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NAVAL GUN 

Three views of a French 32 -pdr gun. showi ng 
the arrangements of breechi ng rope. 
traversing tackle and port -opening tack le. and 
the rammer. sponge and oth er Side -arm s laid 
out ready for use. 

' I , 

seventeenth century the lists of ship ordnance still showed 
a variety of weapon, but .it v.as not so divergent as it had 
been at the time of the Armada. Charles 1's great SO'verel~r;n 
of (he Seas, launched in r63 7, carried twenty 'cannon
drakes' on the lowest broadside tier , thirty culverins above, 
and thirty demi-culverins on the open deck. The cannon
drake was a lightened form of full-calibre cannon. 

By th is time though , there had been a slight change in 
tactics, Instead of opening fire at extreme range so as to 
keep the enemy away, the aim now became to close to 
'point-blank' range and then fire the entire battery in one 
sa lvo; this produced an enormous moral effect at the target 
and, since 'point blank' was no more than about 250 yards, 
the shot were delivered with suffi cient remaining velocity 
to smash the timbers of the targe t ship and en velop the 
enemy crew in a cloud of jagged splinters, inflicting fright 
ful wounds. The only d ifficulty with this system was that 
the enemy, of course, had similar views, which led to the 
spec tacle of two ships, some two hundred yards apart, 
blasting each other with broadsides until one or other had 
sus tained so much damage that the figh t came to an end. 
This call ed for the highest possible d iscipline from the 
gun's crews, to withstand the enem y shot, load and serve 
their own guns, and be ready to discha rge their broadside 
when the time came. 

Wh ile thi s may have been a sat isfactory tact ic for those 
da ys of 'wooden ships and iron men', it could hardl y be 
said to have advanced the cau se of sCientific gunnery. 
'Point Blank ' can best be defined as that range at whi ch 
the stri ke of the ba ll is in prolon gation of the gun 's axis, 
before gravit y has begun [0 ha\'e much effect, and thus is 
ne\'c r more than on e or [\\'0 hundred yard s. C sing this as 
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Comparison o f French 8 , pdr. 18 -pdr and 36, pd r sea se rvice cannon of 
the seventeent h cel1Iu ry. mounted upon truck carriages 

DraWings of the English 32 pd r o f 42 cwt (lOp View ) and o f 57 cwt 
(Side view ) show,ng the bore outline. vent . and positioning o f the 
trunnions 

Standard true. carnage. shOWing the method o f construction 

the standard engagement range - and some authorities laid 
do\vn e\'en lesser ranges - meant that li ttle in the way of 
refinements of sighting or ballist ics might be expected, 
since the \\'orst cannon could hardly fa il to miss 0 , 10 do 
damage, and li tt le in the way of ski ll was ca lled for on the 
part of the gunner . 

Howe\,er, there were sufficient people interested in 
scientific gunnery to ensure that the matter did not en
tirely die . In 1707 Benjamin Robins was born of a Quaker 
fam ily in Bath and became a teacher of mathematics . This 
led him to consideration of the motion of bodies through 
the air, and from this he progressed to a close examination 
of gunnery . At that time, gunnery was ent irely an empiric 
art; some text-books had been written, it is true, but for 
the most part they were theoretica l papers based on little 
more than hearsay and speculation. Some practical gun
ners had published guides which explained tha t certain 
measures were necessa ry - that, for example, if one car
riage wheel was higher than the other then the gun had 
to be 'aimed off ' to compensate - but they never attempted 
to explain the reasons for their recommendations. Those 
who did attempt to advance reasons were usuall y basing 
their arguments on precedent texts, without having actu
ally performed any practical firings to bear out their claims . 
The basic theory ,vas that a shot travelled in a parabola 
from the muzzle to the target and that the res istance of the 
air could be neglected. 

Robins set out to prove or d isprove these theor ies by 
actually firing guns; since it appeared impossible to actu-
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ally measure th e performa nce of a cannon shot in a direct 
manner, he reasoned tha t if it \I'e re possible [0 tra nskr 
the energy of the shot to somcthi ng more amenable to 

measurement, much \\'ould be thereby di scO\'cred. He 
therefore il1\'cnted the ' Ballistic Pendulum ', a framework 
in which was suspe nded a pendulum bearing a heavy 
baulk of t imber at its free end. Attached to the bottom of 
the pendu lum was a measuring tape running past a marke r. 
A cannon was se t up at a distance fro m the pendulum and 
fired so that the ball str uck the baulk of timber and thus 
transferred its energy, causing the pendulum [0 swi ng and 
the tape [0 be moved past the index . Since the weigh t and 
length of the pendulum \I'ere known, knO\d edge of the d is
tance it had moved enabled Rob ins to calculate the striki ng 
velocity and energy of the ball. By per fo rming the exper i
ment at \'arious ranges, he was then able to dete rmine the 
loss of velocity as the range was increased and from thi s 
to der i\'e a form ula \\'hich took in to account both the re
sistance of the air and the effect of gra \'ity , He wcnt on to 

determine the differences in velocity which came from 
\'ary ing charges and gun lengths, and, most remarka ble of 
all, he pointed out 'a most extraordinary and astonishing 
increase in the resistance of the air which occurs when the 
velocity comes to be that of between eleven and tvve lve 
hundred feet a second.' He had , of course, discovered the 
sonic barrier, and he \\'as astute en ough to correlate thi s 
veloc ity with the speed of sound, though he lacked the 
instruments to take his surmise any further. 

