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TORKING PARTY ON THI SUPPLY OF PROFELLANTS

Ninth Meeting of the Working Party held in Room S54,
Shell Mex House on the 29th October, 1954, at 2,30.p.m.

Present: Mr. F.G. Willson, A.D.M.X.R.D.(X). (Chairman).
HI'- F-ct E‘U‘&I‘Ett, E‘Bﬂrﬂtm' E-DiP-cl
Mr. A.W. Leonard, X.C.P.A,
Mr. J.L. Litton, A.D.E.
DI'- K.D- Erringtﬂn, A-anGtwlP-
Wrs. I. Peers, G.W.P.
Dr. W.G. Villiams, E.R.D.E.
Mr. A. Brewin, E.R.D.E.
Mr. P.R. Freeman. E.R.D.E. (Secretary)

33. Chairman's Opening Remarks.

The Chairman opened the meeting by saying that it had been called to
discuss the draft of the Second Report of the Working Party, which had been
circulated to memebrs. This draft had been written almost entirely by the
Chairman but, of course, it could not be published until the approval of the
Working Party was obtained.

Before dealing with the report in detail, the minutes of the Lighth
Meeting were taken.

34. lidnutes of the Eighth lleeting and Matters Arising.

The Minutes of thc Lighth Meeting were accepted.

Action 17. This action, on }Mr., A.W, Leonard, had not been carried out
owing to uncertainty over wartime requirements.

Action 18. Dr. Errington said that tables of propellant requirements
of the G.W. Directorate had been forwarded to the Chairman but one or two
alterations were now required. He also pointed out two mistakes in the
modified tebles used in thc draft report; these were rectified. Dr. Erringtor
emphasised the secret nature of the data he had supplied and stressed that it
was particularly important to cnsure that the figures did not become known to
G«¥l. contractors, whetner or not their security clearance was sufficient.

Actions 28 and 29 had been carried out by A.D./G.W.P. and the Secretary
respectively.

55. Draft of Second Report of the Working Party.

Mr, Leonard queried thc war-time requirement figures given in Table 3,
He seid that X.C.P. had been unable to obtain any war-time figures at all,

The Chairman replied that a number of authorities had given war-time
reguirement figures and that where these had not been obtained intelligent

guesses had been made.

Mr. Leonard also queried the figure of 250,000 rounds given as the
/anmial
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annual requirement for the 3-inch Air to CGround Rocket. The la igure

obtained by X.C.P. was for only 70,000 rounds.

TLeonard's figure was an Air Force

’ - . t Mr.
During discussion it transpired tha ment for about 120,000

requirement only; the Navy had also stated a require
Tounds per annum.

Mr. Litton pointed out that the propellant for Fha 3-inch RGEEB: i:lfU/3;
The F.4B8 type propellant will be used for the 3.75-inch rocket whic
replace the 3-inch wespon, probably in 1959.

It was agreed that a footnote should be added to Table III inﬂiaatigg
that the 3-inch rocket would be superseded, about 1959, by a larger version
requiring about 50 per cent. more propellant.

Mr., Litton alsc pointed out that the plastic propellant which may be
required for the 2-inch Air-to-Air Rocket is RD.2317, not RD.2304.

The Cheirman said that there were doubts as to whether the 2-inch Air-to-
Air Rocket would be required at all and, in any case, the figure of 1,200,000
rounds per annum given by A.D.E. appearcd too large. A reccent statement by
S.Dsarm.P. indicated a probable supply of 500,000 rounds per annum. After
some discussion it was agreed that S.D.arm.P's figure should be given in the
Teble with a footnote indicating the source and neture of the information.
Purthermore, it was decided to use a figurs of 20,000 for the 1955/56 estimated
rcquirement, this being considered a reasonable estimate by Mr. Litton.

Dr, crrington then dealt with the figures he had supplied for G.W. require-
ments and made a number of alterations. He also pointed out that plastic
propellant was a potential competitor for use in the Bullpup, Gosling and
Mayfly motors, and he suspected that any of the non-G.W. requirements, at
present boing met with extruded colloidal propellant, could equally well be met
with plastic propellant.

