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MINISTRY OF DEFENCI:. 

PR CUREMENT EXEC TJVE 

ERnE/RPE ANNUAL REPORT 1974/7 

I NTRODUCTION 

1 Useful progress has been made over the year in th in ' _g a on 0 

1nto a single management unit. Both establishments hav_ a hp'vy W( n 
1n particular is under intensive pressures from proj ct work. Th ffwna' rn n t 

detailed reporting and connni ttee work arising from proj c s j pu' t' ng R ch 
on staff time that the work itself is suffering and the sheer. volume pa I 

falling on Heads of Branches is leaving them insufficien time to carry DU 

proper supervisory functions. 

. 
h lr 

2 An essential aim of this year's programme has therefore been to re le h 
number of tasks assigned to RPE, either by termination or transfer of he wor.k 0 

ERDE. A sizeable number of less vital tasks have been identified and elimina 
these are detailed in the section on the Research Programme. Some cuts have 1 0 

been made in the numbers of supporting staff not directly engaged on R & D. Tb' 
has released a number of staff who can be redeployed on project work and has nab ed 
us to make a small start in research in t wo areas - ignition and complete or 
studies, which were previously almost totally neglected. everthelens the s aff"ng 
level at RPE, both non-industrial and industrial remains critical and its abil't to 
undertake any new project work must be limited. 

3 In the coming year closer co-operation is planned in areas other than the 
direct R & D work. The general administrative procedures of the two sites will be 
brought into line and a common costing system implemented. RPE has already under­
taken the production and printing of ERDE reports and the possibiljties of closer 
integration and economies in supporting services such as information work, documen 
tation, glass blowing ete will be explored. The acquisition of a new computer s 
allow us to transfer some of the administrative tasks on both sites to computeri 

• operat1.on. 

4 Both Establishments continue to suffer from the shadow of rationalisation p 
and this is affecting both staff morale and building plans. The situation is 
at ERDE where only essential maintenance is being done, whereas RPE has been abl 
make some at least of the essential improvements as a result of project needs. 
long period of 3-day working affected both Establishments to a lesser extent t 
might have been expected. The co-operation given by all staff was exceptional 
that at both sites it proved to be possible to maintain something like 80% of 
output. The effect on others has yet to work its way through and it ay well 
that shortages of supplies from outside will have more effect ultimately on 
scales for project work than the immediate local effects of the 3-day week. 

THE PAST YEAR 

5 Many of the achievements of the past year are listed in the R & D Progr 
sections. A few of the more notable highlights are as follows. 

6 I i§PE 

So:oJ. 
t: ) 

!J 
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Three more flight trials of a packaged liquid motor, this time 
imposed lateral accelerations, have been wholly successful as 
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. trl2\lf;. S ntic ririn~~A (,r 
tur cyc lIng · well d 

cont:inuing storage and tempera K11793 haV also gon, n h . 
the large solid launcher motor f?r h heaVY demands 1 t has put on J)P 

h d 1 desp1te t e .• 
project remains on sc e u e to the pr blems of 

. has been found 
An apparently successful solut10n . this should 
dieseling in liquid monopropellants , 

much reduce th pr bl o . r>rn 

• of application to GW systems. 
, f regarded as esoterIC and lo~ h' h sot en >If' 

The work on plume technology w 1C ~ lications in real systems. r ' 
. .' pract1cal app h t" . n range 1S already f1nd1ng many 1 te the plume c arac erIstlcs of 

h b asked to eva ua the past year we ave een f om foreign sources. 
11 different motors including some r 

. d 
The Crake motor for Blowpipe, which was des

1
g

ne 

b cleared over 
been wholly successful. It has een , 
ture range and the design frozen for productl0n. 

and developed at RPE has 
its operational temper.a-

7 ERDE 
. f, s to manufacture small 

• 

a) The increasing refusal of commerc1al lrm. d bb rs has had to be . . t ' plast1cs an ru e 
spec1al1sed orde:s for comp~ne~ s 1n to undertake quantity 
countered by an 1ncreased w1111ngness by ERDE . d 1 1 
production. In the past year some SS different ltemS were ma e, arge y 

by industrial labour, amounting to 50,000 components. 

b) 
. . l' h'b't have been developed which 

A varlety of essentially smoke ess in 1 1 ors ' 
are applicable by either stress relief or for ~se as bea~ers. We are 
now in a position to recommend effective solutions to thl s problem and 
research work on it is being terminated. 

c) The troubles encountered in casting RDX/TNT mixtures in shell have been 
studied and a major source of cracking has been identified and a method 
developed for its elimination. The origins of poor adhesion to the shell 
wall have also been established. 

d) The ERDE process for asbestos grading is now installed and working at full 
scale in a Finnish Mining Company. They plan further extensions and sub­
stantial royalties should accrue to NRDC • 

e) Plastic propellant has been improved in low temperature performance 
possibly to a -SSoC limit in a suitable design of case-bonded rocke~ 
charge, and an alternative binder system has been developed which shows 
promise of enabling plastic propellants to be formulated to withstand 
temperatures down to -70°C. This will put us l'n a bett .. . , . er pos1tlon t 
make a ch01ce, If such a choise be needed, between pl astic and rubber 
propellants for UK uses. Y 

ASSUMPTIONS ON WHICH THE RAND D PROGRAMME IS BASED 

8 ROCKET MOTORS AND PROPELLANTS 

There is a need to maintain the present level of UK r h 
tise in both explosives and rocket propulsion technoles ear(7 and.development exper-

. . d 11 k ogy 1 e so lId a d k d llqUl prope ants, roe et motors, gas generators and . n pac age 
the work of associated weapon design establishments (b~~~e: car.trldges) t assist 
the Ordnance Board and the ROFs, to advise the Servl' Intra and extramural, . ces on fore' I to support the UK space research progranune. 19n purchases, and 
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9 There will 
, 

req uIrements of 
gas generators, 

SECRET 

be a continuing need for solid pr lpell nts 
rocket motors for guided and unBuided w -apon 
power cartridges and guns. 

I cl 'v III C t se 
and spaCe! applici i ns, 

10 There is a need to increase Service Life whilst at the same time reducin rr un't 
costs of rocket motors, gas generators and power cartridges. 

11 In view of the well estab lished thermochemical limitations on propuls've 
performance of the known and foreseeable solid propellants, increases in overall 
motor performance will be found mainly by reduction in hardware mass and/or charge 
designs giving a higher loading density, or operating at a higher pressure. 
However , improved internal ballistics, propellant mechanical properties, process'ng 
char acteristics and safety are also needed. 

12 There will be increased emphasis on low signature rocket motors for applications 
such as ATGW, SAM and USGW (first and second propulsion stages) in addition to 
requirements for clean propellant charges for gas generators and power cartr.idges. 
Such requirement s will be met in the main by cast or extruded double base propellants. 

13 The superior capab ilities of operating temperature range and motor size of cast 
composite propellants will be needed for some future applications where smoke is not 
a disadvantage ; i n part icular the potential of the HTPB system merits further study 

14 There will be a cont inuing need to maintain a design and production capability 
in plas tic propellant to meet s pecific motor requirements for both space and defe 
application and to fulfil the considerable PDS obligation. 

15 There is a need to maintain the r e search programme on packaged liquid propul­
sion systems (both mono and bi- pr opellant systems) to provide a longer term backi 
to Lance procurement, the KH793 programme and the possible future LRATGW and med 
SAM. The potential of an air augmen ted rnonopropellant system in specialised 
applications merits further consideration . 

16 There is a need to improve the performance of gun propellants and combustib 
cartridge cases; reductions in barrel wear, temp er a ture co-efficients and smoke 
all desired for both tank and field guns . 

17 EXPLOSIVES AND INITIATORY DEVI CES 

There will continue to be a need for a wide range of high explosives and init 
devices to meet the diverse requirements of conventiona l munitions. Emphasis 

• • • • • • • • • contlnue to be placed on extendlng the SerVlce Llfe of lnltlator systems; 1n1 
compounds are required which are ful l y compatible with the other components of 
detonators and the weapon environment . 

18 IS requirements will requi r e improved techniques fo r both identificatio 
detection of explosives and EOD. 

19 MATERIALS 

It is ass umed that ERDE's role as non-metallic materials adviser t o Land Sa~~ 
Es tab l i shment s will continue, and that this will involve work on a v a r i ety of 
hoc problems, on the provision of data sheets on new plastics and r ubbers to 
des i gne rs and the assessment of the behaviour of these mat erials on tropical 
e xposure. ERDE is the main centre for the small intramural team on adhes i ve 
the assumption behind the research programme in this area is that ther e is 
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need for metal to metal adhesives which wIll (a) be sUdS (b) be capable of cold 
than those now available, without loss of strength, an 'tes it is assumed that 
curing without the use of corrosive hardeners. In compO~el ty of different app1ica-

. 1 eeded for a var1 lightweight high strength mater1a s are n . . b equipment and armour, 
tions such as rocket motor bodies, blast p1pes, a1r orne 

THE RESEARCH PROGRAMME 

20 INTRODUCTION 
. '1' A pendix F and is discussed 

The forward research programme is set out 1n deta1 1nd Pta1'l 1'S provided by the . . n greater e 
below. A breakdown of the work 1tems 1n eve . d these can be made avail-

f the two estab11shments an RP 
separate Research Programmes 0 . been made over the year, At E we 
able on request. Some substant1al changes have , t . ts on rheology for 
have been forced to terminate all in house work on reS1S °tJt:r ~nd polyferrocene 

, b' b tion studies Raman sca so11d propellants, on aS1C corn us ' a cut back in the staff deployed on 
catalysts for propellants. There has also been , 'bl or IR work) and on 
radio interference in rocket plumes (although not on v1s1 d eh' r ERnE has 
nozzles. All work at RPE on hydrazine should be,cho~bP~ete ~n~s h~:at~ansferred work 
rounded off most of its programme on smoke from 1n 1 1tors . 1 d In 
on flame suppression to RPE where the testing can be more conven1ent y one. 
return ERDE will undertake most of the rheoJogical work, will take on mordehre~pon-, d' 1 nts a eSlves 
sibilities for nozzle development, for the study of 1mprove lnsu a , 
and inhibitors and for more complete motor studies. These changes have done some­
thing to help balance the load, and as indicated earlier, they have enabled ~s to 
make a small start to be made in work on ignition and on complete motor studles. 

21 A major preoccupation of ERDE is the need or otherwise to maintain research on 
composite propellants and whether this should be on all types. ~ne difficulty ~s. 
the absence of strictly comparable data derived from trials of dlfferent composltl0ns 
in the same motors, and some of the complete motor studies in the current programme 
are designed to fill this need. Plastic propellant remains a viable option for 
RS80 but unless it is adopted for this weapon we would propose to round off all new 
work on this propellant and to concentrate exclusively on HTPB as being the best of 
its kind. It is hoped that the latter can be brought to a stage when proven 
compositions would be available for use in development within the coming year • 
Rubbery propellants offer so many different advantages over double base types 
(significantly better performance, greater stability and resistance to temperature 
cycling, wider operational temperature range and less vulnerability to detonation 
by fragments) that it is difficult to contemplate their total abandonment despite 
the current UK Service concentration on double base propellants and the limitations 
of smoke. 