In 1743 he read his paper 'New Principles of Gunnery' 
before the Royal Society and revealed the resul ts of hi s 
labours. It provoked considerable d iscussion among the 
learned, but it would be fulsome to say that it rel'olution
ised gunnery overnight. N evertheless, it at least made 
people begin to think, Robins as much as the rest, and in 
I 747 he published ' A Proposal for increasing the strength 
of the British ~avy by changing all guns from I S-pounders 
downwards into others of equal weight but of a g reate r 
bore ' . H ere, he was asking for a reappraisal of the tra
d itional methods of designing ordnance or , in hi s \,,:ord s, 
'a better redistribution of the metal'; in other words, to 

take the same amount of meta l but use it to make a gun 
in \\'hi ch the thickness of the barrel wall s was worked out 
according to the strain [0 be placed upon them, A resul t 
of th is would be to lower what we know today as the 'factor 
of safety ' to a more pract ical fi gure and thus, for a given 
weight of metal , fini sh up with a gun of grea ter ca li bre, 
In urging this upon the Navy, Robins pointed out that a 
la rger and heavier sho t would range further, and have a 
better striking force, would m ake a bigger hole and would 
have better powers of penetrat ion. By his plan of'red istr i
buting the metal' the ship would carry the same dead
weight but would have more efficient artillery. 

This paper got a more receptive hearing from the Roya l 
Navy, largely because a recently captured French ship had 
yielded papers wh ich indicated that the French seemed to 

be th ink ing on much the same lines . But apart from some 
experiments to confirm Robins' theories and conclu sions, 
little more \':as done , since the french seemed [0 be 
affiict ed \\' ith the same le thargy . 

It rema ined [0 a pr i\'ate ind ivid ua l [0 make the fir st ~t e r 
31\'ay fro m the nO\\'-traditi onal cannon. In I -7 g the Carron 
Com pany, a Sco [ t i ~ h i ro l1\\' o rk ~ whi ch O\lned a ~ l11all fl ee t 
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fact remains that it \\·as completely ignored in official 
tables of armament ; one reason for this was that to tamper 
with the li sted armament of a ship was to cause it to be 
re-classified as to its 'rate', and this led to all sort s of 
complicated adjustments to the crew strength and equip
ment of the sh ip. It \\·as fa r easier to keep to the 'approved 
armament' of long guns when calculating rates, and let the 
carronades, as it were, take care of themselves. 

V The mounting of the carronade al so broke new ground. 
Instead of the standard sh ip carriage, except for one or 
two of the first-made, the carronades were not given trun
nions, but had a lug cast in the lower part of the barrel 
which was anchored to a 'top carriage', a simple sled of 
wood which was free to slide across the top of a truncated 
truck carriage firmly bolted to the ship's side. The rear
\vard movemen t of the top carriage across the lower car
riage was restricted by breeching ropes attached to the 
front of the lower carriage and roved through the 'ccrs 
cable', the ring-and-knob formed at the rear end of the 
gun . The carronade was prevented from jumping free by 
a vertical bolt passed through the top carriage and engag
ing in a slot in the lower carriage ; unfortunately , if the 
breeching rope was not properly adjusted, or stretched 
during an action, this bolt was driven hard against the rear 
of its slot and usually broke, rendering the equipment use
less until it could be repaired. 
Th~ carronade had some spectacular successes in its 

early days. In 178 2 the R ainbow was officially armed with 
a variety of carronades up to 8-inch calibre by order of the 
Navy Board and by way of trial. In the course of a cruise 
she came up with a French frigate, the H ebe, \\·hich was 
armed with conventional long cannon and which could, 
had its captain known bet ter, have stood off and battered 
the R ainbow into submission . But R ainbozc decoyed H ebe 
into close range and then fired a broadside of carronade, 
ending the action almost before it had begun. H ebe sur
rendered, and the carronade grew in popularity. 

One drawback of a smoothbored gun firing a spherical 
shot was that the we ight of the shot was constant for a 
given material, and in an endeavour to obtain the highest 
possible velocity fro m the short carronad e, hollow shot 
were developed. These, being lighter than so lid shot, at 
tained a greater ve locity and thus a greater striking force 
over the short ranges used. It is remarkable that, except 
for some minor experiments performed in the early car
ronade days by Meh·ille, there seems to ha\·e been no 
sugges tion of tak ing the projectile a step further and de
veloping an explosive shell . Remarkable because the ex
plosive shell was no mys tery by thi s t ime . As ea rly as 1682 
the French developed a special vessel to fire explosive 
shells aga inst land defences , the 'bom b-ketch' . 

