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THE PROPEL.LANTS, EXPLOSIVES .AND ROCKET MOTOR ESTABLISHMENT OF THE PROcuruMENT EXECUTIVE, 
lilNISTRY OF DEFENCE: THE HISTORY AND CURRENT ACTIVITIES OF THE WALTHAM ABBEY DIVISION 

The Establishment occupies the site of the former Royal Gunpowder Factory established in 
1787 on the premises of a gunpowder mill then in the possession of the Walton family. 
Under the first Director of the Factory, Sir William Congreve and his successors the pro
duction and quality of black powder were greatly improved - the US Ordnance Manual of 
1862 records that no one makes better powder than the Waltham Nulls. Manufacture of 
guncotton was begun in 1872 and of cordite in 1891. Lclter the factory undertook the 
manufacture of more advanced explosives and propellants, culminating i n the production 
of RDX at the beginning of the Second World War - the factory was the only source of :, 
this explosive in the UK for some years. The Bran~~ structure below has evolved from 
the time wllen the Establishment assumed the name of the Explosives Research and .Develop
ment Establishment in 1948, by which date much of the work of the former Research and 
Development Department at Woolwich Arsenal had been transferred to Waltham Abbey. 

The Explosives Branch is concerned with the development of initiating (primary) explos
ives and the assessment of the sensitiveness of explosives and propellants and of the 
hazards associated with their use 

The General Chemistry Branch supports the other Branches with chemical and other analy-
. sis by classical and instrumental methods, including spectroscopy~ gas and liquid 
chromatography, X-ray crystallography (including computer analysis of data), thermal 
analysis, assessment of the compatibility of explosives and propellants with materials 
of construction, by development of electIonic and mechaaical instrumentation and the 
provision of glassworking, mathematical, computing, library and information services . 

The Non-Metallic Materials Branch covers development and small-scale production of items 
in plastics and rubbers for use in association with explosives and propellants and in 
other exacting environments, simulated and natural weathering of materials (conducted 
in association with a tropical exposure site in Queensland Australia), design and 
fabrication of components in composite materials using asbestos , carbon fibre, glass 
fibre and 'whisker' reinforcements, automated testing of plastics for creep, flexural 
and tensile properties over a wide temperature ~ange, synthesis of high-performance 
polymers and instrumental study of polymers by infra-red, ~ffi, UV and visible spectro
scopy, vapour phase and gel permeation chromatography and by thermal analysis methods 

The Process Research Branch is involved in synthesis of organic compounds (low molecul
ar weight and polymeric) for use in explosives and propellants, development of chemical 
engineering processes for explosives and propellant ingredients to full production if 
needed, pilot plants for the manufacture of new or otherwise inaccessible materials 
and with the grading and alignment of the fibrous reinforcements referred to above 

Propellants 1 Branch is engaged in the development of propellants for guns, rockets 
and other uses from nitrocellulose and nitric ester bases and the ballistic assessment, 
calorimetric and combustion evaluation of these propellants 

Propellants 2 Brru1ch was responsible for the development of the plastic propellants 
used ii1:t1K ~d ' overseas meteorological rockets, using polY- i§.Q.- butylene binder and 
has gone on to deve+op the use of polyisoprene binders to extend the useful temperature 
range of this family of propellants : the Branch is also concerned with the development 
of propellants using rubbery binders developed from telomers ('liquid rubbers'), with 
the (static) ballistic assessment of small rocket motors, the rheology of propellants 
and the study of adhesion, adhesives and sealants 

The present name of the Establishment was adopted in February 1971 when the Waltham 
Abbey Division was combined with what had been the Rocket Propulsion Establishment 
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ERDE was formed in 1945 to carry out, on behalf of the Services, research and 
development concerned principally with ingredients and compositions for all 
types of explosives and propellants; the work and staff had a strong bias 
towards chemistry although physics and engineering were also represented. The 
field of interests in the Establishment has now widened considerably to 
include, in a.ddi tion, many aspects of materials teohnology in the fields of 
rubbers, plastics and oomposite engineering materials, including high-strength 
oomposites based upon ceramic whiskers, but the bias towards chemistry remains. 

