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Propellants plastic '
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' I. Introduction

~ The original object of making rocket propellants with plastic
- properties was to enable the propellant to be locaded against the wall
- of the motor, with the gas conduit centrally placed, One of the main
objects of this is to protect the wall of the motar from the hot
propellant gases, so that the motor.may be made lighter than would
otherwise be necessary, and the performance of the weapon thereby
improved, ' ' o

; In using light alloys as a means of lightening the motor, it is
particularly important that the propellant shall in fact provide the
protection intended, in a reliable mamner, because the mechanical
properties of light alloys fall off badly under a moderate rise of
temperature, It was scarcely to be hoped that an assembly pelinble

~experiment: énd“ex"periancev.' The presen report ﬁesoribéa"the wark so-
far carried out; which though very incomplete ~should, it is thought, ~
be set out at this stage. becauss it indicates fairly clearly the L

direction of the next advance,

.. Effective inhibition over the ends as well as the walls of the
' charge is necessary in the ¢charge design used (P,D,882/1 and 2) mince
. Af recession is permitted to.take place, the motor wall will overheat
at the exposed parts, The method at first used was to provide end
plates of an anmular width equal to the web thickness of the charge,
As the results show this method has not proved adequate and proposals
for its improvement are discussed, e :

II. Filling Techmique

" No serious rfioulties heve been encountered :.n the £illing =
operation and the majority of the charges have been eccoaptimlly e

-‘@way from the shell rings by the withdrawal of the former after
' pressing., The behaviour is somewhat erratic in this respect and 3
- ®0 far it has not been possible ‘to correlate this observation with

eny other variable, = ) Dans mae

. & vDi'Awihgs far vacumnhlling attachments have bean prepared and.
. part.af 'the equipment mamufactured but this wark has not been given

 mecessitated frequent changes in pressing temperature in order
oo - %o get reproduoible results. It is felt that attempts should be
 wade during mamifacture to dmprove the unifarmity of the physical
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P .' Tu?be ”-La.cqye:é and Finighes

. At present a kaolin-filled "Alvar" lacquer is being applied over
the anodised surface by C.S.A.R. It is gunsidered that both the
-, adhesion and mechanical strength of this lacquer require improvement
. before it could be. recommended for Service use (See however 0,5.A.R.'s

- Report No. A.R.D. Explosives 211/46).

.No‘inrotma;tion_is.:at preaent available on the precise type of
anodising prooess used for these tubes and it is possible that the
adhesion of the lacquers varies with the method of anodising,

A supply of specially roughsned. tubes for large-scale adhesion
experiments is awaited from C.EB.A.D. - ‘

ITI. Static Pirings -
1. Bigh Energy Binder Propellant
A total of 58 rounda has been fired statically. ‘Temperaturesof
s o =59, Adr and 140%., have been covered, The full results are given in
‘Table I, while Tabls TI gives details of the behaviour and results of
_examination of all Birsts. Table ITI gives a brief summary of all
‘static and projectiom firing to date, : :

. -Considering the work in ohronolqgical order the following
- results have been obtained. The first twelve rounds were pressed in
- wmlacquered tubes and on firing at air temperature two practicaelly
 instantaneous bursts were obtained, A further seven rounds with
‘unlacquered tubes in which the pressure during the forming of the
charge had been maintained for five minutes were then fired at air
- temperature quite suocessfully. Ten rounds which hed been coated-
with a filled lacquer by C,S.A,R. were pressed and then stored in
& vertical position for three days at 120%F, in arder to ascertain
- 4hat no charge-slip was induced by the lacquer and then fired
statically, Of the five fired at 140°°, three burst late in .
turning while the others funoctianed carrectly., The remaining five
- all burnt oorrectly at -5%, with the exception of ‘ane round which -

,gave'a.gtgbe ‘perforation just befare the end of burning, .