In the seventeenth century the chances of a ship, armed 
with shot-firing cannon, doing much damage to a land 
fort with granite wall s, was relati ve ly small. So when Ad
miral Du Quesne took a fl ee t to bombard the pirates of 
Algiers in I682 he sa iled with a number of 'galiotes a 
bombes' designed bv an ilwel1li \·e Basque called d 'El ica
ga ray. The ship was specially strengthen ed and broad in 
the beam, and \\·as prO\·idcd \\·ith onl y two masts, in the 
cent re and stern. The fOr\I·aro section was left clear fo r 
the mounting of· one or more morta rs ; these \I·ere shon
barrelled, h igh-an gle Illuzzlc - I oader ~ , bOITO\I·eO fro m land 

Based on an eighteenth centu ry instructional 
book. these drawings show the positions of the 
gun ·s crew In preparing fo r acti on (Iefr) . 
loading (cenrre) and runn ing out to fire (right) . 
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A carronade mounted on an unusual carriage 
which resembles the ·Marsilly· pattern In bei ng 

supported at the rea r end by a bl ock. 
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service where they were commonly used in siege \\·arfare . 
The bomb we ighed over 200 Ib and, since reco il is pro
portional to the we ight of the projectile, the dO\mward 
thrust , or deck blow, when the mortar fired, was consider
able. To alleviate this and avoid excess ive damage to the 
vessel, the deck was strongly reinforced with beams, and 
the space beneath the mortar was packed tightly with old 
rope so as to give an elastic cushion to the blow. 

Algiers was devastated by the new weapon ; over 700 
were killed, the town se t ablaze, and the pirate forts des
troyed . Delighted by this, Louis XIV ordered the fleet to 
Genoa in order to deal out retribution for their aiding the 
Spanish fleet against the French, and I4,000 bombs duly 
ruined Genoa. Possession of these bomb ketches gave the 
French Navy complete mastery of the Mediterranean area, 
and as the news spread, so other navies took up the idea, 
and they proved to be particularly useful in the Baltic in 
later years . 

With this corpus of experience with explosive shells, it 
is thus the more surprising that the shell and the 
carronade were never brought together, since it would 
seem a short step from having a hollow shot and boring a 
hole in it to allow the insertion of powder and a fuse. It 
would seem, though, that the trouble lay not in ballistics 
but in simple housekeeping ; the bomb-ketch was a special
ist vessel, in which more-than-ordinary care could be 
taken of the bombs. A ship of the line carried more men , 
more guns and more stores and, proportionally, had less 
space ~vailable to set aside as a magazine. The chances, 
therefore, of accident befalling a ship of the line with a 
stock of explosive shells on board was considered to be 
far too great to justify the tactical advantages which might 
accrue from their availability in a fight. 

Another argument advanced was that the explosive shell 
was really only suited to the attack of land defences and 
was not a useful seagoing projectile . This was refuted 
fairl y easily by pointing to the activities of Sir Samuel 
Bentham and the Russian flee t ; Bentham had been a ship
\\Tight at Deptford and then went to Russia to organise 
the Tsar's navy . H e later returned to England to become 
Civil Architect and Engineer to the Navy and be kn ighted, 
but during his Russian days he equipped a fl otilla of small 
boats for an attack on the Turks in 1788 . The armament 
was brass cannon and mortars, and the projectiles were 
explosive shell s and 'carcasses', lightweight spheres fi lled 
with incend iary material. In the Sea of Azov, Bentham's 
small fleet of insigni ficant boats attacked a much large r 
Turkish array and tore them to pieces, the explosive shells 
blasting holes in the Turkish ships and the carcasses ignit
ing the wood and pitch of the hulls with spectacular effec t. 

In spite of this outstand ing victory, the shell idea was 
slow to permeate among the naval minds of the time, but 
it eventually took root in the French Navy . The Napo
leonic Wars were a bad time for the French at sea ; while 
their ships were acknowledged to be among the bes t afloat, 
the English fl ee t had a superiority of artillery, both in 
materiet and handling, which outweighed any advantage 
possible from manoeuvre, and the French were therefore 
casting about for some technica l im prO\·ement whi ch 
might be employed to their advantage. The Eng li ~ h for 
their part were anxious to preserve the status quo; as one 
hi~torian , writing in I R37, obsefl"Cd: 'So long as fo re ign 
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Dowers did not innovate by impro\'ing their guns, by ex
tending the use of carronaLies, and, above all, by projecting 
shells horizontally from ships; so long it \I'as our interest 
not to set the example of any improveJ11~ nt in naval ord
nance, , " 

In 1795, therefore, the French Navy began making ex
periments with shells fired from cannon, firstly at wooden 
butt targets at the Toulon naval base, and later, at Meudon 
at a target built to represent a British ship of the line, The 
18-,24- and 36-pounder shells were fired at ranges of 400 
and 600 yards, and the results were sufficiently encourag
ing to justify provision of 36-pounder shells for the princi
pal French ships. At the same time incendiary carcasses 
and hand grenades were developed, the latter to be fur
nished to the men in the fighting tops in order that they 
should throw them down on to the enemy's deck when 
the ships were at close quarters, 

The resul ts tended to strengthen the arguments of the 
more conservative English capta ins; as one historian has 
written 'The history of [the French] navy in these wars is 
lit up from time to time with the conflagration of their 
finest ships .. " \,\lhen they were not being set afire by 
spontaneous combustion or accident, then any damage in
flicted 'legitimately' in the course of battle could soon be 
escalated into a major disaster when the flames found the 
stores of combustible and explosive projectiles; one of the 
most famous instances of this was the dest ruction of the 
French flagship Orient at the battle of the );'ile, 

