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Intro-juction
The stuty of Britisn tocket development in the 19¢n called a meeting at the Wwar Office td “review Out
century has been well documented (1, 2.) (3). The (Britain's) present knovledge of cockets 1in general®.
Jevelopment work of men like Congreve, Hale and Boret It was realised at the time that Germany was putting
nad taken the old gunpowder war rocket to near the considerable effort into rocket development and, with
-t of s potential.  During the 19th century vthet the storm clouds of war gathering once again overs
peacetul ses for the qunpowder rocket, apart from in Europe, there was a fear that Bratann would not be
Litework displays, vegan to appeat. Prime among theou able to produce enough anti-aigcraft guns to protect
was the lifesaving rocket (4) where again British hecself. In Apral 1935 the Resecacch Department of the
entrepreneurs and engineers, like Trengrouse fcom Woolwich Arsenil was asked to pursue the development
Cornwall, played a leading role. of rockets using cordite as the propellant. British
cordite was S0 per cent nitroglycerine, 41 pet cent
However from the end of the 19th century until the mid nitrocellulose and 9 per cent diethyl diphenyl urea
1930's Braitish interest in the rocket either as 2 (Carbonite). During the following summer, in July
weapon of war or as a means of space tcavel 1936, 1t was decided to undertake a systematic study
dirsappeared. Britain produced no spaceflight ~f rockets for various warlike purposes. This study
theoreticians like Tgiolkovsky from Russia, vingle vas co-ordinated by a subcommittee of the Committee of
ninded rocket engineers 1ike Goddard from America or Imperial Defence and the research wotk vas placed
populacisers of space travel like Oberth from under the direction of Dr (Later Sic) A.D. Crow. The
Transylvanian Gecmany. In 1933 the British main objectives in priority ordetr were:-
Intecplanetacy Society was formed, put unlike its
sister societies in America, Germany and Russia,
almost no practical work was carried out by the
society or its members. Space historians have cited
the Explosives Act of 1875 as the Jetecrent to rocket a) Anti-aircraft defence
experiments by the general pubiic in Britain. This ) Long range attack
°Guy Pawvkes Lav®, as it becam« known, banned all c) Air weapon against hostile aircraft
experimentation with or manufactute of gunpowder, d) Assisted take-off for arccraft
dynamite, etc., by private individuals. The Act was
later taken to cover expetiments with liquid fuel
rockets. Although a few 1imited rocket experiments by
small groups in Britain did proceed unhindered during
the 1930's, the full weight of the law descended on {n the event circumstances dictated that slmost all
some Manchester Interplanetary Society members when the effort went into anti1-aircraft rocket development.
they fired some crude powder rockets at Clayton Place from this arose the 2 \nch and ! 1nch unrotated
near Manchester 1n 1937. However this act was no projectile (UP) cordite cocket which saw many varied
ceason for a lack of interest in Governmental and uses during the war. The initial requirement was for
Industrial circles in Britain in the development of a rocket weapon which had similar performance to the 3
the rocket. inch anti-aircraft gun. Much of the development work
resulted in pragmatic solutions by usinc the
It 1s probably fair to say that it was only in Germany materials, etc., that were readily available rathet
that any real interest was shown in the rocket in the than seeking ideal solutions. Initially 10 was
early 1930's. In Germany the main interest in the thought that if the cordite charge were allowed to
rocket was by the military, as a rediscovered weapon burn on its external as well as ts internal surface,
of war. “owever by 1935 the sifuation had begun to the metal tube of the rocket would quickly burmn
change 1n Britain and in this paper I would like to theough, and so a search for a suitable material to
sketch the story of British rocket development.from bond the cordite charge to the rocket wall was
1935 to the end of the 1939-45 War. Although this initiated. This search was unsuccessful. In
will include the development of the ballistic anti desperation almost it was decided at the end ot 1937
oircraft and barrage rockets, the pape: will tc fire some rockets with a *loosc® cordite charae
concentrate on the work, which really began in 1942, he.d in place inside the rocket and to allow burning
aimed et producing an operational guided missile. to take place on all charge surfaces. The tube was
Several such projects (RRAKEMINE, LITTLS BEN, LOPGAP also coated with a heat resistant material. This
and STOOGE) were begun during this period and, proved successful, rather to the surprise ot the
althouyh none reached the operational stage, they tocket engineers, and the first tlights of such a
provided or at least had the potential to ptovide system were made 1in february 1938. An example of 3
valuable experience and test vehicles for post-war typical 2 inch UP rocket 1s shown in fi1g. 1. The 2
decvelopments. inch version of the tocket which in Lact becaae the
standard Dratish anti-airrceatt rocket  was o ogrvern
Ballistic Rocket Developsent extensive flight tests, includirg 2900 rounds trred in
Jamaica at the end of 1938 and the beginning ot 1919,
1n December 1934 Sic Hugh Elles, master of Ordnance, To begin with the Geneta! Statf towand the oo i b o ol
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Vi e teatn uwnacceptable because the perrormance fell
1 ere specifaed, and the accuracy was poor
exlntinyg aati-arrcraft guns. The usc of
Coose chatge and the employment of o
. ket wa.. tur the rocket had degraded the
certormance below that of the original design. In
Cte ot thi, the 3 inch and, to a lesyer extent, the
. inch rockets saw much service as anti-aizcraft and
- 15 barrage rockets, and on rocket ficing aircraft.
Ai.0 they were employed as boost motors for many of
rhe yuided missile systems developed 1n Great Britain
,. I shall describe later. The development wotk
carried out on these rockets and pacticularly on the
435 production of cordite was used by the USA when
they began rocket development later oa .n the war.
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taiided Kissiles

