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· A SHORT ACCOm,)T OF E.R,D.E. 

History 

The Explosives Research 8-'1d Development Establish.r.'.ent 
occupies a site rich in hisiory. V!ithi."'1 its boundaries 
stood t.1J.e oldest gunpovrder fccctoX"J in Britain, boasting four 
hundred years of continuous operation. Of many signifioant 
happeni.'1gs during these centuries one of the most Lilportant 
and durable was the ouiright purchase of the lJlills by the 
Government i."'1 1787. Folloni.'1g the acquisition much money 
was spent on repair, modernisation, and expansion, and 
gunpowder manufacture was resumed on a large scale just i."'1 
time for the Napoleonio VTars. 

From that tL-r.e onwards the production of gD."'1poy,c.er was 
continuous until brought to an abrupt end by a Germe.n bomb 
during the vrinter of 1940/41. By then, however, other 
parts of the factory were engageQ in maki.'1g cordite and high 
ex~losivGs and conti.'1ued to do so until 1945, when the 
premises were handed over for their present research 
purposes. The newcomers ':;ere faced with the considerable 
task of converting an out of date explosives factory into a 
r:1oder::1 research establish::n.ent. Metalled roads Vlere 
non-existent apart from the approach to the Hai.'1 Gate along 
Powder2ill Lane (which is as ancie::1t as the factory itself), 
all internal transport being by ~eans of a net-lork o~ C~lals 
a..'1d :'1arrow gauge railways. D1lring the last menty years 
roads and services have been proviQed anQ the great =~jority 
of the buildings have been converted - with both success and 
economy - to their present p~l?oses. Some new buil~ings 
have been added, and visitors may observe a few to w~ich only 
temporary improvements have so far been possible. 
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Present Functions 

The Establishf:1Emt now occupie s t-,JC sites ee.c~ of abo1.lt 
250 acres in extent, ".;ith one lying to the nort.!.~ '.!.Dd onc to the south of iTalthar:1 Abbey. IYl aJ.l e. total of S0!:10 250 
ouildings arc in use, ranging fro:::. laoore:'.tories to 
explosi ves processiYlg buildings, firing chol~~ers, lllachir..c 
shops and . offices. Of the totc.l personnel of e..bout 900, 
soue 80 are universivJ graduates or he.ve profe3sione~ 
qualifications, aoout 120 he.ve Ri gl, Na tion,""l CertificD. tas or equivalent, about an equal nusber a re possessed of a m2.Ylual skill ~~d about 400 are traL~ed in explosives processing. 

E.R.D.E. is a centre of che~ical research and 
development ';rith interests centree. upon explosives, solid 
e.nd liquid propellants, and related compositions. To a 
lesser extent the Estaolishment is active in the field of 
non-metallic materials, mainly those used in aircraft or 
defence equipElent. As the only r escc_rch orsanis3.tion ( ~'!i-'ch . -'- . ). -'-h 'T" ••• • d d' J' very Ellnor excep vlons ln V.le !..-nl -eeo. ~(.::.r:';:S or., enG~go I n c.!.'le 
field of propellants and explosives ~ . ~ . D .~. serves all 
fighting services. i'.'iucn contir.uing research 2.ll'i testing is necess2.ry to provido D. souna. oasis for .".'.-a.vice upon ;;:atters 
of produc tion, use J i?~~d se..fe ty, ane. a gooa. doo..l of tnis -::ork is required equally ',vnether the; ·;,cC'.pon is 3ri tisn or, li:<:9 Polaris, purchased fro!":', c.broCld. Close ,,0:d:inS c.rranQ;crJ8:c..-:s 
exist y,ith the Esto..blis hr.:ents concerned ·,',it};' vTee.pon o.esiS::l, 
chiefly the Roc~cet Propulsion ~:;st2..olisl:.-,-::ent 2.::1d the Royal .rtr:::ar:lent Research 2nd Develop r,~el"lt Est.::.blish:;'Cl1.t , 2.nd -::itl: 
the Royal OrcD1G.nco Fa.ctories responsiol e fer v.' .. L11. i Jcions 
proo.uction. 

