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SEORET

INTROD UCT ION

In the autum of 1951 a formal procedure for progressing (and, in & limited
ense, plaming) research and development was adopted throughout this Establishments
essential feature of the procedure is the recording in a ledger of every accepted

task under thL appropriate ‘[‘:.cw.ni cal .;thd&,ct' and its breakdown (as con\rﬂmunt)
to 'Projeect', 'Sub-P roject', and 'Sub=project sub-title', the latter category
omprising .’il‘.‘.ll'—ccrlltﬂin:'.:-:] i1tems of research or development on a Scction Head's
YOETRMIIC .

A corollary is that the Rescarch rrogramme should follow the same linea ard
ub-divisions: whenece the :Eu'..g-'r_-.i tomat. However, as in previous coditions,
152/63 progremme covers the ficld of work

ch of the four main scctions of* 1€
1 onc ouperintendent under the separntc headings '-1"1':.-.-.,5 Projccts, Undatcd
]

rojcets, Post-Design Services, (i.c. t.milr;{_. shooting'), Basic and Applicd
gsearch and Development, d Dosign ard uc:.:lr._-_:::.-..ut of Testing or Labomtorxy
quipment. From the last two hendings is excluded work of the kinds irdieated but
ssocinted with the first threc. The code numbers of the Projects, Sub-projects,

Cs»; 8« Es13A3, are nlso derived from the Estnblishment!s progressing schomoe
Ltcms relative to o given Frojeet with which more than one Superintendent is

erned onrry relatod code IS
tives nnd Prioritics.

Yrimarily, E.R.D.Es i3 concerned with basic research and development of
osives, and 'rl’r_'r. the working out ol processing and monufacturing methods;

with 'wenpon' rescorch or large scale productions All the itoms tabulated an

Resenrch Frogmmme refoer to work which will be undertaken during the yonxr b

pril 1352 to March 1953. Innctive itoms are not ineluded. k
ully seventy per cent of the work ot E.R.D.E. is of the linastaat

strictly speaking, undatable, but wherever possible priority mw
ro jeet lists issucd by M.0.5. or the Servicc Ministrics aro givens
the extrune right of coch pnges An csterisk () in the pﬁnﬁ.ﬁy
IE. 'h.';.E.* indigntes that partic n,.lﬂ.r nttention is being nmordaﬂ
though (as is oftcn the cnsc with 'rosenrch!) it camot Gnambs
c.u.._ isively, be ticd to o regquircment of the Services or of thu

Stoffing.

No sotisfrctory mcthod hns bcon devised whorcby the storfes
bc indicntced on our Reseorch Progmmme, The position is olwivs
to rcprescent it ean be excvecdingly misleading, especiall

individunl items inconsidernble portions of a porson’
£s possible, thorcfore, resdcrs must infer the 'sth
mrrkings nnd from the fnet, cmphasisecd nbowve, ‘hl‘!ﬂt
fore importnnt ones - nre guoted. Some thirty'or:
of the Estnblishment is in support of the Guiﬁgﬁl’__

The strength deployed on this Resonrch Progrmmme :ttu
Chief Supcrintendent and six S.P.5.0s., wra spproximot _
90 Expcrimcntnl Officers, 4 Enginccrs and 50 Scientifie . :

anticipnted thet the numbers will altor sipnificantly during the cmm#

Home Office Scetion.

On Mrrch 1st 1952 responsibility for the supervision of m:‘
C.5.A.R.; conscquently there are no ¢ntrics relsting thereto.
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ints Research, I. i{}ant-l

SUB-FROJECT SUB-TITLE

SUBJECT. PROJECT. SUB~-PROJECT. PRIORITY
: ‘ '
jame Noa Name low Name No. Name No. ﬁSerﬁ.ce E.RD.E.
JKET, E.13|| Plastic Propellants| E13B || Manufacturing E13B3 || Load on processing machinery E13B3C
LM l(cont) (cont.) techniques (cont.) with P.1.B. compositions. il
ssearch & = Storage tempcrature E13B4 ||Climatic trials and temperature |E13844 ! *
ent (Conte effects. cyeling of filled motors.
; Effeet of temperaturc on adhesion|E1384C
' o o » " cohesion|E13B4D l
| v e " " fatigue |E13B4E |
Effect of high tomperaturc on E13B4F L
salt recrystallisation and on {
polymer dcgradation.
, :ﬁ,ﬁlgnition and burning E13B7 || Effect of particle size and size|E13BT74
| “ distribution on rete of burning.
| . Ballistie studies of P.I.B. E137C
1 | compositions.
E138 ||Control of grist of ingredients |E13B8D
E13B9 ||Methods required by C.C.I. and |E1359A

D.0.#.(X) for process control.