The work of ERnE is organised in the following groupings: 

Propellants 1 & 2 

Explosives 

Non-metallio Materials 

Process Researoh 

General Chemistry 

Formulation of new solid propellants and the 
study of ballistic and meohanical properties. 
Combustion kinetios. Rheology of heavily 
loaded, two-phase systems, and the mixing of 
stiff pastes. Adhesives and adhesive strength 
properties. 

The development of explosive oompositions and 
researoh on explosion and detonation. 

New organic polymers; synthesis, characterisation 
and stability. Processing and mechanioal 
properties of composite ,materials. 

Development and research on chemical and 
prooessing plant, instrumentation and remote
control systems. The growth and mechanical 
properties of ceramic whiskers. Heat transfer 
properties of fluids. 

Synthesis, analysis and thermoohemical properties 
of organic and inorganic compounds. Development 
of new analytical methods partioularly those 
based on physical teohniques such as ohromatography, 
spectrosoopy and crystallography. 
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Within these main groupings a wide range of topics in both research and 
development is actively investigated. In addition to the equipment 
appropriate for modern chemical and physical-chemical research, the 
Establishment operates a variety of good facilities for testing, evaluating, 
and investigation by special techniques; · supporting services include sections 
responsible for electronics and glass technology. An Elliott 903 computer is 
in use and access is available to large fast computers. The librar,y has a 
wide coverage of appropriate journals and reference works and includes a well 
equipped lecture theatre seating 120. 

Apart from being linked with the Rocket Propulsion Establishment, westcott, 
ERnE maintains close contact with other Government Establishments and with 
universities, and has a special relationship vdth the University of East 
Anglia. 

Ever,y encouragement is given to individual scientists to publish accounts of 
their work in the open literature. 

ERnE is situated 12 miles from the centre of London on a site adjacent to the 
green belt countryside of Essex and Herts; the residential areas of Epping, 
Chingford, Enfield and Hertford are wi thin easy reach and the area is well 
served by London Transport buses. From Waltham Cross BR Station (1 mile) a 
frequent service of electri c trains connects with the Victoria Underground 
line, providing easy access to Central London. 

An adjacent modern housing estate provides living accommodation of good 
standard for married scientific staff joining the Establishment. 

There is an active sports and Social Club which provides club premises and 
organises social events such as dances. Subsections of the club specifically 
provide for those interested in any of the following: Association football, 
badminton, bridge, chess, cinema, cricket, croquet, drama, golf, music, 
sailing, table tennis, tennis. 

London and the surrounding districts, of course, provide opportunities for 
almost every kind of leisure activity. 

This brief outline of the activities of ERDE can do no more than mention in 
general terms the main fields of our interests; more detailed information is 
given in a brochure obtainable on request from the Director, Explosives 
Research and Development Establishment, Waltham Abbey, Essex EN9 1BP. 
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THE EXPLOSIVES RESEARCH AND DEVELOPMENT ESTABLISHMENT OF THE PROCUREMENT EXECUTIVE, 
MINISTRY OF DEFENCE: ITS HISTORY .AND CURRENT ACTIVITIES 

The Establishment occupies the site of the former Royal Gunpowder Factor,y, established 
in 1787 on the premises of the gunpowder mills then in the possession of the Walton 
family. The RGPF, under the direction of Sir William Congreve and his successors, 
greatly improved both the production and Quality of black powder (the US Ordnance _ 
Manual of 1862 records that no one makes better powder than the Waltham Mills). Manu
f acture of guncotton was begun in 1872 and of cordite in 1891. Later the Factor,y under
took the manufacture of more advance explosives and propellants, culminating in the 
production of RDX at the beginning of the Second World War, the Factory being the only 
source of this explosive in the UK for some years. The Branch structure below has evolv
ed from the time when the Establishment assumed its present title in 1948, by which date 
much of the work of the former Research Department at Woolwich Arsenal had been trans
ferred to Waltham Abbey. 

