Copy No. (#)

SECRDT

Al Ce 330U
MINISTRY OF SUPPLY , - UPR.213

ADVIoORY COUNOIL ON SCIENTIFIC RbSEARCH
AND TECHNICAL DEVELOPMENT

- S v e ST i P D P S e Gy et e S G P S P e SRS SRS

'U.P. PROPELLANTS SUB-COMITTEE

o g

Plastic Propellant

T S S W N e MRS P ) D Sy S W D

Interim Report for the period September - December 19342.

o o o ey S e D B P VPP ST AL

Work: carried out at P.D.E., Aberporth and Chemical Section, Fort Halsteed.
by
Dc F. RUNNICEIES, Ph'DO A‘I Cn

'Communicated by C.C.R.

s S e G T T s O Y W e B S S T OO e B

& Cylinder Charge.

Snooth burning has been obtained between -20° end +1AOOF for two
modifications of the 2 inch diameter cone and cylinder charge. A more

satisfactory inert plastic camposition, based on ammonlum 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 difficulty
is undoubtedly due to the presence of air in the plastic compasition,
giving rise to a large bulk expansion of the charge.

Plastic Jangos1tlons.

A study has been made of the preparatlon of ccmposmtlons conxalnlng
nitrocellulose ~ triacetin as binder by plastic milling. Excessively
long times of milling are required, particularly with the larger capacity
incorporators. With dispolene as binder, a satisfactory composition is
produced by simple mixing, without plastic milling, and the time required
is considerably shorter. Owing to the inadequate Supplles of dlspolene and
triacetin, attention has been turned to binders in larger potentlal supply.
Preliminary experiments with oxidised castor and rape-seed oil binders show
thet although plastic milling takes place, satisfactory canp051t10ns may'be
obtained in a reusonuble tlme‘W1th 12-1 3% binder.




(A). ‘CONE & CYLINDER CHARGE

1, Functioning over service temperature range.

With the faster burning type of plastic propellant (P.372, N.C,-

triscetin binder) it was reported previously (P.D.E. Report 1942/77)

“thot the modified or "open" cone and cylinder charge failed at high
temperw.tures,  This has been found to be due to the very soft nature of
the incert plastic couposition (IP5, Zn0 --N.C.4triacetin)-which was used
to prevent burning at the head end surface of the charge. At 140°F,
this canposition floved appreciably, leaving the surface unprotected;
earlicr results hud established that if burning was a«lloved on this
surfuce, bursts occurred at high temperatures with the faster-burning
propellents.  The.inert plastic was replaced by onc consisting of 70%
sodiun nitrate, 13% amsonium picrute, sznd 1 % binder B.140 (IP6). 4
number of rounds hzve been filled with canposition P372, using the " open"
cone und cylinder charge, which has the cylindrical hole cxtended to the
end, «nd a 0.5 inch space between the end of the cherge and the head, the
end surface being protected by a 0.2 inch layer of inert plastic IPS, A
dicgram of this charge shape, hereinufter referred to as Type "A" is given
in fig.1.  These rounds burnt smoothly at 140°F;  details of these firings
ere given in Table I, It was also found thet the original, or "bling"
cone und cylinder charge functioned correctly ot high temperztures when the
leyer of luting betveen the charge and the head closurc was replaced by IP6.
(Teble T - rounds 1044-5).

The cone and cylinder charge has been Purther modified by dispensing
with the space at the head end. The cylindrical hole is, as in Type "AM,
extended to the end of the charge, which is covered with & 0.2 inch layer
of inert plastic. The inert plastic is pressed tightly ageinst the
perforuted head obturator and head closure. The complete charge is thus
supported ot ell points in the rocket tube. 4 diagram of this charge,
Type "B", is given in fig.1. The results of firing a number of rounds,
filled with P, 372 in this shupe, at the extremes of temperature zre given in
eble I. Smooth burning was obtaincd in all cases. '

Before the development of the Type "B" cherge, & few full length
(22,5") rounds were filled with P.295 using the Type "A" cherge.  The inert
plastié (IPL) consisted of zinc oxide and dispolene 75. No bursts occurred
at the upper and lover temperature limits. Details of these firings are
given in Table II; - the pressure-time and thrust-time curves of these rounds
are reproduced in figs.2 - 8. The curves of the rounds fired at 140°F, are
very rounded and similer to those given by the original "blind" cylinder
cherges, No explanztion of this has yet been advenced, but it is thought to
be connected with & possible distortion of the charge by the pressure
difference along the tube. ”

It has not been found possible to measure this pressure difference, as
¢clectrical pressure gauges placed at the head and choke end of a 22,5 inch
charge record substeuntially the seme pressure. Four such pressure-time

curves of 223" rounds at air temperature and at 140°F. are reproduced in
figs. 9 and 10. '