Mr. Brewin commented on the hopelessness of trying to formulate propellant
requirements for several years ahead in view of the fact that not only the
quantity of propellant required, but also the formulation and nature of the
propellant, was subkect to change at any time. He sugpested that a statement
should be included in the report pointing out the desirability for the Services
to freeze their demands wherever possible,

Mr, Everett said that this point could best be dealt with by D.M.X.R.D
whon he presented the report to the E.D.P.C, ik

The text of the report was then dealt with.
Modifications were made to emphasise the problematical

2-inch Air-to-Air Rocket and the possible potentiasl
and plastic propellant ingredients.

nature of thes
damand for plastic Propellant

Mr., Leonard pointed out that the paragraph recommending rehabj
the Minsterly ammonium perchlorate factory was not now “E:Eaaary,lliéﬁginn of
factory has already been rchabilitated and will operate directly the 4 8
ammonium perchlorate justifies it, emand for
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the estimated requirements for Rocket Propellants during the peried 135151y3;i
the report here presented desls gimilarly with the period 1956-1960., The
estimated reguirements, as detailed by the various Services and Development
Authorities, are tabulated, and the relstion of these to suprly possibilities

(as far as these can be ascertained) is discussed. Comment is made on the
degree of realism in current Propellant Development Policy, =and on the advisabil-
ity of continuing the examination of a number of propellants of which the
development in U,X, is at an early stage,

Working Party: Second Report

Presented by D.M.X,R.D.

king Party's First Report (E.D.P.C. 279, November 1951) dealt with

ESTIMATED PROPELLANT REQUIREENTS

The following broad conclusions can be drawn from the data presented in
Tables 1 - IV. /

Tables I snd II, based on data supplied by D,GaW.R.D., list the Guided
Rocket Weapons under development, with details of the motors they use, and
state the numbers of motors estimsted to be recuired during each of the years
1955 to 1960, and the differing propellant reguirements associsted with ceptain
alternztives, as indicated in Aprendix I, Table I1I summarises the demands
for moters for both unguided and puided rockets; Table IV summarises the
requirements for the various types of propellant; and Table V gives the
quantities of besic chemicals needed for the propellants under the altermative
assumptions of cordite and plastic propellant for the Z-inch air-to-air
(unguided) rocket,

The requirement for the 2-inch air-to-air rocket has been the subject
of widely-differing estimates; at one time it appeared thst the associated
propellant-requirenent would dominate the propellant-supply position., Whilst
the estimates tabled in this report are believed to be realistic, it is
understood that the reguirement for the weapon itself is now under review.
It is clearly desirable for this uncertainty to be resolved without delay,
as the propellant sllocation, even on the conservative estimate now presented,
is a major cne,

Tables 111 to V include an estimate of propellant requirements for the
first year of war., Such an estimaie is necessarily most arbitrary, as the
iirection of increase under war conditions must depend on the stage of ;
development of the various weapons at the date concerned. A supervening l
emergency in 1555 would, for example, call for a markedly different pattemn -
of production from that to be expected in 1560, when presumably the guided
rocket will be a much more highly developed instrument of war, i

Extruded SBolventless Cordite and C.L,B.

(i) Until 1960 at least, more propellant will be required for

(8) unpuided than for (b) puided rockets., Of (a) the
consuners are (i) the 3-inch air-to-ground, and (ii) the Z=-inch A
air-to-air rockets; (i) is to use extruded cordite, but for |
(ii) a selection between cordite and plastic propellant has yet
to be made, The ultimate choice is important in the pwuli&{Ft
connection becauge, if cordite, the total demand for extruded




iﬁ:u in war will approximate to the Bishopton maximal _:«'_....ui\a. :

(ii) For cuided rockets, envisared demands for extruded unrﬂiﬁ!-iﬂwﬁﬁif
those for C.D,B. in the ratio of about 3ork : 1. The present
CeDuB. capacity at Summerfield (500 tons/annum on a one-shift
basis) approximates to the postulated 1960 demand (520 tons). :
It is uncertain whether this recuirement will grow, or how far ]
Sumrerfield's output can be increased with the present
equipment, Supplies of "casting liquid" (nitroslycerine ex
R.O.Fs,, plus triacetin from industry) should be adequate, but,
as stressed in the first Report, additional cepacity would be
required in war for making "casting powder", which is essentially .
a variant of the "Bese-grain" used in making sincle-base (mitro-
cellulose) Small Arm propellants,

Some attention has been paid to the possibility of using Ball Powder for
CeDuB., but it is not as generally satisfactory as extruded material and its
manufacture is difficult when platonising arents must be included,