22 There is a major need for a Manual which sets out in detail the existing state 
of the art of r kt' 11' oc e ry 1n a 1ts aspects. Weapon designers still tend to ask for 
m~re than can be achieved without excessive effort or cost and are often insuffi­
~~e~tlY aware of past work to avoid pitfalls which tend to recur in cyclic fashion 
1 ~s pro~osed to make a start on the production of such a Manual this year • 

:r~t~~~hbyInte:~abllstaff,pressures will require that much of it will have to'be 
SUI a e ret1red staff under contracts. 

FIELD 3A SOLID PROPELLANTS 

23 Extruded Cordite 

MUch Off the work on extruded cordite is 
and 0 th l' e qua Ity of current supplies. 

concerned with the maintenance 
The quality of nitrocellulose 
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1 put' j f i luding, f r example, th nature of the wa~hjng water, thA 
. th l1ulos, min r impurities and m' ny 0 hers wli _h 
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v ruby Rpe i Clcation r quirl\tn nts. A n~L It 
xists t antral the ballistics nd 0 h r. properti s ,ur. 

with chang s in the raw mat rials so that the standard p rf r-

n 'n research effort of this team is the development of very 
ck charges in support of GST 3566 (now GSR 3568; this ¥lork is 
d b acc rded "development" status). Until a decision on opera-
n ptable signature can be made, the choice of propellant cannot 
V ry st-burning compositions (a) platonised and free from smoke, 

-m dif' d cordit s giving oxygen balanced and freedom from flame, 
mp s't 

• u1 . 

r 
ur • • 

I • • n. 1 t n m t 

type suitable for casting in complex shapes, are being developed. 
r t be expected in providing plateau ballistics at the expected 
sur s nd work 'will be done to try to extend platonisation to 
This will include work on more stable redox catalysts such as 
1 oxid s. 

'£1 '11 • 

t 1 'k f. Th 
I N ~ nd w k n 
1 nd whi h ld 
w v 1i 1 lb 1 t t 

rtant problems which are not included in the programme due 
s in lude work on metriol trinitrate as a partial replacement 
dit processing which still uses equipment developed in the 
undoubtedly be done much more cheaply if sufficient effort 
b1'sh new techniques. 

f th ' 
. 

'1 1 n 

. 
Lt 

n h 

l' mt{ • 

'7 

h 

1 

h 

w rk is back-up ffort in conjunction with IMI, and close collaboratio 
1. Tl u s t h ERDE trials on compositions which should be free from 
Ci t l ist' i f t ar e sentially complete, and NEe are currently maki 

.u ther joint trials. Work is planned on improved processes 
t he p wder / liquid rati s and on platonised propellants co 
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pow r cartridges of adequate energy. Work will also 
v i s sity n casting liquid hazards as it has been s 

n in ens'tiveness can be achieved by viscosity incr 
du the triacetin c ntent and to achieve higher 
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h r rience h s been gained with the castable HTP 
11 t. Thi h 5 C nfirmed its superi rity to the 0 

w t m r ture beh i ur and burning rate range but 
h 'n e t' ti n i r quired. These include the b 
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31 Gun Propellants 

• • The r educ tion in research effort is s i mpl,7 the resul t e£ the aJ r~ t 

• 

• 

t 

passing over to deve lopment - particul ar l, in relation to the O?T -,=,un. 
residua l r esearch effort will be mainta i ned on combustible cartrl ge cas s 
the propel l ant needed fo r the MRCA gun. 

32 Vulnerability of Rocket Mo t or Propel lants 

e!:lZ"O -

• 

rn 11 
n n 

r 

A revi ew paper summar i sing the r esults to date fr om trials on the ignition 
mo t or s when at t acked by fragments or bullets has been pr epared and is bein used s 
a basis for a fur t her pr ogramme using a standard r ocket mo t or target which will 1 
the individual variabl es of case materials, propellant t ype and configurati ns t 
studied. This work is regarded as being of gr eat practica l i mportance and ma,' ~~\:!l 
have an important bearing on f uture policies for the choi ce of propellant. 
Preliminary indications are t hat only fires can be produced with liquid propellants 
and that the l ike lihood of de t onation is significantly lower in composites than with 
CDB. 

FIELD 3B THE APPLI CATI ON OF SOLID PROPELLANTS TO ROCKET MOTORS, GAS GENERAT RS 
AND POWER CARTRIDGES 

33 I gni tion 

The need t o inc re~se eff?rt in this area was brought out in last year's review. 
New work.at RPE w:ll be 1ntegrated with that pr opos ed for SRS and- t he basic studi s 
~~ ~ranf1eld In~t1~u~e of Technology. The rol e and s i gnificance of hot particl s 
. l?e overall 19n:t1on process r emai ns uncertain but work a t Cranfie1d in 1971 
Imp led that the SIze of the hot partic l es im in i 
of first importance. Initia l ly work at RPE ~llg ~g on t he propellant surface was 
practical hardware (eg the I mp motor for i n7~iona~m to answ~r the~e questions usin 
mo to r as the standar d t est mot or) . g nd the 2 Inch aIrcraft rocke t 

34 Inhib ition 

~e . inhibi t~on. of p~ope11ant charges (both ex truded '. . 
SUpply dIffIcultIes with thin walled eth 1 11 land CDB) IS gIv I ng problems due 

acetate sheet ERDE Y ce u os e tuh i d' 
of th 1 . propose to take over the fah' . ng an w1.th cellulose 

e Y cellulose required for rockets. We sha1~~cat~ on of the small quantities 
be abl e to provide beakers for 
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1 0. h been the three technically successful flights of a representative 
lmp ed 1 teral accelerations. These trials have now demonstrated the 
o our cu r nt m tor design concepts to satisfy this aspect of GW 

Other flight trials have demonstrated the ability of a packaged 
to 0 f nction normally after long term storage and extensive tempera­

ride en ironmental limits (-40 to +60oC). All available evidence 
Service Life for filled tankage well in excess of 10 years is 

o B prop rly designed system, even under adverse environmental conditions . 

. lite e ro ress has been made on research topics which could lead to 
r or nee reliability and cost effectiveness of future packaged liquid 
r or he 0 main areas where research is still needed are (1) gelled 

c coul i_ad to i provements in performance or safety, and (2) a 
d r- yp e pu sion sy terns which would give greater freedom in design. 

for continuing effort on topics related to safety and handling 
c co 10 to e t blis confidence in the acceptability of liquid 
nod lop ppropri te procedures in accident situations. 

• 

co 
1 

( 

10 

h 1 I • 
• 

• 
ID 0 he u of isopropyl nitrate (IPN) as a monopropel­

u cleanlines and minimum radiant intensity are 
the main r sponsibility under an RPE contract 

imed t d monstrating feas'bility and 
l' P roc' t motor by mid-1975. RPE is 
r nd supportin research. During the past 

o 
r bI 

t r un r. tanding of the dieseling phenomenon, 
"n 1 or to~-type apparatus of a method for 

" 

to t m 11 or to be devoted during 1974/75 
ich could xt nd the versatility of liquid 

hor t rm h or tical studies using data from 
Uni r it, i 1 a sess hether air augmen-

1 G pplic tion. Oth work will consi-
"n liquid propellant rocket into a 

'r-br thin as turbine or olid propel­
h th's could off r very attractive 

nd co . for requirem nt demanding long 
on. 

ro r 0 cl velop U source of catalyst 
. nd to inv stigat erne of the parameters that 
le 0 c al tic thrusters using hydrazine will 

h curr n Financi~l Year. Work on resistojets 
r r h v r, r sldual EMR commitments to be 

T/2.S7/03 a~ AT/2 57/ 44 and at Southampton 

c 
th 

1 ~ ... nts III be earr" ed under work i t'em 3El. 

T TORS 

r 0 nee of rock t . . s ar more llkely to be 
t uctura.l we ht and reliabil"t f 11 f ~ Y 0 components n p r ormance. Current work 

1 covers rocket 
or nozz es nd therma insulants. 
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Structural Mat erials 

' os t of the work on m t b d ' d h' h 
. 0 or 0 1es an 19 ly stressed structural components is 

c: rrled out under contract b y RAJ with only limited supporting work at RPE and ERDE. 
e wor .covers high strength maraging steels , high strength aluminium alloys and 

carb?n fIbre composites. Associated welding and jointing techniques are also stu 1ed. 

9 1: o zzles 

T e g rades of graphite used for many projects is becoming difficult to obtain and 
alternat i ves are being sought. Some promising mater ials have been found and are in 
Curs of full evaluation. Improved mechanical strengths are obtainable for the use 

carbon/ca rb on composites which would save weight but currently have poor ablation 
resistanc. Some promise of improvement has been shown by treatments which give a 
silicon carbide surface and this will be further explored . 

. !ork wi 11 b reduced on the design and manufacture of pyroly tic graphite 
n zzl s as tne man factur ing principles are now well understood but assessment will 
Con . in collaboration with the USA where the RPE produc t i s being actively . 
C . J 

'0 

n 
c 

v d 

11 

m 
h 

E 

d 

for fu ur US motors , 

d propellants tungsten throats are essential and new ways of 
n 1 y. ave been explored. A cheaper materia l using tungsten 

mucl promi e but c racking at the entry section of the throat 
t 'a1 so that further work is needed • 

t 
h • v n 

• · • n I r n 

I nt 

• and reliable asbestos/phenolic insulant n a ore co slstent 
ERD 'br technique 

, 

giving products with less variability and t n IS 

T 

pr 
li 

1 

and 
, 

together with work on glass fibre/phenolics S t 1 S • 
• 1 

, 
Some smoke formulations will also be evaluat w con Inue. 

U T PL lE TEe OLOGY 

• r rt s 

et on and mea uremen t of rocket exhaust p lume proper 
o desi n of g dance and de t ect ion systems remains high. 

r e 1 ounded in experiment and are proving invaluabl 

n 

w n 
sta 

a d 

. , . 
as rements are prohibitively expens ~ve or ~mpract1c 

jc test results t o fli ght conditions and (iii) identi 
• • • d fYl g exhaus t pr op ertles. 

re t il co tinue to be c entred on the IR radiation emitted 
•• • , plicat' on to the l aun c h detection of enemy m1ss1les, traJ 

-m asure mi slle h omlng a nd IR fusing. Plume structure pr 
. h cu r n themat i cal models. Subsequent developments will 

• • orB FL capable of dealing with the base flow reglon 1mpor 
l ' ht f rw rd hemi sphere IR radiation for missiles with hig 

t ' o and pr ogram REP3, for predicting plume shock struc 
n ' t ' n eth ods fo r predicting spectral structures of 

d ,' cr'm"na t ion a ppli cation. Experimental work on the 
· n ' nhib'tors o n plume IR signals will continue. 
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1':"5 
• I I . r c' 1" f'( I '( ' / f·d 111 ('('J t di'l Th ·" h angil1' needs f lr work n plum' It'C'lno (lgy d . 

it m; namely ,In inT nsing int ecst: in x h '::J1Jsl lllTIIlll ,) ;~ y .JJ!d d('·~ (1. 11)' 
'n • I 1 1 n ·d 1'1 ( R I &1 mier WQV app l i ilti n8, but: Rome RC exp r.ti~c WLI ) _1 In;1~ll n. • 

1 t t" In 80 lid I r I' s Y stems r qui r m n t s for t h · m i n j 111 i sa. t :i 0 n 0 [ , xl 1:1 us t: UJIIl no S 'I Y . 1 q I i «1 
11 

. . 1 f 1 1 11 • s t i' .p' r r ,'mn n ( , W 1 1 1 h ( t ud i I 
lr P ant m t. rs WIthout x SSIV ass a lel • , 

I 
. 1 '. . 11 1 t • with RARDF I M J ;J nd I'.RD!:.. 'f I tle retl 'a ly ~nd xperlm ntal ly In co 810ra lOll " '. 