The French, however, persisted with their researches 
after the war had ended, spurred on by the unfortunate 
result of the war and the hope of, at some time or other, 
neutralising the British supremacy at sea. Much of the 
work was done by a soldier, General P aixhans, who put 
forward some unusual but compelling arguments. In the 
early 1800s the steam engine had been applied to the pro
pulsion of ships, with va rying degrees of success, and 
Paixhans was acute enough to see that the prospects of a 
steam warship held out special attractions to the French 
nation. England had a large seagoing population and a 
tradition of the sea which ,vas of advantage to them in 
time of war; France, on the other hand, was predominantly 
agricultural and had no comparable sea-going tradition. 
Sailors could be and were provided in time of war, but, 
sa id Paixhans, they did not have that mys terious affinity 
for the sea possessed by the English, and they therefore 
demanded more training and never attained the same pro
ficiency in handling ships. The steamship, however, re
quired none of thi s m ys tique of wind and waves; it was 
an engineer's ship and could be competently handled with
out having to rcly on something as intangible as tradition. 
Possession of a steam navy would therefore place the 
French, if not at an advantage, then certain ly on a par 
with any other nation. 

Given this as a foundation, the next obl'ious step was 
to make an equally significant im provement in armament 
so that the combination of steam and armament would give 
the French a total advantage over the English fleet. And 
since Paixhans appreciated that the day of the all-stea m 
fleet was still some \\'ay off, he urged that, at least, his 
ideas on arma ment be adopted so that the S\'stem would 
ha\'e been te ~ ted and perfected by the time the steamship 
was ready for il. ;\nd his solution to the armament prob-
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A seven-barrelled 'organ gun' w hich 
could be touched off to give a 

seven-shot salute to boarders from its 
position on the fore or after castles. 

A model of a French 'Canon Obusier de 36' 
mounted on a modified carronade 
carriage and arranged for 
broadside firing . 

A French carronade of 1814: notice the 
cloth cartridge. the cartridge buckets . 

and the shot in racks . 
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lem \I'as the adoption of shell-firing ordnance, allied to a 
rationalisation of ca libres, 

For some \'ears there had been a tendency to increase 
the armamenr of ships by developing guns of greater cali
bre; as the ships became larger, so hea\'ie r weapons could 
be carried and, obvious ly, the heavier the gun the better 
effect it had on the enem y, On the other hand, it m eant a 
multiplicity of calibres on board anyone ship, which in 
turn led to supply problems and questions of apportioning 
the magazine space between the var ious forms of arma
ment. Paixhans proposed adopting the same calibre 
throughout a ship's entire armament, but varying the 
weight and power of the guns , Thus, for example, 8 inches 
might be taken as the standard calibre; the main battery 
would be heavy 8-inch guns firing pO'vverful charges, while 
the lesser batteries would be provided with shorter or 
lighter guns firing lighter charges. Only one calibre of 
ammunition need be carried, so that there was no fear of 
the main deck battery running out of ammunition and 
having to rely on lighter weapons to fight the battle, and 
since the 'rationalised' calibre was to be the largest calibre, 
the total firepOl.I'er of the ship, expressed as shot weight, 
became much greater than before . 

The adoption of such a plan with shot-firing guns was 
not entirely commendable, since the lighter weapons would 
have had to fire their shot at such low velocities as to lose 
much of the range and penetration capability which was 
so desirable w ith solid projectiles. But, said Paixhans, if 
the guns were to fire explosive shells ... He then went on 
to explain that penetrative power was not necessary with 
this type of projectile; provided it was discharged \I'ith 
sufficient force to lodge into the timber of the enemy, its 
subsequent explosion would do far more damage than 
could a plain shot, and without demanding powerful ord
nance, heavy charges and uncontrollable recoil. S ince re
coil was less, and the charges lighter, re-loading would be 
quicker and a faster rate of fire would be attained , leading 
to a greater volume of shell being poured into the unfor
tunate enemy, 

One last proposal came from Paixhans' nimble pen; 
that one tier of guns should be sacrifi ced from the side of 
the ship and the side protected vI'ith iron plates, thus ren
dering it impervious to the enemy. Here, Paixhans had 
over-reached himself, for by armouring a ship armed so lell' 
with shell guns he had thrown away the advantage ; if the 
enemy chose to armour his ships in similar fashion, and 
then arm them with powerful shot-firing guns, France 
would be back to 'square one', since the shells would not 
hurt the enemy's armour, but the enemy's shot would 
pierce the French plate. 

Paixhans published all his proposals, backed up by 
cogent arguments, in two books, Nouvelle Force Maritime 
et Artillerie in 1822 and Experiences jaites sur une Arme 
Nouvelle in 1825. It caused a certain amount of commot ion 
in naval circles, but in general hi s propositions were jus t 
too revolutionary to be taken in one dose. The only section 
which appears to have ga ined acceptance was his proposal 
for rationalisation of ca libre, and the French Navy adopted 
this idea almost immed iately, The 30-pounder g un of 6-
inch cal ibre \\'as selected as the standard, and in [829 a 
selection of6-inch guns of\'ary in g \\-eights entered ~eJ'\· ice. 
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Lwenrieth cenrury, though by that time a number of 
anomalies had crept in. 

