions with the case being 
secured against damp with a cement made of-

KS it c?mhPbositio~ 5 } Equal parts, melted and mixec1. 
pams rown 

The last end of the last length is neither bevellec1 off, primed .01' bored 
into, but closed by a tinned-copper cylinder (pI. 19, fig. 41. cemented 
like the" mitres." 

The whole portfire is painted black.7 

The portfire when complete is laid upon a gun met!11 8 plate. 
This plate is rectangular (pI. 19, figs. 1, 2), 8' 65 inches by 5' 75 

inches, the edge of' the plate is turned up so as to form a little wall,9 
and a number of small walls or traverses half an inch in height are 
djsposecl about the upper side of the plate,lO in such a way us to effect a 
separation between each length of' portfire when fixed to the plate, thus 
diminishing the chance of one length becoming ignited beforc its time 
by the flame from the length adjacent. Opposite to the first end of the 
first length is a small gun metal socket 11 (pI. 19, fig. 6), for the reception 
of the quill friction tube,12 by which the portfire is ignited. 

This socket is so placed that the fire of the tube will strike dirl,lctly 
on to the end of the ponfire_ 

At each corner of the plate is a hole for the escape of the water; and 
about the plate are several smaller holes, for the wires by which the 
portfire is fixed to the plate, to pass through, and which a.lso form so 
many outlets for the water.13 

In the centre of the plate, on its lower side, is a rectangulo.J:' stem 14 

other words the force of the water being the same the volume of gas available to 
resist it is greater. 

" The power of a burning composition to resist the penetration of water t.o tbe mas 
" is in direct proportion to the volume of gas evolved and to the rapidity of its escape, 
"and, consequently, to the rapidity with which the composition burns."-E",tract ji-mll 
MS. Letter from F. A. Abel, Esq., Chemist to the War Department, March 15, 1'865. 

1 To admit of the tube striking directly upon the priming and composition and not 
upon the case. 

2 " White fine ; " tied on. 
S The object of priming these ends is not only to carryon the fire, but to insure the 

blowing off of the little copper mitres. 
4 One-tenth of an inch deep. 
S See table JL,[., p. 345. 
6 Spanish brown is a pigment; it is added, however, not to give colour but as a 

" drier:" without it the kit would remain sticky and soft. Formerly red lead'was used 
instead of Spanish brown.-CoL Boxer's MS. Notes, p. 63. 

7 See table XX., p. 345. 
8 The alloy used is copper, 9 Ibs., tin, lIb., zinc, 2 ozs. 
9 This wall, is .s!otted away opposite the first length, to permit of the glls escaping 

freely on the 19n'tlOn of the portfire. 
)0 These traverses are not fixed on to the plate, but form part of the casting. 
II Screwed on to the plate. 
12 These sockets were originally introdnced for the quill friction tulles "without. 

loops." Til(: present qnill fi'iction tubes require to have the looped end of the strap 
cut off before they can be used for firing life buoy port fires on plates of the old 
pattern,; but the plates now made are adapted for the quill tube with loops. 

13 Bemg somewhat larger than the wires. 
l4 Part of the cast plate. . 
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(pl. 19, fig. 2), which fits into the socket of tLe life buoy, and is slotted 
to enable it to be securely clamped by a screw. 

Before the portfire is fixed, the plate is painted black.! 
The portfire is placed between the traverses, upon little paper 2 floats,3 

and secured to the plate with copper wires 4 passed over the portfiro 
through the holes in the plate, and twisted underneath. . 

The whole-portfire and plate-finally receives another coat of black 
paint.5 

These portfires burn from 20 to 25 minutes. 
The application of the life buoy portfire is as follows :-It is sccured Application. 

by means of the plate stem (pI. 19, :fig. 2) to the top of a life buoy sus-
eded over the side of a ship.6 A quill Mction tube 7 is placed in the 
tube socket (pI. 19, fig. 8), and a short lanyard (pI. 19, fig. 7) hooked 
into the friction bar, the other end of the lanyard being hooked on to a 
part of the apparatus which does not fall away with the buoy. Thus, 
on the buoy falling; the pOl·tfire and tube being necessarily carried with 
it, the tube is fired and lights the portfire. The length first ignited, as 
it burns away, communicates the fire to the second length, and so on, 
until the whole are consumed; the light which is afforded for the 20 or 
25 minutes during which the portfire is burning, serving at night to 
indicate the position of the life buoy to the man overboard, or, when he 
shall have reached the buoy, to those engaged in his recovery. 

They are issued to the Royal Navy, unpacked. 

CLASS 3.-LIGHTS (SIGNAL AND OTHER). 

If one were called upon to trace signal lights back to their source, History. 
and to assign the date of their first employment, one might justly say 
that their prototype is to be found in the rudest contrivance for giving 
light used in the very earliest days of the world's history.B 

When lights were first used as signals it is impossible to say, but 
doubtless the expedient early recommended itself; and there is little 
doubt that signal lights of various descriptions, in the form of beacons, 
for example, were employed in the remotest ages. Lights of the nature 
now used are probably of much more modern date, although the "blue 
light," (a wooden cup tapering down into a handle, the cup being 
:filled with blue-light composition), from which they may be said to 
have immediately derived their origin, has no doubt been in our service 
for a considerable period. 9 

A "long light" was proposed in 1841 10 by Capt. Stevens, Royal 

J See table XX., p. 345. 
2 Generally pieces of an empty portfire case, the curved form of such pieces pre

senting a convenient shape for the portfire to rest in. 
a These :floats serve to raise the portfire from the plate, and prevent it from resting 

in any water which might accumulate on the plate. They are generally cemented t() 
the plate, and to the portfire, with the kit and Spanish brown cement. 

4 No. 19, wire gauge. 
S See table XX., p. 345. 
6 See description of this buoy, p. 230. 
7 In those plates of which the slot has been widened to receive friction tubes with 

loops, these tubes can be used; otherwise the loop must be cut off. See p. 218 note 12. 
B See History of Light Balls, lfc., p. 75 ; see also Great AI,t of Artillery, p. 382 

to end of work. 
9 I can trace nothing respecting the origin of the blue light; but there seems no 

doubt respecting its comparative antiquity. There are still several of these to be 
found at different station8. 

10 16th October 1841. A copy of Captain Stevens' letter of that date is in the Royal 
Laboratory Office. It would seem, however, from a letter of Admiral Codrington's, 6th 
February 1842, that these lights had been proposed by Capt. Stevens as early as 1832 ; 
bu.t the first formal proposition cer~ainly appears to bear the date above assi gned. 
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Marine Artillery, and approved the following year.1 This light dif
fered from that now in use principally in the absence of any arrange~ 
ment for igniting it by percussion. The head of the light was matched 
and capped with paper j it had to be ignited by the application of ~ 
lighted match or portfire. 

In 1856 2 the present "long light," (pl. 6, figs. 1 and 2), proposed by 
Colonel Boxer, was introduced, and the blue light, which had been 
in vogue until that date, was superseded by the present" signal light" 
(pI: 6, fi~s. 12,.13, and 14). A." Manby lig?t" (pI. 25, figs. 15.and 16), 
WhICh dIffers from the "long lJght" only In the method of Ignition 
was introduced in 1860,3 and Colonel Boxer proposed 4 extending th~ 
method of ignition to all long and signal lights in preference to the per
cussion cap arrangement. The proposition, however, was rejected,5 
mainly on the grounds that percussion caps were generally more easily 
obtainable than detonating primers. In 1865 6 the Manby light dis
appeared from the service, the existing stores being altered to long 
lights. 

There are at present three different natures of lights in the service, 
viz.,-

(1.) Long. 
(2.) Signal. 
(3.) Coloured (red). 

(1.) The Long LigTtt 7 (pI. 6, figs. 1, 2) is made of stont brown 
paper 8 rolled into a hollow cylinder 9!- inches long, 1· 78 inches in 
external and 1· 46 inches in internal diameter. 

The bottom of the case to the distance of about 2 inches, is left open 
for the reception of the handle (pI. 6, fig. 15), a hole being punched 
completely through both sides of this part of the case for the wooden 
pin by which the light is secured to the handle. 

Above this open part is a layer of ground clay, n compressed 10 to 
'2-inch in thickness, and forming a support for the composition with 
which the next 6·6 inches of the case iB filled. ll 

1 Approved 4th February 1842, A/865 (Board's letter). 
~ Approved 1st January 1856. Account of Alterations and Additions, §le., 30 Jun~ 

1856, par. 13. 
3 They were first issued in this year, but not officially approved until 25th August 

1862. War Office Circular 793, par. 633. 4 19th December 1860. 
. 5 15th April 1861. 82/B/147. 6 25th May 1865. 57/194234. _ 

7 Approved 1st January 1856.-Account of Alterations and Additions, §jc., 30th 
June 1856, pal'. 13. B 100 lb. paper. 

" Clay, ground fine and thoroughly dried. 10 By hydraulic pressure. 
11 The composition is pressed into the case by hydraulic pressure. Jt is first fOl'111ed, 

by hydraulic pressure, into cylindrical pellets (pI. 6, figs. 3 and 4), each I' 3:1 inches 
long, and which become further reduced when pressed into the case. The pellets are 
of two kinds, "'soft" and" hard." A soft pellet consists of l' 7 inches loose com
position compressed into l' 33 inches; a hard pellet of 2 inches compressed into I' 33 
inches. The diameters of hard and soft pellets are the same, viz., somewhat less than 
the internal diameter of the case, to permit of'their being easily introduced, and be
cause the pressure to which they are subsequently subjected expands them to the full size 
of the inside of.the case. Each light contains 5 soft pellets and I hurd, the latter being 
placed on the top of the others. The object of having the pellets of different densities is 
as follows :-If they were all made hard, they would probably not amalgamate into the 

. uniform unbroken column of composition which is necessary to ensure the fire being 
carried properly through the mass. On the other hand, if the density of the lust 
pellet were not gl'e:.tter than that of the others, the density of the mass would not be 
uniform, as this pellet receives less pressure than those below, to which some of the 
pres6ure of the upper pellets is comlllunicated. 

, To make the pellets amalgamate better the bottoms of the clrifts are cut across 
with: a few grooves. 
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The composition 1 is- lbs. ozs. 
Saltpetre, ground 2 - 7 0 
Sulphur, sublimed 3 - 1 12 
Orpiment, red 4 - 0 8 

The distance from the top of the composition to the top of the case is 
half an inch (pI. 6, fig. 1); this space is thickly plastered with a priming 
paste of mealed powder and distilled water, sprinkled with dry mealed 
powder, and receives the percussion arrangement, consisting of a hollow 
cylindrical copper tube 5 (pI. 6, figs. 10 and 11), a quarter of an inch in 
diameter, which passes transversely completely through the upper part of 
the case. One end of this tube rests against the inside of the case;6 
the other end, which is slightly tapered, projects about . 35-inch from 
the opposite side in the form of a nipple.7 Inside the tube are strands 
of quick-match,8 and that part of the tube which is opposite the centre 
of the composition is slotted away 9 to permit of the flame from the 
quick-match passing to and igniting the composition. 

The nipple end of the tube is closed by a small disc of tissue paper 
shellaced over it. The upper part of the case, to the depth of about three
quarters of an inch, is encircled with a tin band (pI. 6, fig. 5) 01' "col
lar," a few folds of paper being removed from the outside of the case, to 
bring the surface of the collar flush with that of the rest of the case. 
The object of this band is to strengthen the upper part of the case 
and prevent it from yielding under the blow required to fire the light. 

The light is capped with a cylindrical tin cap (pI. 6, fig. 6), painted 
inside with an anti-corrosive,10and secured with a band of fine paper,ll 
which is pasted round the junction of cap, collar, and case. 

The whole light,12 with the exception of the top of the cap, is painted 
light drab,l3 . 

On the top of the cap, and on the side of the case, are stencilled the 
words "long light," and on the opposite side of .the case is a label with 
.the ~ollowing directions for use :- . 

" Secure the light on the handle by the pin; place a percussion cap 
" upon the nipple, and give the cap a smart blow upon a hard substance 
" such as metal or stone." 

The handle (pI. 6, fig. 15) for these lights is made of WOOd,14 and is 
about 10 inches in length, The end which fits into the light is en
larged for about 2 inches to the full diameter of the interior of the case, 
.and has a hole through it for the reception of the wooden 15 pin by which 
the handle is secured to the light. The rest of the handle is cylindrical, 
with a small knob at the end to give a more secure hold. On one side 
of the handle a groove is cut up to the pin hole to facilitate the intro
.auction of the pin at night. 

The pin is tied on to the handle. 

1 The same as the old so called "blue" light composition, although the light is 
rather white than blue. When a really blue light is required a different composition 
is used (see p. 223). When white lights are demanded the composition in the text 
is used. 2 Seep. 313. 3 See p. 318. 

4 Otherwise known as realgar or regulus, or sulphide of arsenic, see p. 312. 
5 No. 24 oz. copper. 
6 Or rather against the tin bancl with which the upper part of the case is surroUllded 

(see text), a hole being made through the case. 
7 In size and shape corresponding very nearly to the nipple of an Enfield rifle. 
S Six: -thread match. 
9 The slot is rectangular and . 75 of an in('.h iu length. 

10 See table XX., p. '345. . 11 Generally "purple fine" paper. 
12 Including the inside of that portion of the case which is intended for the reception 

of the handle. 13 See table XX., p. 345~ 14 Beechwood. 15 Boxwood. 
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The knob end of the handle and the por.t.ion w~ich fits into the light, 
are painted black; the rest of the handle IS unpamted. 

The long light is ignited as described in the instructions which are 
labelled upon it, viz., the light having been secured upon the handle by 
the pin, It service percussion cap is placed upon the nipple and struck 
a smart blow" upon a hard substance, such as metal or stone." 1 The 
cap fires the quick-match in the copper tube, which, through the slot 
ignites the priming and composition, the tin cap being blown off by th~ 
sudden evolution of gas. . 

The light then burns with great brilliancy 2 from 5 to I) minutes. 
Long lights are used both for land and sea service, for signalling or 

illuminating purposes. 
They are issued in zinc cylinders, 8 lights in each, and one handle.3 
The cylinder is closed and secured in the usual way;4 the lid is 

painted white and stencilled black, with the nature and number of' its 
contents, date of issue, and packer's name. A label is also placed upon 
the cylinder with the words, "The caps to be taken from the general 
" store." 5 

Lights, Signal. . Tlw (2) Signal Light (pl. 6, fig. 13, 14) differs from the long light 
Description. only in being shorter, and in containing one-sixth the quantity of com

position,S viz., 1·1 inches instead of 6·6 inches. 

Packing and 
issue. 

It burns one minute. 
It is stencilled with the words "Signal Light," instead of "Long 

Light," and labelled with the same directions for usc. 
Signal lights are used both for land and sea service, for signalling 

or illumination purposes. 
They are issued, 8 in a zinc cylinder, with 1 handle.7 The cylinder is 

closcd and secured in the usual way. the top is painted blue, and sten
cilled in black, with the nature and number of' the contents, date of 
issue, and packer'S name; and with the directions "The cnps to be 
" taken from the general store." 

1 Unless the blow is sharp and the snbstance hard the cap will not always be ignited. 
" The brilliancy of the light is due mainly to the presence of the red orpiment 

(snlphide of arsenic). The following expanation of the part which a substance like 
sulphide of arsenic performs in a light composition is given by Colonel Boxer in his 
MS. notes, p. 3, "Being decomposed at a comparatively low temperature, the metal 
" is set free and disseminated through the flame in a state of incandescence, causing 
" the intensity of the light to be very considerable; moreover, the heated particles 
" coming in contact with the atmosphere are thereby oxidized, forming a white 
" smoke, which is -very favourable to the reflection of the light." The above expla
nation occurs under the head of sulphide of antimony; bnt at p. 4 Colonel Boxer 
remarks that" sulphide of arsenic .... possesses the same useful properties as the 
" sulphide of antimony, but the fumes of the latter are less injuriOlls than those of the 
" former; and it would therefore seem advisable to substitute sulphide of antimony for 
" the sulphide of arsenic in the lilue light composition." 

It should be noticed that the solid residue resulting from the burning of this com· 
position is considerable, and care must be taken to hold the light where the particles 
cannot come into contact with anything combustible. 

3 Until 1865 they were accompanied with a proportion of-I2 caps. They are now, 
however, issued without caps, which must be procured from the small-arm supply on 
charge, or from any other a-vailable source. 

4 See p. 206. 
sWar Office Minute 57/2/116. See note 4 abo-ve. 

6 'Fhe composition is in!roduce~ in the form ?f 1 hard. pellet (see p. 220, note 11), 
and 1S really rather more ill quantIty than one-sIxth that ill the long light. 

The number of inche~ of loose composition which a long light contains is 
2 + 5 xl' 7 = 10·5 ; while the pellet in the signal light contains 2 inches loose 
composition. This will account for the signal light burning a full minute or rather 
over one-sixth the time of the long light. I 

7 See p. 221. 



223 

TIle (3) Coloured or Red Ligllt resembles the long light in its Light, long, 
general construction, but differs from H,-lst.. In the method of priming coloured. 
and igniting, the upper part of the light being primed to a depth of 
·5 of an inch with a thick priming paste, and matched wit.h strands of 
quick-match tied into a bunch above the calico cap with which the 
light is closed. The light is fired by the application of a lighted match 
or portfire to the quick-match. . 

2nd. In the composition, which consists of-
lbs. ozs. Ibs. ozs. 

Calomel 3 3 Copper, sulphide of 0 4 
Strontia, nitrate of - 5 0 I Shellac - I 2 

Potash, chlorate of = 4 14~ Dextrine - 1 6 
3rd. In being rather shorter, and containing only about 5 inches of 

composition. 
4th. In the handle, which is of a slightly different shape, being 

permanently attached; and, 
5th. In being painted red all over, handle included.! 
This light burns about 2 minutes with a red flame. 
The red light hardly ranks as a service light, being issued occa~ 

sionally only'to Her Majesty's ships, the Royal Yacht, Dover amI 
Edinburgh Castle, &c., for displays. 

These lights are issued in metal lined cases, either whole or half, Packing and 
containing respectively 100 and 42. The case is stencilled with nature, issue. 
number of contents, date of issue, and packer'S name, &c. 

Note.-Blue and green lights have also been supplied for exceptional Blue and green 
purposes; to the English ships, for example, which were present at the lights. 
Cherbourg and Portsmouth fetes of 186.3. Their construction is iden-
tical with that of the red light above described, with the exception of 
the compositions and of the colour which each light is painted, viz., 
the blue lights blue and the green lights green. . 

The compositions for these lights are as follows :-

Blue. 
Ibs. ozs. Ibs. ozs. 

Potash and ('opper, 

I 
Shellac - 0 lOt 

chlorate of - 2 4 Potash, chlorate of 2 7 
Calomel - 1 5 

Green. 
Ibs. ozs. lbs. ozs. 

Baryta, nitrate of - 5 0 

I 
Charcoal - 0 3 

Sulphur - I 8 Shellac - 0 2 
Calomel - 1 0 Potash, chlorate of - 2 0 

White lights of a similar construction are also sometimes issued. 
The composition is the same as that in the service long and signal 

lights.2 

CLASS 4.-MATCH. 

There are two descriptions of match in the service, viz. :
(1.) Quick. 
(2.) Slow. 

Match. 'rwo 
de3criptions. 

Both quick and slow match have doubtless been known and used for History. 
many centuries. In the history of the means which have been em-

1 There are a few other minor points of difference, such as the less thickness of the 
case of the long light, the absence of marking on the outside, &c. &c., which it is 
unnecessary to enumerate. 

2 See table XIX., p. 345. 
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ployed for firing the charges of guns it has been stated that guns were 
fired about the beginning of the 17th century by means of a piece of 
quick match called" porte-feu" placed in the vent, whieh acted" as a 
" weak tube." 1 Worsted has been used instead of cotton for quick
match, but it would seem not to have been employed in our service 
since 1778.2 

Slow-match was certainly used for igniting the priming powder as 
early as the 16th century, for mention of the linstocl~ occurs about that 
period,3 and most probably it was employed for this purpose and others 
of a similar character even before that date.4 

" Before the invention of flint locks slow burning match was used for 
firing small arms as well as orqnance; its rate of burning was also 
applied to measuring the time which a sentry had to remain on his 
post, "so many thumbs' breadths being allowed to each;" consequently 
an army of the 17th century required vast quantities of match among 
its provisions of stores. The estimate of material for 30,000 men in 
1620 included" 186 tunne of match." 5 

In 1782 the French adopted a slow-match, invented by Col. La Mar
tilliere of the .Artillery, consisting of rope or hemp soaked in a solution 
of three· quarters of an ounce of sugar of lead 6 and one pint of rain 
water. It burns 5 inches per hour.7 The same sort of match appears. 
to be used by the French at the present time.8 English slow match 
has generally been made of hemp, loosely twisted and soaked in a 
boiling solution of saltpetre and water, or saltpetre and lime water, in 
the proportioll of 8 ozs. of saltpetre to 1 gallon of water; 9 but for a 
considerable period 10 a lye of wood ashes and water has been substituted 

1 See p. 188. The Great Art of Artillery, p. 125, describes "How to prepare 
" several sorts of quick-match for artificial fireworks." Among these sorts is one 
which is almost identical with the quick-match made in the present day. "There is 
" another kind of pyrotechnic quick.match which is not twisted at all, but is only 
" . . . . steeped in good brandy for some hours, and then powdered over with flower 
" or meal of gunpowder and dried. There are those who add a little gum arabic or 
" tragacant to the brandy, particularly when they would have it stick fast to any· 
"thing." We have here in the quick-match of the 17th century all the ingredients 
of the match of the 19th century, the cotton·(" you should make the match of the tow 
" of flax, hr.mp, or cotton "), the mealed powder, and the gum arabic, the only 
difference being the employment of brandy instead of distilled water." 

2" Worsted quick-match no longer in use since 1778."-Sir Augustus Fraser's 
MS. Laboratory Notes, p. 58. 

~ See p. 188. 
4 See p. 188. The following description, "How to prepare the common sort of 

" match," is given in ·the Great Art of Artillery, p. 123. "Let there be twisterl 
" some rope of half an inch diameter, made of the second combings of flax or hemp, 
" free from any of the stalks, then take ashes of oak, ash, elm, or maple three parts, 
" of quick lime one part, and make a lye of it as usual; to this you shall add one 
" part of saltpetre; and of the juice of horse or ox: dung, well filtrated and gently 
" expressed through a woollen cloth or sieve, two parts." Then follow instructions 
for boiling the rope in the solution" continually for the space of two or three days," 
after which the rope was to be well wrung and hung on poles to dry in the sun. 

S Equipment qf Artillery, pp. 102, 103. 
6 Acetate of lead. . 
7 The Pocket Gunner, edition 1827, p. 229. 
8 Instruction d' ArtilZerie, p. 369. 
q Almost every work upon such matters gives theBe ingredients and proportions, 

and therefore I conclude that they were generally used. 
10 I cannot say when the change was eff'3cted. Inquiries nlade at Chatham, where 

· the match is now manufactured, place it oeyond doubt thet wood ashes have been 
· used for more than 20 years, and for how long before that period it is impossible to 
· say. It is curious, however, that the difterent works upon the subject should not 
have noticed this change; but I am not aware of a single book pnblished up to the 
present time in which slow-match is described which does not give saltpetre instead 
of the wood ash solution. 
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for the saltpetre solution, and the present service match is made in this 
way. Doubtless economical considerations recommended the change. 

Since their first introduction quick and slow match have been con
tinually used for various purposes by artillerymen and others. The 
former, though no longer employed for firing guns, except at proof of 
powder, is extensively used in articles of Laboratory manufacture, and 
for various other purposes, as a means of communicating ignition; 
while the latter still forms part of land and sea service artillery equip
ments, and always accompanies portfires ill order to furnish the means 
of lighting them,l 

1. Quick-match consists of cotton wick of different thicknesses boiled 
in a solution of gum arabic, mealed powder, and distilled water in the 
following proportions:-

\ 4-Thread' Wick. I 6-Thread Wick. 11Q-Thread Wick. 

Cotton wick 3 

Powder mealed 4 

Gum arabic" 

Water, distilled -

lbs. ozs. 
1 10 

20 0 
o 8 
Pints. 

8 

lbs. ozs. 
2 2 

20 0 
o 9 
Pints. 

9 

lbs. ozs. 
2 7 

24 0 
o 10 
Pints. 

10 

Quick-match when" raw," 6 or unenclosed, burns at the rate of about 
1 yard in 13 seconds.7 

But when enclosed in a smalls tube of any description it explodes 
instantaneously, from the same cause as that which produces the action 
of an ordinary tube,9 the gas, which in the raw match is subject to no 
restraint, being here unable to escape as quickly as it is formed, 
necessarily rushes forward, igniting fresh surfaces in its passage, and 
producing a violent 10 explosive effect.ll 

Advantage is taken of this property of quick-match to effect, where 
required, the simultaneous ignition of a number of combustibles, such 
as fire works, stores for proof, &c_ &c. In such cases the match is 

1 Equipment qf .Artillery, p. 102. 
2 Four-thl'ead match is the one most used in Laboratory operations; but the others 

are sometimes employed; indeed two-thread match and match of various thicknesses 
have also been made. 

3 Ordinary wick, otherwise known as "cotton yarn;" when used for making quick
match it should be very slightly twisted, quite free from lumps, and not too thick.
Col. Boxer'S MS. Notes, p. 17. 

4 See p. 138. The solution only contains two-thirds of the quantity of mealed 
powder specified, one-third being used to sprinkle over the match after it is made. 

S The object of the gum arabic is to cause the powder to adhere to the cotton. 
6 The word is technically used to describe quick-match in its natural condition. 
7 The burning of quick-match is very irregular, varying with the condition of the 

match and the quantity of powder over its surface. One yard in 13 seconds is about 
the mean rate of burning of new match. As it becomes deteriorated it burns more 
slowly_ There is no difference in the rates of burning of the match of different 
threads. 

8" Small," because evidently the match would be practically unconfined in a very 
large tube. 

9 See p. 203. 
. 10 The violence of the explosion will depend upon the amount of pressure to which 
·the gas is subjected in the tube, and will vary therefore with the strength of the 
'match, the size of the tube in relation to the size of the match, and the resisting 
power of the tube to the explosive effects. 

11 See p.189, respecting the early employment of quick-match for the firing of 
guns. 



Packing and 
issue. 

Packing and 
issue. 

226 

placed inside a tube or cylinder of paper,l the internal diameter of which 
is the same as that of the miner's portfire.2 The ignition of any com. 
bustiblcs which it is not safe to approach, may be readily effected in 
the same way, the paper tube being made of the required length by 
fastening It number of lengths together 3 and pasting a piece of paper 
over the junction. 

A paper case with a piece of quick-match enclosed is known as a 
"leader" 4 or "pipe match."5 

It wouH be impossible to enumerate all the purposes for which quick. 
match. either" raw" or in the form of a "leader," is employed. There 
are ve~y few combustible stores into the mll1mfacture of which it does 
not enter in one form or the other; and as a "leader" it is useful under 
various circLllllstances indicated above; it is also' used at Purfleet to fire 
the mortar at proof of powdcr.G 

Quick-match is issued with siege equillments for such miscellaneous 
purposes as it may be required for. 

It is issued either in long packing or in metal-lined cases, and should 
be demanded by weight. 

The fullowing are the approximate lengths to a pound of each 
nature :-

10 thread, 280 feet 
6" 364" 
4" 544, 

2. Slow-match 7 consist5 of' hemp 8 slightly twisted,9 boiled in a ley 
of water and wood ashes 10 in the proportion of-

Wood ashes, 1 bushel. 
"\Yater, 50 gallons. 

This amount serveS for 100 Ibs. of yarn. 
Slow-match burns at tIle rate of 1 yard in 8 hours. It is used 

as a means of carrying fire for lighting portfires, or similar purposes. 
It is issued both foJ' lund 11 ltud sea service. 
Slow-match is issued loose in skeins or parts of skeins placed in a 

case with other stores. If a lnrge quantity is demanded it is issued in 
bales or casks. It should be demanded by weight; about 4 yards go to 
a pound. 

1 Linen and calico have been exceptionally.used. 
2 See p. 214. The same form is used in maki~g leaders. 
3 One end of ea.ch length of leader is slightly enlarged to permit the small end of 

another length entering it. 
4 'iYhence has been coined the verb to "lead," "leading" fireworks, &c., signifying 

in pyrotechny laying a " leader," as above desc:ribed, up to them. 
5 This term is now rarely used. 
6 A powerful tube would lenel ~,ome part of its force to projecting the shot, and it 

would be impossible to determine accurately how much projectile force was due to 
the tube a::'d how much to the powcler. Quick-match, on the other hand, forming, as 
before pomted out (see p. 189), a very weak tube does not sensibly augment the 
strength of the charge. 

7 Slow-match is not manufactured at the Royal Laboratory but at Chatham under 
the superintendence of the Store Department. ' 

8 Pure Russian hemp. 
9 The hemp is either spun loosely into yarn or slightly twisted. 

JO Carbonat.e of potash. Almost any salt would answer the purpose, the function 
of the salt bemg slo wly to propagate the heat from fibre to fibre; s~e p. 224, respecting 
the French slow·match, macle with a salt of lead (acetate of lead), and p. 224 respect
ing the original English slow-match, which was macle with saltpetre. vVood ashes are 
used on account of being cheap and readily procurable. 

11 By War Office Circular 8 (new series), § 114!l, the proportion of slow match in 
field siege, and garrison equipments wa$ diminished. 
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:i\IISCELI.,ANEOUS STORES CONNECTED WITH MEANS 
OF IGNITING CHARGE. 

The following stores are aU more or less intimately connected with 
the firing of the gun and the service of the vent: 

Lanyards. 
Tube {BOX. es. 

Pockets. 
Thumbsta,lls. 
Powder-horn. 
Portfire bucket. 

A description of the Life Buoy, with whieh the life buoy portfire is 
used, is also introduced. 

Lanyards. 
Lanyards for firing friction tubes 1 are of five sorts, viz. : 

(1.) Garrison service lRuyard, short. 
(2.) "" " long. 
(3.) Field" " 
( 4.) Naval" " short. 
(5.)" " " long. 

The (1) Garrison lanyard 2 (short) is ,made of white line,3 tarred, Lanyard, fric
and measures 7 feet 6 inches; 4 a hand loop 6 inches long is formed at tion.tubes, 
one end of the lanyard by an eye splice, the splice being co'n~red over, garnson 
or "hosed" with leather; 5 on to the opposite end of ihe line is spliced (short). 
an iron hook, whieh is browned; 6 to preve?t it fromrl1sting. The 
splice is hosed with leather ... ' ';' .. ";,;;",,,., ;." '. . 
- The (2) Garrison lanytiT,rd'l. {lo'i'!,g)" 4iffers trom the ordinary garrison ~nya~d, frlC: 

lanyard only in being 12 feet long. It is used for all guns of 9-inch tlOn t~2 i~l
calibre and upwards,-rifle and smooth-bore, and will supersede the ~~:g. 
ordinary garrison lanyard for future lU:tuufacture.8 . • 

The (3) Field service lanyard 9 differs from that for garrison service ~an~ar:, ~l~d 
only in being shorter.10 It measures 5 feet 4 inches. tlOn u e, ~ . 

The (4)' Jl.Taval Zamlal'd 11 (short) is made of untarred white linc 12 and ~anY!lrd, frlC-
d , tron tnbG, naval 

-------------.,--------------~-- (short). 
1 The lanyard for firing detonating tubes is now obsolete, consequent on the 

removal of these tubes from the list of service stores. 
~ Present patterDo, tarred line, approved 22nc1 Nove:nber 1862.-1Var Office Cir

cular, 815, para. 683. Before that date the Janyards were made of white line, not 
tarred. The change was proposed by Lieut,-Col. A. H. Graham, Royal Artillery; 
and by War Office Circular above quoted it was directed that" existing lanyards of 
" white line be tarred or soaked in corrosive sublimate hy military store officers when 
" necessary." 

3 "\Vhite line, lfl per dozen." , 
4 When finished, from the extreme eml of tlw loop to the point at which the hook is. 

attached. 
S Thin basil. 
6 The hook is browned by dipping it heated into linseed oil. 
7 Approved 23rd May lS66, War Office Circular 10 (new series), § 1257. 
S See Ibid. • 
9 Present pattern, tarred line, approved 22nd Nov. 18G2.-W'Zr Office Circular, 

815, para. 683. 
10 So long a l!/.nyard is evidently not required for field as for garrison service, on 

account of the difference in the height of the earriages. 
II Present pattern approved 18/10/60, War Office Circular, 665, para. 167. Before 

that date the hook was of a smaller and weaker cpnstruction. 
12 Same line as that for land service. 

15836. Q 
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is about 8 feet long; lone end is fitted 2 with a box-wood" toggle," or 
handle, about 2t inches long; on to the opposite end is spliced a stout 
iron hook,3 considerably thicker than that used for land service. The 
hook is browned and the splice hosed ill the usual way; about 15 
inches from the hook is whipped on to the lanyard a string loop 3 inches 
long, "for half cocking." 4 

Between the loop and the hook a small leather washer, or stop, runs 
on the lanyard, and prevents it from being pulled completely through 
the guide plate. This lanyard is for use with all smooth·bore guns 
except 100 and 150 prs. 

The (5) Naval lanyard (long) di:ffel's from the short navallanyard in 
being 9 feet 6 inches long, in being made of stouter line, and in the loop 
being fixed 24 inches from the hoole It is used for the 64-pl'. M.L. 
and all guns of 6 tons and over. The only smooth-bore guns with 
which this lanyard is used are the 100-pr. and 150-pr. 

Tube Boxes. 
Tube boxes are of three kinds-

(1.) Leather. I (2.) Tin. I (8.) Wood. 
Box, leather, The (1) Leather tube boxes are of two sizes, (a) small, (b) large. 
tube. The (a) small box 5 is a nearly rectangular leather 6 box, lined with 

stout untanned hide. 
The box is about 5 x 3 x 3 inches, the back being slightly hollowed 

out to fit the breeching loop. It is fitted with a leather lid, which is 
secured when closed by a brass hasp. At the back of the box is a 
leather loop, through which passes a short strap/ by means of which 
the· box is attached to the breeching loop or cascable.8 There is also a 
perpendicular leather thong with a hole in it, for buttoning on to the 
breech pin. There is no perforated plate in these boxes. 

. Leather tube boxes are used to contain quill friction tubes 9 when 
firing with the guns with which these tubes arc respectively used. 

They are issued to ships only, the supply being restricted to such 
guns as are not graduated upon the rear of the cascable. Eventually 
they will be superseded by the large box. 

The (6) large box lO is hollowed out on the lower side to fit the top 
of the cas cable, on to which the box is strapped when supplied with 

1 Finished. 
2 The lanyard is passed through the toggle and knotted. 
3 An increase in the size of this hook was the alteration effected 18/10/62. See 

p. 227,note 11. 
4 This expression is the one officially used, but it does not seem a very correct one, 

since the lanyard is not intended to be employed with a hammer. The operation 
designated" half cocking" consists in placing the loop over the guide plate, aftPI the 
tube has been placed in the vent, until the word" ready" is given, and by this means 
to avoid the accidental premature firing of the gun. Such an an'angement is ueces
sary on board ship, since the tube has to be placed. in the vent before the gun is 
" trained," to ensure no loss of time in firing; and it . would be unsafe to place the 
lanyard in the hand of the number who has to fire the gun, during the training, with
out making it impossible for a chance pull on his part, due perhaps to the rolling of 
the ship, or other causes, to fire the gun. 

s Suppliedbycontract; (approved 29th January 1858,57/24/267). The store of old 
patter? boxes, designated." leather-box 0.1'.," are not yet exhauoted. The 0.1'. boxes 
are stlll issued, b?,t as every day they are becoming more nearly obsolete, it is un
necessary to descrIbe them. When these O.P. boxes are used for friction tubes, the 
perforated plate with which they are fitted must be removed. 

6 Brown leather about . 1 inch thick. 
7 Can be demanded separ,ately. 
8 Termed" necklet" by the navy .. 
9 They were used to contain cross-headed tubes until these tubes became obsolete. 
10 Approvea 27th October 1866,57/24/4372. . 
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muzzle-loading guns. The lid is closed by means of a brass hasp. It 
is used for the same purpose as the small box, and has been intro'duced 
into the service for immediate use with all guns, the ends of the 
breeching loops, of which are graduated for the wood tangent scale, 
which graduation would be covered by the small box. Prospectively 
the large box will altogether supersede the small one in all supplies 
for the armament of vessels. 

The (2) Tin tube box is a rectangular tin box, about 4 X 4 X 3 Box, tin, tube. 
inches in size, with a lid secured with a hasp. On the back of the box 
are two tin loops for the re@eption of the leather belt,l by means ·of 
which the box is attached to a man's waist. 

The whole box is painted black inside and out. 
Tin tube boxes are used to contain 100 copper friction tubes for 

garrison service. They are supplied for garrison service only. 
(3) Wood tube boxes are of two sizes, "large" and" small." 2 They Boxwood tube. 

are wood packing cases with hinges and hasps, and painted white, to 
contain respectively 20 and 10 cylinders of quill friction tubes (with 
loops). The total number of tubes in a box being 2,000 and 1,000 
respectively, the boxes are issued for naval service only. 

Tube Pochet. 
Tube pockets 3 are only of one nature, viz., a brown leather pocket, :Pockets, tube. 

with flap lid and :rounded base, about 6 X 3 x 4 inches large.<Ir The 
lid is secured with a leather thong and button. On the back of the 
pocket are two loops for the reception of the belt 5 or strap by which 
it is attached to a man's waist. 

Leather tube pockets are issued for field and boat service only. 

Thumbstalls. 
Thumbst.alls are of two natures, viz., for land service and sea service. Thumbstalls. 

The land service thumbstallresembles . the thumb of a huge glove, 
mlJ,de of serge, and paddedtlnder the" ball" of the thumb with leather. 
There is a piece of string attached to the thumbstall for tying it on to 
the hand. 

The sea service thumbs tall 6 is made entirely of wash leather, with a 
leather strap and buckle to fasten it to the wrist. 

"Thumbstalls are worn to protect the thumb, which is pressed on the 
" vent whilst a piece is being loaded, in case the metal has become 
" heated by long-continued firing."7 The leather pad on the land 
service thumbs~ll is to wipe the fire away from the vent immediately 
before" serving" it. The land service thumbstall is no longer issued. 

Powder-horn. 
The powder-horn 8 is a bullock horn, about 12 inches in length. The :Powder-horn. 

larger end is closed by means of a wood top, in the centre of which is?< 

1 The belt can be demanded separately. 
2 This nomenclature was adopted 13/8/66, War Office Minute 61 (Laboratory), 2182. 

Up to that date the boxes .were called Sand 4. Nos. 1 and 2 were for detonating 
tubes, but wheu these tubes became obsolete the boxes of course became unnecessary 
and were abolished; it then became necessary to alter the nomenclature of 3 and 4. 

3 Manufactured in Royal Carriage Department. Present pattern approved 15th 
September 1865, War Office Circular 7 (new series), para. 1123. A pattern, dUl'ering 
from the present one only in depth of the. ends of the covel' had been approved 14th 
May 1862. 

4 The depth measurement, 4 inches, is taken at the deepest part of the pocket. 
S Can be demanded separately. 
6 Approved 30/9/67, 57/2/10386. 
7 Equipment of Artillery, 12. l16. 
8 Present pattern approved, 20th July 1865, War Office Circular 7 (new series), 

para. 1125. . 
Q 2 
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1101e, tapped for the reception of a screwed brass cap and wooden plug 
by which it is closed. T~rough th~s hole the powder i~ introduced: 
The small end of the horn IS fitted wIth a brass spout, havmg a thumb
spring, by which the horn is opened or closed. 

A line for suspending or carrying it is attached to thc bend of the 
horn l}y means of two eyes. 

The borns nre filled with powder, nuu are used for priming guns 
ntted with flint locks, where such exist, or with other guns where 
necessary. They are also sometimes used to intr9duce it little powder 
for the purpose of blowing out a rammer or projectile, which may have 
become jammed in the chnmber at drill or any other time.! These 
horns are nearly obsolete, but may be found at some few stations; and 
the Royal Artillery nre still instructed in their use.2 

Porijire Bucket. 
Buckets, port- There is only one portfire bucket in the service. It is a wooden in, 
nre. ·verted bucket, iron-hooped, and closed at both ends, with the exception 

of a circular hole in the upper (smaller) end. At one side of this hole 
is a portfire clipper. The barrel is painted a dark slate colour. 

Portfire buckets are used to cut off the lighted ends of portfires, and 
so to prevent the danger which might result from those ends being 
thrown unextinguished between the guns. 

The bucket is filled with water, into which the ends of pOl'tfire fall. 
Portfire buckets are issued only when specially demnuded for garrison 

service. 
Life B~tOy.3 

Buoys, night, The life buoy, with which the life buoy pOl'tfires 4 fire used, consists 
life. of two hollow spheres of copper (painted black 5) about 14 inches in 

diameter, at opposite ends of a horizontal rectangular wooderr hal', the 
distance apart of the two globes being about 20 inches; 6 a cylindrical 7 

hal' passes verticnlly through the centre of the other, the top of it, which 
is about 30 inches above the horizontal bar, being fitted with n brass 
socket, into which the stem of the pOl'tfire plate fits, and where it is 
secured by n screw. 

Inside the vertical bar is a brass "balance rod," weighted at the 
lower end with iron, and attached by means of a chain to a trigger bolt 
in the side of the ship. This chain also suspends the life buoy, which 
has no other support. 

The distance of the buoy from the side of the ship and the direction 
of its fuHare regulated by two brass rods fixed parallel to the ship's 
side, and at a sufficient distance from it to steer the buoy clem' of it. 

1 "If u shot jams in the bore," and cannot be removed by depressing the gun, 
" the cartridge must be drowned, and afterwards a small quantity of fine powder 
" introduceclby the vent and the shot blown out."-Manual (!f Artillery Exercil;8, p. 
145. It is particularly to be noticed that under no circumstances should the powder 
be introduced into the veut direct from the horn, as an accident under such circum
stances would probably be attended with serious consequeuces. Tlw powder must be 
pouredjrom the hom into the hand, and thence into the vent; the horn, wltich is, injact, 
to be regarded as a small magazine, being kept in the back ground. 

2 See Manual oj ktilleryExercise, p. 77, where "powder horn filled with L.G. 
" powder," is included among the stores. 

3 Hespecting the introduction of the buoy, see p. 217. Parts of these buoys are 
made in the Royal Laboratory, and other paJ;ts are procured by contract. 

4 Seep. 217. 
s ~)J'a:er;d to b~ paiuted black 2nd July le66: lV.O.C. 11 (N.S.), § 1324. 
6 This 16 the distance between the nearest pOlUts on the circumference of the two 

spheres; from centre to centre they are about 34 inches. 
7 Or nearly so, the bar being slightly tapered. 
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The buoy is protected externally by guard irons, which surround it at 
a short distance. 

The portfire is protected from the effects of damp, &e. by a gun
metal cover fixed l)ermanently to the ship's sitie, immediately over the 
portfire. It is to this cover that one end of the lanyard is fixed. 

The trigger bolt, to which the chain by which the buoy is suspended 
is attached, is connected by a line, or "pulley," with a brass knob inside 
the ship. 

When the knob is pulled, the trigger bolt is released, the chain be
comes detached, and the buoy falls away, the balance-rod shooting out 
at the same time, and keeping the buoy in an upright position in the 
water. As the buoy falls away the portfire becomes ignited.1 

These life buoys are issued to the Royal Navy, buoy and appurtenances 
complete, with a proportion of spare portfires ; 2 or, on demand, ::my of 
the parts of the apparatus, enumerated in the following list,3 are 
supplied: 

Buoy, only. 
Bolts, trigger. 
Caps, brass. 
C 4 {Plate. 

over, Portfire. 
I r Guard. 

rons, 1 Guide. 
Knobs. 
Lanyards with hooks. 
Port.fires, fixed to plates. 
Plllleys. 
R 'I { Ell-lance. 

oc s, B l'd' rass s l' JUg. 
ScutcheQns, ,br~s. 
Sci-ew;;, iron. 
Sockets, brass. 

S'ubdi'vision (b.)-},[eans of ,igniting the Bunting Oha1'ge. 
The bursting charge of a shell is ignited by means of a fuze 5 so con- F~es. 

trived as to effect its ignition at any particular moment during its HIstory. 
flight, or upon or after impaet.6 

I Seep, 219. 
2 Ten portfires to each buoy. 
3 List of Stores manufactured in Royal Laborat01'Y, p, 82, 
4 The plates are procured by contract, but the portfires are Royal Laboratory 

manufacture. 
S I am indebted to Professor Max Milller for the following derivation of the word 

" fuze" :-" Fuze and fuzee seem to be varieties of the same word, and from it comes 
" the French wordfuseau, a spindle, and fusee, what is twisted round a spindle. The 
" same wordfusee is in French transfen'ed to the small cylinder which contains the 
" explosive substance in fireworks; shells, or, strictly speaking, fuze, would go back 
" to the Latinfustls, spindle; fusee to a medireval Latin form j'usata, what is twisted 
" round a spindle. But I suppose the distinction between the two words is due to the 
" technical writings of military men. The French fusil comes from quite a different 
" source-from Latin focns, used in the sense of fire (fuoco, feu), f~om which, as 
"' adjective,facile, fire arm." 

6 "The fuze is the soul, the ground work, of any system of explosive projectile. It 
"is the criterion of the system; and, indeecl, what is a shell fired with a fuze not , 
" fulfilling the required condition of determining the bursting of the projectile at tl~e 
J< precise point in its trajectory which will best suit the intended purpose? It!s 
" inferior to a solid shot, because the latter is cheaper and less dangerous to keep III 

" store; and this applies more strictly to shrapnel. ,The untimely explosion of p:'oj ec
" tiles may accidentally render some service, but in cases like those under consld'"ra
" tion we never ought to rely for efficie)lcyon accidental occmrences."-Tlw Shrapnel 
Shell in England and Belgium, p. 15.. . 
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Although shells of a rude and imperfect sort are said to have been 
used as early as the 14th century, and were no doubt employed as early 
as the 15th· century, "it seems certain that they did not come into 
" general use ... until about the beginning of the 17th century;" 1 
and we can hardly expect, therefore, to find much mention of fuzes 
until about that date. 

Probably the earliest shells had some arrangement corresponding to 
a fuze for igniting their bursting charge; but what this arrangement 
was we can only conjecture. The only description of a fuze in use in 
the 14th and 15th centuries which I have been able to find is one, 
which occurs in Gibbon's Artillerist's Manual and Thiroux's Instruc
tion d'A?·tille1·ie, of un iron fuze said to have been used in 1421 at the' 
siege of St. Boniface in Corsica. This fuze is spoken of as " a sheet 
" iron tube enclosing the priming, and riveted to one of the hemispheres 
" of the shel1."2 

But in the second half of the 16th century we come across severa,l 
sorts of fuzes, the rudest of which appear to have been hand grena,des, 
three parts filled with powder, and the remaining space with a mix
ture of mealed powder and sulphur, to which the fire was to be applied 
and so conducted to the bursting charge; 3 this mixture of mealed 
powder and sulphur evidently answering to the fuze of the grenade. 

Schafftenberg describes with sufficient accuracy the fuzes which were 
employed at that period for incendiary and other shells then coming 
into more general use. These fuzes seem to have been made of cast 
iron, cylindrical in form, generally about the diameter of a finger, in 
some cases larger, and of different lengths; and they were driven with 
a composition of saltpetre, sulphur, and mealed powder.4 But perhaps 
the application of these ancient fuzes· is of more consequence than the 
details of their construction, in which, however, it is evident they 
resembled very closely the fuzes which were used in the British 
service until about 15 years ago, and which are employed by some 
foreign artilleries to this day. 

The fuzes of the 16th century, although, of course, intended to com
municate fire to the bursting charge of the projectile, differed mate
rially in the manner of their application fl.·om the fuzes now in use. In 
the 16th century artillerists were ignorant of the fact that the flame 
from the charge would ignite the fuze if placed towards the muzzle 
and in consequence they had recourse to some rude devices for igniting 
the fuze and charge separately.5 In some cases the fuze was placed 
away from the charge, as at present, and the gunner lighted it before 
firing the charge; 6 in other cases the fuze was turned towards the 
ch~rg~, and the same fire which was applied to fire the gun was supposed 
to Igmte the fuze.7 

G.uns and .mortars c0l1tinued to be fired after a clumsy and dangerous 
f~shlOn of tIllS sort, slightly varied according to circumstances, for some 
tlme;8 and although there is good reason to believe that the present 

1 See page 23. 
2 Gibbon's-Artillerist's Manual, p. 156; Instruction d'Artillerie, p. 283. ! Le Passe et l'Avenir d'Artilierie, vol. iii., pp. 260,272. 

Ibid., p. 274-279. 
• Distinguished from the present plan by being called" tir il deux feux." 
6 Le Passe et I'Avenir, &,c., vol. iii., p. 274-276. 

" 7 :' Alors, I~ ~;U mis. it la lumiere de la piece se communique au tube du boulet, qui 
brUle en I alr. --Ib,d., p. 276. See following note. 
a,The !lut??r of the Great Art of Artillery, writing in 1649, describes two or thr~e 

ways of 19mtmg the fuze. One is to place between the charge and the projectile a 
:flnted or perforated wood tompion, the fluting or perforations of which were filled 
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method of placing the fuze towards the muzzle, and allowing the flash 
from the charge to ignite it, was actually practised as early as the first 
half of the 17th century,! it is almost certain that this plan was scarcely 
understood,2 and that it did not become by any means general until about 
the middle of the 18th century.3 .From that time, however, time fuzes 
have always been ignited by "a single fire;" and as wood fuzes had 
been introduced about a century before this 4 the system of time fuzes 
which was in vogue in this country until the introduction of the Boxer 
system of fuzes, and which, indeed, is still employed in other countries, 
may be said to date directly from the early part of the last century.5 

How the old fuzes were prepared to burn the required time does not 
appear; whether by boring, or cutting off, or otherwise. It is not 
improbable that they were allowed to burn their full time, like our 
present hand grenade f~ze ; 6 or, if regulated at all, the difference in the 

with mealed powder, which became ignited by the flash of the discharge, and commu
nicated the fire to the fuze. Another plan, "much the more dangerous of the two," 
was to place the fuze next the charge, with a perforated tom pion between the two, the 
fuze being in the hole in the tompion. He also describes the method above referred 
to of lighting the fuze before firing the charge (pp. 231,232). Another plan is 
described at page 241 as a great improvement, viz., by making the gun with two vents 
or touch holes, "one of which descends obliquely into the chamber where the powder 

." is, and the other perpendicularly upon the grenado, by which the fire is corrveyed 
"to light a kind of quick-match with which the grenado and its fuze are coated all 
" round, to the end that whilst the powder is taking fire the grenado may be in readi
" ness to depart, and only wait for the motion which is to be given by the flash of 
"the gnn." 

1 This plan is described in the Great Art qf Artillery, p. 241 : "The bottom of 
" this grenado shall be turned inwards, or towards the powder in the gun, and conse
" quently its fuze must be directed outwards towards the muzzle of it. Though the 
" grenado be fixed in this posture you need not fear its being fired before· it getsollt 
" of the piece, for being agitated. by the:tl.ash of the powder, ,it mast ia its ._~~ion 
"through the chase of the gun be turned and whirled round several times before it 
" can reach the muzzle; therefore it will be impossible for it to miss taking fire from 
" the flash, which wraps itself round it by turns." 

2 The description given in the above note seems to imply that the writer was 
unacquainted with the fact that the lighting of the fuze probably takes place instanta· 
neously on the firing of the charge; he seemed rather to suppose that it took place 
during the" excursion of the shell through the chase of the gun," and that if the shell 
did not turn and whirl several times in the bore ignition would not take place. 

3 The author of Le Passe et 7: Avenir claims for his countrymen the credit of having 
first introduced" le tir a un seul feu," in 1747 ; and there seems to be little doubt 
that it became general about this time. But that the merit of the discovery that. fuzes 
could be thus ignited belongs to the Freuch is doubtful. It has been shown above 
that it had been practised, not in Frauce, but in Poland, abont a century before the 
French claim to have introduced it; and Major Miller says it had been practised in 
England long before 1766, the date which is assigned for its introduction into France. 
-Equipment of Artillery, p. 10l. 

4 "La fusee en bois fut employee dans les Proviuces Unies des Pays-Bas, pour les 
"projectiles creux explosis, des les premieres annres du xv:iic siecle."-Le Passe ilt 
l' Avenir, vol. iii., p. 321. 

Simienowicz (l649) also describes wooden fuzes, p. 212. 
5 Even the ingredients used were the same, though the proportions differed. In the 

Great Art of A,·tillery, p. 211, four different fuze compositious are given; they all 
contain the same ingredients as our present fuze composition, and no others, and the 
method of priming the fuzes was much the same. 
." .This concavity must be filled with powder fiuely mealed, which must be moistened 
"with a little gum or glue water, that it may stick together the clorer."..,....Ibid., 
p.21I. 

6 I find that the length of the fuze bore a certain proportion to the diameter of the 
grenado (the Great Art of Artillery, p. 211, says ~wo thirds): Thus each shell must 
have had its own fuze, the length and time of burning of which was doubtless propor
tional to the ordinary range of the projectile. Morellver, the adoption of iron fazes 
originally would go to prove that the fuzes were not prepared by cutting to length. 
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time of burning was perhaps effected by using compositions which 
burned at different rates,l 

No doubt, however, the ancient fuzes kll'nt with much less regularity 
and certainty 2 than those now in use. The method of preparing 
driving, and proving3 the composition was F;:c,b:tbly much ruder than at 
present; and the burning of fuzes; it is now well known, is materially 
affected by the care and exactne~s with which these different operations 
are performed. Little by little improvements were effected, until, about 
the close of the last centney, time fuzes were, as was then considered 
brought to perfection.4 That the system was in reality very far fro~ 
perfect will presently appear; 5 nevertheless, it Imc1 so far impl'oved that 
fuzes burnt at a certain known rate, and could be prepared hy cuttinO' 
or boring for any required time of flight. 0 

Between 1829 and 1832,6 when sholls and shell guns first became 
general in the navy, gun metal time fuzes recommended by General 
Miller 7 were auopted for all filled naval shells, for reasons set forth 
at length hereafter; 8 and they have «ince been retained for naval use, 
although tho subsequent introdnetion and general use of percussion 
fuzes has materially altered the circumstances of the case.n They are 
now, however, gradually being superseded by the Boxer wood time 
fuzes.10 It would be almost impossible to trace accurately the various 

In some cases, also, we find the fuzes fixed to and 'forming part of the shell. Such 
fuzes could therefore scarcely have been prepared to time in any way. 

There is a passage in the Great Art of Artillery, p. 224, which seems to show that 
fuzes were prepared by boring:-" But the whole mystery is to know of what dimen .. 
" sions to bore tbe fuzes, for there is a certain limited time at the period of which the 
"grenado is to perform its effects." But judging from the context, I should be 
inclined to think that the author refers to the original boring of the composition 
channel during the manufacture of the fuze, and not boring into the composition itself 
to prepare it for a given time of flight. The" whole mystery" is, unfortunately, 
not explained. 

1 Thus we have, as before stated (p. 233, note 5), four different fuze composition 
given in the G"eat Art of A,·tillery, the ingredients of all of which were the same, 
but the proportions different, and the rates of burning of which must therefore have 
varied accordingly. 

~ In the Great Art of A,·tillery instructions are given for the preparation of a fuze, 
with threads of quick-match stuck about it here and there, " for fear the fuze should 
" unluckily go out by the violence of the wind during the flight of the bomb."-p. 225. 

3 Instead of proving compositions by burning them carefully to time, as at present, 
with a stop-clock beating tenths of seconds, we find among the instructions for proof, 
in the 17th century, one that the compositions (of" fire balls" in this case, but doubt
less the same rude method was generally practised) should burn "during the time 
" you can rehearse the Apostles' Creed."-Great Art of Artille,y, p. 488. 

4 Experiences sur Zes S/",(Ipnels, p. 44. 
5 See advantages resulting from introduction of Boxer fuzes, p. 240, where the 

defects of the old system are set forth. 
a It seems that metal fuzes were at first only adopted for filled shells, and the Rrst 

ship thus fitted out was the" Talavera," in 1829, which carried 20 filled shells per 
gun, these shells being fitted witb metal fuzes. 

In 1832 (by Board's letter 5th November 1832, a/1l32) the Admiralty signified 
their approval of filled shells with metal fuzes being issued to such ships as had 68-pr. 
carronades and shell guns, with available storage. This, in fact, marks the first 
general adoption of metal fuzes. 

7 Experiments in Her Majesty's ship "Excellent," p. 13. 
S See p. 263 and Appendix L., p. 379, where the relative advantages of metal 

and wooden fuzes are considered. 
D See AppendixL.,p. 379. 
10 Ultimately, when enough Boxer fuzes and adapters have been made, the metal 

time fuzes will entirely disappear. See W.O.C. 10 (New Series), § 1236. .Also 
75 

W.O. Minute 5th July i66. 12 
2852 
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slight changes made from time to time in the service fuzes, wood and 
metal; and since no change of It material or important character was 
effected until 1850 it would be profitless to do so. 

At that date there would appear to have been in our service no less 
than 19 time fuzes of different sorts, viz., 16 wood and 3 metal. The 
16 wood time fuzes were as follows :-10 shrapnel fuzes, i.e., an 8-inch 
shrapnel fuze for use with the higher natures of these shells; a [-it-inch 
shrapnel fuze, uncut; the same cut or bored to different lengths, from 
'1 inch to . 7 inch, and lettered as foHows : A='I inch, B=' 2 inch, 
C='3 inch, D= '4illCh, E='5 inch F='6 inch, G= '7inch, one inch 
not lettered.1 

There were five mortar and common fuzes, viz., 13-inch, IO-inch, 
8-inch, 5!-incb, and 4i-inch, the 5t-inch being used for aU common 
shell up to the 24-pr. inclusive, and with some 32·pr. shells; the 8-inch 
being used with those 32-prs. which did not take the 5i-inch, and with 
the 42 and 56-pl'. and 8·inch shclls; and the 10 and 13-inch being used 
with the shells of those calibres respectively. 

There was also a wooden hand grenade fuze. 
The three metal time fuzes were designated respectively according to 

the lengths of composition which they contained, 4-inch, 3:incll, and 
2-inch (" short range") ; the latter was a mealed powder fuze.2 

The whole of these fuzes were prepared by cutting to length or by 
boring into the composition from the bottom, and in the whole of them 
the composition was thus unsupported at -the bottom. 

In 1849 3 Colonel Boxer submitted a fuze of a new construction, in 
which the composition was supported at the bottom, and the preparation 
of which consisted' in bol'ing through a hole at the side into the fuza 
composition. These fuzes were designed principally with a view to 
remedying the defect of premature explosions to which the service 
shrapnel shell were found to' he liable;' and whkh' CoJonelBoxer con
ceived to arise from" the setting in of the fuze composition caused by 
" its inertia, together with the concussion of the air, both tending to 
" cause the same effect at the time of the explosion of the powder." " 

These fuzes were submitted to a number of" severe trials in practice, 
" both with spherical case shot and with common shell, in the marshes 
" at VIT oolwich and Shoeburyness, at varieties of ranges, and with full 
".service charges from 24-pr., 32-pr., and 8-inch guns." 5 The result of 
ihese trials were so satisfactory as to induce the Committee to recom
mend (in 1850)6 the adoption of t1lis pattern fuze" for shells discharged 

1 "Fuzes of eight descriptions are sent on service, which are marked on the tangent 
"scales of guns, and lettered, as well as the fuzes and the cases in which they are 
" packed!'-A Course of Practical Instr1,ction carried on at Woolwich between August 
1821 and July 1822, p. 37. 

2 I have gathered the above account of the service fuzes at the time of the 
introduction of the Boxer system from various works and manuscripts, and from 
hearsay. The metal fuzes are described in Naval Gunnery, pp. 317-320, and I 
have every reason to believe that it is perfectly correct; but these H) fuzes represent 
a state of things greatly D-nproved on that which had gone before. In 1819 it would 
seem, from a memorandum in an olel mauuscript work lent me by General Lefroy 
that of bored (shrapnel) fuzes alone there were 21 different varieties, exclusive of" a 
mea1ed powder and unbored fuze," and exclusive, probably (for this memorandum 
seems to refer to shrapnel fuzes only), of the common, mortar, and hand grenade 
fuzes. See p. 241, note 3, respecting various propositions made, from time to time, 
with a view to reducing the number offuzes. 

3 27th April 1849. Synopsis, Ordnance Select Committee Reports, Shrapnel Shells, 
p.66. 

4 Ibid., p. 66. 5 Ibid., p. 78. 
o 20th August 1850. Ibid., p. 78. 
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" from guns and howitzers, the fuzes for shells from mortars remaining 
" as at present established." This recommendation was approved, and 
the fuzes adopted the same year,1 

These fuzes, although resembling in principle the present service 
fuzes differed from them in several points of detail, chief among which 
may be named, the being made on a straighter cone, the different me
thod of priming, the having only one powder channel, one row of side 
holes (which read ih·ths of an inch), thus necessitating two fuzes for 
each shell, one reading even, the other odd-tenths, the composition bore 
being concentric, the fuze being capped with paper, the caps being 
painted black for even-tenth fuzes and white for odd-tenth fuzes. It was 
not until 1852,2 that Colonel Boxer proposed any material alteration 
in the details of his.fuzes, but in that year he advocated the employ
ment of two powder channels and two rows of side holes instead of oue, 
the side holes reading odd and even tenths respectively, thus diminish
ing by one half the number necessary for each 8he11.3 Some other 
slight alterations were made in this fuze, and the composition bore was 
placed eccentrically, "to leave as much wood as possible between the 
" side channels and the composition in the fuze." 4 The fuze was also 
made with a projecting head.5 

Further alterations were subsequently made. In 1853, with a view 
to affording support to the powder in the channels, pieces of quick
match were placed in the bottom side holes (one of which, the bottom 
hole, was bored completely through into the composition),e and later 
in .the same year both the bottom side holes were bored into the com
position, an additional hole being added to permit of this being done 
without shortening the time of bur.l1ing of the fuze.7 

All these fuzes, and the Boxer fuzes originally approved had putty 
in the side holes, instead of clay as at present; S they were also some
what differently primed to those now in use, a piece of match being 
tieq. in by catgut, and the sides of the cup being" slightly rubbed OVer 
" with mealed powder damped with spirits of' wine;" 9 but they all 
had a hole bored into the composition at the top, to secure ignition, 
and this simple though great improvement may be considered as a dis
tinctiveand very important feature of the Boxer fuzes as compared 
with those which they superseded,lo 

A few slight changes were made in the met.}lOd of priming in August 
18~3, when Colonel Box.ar proposed" painting over t.he whole interior 
"of the cap with maaled powder damped with spirits of wine," in an 
almostliqtiid state, this operation being performed before the drilling 
of the hole into the composition, instead of after, the diameter of the 

1 Approved 2d September 1850. Ibid., p. 78, and Account qf Alterations and 
Additions in Ordnance, &,c., 1st September 1851, par. 3. . .. 

~ .21Bt August 1852. Synopsis, Ordnance Select Committee Report, Shra:pncl Shell, 
p. 81. 

3lbid., p. 81. 4 Ibid., p. 194. 
-See drawing given, Ibid., p. 136. 
6 Ibid., pp. 131, 139. Respecting the great importance of this quick-match,. see 

p.252. .. 
7 Synopsis, Ordnance Select Cornrnittee Reports, Shrapnel Shells, p. 132. For further 

explanation respecting this additi<wal hole, see p. 253, note 1. 
8 Ibid., p. 139. . 9 Ibid., p. 139. 
10 The Synopsis, Ordnance Select Committee Reports, teems with testimonies to the 

very great efficiency of this hole, pp. 115, 117, 123, 124, and 150, &c.; indeed so 
great an improvement was it considered that existing fuzes were ordered to have. the 
priming pierced, or if necessary the composition drilled into to secure their ignitio'n. 
Ibid., pp. 121 to 124; also 127, 1"28. ' 
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hole also being slightly increased from one-tenth to one-eighth of an 
inch.! 

This plan seems to have been successful,2 and in December 1853 a 
the ComJrdttee recommE'nded the adoption of "Boxer's fuzes with two 
" channels and one inch of composition for all shrapnel shells, and 
" Boxer's fuzes with two channels and two inches of composition for all 
" common shells, to be fired from guns and howitzers." 4 The recom,· 
melldation was approved, and the fuzes in question introduced into the 
service early in 1854.5 A further alteration was made in March of the 
same year,6 on the suggestion of Colonel Boxer, viz., the removal of 
the" projecting head of his fuzes for shrapnel and !)ommon shells," to 
render them less liable to be knocked out on ricochet.7 

In spite of the success which had so far attended the use of the 
Boxer fuzes, they seem to have been open to the objection of irregu
larity of burning, for which no satisfactory explanation could be offered 
until the experiments during the summer of 1854 "led to the discovery, 
" by Captain Boxer, that the grease with which the instruments used 
" for boring were touched, in the manufacture of his fuzes was com
" municated to the wood, and ultimately to the fuze composition, in
" creasing its time of burning, and otherwise affecting its efficiency;" 8 

consequently all wood fuzes were directed to be prepared for the future 
with dry bits, and the irregularity in their times of burning was thus 
remedied.9 

The removal of the projecting head of the fuzes in March 1854,10 gave 
rise to a difficulty which had not been foreseen, viz., that when fired 
with high charges, the fuzes were liable to be set into the shell by the 
shock of the discharge, thereby causing premature explosion. And if 
new fuzes, made accurately to gauge, were liable to this, to how much 
greater an extent would the defect beapparentinfpzes which, ,from the 
effects of .climate, &C., had shrunk considerably. Moreover, it is con
ceivable that in some cases a very straight coned fuze, such as those 
at that time in the service, might be so much shrunk as to be too 
small for the fuze hole altogether,ll and others so much swollen as to. be 
altogether too large. 

As a remedy for these defects Colonel Boxer recommended in 1855 12 
increasing the angle of the cone for all common,13 shrapncl,14 and mortar 15 
fuzes. This recommendation was endorsed by the Committee,16 who at 

1 Synopsis, Ordnance Select Committee Reports, Shrapnel Shells, p. 143. 
2 Ibid., p. 150. 
321 December 1853. Ibid., p. 195. 
4 Ibid., 1'. 195. 
58th February 1854. Account of Alterations and Additions in Ordnance &"c., 31st 

January 1855, clause 28, par. 3. The Synopsis, p. 197, gives the date of the approval 
as 17th February 1854. 

6 16th March 1854, Ibid., p. 201. 
7 Ibid., p. 201. 
S Ibid., p. 219. "This discovery," the memorandum continues, "is particularly 

" valuable, as it also accounts for the defects in rocket fuzes, which have for many 
" years been prepared in a similar manner, and have been injured by, a .similar 
" caus'e.'" ' 

9 "This defect in all wood fuzes has now been remedied by the disuse of grease." 
Synopsis, Ordnance Select Committee Report, p. 219. 

JO See text above. 
11 I have heard it stated by officers that such has frequently been the case in India. 
12 11th May 1855, Synopsis, Ordnance Select Committee Report, p. 227. 1. Ibid., p.227. 14 Ibid., p. 228. J5 Ibid., p. 228. 16 Ibid., p. 231. 
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the same time recommended the adoption of" metal fuze caps for alI 
" wood fuzes (shrapnel, common, and mortar)." 1 These alterations 
were approved, and on the 18th August 1855 2 the" large cone" with 
metal cap was officially introduced. No materialS alterations have 
been made in the fuzes since that date, which may therefore be i'ecrarded 
as the date upon which the present service common and shrapnel fuzes 
were finally adopted. 

The first mortar fuze on the Boxer' principle was a "small cone" , 
fuze, adopted 27th January 1855 ; 4 but the enlargement of the cone 
was extended' to the mortar, as to the common and shrapnel fuzes, in 
the August of the same year; 5 and, as ha~ been str.ted, metal fuze caps 
were adopted for these fuzes at the same tIme. 

We have thus the common, shrapnel, and large mortar fuzes of the 
present pattern bearing the sn,me date, viz., 18th August 1855. 

The small mortar fuze appears to hlwe been adopted about the same 
time as the large mortar fuze,6 and was at first made with the small 
cone; subsequently t.he cone was enlarged, uniform with that of the 
other fuzes. 

The hand grenade fuze underwent no alteration. 
The origin1tl parachute light fuze (It inch composition) does not 

appear to havc been ever officially introduced; but when the pattern of 
the parachute light was altered in 1866 the present pattern fuzes for 
that projectile were also approved.7 

The Manby fuze was adopted at the same time as the Manby shot, 
viz. about 1859 or 1860,8 but no official approval of the fuze is to be 
found until 1862.9 An alteration was effected in thiS' fuze in 1864,10 
when the present pattern with paper lining was introduced. 

The Boxer naval metal time fuze, 20 seconds and 7t seconds, were 
not introduced until 1857. The Admiralty recommended their adoption 
towards the close of 1856 and early in 1857.11 The recommendation 

1 11th May 1855, Synopsis, Ordnance Select Committee Report, p. 231. 
2 Account if Alterations and Additions in Ordnance, &"c., ~c., 22nd October 1855, 

par. 21. The Synopsis contains no notification of the approval of the Committee's 
suggestions. 

3 Some minor alterations in details, such as the painting of the interior of the metal 
caps with an anti-corrosive, have been made, but substantially the fuze remains as 
then approved. 

4 Account if Alterations and Additions in Ordnance, &"c" &"c" 31st January 1855, 
clause 29, par. xi. 

Some of the old pattern mortar fuzes in the Crimea were prepared by boring into 
the composition at the side, instead of sawing them according to a suggestion of Col. 
Boxer, notified by telegram by authority of Secretary of State, to the officer com
manding the Royal Artillery in the Crimea. 

5 18th August 1855. 
6 I have not discovered any formal autllOrity for the introduction of the small mortar 

fuze, but perhaps it was intended to be included in the approval of the other mortar 
fuze. However, it certainly must have been introduced about the same time, for I 
find that the first issues for service bear date 16th April 1855 (with" small cone,") 
and 24th September 1855 (with" large cone") in both cases to battering trains for 
the Crimea. 

7 Fuzes approved 2nd' January 1866 vVar Office Circular 9 (new series), § 1199. 
In the same year a fhrther slight alteration was made in the 8" and 5~" parachute 
fuzes; but no fresh pattern was approved. 

8 See p. 94. 
9 25th August 1862, War Office Circular 793, par. 633. 
)o.14th February 1864, War Office Circular, No.1 (new series), par. 875. 
II 21st January 1857, 6132 N. 
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was communicated to the Superintendent Royal Laboratories, who 
regarded the letter in question as conveying authority for their adoption, 
at any rate for that of the .20 seconds fuze.1 Indeed, t~e same .impres
sion seems to have prevaIled generally, for the authonty of thlS letter 
is quoted in the official list of changes signed by the Director General 
of Artillery; which appeared a few months later, in which the intro
duction of the fuze is notified.2 

It appeared, however, that this letter was not intended to convey 
absolute authority for the introduction of the fuze,3 although practically 
its introduction must he assigned to this date.4 

The 7t seconds fuze was not approved until the following year.5 

Both these fuzes were at first made of very much smaller diameter 
than at present, with a left handed body thread, and with a right 
handed neck thread. The shoulder of the fuzes was also rather diffe
rently shaped, being made square instead of round.6 

But towards the close of 1858,7 they were ordered to be assimilated 
in gauge, and direction of body thread to the Moorsom fuzes, of which 
large numbers were then in the service. The neck thread was also 
necessarily 8 changed from right to left, and th,e present rounded form 
of shoulder was adopted. 

The following year the formal authority for the adoption of the 
20 seconds fuze was promulgated.9 The 9 seconds fuze for M.L. ord
nance was approved in 1866 10 for immediate use with certain M.L. 
rifled shell, and with a view to the prospective supersession of the 7t 
seconds wetal time fuze for naval spherical shell.H Similarly the 20 
seconds M.L. fuze, approved 1867,12 will ultimately take the place of the 
20 seconds met.al time fuze. The introduction of these fuzes seals the 
ultimate fate of metal time fuzes.13 

Having traced the history of the introduction of the present serv"ice 
time fuzes, it is desirable to notice categorically the advantages which 

1 Letter from Col. Boxer to Capt. Caffin, R.N., 27 October 1857. 
2 List qr Alterations and Additions in Ordnance, (fe, &"e., 31st May 1857, par. 7. 

"Metal fuze for naval service. Proposed by Capt. Boxer, R. A., ordered 21st Jann
" ary 1857, 6132 N." 

3 War O./Jice Letter, i6th November 1857, 75/T/II. 
4 "l'ractically," because, although the fuzes were still experimented with by the 

Ordnance Select Committee, they seem to have been manufactured for service, and I 
find that they were issued f1'om the Royal Laboratory for service in China as earlY as 
the 11th February 1857. • 

5 22nd February 1858, Royal Artillery General Regimental Ol'ders 402, 16th June 
1859, pal'. 17. 

6 Some of the first fuzes also had wood instead of paper linings, but I am inclined 
to think no service fuzes were. wood lined. YV ood was found to be liable to warp and 
split, and the1'e is a note to this effect in a 1\1 S. boor{ of Department experiments in 
the office of the Captain Instructor Royal Laboratory, p. 13. -

79th September 1858, Royal Artillery General Regimental Orders, 402, 16th June 
1859, par, 17. 

8 " Necessarily," because it is requisite for the neck thread of these fuzes to run in 
the opposite direc,tion to the body thread (for reasons, see p, 259, note 3), which had 
thus been made l'lght handed. 

9 11th April 1859, 75/7/82. TIle Royal Artillery Geneml Regimental Orders 415, 
31st DeceIl).ber 1859, par. 5, gives the authority as 1st April, but the letter in the 
Royal Laboratory Office bears date II th April. 

10 26th June 1866, War Office Circular (new series), § 1236. 
11 War Office Letter, 5th June 1866, 75/12/2852. 
12 7/6/67.-W.O. Letter, 3/7/67, 75/12/1742. 
13 Se; Appendix. L., p .. 379. The ~xisting store, however, is so large that practical1y 

metal t1me fuzes wlll be 1Il the serVlCe for many years; bllt no more will be manu
factured. 
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recommended the introduction of the Boxer system 0 fuzes, and which 
resulted from their adoption. 

The advantages are as follows :-
1st. Freedom from premature explosions, resulting from the setting 

down of the burning composition into the shell on the shock of the 
discharge. In the fuzes which Colonel Boxer's superseded, the com
position being unsupport.ed .at the bottom, was li~ble to this defect,l 
especially when the shrmking of the wood, whICh frequently took 
place, deprived the composition of the support of the sides.2 . 

2nd. Greater regularity of burning, owing to the support afforded 
to the fuze composition. It is quite conceivable that in many cases 
where the shock of discharge was insufficient to set the unsnpported 
composition into the shell it caused great disturbance in the com
position, loosening or cracking it and causing premature and uncertain 
bursts.s 

3rd. Greater safety in their preparatiIJn.-The old fuzes were pre~ 
pared either by boring out the superfluous composition or by sawing off 
the end of the fuze to the required length. Both these operations are 
obviously attended with greater danger 4 than the simple one of boring 
a small hole through the side to the composition. 

4th. The preparation ofthefuze was greatly simplified and shortened. 
-There can be little doubt that the preparation of the Boxer fuzes is 

1 S~e passage p. 235, quoted from Synopsis Ordnance Select Committee Report, ~c., 
1>. 66. 

2 The extent to which the wood sometimes shrllIlk away from the composition and 
left it without any support may be inferred from the fact that among the directions 
issued from the Hoyal Laboratory in 1853, for the examination of wood fuzes in store, 
is the following:-" Ascertain the state of the composition; that it is not damp or 
..... unsound, that it has not separated from the wood, and, further, prove that it adheres 
.. finnly to it by striking the fuze sharply, and by endeavouring to push the composition 
" through thejuze."-Ibid., p. 122. 

The reports made by the officers who first used the Boxer fuzes in the Crimea bear 
testimony to their superiority in this respect. Capt. Turner says-" Not a single 
" instance has occurred in my battery of a shell bursting at the muzzle or short of 
" what it was bored for." Capt. Pennycuick says-" The fuzes are admirable, as 
" they never burst at the muzzle of the gun, as the common fuze frequently did." 
Capt. Morris says-" Their general accuracy admits of no question as to their supe· 
". rio:nty over the old fuze," an opinion in which Col. Lake "perfectly agreed." 
Capt. Pipon says-" The Boxer fuzes answered admirably .... not one having 
.. burst at the muzzle of the gun." Capt. Wodehouse says-" I do not think that 
<c anyone of these shells has burst at the muzzle of the gun," and he also bears 
testimony to their invariable accuracy.-Ibid., pp. 215 to 217. 

It must not be supposed that the introduction of the Boxer system entirely and 
iinally got rid of premature explosions, for it is quite conceivable that in case of the 
wood of one of these fuzes shrinking away from the conlposition, which it is of course 
liable to do, though not to the same extent as in the old fuzes which were less pro
tected from atmospheric influences, the flame might flash instantaneously down the 
cavity thus formed and pass through the bored hole, or the two bottom side holes 
into the shell; but the introduction of the Boxer system entirely got rid of premature 
explosions arising from a very fruitful cause, viz. "the setting down of the burning 
" composition into the shell on the shock of the discharge." 

3 "There are other causes to which premature bursts have sometimes been attri
" buted . . . . the disturbance of the composition in short fuzes by the force of the 
" charge."-Synopsis, Ordnance Select Committee Report, &,0., p. 84. See testimony 
of officers commanding batteries in the Crimea, quoted in the prtlceding note, to 
superior accuracy of this Boxer fuze. 

4 The old naval fuzes had to be sawn into through the metal, an operation so 
dangerous that it was not allowed. to be carried on in' the neighbourhood of any 
explosive material.-Col. Boxer's MS. Notes, p. 83. 
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much simpler and more expeditious than that of the old pattern, and 
anyone who has used the two will readily testify to the very great 
superiority in this respect of the present fuzes'! 

