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ABSTRACT

ls  This report covers a trial on two Swedish 'S' Tavks between Apr-Sep 68. The
aim was to evaluate the concept of a turretless tank as embodied in the 'S' Tank.
Parts of the trial were carried out by the Tactical School RAC Centre, Army Personnel
Reseorch Establishment, HQ Technical Group REME and FVRDE, as well as branches of
EIW, each of whom has contributed to this report in separate annexures.

24 It has been difficult in many instances to separate the detailed test resultas
from a concept evaluation and this is reflected in asome portions of the report.

3. The trial showed the concept is visble, but its realisation may give rise to
lower reliability than its competitors. The major advantages of the concept are:

as A reduction in the crew to three men, and even one or two for short
periods in emergency.

be  Having all main armament rounds ready. To wsintain simplicity a
restriction to two mein natures and a small number of a third nature, which
may require some positive mechanical action by a crewman, will be necessary.

¢s A lower silhouette leading to a better use of ground and easier selection
of fire positions.

d. A much easier design problem to meet the requirement for protecting the
orew,

8« It facilitates the combination and duplication of controls,
4o  The major disadvantages are:

8. Its inability to fire effectively on the move, which is fundemental to
the concepta

be Its dinability to engage targets without the main engine running and
hence the loss of surprise esgpecially at night.

ce  Although not experienced on the ground used for the trial there will be
limitations in its ability to traverse in e.g. bocage country and in certain
circumstances in built up arees.

B, In determining the advantages and disadvantages of the concept the aim was
achieved. A definite statement for or against the concept is not given as it was
beyond the scope of the trial. The fundamental question arising from the trial
concerns firing on the move, a capability now provided in good measure in CHIEFTAIN.
The recommendation, therefore, is for further study:

g« To determine to what extent will firing on the move be reguired in the
future, and.whether the disadvantages of not delivering accurate main armament
fire on the move outweigh the undoubted advantages of the concept.

be A cost analysis of the design, development and production of & turretless
tank should be carried out,.
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THE TRIAL REPORT ON THE SWEDISH 'S' TANK

INTRODUCT ION

1. The 'S' Tenk concept is unique in that the gun recoils in the normal manner

but is otherwise fixed in relation to the hull and the hull is used to traverse and
elevate/depress the gun. The tank is therefore turretless. The Swedish philosophy
behind this concept wes based on the following factors:

a. Topography. Sweden is 2000 kms long. A line from the southern tip of
Sweden 2000 kms long would reach as far south as Rome in Italy. It contains
a very varied terrain with temperatures down %o ~40° (~40°F). The country
is crossed by many rivers, some of considerably size, &s well as over 60,000
lekes, many too deep to ford or snorkel. The tank had, therefore, %o swim
and be rail transportable. This set an upper weight limit of 37 metric tons.

b. Tactics. The population is small and any war would be defensive. The
main teek of the limited number of Armoured Brigades would be to contain an
enemy attack and then counter attack to force the enemy back over the frontier.
There are fewer tanks in the armoured brigades in comparison to other armies
and this dictated a tark with a very high chance of survivel on the battlefield
with no sacrifice in the demand for the highest level of fire power, mobility
and protection despite the weight limit.

¢. Tinencial. The in-service life of the tank will be long as cost rules
out early replacement. Hence a new vehicle must be technically advanced.

de Training., The Swedish Army is a conscript one with & nine months period
of service followed by 15 deys training every third year thereafter. Experience
of turreted vehicles showed that considerable time was neceded for crew training
at the expense of tactical trainings The 'S' Tank had to be simple to operate
by the crew, preferably one man should be able to fight it alone in emergency.
This emphasized the need for a well designed fighting compartment.

2. These factors led to the following technical characterdistica:
a, Very low silhouette thus presenting a small target area.
be Target acquisition ability both stationary and on the move to be high.

ce Capable of withstanding at least two direct hits on the front from APDS
without putting the tank out of action.

d. The greatest possible chance of withstanding hollow charge attack over
the front arc.

6. A minimum reaction time between target acquisition and a "kill",

f. A 105mm to be used to maintain compatibility with CENTURION but with
greater penetration and rate of fire. ,

ge A weight limit of 37 metric tons.

/3. seee
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3. The major savipg in weight is achieved by eliminating the turret and installing
an avtomatic loader, hence saving one orew member. The gun is then put in the hull
and this was the starting point in 1956 of basic design study for the 'S* Tanka
After system trials on adapted vehicles showed the feasibility of the 'S' Tank con=~
cept the development contract was placed with BOFORS in 1958.  When the prototypes
vegan trials reports appeared which created great UK interest in the concept and

of ficera who visited Sweden recommended that the 'S' Tank should be more closely
examined. This was requested by DAWS and a contract was negotiated with the BOFOR3
Company for the loan of two 'S' Tanks for a period of six months. This report
covers the complete trial of the two tanks.

AIM

Le To evaluate the concept of a turretless tank as embodied in the 'S' Tanka
AUTHORTTY

5. The authority for the trial was MOD{AD) A¥P 17. Applicetion for RAC Lquipment
Trial A/58/A Vehs/383 AEP 17 dated 18 ¥ar 68.

DESCRIPTION OF THE EQUIPMENT

6. The 'S* Tank is a low (under 10£t) turretless tank with a battle welght of
83,200 1bs. The vehicle can swim and is powered by a two engine installation
consisting of a Rolls Royce K60 Engine which drives a torque convertor. The
output of this engine is coupled to the fixed ratio gearbox as is 4 Boeing gas
turbine engine. This automotive power train is placed on the front of the vehiocle
and drives the front sprockets through a clutch brake system and a final drive
epicyelic gear trsine. The fighting compariment, aitnated in the middle of the
vehicle, is L shaped to accommodate a three man crew, the driver/gunner and rear
driver on the left-hand side and a commander on the right-hand side. Duplicate
driving/gunnery controls are provided for the commander and driver/gunner and the
former in addition hes & cupola which has power traverse and e stabilised sight.

Te The armament consists of a 62 calibre length QF 10Smm gun held in & mounting
fizxed in relation to the hull. In the rear of the hull are two magpzines between
which is the automatic loader and the breech of the gun, the gun itself passing
through the centre of the crew compartment in a jacket. In addition there ave two
fixed coaxial Mis mounted in an external armoured box above the lefit~hand wing and
a commander's MG mounted on the cupola.

8, The K60 engine powers the vehicle hydraulics which give elevation and depression
by moving the suspension. Cenbre point traverse is provided by an addilional
yariable hydraulic drive to the sprockets through the final drive epicyclic gear
train. This also provides regenerative steering and prevents reverse drive during
cluteh/brake steering.

9, A detailed description of the 'S§' Tank is given in Aonex A.

CONDUCT OF THE TRIAL

10. Two series "A' 'S' Tanks were provided for the trial. These were numbered
2132 and 2133, These tanks landed at HULL docks on 27 Mar 68 and arrived at ETW
on % Apr 68+  The tenks were roturned to Sweden from RFTW on 24 Sep 68. The main
outline phases of the trial were:

/am saee
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B Crew training carried out by instructors provided by BOFORS for six
weeks. A total of three crews were trained.

ba The Weapon Assessment by Weapons Branch, Equipment Trials Wing.

c. The Tactical Field Trials carried out by the Tactical Schools  These
took place on the SALISBURY PLAIN Training Area.

de A Human Fastors Lsseasment conducted by the Army Personnel Regearch
Eatablishment.

e. A Maintenance and Servicing Assessment carried out by HQ Technical Group
REME.

f. An Automotive and follow-up trial phase.

g+ An FVRDE Assessment on vehicle 2132 at CHOBHAM. This covered certain
automotive performance tests and an assessment of certain design festures.

RESULTS

11. The 'S! Tank system of elevation/depression and traverse is viable. It cam
perform all the functions of a tank except the important one of filring effectively
on the move and an inability under certain circumstances of tarrain to traverse

at all.

12. The results have been presented below as advantages or disadvantages under main
trisl headings. Certain aspects such as swimning cannot be assessed as the vehicles
were not equipped for this. Detailed results are given in Annexures as [ollows:

Annex B«  Dimensions Analysis.

~  Weapons Trials.

~ TPactical Assesament.

- Evaluation of Human Factors.

- Automotive Trials Results.
FVRDE Answers to User Guestions.
-~  Troop Leader's Comments.