To ille.intain perspecti ve it should be 2entioncd tn..::l t -:he - follo';fing notes upon C1.J.rrcY"lt 2.cti vi t ic s l"l2.VO aeon prop2.re~ 
not so rimcn to convey a c02plete !l.11a. o8.lc..Ilcec. picture of --:he 3stablishsent but rather to s e lect itCL1S thought to be of nost interest to today!s visitors. 
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~olid Propellants 

The essential requirer::.ents of Cl. solid proPella::.-z are 
that it should burn at a precisely ?redetermined ra~ for a 
precise tine with a standard thrus -;;, and that it shc-...ud re
tain its characteristics for arJ. ilJ.G.G:~inte period - c:::- at 
least for a long and specifiable ti:.::.e during which c:na can 
be conficient that there d.ll b e no cieterioratioa wr.i.cil could 
give rise to dangerously high b~rning rates or inacc~ate 

ballistics. 

Few foroulations are continuol:sly being devisee. to oeet 
the cha..Ylging requireI11ents of the '.7(;c:.pon designers ir... respect 
of ballistics, r.1echanical propertiss, resistance to s:xtreDes 
OI~ ter:lpera.ture, absence of snoke, arJ.G. etc. Process~s for 
full scale production are also devcloped, fu~d new 
cooposi tions in quanti ties ranging :~roi.l a few pOli.'1ds to oany 
tons are supplied to the weapon Cicsign .Gstablisrw.en~5 for 
trial. The propollant processing plants avai~ble ~ 
E.R.D.E. range in siZe from labora~ory to full pruduction 
sC2.1e aad, in aggregate providE: a i"2.cility unique ir: the 
Free Yiorld. 

Eecent v!ork includes collo:-,boro:-. tion Hi th the I'tla:::--Zin-32.ker 
__ ix'craft Co., in the develop::lent o:~ c.n aircraft ejector seat 
suitable for use ,;lithin a fe,., feet of the ground. Ejector 
seats ;;12.de by IVic.rtin- Baker are sold. in ;;Jany foreign countriGs 
including the U ,S ,.:~. Iwprover.18nts nave also been ·:r-.... "l8 in the 
process for the nanufacture of cG,;ibustible c2.rtridgs cases, 
which should. nov[ give a better 2.lld che2.per product +-;""n its 
~~r::8ric~n coapetitor. Export se:.les :::.re hoped I~or. 

Liguid ?ropellants 

Under this heading ac"t~v~'Gy cer:tres ll12.inly on 5e study 
of heat transfer characteristics, UY.der the conditicns 
encountered in liquid ro(;ket propellant engines, or fluids of 
irJ.terest 2.S rocket fuels. Recant :::ec;.sureo.ents hD.ve a. civil 
f<:.ll-out ine..si::uch as the b.::..sic data obtained is alse relevant 
to ce:.lcub.tions on hG.::..t transfer irl high pressure s~ea2 boilers. 
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The precision en3in~ered apparo.tus built here for the work 
is unparallel i11_ Europe and is frOl:l tiJ~e to tihle Bade usc of by British fir::ls and by such bodies as the Centr.::.l 
Electricity Research Laboratory. 

ExPlosives 

::iilitary explosives, ,'!ith very feV! exceptions, c..re 
mixtures of chemical ingredients, each of ;-;hioh contributes in its own pa rticulc..r .,.,ray to produce the required S8t of 
properties. The point :-:J.ay be illustrated by the ol['~ssicc.l exe.nple of gunpowder, ;;;herc geod r esults in the G'"tUl ';;ere 
greatly dependent upon the c2reful o.ttention GivGn to the 
quality of the chc.rcoal i..l1gre<iient. In T:lOc1ern oxplosive 
oor::posi tions the i..l1gredients cere uS1..liJ.lly \'.ui~c el2.borc.te 
canpounds and ;;lany have distinctive functions, e.g. to 
control se!1sitiveness or to secure adequate st2.tility in 
adverse storage conditions; thus by the careful choice of 
ingredients the utility of explosives cocpoUl1ds iJay '00 
extended to seet l:lOre eX2.ctin~; rcoyirou;nts . 