' . . '. l e si Zf:' • nd on r I l' ur ( t I fJI1 wlII Inc l ude lnv stlgatlon f propellant energy, no zz . - t 

i.n -rt chamb romp n nts and possible new additives to StIppCeAS S I;! 'onda y ornbu. . 
J ( 1I 

5 Currently pr -'dl tIons of many aspects 0 ex l.1LJS p ....., o. ' . . fIt I umns 'lr' bel n\l r (tu stl d fOr 
a nsid rabl number of British and foreign rocket mot)r exh~lu~tS. Advl' hi1~ al­
b n sought, ~nd no doubt will continue to be required, for sImIlar. dat [r 31r­
'raft engin xhausts, turbine exhausts and rc-entry bodies. 

57 Thrust V t r Control 

Tld. \il rl- is 11 \il terminated with the exception of a minor item (swivelling nozz~ 8 

n th 1 () mm bipr pellant m tor) which is carried on from last y ar as completlon 
wns d la cl by staff shortages. Thereafter any further thrust vector control work 
r quir cl will b centred at IMI. 

58 m l e and Flame 

• 

A lth ugh m 't I the ERDE war! on smokeless inhibi tors and propellants is largely 
, mpl t , w rl at RPE aimed at reducing the critical puff of smoke at end-of-burning 

w' 11 ' ntinu. A design of a charge with very small sliver has been completed. A 
h t"P ut- -f was btained, as predicted, and probably some reduction in smoke at 

blll-n- ut, Furth· r extrusions are being made for comparison trials in a motor of the 
I 1 - I- P t.'p us din Seaw If). The evaluation of such charges under fully 
1- I r onditi 11S p ses severe technical problems. 

Ro ;rET JNSTRUHENTATI N AND NON- DESTRUCTIVE TESTING 

Th rA lU i t- m 
ti 1 htu ts nt 

• • 
)f 1 1 1 n 1n 

Pl'l tll phi ,It \Jill 

)t I , iU 

nt ')- high pre ision methods for the measurement of short ura-
hrust 81i~nm nt c ntinues and demands neV.T and e "acting stal.dara 

• I ibr-:lti n. new h:draulic thrust calibration stem is bei g 
l~ th r' IP up t 60 kN and be free iron the troub e ana 

1 t 
31 ib" t j on. E en 0, tests ,~i th a 10 er ra ge experi enta 1 

m,l ' 
b lbJ 'ura', f 1 part in 5 "hi 'h - 0 1. just suft' C1e t 

'Ill- n r th r.u. t mea. urement t +. 1 on site' furt er e t 

Hi h 1 t 
. lltr 1 n' in e ti n 

• 

• 
1 

~n - e~t-U'ti -e te 

~ta 
n t e .e t e Ye ... ~ ---.~e 

III - h n 

-----
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~E 'RhT 

~ ncentrati ng on th . 
1.5 hoped to dern . parnJl · l sc· ti n wh'l' t t onstrate tl - l ) 1I1dillg 1 rohl, 1111 lit ""Ill 
at the same tim th .1 • u~ > f t ll r uph r:JllsmiH. ion tu dt-t I f I I"] 

An array of tr d pOSSIbIlIty of wo kjlg f " . ns ucers a lo I . m 1l1Ald· 1111' 1IIole I 

posslble but spa . " ng t1 . c ndull 0 st 'r I I ce IS I1m t d . \> II (lit 1111 f' holo hI e In other dir .. , grap y are severe 1y cur tai 1 ed Tl t 1 onl') s Chn j!lll fl i 11 g 
Wl th no known propell ant d f · 1 samp 1 In or. ava i I ab 1 • j • 
spe ' e ects so work m t b' . Clmens containing spec ' f' d us 'ar.rl ~ d 0\1 v,,;th 
wavelength should g' 1 ll ~ ~efects whi ch, wi th sui tall ch. UR 

, lve r ea I StlC results. 

FIELD 3G EXPLOSIVES 

63 D~fficulties with the 155 mm shell fill' a new ltem I t lng progranun 1 d 0 1 b 
h as year on factors affecting the qual ity of RDX/TN'l cas' 
w~~~hgone ~el~ and we now have a better understanding of ~t 1 ast Born 0 . 
in them;~rm=:i to failur~. It has been found that rapid cool 'ng 0 he 
for the cracki~; o~,a~ hltherto unkn~wn TNT polymorph which may wet1 1 r 

additives has bee~ ~~ d~c~ur~ ~n agelng. The suppression of this crystal form 
trate on att u le, Wl~ . useful results. The current progranune w'l con n-
absorb the s~;~~= ~~ obtaln hlgh stre~gth castings with suffici nt elasticity 0 

on th dh' e to thermal cycllng. Valuable results on the e -fec 'ts of b 
e a eSlon to the shell wall have also been obtained. 

w x 

:4 New plastic bonde~ e~plosives compositions have been prepared sp_c'f'ca ly for 
p se as shaped ~harge f1ll1ngs, for penetrating and for cratering warheads. 
derformanc~ tr1als are no~ in progress and further optimisation will depend upon th 
egr:e of 1IDprovement achleved. Work on torpedo warheads has been concluded and i. 

conf1n~d to the prov~sion of charges to NCRE for further target trials A new slu-­
exploslve for craterlng has been developed and is undergoing trials at RARDE . 
Further work will be done to improve the high and low temperature storage propert 
of these. 

65 The evaluation work is directly related to the above and to the determinati 
of shock at blast pressures of new compositions. Attempts to focus blast effect 
under water have been disappointing and will be discontinued unless some new mor 
promising line of approach is found. Work on explosives for penetrat"n mi sil 
(ie Martel) is also progressing more slowly than we would wish. Experience has 
shown that the shock of impact can in some instances cause inunediate detonatio 
deflagration so that the proper performance is not achieved. However a ranki 
of the tendency of individual explosives to respond in this way to shock d es 
correlate with projectile firings at AWRE and we shall need to understan the 
for this before any further progress can be made. 

66 The search for more stable and compatible detonants continues with e p 
being placed on tetrazole and nitrotetrazole salts. Silver nitrotetrazol 
evaluated and although it has greatly improved compatibility and stability 
compared with lead and silver azides, its explosive performance is not full 
to meet requirements in very small detonators. As well as assessing other 
the nitrotetrazole and tetrazole anions, further work will be d irect ed tow 
developing combinations of two chemically stable explosives WhICh can be u 
these small detonators to give performance equivalent to the exist'ng azid 
combination. Work is being directed towards development of a new cap c 
which will meet the manufacturing and functioning requirements for the n 
of small calibre weapons, and attempts are being made to produce lead zo 
in a form suitable for replacement of the stab sensitive L mixture and OL 
single chemical entity rather than a complex mixture of ingredients. 
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1I'I,l t1 ]1 in!' th Ill' . :fret.. men raW l~ 
7 Th US G v rnment has now s 19n cl "n ~~ , .' d 'lnd I 'l ad s ('y phn r I.! 

cl • f s t yphn 1 <.: ,( 1 " 1 , -

r u .~ In i \ . L 'I 
t' r l\dd Hzi ERDE pro c s s fo r th pr uc t lon 0 , f r t h' I'll I'. Ilrll ., 

, . ' ' 1 ar agr "'t'Tll "'nt <1 • '. _ 'r.l i OIl ,Iod I \iI -purpos es. Th 'y a l r'ady h av~ ,1 S l Im < ' d rab l t..' r turns 1 11 ]S t pt 
RD1333. Such agr e ment s brIng us conSl 
how in other areas. 

FIELD 16 HATERIALS 

68 Field l 6J Non- Meta llic Mat eri a l s 
. proving deficient in prop rL 

For many defence applications polymer1 c materials ar;ected to withstand. The ERDL 
the exacting conditions of use which they are

d 
eXoperties for us e as moder a t 1y 

for ' a ls with improve pr , '1' d dhes i v s programme aims to produce mater1 h' h strength flexlbl lse a t 

high tempera t ure, oil- resistant elastomers"bas 19 osites During 1973, nove l 
, b nd other f1 re camp' 0 h . -and a s mat rix reS1ns for car on a 0 sins for CFRP Wl t 1.mprov_ 

. h b t es t ed as ma t r 1 x re, d' h flexi bili s ed epoxy res1ns ave een . by compos1.tes ma e Wlt 
. h t gth over those g1 ven f 

ments of 15-20 per cent 1n sear s ren , f CFRP/CFRP bonding, improvemen s 0 

unmodified resins. When us ed as an adhes 1ve ~r been obtained. Work is progres ­
up to 100 per cent in the lap shear strengths ave. b haviour and solvent resist-

h It ID high temperature age1.ng e 1 s ing to evalua t e t e ong- er " ' f high strength structura 
ance of these materials, and on the flexib1l1.s at ~on 0 A J' or review of the pro gress 

. d tal - ta- metal adhes1ves. ma f adhes 1ves currently use as me has produced a number o . 
of the work is planned for the end of 1974. The progdramrn

b 
e ercially available 

. . ' ties to those posses se Y connn . elastomers w1th super1.or proper 0 • ran t commercial productIon. 
rubbers, but the improvements are not suff1.c1.ent to war 

., . f trials at the Joint 
69 ERDE continues to be responsible for UK adm1.nIstra t 10n 0 d 'ces trial 

Old A t l' where the rocket motor eV1 Tropical Research UnIt , Queens an, us ra 1.a, d °t h Id 
i s now nearing completion. When the complete results h ave been analyse , ~. s ou 
be possible to establish statistically-valid correlations between thermal Istory 

o 0 b de for the many and standard meteor o logi cal data , and enable pred1.ctI0ns t o e ma. 
other sites f or which meteorological data is available but where It would not be. 
prac ti cal to a ccumulate real-life data for ordnance stores . It should al~o provld7 
a firm basi s f or defini ng the upper temperature limit which stores must wltl:s~an~ In 
serv i ce. Many of the results indicate that the present upper temper a ture lImIt IS 
higher than neces s a ry . 

70 ERDE continues to evaluate new materials as they become avai l able commercially 
so as to be abl e to advise designers on their suitability f or use in service. As 
the properties and ageing behaviour of mOUldings can depend critically on the mould­
ing history , the effects of fabrication variables such as injection moulding pr -
sure and temperature , use of reworked scrap and position and size of "gates" in the 
mould are being studied so that the significant parameters can be understood and 
defined as a basis for quality assurance inspection. In order t o improve the 
resistance of thermoplastics to solvent and environmental stress cracking, fractur 
and crystallisation under these cond ition s are being examined in det a il , and l'm ' t­
ing operating stress va l ues h av e been determi ned for a range of materials a nd 
solvents. During 1973, t he phenomenon of "f i n gerpr i nt " cracking has been observed 
i n polycarbona t e sampl e s e xposed under t rop i cal conditions; as this is used in air ­
c r af t g l az ing, the phenomenon is being examined urgently. 