- Techmical Group REME Results.

=  Photographs.

RoamaoEEuUO
H

13, Weapon Aspects. The main advantages of the turretless concepht ares

a« Allows the use of an automatic or semi aubomatic loader and megezine.
Hence all rounds are "ready" rounds.

b. The loader cen be dispensed with and a sustained rate of firve with no
fatigue can be maintained.

¢. 'The combination and duplication of controls allows the duties of
commander, gunner and driver to be carried out by two men or even one in an
energency.

de It gives a lower silhouette and allows an easier selection of fire
positions as driver and commander are on the seme level.

/e saee
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14, The disadvantages are:

a. It cammot fire the main armament on the move effectively as the chances
of the gun belng brought to coinecidence in both azimuth and elevation, even
for an instant, are remote.

b. The main engine must be run to use the main armement, coaxial machine
gun and the commander's machine gun on powers This prevents the achievement
of surprise in & night engagement.

ce The non provision of a traverse indicator handicaps switches for line
at night. It is also a necessity for long range HE engegements and semi
indirvect firee . .

15. Tactical Aspects, The main advantege is that the reduction of vehicle size
snd the mounting of the main armament close to the roof line gives greater freedom
in the selection of fire positions, covered approaches and generally aids concealment.

16, The disadvantages are:

a. That an 'M' kill is a 'K' kill. This is fully defined in Annex D para 22
but briefly any failure or damage to the automotive components renders the main
armament unusable.

b. Concesled fire positions are lisble to disclosure as the maln engine must
be run if the ermament is to be used.

¢s The inebility to fire the main srmament on the move, which is compensated
to a limited degree in the 'S' Tank by the commander's machine gun belng
gtabilized in line. This, however, distracts the commander, if he is firing,
from other essential duties.

17. Human Fectors Aspectss The major advantage 18 the removel of large recolling
masses from the crew compartment with the attendant problem of fumes from the
wespons., It is also much simpler to seal the crew compartment f'rom NBC hazards
and approach the pod ldea.

18, Automotive Aspects. The advantages are:

a. The ebility to provide duplicated controls and simple provision for
reverse driving.

b ‘The traversing reguirement provides excellent manosuyreahility in
confined spaces from the separate verisble steering imput. Deapite its
sometimes frightening sharpness on roads the ability to turn in any direction
repidly without selecting the sppropriste gear as in the Meritt system out-
weighs any disadvantages.

19, The drawback is thei the requirement for a low silhouette, elevatioq/dgpresaion
end rapld tmverse means a short length ef track on the ground (1) and an L/C ratio
in the order of 1.) to 1.25. This leads to a rough pitching ride cross country.
The crews compensate for this by reducing speed and hence increasing exposure time,
Any desired increase in elevation could mesn -an even shorter length of track on the
grounde

/20- evsos
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20. The disadvaentages of a gas turbine, as installed in 'S8' Tank, are:

a. Noise., This is of a relatively high frequency and allows reasonably
accurate location of its positions Cf., low frequency track ratile which
appears to come from all points of the compass at nighta.

b. Heat Shimmer. The heat from the exhaust often gave away its positions
The thermal signature is a real problem to overcome

c. Signature. As the only gas turbine vehicle on the battlefield at
present, it is easily identified by ear.

2l. The discussion will concentrate on the relative meriis of two concepts of
mounting & gun as main armament in vehicles. In one concept the mount is fixed
in relation to the hull, and in the other it is Independent of the hull in
elevation/depression and traverse. The concepts actually tried were as embodied
in the 8! Tank and CENTURION respectively -and inevitably the report becomes a
eritique to some extent of the '5' Tank itself compared with CENTURION.  Never-
theless, it must be borne in mind that the conventional turreted tank, 6.ge
CENTURION, is not the only alternative.

22. The main disadvantage of the fixed wount concept is that it does not allow
effective Tiring of the malin armament on the move, & capability now provided in
good wmeasure in CHIEFTAIN as a resulf of 20 years development. Its system is
simple to operate, reliable and effective, giving a high chance of a hit. Any
future major war will be one involving the use of large mobile armoured forces

and the protectlon/fire power balance can only be kept by increasing protection

or the use of mobility. To exploit the latter fully there must be no necessity

to halt to fire. Therefore, the question is not "is firing on the move necessary?"
but rather "can we afford to give up our present capability of firing accurately

on the move?".

2%. To attempt to answer this question goes beyond the gcope of this report but

it is relevant 4o the argumeni that Sweden has not at present given up turreted
vehicles., Her armed forces will continue to include CENTURION zs well asz 'S' Tank,
The main advantages of the 'S' Tank are in defence., This leads to the idea that
turreted AFVs should be in predominately armoured formations for offensive roles
and turretless AFVs in predominately infantry formations to hold ground and replace
existing enti tenk guns in infantry battalions, This hag been the ideology in
several armiss in introducing the limited traverse SP gun, usually a common tank
chagsis with a hesvier armament. The ides behind thls must assume lower cost for
the turretless SP gun. Where 'S* Tank differs from 5Ps so far experienced is on
providing an integral fine lay in the traverse, but the cost of doing this is
unknowne Before any definite statement for or agsinst the concept can be made
there is & need for a costing exercise to determine:

9 The development and production costs of a turretless tank using its
hull for all round traverse and elevation/depression of ils weapon system.
It musat incorporate:;

(1) A higher level of reliability for the automoiive components than

past and existing vebicles possess, because an "M" failure could mean
failure to use the wespon systens.

/(2)  eees
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(2) Retention of a short length of track on ground end a L/C ratio of
1.1 to 1.3 %o retein a low silhoustte but leading to the unlikelihocod
that the vehicle could be the basis of a family.

(3) The incorporation of limited silent traverse and elevation/depression
with & traverse indicator and crest clearance indication provided.

bs The eguivalent cost of & similar wespon system giving stabillsed all round
traverse and elevation independent of the hull.

24. The tactical trials were limited in scope and the absence of the expected
Solartron Direct Fire Weapons Effects Simulator was a handicap to establishing the
tactical viability of the concept. Nevertheless they indicate the desirability of
its further exemination as embodied in the 'S' Tank on a tactically larger scals,

. g B EqUEdFON eotibat tedl WHeTE Propleny o Conmand” a1id eontrol 4 also be gtudieds
CONCLUSIONS
25. The major sdvantages of the concept are:

a. A reduction in the crew to three men, and even one or two for short periods
in smergency.

b. Having all main armament rounds ready. To maintain simplicity a restric-
tion to two main natures and a small number of & third nature, which may require
some positive mechanical action by & crewman, will be necessary.

ce A lower silhouette leading to & better use of ground and easier selection
of fire pogsitions.

d. A much sasier design problem to meet the requirement for protecting the
CIrewW.

@ It facilitates the combination and duplication of controls,
26, The major disadvantages are:

&, Its inability to fire effectively on the move, which is fundamental %o
the concept.

b Its inability to engage targets without the main engine running and hence
the logss of surprise especially at night.

¢. Although not experienced on the ground used for the trial, there will be
limitations in its ability to traverse in e.g. bocage country and in certain
circumgtances in built up areas.

d. The non provision on the 'S' Tank of additional gunnery aids including
crest clearance indication, traverse indicator and s means of checking the
bore is clear of mud etec. These items are not fundamental to the concepte.

27. The trial has been successful in thaet the evaluation of the concept has high-
lighted its advantages and disadvantages. It has not been possible in the scope
of the trial to analyse in depth the RAC doctrine of being able to fire on the move
and the many other benefits obtained from a stabilised gun system. Nor did the
trial cover a proper cost study of the two basic designs. Without this background
study a definite statement for or against & turretless concept cannot be made.

/28c sese
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28. The conclusion is that the turretless concept as embodied in the '8' Tank is
viable but not yet reliable. The next step should be a detalled evaluation of
its cost and theoretical and practical studies of its advantages and disadvantages
in a tactical setting.

RECOMMENDAT IONS

29. The fundamental gquestion arising from the trisl concerns firing on the move.
The questions posed are: to what extent will firing on the move be required in
the future; and are the disadvantages of not delivering accurate main armament
fire on the move outweighed by the undoubted advantages of this concept? An
analyticel study of the tactics used with our present turreted tanks ageinst those
required for a turretless concept is therefore recommended, leading to a cerefully
planned series of field trials at up to squadron strength with supporting arms.
These field trials should be based on obtaining data from Solartron Direct Fire
Weapon Effects Simulator.