It is therefore necessary to study in c:.epth the connection between the chemical constitution 2nd the: useftu 
propertie s of the various :mbs tC'J1 CC s in order to 1.l..'lo.orstc.ml both tl:.e reasons for their USE.fuli1oSS 2.nd the ir li:::.i"co.tio..'1Se Coopounds thought likely to confer spocific bc~efits ere 
synthesised Md research is c2.rried on into tl1G chcrJical 
details of methods of Ll211ufac-'cl12'e. 

Unfortunately it is probable the: t (1 r::c.r]:ed i >1crease in 
perfor:::.e.nce can now only be oct.::..ined by tne use of 
ingredients v:hich incre2.se the explosion naze.rd cluri..-:.g the process of !'Jan.ufacture. It n2.S therefore been necessary to 
construct a ne'iI building in which raw naterials yiill oe 
processed i..l1tO explosive c omp ositions, 2.nd fired under 
predeterni.."lcd conditions to give tecr..nical c.2.t2., y;ith the 
operatives exeroising control froEl beh:L:.1d. safe; covor. 
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=,~'lG r eDotely controlled plant for this building is being 
G.Gsigned, and Hill be partly built, in E.R.D.E. and will 
[;.lso be largely installed by the Est8.blisru"!lent staff. 

A'1.other way in. which tl:e effocti vencss of an explosive 
co::,.pound. nay be increased is by thG optiBu.:n exploitation of 
"the Bechanisn of detonation. For use ill. under-viater weapons 
a..'1 a ttelllpt is being nad.e to tailor the shock wave by changes 
in the cOlllposi tion of the conp0Ui.1d, so as to n.chieve the 
nost damaging pressure - tine pro:file. This '.'fork is being 
carried out in close collaborn.tion ~~th the Naval 
Construction Reso3.Tch Establisll.:::ont. 

1\170 recen t eXa!:lples of calls !nado by outside bodies 
upon the specialist e)..'"}Jlosive knowledge of :C.R.D.E. ",.ay be 
g iven. The first is the developL'.01-"t of special teclmiques 
to or:,ploy the chenical energ-y of ex-plosi VG s to punp high 
,mergy lasers, in collaboration Hi th the Royal Aircraft 
3stablis~~ont. The second is the developBent of special 
5J1.lllosive chnrges to reproduce air blast wavefor ms of 
specified fOrD, e.g. rocket m.otor l:2..1(e -off blast. This 
provides a">linexpensi ve neans of checking the effect of the 
"blast upon st2.tic ground equipment. 

Scall quantities of initiatinG CODposl~lons, all of 
":":::::'::'ch 3.re highly s8nsi ti ve, are required in all systems 
uS L" ... Z 0::-::plosiv8s or solid propellants. :C.R.D.:s. has 
achie,~d. notcble success in the Dnprovement of these co~pos
::'~ions ~~d initiators developed Dere a re currently being nade 
in the D.S.A., Canada, Srmden, and. Pakistn.n, in some cases 
or.. a pa -Cent royalty basis. Recent research has been directed 
to the iDprov&!:1ent of the high tom.pera ture porforme.nce 2..'1d to 
longer safe inste.lled lives. Ne'.': compositions, going a long 
','lay towards achieving those ends, have "been developed ar:d 
are now und.ergoing pr~ctical Service trials. 
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~eric Materials 

In the polywer f~eld rese~ch activities are directed 
towards obtaining a better underst2-'1di."1.g of the be:haviour of 
such substances as plastics, rubbers, a~~esives, and fibrous 
subs ta'1ces. 

One important target is the i.~proveBent of the 
resistance of nat8rials such 2.S rubber, polyethyleno, anc. 
proofed fabrics to the deterioration caused by heat, air, 
~'1d light. Recent Qonths have seen the successful 
development of et si1J.ple process i';nich should subst.:mti2.11y 
i!nprove the ae;ei.'1g characteristics of nylon, and v!hich is 
the subject of patent application. 