2. Levelopment of un inert plastic composition.

The inert plastic composition, IP6, used for protecting the end surface
of Pu372 in the above triasls, was canposed mainly of sodium nitrate and was
relutively hard., It also cracked at small percentage caapressions so that
it is probable that it would not form a satisfactory protective covering for
the ¢nd surfoce of the charge efter prolonged climatic storage.
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- Further work has been done on producing =z composition which is
incambustible, but hus similar plastic properties to the propellant
itself.  The same binder (B.140) was used as in the propellant.  The
solids were chosen so uas to give an inert and neutral composition, which
would ot form sensitive picrates in contact with the ammonium picrate at
the surface of ‘the propellant.  The campositions were prepared by mixing
for 15-30 minutes in a small (150 gm{).incdrporator; A number of ‘

compositions were examined. Their plastic properties are given in"
Table TII. . P.38L is also included in the Table for comparison; = this
canposition is similar to P.372, but has a lower sodium nitrate content,
-and & correspondingly lesser chemical action on the rocket tube during
firing (c.f. P.L.E. Report 1942/77 page -5.) e ‘

It was observed thet sodium chloride gave a good plastic when mixed
With a1 equal emount of ammonium picrate, but failed to do so when used
alone, This is also probably. true of sodium nitrate. Calcium sulphate:
(anhydrous) and calcium carbonate gave soft plastics with a marked work

hardening.

The most satisfactory plastic canpositions were obtained with
ammonium oxalate and ammonium sulphate, Fran the supply position ammonium
sulphate is to be preferred. PH measurements of dilute (%) solutions of
ammonium sulphate and of the plastic composition (IP14) derived fram it
gave velues of 5.72 and 5.88 respectively. By adding & trace of calcium
carbonate (0.5% of the solid content) the pH could be brought back to 6.92,
The addition of & small amount of ammonium picrate shortened the time
required for complete incorporation. A swall nurber of rounds have been
filled, with P,384, Type "B" cone and cylinder charge 6 x 2.14 inch
diemeter, using IP.14 (ammonium sulphate - N.C. -triacetin) as the inert
plastic.  These fired satisfactarily at -5 and at 140°F.

(B). END-BURNING CEHARGE

1. Functioning over service temperature renge.

Where a long time of burning is required the propellant may be ,
loaded into & tube and burnt at its end surface. Experiments have been
carried out to test the suitability of the plastic propellant in this form
of charge. A shortened 2 inch rocket tube was used, giving a charge-space
length of 6.5 inches, 500 gm. of propellant was loaded into the tube by
hand-stemming. This gave a charge length of about 5 inches, which burnt
under pressure for about 10-20 seconds, depending upon the composition that

was used, _Preliminary trials at the upper and lower temperature limits were

made with compositions P.295 and P.372, the fomer containing'diSpolene_as
binder and the latter, N.C.-triacetin. The results of these firings are
given in Tables IV = VI. It is seen that there is a very high incidence
of failures, the bursts occurring almost immediately after ignition.
Examination of the fragments of the bursts indicated clearly that the
composition had burnt down the side of the tube, owing to the charge
separating fram the tube at the low temperature. ¢ ' ’

- If separation from ths tube took place only for a short 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 down the whole length of the
tube. Four rounds were filled in this manner, two with P.295 and two with
P.372. Service 2 inch .rocket head obturators, perforated with a 4 inch
diemeter hole, were used, and inserted at 1 inch intervals in the charge.
The results of firing at -20°F. are shown in Tables IV and Vv (Rounds 1085-6
and 1088-9). With P.372 the rounds burst after 0.5 and 2 seconds, instead
of immediately after ignition; with P.295 one round burst immediately but
the other burnt successfully. The thrust of this latter round, - however,
varied periodicelly from 3 to 7 lbs., corresponding approximately with the
spacing of the obturators in the charge. = This would appear to show that
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The behaviour of the end~burning charge at the upper temperature

" limit has also been examined. The normal method of filling by hand-
‘stemming at air temperature gave immediate bursts at 140°F. (Table VI).

Exzmination of a hot round showed clearly the cause of the bursts; the
charge had expanded, forming a convex énd-surface containing ;
innumerable cracks. A number of rounds were then filled by hand-
stemming the camposition at 140°F, so that there would be no further
movement of the charge ‘before firing. These rounds, however, also burst
when fired at 140°F. (Table IX, Rounds 1119, 1429, 1165-6). In order

to ascertain whether the cause of the bursts was related to the soft
nature of P.388, similar rounds were filled with P.384 and fired at -5

and 140°F.  These all burst. (Table X). One possible cause was that

the burning of the igniter might displace violently the surface of the

hot camposition and cause irregular burning.  This wae suggested by the
appearance of some fragments of composition recovered from a burst at
140°F; there were indications that burning had proceeded from a point in
the centre of the end surface down into the charge. A coamparatively mild

igniter was used in the above firings - an electric fuze with 1.5 gm. of

S.R. 252 (sulphu_rless gunpowder, potassium nitrate, silicon), but in most
cases the free volume wbove the surface of the charge was small.  The
free volume for each round is given in Table IX. On increasing this
volume from 170 to 1080 c.c. smooth burning at 140°F. was obtained,

although with the same igniter (1.5 gm. S.R.252) ignitioms, intervals of

1=2 seconds were observed,  One round was also fired successfully at
140°F, with a free volume of 170 c.c. using an electric fuze and 0.5 gm.
S:R.252 sprinkled on the surface of the charge. Two similar rounds,

however, failed to ignite.