30, It is also recommended that a cost analysis of the design, development and
production of a turretless tank is carried out. This design 1s to incorporate

the requirements of this report and is to be compared against a stebilised all round
traversing design. This comparison should be based initially on the same armament
gun. Any relevaent factors, i.e. one design allowing greater calibre to be mounted
should also be subsequently considered.

-u?m
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Annex 'A' o AT/1123/67 428
dated 13 February 1969

DESCRIPTION OF THE BGUIPHINT

GENERAL DESCRIPTION

Lo This Swedish tank, called the '8! Tank Series A by BOFORS or STRIDSVAGH 103
(STRV 103) by the Swedish Army, is a turretless three man tank. It mounts a

105 mm gun of 62 ealibres length. and three 7+62 mnm machine guns, one being mounted
on the cupola and the others being fixed to the hll. These weapons are laid in
traverse by turning the whole tonk hnll and elevated or depressed by altering the
piteh of the hull through movement of the sugpension. Marazines holding b0 rounds
and a semi auntomatic loader for the 105 mm are gituated behind the gun. They can
cater for two notures of ammunition avtomatically and a third with manuel assistance.
The vehicle carries a three men crew, a commander on the right nand, a driver/ gunner
on the left hand side, and facing the rear behind the driver/gunner on the left hand
gide is a third wan whose main task is to drive the vehicle in reverse. The com=
mander has a cupola which is provided with powered iraverse, and powered elevation
for the gyro stabilised sight. A Line up facility with the main armament is pro=-
vided. An external 7.62 mm machine gun is mounted on the cupola and aligned with
it in azimuth., It is hand elevated and controlled from inside the vehicle. Loeal
smoke is provided by fwo four barrelled grenade dischargers mounted on the cupola.

AUTOMOTIVE DESCRIFPTION

Automotive Components (Fig. 1)

2e Mainjggginq&(l) This is a Rolls Royce K60, vertically opposed piston, 2
stroke compression ignition engine developing 240 HP (SAE) at 3650 r.p.m.

3o Gag Turbine. (5) This is a Boeing 502~10 MM developing 300 HP (SAE).  The
maximum gasifier speed is 38000 r.p.m. It is a simple-in line two shaft type.

The gasifier consists of a aingle stage radial compressor and axial type compressor
turbine. The secondary shaft has the power turbine and reduction gears. This
“engine is to be replaced by a Boeing 553 in later Series B tanks.

o Torque Converter, (2) The output from the K60 is directly connected to the
Volvo DRH-1M torque converter. It acts as a clutch and is controlled hydrenlically
to give three ratios (lst Gear, 2nd Gear and direct drive).

5 Transfer BoXs (3) The outputs of the torque converter and gas turbine are
connected to the gear box (&) through the Volvo SV=2 transfer box.

6o The Gear Box. (L) The Volvo FBRTV-2B gearbox provides two speeds, one for
roads and one for cross-country in either dlrection for forward or reverse driving.
The gears are operated hydraulically through dises and selection for the type of
drive and direction are controlled by two levers mounted in parallel, one for the
driver/gunner and one for the commander. The reverse driver can reach the com—
mander's lever. Gear Ratlos are:

Forward Direct Gear 1:1
Porward Cross Country  2,94:1
Reverse Direct Goar 0,89:1
Reverse Cross Country  2.61:1

7o Transmission. ‘The gearbox output is into a Volvo VV-11 drive bevel gearbox (6).
The output shafts are connected to the Final Drive (9) via dry disc 3 plate clutches
(7) and steering brakes (8). The Final Drive consists of an epicyclic Train, and
shaft carrying the sprocket.

/FIG. 1 - AUTOMOTIVE LAYOUT

. COUEIDEUTLAT, = W AND SUEDTSHL BYES ONLEL o s




CONPIDENTIAL ~ UK AND SWEDISH EYES ONLY
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FIG, 1 ~ AUFLONOTIVE LAYOUT

MATN ENGINE « ROLLS ROYCE K60,
PORGUE CONVERTRR - VOLVO DRH-IM.
TRANSTHR BOY - VOLVO 8V-2.
GRARRBOX - VOLYC BTV 2B,

CAS TURRINE - PORING 502~1L0MM.

12a,
12be
12c.

123,

DRIVE BEVEL (EARBOX - VOLVO VWell.

STEERING CIUICHES.
STEERTNG BRAKED

PINAL DRIVES,

HYDRAULIC SRANGIMISSION.

13,
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15,
16e

BLEVATION HYDRAULIC DISPLACENENT PUMP.

Right track

Main engine
1

i Left track

SERVO OIL PUMP 5215 lbs/in"zg.

SERVO OTL PUMP (930 1bs/in%).

LUBRTCADPION PUMP FOR TRANSMISSION
GEARBOX.

PUMP FOR ENGINE COMPARTMENT VEN-
TTLATION FAN (1290 lbs/in®).
STEERING HYDRAULIC DISPLACEMINT PUMP.
STRERING HYDRAULIC MOTOR.

STEFRTNG BEVEL GEARBOX.
STEERTNG SHAPT BRAKES.

lea. AC GENERATOR.

1cb. FUMP FOR
HYDRAULIC HOTORS.

l.c. PUMP TOR FANS.

PIG., 2 - AUTOMOTIVE AND STHERING DRIVES
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8. Cooling/Lubricating System:

Be The cooling aystem consiasts of a header tank above the K60 engine.

Two radistors and their fans are located at the rear of the hull on each side.
Coolant is used in heat exchangers to ceool the separate main engine, gas tur-
bine and certain .servo oil systema.

be A fan is provided at the front right hend side of the hull to draw air
through an air inlet into a duct to the steering brakes. This eir passes
through the engine compartment and is expelled through a louvre to the right
of the commander's cupola.

Ce The hydraulic servo systems for the cooling and lubrication systems
conaist of:

(1) A pump (Fig 2 Ttem 12d4) to drive the motor for the cooling air in
the engine compartment.

(2) A pump (Fig 2 Item "4b') on the K60 drives the motor for a pressure
pump and three drain pumps grouped together under the gearbox. The
pressure pump draws lubrication oil from the gearbox sump to lubricate
the gearbox, transfer box, drive bevel box and for gear changing. The
three drain pumps dreaw lubricating oil from the bevel gearbox and two
points on the tranafer box back to the gearbox sump.

(3) When the main engine is not running a hydraulic pump on the gas
turbine drives the pressure pump and three drain pumps deseribed in (2)
above.

(4) A pump (Fig 2 Item'c') for the radiator fan motors. This
hydraulic oil is air cooled.

(5) There is a single hydraulic oil tank for these systems situated
above the torque converter,

9 Fuel System. Both engines use diesel fuel which is contained in three tanks.
The nose tank at the front containing 110 litres (24.2 galls) and one at each side
in the rear half of the vehicle sponsons containing 425 litres {93.5 galls) eachs
This gives a total of 960 litres {211.2 galls). A warning light shows when the
remeining quantity of fuel is less than 90 litres (19.8 galls).

Right fuel 1. Fuel taps
tank (4251) 2

Rapid connections
for main motor fuel
system

Front
fuel tank

="\
(110l .-

NARE 3. Air out-let pipe line

4, Rapid connection for
gas turbine fuel sys-
tem

5. Tuel tank drain taps

I.eft fuel tank
(4251)

Fuel tanks
TIG. 3 - 'SY TANK PURL SYSTEM

/10. seee
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10. Suspension. The vehicle has a front sprocket with two rings similar to
CENTURION. The rear idler bracket contains a worm screw for adjusting the track
tension. 'Phere are four road wheels on each side on axle arms connected to hydro-
pneunatic cylinderss The top rollers on each side support the tracks. Bump stops
for each wheel are provided by oil filled buffers.

1l. Tracks. Two types of track were provided for each tank, one with bonded
rubber pads and one steel, Each is & dry pin centre horn track with four/five lugs.