Y It might be as well at this stage to look more closely at 
the ammunition in use at thi s period, since it can be taken 
as representing the acme of the smoothbore period and it 
will serve as a useful base of comparison for evaluating 
some of the ideas which came later . Solid shot, of course, 
"vas just that; a solid sphere of cast iron with few preten
sions to refinemenr or science. Its only improvement 
across the yea rs was the provision of a somewhat better 
degree of fini sh on the outer surface which was a by
product of slightly more careful casting in order to obta in 
a more precise windage figure . 

The propelling charge was still gunpowder . By the 
middle of the eighteenth century the proportions had be
come fixed at 75 parts potassium nitrate, 15 parts charcoal 
and 10 parts sulphur, and gra ined powder \vas the standard. 

The precise weight of the charge for any gun . 
was, strangely enough, not laid down in any ~(I.!iu~~">~-"f 
hard and fas t manner until the middle of the nineteenth 
century and tended to vary as of the inclination of the 

gunner. A rule of thumb gave 'about one-quarter ;t~h~e~:~JIII!~~~~~~~~~!:::::~;;;C'::';;'",';;>j~ weight of the projectile' as being the standard charge for 
use with shot, though this could be increased at 
the gunner's discretion; shell guns had a charge of _~....;:::ltttl"~ 
fro m one-sixth to one-twelfth of the weight 
of shell; carronades one-twelfth of the weight of \\' hatever 
projectile was fired; and mortars varied the ir charge ac
cording to the range, since they were always fir ed at 45 
deg. elevation. 

The system of firing the charge had taken some steps 
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A British carronade on slidi ng ca rr iage. showing how the top 
section could reCOil across the lower. 
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during the li fe of the smoothbore gun. Originally, as we 
have seen, it was simply by thrusting a red -hot iron into 
the \,ent; this was soon superseded by the use of 's low 
match', a length of loosely-spun r\,' ine soaked in a solution 
of saltpetre and allo\\'ed to dry. When ignited, this burned 
steadily and the glowing end could be presented to the 
vent to fire the gun . Bur th is sys tem had its haza rds, and 
in the middle I 7 00S came the adop tion, in land service 
ordnance, of the 'quickmatch tube ' . Quick match was a 
saltpetre-permeated cord which had been rolled in fine 
gunpowder before drying, so that it burned much more 
rapidly, and this was cur into short lengths and inserted 
into a thin tinplate tube of a length to pass down the gun 
vent to the chamber. The top was belled our and 'primed' 
with a paste of gunpowder and spirits of wine, allowed to 
dry hard. It still required lighting with slow match, but 
it did away with the haphazard scattering of loose powder 
about the gundecks which was almost inseparable from the 
old system of priming the vent. 

Although the flintlock had been used in muskets and 
pistols since the beginning of the sixteenth century, there 
does not seem to have been any attempt to fit such a 
mechar:ism to a gun vent until 1778, when Sir Charles 
Douglas urged the use of flintlocks on the Admira lty. The 
Admiralty, however, refused to adop t the sys tem; thei r 
objection was tha t the service tubes used with land ord
nance at the time \\'ere all of metal, and would be blown 
from the vent when the gun fired due to the back-pressure. 
Having been blown out they would land on the deck, and 
since the sailors of the day were given to running about 
bare-footed, the expended tubes , lying on the deck, would 
cut their feet. 

The Armed Yacht Caro/me. an mterest ing eighteenth centu ry rel ic 
wh ich survived into th e breech-loading era . 

r 
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78 

The 47 mm. Hotchklss revolv ing cannon 
on a special ·Boat Carriage ' which 

allowed It 10 be run in and out to be 
fi red through a protected po rt 

Having arrived at the breech-loading era, it is now neces
sary to go back a littl~ in order to examine how the im
provements in ordnance were being assimilated into ships. 
As the Ironclad age began, the standard arrangement was 
for the guns to be arranged in broadsides down each side 
of the ship, deck above deck, with the addition of one or 
two 'pivot guns', guns mounted on centre-pivot carr iages 
on the open fore and after decks. All that iron armour did 
to this was to conceal the broadside tiers behind iron plate, 
but a very little experience with iron ships soon showed 
that taking the old pattern and encasing it in iron was by 
no means the entire solution. 

The first difficulty arose with the disposition of the 
armour; simply placing a belt of iron from stem to stern 
would protect the guns, but it would impair the sailing 
ability of the ship and would also place enormous strains 
on the hull due to the weight, particularly in a seaway. 
Warrior avoided this by leaving the ends unarmoured, 
rhough subdivided into water-tight compartments. Un
fortunately this meant that of the forty-eight guns, twelve 
were outside the armour's protection. But Warrior proved 
to be unhandy, largely due to her length . In 1861 the 
'Nlinotaur' class was laid down, and this was given armour 
for the full length of the ship in order to give protection 
to the steer ing arrangements and also to all the armament. 
Minotaur was even longer than Warrior and proportion
ately more unhandy; as was the current system, a combi
nation of sail and steam power was provided, ne ither of 
which was sufficient on its own, and, as a result of this 
class, the size of warships was generally reduced until the 
steam engi ne sys tem of propulsion had been perfected . 