In considering manufacturing capacity for extruded rocket cordite, account
must be taken of the prain-diameters required as well as of tonnages, The
nominal output capacity of R.0.F, Bishopton for solventless cordite (15,000
tons/annum) is based on requirements for grains ranging in diameter downwards |
from 5 inches, the largest recuired during World War II, Charge-diameters
up to 95 inches are now in demsnd (e.-. Mayfly, Gosling and Falcon) whilst the ty.
extrusion technigue is a potential competitor for the larrer diameters (up to
16 inches) now being made by casting, i.,e. C,I.B, 'To that end Bishopton's
equipment of 15-inch (four) and 103-inch (sixty) presses is being added to by
& 22z-inch press, due at end 1955, With these presses, and pre the
continued successful development of the "long die parallel", D,0.F, (X) reports
that Bishopton can meet all reguirements for extruded rocket cordite stated
in this report, with “he possible exception of the uncertain war-time demand
for the Z-inch unguided rocket, as indicated above,

Admiralty Interest

In this connection the contribution made by R.N.P,F. to the development of
large-diameter extrusion technigues is important, It arises on the one hand
from expertise in proceasing solventless cordite and the availability of
large presses, and on tne other from the envisaged use of guided rockets
at sea, A material addition by R.N.P.¥, (at which also a 2Zz-inch press is
to be installed) to the Bishopton capacity for larpe extrusions would
vresumably be forthcoming if recuired.

"Harmonisation"

Becuase of the effect of wvaristiions in processing details on rates of
burning of cordites, it may be necessary for the propellant for a given motor
always'ta be made at one factory; this undesirable limitstion may disappear
as menufacturing experience is gained,

Solvent Cordite

The "N7" propellant, an American type of fast-burning solvent cordite
containing potassium perchlorate, is used for the anti-tank rockets (H.E.4.T,).
The "war reguirement has been stated as only 180 tons/annum initially, which
would represent an almost neglipible proportion of the Bishopton/Garnock
capecity, i.e. 35,000 tons/anmum of the solvent cordites of classical or

plcrite types.
Cordite Ancillaries

Ancillary equipments, such as en:ine-starters and pressurising ﬂatiqggi
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mostly use extruded cordite. The quantities required are more ths
amounting to 1,000 tons/annum in peace, 2,000 in war. About one-
consists of 1.C.1's Mechanite, The Bishopton and I,C.I, capacities
varients, respectively, appear adequste, There is a trend towards 13

engine starters usi i rl nitrate. wit : - ;;rﬂ_%-- :
e e ng 1lsopropy. ate, with which no supply difficulty

PLASTIC PROPELIANT

The marked success of "Smoky Joe", the seventeen-inch plastic propellant
sustainer motor, in recent trials, both static and flight, has intensified the
interest in plastic propellant, with its advantages of, inter aliay high
loading density with wide temperature ranre. Adcitional larce demands for
plastic propellant may therefore arise, for both guided and unguided weapons.
This, =nd the possible use of plastic propellant in the 2-inch air-to-air
rocket, focus attention on the need for (a) ensuring adequate supplies of the
essential ingredients, ammonium perchlorate and polyisobutene, and
(b) providing processing ecuipment on a suitaile scele, Thus the Z-inch
rocket alone would require, on the estimates herein presented, a processing
capacity of 1,000 tons/amnum in peace, 5,000 in war (as a-ainst the nominal
100 tons/annum, sincle-shift basis, currently planned), calling f@r 600 and 3,000
tons, respectively, of ammonium perchlorate, The P,I.B. requirement (about
12 per cent. of the propellant by weight) is relatively small, and stoeckpiling
could be considered, st least as an interim measure,

PIFSSED CHARGES

Pressed charges, which are being developed by 1.C,1.,, Ardeer, are so far f
required for development purposes only, for which not more than 200 tons/annum
are estimated up to 1960, the "war" figure being indefinite, Such an output
is small compared with the capacity (3,000 tons/annum) of the one large
1,500=-ton press so far installed at Ardeer, but at full output additional
ancillsry eguipment would be required, Current presced charpes employ the
scarce and expensive guanidine nitrste as fuel for the readily available and
cheap ammonium nitrate. If an inexpensive satisfactory carbonaceocus fuel
can be found or devised, pressed charges are likely to become the cheapest
form of solid propellant, especially suitable, perhaps, for A.7.0. motors,
Anthracite shows some promise of providing a sclution to this fuel problem,