Explosives Branch. Development of initiating explosives and assessment of explosives 
performance and of sensitiveness and hazards associated with the use of explosives and 
propellants 

General Chemistry Branch. Chemical analysiS by classical and instrumental methods (incl
uding spectroscopy and gas and liQuid chromatography), thermal analYSiS, compatibility 
of explosives ~nd propellants with materials of construction, X-ray crystallography 
(including comp~ter analysis of data), development of electronic and mechanical instru
mentation, glassworking, mathematical, computing, library and information services 

Non-metallic Materials Branch. Development an small-scale production of plastics and 
rubbers for use in exacting environments; simulated and natural weathering of materials 
(conducted partly at the Joint Australian-UK Tropical Research Unit in Queensland, 
Australia), fabrication of composites using asbestos, carbon fibre and glass fibre reinf
orcement, synthesis of high performance polymers and instrumental study of polymers 
by infra-red, nuclear magnetic resonance, ultraviolet and visible spectroscopy, vapour 
pPase and gel permeation chromatography and thermal analysis methods. 

Process Research Branch. Synthesis of intermediates and ingredients (low molecular 
weight and polymeric) for explosives and propellant systems, scale-up of processes to 
viable full-scale production routes and generation of data for the design of large
scale plant, maintenance of pilot plant facilities and manufacture in pre-production 
Quantities of new or otherwise inaccessible materials, process development to reduce 
cost and improve Quality of ingredients in regular demand and study of thermophysical 
properties of solids, liQuids and gases over wide temperature and pressure ranges 

Propellants 1 Branch. Development of propellants for guns, rockets and other uses from 
nitrocellulose and nitroglycerine bases~ ballistic assessment, calorimetric and combust
ion studies on such propellants 

Propellants 2 Branch. Development of plastic propellant with poly-iso-butylene and 
polyisoprene binders as used in UK and foreign meteorological rockets, development of 
propellants using rubbery binders developed from telomers ('liQuid rubbers'), ballistic 
assessment of propellants for rockets, rheology of propellants and study of adhesion, 
adhesives and sealants 

Engineering Facilities Branch. Workshop support to Scientific Branches, plant instal
lation and maintenance, site maintenance and provision of project engineering support 
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nwchunica1 (light structuru1 rc scarch, and special henting utili cooling 
problems). 

Electronic Techniques 

Projects Group 

Proj ects (1) - mathematical, modelling and evaluation techniques (study 
of performance and design of complex systems by means of mathema tica l 
models of these). 

Projects (2) - aircraft systems (mechanical); aircraft systems 
(electrical); trials. 

Projects (3) - component development. 

(xii ) Inopeation - ins pection of aircraft, adi rcraft accessories, raw materials and 
manufactured parts; measurement of complex shapes; weight and centre-of
gravity determinations. 

(xi i i) Workshops - Work Planning, Development and Advisory Services 

Deve lopment - development of workshop processes; technical services; 
advisory and training services. 

Other Services 

Manufacture- general engineering, maintenance and wind- tunnel 
operation. 

Manufacture - general machining. 

General Engineering 

Maintenance 

Wind- tunnel Operation. 

(8) EXPLOSIVES RESEARCH AND DEVELOPMENT ESTABLISHMENT 

The main fie lds of work at the Explosives Research and Development Es t ablishment (ERDE ) 
is R&D of explosives, solid rocket-propellants and initiatory and pyrotechnic compounds 
f or use by the UK armed services. Other activities relate to non- explosive sub s t ances -
polymers , el as tomers and adhesives - and the employment of refractory whi sker s in u ltra
high-s trength compositions designed for engineering applications. One speciali sed branch 
carries out development of processing equipment for the explosives indus t r y and can als o 
pre pare pilot- scale quantities of unusual chemicals. The site occupied by the 
es t abl is hmen t ha s been used for explosives making since 1560; originally in private Il ands, 
the powder mills were purchased by the government in 1787 and were taken ove r by the ERDE 
at th e end of the Second World War. . 

Research and development is conducted by s even technical branches, with support i ng 
drawi ng of f ices, enginee ring production, library and information dervices. The branches 
comprise one for explosives, two for propellants, two for materials, and one each f or 
ana l ys i s and ingredients and chemical engineering. 

