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A SHRT ACCOUNT CF E.R,D.E

The Explosives Research and Development Establishment
occupies a site rich in history. Within its boundaries
stood the oldest gunpowder factory in Britain, boasting four
hundred years of continuous operation, Of meny significant
happenings during these centuries one of the most important
and durable was the oubtright purchase of the mills by the
Government in 1787, Following the acouisition much money
was spent on repair, modernisation, and expansion, and
gunpowder manuLacture was resumed on a large scale just 1n

ime for the Napoleonic wars,

From that time onwards the production of gunpowder was
continuous until brought to en abrupt end by a Germen bembd
during the winter of 1940/41, By then, however, other
parts of the factory were engeged in meking cordite and high
explosives and continued to do so until 1945, when the
premises were handed over for their present research
purposes, The newccmers were faced with the considerable
task of converting an out of date explosives factory into a
modern research establishment. Metalled roads were
non-existent epart from the anprcach to the Main Gate along
Powdernill Lane (which is &s ancient as the factory itself),
all internal transport being by means of a network o canals
and narrow gauge railweys, During the last twenty rears
roads and services have been provided and the great gajority
of the buildings have been converted - with both success and
economy - to their present purposes, Some new buillings
have been added, and visitors may observe a few to waich only
temporary improvements have so far been possible,
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Present Functions

The Establishment now occupics +:
250 acres in extent, with one lying to +
the south of Waltham &bbey., In 211 a +o
buildings are in use, ranging from labor to
explosives processing buildings, firing chombers, machine
shops and offices., Of the totel personnel of about 900,
some 80 are university graduvates or have professional
qualifications, about 120 have High National Gertificates op
cquivalent, about an equal number arc posscessed of a manua
skill and about 100 are trainecd in explosives processing,

E.R.D.E, is a centre of chemical research and
development with interests centred upon explosives, solid
and liquid propellants, and releted compositions, To a
lesser extent the Establishment is active in the 4
non-metallic materials, mainly those used in aireraft or

defence equipment., As the only rescerch organisation (with

very minor exceptions) in the United Kingdom engaged in +the
field of propellants and explosives 2.0.D. 2. serves all
fighting services. MNuch continuing research and testi
necessary to provide a sound basis for =dvice upon matt
of production, use, and safety, and a good decal of +his w
is required equally whether the weapon is British or, 1
Polaris, purchased from obroad., Closc workting arrangemenss
exist with the Establishments concerncd with weapon design,
chiefly the Rocket Propulsion Zstablishment and Lhe Royal
Armanent Research and Developmen Establishment, and with
the Royal Ordnance Factorics responsivle for munitions
pProduction,
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To meintain perspective it
following notes vpon current act
10t so much to convey a complete and balanced picture of <he
Istablishment but rather to selce i
most interest +to todey's visitors.,
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Solid Propellants

The essential requirements of a solid propella:’ are
hat it should burn at a precisely oredetermined rate for a
cclse time with a standard thrus and that it shc;l& re-
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ain its characteristics f'or an indefinte period - cx at
east for a long and specifiable tize durlng which cme can
be confident that there will be no deterioration which could
give rise to dangerously high burning rates or inaccurate
ballistics.

New formulations are continucusly being devised to meet
the changing requirements of the weapon designers ir respect
of ballistics, mechanical propertiss, resistance to sxtremes
of temperature, absence of sncke, and etc. Processes for
full scale production are also ’eve ped, end new
compositions in gquantities ranging Zrom a few pounds to many
tons are supplied to the weapon design LEstablishments for
trial. The propellant processing plants aveilable Iz
E.R.D.E. range in size from laboratory to full production
scale and, in aggregate provide & facility unigue ir the

Free Viorld.
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Recent work includes collaboration with the MarTtin-3Baker
~drereft Co., in the development of an aircraft ejector seat
sultable for use within a few feet of the gr ounu. Ejector
seats made by Martin-Beker are sold in many foreign countvrics
including the U.S.... Improvencnts have alsc been nzle in the
process for the manufecture of combustible cartridges cases,
which should now give a better and cheaper product toan its
~merican cempetitor. Export sales are hoped for.

