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Cone & Cylinder Ch&rge. 

S-aooth burning has been obtained between .;.200 end +140~, for two 
!l1ooifications of the 2 inch cliameter cone and cylinder charge. A more 
satisfactory inert plastic canposition, based on arrmonium sulphate, has 
been developed. 

End Burning Charge. 

Limited success over the service temperature limit has been obtained 
with 5 inch lengths of the 2 inch diameter charge; . the chief clifficulty 
is undoubtedly due to the presence of air in the plastic composition, 
giving rise to a large bulk expansion of the charge. 

Plastic f]anpositions. 

A study has been made of the preparation of canposi tions containing 
ni trocellulose ""' .triacetin as binder by plastic milling. Excessively 
long times of milling are required, particularly with the larger capacity 
incorp.orators. With clispolene as binder, a satisfactory composition is . 
produced by simple mixing, without plastic::: milling, and the time re~ired 
is c·onsiderably shorter. Owing to the inadequate supplies of dispolene and 
triacetin, at'tention has heen turned to-binders in larger potential supply_ 
PI'l;lill1imiry experimentswJ. th oxidised custorai1d rape-seed oil binders ShCNf 

th._t d though plastic niillingt.akes pla.-ce; satisfactory canposi tions ma.y be 
obtained in a · reasonable time 'with 12~1 y/bbinder. 
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(A). . CONE & . CYLINDBR CHARGE 

1 ~ .. ~ctioningoverservice · temperature range~ 

With the . faster burning type of plastic propell~nt (P.372, N. C.­
tl~i8cetinbinder)it Vias reported previously (P·.D.E. Report 1942/77) 

. tj~t the modifi'ed or "open"coneand cylinder charge· failed at high 
temper·L.tUl~es. . This has .. beerifound tl::>be due to th.every soft nature of 
the inertplasticca,lposition {IP5, ZlnO :- N.G.-"triacetin)ii/hich was u.sed 
to prevent burning "e;tthe head end surface of the charge. At 140oP. 
thi S CQ11POsi tion flo.."Jed El.ppreciably, leC:l.ving the surface unprotected; 
eurlier rcsul ts hud e3tablished that if burning VIas u.llo.~;od on this 
surfL.ce, bursts occurred at · high temperatures withthefaster .... burning 
propelliints. The . inert plastic wc:;.s replaced. by one consisting of 70% 
SOOiWIl nitrate, 13:0 cunni onium picr"dte, und 17'/0 binder B.14D (IP6). A 
numb(jrof rrunds mve been filled with canposition P372, using the "open" 
con.ec..nd cylinder charge, nhich has the cylindrical hole cxtendeGl. to the 
end, [;.no. aO. 5 inch space between the end of the charge unO. the head, the 

. end surfc..ce bein8 protected by a 0.2 inch layer of inert plastic IP6. A 
air...grW":.1 of this cn.r:..rgc shape, hereinafter referred to &s Type "A" is given 
in fig.1. These rounds burnt smoothly c.t 140"1<'; details of those firings 
tire gi-vcn in Table I. Itwe..s also found thl:!t the original, orllblind" 
cone unO. cylinder charge functioned correctly 8.thigh temperatures when the 
layer of luting 1Jd\feen the charge and the head closure WEiS repla.ced by IP6. 
('l'ablc I ....; rcunds 1941+-5). 

The cone [,n~ cylinclerckrse has been further modified by dispensing 
"iii th the space at the head end. The cylindrical hole is, e..s in Type "A", 
extended to thE; end of the cru.:.rge, \:hich is covcredwith a 0.2 inch layer 
of inert plastic. Theiner-t plD.stic is . pressed tightly against the 
perfor: .~ ted heud obi-urator and head closure. Thecanplete charge is trus 
supporcccl e;.t ell pOints in the rocket tube. A magrmn' of this churge, 
T>Jpe "73", is given in fi g.1 • The re stil t s of firing a numb er of roundS., 
filled with P. 372 in this shape, at the extremes of teI!l:PerLlture are given in 
'l'["b10 I. Smooth buniingwas obtained in all cases. 

Before the . development of the Typle "B"ch£.rge, n. few full length 
. (22.5" ) rounds were filled \'lith P. 295 using the Type "A" charge. The inert 
plastia (IP4) consisted of zinc oxide and dispolene 75. No bursts occurred 
at the upper and lexJer temperature lind ts. Details of these firings are 
given in Table II; the pressure-time and thrust-time . curves of these rounds 
a r e reproduced in figs.2 ....; 8. The curves of the rcunds fired at 1.400 P. are 
vcr:l rounded. and similar to those given by the original "blind" C"".flinder 
charges. No explanatiOli. of this res yet been D.dvc..nced, but it is thought to 
be connected vlith a possible distortion of tre charge by the pressure 
difference along the tube. . 

It has not been found possible to measure this pressure difference, as 
electrical pressure gauges placed at tt.le head and choke end of £1..22.5 inch 
cl'lu,rgc recor5i substWltially the sume pressure. Pour such pressure-tiL.18 
curves of 22i" rcunds at air temperature and at 140Op. arereproc1uced' in 
figs. 9 ancl 10. 

2. Development . of on inert plastic COli1}~)Qsi tion. 

The i :t1e rt plastic composition, IP6, used for protecting the end surface 
of P. 37~2 in the above trials, .W[,S canposed l1l.n.inly of sodium ill trate and was 
rclu .. ti ",rc;ly hurd. It also cracked at small percentuge co;:lpressionsso that 
it i .e, probable that it -vwuld notfon,1 a satisfactory protective covering for 
the (;;nG surfD.ce of the charge after prolonged climatic storage. 
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. Further work hus been done on producing a composition which is incanbustible, but ms similarplitstic properties to"the proPellant itself. The· same binder (B.t40)wnsused as in the propellant~ The soli.ds yvere chosen so as to give on inert Elnd neutralccmposi tion, ' which would ' :10t formsensi tive picrates in contact with the ammonium picrate a.t the surface of the propellant. . ,Tbecanposi tionswere prepared by mixing for 15-30 minutes in a511all (150gm;) incorporator. . A nUmber .of . ' cOTllposi ti ons 'V,ere examined. Their plastic prope~tie s aregiv'en ip. Table TII.P-384l:s al'so included in the Table forcomparisonj this canposition is similar toP. 572, but has a lower sodium nitrate content, .and a correspondingly lesser chanical action on 'the rocket tube during firing (c.f. P. Do E. Report 1942/77 page 5.) , 

Ii; wasopservedthat sodium chloride gave a good plastic when mixed with a 1 equal 8rLlou.nt of . amnonium p:l.cra te, but failed t odo so rthen · used a.lone. This is also probably, true of sodiUm irl.trate. 'Calcium sulphate (anhydrous) and calcium carbonate gave soft plastics with a marked work hardening. . . 