Th e Ex plosives Branch concerns itself mainly with· the development and tri a l of sens l t lve 
i n itiatory explos ives, of explosive and elect r ostatic ri sks, appl i ca t ions of high-speed 
photography fo r recording mechanical and explo s ive phenomena; noise eva lua t i ons 
( i nc ludi ng sonic- boom measurement); realisation of remote control methods f or use i n t he 
manu fac ture and d evelopmen~ of explosive substances; gas kinetics; and polymer 
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tcchn 0 1 o~y, for which a small-scale development plant and laboratory facilities equipped 
to investiga te physical and ageing characteristics are available~ 

The s ll b j ect of propellants' research at ERDE is divided into two main branches: 
prope ll nllt s ba sed on ni~ro-cellulose; and composite propellants based on plastic or 
rubb ery binder systems. These branches are denoted Propell~nts 1 and Propel lant s 2, 
re spective l y . The first branch carries out the processing on an experiment a l scale of 
nitro-ce llulos ic propellants, work which involves factors similar to those found in 
pla s t ics process ing ; studies of the combustion mechanism of propellants and of the 
de gradation of organic mat erials; rates of burning and calorimetric measurements in 
connec tion with ballistic properties; and a variety of non-destructive testing techniques. 

Propel l ants 2 makes precise measurements of the thermal conductivity of liquids, gase s 
and sup ercritical fluids and is equipped to undertake equivalent asses sments in respect 
of the vi s cosity and dielectric constants over wide ranges of temperatures and pressures. 
It studie s convective and radiative heat transfer from flames and gases; and investi gates 
convective heat transfer to cryogenic fluids in the neighbourhood of the critical point 
and at supercritical pressure, and to liquids under supercooled, boiling and super
critic a l conditions. Other work concerns the development of sealants and adhesives for 
me t a ls, pl as tics, leather, and paper; the rheological conduct of various stiff pastes; 
surface chemi s try of highly viscous organic liquids; measurement of the size and 
distrib\1tion of particulate solids; and .the technology of the formulation, manuf act ure 
and handling of stiff pastes and slurries based on curable and non- curable liquid organic 
polymers. 

The tlvO other related branches of ERDE a.re called Matedals 1 and Materials 2. 
Materi a l s 1 carries out both fundamental and applied chemical and physical research in 
the realm of polymers. It also operates an advisory service on polymer applications, 
and, j ointl y with a Tropical Research Unit in Queensland, Australia, supervises long- term 
envi ronmental trials of these ma terials. The Branch, under the heading of polymer physics 
and enginecr ing , investigates the physical parameters of non-metallic materials and 
reinforccd plas tics; its work in polymer chemistry covers the synthesis of polymer 
systems , thc characterisation of polymers, and the stability of polymers when subjected 
to hcat , ultra-violet light and high-i~tensity radiation; and research into the 
dev elopment and applications of the polymers includes injection mould i ng, extrusion, 
milling, and compression moulding, the measurement of physical properties, and the 
eff ect of such contaminants as explosives, propellants and gasolene. 

Materials 2 branch studies fibre-reinforced materials and undertakes res earch into 
the grOlvin g of short fibres, or whiskers, in ceramics. Equipment for this work includes 
hi gh- tempc'rature (about 1,600·C) furnaces and high frequency heating apparatus; 
proces s i ng plant for sizing whiskers; . micro- and macro-testing machines for whiskers; 
and bot h an e lectron microscope and various optical instruments. 

Th e six th technical branch studies the preparation, the properties, and the reactions 
of constituents of explosives and propellants. Known as the Analysis and Ingredients 
branch, it also dea ls in polymer technology and can offer advice on many aspects of 
hazardous chemical materials, particularly the proper ti es of stability and compatability • . 
The branch carri es out the synthesis of explosives and studies the cons tituents of 
chemical f ue ls, oxidis ers and antioxidants, ballistic additives, stabilisers and curing 
agents. The branch utilises a wide range of instruments and apparatus, including 
spectrometers , r efractometers, optical microscopes, calorimeters, chromatographs , and an 
atomic absorp tion spectr.ophotometer, and has a selecti·on of environmental testing ovens 
and comhu s tion equipment. For crystallographic research, it possesses X-ray apparatus, 
goniome t ers , a powd er diffractometer, and a polarising microscope. 