Liguid rropellants

Under this heading activity centres mainly on the study
of heat transfer characteristics, under the conditicz
ncountered in liguid rocket propeilant engines, of ;lulas of
nterest as rocket fuels. Recent zeasurements have a civil
&ll-out inesmuch as the basic data obtained is alsc relevant
to calculations on heat transfer in high pressurs stean boilers.
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SPBORE—

The precision engineered apparatus buili here for the work -
is unparallel in Lurope and is from time to time made use of
by British firms and by such bodies as the Central

Llectricity Research Laboratory.
Explosives
Z2EL001Ves

Military explosives, with very few exceptions, are
mixtures of chemical ingredients, each of whioch contributes
in its own particular way to produce the required set of
properties, The point nay be illustrated by the slassical
exarple of gunpowder, where good results in the gun were
greatly dependent upon the careful attention given to th
quality of the charcoal ingredient., In modern cxplosive
compositions the ingredients are usuvally cuite elaborate
coampounds and many have distinctive funeticns, ¢.g, to
control sensitiveness or +o Secure adeguate Btability in
adverse storage conditions; thus by the careful choice of
ingredients the utility of explosives corpounds may be
extended to meet more exacting recuirements,

It is therefore necessary to study in depth the connec-
tion between the chenical constitution and the useful
properties of the variocus substances in order *o unders
both the reasons for their usefulness and their limitations,
Compounds +thought likely o confer spocific benefits ar
synthesised and rescareh is carried on into the ochemical
details of methods of manufacture,
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Unfortunately it is probable that o marked inercase in
performence can now only be cbteined by the use of
ingredients which increase the explosion hazard during the
process of manufacture, t has therefore been necessary to
construct a new building in which raw nateriels vill be
processed into explosive compositions, and fired under
predeternined conditions 4o give technical data, with the
Operatives exeroising control from behind safe cover,
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““e remotely controlled plant for this building is being
designed, and will be partly built, in E.R,D.IZ., and will
alao be largelj installed by the Establishment staff,

Another way in which the effectivencss of an explosive
ompound may be increased is by the optimum exploitation of
he mechanism of dctonation, For use in under-wvater weapons
n attempt 1s being made to teilor the shock wave by changes
in the composition of the compound, so as to achieve the
most demaging pressure - time profile, This work is being
cerried out in close colleboretion with the Naval
Construction Rescarch Establishment,
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Two rccent examples of calls madc by outside bodies
pon the specialist explosive knowledge of E,R.D.E. may be
given, The first is the developnent op special techniques
co cmploy the chemical energy of explosives to pump high
ﬂnergy lasers, in collaboration with the Royal Aircraf+t
StubllShﬁvnu. The second is the development of special
xplosive charges to reproduce air blast waveforms of
specified form, e.g. rocket motor take-off blast., This
provides an inexpensive means of checking the effect of the
blast upon static ground equipment,
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Tnitiating Compositions

Small quantities of initiating compositions, all of
waleh are highly ssnsitive, are required in 211 systems
"‘1

using OJDlOSlJuS or solid pronellaacs ER.D.BE, has
tab 1e success in the 1*p%ovenenu of these compos~

in the U .A., Canada, Sweden, and Pakistan, in some cases

or & patent royalty basis, Recent research has been directed
<0 the improvement of the high temperature performance and to

longer safe installed lives. New compositions, going a long
wey towards achieving these ends, have been developed and
are now undergoing practical Scrvice trials,
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tiators developed here are currently being made
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Polymeric Materials

In the polymer field research activ 1t1es are directed
towards obtaining a better underst anding of the benav1our T
such substances as plastics, rubbers, d.msives, and fibrous
substances, »

One important target is the improvement of the
resistance of materiels such as rubber, polyethylenc, and
proofed fabrics to the dete ioration oaused by heat, ai
and light, Recent months have scen the successful
development of a simple process winich should substantie

T T

improve the ageing cheracteristics of nylon, and wnich
the subject of patent application.