71 During 1973 ERDE has become incr eas i ngly a centre of expertise consulted bv the 
Ordnan~e Factories and Army Department R & D Establishment s on problems of mate~ials 
se lectIon and for.advice on th~ d~sign a nd proto t ype manu facture of components in 
rubbers and plastIcs, much of It In support o f projec t s. During the year many 
manufacturers have been disinclined, or unable, t o take on l imited run production 
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SE RET 

C:Hl resuLt ill so /<Irg(' .1 IlllflltH"- or III 'ct ings :lnt! vi:-:i l s lo f III 1:;I."It I i hIll It. 

these senior st.:l[[ arc spending more dill' in cl is "USSillg Wlt.lt tJ Y IU It 0 b 
than they can actually devote toding it. No-on,li s" rtus, t 

meetings or to fail to entertain visitors but I \v{llld US tit I~ d urn 0 

to appeal to those concerned to recognise that their wn b st in r 
served by cutting down the meetings and keeping paper work to tl b III 
so that we can get on with the job. 

h 1 

b 
• • 
1n1mUtn 

77 The changes in quality assurance requirements are c Lso causing lIS much c c 
Responsibility for the quality control which prevjously fell on the QAr b nch_ 
falls to RPE and ERDE in their roles as design authority or as producers nd h' 
also will eat into the staff available to ensure that the quality s"a 'rds c mpl 
with the exacting requirements of the QAD Authorities. 

78 Under-Surface Launched Missile 

Major changes in the performance requirements of this project have led us 

, 

• 

5 

recommend a change of propellant from extruded cordite to CDB. This has transf 1 d 
some of the load from ERDE/RPE to IMI. However RPE will need to provide support. 
particularly in the area of thrust measurement under water and of underwat r n is . 
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79 RSBO 

The volume of direct project work has been reduced but this programme, if it 
continues, will benefit considerably from the research work on complete motor 
studies under which the performance of various composite propellants will be com­
pared in motor sizes directly appropriate to the RS80 project. 

BO KH793 

This continues to absorb a major share of the total RPE effort. It 
schedule. Details of the project are provided separat ely for those 
to know. 

Bl Blowpipe - Crake Motor 

is broadly on 
who have a n 

The firing trials 
design sealed for of the RPE design have now been success fully completed and the 

production. 

82 Lance 

RPE 
of 

is involved in both safety and storage 
emergency detanking of the propellants. 

83 Helicopter Launched Missile CL834 

trials aspects and is studying methods 

A shortened version of the Blackcap motor h. 

d 

bId f w. lch was so successful for Seawol.f Wl" 11 
h

e emp oye or this project. Design d 
ave started. rawlngs are complete and prel iminary .' rin s 

84 Foreign Weapons 

The major tasks on life assessment t h . 
completed, but studies of NDT th d

ec 
nlques for the Polaris motor hav now been 

. me 0 s for the cl t . 
tlon rates will continue at low riori e ~ctlo~ of flaws, and of gas ev lu-
from both Establishments on sUch P ty. A servIce WIll continue to be required 
of foreign missiles. aspects as safety, OB trials, lif e ass ssment' t 
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3A1 Study of Propellant Casting 
Self-hE'atinp; and Cnticallty in Explo5ivt' l'el:omposition~ 
Oxides of Nitrop;en - Stabiliser Interactions 

5Ac Properties of Ammonium Perchlorate 

Hirh Frequency Dynamic Characterintics of Rocket 
Prope 1] ants 

3A3 Effect of Transition Metal Compounds on Odixation and 
Combustion of Olefinic Polymers 

Mixing of Composite Propellants 

EXTHAMUHAL - INDUSTRY 

ERDE 

3A1 CDB Propellants 

3A4 Small Arms Propellants 
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WORK ITEMS 

fl"r It Ti II': 

"jI~ Ignition 

Jmp motors wi.ll hI' llsed an tht' standnrd igniters in [;\ programrn' designed 
to inv s ig~tf~ th role of hot particles in th .. igniti.on of solid 
pr'ol ll<tll rno~or6. In Initinl experim(~ntr, 11 bnRic plastiC propellant will 
b.> liS followed by compor·;itions contni.ning kno .... '11 nmounts , and known 
partL.l. i~e l' nges , of hi hly refr ctory materials . 'l'he particulnte 
cnn n of th ~otor ffl~x wlll be (ietprmined to BRtabli sh whether th~ 
on in 1 p rticlt; dze L ma.int~i.n d <illritJ,~ combu:~tion (197,). 

'/ h' 'mp motor...., w i 11 Al [,0 b Us( d to ignite 50 mm D. ircraft rocket motors 
'1n tt. ffic'\c.y of f:''Jrti(; 11 t, !"j,d t t'l' on the igni. ti -'n of PU (extruded 
,-,ordit \ PL'oI' 11 nt will be evnluat cl (I(~(() . C:xp,'riment with ol.her 

m.'l,ll motol'f fil1ed with oth".r +-Yl' of pJ'('1pcll'mt will start towards th 
~nd of th~ y ar (lQ7(). 

\oJ "k It r nfield In~,tit'lt of [echnolo3:{ will 116e pyrot chnic 
omposi t ions JRi f4 nd.:;H '71C '1; Will art ~mpt to establish the fr' ction of 

HIP tot 1 h t g '11"1' i'cd by th i~nitp.l' which 11" absorbed by the 
prop"'ll ut ,Ilrf ce nd th frflction nd p'rticl,' Gize of th solid rn:ltter 
,; .. ptur",d .v th. propell'lnt 6urfac. M aSIlI'E'ment s of the surf· ce hent 
11uxps in t~ diff rent ~odes of he: t transf~r will also e made (1 0 7S). 

WorK imed Rt th 
,ddi iv~~ w' ll b 

~fi3 Inhibitior, 

r du t i rt ;) f '" l1sit i v "npF;S 0 f SR4 i f by thl' use of 
undpr lkpn (lq~c) . 

~ -8ondin1 of Propellnnt Charges 

H-typ 'S s"'m n trin.ln of low-"lmok, polync tal and polyncetal cell11los 

(n' 

"ut ~l 
(b l 

(a) 

(b) 

( ) 

Cf't \te moult J inhibitors. IA,-,'d in con.iunctio~ with Swingfire-typ "';DR Cl) 
prop Ll nt cll r8 s , WIll b, co~pl tcd ~nd r~ported (lq7~ • Castnble 
mir.imum Lln.,k polYllre h n pottin/2: compositions for the inhibition f ( ) 
smE\ll - x rlld d ch' rfl S wi 11 b optimio~d (1 74). The tc:\p'~ wrapping m hod 

r inhibitin [)A ch trges wi 11 h ex minpd and sllHable dhpsiv R h cke L 

Improv cl thyl c llulo inhibi or fOI'mul tions will bl mRnufactu1"ert In 
\\1 t h th i m of r clue i Jl~' ~moke from cord itt;~ ch rges Cl =175 • 

lu tion of lO'ld cl crI '1n1 U,' compositi.on!"' and production of ~xpt;rim n 'il 
~nd ~~ inhi i 1"8. 

frt limin 1'y sse srn nt of th ltcrn tiv trchniqu s for IIllyi..ng 
..., i1c05 t 'IC an inhibitor 0 radial-burnin 'orditc ch rg s is mpl t n' 
chugps r b infT prl prlr/'d for envu'on:nent'l tri'lls, USille; pr -form d 

(1 75). 
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. 1 et, cl fo'" kv lO}lm. n 

d chart,'<". 
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The Applicati.on of Solid Propellants to Rocket 
Motors I Gas Genera tors and Power Cartridges 

Ref. & Title: 384 Combustio~" Unstable Burning, Erosivp BurlHng 

The combustion instability problem of the Crake second stage has tc~n 
resolved by a minor change in conduit design but some areas of doubt 
remain and the motor will continue to be used to obtain general datn on 
the effect of charge design on instability (1974). 

, , I t h ' gh lo~dlng 
Dimensional control of extruded charges becomes crlt1cn a 1 ' 
densities and low conduit to throat ratios and a better knowlerl~ .. of,the 
variability of the dimensions of extruded chargel3 is essential. It 1S 
proposed to accumulate such data for charges from both short ~nd long 

parallel dies. 
'l'he co:nl::.ustion instability characteristics of VU prop~llRnt wJ.ll bl? ~tudiei 
in some detail using the T burner. The effect of minor composition~l 
changes. such as the addition of carbon or copper oxide or the partlal 
removal of lead compounds. and the possible differences between cast and 
extruded propellant will be measured (1974). 

PU propellant has somewhat different instability characteristics than VU 
and because of evidence from the Wagtail motor the effect of batch-to- batch 
vari~tions will be studied (1974) . 
Following the problems of combustion instability experienced with the Raven 
XI motor a systematic study will be made usim"~ a modified T burner. Factors 
to be investigated include changes in propellant formulation especially the 
quantity of aluminium. operating pressure. the effect of tube liners and 
changes in head-end geometry such as the addition of acoustic baffles (1974) 
The effect of changes in the type of aluminium added will be studied at a 
later stage (1975). 
A number of project motors will be assessed for signs of instability and 
some work concerned with the use of baffles will be undertaken. Measurements 
will also be made of thp burning rate under conditions of erosive burnin~, 
acoustic erosivity and p~essure coupled instability (1975). Some work on an 
aluminised eTPS propellant will be completed by measurements of th~ burn ng 
rate under erosive conditio.1s (1974). 
The U.S. computer program on th':! prediction :>f acoustic modes in rocket 
motors will co~tinue to be applied to the analysis of complex modes. Because 
of the change of computer at the RPE,work concerned with modifications to 
the data reductio~ system used at present will be required. (Target, 
Autumn 1974). 
An EMH study on "Combuption instability of solid pI'opellants" at Sheffield 
University is pr:>posed to give some theoretical backing to the largely 
experimental programme at the RPE. Th~s will study the interpretation of 
propellant burning rate datB measured under a variety of bBllistic 
conditions including com~lstion instability and erosion . 

The study of ttle effect of flaws on motor burning will be extended to 
includl" HTPH proppllAnt wld rppllir t~chniq'lcs will bt' ~vllll1ated (1g?i,). 

~B5 Mechanic,,,!} Properti~of Propellant ChiJrges 

In '3ssodation with StreR6 Engineeri!"- C",rvices Ltd., the technique of 
measuri,~ stress in case-bonded propella."lt charges by means of miniature 
photoel:lstic stress inclusion gauges will be further developed an'i. applied 
to tl-]e measurement of stress distribution In ::ertain types of ch'l.rp;e desi~'1 
(197f.). This tpch;-lique will sl1bsequently be applied to project motors 
during controlled storage (1977). 

Annealed and non-annealed charges from the same extrusiOll lot have been 
prepared, and drop trials of charges conditions to - 32°C Are prograllmed 
for t.h.:! r.rC . The trials will be extended by the inc1usion of charges 
rubjccted to solvent proc!"ssinp; 111 the condUit , nA well af) to other 
propellant compositionl1. 'Phis in a collaborativf' eXf!rci.se between 1'.RDh, 
WE, and HOr' Biehopton. 
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flEstAIlCH PROGRAI1ME Sflt;t:T (Cont inu.t.ion "heel No. 2) 

TITLE • 

The Applic tlon of Solid PropellRntR to ROcknL 
Motors , Gas G nerfltorn llnd Power CArtridges . 

