
































empty cartridge case, feed and firing, being performed automatically by the
gun itself. The barrel was ‘ free ’ in the casing and could move to the rear on
recoil, and, working through levers and springs, brought about the complete
action of loading and firing the gun. The rate of fire was approximately
600 rounds per minute. Another feature was the replacement of a number of
barrels by a single one, and to keep the barrel cool it was encased in a jacket
containing water. Gravity feed had been a source of trouble in all previous
machine guns, so Maxim introduced the well-known belt feed in which the
belt containing the ammunition was moved across by the action of recoil in
time with the other movements. The Maxim gun was introduced into the
British Army in 1891, and soon replaced other machine guns.
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Blow-back operation

The blow-back method of operation depends entirely on the momentum given
to the breech block by the projected cartridge case. The movement of the
breech block must be delayed so that the bullet will have left the muzzle before
any appreciable opening occurs between the breech and barrel, otherwise gas
will escape to the rear and will endanger the firer and lower the velocity of the -
bullet. This delaying action may be brought about by one of three methods :—

(@) The method in which the locking of the breech block is direct and
‘unlocking takes place through the medium of a short stroke gas
piston as in the 20-mm. Hispano gun.

) (b) A retarded locking system, either using friction or resistance of springs.
This method is used in the Thompson sub-machine gun.

(€) A method using an exceptionally heavy breech block and other moving
parts to give the necessary delay before the breech is opened as
in the Sten machine gun.

In all three systems the cartridge case is used as the medium for pushing the
breech block to the rear. When it starts to move back, a portion of the case is
unsupported by the chamber and the cartridge case must, therefore, have
specially thick walls at this point to prevent bursting of the case.

The blow-back system of operation is not generally favoured in machine
guns because of the extremely heavy parts usually necessary to delay the action
and ensure safety, and the heavy spring sometimes needed to absorb the
movement of the heavy parts. Some guns employed during the Second World
War used this principle though this was mainly because of the ease of production
brought about by simplicity of design. Many of the numerous and complicated
components necessary with other systems were no longer réquired.

At the outbreak of the First World War military aircraft had very little
spare lifting capacity for weapons, and these consisted entirely of revolvers or
service rifles, or sporting guns firing chain shot. The need for improved
armament was immediately apparent. Experiments were made in two-seater
pusher aircraft, in which a Lewis infantry machine gun was mounted for use
by the observer who sat in front of the pilot. These were standard infantry
guns with an aluminium alloy radiator-surrounding the barrel, and they
utilised the 47-round magazine. Asthe war progressed, these guns were gradually
stripped of their radiators and other non-essential parts in the aircraft version
. of the gun, and they were also modified to give a higher rate of fire. A 97-round
magazine was also developed to reduce the ‘dead’ time due to magazine
changing during combat.

Tractor aeroplanes soon began to supersede the pusher types, as the former
gave a better performance. There was one serious disadvantage from the
armament point of view—the gun had to be mounted to fire outside the plane of
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rotation of the propeller to avoid damage to the blades. Numerous types of
mounting were evolved :—

(@) Gun mounted on the wing, firing along the line of flight. The trouble
with all wing mountings, however, was that the guns were not reliable,
and too many stoppages occurred which could not be cleared.
Magazine fed guns had to be used because of the lightness, but these
had a limited ammunition supply.

(6) Gun mounted on the wing, but inclined outward to the line of ﬂ1ght.
Although some of these guns were accessible and could be re-loaded
and stoppages cleared, it was impracticable to aim accurately when
flying in one direction and aiming and looking in another.

(¢) Gun mounted on top centre section. The Lewis gun in this installation
was mounted on top of the centre section of the wing and could be
pulled down a curved ramp to enable the pilot to clear stoppages
or re-arm.

(d) Gun mounted through centre section, firing at about 30 degrees
elevation. This mounting was, perhaps, the best of all, in that on
firing upwards the fighter did not have to climb up to or above the
enemy. In this way time was saved in the attack, and for the speeds
of attack at that period a true ‘no allowance ’ shot was presented,
requiring only point blank aim by the pilot.

The gun used in all the above positions was the Lewis gas operated gun as it
was more readily available than any other type and had the advantage for air
work of being lighter.

Lewis GUN oN ScarrF Ring
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In the autumn of 1915 the Germans sprang the biggest technical surprise of
the war by producing a Fokker fitted with a machine gun synchronised to fire
through the plane of rotation of the airscrew. This device enabled them to use
reliable belt-fed guns installed in the cockpit and having a large ammunition
supply. The sighting was amplified as the gun was mounted along the line of
flight of the aircraft. It was in consequence of this development that, for a
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for the Mark V Vickers. The advantages of the Browning over the Vickers in
service were :—

(@) Increased rate of fire (from 800 to 1,000 rounds per minute).

(0) Improved reliability. ‘

(¢) Improved freedom from breakages.

(@) Reduction in total weight of 5 Ib.

(¢) Reduced pitch of ammunition belt.

It was also pointed out that as Messrs. Vickers no longer held the manufacturing
licence, the Air Ministry would be free to choose any firm they-wished to manu-
facture the guns in this country. Early in July 1934, the Air Member for Supply
and Research (A.M.S.R.) approved the purchase of sufficient -303-inch Browning
guns to equip two squadrons for extended service trials! and after some further
correspondence between interested branches, it was finally agreed, in October
1934, that sixty guns should be ordered direct from the Colt Patent Firearms
Company.

The question of manufacturing the Browning gun was discussed with Messrs.
Vickers Armstrong, but they did not have sufficient manufacturing capacity
to produce the gun in the numbers required. Moreover the gun obviously
required further development which Messrs. Vickers were reluctant to under-
take because of the work they had in hand in connection with the development
of the Vickers G.O. gun. As much of the development work had been done by
Air Ministry staff, it was finally agreed that the Air Ministry would acquire the
manufacturing right of the Browning gun for the British Empire, and be respon-
sible for its development. A small quantity of guns were to be manufactured
by Messrs. Vickers, but the bulk of the Air Ministry’s future requirements would
be met by Messrs. B.S.A.

As a result of the trials with the first -300-inch calibre 42 pattern guns, the
following alterations had been found necessary :—
(@) Modification to the firing pin/sear assembly to strengthen the sear
spring, as the original would not stand up to operation by the trigger
motor, 7
(b) Modification to the barrel extension to improve clearance of the ejector.
(¢) Addition of a flash eliminator.

(d) Addition of a bracket to the bottom plate to take a loading mechanism
similar to that used on the Vickers gun.