~ 'The failures at 140°. mey have been due in part to deterioratiom -
of the propellant brought about by the three days starage at 120°p,

The storage undoubtedly caused the high initial peaks which were
recorded but the fact that they were late bursts and the ocorrect
behaviour of the stored rounds at -59F, suggests that there may

‘have been some additional cause (See Table II),
A further four unstored rounds were next fired Ssuceessfully

at 1400F, but of ten rounds g;xpplied_pre,saed?by C.S.A.Rs two ‘
- burst late in burning at 140°F, while three similar bursts were -
_ obtainedat =57, | i r i

| 1t meemed clear at this stage that late bursts were 4n L
i generel saused by tube failures at a point immediately to the rear -

of the venturi plate indicating that the walls hed become ‘axposed

' to the hot gases by detachment of the propellant ut this point,

ek A GO T o e -
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" lengthened venturz-plate has been evolved (P,D., drawing 820/7;

Pig,25). Ten rounds fitted with such a plate have been filleq
and fired statically at =5°%F. Of these, four burst almost

confirmation it appears 1likely that this modification will eliminate
the majority of late~bursts. Tt is noteworthy that the lot of
propellant involved in these ten rounds was the hardest so far
supplied, the softness figure being 10, (See Table II). Abnormal
behaviour at =50, is not therefore surpriging, -

A selecti'on' of px"essnre and thfust—ti:ﬁe curves for f"_-iring

~ temperatures of -5°, adr and 140%, is ettadhed (Pigs, 3 to 11),

2, Low Energy Binder Propellant |

., Sixteen rounds have been filled using propellant B,D.2049
in tubes coated with *Hycar® lacquer, Of these, five fired at

‘air temperature functionea correctly (See Table I and curves

Figs, 12 to 14); but of the same muber fired at ~50F, two failed
‘about half way through burning due to the use of light alloy
venturi plates which were almost completely eroded away, The

- Pemaining three were quite satisfactory,

The times of burning were naturally longer than those obtained

‘with the high energy binder propellant R.D.2633, the thrusts being

correspmding’ly‘ lower, » »
3. Venturi Eromion and Defects

It was moticed that a mumber of venturi were swollen at a

point just outside the throat after firing with propellant

R¢D.2633 (See Pig, 2 showing sectioned venturt), In the case of

romds 5.P,344 and 5.P,282 the venturi were completely split open

- Just before all=burnt as illustrated in Pigs, 26 and 27, These _»

Somponents were examined by C.E.A,D, and stated to be below

the specified wall thickness,

-~ The high epergy binder propellant causes considerable erosion
of the venturi entry. This is shown in Fig. 2 while Pig. 25 shows
the appearance of “the venturi, fitted with modified venturi plate,
before and after firing., In. nerel the throat diameter using

‘B.D,2633 does mot alter appreciably, being sometimes slightly reduced

and sanetimes slightly enlarged on firing, On the other hand the
low energy binder propellant R.Dc 2049 causes appreciable reduction
in throat diameter.. This may be due to the faot that there is a

greater area of metal exposed to the gasp stream in the latter case

- due “to the use of a smaller venturi throat.

b pwctioning of Thermal puse |
smnafthe fir:Lng rings at air temp erature alre ady xnéhtiened were
made in conjunction with tests of the thermal fuze. In all cases
| uing was observed while four regords were obtained showing
functioning of 'f-i_zzd,'to‘_‘P.'D.-TBG/a.,yi _ RPMT AL
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1 of six mim
.- a1l the motors functioned carrectly but. some ‘amall objecta, probably
‘Pins, were obsemdte Tall off one round near the end of burning,

. The projection trial established that the fin assembly will require

by 0 _Q}acuaaion of ,c&éea of Bursts

Abscript ; qf ‘the type and probable cause of each burst appears

| (mg? 15 %o 23) and miniature pressure or thrust time curves (Figs. 1

»

It will be notieed that ingeneral bursts have occurred very early,

vi;e;. at not mare than 0,2 sec, after the comuencement of burning or
~late, 1.8, after 0,6 sec. burning, Bxamination of fragments of tubes

o and propellant from the former type has generally indicated that they
- - were due to detachment of the propsllant from the walls of the motors
 leading to exceasive hurAing Burfaces, the high pressures then developed

were olearly established by the pressure recording, This type of burst

15 portrayed in Fig. 1 rownds Q.818, 823, 819, 824, 701, T4 and

- The lnte bp.rstt, or mre],y tube perforations as they are in some

‘easep, ococur withott amy marked rise in pressure and in a mild case as

shown in Fig. {1 round Q.77 and Fig. 2 round Q,784, there is nothing in .