Ref. 1 Title. ,B7 Complete Motor Studies 

\/ORK ITl;K', 

Trials in 125 mm motors will be carried out on variOlS vpes of cornpOEJitA 
propellant (polyisobutene and polyisoprene plastic propell.nts. lI'rI Band 
CTPB r ubbery propellants) wi th the object of obtaining en aaspsement of 
~sage characteristics under strictly comparable conditions. Initially 
low temperature firing limits will be determined usi~g oimilar charge 
shapes and propellants of similar burning rate; both fully case-bond d 
and stress-relieved charges will be investigated (1976). 

An HTPB composition with ballistics and mechanical propprties suitnbl~ for 
the RsBo project will be filled into 200 mm and 264 mm motors which will bp 
subjected to appropriate firing, storage and temperature cycling trials to 
demonstrate the capability of this cornposition for meeting the Service 
requirements (1974) . 

CTPB Linnet The environmental trials have been completed succeEsfully with 
the exception of th~ vibration trial which has been delayed by the need to 
manufacture a suitable holding rig and by motor filling. 

The reproducibility trial has been completed and r esults are bein~ HBRessed 
The value of the trial may have been affected by the withdrawal of 5 motor 
tubes for anJther project and the loss of 4 motors rejected after filling 
due to severe dama.ge to "boots". (Completed by end of 1974) . 

160 mm Bipropellant Motor Work on the 160 mm bipropellant motor has bpen 
held up by various difficulties . The original insulation was butyl rubber 
and this was inadequate in erosion resistance. An attempt to fi]l a motor 
tube lined with Hypalon with a thin butyl rubber overlay was llnsuccessful . 
When these problems have been overcome, filling and firing motors will be 
resumed. Swivelling nozzles will be fitted to some motors to complete the 
RPE thrust vector control programme (19'76). 

Short Burning-time Motors Initial eXPQriments on effects of high 
acceleration are being prepared using a modified Crake motor capable of 
generating accelerations of the order of 1000 g and terminal v~locities 
of 200 m/sec. Attempts will be made to assess methods of measurement of 
total impulse, velocity and thrust for motors with burni1g times less t~an 
10 m/sec. Simultaneously , assessments are being made of designs to 
achieve higher velocities and accelerations in shorter burning t imes. 

HTPB Propellant Motor Work has started on a motor of 260 mm diameter fo: 
trials with HTPB propellant . It is proposed to simulate a scaled ver sion 
of the Rs80 motor. Manufacture of motor hardware has started at Bristol 
Aerojet Ltd. The operattl13 pressure will be 16 MN/m2 with a burning ti'ne 
of about 2 sec. It is intended to f i ll 12 motors for evaluation over the 
temperature range -40 to +600 c (1975). 

;B8 Service Life Extens ion 

A paper on this subject will be prepared for the TTCP/w4 Sub-Group, based 
on exp~~ience gained with current in-Service solid propellant motors. 
(Continuing) • 

3B9 Gas Generators and Power Cartridges 

The development of new types of propellant charge for GW gas generators 
will co~tinue, includL1G slow-burning CDB containing RDX. The main aims 
are to achiev~ cleaner gases and longer S0rvice life. These propellants 
will be inhibited with appropriate new minimum-smoke inhibitors. 

'rhe develot'ment of IlMX/orp;anic polymer propf'llnnts wi 11 continue with the 
object of achievinl~ mor~ reliable Rnd lon{~rr-lifo compositions for llse 1n 

airborne power cartridges ,ubject to nerodynlUnic or otlwr hentinll; . 
Following study of the basic formulatio:1 principles, work will now 
concentrate on improvement and scale- up of processin~ methods and 
establishing the range of ballistic , mechanical and storage properties 
achievable (1976) . These propellants arE~ IH;ed in e,iector release units 
bp.ing developed by NF1C under DII Arm contraGtn , and for thA ] PN l'mt>rgf'1\cy 
power unit for MHr.A . 

The evaluation of propellant Rnd inhibitors BS rl'placementG for the 
xisting smoky and short lived gas genf>rator s in service \."Ul cOl1tinu€'. 
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'P1I1 AI ' i'LJCA']'lON Uf L1I.UIIJ I hllll,;],LAN'l':"; "'(I d cr,I.'I' 

HVi'uHS 
P1 V OU' r If rl·nt + 1 "'. 
1973/4 1974/5 1975/6 1976/7 

the lLTV IIE flirht trial dates in late 1975/7(,. The developm,:nt of t' n 
1 iquid monopropellant r;os generator as an HI ternll t 1. ve :;YGtem .. nIl. be take 
to the star:

e 
where it can be tested wi th 11 complete pacKc.,-ed 1 i<JU1 d motor 

by late 1974. 
In mid 1974/75 it is expected to be~in testin~ of cavitatinr; vel.turi 
control syctems to confirm the basic results obtaineo at ~outhampton 
University (work completeo in Nnrch 197L,) nnd to extend data to actual 

rocket rroTellants. 

and Environmental Trials of Packa ed Li uid 
(a) 

30 Safet 
Motors 

Lonp' term stora~e. vibration Ilnd temrera ture cyc] in(," test inr~ of re}.res
entn

- (b) 
t i ve liquid propellant tankage will continue throur;hout t he current ye(lr 
with the object of estClblishinp: the rrobnhle life expectancy of filled 
rocket motors. Data obt 'lined from .,ctu:l l tnnk ar,,,emhlies will be correlat (c) 
wit h labor.:Jtory tests of JM,terial samrles (q.v. work Item 3C4) . 

~afety hazard trials durin~ 1974/75 will include trials to simulate the 
effects of (a) accident"l drop (b ) external fire :md (c) fragmentation 
attack on filled t3nks. A rre limina ry study will also be made of the 
safety cl1.4l r.:Jcteristics of eelled fuels to assess whether these offer any 
reduct ion in hazard compel red with convent ional liq \lid propellants. 
Future trials will :lppraise the snfety implication" of new design c0ncepts 
e.r;. bladder expulplon >:ystems , and evalu" te pallintive procedures or 

additions. 

A small effort will be d~voted tu an aGfieG, ;m('nt of the usefulness of leak 
detection equipment as il meilns of satisfYlng Service requirements for 

ma~azine surveillance. 

~C4 Compatibility of Matel'ials with I'ropellants 
(a) 

Long term storar,e trial" of IRFNA and MAF-1 in various metallic containers 
will continue at temperatures of 20, 50 and 700 C. Other storar:e trials (b) 
concern UDMH and IPN in containers and will ~lso proceed (1975-1978). 

Farticular attention will b~ I~iven to the posaibility of enhanced corro"ion (c) 
in crevices or undpr conditions of stress or with IRFNA of low inhibitor 

content (1975). 

Miscellnn~ous tests on the comratibility of non-metallic materials with 
amine fuels and llN, of metals with llN, the permeability of flexible non­
met~11ic materials to JRfllA, MAF-1 and JPN and the thermal stability of 
amine fuels will continue. (Various tarret dates between 1974-76). 

The cornpat ihil ity of test j np: of CAndidate rubbers made by the EHDE and 
intended for trial in soft-seat hydrazine control vnlves at HAE (!;p8ce 
Dept) will continue (1 Q74). 

Storfl/,"e trials at temperature of 60°C to Booc of positive expUlsion 
hydrazine tanks will be carried out as part of a contract from BAC and 
1::...01<0. The rubber diaphragms of the tanks will be made by the ElIDE and the 
HI r, work entails an as~'essment of the long term compatibility characteris-

tics (1975). 

Bladder type feed systems offer significant advantages for certain packaged 
liquid applications nnd methods of coatinr selected plastiCS with aluminium 
by liquid phase deposition will be studied. 
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lITII:, 

1'111, AI'f'J,It;,,'I'fltfl IW 1"'/,110 l'IMl'hLLAlrJ'f.i 'It HOI;KI' 
( "10 H!; 

11·,1 . ( J ,I I., II;fj F""Jo'j tdl i Ly 'JtwJir';J of Hav .. l Ile it?' r O'1,;ppt 

'I'h , I nh"J"'nt t'l"xildlH,V r,f Pflckt'p;f.!d liquid motor - B'Jgg~stfi a numbl>r 
rn" I hod" wh"r by th in ('t)"ld hI' '·"ploi ~MI to .dv nt.hg,"" to improv<> th,. 
!J,·l"f(1f·mlln.·(' ()f ~ idl:d w"/lrOnf! . 

"j 'r t.y i If F!71~/7<; i iR "xpecte<cl 0 complr-t" the: initial t leorf>tical 
I FIIJOOtlmr'n I of toil" ur;rn<on'ation of both solid and liquid propellant rock",· 

motors '111, I nat typical propUlsion rr>qlli r,.mrmts using the data derived ]-.:/' 
~jollt"'tmpt()n Ilniv«rsity . 

In ('011 'Iborat ion wi th I~AlmJ'~ , fllrth"r expc'rimpntnl r;tudies may be conducted 
d'lrinl~ Pftrly 1974/7') to or.lablinh th, p·?rformflnce and pr"lcticallimits of 
op"r:tf. i on of n si mplr· recoil l ess g,m usin~ paclr.aged 1 iqu id b i propellants . 

studif'H wi ll 1so bl? mad" during th" current year of the f easibility of 
combin cl propulsion sysb'ms wherpby a liq'Jid propellant ro:ket is used as 
a n i ntep;r fJl I~ni t wi th an 'Jir- brE'Flthing gas turb i ne and/or solid propellant 
motor . Such F;,1stems off~r potential advllntages of l ow cost and s i ze wi th 
high p"rformancE' for lOll{' r'!np;f> tactical weapons . 

";xtr:lmur:ll - IlniverGi ti"r. 

I<PE 

~G1 Liquid Atomisation 

~Cl; Uec o·nposit i on of 1 PN 

r'xt r amural - IndUstry 

Rf-'E -
"C 1 Drsi~n and devpl opment 

Motor HArdwa r e 

~C2 Design and developm~nt 
Mo t or Hardware 
JPN Gas Ge ne r a tors 

of P;Jc kaged Li 'lui d Rock e t 

of P,'lc kaged Liqui d Rocket 

~'3 Desig n and dpve lopment of Pac kaged Li qu i d Rocket 
Motor Ila r dwa r e 
Lea k De t ec tion Tr>ch niques 

?C4 Compatib i lity of Ma t eria ls 
P.lastomeric Materia ls 

'3(; 5 lJe s ign and supply of F' rVs 
Suppl y and sponsor FTVs 
Supply and sponsor ,FTVs 
Supply a nd sponsor l a teral G FTVs 

~Ch lPIJ Hockr· t Motor 
Tool ing for I PIJ Ta nks 

'JCH ~n/~:i rJl"ed nJl; De v e lopme n t o f P:lc krtged Li I']uid Rock e t 

Motor lIardware 
'l'ooli ne for r PN T' nks 

3C,) Combi ned Rocket/Turbojet Propulsi orl System 

Iln i ve r s i t y/Contractor 

I mperia l ~ ollege 

Le eds 

TOTAL UNIVERSITIES 

Bri stol Aero j et 

Bristol Aerojet 

HSD Ltd 

Bristol Aero j e t 

Sieger Ltd 

Br istol Aerojet 
Fulmer Re s earch Inst. 