_sae guided weapon work had becn carried out 1n
fritoiln in thne 1920's and 1930's in the form of radio-
controlled, pilotless aircraft like Larynx and Queen
Ree. However early in the 1940's, with the
tealization of the need to combat high and fast flying
vircratt, many propasals appeared for rocket powered,
imti-11ccralt weapons that could be guided onto their
*atget.  Some of these i1deas were not nursued because
Lt was telt 1n many circles that the production ot
such a weapon wag & long term devilopment problem.
Examples include a suggestion by Wing Commander Lester
in May 1742 (5) for a “self steered anti-aircrafe
pro'ectile® and a proposal called spaniel (S) to
modify a 3 inch rocket to act as a guided missile. It
had been decided, understandably in the circumstances,
tv concentrate Britain's limited research and
development resources on projects that could be
brought to fruition in a short timescale. However as
mentioned esrlier, by various weans, several British
gquided weapon projects wecre started before the end of
the 1945 war.

Brakemine

By far the most advancaed of these projects at the end
of the war was Brakemine, a ground*to-nir-missile
developed jointly by Anti-Aircraft Command znd A.C.
Cossor Ltd.

This project began early in 1943 when almost
simultaneously, two proposals vere wegitten on the
sibject. The first was by Captain Sedgefield of the
Royal Electrical and Mechanical Engineers (6) entitled
"Notes on a radio controlled rocket® and the second by
Mc L.H. Bedford, Director of Research at A.C. Cossor
Ltd, in conjunction with Fr Jofeh, describing a
similar missile which would be controlled via a radar
peam locked onto the target aircraft.

soth of these papers quickly landed on the desk of
Major General Sir Frederick Pile, who was then General
officer Commanding Anti- Alrcraft Command. Pile
called a meeting on 27th April 1943 to discucs these
ptoposals at which both sedgefield and Bedford vece
present. One outcome of this initial andsubsequent
meetings was that several gub-committees should be set
up to investigate the various subsystems of the
missile in more detail rather than attempt to develop
an operational weapon at that stage. However it 1s
obvious that not all of those present at the meeting
ajreed with this suggestion. One result was that AA
command de 1ded to “go 1t alone® and proceed to
Jevelop Brakemine under the following quidelines:-

\) An An Command team under Sedgefield, by now
Major, would develop the missile structure, 1its
contrel, firing and command systems and

) A Cossor team, working under Bedford, would

Jdevelouythe Brakemine ceceiver and yuidance

aysterr. It 1sworth noting that A.C. Cossor

Lhemse ..o bote the cost of all the servies

tacilities provaded by them.
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Ir tentaat, 1944 the tanst drawings ol opakesihe e

o baced whaen showed n,h5s51le with & wing. and 4
set: ol fan sutloc e The thrust wa. tobe provided oty

cagne Ltandard { 1ach solid fuel UFP t it g SR

Jesagn was  changed almost am=ediately to nix 1oinch

P rocketsn as the noost, and to twe wings and twoe

control fins. "his nasic design rematned throughout
Brakemine's development and an example of this pissile
(See F1g 2) 18 ¢on display at the Royal Flectrical and
Mechanical Engineer's museum at Agbortield, nca:
Reading in England.