All the alterations were carried out on one of the original pattern guns and
arrangements were made for them to be incorporated in the sixty guns which
were on order from Colt’s Patent Firearms Co. The modified gun was fitted to
a Gauntlet aircraft but air firing trials carried out early in 1935, ended with a
bad accident to the gun. Part of the trial consisted of firing 100 rounds in a
dive, repeated several times in quick succession. Dfiring one of these there
was a loud explosion in the gun which immediately stopped and when examined
was found to be completely wrecked. In common with the Vickers, and most
other recoil operated guns, the Browning ceased fire with a round in the chamber,
and the firing pin cocked. After a 100 round burst the barrel was so hot that

1 A.M. File S. 29619.
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The design of jigs and tools at Messrs. B.S.A. was in an advanced state and,
owing to the large number of guns involved, production was being planned
to reduce hand fitting to a minimum. In consequence of this, and also because
major alterations to the drawings would be necessary to incorporate the various
modifications required, it was decided that the Air Ministry should make their
own drawings of the gun based on the work so far completed at Messrs. B.S.A.

It was decided to form a separate drawing office as part of the Research
and Development (Armament) (R.D. Arm.) branch, to undertake the pre-
paration of the Browning gun drawings. This office was located at the Royal
Small Arms Factory at Enfield and commenced work in the summer of 1936.
During the preparations of these drawings further modifications were carried
out to the gun both to improve its performance and facilitate production. These
modifications consisted of :-— :

() New bottom plate incorporating the mounting for the loading
mechanism which had been a separate bracket on the first guns.

(b) New back block, made by forging instead of being built up as in the
original gun. This modification was intended to strengthen the gun.

(¢} Modification to the external shape of the barrel to assist production.

(d) Re-design of the muzzle attachment and flash eliminator, mainly to
provide a more efficient flash eliminator.

Continual trouble with the feed on the early production guns led to a complete
re-design of that mechanism, and included a new feed lever, feed pawl and feed
slide. In addition, a number of small alterations were made to various other
components, mainly by adjusting limits and dimensions to avoid interference
and ensure interchangeability. In addition to preparing drawings for the actual
gun, the R.D. Arm. drawing office produced designs for several items of
ancilliary equipment required for the gun. The first was a loading mechanism
for loading cockpit guns and was similar in design to that already in use on the
Vickers gun. For wing mounted guns the loading mechanism was not used ;
the guns being loaded on the ground by the armourers who had a loading lever
as part of their equipment.

When the rear sear was fitted it was necessary to arrange for the firing pin
sear to be automatically released when the breech block reached its forward
position. This was done by fitting a plunger to the side of the gun which
released the sear as the breech block reached its forward position. This plunger
was made retractable; in the retracted position the breech block would go
forward without firing the gun ; it therefore acted also as a safety device, and
although originally fitted to operate the firing sear, it was known as the ‘ Fire
and Safe’ mechanism. This was not fitted to synchronised guns, its place
being taken by the trigger motor. The rear sear was released by a pneumatic
firing unit when fitted to an aircraft and a hand firing unit was designed for use
when testing the gun on the ground.

The first British made Browning guns were delivered in March 1936, but it
was not until the end of that year that any large quantities were being produced.
To provide guns for new aircraft a further order for 600, and later for another
1,000 guns was placed with the Colt Company, so in all 1,660 American made
Browning guns were purchased. By the time the gun was reaching the service
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By that time, however, the experience of our own bombers operating over
enemy territory showed that 40-mm. shells were unlikely to destroy an aircraft
with one hit ; some of our bombers had returned with as many as six direct
hits by 40-mm. anti-aircraft shells. It was considered by D. Arm. D. that,
weight for weight, a 40-mm. installation would be less effective than the 20-mm.
Hispano, and so, although work on the 40-mm. as an air to air weapon did not
cease, it was relegated to low priority.

Development of the 40-mm. as an anti-tank weapon

The land fighting of 1940 showed that the destruction of enemy tanks was a
major problem, and that the immobility of anti-tank guns enabled the enemy
to get round them. In January 1940, D.C.A.S. asked for the question of
attacking tanks from the air to be examined. It was considered that the
armour penetration of the 20-mm. Hispano gun would be inadequate, but that
an A.P. projectile could be developed for the 40-mm. gun that would give
sufficient penetration to defeat the armour of any tank up to and including the
German Mark IV. Early in 1941 it was decided to install the Vickers 40-mm.

BLACKBURN ‘PERTH' FLYING BoAT
FirtEp witH 37-mMm. C.OW. Gun—1935
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gun in a Beaufighter for air trials, and a development order for 100 guns was
placed with Messrs. Vickers. In the meantime the Hawker Aircraft Company
commenced the design of a special Hurricane (Mark IID) to take two 40-mm.
guns—one-under each wing.

By the summer the air trials in a Beaufighter had been successfully completed ;
100 rounds being fired without the gun giving any trouble. In June the order
on Vickers was increased to 500 and the gun was introduced into the service as
the Vickers 40-mm. Class ‘S.” The first Hurricane equipped with two of the
original experimental guns was sent to the Aircraft and Armament Experimental
Establishment (A. & A.E.E.) in September 1941.1 These trials were satisfactory
and later in the year, a demonstration against a Valentine tank, confirmed
the suitability of the installation for the attack of Armoured Fighting
Vehicles (A.F.V.).

It was decided that one squadron of Hurricanes so equipped was to be formed
in the Middle East at the earliest opportunity, and the end of February 1942
was fixed as a target date for the despatch of the necessary equipment. This
meant that the first 30 guns off production were to be sent overseas for
operational use ; leaving only a few months to overcome the various difficulties
that inevitably arise when a new weapon is put into production. It was decided
that in addition to the usual ground acceptance trials, each of the first batch
of guns would be subject to air trials in a Hurricane before despatch overseas.

HurricaNe Ilp FITTED wWiTH VICKERS 40-MM. ‘S’ GUNs

1M.A.P. File C.S.B. 31031/1.
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carried out at the Aircraft and Armament Experimental Establishment
(A. & A.E.E.) during May 1944. These trials were not very successful and it
was reported that the modified gun was not sufficiently reliable for Service
use. By that time the 40-mm. ‘S’ gun was no longer an urgent requirement
and no further work was done on this project.

MuzzLE ATTACHMENT (SECTIONED) FOR USE OF
*LITTLEJOHN ~ HIGH VELOCITY AMMUNITION

Although originally designed for air to air fighting, the ‘S’ gun had been
adopted as an anti-tank weapon, but by the end of 1942, the rocket projectile
had been introduced into the service. This was considered to be more suitable
for anti-tank work and it was decided that the * S’ gun would not be issued to
the 2nd Tactical Air Force for operations in Europe. A small number were
transferred to the Far East, but were only used on a limited scale.

There were two reasons why the *S.” gun was replaced by rocket projectiles
for anti-tank work. First, the 60 1b. H.E. head was more destructive against
tanks than the 40-mm. A.P. projectile ; it was also far more destructive against
soft skinned M.T. vehicles, against which the 40-mm. A.P. was of little use.
Secondly, aircraft carrying the 40-mm. gun had to have specially designed
wings and could not carry any alternative load ; this greatly restricted the
tactical use of the aircraft. The R.P. on the other hand could be fitted to the
normal fighter-bomber as an alternative to the bomb load, and it was this,
rather than the greater destructive power of the 60 lb. head, that finally
decided against the use of the ‘S’ gun in Europe.