Another factor was the increasing demand for guns cap
able of fir ing ahead, rather than being confined to broad
side fire. The Warrior guns could fire at about thirty de
grees before and aft of the beam, but it was often pointed 
out that since the ship sailed forward into battle, it would 
be advantageous if some of the armament could be fired 
in that direction. The pi vot gun was a step in the right 
direction, but it represented only a small proportion of the 
gun strength. 

The central battery was the first solution; this brought 
the armament into an iron-plated citadel in the middle of 
the ship, reducing the need for armour plating and thus 
saving weight while concentrating the fire. Thi s \vas co
incident with the demi se of the truck carriage, \vhich was 
just as well since the close confinement of the guns would 
ha\'e made the citadel an absolute Bedlam wit h truck
carriage gun s recoiling acro~s the deck. The ca rriage-and
slide became the standard mounting, and this allowed 
the gun s to be packed relati vely close together. 

In order to provide for ahead firing the forward bulk
head of the central battery was cut with ports and guns 
installed; an alternative to this was to mount the forward 
guns on turntables so that they could rapidly be shifted 
from broadside firing to ahead firing, being provided with 
two ports, one of which could be stopped with an armoured 
plug when not in use. A slightly more involved way of 
achieving the same result was to mount the two guns on 
slides supported on Banged wheels, and sink a species of 
railway track into the deck, complete with switches. The 
carriage was locked to the ships' side for broadside firing, 
functioning in the normal way. For ahead firing, the car
riage was detached from the side, run back along the track, 
and then switched to a second track which curved round 
to bring the gun up to a forward-firing port, where the 
carr iage was again pinned to the side. It was a desperate 
system and it had some dangers of its own when attempting 
to shift the carriage in any sort of seaway. 

A method tried with some success was to re-orient the 
central battery by turning it through forty-five degrees so 
that it became a lozenge on top of the hull; this meant 
that the faces now split the angle between ahead and 
broadside and thus the guns , so long as they managed forty
five deg. angle of training, could command both directions 
equally well. It was a good solution on paper, but the 
enormous angle of train meant that the mechanical ar
rangements for moving the guns tended to become in
volved and overlapping. In the days of muzzle-loading 
guns and truck carriages, it was quite feasible to shift the 
carriages sideways by means of hands pikes, iron-shod 
wooden levers six or eight feet long manipulated by two 
or three men. But as the guns and their mountings gained 
in power and weight, this system was no longer physically 
possible and mechanical assistance had to be brought into 
play. The slide was carried on truck wheels set trans
versely to the axis of the gun and riding upon iron 'racers' , 
smooth iron paths set into the decks. From each side of the 
carriage rope tackle was hooked to the ship's side, so that 
by hauling on one set and loosing-off the other, the whole 
carriage and slide could be rapidl y swung round the front 
pivot. The 7-inch, 6~-ton RML gun, with its carriage and 
slide , weighed roJ tons and took fifteen men on the tackle 
to move it. It will thus be appreciated that packing guns 
too closely led to a spider 's wed of traversing tackle which 
could doubtless have hung an unwary sailor in the heat of 
action. 

The tackle system was grad ually replaced by a method 
involving gearing hand cranks to the \\'heels of the slide; 
fir st attempts at thi ~ ran into trouble due to sl ipping and 
remedied it by making a toothed tra \,('l'~ in g rack in front 
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of the rear racer and placing a suirab le cog-wheel on the 
sl ide, so that by turning the crank, the cog-wheel moved 
along the rack and traversed the slide . This reduced the 
web of tackle, but the interlocking of the slide racers and 
tra\'ersing racks turned the once-smooth decks into some
thing resembling a railway yard. 

The need for ahead fire was being emphasised by a 
tactical theory which had been ga ining support during the 
18505 and 1860s, that of ramming the enemy rather than 
engaging him with gunfire. The ramming tactic was as old 
as na\'al \varfa re itself, ha\'ing been extensively employed 
b\' the gal leys of old, but once oa r propUlsion gave \\'ay to 
sail , the day of the ram \\ ' a~ O\'er since the moti\'e l~o\\'Cr 

coulJ not be depended uron to propel the ship in the 
correct Jirecrion 10 ram an enen1\' , Once steam po\\'Cr 
arl, eared, ho\\,el 'er, tl1l1us ht turn ed once again to the ram , 

BC 

-' 

which was in itself an admiss ion of the relative failure of 
gunnery at that time . The events of the Amer ican Civil 
War appeared to bear out the theorists \\'hen the Virginia 
rammed and sank the wooden ship Climber/and on the day 
before it fought the steril e duel \\'ith M oniror . But the 
zenith of the ramming school came at the Battle of Lissa, 
in 1866; the Italian fleet was ineptly commanded, by the 
Count of Persano \\'ho neglected to gi\"e his captains any 
tactica l instruct ions, wh il e the :\usrrian fleet was most 
ably led b\' \"i ce-:\dmiral T egethoff, Though ourn umbered 
by tWO ships and o\'er a hundred guns, Tegethoff signalled 
':\rmoured sh ir s \\'ill charge the enemy and sink hi m ', an 
orde r \\'hi ch left littl e room for argument , 

The ba u le J e\ el ored into a di ~o r g ani ~ed mcICe, ~ hirs 

attacking \\'lth i'u n, or ram a ~ the orronunit \, ofkred; the 
.\mtrian /',Il'tT rammed the I talian R c'! jc' j>"riog"l/o, 

• . ~- • • # , 
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A French Schne ider 15 cm, naval gun on tes t. demonstrat ing the 
inconven ience of an over · large fixed round of ammun ition w hich 
needed three men to cafl Y and load it. 