Deperdence of mechanical

yoperties on ingredients
;E.M-R. being negotiated).

(37 :[Eas‘t-buzning canpogitions of

| improved characteristics in

| substitution for F478/148K.




SUB '_J.:E'.D q._ _I.]'T -

SUB~PROJECT SUB-TITLE

FPRTORITY

T
SUBJECT . PROJECT. i
Name Noe | Name Nos Name lo. 1‘ Name Noe. ||Service | E.R.D.E.
. i ; | ]
KET, E.13 Iﬂﬂrﬂitas (cont.) E13C || Stability and climatic |B13C7 [ Charges inhivited vwith FQ E13C7E
|, SURARTIE |(cont)| | trials (cont.) (including "Swallow)e Lf
M { - -
. | Charges for 2-inch, 3-inch, and |E13C7F
e | 5-inch rockets (current and new "
ment (conta) | i compo sit ions. )
(g , Tngine-starter cartridge: Avon [E13C7G

single Mk.I. (Rolls Royce)s
E.Ss cartridge: Ghost (Rotax)
Turbo-starter cartridge: FPython
(BT.H.)

E13CYH
TB13C7J

| Compa tibility with

imaterials

Araldite setting cenentse.
Compatibility with rocket
cordites of R.D. cements and

il 1utings containing substitute
ingredients.

Rubbers.

I Potassium perchlorate with
metal se

Miscellancous materials.

E1308

E130C84A
E13CEQ

E13CED
T13C8E

E13C8F

Effecct of thermal history on
mechanical propertics.

E13C114 |

British equivalents for U.S.
formulations.

Platonised compositions to
cover a wide range of buming
ratcse.

E13Da&L

F13D2B |




nts Research, I. (cont.)

SIB-PROJCT SIB-TITLE

|
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me,} Propellants (cont)

E13D [lAnalytical mcthods.
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l
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|
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5| E15F ||Chargos
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1.C.1., cxpulsion charges for
L.F. rockcts (E.M.K.)

1.C.T.;largec prosscd
for rockcet motors (Z.1LR.
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B13F3 4 I.C.1. charges (including
for cngine sta rtcrs}

Monsanto, (B.!

[ 1)

chargcs




ants Research, L. (Conte )
' -
_SIBJK!T PROJECT. SUE -rROJECT. ‘ SUB-FROJECT SIB-TITLE f PRIORITY
5 . - . = o=
Name I*Io-ir lame No. Name NO- hame No. |[|Service | B.R.L.E.
E & S.d. E.15 ||Charges for New £15A {[lew automatic rifle. E1542|| Propellant loads for 7 mme E15A24 1
Em Equimtﬂ' EmﬂrlLtlm (El- -R } I-G-Il
“Work for 4“,
'8
NATO Charges £150 || French propellants. E15C1]| Ad hoc problemse £15C1A h
Dutch propellants. EseC2ll * ¢ . R15C2A
CE & S.h. E.16 ||Cordites. E16B Climatiu and climatic- |B1681}| Compositions based on sulphite |E1681A
LuINTS: fballistic trials. pulps.
T
M.
!!-- facturing methods E17A5 || Manu facture of small ballistac E17A3A
| for ordnance propellants | sizes
|iBallistic be oure MB“% Trfect of processing factorse E17 .
Flash and smoke. 8| Improved non-hlinding E17ASB
propellants for Naval guns.
1740 ﬁperf‘ ectly-sealed S.L. E17.94 .
cartridges.
Compositions containing E17A9R !
substitutes for nitroglycerinee. |
Picrite propellants containing E17ASC S b
oxamide, IBP or DEGN. g B
Compositions containing mech— E17ASD
‘anically-nitrated celluloses
E17ASE

Compositions containing pulp=-
boiled NC.