¥INOR INCHEDIENTS

Critical production difficulties are not anticipated in connection with
any of the minor in redients of these propellants, e.p, nitro-diphenylamine,
lead (platonising) compounds, rate-of-burning catalysts, and ester (mainly
phthalate) plasticisers. The ultimate identity of the inhibiting coating
material for colloidal propellant charges is less clear. Ethyl cellulose is
superior to celluleose acetate but is not in production in U.K. Current
research is directed to cbtaining a type of cellulose mecetste less prone to
abstract nitroglycerine from the propellant grain, with consequent spoiling
of end-of-burning performance, but in the last resort commercial cellulose
acetate could be accepted for short- "shelf-life.

LIQUID PROPELLANTS

Remarks on liguid propellants are of marginal interest in this report,
by reason of the trend towards solid sustainer charges for all rockets currently
under development.

Nitric acid (Sea Slug) is in ample supply, s would also be hydrogen
peroxide (H.T,P.) for that use alone. Ultimately a solid sustainer for Sea
Slug is envisaged,

Assuming the rocket-driven interceptor aircraft to fall within this
purview, H,T.F, and liguid oxygen must receive consideration from the supply
aspect, that of the petroleum (kerosine) fuel being taken for granted.




IROBARLE RECUTRIU TS POR GUIDED WRAPQH
TAALE 1

(a) Mo, of motors
Quantities mquir&d pu:r A, . | :
Propellant Type Prineipal fentiures of = 1 - E=riiie i {R}“T?&buqut Do {shor tm} —_——
Application and Charge Weight motor body o
e n o) R S | 195k=05 § 1905°55 | | Ma5Gebp | 495758 1956-08
Blue Sky Petruded Cordite Yodified version of &00) 700 £00 600 =
e ae b, ] MR AJCH"No, 5 19 L L (i SRR =
' Extruded Cordite Light Alloy tube 800 800 500 560 B0O0
140 1n. 999 x T Lk b, 7 27 29
eet Extruded Codite Stoel tubo 710 b35 7haQ 1100 2900
hham.m 260 1hb Mt x 9 o2 B2 g6 143 273
| Red Duster e N SRS O - R L B
Extruded Cordite Steol tube 200 200 LG 705 15E1D
330 1. £18Y x 10" 53 33 66 116 26,
| Bxtruded cavaite Stocl mbe 53" x 100 225 75 90 230 300
150 1b. with reinf'arcod plastic 17 & i 17 23
Pl _
Gﬂﬂt Deubile Basc Btocl t:ubL 200 G’.f; 700 1306 2500
350 1b. 1GEY % 129 35 100 122 227 L33
— — —— e o ST i b
| Extruded Cordite Steel tube 38,5" x 7.5 300 200 1200 2100
60 1b, with reinfarccd plastie 9 & k14 53
‘m:_'l pipe
¥, LA Ylastic L:Lght alldy tube 1000 1000 1000 B0
. Propellant 43 1b, iy BBt 5 R I L R
Cost Doublc Baze Steel tube 92 x 16" 100 150 100 125
-'ﬂ;;.ﬂ-.l‘h. with reinforced plastic 32 LB 32 LB
tail pipe l
8 i OB R NS - SRS ¥l
Emm Charge Btecl tube 66" x 27" with| 150 160 175 325
560 1b. reinforecd plostic tail iy L7 51 a5
e [ .
£ Steal tubo 56" x 17" with | 60 20 I 3
el e o x Fm ] i y
Extruded Cerdite 2611 3530
182 242
Cast Double Baze 760 806
e 15 154