The most satisfactory plastic conposi tionsYJere obtained wi th . ammorrium oxalate and ammonium sulphate. Fran the supply position ammonium sulphate is to be preferred. pHmeasurernents of dilute Ci%) solutions of 8nunomum sulphate and of the'plastic composition (IP14) derived fran it gave vb.lues of 5.72 and 5.88 respectively. By adding a trace of calcium carbonate (0.5~·; of the solid content) the pH could be brought back to 6.92. The addition of a small amount of ammonium picrate shortened the time required for complete incorporation. A small number of roUnds have been filled~ wi th p-384, Type "B" cone and cylinder charge 6 x 2,14 inch diruneter, using IP.14 (ammonium sulphate - N. C. -triacetin) as the' inert plastic. These fired satisfactorily at -5 arid at i40oF. . 
. 

(B)..END-BURNTNGCHARGE 

1. Functioning over service temperature range. 

Where a long ' time of burning is required the propellant may be '. loaded in.to a tubeand. burptat ·i ts end surf'ace. Experiments have been carried out to tesi; the .sui tability of the plastic propellant in this fom of charge. . A shortened 2 inch rocketttibewas used, givingachaI:'ge-space length of 6.5 ~nches, 500gm. of propellant 'was loaded into the tube by ' . hand-stemming. This gave a charge length of about 5 inches, which burnt under pressure . for aboui; 10-20 seconds, depending ' upontheCbmposltion that was used. .' Preliminary trials at the upper and 10'lvertemperaturelimi,ts were made vnth canpositions P.295 and Pd72, the fonner containingdispolene as binder and the latter, N.C.-triacetin. The resul tsof these firings are given in Tables IV ~ VI. ·· It is .seenthatthere is a veryhigll incidence of failures, the bursts occurring almost irruUec1iately after ignition. Examination of the fragments of the bursts indicated clearly that the compcisitionhadburntdown the side of .the tube, cr;ling to the 'charge separating frau the tube at the low tempera~~re. . 

If separation from , the tube took place only for a sho~:'t distance at the top or free end of the charge, it was thought that a numper ·of perforated obturators inserted in the charge and fitting tightly against the tube might prevent the flame travelling do.m the whole length of the tube • . Foui~ rounds v,ere filled in this manner, two with P.295 and tVloynth P.372. ,Service 2 inch rocket head obturat ors , perforated yd th a 1 inch . diarneterhole, were used, and . inserted at 1 inch intervals ' in the charge • The results of firingat-20"F. are shown in Tables IV and V (Rounds 1085-6 and 1088-9). With P.372 the rOunds b.urst after 0.5 and 2. secOlids, instead of immediately after ignitionjwith P.295 orleround burst immediately but .the other ,burnt successfully. The thrust of this latter round, ha.vever, varied periodically from 3 to 7 lbs.) correspondingapproxil'Ylately Iii th the spacing of the obtur;ators in the charge. This would appear to show' that 
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the ccmposition had separatedfraru the tube for the greater part of i length &.nd the... t . the spacing of the obturators had prevented the flame from • . travelling down the side of the · tubefarenoughin .a:dvance · of the normal burn:i-ng · front . for the thrust: to rise aboVe 7 lbs., cClnparedwi th the ·normal value of 3.;4 lb.s. 

lvieasurements have shown that the plastic canpositions as prepared at present containari appreciaqle amount of air (P.295 · approximately 6%), P0361 , similar to P.372, approximately 2% - P.D.E. Report 1942/62). On pressing the cylindrical block of composition in the end-burning charge at 0.25 tons per sq.inch using a flat plunger, the subsequent expansion of the included air produces a ureasserti.on" of the canposition and ·the free end of' the charge farms a convex surface. In a long charge the movement is sufficient to break up the surface and produce an initial peak during burning. Round 1053 (Table VI') , with an eleven inch -charge, gave over double the nonIw.l thrust during the first second of burning. It was usual, ther~fore, to fill the round by hand-stenming the composition, ' so tl"l:J.t th~ pressure would not be highenougl1 to produce anymov-emcmt after filling. An appreciable movement may still hov-lever, be produced by cruDges in tempf:!I"d.ture. On cooling, the ideal plastic charge Ylould remain adhering to the walls of the tube. and sink in, fonning a concave surface /.it the free end of the charge. Fran the firing results~7ith P.372 and P.295 itis apparent that these canpositions are not sufficiently plastic at law temperatures to behave in this vmy, and to accanmodate the shrinkage without · separating fran the tube. - - - . 
Further t .rialshave therefore beenoo.rriedoot with a much softer caaposition - :20388. _ This contains 201~ N.C~.;tria.cetinbinder instead of 15;';' as in Pd72. The plastic properties of this canposi tion at air tempera.ture are compared with P.372, P.295 and Pd84, in Table VIL It was found th:.lt 'tlhen incorporating an N.C.-triacetin binder in an amount above th;;..t recpired to make acanposition of nonUaJ. plasticity, (e.g. P.372, P. 384), it is difficult to control theplastici ty accurately; values are therefor~ givEmfor the plastic properties . of indiviaualpatches .of P.388 used in the firing trials. p.388 fla,s under the con~tions of test for the normal plastic compositions (load of 130 @n./cm . . ) NOflo.v was observed; hm-vever, when 2 inch diameter charges were stored horizontally at 140Op, but it is probable that with lau-~er diometer 'chB..rgesthe free .end surfl.;:i.ce might have to be supported. This wc:uld not be so difficult as with the internal burning shapes. It follods that if it should prove necessary, a much lower yield value 'could be accepted for the end-btU.~ning cbElrge ccmposi tions. . 