Ik i stol Ae r o j e t 
If " 

If If 

11 If 

Pl essey Co.Ltd 
HOF' Pa tr i croft 

Bristol A ro ,i t 

ROF Patr i croft 

Pless ey Co .Ltd 
TOTAL INDUSTRY 

GRAND TOTAL 
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K/GW4 2B/159 

K/G\oJ4 2B,'187 

K/Gw42B/ 159 

K/A8~A/'766 

K/ 42B/107 
K/ G\v42B/ 139 

K/ GWi+2H/ 159 
K/GW/~2B/35 ) 
K/ GW42!V59 ) 
K/ GW42B/ 133 ) 

K/ GW/12J3/ 1 h 1 
Not yet p l nc d 

K/GW/ ~ 2B/1 59 

Not yet pI ced 

Not yet placed 
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stud~es 0 esta :.. ' sr. he oas c ;;.ecnarl.s:" 0. ,a ' " - .. :6' '1:~ roc,r.et - otor 

.. .. ~'r ; os ~I;? of oual'fy':'nl" tr.e structu:-al ::. t e n~y o~ ~ed l.' ~ rrt'rC.l.r,le 
... _ • ..... • J - '" accey" " . r 
cases bru;ed on fracture to!) ness cor,cer- ts nas r . e - ~h"" ra-in~ st.ep.:ls 
, t ,~..".. . ' - ow be <> xter dPd +0 CO'Jer .. - ' is • 1 e ., .. ",~ . :r:e ort.:.1 - _ ... - ~ 

I < 976J. 

.a erials and • Insulan ts 
;:>2 

r. •• /~~ 'rnite a.ter 'G77 is dou~ 
.. e a',lailabi - i ty of Le Carbone ;rraae 7~ r<l . ' ,..l<>c ... d 
.r. t b f d • r·on ... .. ac t nas o'!er. ~.O...<A -

an"" .,..., ",1 "!rnat.ive Ula ", r ial mus e 0 To,l . r. - -- - • ,.. "". ~- - - ' f t or ~ he-i,.. 
h~ ' 0 Jreat Lakes COr¥ Ltd to cnarac~erl.se snd qua.1 y wo . ~ . . ' 
co,"".ercial :ir:e grain >rarl1it.es H565 and H590 (1

rq5 / both :fH~n~ch :r~_ ') 
cheaper tr.at', P5B90 . ethods of :'rr.pro'/in tl:e perforr..ance 0 • "':' ii~. ,. '/' 

will oe i '1estip,ated f''j76) . Evalua~ion of T,el,o/ or i, roved co...:erc::a 

,rar hite will continue. 
, . , . t f h desi rn line" r.lf's fCJ)" tne '/ion on tne analysis ana tile ef;taD.15n~er. 0 .e , .. -~: 

~ufacture of pyrolytic ~apnite coa~ed tnroats up to 305 r-~ o~aQe~e: has 
beE:n cC!"I".leted . Tne.i its 0: 'lff.lication of r.is form of r:ozz_~ .. nl~ ~OWl 

r . . .C" . ~ .,.;r . ' 11 · lnue ( 1 -7· ) . ~ t . d ( 1( "5 ( ',.. 'a or~"' o '" .... '+h tne .... - MJ ru · J. ',,1. ccn .. De r e er~lne . -' V ~""- ~ _ .... U 4- .. 

~ e Universi :i of J..terJat- .J th :rilll cor,tir"l e the 5 

~echar,is~ of oxiclis.~ ~yecies .... it~ tne basa~ pIa 
g ..lF' e t> ing .etr.ods ty '''r.icr.~r,e s urface tOYOl7r'l hy 
.' .. . • ~ I ~,. "6) to n'/e 1 "'!",roveu eroSl on r~51 :; ~ce • 

dy of the reaction 
e of - J ~. h h~ ai~ of 
of PG Crtn re r.; ·~rl:' fied 

"~pour depo i ted t1l1:f'G. ~n on n":lr;,i:e t!'Ho.'ltS -",il] .eet th~ .05 se'le,e 
erosion cl)rciti or.c a:;socirl er. i n ~lu"'ir.ined rTopell;].r;ts . The de posit: f)n 
of tm~st-er. C f"<J Lr.f',.5 ~rot:J t)r.Q"sten cnlo.-ide, ir. j:ace of nel'..afluoricie, -,till 
be .jeveloped to r~duce 7'.a:mfacturinSt; costs and r.rovide an indi _.enous sr.1) rce 
of rna eri:il ( 1')71..,. Rarrier l-:1ye.rs to rrevent the fOTUl·~tion of t unp,fiten 
carbide <i lrin • 10:-.1"' firin:7 +';i':"'tf!s 'ill e deve) o}ed . 

Brittle r.atp.ri~·s an~ c~1ted ~ozzles C~ 'e 5 Jsceptible to premature 
failure if the trl!:rr."I) eC'''Inic-''ll stres«es p:er.er""ted durinF' the firin~ are 
not considere1 ~arefLl:':J. I. cor.tract o(i tn t:-,e Sngineerin~ !Je~rt ent of 
be Ur.j'/ersity of .Iottin ,am 'ill conSl.rler tne prediction of failure 
probability i~ nozzle m3terials and cO~Fonents in an attempt to efitablish 
sound esiPTI principles (1276/7'. le:iable pnysical and mecnanical data 
at te~~ratures up to 2100 Y. viII be required for this prograu~e (1976) . 
Toe results of test firlr.~s on carbon tnrryats coated with silicon carbide 
\;fl11 IJe analysed and reported (1975) for liquid bipr'>pellant motor 
application in ~nd. 

Cart~n fibre/carbon co posite rraterials offer the possibility of developing 
nozzles ~th h~~ft temperature stability ~nd r..~~ specific strength . A 
number of di ferent noz:le snapes yil: t e uanufactured and evaluated to 
determine structural properties, erosion resistance and cost effectiveness. 
formulations based on ~oyalene and other 10'.1 densi ty rubbers will be 
evalUllted as flexihle i nsulants for linin,.: rock~t motor cases (1976) . 

The difficulties in obtaining asbestos-filled CL8903 commercially have 
indicated the need for a aoyalene wi th an alternative filler; Bubsti tution 
by sllica will be evaluated (1)7-). 

A heat transfer model will be developed to provide desi~ i nform:!tion 
( 1976), 

Alternative methods for lining rocket motor cases with elastomers (eg 
casting and spr~ying) will be assessed for cost effectiveness (1975). 
The "~terials will be based on liquid polybutadiene and silicones. 

kigid ineulants. using r,raded asbestos fibres developed by ERnE, with 
li~"id resin systems will he ava )ua ad with the aim of achieving higher 
composite stren~ths combjned with reduced variability (1974). 

Alternative chamber lininp, materials with improved mouldability (eg e1ass/ 
phenoli~) "'ill he assessed for use in packaged liquid bipropellant motors 
and methods 1)[ achieving better bonding of "in situ" m9ulded liners will be 
investi~8ted (1975) . 
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,Ill i v('rsi t i 1'1' 

R1'£ 

":)D,"' l'hl l'lIIornf'ch,'ni('n 
1'0 0 'j'aphy of l'ryolytic (iJ' Iphi te 
No '.;1 ... Erosion 
1 nsula t i 011 

Extr amural - Industry . 
RPE 

,D1 Design , development. supply of rocket motor 
hardware 
R & D. Solid propellant rocket motor hardwar e 

)D2 Design, development, supply of rocket motor 
hardware 
R D. Solid propellant rocket motor hardware 
Tungsten coated nozzles 
Synthetic Grapnites 
Carbon, fibre/carbon co~posites 

ERDE 

• Elastomeric insulant materials 

RPE 

~D3 Design, development, SI\pply of ro=ket motor 
hardware 
R ~ D. Solid Propellant ro=ket motor hardware 

Contract HHA/Z/1 

• F' I 

No t t j /jg'l . • m 
Ahl'J'Y" wytl1 
Not- kr.oW'l 
~ol' k! own 

Brie 01 Apro~et 

Rrist.ol AI'rojet 

Bristol Af'rojpt 
F'ulmer Research 
Anglo GreRt Lakes Corpn. 
F'ordath Ltd. 

A'll (I' 
A I '\ '\ Ir ( 

'll Y t ",.,~,.. 

Y J1 

1</50 I 

r-/GW42 /1 

1</<;08/94 

K/Gtl42P/10? 
K/Gwl'21i/ 1 ()5 
K/GW42B/1b:t 
K/GW42B/l't 9 

QMC Industrial Re3e~ch Ltd HRA/Z/1 

Bristol Aerojet K/SOB/94 

Bristol Aerojet K/GW42B/" 7 

'l'OTAL INDUS'rRY 

GRAND TOTAL 

1 

r 

Funds to covpr tlr t . f . ~x enmon 0 thl l3 cont ract i n 197tj/?(; lnd 1(J76/77 wUl r n f, rr d from RPE to ERDE. 
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1'11'1.1: 

Hocket Exhaust nnd Plume '!'echno] 0/';." 

WOldl l'rt:M;; 

. t h l'queS with 
. ' d-h' correlatlon ec n The possihil1 ty of US1np; the laser cro.'lse eam " 'n rockpt plumes 

mllltiheam apparatus for measurinp: local flow ve~oc1he61~ d At fJnuth ,lmptnn 
win he evaluated and - if suitable - ~he te?hn1quem:~~ ~~ iaboratory jets, 
University the refinement of the techn1que will be h -ts of selected . t '@E the ex ')U', wi th a view to eon.luctinr; field trials a I on . . 
rocket motors (1975). 

, C b t bla~t ~nd impin~ement 
In the collaborative prop;ramme wlth BA on 005 ., (, th Blackcap 
e f fec ts, pu18e mellsuremen ts of temperature and pre S

(31I re 1n de, th theore­
~xhau,;t wi11 he made ilt f<J ' J~ (1IJ7J,). Hesults wDl be comr

1re (~~),1,) 
tielll predictions us a. te:.t of the validi ty of the model 1nl'; • 

" f1 f 1 t~ ~t noz7.1es at Oxford 
The experimental investll~atlon of ow rom ow Iru", - , wi 11 be 
University will continue. An electron beam fluorescence t~chn~qU~brational 
used to measure the local values of velocity and rotatLona an, Vl, 
temperatures in the jet i:isuj ne; from the HPE 3 kW hydrogen re~nst~Jet. 
Comparison wi th predicti ons wi 11 be made where [,ossiule and the £lnal 
report written (1974). (Transferred from 3C'/ in the 1973/74 Pror;ram

me
). 

The results of the tudy of high temperature insulating milterial~ at O~ford 
University will be analysed and presented in a final report (197~). F1nal 
measurements of the properties of horon nitride in hydrogen at pressure 
above atmospheric will be made in a purpose-built high temper~ture furnace. 
In addition to sublim;ltion, stability and thermal shock, part1cular 
attention will be paid to resistivity. (Transferred from 3C7). 