Work on Brakemine was halted for approximatcly 1 month
during June and July 1944 when the V]l atteck on
England began, but despite this the figst dummy test
round was ready for firing in the lace summer of 1944.
It was launched into the Morth Sea :rom Walton-on-RNaze
\n Essex at the end of September 1944.

radat p=am ridet missile. As the
L.H. Bedford latet

Brakemine was a
designer of 1ts guidance system,
wrote (7):-

“What we set out to do was to make a misgile ride the
axis of a conventional conically scanned radar beam,
taking it as we found

it without any special coding or command link
featuces. What the missile bad to do, therefore, vas
to interpret the cadar signals as to reckon its
displacement from the beam axis and then to rake the
panoeuvces necessary to oull this®

The radio receiver vas contained in the space inside
the circle of the six boost rockets and the gyroscopes
and servo-motors vere mounted at the front of the
missile. The system of control and change of
direction was by °tvist and steec®, essentially the
same as that used in aircraft. The hydraulically
operated conirol sucfaces vere Bounted at the rear of
the missile. e

Brakemine Parameters

Length 2.6l metres
Body diameter 0.27 metres
¥ing span 0.84 metres
Range (approx) 8 kilometres
wWeight 145 kilograms

Maxisum speed Supersonic

As :3 the case w:ith all such projects early failures
occurcred. The first two dummy rounds vith the control
fins locked 1n the neutral position did not fly far
and ended up in the sea just off Walton-on-Naze. Round
3 disinteqrated just before the end of 1its flight and
this orobler was eventually traced back to
differential heating between the \nside and outside
sucfaces of the wvhole missile. These and other
problems were overcome and by round 10 confidence was
high enough to persuade the technical team to add the
guidance system to the Brakemine dummy. This was
tested on rounds !l to 16 when some evidence of
control resulted in a decision to increase the size of
the control finc and to move the wings forward
slightly. Round 17, fired towards the end of 1945
incorporated these changes and was launched 1nto a
fixed radar beam, This round also showed vvidence of
intelligent control of the missile, but by this time
the wai hyd ended.

Little Ben (Longshot)

This project began early 1in 1644 as a icsearch vehicle
at the Royal Aircraft Establishment at Farnborouyh and
atose from a joint Naval and Air Staff requirement for
an air-to-air guided missile. During the development
Little Ben also began to be considered 3s a test

vehicle for ground-to-air missile systems. The vode
name was changed to Longshot 1in April 1945,
Little Ben/Lonashot was a supersonic, f v ket

2,
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pcopelled, radio gqu*ded missile., Initially other
methods of guidance had been considered, including o
photo-electric systen with the missile flyiny along a
searchlight beam in the ground to air mode, but these
woere tejected an favour of the radio conttol. The
Longshet vehicle consisted of two main parts:- the
Liepuliion unlt of *hree standard, 3 1nch UF rockets
and the ¢optrol 800 guiddoce upit, known a: thre DART,
which would also have included the warhead. The DART
carried four wings and tail fins mounted i1n a
cruciform pattern to provide lift and stability plus
two ailerons to provide roll stabilization.