12. Ilectriecal. Two 12V, 114 AH batteries. in the fighting compartment are pro-
vlded for the primary 24 volt DC system. The main engine charging system is an AC
generator and rectifier made by Rotax rated at 2.85 KW. If the gas turbine is in

.use, without the K60 running, charge is provided by the DG Starter/Generator (A -~

Boeing 10-40051~1) with a Bosch regulator. It is rated at 0.18 KW. A static
converter supplies a secondary AC voltage at 115 volts 400 Hz automatically when the
main engine runs and the, servo oil pressure is corrects. This AC voltage ia used
for the servo circuits of the hull elevation/depression system and for traversing
the cupola and stabilising or elevating the commander's aight,

Automotive Operation (Fig 2)

13« The normal working of the vehicle on cross counbry or when the weapon system is
to be used requires both the main engine (K60) and gas turbine to be used. 45 there
is & delay in obbtaining full power the technique for the driver is to keep the
accelerator depressed and use the brakes to control the vehicle speed.. A control
in the driver's/gumner's compartment operates the free wheel on the torgue converter
ocutpute In the normal locked position at 2500 rpm on the K60 the torque converter
is in third gear {Direct Drive). Additional deflection of the accelerstor brings
the gas turbine to full power, hence for neubtral turns and running power from the

gas bturbine can boost the K60 power to drive the hydraulics. It would also be
possible to start the K60 by the gas turbine but as it would rotate at 2500 rpm it

is8 not normally allowed. :

14. On level roads the vehicles can be driven on the main engine only. This
engine powers the hydraulic system through a propshaft. If the gas turbine has
become defective it must be disconnected by a free wheel device within the power pack.

15, I% is possible to use the gas turbine only as an emergency get—you~home system.
As there 1s no power to the hydraulic system mechanicel steering levers are provided
- for the) driver/gunner. He must also alter the free wheel lever to 'Unlock! (see
para 13 ]

16, Steering. When a forward gear is engaged, with either the main engine or
both engines rumning, drive to the sprockets is through the transmission described
in para 7 above. The drive from the steering hydraulic motor (14) to the steering
bevel gearbox (15) is locked. .

17. Re-generative Steering. ILateral deflection of the driver/gunner's or
commander's contrel unit up to 20° LEFT or RIGHT provides re-generetive steering.

The output shaft from the steering hydraulic motor (14) to the steering bevel gear-
box (15) rotates at a speed proportional to the deflection of the controllers The
outputs from the steering bevel gearbox to the final drives rotate in opposite
directions. Hence one sprocket is speeded up and one slowed down by the action of
the epicyclios in the final drive in conjunction with the normal drive from the drive
bevel gearbox (6).

18 Qlutch Brake Steering. ILateral deflection of either controller beyond 20°
operates a steering valves One steering clutch 1s disengaged and the steering

brake on the same side is engageds The drive is therefore taken to one track onlye
A smaller turning radius than that which corresponds to the distance between the

tracks is obtained as the re-generetive steering system is working in parallel to
the clutch brake system.
A=l /19  ases
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19, Neutral Stesring., With the gear level in peutral end the brakes engaged
(by use of the brake pedal or hand brake) a neutral turn is obtained around the
vehicle centre line.

20. Mechanical Steering. This is only used when there is a hydraulic failure

or the main engine cannot be used. Without any hydraulic pressure the two steering
shaft brakes (16) on either side of the sieering bevel gear box are locked on.
Operation of & mechanical lever then operates the clutch brake steering by a
mechanical linkage to the appropriate clutch and breke. )

21. Elevation/Depression. The pitech of the hull is varied by the transfer of
hydraulic fluid between the front and rear road wheel hydraulic cylinders which are
connected to elevation displacement pumps, hence altering the deflection of these
wheels and the hulles This is elsctrically controlled by position servos mounted
on the commander's and driver/ gunner's control units, front and rear axle arm pivots
and hydraulic puwps.

Left elev, servo system

1. Control unit with synchro 5. Hydr., displacement pump (driven
2. Pendulum arm synchros by main motor)

3. Transistor amplifier 6. Rear hydraulic cylindér

4, DPilot magnet 7. Front hydraulic cylinder

FIG. 4 = 'S! TANK -~ ELEVATION/DEPRESSION SYSTEMS

Yy e

22. The suspension cen be operated in three modes:
fa Fully lowered by a separate awitcho
b Locked with the gun level or at 4° elevation.
Co Free.

(Notes The elevation contreller is Locked avtomaticelly when the firing
switch of the main armament is pressed).

/230 sowve
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23, In the FREE position an upward deflection of the control unit twist handles
sets up a misalignment between the pump and axle arms. The pump, therefore, pumps
0il from the rear wheel hydraulic cylinders to the front ones until the servos are
realigned, hence elevating the hull. Similarly an opposite deflection gives
depression. In addition, en average height servo comprising an injection valve
controlled by all four axle arm servos signals and the control unit signal meintains
the track tension during elevation or depression by slightly lowering the hull.
There is no facility to level the suspension laterally.

MATN ARMAMENT

Gun

2k, Description. A'hlghﬂﬂeiocity, long-barrelled, semiuautomatingF 105 mmmgun
fitted with a fume extractor, its design is based on the British Gun 105 mm Tank
L7A1 but differs in that thé Swedish gun hes:

&, A barrel length of 62 calibres (21ft 4in) compared to 51 calibres
(179t 9in}e It is-claimed that this increases velocity and consequently
penetration whilst reducing muzzle pressure and consequently obscuration.

i

be A vertical sliding bresch block moving-upwardé to open inatead of'a
hordizontal one opening to the right.

Ca The ecrank in the ventre of the breech block with two sliding blocks
(eross-heads) instesd of at the side with a single sliding block.

25. Operation:

2. Opening the Breech:

(1) Normsl Method - Initial Opening, The commander opens the breech
from inside the vehlcle by operating a hydraunlic valve.

(2) Normal Subsequent Opening. By action of the semi-automatic geer
on firing.

b Closing the Breech, Normally antomatic on the loading of a round when
the extractors are tripped and disengage from the shoulders of the breech
blocke On the cessation of firing the only method of closing the breech is

_to trip the extraciors with the tool provided. This can only be done from
outside the tenk and throtgh the hull roof porta

FIG. 5 = 'S' TANK - MANUAL
CLOSING OF BREECH

, /Ammunition
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Mounting and Recoil Systems

27, Mounting. The ring type cradle is fixed in relation to the bull, and the
barrel which recoils inside it is supported in bushes 22in apart, as it is in the
cradle of the CENTURION mounting. There is also a barrel stay on the glacis plate
at the front, 5ft from the muzzle when the gun is at forward battery. There is
considerable clearance between the berrel and this stay which merely acts as a
gupport during vehicle movement.

o8. Buffer Recuperators, The recoil system consists of two hydro-~pneumatic
buffer recuperators mounted elther side of and behind the breech ring. They are
serviced through ports in the hull roofs The normal recoil length is llin (280mm)
as with the UK gun and a recoil indicator is fitted so that it can be read by the
reverse driver.

29, Semi-Automatic Geers This consists of a rack and pinion which causes the
breech to be opened on run-out.

The Loading Systenm

30. Description. Tn the rear of the hull are two automatic magazines for the
105mm gun, %0 the rear and either side of it.  The left hand one holds 20 and the
right hand one 25 rounds. These magazines are in square rack form four or five
rounds deep by five abreast. Between the magazines is the loading tray which is
raised and lowered on hydraulically operated arms. In the hull rear plate there
are ports for loading and unloading the magazines. There is also an ejection port
which opens automatically for empty cases and can be hand operated for the ejection
of misfires or unloading rounds. So that the same loading button on the commander's
and gunner's control boxes, see para 43.b and c, is always used for the same
ammunition nature there is a magaszine control box on the rear of the left hand auto=
matic magazine (see Fig 6 Ttem 6). The Loading Setting Switch on this box is set
depending on how the magazines are loaded. ‘The settings are:

2, All HE = switch fully clockwise at 2 o'clock.
e A1) AP - switch clockwise at 1 o'clock.

Ca Left magazine HE and right magazine AP ~ switch anti~cloclwlse at
11 ofelocks

de Right magazine AP and left magazine HE ~ switch fully anti-clockwise at
10 o'clocks

/FIGG 6 LN BN
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FIG. 6 - '8' TANK - LEFT HAND MAGAZINES AND CONTROL BOX

KEYX

1 = 4. Automatic Magazine Comparitment Doors.
S Hand Loaded Magazine Compartment Door.
6e Control Box with Magazine Loading Setting Switch on top.