5th. Great reduction in the number of fuzes.-In consequence of the 
time which it took to prepare the old fuzes, several bored to different 
lengths had to be carried into the field for each shell,2 whereas at 
present no more than one, which can be readily prepared on the spot, 
is necessary for each class of shell; nor, unW the introduction of the 
Boxer system, were any successful attempts made to reduce the numbers 
of fuzes by assimilating the fuze holes,3 each mortar sheU, for example, 
having its own fuze. 4 

6th. In general constr'uction and numerous details the Boxer fuze was 
(J great improvement on the old one.-It has been shown,5 for example, 
that in the matter of the different method of priming an important im
provement was effected; the metallic cap, with the simple arrange
ment for removing it, the painting of the body of the fuze, whereby 
it was rendered less perishable, and the more complete protection of 
the composition from damp, were all improvements of appreciable 
importance. 

Thus far we have dealt with the history of time fuzes only;- it will 
now be interesting to trace. that of fuzes, which depend upon impact 
for their action.6 

I Several testimonials in their favour on this point are to be found in the reports of 
officers commanding batteries of Royal Artillery in the Crimea. Capt. Turner says: 
-" The time saved by the new pattern fuze is invaluable." Capt. Brandling says:
" With regard to Boxer's fuzes I am of opinion that they are a great acqrnsition to 
" the service. Some of the non-commissioned officers of the troop who have been in 
" the habit of preparing these Juzes that they can now serve shrapnel shell as quickly 
" as round shot." Capt. Morris says :~" The far greater celerity with which· they 
" can be bored and fixed," and Col. Lake endorses this report. Capt, W odehouse 
says:-" The rapidity with which they are prepared."-lbid., pp. 215 to 217. 

2 See p. 235. 
8 An attempt was made in 1819 and another in 1845 to reduce the number of 

common and mortar fuzes from five to three or two, but both the Committees which 
dealt with the subject gave it up on the grounds of the great difficulty in disposing of 
the existing store of shells. They agree, however, that such a reduction would be 
most desirable. A proposition was also submitted on 27th October 1828 (SYJlopsis, 
Ordnance Select Committee Report, Shrapnel Shell, p. 64), to reduce the number of 
bored. spherical case fuzes from seven to three, viz. to C = . 3.inch, D = '4-inch, 
E = '5·inch, and this proportion seems to have been approved 19th November 1828 ; 
but whether the approval was subsequently revoked, or whether the propositions were 
never carried into effect I cannot say, but there seems no doubt that there were seven 
bored shrapnel fuzes in use at the time of the adoption of the Boxer system. 

I think, therefore, that I am justified in statiug in the text that no "successful 
" attempts were made to reduce the numbers of fuzes by assimilating the fuze holes." 

4 See p. 235 respecting the fuzes in the service before the introduction of the Boxer 
fuzes, viz. 19 in all, for which wel'C substituted six Boxer fuzes, (exclusive offuzcs for 
parachute light and Manby's shot, which were not then provided, and which accord
ingly cannot be included in a comparative calculation,) the fuze for the hand grenade 
remaining unaltered. 

5 See p, 236. • 
6 See p. 271, -respecting the distinction between percussion and concussion fuzes. 

I have taken the history of the two as that of one sort of fuze, not attempting to trace 
separately that of fuzes, which might be called percussion, and that of fuzes, which 
might be called concussion, since; 1st, an attempt to do so might lead to confusion, 
as the two names have generally been carelessly and unscientifically applied 
(pp 211,272); and 2nd, because the :('rinciple of action embodied in so-called 
percussion or concussion fuzes is evidentlY" the same, both necessarily depending upon 
impact for their ultimate action. 
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Such fuzes were certainly used as early as the first half of the 17th 
century, for the following passage occurs in the Gj'eat Art of Artillery 
written about that period. "Of grenados that are commonly called 
" blind: 1 Pyrotechnicians have certain grenados which stand in no 
cr necessity of being lighted when they are projected, from whence they 
" are called Blind, which is a common term amongst them, for such 
" grenados and other balls as stand in no need of being fired at the 
" time of their projection; but as soon as these strike the ground, or fall 
" upon any hard substance they have the same effect as other grena
"dos."2 A description is also given of the fuze used with these shells, 
rude and clumsy, it is true, but essentially concussion or percussion. 
The simplest fuze is one fur use with hand grenades. A number of side 
holes were bored in the fuze, filled with mealed powder, and in the 
bore of the fuze was placed a piece of quick-match with a leaden bullet 
tied to the lower extremity of it. The match seems 3 to have been 
coi.led up to a size exactly to fit the bore of the fuze. "Then light 
" your match and as soon as it has acquired a good coal, put it into 
" the fuze with its bullet downwards, and throw the grenado where 
" you think fit, and be assured that as soon as it strikes against the 
" ground the leaden bullet and its match will fall down into the fuze, 
" ancl by lighting the meal powder in the side holes of it, it will fire 
" the grenado, and split it into a thousand pieces."4 

Evidently this fuze was not applicable to shells projected from guns 
or mortars, as the shock of the discharge would have caused the bullet 
ancI match to fall down, producing prematme explosion. A different 
and more elaborate arrangement was therefore required for these pro
jectiles, and of such contrivances a description occurs a little further 
on. The tube (B) was mltde of iron, and was hollow from the bottom, 
u·p the centre, to near the top, where it was screwed. The sides of the 
fuze were "full of holes and its inside made rough like a file. This 
" barrel receIves two flints, which are screwed tight in contrivances like 
" the cock of a gunlock, which are soldered to a substantial iron rod as 
" may be seen in C. First, then, this barrel must be fixed in the shell, 
" its upper end passing through the vertex or top of the grenado, where 
" it is screwed fast with a little square plate of the thickness of two or 
" three lines only, as you see in G. The lower end of the barrel which 
" receives the flints, shall rest upon a rounel plate with ail' hole in the 
" middle of it, as you see in E, to keep it :fixed in its position. Now 
" the iron rod that has the cocks; of the flints soldered to the upper end 
" of it, shall have itE lower extremity turned into a screw, to fit a 
" female screw in the middle of a large round iron pliLte, as you see in 

J The Great Art of Artillery, p. 237. 
~ These" blind" shells must not be confused with shells fitted with fuzes, filled with 

"blind composition," of which mention is made by some authors. These were time, 
not percussion fuzes, used" not to discover the flight of the shell in the night." Blind 
fuze composition is given in the Pochet Gunner, as :-

lbs.ozs. 
Mealed powder - 6 0 } 
Wood ashes _ _ 4 0 13 inch and 10 inch fuzes. 

Mealed powder - 7 0 } . h d 
Wood ashes- _ 0 3 8 me an smaller fur-es. 

Bombardier or Pocket Gunner (Edition 1813), p. 187. 
The 3 ozs. of wood ashes in the last composition is probably a misprint, and r 

should be inclined to read it as 3 lbs. However, the misprint, if such it be, is repeated 
in the different editions of the work. 

~ The Great Art of Artillery, figure 110. 
4 Ibid., p. 212. 
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" D, which serves for a, foot to the gl'enado, ana :til its furniture and 
" upon which it falls Wht;lll it comes t.o the gl'oulld."l ' 
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These drawings are copied from the Great Art qf Artillery, flg. 121. .A represents 
the" grenado ;" B the barrel of the fuze; C the iron roc1 to which the flints are fixed; 
and F the flints; G the" little square plate," or nut, by which the upper end of the 
barrel is fixed to the shell; E is the" round plate with a hole in the middle ofit;" 
K is the" grenado " complete; H is another fuze of similar construction. 

The :tction of this fuze, and of another of a very similar construction, 
of which a drawing is given abo\'e, is as follows :-" The grenado 
" falling in the above said direction, the flints ill the barrel will by the 
" superincumbent weight of the grenado be violently forced llpwards, 
" and consequently, rubbing impetuously against the rough inside of 
" the barrel, will strike such a fire as must ascencl the gunpowder in 
" the grenado through the holes in the sides of' the barrel, by which 
" means it will have the same effect as the former."2 

I am not aware that any concussion 01' percussion" fuze actually 
existed in the English service 1oforo 1846,3 when a wooden concussion 
fuze., the invention of Quartermaster Freeburn, Royal Artillery, was 
introduced for land service (32-pr. shells and upwards) but attention 
seems to have been anxiously directed towards the production of all 
efficient fuze of this description some little time before this date.4 

1 G"cat Art of Artillery, p. 237. 
2 2'l!e Great At·t qf Artillery, p. 238. 
3.Approved for land service on~1j, 12th October 1846, M/386.-See Account (If 

Chanrres and Additions in Ordnance, §rc., 20th July 1847, para. 3, and letter of that 
date,RoYlal Laboratory Records. ~. 

4 No less than five wer~ tried hefore a mixed military anrl roval committee, Sir Thomas 
Hastings, President, in 1845. The fuz'.!S were the invention respectively of (:02.' 

15836. 
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The Freeburn fuze, which is simple and ingenious in its construction, 
consists of a conical beech wood body with cup-shaped head, body and 
head together being about six inches in length. The composition bore 
is situated down tne centre of the fuze, and extends from the top to 
within a short distance of the bottom, which is left solid, thus affording 
support to the composition. 

Three rectangular perforations are made from the outside of the fuze 
into the composition bore; these perforations are equidista!1t from one 
another, and are situated in a horizontal plane about 2i mches from 
the top of the fuze, 01' far enough down to ensure their being within the 
shell, and not against the sides of the fuze-hole, when the fuze is fixed. 
In each hole is placed a small gun-metal wedge, the larger end inwards. 
These wedges are supported in the inside by the composition, which is 
driven about half way up them;l on the outside they are wedged in 
with wood secured with copper wire, and the holes are thus com

pletely closed. A strip of paper, about an inch 
broad, and painted white, is pasted round the fuze, 
covering the holes. A long piece of match conducts 
from the top of the composition to the cup, where 
the end is coiled, the interior of the cup being 
primed; and the fuze is capped with paper and a 
piece of painted canvas tied on. The bottom of the 
composition is bored into through the side of the 
fuze to ensure the ultimate action of the fuze in case 
of the failure of the concussion arrangement. The 
action of the fuze is as follows. The composition 
being ignited by the flash of the discharge, burns 
away, and the wedges a,re thus at once deprived of 
their internal support. The shock of impact causes 
the wedges to fall inwards, leaving a passage at so 
many of the holes as may have thus become opened 
for the flame from the burning composition, which 
passing out explodes the bursting charge. 

These fuzes are available as long as tho composi
tion continues burning, viz., from 12 to 13 seconds. 

Freeburn's fuze, being made of wood, was not 
considered available for naval service,2 and some 
attempts were accordingly made to introduce an 

(half full size.) efficient metal percussion or concussion fuze for 
nava!llS8; seyersl fuzes were tried,S among them one of Quartermaster 
Freeburn's invention in meta1.4 

Dansey, R.A., Capt. Norton, Mr. Marsh, Mr. Wilton (this fuze is spoken of as the 
" Wilton fuze "), and Mr. Reece. 

The Committee reported 27th March 1845, "Norton's fuze seems to have answered 
" best, but with this there were 9 premature explosions out of 50." The Committee did 
not consider that any of the fuzes were sufficiently perfect to warrant their adoption, 
but they recommended that further experiments should be made with Col. Dansey's, 
Captain Norton's, and Mr. Marsh's fuzes. . 

1 Mealedpowd~ is substituted for the top half:.inch of fuze composition, since by 
burning away more rll-pidly the wedges will be sooner deprived of internal support 
and the fuze thus be sooner prepared to act. 

2 See p. 263, respecting naval preference for metal fuzes. 
3 The records of the Royal Laboratory Woolwich contain references to a large 

number of experiments made about tills time, and up till the introduction of the 
Moorsom fuze, to secure such a fuze. 

4 Whether the principle of' this fuze was the ~ame as that of the wooden fuze by 
this iUYt}11tor does not appeal'. 
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In 18501 the desired end was attained by the introduction of a metal 
perr,ussion fuze, invented by Commander Moorsom, R.N., for sea service. 
and in the following year this fuze was perfected and formally intro
duced.2 

Moorsom's fuze (pI. 3), consists of3 a gun-metal body, cylindrical in Moorsom's 
its general form, with a projecting head or shoulder. The total length fuze. 
of the fuze is nearly four inches. Below the head it is screwed to a 
depth of nearly an inch, to the present naval fuze-hole gauge;4 and 
below this the body is plain, tapering towards .the bottom. 

Inside the fuze are three chambers, 1.he whole being situated 
below the screwed part of the fuze.5 The two upper chambers are 
situated transversely in the fuze, one above, and at right angles to the 
other. In their transverse sections these chambers are elliptical, the major 
axes being vertical. Longitudinally they extend nearly across the fuze, 
contracting slightly towards each end. In the centre of each end of each 
chamber is a little recess for the reception of a small patch of detonating 
composition consisting of-

oz. 
Antimony, sulphide of - 6 
Potash, chlorate of 6 

made into a paste, with a varnish of shellac, 112 grains, methylated 
spirits, 1 pint, in proportion of i gill to 20 ozs. of composition; 
and a fire-hole, through which the flame of the exploded detonating 
composition may pass, communicates· from the bottom of each recess to 
the outside of the fuze. In each of these chambers is suspended, by 
means of a fine copper wire,6 a cylindrical gun-metal hammer (pI. 3, 
figs. 22, 23) having a small projection or nipple at each end, the hammers 
being so placed that these projections are severally presented within a 
very short distance of the patches of detonating composition at the ends 
of their respective chambers 7 (pL a,·ng.17). The upper side of each 
hammer is in contact with the top of each chamber, and thUs, as the 
hammers are cylindrical and the chambers elliptical, the diameters of 
the former being slightly less than the minor axes of the ellipse, there is 
necessarily a space between the lower side of each hammer· and· the 
bottom of each chamber. 

The third chamber is cylindrical, and is situated vertically in the 
bottom or taper part of the fuze. In the upper end of it is a recess; in 

1 The original pattern seems to have been approved early in this year. 
2 The last (" C") pattern was approved 16th July 1851 (Confidential letter of that 

date); experiments were continued throughont 1850 with Moorsom's fuze of " A," 
and. "B," and" 0," patterns, as appear. from the Royal Laboratory records.. 

8 A descriptiou of the Moorsom fuze, which is now obsolete, cannot. be introduced 
amongst the service fuzes, and at the same time cannot be omitted altogether, as the 
principle of the fuze, that of wire suspension, 1S one which subsequent inventors of 
fuzes have made free use of. Armstrong's original iron concussion fuze was on this 
principle; the hammer in his white metal time fuze was also suspended by a leaden 
wire; his " C" percussion fuze, Dyer'S pattern, has the pellet suspended by copper 
pins,. and the detonating hammer in the Boxer 2-inch fuze for rifled ordnance is sus
pended by a copper wire. 

4 This was the gauge, direction, and pitch of thread originated by MOOl,'som, the 
time fuzes having been previously much smaIlerin diameter and left-handed. In 1858 
the time fuzes were assimilated to the Moorsom (see p. 23~). This combination of 
diameter, pitch, &c. has generally hitherto been spoken of as "the Moorsom gauge," 
though it is possible that the distinction will gradually die out now that the M(Jorsom 
f1lZes.haye been rendered obsolete. 

1; 'rhus. ~ringing them all within the shell. 
G 18 wire gange. 
7 Sometimes called the "Magazines." 

R2 
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which detonating composition is placed, and a fire-hole is made hori
zontally through the fuze immediately above this recess; the ends of 
the fire-hole being enlarged so that the powder of the shell working into 
the enlargements is brought nearer to the detonating composition, and 
the explosion of the bursting charge thus made more certain and 

. instantaneous. 
Below this patch of detonating composition is suspended by means 

of a fine copper wire 1 a small cylindrical gun-metal hammer (plo 3, 
fiO's. 24, 25) with a projection at its upper end. Between this projection 
a~d the detonating composition is a fine copper" guard" wire.2 Below 
this hammer is a cylindrical pillar or column of l~ad. (pI. 3, figs. 26, 27) 
which rests upon the bottom of the fuze when It IS secured, and the 
top of which is within a short distance of the bottom of the hammer. 
(pI. 3, fig. 17). On the outside of the top (plo 3, fig. 19) of the fuze 
are four 3 wrench holes, equidistant from one another. A piece of 
tracing paper is secured by shellac varnish over the four holes of the 
horizontal chambers, and a piece of the same paper is varnished over 
the lower part of the fuze.4 The fuze is lacquered externally. 

The action of the fuze is as follows :-The shock of the discharge 
shears the suspending wires, and the hammers are thus fr~e to act; on 
the shell striking an object the hammers are thrown violently forward, 
one of their projections being thus necessarily brought into violent 
contact with one of the patches of' detonating composition, which being 
exploded flashes through its fire-hole into and explodes the bursting 
charge.5 

In the vert.ical chamber special provision is made against premature 
explosion by (1st) the lead pillar, and (2nd) the guard wire. The 
former prevents or diminishes reaction in: the hammer, s~ch as would 
necessarily take place in the absence of such an arrangement,6 and the 
guard wire being intelposed between the hammer and the detonating 
composition serves as a further precaution in the event of reaction not 
being entirely done away with.7 

1 21 wire gauge. 
2 2~ wire gauge. 
3 The original Moorsom had two only. 
4 Thus securing the joint formed by the screw-plug or cap, which closes this end 

of the fuze. The object of this paper, however, was not so much to exclude moisture; 
as to preserve the secret of the fuze, the secret consisting in the little lead pillar, 
without which premature explosions would have invariably resulted. Formerly the 
fnzes were. (apparently) completed, with the exception of this last piece of paper. 
They thel!. passed mto the hands of a workman to whom the" secret" had been cone 
fided. He removed the cap, inserted the lead pillar, replaced the cap, and varnished 
the paper over the junctiou. At first this last fitting was done by Capt. Moorsom 
himself; by letter, 21st December 1850, .A/1459 all Moorsom fuzes were directed to 
be forwarded to H.M.S. "Excellent" at Portsmouth, when completed at vVoolwich, 
"in order that Capt. Moorsom may put in the last fitting." So secret was thec:on
struction of these fuzes kept, that the first description which appeared of it in 
this ·C:OUIltry, I believe, was one in the Occasional Papers, Royal Artillery Institution 
voLL, p. 92, translated by Captain Orr, R,A., from a French account of the fuze, this 
account in its turn, having been compiled from a Russian source. . . .., 

:; Evidently in one direction, viz., if the shell strikes bottom foremost, there will be 
no action. Inany.other direction of striking action should. result. • 

6. Sel! note 4 ahove, respecting the secrecy observed in regard to this last fitting, OIl 
wInch mdeed the success· of the fuze depends. 

7 N evert~el;ss pr:matllre explosions sometimes did take place with these fuzes, 
that these, It IS not lIDprobable, resulted from one of the two horizontal hammers 
a~d not from the v~rtical hammer. These hammers being released by the shock of 
discharge become lIable to be affected by tbe ricochetting of the sbell through the 
bore, and as such :·icochetting doubtless sometimes takes place, it is conceivable .~at 
the hammers may ill such cases be thrown against one of the pato.hes of compoSltlOn 
and produce premature explosion. 
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We llave thus in 1851 the two services provided with their respective Historyoi 
concussion or percussion fuzes, the land service with Freeburn's, the cussion and 
sea service with Moorsom's. On the introduction of the Boxer system concussion 
6f fuzes in 1850 1 and the assimilation of fuze holes whieh took place f~zes (con. 
consequent thereupon, Freeburn's fuze may be said to have begun tznued). 
practically to disappear from the service, inasmuch as although not 
formally pronounced obsolete, the shells with which it could be used: 
were no longer manufactured. On the adoption of the present fuze 
holes and cone in 1855 2 the Freeburn fuze was not altered to suit the 
new shells, and became virtually obsolete, although stores of it existed," 
and the authority for its abolition was and is still wanting. 

From that date until the autumn of 1861, the land service had no 
percussion or concussion fuze, but in January 1860 s~me fuzes of a 
construction designed by Mr. Pettman, one of the foremen of the Royal 
Laboratory, Woolwich, were tried departmentally and found to answer 
extremely well. 

TllC principle of these fuzes, which was enLirely original, was the 
same as that of the present service Pettman's fuzes, but in their details 
they differed materially from those now in 11se: the cone plug was 
hollowed out on the lower side amI made with a sharp edge which 
rested upon a leaden disc one-tenth of an inch thick; on the disch&'ge 
of the gun the plug was forced into the disc, and the thin edge coming 
into contact with the bottom of the fuze was "upset" and formed a 
kind of rivet which prevented reaction; under the steady plug was an 
enlargement of the bore of the fuze which formed a sllOulder on to 
which the plug fell on the discharge of tbe gun; the top of the ball had 
in it a hole instead of' being fitted with a projecting stud, the stud being 
-on the lower side of the steauy plug; the inside of the fuze, in the neigh
bourhood of the ball, was spherical, as in the present sea service fuze, 
and was formed into ridges intended to assist the action of the baJl; the 
fire holes were made at the side of the fuze instead of at the bottom, 
which was solid; the ball had no groove round it, and had a covering of 
gut only. Such were the principal points of difference between the 
.()riginal and the present Pettman's sea service fuzes. 

Further modificat.ions were subsequently made: the shoulder in the 
interior was removed, a lead cup was substituted for the disc, the bore 
of the fuze was made cylindrical, the ridges ill the neighbourhood of the 
lJllll being still reta.incd, and a cone pIng similar to that in the pre
-sent land service fuze was adopted; an attempt was also made to 
matrl!!facture the fuzes in white metnl, but one trinl was sufficient 'to 
prove that this material was not strong enough to withstand the shock 
of the discharge. 

In April 1860 the fuze was formally submitted, with a view to its 
adoption for sea service; a number were made and experimented with 
by the Ordnance Select Committee and 'by Captain Hewlett on board 
the" Excellent" at Portsmouth. The result of these experiments wa> 
in the main satisfactory, but the fuzes were defective in being liable 
to explode on striking water. This defect led to further modification 
in the details of construction: the ball was covered with silk, in addi
tion to the gut, with a view to rendering the fuze less sensitive; the 
ridges were done away with, with the same object; the projection on 
the steady plug was transferred to the ball; a groove was cut round 

1 See p.236. 
2~p.238. ' 
11. An'd. still, exist; the fuze could of course be used with any shells with the old 

fuze holes; lifut it may certaiuly be considered as having been no longer in the 
service since 1855. 
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the ball to increase the quantity of detonating composition, and so "to 
increase the flash; and the present pattern sea service cone-plug was 
adopted further to increase the flash and to lead the fire through the 
bottom instead of out at the sides of the fuze. Although greatly im
proved by these alterations, the sensitiveness of the fuze was not yet 
regulated with sufficient exactness to ensure non-ignition on striking 
water, accordingly the sensitiveness of the ball was further diminished 
by covering it with two thin copper hemispheres, and the bore of the 
fuze was enlarged in the neighbourhood of the ball, to ensure action in 
case of the fuze striking sideways. ' 

These fuzes were approved and adopted for naval service in August 
1862.1 

In the meantime experiments had been conducted at the suggestion 
of H.R.H. the Field Marshal Commanding-in-Chief with a land 
service fuze on the Pettman principle. The first of these fuzes were 
made about the end of 1860; they had cylindrical bores, no ridges, 
the ball covered with gut and silk, and grooved, and a cone plug of 
the present sea service pattern, and were screwed to fit the common 
fuze hole. 

Owing to the rounded form which had to be given to the lower part 
of the bore of these fuzes it was not practical to undercut them, to 
prevent reaction, and Mr. Pettman found it necessary to resort to the 
present forms of bottom plug (but without the quick-match) with the 
stud for the lead cup to coil round. The present laml service cone-plug 
was adopted at the same time. These fuzes were found liable to become 
choked by the powder dust of the bursting charge working in through 
the fire holes, from which the paper disc was blown off' by the com
pressed air escaping from the inside of the; fuze on the crushing of the 
.lead cup. A remedy for this was found in the piece of quick-match 
threaded horizontally through the bottom plug, and by this means 
also the flash of the fuze was increased . 
. Hitherto the fuzes, being infended to fit the existing store of common 

shells without altering the fuze hole, were screwed for a distance of 
only . 6 inch,2 the lower part being turned plain; but they were found 
too weak to stand the shock of a 10 lb. charge (32-pr. gun), and 
consequently the diameter of the lower part was increased 3 and the 
fuze screwed the whole way down, as at present, thus necessitating 
retapping the fuze holes.4 

The fuzes thus modified were adopted for land service in October 
186'1.°: 
. Subsequently Mr. Pettman proposed a modification of his sea service 
fuze to adopt it for use in rifled as well as smooth-bore shells. This 
"general service" fuze was introduced in 1866,6 for immediate use with 
certain rifled shells, and prospectively to supersede the sea service Pett-
man fuze fo, naval shells. . . . 

;.The Moorsom fuze remained in the (naval) service until 1865 7 

when the existing stores were ordered to be broken up. Practically, 
however, it may be said to have been superseded on ;tb,e,ililtrod,uction 

1 2nd .August 1862: War Office Circular 793, par. 610. .. 
2 The length of the thre~d.onthe screw metal fuze hole plugs for these shells. 
3 By the depth of the thread. 

- 4 See p. 25,note II. 
o 30th October 1861, War Office Circular 739, par. 414. 
6 19th May 1866, W.O.C. 10 (new series), § 1235. . 
."Ordered to be broken up 2nd May 1865, War Office Circular No.6 (new series), 

par. 1090. . 
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of the Pettman fuze in 1862; 1 between that date and its final disappear
ance in 1865 the issue of the fuzes was restricted to 32-pr. shells in 
reduced proportions.2 

The same activity in respect to the improvement of the fuze system, 
time and percussion, which has prevailed in this country during the past 
20 years or so, has been observable abroad, and the number of fuzes 
which, within or about that period, have been contrived by foreign 
artillerists for smooth bore and rifled guns is so great that any attempt to 
describe them is altogether Qut of the question. In addition to our own 
numerous rifled ordnance fuzes, the following are amongst the most cele
brated :-The "Bormann fuze," 3 used by the Belgians; the" Breith
aupt," 4 by the Austrians; the French "Billette" fuze; 5 the" Bour
bon" fuze,6 experimented with, in Russia and Holland; the "Snoeck" 
fuze,7 used in Holland; the "Splingard" fuze; 8 the French hand 
grenade percussion fuze; 9 the French Shrapnel fuze; 10 the two fuzes 
used by the Austrians for the gun cotton shells; 11 the Russian leaden 
fuze ;12 the "Parrott" fuze; 13 and the" Tice" fuze,14 in use in the 
American service. 

Fuzes maybe divided into_ 15 

Class 1. Time fuzes. 
" 2. Percussion or concussion 16 fuzes. 

And a supplementary class-
Class 3. Fuzes for mining purposes. 

CLASS I.-TIME FUZES. 

(1.) A time fuze is one which is capable of being prepared to ignite 
the bursting charge at some particular time after the projectile leaves 
the piece. 

1 The manufacture was stopped 17th January 1862 in anticipation of the introduc-
tion of the Pettman sea service fuze. 

2 War Office Circular No. 832. 
3 Described in Lectures on Artillery, edition 3rd, p. 78. 
oj Described in Ibid., edition 3rd, p. 79. ~ 
S Described in Delobel's Revue de Technologie Militaire, '1'01. ii., p. 408. 
G Des~ribed in Ibid., '1'01. ii., p. 414. 
7 Described in Ibid., '1'01. ii., p. 416. 
8 Described in Gibbon's Artillerist's Manual, p. 295-7. 
9 Described in Thirou:x:'s Instruction d' Artillerie, p. 375. 
10 ,Described in Ibid., p. 374; and Delobel's Revue, §rc., '1'01. ii., p. 393. 
11 Described in Report qf Prqfessional Tour of Officers of the Royal Artillery in 

1863, p\26. 
12 Mentioned in Synopsis, Ordnance Select Committee Reports, Shrapnel Shell, 

p.217. 
18 !leport on the Military Affairs of the United States of America, p. 36. 

14 fUll.. p. 4l. 
15 Other divisions might be adopted, as wood and metal, land service and naval, 

time fuzes with the composition in a yertical eolumn, and those with the composition 
(as in the Breithauptlmd Bo~ann and Armst.rong E pattern time fuzes) in a Mri~ 
zontal' layer; or time,percusslOn and conCUSSIOn; or fuzes for hO!rIzonta.! and fuzes 
for vertical fire, &c. ; but it appears to me that the oue I have adopted IS the most 
gen.~ and characteristic. " , 

10' Tli~~':ii;e no so called "~oncussion" fuzes in the service, but in a general cIasbi-
fication of 'fuzes the name cannot be omitted. ' 
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There are 14 different time fuzes in the service,l viz. :-
1. Boxer's common fuze. l 
2. " diaphragm shrapnel fuze. \ 
3. " large mortar fuze. JRegUlar service fuzes.2 

4. " small " 
5. " 20 seconds fuze. , 
6. " 7! " 
7. ,,'9-second fuze .fOr}.Adopted for M.L. rifle ordnance, 

muzzle - loadmg u,nd will supersede 5 and 6 for 
ordnance. smooth bore shells. 

8. " 20 second " 
9. Hand grenade fuze. } 

10. ~O-inch parachute fuze. Fuzes which may be considered 
11. ~1. "" as, to a cel:tain extent, special 
Il~39. M2 b", b t I:." and exceptIOnal. . an y s s '0 luze. 
14. White, for drill. 

1. The Common Fuze 3 (pI. 2), is a truncated beech'wood 4 coneS 
about 3 inches in length. The thick end or top of the fuze, which is 
about an inch in diameter, is cupped out to the depth of a quarter 
of an inch to receive the priming and match, four holes (pI. 2, figs. 13, 
14, a a) being bored through the sides of the cup for matching. The 
fuze is bored eccentrically 6 (pI. 2, figs 13, 14, bb), parallel to its longer 
axis, from the bottom of the cup to within a short distance of the bottom 
of the fUZ3; the diameter of this bore is rather more than a quarter 

1 The" improved shrapnel fuze," in accordance with the ,plan which I have 
adopted with regard to the stores connected with this now nearly obsolete shell 
(see p. 100, note 1), is not included among the service fuzes, but it is described in 
note 5, p. 255. 

2 The "regular service fuzes" inclnde two for horizontal fire for each service, 
land and naval, and two for vertical fire, common to the two services. See p. 241 
respecting the great s!mplification effected by the adoption of the present system of 
fuzes. 

3 Present pattern approved. 18th August 1855 (see account of Alterations and Ad
ditions in Ordnance, 22nd October 185", par. 21); original pattern on same principle 
but of different construction (see p. 236), adopted 2nd September 1850, Synopsis, 
Ordnance Select Cammittee Report, Slwapnel Shell, p. 78. 

4 '( Beech wood is found to be pmiicularly well adapted for fuzes, as it is hard, 
t{)ugh,.anq.litt1e liable to alteration in form, even when kept for a great length of 
time. The woOd should be' cut in· the ' rough,' and either seasoned in the ordinary 
way, or by .... desiccation."-Col. Boxer's MS. Notes, p. 78. Hespecting the 
relative merits of wood and metal fuzes, see p. 263, and Appeudix L., p. 379. 

5 The conical form is the only one available for wooden fuzes, which are always 
liable to a certain amount of expansion or contraction from the effects of~· 
perature. In a conical body such expansion or contraction is comparatively of little 
aCCQl:lllt, the fuze only projecting rather more or rather less from the shell, but fitting 
no less accurately. A conical wooden fuze can also be more rapidly, easily, and 
securely fixed than one of any other conceivable form or cOll'struction ;. moreover, a 
conical fuze hole is undoubtedly the best, whether regard be had to'the smaller 
aperture thUll available for the escape of the exploded bursting charge (the necessary 
strength and thickness, of fuze being retained), or whether considered in connexion 
with the possible employment of metal fuzes with the same shells, as in the case of 
common shells. 

The development of cone of the common fuze is '11 fI per inch, or increasing as 
nearly as possible 1 inch in 9 inches (the exact increase is 1 in 9 '375). For causes 
which led to the increase of cone from • 065 per inch to the present pitch, see p. 237. 

6 ~ccentrically to allow room for the powder channels, leaving as much wood as 
I:oBnble between them and the composition, and to bring the side holes'on to one 
ndeof th.e fuze.-Synopsis Ordnance Select Committee, ~c., p. 194; 
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of an inch. This bore is pressed 1 or driven 2 "with fuze composition" 
consisting of- ' 

Saltpetre, ground 3 3 1bs. 4 oz. 
Sulphur, sublimed 4 1" 0" 
Powder, pit, mealed 5 2 " 12" 

The top of the composition is matched with two strands of quick
match (pI. 2, fig. 21), threaded through the holes made in the sides of the 
cup for the purpose; the top of the composition is disturbed,6 and the 

• match" set down" upon it,7 with a little mealed powder; a third piece 
of match being threaded underneath one of the other strands on the side 
on which the wood is thickest; the whole of'the interior of the cup is 
plastered with a priming paste consisting of mealed powder and distilled 
water,8 then dredged with dry powder. Finally 9 a hole (pI. 2, fig. 15 k), 
one-eighth of an inch in diameter 10 is drilled vertically through the 
priming and match into the composition to a depth of o· 7 inch from 
the top of the fuze,n the bottom of the hole marking the zero point,12 a 
small indentati~n being made upon the outside of the fuze opposite to it ; 
the object of the hole is to increase the certainty of ignition by exposing 
a large surface to the flash.13 ' 

The third piece of match is coiled round the inside of the cup. 

1 By hydraulic pressure. 
~':l:'heold plan of driving fuzes by hand with a mallet and drifts, although now 

ne'll.rly obsolete in the Royal Laboratory at Woolwich, where it is only practised for 
experimental or other fuzes, of which the number to be made is too small to justify 
the construction of presses, is still included in a Laboratory course, as being the only 
plan which would probably be available at an out station, or on an emergency. The 
1'elative merits of the two plans admit of no question, the pressure being vastly 
superior. 

S See p. 313. 
4 See p. 318. 
5 See p 1:>8." Pit powder is preferred to cylinder powder as being more rapid and 

more regular in its action eM an1lfllcture of Gunpottder: p. 7). The greater rapidity, of 
the powder is due to the difference ill the nature of the two charcoals, pit charcoal 
being prepared at a much lower temperatnre than cylinder charcoal. If cylinder 
powder be employecl instead of pit, " it will be nece~sary to add an additional 8 ozs. 
" in order that the cOlllposition when driven may burn at the same rate" (Col. 
Boxer'S MS, lYotes, p. 79). The greater regularity of buming of pit powder cannot 
be so satisfactorily expJained. Theoretically, the cylinder powder sbould burn rather 
more ,regularly than the other, being, as is believed, mOl'e completely charred, but, 
practically, there can be no doubt that composition prepured with pit powder burns 
with the greater regularity. Out of six Jarge mortal' ulzes driven, to determine this 
point, with fuze composition containing cylinder powder, the extreme variations were 
from 32 to 36t seconds (MS. Book of Experiments in Captain Instructor's Office, 
Royal Laboratory, p. 109). 1'he only explanation that suggests itself, therefore, is 
that the fire is propagated more regularly through the mass in the quicker burning 
composition; there is no doubt that of two compositions of equal uniformity the slower 
will burn with less l'egularity than the other, the slight defects not having time to 
develop themselves as it were in the quick composition, while in the slow composition 

, they are sufficiently marked to produce appreciable irregularity • 
. 6 With a pointed tool. 

7 By mellJlS of a drift and mallet. 
S Of the consistency of thick cream. , 
9 When the priming is thoroughly dry. 
10 See p. 237 respecting tbe increase in the diameter of tbis hole from one-tenth to 

one-eighth of an inch, iiDd the considerations which determined the present size. 
11 From the extreme top of the wood of tbe fuze. 

·'!.2Siooethe fuze composition will commence to burn in regulax layers from' tbe 
bO'tfOi!li:o:f this hole. 

13 RespOOl::in.gthe great importance of this hole and the stress laid upon the improve
ment effected by its introduction, see p. 236. 



252 

On the side of the fuze on which the wood is thickest 1 two small 2 

"powder channels" (pI. 2, fig. 22 N P, and figs. 13 and 14' d d), are 
drilled from the bottom to within a short distance of the top of the fuze 
abou t half way between the composition bore and the side of the fuze and 
parallel to the latter. These channels are filled 3 with shell F. G. 
powder.4 Opposite to and breaking into the powder channels two rows 
of "side holes" 5 (pI. 2, figs. 13 and 14 e e, &c.), ten in a row, are 
drilled horizontally from the outside of the fuze; the holes of each row 
are situated • 2 of an inch apart,6 the holes of one row not being opposite 
to those in the other row, but dividing the spaces, and the holes in the • 
two rows thus indicating respectively odd and even tenths of inches 
(pI. 2, fig. 16). 

The top side hole of one row is situated . 2 of an inch below the 
zero point of the fuze, and the top hole of the other row' 3 of an inch. 

The side holes, with the exception of the two bottom holes, are filled 
with shell F. G. powder pressed down,7 and covered with finely ground 
clay similarly pressed 8 (pI. 2, fig. 15). The two Qottom side hgle8 3,:1;"'; 
drilled through into the composition (pI. 2, fig. 15) to ensure the ultimate 
action of the fuze in case of imperfect boring or non-preparation in the 
hurry of action;9 a piece of quick-match is threaded into each of the 
bottom side holes to afford support to the powder in the powder channels 
on the discharge of the gun.10 . 

~ 1 See p. 236 respecting the object with which the compositlon bore was placed 
eccentrically. 

2 The channels are '125 of an inch in diameter. With reference to this size, which 
might appear excessive, ilIe following passage occurs in the Synopsis, p. 122 :-""The 
" side ,channelS should not be reduced in size. It has been found by experience ilIat 
" the chaJmels are of the least diameter. that wOQld be $uffi:cient to insure ignition." 
And in a note on the same page-" The powder in· the small eharulels is ignited, hut 
" has not sufficient force to perforate the paper at the bottom, and for that reason 
" small channels do not answer." 

3 Not pressed, the powder being merely poured in. 
4 See p. 138. This powder is used on account of its fineness of grain and consequent 

:rapidity ofaction. Seep. 134. 
5 The side holes are of the same diameter as the powder channels, viz. '125 of an 

inch. 
6 From centre to centre, measuring verticaily. 
7 .This is done before the powder channels are filled; wires exactly fitting the 

powder channels are inserted up them, forming, as it were, bottoms to the side holes, 
or foundations into which the powder is pressed by hand. The Qbject of the powder 
is to prevent the clay being carried by the bit into the continuation of the side hole 
w~ is~e when tlJ,e:fw;e is prepared, and thus choking or retarding its action. 

~. ~m1'is'~o e:i¢lude moisture and to save the fuze against accidental ignition 
throngh these holes.-Synopsis, Ordnance Select Committee Report, &,c., p. 99. 

At one time putty was used.-lbid., p. 179. 
9 Ibid., p. 131. 
10" This quick-match affords a support to the powder in the channels, and thereby 

" prevents its l'emoval by the shock at ilIe discharge of the gun."-Ibid., p.l~9. 
The ~quick-match is a most important feature in these fuzes; witlrout it c<>ntinual 
fail~.must arise; this fact was proved in the early experiments witlr fuzes of this 
construction made without quick·match, ilIe only support to ilIe powder in ilIe channels 
being that afforded by the paper over the bottom of ilIe fuze, which was "forced 
" away by the powder in the channels acting against it on the explosiQ:o; .00':Ihe charge." 
-Ibid., p. 131. See also Ibid., p. 133. It does not follow tha,t the absence of quick
match will cause invariable failure, for in those cases in,wl;U,Ch, the range being.loog 
and the side holes falling within the shell, the action of the fuze is independent of the 
powder channels, and in other clISe!> where the side holes do not fall within ilIe shell 
ultimate althongh irregular action' might take place in the manner explained in. the 
following passage :-" The channels' ....• might have been partially empty and 
" ilIerefore not in a state for the communication of the flame, until, by a revolution 
" of ilIe shell or by its striking on the ground, some grains of powder were shaken to 
'.'. aJlqsition opposite the side hole, and ilIllS brought into contact with the flame of 
" ilie still burning fuze composition."-Ibid., p. 131. 
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These two side holes are situated respectively at 2 inches and 2·1 
inches from the zero point.1 The ends of the powder channels"2 are 
closed with a piece of quick-match pressed down and secured with 
shellac putty. 

Over the top of the fuze is placed a disc of stout pasteboard 3 (pI: 2, fig. 
24), having it tape loop attached, and the fuze is capped with a tin 4 cap 
(pI. 2, fig. 23), the interior of which is painted with an anti-corrosive.5 

The cap is secured on to the fuze by being pinched round the sides.. A 
strip of thin 6 paper is pasted over the two rows of side holes, and the 
projecting end turned and pasted over the end of the fuze; a disc of 
the same paper is also pasted over the end of the fuze. 

The whole fuze, with the exception of the top of the cap, receives a 
coat of drab-white varnish,7 and a strip of black varnish 8 is carried 
over the even row of side holes. The end of the fuze and the junc
tion of the cap and body are also varnished black.9 

The side holes, with the exception of the two bottom one8,10 are 
dotted, those on the black ground yellow, those on the drab ground 
black. 

The tenths (pI. 2, fig. 16) of inches which the side holes read respec
tively are stamped against them in vermilion,n with the exception of 
the two bottom holes, which are not numbered.l2 The fuze is stamped 
in vermilion, near the top with the numeral of pattern, the number of 

1 It was necessary that both the bOttom holes should be bored through, or the 
quick-iBla,tchsupport could not have been introduced in the unbored hole, and the 
poWder in the channel on that side being unsupported failures would have resulted 
when the fuze was prepared on that row (see p. 252, note 10). It was not less necessary 
to make the last hole additional to the required length of fuze, as if the hole next 
above it on the same row, viz. l' 9 inches, had been bored, the full time o.f burning of 
the fuze would have been reduced to the uumber of seconil$ corresponding.t<> l' 9 
inches of composition, viz. 9t se\!onds. The:fo.Uo.wlng- p~sage e:x;plains thiS ;.,-"If 
" the lower side holeontg (i,e. two.. inches) is bored through to the composition, then 
" l' 9 inches having no hole 0.1' quick-match, the evil will only be half remedied; o.n 
" the other hand, if 1 . 9 inches as well as two inches should be bored through to th(\ 
" compositio.n, then two inches becomes of no use, because the shell would alway~ 
" burst when the composition is burnt to l' 9 inches. Col. Boxer is aware o.fthis, 
" but suggests that one hole sho.uld be made at two inches and the other below it."
S!f1WPsis, Ordnance Select Committee Report on Shrapnel Shell, p. 132. The original 
passage refers to the diaphragm fuze, but the same explanatio.n applies of course to. 
the co.mmon fuze ; to avo.id confusion, however, I have altered the figures to. suit the 
common fuze, placing two inches for one inch, and l' 9 inches for' 9 inch. 

2 Below the bottom side holes. 
Jt PaSteboard, composed of two sheets of" rocket paper" an,l one sheet of" 100 lb. 

" brown wrapping paper ;" the two sheets of rocket paper are pasted to.gether, then 
the brown on top. . 

4 Blo.ck tin., '016 inch thick (wire gauge 27). 
5 See table XX., p. 345. The object of the anti-corrosive is to. prevent any action 

being established between the priming and the cap; in very old fuzes the latter will 
sometimes be found completely eaten away. 

6" White fine." 
7 See table XX., p.345. It will be observed (table XX.) that all the varnishes 

used.in connexio.n with these fuzes (except paint for the figures) are made with spirit 
and :not with oil; this is because oil might affect the composition in case it should 
penetrate to it (see p. 237); moreover, spirit paint dries J;llore rapidly, and the manu
facture is thus facilitated. 

8 See table XX., p. 345. .. . .. 
9· See table XX., p. 345. The varnish for the junction of cap and fuze is made rather 

thicker than that which is used for the bo.dy, being intended to. exclude mo.isture at 
this joint. . . . 

.. ,~ 1fb.e!re is no necessity for indicatiug the position of the bottom side ho.les, at which, 
if not prepared fo.r a shorter range, the fuze will act without preparation. 

11 See table XX.,. p. 345. 
12 See last no.te but one. 
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thousan.d, and lower down with the month and year of issue, thus: 
124.-7/65.1 . 

The preparation of the fuze consists in boring by means of a "hook. 
borer," 2 provided for the purpose, through one of the side holes,3 into 
the fuze composition, allowing one-tenth of an inch for each half second 
time of flight.4 The fuze is then placed 5 in the shell, and uncapped, 
when the shell is in the bore of the gun,6 by giving the tape a sharp 
pull. 

On the discharge of the gun, the fuze is igniteu. by the flash of the 
explosion,7 and the composition commences burning from the zero 
point, at the rate of one inch in five seconds,s until it reaches the bored 
hole. Here the flame from the burning composition passes into the 
powder channel iuto which a communication has been opened at the 
bored side· hole, and is thence flashed instantaneously down into the 
shell. Should the bored side-hole fall witltin the shell the flame passes 
direct (horizontally) to the bursting charge,O and is independent of the 
powder channels,10 but when this hole falls against the metal of the 
shell,ll the only communication is by way of the powder channels, the 
other passage being closed. Ii 

If the fuze be left unbored, it will act at its full time, viz., 10 seconds, 
since the 2-inch hole is bored into.l2 

Common fuzes can be used with all common shells; 13 and with the 
lOO-pr. and 150-pl'. diaphragm shrapnel shells.l4 

Common fuzes ~re packed in zinc cylinders, 50 or 25 in each accord· 

I This was first adopted in 1864, War Office Minute, 75/7/1154, 22/11/64. 
2 See "Shell and Fuze Implements." p. 307. See also Regulations for preparation 

of fuzes.-Manual oj Artillery E.:cercise, pp. 14, 15,. . 
3 Except when the full time of burning-l 0 seconds-isreqrured, when the bottom 

side hole being already bored no preparation is required, see text above. 
4 See Dote 8 below respecting the rate of burning of fuze composition. 
/; Driven ill by means of a mallet and setter (p. 307) ill the larger shells, or by 

striking it against the wheel of the limber, or other hard substance, ill the case of 
smaller shells. A very slight blow suffices for the purpose, as the shock of the dis
charge sets the fuze securely home. Indeed, it is quite sufficient to press the fuze 
home with the hand. 

6 " This operation not being performed until the shell is in the bore, much reduces 
" the chance of an accident, and renders tM priming less liable to injury from wet." 
-Manual if Artillery Exercises, p. 15, see also Ibid., p. 8L 

- 7 See p. '233 respecting this fact not having been generally recognized by artil; 
lerists until the middle of the 18th century. 

8. This is the normall-ate of burning of fuze composition, when prollcrly pressed, per
fettly dFy, and subject to no disturbing. influences; but it is subject to variation, from 
atmospheric pressure, damp, and other causes. On this subject see a paper" On the 
" influence of Atmospheric Pressure upon some of the Phenomena of Combustion," 
by Dr. E. :Frankland, F.R.S.-Procecdinfls Royal Artillery Institution, vol. iii., p. 14; 
and which for convenience of reference I have given in .Appendix K. 

9 Which is thus, as it were, ignited at two points-through the bored hole, Ulidhy 
the exploded powder channel. 

10 See p. 256, where the absence of powder channels in mortar fuzes is explained. 
II Or, in the case of the 12-pr. common shell, against the sides of the socket. 
u Seep. 253, note 1; no greater time of burning than 10 seconds can be got 

out of these fuzes, as although the composition, is continued. bel6':IV the 2-inch 
hole, and there is another hole at 2' 1 inches, the fuze' will always act at the first hole 
which is bored int<> the composition and if no hole is bored above the 2-inch,i.e.,.if 
the fuze be unprepared and' illowed to burn its full time, it will necessarily act when 
it comes to this 2-inch hole. The additional 2' I-inch hole, therefore, adds nothing 
to the time of burning of the fuze. 

13 When the 24-pr. and 12-pr. common shells are fired from the 5!.inch and 4}inch, 
mortars and their time of flight exceeds 10 seconds, the special" small mortar" fuze 
(sf;C p. 258) is used, otherwise the common fuze is used . 

.. The diaphragm fuze would also be available with these shells for times of flight 
not exceeding. 5 seconds. 
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ing to the demaud. The lid is closed iu the same way as that for 
ubes, viz., with beeswax and turpentine, ancl a strip of calico var
nished on. 

The lids of the cylinders containing 50 fuzes are painted white and 
stencilled black with the nature and number of fuze, date of'issue, 
and number of thousand. 

The cylinders which contain 25 have a pri~ted label with the same 
particulars.1 

The cylinders are packed in deal packing cases, 10 cylinders in each, 
paper shaving or other soft substance being used to fill up interstices. 
The lid is secured with iron screws, stencilled with the words" Large 
Cone" 2 in red; and in black with the nature and number of fuze, 
number of thousand and packer's name and date of issue. 

For Field service common fuzes are repacked and issued by the Mili
tary Store Department, when the hattery is packed h,1j the Department, 
in rectangulttr canvas bags,3 and in tin boxes containing respectively 
16 or 10 in the bags and 10 or 8 in the boxes. 

When the battery is not packed by the Store Department the fuzes 
are issued in zinc cylinders, the bags and boxes separately. 

For all boat services common fuzes are issued in tin boxes 4 specially 
intended for boat magazines. 

2. The Diaphragm Shrapnel fuze 5 (pI. 2) differs from the common Fuze, time, 
shrapnel, 1st, in containing only one inch of fuze composition,6 instead wood, ilia
of two, because (a) a less time of burningis required in -a diaphragm p~ragmi 
than ina common fuze, since the diaphragm sheil is not llsed at ex- s rapne. 
treine ranges 7 and is always required to burst short of an object; 8 

and (b) the longer the fuze the less the capacity of the shell for bullets.9 

2nd. The powder channels of the diaphragm fuze are connectell by a 
groove cut on the end of the fuze, and laid with quickmatch. By this 
arrangement the simultaneous explosion of both powder channeI,s,and a 
consequent increase of :Bash,lo is secured. 

l This plan of a label will doubtless ultimately be generally adopted, in preference 
to stencilling, whieh is liable to become worn oft' and obliterated. 

2 See p. 237. 
3 See p. 287. 
4 See p. 287. 
5 Present pattern approved 18th Au"oust 1855.-Account of Altel'ations and Addi

tions in Ordnance, §re., 22nd October 1855, par. 21. 
The improved Shrapnel fuze is identical with the diaphragm fuze in all respects but 

one, viz" in being made on the old" small cone" (see p. 50, note 1, and p. 237), i.e" 
straighter and smaller in diameter than the present cone, the pitch of cone being' 065 
inch per inch. The fuze is distinguished by the top of the cap being painted red. It 
can only be used with the improved Shrapnel shell. 

6 When a fuze is said to contain a certmn number of inches of composition, the 
measurement must always be understood as referring to the solid composition, i.e., the 
length of composition between the zero point and the side hole at which the full time 
of burning of the faze is obtained, and exclusive of the composition above and below 
these points. 

In the case of the common and diaphragm fuzes, for example, the measurement is 
between the zero point and the upper of the two bored side holes; in the case of the 
mortar fuzes it is between the zero point and the bottom side hole, 

7 See p. 50; in the case of IOO-pr, and 150-pr" the range of which is sufficiently 
,2;reat to necessitate a longer fuze, the socket is made of a length to receive the common 
fuze, ' 

8 See pc 56. 
9 As the socket to contain it must be continued to a great depth in the shell, See 

also note 6 (above). 
,19,This is to make the igilition of the bursting charge more certain. It must be 

borne in mind in connexion with this point that the bursting charge is not in imme
diate contact wiili the fuze, but the flame has to pass through the small fire hole in the 
socket, and in proportion as the flash is increased the chance of its passage is made 
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The full time of burning of the diaphragm fuze is 5 seconds, and the 
upper of the two bored side holes is marked ° (for 10). 

In other respects this fuze is identical with the common fuze.1 

Their preparation and action is also the same.2 

The diaphragm fuze is intended for use with all diaphragm shrapnel 
shell,3 and is available for times of flight not exceeding 5 seconds for 
eommon shells. 

Diaphragm shapnel fuzes are packed and issued in the same way as 
common fuzes,4 i.e., in zinc cylinders, 50 or 25 in each and 10 cylinders 
in a deal case. The closing and marking of the cylinders and boxes 
are the same as for common fuzes, with the exception o£the designation 
of the fuze. 

For field service, if packed by the Military Store Department, they 
are placed in canvas bags 5 or tin boxes,6 which contain respectively, 
bags 12 or 8, boxes 12, 10, or 8. 

For boat service they are packed in a tin box 7 specially intended for 
boat magazines. 

3. The large Mortar fuze 8 (pI. 2) differs from· the common fuze 
in the following principal points :-

1st. In size. 
2nd. In the absence of powder channels. 
3rd. In the position and dimensions of the composition bore. 
4th. In the. arrangement of the side holes. 
5th. In the painting and marking. 
1st. The mortar fuze is considerably longer than the common fuze, 

to receive six inches of fuze composition, a greater time of burning 
being required for shells of which the time of flight is necessarily longer 
than that of shells for horizontal fire. The cone, however, has the same 
development as that of the common fuze, although necessarily a longer 
and larger frustum. 

2nd. Powder channels are not required in these fuzes because the 
top side hole falls within the shell,9 there is thus always a direct 
communication from the burning fuze composition to the bursting 
charge through the bored side hole.1o 

3rd. The absence of powder channels obviates the necessity for boring 
the composition bore excentrically, it is therefore situated in the axis 

more certain; moreover, the powder channels of these fuzes being one inch shorter 
than those of the common fuze contain so much less powder, and the flash produced 
by.the explasion of the two is only about equal to that produced by the explosion of 
one cha:rinel in a common fuze. 

1 The diameters of the two fuzes at their thickest parts are the same, viz., l' 09 
inches. 

2 See p. 254. The use of the powder channels in these fuzes is even greater than 
in the common fuzes, since the explosion of the charge alwa.!/s depends upon them. 

a See p. 254 respecting the employment of common fuzes with the 100·~and 
I50-pr. diaphragm shell, for times of flight exceeding 5 seconds. 

4 See p. 255. 
5 See p. 287. 
6 See p. 287. 
7 See p. 288. 
8 The present pattern approved 18th August 1855 .. See Account·of Alterations and 

Additions in Ordnance, ~c., 22nd October 1855, para.21. These fuzes were known 
as "mortar fuzes for 13",10", and 8" mortar shells" unti11865, when the present 
more compact designation was adopted. 

9 In the case of the 13-inch the thickness of metal is so great that the two top side 
holes do not fall within the shell, but the ranges at which the 13-inch is used are 
rarely as short as would correspond with these holes. In the 8-inch shell also the 
reduction in the size of the fuze hole scarcely permits of the fuze being set home far 
eno~h to bring the top hole quite within the metal. 
. 10 See p. 254 respecting use of powder channels in common fuzes. 
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of the fuze. It is of a length to receive six inches of composition. Its 
diameter is slightly larger than that of a common fuze bore.1 

4th. There is only one row of side holes instead of two, and these 
holes are situated spirally round the fuze, to avoid weakening the wood 
by boring too much into one side of it.2 

The holes are the same distance apart as in the common fuze, viz., 
two inches;3 with the exception of the bottom hole they are merely 
indentations, indicating the points at which the fuze must be bored for 
the different times of flight, and they contain no powder or clay. The 
bottom hole (pI. 2, fig. 2 e.) is bored through into the composition, but 
contains no quick-match,4 nor is it closed or protected in any way.5 
It is situated six inches from the zero point of the fuze, the top hole is 
two inches from zero (pI. 2, fig. 3, 2.) 

5th. The whole fuze is painted drab,6 with the exception of a black 7 

ring round the junction of the cap and body. 
A ring is cut round the fuze at zero, and this serves also to mark the 

depth to which the fuze will enter the fuze hole of a 13" or 10" mortar 
shell. 

Below this, at a distance of 9", is another ring showing the depth to 
which the fuze will enter the fuze hole of the 8-inch mortar shell.s 
Rings are also cut to indicate the length of composition at each inch 
from 2" downwards, and the side holes which fall on these rings are 
dotted red, the number of inches to which they correspond being 
stamped against them in red.9 The intervening side holes .are not 
numbered. 

The large mortar fuze differs also from the common fuze in one or 
two minor points of detail, viz., in the matching (pl. 2, fig. 4), which is 
effected by doubling 6" of match and setting it down upon the compo
sition, the ends being coiled round inside the cup; in the consequent 
absence of match holes in the sides of the cup; and in the absence of 
any paper over the side holes or end of the fuze. In other respects the 
construction of the two fuzes is identical, and the mortar fuze is also 
stamped with the numeral, number of thousand, and month and year of 
manufacture in the same way as the common. 

The rate of burning of the large mortar fuze is the same as. that of Prepar~tion 
the common fuze, viz., one inch in five seconds, and its full time of and actIOn. 
burning is consequently 30 seconds ;10 its preparation and action are the 
same as those of the common fuze, with the exception that a brace 

1 The bores of the two fuzes bear about the same proportion to the general 
dimensions of the respective fuzes. A large bore is desirable when the column. of 
composition is long to prevent the rate of burning being affected by the accumulation 
of solid residue within it. 

2 Any unnecessary weakening of the fuze in one direction is to be avoided, as 
tending to make the fuze more liable to split when subjected to exceptional atmospheric 
influences, or in boring. 

S Measuring vertically from centre to centre. 
4 The absence of powder channels makes quick-match unnecessary. See p. 252. 
• This is a defect, a remedy for which is under consideration. 
6 See table XX., p. 345. 
7 See table XX., p. 345. 
8 See p. 36 respecting the difference in the size of the fu~e hole for the 13' . and 

10" mortar shell and that of the 8-inch. 
9 See table XX., p. 345. 
10 At proof they are always timed to burn rather over than under 30 seconds, the 

margin. of.error allowed being all in excess, viz., from 30 to 32 seconds. This is 
because it is considered that a moltar fuze should always be rather long than short. 
If necessary a small quantity more saltpetre than is contained in the usual proportions 
is added to produce this result. 



Fuze, time, 
wood, mortar, 
small. 

Packing and 
issue. 

Fuze, time, 
metal, Boxer's 
20-seconds. 

25$ 

and biLl are used in its preparation, instead of the hook-borer; tha,t 
it cannot be prepared for shorter times of flight than 10 seconds; or for 
minutel' subdivisions than seconds instead of half seconds, and that the 
action is of course independent of powder channels, the side holes as 
before explained always falling within the shell. 

The large mortar fuze is used for the 13-inch, lO-inch, and 8-inch 
mortar shells, and is available for use with no other shell. 

LarO'e mortar fuzes are generally issued in whole metal-lined cases 
330 in'" each. The fuzes are placed in loose, and the case filled with 
papel' shavinO', or other soft materiaL The bung is lutened in the 
ordinary way.~ Smaller quantities are issued in half and quarter cases. 

The CfLse is stencilled with the nature and number of fuze, date of 
issue, numeral, number of thous::md, and packer's name. 

4. The small J.Wortar fuze 3 (pI. 2) differs from the large mortar fuze 
in dimensions, being shol·teL', to contain three inches of fuze composi
tion instead of six inches, and a smaller frustum of the same cone 
to fit the common fuze hole. The composition bore is also smaller; 
beinO' the same diameter as that of the common fuze. The notation of 
the ~mall mortar fuze runs from 1" to 3" (pI. 2, fig. 9). The con
struction of the two fuzes is in other respects identical. 

Its rate of burning, preparation, and action are the same as those of 
the large mortar fuze. 

The small mortar fuze i::; intended for use with the 24-pr. and 12-pr. 
common shells when firecl from the 5t" a.nd 4.!" mortars at ranges 
beyond those for which the common fuze (which would generally be 
used with these shells up to 10 seconds) is available. It can be used 
with these shells for from 5 to 15 seconds time of flight,4 or on an 
emergency it might be used with othereollU)lon 8he11s.5 

Small mortar fuzes are generally issued in whole metal-lined cases, 
1,000 in each; the fuzes are placed in loose, and the case filled with 
paper shnving, or other soft material. The bung is lutened in the 
ordinary way. SmaUel' quantities are issued in half find quarter cases. 
The case is stencilled in black wit.h the nature and number of fuze, 
date of issue, numeral, number of thousand, and packer's name. 

5. The 20 seconds fuze 6 (pI. 3) resembles tho cornman fuze in 
principle, but differs from it materially in construction. The body of 
the fuze is made of gun metaI.7 It is 5 inches in (extel'l1aI S) length, 
the lower pm·t being conical; above this, for about an inch, it is 

1 See p.307. 
" See table XX., p. 345. 
:l Probable date of approval of present pattern 18th August 1855, see p. 238, D!lte 6, 

T'nese fuzes were known as 5~" and 4%/1 mortar fuzes, or "mortar fuzes for 5~" and 
4%,' mortar shells," or "long range fuzes" for" shells Bred from Hoyal and ,Coe.horn 
mortars" until 1865, wheu the present designation was adopted. 

4 Owing to the bush on the 12-pr. shell these fuzes cannot be depended upon to 
act at shorter times of flight than seven seconds, the three top side holes falling against 
the socket. 

S In the 10" and 8" one or two of the upper side holes would fall against the metal. 
~ Present pattern '(with exception of present arrangement of bottom side hole, 

whICh was not apprl,lved ,until July 1865) finally adopted 9th September 1859.
Royal.Artillery General Regimental Order 402, para. 47. 

7 St:ictly speaking, the alloy whlc~ in the Royal Laboratory and throughout this 
work IS ~poken of as " liun metal" IS no~ gun metal, a small quantity of zinc being 
added to lo;prove the castmgs. The alloy IS copper 11 lbs., tin 1 lb., zinc 11 ounces; 
or,proportlOnally expressed, copper 90'n6 per cent., tin S' 27, zinc' 77. 

S,]i:!:cluding thl! neck. 
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cylindrical, and screwed with a right-handed thread to fit the (Moor
som) bush of Daval sheUs.l 

Above the screwed part of the fuze is a plain cylindrical projecting 
shouldel} upon which the fuze rests when it is screwed home; on the 
upper side of this shoulder are four wrench holes (pI. 3, fig. 14), equi
distant from one another, by means of which the fuze is screwed int.o 
or removed from the shell. 

From the centi'e of the group of wrench holes there projects upwards 
a cylindrical "neck," nearly lutlf an inch in length, screwed with a 
left-handed thread,3 to receive the cap, by· which the fuze is closed until 
the moment of ramming home. 

The fuze is bored down its longer axis, from the top of the neck to 
within about ·2 inch of the bottom. The bore is about half an inch 
in diameter, and is tapped with a fine thread, for the rec::eption of a 
hollow rolled paper 4 cylinder (pI. 3, figs. I, 2, 3), smeared ,,-ith shellu,c 
varnish on the exterior for better protection against du,mp, with which 
the bore is lined. The lower end of the cylinder is closed w;th a card
board disc. 

The bore, lined as described, is pressed,5 or driven 6 with fuze compo
sition ; 7 the composition being thus separated by the paper lining from 
the metal, a necessary precaution to prevent the deterioration of both 
metal and composition which would result from the contact of the two.8 

The paper lining also helps 9 to protect the composition from exposure 
at the side holes, and the preparation of the fuze consists, as will 
presently appear, in breaking through this partition and exposing the 
composition at the required hole. 

The fuze is matched and primed in the same way as mortar fuzes. 
The priming, matcll, and composition ale borec1 through in the usual 

way to facilitate igllition.lO 

1 The pitch of thread is I 6i to the inch. This gauge and pitch are admitted'y incon
venient. A conical fuze hole, as before pointed out (p. 250, note 5), is the best, ut only 
for wooden but also -for metal fuzes, "whether regard be had to the smaller aperture 
" thus available for the escape of the exploded bursting charge," or whether considered 
in connexion with the readiness with which a metal fuze may be screwed into or out of 
it (see p. 31, last part of note 2) ; and the sharp pitch tends to prolong and complicate 
still further the operation of screwing the fuze into the shell. The expense and incon
venience cntailed in altering a fuze hole, particularly where metal fuzes are con
cerned, are, however, so cousiderable that, admittedly inconvenient as are this gauge 
and pitch, no proposition that I am aware of was ever formally submitted for their 
alteration until 1865 and 1866, when this subject was fully gone into by the Ordnance 
Select Committee, whose report is given in E.ctracis Ordnance Select Committee, vol. 
iv. p. 143. The adoption of the general service bush, which was the result of the 
Committee's deliberations) will, by degrees (see p. 35), be extended to naval shell; 
and thus the Moorsom gauge and the fuzes adapted for it will eventually disappear. 

2 Sometimes called a collar. 
a Left-handed, or in the opposite direction to the body thread, in order that the 

fuze may not be loosened in the shell when the cap, which may have become 
tightened, is unscrewed. The pitch of thread is 16t per inch. 

4 " 100 lb." paper. 
• By hydraulic pressure. 
6 See p. 251, note 2, respecting the 01(1 plan of driving fuzes. 
7 Seep. 25l. 
8 " We find, where gunpowder is in contact with metal, that there is great deteriora

" tion, both of the metal and of the gunpowder. The old naval fuze was altered for 
" that reason. I applied a paper lining to it, because we fonnd that the composition 
" of the fuze became so much deteriorated that it burnt very irregularly."-Colonel 
Boxer's Evidence before Armstrong and Whitworth Committee, question 1 714. 

HThemetal has an injurious effect upon the composition unless entirely separated 
"-;&omit:'-Owen's Lectures on Artillery, edition 4th, p. 8l. 

9 " Helps "only, since protection is also afforded by the ground clay. 
10 See p. 236. 

15836. s 
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Two rows of side holes (pI. 3, fig. 12), disposed as in the common 
fuze 1 are drilled horizontally comp1etely through the metal of the fuze 
into'the composition bore, the fuze composition being protected from 
exposure at these holes principally by the paper lining, but partly by 
the ground clay with which the side holes, with the exception of the 
bottom hole,2 are pressed. 

The top hole of Ol1e row is situated l' 5 inches below the zero point 
and the top hole of the other row l' 6 inches, and as both these hole; 
fall on the conical part of the fuze, within the shell, powder channels 
are unnecessary.3 

The bottom hole is four inches below the zero point, and is drilled 
through the paper lining into the composition to ensure the ultimate 
action of the fuze in case of imperfect boring, or non-preparation in 
hurry of action.4 This hole is made rather ~al'ger ~han the others, and 
contains a perforated powder pellet, over whIch a pIece of fine paper is 
secured with shellac varnish to exclude moisture.5 

The fuze is capped with a gun-meta1 6 cap (pI. 3, fig. 11), which 
screws on to the neck. This cap is cylindrical in form, but with the 
sides slightly" squared" or shaved off, to give a hold to the key. A 
leaden washer (pI. 3, fig. 16) is placed over the neck, and on to this the 
cap, when screwed home, presses tightly, thus closing and protecting 
the fuze more effectually; a leather collar 7 (pI. 3, fig. 15) is secured 8 
by shellac varnish to the uncler part of the shoulder of the fuze, with a 
view to excluding moisture more completely from a filled and fuzed 
she11.9 The side holes are dotted white. 

The times of burning, or times of flight,l° in seconds and half seconds, 

1 That is, the holes in eaeh row • 2 inehapart, meal>'Uri.ng vertieally from eentre to 
centre, and one row dividing the spaces of the other row. See p. 252. 

2 The lowest hole, that is to say, on the even row. 
3 See p. 254 respecting use of powder channels. 
4 See p. 252. It will be observed that only the bottom hole of the fuze is drilled into 

the eomposition, while in the eommon fuze the bottom side hole of eaeh row is bored, 
an extra side hole being added to admit of this being done (p. 253, note 1). The expla
nation of this is that in the eommon fuze the boring of the side holes is necessary, not 
only to ensure the ultimate· action of the fuze, but also, and principally, to permit of 
the requisite quick-match support being afforded to the powder in the channels. Now 
this support is required for the powder in each channel, and accordingly the bot~m 
side hole of each row must be bored; but in the 20 seconds fuze, which has no powder 
channels, the only object of boring this bottom hole is to ensure the ultimate action of 
the .fuze, andthlsend is !l-ttained by boring the last side hole on the fuze. 

>:~'.I:'hi!! itQ.P!lr.ov~en.t:~=t adopted until some time in 1865. Up to that date 
the hole was open, and the composition at this point therefore completely exposed. 
With regard to this alteration, Col. Boxer says, in a Minute to the Director of 
Ordnance,- The fuzes which are not so altered burn slower after they have remained 
in store some time," principally owing to the exposed communication hole at ·the 
" bottom," but this defect is remedied by the n;;lW plan.-Minute qf Col. Boxl'J to 
Director if Ordnance, 14/10/65. .' . .: 

6 The same metal as is used for the body of the fuze. . . 
7 Parchment has been used for this purpose, and subsequently gutta percha, which 

was ret~ed until 1863, when it was superseded by leather, for reasons given, p. 105. 
s Until 1864 these collars were not secured to the fuze, being pla~ on loose, but 

they were found liable to fall off, or at times to become stretched over the shoulder. 
9 Sir Howaxd Douglas gives the following additional reaSon for the emplO)'illlCllt of 

collars on metal fuzes: "A washer of parchment or some other material should be 
" placed under the collar or head of the fuze, that there may be no contact .between 
" the metals of the fuze and .the shell, by which intervening grains of gunpowd& 
" might become crushed and ignitcd."-Naval Gunnery, p. 327. . 

10 The times of burning and of flight are of course synonymous. This methoil of 
notation appears to be snperior to that adopted for common and mortar fuzes, since 
the.time of fli/l'ht of the projectile i~ always an implieu constitltent.in.the calculation 

.of the length of fuze required; an(l an additional operation is involved inth;;l reduc
tion of the time of flight and burning into terms of the lellgLh of composition. 
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are stamped against the alternate side (pI. 3, ng.12) holes.1 The figures 
are not coloured. 

The whole of the fuze body and cap are lacquered to preserve it 
from corrosion.2 The fuze is stamped on the bottom with the date of 
manufacture, and on the side of the shoulder with the numeral and 
number of thousand.3 

The preparation of the fuze for any time of flight between 7 t and 20 Preparation. 
seconds consists in boring, by means of a br!tce and short bit, or by 
means of a hook borer,4' provided for the purpose, through the clay and 
paper lining at Olle of the side holes 5 into the fuze composition.6 The 
fuze is then screwed into the shell and uncapped .• ~vhen the shell is in 
the bore of the gun,7 by unscrewing the metal cap. 

But if the fuze be required for a shorter time of :flight than 7-i Special prep a-
seconds,s further and special preparation is requisite. rati~n for times 

To make it available for any time of :flight fi'om ~ second upwards of flIght less 
the first I ·4 inches of composition must be removed, ~r bored through} than 7~ secollds 
and a brace and long bit, with a stop, are provided for this purpose. lO 

The top ltole then becomes, by the lowering of the zero point to within 

It is true that in using the common fuze and others notated by length of composi
tion, insensibly one acquires the habit of speaking of the length of fuze due to a given 
range, without any mention of the time of flight, but in reality before the length of 
fuze was determined the time of flight, and consequently the time of blll'Ding of a given 
length of fuze, must have entered into the calculation; at least, if it is a matter if 
caiculatio!!!, and not merely one qf observation. Thus, when we say that a fuze of • 4 
inches is required for a diaphragm shell fired from a 9-pr. gun at 800 yards, the p l'O
cess involved in the calculation by which this result is arrived at is, a determination 
that the shell should burst two seconds after leaving the gun to pI'oduce the required 
effects, that consequently the fuze should burn two seconds, and that the length of 
fuze required to give this two seconds is'4 inches. Therefore it would seem to be a 
simplification to ex:press the notation in tenus of. the times of burning or :flight rather 
than in terms of the length of fuze; at the same tinre, the service generally are so well 
acquainted with fuzes on· the latter plan that a change now could scarcely be 
advocated. 

I 'I'he alternate holes, that is to say, in each row, thus: on the even row the fuze 
is stamped at the top hole 8 seconds, the next hole on that row is missed, and the 
third hole numbered 10. On the odd row the top hole is not numbered, the second 
hole is nnmbered 8t seconds, the third hole is missed, and the 4th hole numbered 10~ •. 
Thus,taking the two rows together, the notation runs, 8, 8i, 10, 10i, 12, &c. 

2 For composition oflacquer employed, see table XX., p. 345. 
3 First adopted November 1864-. 
4. Until 1865 a hand-borer was also included in the naval implements for this 

purpose. 
5 Ex:aept when the full time of burning, 20 seconds, is required, in which case, the 

20 seconds hole being already bored, no preparation is necessary. 
6 See Naval Shell and Fuze Implements, p. 304. 
7 The precaution of not unscrewing the cap of the fuze until the shell is in the gun 

is of the utmost importance. " A terrific accident occurred in the shell-room, or on 
" deck, on board H.M.S. ' M~dea,' by the ignition of a fuze in unscrewing a cap, and 
" the like accident occurred on one other occasion."-Naval Gunnery, p. 316. The 
accident on board the" Medea" is described, Ibid., p. 280: These accidents led to the 
screw- being placed on the outside of the fuze.-Ibid., p. 316. 

8 In the event of a deficiency of short range 7 ~ secon~s fuzes . 
. 9 See p.304. The stop must be placed . not l' 4" bllt l' 94" from the point" of 

the bit, this distance being l' 4" compo + 54" distance from top. ot neck, to zero 
point. . . 

iQ The top hole, as haS been explained (p. 260), is l' 5 inch from the zero point, but 
Wh@l 1'4 inch of composition is removed, the 2ero point becomes lowered by exactly 
that dis~ce, and there will then only remain (1' 5 - l' 4) = . 1 inch of composition 
between the new. zero point and the top side hole, which accordingly liO longer reads 
7J but:! seconds. 

s 2 



Action. 

Packing and 
issue. 

Fuze, time, 
Metal, Boxer's 
7~ seconds. 

262 

·1 of an inch of it, t second instead of 7t seconds,! and each of the 
remaining side holes reads 7 seconds less tlwn it is marhed. The 
preparation of the fuze then proceeds as usual. 

Exarnple.-If the fuze be required to burn 5 seconds, 1·4 inches of 
composition must be removed, as above described, and as a cons/.ant 
error of 7 seconds will thus be established, the fuze must be bored at 
the Lole 12, since 12 - 7 = 5. 

The action of the fuze is the same as that of the mortar fuze, the 
composition being ignited by tho flash of the discharge, and burning at 
the rate of ·1 inch in 5 seconds until it comes to the bored hole, whence 
it issues into and explodes the bursting charge. . 

If the fuze be left unbored it will act its full time, viz., 20 seconds 
since the bottom side hole is bored into; and the perforat@d powcle~ 
pellet will shoot forth the :flame with violence. 

The 20 seconds fuze can be used with all naval shells, for 7t seconds 
or greater, times of flight.2 It will be gradually superseded by the 20 
seconds Boxer wood fuze for muzzle-loading ordnance.3 

The 20 seconds fuzes are issued in rectangular deal packing cases, 
similar in appearance to thc shot and shell boxes. The box is lined 
with brown paper, and contains 50 fuzes; the lid is secured by iron 
screws, and stencilled black, with the nature and numher of fuze, date 
of issue, number of thousand, and packer's name. 

6. The 7 ~ seconds fuze 4 (pI. 3) resembles the 20 seconds fuze ill 
general appearance, construction, and dimensions, but differs from it, 
1st, in being auapted for shorter times of :flight, and, 2nd, in being 
capable of adjustment for t instead of t seconds. 

1st. The fuze is driven or pressed with mealed pit powder 5 instead 
of fuze composition, and the rate of bnrning is thus increased from 
1 inch in 5 seconds to 1 inch in 2i- seconds, or 2 inches in 5 seconds, 
the normal 6 rate of burning of pressed meal powder; and the full time 
of burning of the fuze is thus proportionally reduced. 

The reduction in the time of burning of a 20 seconds fuze of one-half 
would give 10 seconds, and,. accordingly, since this is in excess of the 
full time of burning required, an inch of composition is removed,7 
leaving 3 inches of solid mealod powder, burning at a rate of 1 inch in 
2t seconds, and giving, therefore, a total duration of action on the part 
of the fuze of 7i seconds. 

2nd. The sicle holes of the fuze are disposecl as in the 20 seconds 
fu:oe.iutwo rows and·2 inch apart, but there arc more holes, viz., 15 
in the .. e~n.nlm1bei-:ed, and 14 iIi the odd-numbered, row, thus placing 

I Of course the value of this hole will depend upon the quantity of composition 
removed; thus, if 1 inch of composition be removed, the hole will be situated 
l' 5" - 1 inch = . 5 inch from the zero poiut, and will then read 2-!- seconds. But in 
such a case the fuze would not be available for a shorter time of flight than 2k seconds, 
whereas by removing l' 4 inch it becomes available .for k second or the shortest time 
of flight likely to be required. 

2 Or on an emergency, as has been explained, for shorter times of flight . 
. 3 See W.O.C. 10. (New Series) § 1236. 

4 Present pattern (with exception of present. arrangement of bottom side hoie, 
adopted in July 1865,) approved 9th September 1859,. Royal btillery General Regi
mental Order 402, par. 17. 

5 Se~ p. 138. Pit powder is preferred to cylinder for the same reason that recom
nlends Its employment in fuze c:omposition, viz., its greater regularity of burning. See 
p. 251, note 5. 

6 See p .. 25~, note 8, an~ Appendix K., p. 378, respecting the effect which vari?us 
atmosp~~rIC mfluences WIll have upon the combustion of a colnmn ()f burmng 

.. composltlon . 
• 7 The removal of this much of composition necessitates tlie employment of a longer 

pIece of match. . 
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the top hole of one row (pI. 3, fig. 6) . 2 inch from zero,1 and the top 
hole of the other row (pI. 3, fig. 8) ·3 inch from zero, As mealed 
powder burns 1 inch in 2t seconds, each tent.h of an inch of powder is 
consumed in t second, and these holes, therefore, are equivalent to ~ 
'!lnd! seconds times of burning; the remaining holes represent succes: 
sively 1, It, It, l~, und 2 seconds CPJ. 3, fig. 8), and are numbered as 
in the 20 seconds fuze, by the times of burning or flight being stamped 
:against the alternate holes 2 of each row. The holes are dotted red. 

The 7t seconds fuzes may be readily distinguished,-
1st. By a groove which is cut round the top of the cap, and painted 

red (pI. 3, fig. 7). 
2nd. By the letters" M.P." (for mea led powder) being stamped 

upon the top of the shoulder 3 (pI. 3, fig. 13). 
3rd. By the side holes being dotted red (pI. 3, fig. 8). 
4th. By the different readings of the side holes (pI. 3, figs. 8, 12). 

In all other details of construction the nand 20 seconds fuzes 
are identical. ~ 

The preparation and action of the two fuzes arc also the same,4 with 
the exception that, as before stated, the rates and times of burning 
differ from those of the 20 seconds fuze. 