(C). PLASTIC COMPOSITIONS

1. Nitrocellulose—triacéfin 'binder.

Previous expcriments have shown (P.D.E. Report 1942/47, page 2)
that the satisfactory incorporation of N. C. -triacetin or N.C.-nitrobenzene
binders into wmmonium picrate-sodium nitrate mixtures can only be carried
out by prolonged milling, during which time there is & very considerable
reduction in particle size. This plastic milling, as it is termed,
emables the percentage of binder to be reduced below that required for a
simple mixing, as in the dispolene binder compositions. For example,
while 20% dispolene gives & composition of satisfactory plastic :
properties, a similar amount of an N C.-triacetin binder, plastic milled,
gives & very soft composition of low yield value (see page 4); in order
-to produce & normal plastic canposition the binder must be reduced to 15
or 16 per cent. ' L

These preliminery results were obtained in a Werner-Pfleiderer mill
of 5 1b. capacity. A number of incorporations have now been carried out.
in mills of similer type, but of different capacities. The usual method
of charging the mill consists of adding first the sodium nitrate (120
beses.) and binder, followed after mixing for a few minutes by the correct
amount. of ammonium picrate. (120 b. SeS.)  After the ingredients have been
canpletely mixed the churge appears as a wet powder, which gradually
aggregates during the milling. During the last stages of aggregation,
the large lumps of plastic appear to "ride" on top of the blades, and then
finzlly settle down round the blades forming one coherert mass. '
Medsurements on samples withdrewn from the mill during the incorporation
show that the plastic properties of the camposition change fairly rapidly
during this last stage, «nd milling 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 is a long period during which the softness of the

camposition remains approximstely constant, while the percentage
compression for crack formation slowly increases.  After very pralonged
milling the composition gradually hardens. During the milling the colour
of the mixture changes from an orange-red (E‘_e_ag_ ammonium picrate has been
used) to a light yellow, indiceting a continuous decrease in particle sige.

5.




hour, after Wwhich a prog’ressive hardening took Place. ' The rate of

The temperature ‘also rises brogressively,  The ‘time taken to reach t
coherént plastic mass, described',above, forms an appraximate ‘standard
for -,cdnparing-'thegtime“s_ of incorporation ne‘ces,sa‘ry-'for‘ different
campositions and for various sigze batches, These times are given in
‘Table XT. 5, i RS SO |

It is seen that with the N. C.-’-triacetin.binder_ a considerable time
Tor milling is needeq to produce a camposition of normal plastic ' '
- properties (e.g, P, 38k), ‘and that the time of milling increases repidly
with the sige of charge, . P. 388, a soft canposition, of low' y

- larger batches, . Doubling the Speed of the blades a
the time (Table XI, bottom half); these latter speeds zre those
recanmended by. the makers of the incorporators, ang it is doubtfyl’
whether the speed could be further increased, By adding the solids
graduelly to the mill a reduction in milling time of approximately 259
was obtained.  For Canparison, the approximate i
are given for dispolene binders. These show
time of incorporation, of the simple mixing over the plastic milling,
Plastic-millea compositions, however, have better plastic Properties, Cele
a high percentage compression for crack formation, and as far as present
€vidence shows, behaye more satisfactorily under climatic storage in a
Tilled round, Dispolene, in any case, has the disadvantages of low
performance and short supply. It would seem desirable to obtain a
binder which cen produce g satisfactory plastic conposition.eithe

Blown castor and blown rape-seed oils have b
POssible binders for plastic campositions.  The samples examined include
oils of different Viscosities. The properties of plastic canpositionsg
bprepared from these oils are ‘given in Tables XIT and XIIT.

A striking feature of the results ig the small amount (13%) of oi]

necessary to produce g satisfactoxy plastic Ccanposition, The lowest

i i i i ‘cas: » taninally 30 boises, gave g very
"short" ang friable composition, but for the higher viscosity oils, it
Was noticeable that the Same percentage (13%) of binders, but with widely
differing viscosity, all gave campositions. of approximately similap
plastic properties.  Two of the Oils, viz. gelled rape oil and heavy
blown castor 0il, were examineg on a larger scale of incorporation, It
i : mple mixing, is necessary to
produce a plastic camnposition, but the times of milling are considerebly
shorter than with the N.Co=triccetin binder, Fpr Canparison, times for

incorporation of extre heavy blown castor oil in batches up to 30 1b.
are included in Teble X1, ;

rent mass was 25 minutes; the
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canposition had attained its maximum softness. There was & very marked
change of colour from orangc-red to pale yellow during the milling, the
particle size distribution evidently being most favourable for close
packing of the crystals and filling of the voids when the composition
atteined its meximun softness, The subsequent hardening and resulting
slow temperuture rise shows that further reduction 4in particle size,
resulting in & less favourable distribution, takes place.