E.R.D.E. acts as consult2.nt to the Hilite.ry E~uiprj).en-';; 
Experiment2.l Establisr .... 1':lCnt and the Fighting Vehicles 
Research fu1d DevelopBent Establi3h~ent, w10ngst others, on 
the choice 2-'10. use of rubbers and plastics. These ~aterials 
are examined here to gather data 0:1 such Dochetnical 
properties as' their elasticity, ulti:J.ate streY'.G""C~-:, tensile 
properties undor biaxial stress, a~d rate of response to 
high speed stress. Applied v{ork to solye C',d hoc d3sign 
problems is carried out, a recent exa:::.ple being the 
develop8ent of conducting rubbers for ta~c tracks to 
eli.~inate r2.dio interference. 

The prograEu""";le of ':vork of the 7ropbo.l Re se2.rcn iJni t: 0. 

joint venture with Australi2., is c:nother responsibility. 
The Unit c2.rries out long ter:J. tri2.ls inyolving ex:::,osure to 
tropical conditions of both :J.etallic ~'1d non- :J.oto..llic 
equipment. 

I CO::lDosi te ----
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C08posite Hate ri2-1s 

RGcent 2.dv;:)'l'lcGS in basic ,-~ateri[1.1s science has she\'..-n 
that wnile the i l:lprover::ent of cle.ssical engineering 
':1c:teri".ls is nithin' sight of its l"latural lil:!itations, there 
are entirely no,,, possibilities in the develop!I'.ent of 
l:l1orthodox structural i:!aterialf:>. In particular ',re YlOW 
understand i.n principle how to set toughness and high 
strength froi:l any solid substc.nce .?b',ost irrespective of 
its chesicc.l n[·,ture. The t echniques available at prosent 
usually involve the nanufactt..:.re of strong fibres "thich o.re 
th0Yl bonded together ni th a r::[,trix of SOGe other substance 
to for::: a roLl.forced or tHo-phase naterial of superior 
::"!6chanical properties. 

Suit::cblo fibres are being gro';:n D"l furne.ces at :C.R.D.E:. 
<".Dd oEerge in the for:;t of short 1;,;hislcers, ,,;hich derive their 
h i gh f.lOchc:":''1ical strength fro;::: t:w perfection of their 
surface st:..~.lcturo. One use to -:rhich whiskers C!--"'G being put 
is the reinforCG1"!lGnt of an alLQinit.':7: c:.lloy, to produce a 
nateri2cl 1;,hic~1 is sup0rior to the original in the respoct 
t h ..,-'- -i -I- 1~ ",t <> l·""S 'us" "<:>'ul S';"·('''·'''' ",.c.~.., """Q' s.J.~ .<>.0., "'ss u~ ""0 )~OOoC ..I..':"u..t... __ '-' __ v ....- ':".1. I.:;.L 1..1_ t ....... .I.!:) l,;_ ... '-".&._ \....J.....1...Ll ... v IJ v • 

Attolltion is 2.1so boi...'1g directed to the reinforcGDent of 
nick0l a lloys by a lur::ina fi"bres for use in the ~xtra hiSh 
tooper:ltu~cG elwir on:nent of 5.ero-enGir:es. Speci;;,en turbine 
blades T:1ado froE} the reinforc8c. a lloy are :'10':: Ui."ldor test at 
thG National Gas TurbirlG Estatlishr:"!ont. 

'7[llisl(ors CO;:J.O frOi:l the fur::'1CLCG as Cl tCwl1.g1od. felt ana. 

before usa mus t bo cleaned, graded l;:;y lei"lst ... '1, arransed 
parccllol to onG anothGr , and Syurl into threads. Autosatic 
processes for those pu:.rpOSGS r.,r-,icn have been cievelo?Gd at 
E.R.D.E. (and patented) have aroused great interest in the 
U.S.A., and tl1arG have been a "-:.ur;1ber of enquiries for 
licences. 

/These 

-7-



T..n.ese grading and orienting teclu:iques have been found 
suita blo for asbestos, -;[hich althouGl1. cheap and potentially 
useful, has in the past f0und its use as Il reinforcing e_Gent 
DCL."1dicapped by handling difficulties. Tr:e E st2.b1 ish.;ncnt is 
no-;-, treating 2.sbestos by the processes used for the hcmdling 

"of r:hiskers ~~nd is doveloping c..n 2.sbostos rcinforcGd 
plastic which, weight for weight , is sJcronger and stiffer than 
light D~tlll ~lloys. 