The 7t seconds fuze can be used with all naval shells, for times of 
flight from t to 7t seconds inclusive; an.a with the 64-pr. M.L. rifled 
guns. It wiII be gradually superseded by the 9 seconds Boxer wood 
time fuze, and no more will be manfactured.5 

These fuzes are issued in the same way as the 20 seconds fuzes, viz., ~ackjng and 
in rectangular deal packing cases, 50 in eac11.6 155ue. 

'. The lid of the case is, l10wever, distinguished by being painted ver-
milion, and stencilled in black, with the nature and number of the fuze, 
date of issue, number of thousand, and packer's name. 

The 20 seconds and 7! seconds fuzes, being intended for naval use, Rea~ons for 
were made of metal in preference to wood for the following reasons:- ~akmgf naval 

1st. A large proportion of naval shells are carried filled and fuzed, uzes a meta. 
and until 1865,25 per cent, of the fuzes were time fuzes. A metal fuze 
permitted of this being done without danger of accidents, whether 
resulting fi'om accidental ignition 7 in the magazine, or while loading, 
or from the falling out of the fuze. 

1 In the 20 seconds fuze, the top side hole is, it will be remembered, l' 5 inch from 
zero (see p. 260). 

2 See p. '261, note 1. The two top holes are not numbered; the secon(1 bole on 
the even numbered row is 1, the next hole on that row is missed, and the 4th hole is 
2 seconds; the 2nd hole on the other row is 1 t seconds, the 3rd hole is missed, the 
4th hole is 2* ; the £gures thus run 1, It, 2, 2+, &c., &c. 

• It might be thought that the red ring would sufficiently distinguish the two fuzes, 
but thc cap is liable to removal, and in the absence of the cap this distinction would 
disappear; or it may be urged that the side holes, their number and marking, 
would show at once whethpl' the fuze is a 20 or 7:t seconds; but this distinction, 
although available uuder ordinary circumstances, is no longer so when the fuze is in 
a shell, and it is at such a moment that the distinction of the two fuzes might be 
r~quired. . 

~ With the exception, of course, that the special preparation desc1'ihPrl (p. 261), by 
which the 20 seconds fuze can be made available for shorter times of flight than these 
for which it is naturally intended, does not apply to the 7 t seconds fuze. 

5 See WO.C. 10 (New Series), § 1236. 
6 See p. 262. 
7" Wood fuzes are m<lre Hable to be accidentally ignited than metal fuzes."-Naval 

Gv:ti:n~,p. 315. "Such is the comparative safety of metal screw fuzes and metallio 
" caps,~that shells so fitted are fOlll1d to be proof against the explosion of a shell in 
" immediatecontact."-Ibid., 321). 

" As shells ()n board ship are generally kept loaded, with their fuzes attached, 
" there is less chance of accident with the metal than with the wood f(lze."-Colond 
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2nd. The bursting charge of a shell fuzed with 
little subject to deterioration from damp, or even 
immersion.1 

a metal fuze is 
from temporary 

3rd. A metal fuze is less liable than a wooden one to deterioration 
from the effects of damp or climate, or to injury from the effects of 
violence.2 

4th. A metal fuze is less liable than a wooden one to be broken or 
knocked out on striking a ship's side or other hard substance.3 

5th. The explosive effect of the shell, considered as a mine, is greater 
with a metal fuze which screws in, than with a wooden one.4 

The several reasons here enumerated are. those'which were urged 
35 or 36 years ago as arguments in favour of the introduction of 
metal time fuzes for naval use, and which have been since held 
sufficient recorrimendation for their retention; but within this period 
circumstances have greatly altered. The improvements made in fuzes, 
in the facility and comparative safety with which they can be prepared, 
in the method of packing them, the introduction of fuze hole plugs and 
wads, the reduction (subsequent to 1850) of the size of fuze holes, and, 
most important of all, the introduction of serviceable percussion fuzes. 
which by an order of 1865 5 are now always issued in filled nayal shell, 
so completely alter the conditions of the case as to weaken materially 
the force of' the original arguments in favour of metal fuzes, if riot 
entirely to destroy them; while the arguments against these fuzes on 
the grounds of comparatiYe expense and inconvenience are rather 
increased than diminished.6 

7. The 9-seconds fuze for M.L. ordnance 7 (plate 45) resembles the 

M.L. 9 seconds. Boxer's MS. Notes, p. 80. Also Owen's Lectures on Artillery, edition 4th, p. 90. 
Also Experiments in H.M. Ship "Excellent," p. 89. " 

" In this and other experiments recorded in this book will be found satisfactory 
" evidence of the security of shells with metal fuzes." 

1 " A shell with its fuze fixed may be immersed in water for a short time without 
"in,jury."-Colonel Boxer's MS. Notes, p. 81. "Metal fuzes protect the bursting 
" charge of the shell from .•.• moisture."-Owen's Lectures on Artiller!!> edition 
4th, p. 92. 

2 "Wood fuzes having been found perishable, or to deteriorate by damp or heat ill 
" the vicissitudes of naval service . . . . all sea service shells . . . . are now fitted 
" with metal screw fuzes."-Naval Gunnery, p. 315. 

" The fragility of wooden fuzes, which, in large cannon especially, are liable to b~ 
" broken by the collision of the projectile with the bore, their rapid decay at sea, the 
" deterioration of the composition, .... have caused efforts to be made to substitute 
"metl!!lie fuzes for woodell fuzes."-Shells and Shell Guns, p. 149. 
'~~W'.~:aie;!Iflj:Qlitger and. Ii!lere serviceable than wooden fuzeS."-Owen's 

Lecturesbn Artillery, 4th edition, p. 92. 
S "Metal fuzes are not so easily knocked out on striking any hard substance, such 

" as the side of a vessel."-Ibid., p. 92. . 
" They are not so liable to be broken or knocked out, either in the gun or on 

"striking and. passing through a ship'sside."-Naval Gunnery, p. 320. 
" The fuze IS not liable to separate from the shell in penetrating into a material."

Colonel Boxers MS. Notes, p. 81. 
4 "Shells fitted with metal fuzes burst with greater violence than those which hav(;> 

"wooden fuzee."--Naval Gunnery, p. 315. 
" The bursting powder will also act as a much more powerful mine' by the greater 

" resistance offered to it~ escape through the fuze hole!'-Colonel Boxers MS. Notes, 
p.81. 

See for a full and scientific theoretical investigation of the subject of the loss of gas 
at the fhze hole, Piobert's TMorigue et Experirnentale, pp. 335-346. 

5 15th November] 865, War Office Circulm' 8 (new series), § n51. 
6 See Appendix. L., p. 379. ' 
7 Approved 26th Jlme 1866, W.O.C. 10 (New Series), § 1236. 
The designation 9 seconds fuze does not seem quite correct, looking to the fact 

that the so.c~lled "20 seconds" fuze contains only double the quantity of composition; 
or perhd.ps It would have been better to designate the 20 seconds an " 18 seconds" 
fuze. See also note 4, p. 266, respecting the burning of the fuze in a spherical shell. 
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common fuze in its main features of construction, but differs from it in 
several points of detail. 

The points of difference may be most conveniently explained by 
arriwging them under the following heads :-
.. (1.) Points of difference in the head of the fuze. 

(2.) Points of difference in the body of the fuze. 
(3.) General dimensions. 
As regards (1.) the head of the fuze. The principal difference here 

consists in the introduction of a gun metal plug, which is screwed 
permanently into the upper part of the composition bore, :flush with the 
top of the fuze. The object of this plug is to close the top of the fuze 
completely, and so to prevent (a) the extinction of the fU2je when 
striking end on, and (b) the great acceleration ofthe rate of burning of 
the composition which is induced by the pressure of the air . on an 
unprotected fuze fixed in the apex of a rifled shelP 

The presence of the plug necessitates a different method of priming. 
From the centre of the plug projects downwards a copper pin (pI. 45, 
fig. 5), round which is looped (pI. 45, fig. 8) a piece of quick-match. 
(pI. 45, fig. 4), the ends of this match being passed through two escape 
holes (pI. 45, fig. 2), which are provided in the side of the head for the 
escape of the :flame from the burning composition. 

The quick-match is laid in a groove round the head oftha ftize,and 
is covered by a strip of thin sheet copper,2 the copper being covered by 
a tape band,3 0ne end of the copper band being exposed. 

The band and upper part of the fuze are painted black; the top of 
the fuze is varnished with shellac varnish. 

(2.) The body of the fuze differs from that of the common fuze 
principally in being lined with a paper 4 cylinder (pl. 45, fig. 8). This 
lining serves two purposes, 1st. In the event of the wood shrinking, as 
it will sometimes do in dry hot climates, it prevents the forma.tion of a 
space or groove between the wood and composition, which would cause 
the fuze to explode 5 instead of burning regularly; and 2nd. It enables 
the side holes to be made deeper, thus diminishing the thickness of wood 
to be bored through in preparing the fuze. 
. In acldition to being deeper the side holes differ from those of a 

common fuze in being plugged with rifled powder only, the ground clay 
being dispensed with. The bottoms of the powder channels are not, as 
in the common fuze, closed with shellac putty, but, like those of the 
diaphragm fuze, are connected at the bottom with a piece of q uick-mu.tch. 

1 See on this subject Appendix K, p. 378. The extent to which this acceleration 
takes place is indicated by the fact that the total acceleration of the time of burning 
of a 20 seconds metal time fuze which has no such plug,. fired in a 64-pr. M.L. shell, 
is.3, seconds; i.e. a 20 seconds fuze burns only 17 seconds.-Minute by Gen. Lifroy, 
I8!7/65, on 75(7(1329. The difference would of course be greater in shells having 
a higher velocity. 

2 The copper band is 5' I" long, . 3/f wide, and . 002/1 thick; the end is narrowed 
slightly. 

3 The object of covering the quick-match thus carefully is not merely to protect 
the priming from moisture, but to secure the fuze against accidental ignition. An 
experiment was made in the Royal Laboratory at Woolwich in March 1865, to 
determine how far the fuzes were secure in this respect. The result was satisfactory. 
The following are the details of the experiment. Four. 7-inch B.L. co=on 
shells were placed upright and a 10 Ibs. cartridge exploded in centre, and trusre
peated a second and third time with same fuzes; none of the fuzes ignited. Four 
7-inch B.L. common shell were placed round a 10 lbs. cartridge with the fuzes resting 
ou the. cartridge, and cartrid.s"e exploded, this repeated a second and third time; ODe 
fuz~(j,'(J.~pf 12 maybe expected to light.. . 

4 tt·~'f~ wrapping" paper. The'outside of the cylinder is varnished with shellac 
before beIng plaeed in the fuze. .. 

5 On the prinripleof a tube. 
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Above the level of the top side hole the composition bore is driven 
with mealed (pit) powder instead of fuze composition, to insure greater 
accuracy when the fuze is prepared for short ranges.! 

(3.) In dimensions this fuze differs from the common in being 
altogether about one inch longer to give room for the plug, and in being 
cut from a somewhat thicker part of the same cone to adapt it to the 
general service fuze hole. 

In other respects the construction is identical with that of the common 
fuze. 

Preparation. The preparation of the 9-seconds and commOll fuzes is the same, with 
the exception that the 9-seconds fuze is uncapped by stripping the tape 
and copper band from the priming, by means of the exposed end of 
copper which is left to by hold of. 

This should not be done until the shell is in the b01'e of the gun. 
Action. When the fuze composition becomes ignited it burns out of the two 

escape holes provided for the purpose, the action in other respects being 
the same as that of the common fuze. 

The 9-seconds fuze can be used with all muzzle-loading shells baving 
the" general service" fuze hole or adapter, and, in addition to being 
used with all M.L. rifled shells so fitted, it has been adoptecl for use 
with naval spherical she112 having a suitable bush or adapter. It will 
gradually supersede the 7t seconds fuze for these latter shell.3 It is 

Available as available for times of flight from 1 to 10 seconds.4 This fuze is avail
percussion fuze. able as a percussion fnze when firing (even with low c11arges) against 

earth works or ships without any preparation, the fuze in such cases 
being driven into the shell on impact and the shell exploded. 

Packing and The 9-seconds fuzes are packed by fifties in zinc cylinders, labelled 
issue. "Fuze, time, Boxer, 9-seconds, for M.L. ordnance." On the side of the 

cylinder are labelled the following directions, similar directions being 
enclosed in each cylinder. 

INSTRUCTIONS for PREPARING and FIXING BOXER 9·SEC. TnlE FUZE FOR 
MUZZLE-LOADING ORDNANCE, GENERAL SERVICE BUSH. 

The fuze is similar to the Boxer wood time fuze for breech-loading 
rifled ordnance, except that there is no detonator, the top being closed 
by a solid metal plug. The fuze is ignited by the flame of the exploded 
charge, which passes by the windage, and lights the priming of quick
match contained in the groove round the head of the fuze. The priming 
is protected from injury or accidental ignition by being covered with II 
baud of c~per and tape. 

Preparing and fixing the Fuze. 
The fuze is prepared in the same manner as the ordinary wood time 

fuzes. In fixing the fuze it is not necessary to use a mallet, it is suill-

1 Pressed mealed powder burns twice the rate of fuze composition, and thus by 
substituting mealed powder for fuze composition twice the length is obtained, the 
chance of the boring tool cracking the composition, as it would be liable to do if it 
entered near the top, being thus diminishecl and the accw'acy of the fuze at short 
ranges increa&eil_ . . 

~ Fot' reasons which .induced the Ordnance Select Committee, when engaged in the 
assimilation of fuze holes, not to attempt to extend the assimilation, as far as spherical 
shell were concerned,to any but "Naval shell," see Extracts Ordnance Select 
Committee, vol. iv. page 143, etseq. 

~ War Office Letter, 5th July 1866, 75/12/2852, and War Office Circular 10 (new 
senes), § 1236. 

,I The fuze is called a 9 seconds fuze because this is its mean time of burning in 
rifled shell, in which, notwithstanding the plug, a certain acceleration of burning does 
take place. In a spherical shell, however, the fuze will burn the full time due to two 
inches of composition, i.e. 10 seconds. 
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cient to press the fuze with tIle hand, screwing it at the same. time into 
the bush or adapter; when the fuze cannot be screwed any further 
with the hand it is then properly secured. 

Uncapping the Fuze. 
The fuze should not be uncapped until the shell is placed in the bore 

of the gun. To uncover the priming, take hold of the small end of the 
copper band, which is left exposed, and unwind from left to right 
smartly, so as to thoroughly detach the band from the head of the fuze. 

N.B.-With reduced charges, to insure the iguition of the fuze, it 
may sometimes be necessary to farther expose the quick-match priming 
-a slight touch with the finger will easily make the ends of the quick
match project from the groove,-and when very reduced charges are 
used two or three strands of quick-match should be tied, in addition 
round the projecting part of the fuze." 

8. The 20-seconds jitze jar M.L. ordnance 1 (pI. 51) resembles in Fuze, time, 
part the 9-seconc1s fuze for M.L. ordnance, and in part a mortar fuze. wood, Boxer, 

It has, that is to say, the metal plug in the head, the escape holes, lVLL. 20 se
the priming and copper and tape bands round the head, and the paper conds. 
lining, which are eharnderistic of the 9-seconds fi.1Ze, while in respect 
of having only one row of side holes, disposed spirally, and of having no 
powder channels, its construction is that of a mortar fuze. 

In two respects the fuze differs from both those which it generally 
resembles. It contains four inches of fuze composition,1! (pI. 51, fig. 26) 
and a hole is bored transversely through the fuze immediately below the 
composition for the reception of a pellet of mealed powder pierced like a 
tube (pI. 51, fig. 26). The ends of the hole are protected by discs of thin 
paper secured with shellac varnish. Notation of the side holes is as in 
the large mortar fuze, from 2 inches downwards, but each hole is 
numbered, in tenths of inches. 

The preparation of this fuze is the same as that of the mortar fuze 3 Preparatio 
hl so far as the boring is concerned. It is uncapped in the same way as and action~ 
the 9-seconds fuze. 

Its action is that of a mortar fuze, with the addition of a certain 
increased violence or intensity of action due to the· powder pellet in the 
bottom, when the fuze is left to burn full length, 

The 20-seconds M.L. fuze can be used with the same shells as the 9 
seconds M.L. fuze, i.e., all M.L. shells, J7ified or smooth bore, having the 
genel'al service bush or adapter. It will gradually supersede the metal 
20-seconds fuze for llaval spherical shel1.4 It is available for all times 
offiight from 10 to 20 seconc1~.5 This fuze is available as a percussion.A '1 hi 
fuze when firing (even with low cbarges) against earth works or ships pe~~~~io~ ~ze 
without any preparation, the fuze in such cases being driven into the 
shell on impact and the shell exploded. 

These fuzes a!'e packed by fifties in zinc cylinders labelled as the 9 
seconds fuze though with the necessary modificat.ions. 

9. Tlte Hand Grenade juze is a conical wood R fuze, rather more Fuze, time, 

1 Approved, 7/6/67, W.O. Letter 3/7/67,75/7/1742. wood, hand 
~ There is . 1" of mealed powder on the ,top of the composition bored into to grenade. 

facilitate ignition. But as the hole all but extends through the mealed powder, this 
pellet does not sensibly increase the time of burning of the fuze. 

a But, owing to the side holes being bored deeper, is not nearly so slow or laborious. 
4 See note 3, p. 266, also W.O.C. ]0 (New Series), § 1236. 
5 In spite of the plug a certain acceleration of the rate of burning takes place in 

rifled shells, and the mean time of burning of the fuze in rifled shell would probably 
be 8ib611t 18 seconds. But the fuze would burn its full time in spherical shell. It 
will j!1'ildnaUy supersede the 20 seconds metal time fuze. 

D Beechwood. of the same description as is used for common fuzes. See p. 250, 
note 4. 
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than two inches long.1 and with a projecting rounded head. The head 
is cupped out, and the composition bore extends from this cup com
pletely through the fuze, down it.s longer axis. Tl~e low~r end of the 
fuze is bevelled off to almost a pomt. There are neIther SIde holes nor 
powder channel~, nor an~ mark~ in~icating the length~f composition, 
with the exceptlOn of a rmg whIch IS cut round the outsIde of the fuze 
at zero. . 

The fuze contains l' 5 inch of solid fuze compositioll,2 which is 
exposed and unsupported at the bottom.3 • . 

The :fuze is matched like a mortar fuze, the pIece of match used beinO' 
about three inches long, and is primed and b.ol'ed into in the usual wa~ 
to insure ignition. It is capped with a disc of cardboard,4 over which 
is tied 5 a piece of fine paper.6 

These fuzes are not painted; they have the numeral, number of 
thousand, and month and year of issue stamped upon the sid.e. 

Hand grenade fuzes are not to. be cut, bored, ~r prepared m any way, 
being intended to burn the full tIme due t? I . 5 mches of fuze composi_ 
tion, viz., 7t seconds.7 They are placed III the grenade uncapped, and 
ignited by means of a portfire,8 anJ. the grenade thrown in. the direction 
required.9 The fuze composition continues burning at the usual rate of 
one incll in five seconds, until it is consumed, when the flame passes 
through the end of the fuze to the bursting charge of the grenade, and 
explodes it. The hand grenade fuze is available with either the 3-pr. 
or 6-pr. hand grenade. 

Hand grenade fuzes are issued in half metal lined cases, 1,200 in each, 
the case being filled up with paper shavings or other material, closed 
and Iutened as usua.I. It is stencilled on the top in' black with the 
nature and number of fuzes, date of issue~ number of thousand, and 
packer's name. For naval service they are generally issued fixed in 
filled grenades, and covered with a kit plaster. 

1 Total length, inclusive of head. 
2 .see page 25l. 
3 The absence of support for the composition for a hand grenade fuze is of no con

sequence, as the fuze is exposed to no shock by which the composition could be 
" set down" or cracked. See page 235. 

4 See page 253, note 3. 5 With twine. 6 "White fine." 
7 The full time of burning of the fuze is as short as is consistent with safety, the 

shell containing the fuze being, it must be remembered, in a man's hand. It is there
fore clearly unnecessary and undesirable to construct the fuze with a view to its pre
parlttiOO1 f()r a $)io:rter,.and therefore for an unsafe time of burning. Sec for a plan bv 
which the tittle ofbuming of the fuze can be practically reduced, note 9 below. • 

8 The French hand grenade fuze is ignited by means of friction, which seems a 
superior method to lighting the fuze by a portfire :-" La fusee est allumee avant de 
" les jeter, ou bien en les jetant, au moyen d'une 6toupillc a friction."-Piobert's 
Traite d'Artillerie Elementaire et Pratique, p. 282. 

The particular arrangement employed is fully described in Thiroux's Instruction 
d'Arlillerie, p. 375. 

·A new hand grenade was introduced iuto the American service by a Mr. Ketchum 
in 1861. It is elongated, and is kept point downwards in falling by a feather in the 
base, and when .. it ... fa. 1. Is to .the ground the" striker" is dr. iv. en ... 1 .. ·n. t.o.a !lopper cap on a 
nipple, andfueshell exploded. The striker is only put·m when the shell is going to 
be used.-See Report on the Military Affairs of the Unitec1. States of America, p. 43. 

9 It is sometimes the practice, and useel to be taught at dJ:ill, to wave the arm three 
times after the fuze is ignited and before the grenade is thrown, in oreler to allow time 
for the consumption of a portion of the fuze composition, and thus to make it imprac-

, ticable for the enemy at whose feet the hand grenade may fall to take it up and throw 
it back again or away from him. In fact, this plan is tantamount to preparing the 
fuze for a shorter time of flight, according to the nnml>er of seconds that it is retained 
in the hand after being ignited; but the practice is not a very safe one, and would 
require t{} be exercised with the greatest care. •. 
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10. The Fuze for the lO-inch Parachute light 1 (pl. 38, figs. 18, 19) Fuze, time, 
resembles the common fuze 2 in principle and in general construction, wood, par~-
but differs from it : chute, 10-111Ch. 

1st. In containing three inches of solid fuze composition instead of 
two inches, and consequently in being available for 15 instead of 10 
seconds' time of :flight. 

2nd. In the side holes reading times of burning (pI. 38, fig. IS) or 
:flight, instead of lengths of composition. The top side hole is ] . 2 inches 
below the zero point,3 and is accordingly numbered six seconds. The 
remaining holes are, as in the common fuze, two-tenths of an inch apart, 
and disposed in two rows to divide the spaces and read seconds and 
half seconds .. 

3rd. In the powder channels being connected at the bottom, as in the 
diaphragm fuze. 

4th. In the fuze being varnished blue 4 all over, except the cap; in 
the· whole of the side holes 5 being dotted yellow; 6 and finally, in a 
printed label with the words" time of burning" being pasted above the 
row of side holes. The number of thousand, month and year of issue, 
are marked upon the fuzes as usual. 

These fuzes are prepared in the same way as the common fuze, and Packing and 
are u~ed with the lO-inch parachute light.7 On an emergency they issue. 
would be available for use with common shells. 

The lO-inch parachute fuzes are packed 25 in a cylinder. 
11. T/te fuze for 8-inch Parachute light S (pI. 38, figs. 16, 17), ]'uze, time, 

diff~s from the 10-inch parachute fuze only in being shorter,9 and con- wood, pa:ra-
taining two inches of solid composition instead ot three inches; the chute, 8-mch 
composition is made rather slower, bringing the duration of burning of 
the 2 inches up to 13 seconds. It is intended for use with the 8-inch 
parachute only, but is available on an emergency for use with the 10" 
parachute, and with all common shells. 

12. The fuze for 51-inch Parachute light 10 (pI. 3S, figs. 20, 21), re- Fuze, time, 
sembles the S-inch parachute light fuzes in all particulars, except length, wood, par~
and the position of the top side hole, which reads 3' 5 seconds; it con- chute, 5~.mch_ 
tainsonly 1- 5 inches of solid slow composition, and is available for 

1 Pattern approved 2nd January 1866, War Office Circular 9 (new series), 
§ 1199. 

2 See page 250. 
3 The fuze is not supposed to be required for a shorter time of burning than is due 

to 1'2 in(lhes, and it is undesirable to place more holes higher up the fuze, because of 
the lil>elihood of the flash of the discharge communicating through the thin paper at 
these holes (which would be exposed above the socket) with the powder in the 
channels, and causing premature explosion; . or, if premature explosions do not occur, 
there is a likelihood of ultimate failure on the part of the fuze, resulting from the 
escape of the flash at the· exposed holes, instead of downwards into the shell, the 
resistance offered at these holes to such escape being less than that presented in 
a downward direction. 

4 See table XX., p. 345. 
S Except the two bottom side holes, which, not requiring any boring, are not dotted. 
6 In the common fuze, only the side holes on the black are yellow. For the com-

position of the paint see table XX., p. 345. 
7 These fuzes are not available with the lower natures of parachute light, because· 

the upper side holes would be exposed above the socket, and premature explosions 
might result. 

s Approved 2nd January 1866, War Office Circular 9 (new series), § 1199. In 
the same year a further slight alteration was sanctioned,in this fuze, viz., the employ
ment of a slower composition and the consequent prolongation of the time of :flight, 
for <which the fuze is available. 

9 It is cut from the smaller end of the same cone. 
10 Approved2J1d January 1866, War Office Circular 9 (new series), § 1199. See 

note next but one above. 
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times of flight between 4 and 10 seconds (inclusive). This fuze is 
intended for use only with the 5t-inch parachute light, but it can also 
be used with the 8" parachu.te.I 

13. The Juze Jor Manby's shot,2 (pI. 25, figs. 3, 4, 5), is a frustum 
of a large mortar fuze cone taken at its thickest part,3 and rather 
over three inches in length. The composition bore is concentric with 
tIle longer axis of the fuze, and is considerably larger in diameter than 
that 6f the mortar fuze,4 in order to increase the quantity of burning 
composition and the illuminating power 5 of the fuze. The composition 
bore is lined with a hollow cylinder of rolled paper,6 to prevent the 
fuze exploding on the principle of a tube, in the event of the wood 
shrinking away from the composition.7 The composition bore is 
pressecl s or driven 9 with 2·5 inches of solid fuze composition,10 matched 
(pI. 25, ng 7), primed, bored into, and capped (pI. 25, fig. 8) like a large 
mortar fuze. 

The Manby fuze contains no side holes or poweler channels, not being 
intended to be prepared for any pal·ticular time of burning. The 
position of the first and second inches are indicated by rings cut round. 
the fuze. 

The fuze is painted drab 11 all over, except the cap, which is not 
painted; a black 12 ring is painted round the junction of the cap and fuze. 
" They are marked with the numeral, number of thousand, and month 
and yea1' of issue in the usual way. 

These fuzes are intended for use with Manby's 24-pr.13 life saving 
apparatus at night.14 They are placed in the holes prepared in the base 
of the shot, four fuzes in each shot., and being uncapped ber,ome ignited 
by the:tlash of the discharge, and serve to distinguish the path of the 
shot through the air, and indicate any error that there may be in 
"laying." Strictly spenJdng, therefore, they are rather lights than 
fuzes. 

The Manby fuzes are issucd in zinc cylinders, lG in Cacll, with a paper 
containing the following printed directions for usc :-

"Fix the fuzes firmly in the shot with the mallet and settcr. Remove 
" the caps from the fuzes by giving the tape a sharp pull, when the 
" shot is ready for firing. 

1 The fuze is so short that the upper part of it is not thick enough to bite in the 
fuze hole of common and diaphra/lll1 shell, bence it could not be used with such shells. 

2 Present pattern (with paper lining) adopted 14th February] 864.- 'War Office 
Cirr:ular No.1 (new series), par. 875 ; respecting adoption of original pattern, see 
p.238. 

3 As nearly as possible; the largest diameter of the mortar fuze is ]·565 inch, 
that of the Manby fuze l' 59 incb; the development of cone of the two fuzes is the 
same. 

4 The b(lre of the mortar fuze is ·37 inch in diameter, that of Manhy's fuze· 75 
(measuring oytside the paper lining), or ·6 inch (measuring inside paper lining). 

5 See p. 97 respecting the use and object of this fuze. ., . 
6 100 lb. paper. 
7 "I find, in consequence of the largeness of the bore for the composition of the 

" 1>1anby fuze, the wood is liable to shrink, and thus cause the fuze to explode instead 
" of bUl'ning. To obviate this I propose to insert a paper lining similartothat used in 
" my naval tin;e,£uze."-:-Letter from Colonel Boxer to Director of Oranance, 21 Janu
ary 1864. ThIS alte:ratlonwas adopted 14th February 1864.-War Office Circular. 
No.1 (new series), par. 875. 

8 By hydraulic pressure. 
9 See p. 25l. 
10 See table XIX., 344. 
11 See tahle XX., 345. 
12 See table XX., 345. 
laThe 6-pr. Manby shot have no fuze holes. 
14 See p. 97. 



271 

" Note.-Care must be taken to protect the priming of the fuze from 
moisture. " 

The cylinders are closetl and secured in the usual way; the band 
painted white, and the top painted white aml stencilled black with the 
nature and number of fuze, number of thousand, month and year of' 
issue. 

Sometimes when demanded in larger quantities they are issued in 
packing cases, as many as demanded in each, the case being marked as 
above, with the ltddition of the packer's name. 

These fuzes are also sometimes issued in rectangular boxes fitted up 
in the interior with holes 01' sockets for the reception of 16 fuzes, a 
mallet. and setter. 

These boxes are painted a stone colour, and the lid secured with a 
hasp and padlock; there is also a cleat upon each end through which 
passes a rope becket for convenience of lifting. The box is stencilled on 
the lid ill black with the nature and number of its contents. 

14. Tile white metal Drill fuze 1 is merely a 7 t seconds fuze filled Fuze, time, 
with clay instead of composition, and the body of the fuze tinned to metal, white, 
distinguish it. for drill. 

In other respects the two fuzes are identical. These fuzes are used, 
as their name implies, for drill purposes by the navy, the men being 
instructed by means of them in the manner of boring and preparing the 
service fuzes, without the chance of sprinkling grains of' powder or bored
out composition about the decks. 

White drill fuzes are issued in the same description of cases as the Packing and 
service metal time fuzes, the case being stencilled in black with the issne. 
nature and number of fuze, date of issue, nnmber of thousand, and 
packer's name. 

CLASS 2.-PERCUSSION AND CONCUSSION FUZES. 

A percussion or concussion fuze is one which is independent of the 
element of time of :flight, and which depends wholly upon impact for its· 
ultimate action. 

The distinction between percussion and concussion fuzes was until 1863 Distinction 
altogether arbitrary, and the application of the terms depenc1ell upon the betw:een,:' per
sense in which the inventor of any particular fuze chose to aPl)ly them. ~usslonus' an~ 

S . h . "h b . d 1 f conc Slon ometlmes t e name "percusslOn as een restncte to sue 1 uzes fuzes. 
as contain a percussive or detonating arrangement, while those fuzes 
have been called" concussion" which are independent of any such 
arrangement;2 in other cases the application of the terms seems to have 

I The name white metal fuzes for drill tends to mislead, as implying that the fuzes 
are made of" white metal" (i.e. lead and tin), whereas they are actually gun metal, 
tinned white. 

S Sir Howard Douglas adopts this distinction. He says-" A concussion fuze is 
" provided with an internal mechanism, so nicely adjusted as to withstand the first 
" shock the shell receives, viz. that occasioned by the explosion of the charge, and 
" resist any other that may be occasioned by grazing short, while it shall yield to the 
" concussion occasioned by the impact of the shell on the body struc.k; this conc.us
" sion, by shaking the burning c.omposition of the fuze into ,the, wadded cavity .of the 
" shell instantly causes the latter to eltplode. A' percusslOn fuze or shell IS one 
., fitted or :filled with a chemical composition of highly explosive character, which 
" bursts the shell at the moment of striking, without being previously ignited."
Naval Gunnery, p. 282, note. 
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been rather a matter of accident than founded upon any accurate or 
well considered distinction.1 

Perhaps the best distinction which could be drawn, looking to the 
natural meaning and application of the words,2 would be to call those 
fuzes which depend upon the direct impact of the fuze "percussion" 
and those which do not require for their nction such direct impact, b~t 
merely the concussion resulting from the impact of the shell, "concus
sion " fuzes. 

The adoption of this definition, however, would have the effect of 
altering the nomenclature of all the fuzes of this class, whether rifle or 
smooth bore, at present in the service, to concussion, since there is no 
existing fuze which depends upon direct impact for its action.3 

In 1863 4 a definition was suggested by the Ordnance Select Com
mittee and adopted to govern the future application of the words per
cussion and concussion. 

This definition is as follows :-" A percussion fuze is one which is 
" prepared to act by. the shock of discharge, but put in action by the 
" second shock on striking the object. A concussion fuze is one which 
" is put in action by the shock of discharge, but the effect of that action 
H is restrained until it strikes the object."5 

Under this definition all existing fuzes become percussion,6 and the 
only fuze, now no longer in the service, which fulfils the requirements 
of a concussion fuze is Freeburn's,7 on which, indeed, it is probable this 
definition, by an inductive process was based. 

There al:e at present three percussion fuzes for smooth-bore ordnance. 
1. Pettman's land service percussion fuze. 
2. " sea" " 
3. " general service " 

1 A good instance of this is afforded in the naming of two of the Armstrong fuzes; 
one, the iron fuze, which was in use until 1862, waR called a "concussion" fuze; 
while the C pattern fuze, by which it was superseded, and which depended upon 
identically the· same principles of action, was called a " percussion" fuze ; indeed, the 
C pattern percussion fuze was itself on its first introduction called a concussion fuze. 

2" Percussion, the act of striking one body against another."-Imper;aZ Dictionary. 
"Percussion, a striking, a shock."-Webster's Dictionary. 
"Percutio, to strike, to hit, &c. &c."-Ainsworth'.~ Latin and English Dictionary. 
" Concussion, Latin, concussio, from concutio, to shake, from con and quatio, quaaso, 

« to shake or shatter." -I mpel'iaZ Dictionary. 
" Concussion, a shalcing."..., Webster's Dictionary. 
~~OenWdjo,w: shake,t.>jog, &c.&c."-Ainsworth's Latin and English Dictionary. 
The meaning of the two words broadly expressed and for the practical purpose now 

under consideration may then be taken as follows :-Percussion, a striking, concussion, 
a shaking. 

a With the exception of the Boxer 2-inch time fuze for rifled ordnance, which 
however is generally spoken of as a time fuze, its employment as a percussion fuze 
being to a certain extent exceptional. H1>wever, when used as a pel'cu~sionfuze'this 
fuze does depend upon direct impact; it must be actually struck and driven into the 
shell. The. term percussion would therefore be rightly applied to it under the defi
nitions suggested. . 

The percussion fuzes for rifled ordnancer C.Patt, Dyer's, Freeth's. apd the Pillar, 
depend /liso,it is true, upon the shell striking lie¢\d foremost; or neal'ly so, Qut not 
upon the actual striJting. of' the fuze. 

4 16th January 1863 • ...,..::Wal' Office Oirculw' 822, par. 725. 
5 Ibid. 
6 It is a questiou whether the Boxer 2-inch time fuze for rifled ordnance when used 

to act on impact should not under this definition' be called a concussion fuze, since it 
is put into action by the shock of discharge in the same sense as Freeburn'S fuze, 
whlle the object of that actioll is restrained until the object is struck. 

7 See preceding note. 
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1. Pettman's,land service Percussion fuze 1 (pI. 7) consists of seven 
principal parts, viz. :-
. The Body (figs. 1, 15, 16). 

The' Top Plug (figs. 2, 3). 
The Bottom Plug (figs. 13, H). 
The Lead Cup (figs. 11, 12). 
The Cone Plug (figs. 9, 10). 
The Detonating Ball (figs. 6, 7, 8). 
The Steady Plug (figs. 4, 5). 

The Body (pI. 7, figs. I, 15, 16) is made of gun metal.2 It is 2" in 
extreme length, and is conical 3 in form, and screwed to fit the fuze 
holes of common shells.4 Above the screwed part is a plain project
ing shoulder upon which the fuze rests when screwed home, and upon 
the top of this shoulder are four wrench holes equidistant from one 
another, by means of which the fuze is screwed into or removed from 
the shell. 

The body is hollow from end to end, being tapped 5 at top and bottom 
to receive the top and bottom plugs. The interior is otherwise plain 
and cylindrical, with the exception of a slight rounding inwards imme
diately above the bottom plug. 

The Top Plug (pI. 7, figs. 2, 3) is a cylinder of the same alloy as the 
body 6 screwed to fit the upper end of the fuze; on its uppBr side is a 
square key-hole by which it is screwed into the body, or removed for 
the purpose of inspection or repair.7 This plug closes the top of the 
fuze. .. 

The Bottom Plug (pI. 7, figs. lR, 14) is a cylinder of the same alloy 
as the body,S screwed to fit the lower end of the fuze. On its upper 
side it has a small projecting stud, and on its under side a small cut, by 
means of which it is screwed into the body. 

This plug is perforated with two holes, one vertical through it.s 
longer axis, which serves as a .fire-hole through which the :Bash of the 
exploded detonating composition communicates with the bursting charge, 
ihe other horizontal and intended for the reception of a strand of 
quick-match to prevent the powder dll~t from the bursting charge 
working into and choking the fuze.9 

The Lead Cup (pI. 7, figs. 11, 12) is a hollow cylinder of pure 10 lead 
completely open at the bottom, but having merely a small hole at the 
top. This cup rests upon the bottom plug, the lower part of it adapting 

I Adopted 30th October 1861, Wa1' Office Cil'cular 739, par. 414. 
2 The same" gun-metal" as is employed for the 7t and 20 seconds time fuze, see 

p. 258, note 7. 
3 The common fuze hole taper I in 9'375. The extreme lower end of the fuze is 

slightly, almost imperceptibly, rounded. 
4' The thread is right·handed, and 14 to the inch; see p. 25, note 11, respecting the 

alteration which is necessary in such common shells as have not got a cross upon 
the plug to enable them to receive these fuzes, and p. 308 respecting the special set 
of implements issued for this purpose. 

s Right-handed, 20 threads to the inch. 
6 See note 2 above. 
7 It is an advantage of these fuzes that they admit of ready inspection and repair 

of the interior arrangement when required. 
8 See note 2 above. 
9 See p. 248, where this point is explained. .' . 
10 The purity of the lead is a very important point, the strengtll of the cup being 

calculated upon the asswnption that the lead employed is perfectly pure. Any 
~:ttuxe which may tend. to increase the strength of. the lead cup would tend to 
ditiiliii:sh the certainty of action of the fuze with low charges; on the other hand, any 
decrease in its strength would render the fuze more liable to accidental premature 
explosion. The cup should weigh betwe.en 175 and 185 grains. 
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itself to the rounded form of the interior of the lower part of the body 
and thus surrounding, though not touching, the stud of the botton: 
plug. 

The Gone Plug (pI. 7, figs. 9, 10) is made of rather a harder alloy 
than the body of the fuze? for a reason which will presently appear.2 . 

It is called the" cone" l)lug from the top edge being bevelled, which 
gives the upper part of tho plug a conical form, otherwise it is a plain 
cylinder which exactly fits the interior of the body. . 

From the lower side of the plug projects a stud similar to that upon 
the bottom pIuO', and the pIng is perforated vertically with a fire-hole. 

The cone pl~g rests upon the lead cup, its stud entering the small 
hole in the top of the cup. 

The Detonating BceIl (pl 7, figs. 6, 7, 8) is a solid sphere of the same 
alloy as the cone plug; 3 it is roughed or "milled" over its surface, 
and a groove is cut round its horizontal circumference for the double 
purpose of allowing a greater quantity of detonating composition to be 
placed upon the ball, and of giving thaL composition a better hold. 

At the extremities of the vertical axis of the ball are two projections, 
the lower one is conical, the upper cylindrical, with a small shouluer 
round its base. , 

Round the neck of each projection is a small groove. The ball is 
plastered over its whole surface up to, but not in, the grooves at the 
neck of each projection with the following detonating composition :-

Potash, chlorate of4 - 6 oz. 
Sulphide antimony5 - ~ oz. 
Sulphur, sublimed 6 - t oz. 
Powder, mealed, L. G.7 - t oz. 

Damped into a paste with spirits, methylate~ one quart; shellac, 112 
grains, in the proportion of 40 minims of the vltrniSh. to 100 grains of 
composition. 

The composition is covered with fille gut,S tied on with silk cord 
and varnished, 9 and afterwards with thin silk 10 similarly secUI'ed and 
varnished. 

These cove6ngs of gut, silk, and varnisll 110t only diminish the 
sensibility of the ball to the point requisite to secure it against pre
mature explosions,11 but they also effectually protect the detonating 
composition from damp.l2 • 

The ball rests with its lower or conical projection in tIle fire-hole of 
the cone plug, the upper or cylindrical projection entering a hole in the 
steady plug. .;. 

Tlte Steallll Plug (pI. 7, figs. 4, 5) is a cylindrical plug of t.he seam 
alloy as the ball and cone plug,13 exactly fitting the interior of the fuze. 
A hole is drilled through the vertical axis of the plug, not to serve as a 

1 The alloy is copper seven parts,tin one part, or, expressed decimally, ooppi!r 87: r. , 
tiJ.l12,·5 per cent. .' . f See p. 276. ' ." 

8 See note 1 above. The exact weight of the ball is also of importance, see p. 275, 
note 9. It should weigh between 125 and 140 grains, or covered, 134 to 146. 

4 See p. 315. • See p. 311. 
s See P. 318.. 7 See p .. laS. . . 
8 Sheep's gw.; 9 For varnish, see table n., p. 345. 

]0 Sarsenet. 
11 Such as might result fr9m. the friction of the ball, if the composition were naked, . 

against the inside of the fuze d1!riJJg the flight of the shell. . . 
12 Pettman's fuzes are therefore little, if at all, sensible to the effects of damp, lIS, 

independently of the protection afforded by the covering of the ball, the fuze itself 
is securely closed, and the ball, the only part liable to deterioration, is thus doubly 
JlrQtected. , ' 

13 "a~note 1 above. 
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11re-hole, but for the admission of the upper projection of the ball. The 
top side of t.he plug is slightly hollowed out.! 

The steady plug occupies a position in the fuze immediately under
neath the top plug and immediately over the ball. 

When the fuze has been placed together, with the several plugs and 
parts occupying the positions described, the key-hole in the top plug 
and the cross cut in the bottom plug are filled with shellac putty, and 
discs of fine paper 2 are secured over the top and bottom of the 
fuze 3 with shellac vamish, the better and more completely to exclude 
moisture. 

A leather collar·t is secured G by shellac varnish to the under part of 
the shoulder of the fuze. 

The numeral number of thousand of the fuze and the year and month 
of issue are stamped on the top of the fuze 6 between the wrench holes. 
The whole of the exterior of the fuze is lacquered 7 to prevent corrosion. 

These fuzes require no preparation. Theil' action is as follows :- ACiiOJl 

The shock of the discharge crushes up the leall cnp,s a result which is 
due partly to its own inertia, and partly to that of the cone plug, ball, 
and steady plug which rest upon it.9 

The position of the movable parts of the fuze, i.e., cone plug, ball, 
and steady plug is thus shifted to one nearer the bottom of the fuze by 
so much as the lead cup has flattened, and all reaction is checked by the 
cup flattening round the studs of the bottom find cone plug~, these parts 
being thus securely riveted, as it were, to the bottom of' the fuze. 

The great use of the steady plug will now appear. It serves, as its 
name implies, to steaa.1J the bfi11 at the moment of the s110ck of discharge; 
in its absence the ball, being unsupported at the top, would f;tll, on the 
flattening of' the lead cup, on to its sltle, and in proportion to the violence 
with which the detolHtting con1postion would thus be brought into 
contact with the sides of the fuze so would premature explosions more 
or less certainly rcsult.1o 

After ihe shock of discharge the stefidy plug is of 110 further use, the 
rotation or movement of the shell in the bore disengages it from the 

1 The only object ofthis hollowing out is to remove the" burr" wllich is necessarily 
thrown up by the drilling of the hole, and which would prevent the steady and top 
plugs from coming into close contact. 

2 Tracing paper. . 
3 Over the whole of each end; the paper is subsequently broken at the four wrench 

holes. 
4 The same collar as is used for common plugs, see p. 105. See also same page on 

the subject of these collars having been originally made of gutta percha. 
5 See p. 260, note 8. 
6 The Pettman's fuzes were always stamped with the number of thousand, this 

mark therefore indicates the actual number made up to a particular date, whereas, as 
explained at p. 254, note 1, the stamping with the number of thousand of the majority 
of fuzes was not adopted until 1864. The system of stamping these fuzes with the 
date (in adclition to the number of thousand) was not adopted until that year. 

1 For composition of lacquer see fable XX .• p. 345. 
S See what has been said, p. 273, note 10, respecting the importance of the cups 

being of one uniforlll strength, otherwise the required action may not take place. 
9 The importance of keeping the ball within strict limits as to wei~'ht will now be 

apparent, for evidently any increase in its weight will tend to cause the crushing of 
the lead cup under lighter shocks than that of the discharge of the gun, and will tend 
therefore to make the fuze less safe, while any decrease in its weight entails the 
possibility of the non-crushing of the lead cup and the consequent non· action of the 
fuze under low charges. 

10 It must be remembered that the posi tion of the fuze in the gun is with its longer 
axis not as it has been placed throughout the above description, vertical, but hori
zontal, there would thus be no chance of the ball balancing itself on the cone plug in 
the absence of the st€ady plug. It would inevitably fall on to the side of the fllze. 

15836. ~ 
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ball I which rests ttru.iag the :flight of the shell within the chamber of 
the fuze. 

On the shell striking an object the baJI is thrown forward with a 
force proportional to the momentum of the shell and the violence of the 
shock; the detonating composition being thus brought into violent 
contact with some part of the interior of the fuze is exploded, and the 
:flame passes through the fire-holes in the cone and bottom plugs intI} 
the shell. 

One or two points which do not properly connect themselves with a 
description of the construction or directly with the action of the fuze 
require explanation. 

It has been explained that the studs on the cone and bottom plugs 
serve to prevent reaction, they also serve by their form to prevent the 
lead cup from :flattening over the fire-holes, which would thus be closed 
and all communication between the interior of the fuze and shell 
cut off'. 

The reason for making the ball, cone, and steady plugs of a harder 
alloy than the rest of the fuze is as follows :-In the case of the ball, 
if the projections are not made of a certain strength, they would yield 
under the shock of a heavy discharge, and premature explosion would 
result. The required strength can only be given by increasing the size 
of the projectilfls or by making them of a stronger material. To 
increase the size would increase what may be considered as the dead 
points Qr "points of impact" of the ball,2 and the other alternative, 
that of making the projections and consequently the whole ball of a 
harder alloy, was therefore adopted. 

As regards the cone and steady plugs, these, if made of a soft material, 
would be liable to yield under a heavy shock, and they are therefore 
brought to the requisite strength by employing a harder alloy. 

The shape of the projections on the ball is regulated by the following 
considerations :-It is desirable that it should be such as to permit or 
the ball readily freeing itself, due regard being paid to the support of 
the ball between the plugs. Now, in the case of the lower projection, 
the present conical form is that which permits most readily of the 
liberation of the ball, and at the same time affords a sufficient hold; in 
the case of the upper projection however more hold is requisite, or the 
ball might become freed from the steady plug under the shock of 
discharge, whence premature explosions might result; this projection is 
therefore made cylindrical. 

Pettman's L. S. fuzes can be used for all those common shells which 
have a cross cut ullun the plug.3 

Packing and Pettman's L.S. fuzes are issued each fuze wrapped in brown paper and 
issue. 135 in a deal packing case. On the top of the e:tse are stencilled in 

black the nature and number of fuze and date of issue, on the bottom 
the number of thousand, and on the side tIle words" Not to be placed 
" in the magazine on any pretence whatever." 4 

1 See p. 278, note 8, respecting the non-employment of those fuzes with breech
loading rifted shells. 

~ ~ince, being uncovered with detonating composition, no action could l'esult from 
the nnpact of one of these projections on the inside of the fuze. 

3 All common shells are now prepared to receive Pettman's fuze, but the existing 
storcs (if common shells which have not the cross cut upon the plug, and which 
consequently will not receive the fuzes, may not yet be extinct at out-stations. 
Respecting the preparation which such shells would require to adapt them for the 
fuzes, see p. 25, and p. 308, respecting the special sets of implements requisite for the 
operation. 

4 Thill restriction is applied to all stores containing detonating composition. 
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2. Pettman's Sea se1'vice percussion fitze (pI. 13) 1 differs from the Fuze, percus
L.S. Pettman fuze principally in an arrangement by which the sensitive- sion, Pettma 
ness of the fuze is so exactly regulated as to bring it within the limits sea service. 
prescribed for naval service, viz., that the fuze shall not explode when 
striking water with a high velocity, while it shall explode on striking it 
ship's side, or similar hard substance, with a low velocity.2 

This arrangement consists, 1st, in placing immediately over the de-· 
tonating composition on the ball (pI. 13, figs. 6 and 7) two hemispherical 
cups of thin sheet copper (pI. 13, figs. 8 and 9),3 the thickness of which 
has been exactly calculated with reference to the degree of sensitiveness 
required. 

The junction of the two cups round the horizontal circumference of 
the ball 4 is covered with a strip of tissue paper varnished on; and after
wards the ball receives the usual coverings of gut, silk, and varnisb.5 

2nd, the interior of the fuze is enlarged about the centre (pI. J 3, fig. 1), 
so as to make the blow which the ball strikes on impact equal in every 
direction.6 . 

Pettman's sea service fuze differs from the land service in a few other 
details of construction. It has no bottom plug, the bottom of the fuze 
being solid with the exception of a fire hole in the centre, which is closed 
with a disc of cardboard (pI. 13, figs. 18, 19, 23), over which is varnished 
a disc of fine paper.7 

The cone plug (pI. 13, :figs. 11, 12) is of an improved construction, 
the stud being prolonged downwards in the form of a hollow cylindel, 
which is driven and pierced like a tube,S the lower encl being closed with 
a cardboard disc (pI. 13, figs. 16, 17, 23).9 This construction, and the 
absence of a bottom plug stud, necessitates a different arrangement for 
checking re-action. The lower part of the interior of the fuze is hol-

I Approved 2nd August 1S62, War Office Circular 793, para. 610. 
~ It is sometimes considered that the sensitiveness of the sea service fuze is less 

than that of the land service fuze ; this, however, can hardly be said to be the case; 
indeed, where the direction of striking is sideways, the sea service fuze is probably 
(owing to the enlargement of the interior) the more sensitive of the two. But the 
difference consists, as stated in the text, in the sensitiveness of the sea service fuze 
being exact(1f regulated and brought ,within cerlain limits, whereas the sensitiveness 
of the L.8. fuze is not so regulated or considered. 

3 The copper is ralleel down to . ODS." The weight of these cups is limited to 
from 5;\- to 6ft grs. each. It is evident that any increase in thickness will tend to 
render the fuze less liable to act on striking a ship's side, while any decrease in thick
ness will tend to make it more liable to explode on striking water, and as the limits 
are very restricted, great delicacy and exactness is necessary in the manufacture of 
these cups. . 

4 In some early experiments the junction was placed round the vertical circum
ference, but premature explosions resulted. This was believed to proceed from the 
partial separation of the cups on the shock of discharge, and the scraping down wards 
of the cups over the detonating composition. The ball of the S.S. fuze is the same 
size as that of the L.S. fuze, viz., from 125 to 140 grs. uncovered, and 14A to 160 
grains covered; the groove of the S.S. ball is cut not round its circumference, but 
rather nearer one end of the ball, in order to avoid having the groove at the junction 
of the cups. 

5 See table L~., p. 345. 
6 This is an important point where the sensitiveness of the fuze has to be exactly 

regulated, since, evidently, however accurately that sensitiveness might be regulated 
for the fall of the ball with the fuze end on, if that fall were not exactly the same 
when the fuze struck sideways, the sensitiveness would be proportionally affected 
under such conditions of striking. In the L.S. fuze, where the exact degree of 
sensitiveness is not considered, such an arrangement is, of conrse, unnecessary. 

1 Traciug paper. 
S See p. 202. 
9 This disc serves the purpose of the quick-match in the L.S. fuze, after the gun is 

fired, viz., prevents the powder dust from working into the fuze. . 

T 2 
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lowed out or undercut, and the lead cup (pI. 13, figs. 13, 14) cru~hing 
outwards into this groove is securely held, and the upper part of it having 
contracted round the stud of the cone plug, re-action is prevented. 

The lead cup in the S.S. fuze is made of a I)ize and weight 1 to allow 
of the fuze acting with a very reduced charge. 

Externally the sea service fuze differs in being larger, and screwed to 
fit the fuze holes of naval she11s.2 

The thread, instead of being carried down the whole length of the fuze 
only extends three-quarters of an inch helow the shoulder. ' 

The wrench holes in the sea service fuze are further apart than in the 
land service fuze, being a.dapted to the naval wrench. 

In other respects the Pettman's sea and land service fuzes are the 
same. 

The sea service fuze is also similarly marked with the numeral number 
of thousand and month and year of issue,3 and lacquered.4 

The action of the two fuzes is the same, with the exception that iu 
the sea service fuze, on the crushing of the lead cup the tube of the cone 
plug is shot forth beyond the bottom of the fuze, forcing out the card. 
board elisc by which the fire hole is closed.5 On the impact of the fuze 
against a hard substance,S the ball is exploded and the flame flashed 
through the tube into the shell. 

These fu,~es are used with naval spherical shells not provided with 
tlle general service fuze hole or adapter. They are available for use 
with muzzle-loading rifled shellrJ, 7 but they will (gradually be superseded 
for all services by the Pettman's general service fuze.s 

These fuzes are issued like the L.S. fuzes, i.e., wrapped in brown 
paper, packed 84 in deal cases; marked in red with the n::lture and 
number of fuze, date of issue; on the bottom with the nUll,lber of thou
sand, and on the side with the words" Not to be placed in the magazine 
" on ::Iny pretence whatever." The larger proportion are issued to 
ships screwed into filled shell. . 

~uzes, percus- 3. Peltman's Gene1'al Service Percussion Fltze 9 (pI. 4.4) differs from 
Slon, ~ettman's his land ::Ind sea service fuzes, mainly in an arrangement for ensuring 
gener servlce. the action of the fuze in rifled shell. It has been explained 10 that 

1 The limits are from 175 to 185 grains. 
2 The thread is therefore right·handed, 16t to the inch; and the "Moorsom 

gauge;" or the same as that of the 7 ~ ltud 20 seconds fuzes. See p. 259. 
3 See p. 254. 
4 See Table XX., p. 345. 
5 The entrance of powcler dust is now prevented, by the cardboard disc in the 

tube. See p. 273. 
6 See p. 277 rcspecting those fuzes not acting on water. 
7 See latter part of following note. 
S Approved for nse with M.L. rifled guns, "pending a decision as to the fuzes to be 

"finally adopted," 11th August 1865, lVar Office Circular 7 (new series), para. 1117. 
The subsequent adoption (19th May 1866, War Office Circular 10 (new series), 
§ 1235) of Pettman's general service fuze practically withdrew these fuzes from use 
with M.L. rifled shell, for whi~h, however, it should be noticed, they would be avail
able on an emergency_ By degrees, as stated in the text, they will be withdrawn from 
use for all shell, the general service fuze taking their place. 
~hey were not recommendecl for use with Sir W. Armstrong's B.L. guns, because, 

owmg to the ball lying in the axis of rotation, and to the absence of any lateral 
movement of the shell in the bore-any lateral concussion-it has been supposed 
that t~e steady plug and ball could not be depended upon to disengage. Sufficient 
expenments, however, have not been made to determine this point with any 
certainty, and indeed it seems probarle, looking to the results of such experiments as 
have been made, that in pmctice the fuzes would act in B.L. rifled shells in a greater 
majority of cases than theoretically might have been expected. 

• Approved 16th May 1866, War Office Circular 10 (new series), § 1235. 
10 See note 8, above. 
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although the sea service Pettman's fuze is available with muzzle-loading 
rifle shell, it caunot be depended upon to act in breech-loading rifle 
shell, because, owing to the ball lying in the axis of rotation, and to 
the absence of any lateral movement of the shell in the hore-any 
lateral concussion-the steady plug and baH Cfmoot always be depended 
upon to disengage. The same limitation applies to the use of the L.S. 
fuze . 
.. The arr:mgement by which the action is ensured in the general 

service fuze is as follows: The upper side of the steady plug and the 
lower side of the top plug are cupped out in the centre, (pI. 44, :figs. 6 
and 3) to receive a small plain balll (pI. 44, fig. 4), which when situated 
in the cups keeps the plug" a short distance apart (pI. 44, fig. 22). The 
cups are made slightly larger in diameter than the ball, to diminish the 
liability to the latter adhering to either plug from corrosion or other 
cause. The ball thus touches each cup only at one point. 

On the upper side of the steady plug is cut an annular groove or 
recess (pI. 44, fig. 5) into which is pressed detonating composition.2 

To give the composition a more secure hold the bottom of the annular 
recess is roughed by a number of small grooves formed in it. Over the 
top of the detonating composition is fixed a thin copper washer 3 suffi
ciently strong to prevent action taking place on the shell striking water 
with a high velocity, although not strong enough to interfere with the 
proper action of the fuze when the shell strikes a ship's side or similar 
hard substance with a low velocity. . ' 

Two conical fire holes pass vertically through the steady plug from 
the detonating composition. 

The other points in which the construction of this fuze differs con
spicuously from that of the other Pettm~,n fuzes, are,-

1st. The cone plug, which is no longer coned at the top although it 
retains the name, has in addition to the central fire hole, two inclined 
fire holes passing into the tube. Its composition is otherwise the same 
as that of the sea service fuze. 

2nd. The parts of the fuze are supported not by a lead cup, but by Il. 

copper" suspending wi1'e ".~ which passes through the tube of the cone 
plug and rests upon the bottom of the fuze. No action can take place 
until the wire is 1roken. The support afforded by the. wire is 110t 
ultimately greater than that which i" a:ff'ordell by the lead cup in the 
other fuzes, that is to say, no greater shock is required to shear it than 
is required to crush the leau. cup, but the wh'e not being affected by the 
small shocks to which a fm;e is subject in transport is, on the whole. 
more reliable than a lead cup, which being neither rigid or elastic 
yields little by- little to a succession of such small shocks, sufficiently 
in the end to deprive the parts of the fllze of the necessary support. 

The lower pal't of'the central hole of the tube is enlarged sutliciently 
to prevent it from being closed by the suspendiug wire. Above the 
wire the hole is contracted.5 

3rd. The support of the parts or the fuze being dependent upon the 
suspending wire, the 1egd eup which the fuze contains performs only 

1 70 parts copper, 3G zinc. 
2 The same detonating composition as is used for covering the balls in the land and 

sea service fuzes, see page 274, and table XIX., p. 344. The composition, however, is 
pressed dry into the plug. 

3 The copper is . ODS" thick. 
~ The wire is . 087" thick. 
• See page 203, respectin~ advantages of a small hole in a tube. 
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the secondary function of the same cup in the other fuzes, viz., to rivet 
down the cone plug and prevent re-action.! 

4th. Externally, the general service fuze is conical without any 
projecting shoulder (see pI. 44, fig. 21). It ~s screwed to the general 
servipe fuze hole gauge 2 all the way down. . 

Two slots are cut in the top of the body to serve as key holes. The 
" key iron fuze and plug, general service" 3 is used with these fuzes. 

In other respects the construction of the general service fuze :is 
similar to that of Pettman's sea service fuze, the arrangements which 
have been adopted in the latter fuze for bringing the sensitiveness of 
the fuze within the exact limits prescribed for naval service 4 being 
embodied in the general service fuze. The fuze has thus the enlarged 
chamber, and the copper discs over the ball ;5 it has also the solid base 
with fire hole closed with a card board disc, and the groove round the 
lower part of the body for the lead cup to expand into and :fix itself. 

The general service fuze is stamped on the top with the numeral 
number of thousand and month and year of issue and is lacq uered.6 

The action of the fuze fired in a spherical shell is under all circum
stances the same R5 that of the other Pettman fuzes, except that the 
shock of discharge has to shear the suspending wire instead of merely 
crushing a lead cup. . 

But under the condition, which may arise in aB.L. rifle shell,7 of the 
detonating ball not becoming disengaged from its supports, the special 
arrangement in the head of the fuze becomes indispensable to its action. 

Under these circumstances what happens is as follows :-The plain 
ball having by the descent of the steady plug on the shock of dischu,rge 
'uecome thrown out of its cup supports, it occupies during the flight of 
the shell a position between the top and steady plugs immediately over 
the detonating composition of the btter. On the impact of the shell 
end on, the steady plug is thrown violently forward against the plain 
ball, the blow sufficing to explode the detonating composition in the 
plug, the flash from which passes through the fire holes in the steady 
plug to the detonating ball, or directly to the cone plug,S under all 
circumstances, however, the arrangement in the head gives an additional 
point of certainty to the fuze. 

The general service fuze is intended for use with all naval sphericu,l 
shell and M.L. or B.L. rifled shell having the general service fuze hole 

1 The form and size of the cup are slightly different from those of the land and sea 
service cups, it weighs from 102 to 114 grains. The considerations as to the purity 
of lead and the precise limits of weight of the cup, which as explained in page 273, 
note 10, apply to the cups of the other fuzes scarcely apply to this one, at least not to 
the same extent. They are, however, properly observed. 

2 14 threads to the inch, right handed, cone increasing 1 in 9' 375. The size of the 
trustrum is l' 95/1 in length. l' 006/1 in diameter at small end, l' 213" at large end. 

S See page 307. 
4 See page 277 for a definition of those limits. 
's The ball is the snme as that of the other I'ettman fuzes, see page 277, note 4 

In manufacture somewhat closer limits are observed, the limits of weight of the 
uncovered "ball "being 130 to 140 grains, instead of from 125 to 140 grains as laid down 
for the other fuzes. The weight of the "ball covered is the same as that of the sea 
service fuze, viz., from 148 to 160 grains. 

6 See Table XX., page 345. 
7 See page 278, note 8. In those B.L. shells in which a lateral concussion does 

ake place, the condition defined in the text could not arise. 
S Action will ensue whether the detonating ball is ignited by thc flash from the 

steady plug or not. 
The inclined fire holes in the cone plug; by providing a passage for the latter, makes 

the ignition altogether independent of the detonating ball. 
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or adapter,l and when a sufficient number of fuzes' and adapters are 
made it will entirely supersede the sea service Pettman fuze,2 

These fuzes are issued wrapped each fuze in brown paper;and packed ?--,aeking and 
162 in a deal case, marked in black, with the nature and number of Issue. 
fuze, date of issue, on the bottom with the number of thousand, and on 
the side with the words" not to be placed in the magazine on any 
I!retence whatever." 

CLASS 3.-MINING FUZES. 

There are three different fuzes specially intended for mining purposes, 
viz. :-

1. Bickford's patent safety fuze. 
2. Ord's mining fuze. 
3. Abel's Electric fuze (pI. 5). 

1. Bickford's patent 3 fuzes are all made of flax with a column of F';lze, sa~ety, 
fine gunpowder in the centre.4 They differ, however, in the nature Bl~kffrd s 
and amount of protection which is afforded to the flax and powder by pa en. 
varnish, or coatings of various materials. 

There are in all 10 different varieties of this fuze, 5 as follows: 
No.1 Common safety fuze.6-The flax is not protected in any way, Natures. 

and this fuze is accordingly" only adapted for immediate use in dry 
" ground, where the utmost care is taken in its application, and where 
" the tamping is of a soft and homogeneous character, and is cautiously 
" packed into the hole. In such circumstances it may be usefully 
" employed." 

No.2 Patent safety fuze.-The fia,x is protected by a coating of tar, 
ftnd the fuze " is adapted for all bbsting in dry ground, being made with 
" an ample quantity of the best materials. When kept at a moderate 
« temperature and carefully used, its certain operation is warranted." 

No. 2* Patent safety fuze" is the same fuze as the preceding, and is 
" only adapted to the same kind of blasting, but is specially varnished 
" for any given climate. That varnish which is suitable for a cold 
« country becomes soft and sticky if exposed to much heat ; while that 
" which is suitable for a hot country becomes hard and brittle if exposed 
" to great cold. This inconvenience is remedied as much as possible by 
" the special preparation of the varnish to suit any given temperature 
" and which should be specified in the order." 

No.3 Pntent white fuze is covered with a pntented composition of 
whiting, china, clay, and glue. "This fuze is adapted for use in dry 
" ground and in close places, where there is a cleficiency of pure ail', or 
" where the smoke occasioned by the burning of the common kinds of 
" fuzes is found to be inconvenient. Little or no smoke is emitted by 

1 See page 109, for adapters for naval spherical shell. 
2 See on the subject of the introduction of the fuze and the gradual supersession of 

the S.S. fuze, War Office Lette,·, 5th July 1866,75/12/2852, and War Office Circular 
10 (new series) §§ 12.35, 1238. 

3 Patented by "William Bickford, of Tueking Mill, in the county of Cornwall, 
" leather seller," 1831. Specification No. 6159. This fuze is supplied by contract; 
and, strictly speaking, cannot be considered a Laboratory store. It is generally 
inspected by the Royal Engineers or Works Departments. 

4 See description of the fuze given in War Office Circular 406. The specification 
says: "Flax, hemp, or cotton, or any other suitable materials, spun, twisted. and 
" countered, and otherwise twisted in the manner of twine spinning and cord 
" making." . 

5 It is particularly enjoined (lVar Office Circular 406) that care be taken "to 
" . demand the particular kind of fuze suited to the required purpose." 

. Messrs. Bickford manufacture 25 different descriptions of these fuzes (see Appen
dix M.), but only 10 different descriptions are recognized in War Office Circula,' 
406. 

G The description of these fuzes is mainly taken from one given iu War Office 
Circular 406. 
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"its. combustion. It is more likely to be injured by cbmp than the tar 
" varnished fuze." 

No.4 Patent thread sump fuze" has a larger and stronger coating of 
" yarn and varnish." " It is adapted for use in damp ground, and is so 
" prepared as to resist the action of any modemte degree of' humidity, 
" l:mcl will bear rougher treatment, both before it is used and during the 
" process of tamping, than the preceding kimk It is strongly recom
" mended where the careful management of the operatives cannot be 
" relied on." 

No.5 Patent taped sump fuze is covered with v[lrnishcll tape, twisted 
round the fuze over the tar. It" is adapted for use in wet gl·ouncl, and 
" is specially protected, so as to operate efficiently even when the tamping 
" is satumted with water. In such cases the ch[lrgc of gunpowder should 
" be placed in a cartridge, the end of the fuze should Lc inscl'teu into 
" the centre of the charge, [lnd the junction of the fuze with the car
" tridge should be properly protected with a waterproof varnish. If 
" employed in thi'l manner, its certain operation is ymrranted." 

No.6 Patent double-taped sump fuze" is covered with it second coMinO" 
" of tape and varnish, and is intended for blasting in vory wet ground. 
" It bears .i ust the same rebtion to No. 5 as No. 4 doc:; to No.2." 

No.7 Patent gutta-percha fuze is covered with {;utta-pcreha, and" is 
" adapted to sub-aqueous blasting, where it is not linble to much motion 
" from waves or currents, !lor subjected to much prOSSlll'e. It has 
" answel'ed its intemled pUll)ose after it hns been under water for 24 
" hours with a pressure of 40 lbs. to the inch: this ill equivalent to the 
" weight of water at the depth of 88 feet." 

No.8 Patent double gutta-percha fuze "is superior to No.7, being 
" pl:otected and strengthened by an additional coating of gutb-l)el'cha. 
" It will act in a g1'C[lter uepth of 'water, amI will Le[l1' a grcnter strain 
" than the preceding. It burns freely after Leing ~4 hOUl'B umler water 
" with a pressure of 140 Ibs. to the inch: this "is equivalent to the weight 
" of water at the depth of 300 feet." 

No.9 Patent taped gLltta-percha fuze.-" This it,; the same fuze as 
" No.7, and is adapted to the smue use and duty; out, hn:ring an ex
" tcrior coating of tape and varnish which cIelaYll.the oxidntion of the 
" gutta.-percha, it retains its efficiency for a much longcr time. It is 
" therefore well u(1i:tptec1 for service in distant countries." 

The descriptions of fuzes most generally m:cd in tho service arc-
2*, or "dry soil fuze." 
5, or "wet soil fuze." 

i}or "wareI' fuze." 

These fuzes all burn at a rate of about one yard in 70 SCCOl1llR.1 

Bicldord's fuzes are used for military, mining, and blasting purposes 
generally.2 

1 They nre, however, uncertain in their rate of burning, to whllt extent is indicated 
by the follOWing order upon the subject. "Perfect uniformity in the rate of burning of 
" Bickford's fuze is not considered necessary; when, however, the rate of burning is· 
" so rapid as not to leave sufficient time for the men to get out of the way of clanger, 
" or so slow as to occasion explosions long after such may reasonably be expected, 
" the fuze should be condemned, and fact reported to War Office."-Order, 30/11/63. 
57/G;er!. J'l0./1274, and 57/Gibraltarj1274. The contracts for supply of these fuzes 
speclfy the following limits of burning :-Mnximum rate of burning to be 6 minutes 
per length of24 feet, or 45 seconds per yard. Minimum rate or bnrning, 10 minutes 
per len\ith: of 24 feet, or 75 seconds per yard; and the contents of each cask are to 
burn w1thlll 5 seconds per yard, or 40 seconds per length of 24 feet, of a rate to be 
marked upon it by the manufacturers. 

2 SO?le exper.iments :vith these fuzes, and the efficiency of the" water" fuze, as. 
No.9 1S called, IS establIshed, in Experiments in H. M. S. "Excellent," pp. 67-74. 
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"In all sub-aqueous operations, great care must be taken that the 
" union of the fuze and cartridge be by a perfectly water-tight joint, and 
" the fuze must be strengthened as much as possible both at an(l near the 
" place of junction, else its swaying to and fro is yery likely to break the 
" joint, which would allow the water to soak into the charge." I 

The following directions for using Bickford's fuze are placed upon each 
case or cylinder containing it : 

" When the fuze is required to be used in long lengths for blasting 
"under water, in order that the fuze be kept straight, the manufac
" turers recommend that it be fastened to a rope by strings, from two to 
"three feet apart; and should the current of wa,ter be strong, that a 
" weight be attached to the bottom end of the rope, near the surface of 
" the hole to be blasted. 

" Before the fuze is inserted into the charge or cartridge, the ends of 
" it should either be opened about l).n inch in length, or cut in an oblique 
" manner, just as a quill is cut in making a pen, and one of the ends so 
" cut, placed about 2 inches from the bottom of the charge, this will 
" cause the powder to ignite more readily. The cartridge may be con
" fined in the hole by means of sand, coal, soft stone, or oakum, carefully 
" rammed down with an iron bar." 

A proportion of Bickford's fuzes, No.9, is always 
vice; and they are otherwise supplied as demanded. 
Engineer equipments; and have also been used 
" rockets." 2 

Bickford's fuzes are generally issued in tin cases.3 

issued fOi' boat ser
They form part of 

for firing doubtful 

The following instructions respecting the storing antl care of thesc Packing and 
fuzes may be useful: issue. 

If the first sevcn kinc18 of fuze 4 "be kept in a dry room, so that the Instructions 
" powder be not affected by damp, they will retain their efficiency until fo-; care of 
" the varnish has lost its essential oil and become dust. Care must be Bwkford'sfuze. 
" taken that these fuzes be not touched with any greasy or oily matter, 
" as it rapidly penetrates through the varnish to the gunpowder, and 
" prevents the proper bnrning of the fuze. 

" If through exposure to cold the tar vamish should become brittle 
" and crack, so that there is a clanger of the column of gunpowder in the 
" centre of the fuze becoming damped in the hole, it may be remedied by 
" very sliglttl.1f greasing the varnish of the fuze immediately before it is 
" used; and if through exposure to heat it should become soft and sticky 
" to the touch, this may be obviated by rubbing into it a little whiting 
" or any other such like powder. 

" If the gutta-percha fuzes bc kept in a dry room, so that the gun
" powder cannot become damp, they will retain their efficiency as long 
" as the gutta-percha does not become brittle by its oxic1ation."5 

2. Ord's Mining Fuze 6 consists ofa strand of quick-matcl1, inserted in a Fuze. mmmg, 
case or tube a quarter of an inch in diameter, and of an indefinite length 7 Ord's. 
of paper 8 and cnlico cemented together 9 with india-rubber solution; 10 

the joints being fastened with the same cement, so as to render it water-

1 War Office Circular, 406. 
~ The Bickford fuze was adapted by Quartermaster Behenna for this purpose, hut is 

now no longer so employed, Congreve rockets having become obsolete. 
S See p. 288. 
4 That is 1 to 6 inclusive, 2'" making the 7th. 
5 War Office Circular, 406. 
5 Proposed by Col. Ord, R.E., and approved 19th April [1865.-War Office Cir-

cular, 6 (new series), par. 1102. 
7 It is supplied in lengths as required. 
S " \Vhite fine paper." 
9 The paper inside the calico. 
10 India-rubber dissolved in mineral naphtha. 
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proof. The case is covered with plaited cotton yarn. This fuze acts 
instantaneously, being in fact merely a waterproof" leader." It serves 
to communicate the fire to a military or other mine, through a long tamp, 
or wherever it may be required; and has replaced, for this purpose, the 
" powder," or " mining-hose" which has hitherto been used.l It is ser~ 
viceable under circumstances, such as damp ground, or firing under water, 
when an ordinary non-waterproof leader would be useless. 

B 

Ord's mining fuze is issued in lengths as required; packed in a zinc 
cylinder or any suitable case. 

3. Abel's Electric 2 fuze (pI. 5) is on the same principle as the electric 
tube.3 The head, however, is cylindro-conoldal instead of egg-shaped; 
but the arrangement of the head is the same as that of the tube. 

The insulated wires with their covering of gutta-perella, and their ends 
embedded in the same priming material as is used for thc electl'ie tube, 4 
extend about ·25 inch below the head, into a hollow cylinder of wood 5 

(pI. 5, figs. 2, 3) about 2 inches in length a and . 5 inch In diameter. This 
cylinder is mled with about 30 grains of rifle F.G. powder, in which the 
lower ends of the insulated wires and the small elmrge of the priming 
material are embedded. The hole at the bottom of the wooden cylinder 
through which the powder charge is introduced, is plugged. up securely 
with wood.7 The whole fuze is varnished black.8 

The action of the . electric fuze is exactly the same as that of the 
electric tube,9 with the exception that the explosion of the priming. 

1 See on the subject of the employment of the powdel· hose, for which Ord's fnze is 
now substituted, Macaulay's Field Fortifications, pp. 203,204. 

2 The first issue was made 22nd May 1862, to Malta; but no pattern was approved. 
unti127/1/66, W.O.C. 9 (new series), § 120l. 

J See p. 209. 
4 See p.210. 
5 Tin has also been used for this purpose. 
6 The tin cylinders were about 3 ;nches in length. 
7 Boxwood; in the tin-bodied fuzes the hole was closed with plaster of Paris, in 

some cases with gutta-pereha. 
8 With the same varnish as is used for the bodies of tubes. See table XX., p. 345. 
9 See p. 211. 
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materials fires, not a tube but the charge of powder contained in the 
wooden cylinder, which explodes the mine, or charge of powder within 
which it may be placed. 

In future manufacture these fuzes will be made with a shorter Pattern II. 
cylinder (1'25" in length), filled with mealed powder well rammed 
round the ends of the insulating wires and priming material. The 
ramming of the charge is effected with a view to forcing it and the 
priming material into close contact with the poles of the wires. The 
decrease in bulk which results permits of a corresponding reduction in 
the dimensions of the cylinder. These fuzes will be distinguished by 
the numeral II. 

These fuzes are used for mining purposes. 
They are issued by fifties in zinc cylinders, labelled with the nature Packing and 

and number of the contents. issue. 

Proof of Fuzes. 
The following are the rules laid down in the Royal Laboratory, W 001-

wich, for the proof of fuzes. They may serve as a guide at out-stations, 
although it will always be a matter for consideration, with reference to the 
special circumstances of each particular case, whether the limits and proofs 
herein laid down should be adhered to. The tendency of fuzes (parti
cularly of those 20 and 7l seconds fuzes which have not the bottom hole 
closed as in the present pattern) is to burn longer after being kept in store 
any time. 

Smooth-bore Ordnance. 
Time Fuzes.-2 per cent. of all time fuzes are burnt to time, the limits 

allowed being ±. 2 seconds per 5 seconds, except in the case of the com
mon fuze when they are ±. 3 on the 10 seconds, and in the case of mortar 
fuzes where the limits are all in one direction and rather within the usual 
limits. 

1. Common.-Gauged in conical gauge. 
Burnt. Correct time, 10 seconds. 

Extreme limits allowed 9·7 to 10·3. 
2. Diapltragm.-Gauged in conical gauge. 

Burnt. Full time, 5 seconds. 
Extreme limits 4·8 to 5·2. 

3. Large MD1·tar.-Gauged in conical gauge. 
Burnt. Full time. 30 seconds. 

Limits, 30 to 32 seconds. 
4. Small .llfortar.-Gauged in conical gauge. 

Burnt. Full time, 15 seconds. 
Limits, 15 to 16. 

5. 20 Seconds Fuze. 
Samples of metal selected and kept for reference (weekly) : samples 

submitted monthly to chemist to War Department for analysis. 
2 per cent gaugecl in screw gauge, wrench holes gauged, &c., &c. 

Burnt. Full time, 20 seconds. 
Limits, 19·2 to 20·8. 

6. 7l Seconds Fuze. 
Samples of metal as above. Gauged as above. 

Burnt. Full time, n seconds. 
Limits, 7·2to 7·8. 

7. 9 Seconds Fuze M. L. O.-Gauged. 
1 per cent. burnt. Full time, 10 seconds. 

Limits, 9'7 to 10'3. 
t per cent. fired at Shoeburyne85, to test time of burning, in 

64-pr. M.L. gun, 81bs. charge, high elevation. 
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8. 20 Seconds Fuze lI:f.L. D.-Gauged. 
1 per cent. burnt. 

Limits, 19' 2 to 28' 8. 
t per cent. fired as above. 

9. Hand Grenade. 
2 per cent. burnt. Full time, 7·5 seconds. 

Limits, 7· 5 to 8. 
10. 10" Paraehute.-Gauged in conical gauge. 

Burnt. Full time, 15 seconds. 
Limits, 14·4 to 15· 6. 