It is proposed to carry out & small-scale firing vtrial‘ with
couposition P.399, containing 13% of extra heavy blown castor oil.

3. Cagbustible resin binders.

A small cmount of plastic composition (P.385) containing a
canbustible ‘resin binder has been’ prepured and exemined for performance
on firing., 15% of combustible resin wes used; plastic milling took
place, but the time of ailling for a 5 1b. churge wes somewhat shorter
then thut necessary for preparing a similur charge containing en N, C. -
trigcetin binder. - The plastic properties of-the camposition, together
with results of firing, are given in Table XV. The perfomunce index,
135, comperes favourebly with the value of approximately 125 obtained on
the same scale of firing with a composition containing an N.C. -triscetin
binder, :




TABIE I

”

Charge. - shape: 6 X 2414 inch diam., cone ang leinder.
Area: _ Apprcmimately 18 sqein., depending on
design of charge.,
Composition: P.372 .
Weight; 365-70 gm. -
Choke:: 0.328 inch
Serial No.| Batch R Charge | Thrust] .
of round. No, of Design of head engd of charge, temp, 1b. - Remarks
Campn, K _ Op - .
'Original'chargé‘désign‘- o
1044 11 Cylindrical hole blind at 130 105 N
1045 11 end, covered with 0,2 inch - 130 115 N
layer of IP6.
] Type A, ] _ ' :
1047 11 Cylindrical hole open at 130 150 | initial peak
1078 13 end, with 0.5 inch space 140 165 N
1080 17 between charge and heag 140 125 N
1031 14 closure;” head end of 5 140 { 140 I
1032 14 charge covered with 0.2 inch 140 120 N
1083 14 layer of I1P6. : 140 115 N
1084 13 3 140 170 N
Type B. .

1046 1 Cylindrical hole open at 130 135 N
1052 12 end; no space between 130 35 N
1058 12 charge and head closure. 140 130 N
1056 12 . Head end of charge covered . 140 125 N
1060 11 With 0.2 inch layer of IP6. | 140 135 N
1061 12 - 140 120 N
1062 11 140 115 N
1063 1 140 140 N
1068 14 -23 - N
1069 14 -23 . - N
1070 14 -23 - ‘N

nomal behaviour.

(i

Churgf

Choke:

Serial | Batc
| No.of | No.c
Round. | comg
1006 t 28
1030 29
1031 .
1032 u
1033 . i
103, | .
1035 i "
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Shape: 22.7 x 2.14 inch Gizm.,
E cone and cylinder.

Area: . 66 sg.in.
Canposition: . P.295
Wé'ight': - 1500 gn.

0.438 inch.

erial i Batcrl - ; Max.-

| Nosof . i Design of head end of churge. . pressure ; thrust
| i Round. - ‘ ' 5
|
1
i

1b./sq.in..  1b.

: i - e 1

- Type A« , ‘ g |
Cylindrical ‘hole open at end, ‘ 750 .
with 0.5 inch space between - |
charge and head closure; head! 950
end ofcharge covered with b . -
0.2 inch layer of IPh. ' ' - 720

680
700

Pressure-time and thrust-time curves of
these rounds are reproduced in figures 2-8
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TLBLE III

Inert Plastic Campositions

Oy A > 0 o S ROy D G e G e DA 0 D v e O 05 e

Camp.

In &ll canpression me’asurénents, initial diameter of pellet was 15 mm,

10.