31. Operation, The loading system 1s eleotrically controlled and hydraulically
operateds. The commander and driver/gunner both have controls enabling them to -

load a round from whichever sutomatic magazine they select. The system has a cut-
out so that a round will not be fed into the gun if the breech is closed. The :
round to be loaded is fed from the bottom of the selected magazine onto the loading
tray which then rises to the breech height where the round is automatically remmed
into the chamber. The breech c¢logses as the rim of the round trips the extractors
and the loading tray lowers itself. During these actions the other rounds in the
bottom row are indexed inwards towards the loading tray. The complete cycle takes
asbout 2.5 secs. As the bottom row is empitied rounds from the outermost filled
stack drop into position under control and stacks are thus emptied in succession.

On firing the empty case is ejected through the automatically opened ejection port.

. A further round cannot be loaded until the empty case is out, the ejection port
closed and & crewman operstes his loading switch. To enable rounds to be unloaded
without subjecting them to the ramming into and ejection from the breech an unloading
control box with buttons for the left and right automatic magazines is located at the

bottom of the left magazine.
/320 vave
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]
32, Loading the Third Nature. By loading one of the automatioc magsazines with
APDS and the other with HE the commander or driver/gunner can select either nature
by pressing the sppropriate loading buttond To ensble a third nature to be carried
and fired there is a five round magazine above the Teft hand automatic magazine (see
Fig. 6). It is operabed by the reverse driver who can set the fuzes on these
rounds as required apd hand load them omto the loading tray which he operates with a
separate hydraulic control to that of the automatic system. There is provision for
mamual operation of the breech and ejection port if natures with insufficient recoil
energy to operate the semi~-automaiic gear are used.

33, Quantities of Rounds by Natures. The arrangements of the magazines gives the
commander the cholces of's

Be APDS Predominant:

(1): Right Magazine 25 rds APDS.

(2) Left Megazines:

(a) 20 rds HE.
(b) 5 rds of a third nature.

be HE Predominant:

(1) Right Magazing 25 rds HE.

(2) Left Magaszines:

(a) 20 rds APDS.
(b) 5 rds of a third nature.

Drills

3. Circult Testing. The novel mounting of the gun within the hull necessitates
& change from the normal circuit tester. The instrument provided with the 'S' Tank
is in the form of a flat spade with a centre contact inserted between the front face
of the breech block and the breech ring from inside the {tank by the reverse driver.
The commander or driver/gunner then presses a firing button to check that the bulb
1lluminates.

/350 oann
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364

37

Loading the Magazines:

8o Deoid@ on the allocation of ammunition natures to magazines.

b Open the loading ports.

Ca Open the door of the compartment nearest the hoist and insert a round,
projectile first, of the sppropriate nature for the magazine. Push the round

fully home and close the compartment door. This actlon allows the round to
drop in the magazine to mske room for the next one.

de Repeat c. until four (left magazines) or five rounds (right magazine)

until ell the rounds have been loaded in the automatic magazines.

B Set the Loading Setting Switch to the sppropriate position (ses para 30).

fa The last five rounds for the hand loading magazine are loaded through a
separate compartment door on the upper left (see Fig. 6 Item 5). These
rounds have to be wound across individually using a handle situated in the
reverse driver's position.

Unloading the Magazines. With the K60 engine running:

Ba Open the unloading port at the centre bottom of the rear hull plate.
be Ensure the hoist is in the lower position.

Co Press one-of the unloading switches situated at the bottom right of
the left hand magazine. This feeds a round out of its meagezine on fto the
hoist tray. Remove this round.

de Repeat o, until all rounds sre unloadsd from the two automatic magazines.

8o The last five rounds in the hand loading magazine have 4o be talten ouk
through its compartment door. The first one is removed and subsequently the
feeder has to be wound back and the remsining rounds rolled back by hand.
This is done by inserting the hand into the magazine while seated in the
reverse driver's position.

Loading the Gun:

as From Automatic Magazines:

(1) The commender opens the breech with the hydraulic control.

(2) The commander or gunner/driver presses the appropriate loading
button on their laying/steering control unit.

be From the Hand Loading Magazines., With the breech open as in a, the
reverse driver:

(1) ©Pushes a lever to release the round whilst turning the feeder
handle one revolution anti-slockwise.

{2) Pulls the hoist operating levere

/3Bs  eeve
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38. Unloading the Gun:

W The commander or reverss driver opens the ejection port.
Do The driver/gunner elevates the hulle
Cs The commander opens the brsech.

da The commander dismounts and reamoves the round from the hull if it has
not fallen out and checks the chamber and bore are clear.

8o ‘The ejection port and breech are closed.

39, Misfire Drill. The bhasic procedure is similar to CENTURION with the checking
of switches and the correct closure of the breech. Should there be a gemuiine mis=
fire.the breech is opened hydraulically and the round ejected as described in para 38
above. If the round does not fall out the tank can be reversed and suddenly braked,
which should remove the misfire by its inertia. ‘The loading of another round can
then take place.

GUN _GONTROL EQUIPMENT

Methods of Gun Control

40. ' The Normal Method, The K60 mein engine drives the hydrsulic pump for the
normal traverse and elevation systems and has to be run at 1,500 to 2,000 rpm

for effective controle. Both commander and driver/gumner are able to use these
systems, the commander having the power to override the driver/gunner by pressing
down on his accelerator. Control reverts to the driver/gunner when the commander
releases his accelerator and puts it in the vertical position.

kl. Emergency Method. Should the K60 engine fail there is a hand hydraulic pump
for elevation but there is no effective traverse system.

Gun Controls

42, General, The commander and driver/gunner have similar control units which
are used for both gun laying and steering. The laying/steering controls are
handles on either side of a control box mounted on a bracket. Steering/traverse
is obtained by moving the handles in the direction desired -~ as with bicycle
handles. For elevation control the sames handles are rotated sbout their long-
titudinal axes in the same sense as the hull movement required.

/PIG, 8 - 'S¢ TANK - STEFRING AND GUN CONTROL UNIT

A~11,
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3
6.
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|
| ’ f
! Fig 8
‘ 11 i0 9
FIG, 8 = 'S' TANK ~ STEERING AND GUN CONTROL UNIT
KEY
1, Warning Lamp « K60 Engine. 7+ Elevation Gontroller.
?, Warning Lamp - Gas Turbine. 8. HE Loading Switoch.
3+ Warning Lamp = Transmlssion. 9. FElevation Safety Switch.
4o AP Loaded Ready Lighi. 10, Armament Selector Switche.
5. AP Loading Switch. li. PFiring Safety Switch.

6. Firing Switche

43. Control Box Facilities. The following swifches and indicators are mounted
on the control box in thres panels facing the operator:

Be Contre Panel:
(1) The Armesment Selector Switch, (Fig. 8 Item 10). A toggle
switch at the bottom centre panel with two positions:

(8) KANON - to the left for the main armament.
(p) XSP = to the right for hull MGs.

(2) The Firipg Safety Switch, (Fig. 8 Item 11). A quadrant
switch on the upper left of the panel with two positions:

(a) BSAER ~ arrow horizontal : 'Safe!

(b} EILD = arvow vertical 2 "Fire?

/(3)  aees
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(3) ' The Elevation Safeby Switch. (Figs 8 Item 9). Similar to (2)
but on the upper right of the panels Its positions are:

(a) 1LOK = arrow horizontal : elevation controller locked,
hull pitch fixed at O or +4C,

(b) FREL - arrow verticel : elevation coniroller can be
rotated to alter hull pitcha

be Right=~hand Panel. Storting from the top the lamp and push button
switches are:

(1) AP Loaded Ready Bight (Fige. 8 Item 4).

(2) AP Loading Switch (Fig. 8 Item 5).

(3) TFiring Switch (Fig~8.Item 6)e

(4) HE Loading Switch (Fig. 8 Item 8).
Co Left-hand Panel. This is the same a3 the right-hand pansel at present
but b.{1) is the HE loaded ready lights When the new fire control system is

installed this panel will be modified on the commander's controller to operate
the laser and other equipment.

Ll  Other Gontrola:

Ba Main Gun Safety Switch. As well as the commander's and the gunnex/driver
firing safety switches on their panels there is a further main gun safety
switch mounted on the left of the commander above the internal barrel sleeve.
When the lewver is locked in the ‘*safe' position the firing needle asgerbly is
phygiecally withdrawn back into the breech block if this is closeds If the
breech block is open a liwnkage is operated se that even 1if the breech block

is closed the firing needle assembly will a4ill be retracted.

be Weapons Switche As an additional safety there is a weapons swiich on
the main switch panel under the gun. No weapon firing circuits are energised
untll this switch is made.