The Cllcmica l Engineering Branch of the ERDE is equipped to make various hazardou s 
substanccs and mixture s and is especially concerned with safety, instrumenta tion, and 
remot e control t echniques. It can manufacture exp erime~tal high explosives, ingredients 
for polymers and rockc t propellants, asbestos whiskers nn4 other short fibres, on pilot
scale and [ull-scale levels. Work on crystallization includes nucleation and crystal 

.growth, and the control of shape, size, and size distribution of crystals. Other 
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activities include intensive drying - or stripping - of. high boiling liquids; theory and practice of mixing 'stiff pastes; and the design and manufacture of special scientific glassware and electronic instrumentation systems. 

A few important, exploratory aspects of explosives research at ERDE are undertaken by small study groups not part of the main branches. The investigations are conce rned with spectroscopy, fl~ill and explosion phenomena, and autoxidation and.antioxidants. 

(C) ROYAL RADAR ESTABLISHMENT 

The Royal Radar Establishment (RRE) is the largest centre for research in electronics in the United Kingdom. Its history can be said to have begun, simply enough, with the then new technique of radio direction finding (rdf) in 1935, work in which R.A. (later Sir Robert) tolatson-\-latt, of the Radio Research Station (RRS) at Slough, Buckinghamshire, was involved as the head of a small team of scientists. This team was transferred, also in 1935, to the coast of Suffolk where it functioned under the administration of the Air Ministry and was joined by an Army research team which was interested in rdf as an aid to the direction of anti-aircraft guns and searchlights. 

In 1939, at the outbreak of the Second World War, the Air Ministry ' team was evacuated briefly to Dund ee , Scotland, during which period it was known as the Air Ninistry Research Establishment (AMRE), and the Army team \07aS sent to the Air Defence Research Establishment at Christchurch, in Hampshire. The following year, AMRE returned also to southern England (Swanage, Dorset) and its title was again changed - to Teleconmunications Research Establishment (TRE). During the course of the war, TRE was transferred to M:.llvern, in Worces tershire, and the original Army team became firs .t the Air Defence Res earch .:lnd Development Establishment and later the Radar Research and Development Establishment (RRDE), TRE and RRDE were merged together as the Radar Research Establishment - which became the Royal Radar Establishment in 1957. Officially, RRE is regarded as having ori ginated in 19 lf2, "'hen the Nalvern period began. The Establishment became a research station of Hin Tech in February, 1967, and of the M~nistry of Aviation Supply in October, 1970. 
The principal objective of RRE is still to apply electronic techniques to the development of equipment for the armed services of the United Kingdom. A second important activity is R&D in the field of air traffic control (ATC) on behalf of ihe DTI (which is responsible for British civil aviation). Yet another function is the application of appropriate results of the R&D ~ffort for industrial purposes, work ",hich is carried out by an Industrial Applications Unit. When the situation requires it, prototype civil eq uipment may be constructed by the RRE in association ",ith ,industrial companies. Substantial support is given in all this work ~y the Physics and Electronics Department, "'hich is concerned with research in semiconductor technology and analogous subjects, computers, and computer software for real-time usage. An Electronics Materials Unit serves to promote the industrial production of high-grade crystals; in doing this, the unit provides the initial supplies of material. 

The technical departments of the RRE are serviced by three other departments: engineering (which possesses workshops, equipped with many advanced machine tools and other equipment, and drawing and design offices); an aircraft department - which operates a flcet in which experimental electronic equipment can be test-flown; and an administration dCp;lrtlllent. 

Unti.l recently, a College of Electronics was associated with RitE. The college served chiefly to train craft and technician apprentices, and also undertook the induction of ne\" ent ra nt s to RRE and provided specialist electronic courses. However, it has no\. been closed, and the academic training of RRE apprentices has been transferred to Worcester Technical College. 

(D) AEROPLANE AND ARMAMENT EXPERIMENTAL ESTABLISHMENT 
In the early days of military aeronautics" in 1914, a small-scale unit was formed at 
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