Although not as destructive, the 40-mm. ‘S’ gun was far more accurate
than R.P. Considering the short time spent on its"development, and the con-
ditions of extreme urgency under which the early models were produced, the
gun proved very reliable in service use and was easy to maintain.
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As a result of trials, before introducing the sight into the Royal Air Force
opinions were somewhat diverse, and a Fighter Area Report in October 1929
stated that the sight was inferior to both the * Aldis ’ and the ‘ Ring and Bead’
for day use, but superior for use at night.?

Production and development, 1937 to 1939

The first reflector sights for Service use, were produced by Barr and Stroud
-Ltd. in 1929, under the guidance of the designer. These were known as the
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FrREE GUN REFLECTOR SIGHT, MARK Ia

G.M.1. and G.M.2 sights, and, apart from experiments with the intensity of
illumination of the image, no further development took place until 1937, when
trials were carried out on a new type of reflector screen. These trials were
successful and an initial contract for 300 sights was placed with Barr and Stroud
in January 1938. Additional trials on production sights were held using-
reflectors of clear and tinted glass, to test the effect of target visibility when the
target was illuminated by searchlight beams, but there appeared to be little
difference in visibility in the use of either screen. The original contract was
increased in August 1938, to 1,600 pilot’s sights with blue tinted ‘ Calorex’
screen, the new sight being known as the G.M.2 Mark II.

As the sight became increasingly efficient and more popular with the Service,
the Goertz firm of Vienna embarked on a design of pilot’s gunsight to provide

! A.M. File 798792/27.

62



an alternative source of supply to Barr and Stroud, Ltd., who could not meet
the full Service requirements. The Goertz sight was known as the Mark IIT and
consisted of a Barr and Stroud body with the firm’s own optical system installed.*
The firm were also testing a double filament lamp for use in the sight, and the
reflector and lens system were undergoing temperature tests.2 The optics of the
sight showed little improvement over the British type and the double filament
lamp did not satisfy the illumination requirements.

i
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STARBOARD VIEW OF FREE GUN REFLECTOR SIGHT, MARK 111a%,
MOUNTED oN VICKERS G.O. GuN

Development 1939-1945

On 18 March 1939, Air Chief Marshal Dowding, the Air Officer Commanding-
in-Chief, Fighter Command, reporting on the tests of the reflector sight in his
command, stated that the tinted Calorex screen was no advantage and, due
to the numbers of inexperienced fighter pilots, gould be a positive source of
danger. He asked for clear glass to be used instead of tinted, and said that
until the change was made, he had ordered all reflector sights to be replaced by
ring and bead. It was suggested that a new lamp should be designed with the
glass half-silvered to increase the illumination.

1 A.M. File 753712/38. * A.M. File 646177/37.



As a result of trials, before introducing the sight into the Royal Air Force
opinions were somewhat diverse, and a Fighter Area Report in October 1929
stated that the sight was inferior to both the * Aldis ’ and the ‘ Ring and Bead ’
for day use, but superior for use at night.?

Production and development, 1937 to 1939

The first reflector sights for Service use, were produced by Barr and Stroud
Ltd. in 1929, under the guidance of the designer. These were known as the
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G.M.1. and G.M.2 sights, and, apart from experiments with the intensity of
illumination of the image, no further development took place until 1937, when
trials were carried out on a new type of reflector screen. These trials were
successful and an initial contract for 300 sights was placed with Barr and Stroud
in January 1938. Additional trials on production sights were held using:
reflectors of clear and tinted glass, to test the effect of target visibility when the
target was illuminated by searchlight beams, but there appeared to be little
difference in visibility in the use of either screen, The original contract was
increased in August 1938, to 1,600 pilot’s sights with blue tinted ‘ Calorex’
screen, the new sight being known as the G.M.2 Mark II.

As the sight became increasingly efficient and more popular with the Service,
the Goertz firm of Vienna embarked on a design of pilot’s gunsight to provide
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an.alternative source of supply to Barr and Stroud, Ltd., who could not meet
the full Service requirements. The Goertz sight was known as the Mark III and
consisted of a Barr and Stroud body with the firm’s own optical system installed.?
The firm were also testing a double filament lamp for use in the sight, and the
reflector and lens system were undergoing temperature tests.? The optics of the
sight showed little improvement over the British type and the double filament
lamp did not satisfy the illumination requirements.
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STARBOARD VIEW OF FREE GUN REFLECTOR SIGHT, MARK 11la*
MoOUNTED ON VIckERrRs G.O. Gun

Development 1939-1945

On 18 March 1939, Air Chief Marshal Dowding, the Air Officer Commanding-
in-Chief, Fighter Command, reporting on the tests of the reflector sight in his
command, stated that the tinted Calorex screen was no advantage and, due
to the numbers of inexperienced fighter pilots, could be a positive source of
danger. He asked for clear glass to be used instead of tinted, and said that
until the change was made, he had ordered all reflector sights to be replaced by
ring and bead. It was suggested that a new lamp should be designed with the
glass half-silvered to increase the illumination.

1 A.M. File 753712/38. 2 A.M. File 646177/37.
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replacement. From that time onward development of the reflector sight
continued, with alterations to the form of graticule. sun screens, degree of
filament intensity and range of vision. The sight was well received in the Middle
East Command, and this Command, in June 1942, suggested the inclusion of a
“turn and bank ’ indicator within the sight to give immediate indication of
inadvertent side-slipping. This was not approved, however, on the grounds
that side-slipping was largely self evident to the pilot, and the inclusion of such
a device would not only increase the bulk and weight, but also obstruct the
instruments in the cockpit. The suggestion from Coastal Command in August
1942, for a special graticule for -5-inch guns was also ruled out, firstly because of
production difficulties and secondly because the ring in the free gun sight only
corresponded approximately to a crossing speed of 50 miles per hour.!

PiLor’s REFLECTOR GUNSIGHT, Mark Il

1 A.M. File C.S. 15792.

65















PrismaTic GUNSIGHT, TYPE G.1.
(VIEWED FROM THE EYE LENs END)

Prismatic GUNSIGHT, TYPE G.1.
(VIEWED FrROM THE OBJECT GLASS END)

70

































Night trials were carried out to assess the value of the sight under varying
conditions of moonlight and darkness. On dark nights without moon, the
‘gyronight ’ setting would be used except when in an area illuminated by
fighter flares or target flares. In moonlight, however, the ‘ gyro day ’ setting
could be used with reasonable efficiency. Since, however, the average night
combat at that time rarely took place at a range of more than 400 yards, it
was obviously likely to help the gunner if the foot pedal was restricted in
its travel to correspond to a range of 400 yards instead of the usual 800 yards.
In general the sight could be used with so much more accuracy in conditions of
bright moonlight than in darkness, that bombers would be able to achieve
greater success with fewer losses if major operations took place in the moon
period.t :

As a result of extensive trials it was found that the gyro sight could be used
with exceptional accuracy against all fighter attacks in daylight and could be
used accurately throughout standard manoeuvres. The sight was considered
to be the complete answer to gunnery problems, and if a reasonable standard of
training could be achieved, adequately armed bombers would be perfectly
capable of defending themselves against fighters in daylight operations.