Co Imergency Piring. For the hull MG's only there is an emergency
mechanical firing gear for the gunner/driver gituated to the left of his
steering/laying control unit. When operated it fires both hull MG's together.

E raverse

45. Normal Operetion. Normally with the K60 engine runming traverse is obtained
from the hydraulically controlled @ifferential steering system. This gives an
increasing traverse rote up to 90d/s at 200 deflection. (The traverse rate is to
be increased to 170d/s in later tanks) . Beyond 20° deflection the clutch and brake
system is engaged and by acceleration of the engine 180° traverse can be obhained

in about 2 seconds when on the move. The clubch/breke ayster only operates at this
speed when moving, When stationary 180° traverse takes about 12 seconds.

L6, Fmergency Operation. The gun may be roughly aliguned by the clutch and brake
system if the gas turbine but not the K60 is running. The control by this method
i8 not fine enough for effective laying.  Should neither engine be running there is
no system of traverse whatsoaver.

Jilevation

A=13
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Elevation

47. Description. The pitch of the hull on level ground can be veried between
-10° and +129 eievation by the transfer of hydraulic fluid between the working
eylinder of the front and rear suspension units which in turn varies the static
deflection of the road-wheels. It is electrically controlled by synchro units
mounted at the elevation controllers, the hydrenlic pumps and the front and rear
axle arm pivots. The effective elevation range may be curtailed but control is
still available if one or two of the coxner suspension units become inoperative as

they can be individually isolated.

48, Operation. At the halt with the K60 engine running no movement of the hull
will take place in pitch if ell the synchro rotors are aligned. If the elevation
controller is rotated a set amount of corresponding deflection of its synchro rotor
w1l ooour which will-be-instantly followed by-the synchro-rotor-of -the-hydraulic

pump. The synchro rotors at the axle arm pivots will now be realigned by the
resuliant movement of the axle arms. o

FIRE CONTROL AND OBSERVATION EQUIPMENT

General

50, Both the commander and driver/gunner can lay the hull armament with their
sights, which are similar. The commander's sight is mounted in a cupola to enable
it to be used to search for targets without moving the tank hull and for aiming the
commander's MG. Also, it is stabilised so that it can remain on a target area
despite changes in hull attitude when on the move. -

51, There is & clinometer graduated in mils but otherwise mno aight or range gear
for:

Ba .Direct HE engagements over 4000m.
b. Semi~indirect fire.

Ce Indirect fire.

Driyer/Gunner's Sight

52. Description. This is a periscope in a fixed mounting on the hull roof with
two opticel systems sharing the ssme object prisms The unity system for general
observation has an eye prism and 100° horizontal field of view., For terget iden=—
tification and gun laying there is the binoccular system with a fixed ballistic
graticule in the right eye-piece and a quick change selection of x6, x10 or x18 power
with decreasing fields of view. Two novel features of this sight are:

de A Flash Shutter. When the firing button is pressed a shutter is
operated in the sight for an instant to prevent the gunner belng blinded by
mazzle flashe

b A Camera Recorder Facility. 4 robot 35 mm camera can be attached to
the underside of the sight, without any interference to normsl operation,
which will record the gunner's lay at the instant of firing. '

53. Operation. The sight is set up for use as follows:

| 8 Interocular Setting. The scale is below the left eye-piece with the
normal range of 54 to 76mm. Set the required interocular distance by turning
the adjustment knob to the right of the right eye piece.

/bo asoe
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be Selection of Magnifiocation. With the lever to the left of and sbove
the left eyepiece select x18 magnification. (Fig. 10 Item 1).

Ce Foocus. Achieved in the normel manner by rotating the eyepieces which
have & range of +6 dioptres. Focussing is best done at the highest magnific-
ation, which is the most critical. Aftér focussing & lower magnification can
be selected without re-focussing.

de Filter. To reduce glare in strong sunlight three filters operated b,
a lever to the right of the right eyepiece, are previded, (Pige 10 Item L),

2 Graticule Adjustment. To align the sight to the mein armement,
horizonkal and wvertical graticule adjusters with Oe2d graduations are situated
above and to the right of the unity eye prism and on the right hand side of
the sight respectively.

T Graticule Illuminetion. This can be varied by a control lever.

The Graticule. A sketeh and detailed description of the fixed baliistic

graticﬁle visible in the right eyepiece of the binocular system is given in Fig. 9.
The full range of HE markings can only be used with x6 magnification. The x10 and
¥18 magnifications with their reduced fields of view exclude the HE markings below
3800m and 2500m respectively. Briefly it has:

B HE markings every 100m from 600 to 4000m.

b APDS markings every 200m from 600 to 2200m.

Ce A MG scale marked for 200, 400, 600, 800 and 1000m.

d. A vertical scale above the zero point from O to 4OA.

€ Line scalés from ¢ to 50f either side of the zero point.

fa APDS aim off marks for targets moving between 10 and 60 lw/hr,

ge  HE aim off marks for targets moving between 10 and 60 km/hr up to
2000m range and for 5 and 104 crosswind between 2000 and 4000m.

/FIG. 9 = 'S' TANK = GRATICULE PATTERN
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X 10 Field of View

X 18 Field
of view

b om v e ot | v o |

Wind correction: :
inner end 5 m/s 30—
outer end 10 m/s

‘ Range x 100 m
Fig 9. S TANK =~ GRATICULE PATTERY

Machine guns: Ranges 2, 4, 6, 8 and 10 x l100 m {within pdrenthesis)
A.P, am: Ranges 6, 8, _LQ, 12, ,,.1,_‘.1.’ 18, 18 and g_?_ X 100 m (speed lines
only for underlined figures)

Alm-off lines: Inner ends for 10, 30 and 50 km/h target speed
Outer ends for 20, 40 and 60 km/h target speed

A=16
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FIG. 10 « 'S! TANK - COMMANDER'S SIGHT AND CONTROLS

KEY

1. Magnification Selector Lever. 9. Sight Control Unit with Traverse

2. Unity Eye Prism. " Line~up Switch.

3+ Left-hand Eyepiece. 10, Commander's MG Elevating Handle,

Lo Pilter Selector Lever, 11. 8ight Flevation Control Selector Lever.
5. Sight Cover Operating Handle. 12. Commander's MG Elevating Arm,

6. Cupola Grip Handle. 13. Sight Tilting Prism Hand Operating

7+ Elevation Graticule Adjuster. Lever, _

8. Line Graticule Adjuster. 1k, Cupola Laying Joystlck.

Commander's Sight

55. Desoription. This is the same instrument as the driver/gummer sight but has
more facilities: '

B It is mounted in & rotatable cupola glv:lng it a traverse facility
independent of the hull,

Bo Has & tilting prism which can be:

(1) Locked in a vertical coincidence with the bull armament for laying
or target indication.

(2) Stabilised in elevation when on the move or used to search for
target in elevation when statlonary or mobile, independent of hull
attitude in elevation.

(3) Linked with the commender's MG to aim it.

A"l? * /co so80
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Ce Has line up indicators in the left eyepiece showing the direction of
traverse or elevation required to slign the sight with the hwll armament.
These work as follows:

(1) When 'LOCKED' is selected on the Traverse Line-up Switch (see
para 56.3.{2)) the treverse pointer sppears and shows the position of
the hull armament relative to the commander's sight.

(2) When the sight has been aligned with the hull armament in azimuth
the traverse pointer disappesrs and the elevation pointer appears showing
the position of the hull ermament to the commander's sight.

(3) Both pointers are only seen together when the bydraulic system is

-off-and-the-sight-is-locked in-coineidenee with the hull -armament.

Commander's Cupola

56. Description. In appearance the cupola is conventional but is unnsual in that
it has atebilisation of the commander's sight. The cupola has 360° treverse in
effect as the sight may be traversed 200° left or right of coincidence with the hull
armament. Continucus rotation is prevented by the cupola Jjunction and master switch
box which is mounted on the underside of the cupola about 100° to the right of the
gighte Other items fitted to the cupola are:

8. Four Fixed Unity Perigsecopes. Bach is fitted with an armoured shutter
which can be opened from the outside only. In relation to the sight, these
Tace:

(1)  Left front.

(2) Left rear ~ this one is at present obscured by a speni case bin
for the commander's MG.