. the pressure-time curve %o suggest any fault, Measurement of the
~perfarmance indicess shows that this figure is slightly below normal in-

these two cases, indicating that the perforation occurred almost at the

end of burning.” The majority of the remaining failures of this type

were clearly due to the sams phencmencn i.e. overheating of the exposed
wall at the venturi end because of detachment of the propellant at this

‘point. The only doubtful late bursts appear to be rounds Q.768 Fig.16

in which the tube burst enly at the head end and 5.P,351 Pig,48 which

. was fired without recording the Pressure-tims curve and again failure
- appears to have started at the head end. The pressure at which the
latter burst cocurred is wnfortxmately not lknown, b e

- Ve :__'Progc_c'tion Trials '_

Sz rounds filled H.E.B. propellant R.D,2633 have been projected

8t air temperature at a low .. ALL rounds functioned correctiy with
~the exception of one which became unstable near the end of burning and

ranged short, Because of the smoke cloud it was impossible to observe

- %he behaviour fully but it is thought probable that the tube perforeted,
a8 in several of the static firings, and the wenturi and fin essembly

becaxe detached, '

ilar rounds employing the L.E.B. propellent R.Ds2049,

and the ranging, at the low 0,E. considerably less than with R,D,2633.
eport to Trial 155 (1)), - ‘

| 'mhe gravity drop was moticesbly greater with R.D.2049 propellant

ng for Service use,

in

I
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: ji"fi-fi':};. late in the burning period and the wal] ve t the
. Pwssue oming to loss of strength, o Y o the

el B e,
. a@hesion between the propellent end the light alloy wall, The ‘
IRy .jj,;'(la_)‘ is acoentuated in the dess soft batahesorpf\:pellmt? .-mﬂ

- deporing for the time being, the effects of clime atio s
~ usage, the L.E.,B. propellant will gt G pognd
- statically or projested, = T

i

B B Themtme of the failms is now fairly wellunderstood. ’

m.ymormhnm (a) the propellant burns at the wall scon after

~dgnition, developing a high pressure in consequence, and so bur ting
motor, (b) the propellant gases reach the -maf'or"iﬂﬂ"qmr:tively 2

¢

Kiads of failure are thus ultinately due to insufPiotont

Tt 1a proposed to oarry out further ‘trials to obtain canclusive

Svidence that the Iengthensd venturd ema- ring to P,D,820/7 is essential,
‘Propellant R.D,2633 (H.X.B.) will be used sios T s tial, ..
oem RB2AS {Lk.y,) T T e AT s mare Limly o fadt

24 Experimn‘bs will haomtimmdin ardnr to prove ﬂw.t'i(.t‘isf'

... necessary ‘o maintain pressure during £illing for about five minute ne
- @ystem being campletely closed during this peried, i -

~

BRI, Fch Demonstretion that, havingolea:od 10 and 2. above , -and

give mliabléremlts when fired
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Static Piring Results for LAV/R.F.

m

Pable
s o e e

et

RoDo 2633 and ReDs 2049 propellants

kit

/ Stored for 3 days at 120°F,
# Standerd LAF/RP igniters aould not be nsed es they failed to fit the shell rings.