The results of firing rounds filled with P.388 are given in Table VIII. For·· charges stemfLled in the- tube at air temperature smooth burning was obtained dOiVn to -5 . F. No firings have yet been made below this . temperature. For satisfactory functioning at the upper temperature '1Lllit it was found necessary to load in .the charge at an elevated temperature, (see page 5.) · Rounds · thus filled at 140e>.F~ gave an appreciable incidence of bursts at-5°F; subsequent examination shcmed evidence of burning at the wal~. - In cooling from 140CP. to-5~. there.nll be a conside,rable contraction of the charge,and it is evident that P0388 is still not sufficiently soft to take up the large movement at . the end of the charge without .separating fran the tube. 

~hislarge movet:ru:int ,·of the charge with temperature could be most satisfaotorily overcaneby redUcing the amount of air included in the plast~c cgnposi tion. . If this is not found possible without great difficulty, . a sti11 softer. caaposition may be used, and filling temperatures IOdertll1n,140?F. maybe tried. The use of .un adhesive to prevent the . ch8,r geseparating from the Wall at low temperatures has yet to be . investigated • . 
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Thebehavi oUr of the end"!burningcharge at the upper tempera;ture 
. limit ms also 'been exOinined. .' The nonnalmethod of filling by hand­
sterumingSltairternperature gav~inimed;iate bur~tsat 140"F. (Table VI). 
Examination of a hot ' round shQifed clearly the cause of · the bursts; the 
cbirge bad expanded, 'fonning a convex E~nd~surface containing 
innUmerable cracks. A number of rO,fn<is were then filled by hand-
stemrning .thecanposition at 140'1r, so· that there Vlouldbeno further . 
movement of the cmrgebeforefiring. These rounds, however, also burst 
when fired at1.40~. (Table IX, Rounds 1119, 1129, 1165-6). In order 
touscertuin whether the cuuse of the bursts was related to the soft 
nature of P.J88, similor rounds Y,ere filled withP. 384 and fired at -5 
and 140~. 'r'hese all burst. (Table X) ~ One possible cause Was that 
the burning of the igm ter might displace violently the ·· surface· of the 
hotcanposi tion and cuuseirregulur burning. . This wa6 suggested by the 
appeb.r<:nce of sane fragments of canposj~ ti on recovered from a burst at 
140O:Fj . there were indications that bu):ning had proceeded. fran a point .in 
the centre of the end surfacedmm into the charge. A ccmparatively mild 
igniter was u'sed in the above firings-· an electric fuze with 1_5. gm. of 
S.R. 252 (sulphur-less gunpowqer, potassi um nitrate , .silicon), but in most 
case s the free volume above the surface, of the charge was small. .' The 
free volume for each round is .given in Table IX. . On increasipg this 
volume from 170 .to 1080c. c.smooth burning at 140Op. was obt8.ined, 
although with the same igniter (1.5 gm. S. R. 252) ignitions, intervals of 
1:;';2 seconds 'were observed. . One .roundwas also fired successfully at 
1z+b~~ 'iJi th a freE; voiume of 170 c. c. using an electric . fuze and 0.5 gm. 
S. R. 252 Sl)rinkled on the surfage . of the charge. " Tv/o s:im:ilar rounds, 
hOv'fever, . failed to ignite. 

(C). PLASTIC COl;iiPQSITIONS 

:I • Ni trocellulose-triacetin binder . 

. Previous exp eriments hive sha.m (1'. D.E •. . Report 1942/47, page 2) 
that the satisfactory incorporation of N. C. -triacetin or N. C • . -nitrobenzene 
binders into wnmoniUIil picr~te-sodium nitrb.temixtures . can only be carried 
out by prolonged milling, during Y;hich time there is a very considerable 
reduction in particle size. This plastic milling, as it is tenned, 
enables the percentage of binder tobe reduced below that re~ired for a 
simple mixing, as i n the dispolene binder compositions. For example, 
while 207bdispolene gives a coraposition of satisfactory plastic 
properties, a similar amount of an N. C. -tr~acetin binder, plastic milled, 
gives u very soft composition of low yield value (seepage 4); inoraer 
.to produce a normal .plastic canpositionthe binder must be reduced to 15 
or 16 per cent. 

Theseprelimimry results were obtained in a Vlerner-Pfleiderer mill 
of 5 Ib.capD.c:Lty. A number of incorporations haveno'iv been carried cut . 
in mills of similar type,but of different capacities. The usual method 
of charging the mill consists of c.:.dding first the sodium nitrate (120 
b. s. 5.) alid binder, follafed ·after mixing for a few minutes by thecorreot 

· amount ofrunmonium picrate , (120 b. s. s.) '. After the ingredients have been 
canpletely mixed. the · cmrge a~pearsas a. wet .pO\'vder, which .gradually 

· aggl'egates during the milling. wring the last .stages of aggregation, 
the large lumps of plastic appe£l.r to IIride ll on top of the blades, and then 
firu:.lly settle do\~n round the . blades 'fcHmingone coherent mass. 
Heasurern.e.nts on samples ,'/ithdra .. m from the mill during the incorporation 
shO\'v that the plasti cproperti'es of the canposi_tion change fairly rapidly 
dllringthiE) last stage, .<indm.;Llling i~ usually cOntinued ' for a further . 
25-50 per cent of the time taken to form the coherent mass. At the end 

· of this time there i s a long . period during which the softness of the 
canposition remains appro:x::iJnately constant ,while the percentage 
compression for crackforI!lation slowly increases. After very prolonged 
milling t ,he composit,ion gradually hardens. '.' wring the milling the colour 
of the; mi:;dure changes from <.;.n orange-red (red amrnoniuin picrate has been 
useci) to a light yel loiJ , indicating a · oontii:1UOus decrease in particle size. 