A French 12 cm tu rret gun of the 1870s; three views. showlIlg the 
pi vo ting arrangements. ammu ni ti on handllllg sys tem and travers ing 
system, 

while the Italian poured fire into the Austrian at a rapidly 
shortening range . After some forty minutes of confusion, 
the R ei d' [wlia suffered damage to her steering gear and 
went out of control ; seeing this, Tegethoff 's flagship Ferdi
nand A1ax turned and rammed her amidships, making a 
breach of some 300 square feet and sending the Italian 
sh ip to the bottom almos t immedia tely. An interesting 
point about this action is that the fata l blow was str uck 
at a speed of only five knots, a far cry from the bold and 
spi rited collisions forecas t by the theorists . 

Nevertheless, the fact that the flagship had been sunk 
by ram led to the ramming tactic becoming the dominant 
weapon of naval combat, the gun being relegated to second 
place . (Indeed, for a short time in the 1880s, after the in
ven tion of the se lf-propelled torpedo, the gun fell to third 
place. ) This, of course, meant that the ship would now be 
head-on to her opponent as often as could be managed, 
and therefore the demand for ahead-firing armament grew. 

In 1868 the British Bellerophon appeared, with a central 
armoured battery mounting twin 9-inch RML guns for 
broadside fire and a second , smaller, armoured battery 
structure in the bows, mounting two 7-inch RML guns. 
After it came the J:'nfel"prise which dispensed with the 
forward battery and revened to the idea of using forward 
facing pons in the central battery, and this was followed 
by des igns in which the sides of the ship \\'ere indented , 
forward of the main battery, <, 0 a~ to permit a clearer field 
of fire. The SlI lI cllI mounted a douhle-decked armoured 
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central battery, the lo\\'er deck of which provided broad
side fire and the upper fore-and-aft fire. The French de
veloped the 'sponson', a sem i-circular platform projecting 
from the side of the ship upon which a gun was placed so 
that it could fire through an arc of 180 deg ., from aft 
through broadside to fOr\\"ard. But, in general , it was im
possible to achieve a balance of firepower with this form 
of construction ; either there \\"as a preponderance of 
broadside fi re and lack of frontal, or vice-versa. An in
teresting attempt to solve the problem was the Temeraire, 
completed in 1877 at Chatham ; this used a central battery 
structure, but in addition, mounted two pivo t guns, one 
at each end of the ship. The pivot gun had fallen into dis
repute due to the difficulty of pro tect ing it, but in the 
Temeraire this was soh"ed by adopting a device which had 
been originally developed for coast defence; the disappear-
, . 
mg carnage . 

In the 1860s, \\'ith the rise of the Ironclad and the 
general impro\'ement in shipboard armament, the coast 
defences of the \\'orld had been extens ively overhauled in 
an attempt to keep pace \\"ith naval ordnance and capa
bilities . At the beginning of this period, the standard 
method of deploying coast guns was in open batteries, but 
the advent of armour and powerful guns on ships led to 
the adoption of armoured forts in \·vhich the guns were 
protected by casemates \\' i th enormous th icknesses of iron 
and granite to protect them. This was an expensive 
method of construction; a single armoured casemare for 
one gun, together with its necessary magazine arrange
ments, cost over £3 800 \\'ithout the cost of the gun being 
counted, and the slO\\'l1ess of fire of the heavy R.\ \ L gun 
demanded large fons \\'ith numerous guns to s\\'amp an 
enemy with fire, Picklecombe Fort in Pl ymouth Sound, 
for example, \I'a~ prepared \\'ith fo rty-t\\'O armoured ca~e 
mate <" an expeme of £160,000 before th e gun '> \I'en: in
stalled. 
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liam Armstrong, T he British rep l\' to thi s was the Inflex
ible, wh ich had a similar arrangement of tu rrets mounting 
I6-inch 80-ton RML guns, 

It is obv ious from this recitation of calibres that guns 
were becoming large r every day, and the si mple reason for 
this was that the armour was getting thicker by the hour, 
Inflexible carried 24 inches of pla te sur rounding the central 
battery area, and both the armour and the guns had been 
born in 1873 when the Admiralty asked the Royal Gun 
Factory for a 'xeapon which would defeat 20 inches of iron 
armour at 1000 yards range; as the\' did this with one hand, 
as it were, they began the design of Inflexible, with its 24-
inch plate, with the other. 