E.R.D.B. acts as consultant the Militery Eat
Experimental Establishment and the Fighting Vehicles
Research and Development LStEb ishment, amongst others, on
the choice and use of rubbers and plastics. These materials
are examined herc %to gather dabu on such mnechanical
properties as their elasticity, ultimate strength, tensile
properties under biaxiel stress, and rate of response
high speed stress. Applied work to solive ad hoc design

problemsis carried out, a recent example being the
development of conducting rubbers for tank ftracks to

eliminate radio interference,

The programme of work of the Tropical Research Unit, a
oint venture with Australias, is =znother responsibility
he Unit cerries outs long term trials involvinz exzosure ©o
ropical conditions of both metallic end non-metallic
equipment,
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Composite Materials
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Recent advances in basic materials scicnce has shewm
that while the improvement of classical enginescring
als is within sight of its natural limitations, there
entirely ncw possibilities in the development of
unorthodox structural meterials, In perticular “e now
understand in principle how to ~et toughness and high
strength from any solid substance almost irrespective of
its chemicel nature. Thc upCRQlQUuS availaeble at present
usually involve the n¢rufaouu re of strong fibres which are
then bonded together with a matrix of some other substance
to forn e reiaforced or t\o—p asc nmaterial of superior

mechenical properties.,

Suitable fibres are being gr wn ir furnaces at Z.R.D.E.
and emerge in the form of short whiskers, which derive their
high = ocnaoﬂoal strength from t’c perxeo ion of their
surface structure, One use to which whiskers are being put
is the reln;orcemcat of an ajhulﬂ um &lloy, to produce a
material which is superior to the original in the respocb
that it retains useful strength and stiffness up to )OO C.
Attention is also being directed to the reinforcemeni of
nickel alloys by alumina fibres for use in the extrs high
‘ i nvironment of aero-engines, Specimen turbine

om the reinforced alloy are now under test at

kal
National Gas Turbine Esteblishment,

Walskers come from the furnace as a tangled felt and
&

vefore use must be cleaned, greded by length, arranged
parallel to onc another, and spun into threads, Auiomatic
prooesscs for these purposes vwhich have boen develosed at
E.R.D.E. (and patented) have aroused great interest in the
D.S.A , and there have been a rumber of enquiries for
licences,
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These grading and orienting techniques have been fournd
suitable for asbestos, which although cheap and potentially
useful, has in the past feund i%s use 25 a reinforcing agent
handicepped by handling difficulties., The Esteblishment is
now treating asbestos by the processes uscd for +he handling
of whiskers und is devcloping an asbestos reinforccd
lastic which, weight for weight, is stronger and stiffer than
ight netal alloys.

Chemical Engineering

Chemical Ingineering is concerned with meens and
equipment for processing chemicals on a production scale,
E.R.D.E. develops not only methods of guentity production of
but also the special plant required for, explosives,
propellants, initiators, pyrotechnics, certain plastics, znd
§ chemicals which may be required as ingredients for them,
| (Fmen methods have been established the task of production
1 3is taken over by the appropriate Royal Ordnance Factory, )
|Rescarch to this end carried out on basic "unit opcrations”
produces knowledge which may be applicabl , for example,
egually to sugar as to an explosive. i
technological Imowledge acquired is +here
in the civil as in the defence field,
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Other chemical engineering research is aimed ot
e

improving the performence and sefety of explosives and
propellant processing equipment, periicularly mixing
machines which are used not only for propellant pastes butb
2lso in the chenical and bekery industries, Abitention is

folso directed to the design and improvement of methods of
remote control of machines, In addition the chemical
engineering facilities are used %o meic cuantities of nowvel
or wnusual chemicals both for E,R.D.Z. and for other