During the trials of the Mark IIC sight the design of a pilot’s type of sight
was commenced. The pilot’s type, for use in front gun fighter aircraft was
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Basically the sight consisted of a unit magnification telescope with an inclined
mirror interposed between the eye-piece lens and the telescope tube. The sight
was rigidly held in a casting in the turret framework in such a position that it
was above and in line with a prism which was held by the turret mechanism.
A graticule was positioned in the telescope tube so that an image of a ring and
bead appeared superimposed on the target when viewed through the sight.
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Tail Turrets , .
Early Development.—The Air Staff decided, in June 1936, that heavy aircraft
were more likely to be attacked from astern, than any other direction, and
arranged for the development of tail turrets, carrying four -303 calibre machine
guns where possible, as this was the heaviest defensive armament practicable
at that time. The armament firms were invited to study the possibility of
fitting heavier calibre weapons in the turrets, although the inherent problems
were known to be extremely difficult and unlikely to be solved for some time.
In particular, as stated already, conventional aircraft could not carry extra
weight in the tail without altering the centre of gravity beyond permissible
limits.» Between the date of this decision and the outbreak of hostilities in
1939 Frazer Nash Ltd., developed, and produced, four tail turrets for heavy

aircraft namely the FN. 4, FN. 5, FN. 13and FN. 15.2

FN. 4 Turret.—The FN. 4 turret carried four -303 calibre Browning guns and
was produced for heavy bombers and flying boats. The power system was

P g ’ S — S — o " . T — - -

FN. 4 Taw. TURRET
{(witH CuPOLA REMOVED)

1 AM. File S. 38527, 2 A.M. Files S. 40838 and S. 41296.
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completely hydraulic, including the gun firing mechanism and employed the
standard components already described. The general design and layout
persisted throughout a full range of turrets produced subsequently.?

FN. 6 Turret.—This turret carried two -303 calibre Browning guns and was .
fitted in the tail of one type of heavy bomber but was also used in the nose of
several others. It was a conventional FN. turret in all respects and the design
was used in later types. ‘

FN. § TaiL TURRET
(wiTH CUPOLA REMOVED)

1 A.P. 1659A Vol. 1 Chapter 10.
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FN. 13 Turret—Built for the tail of a flying boat, this turret differed from the
FN. 4in the general internal layout only. It carried four -303 calibre Browning
guns.!

FN. 13 TaiL TURRET
(with CUPOLA REMOVED)"

FN. 15 Turret.—This turret carried two -303 calibre Lewis guns and was
produced for the nose and tail of a heavy bomber. It employed the conventional
FN. hydraulic system but the guns were fired by a simple cable device and
ammunition was fed in pans instead of belts.

L AP. 1659A. Vol 1.
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FN. 15 TaiL TURRET
(witH CUPOLA REMOVED)

Early technical improvements

During the initial phase of turret development, certain basic technical defects,
applicable to all types of turrets, had to be rectified.. The first one concerned
the use of magnesium alloy castings for valve boxes etc. This alloy was used
in an attempt to reduce weight, as far as possible, but experiments showed that
oil pressure and heat caused serious leaks due to the micro-porosity of the metal
and in addition, it corroded very quickly when used on marine aircraft. The
defect was overcome by using duralumin.

The second defect arose from the use of red fibre as an insulating medium for
the turret electrical circuits, 7.e., lighting. and inter-communication. Under
Service conditions, the insulating properties of the red fibre proved unsatisfactory
and it was replaced by ‘ Tufnol,” a proprietory laminated product.

A third defect was dué to the use of duralumin for seat springs, in a further
endeavour to reduce weight. This proved to be unsatisfactory however, and
had to be replaced by normal spring steel.!

1 A.M. File 666518/37.
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Operational requirements

War conditions soon disclosed the weaknesses in the original turret designs.
At a meeting of the Air Fighting Committee in April 1940, it was decided that
as the enemy could be expected to produce fighter aircraft carrying guns of
20-mm. calibre, and also to develop attacks from the beam and quarter, the
existing heavy aircraft defence policy would have to be reviewed.! Heavy
calibre turret guns were now regarded as essential and, in order to combat
the expected beam and quarter attacks, as well as those from astern, it was
considered that heavily armed mid-upper turrets should replace tail turrets.
Until such turrets could be produced, however, firms were asked to make all
possible improvements to existing types. The first positive improvement was
the provision of more ammunition for tail turret guns and protective armour for
the gunners. Both these features were included in the FN. 20 tail turret which
was issued for service in 1940.

FN. 20 Turret—The general layout of this turret was similar to that of the
FN.4. However, instead of 1,000 rounds of ammunition per gun, carried inside
the turret, 2,500 rounds per gun were stowed externally and the belts were

FN. 20 TaiL TURRET
(witH CUPOLA REMOVED)

1 A.M. File S. 3486.
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the best that could be done, at short notice, to bring tail turrets up to date but it
was regarded as a compromise only. The intention was to replace it, as quickly
as possible, with a fully modernised tail turret, re-designed to provide the best
possible view, in addition to incorporating the new sighting devices. Further-
more, operational records showed that electrical turret systems were less
vulnerable than hydraulic. A discussion was held at the Air Ministry in March
1942 and it was decided that, where possible, hydraulic pipe lines would have
to be re-routed to clear the more vulnerable parts of aircraft, and duplicated
in order to prevent turrets being put out of action completely, by chance
hits on the pipe lines. It was agreed also that all future designs should aim at
the full employment of electricity in aircraft turrets, for the following reasons :—

(a) An electric cable could be damaged by a bullet and still transmit
power.

(b) Cables presented a much smaller target than pipe lines.

(¢) The flexibility of cables simplified the problem of routeing to avoid
vulnerable areas.

(@) Cables could be duplicated easily and repaired in flight.!