The,: temperature also risesprogI'ElssivelY. , .. The t ,ime ta~n to reach 
. coherent , plasiicmass, . described ',above, formsanappraximate 'standard 
for . canparingthe ;,tiIne'~qfincorl?Orati6n necessary , for~fferent . 
canpositi.6ns :arid for various sizebatches~ These tinl~s Eire given in 

"'. Table XI. ', " 

t 

Tt is se'eii 'tha·t with, the N. C.~triacetinbinder , a considerable time 
fo:tmilling;ls needed to produce acanposition of normal plastic • ' 

' properties (e.,g;P.384),ahdthat thet:ime of milling iilcrea~esrapidly 
with the size of' charge~ P. 388, ' asoftcanposi tion, of I all yield.value, 
reqUires a ' shorter tirne but , thediffererice in , time is not so Iru:Lrked in the 
larger batches., , DOilblingthe speed ' of the blades approximately halves 
the tiiue (Table XI, bottan half) j these ,latter speeds are those 
recarunended by. the makers of the incorporators, and it is doubtful 
whether the speed coold be further increased. By adding the solidS 
gradually to the mill a reduction in milling tune of approximately 25% 
was obtained. Forcaaparison, the approximate times of incorporation 
are given for dispolene binders. These sho>! the great acmantage, ' for 
time of incorporation, of the simple mixing (jIfer the plastic milling. 
Plastic-lnilled compositions, ha.'1ever, have better plastic properties, e.g. 
a high percentage caapression for crackformatibn, and as far as present 
evidence ShOi/S, behave more s8,tisfactori'ly under Climatic storage in a. 
filled round. Dispolene, in any case" has the disadvantages of low 
perf oimance and short supply. It , 'would , seem desirable to obtain a, 
binder which CWl produce a satisfactory plastic canposition. either by 
siinple mixing or by considerably shorter times o~ plastic milling. 2. Oxidised vegetable oil binders. 

BlcwJn castor and bl0\'1n rape-seed oils have been investigated as 
possible binders for plastic canpositions. ' The samples examined include 
oils of different viscosities. The properties of plastic canpositions 
prepared froj'.l these oils are given in Tables XII ~nd XIII. 

. 
.. . 

..' 

-
. 

A striking feature :of the results is the srnaiiaroount(13%) 'of oil 
necessary to produce a satisfactory plastic cooposition. The _lowest 
viscosity oil eXamined;blo.:mcastoroil, naninally 30 poises,gave a: very 
11 short" _and friable composition, but for the higher viscosity oils, it . 
wax not i6eab le that the same percentage (13%) of binders, but wi th widely 
differirlg viscosity, all _gave canposi tions of approximately similar _ 
plastic properties. Two of the oils, viz. gelled rape oil and heaVy 
blaun castor oil, were examined on a: larger scale of incorporation. It 
is apparent that plastic milling, and not simple mixing, is necessary to 
produceaplasticcanposi tion, but the times of milling are considerably 
shorter than with the N. C.-triacetin binder. For canparison, times for 
incorporation of extra heavy blown castor oil in batches up to 30 lb. 
are include'd in Table XI. 

The gelled oils appeared to be markedly thixotropic, and the 
viscosity figures, measured in a falling sphere viscarieter, can only be 
very approximate. . Two samples of bloim and gelled rape oil, B150/1 and 
B15ci/2, gave , considerably _different times of incorporation. . A 5 ,lb. batch of can position prepared wi thheavy blown castor oil was -
milled for a time considerably greater than that required to proailce a 
satisfactory plastic ccmposition. SaIIlple$ Vlere withdrawn fran the mill 

-. at intervals,andtheirplastic properties examined. The results are 
tabulated in TableXIY, alid given graphically in fig.11. The time taken 
for the composition toreaeha coherent mass was 25 minutes; the 
cCll',lposi tionsoftened .' noticeablYdUring' the nextjO minutes. No change in 
softnes~ o.ccurred, . within:tb,eliniits of experimental err.or, for the next 

, ho\tt, after '~lhich:- a progressivehar4ertingtook place • ... The rate Of 
temperature . rise of the ...• O<lIl?ositiori in the mill decr~sedafter the 
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cannosi tion had attained its mb..ximum softness. There wata very marked 
c~ge of colour from oronge":,,,red to pale yell Cl'.;' during the milling, ' the 
particle size distribution evidently being most favoUrabie foI' , close 
packing of the crystc;.lsc:.nd filling of the voids when the cOfilposi tion 
att&ined its maximum ,softness. The subsequent hardening and resulting 
slo.-I temperc.:.tuI'e rise, sho\,sthat further , reduction in particle , size, 
re::;ul ting in a less fuvourable distribution, truces place. 

, ' 

It is proposed tocc..rry outli smc..ll-scale firing trial with 
CQilPOsi tion P. 399, containing 13% 'of extrl.l heavy blam C<istor oil. 

3. Canbustible resin binders. 

A small llinount of plastic composition (P0385) containing a 
canbustiblc 'resin binder has been' prepcred and examined for performance 
on firing. 15;;{ of .combustible resin was used; ple,stic milling took ' 
p18ce, but the time of ,nillin£ for ~, 5 lb. charge I'l[;;;S SOil1Ef.'1but shorter 
tl1Zn thut necessilry for preparing a sirai:Gr ' charge contc:..ining an N. C. -
tri£i,cetin binder. The plastic properties of- the canposi ti'on; together 
wi Hi results of firing, art:: given in Table XV~ The performance index, 
135, comperes favourc:.bly with the value of approximately 125 obtained on 
thes8lTlc scc;.le of firing './ith a composition c~:mtaining an N. C. -triacetin 
binder. 
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Charge. 

Choke: 

Scriul No. 
of round. 

1044 
1045 

l-

10/+ 7 
1079 
1080 
1031 
1002 
1083 
1084 

1046 
1052 
1058 
1059 
1060 
1061 
1062 
1063 
1068 
1069 
1070 

, . " .. " . " : ~.~ . 

TABLE I 

•. Shape: 

Area: 

6 x 2.1 ,4 inch diam., cone and cylinder • 
Appraxima tely 18 sq. in., depending on design of charge. 

Ccmposition: P.372 

365-70 gmt . 
. Weight: .' 

0.328 inch 

Batch 
No. of Design of head ,end ofchnrgE:. Canpn. 

Original 'charge design-11 Cylindrical hole blind at 11 end, covered with 0.2, inch 
layer of IP6. 

I Type A. 
11 Oylindrical hole open at . 13 end, with 0.5 inch space 17 . between cmrge and head 14 closure; '. head end of 14 churge covered wi th 0 .. 2 inch 14 layer of lP6. 
13 

Type B. 
11 Cylindrical hole open at 12 end; no space be~fleen 1.2 charge and head closure. 12 . . Head end of cmrge covered · 11 with 0.2 inch layer of' lP6. 12 
11 
11 
14 
14 
14 . . 