The work on mixed thruster electric propulsion ut Southampton University 
wilJ he finalised with the analysis of the performance and economics of 
rockpt-]l1l1nched Ilnd shuttle-I.-lUnched reusable mixed electric thruster 
Ayl tems, utiliAinp; hydr'o/~en rer;ir.tojets and ion motors, for p;eoGtationary 
Cind f) ther mir-sions (1075). (Trun:;ferred from 3C7). 

ili Infra Red Radi~tion l-:minsions Calculations by existing computer 
methods will be made to identify emiSSIon features of interest, to predict 
I ;~ radiat.ions from exhausts of particular missiles and to determine the 
accuracy of the predictinn techniques via comparison experiment (contin-
'IOUS ) • 

Line-hy-line methods of predicting detailed spectral structures of impor­
tant molecular b:md emissinns for discrimination applications will be 
evalu 'lted and if necessary programmed (1975). Work wi 11 continue on 
atmospheric transmission of rH radiutions and on updating spectroscopic 
input data (continuous). 

Theoretical predictions for a variety of motors will be made as part of 
the work of TTCP J-AG 3 (1975). 

MeaGurements on plumes of a number of static motors at long and short 
ranr:es will be made wi th a radiometer and with a hieh-resolution 
spectroradiometer. Hesults will be compared with theoretical predictions. 
EmiSSIon ch~ractcristics of missiles ~n flight will be measured and com­
pared with theory (continuous). 

A technique for measuring important optical and IR radiation characteris­
tics of condensed particles will be developed (1975) and used to determine 
e:;sential input data needed for predictions of continuum radbtion 
emissions from rocket exhaust particles (1976). 

lV Radiowave Interactions The test sites, Q and L, for making measure­
ments of Hr interactions will be maintained; tests on motors will be made 
HS reqllireci (continuous). 

Operatinp- manuals for cnlcul,ltinp;attenuation, amplitude- and phase­
modulated noise and diffraction of Rr si~nals anci radar echoing areas will 
he completed (1974) and npdnted aR required to maintain a service facility 
(continuous). 

The method developed for calculation of microwave ltlsertion loss caused by 
a rockpt exhaust plume will be modified to approximate more closely the 
plume ~eometry. Improved aRreement between theory and experiment will be 
achieved ann the p;enerality and reliability of the method demonstrated at 
'lueen l1ary College (1974). 

FIS 

£/74 -

Cun" II I +1 . } 
1974/5 1975/6 1976/7 



j 1/11 f 

/t/ll ,. / 

11",111/., 

j 

/. 11 lid '1 / ", /11 j I I I I " 

I / ,I. t. I 11 I.", 1,,1/1 1 , III , 
11,,1,/1 Id l,j Ilffll 1 rf'1 I' I If ,. I" I 

1,1 I,J lJ 1/1 1,,,1.,, I '1 ti'l; t t ,,,,I fI f f " J "I t "I t (14 I 

I tI' I If 1 1 1 I, 1/11111,111 /f 111 f i, fIJI'"1 ( Ill q , " iN) , 

'/1 1' H I j /' I ,)'11/ tit tt" fI , 

I' I H /11"'1 I I 1 "1,,,1 ),1111 • ~ '" 
I Ifl/ld 011 It J jl.lI / , '/' ." f 

( "/"). 

<I ' '/IWd,I ,,/1il :t /1111111, / ,,,, It 'IJ"fIN 11" ;r rlil.~ ,'" 
1 111'11/ 1,1,. /1 'I I,I IJ. I " "II,'ld. flltlj~"t,1'1/~ I 
'/fd 111111 TI'J/ t 11, " ,It 1IIII'II,In " IfJ .. Id 

""'lmft,Nlt l1'lll ,). 1", Jt~/'ll 
mIll Of n ''( 1 1 It' (IlIAd /11)/" ,,' /f " 4 

I1I j Jt n I I t I 'r, "f/t, "t IliUI tI " (II' 

,,f'/Il/"'/(I ~f/f. J1'/H),IIII{,',f1t 

, , 

( ill 

",1 

r 
11' " 

'Jit! 

• 

I 
I 

/1 

I I 

I I 

, 

't' • I , 

/ , 
Ii I , 

4 " f'. ' I" I / , , " • 'I 
, 

1 " • / ~, 

If "t , 

, 

1111/1<11// d Jlj I d 11/11 IIllif) In! (1,/1"; 101"; 11' '/ 

========~--------+-~~=--~~==~==~~=+~=-~~' 

1/, I fJr)rljftl till ( I ri' I !I l hI' fl f/J I; 1 ',11 

"J tA, H,I I; 1',/ I,f fJ If) ,,'f 1/ 'I I f 

t " f 111-1JII. ',n I Id 1.1 t! " !if '/ f i,V/ -1l11~7,' I ~ " , (I '/# (j j j o (r.fl. ) , , 
,I,d)· , , ',1. r,t • r> I -W)~~J I', 'If 1, I ~,'iPI.t:i-

rI/·t),·,/' flrl 1)1 ~ IJII~, VI 'I' 

I (,.{ d i, j or, 1 r nf', $ rII'. " /H I ; r" I'T'J; (; 

Ilj,f./~'1' •• 1') "'t,', 

r " " r; 1"" 
n f,nr r ,./,-nl'J 

r 

/1', hrp,''' 0 r;JJ1r.j "I 

~h~rp~ • rl ~n • E 
t ,1'1 :t r, 

f. • 

IjtJI~",f', 

nn en~-of-· rn ~? 

f, 01 

;iIi I f f I .. , " f 
I ' . ,> '1 f. 

1'," r It 
n 

'flI f/I r ~1 !r' 

l,t 

' '" 

tJ 

• 

• 

7 "J ,r;.; • 

*', ~".-~,f.." 

• ; 

~I/ 

., ; 

, J 

- ', "" 

, '/ 
" 

--
r -, , 

/.- -
- -



Ii!' I'; 

Opt.icnl wove propagRtion 

"ondt'nsRtion I1tuciies 

Optical prop('rties of mntlll oxideA in t'1llmes 

Optical measurements 

Metal catalysed radic~l recombination 

S.'impling of comhustion plasma 

Elemf'ntary reactions ' 

Ctrbon ~~rticle oxidation 

Structure of tllrbulent flow 

Mixed thruster f'lectric propulsL0' 

Future requirements - not yf't defined 

ExtramJral - Indlstry 

RPE 

Development md sllpply of hardware for 'rye 
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Imp ri 1 t,;oll g' 

South mpton 

ADton 

Ox forti 

SO'l t ~1"'\I~pt0i1 

Not kno "':1 

TO r AL urJIV ERSITIES 

Bristol Aerojet 

TOTAL INDUs'rRY 

GRAND TOTAL 
= 

110 Y t plO' d 

1 

A r/2Q1.?/o84 

AT/2081/0~8 

A'r/20;.1!O 0 

AT/20i+ 1/09 

A'r/2097/017 

Not Y t pl c.d 

AT/205';/O~ 

AT/d040/011 5 

K/u 
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• 

2 
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7, [;'1 'r"fll Br'd I nFltrum('n Lo /'10)] -- --
'1'111' t/"w hyd:r:,ulir: thrU/~L crt.iiiJrltt.i otl n,Ylltpm, whi eh will n"d l l c ,' tit" 
OxifJtinp; lI f)rninon" r'ornpr l'lln i oJl h,/ .t , 11:1/1 Ilf 'l'll (lflflOmh ll'd bnl pl" ' lirnlrt / 'r',Y 

I,OfJt.1l hlIV', fhlJWll IUlfJccr'~d,f lhl y Itlr';h l" l d{l II~1' j·,' lh , . Modif'](' ,' lllnll' l I n ,'litnirl'd 
tfl'lt11lT'B t'''Cluirl ,d find t.r'F1Ln will h" l'ornrnnncll d 10 pr'ovl' 1.1l!' 11('I'l tJ' ,' I G,V of' Ih" 
flyn l,l'm. If' fIll' t. { 'I'I ~"1. III'CIU'IlCl,V III "chll'vI'd , 1.11" flrl'lipln'mt nholll 1111 ill 
UA/' IJY thl' "rid o J' Lilt, YOflr. 

','h r'llr, 1 ItJiv,nmnnt rr'rpdr','ml·tJl.ll fO l' KII'/')', mo Lnrn ll n~ ldl mll t' ll trior" /l( :r. ltt'n l, ! 
ml' / I/JI1l I'1I1I'nLI, Ih'ln Wt'rl' f1l l rr'I'I1tl f'lt"! I,V Ilh l,lI in,'r1 for Cl'nk", In : lr.kc: ,p 11 till 
H/lpf "r'. '1'1'11 1 1;/11IHl'1 W I 11 IJp dl'f111~n,'d IInd efl'ln l T'111: 1, I'd II OVI','coml' HJ(' 
pr'o\,l"il/. H( (( I IW' of !.lp' VI'/';, " llnl t hurni 11/~ t.jl/ll' of' I,h,' rrrnLorn, 1111' 
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S~Rer 
C~~s5ific~lionl -

RESEARCH PROGRAttU: SHEET (Continuotion Shopt No 1 ) 

T ITLt I 
Rocket Instrumentation and Non-Destructive 

Testing. 

.... ORK ITEMS 

Ref . & Titl!': A comprehensive set of equipment has been assembled for experiments into 
the use of acoustic emission for testing of composite rocket mot~r ~ases. 
Preliminary tests were carried OJt with beam samples in three p01nt 
bending and later tests have involved pressure testing of nurestos vessels, 
There appears to be a correlation between the emission observed and the 
mode of failure. It is nOW intended to test to destruction oblate 
spheroids in carbon fibre composite as a preliminary to proof testing of 
motor cases . The resul~' s obtained will be compared with those from 
ul trasonic and radiograph i..; testing • Results are becomin~ available from 
the contract with AERE Harwell to investigate the detailed nature of the 
processes leading to acoustic emission. There is some evidence that . 
different modes of failure produce a different pulse shape. but that 
within a short distance of the point of initiation the nature of the 
emission is controlled by the geometry and acoustic properties of the 
material through which it has passed. Work will continue to confirm these 
results and improve understanding of the phenomenon (1975)· 

Ultrasonic techniques have been applied satisfactorily to the detection 
of unbonding in Polaris first stage motors and effort will be concentrated 
on the detection of gas cracking which entails a very lengthy inspection 
if radiography is used; a holographic inspection technique might 
eventually prove feasible. Initial effort will be concentrated on a 
simple technique relying on interference between the main beam and 
reflections from defects. Some motors may have extensive unbonding along 
the parallel section, rendering through-transmission techniques impossible, 
but there is still hope that a reflection technique is possibl~ from the 
motor conduit. A 1/5th scale motor will be cast in polythene to enable 

scale experiments to be carried out. 
Work at Loughborough University will explore the use of synthetic aperture 
tech~iques.in ~ltrasonic inspection. Satisfactory detection ~ay be 
~oS~lble w1thout the large aperture required for holographic imaging; 
lt 16 hoped that a recommended design for practical use will be available 

by mid 1971+. 
A new 3000 kV X-ray Bet will be commissioned by ERDE for propellant NDT 
and liAison maintained with RPE, SRS, RARDE and Inspectorates. 