FN. 121 TaiL TURRET
(SHOWING THE RADAR SCANNER)

As a result of all these considerations, a contract was placed early in 1943,
for the development of the FN. 82 tail turret. In addition to incorporating the
latest ideas, this turret was designed to carry -5 calibre Browning guns instead of

-303. Unfortunately the idea of using an all electric system had to be abandoned
at an early stage, in the interests of urgency.?:

L A.M. File C.S. 13435. 2 A.M. File C. 38133/48.
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FN. 82 Turret.—This turret was passed for service use in 1944 and although
employing a conventional FN. hydraulic system, every endeavour had been
made to provide an unobstructed field of vision. The equipment included two
-5 calibre Browning guns, gyro gunsight and radar attachment and the design
was a great improvement on the older types of turrets.t

E
g‘
3

IFN. 82 TaiL TURRET
(SHOWING THE RADAR SCANNER)

Upper turrets

- Turrets positioned on the upper side of an aircraft fuselage, usually mid-way
between the nose and tail, were often referred to by different names, e.g., centre,
upper, mid-upper, midships or dorsal. They were produced originally as a

" result of the Air Ministry deliberations in 1936, already referred to.? Unlike
other types of turrets they were used not only for the defence of heavy aircraft,
but also as offensive armament for two-seater fighters. The provisional policy
introducing them as defensive armament, became more positive in 1938, when
ideas on heavy aircraft defence began to change. Research showed that it was
almost impossible to fit heavy calibre guns in the tails of conventional heavy
aircraft and that an attempt to do so would probably involve re-designing as
much as 30 per cent., plus the time taken to develop a new turret. This was
considered to be prohibitive and produced the idea of replacing both nose and

1 A.P. 2799Q Vol. 1. -2 “ Tail Turrets—Early Development ’.
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tail turrets by heavily armed upper and under turrets.! Heavier calibre guns
were not adapted to aircraft turrets until much later however, and in the interim
upper turrets were produced using the lighter calibre guns available. These
provided a measure of reinforcement for both nose and tail turrets, as well as
defence against beam attacks.

Prior to 1939, Frazer Nash Ltd., produced three upper-turrets, namely the
FN.1, FN. 7 and FN. 8.

EN. 1 Turret.—This turret was produced for a two-seater fighter aircraft.
The original version was fitted with a telescopic cowling to shield the gunner,
but this was replaced by a cupola later. It carried one -303 calibre Lewis gun,
fed by ammunition in pans, and the gun was fired by a simple cable device.
Otherwise the turret had a normal FN. hydraulic system and was introduced in
1937.2

BIPAS = (TR 20 U RN ERa S U RS SRR T S S PR SRR R SR oty

FN. 1 UppEr TURRET FITTED WITH TELEscopric COWLING

1 A M. File S.44412. 2 A.P. 1659A Vol. 1, Chapter 3.
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FN.7 and FN. 8 Turrets—These were slightly different versions of the same
turret ; one for bomber aircraft and the other for a flying boat. The major
difference was that the latter could be retracted into the aircraft hull by means
of a hand pump and hydraulic rams. They carried two -303 calibre Browning
guns and used a normal FN. hydraulic system. They were introduced in 1939.

FN. 8 TURRET
(wiTH CUPOLA REMOVED)

Operational requirements
Upper turrets became a definite requirement in 1940, after the meeting of

9

the Air Fighting Committee which reviewed the heavy aircraft defence policy.?

L A.P. 1659A Vol. | Cha;ter 9. 2 Tail Turrets—Operational Requirements.”
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The decision to replace nose and tail turrets, by fitting heavily armed upper and
under turrets, was contested by a prominent member of the Scientific Staff but
the Air Fighting Committee confirmed the pohcy to be pursued throughout the
war, as follows :—

(@) Upper turrets would definitely be required on heavy aircraft, if the
enemy developed beam and quarters attacks.

(b) Upper turrets carrying guns of 20-mm. calibre, were considered
necessary to combat fighters carrying guns of equal calibre. It was
accepted that larger calibre guns could not be fitted in tail turrets.

(¢) When heavily armed upper turrets became available, nose and tail
turrets would have to be deleted as the added weight would not be
justified.

FN. 50 UrPErR TURRET

 AM. File S. 3486.
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During the years 1941 and 1942 every effort was made to implement this
policy. Several new upper turrets were designed and experimented with, but
only two of these are worthy of note. The FN. 33, carrying four -303 calibre
Browning guns, was developed to the prototype stage but had to be abandoned
as unsound, aerodynamically ; it was too heavy, had too large a ring diameter
for conventional aircraft, and insufficient depression on the beam. The second,
the FN. 79, carried two 20-mm. calibre Hispano guns and twelve of them were
tested on operations by Bomber Command. They were found to be unsuitable
for night operations, so production ceased and a standard, two-gun, upper
turret, was produced and issued for service. This was an adaptation of the old
FN. 5 and was named the FN. 50.1 '

FN. 50 Turret.—This turret was similar in every way to the FN. 5 except
that it was modified to permit full rotation, and the guns were fired by electro-
hydraulic means. It was introduced before the end of 1941,2 and was replaced
in 1944 by the FN. 150.

FN, 150 UpPER TURRET

1 A.M. Files B.101099, H.S. 68053 and S. 87425. Also M.A.P. File S.B. 6103,
* A.P. 1659A Vol. 1, Chapter 16.
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After due consideration, the Air Ministry made the following decisions :—

(a) Retractable turrets were to be retained on large aircraft, until something
better could be devised.

(b) Research work on ‘dragless’ under turrets, along the lines of the
idea mentioned in paragraph (c) above, was to continue on a high
priority.t

Prior to 1939, Frazer Nash Ltd., produced two power operated under turrets
for heavy bomber aircraft, and two hand operated under mountings for lighter
aircraft, namely, the FN. 17, FN. 25, FN. 54 and FN. 60.

FN. 17 Turret.—Produced for a heavy bomber aircraft, this turret carried
two -303 calibre Browning guns and apart from the retraction gear, it was a
normal FN. hydraulic unit.?

FN. 17 UNDER TURRET
(RETRACTION GEAR FuLLy EXTENDED)

L A.M. File S. 44249. ~ *AP.1659A Vol. 1, Chapter 7.
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FEN. 25 Turret.—This turret was similar to the FN. 17 in all respects and
was fitted to two different types of heavy bombers.!

FN. 25 UNDER TURRET
(ReTrRACTION GEAR FULLY EXTENDED)

FN. 54 and FN. 60 Turrets—These were non-retractable, hand operated,
under gun mountings. They were similar in all respects apart from the gunner’s
seating arrangements. A periscopic sight was used on both mountings and
the units could be jettisoned complete, to provide an emergency escape hatch.
They were fitted to a light bomber aircraft with limited crew space.?

T AP. 1659A Vol. 1, Chapter 12. 2 A.P. 1659A Vol. 1, Chapter 15.