N = normal b ehavi our. 

8. 

Charge Thrust 
temp. lb. Remarks 
. ~ 

130 105 N 
. 130 115 N 

130 150 initial 
140 165 N 
140 125 N 
140 140 N 
140 120 N 
140 115 N 
140 170 N 

130 135 N 
130 85 ' N 
140 130 N 
140 125 N 
140 135 N 
140 120 N 
140 . 115 N 
140 . 140 N 
-23 - N 
,..23· - N 
-23 - N 

• 

Choke ~ 

I 

i Serial Butc , 
i Noo of No. c 
\ R,nmd • 

I 
I comI i 

.. I 

i 
I 

I I 
1 

' \ 
\ 1006 28 i 
\ 

1030 
\ 

29 
1031 It 

i 1032 
I 

11 I 
1033 I \I 

I 

1034 
. i 

It 

1035 \I 

peak 



Ch;;.rge. 

Choke: 

I 
Batch I Seriul 

i No. of No. of 

I Round. 
I compo i 

·1 
.' ; 
i 

I I 
1 

t 1006 ,. 28 
1030 I 29 
1031 II 

1032 II 

1033 It 

1034-
. i II 

::ak 
, 

1035 n 

... .. ' ",' .. ' 

TABLE II 

Shupe: . 22.7 x 2.1~ inch Q1~n., 
cone und cylinder. 

.. Area: 66 sq. in . 

Canposi tion: P.295 

Weight: . 1500 gm. 

O.~38 inch. 

Cru:.rge Mme. · 

Design of head end of' clmrge. temp • .. .. pressure 
F. Ib./sq.in. 

Type A. 

Cylindrical .. hole open at end" air 750: 
with 0.5 inch space be~veen . 130 
charge and head . closure; head: 130 950 
end ofcharge covered wi th I . 130 
0..2 inch la.yer of IP~. -20 720 

-20 680: 
-20 700 

Pressure-time and thrust-time curves of 

these rounds are reproducea in figures 2-8 

..... ;: .. 

"" , '-. 

' .. , ,' : 

Ma:.X~ 
thrust 
lb. 

I 

I 
I 
I 

.\ 7'-r 
155 ! 
140 i 
150 I 

100 \ 

98 I 
I 

110 
! 



Canp. 
No. 

P384 

IP5 

IP6 

IP7 

IP8 

IP9 

1P10 

IP11 

11'12 ~ 

IP13 

I P14 

IP15 

IP16 

IP17 

IP1 8 

1P19 

IP20 

IP21 

E")22 

Tj~LE III 

Inert PlasticOampositions 
------------------~-----~-

Oouposi tion of solids. 

Aramonium picrate 50 
SodiUiu nitrate 14 

Zinc oxide (300b.s.s.) 

.Ammonium picrate 
Sodium nitrate 

Ammonium picrate 
Sodium bicarbonate 

13 
70 

42.5 
42.5 

Sodium chloride (coarse) 80 

Sodium chloride 80 

% 
binder 
B.140 

16 

20 

17 

15 

20 

20 

8 28 
I ' . 

very · soft 

610 . ' 

pl.astic . but 

not 

I not 

; 

plastic 

plastic 

crack 
formation 

66 

19 

not inert 

Sodium chloride 
Ammonium picrate 

42 
42 

I' 
16 

20 

20 

plastic,! but not inert 
Ammonium sUlph:.. te (coarse) 80 

Gypsum 80 

Cal ci UL1 carb ona t e 80 

Ammonium sulpbo.te 80 

Oalcium. sulprote (anhyd.) 80 

Oalcium .sulpha te . ( anhyd~) 75 

Oal ciUm sulph8. te (anl'o/ d.) 70 
. Ammonium , oxala te ' 80 

Ammonium oxala te 75 

Ammonium sulpha te 80 
Lubrol w. 1 

Ammonium picrate 10 
.Arninonium sulphate 70 

Ammonium pi crate 13 
iuilll10nium sulphate 70 

20 

20 

20 

25 

30 

20 

25 

19 

20 

17 

not 

" 
very 

21 

'very 

very 

24 

i ' 
31 

12 

i 
plastic 

! II 

hard 

36 

hard 
i 
; plastic 

: soft ' 
5 

I 36 

27 

Unless other'<vise stated, all solids are 120 b.s.s. or less. 

72 

75 

25 

70 

45 

Jf In all canpression rneasurements, ini tialdiameter of pellet was 15 mm. 

10. 

.' 

Oh5.rge• 

Choke: 

Filling: 

Serial . 'Batch , Oha 
No. of ; No. of : Ie: 

. (J ., Round. coup. \ 

870 
924 
921 
922 
923 
898 
899. 

1085 
1036 

Serial. 
No •. of 
. ro.md. 

932 
1071 
1072 
1073 
1074 
1088 
1089 

26 \ 
26 
26 
26 
26 
26 
26 
30 
30 

Ohok -
Fill -

Batch 
No. of 
Ooup • 

5 
15 
15 
15 
15 
14 
14 



.on 
Serial , 
No. of 

, Round. , 

8.70 
924 
921 
922 
923 
898 
899 

1085 
1086 

Cb8.rge. 

" Choke: 

Filling: 

" Batch ' Charge 
No. of : length 
canp~ (in. ) ' 

26 5.2 
26 3.1 
26 3.1 
26 3.1 
2G 3.1 
26 5.2 
26 5.2 
30 5.2 
30 5.2 

, 

Shape: 

Area: 

TABLE IV , 

, 2.14 inch di&JIl., 
'end 'hui mng. 

Canp()sition: 

3.6 sq. in. 

, P.295 

Weight: 

0.110 inch 

3-500 8~. 

Hand stemmed. 

Charge 
temp. 

CP' 

Air 
-10 
-10 
-10 
-10 
-11 
-5 
-20" 
-20 

\ , , 

._ t : 

Pressu;re : 
2 ' lb./i~, !, 

750 
350 

2800 
'. -

i , 
! 

Thrust 
lb. 