serial Numbers GharsJ Ignition | Time of burning (sec.) Initial Peak pr::::r. T::ﬁ:t Perfortance 3h§T§: " Venturi diam. {(in. D:;e ! Eatch
v 1 temps Interval ; Pressure Thrust t1ght gniter | pefore after No. ! Beasrics
Filling !‘inng oy, | (8000} Total | To half thrust (1b./8q.1n.) (1b.) A (1b.) Index 1be oz firing Piring Firing ¢
145 : Standard
5»«267 q.696 ’ 50 0,04 1.53 1.07 14,65 6410 1453 6uly5 - Lt = 5 |[3"carton - 2.17 6511:45. WAL b
27k 697 78 0,03 1.58 1,00 1638 7300 - - - L - 14 ’ 2.155 2.42 9411 alsho v
. 268 698 5i 0,04 148 1,04 1450 7000 - - - b1 - 5 = 2,164 2.149 " oy
ol 2he 699 M C.04 1.56 1,01 . 1547 7400 - = 171 4 = 6 b 2.155 2.18 " -

. 264, 700 58 0,04 105 1004 - A527 7440 - - 179 41 = 14 " 2.153 2.18 Yot 0450 ¥
275 701 * NoRo 000_6 - 22300 210060 - i S | 41 = 10 N 21408 N.R. N e Burst
283 7“0' w 0&05 0021 " >2500 3 )120’00 » - w o 41 - & » 26152 N, 89 1‘&-12-“‘,%' | Wiol Burst
282 T s " 0.03 1061 1,06 N.R. 7160 NeR. - 173 bkt = 5 B 2.149 2.1€ » " Venturi split open neer end