11. 8" Parachute.-Same as 10". 
Burnt. Full time, 10 seconds. 

Limits, 9·7 to 10·3. 
12. 51/' Parae/wte.-Gauged in conical gauge. 

Burnt. Full time, 7t seconds. 
Limits, 7·2 to 7· 8. 

13. Manby's Shot Fuze.-Gaugeu in conical gauge. 
Burnt. Full time, 12·5 seconds. 

Limits, 12 to 13 seconus. 
14. U7tite 1I1etal for Drill.-Gauged. 
Percussion.-Percussion fuzes are not only carefully gauged, a per

centage in process of manufacture and a pel'-centn,ge aftcrwards, but are 
tested as to safety by dropping in shell a height of 20 fcet ; a per-centage 
of these dropped fuzes are afterwards tested for sensitiveness as below 
described, others are tested by firing. 

The proportion of percussion fuzes testell altogether is 15 per 1,000. 
1. Pettman's L. S. Fuze.-5 per cent. of the uifferent parts most 

carefully gauged before being put together; samples of the metals are 
selected and put by weekly for refcrenee, a flnmple submitted weekly to 
ehemist vVar Department for aIl11lysis. After the fuzes are finished. 15 
per 1,000 are selected for examination 11nu proof. The whole of these 
are carefully gauged and examined. 

Ten are dropped in a 32-pr. common shell 20 feet on an iron block, in 
any accidental position. These shouIa not explode. Three of the dropped 
fuzes are opened and the balls taken out and a weigh t of 7 t ounee~ allowed 
to fhIl upon them a height of 22 inches. These RhouM fire. 

The five remaining fuzes are fired at Shoehul'yne~s from a 32-pr. gun, 
common shell, three with 10 lb. charges at about 3° elevation to ricochet 
on water. The object of this proof is rather to test the fhzCH umler a 
high charge than to determine whether or 110t they explotle on striking 
water. .As a general rule they do not explode, but they are not specially 
constructed to stand such a test. 

The other two are fired with a 4 lb. charge from the same gun, at an 
oak butt, 200 yards. These should explode. 

2. Pettman's Sea Se?·vice.-Samples of metals, gauging of parts, 
dropping, &c. as above. Except that owing to the diminished s(ll1sitive
ness of the ball, the weight is allowed t.o full 25" instead of 22". 

In the firing test, naval instead of common shell are used, and the three 
fired to ricochet. 

10 1b8. charge should not explode. 
Thc other two are fired with 2t lbs. charge at oak in the 200 yards 

range, and should explode. . 
3. Petmann's General Service.-Dropping test in 7" shell. Gauging, 

&e., as above. Firing test, three fuzes from 7" M.L. gun 22 lbs. i eleva
tion on water; not to explode. 2 in 40-pr. 4 lbs. charge at oak butt, 
200 yards; or 5 lbs. charge, 500 yards. To explode. 
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Mining Fuzes. 
1. Bickford'sl.-Maximum rate of burning, 6 minutes per length of 

24 feet, or 45 seconds per yard. Minimum rate of burning, 10 minute, 
per length of 24 feet, or 75 seconus per yard. The contents of each 
cask to burn within 5 seconds per yard, or 40 seconds per length of 
24 feet, of a rate to be marked upon it by the manufacturers. 

2. Ord's.-Cannot be sUbjected to any tRst. 
3. Abel's Electric.-Fire 2 per cent. with magnetic exploder. 

MISCELLANEOUS STORES CONNECTED WITH FUZES. 
The following miscellaneous stores connect themselves with this 

section, and are introduced accordingly :-

{ Black. 
Bags, canvas, for fuzes - Blue. 

{
Black. 

Boxes, tin, for fuzes - Blue. 
Boat magazine. 

I To hold 50 fathoms. 

Cases, tin, Bickford's fuze ,,24 " l " 8 " Boat magazine. 
Shell and fuze implements. 

Bags, Canvas, for Fuzes. 
Bags, canvas, for fuzes are of two natures :-(a). Black for com

mon fuzes; (b). Blue for diaphragm fuzes. 
The (a.) black bags are made of two sizes; one size to hold 16 Bags, canvas, 

common fuzes, the other size to hold 10 common fuzes. They are fuze, black. 
rectangular bags of unbleached callvas,2 lined with stout brown paper,3 
varnished with shellac. The :flap of the bag ties down with twine. 
The expression" black" refers, not to the colour of the bag, which is 
white, but to the colour of the lettering. They are lettered with the 
nature and number of fuze which they contain. 

The (b) blue bags are a1so of two sizes, to contain respectively 12 Bags, canvas, 
and 8 diaphmgm shmpnel fuzes. fuze, blue. 

The construction is the same as that of the black bags, but they are 
lettered in blue, with the nature and number of fuze which they con
tain. These bags, black and blue, are used to contain fuzes, common 
and diaphragm respectively, in the numbers above stated for field 
service, as follows :-Black, to hold 16 common fuzes, to 12-pr. howitzer 
carriage, limber,4 and wagon.5 

Black, to hold 10 common fuzes to 24-pr. howitzer wagon,6 32-pr. 
howitzer limber 7 and wagon,S and 1S.pr. gun.9 Blue, to hold 12 
diaphragm fuzes, to 6-pr. wagon,lO 12·pr. gun carriage, and limber,nand 
wagon,I2 12-pr. howitzer carriage, limber,13 and wagon,14 and 32-pr. 
howitzer, carriage, limber,IIi and wagon.l6 

Blue, to hold 8 diaphragm fazes to 9-pr. wagon,I7 24-pr. howitzer 
carriage limber,18 and wagon.l9 

IBy W. O. Minute, 15/6/67, 75/7/173, the inspection of this fuze was ordered to 
be undertaken by the Royal Laboratory. It had previously been done by the Royal 
Engineers. 

2 " Duck" canvas. 3 Rocket paper. 
-4 Equipment of Artillery, p; 181. 5, Ibid. p. J 86. 
7 Ibid. p. 191. 8 Ibid. p. 163. 9 Ibid. p. 176. 

11 Ibid. p. 171. 12 Ibid. p. 179. 13 Ibid. p. 181. 
lS Ibid. p. 191. 16 Ibid. p. 167. li Ibid. p. 184. 
19 Ibid. p. 184. 

6 Ibid. p. 189. 
10 Ibid. p. 170. 
14 Ibid. p. 189. 
18 Ibid. p. 186. 
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Boxes; Tin Fuze. 
Boxes, tin fuze, are of three natures

(a.) Black, for; common fuzes. 
(b.) Blue, for diaphragm.. 
(c.) Boat magazine, for common and diaphragm fuze, &c. 

Box, tin, fuze, (a.) Black tin boxes for common fuzes are made of two sizes, to hold 
comm0ll, black. respectively 10 and S fuzes. They are rectangular tin 1 boxes, havinrr 

a tin loop at the back for a strap, by which to buckle them to a man~ 
waist; they are painted black, and lettered in white with the nature and 

Box. tin, fuze, 
diaphragm 
shrapnel, blue. 

number of fuze which they contain. 
The (b) blue tin boxes for diaphragm shrapnel fuzes, are made of 

three sizes, to hold respectively 12, 10, and 8 diaphragm shrapnel 
fuzes. 

They are of the same construction as the black tin boxes, but are 
painted blue and lettered white, with the nature and number of fuzes 
which they contain. 

The black and blue fuze boxes are used to contain fuzes, common and 
diaphragm, for field service as follows :-

Black to contain 10 common fuzes to 24-pr. howitzer carriage, limber 2 

and wagon,3 and to 32-pr. howitzer carriage, limber,4 and wagon.s ' 
Black to contain 8 common fuzes, to IS-pr. carriage, limber,6 and 

wagon,7 to 12-pr. howitzer carriage, limber,S and wagon.9 
Blue, to hold 12 diaphragm fuzes, to 6-pr. gun carriage, limber,lO and 

wagon,ll 12-pr. gun carriage, limber,I2 and wagon,I3 12-pr. howitzer 
carriage, limber,14 and wagon,15 and to 3-pr. howitzer carriage, limber,16 
and wagonP Blue to hold 8 diaphragm fuzes to 9-pr. carriage, linlber,lS 
and wagon,19 24-pr. howitzer carriage. limber,20 and wagon.21 

The blue box to hold 10 diaphragm fuzes is supplied for naval 
service. 

(c.) The tin fuze box for boat magazines is of one size only. It is a 
rectangular tin 22 box about 8t inches X 3 X 3. It is unpainted. 

The box is used to contain fuzes,23 or a portion of the implements for 
preparing them,24 in boat magazines. On the top are lettered in black 
the nature and number of the contents. 

Cases,25 tin, Bickfortfs Fuze. 

Tin cases for Bickford's fuze are of 4 natures, viz. :

(a.) To contain 50 fathoms. 
(b.) " 24 " (c.) " 8 " (d.) Boat magazine. 

Case, tin, Bick- The (a) tin case to contain 50 {.'athom.~ of Bickford's fuze is a cylin-ford's fuze, 50 J ' 
fathoms. drical tin 26 case of a size to contain 50 fathoms of Bickford's fuze 

1 The tin used iz« x single," except for the blue box to hold 10 diaphragm fuzes, 
for wlllch " commun, double" is used. 

2 Equipment of Artillery, p. 184. 3 Ibid. p. 186. 4 Ibid. p. 189 •. 
5 Ibid. p. 191. 6 Ibid. p. 174. 7 Ibid. p. 176. B Ibid. p. mI. 
9 Ibid. p. 181. 

lO Ibid. p. 161. 
13 Ibid. p. 171. 14 Ibid. p. 179. 
Ii Ibid. p. 191. 18 Ibid. p. 166. 
21 Ibid. p. 186. 

11 Ibid. p. 163. 
15 Ibid. p. 181. 
19 Ibid. p. 167. 

12 Ibid. p. 170. 
16 Ibid. p. 189. 
20 Ibid. p. 184. 

22 The tin used is" x x x single." 23 The number varies. 
24 See page 307. 25 Sometimes called "boxes." 
26 The tin used for all cases for Bickford's fuze'is " x x x single." . 
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coiled round inside it. The lid is removable at will, and fastens by 
means of two hasps and staples. Cases, tin,Bick-

ford's fuze, 24 
The (b) and (c) cases to contain 24 and 8 fathoms differ from the fathoms and 8 

case to contain 50 fathoms only in size. fathoms. 
The (d) tin case, boat magazine, for Bickford's fuze is a rectangular .. 

tin1 case, with the corners rounded off. The lid is hinged and fastens f~~;' ~n, B~c\ 
by means of a hasp and staple. This case will take two fathoms of ~~O':zin~~' oa 
Bickford's fuze. The whole of the above cases for Bickford's fuze are " 
unpainted. On each case is pasted the following:-

" Directions for using Bicliford, Smith, and Davey's Water Fuze. 
" When the fuze is required to be used in long lengths for blasting 

" under water, in order that the fuze be kept straight, the manufacturers 
"recommend that it be fastened to a rope by strings, from 2 to 3 feet 
" apart; and should the current of water be strong, that a weight be 
" attached to the bottom end of the rope, near the surface of the hole to 
" be blasted. 

" Before the fuze is inserted into the charge or cartridge, the ends of it 
" should either be opened about an inch in length, or cut in an oblique 
" manner, just as a quill is cut in making a pen, and one of the ends so 
" cut, placed about 2 inches from the bottom of the charge,-this will 
" cause the powder to ignite more readily. The cartridge may be con
" fined in the hole by means of sand, coal, soft stone., or oakum, carefully 
" rammed down with an iron bar. 

" The water fuze will burn at the rate of about 2} feet in a minute. 
"The manufacturers recommend gutta-percha~ as a material for 

" making the bag or cartridge to contain the charge. 
" The boxes containing the fuze on board ship are not to be stowed in 

" the magazine, but between the beams of the orlop, or the beams of the 
" gunner's store room, and kept perfectly dry." 

SHELL AND FUZE IMPLEMENTS. 

Since fuzes have been used for artillery purposes, instruments of History. 
some sort for preparing them have been necessary. 

Formerly, saws for sawing the fuzes to length, and borers for 
removing the required composition, together with "engines" for 
extracting the fuze from the shell were employed; but on the adoption 
of the Boxer system of fuzes in 1850,2 different instruments became 
requisite in the form of borers, bits, and braces for the preparation of 
the fuzes; but no formal approval of these implements can be traced 
until 1855,3 when they were adopted, together with gauges and rimers 
for fuze holes.4 

Shell implements, in the same way, were adopted by degrees, as the 
service required. For example, the present plug key was not adopted 
until the supersession of the white metal plug in 1858-9.5 The hammers 
and punches for riveting wood bottoms were not required until 1855, 
when the principle of rivet attachment was adopted; 6 and similarly the 
partial introduction of the inclined rivet system for naval shell in 1856 7 

1 See note 26, p. 288. 2 See p. 236. 
3 27th January 1855, Account of Alterations a.nd Additions, §·c., 31st January 1855, 

par. 29, sect. 9 ; see also Table C. thereto annexed. 
4 Ibid., par. 28, sect. 14. 
5 See p. 99 ; up to 1858-9 a key with two prongs was in use. 
6 See p. 119. 
7" Partial," because at first only one-fourth the naval shells were thus 1itte<l. 
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rendered necessary the adoption of implements for fixing on the bottoms. 
In the same year the introduction of gutta percha wads for the fuze and 
loading holes of filled shells, caused the introduction of boxwood drifts.! 

From time to time improvements were made in the nature of the im
plements and in the arrangement of the sets, until about 1860,2 When a 
definite anangement was adopted, which, with one or two exceptions 
was retained until 1865. ' 

Among the principal changes introduced subsequent to 1860 may be 
noticed the removal of mallets and setters from the field service sets in 
1863, the addition of a rectifying tap and lever to the naval sets the same 
year, the adoption of a screw tap and key for rectifying shells prepared 
to receive ]~ettman's fuzes in 1861; 3 the incorporation of No.7 set (for 
mortar shells) with No.5; the discontinuance of the wrench for remoy
ing mortar fuze-hole plugs 4 and the introduction of a funnel for filling 
mortar shells in 1861.5 

The special set for preparing shells to receive Pettman's fuzes has 
never been formally approved, but has been in use, more or less, since 
about 186!. 

In May 1865 6 a" considerable change was effected in the various sets; 
many new implements were introduced, some old ones abolished, and the 
sets generally reorganized, and adapted for rifled as well as smooth-bore 
guns. A further revision and further changes were intimated in War 
Office Circular, 8 (new series), par. 1166. 

In September 1865 7 a new arrangement was adopted, the sets being 
again reorganized. Some further changes were effected in 1866,8 owincr 
to the introduction of Pettman's general service fuze, &c. The instruc~ 
t.ions were then printed, some on paper pasted on to cardboard,others 
on calico. This arrangement is now adhered to. 

By these reorganizations we obtain a total of 11 sets, not .including a 
"special set" exclusively for rifled siege guns, a special set for 7 -pro rifled 
muzzle-loading guns for mountain service, or the "special set" for 
preparing shells to receive Pettman's fuzes. 

The 11 sets are distributed as follows :-Nos. 1, 2, 3,4, 5, and 6 are 
garrison sets; Nos. ], 2, 3, and 4 being intended for common diaphragm 
and rifle shells and fuzes; Nos. 5 and 6 for mortar shells and fuzes. 

There are four sets, numbered 1, 2, 3, and 4, for field service (smooth 
bore only), and one set 9 for naval service (smooth-bore and rifle). 

1 See p. 307. 
2 The field service sets were formally approved 14th February 1860, lVar Office 

Circular, 551. 
I have not been abie to cliscover any formal approval of the garrison and naval 

sets; but lithographic drawings showing their arrangement and embodying instruc
tions for their use were executed at the Topographical Department about this period, 
signed by the Superintendent, Royal Laboratory, and accepted as official. 

s 30th October 1861, War Office Circular, 739, par. 429 ; see also on this subject, 
War Office Circular, p. 22, errata; and War Office Circular, 822, p. 22, errata. 

4 Mortar shells, it must be borne in mind, had metal fuze-hole plugs until 1860, 
when corks were substituted, see p. • 

5 War Office Circular, 680, par. 227. 

6 Approved 13th May 1865, War Office Circular, No.6 (new series), par. 1095. 

720th September 1865, War Office Circular 8 (new series), § 1116. 
s 16th July 1866, War Office Circular 11 (new series), § 1321. 
9 Until 1865 there were two sets for naval service, but when the implements were 

reorganized, it was found impracticable, or at least extremely difficult and inconve
nient, to subdivide the naval implements into two sets ; and they were accordingly 
all thrown into one set, which can be demanded whole or in part. 
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Taking the sets in detail, they are as follows :_1 

No.1 Set, 
S. B. GARRISON, FOR RECTIFYING FUZE HOLES OF COl.DION AND 

DIAPHRAmI SHRAPNEL SHELL. 

One set for each district in large fortresses, or one per station in smaH 
garrisons. 

Blocks, wood, lO-inch 1, 8-inch 1, 32-pr. 1 - 3 
Gauge, fuze-hole, common J 
Holder, shell 1 
Instructions, printed 1 
Key, iron, square 1 
Lever, common 1 
Rimer, common 1 
Screws, coach, 4 xi-I 
Tap, screw, Pettman, common 1 

Rectifying Fuze HlJles of Shell. 
" Unscrew the metal plug from the fuze hole by means of the square 

key and lever-[if the plug should be so£rm1y fixed in the shell that 
it cannot be unscrewed by the key, a few smart blows with the 
ha=er will loosen itJ-insert the fuze-hole gauge-if the larger end 
of the cone is not flush with the exterior of the fuze hole, place the 
shell in the holUer, as :lhown in the drawing, and :fix it by screwing up 
th~ moveable jaw~the smaller nll,tures of shell can be supported by 
hand in the proper position until the jaws have a firm hold; but for 
the 32-prs. and heavier natures, a block of wood is necessary for the 
shell to reRt upon; the jaws should grip the shell about ha.1fway be
tween the fuze hole and the bottom-insert the rimer into the fuze
hole, and turn it gently round with the lever, until the fuze hole is the 
proper dimensions, great care being taken not to make it too large. 
then perfect the thread by means of the screw tap." 

Special Remarks.2-The instructions for this set arc printed on paper 
mounted on mill-board and vUl'llishell. Only those shells which may 
have become injured in the fuze hole will require rectifying. The" tap, 
screw, Pettman," is not intended to p1'epare shells to receive Pettman's 
fuzes, but merely to rectify such shells as have been prepared for their 
reception. It should not therefore be used with any common shells not 
having a cross cut upon the plug. 

The "gauge, fuze-hole, common," is to check the work of rectifying, 
which should not be 0,-erdone.3 

The" screws, coach," are for attaching the shell holder to the bench 
or table on which it is to be fixed. It should be noticed that benches 
are not issued with No.1 set, as it is presumed that means of fixing the 
holder would exist or could be improvised at all stations. 

No.1 set is issued in two boxes, painted grey. 
The larger box contains-

Blocks, wood, lO-inch 1, 8-inch 1, 32-pr. 1 - 3 
Holder, shell - 1 
Screws, coach, 4 x t 1 

1 The details of the sets and the instructions for their use are extracted verbatim 
from the official lithographic drawings and printe.d instructions which accompany 
each set. 

~ The use of the -several implements is sufficiently explained in the printed instruc
tions which accompany the set; these "special relllal'ks," after each set, I have 
introduced with 'a view to clearing up any points which may not be touched upon 01' 
explained in the instructions. 

3 See instructions with No.1 set. 

15836. U 
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The smaller box contains-
Gauge, fuze-hole, common 1 
Instructions, printed - 1 
}(ey, iron, square 1 
Lever, common 1 
Tap, screw, Pettman, common - - 1 

The boxes are secured with staple and hasp and padlock. 

l\"'o-.2 Set, 
S. B. GARRISON, FOR FIXING WOOD BOTTOMS. 

One set for every 10 or less number of guns in each district or station, 
and one set spare. 

Block, wood -
Hammer, riveting 
Instructions, printed -
Pricker, removing wax 
:Punch, iron, riveting bottoms 
Rectifier, common, for rivet-hole 
Spanner, box 

Fixing Wood Bottoms. 

- 1 
- 1 
-10 
- 1 
- 1 
- 1 
- 1 

" Jlemove the bottoms from the iron bar ·by unscrewing the nut at the 
end of the bar with the box spanner-place the shell on the wood 
block-remove the beeswax from the rivet hole with the pricker-place 
a riyet in the rivet-hole of the wood bottom, with the point projecting 
beyond the concave surface-place it on the shell, moving it about until 
the rivet drops into the rivet hole-place the punch on the head of the 
rivet,. and give it a few smart blows with the hammer. 

" If the rivet hole in the wood bottom is rough and jagged, pass the 
rectifier through it, turning it round so as to bring the hole to its proper 
form. 

"The common shell, which are issued loose, have their fuze hole secured 
oy a metal screw plug, and are prepared with rivet holes for fixing the 
wood bottoms. The wood botoms are packed by twenties on iron rods, 
and secured by an iron nut." 

Special Remarhs.-The instructions for this set are printed on paper 
mounted on mill-board and varnished. With regard to the" pricker" 
for removing wax from the rivet hole, all projectiles having rivet holes 
and issued" loose" have the rivet holes plugged with beeswax.l 

In the case of shells, carcasses, &c., there will be no difficulty III 

finding the rivet hole, which will be opposite the centre of the fuze hole 
or group of vents; but in the case of solid shot it is not so easy. 

The rectifier need only be applied in case of necessity. 
Packing and No.2 set is issued in a deal box, painted grey, and secured with a 
issue. staple, hasp, and padlock. 

No.3 Set, 
R. AND S. B. GARRISON, FOR FII_LING, SECURING, AND PREPARING 

COMMON, DIAPHRAGM SHRAPNEL OR RIFLE SHELL FOR FIRING. 

One set for every 5 or less number of glllS in each district or 
station, and one set spare. 

Drifts wood { c?mmon - - •. 
, diaphragm shrapnel, large 1, small 1 ~ 2 

1 

1 See p. 29, &c. 
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Drivers, screw, diaphragm shrapnel, large 1, small 1 -
F I I th { diaphragm shrapnel, huge 1, small 1 unne s ea er 
..' common, large - - -
Instructions, printed -

'.lOKey, iron, adapter and plug 
*t Key, iron, plug and fuze, general service 

*Mallet, common, and diaphragm shrapnel 

2 
2 
1 
5 
1 
1 
1 

'" New pattern for future manufacture. N.B.-In sets already issued, or in store, 
no alteration is to be made, except where thel'e are rifle guns; these articles are then 
to be added or substituted, as required. 

"'t This key will take the place of the " key, iron, adapter and plug" in sets issued 
for stations supplied with the general service fuze. 

Filling and Securing Shell. 
" Common Shell.-Remove the plug from the fuze hole by means of the 

key-insert the funnel and pour in the bursting charge-carefully wipe 
every portion of powder from the fuze hole, and drive in a papier mache 
wad with the drift, as far as the shoulder on the drift will allow-screw 
.in the plug, :fitted with a leather collar. 

Diaphragm Shrapnel Shell._H Remove the plug from the loading hole 
by means of a screwdriver-hold the shell in a position with the loading 
hole uppermost-insert the funnel and pour in the bursting charge-turn 
the shell from side to side to facilitate the :filling-carefully wipe every 
portion of powder from the loading hole, and drive in a papier mache 
wad, with the drift, as far as the shoulder on the drift will allow, and 
screw in the plug-unscrew the fuze-hole plug, to which is attached a 
wood plug covered with serge, to prevent the bursting powder fi:om 
passing into the socket in sufficient quantity to cause inconvenience in 
:fixing the fuze,-and in order to insure the small hole communicating 
with the powder chamber being clear, shake a few grains of powder 
from the powder chamber into the socket-then replace the fuze-hole 
plug. 

H Rijle Shell.-The larger natures of common and segment shell for 
rifle ordnance which are :fitted with the naval fuze hole require an 
adapter when the Boxer wood time or the general services fuzes are 
used. 

" Remove the plug from the fuze hole and screw the adapter :firmly in 
by means of the key-insert the funnel, pour in the bursting charge
then carefully wipe every portion of powder from the fuze hole, and 
from between the adapter and nose of shell. 

Preparing Shell for Firing. 
"Common and Diaphragm Shrapnel Shell.-Unscrewthe plug from 

the fuze hole by means of the key-insert the fuze, which has been 
previously prepared for the required range-set the fuze home with the 
. mallet; or against a gun carriage, or by pressing it in by hand, if more 
convenient. 

" The fuze should not be uncapped until the shell is placed in the 
muzzle of the gun, this much reduces the chance of an accident, and 
secures the priming from injury. 

"N.B.-The papier macM wad in the fuze hole of common shell is 
driven into the shell in the operation of fixing the fuze. 

" Rijle Shell.-In fixing the fuze NEITHER A lIf.ALLET NOR ANY OTHER 

INSTRUMENT IS TO BE USED; this operation is to be performed simply by 
pressing the fuze with the hand and screwing it at the same time into 
the bush or adapter. 

u2 



291 

•• When the fuze cannot be screwed any farther with the hand, it is 
then properly secured.", 

Special Remarks.-The instru?tions. for t~is set ~re pr~~te~ on 
calico, with· a brass. edge for convemence In rollmg. Th1S set, 1t will be 
not.iced is for use with rifle as well as smooth-bore ordnance. With 
regard 'to the instructions given for the filling of diaphragm shell, it 
should be noticed that the fuze-hole plug is not to be removed until the 
shell is filled; if this point be not attended to, a sufficient qu[mtityof 
powder may work into the socket to interfere with the proper settinO' 
home of the fuze and premature explosions may result, either from th~ 
top side holes being e:cposed or from the fuze be.iug loose, and the flash 
of discharO"e thus havlllg access to the powder m the socket. Never
theless, th~ instructions respecting. "a few grains" of powder being 
shaken from the powder chamber mto the socket must be attended to, 
not merely to make the action of the fuze more certain, but to ensure 
the fire hole being open; but in no case should this quantity be sufficient 
to interfere with the proper introduction of the fuze. 

With reference to the fixing of the Boxer time fuzes for rifled ordnance, 
it is particularly to be noticed t.hat neither mallet nor setter is to be. 
nsed in this operation, as a blow upon the head of the B.L. fuze if set 
loose in the adapter might cause explosion;l and although the 1\LL. fuzes 
are not liable to be thus exploded, it is considered desirable to preserve 
the same manner of fixing them as is necessary for the B.L. fuzes. 

The key, iron, fuze and plug, general service, is intended for use with 
the general service and L.S. Pettman's fuzes and adapter anel plug; the 
old key for adapter and plug will not, however, be replaced except on 
demand and with new sets, or for stations where the general service 
fuze is suppliecl. 

The mallet is used not for fixing the fuze but for setting home the 
papier muche wad in common shell; hence no setter is required. In 
December 1865 the nomenclature of the mallet was changed from " 5~fl " 
to "common and diaphragm shrapnel," 2 the old nomenclature having 
been a relic of the old sys.tem of 5~1f and 8" fuze holes. 

No.3 set is issued in a box, painted grey, with a ·staple, hasp, and 
padlock. 

1:lo.4 Set, 

R. AND S. B. GARRISON, FOR PREPARING FUZES FOR RIFLE ORDNANCE 
.AND FOR COMMON AND DIAPHRAGM SHRAPNEL SHELL. 

One set for every 2 guns in each district or station, and 25 per cent. 
spare. 

Baas canvas {cylinder, wood, common 
'" , hook-borer - -

- 2 _ 2 

1 An accident actually occurred in 1865 at Sheerness whilc one of these f~zes was 
being fixed into a 7" shell; this accident led to an orde; beinoo given that mallets and 
setters were no longer to be employed in fixing Boxer's 2/1 R~O. fuze and a label to 
that effect fixed on the head of each fuze. . 

With regard to the danger being greater when the blow is struck on a fuze set 
looso:ly in the ~dapter, this is to be explained by the fact that the fuze then goes 
readily away wlth the blo~ and is brought up with a jerk on biting, this jerk being 
~own upon the sus~endin~ wire. For this reason. the use of papier muchC wads 
WIth the adapter was dIscontinued at the same time as the use of the mallet and setter. 
A drift for fixing the wad in the adapter was also removed for the same reason and at 
the same time. 

See War Office Circular, 8 (new series), par. 1165. 
2 War Office Minute 7/12/65, 57/24/4114. 
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* Bits,-hook-borer - 12 
* Cylinders, wood, common 2 
* Extra"ctor, fuze, small I 
* Handles, hook-borer - 2 
* Hooks, hook-borer 2 
* Instructions, printed - 2 

{ * adapter and plug - - 2 
Keys, iron * Pettman L. S. fuze _. 1 

** plug and fuze .qeneral service 1 
* Mallet, common and diaphragm shrapnel 1 

Setter, common and diaphragm shrapnel I 
.* New pattern. N.B.-IYhere there are no rifled gnns the present No.4 set 

·viz.:-
Borel', hand 

" hook 
- Cylinder, wood, containg six long and six short bits 
Instructions, printed - - - - - 5 
Keys, iron, for fllze-hole pIng - 2 
Key, iron, Pettman L.S. fuze - 1 
Mallet 1 
Sec. of fuzes - 5 
Setter - 1 

wjll continue in use, until the store is exhausted.-Futlll'e issues to be made in accord.
ance with the new set, No.4, R. and S.B. 

*'" This key will take the place of the" key, iron, adapter and plug," and" key, iron, 
Pettman L.S. fllZe" sets issued for stations supplied with Pettman general service fuze. 

Preparing andfixing Boxer Time Fuzes for Common and Diaplt1'agm 
Shrapnel Sltell. 

"The fuze is prepared for any desired time of flight by continuing the 
side hole corresponding to the required time into the composition. 

Place the fuze in the hook-of the, hook-borer in the proper position 
for boring the required hole, enter the bit into the side-hole and work 
it forward by pressing hard upon the handle, and turning it round at 
the same time, until tlte screw ta/lCs the tlt1'ead in the slwnlt cif tlte hook, 
then screw down to the shoulder; take care not to press upon the fuze 
so as to prevent its bedding fairly in the hook. Unscrew till the screw 
is relieved from the thread in the shank, then pull straight out, until 
the bit is clear of the fuze; remove the fuze, and place it in the fuze
hole of the shell, and give the head of the fuze two or three smart taps 
with the mallet and setter, or against the guu cm'riage if more convenient. 
Before the fuze is placed in the socket of the diaphragm shell, care must 
be taken to remove any superfluous quantity of powder which may have 
passed into the socket through the communication hole. This is impor
tant, because the shell will burst prematurely if thc povyder in thc socket 
prevent the fuze being securely fixed. 

The length of the bit is so regulated, that when placed in the handle, 
as shown in the drawing, it will enter sufficiently far into the composition 
when screwed down to the shoulder. -If the bit should become 
1111 serviceable, the hi.ncUe must be detached from the shank and the 
tightening screw ullscrewed, the square hole in the hook being made for 
this purpose. Care must be taken when substituting another bit, that it 
is properly placed in the han{Ue, and' tltat tlte tightening serew firmly 
presses upon it, for if any space be left between the handle and tlte 
head of the bit, the end will not ente1' (t sufficient deptlt into tlte compo
sition. The borer should be occasionally examined and cleaned. The 
operation of preparing the fuze and fixing it in the shell, takes on an 
average about 15 seconds; with a little practice these operations may be 
performed in a shorter time. 
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q'he fuzes for common and diaphragm must not be uncapped until the 
shell is placed in the muzzle of t~e gun. . The cap ~s then removed by 
giving the tape a sharp pull. ThIs operatIOn not bemg performed until 
the shell is in the bore, much reduces the chance of an accident and 
renders the fuze less liable to injury from ·wet .. 

Preparing andfixing Boxer Time Fuze for Rifle Ordnance. 

The fuze is prepared for any desired time of flight by means of the 
hook-borer, in the same way as the fuzes for common and diaphragm 
shells;l but in fixing the fuze neither a mallet nO?" any other instrument 
is to be used; this operation is to be perfornled simply by pressing the 
fuze witlt the hand and screwing it at the same time into the bush or 
adapter. 

When the fuze cannot be screwed any farther with the hand, it is then 
properly secu~ed. 

Extracting Wood Fuzes. 

Fuze for Rifle Ordnance.-.Apply the fuze extractor to the head of 
the fuze and unscrew; if the adapter comes away with the fuze, do not 
remove the fuze from the adapter by striking it on the end, as a blow in 
that direction may weaken or break the wire which suspends the 
hammer in the B.L. fuze. 

Fuzes for Common and Diaphragm Shrapnel.-Clear out the cup of 
the fuze with the projecting piece of metal on the handle of the fuze 
extractor; take a firm hold of the head of the fuze between the jaws of 
fuze extractor, and turn from left to right. The small knob between 
the jaws fits into the cup of the fuze and prevents the top from collapsing 
or giving way." 

Special Remarks.-The instructions for this set are printed on calico, 
with a brass edge for convenience in rolling. This set is intended for 
use with rifle as well as with smooth-bore guns. Particular attention 
should be paid to the note to the implements of this set marked (*). 

The" bits, hook-borer," and the "hooks, borer," are of a very im
proved construction, by which the operations of preparing the fuze can . 
be performed nearly, if not quite as quickly, with the hook, as with the 
hand-borer,2 and with greater certainty of correctness.3 

They will serve with the whole of the fuzes referred to in this set, 
also with t.he 7¥' and 20" fuzes. The present Lits will not serve with 
the old pattern hook-borer, nor the old bits with the present hook-borer. 

The extractor was formerly in No.1 set, from which it was removed 
on the re-arrangement of the sets in 1865. 

Respecting" keys, iron, adapter and plug," see special remarks on the 
same under the head of No.3 set.4 See also special remarks on "key, 
" iron, plug and fuze, general service." 

This set contains a mallet and setter for the purpose of fixing the 

• 1" [in firing against earth-works or ships it is not necessary to prepare the fuze for 
rlfle ordnance to suit the particular range, as this fuze has been found to act in such 
cases as a percussion fuze, that is, to cause the shell to burst immediately 'after 
strikino- J" 

2 with the ol~ ho?k-borer, the average time for the preparation of the fuze (inde
pendently of :fiXlllg It) was about 15 to 18 seconds with instructed men; it need not 
now be more than frOlll 6 to 8 seconds. 

3 Col. Boxer" thinks that the use of the hook-borer in the place of the brad awl 
.. will give as a rule greater uniformity."-Extracts from Reports &,c. of Ordnance 
Select Committee, vol. ii., p. 275. ' , 

4 See p. 294. 
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fuze, except with small shells, when it is generally more convenient 
and expeditious to fix it by striking it against the gun-carriage.! 

In December 1865 the nomenclature of the mallets and setters were 
changed from" mallet and setter, 5t inch," to " m!1llet and setter, common 
" and diaphragm shrapnel." 2 

.flo. 5 Set, 
S. B. GARRISON; FOR RECTIFYING FUZE HOLES OF MORTAR SHELLS. 

One set for each district in large fortresses or one per station in small 
garrisons. 

Blocks, wood, 13-inch 1, lO-inch 1, 8-inch 1 - 3 
Gauge, fuze-hole, mOltar 1 
Holder, shell • 1 
Instructions, printed - 1 
Lever, mortar and naval 1 
Rimer, mortar 1 
Screws, coach, 4 X t - 4 
Extractor, fuze, large 1 

Rectifying Fuze Holes of Marta?' Shell. 
"Remove the cork from the fuze hole, and insert the fuze-hole gauge. 

If the larger end of the cone is not flush with the exterior of the fuze 
hole, place the shell, resting on a block of wood, in the holder, as shown 
in the drawing, and :fix it by screwing up· the moveable jaw-( the jaws 
should grip the shell about half way between the fuze hole and the 
bottom ;)-insert the rimer into the fuze hole and turn it gently round 
with the lever, until the fuze hole is the proper dimensions, great care 
being taken not to mahe it too 1m·ge. The shell holder when in use 
must be screwed to a bench or table. 

Extracting Fuzes. 
Fix the shell in the shell holder (No.5 set)-take a firm hold of the 

head of the fuze, between the jaws of the fuze extractor, and turn from 
left to right." 

Special Remarks.-The instructions for this set are printed on paper 
mounted on mill-board and varnished. See specialremarks on No.1 
set for use of" screws, coach." 

The extractor, fuze, large,S is of a different construction to the ex
tractor, fuze, small, having no knob between the jaws to fit into the 
cup of the fuze, the sides of the mortar fuze being sufficiently strong to 
render such internal support unnecessary; moreover, no projecting piece 
of metal is provided for clearing out the cup, an operation which the 
absence of the knob renders unnecessary. 

No.6 Set, 
S. B. GARRISON, FOR PREPARING MORTAR FUZES. 

One set for every 2 mortars, in each district or station, and twentY-Dye 
per cent. spare. 

Bags, canvas, cylinder, wood, mortal' - 2 
Bits, mortar - - 12 

1 Indeed, a smart tap with the hand will generally suffice, the fuze being set 
strongly home by the shock of discharge; and there seems no sufficient reason for 
the retention of mallets and setters in this set. Even a diaphragm shrapnel fuze 
may be fixed by hand in such a way as to permit of an 8" diaphragm shrapnel being 
lifted up by the fuze after fixing. 

2 War Office Minute, 1/12(65, 57/24/4114. 
3 On the reorganization of the sets in 1865 the extractor was included in No.6 set, 

but subsequently in lS66 (War Ojfice1r.[inllte 17/1/66, Chat/lam 5/476) it was replaced 
in No.5 set. 
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Brace, mortar 
Cylinders, wood, mortar -
Funnel, leather, Cc,IDIDon, large 
Instructions, printed -
Mallet, mortar 

Preparing and fixing .11!lortar Fuzes. 

1 
2 
1 

- 2 
1 

" Hold the fuze firmly in the left hanu-insert the point of the bit 
into the required hole-place the head of the brace f1gainst the body, 
and turn with the right hand until the stop comes in contact with the 
wood-reverse the motion until the bit is clear of the fuze .. 

The wooden bottom of the fuze must on no account be cut oft; as it 
supports the composition and prevents its being disarranged by the 
shock at the discharge. 

Preparing Mortar Shell jor firing. 
Remove .the cork from the fuze hole-insert the funnel and pour in 

the bursting chRrge-illsert the fuze (which has been previously pre
pared for the required range) in the fuze hole, and sct it home by two 
or three smart taps with the mallet. 

The fuze must not be uncapped until the shell is placed in the bore. 
The cap is then removed by giving the tape a sharp pull.-This opera
tion not being performed until the shell is in the bore much reduces 
the chance of an acciden t, and renders the priming lesR liable to inj ury 
from wet. 
. N.B.-The cork may be driven into the 13-inch or lO·inch shell, bnt 
must be taken out of'the S-inch, as it might prevent the fuze being set 
home." 

Special Remctrhs.-The instructions for this set are printed on calico, 
with a brass edge forcollvenience in rolling. See remarks on No.5 set 
respecting the removal of t.he extrfl,ctor, fuze, large, fro111 No.6 to No.5 
set in 1865. 

The nomenclature of the mallet was changed in December 1865 1 

from" mallet., 8-inch," to "ma,llet, mortar." A settcr, morlar, was among 
the implements abolished on the revision of the sets in May 1865, bnt 
then called by the name "setter 8-inch," which llUme was officially 
changed by ihe same authority as that which changed the name of the 
mallet. 

No.1 Set, 
S. B. FIELD, Fon PREPARING COMMON AND DUPHRAGlII SHRAPNEL 

FUZES. 

One set for each glID or howziter. 

Bays canvas {cylinder, wood, common 
'" , hook-borer - -

'" Bits, hook-borer • 
'" Cylinders, wood, common -
'" Extractor, fuze, small 
'" Handles, hook-horer 
'" Hooks, hook-borer -
Instructions, printed -
'" Key, Pettman, L.S. fuze 

2 
2 

- 12 
2 
1 
2 
2 
2 
1 

'" New pattern, for futlU"e manufacture. N.B.-Sets already issued, or in store, are 
not to be altered. 

These are the implement supplied for boat serVIce with S. B. howitzers, 
and are contained in the boat's magazine. 

1 War Office .2}Iinute, 7/12/65, 57/24/4114. 
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Preparing andfixil1g Boxer Time Fuzes. 

" The fuze is prepared for any desired time of flight, by continuing 
the side hole corresponding to the required time into the composition. 

Place the fuze in the hook of the hook-borer in the proper position 
for boring the required hole-enter the. bit into the side hole and work 
it forward by pressing hard upon the handle, and turning it round at 
the same time, until the screw takes t/~e thread in the shank of the hook, 
then screw down to the shoulder-take care not to press upon the fuze 
so as to prevent its bedding fairly in the hoole Unscrew till the serew 
is relieved from the thread in the shank, then pull straight out, until 
the bit is clear of the fuze; remove the fuze and place it in the socket 
of the shell, and give the heaEl of the fuze two or three smart taps 
against the gun carriage. Care must be tnken that the fuze is fixed 
firmly in the shell, but it is,Oll no account to be rasped. 

The length of the bit is so regulated, that when placed in the handle, 
as shown in the drawing, it will enter sufficiently far into the composi
tion when screwed down to the shoulder. If the bit should become 
unserviceable, the handle must be <letnched from the shnnk, and the 
tightening screw unscrewed-t.he square hole in the hook being made 
for this purpose. Care must be taken, when substituting another bit, 
that it ia properly placed in the hnndle, and that tlte tightening screw 
firmly presses upon it; fm' if any space be left betiveen the handle and 
the head of the b£t, the" end 1vilt not . enter a sufficient depth into tlte 
composition. The borer should be occasionally examined and cleaned. 
The operation of preparing tho fuze and fixing it in the shell, takes on 
an average about fifteen seconds; with a little practice those operations 
may be performed in a shorter time. 

TIle fuze must not be uncapped until the snell is placed in the muzzle 
of the gun. TILe cap is then removed by giving the tapfJ a slwrp 
pull.-This operation not being performed until the shell is in the bore, 
much reduces the chance of an accident, and renders the fuze less liable 
to inj ury from wet. 

Extmeting Boxer Jfaod Fuzes. 

Clear out the cup of the fuze with the projecting piece of metal on 
the handle of the fuze extractor-take a firm hold of the head ortlle 
fuze between the jaws of the fuze extractm', and turn from left to right. 
The small knob between the jllWS fits into the cup of'the fuze, and pre-
vents the top ii'om collapsing or giving way." . 

Special Remarlls.-The instructions for this set are printed on calico, 
with a brass edge for convenience in relling. A key, iron, Pettman's 
L.S. fuze, is required in this set because the L.S. fuze is issued for boat 
service. See s pe.cial remarks on No.4 set, rifle and smooth-bore garrison. 

lYo.2 Set, 
S. B. FIELD, ]<'OR PREP.AIlING SHELL. 

One set for ench gun. 

Drift, wood, diaphragm shrapnel, small 1 
Driver, screw, diaphragm shrapnel, small 1 
Funnel, leather, diaphragm shrapnel, small - I 
Instructions, printed - 2 
Keys, iron, common plug 2 
Punch, iron, riveting bottoms 1 

N.B.-Sets already issued or in store are not to be altered. 
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FiZZing ana securing Diaphragm Shrapnel Shell. 

" Remove the plug from the loading hole by means of the screwdriver 
-hold the shell in a position with the loading hole upwards-insert the 
funnel and pour in the bursting charge-turn the sh.ell from side to side, 
to . facilitate the filling-carefuP.y. wipe every portlOn of powder from 
the loading hole, drive in a papier macbe wad with the drift, as far as 
the shoulder on the drift will allow, and screw in the plug-unscrew the 
fuze-hole plug, to which is attached a w?od plug covered wi~h serge, to 
prevent the bursting powder from passmg mto the socket m sufficient 
quantity to cause inconvenience in fixing the fuze-and in order to 
insure the small hole communicating with the powder chamber being 
clear, shake a few grains of powder from the powder chamber into the 
socket-then replace the fuze-hole plug. 

Preparing Diaphragm ShrapnelSltell for ji?·ing. 
Unscrew the plug from the fuze hole by means of the key-insert the 

fuze, which has been previously prepared for the required range-set 
the fuze home against a gun carriage. 

The fuze should not be uncapped until the shell is placed in the 
muzzle of the gun; this much reduces the chance of an accident, and 
secures the priming from injury. 

Fixing Wooa Bottoms., 
If the wood bottom should at any time become loose, place the punch 

on the head of the rivet, and give it a few smart blows with a hammer." 
Special Remarks.-The instructions for this set are printed on calico, 

with a brass edge for convenience of rolling. A reference to the special 
remarks on No.3 set, rifle and smooth~bore garrison, will explain any 
points not made sufficiently clear by the instructions. 

No.3 Set, 
S.B. FIELD, FOR PREPARING SHELL. 

One set for each 32-pr. or 24-pr. howitzer. 

D ift d{common - - 1 
r s, woo diaphragm shrapnel, large 1 

Driver, screw, diaphragm shrapnel, large 1 
F I 1 th {common, small - - 1 

unne s, ea erdiaphragm shrapnel, Jarge 1 
Instructions, printed - 2 
Keys, iron common plug - 2 
Punch, iron, riveting bottoms 1 

N.B.-Sets already issued or in store are not to be altered. 

Filling ana securing Common Shell. 
"Remove the plug from the fuze hole by means of the key-insert the 

funnel and pour in the bursting charge-carefully wipe every portion 
of powder from the fuze hole, and drive in a papier mach6 wad, with 
the drift, as far as the shoulder on the drift will allow-screw in the 
plug fitted with a leather collar. 

Filling ana securing Diaphragm Shrapnel Shell. 
Remove the plug frol11 the loadill'g hole by means of the 8crflwdriver

hold the shell in a position with the loading hole upwards-insert the 
funnel and pour in the bursting charge--4urn the shell from side to side 
to facilitate the filling-careflilly wipe every portion of powder from 
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the loading hole, and drive in a papier mache wad with the drift, as far 
as the shoulder on .the. drift will allow, and screw in the plug-unscrew 
the fuze-hole plug, to which is attached a wood plug covered with serge, 
to prevent the bursting powder from passing into the socket in sufficient 
quantity to cause inconvenience in fixing the fuze-and in order to insure 
the small hole communicating with the powder chamber being clear, 
shake a few grains of powder from- the powder chamber into the socket 
_then replace the fuze hole plug. 

Preparing Common and Diapl~ragm Shrapnel Shell for firing. 
Unscrew the plug from the fuze hole by means of the key-insert the 

fuze, which has been previously prepared for the required range-set 
the fuze home against a gun carriage. 

The fuze shouid not be uncapped until the shell is placed in the muzzle 
of the gun; this much reduces the chance of an accident, and secures 
the priming from injury. 

N.B.-The papier mache wad is driven into the common shell in the 
operation of fixing the fuze. 

Fixing Wood Bottoms. 
If the wood bottoms should at any time become loose, place the punch 

on the head of the rivet, and give it a few smart blows with the hammer." 
Special Remarks.-The instructions for this set are printed on calico, 

with a brass edge for convenience of rolling. A reference to the special 
remarks on No.3, rifle and smooth-bore garrison, will e.xplain any points 
not made sufficiently clear by the instructions. 

No.4 Set, 
S.B. :F'IELD, FOR PREPARING SHELL. 

One set for each 12-pr. howitzer. 
D 'ft d {common - - 1 

1'1 s, woo diaphragm shrapnel, small 1 
Driver, screw, diaphragm shrapnel, small 1 
F 11th {common, small" - 1 

unne s, ea er diaphragm shrapnel, small I 
Instructions, printed - - 2 
Keys, iron, common plug - 2 
Punch, iron, rivetiDg bottoms 1 

N.R-Sets already issued or in store are not to be altered. 

Filling and securin.q Common Shell. 
" Remove the plug from the fuze hole by means of the key-insert the 

funnel and pour in the bursting charge-carefully wipe every portion 
of powder from the fuze hole, and drive in a papier mache wad, with 
the drift, as far as the shoulder on the drift will allow-screw in the 
plug fitted with a leather collar. . 

Filling and securing Diaphragm Shrapnel Shell. 
Remove the plug from the loading hole by means of the screwdriver

hold the shell in a position with the loading hole upwards-insert the 
funnel and pour in the bursting charge-turn the shell from side to side 
to facilitate the filling-carefully :wipe every portion of powder from 
the loading hole, and drive in a papier macM wad with the drift, as far 
as the shoulder on the drift will allow, and screw in the plug-unscrew 
the fuze-hole plug, to which is attached a wood plug covered with serge, 
to prevent the bursting powder from passing into the socket in sufficient 
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quantity to cause inconvenience in fixing the fuze-and in order to insure 
the small hole communicating with the powder chamber being clear 
shake a few grains of powder from the powder c'1tamber into the socket 
-then replace the fuze-hole plug. 

Preparing Common and Diaphragm Shrapnel Shell for firing. 

. Unscrew tIle plug from the fuze hole by means of the key-insert the 
fuze, which has been previously prepared for the required range-set 
the fuze home agaiust a gnn carriage. 

The fuze should not be uncapped until the shell is placed in the 
muzzle of the gun; this much reduces the chance of au accident, and 
secures the priming from injury. . . 

N.B.-The pttpier milche wad is driven into the common shell in the 
operation of fixing the fuze. 

Fixing Wood Bottoms. 

If the wood bottoms should at any time become loose, place the punch 
on the heal1 of the rivet, antlgive it a few smart blows with Hie hammer." 

Special Remarks.-The instructions for this set are printed on calico, 
with a brass edge for convenience of rolling. A reference t·) the special 
remarks on No.3 sct,rifie and smooth-hare garrison, will explain anv 
points not made sufficiently clear by the instructions. J 

Implements, lI'aval Sllell and Fuze. 

ags, wood naval - - 1 for each cylinder. 
B {CYlinder, {common - 1 £. or each cy. linder. 

canvas hook-borer _ _ - 1 for each hook-borer. 
(hook-boreL' - - 6 per hook-borer. 
I nay[tl - - 6 for first 600 7t and 20 second.~ 

Bits --< metal t.ime fl1zes, and for every 
1 . additional 600 01' less. 
L rivet-hole in wood bottoms 2 per ship, w hero loose spherical shell 

are supplied. 
Bra,ces, for bits - - 2 per ship, 'Yhere 7-k and 20 seconds 

metal time fuzes are supplied. 
C Ii d d f common -

Y n crs, woo ) a 1 
'-Ll va -

Drifts, wood, common sholl -

Extractors, fuze, SlnaU 

- 1 for every 6 hook-bo:cer bits. 
- 1 for every 6 l1:1val bits and 1 brass 

stop. 
- 2 per ship, where common spherical 

shell are supplied. 
- 2 per sllip, where wood fuzes are 

supplied. 
Funnels, leather, COlllmon large - 2 per ship, where comlllon spherical 

shell are ~uppliec1 .. 
Hammers -

Handles, hook-borer 
Hooks; hook-borer 

- 2 per ship, where spherical shell are 
supplied. 

- 1 per hook-borer. 
- 1 per 6 guns, and not less tllan 3 pel' 

ship; where wood fuzes or 7~ and 
20 seconds fuzes are supplied. 

Instructions, printed - 6 per ship. . 

{

plug and fuze, general 3 per ship. 
}(e service. . 
J~ .Armstrong shell and fuze 2 per ship, where E. time fuzes are 

supplied, and 1, in addition, per 
gun, using E. time fuzes. 
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'* Levers, morta1' and naval - - 2 per ship. 
tPunches, iron, for riveting tops or 2 per ship, where spherical shell are 

bottoms. supplied. 
Rectifiers, naval, for rivet hole - 2 per ship, where loose spherical shell 

are supplied. 
Shields, wood, for bits, for rivet 

holes. 
2 per ship, where loose spherical shell 

are supplied. 
1 per gun with which those fuzes are t8panners, uncapping 7t and 20 se-

conds metal fuzes. 
Stops, brass, naval bit -
'" Taps, screw, naval 
Wires, guide 

(fixing fuze 

Wrenches~ 
L removing plug 

used. 
o 1 for every 6 naval bits. 
- 2 per ship. 
o 2 per ship, where loose spherical shell 

are supplied. 
- 1 per 6 guns, and not less than 3 per 

ship, where any 7t seconds, 20 se
conds, or Pettman 8.8. fuzes are 
sl'lpplied. 

o 2 per ship. 
'" These articles were only introduced to rectify the fuze-holes of empty shell, and. 

are now seldom required_ 
t Not required for bottoms prepared with two rivet holes only. 
t The store of old pattern spanners or wrenches for uncapping 7 t and 20 seconds 

fuzes to be used up for shells riveted to wood bottoms, for-which the alteration in the 
new pattern is not required. 

All demands from out-stations for supplies of the above must be in 
detail, the articles in which there is no change of pattern being used up. 

Fixing TYood Bottoms or Tops. 
"Unscrew the plug with the wrench-place the shell on a block of' 

wood, rivet holes uppermost-remove the beeswax or grease from the 
rivet holes-place 1he bottom or top on the shell-pass the guide wire 
through one of the rivet holes, and into one of the rivet holes of the 
sbell-withdraw the guide wire-insert a rivet, and fix it slightly by a 
few smart blows with the hammer-bring the other holes t.o correspond 
with those in the shell-insert the remaining rivet or rivets--fix them 
slightly in the same manner-then rivet all firmly. 

If the edges of the rivet holes in the shell are injured, so that the 
rivets will not enter, insert the rectifier, turning it round until the hole 
is of the proper dimensions. The rivet-holes in the wood bottoms will 
also sometimes be found to require clearing, this is done by the bit for 
that purpose-this bit, when not in use, should be kept in the wooden 
shield to protect the point. 

Filling and securing Shell. 
Common and J.Vaval Shell.-Remove the plug from the fuze hole by 

means of the key-insert the funnel and pour in the bursting charge
carefully wipe every portion of powder from the fuze hole, and drive in 
a papier much0 wad with the drift, as fitr as the shoulder on the drift 
will allow-screw in the plug, fitted with a leather collar. 

Diaphragm Shrapnel Shell.-Remove the plug from the loading hole 
by means of a screwdriver-hold the shell in a position with the loading 
hole uppermost-insert the funnel and pour in the bursting charge
turn the shell from side to side to facilitate the filling-carefully wipe 
every portion of powder from the loading hole, and drive in a papier 
mache wad, with a drift, as far as the shoulder on the drift will allow,. 
and screw in the plug. Unscrew the fuze-hole plug. 
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The wood plug covered with serge is attached to the metal fuze hole 
plug to :till up the socket, and thus prevent the bursting powder from 
passing into the socket in sufficient quantity to cause inconvenience in 
fixing the fuze-and in order to insure the small hole communicating 
with the powder chamber being 'clear, shake a few grains of powder from 
tlle powder chamber into the socket-then replace the fuze-hole plug. 

Rifle Shell.-The natures of common and segment shell for rifle 
ordnance which are fitted with the naval fuze hole, require an adapter 
whe.n the Boxer wood, Armstrong E metal time, or Pettman's general 
service fuzes are used. 

Remove the plug from the fuze hole and screw the adapter firmly in 
by means of the key; insert the funnel, and pour in the bursting 
charge-carefully wipe every portion of powder from the fuze hole, and 
from between the adapter and nose of shell. 

Preparin[f and fixing Fuzes. 

Boxer Metal Time Fuzes.-The fuze is prepared for any desired time 
of flight, by continuing the side hole corresponding to the required time 
into the composition. 

Place the fuze in the hook of the hook-borer in the proper position 
for boring the requirec1: hole-enter the bit into the side hole and work 
it forward by pressing hard upon .the handle, and turning it round at 
the same time, until the screw takes the thread in the shank of the hook, 
then screw down to the shoulder-take care not to press upon the fuze 
so as to prevent its bedding fairly in the hook. Unscrew till the screw 
is relieved from the thread in the shank,. then pull straight out, until the 
bit is clear of the fuze; remove the fuze and place it in the fuze-hole of 
the shell-then screw it home with the wrench. 

The mealed powder fuze should be used when the time of flight is not 
required to be more than 7t seconds. 

If the 20" fuze be required for a time of flight less than 7i", the first 
1 . 4 inch of composition at the top of the fuze should be bored through 
-a long bit, with a stop, is supplied for this purpose with the fuze 
implements. 

The proper distance of the stop from the point of the bit to bore out 
1· 4 inch of composition, is 1·94 inch. When the 20" fuze is prepared 
in the manner described, 7 must be subtracted from the numbers marked 
on the fuze, to determine the time of burning :-example, if required to 
burn 3", the 10" hole should be bored, as 10" - 7" = 3". 

As oil cannot be applied to the bit without deteriorating the compo
sition, the operation of boring through the 1·4 inch of composition, 
must be performed very slowly, and in a place apart from combustible 
stores. A pail of water should also be at hand in the event of the fuze 
igniting. 

Boxer Wood Time Fuzes f01' Common and Diaphragm Shrapnel.
The fuze is prepared for any desired time of flight by continuing the 
side hole corresponding to the required time into the composition. 

Place the fuze .in the hook of the hook-borer in the proper position 
for boring the required hole-enter the bit into the side hole and work 
it forward by pressing hard upon the handle, and turning it round at 
the same time, until the screw takes the thread in the shank of the hook, 
then. screw down to the shoulder-take care not to press upon the fuze 
80 as to prevent its bedding fairly in the hook. Unscrew till the screw 
is reli.eved from the thread in the shank, then pull straight out, until 
the bit is clear of the fuze; remove the fuze and fix it ill the fuze hole 
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of the shell by pressing the fuze with the hand and screwing it at the 
same time. 

Before the fuze is placed in the socket of the diaphragm shrapnel • 
$hell, care must be taken to remove any superfluous quantity of powder 
which may have passed into the socket through the communication hole. 
This is important, because the shell will burst prematurely if the powder 
in the socket prevent the fuze being securely fixed. . 

The length of the bit is so regulated, that when placed in the handle, 
as shown in the drawing, it will enter sufficiently far into the composi
tion when screwed down to the shoulder. If the bit should become 
unserviceable, the handle must be detached from the shank, and the 
tightening screw unscrewed-the square hole in the hook being made 
for this purpose. Care must be taken when substituting another bit 
that it is properly placed in the handle, and that the tightening screw 
firmly presses upon it, for if any space he left between the handle and 
the head of the bit, the end 'will not enter a sufficient depth into the 
composition. The borer should be occasionally examined and cleaned. 
The operation of preparing the fuze and fixing it in the shell, takes on 
an average about 15 seconds; with a little practice these operations • 
may be performed in a shorter time. 

The fuzes for common and diaphragm shrapnel must not be uncapped 
until the shell is placed in the muzzle of the gun. The cap is then 
removed by giving the tape a sharp pulL-This operation not being 
performed until the shell is in the bore, much reduces the chance of an 
accident and renders the fuze less liable to injury from wet. 

BQxer Wood Time Fuzesfor Rifle Ordnance.c-The fuze is prepared 
for any desired time of flight, by means of the hook-borer, in the same 
way as the fuzes for common and diaphragm shrapnel shell; 1 but in 
fixing the fuze neither a mallet nor any other instrument is to be used; 
this operation is to be performed simply by pressing the fuze with the 
h,and and screwing it at the same time into the bush or adapter. 

When the fuze cannot be screwed any farther with the hand, it is 
then properly secured. 

Armstrong E Metal Time Fuzcs.-The fuze is prepared for any 
desired time of flight by loosening the metal cap with the iron key 
supplied for the purpose. The collar may then be turned round until 
the arrow points to the division on the paper scale corresponding to 
that time. The cap is then screwed tightly home. When these fuzes 
are used with adapters they should be first screwed tightly into the 
adapter, and then inserted into the shell. 

Pettman Percussion Fuzes require no preparation. They must be 
screwed, right-handed, into the shell, by means of the keys provided for 
the purpose. 

Armstrong Percussion Pillar Fuzes.- This fuze is used only with 
those rifle shells which have the naval fuze hole, and is used without an 
adapter. It requires no preparation, and should merely be screwed, 
right-handed, into the shell by means of the key, iron, Armstrong shell 
and fuze. ' 

Extracting Fuzes. 

Boxel' Wood Time Fuzes for Rifle 01'dnance.-Apply the fuze 
extractor to the head of the fuze and unscrew-if the adapter comes 

1 [In firing against earth-works or ships, it is not necessary to prepare the fuze for 
rifle ordnance, to suit the particular range; as this fuze has been found to act in such 
cases as a percussion fuze; thatis to cause the shell to burst immediately after striking,] 
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away with the fuze, do n?t remov~ the. fuze from the adapter by striki?g 
it on the end, as a blow In that dIrectIOn may weaken or break the WIre 

'* which suspends the hammer in the B. L. fuze. 
Boxer TFood Time F~tzes for Common and Diaphragm Shrapnel._ 

Clear out the cup of the fuze with the projecting piece of metal on the 
handle of the fuze extractor-take a firm hold of the head of the fuze 
between the jaws of the fuze extract,or and turn from left to right. The 
small knob between the jaws fits into the cup of the "fuze, and prevents 
the top from collapsing or giving way." 

Special Remarks.-The instructions for this set are printed on calico, 
but not provided with a brass edge, as they aee folded, not rolled. 
Many of the implements issued for naval service are included also in 
the garrison and field service sets a,lready enumerated, and have been 
remarked upon in connection with those sets. 

The brace is intended for use only in removing the compcsition of a 
20 seconds fuze to euable it to act for a shorter time of :flight than 7i 
seconds. The" bits, naval," are intended also for the same purpose. 

~ Formerly (until the revision of sets in 1865 1) short bits were provided 
for the preparation of the 7t and 20 seconds fuze by means of a hand
borer (now obsolete), or, if desired, in conjunction with the brace.2 The 
hook-borer is now alone used for the preparation of these fuzes. 

The Armstrong shell and fuze key serves several purposes :-the 
curved arm is used for screwing or unscrewing the E metal time fuze; 
the pronged a,rm is used for loosening, if required, the collar of this 
fuze; the third arm serves to scrcw or unSC1'ew the pillal' fuze, the 
fuze-hole plug, or the adapter; the hexagonal hole in the centre of the 
key is for the nut of the E time fuze. . 

The punches, iron, for riveting bottoms are not requiretl, as stated 
in 1'. note, for bottoms attached with two rivets, for which the small 
end of the hammer is used. But for common and diaphragm shrapnel 
·she11s, which have their bOttoms attached by one expanding rivet, the 
punch is used, as in No.2 set, S. B. garrison. They are also useful for 
fixing or tightening the top rivets. 

The bit, with shield, rivet hole, is intended for rectifying the rivet 
holes in tIle wood bottoms of naval (not other) shell. It would also, if 
desired, sene the same purpose 3S regards the tops. 

The rectifiers, naval, for rivet holes are for rectifying the rivct holes 
in the shell, not in the bottom. They arc serviceable with naval ~hells 
only. 

The" spanner," uncapping7t and 20 seconds fuzes, performs one of 
the functions of' the" wrench, fixing fuze." The latter, however, is 
intended fOl' use in the shell 1'00111, where the operations of fixing the 
fuze, removing the plug, &c. would be performed. The spanner is for 
usc at the gun only, and for the single purpose of uncapping the fuze. 
Therefore of the latter, 0116 per gun is supplied, of the former only one 
pel' six guns. The" taps, screw, naval," are for rectifying the bushes 
of such shells as lUay become injured. 

The use of the other implements is eithcr obvious or is sufficiently 
explained in the instructions.· . 

Special attention should be paid to the note that all demands must 
be in detail. These implements can never be demanded or supplied in 
a set, as the proportion of the sevcml implements will depend upon the 
equipment of the vessel. 

_1 13th May 1865.-lVar Office Circular, 6 (new series), par. 1095. 
2 The brace, however, was rarely, if ever, used for this purpose. 
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The following Table shows the whole of the implements, shell and 
fuze, and the sets to which each implement belongs :-

Garrison FicIcI Na.val 

Implem:;:lts. 
Se:·vbe. Servi.Je. Service. 

No.orSel. No. of Set. I If furnished. 

r 
f C01l11110n -

: I 
. .\ 1 I Yes. 

nags, {CYlinderS, weod ,(Illorta!' - G 
j TI<lval - Ye". cauvas hook-borer - - - - I ·1 1 

I 
Yes. 

I ShOOk-borer - - - 4 1 Yes. 

mt mortar - • ... ... (j 

I ll1aval, long.. ... ... ! Yes. 

I rivet hole in wood bottom,s - Yes. 
{13.inCh - 5 

TIlocks, 10·inoh - 1, 2, ;:; 

I wood 8·inoh - 1, ;:3,5 
32·pr. - 1 

lN o. 2 set, siege 
1 B""ce {mortar- G 

.... naval .. Tefl, 
o r d {OOllllllOn 4 Ye=:o j Y m ers, mortar- 6 

wood naval- Yes. 
D'ft {common - - - ., 3,4 Yes. I ;~oJ' diaphragm smanncl {Ial'ge ;l 3 

, small ~ 2,4 
j Drivers, scrcw, dia- eargO - - :l 3 

phragm, shrapnel small - ;3 2, .\ I Extractors fuze - e arge - 5 
, small - 4 1 Yo". 

Funnols { large 3, G Yes. 
leather, common - - {small 3'3,11 

jWith copper diaphragm s'll'apnel {largO u 
spouts 'small " :2, .~ 

I Gauges, fuze hole {COUlmOn ... 1 
mortar - 5 

I CI! I Hammer, riveting .. 2 Yes. 
;; Handle, hook-borer 4 1 Yes. .. I Holder shell - 1,5 I 
~ Hook, hook·borer - 4 

-I 
Yes. 

;;;:1 fro. l . 
I 

No.2, 2 

§ I fJield - No.3. I ;\ I 

.0, No.4. 
I 

4 
.s:' (No.1. 1 
131 Instructions i I ~ o. ~. 2 I 

H I ~g:~: .) I 
4: I I garrison 1 No. ii. 5 ! 

No.6. (i I special 
Yes. naval 

, l3"gun-

I r"'~"'"' ,,~ - . 3, .1- Yes. 
. cornman plug .. .. o " I Key'" iron plug n.nd fuze, gencl'flIl sorvice 

... , 0, 

4 Yes. I >, shell and fuze, Armstrong's Yeo. 
square... .. .. -. 1 
Pcttman's L.S. - - 1 

L {common - - 1 
evers - mortar and naval 5 Yes. 

MaUets \' common and diaphragm 3,11 
(mortar - - - G 

Pricker) removing wax 2 -4 I Pnnch, iron, riveting tops and bottom 2 2.3, Yes. t Fuze hole 1 
Rectifiers or common rivet hole 2 I rimers mortar, fllze hole - 5 

naval, rivot hal a - Yes. 
Screws, coach, 4" x i" .. .. 1, 5 I Se~ter, common an.d diaphragm - - - 4 
Shield, wood, for bit - - - - Tes. 
S {or wrench box- - - - 2 I panners uncapping 7t and 2Q seconds fuzes • Yes. 
Stops, brass, for bits, naval - - - Yes. 
T {naval - - - Yes. 

laps, screw Pcttman's COllllllon 1 
Wire gnlde - - - - YC.j. 
Wre~ches {naVal, .fixing fuze - '1,'5. 

J i'emovlng plug .. Yes. 
---_. 

15836. X 
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SPECIAL SET for preparing COMMON SHELL for PETTMAN'S FUZES. 

The following tools are issued for this purpose :-
Brackets, iron, with bolts and nuts - 1 
Cutters, steel 10 

Gauges, for screw 1 {re~u 1 

fuze hole socket 1 
Levers for taps 2 
Markers for plugs - 1 
ltimers 1 
Pointers, wood 1 
Sockets, iron, for braces 1 
Spanners 1 
Taps, screw - 20 
Tommies for ratchet braces 1 
Braces, iron, ratchet 1 
Cans, tin, for oil 1 

Special Remarks.-Personal instruction in the use of these tools 
would generally be required, no attempt is therefore made to describe 
their application. It is sufficient to say generally that the object of 
this set is to prepare those common shells which have not the cross cut 
upon the plug 1 to receive Pettman's fuzes, by deepening and continuing 
the thread, and if required, by countersinking the fuze hole. 

The following information as to the rate at which shells may be 
prepared with these implements will perhaps be useful. 

A strong experienced labourer will screw for Pettman's fuze six: 
shells per hour, or 60 shells in a day of 10 hours, for which he will be 
paid (in the Royal Laboratory at Woolwich) .qd. per hour. A fair 
rate for the military would perhaps be four shells per hour. 

If the shells are countersunk as well as screwed, the same man will 
do three shells per hour, for which he receives the same pay; two per 
hour is as much as could be expected from the military.2 

After the shells have been altered as required, either by counter
sinking and screwing or by screwing only, !L cross cut should be made 
upon the plug to indicate that the shells have been prepared. 

The special sets of implements exclusively fm' rijled shells andfuzes 
are not included here, belonging more properly to Vol. II. 

CA.SES FOR IMPLEi\1RNTS. 

The cases for packing the sets of shell and fuze implements above 
enumerated are as follows :-

Garrison service, No. I set, large }3 

" "small 1 
" No.2 set, " I 
" No.3 set, " 1 
" No. "4 set, " 1 
" No. 5 set, large J3 
" "small 1 
" No. 6 set, " I 

The whole of the above cases are painted blue for Nos. 1, 2, 3, and 5 
sets; red for 4 and 6; they are fitted with hinges and hasps, and closed 
with a padlock. 

1 See page 25, note 11, and page 100. 
2 Memo. to Director of Ordnance by Assistant Superintendent Royal Laboratory, 

24/1/65. ' 
i These two cases are the same. 
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Field service, No.1 set 1 
" No.2 set 1 
" No.3 set 1 
" No.4 set 1 

These cases are unpainted, and are merely rough deal boxes without 
hinges or hasps. 

The naval implements are issued in deal packing cases as demanded. 

HINTS ON THE EXAMINATION OF LABORATORY 
STORES. 

It is impossible to give any precise or exhaustive rules respecting the 
examination of Laboratory stores, and the following notes on the subject 
do not pretend to a higher character than that of a few hints as to the 
leading defects, which should be looked for by those engaged in such an 
examination. 

Moreover, when these defects have been discovered it would always 
be a question, which can be decided only according to the particular 
circumstances of eaeII case, whether the stores should be condemned. 

Obviously, the rules which apply in the Royal Laboratory at Wool
wich on this subject would be of no use on active service, where a very 
defective article might be better than none at all; and between these 
extreme limits a variety of cases may be conceived, in which the 
circumstances being different, the steps to be taken in each must vary 
accordingly. 

In all cases tlle pattern of the article under examination should be 
carefully noted; 1 and the question of its condemnation or preservation 
determined with reference to such orders as may exist on the subject. 

All Laboratory stores, such as tubes, fuzes, &c., as may be considered 
fit for practice, although not good enough for service, are to be marked 
"Practice only," War Office Order, 22/1/64, 75/General No. 401. A 
yellow line is to be drawn across each article, and where this is not 
possible, e.g., in the case of percussion caps, across the cylinder, &c., in 
which the articles are packed,2 24/4/64, 75/General No. 414. 

Smooth-bore Ordnance. 

Till within tI18 last ten or twelve years shot and shell were always Shot and shell. 
supplied by contract. The contractor was allowed larger limits of 
manufacture than are now permitted. Hence it is a qnestion whether 
shot and shell supplied by contract should be tested by the old or new 
gauges; for if tested by the new gauges, a very large per-centage will 
be unserviceable. This question would have to be determined according 
to tne circumstances of each case. Before examining shot and shell, the 
paint and dirt should be scraped off, those which are serviceable to be 
repainted. 

Shot and shell are examined with the ring gauges and rejecting wire, 
and also by hammering those that are freshly cast. Shells are also 
examined with side and bottom callipers; any that do not stand the 
test arc condemned, in the Royal Laboratory: 

All shells and shot that have been fired and subsequently recovered 
unburst, must be condemned, as they are frequently split. 

l.All stores' manufactured subsequent to 30th D',cember 1865, have a Roman 
numeral stamped on them to indicate the pattern, in accordance with War Office 
Circular 931 (stores), and War Office Circular 7 (new series), para. 1126. 

2 In the Royal Laboratory a practice prevails of pamting a similar blue line in the 
case of obsolete patterns, and this practice may be usefully adopted at out-stations 

x2 
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lO-inch common shells must be-weighed, and all exceeding 85lbs. 
must be condemned for USB with shell guns, and may be altered for 
mortar shells.1 

Case and grape are gauged and examined as to external soundness. 
If they are worn out, the sand shot, if serviceable, are 'returned and 
re-milled. The plates, spindles, &c., of Caffin's grape will generally be 
repairable. 

In examining a quantity of projectiles, distinguish carefully between 
shell ancl shot, they are sometimes found mixed, and even shells which 
have been reported empty should be carefully dealt with, as filled shells 
are not unfrequently found among them. 

Condemned shells before being broken up should always be drowned 
witlt water, a wedge is then inserted into the fuze hole, and driven in 
with a sledge hammer. 

All diaphragm shrapnel shells issued previous to 1858 to be con
demned, the pattern not having been perfected until that date. 

The barr as caps which covel' the fuze holes should be perfect and. 
secure; if the caps have been removed the quick-match should be 
looked to. The carcass composition is not much subject to deterioration, 
und new caps and. quick-match (if they have become bad) will render 
the carcass serviceable they should pass through the gauge. 

The woolding and canvas should be perfect, and the iron case and 
composition show no sign of decay or inj ury; they should pass through 
the gauge. 

First examine the serge. If it be moth-eaten condemn it. If the 
serge be very black the powder has dusted and workecl through, in 
which case the latter has probably deteriorated. 

The powder should not be caked. Caking is due to two causes, damp 
and pressure. If it proceed from the latter cause it can be removed by 
rolling the cartridge by hand. If from the formcr the cakes will be 
very hal'd, the powder showi'ng white crystals; the powder is then 
unserviceable. 

A certain number should be gauged and measured. The choking, 
hooping, and sewing should be looked to and should be in good condition. 

Empty cannon cartridges of obsolete pnttel'l1 frequently admit of 
being cut into smaller sizes. In such cases they are repairable. 

If tubes are bent or much indented, in all probability they will be 
unserviceable from the central hole having become choked. A per
centage of the worst should be selected for proof. 

They should be carefully examined as to' the effects of c1Hmp, which 
will tend to make them sluggish, and in the case of friction tubes to 
make the bar liable to draw without firing. 

If necessary, quill or common metal tubes may generally be easily 
repaired unless they have become oval in form. 

A common portfireshould crack crisply on being bent. The paper 
should exhibit no signs of damp, and should not peel off, which is a 
sure sign of damp. See if they are painted with oil or spirit paint. 
The former looks dull, the latter bright and glossy, as though 
varnished. 

Spirit paint was introduced in 1854, as the oil worked through to the 
comJ(osition and injured it. If necessary they can be repainted and 
reprlmecl, when they should be bored into; observe the date stamped on 
th~m, any above 8 or 10 years of age should be carefully tested by 
firmg. 

I War Office Letter, 21st July 1862, 75/12/1438. 
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The "large seam" portfires are dangerous. A certain number 
should be burned; the time should be from 12 to 15 minutes. 

These should be examined for injury p,nd dmnp, and a proportion Life buoy 
burned to time. Old pattern (i.e., without socket for tube) to be cou- portfires. 
demned or repaired if possible. The plates are always preserved. 

These should be examined as portfires for injury and damp. The Long and si,z 
cap should be examined to ascertain that it has not been eaten through nallights. 
l)y the composition or injured; vCl'digris is a sigu of damp. The priminO' 
should not be mildewed. b 

_ The best test for all fuzes is to burn and time a per-centage,l The Fuzes. 
cases of metal fuzes are very little liable to deterioration. The quick
match and priming may be a little mildewed, in which case if they burn 
to time they are repairable. If condemned they are burnt out and the 
metal utilized. 

If wooden fuzes be damp tIle paper will peel off. In some cases the 
cap will be eaten through or the tape rotten, or the priming mildewed. 

At out-stations unserviceable wooden fuzes are generally bUl'11t, com~ 
position and all. 

Percussion fuzes may be tested for safety by dropping them iu shells 
from a height, and if possible for efficiency by firing. 

The cotton should be thickly coated with powder, stiff and crisp, Quick-match. 
some should be burned, 1 yard in 13 seconds. 

PRINCIPAL SUBSTANCES USED IN LABORATORY 
COMPOSITIONS.2 

Antimony, Sulphide of (Sb83.) 

Grey sulphide of antimony is the commonest ore of that metal, it is Sources. 
found with quartz, iron pyrites, sulphate of baryta" and carbonate of 
lime, containing as impurities lead and arsenic. 

It may be fuzed and also volatilized unchanged in close vessels. 
The crude antimony of commerce is obtained by melting the ore PreparntiOD. 

covered with charcoal in a reverberatory furnace, when the earthy 
matters present float to the top, the sulphide being run off fro111 the 
bottom into moulds and afterwards ground to powder if required. 

Sulphide of antimony is a.lso got in crystals by hea.ting together a 
mixture of sulphur and ter-oxide of antimony, sulphurous acid being 
given off. 

If sulphide of antimony be heated in air a ter-oxiLle and ter·sulphide 
is the result. Meta.llic antilTIony may be obtained at a reel heat from 
the ter-sulphide in :1 stream of hydrogen. 

Besides the common grey form above mentioned, sulphide of antimony 
exists in a hydrated state, When it is orange in colour; owing to the 
water present it is unsuitable for labora.tory purposes. 

It crystallizes in four-sided striated prisms. It dissolves when heated Properties. 
in hydrochloric or sulphuric acid, evolving sulphul'etted hydrogen; it 
partly dissolves in nitric acid, leaving a white resicIue. 

1 See p. 285 respecting times of bmning and limits allowed in Royal Laboratory. 
2 These notes have been kindly prepared, at my request, by Capt. C. O. Browne, R..A., 

Capt.-Instr. Royal Laboratory, with a view to afford a ready reference, when works 
on chemistry, &c., are not accessible; but they make no pretence to an exbanstive 
character. Moreover, only the more importnnt substances are dealt with. 

Th() information necessary for the compilation of these notes has IJeen drawn from 
various sources, among which may be nalUed Miller's Chemistry and the's Dictionary, 
and information has been obtained verbo,lly from Messrs. Abel and Bloxam, as well 
as from their work. 
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It plays the part of a sulphur acid, dissolving readily in solutions of 
alkaline sulphides; it is also soluble in those of the caustic alkalies. 

It easily ignites and volatilizes, burnin~ with a bluish white flame. 
It detonates on friction or percussion with chlorate of potash. 
Sulphide of antimony is supplied to the Laboratory in the crude state 

and is afterwards ground to powder either to pass through the 60 0; 
120 mesh sieve, according to the purpose for which it is intended. 