5 

N = normal behaviour 

l 

, Remarks -

Control 
N 
N 
N 
ini tiel peak 
burst 
N 
}f 

,jt burst 

}f obturators inserted in the charge. (see. page 3.) 

T.ABLE V 

Oharge. Shape: 2.14 inch diruneter, end burning. 

j.6 sq. in. 

Oanposition: P.372 

Weight: 350-500 e;m. 

Choke: 0.125 inch 

Filling: Hand s ternmed 

Serial Batch 
No., of No. of 
.ramd. i ' Coup. 

1 

932 
1071 
1072 
1073 
1074 
1088 
1089 

" 
I 

5 
15 
15 
15 
15 
14 
14 

; 

\ 

i .. . ! 

i 
" ' 

i 

! , 

I " , 
! 

,Charge 
length 

(in.) 

4.7 
3.6 
3.6 
306 
3.6 

' 5.5 
5.5 

Charge 

i temp. Pressure ' 
(D:F.) .. 1 lb./sq. in • 

i 
-' , 

! , 
Air 900 
-23 

--23 
-23 

, ~23 " •. . .1 
;. ..20 

-20 

! Thrust 
lb. 

! . 

17 

}f obturators inserted in the charge (see page 3.) 

11 • 

'. 

Remarks 

" Control 
burst 
burst 
burst 
burst 
}f ,burst 
}f burst 

at 2 sec. 
at 0.5 

sec. 



SeriaJ. 
No. of 
rOl.U1d. 

1053 

1054 

1055 

1041 

1067 

Serial 
"] f 1', 0. 0 

Caitp. 

" 

P295 

chirge. 

Choke: 

i Batch 
Canp. No. of 

Canp. 

P.295 30 

TABLE VI , .' 

Shape: ' 

Area: 

3.:08 inch diameter, end burning. 

:7.5 sq. in • . 

Composition: 

Weight: 

P~372 
P •. 295 

300 - 2200 gmt 
. , 
P.372 b.194 inch 
P.295 - 0.125 inch 

Charge Charge p'ressure 
rb./sq.in. length temp. 

(in. ) ep, 

11 air -

, ! . , 
Thrust i 

lb. REmarks. 

15 

.. , 

" 

1800 (peak) , 35 
I 

peak for 1 st$~c. 
, . 

II 30 11 140 - - burst 
II 30 11 -5 - - burst , 

P.372 13 1.5 air 750 • 20 

I 
II 13 3.0 150 - ,.. burst 

I ! 

TABLE VII 

Plastic ,properties of propellants used in end burning charges 
----------------.-------------~------------------------------

P t ercen age compos~ .~0n 

Percentage Canpression at 68~. 
At i At 1 

212 530 ' For crack 
gm/cra2 g;n/crn2, . formation 

I 30diU!i1 dinitrophenate 40 
Sodium nitrate 40 ' I 

24 31 44 
Dispolene ( 680p = 7000 p.) 20 

.--"--~ ' .--.'--.-:!.--
1 

P372 AromoniUi:t picrate 42.5 
Sodium nitrate '42.5 

! N. C. (3~~) in triacetin 15 
i , 

P384 , Amnonium picrate 50 ; 

Sodium nitrate 34-
! N. c. (3Q ;) in triacetin 16 

50\ p)88 i Arn:cnonilirn picrate i 
I SomU!a ni trute 30 1 ~ 

N~ C. (30s) , in triacetin 20 
! 

Batch 1 
" 
" 
" 
n 

2 
3 
4 
5 

I 
; 

i 
I 

I 
I 
I 
! , 
i , 
I 

14 

8 

48 
31 
23 
34-
30 

30 

'28 

-
49 
46 

49 

53 

66 

72 
75 
59 
57 
72 

Shap 
p.xe8. 
CQilQ 

vIeig 

Choke: 0.12 

Fillin~: Ht;.nc 

Seri!;tl Batch Charge 
Eo. of No. of: length 
round. COElp. (in. ) 

1105 1 2.6 
1107 1 2.6 
1108 1 2.6 
1109 1 2.6 
1'113 2 6.0 
1114 2 6.0 
1126 3 5.5 
1127 3 5.5 
1134 3 5.5 
1138 4 5.5 
1140 4- 5.5 
1141 4 5.5 
1'142 4 5.5 
1116 2 6.0 
1123 2 6.0 

1128 3 5.5 

11 35 4- 5.5 
1 ';36 4. 5.5 
1 i 37 4- 5.5 
1'\ 39 ' 4- 5.5 

1174 5 5.5 

1175 5 5.5 

Charge. 

Choke: 

Fillin&: 
. " , .. Igniter: 

- . Batch .' V Serial i 
No. of No. of a' 

round. can]? c 

, 
1119 .2 
1129 1 3 
1165 \ 5 
1166 

I 5 1 
I 

1132 1 3 i 
1133 I 3 
1130 

1 3 
1431 3 
1154 5 
1155 5 
1156 5 
1 '; 57 5 
1 i}+3 4 

N = 
., 

. .. ' 

" 

-----'---'---'----'--~-~---------------------



• 
.. , .. ' 

Se ritl. 1 
No. of 
round. 

1105 
1107 
1108 
1109 
1113 
1114 
1126 
1127 
1134 
1138 
1140 
1141 
1142 
1116 
1123 
1128 
1135 
,1 'i36 
1137 
1139 
1174 
1175 

Serial i 
No. of 
rrund. 

1119 
1129 
1165 
1166 
1132 
1133 
1130 
1131 
1154 
1155 
1156 
1"i 57 
111+3 

TABLE VIII 

Shape: 2.14 inch .diam., end burning 
Area: 3.6 sq. in. 
COil'Qosi ti on: . ' 'p388 ' 
Weight: .250-550gn. 

0.125 inch 

HE:lnd-:stemmed 

' . , 

Batch Charge Churge 'Charge ! No. of : length ternp. (Op) temp. (Op) i Remr..rks , 
(in. ) on firing. cor,lp. on ; , 

filling. ! 
i 

! c. 