Chenical ~ngineerin~ 

Chemical Engineering is concorn.od with m02.J1S ,:md 
equ~pDent for processll1g chcnicals on. ~ production scalo. 
E.B..D.E. dowlops not only methods of (~uc,ntity production of, 
but Illso the special plant requ ired for, explosives, 
propellants , initiators, pyrotechnics, cort8.in plo.stics, ? .. nd 
chemiccls Vlhich may be required as ingredients for them. 
('iThen lTI.othods have been established tr:e te.sk · of production 

t is t aken over by the appropri2.to ROy2.1 Or ci.'1ancc Factory.) 
Res02.rc:h to this end cc .. rriod out on basic !!unit opor ? .. tio!1sl! 
produces knonledgo which lTI.2.y be applicable, for cX9.f.lp l e , 
equally to sugar a s to an c :A1l10si ve. ~lo st of tl:.e 
tccr:nological 1:no":rl edg8 e.c quircd i s thorefore just as usc i\.:.l 

, in the civil as in the defence fielcl. 

Other cho:l,ic2.1 engineerinG rese2.rch is c.i:-::.ecl c.t 
ir::proving the pcrfor::la..YJ.ce and s2.fety of e:A.1?losi ',res c.~1d 

pr opellant procossirlg e~uipr::.ont, pe.rtic:ul2.rly si:-::ing 

~
:::.e'Chines which c.r e used. not only fo:!.' p:oopella:1t pe.stos but 
':;"=:'SQ in the chcrlical [~nd baker y industries . ..:\tt8~tio!1 is 
also directed to the design ill1d iBproV0~ent of 2cthods of 
r e::;ote control of :J.achines. In adciition the chcrrcicG.l 

! Gl10ineering f acilities are used. -to DC":'::e: qU2.ntities of n ove::' 
or li.'1usual chemic o.ls both for }~.R.D':::;. anci fcr othor 
Gover lE' .. ent Establish:nonts. 

/Chenica=k 
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Ch8sic~1 An~lysi5 - "---

As night bo expectcd fror:: ",",hat h2.S 2.1re~dy bSG::l 'iIri tten 
thero is ~ continuous need for 2.ccura te and comprst6:Clsi ve 
d".crr:ical 2.r.c.lysis, ana !J.odGrn 8quipl:,cnt is in use fo!:' this 
p·Llrposo. The ~n2.1ysts also develop ::lOW physical-chGwic~l 
techniques of identification 2.nd o..n.alysis, \7hich, 2.lthough 
ai~ed prli~eIily at the particular problems of ~.~.D.~., are 
of universal use in the v.'orlo.. of Chel":listry. Much attention 
is direcGod to tho safety and stability of propellants and 

"I oxplosi ve s in various conditions 0::" long te:rr:J. sto!:'age and to 
:;ho cO::1patibility of those not or.ly 'i!ith each other Jut o..lso 
vi th the other ;::atGrials 'ili th 1.7hich they will be orought 
into contact. Unsafe reaction tetv;eon chemicals Bust, of 
courso, be avoided. 

Fr02 tL~e to tir:e special apparatus is devised to 
per",i t novol chonical or physical GX2..Llination. A recent 
exc..sple is the construction of Cl thcrmo coupled device with 
over 2,000 jtL.'1.ctions pGr square inch , with sensitivity 
suff~cient to detect heateI:lissior-l at a r ate dovm to 0.5 
calori",s per day, 

~;Ii sCGllc:nGOUS Kesoa!:'ch Activities 

To support propellant research Cl livoly inte!:'ost L'1. the 
chGmistry of fla,llGS and cocbustior.. nust be r.1ccintained o:...'1d 
E .R. D.~. is a !:'Gcognised authority ~1 this field toth ~t 
110::16 and abroad.. 

1 A scall group under the person~l le~dership of tt~ 
Director of the bst2.blishI':.ent is cl1[?;2.gGd on Et nUI:iOGr ::;:: 
rosearch topic s. Ma...YlY of these are essentially probL-:; 
inv8stige.tions '·i'ith the object of Ciocicling vr11ether or ::1.ot a 
p2.rticul~r field nerits a oore elaborate study. P~thcugh 
ur:spectacular to the non- scientist such i70rk is Ver'-J 
neCGSS2..ry if eXQensi ve but frui tle ss research is to be 
avoided. 