Propellant Type Principal features of
or Applieation and Charge Weight motor body
Stork Blue Sky Extruded Co:xdite Hodified wersion of
(Boost Ay T 2 ______M_._-'e:_f"a/cf;" No. 5
Demon Test Extruded Cordite Light Allcy tube
[Boost} Vehicles 140 1b. 99" x &
Mayfly Taat Extruded Cordite Stcel tube i
(Roost) Vehicles 260 1b, 114" =58 :
Red Dueter
Gosling Sen Slug Extruded Cordite Stecl tube 2
(Boost) Blue Slug 330 1b. 118" x 10" |
Falcon Red Dean Extruded Cordite gtecl whe 53" x 10 2
(Boost) 50 1k, with reinforced plastic
pipC
Bull pub Red Shocs Cast Double Basc Stecl tube 2
(Boost) 350 ].b. 102" x 42"
Magpie Rluc Jay Ibct:micu Cardite Steel tube 38.5" x 7.5" 32
(Emst) 60 1b, with reinforced plastic
q-*-_?_ vlpc-
5" LAP Tost [. LB, Fiastic L_ﬁht alloy tubc Al
(Boost) Vehiclcs ropellant 43 3%, 8% x50
L, ool AR =t T L e e S, T e
Foxhound Sen Slug Cask DDLlll Bage E Steel tube 92" X 16" :
(Susta iner) | Blue Slug 640 1k with reinforced plastic
ail pipe
—— __...____-.-.———_.—-—_—_—-—-—- __.__.______..___—_,_____.____,_ e R e W . 1..-_..__.._._-_-'|_____,.._———l-'la-| fnipar—4
Ell-hound Red Shoes Preesed Charge atecl tube 66" x 27" with
( Sus kainer) 550 1b, reinforced plastic tail
et Ters - _______,_-_-.—-._____.___-_-_.-- e e e e _P};Pf: - b e i e < el
Smoky Joe Red Shoes ¥, LB, Plastic Stcel tube 66" x 17" with
( Sustainer l Propellant 750 1b, reinforced plastic tail
; Dl =
Extruded Corditc 2
TOTALS: Ca=t Double Base
2, I.B. Plastic Propt. !
Orgsscd Charge
o R . s e s " T

P

e, e R
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A , TABLE 111

jers (U IDED DTG0 TDIL )

WEAECH AND JOTOR DETAILE AND ESTIMATED HUMER ICAL RECUTIMTES 1355=19050
EAECH. AND OTOH DEZA LG, M s =

Waimil t, 0l ko, af’

Eetimated meiber requined in

Motors y -,
Woapnon Pircprllant i o e arry i ¥ det q.teg =
1 Boogt Sugtain 2 o L Lt I I_I.EI—_I E 1325 LR 19‘:'#' 1?5*f5-"| 1959,/1960 Firet yoar
Aoost Sus j f1m.Y “':'; of war

a1 TR 1 i ————

Thrgpa et
g = Xy 0 R0, 000 500,006 B0 000 2Ny Al T
A AN 500G, 000 2, 500, 000

i (1) 2=inch Atv-to-pdco = stle (E e
1 T i BB
Tl
: :I o : i, i . G, 25 Foy. O ol SO Ong 750 a0 250,000 EJDQ.U"{'I
21 I=inch=-Air=to- -
Ground
7 - 360, X 300, 00 y, B0 300,000 360, oag {000, 000

% G=dnoh E R AT, LAl al ey
i 22,008 1450, 650 600,060 1,400, 600

W = BED " ':I':.- b:ﬂj ﬁm

(3} & 5=inch M B4, T
5650

Red Angol

Guidod ; i . s 2.3 Lot L o0 | -

Ble Sky Stork - Aaraite

e Blug Eoel 1_'['-[:'.

A L0 oo M £ag 1,200

Ly 45 150 100 135 350 L0O0

1] Ll i Poochraid e B

) Bardiia- FLOE type S50 12:8 £55 300 1,500 2,100 2,500

Red Dustor Way Ly
(and T.7's)

Red Desn Faléon -
Rod Shovs BTl pat g 5B i 35 L0 T00 1,300 2500 2,500

g 150 175 325 Gac 5ed

[ H, Flastio 7510 i 28 = 4 ]

" " Smoloy B Il

o D

i

Hogppin
" Plue Jay Hogoie - Condite FLBE Eype 57 3.1 200 1,200

100 2,000
T,V Dinmem Confite HL T ol 500 500 0 300. am
500 500 500

T.¥'s Gednch L, A.F P LB Plastic 1,000 1,000

(1) DBused on figuros quoted by & DoAmn b, for C.l'e Teviow, Betober 195,: Servier recuirerent mechlomtical,
{2} sny be suparssded nboot 195y by o larger version Ceguiving sbiout 50 per cont more propellent and using Cordite of FLAE Eype.

_E'] Resarve dogign - muy replace 3.5 inch weraion
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