Ry July i945 the design of the missile was weil
advanced. This showed a projectile 2.67 metres lona,
veilghing 68kgms with a maximum speed of some
1300km/hr.  The DART wos 1.19 metres long, 0.08 metres
diameter and weighed 20 kgms. (See Fi1gq. 3). A
breadboard model of the cunttol and :eceiver
electronics had been successfully tested at the
Telecommunications Research Establishment, which had
responsibility for that part of the development, ara
work was under way to miniaturize this to fit into the
space available. Also several test projectiles, with
dummy DARTS plus full propulsion units, hLad been fired
to test the baliistic Jdispersion of the system,

LOPZAP

In the Autumn of 1943 the Admiralty began to
investigate the guided missile as an additional means
of defending their ships, and on the 16th March 1943
their Assistant Director of Research and Development
chaired the first meeting of the Guided Anti-Aircraft
Projectile (GAP) Committee. The weeting had been
called to consider wvhether to set up an organisation
to co-ordinate the research and development work
needed to produce an operational guided weapon. The
War office and the Ministries of Aircraft Production
and of Supply wvere represented at che mecting although
in the event the Ministry of Aircraft Production took
little part in the co-operative work of the GAP
committee. In fact there appears to have been very
little active co-operation between the groups working
on the 4 missile projects described in this paper. In
July 1944 the main committee set up a working
committee under Sir Alwyn Crow to “proceed with the
research into GAP on the scale fixed by the main
committee”,

It was decided duting the Autumn of 1944 to design and
build a full scale projectile which would act as a
flying test bed for the development of the various
missile subsystems., This became LOPGAP (liquid Oxygen
Petrol Guided Anti-Aircraft Projectile). The initial
design for LOPGAP produced was in December 1944 by the
Armament Design Department of the Woolwich Agsenal,
vho had overall responsibility for the co-ordination
of the project. (See Fig. 4). Although the design
went through many changes, in its initial
‘configuration LOPGAP was 4.3]1 metres long without
boost, 0.25 metres in diameter and weighed 193 kgm,
The sustainer motor was liquid fuelled and LOPGAP was
the only rocket vehicle using such a propulsion systen
under development in Britain at that time. The
Asiatic Petrcleum Company were given the .ontract to
develop the combustion chamber and burner, mainly
because they were the sole company in Britain with any
experience of liquid fuel motors following the work ot
Lubbock with his oxygen/petrul assisted take off unit
(8). Also because of the background the same fuel and
oxidiser were chosen. This sustainer motor was
desigried to have thrust of 488 kilograms (IN751b) and
LOPGAP was to be accelerated to 1500 km/hr by a boost
motor consisting of seven 5 inch solid fuel rockets.

The brief of the CAP Committee was widened early 1n
1945 to cover the development ot al) forms of quidea
weapon, and by the end of 1945, 35 LOPGAP dumwy :ounds
had been fired to test boost separation, dispersicon
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Stooge

Around the middle of 149 tiw Minaut:, of Nupply aunad
the Fairey Aviastion Compan, o deatan and construct o

gquided missile to combat Japinc.d ..icide planes. This
¥2s by far the least Jeveloped ot the four Hratisth
quided missile projects by the end ! tre Second wWorid
War, and 1n fact the war 'ad ended tetore any Jderign
work stasted., The prosecs dnd fowewver o st i 0

research arld Jdeveiopment venicle tor Levera. peat..

Stooge was a surface=to=a:: misstlie contt slled tran
the ground by radi1o. [t was powered by four S i1nch
solid fuel rockets with a further four standar? 3 inch
UP rockets acting as & boost giving the missile a top
speed of 800 km/hr. (See F1g. 5)

Susearcy

By the end of 1945 Britain had four guided missile or
rocket test vehicle projects under develcpment. Many
test flights had been concu.ted cn the Brakemine
project and dummy Little Ben, Longshot and LOPGAP
vehicles had been fired. Work on Brakemine continued
at Walton-on-Naze until the end of 1946 when the
project wvas cancelled primarily because the LOPGAP
test vehicle was considered & more sultable flyiny
test bed for missile co-ponents than Brakemine.
Longshot f{lights continued for sometime but the main
emphasis in British rocketry immediately after the war
was on LOPGAP. In June 1947 the responsibility for
LOPGAP was transferred to the Royal Aircraft
Establishment. The following month methys alcohol
replaced petrol as the fuel and in August 1948 LOPGAP
was renamed RTV] (Rocket Test Vehicle 1). Work on
tnis vehicle continued i1nto the 1950's. Flights of
Stooge also continued after the war, unti1l al least
1949, but the project vehicle, which by then was
ase~~fated with the Fairey Aviation vertical toke-cff
fighter programme, effectively led novhere.
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