It il> used in
Carcasses, 
Stars for rockets, 
Percussion caps (.A/64 pattern and Boxer B.L. ammunition), 
Detonating cross-headed tubes, 
Copper and quill friction tubes, 
Pettman's fuzes (detonating composition), 
Boxer's 2" fuze for B.L. rifled ordnance ( detonating composition), 
Pillar fuze (detonating composition). 

Its flame in burning is its recommendation for carcasses and stars, and 
also for the new pattern A /64 caps, which from their long flash are 
suited to the nipples uf either muzzle-loading or hreech-Ioading small 
arms. The sulphide of antimony, by retarding the action of the 
composition, reduces its violence without affecting the strength of the 
cap. 

With chlorate of potash it forms a detonating composition which is 
less sensitive than chlorate or potash and sulphur, for which reason it 
is preferred to the latter in the detonating composition~ above mentioned. 

Arsenic, Bisulphide of, Red Orpiment, Realgar (.AsS2). 

This substance is found in nature crystallized in oblique rhombic 
prisms; it may be prepared by fusing arsenic or arsenious acid with 
sulphur. 

In closed vessels realgar melts and distils unchanged. 
It is a soft mineral of a fine brown red colour, insoluble in water and 

hydrochloric acid, but dissolved in nitric acid [md aqua regia, also in!t 
solution of sulphide of potassium; it is decomposed by one of caustic 
potash. 

It burns with a bright white flame. Its chief uses are as a pigment 
and, in pyrotechny, in "Indian flre," &c. 

In the Royal Laboratory it is used for the sake of its brilliant white 
flame in the Boxer parachute and long and signal lights. 

Copper, Subsulpltide and Subphospltide of. 
Subsulphide (Cu2S) and subphosphic1e (Cu 2P) of copper are both 

prepared in the Chemical Department, Royal .Arsenal. They are ob
tained by heating copper in vapour of sulphur and phosphorus respec
tively, the masses obtained being ground to flne powder, in both cases 
of a grey colour. 

Tbeyare only uRed in the Laboratory in .Abel's electric tube and fuze 
:in conjunction with chlorate of potash, the subsulphide being here the 
combustible ingredient and the subphosphide the conc1ucting body. 

Mercury, Fulminate of. 
Fulminate of mercury (2HgO,C4N 20 2) is a salt of mercury with 

fulminic acid pi-epared a:5 follows :_ 
Dissolve mercury in concentrated nitric acid (sp. gr. l' 42) in the 

proportion of 25 grains of the former to half an ounce of the latter, then 
add alcohol (sp. gr. o· 87) in the proportion of 5 drams, quickly and 
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carefully. Almost immediately a very violent and remarkable action 
commences, dense clouds of nitrous ether distilling off and rolling over 
the edges of the vessel, giving a strong smell resembling that of Rennet 
apples; as this action subsides add water al1l1 finally pour off the liquid. 
Collect the precipitate on a filter, wash till no longer acid, and dry. 
It is obtained in the form of srrall sparkling brownish grey crystals. 

It explodes on a blow, the action being very sudden and violent, Prop~rties. 
though less so than that of fulminate of silver; it is rendered more 
sensitive by the addition of quartz or glass, and if screwed up in paper 
like a fulminate of silver "cracker" it forms a silent exploder or 
" :flasher." 

On explosion carbonic oxide, nitrogen, and mercury vapours are 
given off. 

Contact wit.h concentrated sulphuric or nitric acid causes explosion. 
It is very unsafe to handle when dry. 
Fulminate of mercury is used in all cap compositions and in the Uses. 

detonating composition for the Boxer 9 sec. and 20 sec. B.L., R.O. 
fuzes in conjunction with chlorate of potash, &c" on account of its 
detonating properties. 

Potash, Nitrate of, Nitre, Saltpet1·e. (KO, NOs.) 

Is a natural product in some countries, as India, Arabia, and South Sources ~nd 
America, where it occurs as an efHorescence on the surface of the soil, preparatIon. 
or disseminated through the superficial stratum of the earth. It is also 
found in the same condition in certain caverns where animal matter has 
decomposed in Ceylon, France, and Germany. 

It is obtained in the form of "grough nitre," by lixiviating the soil 
and allowing the solution from it to crystallize, the chief impurities being 
lime, magnesia, soda, and ammonia, present as nitrates, sulphates, and 
~hlorides. 

Where there has been no supply of the natural product, as in Sweden 
and Prussia, it has been obtained artificially from beds formed of manure 
snd decaying animal matter, built up with lime rubbish and ashes, 
moistened from time to time with urine. The impurities in the nitre 
thus obtained are much the same as in the natural product. 

The chemical actions taking place in the formation of nitre have been 
explained by Davy, Kuhlmann, and others, but are still only imper
fectly understood. It is sufficient here to mention that in the case of 
organic origin, the oxidation of the ammonia in the presence of moisture 
during putrefaction gives nitric acid; this action being much favoured 
by the presence of potash, lime, Ol' any'base (generally as a carbonate) 
which is predisposed to combine with the nitric acid as a nitrate. 

Where there may be little or no organic matter present, as in some 
~ases of natnral formation on the soil, the action is less understood, but 
has been attributed to the power of the soil to condense gases in its 
pores, causing the oxygen and nitrogen of the atmosphere to combine 
as nitric acid with the strong bases present. 

The various nitrates obtained by either natural or artificial means 
may be converted into nitre by treating the whole with lime, which 
takes the place of the soda, ammonia, and magnesia, leaving nitrates of 
potash and lime. 

The addition of carbonate of potash will now give carbonate of lime 
as a precipitate, and a solution of nitrate of potash. 

The purification of grough nitre is commonly effected by virtue of the Purification. 
difference of its solubility in hot and cold water being greater than that 
of chloride of potassium, and most of the impurities present. It is as 
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follows :-A strong solution of nitre is evaporated down to a small bulk. 
while cooling, the solution is constantly stirred to obtain only smali 
crystals, which are ladled out and drained. 

Nitre crystallizes in characteristic prismatic crystals, which have a 
cooling saline taste; it deflagrates if heated in presence of combustible 
matter. 

Nitre is extracted from damaged coml)osition as follows :-1001bs. of 
composition is boiled with about eight or nine gallons of water (that is 
80 or 90Ibs. of water) ; as soon as it boils it is :filteredinto pans through 
bags of Osnaburg, previously soaked in hot water to close the pores-; 
the first portion coming through is discoloured, and requires to be 
poured back into the unfiltered liquor. When it has all run through 
clear it is passed into crystallizing pans, where it cools; if not strong 
enough to crystallize it is added in place of water to the next" boil ." 
the crystals finally obtained are washed with distilled water. ' 

The mother liquor may either be reduced in bulk by evaporation 
and so made to give up more crystals, until 85 or 95 per cent. of th~ 
petre in the composition be recovered, or, as is generally done, may be 
added to the next boil after each crystallization until it gets" high." :lIS 

it is termed, and yellow coloured, when it is thrown away. 
A solution of nitre may be tested for impurities as follows :
Chlorides give a white precipitate on adding nitrate of silver. 
Sulphates, a white precipitate with chloride of barium. 
Lime, a white precipitate with oxalate of ammonia. 
The value of nitre generally in laboratory compounds consists in its 

oxidizing power; it contains a large proportion of loosely combined 
oxygen, which, when brought to a certain temperature in presence of 
carbon, generates carbonic acid and oxide gases independently of the 
oxygen of the atmosphere. 

This may take place so rapidly as t~ give explosive effects. The 
cIlief reasons for preferring it in certain preparations to similar com. 
pounds are-

1. Its gradual hut rapid action. 
2. It does not ignite on percussion except in the presence of 

phosphorus. 
3. It is reasonably cheap 
Saltpetre is used in the laboratory in two states: 

1. Ground. 
2. Pulverized. 

The ground is supplied from WnJtham .Abbey ready for use, that is, 
in sufficiently fine powder to pass through an 80 mesh sieve. 

The pulverized is manufactured from masses of refined saltpetre, sent 
also from Waltham Abbey. 

The process is as follows :-
Small lumps of saltpetre, and water in the proportions of 161bs. of 

petre to one gallon of water, are placed in a copper vessel over a char
co:u fire arid evaporated to dryness; when at about the consistency of 
thIck paste, wooden paddles shod with gun metal are usad to stir it 
continually; it is removed from the fire from tillla to time for more 
thorough working with the paddles. 

When dry it should be in a sufficiently fine state of division to pass 
through a 60 mesh sieve. 

This method is obviously expensive and tedious; it was first ntlopted 
when thcre was no sufficient method of grinding saltpetrc to fine powder 
?f even textu~e; fu~ther, should allY of the mother liquor be retained 
111 any of the 111terstlCes between the large crystals ac1h'::ll'ing together, 



315 

. any impurities contained in it not being volatile would b·e retained 
throughout the operation, and would be present in the product; practi
cally, however, it is pure. 

The operation, in spite of its disadvantages, is still followed for the 
saltpetre used in rockets, because, 1st, pulverized saltpetre is given in 
the specification; and 2nd, owing to the ground saltpetre burning 
somewhat more rapidly, its substitution would possibly necessitate an 
alteration in the details of construction of the rocket. 

A.pplication to-
Carcasses. 

{ Ground. 
Light balls Parachute. 
Smoke balls. 

Li hts {L?ng. 

PO:tfu" {S~;,FIOW' 
Coa.st-guard. 
Life buoy. 

Stars for rockets. 
Fuzes. 

Its use in the above is to supply oxygen, and enable the ingredients 
to burn independently of atmospheric action, and thus to give out the 
light, heat, or smoke required. 

Potash, Chlorate of, eRO,CIO.g) 

Application to 
rockets. 

Application of 
ground salt
petre. 

Chlorate of potash is prepared in two ways. 1st, by passing chlorine Preparation. 
to saturation through a. concentrated solution of potash or its carbonate; 
in cooling the chlorate of potash crystallizes out. 2nd, by passing 
chlorine through a damp mixture of 76 parts carbonate or sulphate of 
potash to J 68 hydrate of lime, the mass being treated with boiling 
water, and chlorate of potash crystallized out. 

The crystals o,re anhydrous and colomless; being either thin and Properties. 
tabulo,r or neeule-shaped, they are unaltered by exposure to air; they 
have a cooling saline taste, like that of nitre. 

On application of heat they decrepitate and fuze easily, evolving 
oxygen. 

Chlorate of potash is still more powerful as an oxidizing agent than 
nitrate of potash; like it, deflagratioll occurs on hetlting with combustible 
matter, the action being still more sudden and violent; it detonates also 
on friction or percussion with amorphous phosphorus, but unlike nitrate 
of potash, it detonates with sulpllUr, sulphide of antimony, nnd vari(i)Us 
metals nnd metallic sulphides, besides some organic substances 

Lnstly, if mixed with sugar it may be ignited by sulphuric acid. 
From the above properties its suitability, or it might almost be said Uses. 

its necessity, as an ingredient in most detonating compositions is evident, 
and with reference to its use with sugar and sulphuric acid for ignition 
of a charge, may be instanced the fougasses used by the Russians m the 
defence of Sebastopol, where the acid was placed in a glass tube, con
tained in one of thin metal, just beneath the surface of the ground; when 
trodden on the metal bent, the glass broke, o,nd the sulphuric acid 
runuing down fired the charge. 

01', as being more immedi!Ltely connected with laboratory matters, 
may be instanced the method of ignition sometimes adopted for coast-
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guard portfires, and described at page 216, when a glass globule con
taining sulphuric acid is embedded in chlorate of potash and sugar. 

In the Royal Laboratory, chlorate of potash is used for
Quill detonating tubes. 
Copper and quill friction tubes. 
Pettman's fuzes. 
Boxer's 2// fuze for B.L. rifled ordnance. 
Pillar fuzes. 
Pellet of E time fuze. 
C percussion fuzes of all patterns. 
Metford's bullet. 
Caps of all descriptions. 
Electric tubes and fuzes. 

Its detonating properties before mentioned have caused its application 
to the whole of the above, except in the case of electric tubes and fuzes, 
where it is used as an oxidizing agent to enable the subphosphide and 
subsulphide to burn, the peculiar balance of properties of this composi
tion being explained at page 210, note 5. 

Rosin. 
The class of resinous substances is an extensive one, embracing lac

balsams, gum amber, india-rubber, and gutta-percha. 
Common rosin or colophony is that particular resin which is obtained 

from the tm"pentine of the. pine in which it is held in solution, by dis
tillation with water, 75 or 90 per cent of the turpentine being left as a 
residue, which is the rosin, the volatile portion being the essence or oil 
of turpentine. 

In the market it may be obtained as brown or white rosin, each 
formed of two resinous acids. 

It is sparingly soluble in cold and even in hot water, but is dissolved 
in turpentine, wood naphtha, and spirits of wine, to form various 
varnishes. 

It is used in the Laboratory in
Carcasses. 
Ground light balls. 
Kit composition. 
Lacquer for inside of shells. 

In carcasses and light baUs its function is to form an inflammable 
cement, binding the composition into a strongly cohesive mass. 

Its use in kit and lacquer is the same as in varnish, the volatile solvent 
passing off, and the rosin with other ingredients being left as a solid coat 
on the side of the shell. 

Shell.lac or Shellac.1 

Is a resin produced by a small insect about the size of a louse, called 
coccus lacca or ficus, from the branches of certain trees which grow in 
Siam, Assam, Pegu, Bengal, and Malabar. 

The insects on being hatched in November or December settle upon 
the branches of the trees, and in time produce small nipple-like encrus
tations upon the twigs, their bodies being apparently glued by means 
of a transparent liquor, which goes on increasing to the end of March 
so as to form a cellular texture. At this time the animal resembles a 
small oval bag without life, of the size of cochineal; ultimately eggs are 

I Shell-lac is no doubt the correct name, the prefix shell being adopted in contra
distinction to stick and seed-lac. But the spelling shellac is convenient and is com
monly adopted. 
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deposited, and when the young insects are hatched they come forth 
leaving empty cells upon the branches. The twigs encrusted with-this 
cellular substance constitute the stick-lac of commerce. 

In some cases, as in the stick-lac of Siam, the encrustation is some
times a quarter of an inch thick. The Bengal stick-lac has a. much 
thinner and less regular encrustation. But in all cases the character 
of the cellular substance is the same; it is of a red colour, mOre or less 
deep, nearly transparent, and hard, with a brilliant conchoidal fracture, 
and is composed mainly of an inodorous common resin, a resin insoluble 
in ether, colouring matter analogous to that of cochineal, balsamic, and 
fatty matters. 

When the resinous concretion is taken off the twigs, coarsely pounded, 
and triturated with water in a mortar, the greater part of the colouring 
matter is dissolved, and the granular portion which remains being dried 
in the suu constitutes seed-lac. 

In India the seed-lac is put into oblong bags of cotton cloth, which 
are held over a charcoal fire by a man at each end, and as soon as it 
begins to melt, the bag is twisted so as to strain the liquefied resin 
through its substance and to make it drop upon smooth stems of the 
Banyan tree. In this way the resin spreads into thin plates and con
stitutes the substance known in commerce as shell-lac. 1 

The palest and finest shell-lac is brought from the Northern CircaI'. 
Shell-lac 2 by Mr. Hatchell's analysis contains,-

Resin 90.51 
Colouring matter 0·5 
Wax 4·0 in 100 parts. 
Gluten 2·8 
Loss 1·8J 

Shell-lac dissolved in methylated spirits of wine is used extensively 
in the Royal Laboratory for varnishes of different descriptions, the 
evaporation of the spirit leaving a brown, translucent, hard, brittle 
resin, of a delicate character. 

It is also used, dissolved in spirits, for damping various detonating 
compositions, and in some cases, as in the detonating balls of Pettman's 
percussion fuzes, acts usefully as a sort of glue (after the evaporation 
of the spirit) in causing the composition to adhere to the metal. 

Spirits, Methylated. 
Methylated spirit consists of alcohol (C4H50, HO) of specific gravity 

·83 mixed with 10 per cent. wood spirit or methylic alcoho~ (C2HsO, 
HO), which is one of the products of the destructive distillation of 
wood, the object of the latter ingredient being to render the spirit so 
nauseous as to preclude the possibility of the men drinking it who 
might have to deal with it in the manufacture of the compounds in 
which it is used, while at the same time the properties required in the 
alcohol were not interfered with, these properties being,-

1st. That of a volatile solvent in varnishes and shellacs. 
2nd. Tliat of a vehicle for making dry compositions temporarily into 

a soft cohesive paste in the Pettman and Armstrong pillar E. and C. 
pattern fuzes and their modincations (Freeth's C. pattern fuze excepted), 
and in tube compositions and primings. 

1 Sometimes called gum shell-lac. This appears unnecessary, since the shell-lac is a 
distinct substance not likely to be confounded with others. 

2 CoL Boxer in his MS. notes says," Shellac in the state of an impalpable powder 
" may be used with great advantage in those compositions which are employed to 
" produce coloured tires" (p. 6). 
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It is supplied to the Royal Laboratory by contract on special 
permission, the sale of the article, duty free, being now' prohibited, 
owinO' to a plan having been discovered by a M. Eschwege of rendering 
the ';ood spirit palatable; the spirit so treated excited much iuterest in 
the International Exhibition of 1862. 

Sulphur (S.) 
Is found in its purest state in Sicily as native sulphur, either crystal

lized (form octahedron with rhombic base) 01' amorphous. 
It is also fOllnd in great abundance as iron pyrites and copper pyrites 

from these it· is difficult to obtain it free from arsenic and othe; 
impurities. 

It is met with commercially in two states,-
1st. In pale yellow powder as "flowers of sulphur." 
2nd. In yellow sticks, &c. as "roll sulphur" or brimstone. 

Sulphur is insoluble in water, but is (generally speaking) soluble iu 
bi-sulphide of carbon. It is tasteless. It is a non-conductor of heat 
and electricity. 

It burns at about 450°.Fahr. with a blue flame, giving off fumes of 
sulphurous !tcid (SO ), it melts at 239°, and distils at about 824° Fahr. 
It detonates on friction or percussion with chlorate of potash. 

In its combination with metals it resembles oxygen, forming sulphur 
bases anel acids. 

Native sulphur is purified by distillation from the earthy mattel;s 
found with it, first roughly before exportation, and before use, more 
carefully in iron retorts, the sulphur condensed slowly in a chamber at 
a low temperature forming" flowers" or " sublimed sulphur;" that at a 
high temperature, which is allowed to run .down liquid, after distillation 
is passed into moulds and set, becoming" roll sulphur," from which is 
made" ground sulphur." Of these two sorts of sulphur the sublimed is 
the purer but the more expensive article. 

Iron pyrites is chiefly used for manufacturing sulphuric acid. 
Sulphur exists in certain solid and in one semi-liquid or viscous 

condition; it will here be sufficient to mention two forms, one crystalline 
and the other viscous, the former being entirely and the latter only 
partially soluble in bi-sulphide of carbon, they are known re~pectively 
as soluble and insoluble sulphur. 

The chief uses of sulphur in the Laboratory are,-
1st. To enable a composition to inflame at a lower temperature. 
2nd. To give out greater heat while burning, this increased heat 

causing the action to be both more rapid and more powerful. 
3rd. For ignition by friction or percussion in conjunction with 

chlorate of potash. 
Ground sulphur is used in,

Carcases. 
Ground light balls. 
Coast-guard portfire. 

Sublimed sulphur in,-

I Slow composition of life buoy 
portfire. 

Parachute light balls. Fuzes. 
Common portfire. Rockets, war and signal. 
Miner's portfire. Stars for rockets. 
Quick composition, life Copper and quill friction tubes. 

buoy portfire. Pettman's fuzes. 
Long anel signal lights. Metford's percussion bullet. 

In carcasses the increased heat and violence due to the presence of 
sulphur adds to the incendiary power, also by enabling it to burl1 at a 
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lower temperature the sulphur renders it less liable to be extinguished 
by pouring water over it, the action of water arising from its great 
specific and latent heat which cause it to absorb the heat of the burning 
mass to such an extent as to bring its temperature below that of possible 
combustion. 

The latter use of sulphur makes it specially valuable in the compo
sition of the life buoy portfire. 

The same recommendations apply to light balls, the first not perhaps 
directly, but as fitting them to some extent for incendiary purposes if 
required. 

In lights, portfires, fuzes, and rockets, sulphur facilitates the ignition 
and burning, the former being its office on the wood of a lucifer match. 

The use of sulphur in the detonating composition of fri.ction tubes 
of Pettman's fuzes, and also in that of Metford's bullet, is mainly for 
ignition by friction and percussion with chlorate of potash, although 
the other recommendations hold good to a certain extent. 
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LIST OF TABLES OF DIMENSIONS.'>\< 

Table 

I. Shot, solid, cast-iron, and steel _ 
II. Shot, sand 

TIL Shot, case 
IV. Shot, grape 

V. Shells, common, naval, mortar, and hand grenade 
VI. Shells, diaphragm shrapnel 

VII. Sheils, Martin's -
VITI. Carcasses 

IX. Ground light balls 
X. Average weight of proj ectiles 

XI. Average weight of bottoms, plugs, &c. 
XTI. Boxes for packing projectiles 

XIII. Ring gauges for projectiles 
XIV. Wads 
XV. Charges, firing, with dimensions of cartridges 

XVI. Charges, bursting 
XVII. Cartridges, filled, number to be packed in each case 

XVIII. Ammunition box 
XIX. Combustible compositions 
XX. Paints and non-combustible compositions 

XXI. Paper 
XXII. Copper hoops and rivets 

Page 
- 322 

322 
323 
324 

- 325 
326 
327 
327 
327 

- 328 
- 330 

331 
334 
335 
336 
340 
341 
344 
344 

- 345 
347 
348 

" These Tables do not profess to contain all the dimensions of the various Labo·· 
Tatory stores. .A large number of dimensions are given in the plates; sometimes, as 
in plates 20, 21, 22, 34, 38, &c. in a tabular form; h\lt in the nlajority of instances 
they are figured against the stores themselves. 



SMOOTH-BORE ORDNANCE. 

TABLE I.-SHOT, SOLID, CAST-IRON, AND STEl<~L.* 

NATURE. 

I Dimensions, &c. 

150-pr·ll00-pr,1 68-pr. I 56-pr. I 42-pr. I 32-pr. I 24-pr. 11s-pr. I 12-pr. I I 6~~~~_L:~ g-pr. 

I Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches. 

r~t"'- - - 10'42 8'92 7'95 7'51 6'705 6-207 5'639 5'124 4'54 4'117 3'585 2'838 

Diameter Mean - -' - 10'4 8'9 7'925 7'48 9'765 6'177 5'6115 5'099 4'5225 4'1 3'568 2'823 

Leas - - - 10'38 8'88 7'9 7'45 6'735 6'147 5'584 5'074 4'505 4'083 3'551 9'808 

Rejecting wire - - - '04 '04 '04 '04 '04 '03 '03 '03 '03 '03 '03 '03 

lb. oz. lb. oz. lb. oz. lb, oz. lb. oz. lb. oz. lb. oz. lb. oz. lb. oz. lb. oz. lb. oz. lb. oz. 
Average weight - - . 150 3~ 93 8ft 

4 66 3~ 55 81 41 6ft 
-1 31 6 23 8i 17 III 12 4t 9 4t 6 ot 2 15l 

* Steel shot are made only for the 150-pr., 100-pr., and 58·pr. guns. Their dimensions are the same as those of the cast-iron shot of these calibres. 

TABLE II.-SMOOTH-BORE ORDNANCE.-SHOT, SAND. 

DESCRIPTION. 
Dimensions. 

4 lb. I I 2 lb. 1 1;tIb., 1 lb. I 13k oz. I 8 oz. , 6t oz./ 6 oz. I 5 oz. I 4 oz. I 3t oz. I 3 oz. I 2 oz. 11 t oz. 3 lb. 

Inches. I Inches. Inches. In ches.1 Inches. I Inches. InChes.' Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches. 
fGreatest . 3'1 2'Sl 2'46 2'23 1'95 ,1'83 1'55 [1'48 1'4 1'34 1'23 1'16 1'12 0'9S 0'S8 

Diameter lMean - 3·075 2-79 2'44 2'215 1'935 1'815 l' 535 I l' 465 1'385 1'325 l' 215 1'145 I'll 0'97 0'87 

Least . 3'05 2' 77 2'42 2'2 1 1'92 
l'S 1'52 11'45 1-37 1'31 1'2 1'13 1'1 0'96 0'86 

~_J 

~ 
t;:) 
l--:> 
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TABLE m.-SMOOTH-BORE ORDNANCE.-SHOT, CASE, 

Shot. 
Nature 

Top Plate. 
(No. S Plate· 

iron.) 
Case. Wood 

Bottom. 
Total 

of 

Ordnance. j .; Description Dis· 
S of Metal. Dia- tance Weight. ] I Depth. meter be~nd 

Remarks. 

A ;: Tin Plate. ~l~~e. . C~s~. 
Oz. In. I In. In. In. Lbs. oz. 

-{ W:J?}11'25 8'88 - 100 0 

In. 

( r100.pr." • 16 91 S'7 '165 • 
'065" 

9'82 rPat. I .{ ~~J84 9'705 '165 {xHfs }-
10·in. ~ 

7'05 

I I L Pat. II. " " 9'705 '165· • { ~J~} N 9'82 

S i . I S-in. {pat. I. 

I ~ J 6S?;r. Pat.Il. 8 
I ~ IS6.pr. • • 16 

I I 42-pr. • • 8 

I I {Pat.I. 
I I 82-pr. 

~1 Pat. II. 

I 24-pr. • • 

I LI8·pr. • • 

8 

S 

8 

6 

90 

90 

50 

84 

66 

66 

46 

46 

7'7 '165 

7'SS '165 

6'59' '165 

7'6 

• • {No.lS)5 '1"4 
W.G. 

XXD - 9'6 

XXXS S'7 

7'S2 

7'45 

0'7m; 

6'02 '165{ XXD }XXXS S'05 6'147 

6'02 '165 

4'96 '165 

.{NO.18} 8'6 
W.G. 6'147 

5'57 

5'074 

I iJ10'~' . . 
~ l8.m. • • 

I f6s•pr• • • 

8 170 9'705 'lS5{ xru S }-

2 258' 7'7 '165 { XX D } XXx. S -

7'6 

7'0 

8'5 

5'8 

7'1 

7'1 

5'7 

9'82 

7'82 

I 42·pr. • • 

~ I 32-pr. • • 

I !124-pr. • • 

10 IS-pr. • • 

L b2-pr. • • 

r ~f~::: ~ ~ 
~ 6·pr. • • 

3·pr. • • 

~ r .J:::: ~ 
~ I J I ~ 111-pr_ • 

j!1 l:~:~ ~ 
l r ui {24-pr. 

L.., 12-pr. • 

8 

8 

6 

4 

90 

66 

40 

32 

81 

32 

6i 41 

5 41 

3t 41 

11 41 

3; 105 

2 100 

2 56 

2 100 

2 

8 

56 

80 

7'7 '165 ,; 

6'594 '165 XXX S 

6'02 '165 { XX D XXXS 

5'44 '165 { X D XXXS 
4'96 '165 

4'34 '165 

-{ 
-{ 

-{ 

-{ 

XXS 

XS 

XXD 
XXX S 

XD 
XXXS 
XXS 
XD 

XXX S 
XXS 
X'D 

XXXR 

n 1~}18 - XX S 

}
}-

}
}-

}-

}-

5'6 

4'7 

S'4 

7'4 

6'5 

5'25 

7'S2 

6'735 

6'147 

5'57 

5'074 

4'432 

4'432 

4'06 

3'532 

2'808 

5'75 6'147 

4'25 5'57 

4'15 4'482 

4'25 5'57 

.4'15 4'482 

5'55 5'57 

4'65 4'432 

1"0 

0'75 

0'75 

0'75 

0'45 

Iron handle. 

80 II Rope handle. 

82 0 Iron handle, 

4S 3 Rope handle. 

50 S Iron handle. 

52 9i I 
44 6i ~ Rope 

J handles_ 
3418 

8612 Iron handle, 

8412j 

48 n 
35 6t 

22 H 

1711t J 
18 3t 
9 2 

1615t ') 

18 9 J 
S 5! 

4 7 

Rope 
handles. 

~ar~: 

21 7 Rope handle. 

1"175 13 18 1 0'9 

3'0 

2'2 

1'2 

0'9 

71St 

13ut l Without 
!l O~ I handles. 

Ie \l I 
9 3£ ) 

Note.-The 100-pr. a.nd Patterns II. of 10 and 8-inch a.nd 32-pr. have both ends iron. 

15836. Y 



TABLE IY --SMOOTH-BORE ORDNll.NCE,-SHOT, GRAPE, 

-
Shot, Plates. Tampion. Cnse. I - ~~- ---~--'----- -- ~---~~---~----

Total 
Naturo of Ordnance. 

W~fht Number Number Number Number Total of Weight. in a of Number. Wrought of Diameter. Thioknoss. Length. Thiokness, Depth. Diametm'. 
each, Tier, Tiers. Iron. Cast Iron, 

lb, Inches, Inches, Inches, Inches, Inches, Inches, lb, oz, 

I 
*1O-inch - 3 S 3 24 2 - 9'592 '165 - - 8'1 9'82 SI 7 

8-inch or 3 5 3 15 1 3 7'S2 '5063 10'375 '75 - - 65 9 
68-pr, 

12 1 56-pI', - 4 4 3 3 7'45 '5063 11'25 '75 - - 69 7 

42-pr, - 4 3 3 9 1 3 6'735 '5 10'5 '5 - - 48 11 

32-pr. - 3 3 3 9 1 3 6'147 '5 9'37 '5 - - 36 12 

rGuns 24-pr. - 2 3 3 9 1 3 5'57 '375 8'375 ' 5 - - 25 3 

I 
IS-pl'. - It 3 3 9 1 3 5'074 '3125 7'375 '5 - - IS 13 

I 

r~ 
- I 3 3 9 1 3 4'402 '3125 6'375 '375 - - 12 15 

[ oz. 

[ hon 

9-pr. - 13k 3 3 9 1 3 4'06 '25 6'127 '3125 - - 10 12 

6-pr, - 3 3 9 1 3 3'532 '165 5'25 '3125 - - 6 11 
lb, 

. [",.P' - 3 5 3 15 1 - 7'7 '165 -- - 7'S7 7'82 46 8t 

,[l *42-pr, - 4 3 3 9 1 - 6'594 '165 - - 8'5 6'35 38 8.1 
4 

~ *32-pr. - 3 3 3 9 1 - 6-02 '165 - - 7'6 6-147 28 3!l: 
0 

~ *24-pr. . 2 3 3 9 1 - 5'44 '165 -- - 6'4 5'57 18 9!l: 

o l *18~pr. - 11. 3 3 9 1 - 4'96 '165 - - 6'0 5-074 14 6il. 2 4 

"'12-pr. - 1 3 3 9 1 - 4'34 '165 - - 5'4 4-432 10 0 

---- -
* Grape for the lO-inch gun is packed in an iron cylinder, with plate-iron end an(I top, with an iron handle; and, for clU'!'onades in tin cylinders with a tin 

end, plate-iron top, and rope handle, 

~ 
t>:> 
tf>o. 



TABLE V,-S3IOOTH-BORE ORDNANOE,-SHELLS, CO~DION, NAVAL, MORTAR, AND HAND GRENADES, 

Fuze Hole, 
Diameter of Shell, Thickness of Metal. 1 I Rivet Hole, Average Weight, 

Description 

and 

Nature, 

[

10'inCh - -
8-in, or 68-Pl', 

.: 56-PI', • -

S 42-pr, • - i 

S 132-pr, - • 
8 24-p1', or 5!-in, 

18-pr, - • 
Ll2·pr, or ~-in, 
(l50,pr, -

~ 11oo.pr,. -
~ 10-in, - • 

:<:i 8-in, 01' 68-pr, _ 

L32-pl', 

..: (13-in, 

~ ~ IO-in. 
):;l L8-in, 

-'" " ~ 
~ 

C!:> 

Inch, 

9'88 

7'9 
7'51 

6'795 

6'20'7 

5'02 
5'124 
4',1'76 

10'42 

8'92 
9'88 

7'95 
6'20'1 

12'88 

9'88 
7'9 

2'778 

1 
Inch, 

9'82 

7'82 

7'45 

6'735 
6'147 

5'57 
5'07·4 
4'4-32 

10'3S 
8'88 

9'82 

7'9 

6'H7 
12'S 

9'82 

7'82 
2'738 

g 
~ 

Iuch, 

9'S5 

7'86 

7'43 

6'765 

6'177 
5'595 

5'099 
4'454 

10'4 

S'9 

9'85 

7'925 
6'177 

12'84 

9'85 

7'86 

2'758 

~ 
I 
;t 

-tl 
'" l 

Diameter, 

Below cOllliter· § ,I slmk Portion, 

~" 

I ! 
'"0 ",.~ , , I"""" 1 § :3 8 1 ~ 

a> ~,01=4 I 0 

H '" iO 1 E-< 

In, Inch, Inch, 1 Inch, In,: Inch, Inch, 

'05 1'45 1'25 1'05 1'3211 (0'88 
'04. 1'52-1 1'256 1'39 1'32

1 
....... 1 0'875 

'04 1'375 1'125 1'25 1'32\' 22 0'89 
I' , 

'03 1'235 1'020 1'132 1'32 r"-:"-:1 0'902 

I I"" '" '03 1'137 0'031 1'034 1'32: ,~,§ 0'013 
'03 1'029 0'843 0'936 1'32 1 J:r1. 0'925 

'OS 0'038 0'768 0'853 1'32 U 0'937 

'03 I 0'82 0'6'72 0'746 1'32 1'225* 1'225' 
'05 1'75 11'65 1'7 1'6 1'45* 1'35 
'04 1'54 ,1'46 1'5 1'6 1'45 1'35 

'05 1'45 11'25 1'35 1'6 1'45* 1'35 
'04 1'45 ~ 1'25 1'. 1'6 1'45* 1'35 
'OS 1'131 0'031 ] '03,1 1'45' 1'35 

'05 2'36 1'032 2'146 l'484t 1'25 

'05 l'Sl 1',182 1'646 l'484t 1'309 

'04 1'52~ 1'256 1'39 l'411t 1'259 

'OS '399 'S59 '379 '677.:j: '634t 

Depth, 

-'< 

" " ' ~§ 
",.~ 

~~ 
g~ 
o 

In, 

'175 

'175 
'175 

'1'75 

'175 , 

' 175
1 '175 

']75 
·185 

'185 

'185 

~~ 
~.S 
,,1:: 
g~ 
",!<! 0" 
~~ 

Inch, 

1'115 

1'215 
1'0'75 

0'957 
0'859 

0'761 
0'628 
0'571 
1'515 

1'315 
1'05 

'185.1 1'65 
1'034 § 

2'H<i§ } 
l'G46§ 

3', 3'41;6 3'476 

Hand (lancIor3.pr, 

><l (i3~s 1,seaor6-pr, 1 3'496 [ 3'456 1 3'4761'031 ' 485 1 ' 415 1 ' 465 1 I '6775tl '6S4. I '5111 T 

1'30 § 

'415 :t: 

'''5 :!: 

Screw, Bush, 

i 
A 

Inch, 

1'175 

1'215 
1'075 

0'957 
0'859 
0'161 

0'628 
0'571 
.1'04 
1'041 
1'04 

1'04 

0'85 

~ 
~:§ 
0", 

~& 

In, 

14 

14 
14 

14 
14 

~ 
E. 
"'~ Sfj 
"',~ 

A'" 

Inch, 

~ 
" A 

In, I 

14 - 1-
1·j, - -
14{ H,l'024 }1'6 

L,l'023 
16! 1'23 1'0 

16~ 1'23 1'0 
16~ 1'23 1'0 
16~ 1'23 1'0 

16t 1'23 0'85 

~ 

] 
A 

In, 

'4 

'4 
'4 

'4 
'4 

'4 

'4 
'4 
'25 

'25 

'25 
'25 

'25 

With Wood 
Bottom or 

Empty, Top, Gun~ 

1 
,vith Gun- metal Plu!" 

.<l metal Plug, and approxi-
~ I mate burst-A iug Charge, 

In, lb, oz, dr. lb, oz, dr, 

'125 77 13 5 85 114 
'125 46 13 50 4 2 

'125 38 15 10 42 1 10 

'125 28 12 15 31 1 2 
'125 21 H 14 2S 11 11 

'125 10 1 15 17 6 15 
'125 12 5 8 13 8 1 
'125 0 12 8 1-1 14 

'3 104 8 114 10 11 

'13 66 3 0 72 8 3 

'3 

'3 
'3 

77 1 8 
47 111 

2110 2 

196 9 0 

54]2 5 

50 17 15~" 
23 7 2 

Roughed ,vith a screw tap of 14 threads 
to the inch, 

88 9 0 

4511 0 

110 

11207 1 0 
1193 9 0 

114115 0 

1111112 

t.:> *.* 10·inchcommonshell in store which do notexcecct S5lb, may be admitted for service, amI all which are 85lb, and upwards to be altel'edto mortar shells,-Wa,'OfJ/ce 
Lettel" 21st July 1862, 75/12/Bl8, 

* Before bushing, t Not countcl'Slllik, but finished diameter of fuze hole, t llfean measurement, fuze hole ncithel' roughed nOl' countersunk, 
§ Not countersunk, but total depth of fuze hole, 
II The weight of filled mOl'tar shells and hand grenades is of course given without wood bottom or metal}Jlug, which al'O not used with these IJrojectiles, 

~ 
l~ 
Ot 



TABLE VI._SMOOTH-BORE ORDNANCE,-SHELL, DIAPHRAGM SHRAPNEL, 

Diameter 
of Shell, 

'I a ..... j' -_._-
Socket Hole Socket: 0 ~ Loading 

screwed, - '\3~ Hole, 

At Bottom., At Side, , I Interior Diametel'I Screw j:q", 

Thickness of MetlLL Rivet 
Hole, 

Weight. ftllc(l 
with Ball, 

Bullets, Numbel' 
ofo --------- ----1--------

Nature, 

I) l 

oj 
,~ 

~ 

'" ,S 
1l 
~ 

I. . I for Fuze. i' -- il ~ a 
o rn cb Q,lQ) 9' 

... 
::l 
~ 

~ t 
~ J i 

~ 

~ J 

Top, 

l .d ~ 
M .s 

~ 
~ 

.~ 1l~ ~'O .;:: . 

~ ]~ 2~a ~ 
b 'IEi~ ~JJ ~ j 8~ 
~ ~,e-:-- § 8~ 4) a ~ 
~ .F-t~~rncal ... p 
Cl) 0 ~.~ .~c.oAi .~ J .girr-t 
~iZ A IAII=! 