122



s el e

FN. 54 TURRET

PERISCOPIC SICHT

CONTROL HANDLES

- iseecion pooRs
. FN. 60 TURRET
123



- Operational requirements
The meeting of the Air Fighting Committee in 1940, which outlined the
policy to be pursued during hostilities, specified that under turrets, carrying
heavy calibre guns, were to be developed with all possible speed. However,
during the time required for this work, tail turrets were still the major require-
ment and, as time was also being devoted to an all electric, remotely controlled
turret system as the complete solution to current problems, under turrets
received little attention. The only other under turret produced, before hostilities
ceased in 1945, was the FN.64. This was ready for production in 1941.%

FN. 64 Turret.—This turret was a compromise between the retractakle
under turret, and the ‘ dragless ’ turret actually required. In general design,
it was a power operated version of the FN. 54 and FN.60. The sight was
periscopic and hence, the turret was not very useful at night. It carried two
+303 calibre Browning guns and employed normal FN. hydraulic components.?

PERISCOPIC GUN, SIGHT
4 .

FIRING SWITCHES,

CONTROL HANDLES, e/ G 4, SEAT

AMMUNITION BOX.

“~ SEAT FRAME

P X

FOOT REST

EJECTION CHUTE

FN. 64 UnDER TURRET

1 Upper Turrets—Operational Requirements.’ ® M.A.P. File 5.B. 6103.
3 A.P. 1659A Vol. 1, Chapter 17.

124



Nose turrets

Early Development.—Nose turrets were introduced as part of the general
aircraft defence policy of the Air Ministry in 1936.1 The requirement was
again confirmed by the policy review in 1937,2 but the further review in 1938,3
recommended that they should be deleted in favour of heavy calibre upper
and under turrets, should these become available.

Prior to 1939, Frazer Nash Ltd., produced six nose turrets for heavy bomber

aircraft or flying boats, namely, the FN. 5, FN. 11, FN. 12, FN. 14, FN. 16
and FN. 26.

FN. 11 Nosg TURRET
(wiTH CUPOLA REMOVED)

3 AM. File S. 38527. 2 A.M. File S. 44249. 3 A.M. File S. 44412,
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FN. 5 Turret—This turret has already been mentioned in the section
devoted to tail turrets. It was used in the nose and tail of one type of aircraft
and in the nose of two others. The different versions varied in small technical
details only, such as ammunition arrangements and cupola design.?

FN. 11 and FN. 16 Turrets.—The FN. 16 was produced for a heavy bomber
aircraft and carried one -303 calibre Vickers Gas Operated gun (VGO), which
was pan fed, like the Lewis gun. The FN. 11 was fitted in the nose of a flying
boat and was identical with the FN. 16, except that it was mounted on guide
rollers fitted to the hull structure. A hand winding device enabled the turret
to be retracted on the guide rollers, for mooring operations.?

FN. 12 and FN. 26 Turrets.—These turrets were produced for the nose of a
flying boat and differed only in the type of gun fitted. The FN. 12, of which
only a few were produced, carried a twin, -303 calibre, VGO gun whilst the
FN. 26 was fitted with a single gun, of the same make. Both turrets could be
retracted for mooring operations.?

¥ V03

:
2
i

iia o

FN. 26 Nosg TURRET
(witH CUPOLA REMOVED)

1 A.P. 1659A Vol. 1 Chapter 11. 2 A.P. 1659A Vol. 1 Chapter S.
3 A.P. 1659A Vol. 1 Chapter 8. )

126






FN. 77 TURRET

Hand operated gun mountings

Frazer Nash Ltd., produced a number of hand operated mountings, in addition
to those already mentioned, i.e., the FN. 54 and FN. 60. They were particularly
useful in aircraft of Coastal Command for anti-submarine work, etc., and in
addition to being a satisfactory weapon, they provided a great saving in weight

and helped to simplify the equipment carried. Normally they were used as
nose or beam mountings.!

1 A list of hand operated mountings will be found in Appendix 1.
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Boulton Paul Type * C’ Turrets.—These turrets were fitted with two -303-inch
Browning guns. The first type made—the Mark ]—was used as a nose turret
for heavy bomber aircraft, and had a field of fire of 100 degrees each side of the
aircraft centre line and 64 degrees elevation, 45 degrees depression.  Subsequent
Marks had continuous rotation, retaining the original elevation and depression
angles. In this condition they were used as upper turrets in heavy bombers
and general reconnaissance aircraft. Also the oxygen supply was self contained
in the turret, whereas in the Mark I the gunner was supplied from the main
aircraft supply. Other types of turret were designed for use in the upper
position, but were not introduced for service use before the cessation of
hostilities.

B.P. Type ‘C’, Mark I TURRET

1 List of B.P. turrets is given at Appendix 4.
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B.P. Type ‘C’', Marx Il TURRE1

Tail turrets

The weight of tail turrets had to be kept down to a minimum in order to
keep the aircraft centre of gravity within permissible limits, and as the tail of
the aircraft was the most vulnerable position, it was here that the most ammuni-
tion was required. To overcome this difficulty, the ammunition boxes were
placed inside the aircraft and the ammunition was fed through long channels or
ducts to the guns. As the normal loading action of the gun was insufficient to
pull the long length of belt, feed assisters were used to feed the ammunition to
the guns.

Boulton Paul Type * E’ Turret.—This turret was designed for use in heavy
bomber aircraft and had four -303-inch Browning guns with 2,500 rounds of
ammunition per gun. The field of fire on the Mark I was 90 degrees each side
of the centre line of the aircraft ; early models had 60 degrees elevation, later
56%; and 50 degrees depression. The feed assisters on this turret were housed
in the turret framework being driven by a chain drive from the electric motor
which drove the generator. The speed of operation of the assisters was auto-
matically regulated by the tension in the belts between the feed assister and
guns. In this turret the high speed switch was deleted.

Owing to the large angle through which it was possible to depress the guns, the
gunner’s seat was coupled to a hydraulic ram, connected in series with the gun
elevating ram in such a way that when the guns were at full depression, the seat
was at its highest. A later series of turret had a clear vision panel in which the
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front perspex panel was arranged to slide out of the way for use when weather
conditions made sighting through the transparent panel difficult. In the
Mark II turret of this type, the rotation was limited to 65 degrees each side
of the aircraft, and the ammunition supply was altered to suit another type of
heavy bomber. Production of these turrets ceased in 1944 in favour of the
larger calibre turret—the Type ‘D .

B.P. TypE ‘E’ TURRET

Boulton Paul Type ‘D’ Turret—In December 1942, a programme was
drawn up to improve the armament of heavy bombers, in which two -5-inch
guns were required in the tail. Boulton Paul’s had a scheme for modifying
the Type ‘ E’ to take two -5-inch guns, and it was considered that the weight
could be kept down to the existing limits provided that a reduction in the
amount of ammunition carried in the turret could be accepted. At least
1,500 rounds per gun was required, but if this was not possible for centre of
gravity reasons, less would be considered as long as the supply could be topped
up from inside the aircraft. '

The first prototype turret, known as the Type ‘D’ was ready for test in
October 1943. Each ammunition duct had two electrically operated feed
assisters. In this turret hydraulic motors were provided for both rotation and
elevation ; mechanical stops being provided at the limits of rotation and
elevation. It was anticipated that this turret would be used in conjunction with
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EXTERNAL VIEW

INTERIOR VIEW

B.P, Tvpe ‘D’, Mark II, TURRET IN HALIFAX MAaARK III
AIRCRAFT
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Development during the period 1939 to 1945

No further improvements were made to Bristol turrets until the end of

1941, when the B.X. Mark I turret was introduced for use in a light bomber
aircraft.!