FRIORITY

= SUB-PROJECT. SUB=FPROJECT SUB-TITLE
SUBJECT - PROJECT.
;me Name o lame Noe. Name No Service | B«R.D.E.
- _ F2o1A || Compatibility of HeEe Eo1Al ||Araldite setting cements. E2141A
E’_IIE_IE_?_-. B § Gaoeral with materials. Bostick cements. E21A1B
ﬁmt R.D. cements and lutings con- E2141C
felopment- taining substitute ingredients.
Rubbers. E2141D
Plastice: polystyrene and E21A1F
fromoplast.
E21A1G

MiscellaneousSs.

' |
E21C ﬂﬂﬁta.lllsatlon aof T.N.T.
lin poured fillings.

E21C1 [[Bxamination of crystal growth

k‘, "White Compound™.
|
|

E21C02 [|Crystal structure.

E21C2A

Crystallographic examination of
R.D.X. (B) for presence of
H.NI-}T.- poly‘morph....

E21D2

E21D2B




anits Hﬂﬂearﬂh I. (Cont,
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SUE-FROJECT SIB-TITLE

S e I SUBJECT. ﬁL SUB—-PROJECT. i | PRIORITY
. : - —1 = : I
lame i No. il Hame Noe Name No. || Name | No. Service | E.R.D.E.
& i T s
S AID IE.EEi ! Assessment of E264 “Car‘tﬂdgsa. E264A1 Ebbrr"_ﬁat talion 4/T gun EEEEA:[&
0N SEALTNG leterials and (_1213' mm. RCL). i i
"BCTION : Waterproofing for W.F. 20-pr. A.P.D.S. E26A1R
otk for l# Ammunition. Suitability of protective E26A41C
N treatment for cases of 3"/70 cal
] amunitione.
:j
i B . :
LS AND  {E.28 }| smmunitions | E28A }:- mine No. 6 lk. I. E2841 [|Treatment of cap shell. FE28414A
I0N SELLING : | Climatic trials of firings. E2841B
TECTION: I
sign Work .Pm:icimit;f fuzes. E2842 “I’J.Eii; Waterproofing. E2sA2a
vices | V.T. ard C.V.T: Waterproofing. |E2842B
|
I E28A3 ||Waterproofing. E28A3A
|
| E28i4 Waterprnof‘ing. E2a 4L
E28A5 Watc.rprﬂof‘in.g- FoRA5A
|
E28A7 jWaterproofing. E2847A
|
E28484

E2848 : Wate rproofing.
' 1




lants Rescarch, I. (Cont.)

SUBJECT i PROJECT. | SUB~-FPROJECT. | SUB-FROJECT SIB-TITLE
Waitio No. | Name lic. Namc l oo Name
. | | |
I, RESEARCH E.45 || Propellants in E484 [|Micthods of analysis. | 48A2 || Fotassium perchlorate
ZT OPVENT General « 'i 1' | propcllants.
Hesearch and | || : |
opment | IRosis tance to Scrvice E454A3 || Thermal changcese E45A54
| lconditions. Rough usagec. L45A3B
! | N
|
I l {easuremcnt of physical |L45A4 || Elongation at breake. E4544a I
lproperties at high Resistance of charges to sudden | E454A4B |
lrates of stresse. application of procssurc.
4 L45B |lMethods of analysis. E45B1 || Guanidine nitratc. |
i i Test for prescnce of carbamite |E45B1P §
2 i in propcllant doughs for use in j
y & : R.0. Fs. !
r " - 2]
. X-Ray dctermination of ecrystal
structurce.
Investigation of causce of low
heat tcst.
Study of polymorphic changes in

lcad azidc.
Crystallographic cxamination of
mx/'TNT melts.