Y At that time, the heaviest service gun was the I2-inch 
of 35 tons, the Waalwicli h t/anl, which fired a 698-lb 
piercing shell at 1364 feet a second , had a m uzzle energy 
of 9208 foot-to ns, and could penetrate about 15 inches of 
iron at 1000 \'ards range, Boosting the penetration by an
other fi\'C inches mcant a considerab le increase in power; 
from experien cc it was knO\\'n that \'en' sli ght changes in 
ca libre co uld ha\'c comidcrablc c1rCCl S upon per formance, 
alld it \\'as decidcd that a prolOt\Tl' gun \\'ould be built, 
bored tu q-lIl ch calibre, and tl' ~lCcl: if it ~un'i\'Cd this, it 
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British naval rating s loading a 6·in . 
o F gun . Note th at this gun used 

'separate loading ' ammun ition . The 
rating to the left o f the breech is 

about to load the shell. while his 
companion holds the cartridge . 

An Elswick Ordnance Company deSig n for a 6- in Upper Deck 
mounting usi ng a qUick -firing gun Numbers were adop ted by the 
Royal Navy and it was widely sold abroad 

The heaviest Br itish gun of the nineteenth century was this 16·25-in. 
destined for H.M .S. Victoria and seen here on its proof mounting at 
Woolwich Arsenal. The barrel weighed 111 tons, and f ired an 1800-lb 
shell to give a muzzle energy of over 53 ,000 tons . 

The Elswlck design for a between-decks mounting for their 6 in. OF 
gun. 

A round of fixed ammunit ion; the common pointed shell. f illed with 
gunpowder, for the Hotchk iss 6-pdr gun . 

would then be bored out to I5-inch calibre and tested 
again; if this proved successful it would aga in be bored 
out, thi s time to 16 inches, for a final test , after whi ch the 
figures would be analysed and conclusions drawn , The 
estimated cost of th is was £8000 and in 1874 construction 
was authorised, 

In 1876 it was completed and tria ls fired; these began 
at 14'5-inch calibre, at which twenty-one shots were fired; 
then thirty-two rounds in I5-inch, At this point it was de
cided to bore out the chamber to 16-inch diameter, leaving 
the barrel at 15 inches, in order to pursue a theory which 
had arisen regarding the better combustion of powder 
with an enlarged chamber, Another twenty-one shots were 
fired, with results which seemed to bear out the advantages 
claimed for 'chamber ing', and the gun was then bored 
out to 16 inches throughout. Another ninety-two shots 
were fired, and the gun \\'as about to be sent to Plumstead 
Marshes for tria ls against iron plates, when it was d is
covered that the [66th shot had cracked the s teel barrel 
liner, ~otwith s tanJing this , it \\ 'a ~ ~cnr to Pl umstead and 
fired against a target composed of four S-inch plates with 
5-inch inten'ab bctween , the gap" being filled \\'Ith teak, 
and a robust teak backing . The I 700-lb ~ hot pe netrated 

48 inches into this , The gun was then 'chambered', the 
chamber being bored out to 18 inches, and with this the 
performance improved to the extent of piercing 56 inches 
into the target. The cracked tube was hardly affected by 
this enormous power; the powder charge weighed 425 Ibs, 
the shot 1700 lbs, the muzzle velocity was 1700 fee t a 
second, and the striking energy of the shot was com
puted as being 29,607 foot-tons, The performance was 
sufficiently in excess of the Admiralty's specification as to 
be ab le to pierce 23 inches of solid iron plate at the 
specified range of 1000 ya rds, 

Although not directly connected with the naval require
ment, it is worth noting that the Army acquired two of 
these 16-inch guns in 1879 and mounted them in an 
armoured turret at the end of Admiralty Pier, Dover. They 
were fir st fired there in July r883, amid great apprehension 
that the cliffs \\'ould collapse under the shock, Although 
declared obsolete in 1902, they were not remO\'ed for scrap 
and are slil lthere to thi s day, remarkably well preserved . 

It is ob\' iou ~ that armour had come some \\'ay from the 
four inches of La Gla/re and If'a 1'1'1(11' , The thickness of 
platc ,> g radu alll increa'>cJ to nine or ten inches, but at this 
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point difficulties began to arise in manufacturing such 
thicknesses and in manipulating them during construction. 
In about 1864 the 'sandwich' method of construction ap
peared, in which mUltiple plates were used, separated by 
layers of elastic material. A series of trials in Britain in 
1867 showed that three five-inch plates withstood attack 
better than a single I 5-inch plate, and the sandwich system 
was adopted both for coast defence forts and for warships. 
T he 'elastic material ' varied; sometimes it was solid teak, 
sometimes ' iron concrete', a mixture of p itch and iron 
swarf. Generally the former was preferred for ships since 
it weighed less than the latter. 

Faced with this sort of target, it was obvious to the 
gunners that something better than plain iron shot was 
needed . The first attempt to provide specialist projecti les 
largel y concerned with shape; some argued that a ftat
headed shot would punch clean holes in the target, others 
argued for jagged and saw-toothed points wh ich, given the 
spin of the projectile, would perform somewhat in the 
manner of d rills and carve their way through, These ideas 
alwa\'s seemed to \\'ork when the in\'entor tried them at 
home, but they 'always fai led \\hen tried again st ~en' i cc 

larget ~. 
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