~ I 'I ~ s I~ .... .~ ~ ~ 
I=! I=! ~ 

I I 'ii!,.!.,.; PJilif 
-+=lOa> :::So 

~~~ 15:'\31ii 

'I II I .,~~ ~j:qi " ",0 ~",j:q ] i,!<ll~ ,g3'a ,.c:l8-g 
:a $ g b ~~.s iE1:= "" 
O~j:qE;,.... po 

lb, oz, gr, lb, oz, In, In, In, In, In, In, In, In, I' In, In, - I In, I In, In, i 
150-pr, _ _ 10'42 10'3S '05 l'U 1'22 1'18 1'16 1'1 .1'825 1'034' 1'0240 ,'0 2'02 I 

In, 
U. '09 '4 I 111'1111' 

14 'l'Co '4 
1 , 

Illo Ilno lIn, 
1'7 1°'25*1'25 

1'25 ,0'848 '13 

i I I 
30 t 254,2 oz, 1284120 0 0 I2S 0 saud shot, ~ 
484 - 484 84100 86 0 100'pr, - - 8'02 S'8 '04 l'U 1'09 1'03 1'01 1'0 11'125 1'03411'024 '9 2'S7 1

1 

, I I 
8,in, or 08-pr, 7'95 7'9. '04 1'02 0'96 1"18 1"12 1'2~ ,'94 1'03411'024 '9 1"86 14 1'393 I '4 I· 
56-pI', '/'51 7'45 '0,1, 0'8'1 O'Sl 1'08 1'02 1'240; 'S4 1'034 1'0240 '9 l'S61 1-1 

42-pr, 6'795 6'785 '04 0'82 0'771 o'9s1 0'92 1'240 'Sl 1'034 1'0240 '9 1'86 14 

'375' ·4 

084 1'4 

081 I '4 

1'451'4471'131338 1 341 591210 60 18 

1'45 '447 '13 284 1 1 287 5014 0 52 5 

32-PI', 6'207 6'147 '03 0'77 0'71 I O'8S1 O'S2 1'24 '77 1'.084 111 '024 '9 1'86 14 

U-pr, 5'02 5'57 '03 0'68 0'63 0'79 i 0'74 1"24 '715 1'034 I 1'024 '9 1'86 14 

IS-pI', • 0'1240 5'074 '08 0'62 0'57 O'67! 0'62 1'240 '785 1'03411'0240 '0 l'S6 14 

12-pr, 4'476 4'432 '03 0'47 I 0'43 0'5710'53 1'24, '7 1'034 ; 1'0240 '9 l'S6 14 

9'pr, -- 4'1 4'06 '03 0'42 O'-S8 0'5210'48 l'U 1'0511'OS4111'O~4 '9 l'S6 

6-pl', ' S'568 3'532 'OS i 0'37 0'33 0'46; 0'42 l'U '57 1'034 1'0240 '9 l'S6 I I I . I 

14 

14 

.. Naval rivet holes and bottom, 

1 085 I '4471 '181 210 

'4471 '181 11ll 1'85 

1'25 I '4471 '181 no 

III 1 
1 1 1 

' 284 1'4 
'256 '811'25I0348!. '13 

'2971'3 1'15 '8481'131 

'95/'8481 ' 13 1 

095 '8481'131 

1 1 1 

1 1 77 I 1 

0-1 72 1 1 

1 1 

1 1 
0
278 /'3 

'287 '8 -1 52 
- 29 

2183720 

1542800 

113 20 0 

80 15 4 0 

'74110 3 0 

54 

31 

'T 5 0 

550 

38 o 
28 15 

21 

15 

5 

5 

10 12 

'T 14 

5 13 

I:J,) 
b:) 
0') 
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TABLE VII.-SMOOTH-BORE ORDNANCE.-MARTIN'S SHELL, 

I 

: Thickness. Filling Hole, I 

I 
Extreme At Side. I At Bottom. At Filling Hole. Diameter at 

Natme. Diameter. Interior --
Coating 

---.-----. 'I' 

.--, ~ret:-
!Groove. 

of , Metal I I Metal 
Loam. Metal. and I Metal. ,md :Metal. and Top. 

Loom. Loam. 1 Loam. 

I 
Inches. Inches, Inches. Inches, I Inches. Inches. Inches. Inches, Inches, Inches. 

{high 9'88 0'34 0'96 1'3 1'82 2'16 1'32 1'66 1 1'2 1'4 
10" mean 

low 

{high 
S" mean 

low-

Nature, 

9'S5 0'30 0'90 1'2 I' 7 2'0 1'2 1'5 
I 

-
9'S2 0'26 0'84 1'1 1'58 1'84 1'08 1'34 -
7'9 0'28 0'55 0'83 1'1 1'38 1'1 1'38 

1 

-
7'86 0'25 0'5 0'75 1'0 1'25 I'D 1'25 -
7'S2 0'22 0'45 0'67 0'9 1'12 0'9 1'12 

I -
1 

TABLE VllI,-SMOOTH-BORE ORDNANCE.-CARCASSES. 

Diameter, Thickness, 
1------------------,,-------- Diameter 

-
-
-
-
-

Weight 

filled, 
I Limit of Dev:'.ation, I Limit of Deviation. of 

Mean, I Mean. Vents, 

_______ -'-__ -;_G_'r_ea_tc~LLe~st_.__'__----:_G-l'-en-t-es-t.-'I-L_e_a_st_,--+--___ ...,-__ _ 

I 
I
I Inches, 

13-inch u - 12'84 
IO-inch - - 9' 85 

S-inch, or 68-pr. i 7' 86 
56-pl'. - - I 7 '48 
42-pr, - - I 6 '77 
32-pr, - - i 6'177 
24-pr" or 51-inch; 5' 595 
18-pr, - -I 5'099 
12-pr" or 4%-inch 4' 454 

1 

Inches, 
12'88 
9'88 
7·9 
7'51 
6'795 
6'207 

5'62 I' 5'124 
4'476 

Inches, 
12'8 
9'82 
7'82 
7'45 
6'745 
6'147 
5'57 
,~ 074 
4'432 I 

Inches, 
2'9 
2'11 
1'68 
1'6 
1'45 
1'32 
1'2 
1'09 
(j'95 

Inches, 
2'96 
2'17 
1'73 
1'65 
1'5 
1'36 

I
, 1'24 

1'13 
I 0'99 

Inches, 
2'84 
2'05 
1'63 
1'55 
1'4 
I' 28 
1'16 
I' 05 
0'91 

,. None ofihis nature have been manufactured, 

Inches, 
2'38 
1'9 
1'52 
1'44 
1'3 
1'19 
1'08 
0'98 
0'8n 

lb, oz, 
about 

234 0 
10fi 0 

53 0 

'" 
30 8 
26 12 
19 4 
14 12 

9 8 

TABLE IX.-SMOOTH-BORE ORDNANOE,-GROUND LIGHT BALLS. 

Mean. Weight, 

Nature, 
Diameter. Length. Empty. Composition, Total filletl. 

lb, oz. lb. oz. dr, lb. oz. dr. 
lO-inch - - - 9'51 14'3 31 8 32 2 8 63 10 S 

8 " - - - 7'6 12'0 16 8 16 7 0 32 15 0 

5;1 " - - .. 5'48 8'2 I 12 8 13 8 10 9 8 

4% " 
.. - - 4'36 6 5 1 4 3 14 0 5 2 0 

.. ._------ ._--
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TA.1lLE X.-S~roOTH-BORE ORDN.ANCE.-PROJECTILES. 

TA.BLE showing the Greatest, Least, and Average Weights of 100 of each nature, 
. weighed in the Royal Labor:l,tory, July 1865. 

--

\ 

Gr"atest 
Nature and Description. :Mean. Greatest. Least. Ditlerence Remarks. from 

Mean. 
I 

I 
I 

lb. lb. oz. i ~bO 
oz. lb. oz. oz. 

pO-inch 79 41, lk 78 11~ 0 13 I 8-inch - 47 4t 48 15 46 5 1 1O! 
56-pl'. - 40 2 I - - - Weight of one 

Shells, common, empty, ~ 
I 

shell only. 
riveted to elm 42-pr. - 29 11 - - - None in store. 

bottoms, and plugged. 1 32-pr. - 22 5.1 22 12~ 21 15 0 7t i 24 Pl'. - 16 nit 17 2.1 16 3 0 8" 4 ., " 18-pr. - 12 lot 12 14t 12 5a 0 4t 4 

LI2-pr. - 8 9~ 8 11 8 7t 0 2 
(I 50-pl'. - 140 8 - - - One shell only. 
, 100-pr. - 86 7 87 3 85 6 1 1 

8-inch - 60 5 61 0 59 8 o 13 

Shells, diaphragm, I 56-pl'. 51 7 52 0 50 14 0 9 
42-pr. - 37 14 38 4 37 7~· 0 6t shrapnel, empty, 132-pr• 

- 28 3& 28 IJ} 27 12~· 0 7 
fitted to elm bottoms, 

and plugged. 24-pr. - 21 0 21 5 20 94- 0 6t 
IS-pl'. - 15 15~,- 16 4t 15 ll~ 0 5 

!12-pr. - 10 2t 10 5t 9 15 0 3a 

9-pr. - 7 lilt 7 14t 7 lOi 0 21 
l 6-pr. - 5 ot 5 2t 4 15t 0 2 

{ Sea Service 
Shell, hand grenade, 6-pr. - - 3 9.1 3 12 3 51. 0 4 

'" 
., 

empty. Land Service 
3-pr. - - I llt 1 11! 1 10! 0 ot 

Shell, Martin, empty, {10-inch 68 9 70 13t 67 4 2 Ii! riveted and plugged. 8-inch - 28 3t 30 1 27 4 1 4 

f'-1Mb - 195 3 199 15 188 1 7 2 
13-inch - 195 6 199 15 191 0 4 9 3 shells under 

Shell, mortar, 191 lb. left ont. 
10-inch - 87 2 88 10 85 14 1 8 

empty, loose. I 8-inch - 46 I 46 8t 45 12t 0 7·e 
st-inch - Hi 3 16 6~ 16 0 0 31 

61 4 
L 4i-inch - 8 5 8 4 8 3 0 2 

Shell, naval, (top, 150-pr.- 107 10 - - - Single shell. 

empty, riveted, and I bottom, lOin. 79 13 83 6 76 9 3 9 

plugged. i top, IOO-pr.- 67 6 68 0 66 14 o 10 
bottom, 8-in. 47 13t 49 6 46 9 1 8a 

4 L bottom, 32-pr. 22 6.1 23 ot 21 12 o lOi 4 
rlO-in.,Patt. II. 79 3.1 79 12 77 15 1 4* " IOO-pr. - 99 12 - - - Single shot, case, 

18-in., Patt. n. 47 48 9 46 14 
grape. 

4 1 5 
56-pr. - 52 5 54 10~- 50 9 2 5t 

Shot, case, gun.. i 42-pr. - 45 5 47 14 43 14 2 9 
I 32-pr.,Patt.II. 34 lIt 35 9 34 0 o 13t 

124P' - 24 2.1 25 4a 23 It 1 2t 4 4 
IS-pr. - 19 3 20 5 18 llt 1 2 
12-pt. - 16 ll! 18 It 16 2 1 5! 

9-pr. - 13 6 13 121 12 14 0 8 
I 6-pr. - 8 ll! 9 3t s 2¥ 0 9.1 

4 l 3-pr. - 4 5 4 7;t 4 3k .0 2.1 
4 

--------. ... _ .. _---- --~- --"._--- -----~- .. 
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TABLE X. continued.-S]}fOOTH-BORE ORDNANCE.-PROJECTILES. 

TABLE showing the Greatest, Least, and Average Weights of 100 of eaeh nature, 
weighed in the Royal Laboratory, July 1865-continued. 

Nature and Description. 

pO-inch -

I 8-inch -
32-pr. -

Mean. 

lb. oz. 
89 7~ 
34 Ot 
22 5-1. 

j 2:~:~ervice~ 15 14~ 
Land Service. 

Shot, case, howitzer. 24-pr. - 13 8! 
5!-inch - 13 13i 

Sea S~rvice. 

l l£~~~ Servic~. 8 IS! 

12-pr. - 7 14~ 
4t-~nch - 8 I.!. 

rl0-mCh - 82 121 
lO-inch - 82 12± 
68-pr. - 67 O~ 

I 56-pl'. - 69 81 
56-pl'. - 69 st 

I 42cpr. - 48 10! 

Shot, grape, Caffin. 1 ~~=~~: = ~~ ~~ 

lIS-pl'. - 18 13! 
12-pr~ - 12 lIt 
9-pr. - 10 7 
6-pr. - 6 9;t rI50-pr. - 150 3t 

1
1oo-pr. - 93 S4-

68-pr. - 66 3.!. 

I 56-pl'. - 55 81 
42-pr. - 41 4 

J 32-pr. - 31 6 
Shot, solid, loose. "1 24-pr. - 23 8.3. 

18-pr. - 17 11t 
12-pr. - 12 4t 

9-pr. - 9 2 
6-pr. - 6 at 

L 3-pr. - 2 15~ 

JI8-pr. - 18 3! 
12-pr. - 12 8 

Shot solid, riveted. g·pr. - 9 5-1£ 
6-D1'. - 6 3 

L 3-pr. - 3 It 
rI3-inch - 220 15 

1
1O·inch - 98 10}, 

8-inch - 49 15~ 
Carcasses, empty,loose'132-pr. - 24 31 

24.pr. - 18 0i-
18·pr. - _ 

L 12-pr. - 8 15! 

{ 
13-inch - 234 0 

Carcasses, :filled, loose. IO.inch - 103 1 
8-inch - 52 12 

{
32-Pr. - 28 8 

Carcasses, filled, 24-pr. - 16 11 
riveted. 18-pr. - 14 2 

:...12-pr. - 9 1 

Greatest. 

lb. oz. 
90 8 
34 13 
23 6ol-

16 1St 

14 8t 
14 3 

9 4 

8 3t 
8 4:\-

85 15 
84 9~ 
68 3 
72 2 
71 5t 
49 9 
37 12~ 
26 6.} 
19 5-
12 14± 
10 ut 

6 Uil. 
150 151 

94 3t 
66 10 
56 6 
41 IIl,-
31 15! 
23 uti-
17 13-
12 6t 

9 5 
6 let 
3 ot 

18 9 
12 10!l-

9 90t 
6 5! 
3 2 

222 14 
99 4t 
50 6:\-
24 7 
18 4 

Least. 

lb. oz. 
88 0 
32 12! 
20 8! 

14 8t 

13 It 
13 7 

8 11 

7 12 
7 13 

80 8t 
80 8-& 
65 U-
68 4 
68 4 
47 8 
37 3 
25 14!t 
18 8 
12 8 
10 4J-

6 71 
4 

149 1 
92 lIt 
65 12t 
54 7 
40 15t 
30 13-A-
23 4 
17 10:1: 
12 1!l-

8 15k 
5 14~ 
2 15-

18 oi 
12 5t 

9 4 
6 1 
3 1 

218 1 
97 U),-
49 ,-
23 13 
17 13~-

9 U 8 14-A-
235 10- 232 5! 
104 7 100 13! 

Greatest 
Difference 

from 
Mean. 

lb. oz. 
1 7-1£ 
1 4 
1 13 

1 6t 

1 ot 
o 6t 

o 4t 

o 4-b-
o 4 
3 2.!. 
2 at 
1 5t 
2 9t 
I 13 
I 2~ 
o 5t 
o 4 
o 7:!-
o 3~ 
o 4t 
o 2t 
1 2;l
o 13.!. 
o 61 
1 11 4 
o Ji-
o 9t 
o 4f 
o It 
o 2~ 
o 3-
o I;l 
o O! 
o 5t 
o 2~ 
o 4 
o 2!t 
o Ot 
2 14 
o 15 
o 8t 
o 6;l 

o at 
o 1!l-
1 lOt 
2 3t 

Remarks. 

Iron case. 
Do. one shot left 

out. 

1 shot left out. 

None in store. 

Average of a. 
number taken 
some time ago. 
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TABLE XI. 

AVERAGE WEIGHT OF SHOT AND SHELL BOTTOMS, PLUGS, &C, 

Nature and Description, 

fl50-pr, diaphragm - -
lO-inch common and naval -
100-pr, diaphragm - -IS-inch common, diaphragm, and Martin 
S-inch naval - - -

S 56-pr, common and diaphragm -
~ I 42-pr, " " -

_ 32-pr, common, diaphragm, and Martin 
'g I 32-pr, na\"al - - - -
~ j 24-pr, common - - -

_ 24-pr, diaphragm, tin strapped -
S IS-pr, common and shot - -
.s IS-pr, diaphragm, tin strapped -
b I 12-pr. common and shot - -
~ 112-pr, diaphragm, tin strapped -

9-pr, shot - - -

1
9-pr, diaphragm, tin strapped 
6-pr. shot - - -
6-pr, diaphragm, tin strapped 

L3pr, shot 
Tops, wood, elm, with{ lS0-pr, naval 

rope beckets, 100-pr,,, 

Ivets, Medium R' {LOng -

naval. Short _ 

Rivets, common and {All common shell and shot, and diaphragm, 
di h down to 24 pro - - - -

ap ra{~ommo~i~Phragm 18 to 6-pr. - _ _ 

Plugs, DiaP?ragm 
fuz h I Martin -e- 0 e, . Naval _ 

Gene ral sCl:vice 

lA verage Weight, 

lb, OZ, 
1 12'37 
1 2'96 
1 S'13 
1 O'S9 
0 13'44 
1 1'69 
0 14'50 
0 10'06 
0 6'82 
0 7'14 
0 9'00 
0 7'77 
0 9'69 
0 4'60 
0 5'50 
0 4'42 
0 5'70 
0 3'20 
0 4'15 
0 2'17 
2 12'55 
1 13'97 
0 0'42 
0 0'28 
0 0'23 

0 O'3S 
0 0'22 
0 2'20 
0 2'54 
0 3'22 
0 4'08 
0 2'75 



TABLE XII.-SnWOTH-BORE ORDN'A.NCI~.-BoXES FOR PACKING PROJECTILES • 

M .g 
External Dimensions. Weight.* 0 

Projeotile. '" j:q Ordnance. '" Tonnage .... <:I ><i Remarks . 
0 • ~ 0 

1,ength.\ Width. I Depth. Boxes. I Projectile. I 
in Inches . 

~ Nature. Desoription. 6i=!l Total. Z 

In. In. In. In. Ibs. ozs. drs. owts. qrs.lbs. ozs. 
1 13-inch mortar - Shell - - ~ 1 16'5 15 15'5 23'12 206 0 U 2 0 5 5i 3836'25 Filled. 
2 lO-inch gun - - " 

common - -
} I 16'8 { 

85 8 0 o 3 18 4 
H022'46~ 

Filled. 

" " " - - " 
Martin - - 13'5 U'75 12'75 68 9 0 o 3 I 5 

" " " - - " 
naval - - 86 0 13 o 3 18 13 Filled. 

3 
" " - - Grape - - -

} 2 23'4 { 
82 12 12 I 2 21 0 

}3526'468 
" " " - - Case - - - 23'5 12'25 12'25 79 3 4 1 2 13 124 

" " 
howitzer - " - - - 89 7 8 I 3 6 54 

4 !i-inoh or 68· Pl'. gun - Shell, diaphragm -
} I ll'5 9'875 10'75 10'4 { 

60 10 0 0 2 15 0t } 1220' 796 Filled. 

" " " - " 
naval - - 50 4 6 0 2 4 124 Filled. 

5 8-inch gun - - ,,_ common - ') r 49 12 13 1 o 4 3.1 "1 - - Filled. 

" " " - - " 
Martin -

U' 
I 28 3 4 0 2 17 Ok J2217 "23 " " " - - Case - - 20'125 10'125 10'75 

16" 1 47 4 0 0 3 27 It New. 

" " 
howitzer - " - - 34 0 8 0 3 0 lOt 

" 
68-pr. oarronade - " - - 48 7 3 1 o 0 15 

" " " - Grape - 48 12 0 I 015 
6 68-pr. gun - - " - - - 2 20'125 10'25 13 20'12 67 0 8 I 1 14 2 2681'656 New. 
7 56-pr. gun - -

C~~e - - -
} 2 19'5 9'75 14 16'15 { 

69 8 12 I 1 15 4 
}2661'75 New. 

" " " - - - - - 52 5 0 I 0 8 12i 

8 42-pr. gun - - " - - -
} 4 30'8 { 

45 5 0 I 3 16 OJ!. 
}3554' 687 

" " " - - Grape - - - 31'25 8'75 13 48 10 12 2 0 1 71 
4 

I 
" " 

carronade - " - - - 38 5 9 1 2 15 6 

9 " 
gun - - Shot - - -

} 4 21'4 { 
41 6 12 1 2 19 It 

} 2597' 655 

I " " " - - Shell - - - 31'25 8'75 9'5 31 510 I I 7 14 Filled. 

" " 
oarronade - Case - - - 35 2 0 I 1 21 12 

,10 " 
gun - - Shell - - - 1 10'25 8'75 9'5 7'7 31 5 10 0 1 10 OM 852'031 Filled. 

* The weight of the projectiles am! the total weight in this table differ fl'om those in General Regimental Order 461, par. 9, because in this table the mean 
weight of the projectile accurately determined by an experiment in the Royal Laboratory in 1865 (see table X., page 328), has been taken. 

I 
I 

i 

I 
I 

<:J.:> 
<:J.:> 
I-' 



Table XII.-Smooth-bore Orclnance.-Boxes for packing Projectiles-continued. 

H 11 External Dimensions. Weight.* 
0 

oj I Tonnage P=1 Ordnance, Projectile, ., . 
'H 

. S ~ Hemarks. 0 

Length.' Width. I Depth. Boxes. \ Projectile. \ 
in Inches. 0 Nature. Description. oP=1 

Total. Z Z 

In. In. In. In. Ibs. ozs. drs. cwts. qrs.l bs. OZS. 
11 32-pr. gun - - Grape - - -

} 4 21'1 { 
37 8 8 1 :2 3 5 

}2820' " " " - - Case - - - 28'625 8'125 12'125 3411 8 1 1 19 15 I New, 

" " carronade - Grape - - - 29 4 0 1 o 26 1 

12 
" gun - - Shot - -

d' 19°0 { 

31 6 0 1 1 4 8 

" " " - - } Shell {c?mmon , 23 9 4 1 o 1 5 }- -I >111ed. " " " - - diaphragm 28'75 8'75 9'375 28 6 10 1 o 20 lOt 2358' 398 Filled. 

" 
., carronade - Case - - 21 14 8 0 3 22 10 

" " howitzer -
" - - 22 5 8 0 3 24 6 

13 
" gun - - Naval shell - - 1 10 8'25 8'75 6'10 23 8 12 0 1 1 911 721'8751 Filled, C>:I 4 

C>:I 14 24-pr. gun - - Grape -
} 6 26'8 { 26 2 8 1 2 15 ll! I>:> - - 21 13 10' 625 }2900'625 " " " - - Case - - - 24 2 4 1 2 3 lOt 

15 
" " - - } Sh 11 {diaphragm - } 6 20'75 13 9'5 20'12 { 

21 0 0 1 1 7 ~ji } 2562' 625 I Filled, " " " - - e common - 17 9 15 1 o 14 
4 I 

" " " - - Shot - - - I 

"Ol'J 
23 8 12 1 1 21 6 I 

" 
24-pr. carronade - Grape - - - I 18 11 12 1 o 21 2t I " " " - - Case - - - 17 9 12 1 o 14 6 

" 
24-pr. howitzer 

" 
L.S. -

~r 
20'75 

I 
13 I 9'5 13 8 8 0 3 17 4t J"62 0 6" " " " - - " 

S.S. - 15 14 12 I o 3 10:.-

" 5t-inch " - - Shell - - 20 10 0 1 I 4 8 

" " " - - Case - - L 13 13 4 0 3 19 Ii 

16 18-pr. gun Grape -
} 8 

. 
18'1O{ 

18 13 12 I 2 o 16 
}3171'093 I New. 

- - - - 24'75 12'5 10'25 
" " " - - Case - - - 19 3 0 1 2 3 9 

*' The weight of the projectiles and the total weight in this table differ from those in General Hegimcntal Orele1' 461, pal'. 9, because in this table the mean 
weight of the projectile accurately determined by an experiment in the Hoyal Laboratory;n 1865 (see table X., p. 328), has been taken. 



~ 
j:Q 

'\3 

~ 

17\ 
" 
" 
" 
" 18 

19 

" 
" 
" 
" 
" 20 

" 
" 21 

Ordnance, 

Nature, 

18-pr. gun 

" " 
" " 18·pr. carronade 

" " 12-pr. gun 

" " 12-pr, carronade 

12~pr, howitzer 

" " 4~inch " 
12-pr. gun 

" " 
" " 4%-inch howitzer 

Table XII,-Smooth-bore Ordnance,-Boxes for packing Projectiles-continued, 

Projectile, 

Description, 

- } Shell {diaphragm 
common 

Shot - .. 
Grape -
Case 

" Grape -

C~~e 
" L.S. 
" S.S. 

" -, } Shell J diaphragm 
- L co=on 
- Shot - -
- Shell - -

,.<:I g. External Dimensions. 

. S ~ I \ ~ j:Q Length. Width., Depth. 

In. In. In. 

:}s 24'5 12 8'25 

Weight.* 

Boxes. I Projectile. I Total. 

Tonnage 

in Inches. 

I 
In, {1~S5 o~;, ~s, CWiS'iS'I~\~ZS'}_ _ 

12 10 4 1 0 14 7i -
20'12 18 3 8 1 1 25 14 2425'5 

14 6 0 1 0 23 12 
13 9 0 1 0 17 4 

• 112 31 11 12 24'7 { ~~ g 1; i ~ ! l~t 14092 ' 
10 4 0 1 1 4 10 

JI 12 31'25 11 9 21'10 8 15 0 1 0 16 14 3093'75 
7 14 12 1 0 4 2 
8 15 8 1 0 16 11 I 
8141060J 

1 

12 31'25 10'75 7'5 17'13 8 15 0 1 0 12 6 Filled, 
12 8 0 1 1 27 2 2519'531 
10 1 0 1 0 26 9 

_ } { 10 4 4 1 1 0 5 } Filled, 

Case _ 12 28'875 10'125 10'875 22'12 13 6 0 1 2 9 10 3179'408 
~21' " " Grape -, 12 28'875 10'125 8'375 17'6 10 7 0 1 1 2 13~ 2448'509 
23 "" Shell, diaphragm - }12 "8'375 10'25 7'''5 18'4 { 7 13 10 1 0 0 1O}- -

" " " Shot - - - 9 5 8 1 0 18 8t 2108'617 
24,6-pr,gun Shell, diaphragm - }24 26'25 9'25 11'75 23'8 { 5 I 2 115 7j}- -
" I" Shot - 6 3 0 1 2 4 4" 2853' 046 

9-pr. gun 

25 :" Case - 12 24'625 9'25 9'75 14'14 8 11 12 1 0 6 15 2220'867 
26 I " " Grape - 12 24'5 9'25 7'875 13'10 6 9 8 0 3 4 3 1784'671 
27 I 3-pr, gun Case - 30 } 32 10'25 9'375 18'0 { 4 5 0 1 0 2~ 6 }3075'O "I' " " Shot - 60 3 1 8 1 3 I 7 
28 " " - I Grape - GO 132'125 10'125 10'375 21'15 I 2 9 0 1 2 3 12 3374'63 

II3-inCh mortal' -lOne pound shot 100 23'5 8'5 I 9'25 112'8~ i - -I 1 0 0 8t 1847'087 

Remarks . 

Filled, 
Filled. 

New . 

}
NeW' re

duced i 
inch in 
depth. 

New. 
Filled. 

Filled. 

New. 

:I< The weight of the projectiles and the total weight in this table differ fl'om those in General Regimental Order 4Cl, I}ar. 9, because in this table the mean 
weight of the projectile accurately determined by an expel'iment in the Royal Laboratory in 1865 (see table X., p. 328), has been taken. 

~ 
~ 
~ 
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TABLE XIII,-RINGGAUGES FOR PROJECTILES'" (W,O,C, 11, New Series, § 1,314), 

SMOOTH BORE. 

CALIBRE OF 13·mCR MORTAR, 13-0 INCHES. 

H.G. IS-inch - - 12' 88 
L.G. 13.inch - - 12'8 

CALIBRE OF 150-FR. GUN, 10'5 INCHES. 

H.G. 150 pro - - 10'42 
L.G. 150-pr. - - 10' 38 

CALIBRE OF IO-mCR GUN, HOWITZER, AND 
MORTAR, 10' 0 L'<CBES. 

H.G. IO-inch - 9' 88 
L.G. lO-inch - 9' 82 

CALIBRE OF 100~FR. GUN, 9'0 INCHES. 
RG. 100~pr. - 8'92 
L.G. IOO-pr. - 8'88 

CALIBRE OF 68-PR. GUN, 8 '12 INCHES; 8-mCH 
GUN, 8'05 INCHES; 8-mCH HOWITZER AND 
MORTAR, 8' 0 INCHES. 

H.G.68-pr. 7' 95 
L.G. 68-pr. 7' 82 

CALIBRE OF 56-FR. GUN, 7' 65 INCHEs. 
H.G. 56-pl'. 7' 51 
L.G.56-pr. 7'45 

CALIBRE OF 42·FR. GUN, 6' 97 INCHES. 

H.G. 42-pr. 6' 795 
L.G.42-pr. 6'735 

CALIBRE OF 32-FR. GUN, 6-41, 6'375, 6'35, 
AND 6'3 INCHES; 32-PR. HOWITZER, 6'3 
INCHES. 

H.G.32-pr. - 6 '207 
L.G. 32-pr. 6 '147 

CALIBRE OF 24-FR. GUN, 5' 823 ; HOWITZEII 
5'72; H-INCH HOWITZER, 5'68; 5*-IN~ 
MOR'J~AR, - 5 . 62 INCHES. -

H.G. 24-pr. - 5' 639t 
L.G.24-pr. - 5' 57 

CALIBRE OF 18-PR. GUN, 5'292 AND 5'17 
INCHES. 

H.O.18-pr. 
L.G.18-pr. 

5-124 
5'074 

CALIBRE OF 12-FR. GUN, 4' 623; 12-1'11, How
ITZER, 4'58; 4i·mCH OR COEHORN How
ITZER AND MORTAR, 4' 52 INCIIES. 

H.G. 12-pr. -
L.G.12·pr. 

4'54 
4'432 

CALIBRE OF 9-FR. GUN, 4'2 INCHES. 

H,G.9-pr. 4'117 
I,.G.9-pr. 4'06 

CALIBRE OF 6-FR. GUN, 3'668 INCHES. 

H.G. 6-pr. 3' 585 
L.G. 6-pr_ 3' 532 

CALIBRE OF 3-PR. GUN, 2'913 INCHES. 

H.G.3-pr. 2'838 
L.G.3·pr, 2'808 

SEA SERVICE HAND GRENADE. 

H.G. hand grenade, S.S. 3'496 
L.G. hand grenade, S.S. 3'456 

LAND SERVICE HAND GRENADE. 
H.G. hand grenade, L.S. 2' 778 
L.G. hand grenade, L.S. 2'738 

'" " The issue of low gauges is to be restricted to stations of inspection," W. O. C. (New Series), 
§ 1314. "It is not intended to interfere. with the limits of manufacture at present allowed in 
spherical proj ectiles, bnt merely to simplify the regulations for their inspection at out stations." 
W.O.O. 31st Dec. 1866, being errata on Circular 11 (New Series.) 

t For future manufacture this gauge will be 5'64".-W.O. Letter, 29/9/66, 75/12/2914. 

H.G. 41b. sand shot 
L.G. 41b. sand shot 
H.G, 3 lb. sand shot 
L,G. 3 lb. sand shot 
H.G. 2 lb. sand shot 
L.G. 2 lb. sand shot 
H.G. It lb. sand shot 
L.G. It lb. sand shot 
H.G. 1 lb. sand shot 
L.G. 1 lb. sand shot 
H.G. 13t oz. sand shot -
L.G. 1~ oz. sand shot -
H.G.8 oz. sand shot 
L.G. 8 oz. sand shot 
RG. 6~ oz. sand shot -

RING GAUGES FOR SAND SHOT.* 

- 3' 1 L.G. 6t oz. sand shot 
- 3'05 H.G.60z.sandshot 
- 2' 81 L.G, 6 oz. sand shot 
- 2'77 H.G.5 OZ. sand shot 
- 2 • 46 L. G. 5 oz. sand shot 
- 2'42 H.G.4 OZ. sand shot 
- 2' 23 L.G. 4 oz. sand shot 
- 2'2 H.G. 3t oz. sand shot -
- I' 95 L.G. 3i oz. sand shot 
- 1'92 H.G.3 oz. sand shot 
- 1'83 L.G. 3 OZ. sand shot 
- 1'8 H.G,2 oz. sand shot 
- I' 55 L.G. 2 oz: sand shot 
- I' 52 H.G. It oz, sand shot -
- 1'48 L.G. It oz. sand shot 

- 1'45 
- 1'4 
- 1'37 
- 1'34 
- 1'31 
- I" 23 
- 1'2 
- 1'.16 
- 1'13 
- 1'12 
- 1'1 
- 0'98 
- 0'96 
- O'S8 
- 0'86 

* These gauges are enumerated, but they are not now supplied except to stations of inspection, 
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TABLE XIV,-WADS, 

I Junk, Gru=et, 
------------ , '-'--~---

Mould T hlCkness of Rope, , finiBhed Wad, Nature 
Nature, Gauge, of Gauge, 

Interior, 
Yarn Circumference, 

for 
Proof, Service, Wool- ---- Length, 

iDiameter,1 Depth, 

ding, For \ For 
Diameter, Diameter, Grum- Cross 

met, Pieces, 

Inches, Inches, Inches, Inches, Inches, Inches, Ft, In, Inches, Inches, 
150'pr, - - 8 6 3'5 2'5 
100-pr, - - 7 3 3'5 2'5 
O-inch - - 9'4 6 9'91 6'5 3'5 } 3- 9'91 7 0 3'0 2'5 

g-inch or 68-pr, 7'52 6 8'03 5'75 3'25 strand 8'03 6 6 3'5 2'0 
56-pr, - - 7'02 6 7'53 4'75 2'75 spun 7'53 6 0 3'5 2'0 
42-pr, - - 6'31 6 6'Sl 4'25 2'5 yarn, 6'Sl 5 10 3 2'0 
32-pr, - - 5'95 4'. 6'32 3'5 2'5 1 common 

6'32 5 0 3 2'0 
24-pr, - - 5'37 4'5 5'63 3'25 2-5 5-63 4 9 

2l.o 
1'5 

IS-pr, - - 4'81 4'5 5'1 3'125 2'5 5'1 4 9 1'0 
12-pr, - - 4'22 

\ 

4'5 4'51 2'75 2'25 J yarn, 
4'51 4 1 2l.o 1'5 

9-pr, - - 3'81 4'5 4'16 2'75 2'125 single,_ 4'16 3 6 2 1'5 
6,pr, - - 3'22 4 3'54 2'5 1'75 3'54 3 3 2 1'0 
3-pr, - - 2'48 4 2'85 2'25 1'625 2'85 3 0 1'5 1'0 



TABLE XV.-S~rooTn-BOItE ORDNANCE.-CHARGES, FIRING, WITH DUfENSIONS OF CARTl~IDGES. 

Cartriilge. 
Pmpose for which oach Char!,:e is intendeil. 

! _______ ~~~~~~n_· __ i~en Rcwc~ i ~ ~ i '0 iSl ~ ~ 
N atUl'e of Orilnance. d 

'" 
I 

How markeil.t I I Wiilth. I I Width. I ~~ I g P.:~ ,.. 
" Land Service • Sea Service. Length. ---f"---ILength. , i ot> ; 01Zl \ 00 .Q 
0 Top. tBottml I Top. I Bottru , Z'8 ' Z '" 

-{ 
Ibs. I Inch. Inch. Incl1. Inch. Inch. Inch. 

rI5O'p l" 

40 · · · · Battering · 150-pr. 40 lb. • 28 30 - 27'4 14'37 - 3 t4 -
35 · · - - Full - - 150-pr. 35 lb. · 25'25 30 - 24'65 14'37 - 3 t3 -
20 · · · - · Rednced anil saluting • 150-pr. 20 lb. · 20 31 - 19'4 W875 - 3 tl -

I .{ 25 · · · · · Battering · · 100-pr. 25 lb. · 25 25'5 - 24'65 12'125 - 3 t3 -
1Ioo.pr. 20 · · · · · FnlI · - 100-pr. 20 lb. · 22'5 25'5 - 21'0 12'125 - 3 t2 -

12 · · · · · Reduced and saluting • 100-pr. 12 lb. · 18 27~ - 17'4 13 - 3 tl -, .{ 12 8ervice* · · · Fnll' . · · 10-in. 12 lb . . · 17 15 12 16 14 11 3 3 19 
10·iu. S Martin shell,' carcMs, saInt· Martin slwll, cal'cass, 10·in.8 lb. . · 141; 15 12 13~} 14 11 3 1 19 

ing, or exercising. anil reilnceil. 

-{ 
10 Sm'vice, 65 and 60 cwt. gun· Distant, 65 amI 60 cwt. 8-in. 65 or 60 D 19 lSi 9t 18 12l Si- s 3 17 gun. 10 lb. 

8-in. 8 Service, 52 or 50 cwt. and Full and Martin shell • 8-in.8Ib. . · 17 13l ul 10 12l 8t 3 2 17 :lIf artin shell. 
Reduceil, with coaI·i1ust 5 Saluting or exercising · 8-in. 5 lb. - · 15 IS!? 9~ 14 12~ 8! 3 2 17 wad. 

Guns, i 
r 

18 SOl'vice, 118 cwt. gUll · - · · · 68-pr. 18 lb. · 24 23i - 23 1H - 3 3 19 

I 16 Service, 95 cwt. gun • · Distant, 95 cwt. gnn · 68-pr. 16 lb. · 22 23i' - 21 III - 3 3 19 
14 Service, 87 cwt. gun • · Distant, 87 cwt. gull · 68-pr. 19: lb. · 20~ 23£ - 19t III - 3 3 19 

/68.pr. 

1 
12 · · · · · Full, 95 cwt. gun · 68-pr. 12 lb. · 19 231- - 18 III - 3 2 19 
10 Mal·tin shell* • · · Full, 87 cwt. gun, aud 68-pr. 10 lb. · In 23~ - 16l III - 3 2 19 Martin shell. 
8 Saluting or eXel'cising · R{lduced 95 cwt. gun 68-pr. 8 lb . . · IS! 23t - 14t III - 3 1 19 
6 · · · · · Reiluceil, 87 cwt. gun 68-pr. 6 lb. - 14 23~ - 13 111 - 3 1 19 

.{ 14 Service - - · · · 56-pr. 19: lb. · 20 22l? - 19 IO! - 3 3 17 56-pl'. 8 Saluting or exercising · · · · 56-pr. 8 lb . . 15 22t - 14 lOl - 3 2 17 

I 
-{ 

14 Service, 8-! ewt. gUll .. · - · · · 9:2-pr. 19: lb. · 2~ 21 - 21l 10 - 3 3 17 

l42-pr. 
12 Service, 75 cwt. gun· · · · · · 9:2-pr. 12 lb. · 20 21 - 19 10 - 1\ 3 17 
lOt SCl'Vice, 67 cwt. gUll and hot · · · 9:Z-pr. 10! lb. · 18 21 - 17 10 - 3 3 17 shot, 84 cm. gun. 

S Saluting or exercising* - · · · · 9:2-pr. 8 lb . . · 16 21 - 15 10 - 8 2 17 
--- ----- - - ------

* Where weight of gun is not mentioned that charge is nsed with all guns of that nature. 
t All cannOll cartridges, both for smooth-bore ancll'ificd gnus. issued froll store filled. arc to have the initiallettel' of tho station at which they are fille<l stamped on the bottom 

enil, see p. 154. The cartridges filled by the Royal Artillery will be distinguished by having no initial letter stamped on them. Approved 28th Jlfay 1863; ,Val' Offico Circular 
No. 835, StOl'es; Paragraph 763. 

:t: Blue braid, about . 334 jnches bl'oad; each hoop 40 inches long. 

I 

~ 
~ 
m 



Table XV. cont.-Smooth-boro Orduance.-Chargos, Firing, with Dim.ensions of Cartrit1geH. 

Cartridges. 
PlU'pose for which each Charge is intended. 

Pattcl'l1. When Sewed. \ ~ gj ~oo k ". 
N atnre of Ordnance. oJ 0..<1 5' "',.. 

~ I 
Howmarked.* i Width. I Width. P:;~ "" 0 P-<i5 

..<1 Land Service . Sea Service. Length. I Length. I 0!i2 01Ij 00 
0 Top. (Bottm '1'01'. IBottm : Z'C; Z Z 

lbs. Inch. Inch . Inch. Inch. Inch. Inch. 
( ( 10 Service, 63, 58, and 56 cwt. Distant, 58 or 56 cwt. 3Z-pr. 5S or 56 1) 18 19! - 17 9t - 3 3 7 

I gUllS. gUllS. 10 lb. 

8 Service, 50 to 48 cwt. guns • Full, 58 to 48 cwt. guns· 3Z-pr. Sib • • · 16 19~ - 15 9lt - 3 2 '1 

I 'Ii Hot shot, 63 to 56 cwt. guns Hot shot, 58 or 56 ewt. 3Z-pr. nib.· 16 191 - 15 9l- - 3 2 '7 
guns. 

7 Service, 45 ewt. gnn • Full, 45 ewt. gun · 3Z-pr.7Ib • • · 15 19~ - 14 9! - 3 2 7 

I 6 Sm'vice, 46, 42, 41, 40, and 39 Reduced, 58 01' 56 cwt. 3Z-pr.6Ib • . · 14 191- - 13 9i1 - 3 2 7 
cwt. guns. guns; full, 42, 41, 40, 

39 cwt. guns. 32-1'1'. 5 '1el'Vice, 32 cwt. gnn • . Rednced, 50, 48, and 45 3Z-pr. 5 lb • . · 13 19! - 12 9k - 3 2 7 
cwt. guns; full,32 cwt. 

I 
gun. 

4 Saluting or exercising 39 Rednced, 42 to 39 cwt. 3Z-pr. '!i: lb • . · 12 199. - 11 9t - 3 1 7 
cwt. and upwards. Sel'~ gun; full, 25 cwt. gun. 

I I 
vice, 25 cwt. gUll. 

Rednced, 32 cwt. gun • 191 11 3 SaInting 01' exercising 32 3Z-pr.3Ib . . · 12 - 9l - 3 1 '7 

l 
cwt. gun. 

Reduced, 25 cwt. gun 3Z-pr. 2t lb • . 10! 19t 9l 2l Salnting or exercising 25 · · - 9li- - 3 1 7 

G;:~j ewt. gun. 
Saluting. 3Z-pr. Z lb • . 19i 9 '7 2 . . . . . · · · 10 - 9t - 3 1 

r 8 Service, 50 and 48 ewt. gnns · · · · Z'!i:-pr. SIb . . 17i 17£ - 16j; St - 3 3 16 

6 Service, 41 cwt. gun an hot · · · Z'!i:-pr.61b . . · 14£- 17i - l3l 8t - 3 2 16 

-t 
shot, 50 and 48 cwt. glUl. 

m 12~ 5 Salutiug or exercising 50 · · · · Z'!i:-pr. 5 lb . . · I3! - 8i - 3 2 16 I U-" -
and 48 cwt. guns. . 

17£ III 4 Service, 33 cwt' gun, saluting · · · Z'!i:-lb. '!i: lb . . · 12t - 81- - 3 2 16 
or exercising 41 cwt. gUll. 

17£ lOl 3 SaInting 01' exercising 33 · · · · Z'!i:-pr. 3 lb •• 11~ - 8f - 3 1 16 
cwt. guns. 

17£ 9! , 2! Service, saluting or exercis~ · · · Z'!i:-pr. zt lb. · 10~ - 8t - 3 1 16 

I ing 20 cwt. gnns. 

r 
6 Service, 42 to 38 cwt. guns • · · · · 18-pr. 6 lb •• · 18 IO! - 17 '7i - 3 3 15 

118'1'1" • 

4t Hot shot, 42 to 38 cwt. gUlls · · · 18-pr. '!i:t lb • . · 15t lOt - 14i 7t - 3 2 15 

.~ 
4 Saluting 01' exercising 42 to · · · · 18-pr. '!i: lb • . · 15 16-~ - 14 7!/: - 3 2 15 

38 cwt. guns. 

I l 
3 Service, saluting or exercis· Full, 22 01' 20 cwt. gnus· 18-pr.3Ib • . · 13 l6t - 12 7t - 3 1 15 

ing 22 to 20 cwt. gnns. 
2 Service, saluting 01' exel'cis- Reducec1, 22 01' 20 cwt. 18-pr. Zlb • • · 11 16?t - 10 7t - 3 1 15 

l ing 15 cwt. gUlls. guns; full, 15 ewt. gun, 
----- '--

* All cannon cartridges, both for slllooth·1Jore and rifle,l guns, issued from store filled, are to have the initial letter of tho station at which they are filled stamped on the bottom 
end, See p. 154. The cartrillges filled by the Royal AI·tillery will be distinguished by having no initial letter stamped on them.-Appl'oved 28th ]lIay, 1863; 'Val' Ollice Circular 
No. 835, stores; Paragraph 763. 

C>:> 
C>:> 
"'-l 



Table XV.' cont.-Smooth.hore Orclllallce.-Charges, Firing, with Dimensions of Cartridges. 

Nature of ordnance.' 

Purpose for which each Charge is intended. 
Cartridge. 

! Pattern. I When Sewed. \ ~ gi ~ \ ~ OrA ~. 

~ I o~ Po Po" 

I 
How lllltrked.t I Width. I Width. P'I~ o c'3 Q 

I,e.l:gth. I ,Length·i--- ----1-- Ow 
o p.,0> 

I ~ Land Senicc. Sea Service. ~p:j 08 
Q I Top. Bottm t Top. Bottm , Z'S " Z -
lbs. Inch. Inch. Inch. Inch. Inch. Inch. 

( 

-{ 
4 Service, iron and bronze · · - - - 12.-pr. 9: lb. - - 14:t Hi - l3i ot - 3 3 G 

t 3 Saluting or exercising bronze - · · · 12.-pr. 3 lb. . - 12~ l41 - 11t ot - 3 2 6 1 12-pr. -
2t 

and34,83,29l;;cwt.ironguns. 
12.-pr. 2.1; lb . . III 141 So,luting or exercising 21 - · - · · - lOl at - 3 2 6 

1 

cwt. iron gnlls. 

-j 
S Service iron gnlls _ .- · - 9-pr.3Ib. - 13l 12~ - 12t 5t - 3 3 13 
2! Service bronze guns · · · · - 9-pr. Zllb. · · 12 12£ - 11 of - 3 2 13 ! 9-pr. · 2 Saluting or exercising iron · · - · 9-pr. 20 lb. - 10 12l - 11 5f - 3 2 13 

~uns. 
1! Sa nting or exercising bronze • · - - 9-pr.1!lb. · - 9 12£ - s 5f - 3 1 13 Guns- l gnns. 

cont. i 

-{ 
2 Service iron guns' - - - - - - 6-pr.2o lb. - 12 lIt - 111: 5i - 2 3 12 

16-pr .• 
It Service,bronzeguns, sainting • · - · 6-pr.1'!lb. · · 10l lIt - 9l H - 2 2 12 or exercising, iron guns. * 
1 Saluting or exercising bronze • · - 6-pr.1Ib. · · st II! - 8 5f - 2 1 12 

I i 
guns. - - - - · Practice - · · 6-pr.4. oz. - 51; 9 - 4t 4t - 2 - 5 

IS-pl'. . { 120 •. Service, saluting or exercis- - - · · 3-pr. 120 oz. - · 81;; 9 - 7f 4t - 2 1 5 
· inl\', bronze 3 cwt. gun. 

10 ServlCe, saluting or exercis .. · · - - 3-pr.10 oz • . - 7t 9 - 1 41; - 2 1 5 

b-pr. 
ing, bronze 2l cwt. guns. 

I · 6 Service - • • · - · 1-pr.6 oz. - - 8 6l - 1 2i - 2 1 4 

flO-in •• .{ 11b. Service - · - · - · 10-1n. bow. 7 lb. · 13t III 12 12~ 10! 11 3 1 11 
4 SaInting or exercising - · · · 10-1n. bow. 4 lb. - ll~ lIt 12 10~ 101;; 11 3 1 11 

.{ 4 Service - - · - · - 8-1n. bow. 4 lb. · 13 12 8 12 11 '1 3 1 16 S-in • 
3 Saluting or exercising · - · · 8-1n. bow. 3 lb. - 12t 12 8 lIt 11 1 3 1 16 

Howit- .{ 3 Service . - - - · · · 32o-pr. bow. 3 lb. - 12-1; 14l - lIt 6t - 3 2 6 zers, 32-pr - 2 Saluting or exercising · · · · · 32o-pr. bow. Zlb. - lOt 1# - 9i 6t - 3 1 6 

. { 2t Sel'\1ce . . · · - · 209:-lb. bow. 2.t lb . . 11 9} '1 10 81 6 3 1 14 24-pr. - It Saluting or exercising - · · · · Z9:-pr. bow. 11;; lb • . 9 9! 1 8 8t 6 1\ 1 14 
5}-in •• . 2 Sel"Vice, saluting or exercis .. · · · - Sl-ln. bow. 2. lb. - 101;; 18t - I 9t 6i - 2 1 14 l ing, 15 cwt. iron. 

• Where the weight of the gnn is not mentioned that charge is used with aU guns of that nature. 
t All cannou cartridges, both for smooth-bore and rifled guns, issued from store filled, arc to have the initial letter of the station at which they are filled stamped 011 tho bottom 

cnd, ~eo p. 154. 'rho cal'tridp;es filled by the Royal Artillery will be distinguished by having no initial letter stamped on thClU.-Approved 28th Mny 1863; War Office Oircular 
No. &35, stc.res; Paragraph 7ij3. 
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Table XV. cont.-Smooth-Lore Ol'llnu,nce.-Clwrges, Firing, with Dimensions of Cu,rtridges. 

Purpose for which each Oharge is intemled. 
Om·tridges . 

Pattern. 'Vhen Sewed. oooo .... ... 
~~ 0'; <D. 

N ature.of Ordnance. <> 

] Length.] 

Po ~~ ~ How mm·ked. * \ Width. 'Vidth. ~~ 0 p...> 0 

'"' Lmld Service. Sea Service. Length. \ • .p 

~~ 08 ..c: om 
0 Top. Bottm Top. !Bottrn Z,<> Z 

I Inch. Inch.! Inell. Inch. Inch. Inch. 

r12.pr. 0 of 
2 0 0 0 0 SOl'vice, 10 cwt. 0 12-1H'. how. 2. lb. 0 ll-} 8 !)} lO~ 7 4·~ 2 2 12 
Ii Service G~ cwt. 0 0 0 0 0 0 12-pr. how. 1}lb •. Vi 7~ 51 S~ 7 4~ 2 1 12 

How'" t 1 Saluting or exercising 6! cwt. 0 · · 0 12-pr. how. 1 lb •. 9 7?t 6l 8 7 4! 2 1 12 zers-
Service 2t cwt., COehOI'll q,~-in. how. 8 oz. cont, .{ 80z. · · 0 0 · 8£ 'Ii: - 71 31 - 2 1 4 

~~in .• 4 Saluting or exercising 2! 0 0 · 4~-in. how. g, oz. 0 Gt 7t - 6* 3t - 2 1 4 
cwt.) coeharn. 

o[ 
201b .• · · 0 0 Service • · · :L3-in. mal'. 20 lb.· 25 18 III 24 17 lO~- 3 3 18 

r I3•in• 0 
16 0 0 0 · 0 Oarcass • · · 13-in. mo!:'. 16 lb •. 21-~ 18 IH 20j 17 lOt 3 3 18 

9 Service · · · 0 · · 13-in. mor 9 lb. · 15t 16! 13 I·H· 15?t 12 3 1 19 

11101" ~ 10.in • .{ O,~ · · · · · Service M · · 10-in. mor. 9}lb •. 18~ 13 10 l'7i 12 9 3 3 17 
taTs, . 4 Service · · 0 · · · 10-in. ,nor. '!l: lb. · 13 H 10 13 9 3 1 17 

l8'in. • · 2 Service · · 0 · · · · a-in. mar. Z l~. · 10 n 7t 9 10 ot 3 1 14 
5i-~n ... · 70z. Service, Royal · · · · · · S~-in. mOT. 7 oz. · 7 7t 0 7i 6t 5 2 1 5 
4~-ln ... · 5 Sm'vice, coehOl'u · · · · · · .g.-~- ... in. inOI' • .5 oz. · 0 7 5 5]; 6 

'" 
2 1 5 

ros,pl', • · 51b .• · · · · · · · · 6B-pr. carde. 5 lb. 14~ 21 - 1st 10 - 3 2 -
42,1"" 0 3~· · · · · · · · · g,Z-pr. cal'de. 3t lb. 12t 19 - IIi 9 - 3 2 -

~ 32·1'1', • · 2l-J .. · · · · · · · · 32-pr. carde. 2+~ lb. 12j 17i - 11! 8t - 3 2 -
Oarron· 2'1.]}1' •• · 2 · · · · · · · · · Z~-pr. cf4-rde. Z lb. n 10 - 10 Ins - 3 2 -"des, I 

1~ · 18-pr.carde.1~lb. lOl l31 - 9l Gi - 3 2 18·1'1', • · · · · · · · · -
li2.]}r •• · 1 · · · · · · · 12~pr. cal'de. l. lb. 9 1St - 8 6t - 3 2 -, 

100z, • · · · · · · la·jJl'. · · 6~pr. carde. 10 oz. 7 lOl - 6 4t - 2 2 -
----_ . -

• All eanllon eartl'idp;cs, both for smooth·bOl·e and rifie<l gUllS, issued from slore filled, are to have the initial letter of the ~tatioll at which they are filled stamped on the hottom 
end, see p.lM. 'I'he cartridges filled by the Royal Artillery will be distinguished by having no initial letter stamped Oil tltCl1l.-Approvell28th May 1863: War Office Circular 
No. 835, stores; Paragraph 703. 
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TABLE XVI.-SllIOOTH-BORE ORDNANCE.-CHARG-ES, BtJRSTING, APPROXIMATE.* 

Description of Shell. No.of 
Calico and 

Paper 

Natun Hand 
Bags. 

Shrapnel improved. Shrapnel Diaphragm. Grenades. -~'ij of 0", 

Co=on. Naval. Mortar. ~~ai S Shell. 

charge·1 charge·1 
~~i be 

Sea /Land " '" Bnllets.t BuUets.t Ser- Se,.- ;:l2::: 
~ vice. vice. ~~~ 

0"" A 

lb. oz. dr. lb. oz. dr. I lb. oz. dr. dr. Size. No. dr. Size. No. oz. oz. No. No. 
IS-inch - - - 10 15 0 - - - - - - - - 7 -

, Sand }254 - -i shot 6 4 
lo0-pr. - - 614 0 - - - -- 128 20z 

Musket SO 
100-pr. - 313 0 - - - - - (10. 484 - - 6 4 

10-inc11 -I 612 0 6 5 0 5 4 0 - - - 96 do. - - - 7 -
S-inch,Or} 

68-pr. - 2 9 0 2 9 0 2 9 0 67 Musket S70 80 do. 341 - - 6 4 

56-pr. - 2 7 0 - - 66 do .. - 70 do. 287 - - 5 3 

42-pr. - 112 0 - - 44 do. - 60 do. 213 - - 5 3 

32-jlr. 1 5 0 1 5 0 - 40 do. 

::: I 

50 do. 154 - - 5 3 

24-pr., or} 1 0 0 - 1 0 0 25i do. 40 do. 113 - - 4 3 5l .. inch 

lS-pr. 012 0 - - 24 do. 90 SO do. SO - - 4 2 

12-pr., or) 0 7 0 - 0 7 0\ 16i Carbine 80 24 Carbine 74 - - 4 2 4t-inch5 

9.pr. - - - - 14 do. 34 18 do. 04 - - - 1 

6-pr. - - - - 9! do. 25 10 do. 31 5 - 3 1 

S-pr. - - - - - , - - - - - - 3 2 -
.~----

* Shells, with certain exceptions, are now filled by capacity instead of by weight, and the charges here given 
except in the case of shrapnel, are taken from W.O.C. No.7 (ncw series), par. 1116, the shells being filled in ac
cordance with W.O.C. No.3 (new series) .. par. 954; ~Iso, W.O.C. 884;; and Royal Artillery Circular ]}[emo., 
13th December, 1864, par. 3; "the shell bemg tapped with a mallet durmg tIle process." 

The approximate amouut of powder required was determiued by an experiment in the Royal Laboratory in 
1865, when 10 shells of each nature were filled, and the quantities given above are slightly in excess of the mean 
l'esult of th~s e>:periment, to give even ,!,eights; and "it is assumed that as shel}s of small and large capac.ity 
" are sup;phed m about egtlal proportions, the powder saved III the one case Will suffice to make up the deft
" cicncy m the otbers."-War Office OJ:rcular, 927. 

An allowance must be made for displacement hy the fuze as follows:-

NatnreofShell. 

fs3 and 10 inch 
Mortar 

8-inch ' . -' o· 

Common, 32, 24,18, and 12 Pl'. 

{
10-illCh _ 0 

Naval 
8-inch 56, 42, and 32 pro 

Hand grenade _ 

Powder displaced. 

Half an ounce. 

One ounce. 

Half an ounce. 

Half an ounce. 

One ounce. 

Half an ounce. 

Nature of Fuze. 

Wood.-Mortar. 

Do. do. 

Woo(l.-Common. 

:M:etal.-Time. 

Do. do. 

Wood. 

No allowance required in other shells or for other fuzes. 
T~us the 13-inch mortar shell will take approximately 10 lb. 15 oz. of powderwitllont a fuze, and 10 1b.14 oz. S'dr_ 
WIth afuze. In the case of the shrapnel shell the charge is the minimum sufficient to open them. 

t The total number of bUllets here given is not always composed entirely of musket or carbine .balls; in each 
sh~ll a few bullets of a smaller nature, pistol or buck shot are generally added, to brillg the shell up to the 
F'elgkt ; .and these, for convenience, are jncluded in this table among the number of musKet or carbine balls_ 

or etails as to actual nnmber of each nature of bullet vide table of" Boxer Diaphragm Shrapnel Shell." 



~ 

~ 

I 
IOh~rge, 

Natul'C, 
L,G, 

rOWdGr, 

._. 

lb. oz, 

-{ 40 0 
150-pr, - 35 0 

20 0 

-{ 25 0 
100·pr, - 20 0 

12 0 

10,inch - -{ 12 0 
8 0 

10 0 

, { (with c~al 
8 0 

S-mch dust wad), 
5 0 

.. ( 18 0 

I 16 0 
14 0 

68-pr, - -
"1 

12 0 
]0 0 

8 0 
6 0 

56-pI', - - { 14 
- 8 

0 
0 

{ 14 
0 

42'pr, " - 12 0 
- 10 8 

. 8 0 

r 1~ 0 
0 

, 7 8 

!32'Jlr, -

' 7 0 
I 6 0 - '1 ~ 0 

I) 

I 
1 ;I 0 , 2 8 
l II 0 

Dia-
meter 

of 
Cart-
ridcf; 
Bo , 

Iu, 
INI. 
9'6 
9'6 

8'25 
8'25 
8'25 

7'75 
7'4 

7'0 
6'65 
6'9 

'7'55 
7'5. 
7'55 
75 
7'4 
7'3 
6'9 

7'0 
0'9 

6'6 
0'6 
6'0 
0'5 
6'0 
6'0 
6'0 
6'0 
5'!! 
5'S 
o'S 
0'3 
0'1 
41'S 

TABLE XVII,-TABLE OF F'rLLED CANNON CARTRIDGES,-SlI100TR-BoRE. 

Numherpacked and We~ht ofPack~e, 

Length Num- Annnu- Case, Pmrder, Copper- CMe, Powder, Bl'lI8s, 
of bel' of BBaTCl Rectangular, Dia.- Oartridge, Hoops, Whole, nition lined, 

Peuta- I Sec-meter 
Box, Whole, HaJf, Quarter, 

ii~I;~ 
PI . Oorru-

of am, gated, 
Ring 

I~ I ~ I ~ I' iTli j I! J I! Gauge, Q,),(l) ~ 

~ ~ tEi~ i1, .o~"'~"'~.o~ 

~ ~ I Z ~ ~'S~'S ~'Sa·S 
~ Z~Z~Z~£~ z I:;: £ I:;: 

I 
In, Iu, In, Ib, lb. Ib, lb, Ib lb, lb, lb, lb, 
9'6 16'0 17'0 4 .. 1 74 .. .. .. .. .. .. .. .. .. .. .. .. 2 151 
0'6 14'5 15'5 3 .. 2 104 .. .. .. .. .. .. .. .. .. .. 8 176 
9'6 9'0 9'5 1 .. 4 114 2 62 .. .. .. .. .. .. .. .. .. .. 6 191 

8'25 1S'5 14'5 3 .. 3 109 1 47 3 124 .. .. .. .. 3 137 .. .. 4 1'11 4 151 
8'25 12'0 12'5 2 .. 4 115 2 62 4 129 .. .. .. .. 4 142 .. .. 5 1'11 6 171 
8'25 S'U S'5 1 .. 7 119 4 '70 " 158 .. .. .. .. 8 159 ,., .. 9 168 9 160 

0'76 8'5 .. .. 8 7 119 4 70 9 15S 
'78 

.. .. 9 171 .. .. 10 192 12 196 
9'76 7'0 .. .. 1 12 132 5 6S 14 162 6 .. .. 14 175 .. .. 15 192 17 J88 

7'2 10'2 ., .. 3 9 125 4 62 11 160 4 '70 .. .. 11 172 .. .. 12 192 14 192 
7'2 0'2 .. " 2 12 132 5 63 14. 162 6 78 .. .. 14 175 .. .. 16 200 18 196 
7'2 9'5 .. .. 2 10 109 5 59 13 146 5 67 .. .. 12 152 .. .. 14 176 17 180 

7'76 12'8 .. " 3 5 125 2 58 0 158 '2 .. .. 6 171 
" 

.. 6 180 7 177 
7'76 11'5 .. .. 3 6 131 3 70 6 145 62 .. .. 0 158 .. .. 7 183 8 17U 
7'76 10'3 .. .. 3 6 119 3 65 8 161 3 71 .. .. 8 174 .. .. 9 198 10 192 
7'76 9'5 .. .. 2 8 132 4 ~g 9 158 4 78 .. .. \) 171 .. .. 10 192 12 196 
7'76 8'3 .. .. 2 9 125 4 11 160 4 70 .. .. 11 17S .. .. 12 192 14 192 
7'76 '7'4 .. .. 1 12 132 5 63 H 162 6 78 .. .. Hi 175 .. .. 16 200 17 1~8 

7'76 6'4 .. .. 1 16 131 8 71 19 164 8 78 .. .. 19 177 .. .. 21 198 24 196 

7'4 11'0 .. .. 3 6 119 3 65 8 161 3 '11 .. .. 8 174 .. .. 9 198 
7'4 7'2 .. .. 2 12 132 5 63 14 102 6 78 .. .. 14 175 .. .. 16 200 

6'675 12'3 .. .. 3 6 119 S 65 8 161 :I '71 .. .. 8 174 .. .. \) 198 
0'675 11'2 .. .. 3 8 132 4 '10 \) 158 4 78 .. .. \) ]'11 .. .. 10 192 
6'675 10'2 .. .. 3 9 130 4 64 11 164 4 '12 .. .. 11 177 .. .. 12 198 
6'675 8'0 .. .. 2 12 132 5 68 14 16~ 6 78 .. .. 14 175 .. .. 16 200 

6'OS7 10''75 3 9 125 4 02 11 160 4 70 11 172 12 192 14 192 .. .. .. .. .. .. 
6'08'7 9'2 2 12 132 5 63 14 162 6 78 14 175 .. .. 16 200 18 196 .. .. .. .. 
6'087 8'5 .. .. 2 12 125 6 68 I. 162 6 75 .. .. 15 175 .. 16 192 19 195 
6'087 8'0 .. .. 2 13 126 7 '72 16 162 7 78 .. .. 16 175 .. :: 1 18 198 21 199 
6'087 7'5 .. .. 2 16 131 8 '11 19 1640 S 78 .. .. 19 177 .. "1 21 

198 24 196 
6'087 6'5 .. .. 2 19 130 10 73 22 160 10 80 .. .. 22 173 .. .. 26 202 30 202 
6'087 5'~5 1 25 130 12 71 27 159 l:l 8" 27 171 .. .. ,32 201 36 190 .. , .. .- .. .. 

. O'OS7 5'2 .. .. 1 82 132 18 77 37 161 17 81 .. .. 37 174 .. 
"I~ 

202 50 202 I 0'087 5'0 .. .. 1 38 132 20 74 4~ 161 19 77 44 174 .. 51 201 60 202 
6'087 4'0 .. .. 1 48 133 124 '72 55 161 25 81 10 39 55 175 25 94. 64 202 - -

I - . 

Remarks, 

These cal'trklges are too 
lar~ ill diameter to be 
pac cd in a cOl'rugated 
brass case, 

{ A. oonical papier mfl.. 
oM gaugc is used in 
the Royal Laboratory, 

} Do, 

, 
i 
I 

~ 
oj>. ..... 



Nature, 

2i-111', • 

la-pI', -

12-pr, • 

9-pr, • 

O-pr, -

S-pr, -

H-pr, • 

13,inch mortar 

-{ 

Ohm'ge, 

:P~~~~l" 

Ib, oz, 
8 0 
6 0 
5 0 
4 0 
3 0 
2 8 

t(1 ~ ~ 
- 4 0 

3 0 
2 0 

{ 
4. 0 

- 3 0 
2 8 

2 8 
• 2. 0 

Din
lllcrer 

of 
Cart
ridge 
Dody, 

'rable XVII,-Table or Filled Cannon Cartridges,-Smooth-bore-comlinued, 

Dia
meter 

of 
Ring 

Gange, 

____ ,, ____ -Nnmberpacked and Weight ofP.dmgc, 

Lrngth I Nmn- \ Case. p;vdel'.-C-;;~J1cr-' ()ll~e. POWl!"!. IJ1'as,,:-___ --
of ber of nancl A~~\t- lined, Rccta,ngulm', 

Cartrid"noe, Hoops, Whole, 1lI I II Pellt~ ~ec- --,-- --;:-
}lox, 'Vholo, Hal f, Quarter, gon, tIOllal. Plam, C~~~d: 

-, 'I ~ l:t i l:t ~ \:t i 1 ~ j \ ~ \ ~ I:§' i 1 ~ i \:ft -~-I~ ~ .... a· ... ~· ... 9'~~'Q)~'''' ~.~~-~ S· ... 
~ ~ lP=il~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ \2< ~ ~ ~ :z. ~ ~ ~ 

In, In, Ill, In, lb, lb, lb, \1 b I Ib, lb, Ib, I lIb, 
5'0 5'52 10'5 .. .. 8 12 181 5 03 H IS2 6 78,.. .. H 175.. 10 200 
0'5 5'52 S'3 .. .. 2 16 131 8 n 19 164 8 'Is .. .. 19 1'17 .. .. 21 ]98 
0'5 fi'52 7'5 .. .. 2 19 130 10 7:l 22 180 10 SO .. .. 22 173.. 2(1 202 
/)'4 0'52 0'5 .. .. 220 136 12 11 27 15S 13 82 .. .. 27 171 32 201 
5'2 0'52 0'2 .. .. 1 32 132 18 77 37 161 17 81 .. .. 37 17·~ .. 43 202 
0'1 0'52 4'7 .. .. 1 38 132 20 '14 4~ 181 10 77 .. .. 4~ 174 .. .. 51 201 

0'0 5'024. 9'0 .. .. 8 10 181 8 71 19 184. 8 'i8.. 19 177 7 8il 21 1981251202 
5'0 5'021 '1'5 .. .. 2 20 125 10 08 2;; lOS 10 75 .. .. 25 170 10 88 28 199 3,1 205 
0'0 0'021 0'75 .. .. 2 25 136 12 71 27 158 13 82 .. 27 171 IS 91 32 201 32 10 00 
4'9 0'02' 5'75 .. .. 1 32 132 18 '17 37 161 17 81 .. 37 174 1'1 9~ 4.1 202 fig i202 
41'S 0'0241 4'8 .. .. 1 48 133 24 72 53 101 25' 81 10 S9 05 170 25 91 0,-" 202 75 :202 

4'S5 4'388 S'6 .. .. ~ 25 1~6 12 71 27 158 13 S2 5 89 27 171 12 91 82 201 
41'S 4'388 6'8 .. .. 2 32 132 18 77 37 161 17 81 '1 40 87 174 17 94 4.1 202 
4'8 4'388 0'0 .. .. 2 37 130 IS 00 44 161 20 81 8 89 H 1741 20 94 51 201 

8'9 4'02 8'2 .. .. 8 82 132 18 77 37 161 17 81 6 37 3'1 1'74 17 94 43 202 
8'9 4'02 0'7 .. .. 2 S8 132 18 69 44 161 20 81 8 30 4-" 174 20 94 51 201 
S'O 4'02 0'0 ,. ,. 1 4!l 133 24 72 55 161 25 81 10 89 55 175 25 94 O! 202 
3'S 4'02 4'9 ,. .. 1 58 Ill! Sil 09 7-J, 162 85 83 12 37 H 175 35 96 84 199 

o 3'4 8'496 '1'0 .. .. 3 43 133 2~ 72 55 161 25 81 10 39 55 175 25 9'~ 04 202 
8 S'S5 3'496 5'5 .. .. 2 58 ]2-1 30 69 74. 162 35 83 12 37 74 175 35 96 8,1 199 

{ 
3 0 

1 8 

-f i o S'85 8'496 4'4 .. .. 1 94 134 42 65 UO loa 50 81 20 39 no 175 00 941 :125 199 
4 2'5 S'496 2'5 .. .. 0 350 126 .. .. 400 154 200 83 70 37 400 168 200 96 '470 195 

12 2'75 2'778 4'6 .. .. 1 120 129 60 69 135 1541 00 ,73 25 88 
10 I 2'75 2'778 4'a .. .. 1 130 121 72 69 160 153 72 I' 70 30 38 .. 

6 2'1 .. 4'0 .. .. 1.. 125 71 .. .. .. .. 
(1 20 0,' 8'35 .. 12'75.. .. 8 4 115 2 6i1 5 150 I .. II .. 4 142 5 172 

-f g 
o 

--l 16 0 I S'2 .. 12'0 .. .. 8 5 115 S 70 6 145 .. .. 6 15S 7 IS3 I 9 0: 7'85 .. 7'3 .. .. 1 10 125 0 67 12 ]58 .. ).. 11 162 12 180 

10'nh _f 9 8,6'5 .. 9'7 .... 310131 4 60 12 10~ 5 78 11 167 12 186 
,1 c .. t 4 0 6'0 .. 0'5.. .. 1 25 136 12 71 27 158 13 82 .. 27 171 .. 82 201 

Remarks, 

8-inch .. _ 2 Q 4'9 .. 5'0 .. .. 1 48 133 24. 72 55 161 25 / 81 10 89 55 175 25 94. G4 202 
5t-inch .. _ 0 7 3 'I • , 3 'I , • .. 1 220 135 120 77 210 157 120 /' 8-! 50 40 Z-W 170 120 96 '280 197 

4!,inch .. _ 0 5 2'6 .. 2'\1,. .. 1 260 122 1160 76 300 _~~~~~~~ 150 _~J,_35_0--,--I_S_4..!.J_-,--, ________ _ 

~ 
~ 
l-:l 



I 
Ch' I Dia-

aI go. I JuctCI' 
- I of Nature, 

L,G. Cm't-
l'idge Powder, Body, 

lb.OZ,\ Ill. 

Cochorn - - 1 0 2'3 

10-inch howitzer f 7 0 7'15 
4 0 6'25 

{ 4 0 6'75 
8-inch 

" 3 0 0'2 
2 0 4'8 

5!-inch 
" -I 2 0 4'15 

4i-inch 0 8 2'2 

" t 0 4 2'2 

3::!~11l·. fl ~ 0 4'3 
" 0' 4'3 

fl \I 8 \ 4'75 24·pr, 
" 

{I ; 
8 4'2 

0 3'9 
1:!'P1', " 4 3'5 I 1 0 3'4 
68-1)1', carronade - 0 0 0'3 

I 42-P1'_ " - S S 0'7 I ~~-Pl', " - 2 11 5'1. 
2-1-1)1', " - 2 0 4'7 
18'11l', " - 1 8 4'1 

12-pr. " 
. 1 0 3'S 

6-pr. .. . o 10 3'1 

Bags {Rille, L. G. " .. 
1Mb' L,G. • '. .. 

• }"G, - .. " 

Table XVII.-Table of Filletl Cannon CUl'tl'idges.-Smooth-bol'e-c6ntinucd. 
~ 

I 
Number l)acked and Weight ofPack • .ge. I 

Length Num- Caso, Powder, Copper-
Case, Powder. Brass. 

Dia- of l)crof 
Barrel Ammu- lined, Rectangular, Cartridge, Hoops, nitioll Sec-mct.el' Whole, 

BOl:, 
Penta-

of gon, tional. Corru-
Rillg Whole. Half, Quarte1', Plain, gated, 

Gauge. -'-II T -, I· TTll-c-r TT a rdin..o1h .8~.8 i~~~~,g ~,g~ .8:§,~~ 
• 0 'ca ~ ~ 'S s,~s'" a'"~'M13,~a." a 'M a ," ;:;s I Ci) ;:$ <l) ~ Q) Cl,).-! Q) ~ <l) = Q) ::::s Co) 

,£; ~ P'i P z P ZPZP?;PZPZ~ZP z P z P 
In. In, In, lb, lb. lIb. lb. Ib, lb. lb, Ib, lb, 

2',1 10'5 .. .. 3 .. .. 42 67 Ion 153 .. .. .. .. .. .. .. .. .. .. 
1 

9'4 0'3 .. .. 1 13 126 7 72 ]11 1102 7 78 .. 16 175 .. .. 18 198 
9'4 5'3 .. .. 1 25 136 12 71 27 : 158 13 82 .. .. 27 171 .. .. 32 201 
7'2 0'0 .. .. I 25 JSO ]2 71 27 : 158 13 82 .. .. 27 171 .. .. 32 201 
7'2 5'1 .. .. 1 82 132 18 77 37 i 1m 17 81 37 174 43 202 
7'2 4'0 .. .. 1 ·18 133 24 72 55 i 161 25 81 10 89 55 176 25 94 6'! 202 
5'1 5'2 .. .. 1 48 133 2·~ 72 5;; : 161 25 81 10 89 65 175 25 94 64. 202 
4'2 4'0 .. .. 1 200 136 110 78 230 . 167 110 86 40 89 .. .. .. .. .. .. 
4'2 3'5 .. .. 1 350 120 180 70 ·100 15~ 200 83 70 37 .. .. .. .. .. ., . 

4'388 0'8 ! " .. 2 i 32 132 18 77 37 101 17 81 7 40 37 174 17 01- 48 202 
4'3B8 

5'41 .. .. 1 48 133 2·-' 72 fiG i 161 25 81 10 39 u5 175 25 94 04 202 

5'1 5'6 1 37 130 ]8 G9 44 i 161 20 81 8 39 ,a 174 20 94 51 201 60 202 .. .. 
0'1 4'6 .. .. 1 58 12,1 30 09 7-11 162 35 83 12 37 7-1 175 35 96 M 199 96 19'7 

4'2 6'6 .. .. 2 48 183 24 72 55 101 25 . 81 10 39 55 170 25 94 04 202 
4'2 5'3 " .. 1 77 134 38 71 88 101 40 81 16 39 88 175 40 94 102 201 
4'2 4'5 .. .. 1 94 13,.1 42 G5 110 102 50 81 20 39 110 175 50 94 125 199 

" 6'3 ,. .. 1 19 130 10 I 73 22 100 10 80 " " 22 173 .. .. 26 202 .. 0'3 .. .. 1 27 131 13 i G9 32 103 14 79 .. .. 32 176 .. .. SO 199 .. 5'2 .. .. 1188 126 18 72 42 164 18 79 .. .. 42 177 .. ." 45 195 ,. 4'0 .. .. I! 48 133 2,1 72 55 101 25 81 10 89 55 175 25 94 61- 202 .. 4',.\ .. .. 1 ! 58 12,.\ SO 69 74 1102 35 83 12 87 74 171i 35 96 84 199 .. 3'4 .. .. 1 9,1 134 42 65 110 i 102 50 81 20 S9 110 175 50 94 125 199 .. S'4 .. .. 1 130 121 72 69 100 153 72 76 30 38 160 166 70 88 190 195 

" " .. .. .. 8 155 4 83 8 170 '" 90 .. " 8 183 .. .. 9 208 .. " .. .. .. 8 165 
'" 

83 8 170 '" 90 .. .. 8 183 .. .. 9 208 .. .. .. .. " 7 140 4 83 8 170 4 00 .. .. 8 183 .. .. 9 208 
-

Remarks. 

1 

{ . A coni~Rl PRPiCl'"n'-1 
ch6 gau~o is used ill 
the Royal Laboratory, 

} Do, 

{ A conicnlpapicl' 1111\-
cbe gaugo is used in 
the Royal Lnboratory • 

}no. 

e.~ ..,. 
CI.) 
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IO.-Stone Colour for Brass Pentagon and 
Rectangular Powder Cases:-

lb. oz. 
- 28 0 Lead, white 

£opperas 
umber -
Varnish, copal -
Gold size 
Turpentine 

- 0 12 
- 0 8 
- 3 qts. 
- 2 " 
- 2 " 

H.-Black for Bodies of Paper, Quill, and 
Copper :Friction, Cross-headed and 
Electric Tubes:-

Black, vegetable 
Litharge 
Varnish, copal -
Turpeutine, spirits 
Gold size 

lb. oz. 
- I 0 
- 0 8 
- 3 <J.ts. 

2 " 
1 " 

12.-Red for head of Cross-headed Tubes:

Vermilion 
Shellac -
Spirits, methylated 

13.-Thick Brown Varnish:-

Shellac, gum -
Spirits, methylated 

I4.-ThinBrown Varnish:-

Shellac, gum -
Spirits, methylated 

I5.-Shellac Putty:

Whiting 
Shellac, gum -
Spirits, methylated 

16.-Paste:-

Flonr -
Alum, ponnded 
Water 

lb. oz. 
- 2 0 

6 8 
1 gall. 

lb. oz. 
• 16 0 
- 2 galls. 

lb. oz. 
- 8 0 
- 2 galls. 

lb. oz. 
- 6 0 
- 2 0 

1 quart 

lb. oz. 
- 2 0 
- 0 I 

I gall. 

17.-Flesh Colour for Co=on Portfires:

Lead, white, ground 
Lead, red, dry -
Shellac, gum -
Spirits, methylated 

lb. oz. 
- 10 0 
- 0 4 

10 0 
3 galls. 

18.-French White for Coast-guard Portfires:

Lead, white, ground • 
Lead, sugar of 
Blue, Prussian 
Turpentine, spirits 
Oil, linseed, raw 

lb. oz. 
• 10 0 
- 0 10 
- 0 2 

It pints 
• 2 qts. 

I9.-Black for Plates of Life-buoy Portfires:_ 

Black, lamp -
Litharge 
Oil, liuseed, boiled 
Turpentine, spirits 

lb. 0 •• 
1 0 
o 2 
1 quart 
I pint 

20.-Drab for Long and Signal Lights :_ 

Lead, white, grouud -
Shellac, gum -
Spirits, methylated 

lb. oz. 
- 10 0 
- 10 0 
- 3 galls. 

21.-111ack for Life-buoy Portfires, and Body of 
'Wood Fuzes:-

Black, lamp -
Shellac, gum -
Spirits, methylated 

lb. oz. 
- 2 0 
- 10 0 
- 3 galls. 

22.-Drab-white for Body of w-ood Fuzes:

Lead, white, ground -
Shellac, gum -
Spirits, methylated 

lb. oz. 
• 10 0 
• 10 0 
- 3 galls. 

23.-Yellow for Side-holes of vVoocl Fuzes:

Lead, white, grouni!. -
Lead, sugar of 
Yellow, chrome 
Varnish, copal 
Turpen tine, spirits 

lb. oz . 
- 3 0 
• 0 3 
• 0 I 
• 1 quart 

~ pint 

24.-Black for Side-holes of 'Vood Fuzes:

Black, lamp • 
Litharge -
Varnish, copal 
Turpen tine, spirits 

lb. oz. 
- 3 0 
- 0 4 
- 1 quart 
· t pint 

25.--Red for Figuring the Side-holes of Wood 
];'uzes:-

Vermilion 
Oil, linseed, raw 
Turpentine, spirits 

lb. oz. 
- 3 0 
- 1 quart 
· t pint 

26.-ThiGk Black Paint for Ring round Cap of 
Wood Fuzes:-

Shellac, gum -
Black, lamp • 
Spirits, methylated 

:l7.-Blue for Parachute Fuzes:-

Ultra·marine • 
Lead, white, ground 
Shellac, gum -
Spirits, methylated 

lb. oz. 
- I 0 
· t 0 
· It pints 

lb. oz. 
o 4 
3 0 
1 0 

· t gall. 
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28.-·Anti-corrosive for fuze caps, &c.:- 30.-Lncquer for Brass Fuzes and other Brass 
Work:-

White lead - 8 oz. lb. oz. 
Copal varnish 1 gill Seedlac 5 0 
Turpentine - 1 

" Turmeric 2 8 
Sugar oflead - - 1 oz. S!Jirits, methy latecl 5 galls. 

29.-Varnish for the Gut and Silk over Deto
nating Ball of Pettman Fuzes:-

3l.-Lacquer for inside of 100 and 150-pr. S.B. 
and of Hille Shells:-

Hosin 
lb. oz. 

- 12 0 

Shellac, gum -
Spirits, methylated 

lb. oz. 
o 81 

- 1 quart 

Brown, Spanish 
l'laster of Paris 
Turpentine 

- 2 0 
1 0 

- t pint 

TABLE XXI.-LrsT OF PAPER USED IN THE ROYAL LABORATORY, WOOLWICH, 

FOR MANOFACT~RING PURPOSES, AS SPECIFIED.! 

Description. 

Brown, 29 x 22t, 100 lb. -

Brown,24 x 19,45 lb. 

Cannon cartridge, 9-pr. 

White demy, 18 x 22:+, 21 lb. 

Blue,23 x 36 
White,20 x 32 

Use. 

r {l' rtf; {Common. 

~ Cases, 0 1'13, Life-buoy. 
Lights, long and signaL 

- Cylinders and sockets for Armstrong cartridge~. 
I Lining for Boxer na val fuze and pellet for Boxer ammuni
L tion for Snider rifles. 
rLining of cartridge barrels, boxes, and general packing.-
I See Wrapping. 
~ Linings for iloxer wood fuzes for rifled ordnance and Manby 
\ shot. 
LTIoxer ammunition for Snid('l' rifles. (Pattern V.) 

{ 
Covel's for cannon cartridges. 

- Cylinders for Armstrong cartridges. 
Smoke balls. 

{ Labels for S.A. cartridges, &c. 
- Belts, Whitworth cartridges. 

Labels for practice, S.A. ammunition. 
Slips for linings for naval metal fuzes. r Green, 24% x 

I { Cartridges and wrappers for Brunswick rifle. 
19~, 12-13 b. - Bands, Whitworth, 1864, rifle. 

I Purple, 24 x 

Blne -

19,r, 12-13 lb. - l Terry blank. {
Bands for J Long and signal lights. 

I Red,24% x 19t, 12-13 lb. 

l3lank cartridges and wrappers. 
Gnm bands, Deane and Colt, skin cartridge covers. 
Cartridges, rifle musket /51. 

r r Artillery, 1'2get, C.B., M.B., and Victoria 

ci 

~~ 

I White, 24i 

I I carbines. 
CartridO'es /53 service, /53 proof, Lancaster D.B. 

an(l'" J Terry, Whitworth, W. Richards muskets. 

I slips for \l~~~:~~~nd ordnancrt muskets. 

I 
I 
LYellow, 24i 

x 19~, 12-13 lb. _ ~ C~ml1lon an~ rill~ pistol and Boxer ammuni-I tlOn for Smder l'lfies. (Patts. I., n., III., IV.) 
Bands and circles for signal rockets. 

Do. for C G. portfires. 
I Capping life-bnoy portfil'es. 

I Covering side-hole and bottom of wood fuzes; and ends. of 
copper tubes. 

L Capping hand-grenade fuzes. 
x 19t, 12-13 lb. - Cartridges and slips for /42 rifle musket, and W. Richal'ds 

carbine. 
Portfire,24 x 18,about60Ib. per ream Caps and collars for C.G. portfires. 

fcases for ~ C:G. pormes. 
l SIgnal rockets. 

Rocket, 28~ x 23 ,168lb. per ream - Cones, cylinders, and circles for signal rockets •. 

lLiDings for Congreve rockets and bags, canvas fuze. 
Circles for Terry cartridge, and tin caps for wood fuzes. 

1 This table is not meant to include all the uses to which the different papcrs are put, but merely the 
llrincipal uses. 
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Tissue 

Waterproof -
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Use. 

{ Covering end of tube of long and signal lights. 
- ·Discs, E-time and other fuzes. 

{

Bags for ball . cartridges, diaphragm aud rocket bursters 
cannon cartridges. ' 

.Armstrong time and Dyer percussion fuzes. 
Circles for covering composition, lights parachute. 
Fuzes for firing Hale and life-saving rocket. 

r .Artillery, C.B., M.B., Paget, and Victoria car-

I bines. 
Bnck shot. 
/53 rifle. 

fBrown, 24 x 19,45 lb. 
. {Wrappers J Common and ordnance musket. 
- for 1 Colt, Deane, co=on, rifle, and C.B. pistols. 

I 
-EJ Rol," , 19'5, 45 lh 

~ l Whire." , 19, 45 lb. 

lYellOw,24 x 19,45 lb. 

lweStl.eYRiChards musket, and S.S. pistol 1 dJ:am. 
Boxer ammunition for Snider rifles. 
Armstrong bursters. 
E-time and Dyer fuzes. 

Powder cylinder and wrapper for /51 pattern rifle. 
rCovers for W. Richards carbine. 

I Powder cylinder for artillery and Paget carbines. 
Covers and wrappers for Terry carbine, W. Richards, and 

Whitworth musket. 

1 Powder cylinder for /53, Lancaster, Whitworth, and /53 
proof rifles. 

Powder cylinder for rifle pistol. lcases for miner's portfue. 
Coverings for cones and cylinders for signal rockets. 
Covers for Deane and Colt cartridges. 
Wrappers for 2nd prcofri:fl.es. 

{ Powder cylinder and wrappers for '42 rifle. 
- Wrappers for Westley Richards carbine. 

TABLE XXII.-DIMENSIONS OF COPPER Hoops AND RIVETS FOR POWDER 
BARRELS. 

Hoops. RIVETS. 

Len~hin Width in Thickness in Weight 
Inc es. Inches. Inches. of Hoops. 

·Description. 

~ean. \ Limits. Mean.j Limits. lIfean.! 

--- Limits. 

Limits. Mean, /Length. Dia, 
meter, 

----'---

+'1251 
lbs. oz. oz, 

• ( {Bilge. 56'125 -'125 I l'2ii5 +'015 '0925 +'0075 2 2~ +~ ) 

~ I Whole· 
-'015 -'0075 -~ ) 52'6 +'1 1'265 +'015 + '0015 +~ 5 '25 .., Chime -'1 -'015 '0925 -'0015 2 ot -t 

~ {Bilge. 43'5 +'05 1'65 +'10 '08 +'01 1 6 +1 } -'05 -'10 -'01 -1 ;lIHalf. 
41'5 +'05 +'10 +'01 +~ 

'45 '26 
:0: Ohime -'05 1"65 - 10 '08 -'01 1 S 

-~ 11 t ilge • 
37'5 +'05 l' + 10 '08 +'01 o 1st +~ 

} iil Quarter -'05 -'10 -'01 -; 
35'5 +'05 +'10 +'01 +t '45 '2 

S l Ohhne -'05 l' -'10 "08 -'01 015 
-~ 11 Bilge- 28'0 +'05 '91 +'10 '08 +'01 o 10! H } g. Ei htll: { -'05 -'10 -'01 -i 

I=l g Ohime 26"5 +'05 +"10 +'01 +* 
'45 '2 

-'05 '91 -"10 '08 -'01 o 10 -; 
Repairs {For Whole - - - - - - - - "65 '29 

" Half" - - - - - I - - - "55 '26 

.-
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A :P PEN D I X. 

ApPENDIX A. 

On the V ALlDITY of GENERAL SHRAPNEL'S CLAn! to the INVENTION of 
SHELLS in which the true principle of shrapnel fire was first enun
ciated and applied. 1 

In spite of the overwhelming mass of evidence which might be produced to 
show that the large majority of authors and others have unhesitatingly accorded 
to General Shrapnel the credit of the invention,2 two distinct claims have 
been put forward on behalf of other nations. The first is a claim which has 
been prefel'l'ed by General Bormann of the Belgian army, on behalf of the 
Germans of the 16th century; the second is a claim prefel'l'ed by the celebrated 
Piobert on behalf of the French artillerists of the the 17th century. The 
validity of these claims I shall proceed to investigate in succession. 

(1.) The Germans' claim to the Invention. 
General Bormann's work on The Shrapnel Shell in England and Belgium com

mences with the following passage :-" The English were the first nation who, 
" in modern times, employed the pl'ojectiles known in England more under 
" the name of ' sphericnJ case shot,' than under that of shrapnel; hence gene
" rally, though erroneously, as we shall see hereafter, its invention is believed 
« to be of English origin."-Slwapnel Shell in England and Belgium, p. 1. 

1 This paper originally appeared in the Proceedings, Royal Artillery Institution, 
-vol. iii., p. 398. 

2 It may be interesting to quote some of the testimonies, which I have culled from 
.difi'erer,t works, in General Shrapnel's favour. I have selected those which are concise 
and best adapted for quotation, and which appear to me to be the most weighty; to these 
a large number of other quotations of a similar nature might be added, but those I have 
given will suffice for my purpose :-

"This invention has univelsally been accorded to General Shrapnel, of the British 
Artillery."-Ordnance Select Committee Report on Shrapnel Sllells, p. 5. 

" Shrapnel shells ...... take their name from that of the inventor, the late General 
Shrapnel, of the Royal Artillery."-Obser·votions on Shrapnel Shells, p. 9. 

"Shells originally introduced by General Shrapnel."-Owen and Dames' Lectures on 
Artillery, p. 69. 

"Although General Shrapnel's invention of' spherical case shot dates from the be
ginning of the present century," &c.-Report of American Ordnance Commission to Europe, 
p.716. 

"Shrapnel's shells, or spherical case.-The author of the B,itisl, Gunner has very 
justly observed that the latter term is given to the prejudice of the ingenious inveutor 
Major General Shrapnel."-Aide lI:femoire to the MiN/my Sciences. (See Tlte Britishe 
Gunner. Introductory Remarks.) 

General Foy in his Histoire de la Guerre de la Peninsule, vol. i., p. 298, speaks of 
"Shrapnel spherical case shot from the inventor's name, Col. Shrapnel.-Observations on 
Shrapnel Sheels, p. 71. 

Paixhans in his Constitution lIDlitllire de la France, p. 248, speaks of them as havinO' 
been" proposed by Shrapnel, an English Artillerist."-Ibid., p. 70. -'" 

" Colonel Shrapnel, of the Royal Artillery, has an exclusive merit of having added this 
formidable weapon to those already in usc," &c.-Jamcs' Militm'y Dictiunary, p. 813. 

" The military weapon, which, as I havp. said, my father had for some time patronized, 
and endeavoured to introduce, was a kind of shell, invented by an ingenious officer of 
Artillery, Lt.-Col. Shrapnel, and now familiarly known by the name of Spherical case 
shot. "-Mtmoirs of Sir John Sinclair, by his son, the Re-v. John Sinclair, M.A., vol. ii., 
p.243. 

"To that able and distinguished officer (M,\jor-General Shrapnel) is due the credit of 
the invention which has made his name so justly cclebrated."-~iVaval Gunnery, p. 425. 

See also opinions of Decker and Meyer quoted further on. 
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The ground upon \vhich General Bormann disputes General ~hl'apnel's claim 
to the im-ention is, that the shrapnel shell was merely, as he belie'l'es, the appli
cation of a principle perfectly well known to the German artillerists of the 16th 
century, an d applied by them in the form of a projectile termed, hagelkugel 
(hail. shot). This is what General Bormann says upon the subject :-" The 
" shrapnel shell is a G~rm.an invention of the 16th ~en"tury, as has. l~tely.been 
"discovered. For thIS dIscovery the Germans are mdebtecl to a dlstmgUlshed 
" officer of the Royal Prussian Artillery, Captain Toll, who in his historical 
" researches found in the library of the Heidelberg university, a MS. of the 
" year 1573, which incontestably proves that the German artillerists of that 
" epoch knew perfectly well t~e principle upoJ?- w~i~h the present shrapnel fire 
" is founded, and that notwlthstandmg theIr limIted means, they had even 
" succeeded in the application of this projectile, which was then called hayd 
" kiigel (hail shot)."-Ibid. pp. 59, 60. ' 

Artillerymen, howeyer, will probably not think the proof as " incontestable," 
as General Bormann appears to consider it, when they read the description 
which he gives of the projectile in question. "This hagel kiigel consisted of a 
" leaden shell, or rather boa::, oj cylindrical j01-m; its fuze was the old common 
" fuze placed in the axis of the shell and at one end of the cylinder; the burst
" ing powder surrounded and covered the fuze in the interior of the shell; the 
" rest of the empty space of the shell was filled up with 'hail,' pieces of iron, 
" bullets, or even pebbles; and lastly, the shell was suitably closed at the 
" other end. This projectile was introduced into the gun so that its fuze 
" was turned towal'ds the charge of the piece; the fire with it seems to have 
" been successful to such a degree that- it was employed in action."-Ibid. 
p.6l. 

lt is perfectly evident from this description that the hageZ kiigel was merely 
a clumsy description of case, only adapted for short ranges; for it would of 
course be impossible to project a cylindrical leaden box to any considerable 
distance from a smooth-bore gun.l 

It is possible, therefore, that the hagel kugel may have had something to do 
'with the introduction of case, but that it gave any hint as to how case might 
be made efl'ecti ve at long ranges cannot be concedpd; and it has already been 
explained that it is only at long ranges that shTapnd is superior to case; hel'ein 
alone the great advantage claimed f01' it lies-that it ena7;les a fire simila?' to that 
o.f grape or case to be delivered at distances beyond the ranges of those pro
jectiles. 

It is difficult, therefore;to see how the principle of the Shrapnel shell, much 
less the application of the principle, can be fairly said to have been derived from 
the hagel kugel, when the characteristic feature of the former-the great advan
tage upon which its claims to notice were founded, viz., that it enabled case 
effects to be produced at long ranges, was necessarily, from its form and con
struction, absent in the la.tter. 

(2.) The French claim to the Invention. 

Piobert says :-" Les projectiles creux ont eM employes, notamment a Lille 
en 1672 a lancer des balles de p10mb en grande nombre et a grandee 

"distances. Pour cela on introduit dans leur interiellr une certaine quantite 
" de balles independamment de la charge qui doit produire l'eclatement, et 1'on 
" place dans l'reil une fusee d'u,ne longuer telle que Ie feu ne se communique 
" a la charge gu'un peu avant l'arrivee au but."-TTaite d'ArtiZleTie, The01'ique 
et Pratique, p. 253. 

Pio bert does not, it is true, say in so many words that the true principles 
of shrapnel fire were understood by those who proposed and employed these 

1 It might appear at first sight to the modern artilleryman that the fact of the fuze and 
bursting charge of the projectile being" turned towards the ehar".e of the piece" affords 
an.additional reason for supposing that the projectile was intended to burst s~on after 
qmtting the gun. I have not overlooked this consideration, but I do not think it prorres 
anything; for there is no doubt that in those times the fuzes of shells were frequently 
turned towards the charge, and clearly, shells could not have been intended to burst 
invariably: on quitting the muzzle. The explanation of this arrano-ement is probably to 
be found III the fact that the artillerymen of those days did not kno~ that the flash of the 
discharge would igrdte the fuze if' placed away from it.-See Le Passe et I' Avenir de 
l' Artillerie, vol. iii., p. 342, ante, et seq. 
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projectiles in the 17th century, but he implies it. He lmplies it by the bare 
fact of introducing a description of this projectile in connexion with his account 
of shrapnel shells; and he implies it more pointedly by the very precise descrip
tion which he gives of the action of these shens and of their bullets; 1 this 
description being surely intended to convey two things to the mind of the 
reader,-the first. that the action of the projectiles was the same as that of the 
modern shrapnel shell (and we now know that fired and exploded under the same 
conditions it. must necessarily in its main effects have been the same),-the 
second, and the more important, that the inventors of the shell and the artillery
men who used them thoroughly understood their action, and. the principle 
upon which that action depended ;-in short, that theoretically and practically, 
spherical ease shot were understood more than a century before General 
Shrapnel proposed them; and that the credit of the invention belongs not to 
that officer, but to the artillerists ofthe time of Louis XIV. 

Piobert's statement has been adopted by some other authors. Thirom: 
says, "Des Sehrapnells ou obus a balles: Ces projectiles, essayes en France, 
" des Ie temps de Louis XIV., au siege de Lille."-Instruction d'AI·tillerie, 
p. 299; and Captain Brenton in his course for the American cadets, ill the 
same way, dates the first employment of these projectiles as far back as the 
time of Louis XIV.: "Projectiles similar to spherical case shot were used in 
" France as early as the time of Louis XIV." -American Artillery Course, 
p.77. 

Now with regard to Piohert's statement (upon which apparently the other 
two that I have quoted are built), I would first observe that I hal'e been 
unable to trace the authority upon which it rests. Ordinarily Piobert is very 
particular in supporting his statement by references to the authors from whom 
his authority is borrowed; in this instance he fails to do so. In the absence 
of any such references I have searched a number of other works upon the 
history of artillery, particularly the admirable Le Passe et l'Avenir de 
ArtilZerie, perhaps the most correct and authoritative work upon the subject 
which has ever been published; neither this work, nor, with one exception, 
any of the others which I have consulted, make any mention I)f Buch a projectib 
as Piobert describes. 

The one exception is Decker, who in a note says "Dans 1'0uYrage de 
" Geissler (Curiose und Volkommene artillerie) de 17113, on lit, page 90, qua 
" Geissler a tire ces bombes, Ie 20 Novembre 1642, a la citadellc de Lille, en 
" presence de Louvois et du Grand-Maitre de Ludeo"-Experiences sur les 
Shrapnels, p. 1:~. It is prol)ahly, then, upon Geissler's authority that Piobert's 
statement is founded; hut that this authority rests upon no very solid or well
estahlished basis may be concluded from the remark made by Decker a little 
further on: "It n'y a; q1Ge 2' experience de Geissler . . . . : mais q·lti en gm'antic' 
l' aut henticitt! ? "2 

But supposing it could be incontestably established that "des bomlJea 
" rem plies de balles de plomb" wm'e fired at the siege of Lillc, does tl1is fact 
of itself deprive Gemral Shrapnel of the credit of the invention? In my 
opinion certainly not. To my mind the absence of any mention of these pro
jectiles in the numerous works treating of the histol'Y of artillery (with the ex
ceptions I l1ave mentioned) is convincing proof that although projectiles 
resembling Shrapnel shells may have been used in the 17th century they were 
not intended to serve the same end as General Shrapnel's shell and were eon
structed on a diif'erent ploinciple. 

I believe that the bullets were placed inside to act merely us so many addi
tional splinters, the effect of which, according to the idea of the inventor, would 
depend upon the same causes as the ordinary splinters of ordillBry shells, viz .. 
upon the bursting charge of the shell, and in no way upon the communicateLl 
motion of the projectile, and the velocity with which it might be travelling at 
the moment of rupture; while, doubtless, in addition, their weight was thought 
advantageous as increasing the density of the projectile. 

My reason for holding this opinion are as follows :-

1 I have not thought it necessary to quote this description; it is exactly the description 
which the moderll artilleryman would give of the action and principle of the shrapnel 
shell. 

2 Expl1riences sur les SlLrapnels, p. 14. 
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1st. The :first appreciation and application of so important a principle in 
gunnery as that involved in the proper action of the shrapnel shells, would 
surely not have been passed over without remark by the authors of the military 
histories of those times. 

2ndly. If the principle had been known to the artillerists of this epoch, it 
seems strange that no further efforts should have been made to apply it more 
successfully than in these first rude attempts, and that a century and a quarter 
should have elapsed before the subject was again practically, or, for aught we 
know, theoretically, taken up. 

3rdly. All difficulty in accounting for the disappearance of p~ojectiles of 
the nature described by Piobert, and for the absence of any mentlOn of them 
in the works to which I have alluded, vanishes if we adopt the explanation 
suggested above, that the bullets were placed inside to increase the weight 
of the projectile and to act as so many additional splinters, for a very slight 
experience, the experience which one siege may have afforded, must have 
served to show that shells of this construction, and intended to act on this 
principle, were of little real service. And the complete failure which must have 
speedily followed any attempt to introduce shells consh'uoted on these erroneous 
principles would sufficiently account for the absence of any general mention of 
them, and of any attempt to improve upon them-facts which I know not how 
to account for in any other way. 

4thly. There is no doubt that shells have been thus constructed,-con
structed, that is to say, with a number of bullets added to them with the object 
of increasing the number of splinters, for the following passage occurs in an old 
work written sometime in the 17th century, by Caismir Simienowicz, a Polish 
officer, and called The Great Art of Artillery: 1 "This grenado is most fre
" quently armed with leaden bullets; that is the outside of it is covered with 
" them, that it may do the greater execution. In order to this, you must first 
" coat the grenado with melted wax, which must have a certain quantity of 
" colsphone 2 mixed with it; into which you may sink as many musquet balls 
" as you please whilst it is cooling; then wrap the whole up in a cloth and 
" bind it well round with packthread."-Tke Great Art of Artillery, p. 212. 

This passage removes all doubt as to the fact that shells have been con
structed upon the erroneous principle which I have explained, for, in the first 
place, the" grenados" in question were hand grenades, and as these could not 
have been thrown with sufficient velocity to communicate an effective forward 
velocity to the bullets after rupture, clearly the bullets must have derived their 
effect from another agency, and that agency must have been the bursting charge 
of the shell; and, in the second phwe, the fact of the bullets being placed out
side the shell seems to point towards the same conclusion, for by placing them 
outside the whole of the interior of the shell became available for the reception 
of the bursting charge, and as, according to my view, the effect of the bullets 
depended upon the bursting charge, by this arrangement that effect would be 
proportionally increased. 

5thly. That the leading principle of shrapnel fire-the theory of the projec
tile, it: I may so designate it-had not made a very permanent impression on 
the mmds of the French artillerists of the 17th century. if it had ever been 
known to them, must be concluded from the fact that it was unknown to French 
officers of the highest rank and experience in the 18th and the beginning of 
the 19th centuries! That this was the case is placed beyond all doubt by a 
note appended to Decker's Traite EUmentaire d' Artillerie, by the French trans
lators, Colonel J. Ravichio de Peretsdorf and Capt. A. P. F. Nancy: "Cea 
" projectiles ne peuvent pas eire, it beaucoup pres, aussi terribles qu'on les 
"represente. Lea balles n'etant point serrees sur la petite quantite de poudro 
:: r~nfermee dans.l'obus, celle-ci ne peut l(!'l!r communiquer, par suite de l'explo-

swn, une quanttte de mouvement capable de les porter assez loin et avec assez 
" de force pour les rendre vraiment meurtrieres. Des experiences faites a Vin
" cennes sont venues it l'appui de ce raisonnement, et ont demontre que les 
" schrapenschels etaient reellement de fort peu d'effet. Pour les rendre plus 

1 This work is, 1 believe, very rare. I am indebted to Colonel Lefroy for the loan of 
a copy. of the English translation (the origina[ work was in Latin), published in 1729. 
There IS a copy of the work in the Royal Artillery Library at Woolwich. 

2 Powdered rosin. 
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" meurtriers, un officier FL'anc;ais a propose de les composer de deux enveloppes 
C( concentriques en fer COllIe, entre les queUes seraient placees les balles, et dont 
" celle de l'interieux contiiendrait la poudre. II n'est pas douteux que de cette 
" maniere la force de l'exlilosion ne communiquat aux balles une quantite de 
, mouvement beaucQup [llus considerable, et ne les rendit par consequent 

C( beaucoup plus meul.'trie,res; mais aussi la fabrication en deviendl'ait certaine
, ment beaucoup plus diifficile et plus couteuse." I think I am justified in 

concluding from this pa~s.~ge that the theory of the projectiles" was unknown 
" to French officers of tl:De highest mnk in the 18th and the beginning of the 
" 19th centuxies," when it iii remembered that Colonel Peretsdorf was a 
C( chevalier des ordres rOfitux a Saint-Louis et de la Legion d'l-lonneur, archi
" viste des bureaux de l'utillerie et du genie au ministere de la guerre, &c.," 
and who has served, hIS lIells us, " en Piemont, puis en Autriche, et en:fin en 
" France, et ayant, dans "a longue carriere militaire, occupe tous les grades 
" depuis celui d 'e1eye d'lllrtillerie, et rempli presque tous les emplois, soit en 
" paix, soit en guerre, so it dans Ie personnel, soit dans Ie materiel;" while 
Captain Nancy was" anDien €leve de l'ecole poly technique, de la societe des 
" lettres, sciences, et arts, de Metz." &c. 

This passage also condUISiyely proves that the idea of those officers respect
ing these projectiles WMii e:x:actly the idea which I have attributed to the French 
artillerists of the 17th cl3n1ury, viz., that the bullets were intended to act as so 
many splinters, to which force and movement would be communicated by the" 
bursting charge, and witkolLi riference to the velocity oj the shell. This seems 
to me to be very strong pl'esumptive evidence in support of the theory which I 
have adyanced. 

From these conside:ratio IlS I have concluded that the principle of the shrapnel 
shell had not been percei Ired, and still less appreciated, as Piobert would have 
us suppose, by the artiUetists of the 17th century. Those to whom my reason
ing upon this subject doe" not carry conviction I would refer to the following 
ext,ract from Decker respe¢ting the history of these projectiles, and I must con
gratulate myself in being able to quote so distinguished an author in support 
of my views. " Quant a 1)13 qui concerne les shrapnels, on rencontre bien dans 
" l'ancienne artillel'ie queLCJ.ue chose de semblable mais jonde sur un tout autre 
" principe; ce qu'il ne f~ut pas confondre. 

" On s'est servi de cybndres remplis de charges explosives et de petites 
" balles' non pae probabJ.ement, d'apres Ie principe des shrapnels, mais comme 
" 'une sorte de petards, ioutefois, nous connaissons aussi peu l'usage special 
" , de ces projectiles qulS 18 matiere des petites balles.' 

" On dit qu'au sieg-e d~ Rhodes, en 1522, les Turcs, se sont servis de bombes 
" remplies de grenad'ls ; c'est la l'exemple Ie plus ancien d'un projectile, qui a 
" une affinit6 eloignee a.ve·~ les shrapnels modernes. 

" Deja Ie celebre FurteJlbach propose, en 1629, de placer sur les fusees un 
" petard ou Ulle grenade. oet de les remplir avec des baJles de fer ou de plomb 
" pour leur donner l'efPet od.estructif d'.un tir it mitraille. 

"Dans 1'annee 1697, Joe Colonel Geisler a tire a TeUe, devant Ie ministre 
" Louvois, des bombes xemplies de balles de plomb; et, dix ans plus tard, il 

'" s'est servi de bombe~ l'emplies avec des grenades it main. 
" En 1774, on rencont(1l dans l'al,tillerie Prusienne, parmi les projectiles it 

" obus, des boulets e:cplomfs, qui contenaient de petites grenades; on dit que 
" ces grenades, apres l'expolosion du boulet, etaient lancees it 80 pas et faisaient 
" explosion a leur tour. 

" 11 est yraisemblable 'l1!Le ces projectiles etaient les memes que ceux qU'an 
., a depuis nommes petduaux. En l'annee 1806, un grand nombre de ces 
" projectiles tomba (la-us 1188 mains des Fran<;ais a Magdebourg, et en 1813, 
" lorsque les munitions devinrent rares, ils nous ont canonnes avec, probable
" ment sans en connaitre l.a construction; j'y etais, et j'ai souvent eM interroge 
" par les camarades SU\' (Je fait singulier. 

" Si on voulait se donne)' beaucoup de peine pour faire des recherches ulte
" rieures, on rencontr~rait probablement plusieurs faits qui rentreraient dans 
" Ie domaine des sbrapn~ls; mais quelques experiences que l'on eilt faites dans 
" les temps passes avec dlfs projectiles simulant des shmpnels, elles sont in
" differentes pour notlC6 blllt; il n'y a que l' experience de Geisler qui puisse faire 
" exception; mais qui en garantit l'authenticite? Tous les ,projectiles creux 
" a'Vaient cela de commun lJ'ue leur eifet devait dependre de la charge explosive, 
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.. et le Colonel Shrapnel fut le premier qui s' attacha a la vitesse initiale du 
" projectile, et la prit pour base des obzts it balles. Cette seule ciTconstance 
" sujJit pOUT lui assurer la prioriti de l'invention, et le mettre it l' abri de toute 
" contestation. 

" • Tous les projectiles remplis de balles de plomb et de poudre, jusqu'au 
" • temps de Shrapnels,' dit Ie Capitaine Meyer, • ressemblaient aux shrapnels 
H • seulement dans leur composition generale, mais non dans leur compo
" • sition speciale, et moins enC01'e dans leur but; car tous les projectiles creux 
" • des temps anciens ne deva1ent avoil' de l'effet qu'ap1'es avoir touche le sol, 
" • tandis que ce qu'il y a de caracteristique dans les shrapnels consiste dans 
" • l' explosion da projectile en avant de l' ennemi. Les anciens projectiles pro
« • jetaient leurs baZZes par la force de la charge d'explosion, tandis qzte les 
" • shrapnels les projettent par la charge de la piece; les premiers ne sont 
" • que des projectiles creux dont Ie nomhre des eclats est augmente, et 
.•• les derniers sont des balles devant agir au loin. L'effet des anciens pro
,. 'jectiles de cette espece devait etre faible; de lu leur emploi rare. Avant 
... que les fusees n' eusscnt atteil1t assez de perfection pour etl'e reglees avec 
'" • precision, a quoi 1'011 est parvenu seulement vel'S Ja fin du dernier 
'" • siecle, il ne pouvait pas eh'e question de produire l'effet que Shrapnel avait 
« • en vue; et c'est 11:t Ie merite ir,contestable de Shrapnel d'avoir tire parti du 
« • perfectionnement cles fusees pour utiliser un effet de cartouches nOll connu 
« • jusque-lil..' "-Experiences Sltr les Shrapnel:;, pp. 12-14. 

Major Seton, in his little work upon the shrapnel shell, also has a passage 
upon the subject, which I shall do well to quote. '" It mny be stated, how
" ever, that these shells were :filled with leaden bullets at the early periods 
" above mentioned, under an erroneous n0tion that, on the shell bursting, the 
" contained bullets would scatter with .force and produce an effect similar to 
" that of splinters of the shell. The dynamical fact, however, of the bullets 
« continuing to pursue the course the shell was moving in whcn it burst, and 
" that they derive their effect rather from the charge· of the piece than from 
" that of the shell-the leading principle in the shrapnel fire-appears, no 
" doubt, to h::11'e been nrst cleal'1y perceived, as well as distinctly enunciated, 
" by Colonel Shrapnel."-ObsrrvatioilB on the Shropnel Shell, p. lO, note. 

See also British Gunner, Introductory" NotE'S, Exphuatory of the seycral 
" subjects to which they relate." 

The conclusions to which I have come, then, ::tfter a carcful investigrltion of 
the facts of the case, are that General Shrapnel's invention had not, either in 
theory or practice, been anticirmted by either the Germans or the French, 01', 

that I can discovel', by any nation in any age. 
It is not enough, as I have befol'e said, that General Shrapnel ahould merely 

be spoken of as haying" improYerj upon," "re-introduced," 1 or" perfected," 2 

a shell inyented by Germans or }<'rench some hundred of years back. I desire 
to see his claim to the invention uni versally and unhesitatingly conceded. 

ApPENDIX B. 

Some CONSIDERATIONS respecting the PRACTICAL VAJ,UE of SHELLS 
of the SImAPNEL CLASS.3 

There hus always existed, and still exists, much difference of opinion as to 
the practicc.l :value ,of shrapnel shell; but it appeal'S to me that the testimony 
borne to theJr efficlency on their flrst introduction, and during their employ
ment in the. Peninsula campaign is so overwhelming as to admit of no doubt 
on the subJect on the purt of those who choose to examine this testimony 
carefully and dispassionately; my ehief difficulty in dealin g with the matter 
consists in the selection of authorities in support of my "iews, from the large 

1 "Remit en usage."-Piobert, p. 253. 
2 " Perfectionnes."- Thiroux) p. 299. 
3 This paper originally appeared ill the Proceedings, R. A. Institt:tioll, vol. iii., p. 4. 
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mass at my disposal.l The Duke of Wellington in a letter to Sir John Sinclair 
~at~u 18th October 1808, says,. "I shall have great pleasure in testifying at any 

tIme to the great benefit whIch the army lately under my command derived 
:: from the :rse of the s~herical.case sh.ot in two actions with the enemy, a 

benefit whIch I am convInced WIll be enJoyed wherever they will be judiciously 
" and skilfully used." 

Colonel Robe, commanding the Royal Artillery, says, in a letter to General 
Shrapnel, "It is admirable to the whole army . . . . its accuracy perfect and 
.. its effect rlreadful, as acknowledged by the French officers themselves at a con
H ference with ours after the action of,the 21st . ... the artillery has been 
;; c?mplimente~ both by them and by all our own general officers in a way 

hIghly flattermg to us, and I should not do my duty to the service were I not 
" to attribute this good fortune to a good use qf that weapon with which you have 
" furnished us. I told Sir Arthur Wellesley I meaut to write to you, and asked 