(3) Right rear.
(4) Right front.
Be Commaender's MG Mounting. This is gituated above the two lef't-hand

periscopes. There is also an alternative pintle mounting between the right-
hand periscopes. Details of these are given in paras 65 and 66.

Ce Sight Ilevation Control Selector Lever. (Fig. 10 Item ll). On the
underside of the cupola to the left of the sight is a selector lever with
three positions:

(1) Top =~ Links the tilting prism to the commander's MG elevating arm
aso that the sight can be uged to aim this MG.

(2)  Centre ~ Enables the prism to be tilted by hand when the K60
engine is off.

(3) Bottom ~ Connects the tilting prism with a rate gyro for
stabiligation and also a serwvo allowing power elevation conbrol
by means of the laying jlovstick, See d» below,

de 8ight Laying Conirol Unit. This is suspended under the sight. Its two
controls are:

/(1) LX)
A-18
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(1) Laying Joystick, (Fig 10 Item ). This is a small thumb-sized
joystick which controls cupola traverse for all three pogsitions of the
sight elevation control selector lever and controls the tilting prism in
olevation when this lever is in the bottom (see o.{3)) stabilised :
positions The sight movement corresponds to the sense of the joystick

mnovenent.

(2) Draverse Line-up Switch. (Fig.10 Item 9). This is a semi~rotary
lever switch just above the joysticke It has two positionss:

(a) FREE ~ to the right = it ellows the cupola %o be ftraversed
by signels from & rate gyro or the joystick even through sight
coincidence in azimuth with the mll armament.

(b) LOCKED - to the left ~ it locks the cupola to the hull when
the sight is coincident in azimuth with the hull armament.  Unbil
the coincidence is obtained the cupola may be traversed by its rate
gyro or by the joystick. When under the control of the gyro
signels the cupola will contra~rotate enabling the commander to
keop observation of the target whilst bringing the gun %o bears

8 Praverse Indicator. The cupola has a small aperture to the left of the
sight elevation swibtoh (c. above) through which the azimuth angle between the
commander's sight and hull armament can be read off in mils.

fe Hatch. See para 59.

57. Operation., The commander can use his cupole and sight to:
a. Search for and locate targets independently and regardless of the hull
attitude whilst stationary and mobile. The stabiliser and gun laying controls
ensble him to lay on to an acquired target without losing ohservation of it
through his sight.
be  Lay the hull armement or indicate targets to the drivex/gunuers
Ce Aim his cupola MG independently, regardless of the bull attitude.

Range~finding Fquipment.

58, Originally it was intended to mount & ranging gun in a pod on the front of
the tank opposite the hull Nés and above the right track. This systen has been
discarded in favour of a computor/laser system which has not yet been fully
enpgineered. It is to be operated by the commend exra

Gther Observation lguipment

59, Hatches, The commander has his own hateh in the cupola and the othar two
crewmen shere a large one which is big enough for both to have thelr heads out.
The view forward from the commander's and driver/ gunnerts positions is excellent
because of the sloping glacis-plate. The reverse driver has quite a good view to
the rear except that the squere end of the tank gives him a blind zone o aboutb
25m from the tank. He can drive opened up, however, becanse of the position of
his controls. Both hatches have three positions:

/aw L XN

Ael9
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B Fully open.
b Umbrella.
Ca Fully closed.
60, Periscope. In addition‘ to the periscopes in the cupola {see para 5648408

a.  The Driver/Gunner has one on the left of his sight, facing half left,
so giving him a good wide unity vision even at ground level cloge to the tank.

b. The Reverse Driver has one facing directly astern which has a blind zone

to the left rear of the vehicle,

SECONDARY ARMAMENT

Machine Guns

61, There are three machine guns mounted on the tanke They are Swadish models
of the FII gas-operated GFMG and almost identical to the UK 7.62mm Infantyy L7AL MG.
The main differences are the removal of the bipod and replacement of the butt by a
buffer assembly for ease of mounting on the tanke. There is no toxielty problem as
all the guns are mounted outside the fighting compartment and the normal patterm
infantry flash hider and foresight are used. The foresights are lighter than the
UK pattern snd can be folded flat. Butts, bipods, slings and spare barrels are
carried so that all three guns may be used in the dismounted role.

Hull MGs

62, Deacrintion (Fige. 11). Two MGs, which are the equivalent of co-axial Mgs,
are mounted in en armoured ped on the left front of the vehicle above the tracke
Inside the pod the guns are side by side with the right hand one alightly forward
of the left hand one to ease the belt exits. Each gun is fed from a 500 round
box on its left. Belt exit guides are provided for both guns which pass the empty
belts out of the pod on to the glaeis plate, that for the left hand gun bridging
the right hand gun. JFmpty cases fall into the bottom of the pod. Both mountings
allow for adjustment so that the guns can be zeroced to the sight after bore-
sighting the main armament. The guns are fired by solenoids and cocked mamually
by & bandle in the driver/gunner's compartment which operates the remote wire-
connected cocking gears The driver/gunner algo has an emergency manual firing
levers The clearing rod, spare barrels and the dismounted role equipment are all
stowed in the pod bina

63« Operation, The guns are laid by the normal main armament laying controls.
They fire alternately when the electrical firing switch is pressed but together when
mechanical firing is used. Should one gun run out of ammunition or suffer a stop~
page which immediate action fails to clear then firing will only take place from the
working gun on alternate pressures of the firing switch. For servicing and
smmunition replenishment the pod 1id has to be unlocked and raised to the vertical
position to allow access to the guns and ammunition boxes. As the lid is hinged

at the bottom front the normal muzzle apertures are in contact with the track guard
when the 1id is raisede To avoid acclidents happening when clearing the gun in
these circumstances there are two plastic capped holes aligned with the gun muzzles
in the lid. '

/FIGs 11l ases

A=20
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Drills:

-

Fig. 11

FIG. 11 « 'S' TANK ~ HULL MG POD

KEY

1 and 2. 500 Round MG Ammunition Boxes.
3, (arrying Handle of Left-hand MG .

L Left~hand MG.

5, Spare Parts Wallet.

Helf-Loading:

(1)

Ensure that the safety switches on the drivexr/guaner's and

comnander's controllers are at SAKR (Safe).

(2)
(3)
(&)

(5)

Unlock and raise the pod lid.
Press down the catches and remove the empty emmunition boxes.

Remove any empty cases from the bottom of the pod.

Replace and secure full ammunition boxes with the belt oxits

facing the guns.

A-21 J(6)  eeoe
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(6) Raise the guns' belt exit guides. Open both covers and ensure
guns are clear and the working parts are forward. Place the belt in
the right gun feed tray and belt exit guide and close the cover. Lower
the left gun's belt exit guide and place the belt for the left gun in
its feed tray and belt exit guide.

b Loading and Piring:

(1) Pull the cocking lever on the upper left of the driver/gunner's
compartment fully forward with a rotary movement.

(2) Select KSP(NG) with the armament selector switch.

(4) Lay and press the firing button.

Co To Make Safe. Pull the cocking lever forward as in ba(1) sbove and
engege the handle to hold it in this position. To fire the guns again,
pull the handle out of engagement and return the lever to the rears

ds Steppage Drill:

(1) Impediate Action. Cock the guns and press the firing switch
twice. If firing tekes place on only one of the two pressures then
the other gun has a secondary stoppage or has used all its ammunition.

(2) Secondary Action. Raise the pod lid and follow the normal
pattern of secondary action for GPMG.

G Unloading:
(1) Cock the guns.
(2) As for a.{1) and (2).
(3) Reise the left gun's belt exit guides Open both gun covers,
remove the belt and ensure the guns are clear. Close the covers and
page Springs.
(1) ©Clear the empty belts from the exit guides.

(5) Press down on the ammunition box catches end remove the boxes.

(6) Remove the enpty cases from the bottom of the pod and lower the
left gun's bell exit gulde.

(7) Close and lock the pod 1lid.

Commander’s MG

65. Descripiion. (Fige 12). Tho commander's MG is mounted on the cupola to
the left of the commender's sight with which it is aligned in azimuth. It can be
1inked with it in elevation so that the gight can be used to aim the MG and observe
and correct fire. The elevating sxrm which extends vertically downwards from the
gun into the commander's compartment bas at its lower end a horizontal handgrip
incorporating & lever trigger. In the underside of the cupcle roof behind the
elevating arm is the remote wire cocking gear. On the left of the mounting a

holder for a 250-round smmunition box which feeds directly into the gune The empty
coeses and belts fall freely from the gun.