_ : : % ___Percentage gampression (68°F) ®
No. Camposition of solids. binder . A% o AT For o
: : B.140 292 o , 230 crack
/™ g/’ fomation |
P384 Arnmonium picrate 50 - - . o0 FTC f ?
! Sodiwa nitrate 14 16 .8 f 28 | 66
- \ . . P e i : }
1P5 Zinc oxide (300 besis.) ... 20 | very . sort - ; 4
IP6 Ammonium picrate 13 : 8 ]' [
) Sodium nitrate 70 17 6 10 : 19
IP7 ’ Ammonium picrate 42.5 o ' i, ‘i :
i Sodium bicarbonate 42.5 15 i plastic  but ! not inert
P8 Sodium chloride (coarse) 80 20 not . plastic |
IP9 ’ Sodium chloride ‘ 80 20 ' not plastic |
IP10 Sodium chloride b . - f , ‘
: smmonium picrate 42 16 i Plastic,/ but not inert
P11 x Ammonium sulphs te (coarse) 80 20 . not ' plastic
IP12 . | Gypsum 80 20  w S
L . L ;’ , : |
1713 Calciunm carbonate 80 .. 20 wvery !nhara
TPl Ammonium sulphate 80 .20 o 36 H
Ir15 . Calciun sulphate (anhyd.) 80 20 : very hard :
. ) ; . i I
IP16 | Calcium sulphate (anhyd.) 75 25 | | Plastic ‘
P17 Calcium sulphate (enhyd.) 70 30. very | soft {
IFM8 ¢ Awmonium oxalate 80 20 | 3 {5 | 72
P19 . | Ammonium oxalate 75 o 25 . 20 . 36 ; 75
P20 | Amnonium sulphate B0 - ! .
' Lubrol w, ' 1 “ 19 P24 - ; 25
: - o o ‘ | f !
P21 1 Ammonium picrate 10 i : L
‘ ¢ Ammonium sulphate 70 : 20 Y 150 | 70
922 Ammonium: pi‘crate 13 . ‘ o i _
- Aumonium sulphate 70 : 17 12 27 ' 45
Unless otherwise stated, all solids are 120 b.s.s. or less.
*

Clioke ¢

Serial . Batch' Cha
Wo.of : No,of . ler

- Round. ~campe | \3

870 26 '~ I

92y 1 26
921 | 26
922 i 26
923 26 ,
898 + 26
899 | 26

1085 , 20

1036 ; 30 |

932 | 5
1072 ¢ 15
1073 5
107k 15
1088 . 1k
1089 b

e RSB




_:Remarks

ruing.
Thrust

|
I}
1
i
1

2.1k inch diam.,
end ‘bu
346 sqgein.
P.295
3-500 gm.
Pressure:

TABLE IV
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h )
1b'/i9?2}
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Weight
temp.
s

0.110
Hand stemmed.

Areé
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:Shape
C
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1
|
i
i
|
|
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2,14 inch diameter, end burning.

3- 6 S in.
350-500 gn.

P.372

TABLE V

aviour

Composition
Weight

0.125 inch
Hand stemmed

Shape

obturators inserted in the charge._(seeApage %)
Area

N = normal be

®
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® obturators inserted in the charge (see page 3.)




ABLE VI .- .-

‘Charge . Shapé :

3.'0__8 inch diametér, end burning.
Area: Te5 sq.in.
Composition: ‘P.‘ 372
P.295
, Weight: 300 -~ 2200 gm,
Choke: P.372 - 0,19 inch -
‘ P.295 - 0.125 inch
‘Serial | Batch Charge | Charge | Pressure Thrust | v
No, of| Canp, | No.of | length | temp. 1b./sq.in. 1b. Remarks.
round. ‘Canp. (in.) !
1053 | P.295 30 14 air - 15 | o
: 1800 (peak) - 35 | peak for 1st sec.
1054 L 30 11 140 - \ - | burst
1055 " | 30 11 -5 -, - burst
1044 | P.372 13 | 1.5 air 750 , : 20 |
1067 n 13 | 3.0 150 - - | burst
TABLE VII

Plastic properties of propellents used in end burning charges
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Serial : Percentage Canpression at 68°F,
Nos of Percentage composition At © 1 At . . o
Camp. ’ : 212 . 530 5 For crack
n | . gn/cm g/ cn * formation
‘P295 | Sodiwa dinitrophenate 40 | , |
Sodium nitrate L0 2l 39 I
Dispolene ( 689F = 7000 p.) 20 '
P372 ' Ammonium picrate 4245 R
: Sodiwn nitrate U245 14 30 B3
. WG (30%) in triacetin 15 "y
P38L Ammonium picrate © 50 . :
}  Sodium nitrate 3 8 28 66
i W.C.(30:) in triacetin 16
P388 * Arraonium picrate: 50£ Batch 1 48 = ' e 2
’ | Sodium nitrate - 30‘ . 2 1 3 L9 ‘ 75
© 7 N.C.(30%) in triacetin zol Y 3 23 L6 59
i ‘ " 1+ 31+ - ‘ 4' @ 57
| i & 5 i 30 43 12
{ i ‘ : )
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e e

e e
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e eumnntantia s ACY

illing:

Shap
Lrea
Caap
Welg

0,12
Honc

Serial Batch
No. of
round. comp.

170. of

i

Charge
length

(in.)

1405
1107
1108
1109
1143
1114
1126
1427
1134
1438
1140
1441
1442
1116
1123
1128
1135
1436,
1437

" 1439
117
1175

1

3 . R
Or Ut A O R O SR

2.6
2.6
2.6
2.6
6.0
6.0
565
55
5¢5
5¢5
5¢5
5¢5
5¢5
6.0
6.0
5.5
5'5
5¢5
5¢5
5¢5
55
5¢5

Charge o

Choke:
Filling:

Igniter:

Serial j. Betch
i NOQ Of
canpe

Noe of
round.