B.X., Mark I Turret.—The general design and layout of this turret, were
very similar to those of the earlier types. For the first time however, full
rotation in azimuth was achieved by using a rotation motor, instead of a
ram(s). Two +303 calibre Browning guns were fitted and other minor alterations

B.X., Marx I TURRET

(THREE-QUARTER VIEW OF TURRET ON STAND, LEFT-HAND AMMUNITION
Box REMOVED)

! A.M. Files S.50222 and H.S. 68890.
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were made such as the use of a conventional rotating service joint, a fixed
gunner’s seat and an improved cupola. A Gyro-Gunsight was fitted, after the
turret had been introduced into service.!

The B.X. turrets were followed by the B.12 series, produced as upper turrets
for heavy bomber aircraft. None of the aircraft concerned operated to any
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B.12, MAarRk V TURRET
(FroNT VIEW OP TURRET WITH ARMOUR DOORS AND FLOORBOARDS REMOVED)

1 A.P. 1659B Vol. 1 Chapter 10,
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great extent in that role, hence only a limited number of the type were produced.
These turrets did however, show a great improvement in general design and
are therefore worthy of note. The B.12 Mark V is presented as being typical.
of the series.?

B.12 Mark V Turret.—This turret had an increased internal diameter
(approximately ten inches) and all the components were arranged around the
inside of the main structure instead of around a central pillar. This gave
increased comfort to the gunner. In addition it was the first Bristol turret
to carry four -303 calibre Browning guns and was in production by August 1944.2
At this stage, development work on hydraulic turrets ceased and the firm
concentrated on the production of an all-electric turret, carrying guns of
20-mm. calibre. Work on this project was already in hand in April 1943 and
the first turret was delivered in April 1945, just before the end of the war in
Europe. This was known as the B.17 Mark I, an upper turret for heavy
bomber aircraft.!

B.17 Mark I Turret.—The layout of this turret resembled that of the
B. 12 series. All components were arranged around the inside of the main
structure, apart from the control handles, which were placed centrally in front
of the gunner. It was the first turret, of any make, to carry weapons of 20-mm.
calibre. It provided reasonable comfort for the gunner, a reasonably clear
field of vision, and weapons equal in calibre to any likely to be opposed to it.
Furthermore the system was completely electrical and so satisfied the latest
Air Staff requirements.® '
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B.17, MArRx I TURRET

1M.A.P. File S.B. 43898 and A.M. File C.S. 21434. "~ ZAP. 2768A et seq.
3 A.P. 2768E.
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could judge the angle and bring his guns to bear or search instantly, without
reference to indicators. The gunner had ample room in the turret, and the
centre cut away panel, apart from affording excellent search conditions, could
also be used as a means of exit in an emergency.

Hydraulic system

Rotation of the turret was accomplished by the use of the standard Frazer
Nash rotation motor and movement of the guns in elevation by oil motors.
Incorporated in the hydraulic circuit was a small by-pass oil motor which
vibrated a valve and by this means kept the oil moving to prevent freezing.
Owing to the absence of rams, any air in the system was expelled during the
normal operation of the turret, and after installation it was only necessary
for the guns to be fully elevated and depressed to clear the system of air.

Rose Turret No. 2 Mark I -

During trials in March 1944, sight vibration during firing was found to be
very severe. It was considered that the basic cause of the vibration was either
flexure of the turret base plate on fixed ring, or, relative movement between
fixed and moving rings. Two turrets were modified in which a damping
device was incorporated at the sight arm pivots and in one turret, considerable
stiffening was added to the cupola. Although the vibration was reduced
considerably, it was still too great to be acceptable to the Service. Photographic
records taken on a subsequent trial showed that the turret support was moving
with respect to the aircraft. It was known that the tail turret supporting
structure of the aircraft was not very rigid and a gusset plate was riveted to
either side of the fuselage and anchored to the turret band supporting frame.
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Re-design of cupola

Difficulties in heating the turret, with the large clear vision area, had been
foreseen in the early stages of development, and in May 1944, the turrets were
being used in Pathfinder squadrons and the gunners complained of the cold.
To counteract this excessive draught, the clear vision panel was substantially
reduced by closing the opening at the top. This meant that the gunner had
to sight through the perspex at all angles above the horizontal.
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control which greatly improved the Ward-Leonard system. In July the Air
Ministry stated that all concerned expected the remote control system to be
ready for air test in May 1944. The R.A.E. published a report in October, on
the gunnery error likely to be caused in flight by flexing of the aircraft structure.
They had made a series of air tests to check the extent of the distortion of an
aircraft wings and fuselage and found that it was both large and variable,
according to the air stability and load conditions. This meant that in some
aircraft, large gunnery errors were likely to occur, particularly where the sighting
station was mounted in the tail and the barbettes in the engine nacelles. They
stated further that, as the errors varied greatly with changing conditions, it
would be impossible to introduce any sort of standard correction. Hence they
could only suggest that this matter would have to be borne in mind when
fitting remote control systems to specific types of aircraft.l

DRIVING
COMMUTATOR ~ GENERATORS MOTOR

WARD-LEONARD UNIT

Development during 1944

Early in January 1944 Boulton Paul Ltd., reported that the upper
barbette was ready for assembly and should soon be available for functioning
tests, to be followed by firing trials. This was followed by a conference at the
R.AE. to decide the future policy with regard to the separate projects at
Vickers Armstrong Ltd., and Metropolitan Vickers Ltd. It will be recalled
that Vickers Armstrong had been invited in 1943, to develop engine nacelle
barbettes and their own remote control link. Nacelle barbettes were no longer
considered advisable as a result of the report from the R.A.E. on aircraft
distortion in flight. Furthermore, their link was electro-hydraulic and not
particularly efficient. Metropolitan Vickers Ltd., had been asked to develop
an all-electric link, using their own vibrator controlle@ ‘ metadyne ’2 system ;
this was proving less efficient than the amplidyne produced by British Thomson
Houston Ltd. After due consideration both projects were cancelled.

" 31M.A.P. File S.B. 55530/2 Parts 1 and 2.

2 The metadyne principle is very similar to the amplidyne. The difference lies in the
method of controlling the output of the special generator which feeds the driving motor.
A.M/S.D. 642F Chapter 1. (See Admiralty Reference : C.B. 04512F Chapter 1.)
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rockets were mounted in fours, and spaced 10% inches apart, with a common
blast plate. They were fired electrically by the pilot, and could be fired either
in one salvo of eight, or in four successive pairs. This projector was used for the
first air firings from a Hurricane, which carried four under each wing.