--
PAC\(~g Ref r .. nC 1101 

3F/74 

PreviouS current 
1973/ 4 1974/5 

.1 .2 
1975/ 6 1976/7 

• 

Extramural - Industry 
Uni~ersity/Co~tractor Agreement or 

Contract ~o. 

Estimated 
Payments 1974/75 

RPE 

3F2 Acoustic emission from composites 

Ultrasonic image conversion 

New 'fechniquea 

AERE 

Mullar d 

Not known 

TOTAL INDUSTRY 

F22. 
SECRET 

K/A83A/721 

K/A83A/750 
No t yet placed 
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Rnf 1 Titl I 
(~) 10.0 

301 Secondary Explosives and Compositions 

Work on the, systematic study of RDX/TNT castinf continues with particular 
mphasis belng placed on determining the factors of importance in ensur­

ing crack-free charges of, high intrinsic strength and with good adhesion 
to the walls of the contalning vessel. Specific factors being studied 
i~clude controlled rates of cooling, the effect of TNT nucleating addi­
tlvee such as HNS, and the influence of temperature on polymorphic transi­
tion in TNT 0975). A study of the influence of plast i cisers and waxes as 
crack inhibitors has commenced, particularly with regard to the influence 
that such additives may have on adhesion and exudation. 

(c) 

Development of cold cured, cast plastic bonded explosives based upon 
maximum solids loading of RDX and HMX is being concluded (1974) and 
samples ,have been supplied to RARDE and AWRE for evaluation. Further work 
on high energy cold cast PBX's containing energetic plasticisers will be 
dependent on demonstratlon of improvement in performance and on simpli­
fication of filling procedures over conventional compositions. Filled 
shaped chargee will be supplied to RARDE for this purpose (1975)· 

Safety and stor ge trial of Poly-X compositions for torpedo warhead 
applications are almost completed (1974). Work to resolve cracking 
problems with Poly-X compositions on high temperature storage will be 
continued (1975). Development of Poly-X compositions for maximum perfor­
mance under high confinement will be continued (1975) ie in penetrating 
and cr tering warheads and their performance under high shock level 

loading evaluated. 
Formulation of aqueous and non-aqueous thixotropic liquid and slurry 
explosives designed for demolition, cratering and mine clearance purposes 
will be terminated (1974) and further effort confined to supply of bulk 
samples required for trials and evaluation. Future work , particularly 
in respect ot improvements in high and low temperature storage capabili­
ties of these explosives, will be dependent on a firm requirement emergi ng 

from the user department (RARDE). 
Laboratory synthesis, pilot plant inves t igation and manuf ac t ure of explo­
Ri ves and i ngredients is a cont i nuing r equi rement. Examples of work under 
thi s heading include synthesi s and process s tudi es on HNS, DATN~. TATN~t 
PVN and des ens i tised NG extraotion. 

302 Explosive Performance and Detonation Studi es 
Measurement and evaluation of the performance ot experimental and conv en-
tional explosive compositions relevant to air and underwater blaRt, , 
fragmentation and cratering applications to provide data for opt i mi Bnt on 
in composition development and in the designers' choie of fillings 

(1) Draw .. t1n .. undf"T .,,, ch Work ltl'm. (7) Gi vl (1\ ) , Ch) " (c) rlgur.
5 

f o r e ltrtl wo rk 

(~) rurthPT Work ltI'm' should b (>ntl'rpd on /I Coni i nu,~ t I''" Shl'rl. 
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EXTRAMURAL - UNIVERSITIES 
ERDE 

301 CRYSTALLOGRAPHY OF NITRAMINES 

f,ECHEl' 

Preparation and properties of nitro-imide compounds 

Synthesis of thermally stable polynitro-aromatic compounds 

304 

STRUCTURE AND STABILITY OF DETONATION WAVES 

Thermal decomposition of organic nitro compounds 

Initiation of fuel/air mixtures 

METAL COMPLEXES OF DIFUNCTIONAL NITROPHENOLS 

Inorganic solid oxidants 

Chemistry of decomposition processes 

F25 

SEeRRI' 

University/Contractor 

LAnes ter 

East Anglia 

Kinf,ston 

Aberyst .... yth 

Essex 

Essex 

North London Poly 

Aberystwyth 

Cambridge 

Total - Universities 

Agl'flem n 0 

Contr t:t 110 

A.'r/?18 /)' 

AT/21( /07 

A.T/2055/03 

AT/.?110/0? 

AT/2178/011 

AT/2178/014 

AT/2212/01 

AT/2110/06 

AT/2029/088 

imat fIJd 
III n 
74/7'.; 

~. 

.5 
1.0 

1.0 

4.!> 

1.0 

1 . 0 

1.0 
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deve: o. i ro:eG 
i nc des t e searc . 
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er _":'es an' dura ility. 

' al to reduce t he 46 . 0 ' 45. 5 ERnE La develop : Stror~er and sti ffer aterl s . e i oe8, veight 0: civil and military s1rcrsft and ng 
£rlr ural 39. ; 
( l.k) Cc) 

P.ef & r i tle : 

and for other defence applications. 

Improved fibres and matrices , and to selec t the 
best components for composites. To BpplY, t~e6e 
composites to a vari ety of military and C1V11 
uses. 

WORK l IEl'6 

1 (K6 ) Non- Met allic Fibre Composites 
1.1 Fibres and Fi bre Pr ocessing 
Critical examination and opti mis ation of the basic ERDE process~s fo r ~he efficient grading and aligning of discontinuous bigh strength , flbres wl~h a view to providing data for the design of efficient pl~tS, W1 th emphasls on asbestos as an inexpensi ve material for Defence appllcat lons such as rocket motor nozzles and bodi es , launcher tubes, etc (1976 ) . Developm,ent of sui table non-des truct i ve t est methods for quality assesS­ment of discontinuous fibre mats a nd prepregs (1975). Examination of t he thermal stability of asbestos fib r es (1975). 

1.2 Non- Met allic Discontinuous Fibre Composites 
Studies of fabrication techniques f or composite production, such as compression and autoclave moulding (1976) . Supply of bulk carbon fibre prepregs for trials in the fabrication of gear box cases, rocket nozzles and other components (1976). Inves t igat ion of selected mechanical, thermal and electrical proper ties of discontinuous carbon fibre and asbestos composites (1976) rel evant to Defence applications. Provision of design data sheets. Examinat ion of new matrix resins synthesised in ERDE. 
1.3 Materials and Procesaes for Non-Metallic Composites 
Study of fabrication t echni ques and the effects of structural parameters on the mechanical properties of f ibrous composites. Development of mechanical test techni ques for the evaluation of structural and geometrical eff ects . Measurement of specific mechanical properties of ERDE and commerci ally-produced carbon fibre composites. Evaluation of new matrix res ins synt hes ised in ERDE . 

2 (KZ) Metallic Fibre Composites 
Critical examination of the mechanical and certain thermal and electrical properties of AI-SiC whisker composites OVer a range of conditions likely to be encountered in Defence applications (1975). Fabrication techniques for whisker-reinforced laminates and evaluation of hybrid composites suitable for Defence use, eg light-weight armour, aero-engine containment rings, components for rocket engines and compressor blades (1976). Provision of design data sheets. 

c:::="" ~, 3 (J3) Plastics and Rubbers 

( 
ci1 3.1/3 Support work for Army and Air Department Establishments on the () ~ selection and use of plastics and rubbers for use in Service equipments. .- I Provision of mechanical property and design data on new non-metallic l\ materials which appear to have promise for use in Service stores. Study C::::::::I~ of the stress-cracking behaviour ot polymers in hostile environments, le 0"" 

(1) Draw a line under each Work Item. (2) Give (a), Cb) & (c) figures for each vork itea. (~) Further Work Items should be entered on 8 Continuation Sheet. 
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Rc-f . ~ Till, , : ( J 3) Pl astics a nd Ru bber s (continued) 

'I' • '\"l'\ 1"1' \ ,',. 11 ·t'lI ,,,,,I , •. 

) 

(:d 

t hei r mechani cal pr opert ies a t hig h and low t emp ratures nnd thigh s t rni n 
~: tes . , Evaluation of the degr ada tion in pr opertic" of rubber s a nd pl/ lllt lC:, 

suI ~ lng from contac t wi t h explos i ves , pr opellant s nd hydr ocar bon fuel ~ Lh) 

and 01 1s. Exploi t a t ion o f t he novel polymer synthesi s pionee r d in I::HUl:. fo 
t he prepar a ti on of impr ove d r ubbers . Pr ovi s i on of desi/~ll dn t o sh 'et s . 

3.4 Research into metal cat alysis of t he autoxidation of polymt'r" and 
polymer model compounds . St udy of mec hani sm and kinetics of a ut oxi daLion . 

4 ( J 2) Tropi ca l Tes t i nG a nd St abi li ty 

The pr ovision of tempe r ate a nd tropi cal t rinl fac ilities for a ll Def~nce 
Departments. Measurement of the e f f ec t s of heut , a ir, moi s ture a t c on the 
properties of stres sed and unstre ssed pol ymers . Further development of 
a ccelerated tests for the a ssess ment of the s tabili ty and ageing properties 
of polymers a nd their correl ation with the r es ul t s of tropical exposure 
trials . Measurement of t otal so l a r r adi a tion, UV content of sola r r adi a -
tion and surface temperatures of non- metalli c ma t erials exposed out - of-
doors. Continued exploita ti on of the ERDE- devel oped t hin f ilm monitor for 
the world-wide ass essment of the UV content of solar r adiation. 

l" ) 

5 (J4 ) Adhesives and Sealants (a) 

5 . 1 Development of improved high st r ength . f lexi bl e me t a l-to-me t al and (b) 
c omposite- to- compos ite adhe s ives us ing EHDE- devel oped syntheti c r outes , and (c) 
a ssessment of thei r long- term hi gh- temperat ure a nd solvent - r esist ant 
cha racteri s tics. Devel opment of modified e poxy resin ~ specifically fo r us e 
as new ma trix resin in carbon and othe r f i bre composites . Modified 
material s have been produced which give improvemHnt s in the int er laminar 
shea r stre~ths of c arbon fib r e composites of the order of 15- 20 p r c nt , 
and composite -to- compos ite a dhesive lap shea r s trengths of the orde r of 
100 pe r c ent grea ter tha n t hose given by unmodi fi ed materia l s . Long t erm 
ageing in air over a wide tempe r ature range , and t est i ng re s i s tanc e to 
wate r a nd common aircra ft fluids i s proceeding . 'rhe progr a mme wi ll be 
subj ected to a major review in one year . 

5 . 2/4 Res earch into the durabi l ity of structural adhesi ves by lon~-t erm 
expos ure trials and the a s sessment of failure mpchani s ms by corr ela tion of 
failure sites with surface properties. Study of adhesion be tween r ubber­
c oated fabrics and between rubber and f abri cs . Evaluat ion of n(! w ad hesiv s 

6 (J10) Analysis ( a ) 

Provision of analytical support f or the Establ i s hment' s work on materials , (b ) 
particularly instrumental analysis o f polyme r s by rR, UV a nd NMR spectro- ( c ) 
scopy, osmometry. chromatography , mi c roa na lys i s , thermomec hani ca l a nd 
thermochemical analysis and cryst al Jogr ap hy. 

Therma l Propert i es of Compos ites 
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