T
a
o

1119
1129 |
1165 |
1166 |
1132 |
1133 |
1130
1431 |
1104 |

|

%

|

1155
1155
1957
1143

=l f— - --

vl
tzt

W

\)




TABLE VIII

Shape: i 2414 inch diam., end burning
bres: 3¢6 8Qein. ; -
Caaposition:  ~ P388 .
Weight: | 250=550 ga.

: 0.125 inch ' .

Filling: Hand=sternmed

Serial Batch Charge : Charge ' Charge | -
No.of No.of . length ' teump.(C®F) | temp. (°F) | Remarks
round. comp. ! (in.) { on . on firing. l - :
e | i filling, | e | , |
= 1105 1 0 2.6 i air . air . pressure 680 Ib./sq.in.
107 4 2.6 | @ir =5 LN AR
1108 1 2.6 | a&ir | -5 LN ;
N 1109 1 .. &e | ..aam . -5 L N
1113 2+ 6.0 | air ; =5 LN
1114 2 ¢ 6.0 ¢ T edr ; -5 tON-
1126 3 55 | air ] -5 LN
1427 3 ' 5,5 | - air 2 -5 i N, 18 sec. burning
11 3L 3 5.5 | air : -5 , N, 19 o
1138 L 55 1 air ‘ =5 PN, 19 ;
1140 L { 55 ; aj_r. : =5 |l N, 18 " "
1144 L1 5.5 ; air [ =5 i N, 19.5 " i
1142 L 5.5 . air | -5 | N, 17 " :
1116 2 6.0 ¢ 140 | -5 . burst
1123 2 6.0 140 ! -5 | burst at 0.3 sec.
1128 3.7 BJS 1 40 2 -5 ! burst &t 10 sec.,
135 L 0 BS540 | -5 . N, 19.5 sec. burning
1136, Lo 55 | 140 C =5 : N, 20 " "
f 1137 4 5.5 1 140 ; -5 | N, 16 " i
1139 7 5.5 1 1400 -5 | N,19 v @
1174 5 5.5 | 140 ; -7 ! N, 20 " "
¥ 1175 5 5.5 ; 140 : -7 i burst at 9 sec.
N = normal behaviour. ‘ , ; .
1 ’ TABLE IX
;i ' Charge. Shape: : 2414 inch diam., end burning ,
' Area: 346 sqein. . '
Camposition: P388
_ Weight: . . 175-500 gn. .
Choke: . 04125 inch. ‘ o
Filling: Hand-stemmed at 140°F.
o Igniter: 1.5 gn. SR.252
i Serial i Batch  Length of | Charge | Free vol. | Charge | |
1 No.of | Nos,of ' aveilable i Length : above { temp. | Remarks.
round. | camp. ! charge space ; (in.) i charge. ! on | o
] | in.) * | (c.c.) | firing.| ,
119 | 2 8.5 1 60 1 80 | 140 | burst at 0:3 secs
1129 3 ; 845 i 6.0 . 80 i 140 * | ¥ burst at 1 sec.
1165 5 ' 8.5 : Loy 170 | 140 | burst '
1166 5 8.5 ’z Lob i 170 P 140 | burst
1432 3 49 it 346 i 80 {100
1433 3 : Le9 } 3.6 ' 80 | 100 ! Dburst
1130 3 49 P 1.8 ¢ 180 100 | W
1131 C I ) | 1.8 | 180 I 10 ! N
"hL |5 1 25 55 ! 1080 150 !N
1155 5 25 ! 505 1 1080 | 140 1 N
1156 | 5 25 5.5, 1080 ; W0 | N
1457 5 i 25 f 5¢5 i 1080 | 440 . N
1443 L 8.5 i 55 110 i 140 ; N.ignited with
' , ‘ d g , electric fuze and "
; ; ' i ? . i 045 gm. SR.252
N = normal behaviour - :
% = chorge pressed % ton/sqein. after filling. perforated obgu tor on
surface o g%arge.




Charge.

~

>Choke:
Filling:
Igniter:

Free vol., abbcve

TABLE X

Shape: |
Area: 3.6 squin.
Canposition: P384
Weight: 500 gm.
Length: 5¢5 inches

0.125 inch
Hend-stenmed at 140°F,
145 gmn. SR.252

charge = -110 c.c.