Effect of active groups on atg
of wetting of adhesives etc. (]

Dr. Eley, University of bLristol

E45G14 |



lants Research, Il. (Cont.)
i i TR TN o7 T I'i
o FROJECT . SUB=-FROJECT . SUB-PROJECT SUB-TITLE | PRIORITY
- < | 3 f ]
Name [ No. ] Name Noe Name Noe Name Noe. Service | E.R.D.
ROCKET , E.15 [|General (Conts) E13A || Solid propcllants. p1242 |Ballistic asscssment in test F13A24
0, SUBMARINE |(conts) motors. _
=|':’RII)E’Sé‘aIInl[*-I'TTE- l Ignition : factors determining E13A28
Rescarch am 1 ignitabil ity.
ypment (cont | | ?
| Rate of buming. E13A3 |INO/fuel and NOo/fuel combustion | E15434 I
’ PIOCESSCSe |
Combustion of solid binary 13438 '
gystems based on ammonium
!I perchlorates.
|Heat transfors B1%44 IThermml conductivity of Qiquid |E13A44 r|
CXLYECs _|
Viscosity of 1iquid _xygen. E13A4B |
Measurement of radiational heat | E13A4D ,i

transfer in motorse.
Measurement of convectional
heat transfcr in axial flow.
Spectroscopic measurement of
emission from combustion gases
in motors.

Preparation of tabulated data
for calculating heat tmansfer
in motorse

Theorctical calculation of
anissivity of combustion gases.
Development of tochniques for
moasuring heat transfor.

E13A4E

E13A4F

E13A4G




¢llants Research, Il. (Cont. )
~
~ swascr PROJECT. SUB-PROJECT . SUE_PROJECT SUB—TITLE Sy
- ! , i |
Name Noe Name | Nos Namc Hoe Name No. ||Servicc | B.RD.E
, ROCKET, E.13 |[Liquid Propellanta E15E || Hydrogen pcroxide E13E6 || The phys:i?_i:gmﬁcgl problcms E13E64
T00, SIEMARINE | (caty |[(Cont.) of concentra 1ydrogen
31 PROPELLLNTS: peroxide (EMR - Prof. W.F.K.
:r Resea and Wyrne-Jones, University of
slopment (cont Durham. ) :
Stability, E13E7 || Trials at T.T.E., Nigcria, on bulk T13E7A '
atorage under tropical
corditions.
Stability of liquid hydrazine. E13EYD
Stability of isopropyl nitrate, JEI&E'?E
alone and in mixtures with y
ethyl nitrate at 50°C. !
Teats of a vent for H.T.Ps E13E7F
containers at A.D.L.Be 1'
==} lilanufacturing processes | E13E9 || Comparison of production by kE:I.SEQA

ammonolysis of hydrazine sulphute(B13ESC

and by dehydration of hydrazine
hydrate (FMR Fisons Ltd.)
Studies of the reactions of
hydrazine and NHg radicals (R
Prof. M.G. Evans, University of |
HManchester

E13ESD |




ants Research, 1i: (Cont.)
' r = : S Do s i :
= I : SUB—-PROJBCT. SIB-PROJECT SUWB-TITLN FRIORITY
SUBJECT . il PROJECT ] “ = I} : . . = RI
T r - B : Noe Wame Hoe INEITIC HNOe CYIViIOoE e
I;m l T-Jo.i Name LY
: LRCH llE- 45|l Propellants in E454 || Combustion. L4541 || Vapour phasc h:_erlLi;rlg ané_.r s 454 1A
[ DPENT : Generals 'l:l.hc.-n':'a; :Icc:_::mpnsﬂ_:lon gi ]_.1qu1d
B toh and explosives 1_r1clud1ng nitric
epere esters (R Profs W.E. Garncr,
— Unive.sity of Bristol)s
Viscosity and thermal B45A18 [
conductivity of combustion
intcrmediates and propellant |
gascs. (Theor)s -
Study of corbustion and themal E45A1C
ignition of self-combustible | &
compounds in the vapour phasc | f

(EMR, Dr. P. Gray, University
of Cambridge)s

| E450 Lm:lg term studies.

E45C1

Molecular structure and
energetics Investigations (BuR
Prof. HeDe Springall, University
College of North Staffordshire.