S Fi of burning.
267 76 | . 0.03 1.54 1.03 K.R, 7160 « KeRo - 176 o= 4 . 24147 2.1¢ ¥ "
285 71’-7 N 0005 11.)58 1004 NuRi 70'&) N.Rs 71&) 1?8 S 6 i 2.151 2w 20 " "
284 748 " 0.0k 1.56 1,04 N.R. 7560 N.Re - 178, k1 - 6 " 2.15% 247 " "
288 749 » 0.03 1.60 1,06 N.R. 7052 N. Re T2y 17€ - 6 . 2.149 2,42 " .
297 760 W5 0.05 1.56 1,03 N.R 7240 * NeRo 7260 178 W - 6 " 2.158 ' | 2.14 15. 1:46. " Filling technique mxiified for
this and all sutseyuent rounds.
301 764 » 0,03 1046 1,03 K.R. 7532 N.Ro 7500 178 b1 - 12 " 20148 2.10 . Hhol |
299 762 * 0,03 150 104  N.R. 7512 N.R. | 7320 179 W - 8 ” 2.152 2.4 . da.B |
296 763 " 003 1048 1,03 N.R. 7320 N.R. - 17€ . bkt - 9 " 2.156 2.12 " .
300 764 " 0404 1olidy 0.998 N.R. 7392 NeRe. 7396 176 bt =~ 7 " 24442 2010 . Was7
295 765 L 0065 1014-8 1002 N.R. 7&-6& K-Rﬂ : Tlim 176 10-1 < 3- 7 b 2!162 2‘0 10 - .
295 766 # - 0,03 1,52 1.03 N.R, 7120 N.Re - | TOOO 176 e 1 * 2.445 2.3 " WA &
347 767 POy 0.03 1,26 0.87 2535 14350 - - 17 41 ~ O |LAF/RP 26140 2153 132 3o4bo Wo 3~ | This round and &il tne followain,
~{filled 35 |in Lecquered tute # i
SR« 371C |
] 16 gme ‘
Bt 766 i 0003 0.45 - 355 17130 - - - 41 - 0 “ - K. Re # . Burst #
349 769 . 0,03 0.72 - 2540 13340 - - - {40 - 8 v - N.R. * * Burst #
350 - " - ~ - Not Hecorded - - - | L0 - 14 ? 2.148 2.4 ¥ N Functioned correctly #
351 - L - - - . Not Recorded - - - a0 - 4 g - N.R- N * Burst #
341 770 -5 0,03 1068 1.09 1241 6268 1340 - 6884 176 40 - 9 ¥ 2.152 2.42 - * " £
w2 |. M » 0.0k uéa 110 1271 6592 1280 6832 176 40 = 12 " 2.151 2.42 % " #
33 772 ol 004 1.61 1014 1240 6160 1340 6920 176 b1~ 0 1 . ® 2,446 | 2.4 . " £
Slols 173 " 0.05 1062 110 1268 6500 1280 6552 174 139 -« 11 . - N.Re " . Venturi split open F
345 774 . 0,04 1053 1211 1268 6432 1237 6440 171 4O = 11 . - . o *  |Burst P
358 778 140 0,02 1013 0084 N.R. 9680 NoRo - 176 40 = 10 ' {La®/RP 2.16 " 160 b4obbo w.10
. i{filled (nominal)
22 gmeo
1 . Wi Gol2
359 779 " 0,02 1.16 0,85 N.R | 10600 NoRe - 180 4O = 10 * " " .
30 760 . 0002 1017 0084 N.R - 9912 N.R: - 179 4 =~ 0 . " . .
361 761 w 0072 1:15 Oobis N.R 95360 N.R. - 175 M- 0 " " " . "
}62 762 i 0,02 00‘60 L N.R. 11660 N.R. . 41 ~ 2 " i " 2ire i}ckﬁﬂ Lot 10 {Yressua by CeS.a.Re Burst
363 783 " 0401 1519 Ceb5 MN.R 12040 NoRo - 176 ¥ -0 . " * " . » ’ " i
364 764 " 0502 1013 0.8% N.R 11960 N, R. ~ 175 Bl - 5 i . 4 " . . " ul Burst
365 785 ) 0,02 1:17 0.84 N.R. 1220 NeRo - 176 - 3 . g v " . " " .
366 766 » 0,02 1.13 00 b N.R 11480 NeRs - 177 40 = 13 " » . u " ¢ «
367 787 -5 003 1039 1,07 N.R 6400 NoRo 7288 175 40 - 15 " i i 260 iohbe “ " E -
368 788 " 0,02 0,06 - N.R ~ N.Ra - 7048 b1 - 1 " ” ’ * ‘ - ¥ " » Hurst
3£g 769 J 0.03 1040 1.05 K.R 6640 NeRe 73468 177‘ W - 2 » " » \ o " J
370 79C " 002 0.66 - N.R - N.R, 7720 ) b1 - b . - 3 . " " " " Burst
n 9 " 0.02 1045 - N.R. - NeRo <620 e br - 2 - * . . t . e ¥ . Burst i
455 | 804 57 0,05 1.81 157 - - 1420 4340 18 4 = T SR.371C 1.66 1.55 1.6:4£, Nis11  RD. 20a7
‘ t . (’f’ei}?;in&l] & 12
~ Carton
| . p _
“55: 305 " 0.03 1096 1058 - - 11&‘0'6 15‘522 159 4 » © i » 1.% " " "
457 806 " 0,03 1.98 1059 - ~ 1396 4504 159 W+ 0 . » 1.54 " . »

. k58 807 8 008 2501 1058 - - 14 iphpdsO 187 Lo & 0 " " 105 " " "
459 | 0©08 ® 0,03 194 1.6 . - 1459 &390 158 5O - & ® " 1.54 = o »
460 | 815 - =5 0,02 1032 G597 - " 1340 | 7980 177 40 - 10" = 2.16 K.Ro So Totba | ki & 45 1RoDa26%3. ¥odified erd rin,. !

e i % ! ; . i (nominal, 1 k i
wa 316 ”» 09_02 ‘ 13‘9 : NeRo - - 1)‘70 - - ‘ w - 10 u o’ T o - ” " " " "
11'62 &1? . ’ ‘g“?mﬁ : 1°52;" 095 = i 1462 8200 e ";Q” - 8 b L n " n " - n "
463 Bio . 0002 006 - - - > 2000 40000 - 40 - 13 # . " " " » , " " Burst
)l)&o- 619 " 002 007 - i i > 2000 10300 » 40 =~ 14 » " ol " L " ™ » " Bursi
465 820 " 0.03 1.3 Qe90 - KoRe 1478 NoRs NoReo 4 - 9 . " # 16.8.46. " . " LI
56 821 " 0-03 1519 Oots2 - " 1680 o - 40 - 11 W . " " " " " “ oow
k?} 822 i OoO} 132}1. 0086 e : 1560 : : Ljﬂ - 146 : " L " L] " L " " L]