1 2.6 ' air air ,pressure 680 lb./sq~in. 
1, 2.6 I 

air ~5 N 
1 2.6 cir -5 N 
1 2.6 air -5 

" 
N" 

2 6.0 air ! -5 I N 
2 6.0 air 

!. 
-5 N 

3 5.5 air -5 N 
3 5.5 air " -5 N, 18 burning sec. 
3 5.5 air -5 N, 19 II \I 

4 5.5 air -5 N, 19 11 11 

4 5.5 air -5 N, 18 II II 

4 5.5 air -5 N, 19.5 II II 

4 5.5 air -5 N, 17 II II 
, , 

2 6.0 140 -5 burst 
2 6.0 140 -5 burst at 0.3 sec. ' 
3 5.5 140 -:5 burst Lot 10 sec. , 
4 5.5 140 -5 N, 19.5 sec. burning 

,, 4, 5.5 140 , -5 N, 20 " " 
4 5.5 140 -5 N, 16 It II 

4 5.5 140' -5 N, 19 11 , 11 

5 5.5 140 -7 N, 20 It II 

5 5.5 140 -7 burst at 9 sec. 

N = nOI!llalb ehavi our. 

TABLE IX 

Charge. Shape: 2.14 inchdiam., end burning 
3.6 sq. in. Area: 

COl1posi tion: p388 
Weight: 175-500 gpo 

Cl:loke: ' .0.125 inch , 

. Filli~: ful:nd-$t~n~ne d , at 140Op • 

I&D: ter: 1.5 egn. SR. 252 

Batch Leilgthof Charge 
No. of available Length 
coup. charge 

, (in.) 
space (in.) 

, ; 

,2 8.5 ' I 6.0 . ; 

3 8.5 ; 6.0 , , 
5 8.5 i 4.4 
5 8.5 

: 
4.4 

3 4.9 , 3.6 
3 4.9 3.6 
3 4.9 1.8 
3 4.9 1.8 
5 25 5.5 
5 25 5.5 
5 25 5.5 
5 25 5.5 
4 8.5 5.5 

N = normal behavirur 
R crnrge pressed * ton/sq.i:n. 

Free vol. 
above 
charge .. 

c. c. ) 

80 
80 

170 
170 
80 
80 

180 
180 
1080 
10<30 

, 1080 
1080 
110 

4 i t 

, 
I 
i 

,I , 
! , ' 

Charge 
temp. 

on 
firing. 

140 
140 . 
140 
140 
100 
100 
100 
100 
140 
140 
140 
140 
140 

Remarks. 

i burst at 0~3 sec~' 
i ]I: burst at 1 sec. 

burst 
burst 
N 
burst 
N 
N 
N 
N 
N 
N 
N. ignited wi th 

, : electric fuze and 
0.5 gm.SR.252. 

after filling. perforated obtu~tor on 
surface of Charge. 

,.',;,', 

.. : ;, 



Serial 
No. of 
round. 

1124 
1125 

, 1117 
1118 
1151 
1152 
1153 

I " 

Crorge. 

Choke: 

Filling: 

' Igniter: 

TABLE X 

Shape: 
Area: 
CQ)"iposition: 
Weight: 
Length: 

2.14 inoh diarn., ,end burning 
3.6 sq.1n. 
P384 
500 gm. 
5.5 inohes 

0.125 inoh 
Httnd-st.enraed at H).O~. 
1.5 gm. SR.252 

Free vol. above oharge = ' 110 o. c. 

Bc..toh , Charge 
No. of I' temp~ Remarks , 

~ oanp. I 

I 

I' 
7 -5 i burst at 2 sec. 
7 ~5 burst immedi&tely 
7 140 , II, ,. 
7 140 

.j 

" 11 

8 140 burst at 1 sec. 
8 140 1 ipurst immediately I 

8 1,40 ,I \I II 

I 
I 

TABLE XI 

InCOrporation of plastic compositions containing different types of 
binders. 

Incorpora tor. Time to a ttairi plastic state 
Ga.paoi ty Peripheral 16r~ 2010 20% 13% (lb. ) speed of N. C. -triacetin N.C.-triacetin Dispolene BlCJi'1n ' fast blade P.384 p.}88 P.295 ' Castor (ft./min. ) Oil. 

, , P.399 i Od 27.6 50 min. 10 min. 2 min. 

5 20.6 6 hrs. 4- hrs. -
10 ~6.2 15 hrs. 12 hrs. 30 nino 

! 

o.} 47.6 20 min. 7 min. 1 min. 
' , 

8 min. , , 

5 35.4- J~ hrs. 30 min. 
10 ' 45.0 8 hrs. 20, min. " 3 hrs. 

30 47 -, - ' 4-hrs. 

, If ,' Solids added over interval of 25 minutes 
+ " It ,. " "2 hrs. 

14. 

, , 

:, ' .. -' 

• 

~, 
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0 
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til , ' 

• ~J 
p.. 

~ 
rd 
Q) 
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0 
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TABLE XII , 

ccrnpositi~r1s cont8.ininf~ Oxidised Rape~seed oil ]3; Yl ,ler 

BIN DE R. 
l 

P L AS TIC C 0 t 'i P o s I T ION, . j 

Description. Serial Vi s cosity Vi SCQsity , Scricti ; lit. of ~H~s. to i:; Ccr:lprassion (613 :-:-- ) t 
and6~o F. 135~ ' , I~ i & B8.tch : cmrgc a ttain ~ . ' , 

: Batch No. ! PC?ises poise~ pinder: ; No. ' (lb) plastic ~~ 2 .: ·5~·3to For 
! " ' i I t~ te 2 ' ,) Crack 
I , s '-' I I I,c.. 

, • gLl em i gm CD Foma tion I , I ' 
. I '· . .. . 

r ' I ' 

" ! ; 13 P396/1 0.3 19 ' ! ~1 ' 72 

oJ .. : • . ~ . 
, , 

I 

Gelled B150/1 ! 33,~OO ~ 104 , ~ ' 13 ' P396/2 0.3 17 31 52 

Rape-seed 13 P396/3 5 0.5 35 51 72 
, ' 

13 P396/4 I 5 ,,' 3.5 ' . not pla~tic 
i ' ' ; 

B150/2 12,000 ~ ' 292 Jt ': . 12 1'404/1 5 6 ,' 14 ',' 33 " 
, " 

Oil 
115 

. ; i 

;: ~ values only appr'ox: oil markedly thixotropic 

" 

'. 
I 

, ' 

I 
! 

i 

• 

' ~ 
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'l'ABI.E XI II 

Ca.lllosi tions cont[~ining oxidisc d Castor Oil Binders . 