Ratcs of burning of explosives
and propcllantse

nas5csh i

Mechanism of initiation amd

growth of detonation wave (EMR
r. P, Bowden, University of




Rescarch, 1I. (Cont.
= SIE IR PROJECT. | SUB-PROJECT . | SUB- PROJECT SUB-TITLE PRIORITY
= - 1 —
Nane | o, Name o Namc \Oe Iil tale No. ||Service |E.R.]
— | :
BAL FESEARCH E.45 | Sersitivences and | B45D Thermal scnsitivencss E45D7 || Development of test for E4S5D7A *

Detonability (cont)

of eéxplosives.

assessing probability of
thermal decomposition passing
into detonation.




ves and Intermediates (Cont.)

h I PROJECT. f SUB ~PROJTCT. SUB-PROJECT SUB-TITIR PRIORITY
T | No. Name No. i Name Neo. lName No. loervice |ER.D.
- | .
DNITIATORS: |B.22 |[New Equipments. E22A J 30 mm. ADEN caps. L£22A2 fApplicability of lead styphnate |E22424
rc for (cont.) | to electric cap. Mainly
(cont. ) ' confirmation for production.

Applicability of barium E22A28

|styphnate to replace "A" mixture

lin E/caps. Improvement of
manufacturc.

|

IElcctric detonator for |E2245
| platoon A/T weapon.
|

Applicability of lcad azide,
IFD. 1339. Collaboration in
production and comfirmatory
trials.

| E24A fiModificd lead azide. L2441

Cnmpamtivu trials on filling
fand functioning of R.D.1333,
#1554, 1335, and Scrvice
lazidc.

Raplac&rmm for A.S.A. in A/B
Jdetonators. Trials in
fcollaboration with I.C.I.

E2442

=

jpplimbility of lead styphnatc
|' beta form, to percussion caps.
lApplicability of L.D.N.R. to
lelm: b mixture.

Hequirement to be statcd by
CIE--“QRD
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Propellant B45B ||Picrite synthesis (cont) Calcium cyanamide synthesis: E45B20

- - x th
JIARCH | E. 45 i S :
== o f [ i = - I | if=ladat=] oOm AT

Tngred ients ':,_-jﬂl'lt) studles ol mecharni=sm and

HENT ;

—— s

1 equilibria.
E (oot ! ;.Lqi,'t-l'lu:'.lia :':rL'_ [.r'!.l?pe'.lT.’l ng high L'_Julk E45B 2L
- \ density picrite I:alLL-';nLatlvely

yrch and

guanidine nitrate).
Urea reactions: gtudies on 245B2M
chemistry of sulphonatione
Hydrocyanic acid route: s;}mthesis;
of HON, Bucher process.

Hyd rocyanic acid route: synthesis )|E45B2N
of HCN;CO + NHz processe.
Hydrocyanic acid mute: synthesis )

of' HCN; formamide processe.

Hitrocellulosc. E45B3 l{Continuous disintegration and E45B34
\ nitration of wood pulp board.

Continuous centrifugal separation|E45E3B
of spent acid from NC.

Coolants E4589 |Methylnitroguanidine: explor- E45B9A
x ation of" synthesis.

. ; Kinetice of nmitmtion of -
Hit 5 T'Be RiE] 5 Fa 3 P E45B10A I
ibric esters B43BI0I 4 ohols (BVR Prof. Gwyn WEIlde ‘ b1 /’

Royal Holloway College)e

Theory of Nucleation ( Profe | E45C2A [ -
1.5. Garmer, U. of Bristol). ;
Crystallisation of ammoniam E45C21" >
perchlorate, potassium chlorate 3
ind other explosives ingredients I

™D
ANLLh

Explogives Initiatorg General arystallisation |E45C2
and Fropellants E45C || Problems.

- 00 - ff?}tur.ic:ll Enginc
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Test Vehicles
when Particular
Missile is not
Specified.
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Motor, cordite.
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lRate of burning.
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; Factors

| Laboratory studics of mtalysaa

burn;lng-

Stability and climatic
trials.
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IDEGN as substitute for nitro-
glycerine.

Compositions containing

| potassium perchlorate.

| Compositions containing
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Compositions containing pulp-
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Effect of characteristics of
properties.