2¢14 inch diam., end burning

Serial | Batch ’ Charge - :
No.of | No. of | temp, | . Remarks
round. | comp. ' °p i : -
! % ‘
12y |7 -5 burst at 2 sec,
1125 7 -5 ! burst immedistely
1 1 1 7 . i' 7 1 1!4’0 E = 1. ) n
M8 07 140 : " "
1154 8 ,' 140 : ‘burst at 1 sec.
1152 | 8 } 140 i burst immediately
1153 | 8 | 140 ; " "
. ! |
TABLE XI
Incorporation of plastic canpositions containing different fypes of
binders. '
Incorporator, ; Time to attain plastic state
Capacity . Peripheral 16% L 20% L 20% o 13%
(Ib.) ¢ speed of N.C -triacetin’ N.C., -triacetin » Dispolene ; " Blown’
. fast blade P. 38L ; P.388 -~ i P.295 ¢ Castor
0.3 2746 ‘ 50 min. ! 10 min. | 2min. -
E ’ : e i
5 ; 20.6 ' 6 hrs, | 4 hrs. - 3
10 26,2 15 hrs. | - 12 hrs, | 30 min.
0.3 k7.6 ; 20 min. | 7 min. 4 min,
H . i ) | : ;
5 j 3504 3% bhes. | . g =
10 L 15,0 8 hrs. | - . 20 min, |
’ l ; |
30 i 47 ! & - ! ;

5 Sdlids added over interv

<+

" i

" " 11} 2 hI‘S.

1l

al of 25 mirmutes

-
2

inder

Compositions containing Oxidised Repe-seed 0il B
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TABLE XTIT

" Coupositions containing oxidised Castor 0il Binders.

BINDER. PLASTIC COHKPOSITION. | |
i Description.’ Serial [ Viscosity : Viscosity : _ . Serial ° Wt. of ! Hrs.to % Comprassion (8%,
1 . and . 68 F. ¢ 135F %  : &Batch! charge | attain - . :
: : Batch No.:  poises | poises ' binder! No. | (Ib.) | plastic{ 4t = | At z For
é - 3 i ! : | state. | 212 5,1 530 n Jrack
- : i : | : : _ gri/cm” | ga/ca f Fcraotion.
- jcasZor oil | B155/1 50,5 | 3.8 13 PL0O/1 0.3 - 5 10| 26
. o 0 p. i _ : Ty
" > 2 ; |
. . ' : i i
> Heavy blown | E . - i j } | i
| castor oil, . B1S4L/4 | 00 1 59.2 | 13 . P399/1 0.3 - P9 2% | 42
i Bxhrs. heavy I ’ ‘ H ; ' » 13 : P}99/6 005 - 0.13 - & :
; blown castor | 31514-/2 i 13,400 322 13 ' P399/3 | 5 0.5 12 8 6o
' oil. 3 | o i13 1 P399/ 10 B T H 4w 68
; : : i 13 ' P399/5 , 30 L - | 25 €3
f : P i 125 - Puos/A 5 2 22 % 70
: : = — e e 1 ! .
| Gelled B153/1. , : ; : ~ 5 :
castceur 0il i 53 . 20 x y 20 = i 13 B39 ; 0.3 - L 53
5 ; . - 13 P38l 03 ¢ - 9 13 50

¥ values only approx:r 0il markedly thixotropic.




* Coupositions conteining oxidiscd Castor 0il Binders.

BINDER.: , PLASTIC COwPOSITION.
Description.” Serial | Viscosity : Viscosity | i Serial @ Wt. of | Hrs.to % Compraseion (oR%%) :
- . and © 68 F. ' 135 F i G ' & Batch! charge | attain : e '
! . Batch No. ! poises | poises ' binder: No. ; (1b.) | plastic i At i At : For
9 | - ; S | state. : 212 51 530 i Orack |
- E ‘ o i : i L gn/om” | ga/en . Fermtion. |
| Blown , 3 :
. castor oil | B155/1 50.5 | 3.8 13 . PLOO/1 0.3 - 5 1 26 f
) t 60 p. | ' : ! i |
jr : - n i
| (castor oil, . Bi5kM | 400 I 59.2 1 13 P399/1 | 0.3 - i9 123l w2 ;
j 0P | .' : - 131 P399/2 | 0.3 - 5 15 48 |
. B ! . | ! i
l : = 1 e !
§ Extra heavy l » ’ ', 13 ' P399/6 0.3. 0.13 Lo ‘1
Dlown caster | BASK/2 | A%400°0 ;. 322 | 13 .- PBWYS | 5 0.5 |12 | 3% . 62 |
R . i . L o130 P399/ 10 3 L. 4o 68 g
5 | 3 ! 13 ' P399/5 , 30 y o= 25 €3 .
. . i ' : 12.5 |- PWO6/1 5 2 22 39 70
Gelled @ BI53/1 | 28,500 %y 20k | 13 | P38A 03 i - 10 | - 53
peastar oil 1 © : |13 L PI9B/2 1 0.3 0 - o9 | i BD
¥ velues only approx: oil markedly thixotropic.