..;" 

BIN D E R. P LAS TIC C 0 I'i P 0 S ! T ION. 

Description.' Snrial Viscosity Viscosity Serial Wt. of : Ers.to ;:£ CcclpresEion (08'\ I 
; and 68 F. 1.35 F ~.~ . & Batch ' charge Ii attain . 
; Batch No. : poises poises binder : No. i (lb. ) plastic i At . At . For 

. i state.; 212 2 : 530 'J ; Jrack 
I I ' / . / "-. I ' ! gIn crn.: go en ; Fer JUtion. 

i Bl<1Rll1 I I ! ,i .. I. 
I castor oil B155/1 I 50.5 3.8 I 13 P400/1 0.3 I I 5 14! 26 

60 p.! I I I ' 

Heavy blonn 1 I , I 
castor oil, B154/1 I 1400 59.21 13 P399/1 0.3 I 9 I 23 42 

900 p. I 13 P399/2 0.3 I 51 f5 48 
! 

Extra heavy I 13 P399/6 0.3 i 0.13 
blown castor! B154/2 13,400 322 13 P399/3 5 I 0.5 12 38 62 
oil. 13 P399/4 10 I 3 4068 

13 P399/5 30 I -4 25 03 
12.5 P406/1 5 i 1.2 , ; 22 39 70 

'" I 

; Gelled B153/1 28, 500 Jf : t 204}E 13 P398/1 0.3! 10 
; castor oil ,- 13 P398/2 I 0.3 ! 9 , 35 

)f value.s only approx: oil markedly thixotropic • 

• 

----........ -~~~'-;,.r,,:ttl".~ .• ~t..\i _...:. ... ., ... ""'d:. .... ~,.. ___ ... .<1.,;;4,_,...:.-.... , . _ ••• ;. ~. '"" ••• 

. ......,..~ , 

53 
50 
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TiillLB; XI II 

Ca.lposi tions containinG oxidised Castor Oil Binders. 

,-'t. 

BIN D E R. · P LAS TIC C 0 h P 0 SIT ION. 

Description. Snrial Viscosity Viscosity Serial "iTt. of ' Ers.to ;0 CCr.lpr3ssion (oR~i 
: and 68 F. 135 F ;" , & Batch charge attain; 
: Batch No. ! poises poises binder : No. (lb.) plastic i At At For 

state. : 212 2 : 5.30 £: .)rack 
; gm/em: ga/cra : Fc.r.ntion. . , 

i . 
I Blown 
, castor oil B155/1 50.5 3.8 13 P400/1 0.3 5 14 26 
! 60 p. . 

i Heavy blovm I I 
castor oil, B154/1 1400 59.2 . 1 13 P399/1 0.3 I 9 23 _ 42 

900 p. i 1} P399/2 0.3 I . 5 15 48 

Extra heavy I I 13 P399/6 0.3 , I' 0.13 
blown castor! B154/2 13,400 322. I 13 P399/3 5 0.5 12 38 62 
oil. ,. \ 13 P399/4 10 ' ! 3 40 68 

; Gelled 
: castor oil 

!13 P399/5 30 I '4 25 (8 
, i 12.5 P406/1 5 II' 1.2 22 39 70 

. B153/1 
I , " 

28,500 * : ~ 204 * 

* values only approx: 

13 
13 

P398/1 
P398/2 

0.3 
0.3 

oil markedly thixotropic . 

• 

-----... - _ _..'. ,w:;: .• " It .. ·l::t~.~.i~ .. ~_~ ..... ~...._~~."...t~ ....... .,::.,::__.,..,:.,.;: ..••• ; . 

10 
9 35 

53 
50 
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'. , TABLE XIV 

Plastic nilline of . cOlilposi tion containing blO\;'n castor oil binder, 
. . . 

----------------~~--------------------------------------~---~----

Canposition P..399/3 - 13% blovm castor oil, B~'1 54/2 
Weight of cho.rge 5 lb. . . 
Per ipheral spe'e d of fo.st bID-de - 35.4 rt./min. 
ROo.:1 t emperature-; 70Op. 

. : ~; canpression 
T jJli(; of Temp. of i 

I 
?JU!an2 Incorp on:.ti on. charge I At 530 

(Op) I , 

I 'I 
2 r, Din. . 106 ·1 25 , 

-' , ./ 

i hr. 120 38 . , 
39 1.5 :' 129 

2 I 136 35 / 

2.5 
, 

137 31 ! 
3 140 26 
1+.5 i 151 . , 15 

. I ' 1 , 

(68Op) 

For crack 
formation. 

50 
62 
57 
68 
66 
65 
67 

Plo.s t icco-,iposition cpntaining.co:ibustibleresin 
----- ----,----- --- ---_ .... - -------------------- -----

Gcx;l!w si ti on: AmmoniUri1pi cre. t e 
Som urn ni tra t e 
Caabustible resin 

Cl"u:.rgy: 5: lb. 
1'i '.' ::; of inc orp oro.ti on: 4- hrs. 
Pcr:i.pher2.l speed or blade 20.6 ft./r,lin. 
i.iu.:x:imum teraperatLlre E:.ttained: 131Op. 
Ca.lpr cssion ( 68'1T) a~ 500gm/a~12 2.1 % , 

II. II 
(c. f .P29 5 = .3070) 

for crack fonnation 485& 

:Churge Choke 
, ., 

Pressure 

P.385 : 

Thru st ; &. te .JJf 
I' lb. / in. 2 , 

1 No. of i Cha rge Shape wt. I diam. 
, 

lb. burning 

I 
I i i 1 round. (&n) (in. ) j 

! sec/in. -
/ : / i ! 

1 I 1095 6 x 2.14 inch 400 I 800 
, 

65 2.0 , 0.400 I 
I cone & . cylind2r ,. ! i I 

J: , 
1094 400 1450 j 80 1.65 i 

, area 18.5 in. 0.350 i 

I 
, 

I I I 
! I / I ! , I 

17. 

I 

Perf .. 
. Index 

I 

134 

135 
I 

. . . ,' 

. ',' , .. : " 