" if it might be with his concurrence, his answer was) 'You may say anythinD' 
<c , you please, you cannot say too much.' "2 " 

"D'apres Ie General Foy, les Anglais se seraient servis avec beaucoun 
d'avantage contre nous de ce projectile a la bataille de Vimiera en 

" Portugal." 3 

"En 1808, les shrapnels etaient employes contre les Fran9ais a Ja bataille de 
" Vimiera et, suivant les Anglais, concoururent beaucoujJ au gain de cette 
" premiere bataille livree dans la Peninsule, pfll' Sir Arthur W"ellesley."_ 
Experiences sur les Shrapnels. Avant-Propos. III. 

It would be easy to multiply authorities to prove that the effect produced by 
these shells at Vimiera, and subsequently t~rough~)Ut th.e Peninsula campaign, 
was very great, and to those who would WIsh to InVestIgate the subject more 
at length I would recommend a persual of Major Seton's Observations on 
Shrapnel Shells, particularly chapters i. and iii. Major Seton is one of those 
who think the effect of shrapnel very questionable, and that although on their 
first employment they seemed to have done good service, this service was 
rather apparent than real, the novelty of the projectile contributing in no small 
measure to increase the admiration with which it was first regarded, and to 
cause its effect to be exaggerated. Now respecting this and other adverse 
opinions which have been expressed upon the subject, I must remark that no 
case against these shells seems to me to have been made out.4 

It appears to me in the first place, OIl weighing the favourable against the 
unfii.vourable opinions as collected and recorded by Major Seton and some few 
others whieh I have met with elsewhere, that the balance is largf.ly in favour 
of the shells, and this any reader who chooses to take the trouble may determine 
for himself by referring to Major Seton's work, and to sources referred to in 
note 1, below. 

In the second place it is certain that many of the adverse opinions prove 
upon investigation to be much less formidable than they at first sight appear, 
For instance, when the Duke of Wellington states, as he did in 1812, that his 
opinion in regard to these shells had been much shaken,' he explains wherein 
he thinks the shells defective, "that they inflict trifling- wounds and kill 
" nobody," and in the following month we find him not proposing to dis
continue the supply of the shells or condemning the principle. hut suggesting 

1 The appendix to the memorial presented by General Shrapnel's son, and his petition 
to the House of Commons, bearing date 1846 and 1847 respectively, contain no less than 
55 independent testimonies to th~ great efficiency and merits of these proje"tiles in 
battles, ·sieges, &c. These testimonies are extre:nely i.nteresting, hut as they ~CCU1)y sam\! 
16 folio pages any attempt to quote them !,ere ~s ObvlOu~ly out of the questloll. It may 
be desirable, however, to state that the testlu10111als are glven, among othe~s, by the Duke 
of Wellino-toll Colonel Sir W. Robe, Lord I· lowe (Lieut.-General of the Ordnance), the 
Marquis gf Anglesea, Lord _Combermere, Duke. of qUl~berla!:(l, A~miral Sir, Sydney 
tlmith. Lieut.-General Lord !\.eanc (Commander-m-Clllef 111 Indla), SIr Robert Sale, and 
22 artillery officers. 

2 Ordnance Select Committee Report on SIt/'apneZ Shells, p. 14. 
3 Instruction d' Artillcrie, p. 299. 
4 The (,vidence brought forward on both sides by Major Seton embodies nearly all that 

it is necessary to adduce to a:rive at a corr~ct opinion upon t~e sub.i~ct, and \n this way 
may be considered as practlcally exhaustIve. In dealll1g wlth lVlaJor Seton s remarks, 
therefore I shall virtually be dealinp; with the whole of the objections which have been 
mged ag~inst the Shrapnel shell by diffb'ent writers. 

5 Gurwood's lJespatches, vol. viii., p. 659. 

15836. AA 
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" a remedy" for this" material defect" by the employment of larger bullets 
than those which had previously been placed in the projectile,l a fact which in 
itself is strong proof that he thought the projectile only needed improvement to 
make it formidable. That this increase in the size of the bullets proved an 
effective remedy can hardly be doubted when we read the accounts' given by 
the French of the effect which these projectiles produced when employed 
against them at St. Sebastian in 1813: " Ces projectiles nous causerent beau
" coup de mal"; "Nous ne pumes lutter longtemps contre Ulle masse aussi 
" formidable d'artil1erie "; "Ce projectile, que l'ennemi a trouve Ie moyen de 
" faire ec:later a volonte, nous fait beaucoup de mal." 2 Such are. the terms in 
which these projectiles are spoken of by those who certainly did not want for 
opportunities of notic!ng their effects.. . . 

In the third place, It should be notICed hat the adverse opmlOns expressed 
often appear to have heen formed upon imperfect or incomplete data. When 
we are told that these shells frequently inflicted wounds of a trifling descrip
tion we do not learn at the same time the conditions und~r which they were 
employed, whether at long ranges, ~eyond those at which shrapnel shell could 
be efficiently employed (and it must be remembered that the efficient range of 
the shrapnei of that time was much less than that of the diaphragm shrapnel 
shell, in consequence of the impossibility of using high charges with them 
without <langeI' of premature explosion); whether they exploded at the proper 
distance from the object fired at, or what was their" final" velocity; we know 
nothing, in short, of the circumstances under which these opinions came to be 
formed, and as much ignorance prevails even at the present day on the theory 
and practice of shrapnel fire it is not wonderful if on their first introduction 
they were imperfectly understood, and in consequence were sometimes im
properly or injudiciously applied. 

Fourthly, it has always appeared to me that writers who depreciate what I 
may designate the physical value of the shrapnel shell frequently, if not 
invariably, fail to take sufficient.ly into account their moral effect. I believe 
the moral effect of shrapnel to be extremely great; as I am sure anyone 
who has stood by during practice with these projectiles, or has been in any 
way exposed to their fire, will testify. And with respect to the wounds being 
sometimes of a trifling description, and not always fatal-this argument 
might upon occasion be applied to every other description of missile; more
over, if it could be shown, which I do not believe it can, that the shrapnel 
wounds in the great majority of cases are not serious, I would l·tJply that in 
an engagement the quantity of the wounds inflicted is of more account than 
their quality; for in the first place, it is difficult to persuade men standing 
under a whistling shower of fragments that if they are hit they win not be 
materially injured; in the second place, the sight of a large number of com
rades becoming at least temporarily disabled will not tend to inspire confidence 
in those who are not hit, for men in the heat of action are not apt to balance 
chances so nicely, or to consider over-much the nature and extent of the 
injuries which they are liable to receive, and for the most part they find a fire 
in which six men are wounded harder to stand against than one by which two 
are killed; and, lastly, it should never be forgotten that battles are decided, as 
has been well said by Marshal Marmont, not by the number of men killed, 
but by the number frightened! 

Much stress has also been laid by the opponents of the shell on the difficulty 
of judging correctly where the -shell should be exploded; and though I believe 
that the force of this objection has been much over-estimated,3 I am quite 

1 Gurwood's Despatches, vol. ix., p. 281. 
2 Observations on Shrapnel Shell, pp. 16,) 7. 
3 By General Shrapnel, indeed, it was affirmed that shrapnel shell have an advantage 

over other projectiles in this respect. He says, "The great advantage which pertains to 
spherical cas,: shot over all other modes of firing is, that it is calculated and best adapted 
fa; unfixed distances an'd ranges merely estimated, or which cannot be correctlyascer
tamed; the reason of which is self-evident from its coverino- or spreading over so much 
ground, that one and the same elevation will answer fa;:' a considerable number of 
contig~ous range~."-Ordnance Select Oommittee Report on Shrapnel Shells, p. 16. I. do 
not qUlt7 hold With General Shrapnel in this matter; but I go to the length of saymg 
that the Importance of the objection which has been urged against shrapnel shells on this 
account !wi been much overrated. 
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prepared to assign to it a place in an investigation of the merits of this descrip
tion of projectile. But this objectioll, and others, such as the liability to 
premature explosion, and the comparatively short range at which they were 
effective, which held good against the original shrapnel ahell, can scarcely now 
be urged against the diaphragm pattern. 

I cannot do better than conclude my remarks, and fortify my opinion, by a 
quotation from Col. Boxer's Remarks on Diaphragm Shrapnel Shell: "I am 
" aware that various opinions are eutertained by artillery officers in relation to 
" the value of shrapnel shells as a military projectile; and, although it is not 
" my intention in this paper to discuss the merits of this most destructive 
" missile, I cannot refrain from making a few remarks upon what appears to 
" me to be an extraordinary notion which has lately been advanced in relation 
" to this point, namely, that a round shot is, under all circumstances, a more 
" efficient projectile than a shrapnel shell, and that the latter ought to be 
" removed from the field service. Let us consider for a moment what this 
" opinion involves; no less than this, that round shot are more efficient thau. 
" case and grape at very short ranges. But, in fact, there are even stronger 

reasons why shrapnel should be more destructive than round shot at long 
" ranges, than that case and grape should be superior to round shot at short 
" ranges, when the irregularity in range of round shot, combined with the 
" effect produced in the direction of their motion by grazing on irregular 
" ground, are duly considered. 

"Even on the sands at Shoeburyness, and more frequently on the marshes 
at ,V oolwich, a round shot will, after striking the ground, often ricochet at 

" a considerable elevation, and pass over many hundred yards before it again 
" touches the plain, and also be deflected considerably to the right or left of 

the object aimed at; and if the practice were carried on over the ordinary 
ground of any country, which was the seat of war, this irregularity would be 

" greatly augmented. 
" But, at short ranges, as the shot would seldom or never strike the ground 
until after it had taken effect upon the object fired at, there would be no 
injurious effect of irregularity in its action from grazing; and, consequently, 

" there is, as I have stated above, greater reason why a shrapnel should, under 
" a great variety of circumstances, be a more efficient missile in the field than 
" a round shot at a long range, than that grape and case should be superior to 
" round shot at a short range. 

"There is one thing, however, in connexion with this point which must 
" not be overlooked, namely, that with shrapnel the fuze has to be regulated 
" for a particular range, which is not the case with grape and case. But 
" according to the present system the operation of preparing the shell is of 
" that simple character that any man could, with projJtl' instruction, be made 
" thoroughly expert in a very short time, as compared wit.h that which it is 
" considered necessary to devote to far less important matters; and, moreove1', 
" the rapidity with which this operation can be performed, with properly 
" instructed mp.n, is so great, that shells may be fired successfully as quickly as 
" round shot, if it be considered desirable to do so. 

"There is a point of much importance, which has been well established by 
" the results of the experiments lately carried on with diaphragm shells at 
" Woolwich, namely, that if the elevation be correct it matters little whether 
" the shell bmst at 100 yards or 2U yards from the object fired at, so that, 
" when the corresponding lengths of fuze and elevations have been determined 
" by experiment the practice with shrapnel will become very simple."l 

Doubtless it is necessary to the full development of their efficiency that they should 
burst with tolerable correctness as regards the object aimed at; but it must not be supposed 
that their effect will be nullified if they do not burst at the exact spot required; no doubt 
their effect will be lessened in proportion as they explode furthel from the required spot 
(may not this be said in a greater or less degree of' all other projectiles ?), but the limits 
of error in this respect are very large, larger, perhaps, than with any other projectile, 
except a solid shot, and have been still further extended (see Appendix C.) by the 
adoption of the diaphracrm pattern. There is a passage in Col. Boxer's R,marlls on the 
Diaphragm Shrapnel ""heft which has a very direct and practical bearing-on this subject 
as showing the margin of error allowable with shells of this class; it is quoted ill the 
text, p. 253, " There is a point of much importance, &c.". . • • . down to end of 
quotation. _ 

1 Colonel Boxer's lUmarkS on Diaplwagm Shrapnel Shells, pp. 42-44. 

A A 2 
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It will probably, however, always be a moot point as to whether the physical 
effects of shrapnel fire are very great, and shells of this class will probably 
always have their opponents, but mainly, I believe, from the reason that men 
are apt to draw their conclusions hurriedly, and without perfectly knowing or 
sufficiently weighing all the circumstances of the cases on which these con
clusions are founded. l For my own part, I must say that the solution of the 
question which a careful and dispassionate examination of the available data 
upon the subject has afforded me, is that which the foregoing pages have 
indicated, and which admits of a concise and general expression in the 
following terms: Certain conditions are necessvry to the proper development 
of the efficiency of every missile; doubtless these conditions are somewhat 
more numerous in the case of shrpanel shells than of other projectiles, but with 
the improvements which have been effected in these shells and their fuzes they 
are far from being impracticable or even difficult of fulfilment, while the effects, 
both physical and moral, of the shells are, under favourable conditions, pro
bably greater than those of any other projectile. 

It will be observed that I have attempted to deal with the ol)jections which 
have been urged against the shrapnel class of shells in the aggregate, rather 
than separately and in detail, and this paper makes no pretence to the character 
of an exhaustive investigation of the subject; but perhaps the considerations 
and arguments which I have set forth, general though they be, may serve to 
guide officers to the salient points of a question which it is important every 
artilleryman should understand, and may help to clear away the doubts which 
embarrass the minds of some as to the practical value of shrapnel llre.2 

APPENDIX C. 

On the OBJEOTIONS which have been urged against the DIAPHRAGM 

SHRAPNEL SHELLS, and Oll the GENERAL J\fERITS of this CONSTRUC

TION. 

Upon careful consideration it appears to me that of the various objections 
which have been urged against the diaphragm construction, only two are 
sufficiently grave, or sufficiently precise to necessitate a careful examination. 
These two objections may be stated as follows :-

(1.) 'l'hat from t,he relative positions of the bulJets and powder, the s11ell is 
necessarily eccentric, and that great irregularity of flight does, and must, result 
from this eccentricity. 

1 As a proof that opinion" are sometimes formed and expressed before the bearings of 
the su~ject have heen sufficiently considered, I may mention that I have heard ,hrapnel 
shell condemned and Armstrong's segment shells extolled in the same breath: now, it 
apIJears to me, that whatever objections may be urged against shrapnel shell apply with 
increased force to Armstrong segment shells; where the velocity is the samc it must be 
e,'ident that the balance of disadvantag-es will b~ largely on the side of the segment shells. 
!f spherical leaden bullets strike with insufficient force to inflict dangerous wounds, 
1rregular shaped iron "segments," which from their shape and inferior demity lose their 
velocity mueh more rapidly, will strike with even less force, and the wounds which they 
inflict will be even less formidable; if the dispersion of the bullets of shl'apnel shell is 
great ,enou~h to affect i,njuriously the efllciency of the projectile, how much g,'cater mnst 
the dIsperSIon necessanly be where the bursting charge is situatc,] in the centre of the 
scgmen,ts and where th~ centrifugal furce to which the fragments of a rotating projectile 
ar? ~ubJected te~ds to give to those fragments an increased lateral spread! I merely adduce 
~!lIS lllstance, wlthont attempting to exhaust the instruction which may be derived from it 
III support of my statem~nt that condemnatory opinions respecting the efficiency of 
serapnel sbells are sometimes advanced before the subject has been rcally ~tlldied, or 
cYcn much thought over. ... 

2 .Those w~o ~are to pursue this subject at greater length shonld consult, in addition to 
]I1['Jor Seton s httle work, the Synopsis of Ordnance Select Gammittee Reports on Shrapnel 
Sllell. Decker's Experienees sur les Shrapnels. Memoirs of' Sir John Sinclair. Col. 
Roxer's Remro'ks "pon lIfemo, of Ordnance Select Committee O1,Shrapnel Shell. Bormann's 
SJ:,r'!rJ1~el Shell in ,E."gland anti Belg!um. l'elobel's Rev'"" de Technologie Militaire. 

" JhlS paper oflgmally appear~d III the PToceedings, R.A. Institution, vol. iii.,p. 284. 
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(2.) That the bullets are acted upon by the bursting charge in a way and to 
an extent highly injurious to the efficiency of the shell. 

1. With respect to the eccentricity of the shell and the consequent inaccuracy 
of flight which it is stated must and does result therifrom.-This objection 
appears :first to have been raised by the Inspector General of Ordnance in 
Calcutta, in 1857,1 but it can be shown, to guote Col. Boxer's words, to have 
" no foundation in fact or in theory," 2 and that, far from this shell being 
necessarily inaccurate in its flight, it should theoretically" be even more regular 
" than an ordinary shot of the same weight." 3 

First, then, as regards the facts of the case: An immense number of refe
rences might be made to practice reports, and to the reports of the various 
committees which have deliberated from time to time to prove that the opinion 
as to the eccentricity of this projectile affecting injuriously its accuracy" has no 
" foundation in fact;" the following, however, will perhaps be sufficient for this 
purpose:-

On the 5th October 1852, Col. Robe reports to the Director-General, "The 
" results as to deviation, range, and velocity have been most satisfactory ....• 
" At 900 and 950 yards five shells out of six: went through the target, and the 
" sixth was :five yards to the left of the centre line .... At 1,GOO yards five 
" shells were fired and grazed at 3,4,5,6, and 7 yards to the left of the line."4 
At the foot of the same report Col. Robe writes, " The direction of these shells 
" were remarkably good." 5 

Again, the Committee report 18th April 1853. "The results" as to direction, 
range, and velocity were very satisfactory.6 

On the 1.5th August 1853, Col. Lake, R.A. reports: "I beg to state that 
" these shells appear to answer most effectually, and the direction was very 
" exact." 7 Again, on the 22nd August 1853, with reference to further experi
ments, Colonel Lake reported: "I beg to observe that the direction is very 
" good, &c." 8 On the 23rd September 1853 the same officer repOl'is; "The 
" experimental practice with Capt. Boxer's diaphragm shells being completed, 

I have the honour to inform you that they appear to me to be very effective 
.... The direction was good." ~ On the 1st October 1853 the Committee 

report, ","'{ith the diaphragm shrapnel shell . . . . the direction is [Jood."l0 
Such are a few of the many positive testimonies which might be quoted to 

prove the accuracy of the practice which was made with these shells,11 to which 

1 "The centre of gravity of the shell is not in the centre of figure, and experiments 
made with eccentric shot and shells in 1850 proved that such projectiles cannot be 
depended upon for accurate practice."-Report of Inspector General of Ordnance in 
Calcutta,21st December 1857. See S'pplement to Synopsis of Ordnance Select COlilmittee 
Reports, p. 16. 

~ee also Committee's lI'Icmorandnm on Diaphragm Shrapnel Shell, p. 3. Colonel 
Boxer's Remar"s on Committee's lI:femorandam. on Diaphrag,,< Shrapnel Shell, p. S. 

The Inspector General of Ordnance at Calcutta, however, was not the only otTIcer who 
held this opinion, nor, indeed, the only one who urged it, for in Colonel Boxer's Remarlls 
"pan Diaphra!Jm Sh"apnel Shell, p. 17, the following passage occurs :-" It has l)een often 
stated, and it is, I believe, tlteopin'ion (~fmany ev~~n at the present time, that as the centre 
of gravity in the diaphragm shell does not coincide with the centre of figure .... great 
irregularity in flight must result." 

See also Supplement to Ordnance Select Committee Report on Shrapnel Shell, p. 18; 
Synopsis qf Ordnance Select Committee Rep01·t on Shrapnel Shell, p. 295. Also, The 
Shrapnel Shell in England and BeigiY.m, Pl'. 48, 49; and Revue de Teellnologie .L1J:ilitaire, 
vol. ii., p. 390. 

2 Remarlls on Diaphragm Shmpnel Shell, p. 17. 
~Colonel Boxer's Remarlls upon Committee's jJ.femorandum on Diaphragm Shrapnel 

Slwll, p. 4. 
" In fact the flight of these projectiles should be theoretically more accurate than ordi

nary round shot of the same weight, and I am quite satisfied that in practice it will be 
found quite as accurnte."-Remarlls on Diaphragm Shrapnel Shell, p. 23. 

4 Synopsis of Ordnance Select Committee's Report on Sftrazmel Shell, p. 276. 
5 Colonel Boxer's Remarks on Committee's Jl:femorandum on Diaphragm Shrapnel Shell, 

p.4. 
o Synopsis of Ordnance Select Committee's Reports on Shrapnel Shell, p. 281. 
7 Ibid., p. 281. ~ Ibid., p. 283. 9 Ibid., p. 285. 10 Ibid, p. 288. 

11 Imightperhaps also quote a passage from a report of the late Sir George Barker, R.A., 
in positive proof of what I am seeking to establish; the passage is as follows :-" The 
objection referred to by Colonel Abbott, that the centre of gravity is not in the centre of 
the figure, has been found by experiment not to affect the fli~lt of the projectile to a per
ceptible degree."-Supplement to Ordnance Select Committee J:£eports on Shells, p. 23. 
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may be added thai the whole tenor of the reports of the Committee,l and the 
teachino- of some 50 pages of practice reports,2 go to prove that the practice 
with th~se shells as regards accuracy of flight was at least up to the average of 
practice with spherical projectiles of the same weights. 

As regards the negative evidence available for the same object, the following 
appears to me sufficiently conclusive: I can discover only two unfavourable 
opinions professing to be based upon practice or experiment 3 respecting the 
accuracy of flight of these pr~iectiles. 

The two unfavourable reports are as follows :-
(a) A report made in 1857, which says: "The weight of the bullets being 

" all on one side of the shell causes an irregular motion, and consequently 
" great inaccuracy in the flight of the projectile."4 And (b) a report made by 
another officer in 1858, to the same effect: ""With the same charge and eleva
" tion, and only a few ounces difference in the weight of the shells, the range 
" of one would exceed that of the other by 200 or 300 yards, while also, owing 
" to their eccentricity, the lateral deviation was very great." 5 

These, then, are the two, and, as far as I can discover, the only two, instances 
in which officers speaking from practice and expel·ience, and not merely on theo
retical grounds,6 have reported unfavourably of the accuracy of flight of the 
diaphragm shell; and the case against the projectile in this respect rests there
fore solely upon these two reports.7 

This is not a very strong case, and when we take into consideration the mass 
of evidence pointing to a different conclusion, hardly strong enough to make 
it necessary to do more than prove that supposing great inaccuracy of flight 
did oecm with these projectiles, the effect could not possibly have proceeded 
from the cause so confidently assigned. I prefer, however, before I proceed to 
the theoretical aspect of the question, and with a view to rendering my vindica
tion of the diaphragm shell more complete, to endeavour to account for the 
only two exceptions to the generally favourable testimony borne to the accuracy 
of flight of these projectiles by officers who have actually experimented with 
them. The following explanation suggests itself:- . 

In sjJPaking of the accuracy of these shells it is necessary carefully to dis
tinguish between accuracy of fire and accuracy of flight. By accuracy of fire is 
meant the accuracy, with respect to the object fired at, at which the shells 
burst; and this will depend upon a variety of conditions, chief among which 
may be named an accurate estimate of the range, correctness of line and eleva
tion, accuracy of direction of the projectile, and correct adjustment and action 
of the fuze; hy accuracy of flight is meant only accuracy of direction up to the 
bursting point: accuracy of flight is, in fact, only one of many elements 
necessary to secure accuracy of fire. Now it is evidently quite possible that the 
accuracy of fire at some particular practice may be very inferior, while the 
accmacy of flight is all that can be desired; for accuracy of flight being, as has 
just been pointed out, only one of the elements of accuracy of fire, the failure 
may arise from any other of those elements which I have enumerated. 

In this way much confusion and difference of opinion may exist as to the 
proper application of the term" accurate" and" inaccurate" to any particular 

I do not, hGwever, quote this passage in my text for the reason that I cannot discover 
to what particular experiment Colonel Barker referred; and I think that 1 may very well 
afford to dispense with a piece of evidence which is not as precise as I wish all the evidence 
which I make use of to be. At the same time I gh'e the passage in a !late, that it may 
not be supposed that I have overlooked it, and because it shows what this distin<>uished 
artillery officer thought upon the subject. " 

1 See Synopsis, &c., also Committee's lJ-.1emorandum on Diaphragm 81,,·apnel Shell, 
pp. 3, 4, &c. 

2 Ibid., pp. 9-58. 
S The opinion of t~e Inspector General of Ordnance at Calcutta was entirely theoretical, 

r th~ Select CommIttee says :-" It does not appear from the correspondence that any 
bxperlments were made at Dum Dum to prove the correctness of the opinions entertained 
y the Ins pector General of Ordnance."-Committee's lYlemorandum on Diaphragm Sllrapnel 

Shell, p. 4$ 
4 8ynop "is, ~c., p. 295. 
: Supplement to Report of Ordnance Select Committee on Shrapnel Shell, p. 18. 

I have already pOlllted out (see note 3) that. the opinion expressed by the Inspector 
of Ordnance at Calcntta was a purely theon·tical one. 

7. See ~. S. appended. to this paper respecti ng reports made in 1868 from 30 artillery 
stations, "In NONE of whzch the shells are stated to be inaccurate in flight. 
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practice with this class of shells; while even with the best intentions, and the 
clearest and most correct views upon the subject, the distinction is not an easy 
one to make practically with shells which generally burst, it must be remem
bered, before they graze. 

The proper way to determine the accuracy of flight of diaphracrm shells is to 
:fire a number of them blind, but nei.ther of the two officers from ~ilOse reports I 
have quoted make any mention of having done this.l 

I observe also on examining the practice reports upon which the second of 
the two unfavourable reports is based, and other practice repurts given in the 
Committee's Memo. on Diaphragm Shrapnel Shells, pp. 9 to 58, that where the 
shells failed to burst the accuracy of flight seems to have been very good; 
generally the shells which so failed went through the target, in the majority of 
the other cases they were" in the line," and when not in the line the deflection 
:ight or left is generally inconsiderable. I think this is very strong proof that 
maccuracyof flight and imtccuracyof fire were not always carefully distin
guished from one another, and that the former term was often misapplied. 

I may now pass on to the theory of the question, and prove that even if the 
testimony to inaccuracy of flight been unilrersal, and the fact been placed 
beyond all possibility of doubt, the defect could not propel'ly be assigned to 
the cause from which the officers who reported upon the subject believed it to 
proceed, prove, in short, that any observable inaccuracy of flight on the part of 
these projectiles could not be in any way connected with their eccenh'icity. 

In the case of all spherical projectiles fired from smooth-bored guns there is 
a certain rotation generated in the bore, arising, when the projectile is con
centric, principally from the windage,2 and where the projectile is eccentric, 
and the line joining the centres of gravity and figure is not in, or parallel to, 
the axis of the bore, from the powder acting upon a largel' surface on one side 
of the centre of gravity than on the other, and so producing a rotation about 
the centre of gravity.3 Now the direction of the rotation which arises from 
these causes affects very appreciably the flight of the projectiles ;,1 an d as in the 
case of eccentric projectiles the direction of this rotation will v:'Il'Y according to 
the relative positions of the line joining the centre of figure and gravity, and 
the axis of the piece,5 so also will the flight of the projectile vary from the same 

1 It is worthy of observation that there is no record of any such experiments having 
been made; and this may fairly be accepted as a sort of negative proof that those who 
practised alld experimented with the shdls were generally weH satisfied with regard to 
their accuracy of flight. Otherwise it is reasonable to suppose that so grave a defect 
would have been tested by an experiment specially calculated to expose it. 

Z "There is a considerable degree of friction between the bore and the projectile .. _ 
where there is windage, the direction of the force being. opposite to that of the gun
powder, and upon the surface of the ball. It will therefore tend to give rotation to the 
shot."- Treatise on Artillery, Section 1, Part 1., p. 158. 

"Friction. . . is the only immediate canse of deflection in a projectile whose centres 
of figure and gravity are coincident."-ibid., p, 166. 

3 Motion of P"ojectiles, p. 125, par. 19. 
"Suppose the ball to be perfectly round, but its centre of gravity not to coincide with 

the centre of figure. In t~is t~e impelling force pas~es t~lroUg~ the centr~.oftllC ball, or 
nearly so, and acts in a dIrectIOn parallel to the aXIs of the plec~; but It the centre of 
gravity ofthe ball be out of the line of direction of the force of the powder, the shot will 
be urO'ed to turn round its centre of gravity."- Treati"e on Artillery, p. 158. 

4 .i" A ball leaving the bor<; of a gun rot:,ting; on a!,y axis, e~ce~~ one p?-ralle;l to ~ha~ of 
the bore, will deviate accordmgly to the (11rootlOn of the rotatIOn. -MotIOn oj PrOJectiles, 
p.26. . . ~ . 

"if the anterior part of ~he shot turn trom l~clow to above ther? :vIll be a tOrce tendIng 
to raise the centre of gravIty, and the .range ~'ll be !ncre,~scd; If from a~ove to below, It 
will be diminished. tihould the rotatIOn he froIll lelt to rIght the shot WIll be thrown to 
the rio-ht."-7'Teatise on Artillery, Section 1, Part L, p. 166. 

"'l~ our countryman Hobins is due the c:-cdit of first pointing ?,ut the great change 
which the rotatiun ofa shot would produce III the path of Its fhght. -ibId., p. 159. 

See Robins' experiments and f(!marks upon this subjec~ ~lllbo~icd in ibid., 1>" 159-16? 
5 "The direction of rotation WIll depend upon the posltlon of the centre at figure WIth 

regard to tbat of gravity ."- T"eatise on Artillery, Section J, Part L, p. 159.. ... . 
" If a spherical eccentric projectile be placed ,lll the gl:n, S? that the Ime JOlmng It 

ce.ntres of gravity and figure form an angle w~th the al"S ot, the; ~ore .... (h7 hue 
representing the sum of all the fGrces resulting from the explOSIOn of the charge ~v~lluot 
pass thr )Ugh the centre of gravity, as it passes thr?ugh, or ne~rly so, the centre.of fig~re; 
and the result will consequently be .... a motlon of rotatIOn round an aXIS at l'lght 
angles to the axis of the borc."-Remark8 an D,iaphragm Shr."1!llei S,hell, p. 18. . 

" The shot •... is found to deviate accordlllg to the pO.ltlO~l o~ the centre of graVity 
when the ball is place(l in the bore of the gnn."-Mation of p"O)"ct,Zes, p. 26. 
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eause, and depend upon the an~le which ~he line j?ining the centres of :figure 
and gravity happens to make WIth the aXIS of the pIece. 

But when an eccentric projectile is so placed in the bore that this line does, 
not make an angle with the axis of the piec~, but lies parallel to o~' in it, then 
no rotation will be generated, and no deflectlOn from the naturallme of fhght 
be produced, except from those causes which produce ,!otation and dtjiection in a 
concentric projectile, i.e" those resulting from wmdage,I and an eccentric 
projec~le th~s situated may t!lerefore be prac~icall;y considered ,as a cor:-centric 
projectIle, bemg under these CIrcumstances subJect m respect to Its rotatlOn and 
deflection to similar laws and influences. Now the diaphragm shell is, from its 
construction, and from the fact of its having a wood bottom attached, a projec
tile of this nature, that is to say, although eccentric it is always necessarily 
placed in the bore :vith the line joining it~ ce~tre of gravi~y ?-nd ~gure parallel 
to the axis of the pIece, and thus no rotatlOn IS generated m It whIch would not. 
be generated in a concentric projectile,2 and therefore no dtjiection or inaccuracy 
offlight resultsfrom its eccentricity. 

But more than this, it may be shown, as already stated, that" these shells 
(C should theoretically be even more regular in their flight than an ordinary 
" shot of the same weight."3 This is not difficult to prove, for it will be. 
apparent to anyone who has followed the above remarks carefully, that "if 
" eccentric projectiles be always placed in the gun in similar position8 as regards 
" the lines joining their centres of gravity and figure, whateve1' that position 
" may be, their path will be more regular than that of ordinary round shot 
" placed accidentally in the bore,"4 because in the one case the direction of 
rotation is known and determined, in the other, the case of ordinary round 
shot, it is uncertain and variable, owing to the fact of nearly all ordinary round 
shot being more or less eccentric,5 and the position of their centres of gravity 
and figure undetermined. It follows, therefore, that the practice with ordinary 
round shot will be theoretically less accurate than the practice with diaphragm 
shell, the line joining the centres of gravity and figure of which always occupies~ 
as has been explained, a known and uniform position in the bore. And how 
much more must the advantage incline to the side of that projectile of which 
the eccentricity is, so to speak, neutralized by its always occupying a position in 
the bore which prevents any deflection due to eccentricity being produced. In 
other words, the comparison lies between projectiles more or less eccentric, and 

1 "The experiments in 1850 with shot purposely made eccentric an(l placed in the bore, 
with the centre of gravity ill yarious positions ••. proved , , . that if the centre of 
gravity was placed in the centre of the piece, the eccentric lnmp being towards the 
charge, the rang;e and deflection were about the same as those with concentric shells,"
Committee's lflemorandum on Diaphragm Shrapnel Shell, p. 4, 

" If the direction of the force be through the centre of gravity it causes a progressive 
motion only ...•. If the body, besides its progressive motion, had a motion of rotation 
likewise, this last will not be changed by the action of' a new force, whose direction pass~s 
through the centre of gravity,"- Treati.e on Artillery, Section 1, Part I., p. 157. 

In other words, if the force act through the centre of gravity, as it does in the case of a 
.pherital concentric projectile, and in the case of an eccentric projectile the line joinil'''. 
the centres of gravity and figure of which lies in or parallel to the axis of the piece,!f 
progressive motion ~nly! and no rotation, ~ill b<; com:nunicated to the projectile,
althc ugh such a projectIle may have a motIOn of rotatIOn from otlw,' causes, such as 
windage. Therefore, whether the projectile be concentric or eccentric, so that it be situ.ated 
with its centre of gravity in the axis of the piece, and with the linc joining its two centres 'in or 
parallel to that axis, it matters not; the same motion will be the result ancl the eccentric 
projectil~ under these circumstances becomes virtually, and for all pr~ctical purposes, a 
concentrIC one. 

2 '~Altho,!~h the diaphragm shrapnel shell, when prepared for scrvice, is from the 
relatIve pOSItIOns of the bullets and powder, what is termed eccentric still no rotation will 
b.e generated in the bore from this arrangement, as the wood bottom which is firmly 
rIveted to the ~hell. alw.ays ens\lr.es the straight line which joins its centre of gravity and 
centre ?f figure bem;; In a pOS.ltlOD: parallel, or very nearly, to that of the axis of the bore, 
or the lme representmg the directIOn of the propellino- force."-Rernarlls 0" Dlaphragm 
Shrapnel Shells, pp. 22, 28. " 

3 Colonel Boxer's Rerna7'ks on Committee's lflemorandum on Diaphragm Shrapnel Shell, 
p.4. 

4 Remarks on Diap7,ragm Shrapnel Sheils, p. 2~, Colonel Boxer adds ;-" The results of 
the ~xperimems which were made in 1850 and in 1851 at Shoeburyncss, notwithstanding 
the Imperfect mode adopted to secure the proper l)ositioll of'the eccentric shot confirms 
this view."-lbid., p. 22. ., 

5 From the difficulty, almost amountinO' to an impossibility, of casting a perfectly 
concentric sphere of iron, or any other met~. 
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which occupy accidental positions in the bore, on the one hand, and projectiles 
which are virtually concentric, on the other; there can hardly be much difficulty 
in determining which of the two should theoretically be most accurate in flight. 

2. The second objection which has been urged against the diaphragm shell 
is, that the bullets are acted upon by the bursting charge in a way and to an 
extent highly injurious to the ejJiciency of the shell.! 

The answer to this oLjection is fourfold. 
1st. That a special arrangement was made by Col. Boxer to preserve the 

balls from the direct action of the bursting charge, this arrangement consisting 
in the fonr grooves in the inside of the shell and in the thicI:ening of the metal 
round the line of junction of the diaphragm;2 and unless it can be proved that 
this arrangement has failed, it is fair to conclude that it has answered the end 
required of it. 

2nd. In examining unfavourable reports respecting the failure of the shell 
in respect to this arrangement, particular attention must be paid to the date of 
such reports, and whether tbeywere made before or after 185,~, for, as has been 
explained, the details of the arrangement by which the balls ale pI'eserved from 
the direct action of the bursting charge, and upon which the proper opening 
and action of the shell depends, were not perfected until 1858." Consequently 
no unfavourable reports upon this subject which bear date prllyious to 1858, or 
which are urged against shells manufactured before that date, can be received 
in evidence against shells of the 1858 pattern; and the only unfavourable reports 
upon this subject which I have been able to discover bear date 1857/ and are 
therefore of no account in dealing with shells of the present pattern. 

3rd. There is positive evidence that even with shells which were manufac
tured before the adoption of the 1858 pattern this defect was by no means 
universal; indeed, it seems certain, from the following extracts, that with 
shells which were correctly manufactured 5 the defects complained of were not 
generally apparent :-Letter from Col. Robe, 5th October 1852.-" The results 
" as to direction, range, and velocity have been most satisfactory. The shells 
" break into very large fragments, which range to great distances; they appear 
" to break ,in the direction marked by the construction."6 On the 22nd August 
1853, Col. Lake writes, " I beg to observe that the direction was very good, 
" also the force of the balls, and spread."7 In a report from Col. ]loxer to the 
Director-General of Artillery, 27th September 1853, he says: "TLe spread of 
" the balls has been symmetrical with regard to the trajectory."s Surely, there
fore, it m[\y fairly be conceded that the principle of construction was not at fault, 
but that the defects arose in part from the details of construction being at that 
date slightly imperfect, and in part from bad workmanship. 

4thly. There can be no doubt that the defect was entirely remedied by the 
improvements introduced into the 1858 pattern shells, and that with shells 
correctly manufactured on this improved design no further failures in respect 
to the proper actioll of the balls took place. This fact seems to be established, 
(1) by the negative evidence borne by the absence of any unfavourable reports 
against the shells on this score subsequent to 1857;G and (:3) by the positive 
and very strong evidence afforded by the following table of practice carried on 
in 1858, with diaphragm shells of the improved construction. The table is 
epitomized from a table given at length at page 46 of Remarks on Dia'YJhragm 
Shl'apnel Shell. The targets were arranged in eight rows, each l'OW 1"5 yards 
behind the one in front, except the two last intervals, which were 30 yards, so 
as approximately to represent a battalion in column at half intervals. The 
frontage of each row was 80 feet, the height 8 feet. The whole of the targets 
were maae of I-inch boards, except the first row, which was originally of I-inch 
boards, but for which 2-inch boards were afterwards substituted. It should be 
noticed that these shells were fired in one important respect under unfavourable 
circumstances, for the most suitable elevation and length of fuze were not 

1 See Ordnance Select Committee RepJrt on Shrapnel Shell, p. 192-297. 
2 See pp. 51, 52. 
3 Sec PI'. 47, 48. 
4 The Reports given in Ordnance Select Oommittee Report on Shrapnel Shell, p. 223-297. 

These reports, with one exception, almost entirely have reference to these two rlefects
want of velocity on the part of the balls, and the splitting of the shell into two hemi
spheres round the junction of the diaphragm ",ith the shell. See P.S. respecting Reports 
made in 1863. 

:;,' 5 See p. 155, note 17. 
6 8.1fnopsis of Ordnance Select Oommittee Reports on Shrapnel Shell, p. 276. 
7 Ibid., p. 283. 8 Ibid., p. 216. 
! See P.S. respecting Reports made in l863. 
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previously determined.! It will be observed that out oj 9,600 no less than 9,346 
hullets took effect, and of these 6,299 went through the targets.2 

TABLE showing the Penetration of Bullets, the Result of 180 Rounds 
with diaphragm Shrapnel Shells, from 12, 9, and 6-p!·. Guns, 60 
Rounds per Gun, at the following Ranges, viz. ;- . 

I 
Range. 

I Yards. 
I 1,200 
I 1,100 

900 
650 

Total 

No. of Rounds per Gun. 

I 
Total No. 

I \ 

of 
12-pr. 9·pr. 6-pr. Rounds. 

10 10 10 30 
20 20 20 60 
20 20 20 60 
10 10 10 30 

-----
60 60 60 ISO 

Total Distance from No.1 to No.8, 135 Yards. 

2-inch 
Boards. 

1 1 2 ! 3 

I-inch Boards. 

4 5 6 7 

Total. 

8 
------- .------"'"---.. -----------------

(through - - 845 I 530 1,079! 704 699 743 894 464 341 6,299' 

I Penetration:-
( '2-inch ~ 21 49 42 17 21 28 15 1 4 

I· I :i :: 7 9 17 23 8 13 15 8 ~ i~~ 
'5 " 21 10 21 18 19 22 20 9 11 151 I '0 " 46 23 59 42 41 17 58 21 21 328 

1'0 " 47 - - - - - - - - 47 j / :~ :: ii Ii ig Ii i~ ~~ i~ 2f ~g i~ 
lodged·~ 1'1 " 26 - - - - - - - - 26 

Bullets /1'2 :: 62 - - - - - - - - 62 I '1'3 42 - - - - - - - - 42 

" lin ij ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~! 
I'S " 14 - - - - - - - - 14 

I l8 :: g 20 55 17 33 16 39 51 40 27~ 
J '05" 13 45 84 53 46 60 51 29 37 418 

'1 " 20 29 94 49 46 52 60 50 55 455 
lstruck - '15 " 1 - - - - 8 4 3 2 18 l '2 " 28 24 69 45 28 38 39 23 39 333 

'25" 1 - 1 - - - 2 1 1 6 
" " 15 5 12 6 7 12 9 4 6 76 ----- ----------- ------

fhrough - - 854 530 1,079 704 699 743 894 464 341 6,299' 
lodged - - - 494 82 190 161 128 105 157 78 70 1,465 

T ota! - struck - - - 83 123 315 170 160 186 204 161 180 1,582 ---------------------took effect - - 1,431 I 735 1,584 1,035 987 1,034 1,255 703 51)1 9,346* 

Number of bullets lU the 180 shells, 9,600. 
I haye now dealt with the only two objections which appear to me to demand 

a special and. careful investigation, an d I trust it will be considered that my 
remarks have vindicated the character of the diaphragm shrapnel shell in these 
respects.4 A number of minor objections were urged against these shells on 

1 Colonel Boxer's Remarks on Diaphragm Shrapnel Shell, p. 42. . 
2 I shall be happy to afford any officers who may desire it occular proof that the shells 

do really burst in the directions indicated by the grooves, and that this arrangement 
answers the end required of it, if they will call at my office· in the Royal Laboratory, 
where they may see a number of burst shells; or, should they call on a day when shells 
are being burst for proof (a per-centage of all diaphragm manufactured are tested in 
this way) they may themselves see them burst in the bursting cell belonging to the 
department. -

There is a mistake in these figures inthe original table, which I have corrected. 
4 The following passage from a letter addressed by the Secretary of State for War to 

Colonel Boxer shows what was the opinion entertained by the authorities respecting the 
objections which were urged against the shell after these objections had been fully 



their first introduction, the fallacy of most of which has been exposed by time 
and practice "nd experience, and they therefore are not likely now to find many, 
if any, supporters. Among objections of this class may be noticed the follow
ing:-That a complete separation of the powder and bullets could not be effected 
by the diaphragm arrangement; that the shells would not continue for any 
length of time in store in a serviceable condition; that the effect caused by the 
jolting action in travelling in limber boxes would render the shells inefficient; 
that owing to the skill and care requisite to cast the shell correctly being so 
great, the expense of manufacture would be very considerable, and that there 
would be little guarantee that the projectiles supplied were of the proper quality.1 
Other ohjections, such as that the shell is generally of too complex a character, 
have been raised, but these are of so vague and intangible a character, and 
where not vague and intangible so often afford unmistakeable indication of 
having been put forward by those who are unacquainted wittl the details and 
objects of the diaphragm construction, that it is unnecessary to attempt to 
reply to them categorically.2 

Of course the diaphragm shell will always be open to those objections which 
some hold to be common to all shells of the shrapnel class.s 

The general conclusion to which the present considerations seem to me to 
lead, and I believe that those who are at the trouble of investigating the 
subject carefully will agree with me, is that General Shrapnel's object in intro
ducing this class of shell, viz., to provide the service with an effective long range 
case shot, is attained in a most remarkable manner by Col. Boxer's diaphragm 
arrangement, and that while by ti:tis construction the defects of the original 
shrapnel have been removed, no fresh ones have been originated; and while 
the principle has been preserved in more than its original integrity,4 the advan
tages have been multiplied and developed.s 

discussed :-" Major Generftl P"el bas observed with great satisfaction that the various 
objections urged against this con.truciiun have proved to be groundless; that its efficiency 
against targets has been amply established; and that its success in obviating premature 
explosions is fully recognized by the committee."- War Office Letter, 19th January 
1859,75/12226. 

1 Remarks on Diaphragm Shrapnel Shells, pp. 27, 28. 
2 As an example of the class of objection to which I refer, I give the followino- passage 

from a report of some American officers :-" Some objections present thcm~elves in 
examining this arrangement, viz., the complicated construction of the shell, the great 
reduction of its capacity for balls, the peculiar boring instrument reqnired for piercino
the fuze, and the time required for performing this operation and adjusting the fuze i~ 
the shell in the field."-Report of American Commission to Europe, p. 140. 

By two foreign autbors, General Bormann and Colonel Delobel, the diaphragm system 
has been subjected to vigorous criticism; but I believe that an attentive perusal of the 
objections urged by them (see The Shrapuel Shell in England and Belgium, pp. 47-57 et 
seq., and Revue de Technologie Militai1'e, vol. ii., pp. 329-405) will satisfvany one ";ell 
acquainted with the construction of the projectile that neither to General Bormann nor 
to Colonel Delohel were the details of this construction thoroughly familiar. It is of 
course, impossible for me to quote their objections at lellgth,-I have given r(>fercnce~ to 
the works in which they may be found; but one objection appears to me so good an illus
tration of the way in which the indictment against the diaphragm is sometiines made up 
that I extract it entire. The objection is urged by Colonel Delobel, and quoted approv
ingly by General Bormann, who, indeed, adduces it in his Appendix, p. 126 on his own
account :-" The series of operations necessary at the very moment of the fir~ for the pre
paration of the shrapnel, the regulation of the fuze, and the driving it into the ampouZette 
(socket), will require too much time; without tnkinginto account that, if all this may 
be done properly a\l(1 without error on the practice ground, it would not be the same on 
the field of battle, for the complete boring of the regulating hole up to the column of 
fusing cOlnposition, the introduction of the fuze into the arnpoulette, so THAT 'rHE ItOW 

OF CY~)I:F.RS COlt1t~;SPONI? 'xo ?'lIE GROOVE AND ITS H01:E OR VEN~ C,111'lniere)) and especially 
the drwVlfllwnw oj the j",:e '/1I.tu the l1>11poulette, are thlllgS very dlfficult to do rapidly and 
weI! during the excitement of battle and amidst a thick smoke, and which will certainly 
occasion a great l1lnnbcr of fa.ilures in igniting and premature burstings."-Tlw ~IlTapnel 
Shell in England and llel.gium, pp. 55, 56. 

To the practical and well instructed artilleryman this objection will suggest its own 
corrnnents. 

3 These ohjections J have discussed in Appendix B., where the practical value of shells 
of the shrapnel class is considered. 

4 I refer to the principle of preserving the bursting charge from the direct action of the 
bullets, and allowing their effect to depend entirely upon their communicated velocity. 
I say that in the diaphragm this principle bas been preserved" in more than its oriO'inal 
integrity," because I believe the bullets to be less aflected by the action of the bur~ting 
charge in the diaphragm than they were in the original shrapnel shell. 

S Owing to the fact that full service charges may be used with. the diaphragm shell, 
they are available at longer ranges than the original shrapnel, while their velocity will be 
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P .S.-Since the. foregoing paper was written I have .had an opportunity of 
examining the reports furnished in 1863 by 30 commanding officers of Royal 
Artillery at different stations, at home and abroad;l and through the kindness 
of General Lefroy I have obtained permission to make use of the Ordnance 
Select Committee's Abstract of these reports. From this abstract, it will be 
seen that out of the 30 reports one only is condemnatory,2 three are unsatisfac_ 
tory,S three are only moderately favourable,4 and 23 are highly satisfactory. 

In none of the above reports are the s):1ells stated to be inaccurate in flight, 
and in three only is it affirmed that the :flIght of the bullets is affected by the 
bursting charge, or that the shells have f~iled to open properly," and in these 
three cases this effect is spoken of as exceptIOnal. 

ORDNANCE SELECT COjmnTTEE's ABSTRACT of REPORTS received in 
1863 from the several Stations abroad and at home, upon the 
Practice made with Diaphragm Shrapnel Shell.6 

FOREIGN STATIONS. 

stations. I Premature I ~ d I Results of Practice. Bursts. "prea on Targets. Remarks. 

Barbadoes - No practice. - - --
Bermuda - Inferior to improved - - - Effect inferior to The only advantage 

shrapnel. improved shrap- of the diaphral'm is 
nel. in facility of load-

Most satisfactory in 
loading. 

Cape of Good - - --
Hope. all respects. 

Practice from 8-inch Colombo - - Several shell fell in - - . - - - -
a lump, like round and 3~-pr. guns. 
shot. 

Corfu . - Most satisfactory - - - - - - - Practice from 8-inch, 
32~pr., 24-pr., 9-pr., 

Penetration good 
and 6-)11'. guns. 

Gibraltar - Satisfactory, from - - - -
heavy guns. at 1,200yal'os,and 

effect 111 uch moro 
destructive than 
common shell. 

Halifax - - No practice (see Re- - - - - - - - Prcvious loeal records 
marks). show that results 

have been satisfac-
tory. 

Hong Kong - Satisfactory - - - - - - - - - From rangc reports 
in March 1863, and 

Lateral spread very 
formcr experience. 

Jamaica . . Good as to the on- 4 out of 413 - Practice from 8-inch 
ward velocity of uncertain. and 32-pr. guns. 
the balls. 

Kingston- - Satisfactory - - Very rare; - - . - Instanccs of blind 
loutoflOO. shells more frcqucnt 

than with commOll 
shell. 

Do. (2ndl'e- Satisfa.ctory - - 2outofU3 - - - - - 5 out of U3 blil1(l. 
porlineluded 
in Jrlontrea/.). 

greater at short ranges. Therefore whoever admits the advantages of shrapnel fire must 
admit that these advantages have been" multiplied and developed" by the diaphragm 
construction. Moreover, the diaphragm shell may be more safely carried filled. 

1 In all 35 reports were furnished, but at five stations there had been no practice with 
th~ ~iaphragm shell, and the reports from these stations accordingly embodied no 
opmlOn. 

2 Devonport_ 
3 Colombo, Bermuda, and Leith Fort. In the last of these cases (Leith Fort) the 

opinion expressed in the Report is formed from" a few rounds fired by militia artillery 
reo-iments when undergoing their annual course of training." 

';1 St. Helena, Jamaica, and Shoehuryness (Colonel Taylor's). Perhaps it may be 
thought that the Report from the Mauritius should be included among the" moderately 
favourable;" but as it pronounces the diaphragm pattern to be " a great improvement 
upon either the old or improved shrapnel," I have thought that it might fairly be included 
among the" satisfactory" Reports. . 

5 Colombo (" several shells fell in a lump, like a round shot"); .Tamaica (" lateral 
s,Pread very uncertain "); and Shoeburyness, Colonel Taylor's Report (" generally efl'ec
tIve, although SOME1:IMES not AL1:0GE1:HEll. satisfactory as regards breaking up of the 
shell "). 

In one other case, Mauritius, it is stated that beyond 1,200 yards" the bullets appear to 
strike the water in one solid mass." 
~ See Ji};vt'l'actsf'l'om Jle:po'i'ts and Proceedings 0.1 Ordnance SeZect (JOtllmitf~6, vol. i., p.386. 



Stations. 

Molta - -
Mauritius -

lVIontreal - -
Quebec - -
St. Helena -
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Foreign Stations-continued. 

I Results of practice.j Premature I Spread on Targets. I Bursts. 

Satisfactory - - Per·centage 
small. 

Effect good, judg-
ing from spread 
on water. 

Great improvement - Per-centage Effect certain at 
smoll. 1,200 yards, but 

beyond that dis-
tancc the bullets 
appear to strike 
the water in Ol1e 
solid mass. 

Most satisfactory. -- --
Very satisfactory - Nil ont of62 Effect on target not 

asccrtainable. 
32-pr. favourable, -- --

24-pr. unfavourable. 
St.John's, N.B No practice. -- --
Toronto - Highly satisfactory - Nil out of 50. --

HOllIE STATIONS. 

Stations. Results of Practice. \ P~:~l~re \ Spread On Targets. I 
Aldcrney - - Very satisfactory, Very rare - Very satisfactory -

and superior to all 
former shrapnel. 

- No ol)inion. 

Remarks. 

Blind shells; 
cen tage smalL 

per-

Practice from 8·inch. 
68-pr., 32-pr., and 
9·pr. guns, and S-
inch and 24·])1'. 
110witzers. Blinel 
shells frequent. 

--
5 blind out of 62. 

--

----

Remarks. 

Pmctice confined to 
firing at a luark on 
the water, when 
shells are often 
hlind, either from 
fnze or elevation. 

Aldershot 
BallincoUig 
Colchester 

No opinion. 
- Very satisfactory - No Royal Artillery 

. practice, experience 
of Norfolk militia. 

Dcvonport - Feeble and harmless, • 
as a shell. 

- Effects nil - A.n unfavourable 

Dover 

Dublin 
Gc.ernscy -

Jersey 
Leith Fort 

Manchester 

- Extremely satisfac
tory, from heat'Y 
. q?.('ns. 

- No practice. 
Most satisfactory 

- Most satisfactory. 
Unsatisfactory as re
~ards the splinters 
strikin~ the target. 

Very satisfactory 

- Floating targets 
ullsuit:1ble for 
jud6"ing effect . 

PembrokeDoek Hir;hly satisfactory - Very rare; 1 
out of75. 

Portsmouth Very so.tisfactory 

Sheerness - As perfect as dia-
phragm shells can 
be. 

Woolwich No results noted 

sh~g~g~Fe~f 
Gunnery: 

1. Colonel TAY
LOR'S Report. 

2. Colonel 
GARDNER'S 
Report. 

Generally effective, 
althoup:h sometlmes 
not altogether satis
factory as rc~nrds 
breaking up of the 
shell. 

- Sprcad 011 water, 
good. 

Reduced toa 
minimum. 

- Very goorl from 
24-pr. and 32-pr.; 
not much lateral 
spread with G-jlr. 

opinion of the dia
phragm construc
tion is expressed as 
far inferior to the 
old shrapnel. 

Experience bnsed on 
formcr local prac
tice reports, and 
personal experience 
elsewhere. 

Local practice very 
limited. 

Experience consider
able. 

From 13th brigade 
only. 

Practice confined to 
firing at a lllark 011 
water. 
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Col. Gardner classifies the usual complaints under four heads. 
(l.) Blind Shells.-They are chiefly due.to want of skill, in boring or fixing 

the fuze, or its extinction on graze. The former is remedied by instruction, 
the latter incidental to all shells. 

(2.) Uncertain burst and dispersion of bullets.-He does not allow that this 
complaint is well founded. . 

(3.) Premature explosion.-It is very rare, and has been traced in some recent 
instances to the fuze having been split by the rammel'. 

(4.) Inaccuracy of flight.-He affirms that they are much more accurate than 
common shells, and scarcely, if at all, inferior to round shot. 

Col. Gardner gives six examples of actual practice. 

I Range. I RoundS.! Target. I Hits. 

I 
Yards. 

25j5/60-32-pr., 50 cm. - 1,200 IS} 9 ft. x 18 ft. 1,087 

" 
8-in., 52-cwt. - " 

15 

19j3j61-24-pr. howitzer-

: I 
800 16 { 

6 ft. x 6 ft. 10 in. } column 464 

" 
9-pr. " 

16 15 yards apart 
20j3/61-24-pr. howitzer- 1,000 22} 

, 
6 ft. x 72 ft. - J 805 

" 9-pr. " " 
22 

20/4/63-24-pr. howitzer- 800 27} 10 ft. x 60 ft. } 1,372 
" 

24-pr. " " 
27 

24/4/63-24 Pl'. howitzer 700 20 6 ft. x 12 ft. 196* 

" 
24-pr. " " 

20 6 ft. x 12 ft. 98 
28j5/63-68-pr., 95 cm. - 900 10 6 ft. x 12 ft. 517 

" 
32-pr - I 10 6 ft. x 12 ft. 708 

During this practic~, wJ;}ich was as rapid as possible, the guns were dis
mounted and mounted, limhered up and unlimbered, wheels were shifted, ana 
the detachments changed round, each operation four or five times. 

ApPENDIX D. 

EXTRACT from REPORT of COllfMITTEE on ORDNANCE (1858) on 
SUBJECT of REDUCTION of WINDAGE. 

" 29. The important subject of winda~e has much engaged the Committee's 
attention, and though there is no dOl1bt that a diminution of windage gives 
greater accuracy of direction and increase of range, yet there are other questions 
which must be well considered before deciding on a reduction of windage. 

The following are, perhaps, the most impnrtant points to be kept in view, 
viz.,-the expansion of shot by heating, the effects of rust, increase of diameter 
by painting, the foulness of the piece (which after repeated firing becomes very 
considerable), and the probability of the enduring power of the gun, as well 
as that of the carriage, being affected by the increased strain to which they 
would be subjected by any diminution of windage. 

31. It has been proposed to have low gauge shot for the purpose of heating, 
and that they should be painted some particular colour, and were the ex
pansion of shot by heating the only objection to the diminution of windage 
it might be deemed desirable to try strch a scheme, but this not being the 
case, and the introduction of two descriptions of that shot for the same gun 
being very objectionable, on account of the confusion likely to occur there
from, the Committee do not recommend this proposition. 

• And two shells through. 
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32. The Committee· with reference to the increase in the diameter of shot 
by painting deem it desirable that efforts be made to obtain a substitute for 
paint for lacquering shot and shell, of a thinner and more durable form. 

33. The Committee propose a slight reduction in windage to be carried out 
by a diminution in the bores of the guns which the Committee consider a pre
ferable method to that of increasing the diameter of the shot, as the latter 
plan if adopted would necessitate the re-casting of all the shot and shells at 
present in the service to bring the change into effect. 

But by an alteration in the bore of the gun the present store of shot and 
shell can be used both with guns of the present calibre and also with those to 
be hereafter constructed of diminished calibre. 

* * * * * * 
35. The Committee recommend as a principle that the windage be calculated 

from the high gauge of the shot in place of the mean, between the high and 
low gauges, the founder receiving directions to adhere to the high gauge as 
closely as possible. 

By this method the windage win more nearly represent the difference 
between the diameter of the bore and the shot, and thus will be a safer guide 
than the present method; for example the windage of a 68-pr. gun measured 
from the present mean gauge (7' 925) is '195; but should a shot be used 
which is ofthe high gauge (7'95) the windage is reduced to '17, whilst a shot 
of the low gauge would give a windage of . 22. By the method recommended 
of calculating the windage from the high gauge greater uniformity will be 
obtained and the least possible windage at once known. 

36. The Committee in proposing the amount of windage to be allowed have 
been governed by the expansion of shot by heating, and the gun founders' 
limits; thus take a 68-pr. shot of the high gauge 7 . 95 inch, add' 12 for heating, 
gives 8' 07. The diameter of the gun is 8' 12; deducting for founders' limits 
leaves 8' 105, subtracting 8 . 07 from 8' ] 05 there will only remain . 035, and 
the Committee, in the absence of any recorded experiments within reference to 
firing 68-pr. guns with red hot shot, deem it desirablp- that the windage for 
68-pr. and 32-pr. guns should not be finally decided until the experiments 
suggested in the conclusion of this report be carried out," 



ApPENDIX E, 

EXPERIMENTS by ORDNANCE SEI,ECT Co:\nHTTEE with R, L, G, and L, G, Powm:R, 
JJlirlllte 113,686,--1641. GUNPOWDER, 

Proposal to substitllte rifle L, G, (A 4) for L, G, in smooth-bore ordnance, 
I, Lieut, N~ble, R,A" 25/~/O3, Submits, with reference to Minute 15,717, thc following' !1b~tract showing the velocity of projectiles fired from varions lllttures of ol'dnance with 

1.1. G. pO\VdOl~ in comparison with rifle L. G. . . . 
It !1ppea.r3 that" "reator velocity is obtained by tho uso. of tho lattor powdm' III every lIlstance with gU1M except ono, viz" the 10,inch gun in which the velocity is slightly less' 

t:,is result is probably owing to the cllarge in th\s case being relatively smaller than in any other, It appears, as might have boen expected that the smaller grained powder givc~ 
greatol' veIo.'ity in the CflSO of mortars, '.I'he 8,inch mortar was not nsed, as the reslllts with the 10,inch and 1a'inch were considered suUlciently conclusivc, 

This oxpe!itnent proves that rille L, G, powdcr cau be substituted' for L, G, ll1 all those natures of smooth,boro guns Wllich will probably enter into future armaments, 
Brands of powder {L, G" 20/11/63, Lot 674. 

Date of experiment, 7, S, 0/S/05, Rille L, G" 1/4/64, Lot 754, No wads nsed I I Cartridge, I Dranel I ProJ~ill. I Observed Velocities at 40 Yards, 
Mean I Calcnla, 

GtUl, Chn.rge. of 

I I ! ! 

Observed ted MOfln Mean Mean Vclocity Initial Length,lDiameter, Powaer, N atl11'e,!wOight,IDil1meter, 1, 2, 3, 4, S, at 40 Yds, Velocity, 

lbs, ins. ins. Stoel, Ib" in3. feet, feet, feet, feet, feet, feet, feet, 10' 5-iuch wrought iron gnn of 12 tons 50 - - - - T"G, • 168'0 10'4 - - - - - - - - - - - 1060'0 50 - - - RificL,G, 
C. {;'on 

108'0 10'4 - - - - - - - - - - - - 1710'0 " JJ H 
J" G, 94'0 8'87 1668'0 1641'3 1072'3 10H'2 1660'S 10WO 1697'0' 

lOO·l..tl', wrought iron gun of Ok tons - 25 - - - -
" " " 

25 - - - RifieL,G, .. 94'0 8'87 1087'7 1703'0 109H' 1 1701'0 1603',1 1097'0 1731'0 10-inch gun of 87 cwt, 12 10'25 7'15 L,G, 0 92'025 9'80 P23S'l 1221'0 123~'O 1221'0 1200'5 
} 1220'S 1251'0 - - -

1237'0 1Z,.3'5 12Hl'S 1210'S 12:34'0 
12 10'25 7'15 RillcL,G, 92'025 9'S6 r 1194'0 1185'S 1185'8 HOH'l 1175'9 

} 1197'0 1222'0 " " - - - " (1227'4 1201'2 1185'0 1227'4 not. observed S,inch gnn of 05 cwt, 10 11'0 0'5 L,G, 49'025 7'80 {1432'S 14:31'4 1427'2 1420'8 1a9~'l } 1422'0 1463'0 
- - - " 1425'S 1404'9 H42'8 1410'5 1484'2 - - 10 11'0 6'5 RifieL,G, 40'625 7'86 e476 ' 2 1484'3 1427'8 1450'0 1471'S } 14~2'l 1482'3 " " - " 1485'7 1434'3 1487'1 1428'7 1426'0 68-pr, gun of 95 cwt, - - 16 12'0 7'0 L,G, 0 66'0 7'92 )1529'8 1541'0 1571'7 1520'8 1520'3 } 1530'3 1574'0 
- 05:31'3 1531'4 1533'0 1552'2 1552'0 - - 16 12'0 7'0 RifleL.G, 66'5 7'02 e557 'l 1571'0 1533'0 1571'0 1541'0 } 1551'6 1586'5 " " - " 1541'0 1544'2 1581'0 1541'0 1533'0 32-pr, gnn of 56 cwt, - - 10 11'0 5'75 L,G, 31'5 0'16 {1500'5 1009'S 1621'5 1075'6 1639'2 } 1641'0 1680'0 
- " 1635'7 10428 1670'1 1662'7 1662'7 - 10 11'0 5'70 RifieL,G, 31'5 6'16 [1684'9 1675'6 1660'9 1662'7 1677'5 } 1671'4 172Q' 5 " " - - " 1657'2 1675'0 1662'7 1(j';'5'0 1031'2 13'inch sea service mortal' of 103 cwt, 10 - - - ~ L,G, 0 204'5 12'8 654'6 649'3 651'7 6,.7'0 640'S 648'7 657'0 

lO'~~h land service mortar 0/18 cwt: 
10 - - - - lUfleL,G, 

" 
204'5 12'S 514'5 580'2 582'7 575'4 570'7 576'7 584'0 4 - - - - L,G, 

" 91'4~7 0'83 522'0 517'1 511'0 510'S 520'1 517' 5 0~4'O " " " - 2 - - - - RiIl~'L,G, " 
91'437 0'83 331'6 335'5 318'6 331'2 332'7 320'9 333'0 " " " - .. - - - - " ~1'437 9'83 420'6 432'7 422'0 418'4 412'5 421'2 426'0 " " " - 2 - - - - " " 91'437 9'S3 2~2'2 292'2 297'3 302'2 299'5 296'7 300'0 

-

: I 
L,G, 1-kG.i Density - - _ _ _ 

1'710 J'710 . Number of grains in 60 grains' weight 526 
• Mluute 14.'149. 

~ 
-'l o 
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ApPENDIX F. 

Circular No. 674. 

HOME A;-;D FOREIGN. 

, War Office, Pall Mall. 5th April1S6L 
1. The Secretary of State fOl' War, considering it desirable to establish a 

greater uniformity in the proof report of gunpowder forwarded to the Superin
tendent of Royal Gunpowder Factories, at 'Waltham Abbey, from the several 
stations at home and abroad, as \\'ell as to render the proof results a more certain 
criterion of the general state of powder in charge, has been pleased, with the 
concurrence of His Royal Highness the General Commander-in-Chief, to 
approve of the annexed Forms, War Office No. 1517 and War Office No. 1518 
being used by the Inspector of Warlike Stores and other proof officers, in lie~ 
of the various forms which have hitherto been furnished. 

2. Fonn No. 1517 is to be -filled in by the Military Storekeeper and In
spector of Warlike Stores as far as practicable when the directions in Circular 
No. 541, for the arrangement of the store have been carried into effect, and 
sent to the Superintendent Royal Gunpowder Factory, Waltham Abbey, who 
will cause the ori~inal proof of other several lots at Purfieet to be traced and 
inserted. The form will then be returned to the respective stations for the 
information of the storekeeper and proof officer, and constitute the basis of a 
record of the powder in charge; and the subsequent proofs at the stations 
as they take place being inselte(l the state of powder in store will always be 
known. 

3. In order that this record of the powder in charge may be kept up at the 
several stations, the storekeeper at Purfieet will in future send with the delivery 
voucher a memorandum of the PUl'fieet proof of the lot 01' lots issued, and thts 
information should be recorded at once on the receipt of the powder. 

4. Form No. 1518 is the report of proof to be forwarded annually to the 
Superintendent of Royal Gunpowder Factories, 'Waltham Abbey. 

5. When the store of powder has been properly arranged as directed by 
Circular No. 541, and the form No. 15]7 completed, the following mode of 
proceeding with the periodical proof will probably be found convenient, and 
sufficient to secure an accurate knowledge of the condition of all the powder'in 
charge. ; 

6. Ten barrels of powder roay be selected indiscriminately from each of the 
different lots, which together constitute about one-third part of the whole 
quantity in store, when samples taken from each and mixed together will form 
the sample to be fired the first year. In the second year the same course may 
be pursued by test.ing samples from other barrels tal~e~ out, of the.1ots com
posing one-third part of the total store; and the remammg tlard pOl·tlOll would 
unc1ercro proof in like manner in the third year. 

7. tn the succeeding year the time will ha\"e. again come round for proving 
those lots of powder which underwent the test m the -first year, and so on. 

S. The barrels from whence the samples are drawn should in each case be 
marked with the date of proof, and other barrels taken when the same lot i.s 
again proyed. 

9. The Inspector of vYarlike Stores or other proof officer will, l;owever, carry 
on the Fool by sight and band as much. further ~s he may thmk necess~ry, 
and eyen resort to proof firing should It be deSirable from the lliag!tZmes 
being damp or defective, or the condition of the powder doubtful from any 
other cause, since it is to be clearly understood that these general arrangements 
are not intended to relieve Inspectors ~f :vyarlike S~ore~ or others upon whom 
the duty may de,·oh'e from the rcsponslblht:y of satlsfymfl,'.themselves that the 
pom1er ::It their respective stations is always III good condltlOn. 

To 1Iilitary Storekeepers, 
Inspectors of 'Warlike Stores, &c. 

(Signed) B. HAWES. 
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Appendix F. cont.-A REGISTER of GUNPOWDER in Store at 

PURFLEET PROOI!'. PROOI!'S at this STATION. 

1 Range in Feet 
obtained with 
68 lbs. Solid Range Range 

~ Shot fired with in Feet in Feet .g Date S ozs. Charges with with 
of Powder from 68lbs. 681b9. 

~ 8! of Cube. S-inoh Iron Solid Solid .S Mortars. Shot, Shot, .g 
~ ~ Second Ibs. ozs. &0. &0. &0. &0. H ·S ~ First I Second .... '0 ~ Proof. Pl·oof. Proof. 
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Appendix F. cont.-A REPORT of the PROOF of GUNPOWDER in charge of 

Description. 
SOl·t of Date of Number Lbs.of Number 

I 
Receipt at of Powder of the 

Maker'S I No. Grain. BalTels in each Sample. 
Date. the Station. in Lot. Lot. 

Name. of Lot. 

----

Number 
of Barrel 

from 
whioh the 

a~:~:. 

W.O. Form 1518. 

Ran~ in Feeb obtained in firing a 
68- . Solid Shot, with 2 oz. Charges 
from an a·inch Gomer Mortar. 

Remarks. 

1 I 2 I 3 I Average. 

CI:> 
-r 
CI:> 
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ApPENDIX G. 

Circular No. 892.-(Gunpowder.) 
HOME AKD FOREIGN. 

(EXCLUSIVE OF INDIA.) 

W 111' Office, 9th J anuarv 1865. 
THE Secretary of State for War: desires, with a view to the avoidance 

of errors in describing gunpowder, that instead of the existing marks on the 
barrels, viz. :-

Powder. 

Common. Exercise. Shell. -----
I 

I I L.G. 
I 

F.G. L.G. F.G. A.4 E. R. L.G. M.R.A.. 

The following marks shall, for the futUre, be adopted, yiz.:-

Powder. 

-- Exercise. Rifle. Shell. Redusted. 

L. G.I F.G. L.G.I F.G. L.G.I F.G. L.G.I F.G. L.G.I F.G. 

The other marks on the barrels will be regulated accordingly. 
EDWARD LUGARD. 

ApPENDIX H. 

RESULT of EXPERDJENT, :filling Cannon Cartridges with CAFFIN'S MACHINE, and 
weighing the Charges with Scales. -

Machine. Scales. 

-- 68·pr., 16 lbs.; 32pr., 10 lbs. ; 'T-ine.1l1\, 
Two Measures of Two lIf ensures 12 lbs.; BS·p!'., 3:2·pr., 7·in.,A, 

41bs. each, of 5lbs. Two ~leasures 161bs. 10 Ills. 121lls. 
twi ce filled. each. of 6 Ibs. clLch. 

Bringing powder from map;nzine. 1 man 1 man 1 man llUlLll Im[l.n 1 man 
Unhending barrels [1.11(1 stippling 2 men 2 men Smen Imnn 1 man 1mm hopper. 
Filling - . - - l=n 1 man 1 man 1 man 1 man 1 man Hold • • • • - - - - - - - - - 1 boy 1 boy 1 boy 
Removing filled cartridges from 1m:;" Imnn 1 man - - -machine to table. 1-----

Total - 5 men 5 men 6 men [ 3men 13 men 3 men 
1 boy 1 hoy 1 boy 

Number filled per hOllr· • 202 222 331 100 100 
Number one man can make un f Skilled men 10 10 8 10 10 per hour - • _ ._ Unskilled men 6 6 6 6 
Total number of m en making UP} Skilled men 20 22 41 16 10 to keep the machine or scales 

fully employed - _ _ Unskilleclmen34 37 116 27 32 

Variations in {New L.G., W.A. 16 Ibs. 10 oZS. to 10 Ibs. 8 OZS. to - - - -
16 lbs. 5 oZS. 10 Ibs. 3 ozs. 

the charges Started L.G. _ 111bs. to 16 Ibs. - - - - - - -of powder. 30zs. 
Rifle L.G., W.A. - . . - . 131b9. 6! oZS. to - - -

131bs. 1 oz. 

, . The dIfference III the number of cartridges lilled of rifle L.G. powder as compared With L.CT.IS III consequence-
of the powder running more freely. . . . 

The measures, When usin~ rifle L.G. powder delivered a greater charge than when L.G. IS employed, thIS IS 
due ~o the freedom with WhICh this powder I'u;'s. 

It IS found.impracticable to use the machine for filling those cartridges which have a paper cylinder. d 
~ In measurmg the 10 Ibs. charges L.G. three were found to weigh respectively 6lbs. 8.ozs., 7lbs. i oz~., an 
I fbs. 5 ozs., caused by the powder clogging in the hopper' this will frequently oceur if tho powder 18 only 5lightly ca ked.· • . 
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ApPENDIX 1. 

III.-EXPERIlIIENTS all the ApPLIO.\.TION of PERlIIANENT MAGNETS to 

the EXPLOSION of ORAnGES and to SUmIARlNE OPERATIONS. 

" The ignition of gUl:lpowder by the direct magneto. electric current, thOllgh 
welllmovVll to be practlCable, has never yet been applied to military or indus
trial operations, and no satisfactory experiments appear to have been made, 
before those undertaken at Woolwich, showing its practical applicability to 
these purposes. 

In the first experiments on this application of the magneto-electric current, 
a yel'y large powel'ful magneto-electric machine was employed, which had been 
cOllstructetl by Mr. Henley (and had been exhibited by him at the Pal'is 
Exhibition in 1855). The principle of this instrument was pl'ecisely the same 
as th~t of the machine dev~sed by Mr. Wheatstone, for ringing magneto
electrlC billls. Its armature, Illstead of rotated, was suddenly detached from 
the magnet by means of a lever. It was SOOll established by a few experiments, 
that even with this instrument gunpowder itself could be ignited with any 
degree of certainty. Results obtained with Statham's and other fuzes, though 
superior to those furnished by gunpowder alone, were still fal' from satisfactory. 
The first efforts were therefore directed to the discovery of a suitable agent to 
serre as a perfectly certain medium (or priming material) for effecting the 
ignition of charges by means of the magneto-electric machine. For this pur
pose, a val'iety of compounds and mixtures of a more or less sensitive character. 
were prepared for trial with the magnet. The following were the principal 
tried :-mixtures of meal powder with powdered coke, with sulphur, with 
sulphur and iron filings, with iron filings and carbon, with fulminate of mer
cury, and with the latter in addition to hon filings and to coke; fulminate of 
mercury, percussion-cap composition, alone and with coke; detonating com
position (sulphide of antimony and chlorate of potassa); the same mixed with 
iron filings an d with coke; gun cotton, alone and mixed with some of the 
aboye; amorphous phosphorus, in admixture with oxidizing agents. It will 
be observed that the nature of the above materials was varied so as to test the 
sensitiveness of readily ignitable substances, both alone and when mixed with 
bodies which would serve as electrical conductors. . 

Many of these compositions furnished results to a certain extent fa1'ourable. 
a number of fuzes, primed with them, having been fired in succession with the 
magnet, and from two to foul' chaJ'ges in one circuit haying been ignited, in a 
very few instances. But no perfect certainty of discharge was attained with 
anyone of the above materials; the !1ttcmpt to £re a fuze being frequently 
unsuccessful, whib no difference between it and a successful fuze, containing 
the same composition, could be detected by careful examination. These pre
liminary trials, however, established the fact that the sensitiveness (ready ex
plosiveness) of a priming ll:.aterial was not alone suflicient to determine its 
success, but tluLt those which possessed a certain though not too considel'able 
degree of conducting power were more readily and certu,inly ignited than 
others of a more sensiti1'e character. 

Some successful results, obtained accidcntl111y with one of the experimental 
compositions, which had become damp by exposure to air, led to a trial of the 
effect of moisture in promoting the ignition of but slightly sensitive composi
tions, and it was ultimately found that the impregnation of ordinal'y gUll

powder with a small amonnt of moisture (by an expedient similar in principle 
to one adopted wiGh considerable success by Captain Scott, R.E., in connexion 
with charges to be fired by the induction coil machine) rendered its ignition 
by means of the magnet a matter of certainty. 

Some important precautions were, however, indispensable to the ~ttainmei1t 
of this defiuite result. If the slightly clamp powder was employed III a finely 
divided condition, it very frequently became caked between the ~i~e terJ?1inl1is 
in the fuze, and the current would then pass through the composltlOu WIthout 
igniting it. This was found to take place occasionally, even when the powder 
was employed in its original granular condition. Several attempts were made 
to overcome this difficulty by modifying the form and position of the termin~\h 
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or poles in the fuze, and I at last contrived a p~rfectly su?c~ssful arrangement 
in \"hif'h only the sectional surfaces of the termmals, conslstmg of fine copper 
wire (O·O:?:? inch diameter) were exposed in the interior c:f the fuze, so as not 
to project at all. The prepared gunpowder, therfore, slmply rested upon the 
surfaces, and a perfect uniformity in the action of the fuze was attained. The 
priming composition consisted of fine grain gunpowder, which had been 
soaked in an alcoholic solution of chloride of calcium, of a strength sufficient 
to impregnate the grains with from one to two per cent. of that salt. The 
prepared powder was exposed to the air for a short time, to permit of a suffi
cient absorption of moisture by the deliquescent salt. Upwards of 500 quill 
fuzes (of the description employed for firing guns), primed with the prepared 
gunpowder, and fitted with the arrangement of the terminals ahove referred 
to, were fired with the larger le,'er magnet. The failures did not amount to 
more than 3 per cent., and were all pro\'ed to be due to defective manufacture. 
In the experiments with these fuzes, one or two simple rheotomic arrange
ments, such as that referred to in the first part of this memoir, were success
fully employed for effecting the rapidly successive discharge of a series of 
fuzes. 

The above fuze was found to be easy of manufacture and permanently 
effective. "'hile, however, it presented a certain means of effecting the 
ignition by the aid of a powerful magnet of single charges, or of a large num
ber to be fired in moderately rapid succession, it was inapplicable to the 
ignition with certainty of more than one charge in circuit. After a great 
llumber of experiments I at length su<::ceeded in the production of a priming 
material for the fm;e, which greatly exceeded in sensitiveness any of the other 
compositions hitherto tried. A very gradual separation of the armature from 
the large magnet sufficed to effect the ignition of the fuzes primed ",ith this 
material, and the induced current obtained by means of a very small magnet, 
with a rotatory armature, such as employed in Wheatstone's magneto-electric 
telegraph was sufficiently powerful to produce the same result. I have recently 
found that the currents obtained from magnetic instruments of inferior power 
an d less perfect construction, such as the stnall American magneto-electric 
medical apparatus, readily ignite this priming material, and that fuzes primed 
with it are fired with certainty, by the smallest electro-magnetic apparatus, 