} b2 ~ 0.0 0.06 - . > LD ~ ‘. " " " " " n ™ ™ "
ie | e | o+ | oo o - - o3 | - « -3 |+ " : : N R
76 831 " 0,02 2039 2,02 - - 1126 - 3560 146 We.b 2 » 1.66 . 2608.46: [13/14/20 |[RaD.2049
W17 832 " 003 143 - - - 1152 3778 " |40 - 3 ¥ (nominel) | * . u - Liht all'\y end-m% fnlm
479 833 " Heng-fire 1,51 - 8h0 3000 111{,1 3790 o 40 - 6 " " " " ] " " " o
480 534 " 0003 : 2018 1,,,87 - - 1158 3?90 151 w - g m " s i 1‘0-9::‘#69 ” R.L. 2043
482 635 » 0s03 2023 1o > - 1130 3670 148 Ww-9 1] " . " " L

E.R; Yot recorded.
The word "Burst” in the above table implies some form of motor tube failure.

Kete:



Table ey

Exerinat.on of Burst Rounds

Round nushey
*i.ling | Firing
550275 | we 701

el Tuds
3458 760
349 769
351 -
345 774
362 702 ®
364 Jo4 ®
365 788 ®
370 79 %
371 790 8
463 ol
RSN 819
474 £23
475 b2s

140

140

140

140

140

tres.ure or

D , & 4 : " £ T 1mx L murs >
tropeilant | CedeneRa '8 fue of wrpin, o irobable Cause of i Fhotogreyph
Lot 0 ?fta'»as.a p._xmti f Kt Ul ¢ i z'*?smare I"{:. coraed "ature of Burst Harst Thrgi:‘,'z“m Pig.No.
N Flgure ERZ ., 7 {1be/8gsin. Fige N,
4.7 <8 .C6 Uff scele st 2, %00 Tube fragmented Detachment of propellant from wall of tuie 1 lione
over oonsiderable area.
By 35 33 Celsh Off scale at 3,200 Tube fregmnted over Not certain 1 16
nalf length starting
at head.
" 33 C.72 2,500 Venturi ejected together |Overheating of tube behind venturi plate 1 17
with srall (threaded)
portion of tube,
» 33 NeR. but abnut N.R. Tute split from end to ﬂNot certain - 18
sane as two end; a few fragments.
previosus rounds.
" 33 Near end of burning 14257 Hole in tube to rear %verheating of tube behind venturi plete 1 19
of venturi plate. ‘
w.10 49 0.6 N.R. Venturi and extreme end . S " 5 i 2 20
of tube e jected.
w . Near end of burning N.R. Small hole to rear of " 2 . L " " 2 20
venturi plate. '
" ’ 0.1C N.R. Tube split into large General detachment of propellant from wall 2 21
fragments. of tube. .
" ” 0.566 N.Re Venturi and extreme end |Overheating of tube behind venturi plate. 2 20
of tube ejucted. f
" " 0.5C N.R. L o ” " " " " " " 2 20
iy & 45 10 0.06 Off scale at 2,000 Tube fregmented reneral detachment of propellant from wall 1 22
. of tube.
- " 0.07 Off seale at 2,000 | Shell ring ejected,tube r » - E = " 1 Yone
only slightly damaged.
" " Q.06 Off scale at 2,400 | Tube split and fragrented " " - > . " 1 23
at one end onlys ‘
» " Ootis Off scale at 2,600 Venturi and extreme end » . " L " . 4 2
of tube e jected.

* Rounds pressed by C.S.a.Re
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