Government Esteblishments,
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be expected from whe
ti and comprshensive

v
ontinuous need for ac e
chomical ana lys.s, and modern equipmer t is in use for this
purpose, The analysts also develop new physical-chemicel
techniques of identification and analysis, which, slthough
aired primerily st the particular Droolcms of J.“.D.q,, are
of universal use in the world of chemistry, Huch attention
is directed to the safety and stability of propeliznts and
explosives in verious conditions O‘ long term storzge and to
the COTDuthllluj of these not only alta each othsr but also
with the other naterials with which they will be brought
into contact, Unsafe reaction between chemicals nust, of
course, be avoided,

From time to time special apparatus is devised =
pernit novel chemical or physical exemination., A4 recent
example is the construction of a +thermo couplea device with
over 2,000 junctions per square inch, with sensi Sivity

sufficient to detect heat cemission at 2 rate down %o C.5
oalorles per day.

)

Miscellancous Research Activities

To support propellant resecarch a lively intercst in the
chemistry of flames and combustion must be meintained and
E.R.D.E, is a recognised authority in this field both &t
home and ebroad,

1 group undecr the personal leadersnip o
- X

1. I b
or of the Establishment is cngaged on a numder oF
n topics

. lMany of these are esscntielly pr robing

ions with the object of deciding wnetner or not
ular field merits 2 tlore elaborate study, Althcug
tacular to the non-scientist such worik is vezy

ary 1f expensive but fruitless research is to te
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nzineering Work

The Engineering Branch employs professional engineers,
technicians, and sizeable numbers of skilled and non

skilled manual workers., It is ecuipped with civil and
mechenical design offices and with a number of worishops

a
containing modern general purpose +ools,

There are two main functions. Firsitly direct suppors
is afforded to scientific work., Profescional advice is
given, special purpose epparatus cesignsd, and manufacture
is either undertaken in the Esteblishnent's own workshops or
is arranged under contract, Seﬁordly, the branch is
responsible for all maintenance end servicing - of the
grounds and buildings, of explosives aond non~cxplosives
plent, end of services such as electricity, water, sewerage,
heating, ventilation, steam, compressed air rd refrigeration.

New buildings are constructed under contracts let by
the Ministry of Public Buildings =nd Works against
requirenents drawn up in E.R.D.Z. bus the prevision and
installation of special purpose plent is underiteken by the
Esteblishment,

Some idea of the scale of engineering activity mey be
gauged from the fact that the branch employs more +than cne-—

t e
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verter of the total personnel and accoun
o

ifth of all expenditure,

Supporting Services

The Esteblishment is self-contained inasmuch as 21l
necessary supporting services are vrovided from within its
own rcsources. Dircct support to scientific work is given
by a comprehensive library of both published and unpublished
MaterlaT (shor*ly to move into the new accommodation
terporarily in use as cxnloltlon ”oo“u), by = swell but Wighly

skilled glass tochnology section, and by an clectronics an
instrumentation section,
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An Administrative branch looks after reeruitment,
personncl, finence, pay, and steres procurement (sone 6,000
crders are placed euch vear). Typing, tronsport, storage
and intornal postage are amongst the services provided.

A1l aspects of safety ars covered by the Safety
Section =nd the Establishment runs its own medical,

ambulance, fire and police services,

Patent

ng Esteblishment
frequently develops ideas of vclue outside the Government
service, These normally becomc the subject of patents
which are cxploited for the benefit of the taxpayer by the
“°*1oﬁul Rescarch Development Corporation, During the last
e +nclve patent applications have been made covering such
iverse subjccts &as:

During the course of its work the E
. 38
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Ear Defender with peak limited sound transmission,
Improvenents in the manufacture of urea,

A single shaft de-azerating machine,

)

An improved line pipette,
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