with the employment of one moderate-sized cell of Smee's battery. 

The new priming composition consisted of a very intimate mixture of sub
phosphide of copper, chlorate of potassa, and levigated coke, the latter sub
stance being employed to add to the conducting power of the mi.xture, which 
was found otherwise insufficient. . 

In tbe course of experiments subsequently carried on with fuzes which 
contained this composition, it was found that a slight residue, consisting prin
cipally of the coke employed, occasionally remained on the surfaces of the 
terminals in the fuze after its discharge, and, by forming a g()od conducting 
link between them, interfered with any future effects of the magnetic current 
in other directions by the establishment of a complete circuit. This obstacle 
to ~he perfect success of the composition was entirely removed by the substi
tutIOn, for the coke, of another material, more easily acted on by the chlorate 
of potass.a, and answering equally well as a conducting medium; namely, the 
sub-sulpide of copper. No instance has occurred in the discharge of several 
thousand f~zes, primed with the mi.xture of sub-phosphide and sub-sulphide 
of ?opper WIth chlorate of potassa, in which the terminals have not been found 
qmte free !ro~ adherent residue after the ignition. The sub-phosphide of 
copper, whICh IS produced at an elevated temperature, is a compound of very 
stable character, and the mixture of the three constituents is quite as unalter
able as ~he explosive mixtures which are in general use for the preparation of 
percussIOn. caps, &c. The stability of the mixture has already been submitted 
to very satls~actorr tests. Fuzes primed with it have been found to have lost 
none of. theIr delicacy and certainty when tried more than two years after 
preparatIOn. 

~e~ore passing to a statpment of the results obtained by the aid of this 
prImmg compositi?n in imestigating the extent to which magneto-electricity 
could be appli~d WIth certamty to the simultaneous ignition of a number of 
fUzes, some lIttle account must be given of the properties of the priming 
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material itself, and of the results which regulated the proportions in which its 
ingredients were employed. 

The sub-phosphide of copper, intimately blended with chlor-ate of potassa, 
forms a mixture in a high degree sensitive to the effect of heat, and possessed 
at the same time of some power of conducting electricity. "With the employ
ment, however, of magneto-electric machines of comparatively low power, and 
in cases where the resistance to be overcome by the current is considerable, 
this conducting property is not sufficient to -ensure the ignition of the mixture 
of assisting the passage of the current across the interruption in the metallic 
circuit (i.e., across the small distance between the terminals of the wires in the 
fuze). It must be borne in mind that the striking distance, or the space 
between the terminals across which the current from even a powerful magneto
electric machine will leap, is very small. With the large lever magnet the 
spark could only be produced when the wires were almost in contact. Since, 
however, it is indispensable to the proper insulation of the wires in the fuze 
arrangement that the terminals should be at least one-sixteenth of an inch 
apart, it will be readily understood how essential to success, in operations with 
these machines, it is that the priming material should possess considerable 
conducting power. Hence the necessity of increasing the conducting power 
of the mixture of sub-phosphide of copper and chlorate of potassa; a result 
which, it has been already stated, was obtained in the first instance by the 
employment of finely levigated coke, and afterwards by the sub-sulphide of 
copper for that substance. Many experiments were of course required to 
determine the proportions in which it was advisable to employ the conducting 
constituent so as to facilitate the passage of the current through the mass as 
far as possible without interfering too much with the sensitiveness of the 
explosive mixture, or producing an almost perfectly continuous connexion 
between the two poles in the fuze, and thus promoting the passage of the 
current so greatly as to prevent the ignition of the composition. 

Considerable difficulties were encountered in the endeavours properly to 
balance these conditions when attempts were made, which will presently 
be mentioned, to apply the mixture in question to the ignition of several 
charges in circuit. The increase in the resistance of the current, consequent 
onthe introduction of mote than interruption in the metallic circuit, neces
sitated an increase in the conducting power of the mixture which it was 
difficult to attain, unless at a considerable sacrifice of the sensitiveness of the 
composition. It was consequently found that, when the proper conditions 
had been attained for ensuring the passage of the current through several (fi,=e 
or six) fuzes in circuit, the absolute certainty of the fuze when applied in thIS 
manner had been sacrificed. Thus out of several fuzes tried together, which 
had been most carefully prepared, so as to be as far as possible perfectly alike, 
the current would ignite a few passing through the others without affectmg 
them; and would thus point to minute differences in the conducting powers 
and sensitiveness of different portions of one and the same quantity of the 
mixture which, it is almost needless to observe, was prepared in such a way as 
to insure the greatest possible uniformity. 

Bya large number of careful experiments the proportions of ingredients 
were at length determined, which furnished a mixture possessed of high con
ducting power, attaina?le without detriment.to the .sensit~veness (ready ~xpl?
siveness) of the materIal. The perfect certamty of Its actIOn, when applIed l.n 
the fuze, to the explosion of a single charge by means of magneto-electrIc 
machines, has been proved by the ignition of at least 5,000 fuzes without 
failure. 

A large number of these have been fired by means of the smaller machines 
already referred to."-Abel on Recent Application oj Electricity, pp. 16 to 21. 
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ApPENDIX K. 

On the hV'L"GE:\"CE of ATMOSPHERIC PRESSURE upon some of the PHE
XO)lEXA of CmlB"GsTIO~.*-By Dr. EDWARD F!Uu.'\KLA.'\'D, F,R.S. 

Although the rate of vurning of ca.n.dle~_ and oth~r ~i::nilar combustib.les, 
whose flames depend upon the volatilIzatIon and 19mtlOn of combustible 
matter in contact 'with atmospheric air, is not perceptibly affected by the 
rressure of the supporting medium, J:et this is ~?t h·ue. of all ~?mbustibles. 
The rate of burning of self-suppornng combusLlbles, l;ke t,he tl:ne-fuzes of 
shells, depends essentially upon the pressUl'~ of the medmm m wInch ~hey are 
deflaarated. Attention was nrst called to this fact by Quarter-master r.l!tchell, * 
who found that the fuzes of shells burnt longer at elevated stations th!1n when 
ignited near the level of the sea, The, l'esul~s <;If the author'~ experiment~ with 
six-inch or thirty-seconds fuzes burnt III artl1icIaIly rarefied all' are embodied in 
the following table :-

Incl'Ntse cf Timc Reduction of Iuerease of 
Axemge Pressure A "crage Time Pressure corre-of-Burning oyer sp~nding with Time of each 
of Air in Inches of Dellagration preceding Diminution of 

of Mel'CUl'Y. or O-in . .1?nze. Observations. Increase of I-in. Pi'cssure. Time, 

i , 

I 
I seconds, seconds, I inches. seconds. 
I 

30· .. 0 
I 

30'33 

28-25 32'25 1'92 2'15 I '893 
I 

25',0 

I 
34'73 2'50 2-55 '980 

22'45 34'i5 3'00 3'25 '925 

19'65 

\ 

41'50 3'75 2'80 1'339 

15'95 45'50 4'00 3'70 1'081 
, 

There are here evident indications of the rate of retardation being somewhat 
greater at low than at comparatively high pressures; but, neglecting these 
indications, the above numbers give l' 040 second as the average retardation in 
:J. ,ix-inch or thirty-seconds fuze for each inch of mercurial pressure removed, 
'lhis result agrees closely with that obtained by Quarter-master Mitchell, if we 
except those fuzes which he burnt at the greatest altitude; and in reference to 
which some error must obviously have crept in. The following table shows 
:Mr, Mitchell's results uniformly with those in the last table. The fuzes which 
he employed were 15 seconds or three inch ones, and their times of combustion 
have therefore been multiplied by two in order to hring them into comparison 
with the six inch fuzes which were used in the author's experiments :-

Increase of Time fu,duction of Increase of rres:;ul'c of Air Average Time Pressllre corre-
ill Inches of of Combustion of Com lJustion sponding to Time for each 

Jllcl'cul'Y, of c,in Fuze. 0,'01' la,t Iucrease of Diminution of 
OlJscl'Vatioll, Time, I-in. Pressure. 

seconds, i seconds. inches. seconds. 
29' 6J 28'50 

26'i5 31'56 S'06 2'86 I'OiO 

23'95 

I 
34'20 2'64 2'80 '943 

22'98 36'25 2'05 '97 2'1l3 

Here, omitting the last determination as abnOl'mal. we have the averao-e 
retardation, in the combustion of a six inch fuze, for each diminution of o~e 

• Proccedings Royal Society, '01. XI, p. 137. 
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inch mercurial pressure, equal to 1'007 second, which coincides almost exactly 
with the number (1'043) deduced from the author's experiments. 

The results of both series of observations may therefore be embodied in the 
following law:-The increments in time are proportional to the decrements in 
pressure. For all practical purposes the following rule may be adopted ;-Each 
diminution of one inch of barometrical pressu7'e causes a 7'etardation of one second 
in a 30 seconds fuze; or, each diminution of atmospheric pressure to the extent 
of one mercurial inch increases the time if bumin.1f by one-thh,tieth. 

This retardation in the burning of time-fuzes by the reduction of atmospheric 
pressure will probably merit the attention of artillery -ofricers. Up to the 
present moment these fuzes ha,-e been carefully prepared so as to burn, at 
Woolwich, a certain nUlD ber of seconds; but ~lIch time of combustion at the 
sea-level is no longer maintained when the fuzes are used in more elevated 
localities. EYen the ordinary fluctuations of the barometer in our latitude 
must render the time of the combustion of these fuzes liable to a variation 
of about 10 per cent. 'l'hus a fuze driven to burn 30 seconds when the 
barometer stands at 31 inches, would burn 33 seconds if the barometer fell to 
28 inches. Even the height to which a shell attains in its flight must exert an 
appreciable influence upon the burning of its time-fuze; to a still greatel· 
extent, however, must the time of combustion be affected by the position of the 
fuze during the flight of the shell. If it precede the shell, the time of burning 
must obviously be considerably shorter than if it follow in the comparatively 
vacuous space behind the shell. . 

The apparently opposite conclusions to which we are led as regards the 
influence of atmospheric presoure upon the rate of combusti9n, by the experi
ments upon candles on the one hand and upon time-fuzes on the other, are by 
no means irreconcileable; in fact, an examinatlOn into the conditions of com
bustion in the two cases scarcely lea"es room for the expectation of any other 
result. In the combustion of a candle, the author proves that, at all pressures, 
there is a sufficient supply of melted combustible matter kept up at the base of 
the exposed portion of the wick; the capillarity of the latter is not affected by 
prtssure, and as the temperature of the flame is also proved to remain practically 
constant, effecting the evaporation of the same amount of combustible matter 
under all pressures, it foll()ws that the rate of consumption of a candle must be 
nearly or quite independent of the pressure of the surrounding medium. In 
the deflagration of time-fuzes, the conditions are obviously very different. Here 
the combustible matter never comes into contact with atmospheric oxygen 
until it has been ejected from the fuze-case. Unlike the candle, the composition 
contains within itself the oxygen necessary for combustiou, and a certain 
degree of heat only is necessary to bring about chemical combination. If this 
heat were applied simultaneously to every part of the fuze composition, the 
whole would burn almost instantaneously, Under ordinary circumstances, 
however, the fuze burns only at a disk perpendicular to its axis; and the time 
occupied in its defiagration necessarily depends upon the rapidity with which 
each successive layer of composition is heated to the temperatme at which 
chemical combination takes place. This heat, necessary to deflagration, is 
evidently derived from the products of the combustion of the immediately 
preceding layer of composition; and the amount of heat thns communicated 
to the next unhmnt layer must depend, in great measure, upon the number of 
particles of these heated products which come into contact "lith that layer. Now, 
as a lal'ge proportion of these products are gaseous, it follows that, if the 
pressure of the surrounding medium be reduced, the number of ignited gaseous 
particles in contact at anyone moment with the still unignited disk of com
position will also be diminished. Hence the slower rate of deflagmtion in 
rarefied air. 

ApPENDIX L. 

On the USE of METAL TIllIE FUZES. 

It is worth while to consider whether the reasons originally urged for the 
employment of. metal time fuzes for naval Service are really as valid as prima 
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facie they appear, and whether they are applicable to the existing order or 
things. 

The decision of 15th Xovember 1865,1 that" all shdls issued filled for naval 
" service are to be fuzed with percussion fuzes," materially affects the position 
of the advocates of metal nayal time fuzes, since the two first and principal 
reasons alleged in fa\·our of the employment of such fuzes 2 fall to the ground 
now that this practice has been discontinued. These two arguments hinge 
upon the storing of shells filled and fuzed with time fuzes, and have no 
independent force or meaning; and it might therefore be sufficient to dispose 
of them by pointing out that whatever force they may at one time have 
possessed they no longer apuly. 

It will, however, be worth while 3 to inquire whether they ever really had 
that force which has been claimed for them; whether, in fact, it was ne
cessary or even desirable that filled naval shells should be kept fuzed? As 
regards percussion fuzes, it may be at once conceded that as such fuzes require 
no preparation, and have not therefore to be removed from the shell and 
replaced before loading, a material saving of time and a somewhat diminished 
chance of accidents, such as might under rare circumstances arise in exchang
ing a plug for a fuze, does result from storing the filled shells with percussion 
fuzes in them in place of plugs; and the arguments in favour of the employ
ment of metal percussion fuzes therefore hol d good. 

But when we turn to time fuzes,4 which, if intended to be used as such, must 
be remo\"ed from the shell on going into action, prepared for the required range 
and replaced in the fuze hole, it does not appear that any sa"ving of time or any 
increase of convenience results from the present practice; indeed, it is probable 
that of the two a shell with a plug and wad or with a percussion fuze ill it 
could be prepared more rapidly, the preparation of the time fuze going on 
simultaneously with the removal of the plug or percussion fuze; while m the 
case of the (time) fuzed shell the removal of the fuze must precede its prepara
tion. And when we consider that the abandonment of the practice of keeping 
shells (time) fuzed admits of the adoption of wooden time fuzes-of fuzes, that is 
to say, which require no screwing into tke sheu.. but which can be prepared and 
fixed in about six or seven seconds, and which can be uncapped in a shorter 
space of time than metal fuzes, the balance as regards saving of time inclines 
still more strongly to the side of the plugged or percussion-fuzed as against the 
time-fuzed shell. It may be urged that naval shells which were fitted "with 
time fuzes were always stored with the n-seconds and not the 20-seconds fuze 
in them, and that this short range fuze was, as a general rule, not prepared at 
all, and that the loss of time indicated above is therefore imaginary. To this 
it may be answered that such an argument, instead of being favourable to the 
present practice, furnishes a strong condemnation of it: no one would advocate 
the non-preparation of the fuze, or contend that such non-preparation is in any 
way desirable; the fuze is intended to be prepared and is specially constructed 
with side holes, and implements are specially provided with this object," and if 
a.clvantage is never taken of this construction, and of these implements they 
are unnecessary. "Why, then, is the fuze which is intended to be prepared not 
prepared? Because of the loss of time which such an operation would involve. 

What part of the operation is it which entails the loss of time? Surely not 
the simple preparation, the simple boring of the fuze, which is the work of two 
or three seconds, but the operations of unscrewing and refi.xing the fuze, the 
operations, in short, which are inherent in and peculiar to a system of fuzed 
shells and metal fuzes. Surely, therefore, the argument respecting the non
preparation of the fuze tells forcibly not for but against a system by which 
such loss of time is entailed that it is considered necessary or desirable to 
sacrifice in a measure the effects of the shell and practice, and, so to speak, to 
throwaway the fuze to avoid it? 

1 War Office Circular S (new series), 1151. 
• Sec pp. 263, 264. 
3 As establishing the comparative wisdom of our present arrangements. 
4 It must be recollected that time fuzes are supplied with, but not in, naval shells in 

the proportion of 75 per cent. 
~ It is perhaps worthy of notice that the white drill fuze, specially issued for the in

struction of the navy in the manner of the preparation of the service fuzes, is a dummy 
representation of the 7k-seconds fuze. 
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As regards the 20-second~ fuze, which is usually prepared, the preparation 
can go on simultaneously with the removal of the 7:!;-seconds fuze from the 
shell which is about to be used, just as the preparation of a wooden fuze could 
go on simultaneously with the removal of the plug. In this case, however, the 
keeping of a shell (time) fuzed effects no saving of time, but the contrary, as 
the wooden time fuze, which is used when the shells are not kept fuzed, can 
be, fLxed more rapidly than the metal fuze can be screwed in. In no case, 
therefore, does it appear that any saving oj time resulted from the practice of 
keeping shells fuzed with the time fuzes, but rather that more or less loss of 
time, according to the circumstances of the case, was occasioned. 

We turn then to other considerations for arguments in favour of such a 
system. Is it safer, for example, than the alternativ~ of issuing the shells filled 
and plugged or percussion-fuzed and employing wood time fuzes? Accidents 
may a!'ise from three causes,-lst, the accidental ignition of the bursting 
charge or fuze by a neighbouring explosion, either in (a) the shell-room or (b) 
on deck during the service of the gun; 2nd, from the falling out of the fuze; 
and 3rd, from the manipulation of the fuze. 

Under the first head, the accidental ignition of the bursting charge in the 
shell-room, a shell secured with a gun-metal plug and papier mache wad is 
perfectly safe,l so also is a shell fitted ,vith an efficient percussion fuze, and a 
shell fitted with a metal time fuze can therefore be no safer. As regards the 
accidental ignition of the bursting charge on deck during the service of the 
gun, so long as a shell with a plug remains pluggell it will be no more liable 
to accidental explosion than the (metal) fuzed shell. But no doubt, of two 
livejuzed shells, the one with a metal and the other with the present common 
fuze, the latter will be more liable to accidental ignition from a neighbouring ex
plosion than the former, and as the practice of storing shells on deck in action, 
particularly when attacking land forts, is considered by naval officers to be one 
which cannot be conveniently given Up,2 the metal time fuze may under these 
circumstances be regarded as safer and better than the service wooden one. 

But the comparison, which was originally made with the common wooden 
fuze, only holds good against that fuze, and a modification of the head of the 
fuze, such as has been actually ad opted in the B. L. and M. L. time fuzes, alone 
is required to make it under such circumstances as safe as a metal one.a Even 
if the" common" wood fuze were used, and the plug removed and the shell 
fuzed at the gun,4 the danger of accident at the moment, or in the infinitely 

1 See Synopsis of Ordnance Select Committee Reports on Shrapnel Shells, p. 233, where 
this point is fully established. 

2 " It is necessary that a supply of shells should be on deck when going into action." 
-Experiments in H.lrLS." Excellent," p. 96. 

3 The Boxer (wooden) time fuze for breech-loading rifled ordnance was tested before 
its introduction into the service, as follows:-

" 1st trial. Four 4O-pr. shells with fuzes fixed were placed round a lO-lbs. cartridge, 
two of them leaning upon it, and the other two standing fuze uppermost. The Charge 
was exploded and none of the fuzes ignited. 

"This experiment was repeated five times. 
"2nd trial with fresh fuzes. 
"Sl'd trial with fresh fuzes, 
" 4th trial, with fuzes ot' 3rd trial. 
"5th trial, with fuzes of 2nd and 4th trials. 
" None of the fuzes exploded, or were blown out of the shell, or loosened in any way." 

-Extracts from Repurts and Proceedin.qs of Ordnance Select Committee, vol. ii., p. 62. 
The Committee reported in unqualified terms as to the safety of these fuzes; they 

" believe that it would be hardly possible that the fuze should light under such circum
stances."-Ibid., ii., 62. 

"That they are not liable to ignition by the bursting of a Charge of powder in close 
proximity to them. The Committee consider the results of the experiments made by 
Col. Boxer (as detailed above), are so conclusive that they see no necessity for carrying 
out the eXjJerirnents which they themselves proposed."-Ibid., ii., 62. 

" The Committee regard the result as conclusive proof of safety under trying circum
stances."-Ibid., ii., p. 133. 

These experiments may therefore be regarded as completely establishing the safety of 
a wooden fuze, of the common fuze, in fact, slightly modified; and similar experiments 
justify the belief that, the Boxer time fuzes for muzzle-loading rifled ordnance are not 
less safe. (See p. 265, note 3). 

4 This practice it is understood is considered by naval officers to be inadvisable. Sp.e 
Extracts J'rom RepOJ'ts, ~c. of Ordnance Select Cummittee, vol. ii., p. 281. 
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short space oftime tIuring which the.plug is out and before the fllze is driven 
in is so slifTht as to be hardly apprecIable. 

'And it m~st be borne in mind that whether metal or wooden time fuzes be used, 
if the fuzes are prep:tred at all, the preparation and fixing must be done some
where whether in the shell-room, or between the guns, or elsewhere on board 
the ship, and of the ,<linerent parts of the ves~el wl~ich are ll:Y,aill1ble for t.his 
purpose one ;s scarcely less vulnerable or less 1mble w the acc!O.3nbl explOSIOn 
of an enemy's shell th::m another. Nor must it be supposed that shells fitted 
with metal 'fuzes are perfectly safe against accidental explosion, such as might 
be produced by tl.le entry of :'\llothe~ shell_~nto the shell-~oo~! for it result~d 
from some expcrtments conducted In 18;;3 unuer the dU'ecdon of Captam 
Chads, C.B., R.X., that of 82 shells fitted ,yith Moorsom's fuzes and pilerl in 
a mass on thz odop deck of the" 1"01'1:," and fired into by a 32-pr. shot with a 
4 lbs. charge at 25 yards, four shells were bro!.en and exploded, while of 82 
shells fitted with metal time fuzes, and arranged anel fired into in the same way, 
two shells were broken and exploded, auu two were exploded by the caps of the 
fuzes being knocked off and the fuzes ignited by the explosion of the bursting 
charcres of the two shells that were broken.' 
N~w the circumstances under which at any rate a metal fuze may be expected 

to alford protection, are when the fuze itself is struck (for eyidently a shell 
is as liable to be broken and exploded by a shot striking it whethel' it contains 
a wooden or metal fuze); and ye·t it appears from the experiment above 
recorded that the protection which a metal fuze uoes ufi'ord under such circum
stances is at least unc~rtain. 

Therefore the protection afforded by a metal fuze to the bursting charge of a 
shell is certainly not necessarily safer than that which may be afforded by the 
wooden fuze properly arranged as the present breech-loading and muzzle-load
ing rifled ordnance wood time fuzes, with a view specially to secmity against 
accidental ignition; while c.-en in comparison with the common wood fuze 
the superior safety of the metal fuze cannot be accepted as established, if the 
fuzes are to undergo the preparation which they are intended to unuergo, and 
which entails removal and :refixing on board the ship. 

As regards, 2nd, the accidents likely to result from the faIling out of the fuze, 
whereby the powder would be spilt or exposed. Sneh an accident is scarcely 
likely to occur under any circumstances, and the plugged or percussion-fuzed 
shell is as free from the chance of it as the metal (time) fuzed shell. Nor is a 
wooden fuze specially open to this objection, unless the shells were stored 
fllzed, and the fuzes were to shrink, in which case it might take place; but the 
present arguments are specially directed against the storing of shells time 
fuzed, and this may be accepted as an additional re~son against that practice 
jf wooden time fuzes be adopted, while it is no argument for it so long as metal 
fuzes are retained. 

With respect to, 31'd, accidents which m[ty arise in the manipulation of the 
fuze, there can be no doubt that if the practice of keeping shells fuzed neces
sitated the employment of metal time fuzes; that practice gave rise to a greater 
chance of such accidents, inasmuch as metal time fuzes may be considered as 
more dangerous in this respect than wooden ones. 

Sir Howal'd Douglas lays down that, "Fuzes should be frequently examined 
" to see that their caps have not become so corroded as to be immoveable, but 
" ihe danger attending this operation when the fuze is in the shell is such that 
" this can be safely done only by putting the shell, whose fuze is to be so examined, 
" into a gun previously loaded with a small charge of powder, the range to the 
" front, right and left, being clear." ~ 

Here distinctly is an admission of the danger inherent in the manipulation 
of metal fuzes, taken in conjunction with a system of filled and fuzed shells. 
Bu~ o£?cers may differ with Sir How~rd Douglas as to the necessity for such 

eXann?atlOn; they cannot, however, dIffer as to the necessity of ultimately 
removmg the cap before the shell is rammed home, and hel'e the manipulation 
of the metal fuze is decidedly more dangerous than that of the wooden fuze.s 

: Experiments in H.iff. S. "E.~ceZlent," 1852 to 1854, pp. 104, 5, 6. 
- Naval Gunnery, pp. 327,8. 
S I take no account of the injunction not to uncap the fuze until the shell is in the 

gun, because this very excellent precaution is also taken with the wooden fuze, and does 



383 

And, as regards the fi:dng of the fuze in the shell, so long as time-fuzed shells 
and metal time fuzes were used (the one as a consequence of the other), so long 
was the double operation of unscrewing and screwing in the fuze necessary, and 
if this operation is attended by any danger that danger will be exactly doubled 
by a system in which such a twofold operation is im"olved.l 

It would appear, therefore, from the foregoing consid~rations that the old 
practice of keeping naval shells fuzed with metal time fuzes neither inCl'eased 
the facility of preparation of the fuze, but rather retarded the operation, nor 
did it apparently conduce to the safety of the shells. It is difficult to see In 

what othel" respects it could be considered as advantageous. No saving of 
storage 'Ims thereby effected; the fuzes were not better preserved from the 
effects of damp or climate, but the reyerse, as will presently be shown; the 
bursting charge was not better secured against damp than by a gun-metal 
plug and papier m~che wad or by a percussion fuze;2 and it is not easy to 
suggest any other possible adyantages resulting from such a system. If, 
thel'efore, the system of keeping naval shells time fuzed carries with it no 
recommendations, neither is the employment of metal time fuzes, so far as it 
may be connected with and result from that s.ljstem, desirable. 

"Ve proceed now to the consideration of t1le question-whether the other 
advantages claimed for metal fuzes-those advantages which do not connect 
themseh"es simply with the question of storing the shell :6.lled and fuzed-the 
intrinsic advantages or a metal time fuze, so to speak, have sufficient force to 
justify their retention. And this inquiry is the more important because, if 
this side of the argument eycr had any force, it will not h:we been weakened 
or affected by the recent decision respecting the fuzing of all filled shells 
with percussion fuzes. The first of these alleged adyantages is stated (p. 264) 
as follows :-3rd. A metal fuze is less liable than a wooden one to deterio
ration from the effects of damp or" climate, or to injury from the effects of 
violence." 

As the case stood when this argument was first urged, the metal fuze being 
in a larg-e number of cases in the shell, the wooden fuze being packed in a 
waterproof cylinder, there c~n he no doubt that the metal fuze was more sub
ject to deteriol'ation than the wooden one" since the fonner wa;s in contact with 
the powder with ,,:hich the shell is filled, and "we find that where gunpowder 
" is in contact with metal that there is a great deterioration both of the metal 
" and of the gunpowder."3 But now that the practice of keeping the :6.lled shells 
fuzed with time fuzes has been given up, and the metal and wood fllzes are 
packed with equal care, the question to be determined is whether a wooden fuze is 
inherently more liable to deterioration than tl. metal fuze. It will be said that a 
wooden fl1ze is liable to shrink or expand, which the metal fuze is not, but to 
tbis objection it may be answered that such shrinking or expansion is of no 
consequence, and does not in any way affect the efficiency of the fuze,4 nor does 

not, therefore, imply an admissioll of danger peculiar to the metal fuz~. Dut ",hile two 
accidents are on recol'(l of explOSions resulting f'i"OlU the ig:nition of a !nctal fuze in 
111lscrewing the cap, (Nat'al G'u1!rll!1Y, FP' 280, 288,816) ; Sir Howard Douglas also speaks 
distinctly of" the danger. arising from unscrewing; the cap of a metal fuz~:' p. 288), 
I have not been able to d,scover tlmt any such aCCIdent has ever occurrp.d WIth wooden 
fuzes, and indeed it is difficult to imagine hDw it could occur; moreover, it stands to 
reason that the operation of unscrewin~ a metal cap must be less safe than that of pulling 
of!' the cap or covering of the wooden fuze. 

1 Since only the operation of unscrewing the pIng or percussion fuze, and not the 
second operation of screwing in the time fuze, is necessary under the opposite system. 

2" A 24-pr. common shell with plug fixed was kept 24 honrs under water; its interior 
was then found to be perfectly dry."-Sll1l0PS;s of Ordnance Select Cummittee .Reports 01' 
ShraplIel Shell, p. 283. Shell with Pettman'~ general ser .... ice fuze in have also been kept 
for two or three tides under water in the Thames, without injury to their charge. 

3 Colonel Boxer's Evidellce befa"e Armstrollg and Whitworth Committee, Question 1714.
"Do YOll suppose it is the saltpetre that is in the composition that attacks the metal?
Yes, and the sulphur. Q. Is not each piece of brass lacquered before it is put ill ?-Yes; 
and still, notwithstanding that, the action still goes on, It preserves the metal to a 
certain extent, but not sufficiently. We find, even when lacquered, that deterioration 
takes plnce."-lbid., questions 1718, 1719. 

4 I am here supposing the fuzes to be lined (as Boxer's time fuzes for rifled ordnance 
and the Manby fuze) with a paper cylinder, by "'hich the prevention of a cavity between 
the composition and the inside of the bore (due to alteration in the wood of the 
fuze) is avoided; the ul!iversal applIcation of this improvement has for some time 
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it appear that in other respects the wooden fuze is more susceptible to dete-
riorating influences than the metal on~. .. . . . 

Practically, then, the wooden fuze IS as little hable to be lllJul'lously affected 
or deteriorated by damp or climate as the metal fuze, and the argument in 
favour of the latter, which is based upon the assumption of the inferiority of the 
wooden in this respect is therefore inadmissible.' 

We have now to consider whether the metal fuze is, as alleged, less liable to 
injury from the effects of violence. It is n?t easy to understand what descrip
tion of violence is contemplated. One wrIter speaks of the wood fuzes being 
" liable to be broken by the collision of the projectile with the bore." 2 Such 
collision must be of rare occurrence with the present system of wood fuzes, which 
project but slightlv, have no heads, and are used only in shells riveted to wood 
bottoms. The very slIght injury (to the screw) which suffices to interfere with 
the metal fuze being screwed into the shell at all, or the slight corrosion which 
fix it there immovably, are probably stronger and more valid objections to the 
metal fuze than is the one above referred to, the wood fuze. 

Another argument in favour of metal fuzes is that-" 4th, it is less likely 
" than a wooden one to be broken or knocked out on striking a ship's side or 
" other hard substance." As regards the breaking of the fuze, this can only 
result in either case from actual impact of the fuze on a hard substance, and 
although the metal fuze is doubtless less liable to be broken by such impact, it 
is not less liable to be extinguished,3 and thus rendered inefficient, than the 
wood fuze. It matters little, therefore, if the fuze be broken or not, if its effect 
as a fuze is destroyed; and the metal fuze has therefore no superiority in this 
respect. 

The argument respecting metal fuzes being less liable than wooden ones to 
be knocked out on striking a hard substance, if it has any force at all, would 
apply rather in favour of the introduction of metal fuzes for land than for sea 
service, since it is on land rather than at sea that such an accident is likely to 
occur. " Although the wood fuze is liable," says Col. Boxer, "to be knocked 
" out by repeated ricochetting, it is not subject to this defect in passing 
" through a material."4 And as naval. 8b.~S are not generally exposed to such 
repeated ricochetting on a hard substance, the fuzes of such shells, whether 

been under consideration; the effects of external alteration of form alone have 
to be considered, and such alteration will only cause the fuze to descend further or less 
far, as it expands or contracts, into the fuze hole. In extreme cases it may loosen the 
index p"per, but this" may be overcome without difficulty."-Mr. Abel's Report to Arm
"trong and Whitworth Committee, p. xliii). And," there would then be no part vital to the 
efficiency of the fuze likely to suffer deterioration."-(Ibid. xliii.) 

, I have not here taken into account an argument which suggests itself as to the pro .. 
portion which the amount of deterioration to which the two fuzes are respectively subject 
bears to their cost, but it is evident that if the one fuze is not more liable to be affected 
by damp or climate than the olher, ctEte'ris paribus, the wood fuze, which costs 2d., is 
superior to the metal fuze, which is not produced under Is. lId.. At the same time, this 
argument, although admissible in a general survey of the relative value of th~ two fuzes, 
is scarcely so at that part of the argument in which the relative efficiency of' the two 
fuzes, independently of other considerations, is being considered, unless it can be clearly 
established that they are equally efficient, or that the less efficient is the dearer of the two. 
For example, supposing the wooden fuze to deteriorate three times as fast as the metal 
fuze; the fact that the cost of these wood fuzes would be only one-fourth that of one 
metal fuze could not be put forward as an argument in favour of the wood fuze, the 
more rapid deterioration of' which would very much more than counterbalance its great 
eomparative cheapness. 

In fact the question of cost is so entirely subordinate to that of efficiency that the 
intrinsic value of any two war stores can hardly be taken into account where there is any 
material diflerence in the excellence of the two, the inefficient article being under almost 
all circumstances the dearer. In proportion, however, as the two articles approach 
one another in efficiency, the question of cost assumes a more important character. 

These considerations have induced me to postpone the arguments as to cost until it 
could be more legitimately and effectually employed,-thus avoiding pressing it, as it 
were, into the sen-ice of efficiency. 

2 Shells and Shell Guns, p. 149. 
3 " Time fuzes, which are essential to enable a shell to act as a mine, are very inefficient 

in horizontal shell firing. It is fuund that four fuzes {Jut of five are extmguisl.ed on striking 
the water, and a/lOut one in three un striking a ship. If the shell strikes with the fuze end 
forward, which is generally the case. it is found that the timber, by its resistance, forces 
itself into and effectually plugs the fuze."-.Naval Gunnery, p. 281. 

4 Colonel Boxer's MS. Notes, p. 81. 



385 

wood or metal, are not liable to be knocked out. .This argument, therefore, 
can scarcely be urged specially in favour of metal fuzes for naval service, and as 
regards land service the defect was remedied in 1854 (since Col. Boxer's notes, 
from which the above extract is made, were written) by the removal of the 
projecting head,l and the present fuzes are not liable to it. The argument 
about the knocking out of the fuze holds good, therefore, neither for land nor 
sea service. 

There remain only to be noticed the relative explosive effects of shells :fitted 
with metal and wood fuzes. The prevailing opinion as to the relative supe
riority of the metal fuzed shells in this respect is founded on experiments made 
prior to the reduction in the size of the fuze holes of the wood fuzed shells.2 

N ow the fuze holes of the 8-inch and 32-pr. naval shells used in these experi
ments had a diameter of 1 '2", while the present fuze holes of these shells are 
(taken at their smallest) '9l3" and, 8i5" in diameter respectively,S and the area 
through which the gas could escape in the old shells was therefore in round 
numbers about double that of the present shell. 

But a reference to an actual experiment instituted in the Royal Laboratory 
in 1865, specially with a view to determine whether the force of explosion of a 
metal fuzed shell was much in excess of that of a wood fuzed shell, will perhaps 
be the most satisfactory argument on this point. 

32-pr. spherical shell were taken as being the most unfavourable to the wood 
fuze,' and it was assumed that the number of fragments into which the shell 
broke would give a fair rough expression of the relative force of the explosion.5 

Five naval shells were burst with metal fuzes screwed into them; three 
common shell with common fuzes in, and two common shell with no fuze or 
plug of any description in the fuze hole. 

The total number of pieces from the first :five shells was 112; the total 
number from the common shell 96; showing but a slight and scarcely appre
ciable advantage on the side of the metal fuzed shell. 

The details of the experiment are given in the following table:-

Shell. Actual Number of Fragments. 

~oo '" ::l '" '" '" '" " '" ,,' .. Mean of 
Fuze. ::9 0 0 0 0 c 0 0 Number of ",'0 

.-< '" '" "' '" "" "" .-< 
0 

Pieces 
$~ ~; 

co ... 
Nature. .s 0 $ $ $ $ $ .s .s ... per Sbell. ..., 

'" -;;i 
§..s 1::9 go ::l ::l " " " " " .. " '0 .., 

I 
0 0 0 0 0 0 0 " 0 

Z '" .-< "" '" "' .... "" .. .-< .... P Eo< 

20 seconds, metal 
fuze - - -

32·pr. 
Naval - 5 14 30 31 3 3 1 - 8 9 6 7 112 22'4 

Common, wood 
fuze - - - Common 3 11 16 9 4 3 - - 1 4 5 3 

56} t' 6S
} 

Without fuze or 96 19'2 
fuze bole plug - Common 2 9 10 8 4! 2 - 2 1 1 1 2 40 20'0 

An experiment of a similar character was made by the Ordnance Select 
Committee in 1864, taking 40-pr. B.L. shells and using E time fuzes and 
Boxer's wood time fuzes respectively. 

1 "By this arrangement the fuze willllot be so liable to be knocked out on ricochet
ting."-Synopsis of Ordnance Select Committee Report on Shrapnel Shell, p. 201. 

The change was approved 13th !\fliTch 1854. 
2 The grounds upon which Capt. Key chiefly based this opinion as to the relative 

bursting power of shells fitted with metal and wooden fuzes were the experiments made 
prior to 1854 with 32-pr. and 8-inch spherical shells having fuze holes of the original 
8-inch size.-Extracts from the ReportR, 9·c. of Ordnance Select Cummittee, ii., 132. 

Sir Howard Douglas' opinion is also tounded upon (probably the same) experiments 
with the old large fuze hole, the third edition of his work, from which I have quoted, 
having been published in IS51. 

3 The diameters of the fuze holes of the shells with metal fuzes need not be taken into 
account, since they may be re<Tarded as a c10scd issue. But these holes were smaller 
than at present, beinl! the old ;aval time-fuze hole' 9 inch diameter. 

4 M05t unfavourable as compared with larger shells, because evidently the loss of 
explosive force due to escape of gas from a hole ~f fixed size wil! be less felt in proportion 
as the size of the shell and the consequent capaCIty for powder llIcrea<;es. 

5 On the argument that the smaller the charge of a shell aI;d the les~ the e"l'l'cssion of 
force ihe larger aud consequently less numerous will be the fragments. Sec p. 170. 
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The result was as follows :-" Omitting fragments of half an ounce and 
" under, and taking into account pieces weighing from 1 oz. to 2 lbs. and up
" wards, the mean number of pieces into which the shells broke up was as 
" follows :-

" 'Yith E time fuze - 372 pieces. 
" "~ith Boxer's time fuze - - 341 

" or 31 pieces in fayour of the shells fitted with the Armstrong (metal) fuze, a 
" difference which is hardly appreciable, and might e,'en be reversed if the 
" experiment were repeated," 1 

This subj~ct might be pursued further, but enough has been said to show 
that e,-en under the unfayourable circumstances of small shells (such as the 
32-p1'. and 40-pr.), the difference of explosive effect of a metal fuzed shell is 
practically inapplicable. 

And haying said this much on behalf of wood as opposed to metal time 
fuzes; haying shown that the reasons originally urged for their adoption were 
of insufficient force e,-en at that time, and are now inadmissible, and that the 
metal fuze, in fact, presents no ad\-antages o\-e1', and in SOUle respects is dis
tinctlyat a disadYantage compared "l'i,ith, the wood fuze, it may be well, with a 
view to completing the argument in favour of the change which has recently 
been effected, by the adoption of wood time fuzes for naval use, to state 
briefly what difference of expense results from the employment of the existing 
metal time fuze for naval shell. 

The expense must be considered not merely with regard to the fuze itself, 
but with regard also to the stores, which are accessory to the system-to the 
plugs and bushes. 

The following table shows the comparative cost of 100 8-inch na,-al and 
common shells and fuzes respectively :-

Bushes
Plugs -
Preparing fuze hole 
Cost of fuze per 100 

I 
- I 

Naval. 

.£ s. d. 
1 9 6 
1 5 6 
o 14 9 

Common. 

.£ s. d. 
Nil. o 15 .)!. 

o i 22 - I 
-llliS 174 1 _______________ _ 

I 14 17 5 I 2!J 8~ 

or:l difference of Ill. 7s. S~d. in fa\'our of the wood system pel' 100 shell. 
The other objections to metal fuzes haye been indicated, although their force 

has been by no means fully expressed, in the former part of tl1is paper. Such 
objections, for example, as the loss of time which necessarily results from the 
employment of a serezced time fuze. 

Other objections of a minor character ha,'e been mged against these fuzes 
by Dahlgren ~ and other writers, and the recent adoption of wood time fuzes 
for our beu,'y rifle guns, to be ultimately extended to naval spherical shells, 
indicates a satisfactoIY change of feeling upon a subject which has too long 
been allml'ed to rest upon a basis of tradition and specious reasoning, and which 
on examination crumbles to pieces. 

! Extractsfrem Reports, &,c. ~f Ordnance Select Committee, ii., p. 182. 
- Shells and Shell Guns, p. 142. 
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ApPENDIX 1L 

SAFETY FUZES for conveying Fire to the Charge in Blasting Rocks, 
manufactured by BICKFORD, SMITH, and Co., Tuckingmill, Corllwall. 

No. on I I 
\ 

Per Call of 
Descriptive List, No. 24 Feet. W.O. Cir. 406. 

No.1 1 BICKFORD'S PATENT S)L-\.LL FUZE, for imme- } 3d. and 3~a. mediate use in dry ground -
No.2 2 

" PATENT FUZE, for use in drY} 4d. 
ground - - -

No.3 3 
" 

PATE:llT WHITE FUZE, for use} 4d. 
in dry and close places -

4 
" 

PATENT RED FUZE, for use in} 4F· very damp and close places -
5 " PATENT YELLOW FUZE, for use} 4,td. 

in damp and close places -
No.4 6 " 

PATENT THREAD SmlP FUZE,} 5d. 
for use in wet ground - -

7 " PATENT SlfALL TAPE SUMP} 
FUZE, for immediate use in wet 5~d. 
ground - - -

No.5 S " PATENT TAPE SmlP FUZE, for} 6kd. use in wet ground - -
No.6 9 " PATENT DOUBLE TAPE SU)IP} 

FUZE, for use in very wet S~d. 
ground - - -

10 
" PATENT TREBLE COUNTERED} 

FUZE, for use in very wet 7,td. ground; will bear rough treat-
ment - - - -

11 
" 

PATENT THREAD COUNTERED} 
TAPE FUZE, adapted for very Sd. 
wet ground; strong and tough 

12 
" PATENT SMALl. GUTTA PERC!!A 1 

FUZE, for use in very wet Sd. ground, or for immediate lise 
in water - - -

No.7 13 
" 

PATENT GUTTA PERCHA FUZE,} 9,td. to Is. for use in 40 feet of water -
No. S 14 

" 
PATENT TAPED GUTTA PERCHA } From Is. to 

FUZE, for use in 60 feet of Is.6d. 
water - - - -

No.9 15 
" PATENT DOUBLE GUTTA PER-} From Is. 2d. 

CRA FUZE, for use in 300 feet to 2s. 
of water - - -

16 
" PATENT LARGE SUB-AQUEOU81 

FUZE, for use in any depth of 
water for any length of time; J From 8$. 
will bear any pressure, and 
very great strain - -

17 
" 

METALLIC FUZE, for use in wet} Is. 
ground - - -

18 
" PATENT DOUBLE COUNTERED} 

METALLIC FUZE (White), for Is.6d. 
use under water - -

19 
" PATENT DOUBLE COUNTERED} 

METALLIC FUZE (Black), for Is.6d. 
use in deep water - -

20 
" PA'L~ Tn"" eo=",n} 

METALLIC FUZE, for use in 40 
feet of water when immersion :<S. 
for a considerable time is \ 
necessary. - -

15836. co 
.) 
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Descriptive List, N 

W.O.Cir.,.".,. "", !" o. 

21 ! 

22 

23 

24 

25 
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BICKFORD'S PATENT GUTTA PERCRA COUN-} 
TERED l\fuTALLIC FUZE, for 
use in any depth of water, and 
will bear immersion any length 
of time - - -

" 

" 

" 

" 

PATEi'<T TREBLE WOVE FUZE,} 
lL very superior fuze, adapted 
to almost every mining re
quirement - - -

PATENT WHITE TAPE FUZE,} 
for use in wet and close places, 
and for exportation into warm 
climates - - -

PATENT WHITE DOUBLE TAPE} 
FlTZE, for use in very wet and 
close places, and for exporta
tion into hot climates - -

PATENT "QUARRY" FUZE, forl 
use where very deep holes 
are required in slate quarries 
and elsewhere; warranted to 
carry the fire to the bottom OfJ 
the charge before causing 
explosion - - -

Per Coil of 
24 Feet. 

6ti. 

7ti. 

gti. 

lOti. 
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INDEX. 

Abel's, :Mr., paper on explosions, extract from -
Adapter, ~pherical shell, general service 
Ammunition, derivation of term -

for smooth-bore ordnance 
" boxes, tables of dimensions of 

Antimony, snlphide of, sources 
" " preparation 
" " properties 
" " uses 
" " application - -

Arsenic, bi-snlphide of, sources and preparation 
" " use 

Page 
13(; 
100 

1 
3 

344 
311 

- 311 
311 
312 
312 
312 
312 

Atmospheric pressure, its influence upon some of the phenomena of combustion. 
(Appendix K.) - - - - _ - _ -

Bags, canvas, fuze, black 
" " "blue 
" "wood, cylinders, bits, and borers -

" iron, cases, a=unition barrel 
"flannel" " " 
" worsted, shalloon, for blowing charges 

Balls, light, ground. See Ground light balls. 
" " parachute. See Parachute light balls. 
" smoke. See Smoke balls. 

Bar shot, reference to 
Barrels, classes 

" powder, sizes -
" "dimensions 
" " table of dimensions 
" gun a=unition 
" budge-

cartridge, small arm 
" or kegs, paint -
" "soap-
" " grease 
" cement 
" stove -
" bullet-

Beam hooks. See Hooks. 
Bearers, shot and shell -
Bell, Lieutenant R.A., claim to invention of life-saving apparatus 
Bickford's mining fuze. See Fuzes, mining. 
Bits, borer 
Blocks, wood, shell 
Blowing charge, shell. See Charge. 
Bluelight composition -
Blue or slow portfire. See Portfires. 
Bottoms, wood, shot or shell, history 

" " classes 
" " advantages of 

" " 
" 
" " 
" " 
" " 
" " 

method of attachment 
co=on, description 
naval 
diaphragm 
carcasses -
mortar 

378 

- 287 
287 
307 
167 
167 
174 

7 
162 
162 
163 
163 
163 
164 
165 
165 
165 
165 
165 
165 
165 

123 
91 

- 307 
- 307 

344 

110 
112 

9 
9 

113 
114 
115 

53 
115 

CO 2 
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Bottoms, wood, shot or shell, case - -
" instructions for fixing 

'; " packing and issue generally 
Books a~d documents quoted, list of 
Boxer fuzes. See Fuzes. 
Boxes, ammunition, description of 

" table of dimensions - -
" shot, manufactured in Royal Carriage Department 

" packing, table of dimensions 
" tin, wad and plug 
" "fuze, common, black 

" "diaphragm, hlue 
" " boa.t magazine 

tube, classes 
" "leather 
" "tin 
" "wood 

Braces, boring fuze 
Brass rectangnlar case. See Cases. 
Buckets, sponge 

" portfire 
Bullets, Shrapnel shell, description of -
Bush, object of in naval shell -
Bursting charge. See Charge, bursting. 

Caffin's grape shot. See Sbot, grape. 
" filling machine, cannon cartridge 

Carcasses, history 
" once filled with Valenciennes composition 

used as common shell 

" 

" 
" 
" 

sizes 
description -
composition -
method of filling 
wood bottoms for 
application and use -
action and time of burning -
issue 

" examiuation of 
" table of dimensions -

Cartridges, cannon, history 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

definition of term -
description -
serge, advantages -
shape 
marking 
choking 
booping 
diameter, remarks on 
monograms on bottom 
coal-dust wad 
bag, loose powder -
drill 
issue 
packing 
examination 
table of dimensions 

" packing 
marking sea service 
result of experiments, fillinO' with Caffin's machine 

weighing charge with scale~. (Appendix E.) , 
Case shot. See Shot, case. 
Cases, packing cartridges, classes 

" 

" metal-line~ description _ 
brass pentagon, description _ 

" rectangular, plain " 
" " " corrugated 

Page 
16 

- 292 
115 
vii 

166 
342 

10 
331 
126 

- 288 
- 288 

288 
- 228 

228 
- 229 
- 229 
- 307 

184 
- 230 

48 
31 

1 i6 
67 
70 
70 
71 
7I 
72 
72 
73 
73 
73 
74 

310 
327 
150 
150 
150 
150 
151 
152 
152 
152 
153 
154 
155 
155 
155 
155 
155 

- 310 
- 336 

341 
152 

and 
374 

156 
156 
158 
160 
161 
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Cases, packing, cartridge, luten, compositiou 
" iron, conveying ammunition by.,rail 
" leather, cartridge, history 
" " natures 
,. tin, Bickford's fuze 

Chain shot, reference to 
Charge, Perrier, description of _ 

" gunpowder. See Gunpowder. 
" proper or firing, powder used -
" approximate rule for weight 
" reduced 
"" double shotting 
" Manby's shot -

" hot shot 

" " ,,:Martin's shell -

" "" table of practice 

" 
" 
" 
" 
" 
" 

" 
" ,. 

" 
" 

carcasses 

" 
ground light balls 

parach~te 
" smoke balls 

ricochet 

table of practice 

" " table of practice 
" angles of depression -
" "saluting and exercise -
" means of igniting 

" bursting, history - -" 
" " powder used -

" " table of 
" means of igniting 

" blowing, mortar shell -
" miscellaneous stores connected with 

Chilled shot. See Shot, chilled. 
Chisels, purchase, tompion 
Chlorate of potash. See Potash, chlorate of. 
Cloths, canvas, airing powder -

" hair, airing powder 
Coastguard portfire. See Portfires. 
Collars, leather, shell, fuze hole plug, history 

" 
" " 

Common ~helL Se~' Shells. " 
" fuze. See Fuzes. 

natures 
description 
application 

Page 
- 345 

165 
180 
180 

- 288 
6 

14 

143 
144 
144 
145 
146 
145 
146 
146 
Hi 

- 148 
148 
148 
148 
149 
149 
149 
149 
187 
168 
liO 
340 
231 
173 
175 

126 

182 
182 

105 
105 
105 
105 

Composition, combustible, carcass 34.4 
" ground light ball 344 
" "parachute light ball - - 344 

" " 
smoke ball - - 344 

" 
detonating for cross-headed tube 195 

" " " copper friction tube - - 344. 

" 
" quill friction tube - 344 

." " 
electric tubes and fuzes - 344 
co=on portfire - 344 

" blue or slow portfire - 344 

" " 
miner's portfire - 344 
coastguard portfire and slow-burning composition for 

life buoy portfire - - 344 

" 
quick-burning for life buoy portfires - - 344 

" 
long and signal lights - 344 

" slow match - - 344 
" "quick match - - 345 
" "fuze 345 
" "detonating Pettman's percussion fuzes 345 

Concussion and percussion fuzes. See Fuzes. 
Copper, sub-sulphide of, sources and preparation 

" Coopering, hints on 
uses 

312 
- 312 
- 185 



Covers, paper, cannon cartridge 
Cylinders, wood, boring bits 

Drawings, lithographic, list of 
Documents and books quoted in work 
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Dahlgren's, Admira~ on English and French shells 
Detonating or cross-headed tubes. See Tubes. 
Diaphragm Shrapnel shell. See Shell, Shrapnel. 

" fuze. See Fuzes. 
Distinguishing numeral, stores to be marked with 
Double shotting 

" charge for 
Douglas', Sir Howard, remarks on Shrapnel shell 
Dummy or drill tube. See Tubes. 
Drifts, wood, common and diaphragm Shrapnel shell 
Drivers, metal, Cooper's 

" screw, diaphntgm Shrapnel shell 

Electric fuze, Abel's. See Fuzes. 
" tube, Abel's. See Tubes. 

Eprouvette shot. See Shot. 
Examination of Laboratory stores, hints Oll 
Extractors, fuze, large and small 

Fire, Greek. See Greek Fire. 
Flint locks for firing guns, introduction of 
Fougasses, shell, experiments with 
Friction tubes, copper. See Tubes. 

" quill. See Tubes. 
Fulminate of mercury. See :Mercury. 
Funnels, classes 

" tin, mortar 
,., copper, naval cartridge 

leather, copper spouts, naval shell 
" " common shell -

"" " diaphragm shell 
" "table of 
" " boat magazine 

Fuze hole plugs. See Plugs, metal. 
Fuzes, classification - -

time, wood, history 

" " Boxer'S, advantage of 
" " co=on, description 
" " "composition 

" " " "preparntion 

" " "action 

" " " "p acking and issue 

" 
" 
" " 
" " 
" 
" " 
" 
" 
" 
" " 
" 

" 
" " 
" " 
" " 

" 
" " 
" " 
" " 

" " "proof 
" " " preparing for firing 
"" "field service 

" " 
" " 
" " 
" " 

" 
" 
" " 

" 
" 

" " 
" 

" " 
" " 
" " 
" " 
" " 
" " 

extracting 
,. examinatiou 

diaphragm, shrapnel, history 

" 
" 
" 

description -
packing and issue 
proof 
preparing for firing -

:: extrac~g 
field service 

" examination -
mortar, large, histo!y 

" difference 
preparation and action 

" packing and issue 
" preparing for firing 
" extracting 

mortar, small, history 

Page 
167 

- 307 

~-

xii 
xii 
25 

3 
32 

145 
43 

- 307 
183 

- 307 

309 
- 307 

191 
27 

178 
178 
179 
179 
179 

179-80 
- 307 

180 

- 249 
- 332 
- 240 
- 250 
- 251 
- 254 
- 254 
- 254 
- 285 
- 293 
- 301 
- 296 
- 311 
- 255 

255 
- 256 
- 285 

304 
302 

- 305 
311 

- 238 
- 256 
- 257 
- 258 
- 298 
- 299 

238 
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Fuzes, time, wood, Boxer's, mortar, small, description -
" " "" "preparation and action 
" " "" "packing and issue 
~, " "" "proof 
" " " " 9 seconds, M.L.O., history -
" " "" " description 
" " "" " preparation and action -
" " "" " packing and issne 
" " "" " preparing for firing 
" " "" " proof - -
" " " " 20 seconds, 11.L.O .. , description 
" " "" " preparation and action 
" " "" " proof -
" " " " parachute, 10", description -
" " "" " packing and issue -
" " "" " "proof 
" " "" ,,8", description -
" """ " "proof 
" " "" ,,5i", description -
" " "" " "proof 
" " " " Manby's shot, history 
" " "" "description 
" " "" "packing and issue 
" " ,," proof

" hand grenade, hlstory " 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" " description -
" " action 
" " packing and issue 
" " proof 

metal, history, and introduction 
" why made of metal for naval service 
" objections to 
" Boxer's history, and introduction 
" 20 seconds' description 
"" "preparation 
"" "notation 

" " " 
action -

" "" "use 
" "" packing and issue 
" "" proof 
" "" "implements 
" "" "prepari!lg and fixing 
" "" "extractmg. 
" " " n seconds' description 
" "" "packing and issue 

,," "proof 
" "why used with naval shell 
" "on the use of (Appendix L.) 

percussion and concussion, history of -
" " distinction between 

concussion, Freeburn's description of 
percussion, Moorsom's " 

" Pettman's history 
" " land service, description -
"" action 
" " "packing and issue 
" " proof 
" "sea sernce, description -
"" action 
" " packing and issue 
" " "proof 
" "general service, description 
"" action 
" " " proof 

mining, classes -
" Bickford's description -
" " natures 

Page 
258 
258 
258 
285 
239 
264 
266 
266 
296 
285 
267 
267 
285 
269 
269 
286 
269 
286 
269 
2S6 
238 
270 
270 
286 
242 
267 
268 
268 
286 
234 
263 
379 
238 
258 
261 
262 
262 
262 
262 
285 
302 
304 
305 
262 
262 
285 

31 
379 
242 
271 
244 
245 
247 
278 
275 
276 
286 
277 
278 
278 
286 
278 
278 
286 
281 
281 

- 281 
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Fuzes, mining, Dickford's, descriptions in the service -
" " " use and application -

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" packing and issue -

" 
" 

instructions for care of 
directions for usiug -
proof 

" safety fuzes, Table of. (Appendix M.) 
" Ord's description 

" " diagram of 
" packing and issue 

" "proof 
" Abel's electric description 
" " packing and issue 
" " proof 

" miscellaneous stores connected with 
" and shell implements. See Implements. 
" examination of -

Galvanic tubes. See Tubes. 
Gauges, brass, ring, filled cartridges 

» iron, ring, shot, and shell 

" " " 
Table of 

" fuze hole 
General service plugs for fuze hole. See PIngs, metal. 

" fuze. See Fuses. 
Glue, marine, for diaphragm Shrapnel shell 
Goloshes, magazine 
Grape shot. See Shot, grape. 
Greek fire, composition of 

" effects of 
" used at siege of Charleston -

Green light. See Lights. 
Grenades, hand. See Shells, hand grenade. 
Gronnd light balls, history 

" "natures 
" "description -
" "composition 
" material used 
" application and use 
" "disadvantages 
" "packing and issue -
" charge 
" "table of practice 
". "table of dimensions -
,. "examination of 

Grummet wads. See Wads. 
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- 281 
- 282 
- 283 
- 283 
- 283 
- 287 
- 387 
- 283 
- 284 
- 284 
- 287 
- 284 
- 285 
- 287 
- 287 

- 311 

- 184 
127 

- 334 
307,308 

52 
- 182 

58 
60 
60 

75 
77 
77 
78 
77 
79 
79 
80 

- l-l,8 
148 

~ 327 
• 310 

Gunpowder, history - 127_ 
" weight of charge in proportion to projectile - 129 
" description - - - - - 131 
" action 132 
" density 133 
" size of grain 133 
» ~ -w 
" degree of glazing - ~ 136 
" varieties of 137 
" extract from Mr. Abel's paper on explosions. (Appendix I.) - 375 
" principal varieties nsed in Royal Laboratory 137 
" classification of - 141 
" proof of . - 142 
" "Major Mordecai's opinion - - 142 
" proof report, instructions for preparation. (Appendix F.) - 371 
" new ~arks substituted for old on barrels. (Appendix G.) - 374 
" experunents with reference to substitution of "R.L.G." for L.G . 

. (AppeJ;Idix E.) - - 370 
Hail, pyrotechnic, description of 7 
Hammers, cooper - ~ _ 183 

" riveting _ 301 
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Hand grenades. See Shell, hand grenade. 
Handles, hook borer - _ _ 
Hides, tanned, powder -
Holder, shell 
Hollow shot. See Shot. 
Hooks, Lewis', notes on 

" shell and shot, classes -
" "Lewis', natures 
" " "beam 
" " sling chain 
" " "hand 
" " epronvette tongs 
" .. Lng, natures - _ 
" " " beam 
" " " hand 
" hook borer 

Hoops, copper, for powder barrels 
" " table of 
"" "rivets for 

Introdnction 
Improved Shrapnel shell. See Shell, Shrapnel. 
Implements, shell and fuze, history 

" "natures 
" " garrison No. 1 set -
" " "No.2" 
" " "No.3" 
" " "No.4" 
'<' " "No.5" 
" " "No.6" 
" "field No.1 set 
" " " No.2" 
" :, No.3" 
" " " No.4" 
" "naval set 
" "special set -
" "table of distribution 
" "cases for packing -
" . " instructions, printed, field and garrison 

Incendiary and miscellaneous projectiles. See Miscellaneous projectiles. 

Regs, paint. See Barrels. 
" soap. See Barrels. 
" grease. See Barrels. 

Reys, iron, various natures 
" "metal cases -

Kit composition 

Laboratory stores, hints on examination of 
" compositions, substances used in 
" "table of 

Lacquer, brass fuzes and other brass work 
" inside of 100 and 150-pr. shells 

Langrel shot, description of 
Lanyards, tube, description of - - -
Leather collars. fuze hole plug. See Collars. 

" tube box. See Boxes. 
" "pocket. See Pockets. 
" cases, cartridge. See Cases. 

Lewis holes, note on. See Shell mortar. 
Levers, screw tap, co=on, naval and mortar -

" cases, brass 
Life·saving apparatus. See Manby's shot. 
Life buoy, description of 

" portfire. See Portfires. 
Light balls. See Ground light balls. " 

" parachute. See Parachute light balls. 
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183 
307 

37 
124 
124 
124 
124 
124 
125 
125 
125 
126 
301 
184 

- 348 
18.5 
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- 289 
290 

- 291 
- 292 
- 292 
- 294 
- 297 
- 291 
- 298 
- 299 
- 300 
- 301 
- 302 
- 308 
- 307 
- 308 

307 

307 
1.57 
345 

309 
311 

- 344 
341 
341 

6 
- 227 

301 
160 

230 
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Lights, signal and other, history 
" natures 
" long, description -

" application and action 
" " "issue 
" signal, description 
" "issue 
" long, coloured, description 

" " " composition 
blue and green, description 

" composition 
" " issue - - -

Lithographic drawings referred to in work, list of 
Locks, flint, history 
Luten, composition of - - -
Machine, Caffin's, filling carrridge, history 
"" " natures 

" " description -
"" " use-
" " ." directions for use 

Page 
- 219 
- 220 
- 220 
- 222 
- 222 
- 222 
- 222 
- 223 
- 223 
- 223 
- 223 
- 223 

12 
- 191 
- 346 

176 
176 
176 
177 
177 

Magnets, permanent, experiments on application of to explosion of charges and 
to submarine operations. (Appendix I.) 

Mallets, common and mortar 
Manby's shot, history - - - -

" Lieutenant Bell's claim to invention 

" 

" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 

Captain Manby's " 
first issued 
experiments by Greener and others 
sizes 
description 
issue 
weight 
action 
methods of coiling the line 
range 
charge 
fuze, history 

" description
" proof 

spherical 6-pr., description 

" 
action 

" use 
Martin's shell, history -

" 
" 
" 
" 
" 
" 
" 
" 
" 

natures -
description 
approval 
application and use 
action -
advantages 
preparation 
precautions to be taken in preparing 
issue 
charge - -

" table of dimensions 
Match tubes, Fynmore's. See Tubes. 

" quick, description 
" rate of burning -
" issue 
" examination 

" slow, description of 
Metal fuzes. See J!'uzes, metal. 

" lined cases. See Cases. 
" friction tubes. See Tubes. 

Methylated spirits, description and use -
Mercury, fulminate of, preparation 

" " properties 
Miners' portfire. See Portfires. 
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91 
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92 
94 
94 
95 
95 
96 
96 
96 
96 

146 
146 
146 

- 270 
- 286 

96 
96 
98 
61 
62 
62 
62 
64 
64 
65 
66 
66 
62 

146 
327 

225 
225 
226 
3ll 
226 

317 
- 312 
- 313 
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Mining fuzes. See fuzes miniilg. 
Miscellaneous and incendiary projectiles, history 

See Martin's shell; see carcasses; see ground light balls; see parachute 
light balls; see smoke balls; see 1fanby's shot. 

Miscellaneous stores connected with projectiles. See plugs, metal, shell; see 
collars, leather; see wads, papier mache; see wads, junk, and 
grummet ; see adapters spherical, shell; see bottoms, wood; see 
tops, wood; s~e rivets, metal; see bearers, shot; see hooks, shell ; 
see boxes, tiu, wad and plug; see chisels, purchase, tompion; see 
scrapers, copper, shell; see spouting and trestles; see ganges, iron 
ring. 

Miscellaneous stores connected with charge 
See machiues, Caflin's; see funnels; see measures, copper, sets; see 

cases, leather cartridge; see shoes, magazine; see cloths, canvas; 
see cloths, hair; see wadmiltilts; see hides, taUIled, powder; see 
hammers, cooper; see drivers, metal cooper; see scissors, magazine; 
see types for marking cartridges; see guages, brass ring ; see buckets, 
sponge; see hoops, copper. 

Page 

58 --' 

175 

Miscellaneous stores connected with means of igniting charge: 
See lanyards; boxes, tube; pockets, tube; thumbstalls; powder-horn; 

buckets, port-fire. 
Miscellaneous stores connected with fnzes : 

See bags, canvas, fuze; boxes, tin, fuze; cases, tin, Bickford's fuze; 
implements, shell and fuze. 

Monograms on cannon cartridges, list of 
Moorsom's fuze. See Fnzes. 
Mortar shell. See Shell, mortar. 

" fuze. See :Fuze, mortar. 

Naval shell. See Shell. 
Nitrate of potash. See Potash. 
Numeral distiuguishing, stores to be marked with 

154 

3 

Paint, black, shot, shell, and grape shot 345 

" 
" case shot - - 345 
" bodies of paper, quill, lJopper friction, cross headed, and electric 

" 
" 
" 

tubes 
" plates of life buoy portfues - -
" life bnoy portfires and body of wood fuzes 

side holes of wood fuzes -
" thick, for ring round cap of wood fuzes -

" red, 68-pr. shot -
" 
" 
" '" case shot 
" "head of cross-headed tubes -

" figuriug side hole&, wood fuzes 
" . white, steel shot -
" "French, for coast guard portfires -
" "body of wood fuzes 
" slate colour, ground light balls 
" yellow, smoke balls - -
" " side holes, wood fuzes - - -
" stone colour, pentagon and rectangular powder cases 
,. flesh colour, common portfires -
" " long and signal lights 
" blue, parachute fuzes - -

Paper used in Royal Laboratory, Table of 
Parachute light balls, history -

" rocket -

" 
" 
" 

" 
" 

natures -
description 
composition 
time of burning -
bursting charge -
weight - - -
preparation and action 

346 
- 346 

346 
- 346 

346 
- 345 
- 345 

346 
- 346 
• 345 
- 346 
- 346 

345 
345 
346 

- 346 
346 

- 346 
- 346 

347 
80 
81 
82 
82 
83 
83 
85 
85 
85 
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Parachute light balls, use 
" advantages 

comparative weight, with ground light balls 
" packing and issue 
" charge -
fuzes, description of -

Past~' -
Pellet, powder. See Gunpowder, varieties of. 
Perrier charges, description of - - -
Percussion and concussion fuzes. See Fuzes. 

"" distinction between 
Pettman's percussion fuzes. See Fuzes, Pettman. 
Plates, lithographic, referred to in work 
Plugs, metal shell, classes - -

" fuze hole, history 
" loading hole, history 
" fuze hole, natures -
" "co=on description 
" " "uses 
" " experiments with 

" diaphragm shrapnel, description -
uses 

" " naval, description 
" " uses " 

" 
" 
" 
" 
" 

" 
" 

-general~ervice, description 
Martin's 

" " use " 
" 
" 

parachute description 

" drill" 
" loading hoI;' sizes _use 

" "uses -
". packing and issue generally 

" bottoms, &c., average weight, table of 
Pockets, tube, leather -
Potash, nitrate of, sources and preparation 

" " purification of 
" " tests for impurities -
" " properties 
" " application to rockets 
" " application of groUnd saltpetre 
" chlorate of, preparation 
" " properties -

" " Portfires, classes 
uses 

" common, history 
" " description -

" 
" 
" " 
" 
" 
" 
" 
" 
" 
" " 
" 

" use 
" issue 
" examination 

miner's description 
blue or slow, description 

" how made at Gibraltar -
coast guard, history -

" description 
" issue 

life buoy, history 
" description -

. " application -
" examination 

bucket, description of 
Porier. See Gunpowder. 

" barrels. See Barrels. 

Page 
86 
86 
87 
87 

148 
- 269 
- 346 

14 

- 271 

xii 
98 
99 
99 

100 
100 
100 
101 
101 
101 
101 
102 
102 
102 
102 
103 
103 
103 
104 
104 
104 
330 
229 
313 

- 313 
314 

- 314 
315 
315 
315 
315 

- 315 
- 213 
- 213 

213 
- 214 
- 214 

310 
- 214 

214 
214 
215 
216 

- 217 
- 217 
- 217 
- 219 

311 
- 230 

" horns, description of - 229 
" " R.L.G." and L.G. experiments relative to substitution of former 

for latter. (Appendix E.) - 370 
Prick;ers for ~oving wax from rivet holes - 307 
Projectiles. See shot; see shell; see miscellaneous and incendiary. 
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Projectiles, miscellaneous stores connected with 
" boxes for packing, table of dimensions 
" ring gauges. See Gauges, iron ring. 

Proof of gunpowder, description 
" Major Mordecai's opinion 

" fuzes 
Putty, shellac. See Shellac putty. 
Pyrotechnic hail, description 
Quill tubes. See Tubes. 
Quick match. See Match. 

Rectangular case, brass. See Cases. 
" tube 

Rectifiers or rimers for fuze holes 
Red orpiment, description of 
Reduced charges. See Charge. 
Ring gauges for projectiles. See Gauges_ 
Rivets, metal, shell, history 

" 
" 
" 
" 
" 
" 

" 

classes 
common, sizes 
description 
application 
naval, sizes 

description -
" application -

advantages of rivet system 
dimensions 
cost of strapping and riveting 

" for copper hoops - -
Rosin, sources -

" properties 

" 
uses 

Saltpetre, description, &c. See Potash, nitrate of. 
Screws, coach for shell holder -
Setters, fuze, common and diaphragm shrapnel 
Signal and 10nR lights. See Lights. 
Shell, history of 

" derivation of term 
" material of which they have been made -

classes -

" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

co=on, history -

" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 

sizes 
description 
determination of thickness of metal of ancient and modern 
.Admiral Dahlgren's opinion of English aud French 
description of fuze hole 
distinguishing mark for Pettman's fuze -
object of countersinking fuze hole 
object of socket in fuze hole, 12-pr. 
wood bottoms, object of 
use 
experiments with, as fougasses 
destructive effects against shipping 
remarks on 
issue 

" filled 
instructions for rectifying fuze holes 
filling and preparing 

" field service 
" preparing for firing 
" examination of-
" used as hollow shot 
" table of dimensions 

" naval, sizes 
" description 

of fuze hole " 
" " " 

Page 
98 

- 331 

142 
142 
285 

7 

- 229 
- 307 

312 

119 
120 
121 
121 
121 
121 
121 
122 
119 
121 
122 
185 
316 
316 
316 

- 307 
307 

21 
22 
22 
24 
21 
24 
24 
24 
25 
25 
25 
25 
26 
27 
27 
27 
28 
28 
29 
29 

- 291 
292 

300-1 
- 293 
- 309 

26 
325 

29 
30 
30 
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Shell, naval, object of bushing -
" "wood bottoms for -

Page 
31 
31 
31 
31 
32 
32 
32 
34 
34 
35 
35 

" " why metal fuzes were introduced for navy 
" " 32.pr. not countersunk, reason why 
" " double shotting - - -
"" " forbidden with 10" 
" "tops for 
" "lacquering larger natures -

" issue 
" remarks on conversion of fuze hole to G.S. gauge 
" filled, issue of " 

" " "implements for 302 
304 
325 

" " preparing for firing 
" " table of dimensions 
" mortar, sizes 36 

36 
36 
36 
36 
37 
38 
38 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 

" 
" 
" 

description 
comparative thickness 
fuze holes, difference in size 
lugs or Lewis holes 
Lewis hook, notes on 
use 
filled, issue of 
rectifying fuze hole 
preparing for firiug 
?! and 4%, description of
ISsue 
kit, plaster for 

" table of dimensions 

297 
- 298 

38 
38 
38 

- 326 
" hand grenade, history 21 

39 
39 
39 
39 
40 
40 
41 
41 

" " 
" " 
" " 
" " 
" " 
" " 
" " 
" 

sizes 
description 
thickuess of metal 
fuze hole, remarks on 
use 
distance thrown -
issue 

" filled 
" " table of dimensions - 325 

41 
41 

" shrapnel, history -

" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" object of 
action -" 42 

43 
44 
44 
46 
46 

" 
" 
" 
" 
" 

" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

remarks on, by Sir H. Douglas 
introduction 
defects -
experiments to test defects of 
remedies proposed for -
remarks on the validity of General Shrapnel's claim to invention 

of. (Appendix A.) - 349 German's claim to invention - 349 French - - 350 considerations respecting practical value of shells. (Appendix B.) 354 objections which have been urged against diaphragm shrapnel 
shell, and the general merits of its construction. (Ap-
pendix C.) - - 358 0.8.C's. abstract of reports of practice received from several 
stations at home and abroad. (Appendix C.) - 366 improved, make shift arrangement only - 47 defects of 47 " 
" sizes - 48 
" description - 48 issue- 48 

ordnance fired from - 48 
" almost obselete 50 diaphragm, introduction 46 
" date of final approval 48 
" 

sizes 50 
" description - 50 
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Sheil, shrapnel, diaphragm, diagram showing opening of shell -
"" "marine glue, object of 
"" "object of groo.,.es in interior 

" " 
" " 
" " 
" " 
" 

" 
" 
" 
" 
" 

thickness of metal -
bullets, description of 
wood bottoms for 
application and use 
adifference in ri.,.et holes 

Page 
53 
52 
53 
54 
55 
55 
56 
55 

" " " 
points of distinction botween diaphragm and im-

proved shrapnel -

" " "ad.,.antages of diaphragm construction 

" " issue 

" " " "filled -
" "instructions to rectify fuze holes 
" " "filling and preparing -
" " "preparing for firing 

"" " " " for field service 
"" "table of dimensions 
" Martin's, history. See Martin'S Shell. 
" and fuze implements. See Implements. 
" and shot, examination of -
" "average weight, table of 

Shellac, description of - - -
" pntty-

Shield, wood, for bits -
Shot, history of 

derivation of term 
stone, use of 

" "charges 
" chain 
" bar 
". Langridge 
" red hot 
" solid cast iron, date of introduction 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

sizes 
description 
wood bottoms, use of 
advantages of 
method of attachment 
painting -
proposal to discontinue painting 68-pr. red 
experiments against iron plates - -
ordnance fired from 
issue 
when riveted to wood bottoms 
examination 

" " 
table of dimensions 

" steel, history 
" " sizes 
" " description -
" " material, quality of -
" " table of results of practice -
" " issue 
" " painted and stamped 
" chilled, introduction of 

" sizes of -
" explanation of chill casting 
" spherical, not to be confounded with Palliser shot 

" 
" 
" " use " " issue " " sand, sizes 

" description-
" 
" 
" 

" application and use -
" packing and issue 
" table of dimensions -

" hollow, history 
" description of old pattern 

" 
" 

55 
57 
57 
58 

291 
293 

- 293 
300 
326 

309 
- 329 
- 316 
- 346 

307 
4 
4 
4 

13 
7 
7 
6 
5 
5 
9 
9 
9 
9 
9 

10 
10 
10 
10 
10 

9 
309 
822 

S 
11 
11 
11 
11 
12 
12 

8 
12 
12 

S 
13 
13 
13 
13 
13 
14 

- 323 
S 
8 
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Shot, hollow, common and naval shell now used for 
" " ordnance fired from - -
" " advantages and use - -
" " precautions to be taken in heating 
" " issue 
" case, history - - -
" "ancient methods of manufacture 

" when first used 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

,. 
" 
" 
" 
" 
" 

" introduction of present pattern 
" sizes 
" classes 
" description and distinguishing marks of tin plates -

iron end to be placed next charge in loading 
" description of bottoms 

howitzer 
" why tacks tinned - -
" 12 pro gun, why conical bottom 
,. painting 
" use-
" issue 
" table of dimensions -

grape, history - -
" quilted, description of 

" order relative to re-issue -
" Caffin's pattern, introduction of 

" 

" ,. 

" 
" 

" 
" 
" 
" 
" 
" 
" 

sizes 
description 
material -
ad vantages of 
Sir W. Congreve's letter on 
experiments at Gavre 
what ordnance not used for 
painting -
uses 
issue 

"" " 
table of dimensions of 

" 
" 

Eprouvette, sizes 
.. description -

" 
" 
" 

iron used 
limits allowed in manufacture 
use -
only temporarily retained pending introduction 

method of proof 
" Manby's life-saving. See Manby's shot. 

Slow or blue pomre_ See Portfues. 
Smoke balls, history 

" 
" 
" 

sizes 
description 
composition 
Distinction between" coal" and" Sea Coal" 
action 

" use 
" if to be considered as projectiles -
" time of burning 
" issue 
" charge 

Spanners, uncapping fuzes 
Spirits, methylated 

Page 
14 
14 
14 
15 
15 

6 
7 
'7 
7 

15 
15 
15 
16 
16 
17 
16 
16 
17 
17 
18 

- 323 
7 
7 
8 
7 

18 
18 
18 
19 
19 
19 
20 
19 
20 
20 

- 324 
21 
21 
21 
21 
21 

of improved 
21 

87 
88 
88 
88 
89 
89 
89 
90 
89 
91 

148 
- 307 
- 317 

Stores, miscellaneous; connected with proj ectiles. See Miscellaneous Stores. 
" connected with charge. See Miscellaneous stores con-

nected with charge. 
" igniting charge. See Miscellaneous Stores, igniting charge. 

Stores, laboratory, hints on exan:.ination of - - - - _ 309 
" distinguishing mark on 3 

Stops, brass, for naval bits _ 307 
Sulphur,properties _ 318 

" 
extraction _ 318 



Sulphur, sublimed 
ground 
use 

+03 

Tables of dimensions. list of 
of shell, common, naval, mortal', hand g-rellad~ _ 

" diaphragm, shrapnel _ c _ 

" l'IIartin's 
of shot, solid cast irou and steel -

sand 

:n8 

a~I 
- ;;:;2;, 

;;.:lG 
:12i 
:322 
323 

case 324 
" grape 324 

" ground light balls 327 
carcasse5i 327 
ring gauges for projectiles 334-

" wads - 335 
empty cannon cartridges and charges for - - 336 
filled cannon cartridges, and number packed in a case ;341 
ammunition box - 344 

" copper hoops, rivets, and powder barrels 348 
" boxes for packing projectiles 331 

Table cf average weight of projectiles - - 328 
" bottoms, pings, rivets, &c. - - 330 

composition combustible for laboratory stores 344 
" non-combustible for laboratory stores 345 

bursting charges, approximate weight 340 
paper used in Royal Laboratory 347 

" practice with steel shot 11 
" Martin's shell 146 

" ground light balls 1<18 
" "ricochet 149 
" experiments to determine expansion of shot by heating 14,; 

Table of implements, shell and fuze - - - - ;;~7 
Taps, screw, llQval anc1 comnl0Il fuze hole 307 
'rime fuzes, history of. See Fuzes. 
Thumbstalls, description of 
Tops, wood, naval shell 

" history 
" di agrams of 
"" description 
"" application and use 
)' " " advantages 

Tongs, eprouvette, description of 
Tubes, history -

general description 
" copper friction, description of 

" detonating composition for 
" paint for bodies of 

cross-headed, description 
" detonating composition for 
" paint for bodies of 
" "cross heacl 

quill friction, description of 
" detonating compositiou for 

common quill 
match or Fynmore's 
paper 

" paint for boclies of 
Electric, Abel's -

" priming composition for 
dnmmy or drill -

" examination of -
Tube boxes, classes. Sec Boxes. 

" pocket, leather. See Pockcts. 
TubE, charge, powder -

l1lcalcd " 
" pastl' 

Typus, marking cartd,lge& 

D 1 .. ' 

22U 
116 
116 
117 
II8 
118 
II!) 
125 
IS7 
203 
20+ 
20;; 
3·1G 
1\)4 
ID5 
346 

2Of; 
206 
208 
208 
209 
347 
209 
210 
212 
310 

16G 
joe 
16G 



Valencicnncs, composition, use of 
Varnish, thick brown -

404 

" thin " 
for gut and silk over detonating ball of Pcttmal1 fuzes 

Wads, classes -
papier mDche, history 

" natures 
" common, description 
" "application 
" diaphragm, description 
" "application 

" 
" 

junk and grlllllmet, history 
" sizes 
" description " 

" " application 
grtmllllet, sizes -

" " description 
" " application 
" table of -

Wadmiltilts, description - - - - - -
Windage, rednction of extract from Report of Committee on Ordnance_ 

pendix D.) 
Wire guide, naval shell bottoms 
Wood bottoms, shot and shell. Sec Bottoms. 

" tops, naval shell. See Tops. 
" time fuze, introduction of: See Fuzes. 

Wrenches, naval fuze and pIng 
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- 105 
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- 107 
- 107 
- 107 

108 
- 108 
- 108 
- 109 
- 109 
- 109 
- 335 
- 183 
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- 368 
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- 307 

Shrapnel shell. Remarks on the validity of 
invention of 

General Shrapnel's clainl to 

" 
" 

German's claim to invention
French 

APPENDIX B. 

- 349 
- 349 
- 350 

Shrapnel shell. Considerations respecting practical valne of shells of this 
class - 355 

ApPENDIX C. 

Shrapnel shell. Objections which have been urged against diaphragm shrapnel 
shell and the general merits of its constrnction - - 358 

Ordnance Select Collllllittee's abstract of Reports of Practice, 
received from several stations at home and abroad - .. 366 

ApPENDIX D. 

Windage, reduction of. Extract from Report of Collllllittee on Ordnance - 368 

ApPENDIX E. 
Powd~r," R.L.G." ana" L.G." Experiments relative to substitution offormer 

for latter - 370 
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ApPENDIX F. 
Gunpowder, proof report. of. Instructions for preparation 

APPE~iDI:X G. 
Gunpowder, new marks substituted for old on barrels -

ApPENDIX H. 

Page 

- 371 

- 3i4 

Cartridges, cannon, result of experiments, filling with Cltlin's machine, and 
weighing charge with scales - 374 

ApPENDlX I. 

Magnets, permanent, experiments on application of to explosion of charges and 
to submarine operations - - - - - - • 375 

APPENDIX K. 

Atmospheric pressure, its influence upon some of the phenomena of combustion 378 

APPENDIX L. 

Metal time fuzes, on the use of - 379 

APPENDIx M. 

Safety fuzes, Bickford's, table of 387 
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