Weight of charge
Peripheral speed

Canposition P.399/3 - 13% blown ces
- 5 1b,

. TABIE XTV

of fost blade - 35.4 ft./min.

tor oil, B.154,/2

Plastic nilling of composition containing blown castor oil binder.

o o o e e e 0 o 2 200 P B e O e e P D 8 O S S G D S G O B ot e e St O S 0 P O e

Roo.a temperature 70°F. ‘
l % Caupression (68°F)
Tire of | Tempe of |
Incorporetion. ; charge At 530 gm/cm"’2 i For crack
w. LOF) : f fomation.
2 win. | 106 25 o 50
1 hr. : 120 58 7 , 1 62
1¢5 b 129 39 oo 57
2 | 136 35 { 68 ;
2.5 | 137 31 ! 66 -
3 L 140 ‘ 26 g 65
e 5 459 L 15 | 67
| l |
i i |
TABIE XV
Plastic caup oéit ion cbntaining ‘cazbustible resin
Comnositions | Ammoniis »picr;até‘_ L;2-5’;‘%§ ) ' :
‘ Sodium nitrate | 42.45,95 )  P.385.
- Cambustible resin 15% ) S
Cherge: 5 1b. ’ . i
Tiziz of incorporation: & hrs. :
Peripherel speed of blade 20,6 ft./min, .
boximun tenperature attained: ‘lj'}oF°
Conpression (68°F) at 500 gm/cn® 2¢1% P
' (Co foP295 = '305(3
" o for crack formation 4866
, iCharge | Choke 1 Pressure | Thru Sti Rete of Perf.
| Churge Shape Wt. diam. | lb./invz : 1b. burning | Index
o | ; 1'
. 6 x 2,14 inch | 400 0,400 | 800 i 65 .| 2.0 134
| cone & cylindgr t £ P :
| ares 18,5 in, 1400 04350 | 14,50 I 80 | 1.65 135"
1 i i ) .
} ' | I !
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‘CHARGE DESIGNS
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‘

o N o et

i sl

A At NN e v

HELL RING -

OBTURATOR:;‘
INERT PLASTIC

TYPE "B CHARGE
FIC. 1.
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ESSURE-TIME & THRUST TIME CURVES FOR 2

"FILLED PLASTIC PROPELLANT . = 5L m
 CHARGE  (CONE- & CYLINDER, 32-7+24 INCH, ENE
- CHARGE: . HOLE OPEN TO ENDOF ROUND,WITH ., = =0 -
: - %-INCH GAP& PROTECTED END SURFACE, TYPE'A, =~
. SURFACE 66a” . . o
o COMPOSITION "P295/29 Pl Pialh, g
WEIGHT 15006 = e ' "o '
TEMPERATURE = AIR(CONTROL.) -
NOZZLE cHoke o-#38° .
15001
AP 1006
PRESSURE ' .
500. % : :
THRU-ST‘
o 1 2
SECONDS '




PRESSURE-TIME & THRUST-TIME CURVES FOR 2-INCH ROCKET
’ © . FILLED PLASTIC PROPELLANT

CHARGE = (CONERCYLINDER, R27= 214 INGHES; HOLE
: - SHAPE { OPEN TO ENP OF ROUND, WITH % INCH
 {GAP AND PROTECTED END SURFACE.TYPE "A"
'SURFACE 66p~ : ' |
COMPOSITION P295/29
WEIGHT 1500¢ca. - R
TEMPERATURE 130°F . .

NOZZLE CHOKE 0-436"

| A_Pl‘ozo

R

SECONDS
FIC.3.




_PLASTIC PROPELLANT

[CONE & CYLINDER, 327214 INCHES, -
HOLE OPEN TO END OF ROUND, WITH ‘
LA-INCH GAP AND PROTECTED END.SBURFACE. .

. SURFACE éeat . .. T . e et b
- COMPOSITION - P295/38 - ' .. - __

A WEIGHT. 1500¢e. AT '
I - TEMPERATURE -20°F, R

.NO'ZZL;{-I_ CHOKE O0-438° ,  , v, Al

~ ¢ - L

.

PRESSURE

seconpd |

: B S '
SECONDS -




PRESSURE ~TIME CURVES FOR X' R.OCKET
“FILLED PLASTIC PROPELLANT

: = E: y Teke - {CONE & CYL\NDER 227 %214 INCH;
. - - - SHAPE { HOLE OPEN TO END OF ROUND,WITH
: g Ja-INCH GAP & PROTECTED END SURF’ACE TYPE "A

SURFACE 66@"
COMPOSITION P295/29

WEIGHT  1500¢m. - 1%
TEMPERATURE AP99§: H-O"F 1o+¢r AlR

NOZZ LE CHOKE 0 438"
PRESSURES RECORDED AT HERD & CHOKE END OF ROUND

AP 995 ar 140°F.

SECONDS

FIG.9.
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COMPOSITIO

TEMP. RISE OF

P399/3

CONTAINING

£ AMM, PICRATE
SO0D. NITRATE
HEAVY BLOWN CASTOR

435

43-5
13

x

TEMP. RISE (°F)
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