-9-



· ,. 

The Engineering Bra...'1.ch employs profession:?:.l engineers, 
technicians, ~nd sizeable nQ~bers of skilled a~d ~on
sk:5..11ed r.w.nual yrorkers. It is c<;''-lippeci "':ith ci..,il c.nd 
f.lech~nical design offices and '.-:i th 2. ~um.ber of '.;or}:shops 
containL~g modern gener~l purpose tools. 

There .:?re two o~in functions. F~rstly direct support 
is ~fforded to scientific work. ?~ofescional ~c.vice is 
given, special purpose appar~tus ciesigned, 2.!ld r."l2-~ufc.cture 
is either undertaken in the Est2.blish:.:ent l s o.'m 7-rorkshcps or 
i s ~rranged under contr~ct. Seco~d.ly, the branch is 
responsible for 2.11 maintenance 2.1')/1 servicing - of the 
grounds and buildings, of explosives c"~'1.d non- e:cplosi-..... es 
plant, e...."f1d of services such as elGctricity, "',ater, S8V!ere.ge, 
heating, ventile,tion, steaI!l, co;r.pressea. a~r ana. refriGeration. 

Nen buildings ::lre constructsc. 'J.:'"'.d.er cont:;.~~cts let by 
the ~tIinistry of Public Buildint;s 2.~!i -,70:::-1:s aGainst 
requireoents dre'.m up 1..'1. E.R.D.=. but the prc7isicn and. 
L~ste..lle.tion of spGci3.1 purpose plc-!~ is und..GrtalcsD b:-I "t::e 
Est~blish!i1.e nt. 

SOr.le idea of the scale of ene:ineering activity ;;-lay be 
ga.ugec. fro8 the fact th2.t the brc..r:ch e~plo:)'s ~ore t}:c;.n c~e 

quarter of the tot~l personnel ~nd e.ccounts for nearly one
fifth of ~ll expenditure. 

The :Cstablishr:ccnt is self- contained. in'-lSDUC~~ ~s ell 
necessary supporting services c:.re :;::--ov-:i.dec. :::-o;n -;lithin its 
O'"m resources. Direct support to scien.tific ,':0:--1: is si-,-en 
by Q comprehensive libr~ry of both published ~~d unpublished 
;:;aterial (shortly to wove 1..~to the new 2-cco::-:-::o'.iE'.tio~ 
tc:::porarily in use as exhibition rcc::-:s), by e_ s',:'2.11 "":l'J.·c hi6hly 
skilled 61c.ss tochnology s c ction,~::1d by an (;L; ctronics a nd 
instrlli~entation section. 
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).:'1 Adninistrative branch loo~(s after rGCruitEont, 
personnel, fin2~cG, pay, and stores procurement (somG 6,000 
orders are pl nced each year). TypinG , tr~nsport, storage 
8"d L~tGrnal post~ge are a20ngst the services provided. 

All aspects of safety arc; covered by t ile Safety 
Section c~d the Establish~Gnt rQ~S its o,m ~edical, 
fu~bulnnce, firc and police services. 

Pater..ts 

DurinS the course of its ':iork the Establish::ent 
fre: qucmtly clovclops iclo2.s of YC.2.'J.0 outside t he G-overm::ent 
service. Thoso norr::c.lly 08CO:.:0 tho suoject of pate:1ts 
':{hich a:CG exploi tecl for the bOl1C:: fi t of the tD.xpayer by the 
T':ational RGsonrch Dovclop;:-:ont Corporation. During the last 
ye2.r tliclve po.tent applic2.tior..s have boon made: covering such 
div~r3e subjocts 2.3: 

Ea.r Dd'ender with pcP.Jc lir:~i tecl sound trc:msmission. 

Improvo~er..ts in the 2anu£'acturo of urea. 

A singl e shaft de-aorat~~c machine • 

. ~ ~~rovod line pipette. 
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