Formulation for specific
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E.14 { Charges for New
| Bquipments.
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d-inch gun for armoured
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180 mme gun for M.

("Red Vioest). Development of propellant
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Charges for
Improved Ammunition|E148 || Q. 7. 17=pre., and 77 mm. | E14B3

Development of propellant and E14834
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RS: |E.25 || Chemical Stability

of Initiators.

| Climatic trials.

Compatibility of
Initiators and
Delay Systemss
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sealing materials,
varnishes, etce
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E.13 (|General. E134 ’
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| rea G‘Giﬁ‘ﬂa- ing consecutive |

Thermodynamic functions of BiaAL |
simple molecules and radicals | )
(Thﬁﬂr-)- . .
Thermochemi stry and stability of| Bi3AMM
molecules (EUR Prof.M.G.Evans
University of Liverpool).
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University of Liverpool).
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No. Service |I
Flastic Propellants|®13 [ J

Ingredients E1spg || Constitution of lecithin (BIR 1%
Prof. W.B. Gamer, Bristol)— %
ﬁi;b?lﬂiitiif Base E13D HIngredients E13D8 | Suitability of N.C. and methods E13D8A
of conversion to casting powder i
| Preparation of platonising E13D8B
. agents.

i[GH EXPLOSIVES: K« 20 R.D.X. 1via:1L11"acture E208

%05 t-Design Work , e E20B1 || Fourability studies of R.D.X. |E20B1E
'or Services _ SusSpensions.
Purification E20B2 || Investigation of compounds fourd |E20B24
in R.D.X./T.N.T. fillings. %&

her Nesearch and of H.Ml.Xs with R.D.X.
vel opment
ZES & INITIATORS:|E.22 ||New Equipments E22A || 30 mm. delay fuzes. E22A1 || Applicability of L.D.N.R. _ E2281A (1)
ted work for lodification to suit changes in
e fuze development by C.E.A.D.
rvices Applicability of barium styjmate |\E22A1B (1)

to suit alternative fuze

development by B.S.A.
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E.L4. ] Propellant
Ingredients.
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E.45 | Propellant
Ingredients,
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Utilisation of HpS: direct
conversion of CSp (BMR)
Dr.Sykes ,University College

of Swansea.

| Utilisation of HpS: indirect
conversion to CSo (EHE)
Professor D.M, Newitt
Imperial College.

Iso-urea route: studics on
reactions, to raise yields.
Iso=urca routc: preparation
of diethyl sulphatc.
Iso-urea route: exploration
of pilot-plant prospects.
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E.13 i Cast Fropellants

Ligquid Propellants

Stability and ocor:
E;‘l; W- PN -.‘_.; :
b) R.F.N.A.

Manufacturing processes

experimental quantities.

factors for flull scale design.

Manufacture of nitric esters E13ESH
(on request).
ORDNANCE & S.A. E.14 || Ingredients. E14C || Ficrite processes. E14C1 || Direct fusicn‘pi_'!.l?t plant.
PROPELLANTS: A.Opcration with improved E14C1A
Dated Work for rcactor and slu&ge-wask_l-
SCIrVvices. B.Investigations on scaling E14C15




New IPqudpmentss

acetylene plm

' Indated Work for

New Equipmecntse

On-site glider transpo:
able oxygen plante.

Sorvices. Air transportable 5_
oxygcn plant.
3
GAS I R ' Mobile liqui E33A1 ||Dewv "_Mhhting till | I
COMFIGSSRD Gas | lcscarch or Mobile liquid oxygen clopment of 1o 8 '.
PLANTS: Production Plantse. plants. {MJ Ricardo & Co. (1927) Ltd.) |
Other Rescarch and | Bfficicncics »f colunn packings -
Devel opment ' (2R B.0.Co. Ltd.) |
| Mobilc acetylenc plants |E3342 lAlternative pmcesses of ,j
' manufacturecs |
!
GENERAL RESTLRCH (% Chemical Use of dimensional sim- |F45E1 General consideration. .‘
AND DEVELOFMENT : Engineering iln rLt;' in analysis of Il
Other Research and | Research cCEses. l
Devel opment | fCrysts
|
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