In its production form it was known as the Mark I universal projector and
was in full production by the beginning of 1943. It was widely used in operations
on such aircraft as the Hurricane, Swordfish and Hudson. It worked well in
service, but was heavy, and its high drag caused a considerable drop in the top
speed of the aircraft carrying it. Most subsequent designs of projectors were
intended to reduce the weight and drag of the installation rather than improve
the performance as a projector. The Mark I was designed before any experience
had been obtained with airborne rockets.

From subsequent air firing trials, it was concluded that the length of the
projector rails could be greatly reduced. A projector, known as a ‘ Zero length’
projector, was produced in which the rocket was carried on two streamline
struts and had a controlled travel of only a few inches. This was known as the
Mark II projector, and was fitted experimentally on Swordfish and Hurricane
aircraft. The drag, although reduced, was still considerable due to the retention
of the blast plate. Ballistic trials of this projector showed that the dispersion
was greater than with the Mark I, and as the reduction in drag was not con-
sidered worth the increase in dispersion, the Mark II projector was not put into
production.

" FAIRED FRONT
D 'REAR STRUTS |

MaRrk IIIB BEAM INSTALLED ON TYPHOON AIRCRAFT AND LOADED WITH
60 LB. PrACTICE CONCRETE HEADS
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() Marine and Sea-Marker compositions. These are used for marking
positions on water and are not true explosives. Marine marker
compositions react with water to give off a gas which flames in air,
giving a continuous flame. Sea-marker compositions produce a
visible film on the surface of the water.

(e) Smoke Compositions. These produce either a dense opaque cloud for
screening purposes, or a characteristic smoke for signalling in day-
time. They are sub-divided into two types according to the method
by which the smoke is produced.

(i) Burning smoke compositions. These generate smoke only
after being ignited. The smoke may be produced either by
direct action, as in oil smokes, or by the reaction of emitted
volatile matter with the oxygen in the air.

(i) Liquid non-burning smoke compositions. When certain liquids

~ come into contact with the air in the form of very fine
droplets, they form a smoke or mist due to reaction with the
water vapour in the air.

Development

Various pyrotechnics were developed during the Second World War, the
differences being mainly in the constituents used in the compositions to obtain
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oil to the rotating service-joints on the turret bridge. The oil returned from the exhaust
ports of the rotating service joints, through a recuperator mounted close to the engine
driven pump, to the return side of the pump.

When the master valve levers, on the control handles mounted above the valve box,
were in their normal position, the oil by-passed direct to the return pipe without entering the
rotation and elevation valves, allowing a ‘ free flow ’ condition in the system. When the
master valve levers were depressed, and the control handles not moved about either their
vertical or horizontal axes the return line was isolated from the supply line and pressure
was built up in the system. When this pressure exceeded the working pressure of the
turret, the relief valve was operated. The pressure was maintained until the controls were
operated. The pressure was maintained until the controls were operated for either turret
.drum rotation, or elevation or depression of the searchlight.
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Internal hydraulic system

There were two hydraulic circuits inside the turret, i.e., rotation and elevation and
depressicn of the searchlight. In both these circuits, rigid pipe lines fed the oil from the
inlet port of the two rotating service joints, direct to the hydraulic components.

The first circuit supplied oil through a hydraulic filter to one of the ports of the hydraulic
motor. The action of this motor rotated the turret drum and searchlight in one direction.
If oil was supplied to the other port of the motor, the turret drum and searchlight were
rotated in the opposite direction.

The second circuit supplied oil to a double acting ram, which was mounted in the search-
light chamber and coupled to a lever on the side of the searchlight. The movement of this
ram, up or down, elevated or depressed the searchlight beam.

VALVE Box aAND CONTROL HANDLES
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Retraction system

External to the turret was the retraction hydraulic circuit.” This was a static circuit
consisting of two double acting rams, which were fed with oil, pumped from a reservoir by
hand pumps. In the supply line of the circuit was a change-over valve which directed the
oil to either the top or bottom ports, of the double acting rams. When oil entered the
bottom ports, the rams were forced upwards and the turret was retracted into the airframe.
Operation of the change-over valve released the pressure built up in the rams, and the
turret lowered under its own weight. One, or both, of the hand pumps could be used to
expedite lowering. .
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Electrical system

The turret had two electrical systems; searchlight illumination and indicator. The
searchlight was a standard Admiralty searchlight. It was self-striking and self-regulating
and could be serviced in flight ; access being gained through a door in the diaphragm. The
searchlight was powered by a bank of seven 12-volt batteries in series, mounted in the
airframe. The controls were situated on a panel, mounted in the airframe, adjacent to
the turret but to prevent unnecessary wastage of current, a switch was fitted in the nose
of the aircraft at the side of the operator, so that he could switch the searchlight on or off
asrequired.
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Rorary CONVERTER UNIT

An accurate indication of the position of the rotating drum and searchlight was obtained
by a system of remote electrical indicators. The current for this system (50 volt, 50 cycles
per second, single phase A.C.) was provided by a rotary converter, located in the centre of
the aircraft on the starboard side and fed by two of the searchlight batteries. The turret
contained elevation and rotation transmitters, suitably geared to the appropriate
components, which transmitted electrically, the position of the searchlight relative to
vertical and horizontal datums, to indicator dials in front of the operator. The rotary
convertor could be switched on or off, from the nose of the aircraft.
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F Mark I Nose Aircraft with TwoB , -5 250 560 As above Operated from bomb aimer’s position.
ideal nose
G Mark I Nose Heavy bomber | One B -5 300 — — Abandoned at mock up stage in favour of F
: Mark I.

H Mark I Upper | Heavy bomber | Two H 20 mm. 300 1,350 |Electro-hydraulic | Prototype only. Rotation 45 degrees each
1,250 1b. per side of centre line of aircraft 50 degrees
sq. in. elevation, 9 degrees depression.

K Mark I Under | Heavy bomber | Two B -303 1,000 918 — Nil.

K Mark II Under — TwoB | -303 1,000 936 — Nil.

H Mark I Upper —_— One H 20 mm. | ISround| — - Experimental only.

drums as
required

R Mark I Under — Two B -303 1,000 | — - Prototype only.

R Mark II Under — Two B -303 1,000 — — Tooling for production completed then

dropped.

S Mark I Tail — Two B -5 650 - - Develgped to specification, but did not go

| into production.

T Mark I Under — Two B 5 600 — - As above.

U Mark I Under — Two B -5 - — —_ As above.

V Mark I Nose — Two B -5 — - — As above.

Abbreviations

B = Browning gun.

H = Hispano gun.

NA = Not applicable or no reliable information available.




