2D /Fige 12 ouns
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FIG, 12 - 'S’ TANK - COMMANDFR'S CUPOLA AND MG (SPENT CASE BIN NOT FIDTED)

66. Operation. Being mounted on the cupola the gun has traverse and elevation
independent of the hull attitude. It can be power layed or s tabilised in traverse
but elevation control is by hand with the elevating arm. A spare box of 250 rounds
is carried in the commander's compartment.

67. Drills., ‘The drills are similac to thoae for the commander’s MG on CHIFFTAIN.
Local Smoke

68. Description. Local smoke protection is provided by eight White Phosphorus
Grenades in two four barrelled dischargers mounted on the left and right of the
cupola. The grenades are issued with two sets of detonalors. One set is for use
when the gremade is thrown by hands The others have a propelling charge which
blows the grenade out of the discharger for a distance of gbout 20ms ‘The detonator,
for use in this mode, is timed for 2 secs and initiates the grenade when it is ebout
2m from the ground, assuming this to be level in the vicinity of the tank. The
firing controls are on the commander's Sight Laying Control Unit and congist of a
tsafe'/'fire' toggle switch and & firing button which is pressed to fire the
grenades. Only four grenades, two from each discharger, are fired when the button
is pressed, to fire all eight grenades it has to be pressed twice. To avoid
accidents there is a safoty interlock whbich isolates the firing circuit whenever the
hateh for the driver/gunner or reverse driver is open. The circuit is tested with
g lamp circuit tester.

/69, Drills.

A~=23
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69. Drillis:
Qe Loa-dizlgi
(1) Test the circuit with the circuit tester to ensure:

{a) The test lamp lights when the firing button is preased with
the safety switch at 'fire' and the crewmen's hatch closede

(b) The test lemp does not light when the crewman's hatch is open
and/or the safety switch is at 'safe'.

(2) Screw the detonators into the grenades.

(3) Place the grenades in their dischargers, pr0pelllng charge first.

Push them home Iirmly.
ba Unloading:

(1) Ensure the safety switch is at 'safe’.

(2) Open the crewman's hatoh to isolate the firing circuit.

(3) Remove the grenades from their dischargers.

Ce Misfires. As for unloading but the circuit should be re~tested at the
first opportunity.

COMMUNICATIONS

70, Two Radios RT 246 VRC are located at left rear of the fighting compartment.
Freguency coverage is 30-75 Miz in two bands 30=-52 MHz and 53~75 MHz, range approx=
inmately 20 miles. |

71. A pre-selected remote frequency change system is provided, ten channels being
menually seb upe.

72, Facilities provided by the sets and harness are:
Be Automatic squelch circuit.
b Automatic asrdial tuning.
ce  Tank I/C.

de Facilities which enable all crew members to speak over the air exocept
when the commaender selects "AUTO' on elther set,

e  Remote control over twin cable up to I mile.
fa A call iight on receiving an incoming signal.

Ee An infantry tank telephone with approximetely 4LOft of cable which is
rewound under power when the vehicle master switch is switched ON .

he Speakers may be fitted.

jo  Live I/C on selection.
7%3. Headset is built into the crewman's helmet. A clip-on throat microphone is
provideds The cable from the headset to the vehicle junction box is of the self
coiling typeoe. AL
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Annex 'C' to AT 1123/GT 428
dated 13 February 1969

19 TANK WEAPON SYSTEM TRIALS

INTRODUCTION

1. The revolutionary feature of the's'Tank ie that the main armament and hull
(oo~axial) MGs are in fixed mountings in the hull. They are layed entirely by
altering the yaw and pitch of the hull with the gteering and suspension systems.
The main armament's only movement relative to the hull is recoil and run-out
which is convenientnot only for dissipating the recoil forces but algo for
actuating the semi-automatic gear for the ejection of the spent ocase. The
mounting of the main armament in this manner enables it to be loaded by a com~
pact semi-automatic loader in the rear of the tank. It also saves the space
and yeight in elevation and traverse gears.

2. In addition to the hull armament an MG is mounted on the commander's cupola
with traverse and elevation independent of the hull. Local smoke dischargers
are also fitted to the cupola and traverse with it.

3, As part of the UK assessment of the‘S'Tank concept the weapons system
of this tank were subjected to a range of trials which are described in this
Annex.
ATM
vl
L. To assess the S Tank Weapon System.
BQUIPMENT

5. The two‘S’Tanks used in the trial were Nos 2132 and 2133. Other equipment
used is listed in Appendix 1 or under the appropriate test. .

METHOD

6. The detailed method for each test is dealt with under the test heading.
Generally the trial wag divided into

a. Non Firing Tests A to C.
b. Preliminary APDS Loading and Firing Test.

¢, Firing Tests 1 to 9.

C=l /Background
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TEST A -~ AMVUNITION STOWAGE

Background

Te The Main Armament Ammunition for the 'S§' Tank is carried in the rear of the
vehicle in three magazines. On the right of and below the breech ring is a 25
round electro~hydraulically cperated magazine. Opposite it on the left is a
similar 20 round magazine with a manually operated 5 round magasine above it.
This arrangement restricts the main armament to only three natures in set propor-
tions of 25, 20 and 5 in any one stow bubt it does simplify awmunition stowage and
replenishment.

8. NG Ammunition. In the Swedish Army MG ammunition is delivered in wecoden

amnunition carried on the tank comprises:

A 2 % 500 Round Boxes. Omne for each hull MG and carried in their sponson.

ba 6 x 250 Round Boxes. These are all for the commander's lG. One is the
ready box with the gun on the cupola. The remaining five boxes are carried
in the stowage bin just forward of the hull MGs.

9e Grenades:

a. Local Smoke Grenades. Bight white phosphorus smoke grenades of Swedish
design are carried loaded in the dischargers on the commander's cupola. 4
further 16 are carried in a bin on the vehicle roof just to the rear of the
cupola. The grenade has a small propellant charge attached to its base and
plugs into the discharger barrel in the same manner as the UK Jack Grenade.
These grenades are standard infantry pattern, the crew replacing the striker
mechanism by the propellant charge before stowage.

be  Anti-Personnel Grenades. Six anti~personnel grenades are carried inside
the tank for use in the same manner as the No. 36 grenades carried in UK tanks.
They are stowed in the fighting compartment.

Adm

10. To determine the time required to stow the 'S' Tank with a full load of
ammunition.

Equipment
11, See Appendix 1 paras 1 to 3.

Method,

12. The ammunition was placed in a three ton truck with the main armement
ammunition laid on the, floor unboxed. This was the nearest simulation to racking
that could be achieved. Two three man crews were timed for the whole operaticn
from dismounting to re-mounting having completed the stows

13. Practice runs were not held beforehand. It was thought that to do so would
be unrealistic, as crews are not generally rehearsed when stowage is initially
carried out on operations.

/:u-(vo seco
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1lh. The packing time for a 500 round MG amnunition box was noted for six
separate fillings. This was not included in the stowage tinme. The MG boxes
were nerely placed in the tank as it was considered that in the British Arny
the MG boxes would all be factory filled in accordance with current UK practice.

Results

15. Neither crew were unduly fatigued or experienced any difficulty in the
stowing of the anmunition. Times for the operation were:
8, OCrew A « 14 min 52 sccse.

be Crew B = 14 nin 25 secs.

16. The tines to pack a 500 round MG ammunition box were:

a., FPFastest - 56 secs

be Slowest - 95 secs

ce Mean of 6 packs - 72 secs
Discussion

17. The time for carrying out the full ammunition stowage of CENTURION with an
experienced crew of four is 30 to 45 mins depending on the Mark of tank, This
does not include the loading of the local sncke dischargers which would add a
further 10 minutes, To achieve these times is falrly exhausting, With the S
Tank it was noticeable that the crew were not fatigued and the effort involved
was far less. Despite the sirplicity and ease of the ammunition stowage it is
unlikely that work study and practice could reduce the stowage time below 10
- mins but it would be much easier to achieve 2 consistent time for the operation

than with other tanks. The general sinmplicity of the system would nake replen-
ishment, when only a partial load is required, much easier and also ease night
replenishnent or stowage.

¥

Conclusion

18, It tekes only 15 nins to fully stow the's' Tank with anmunition with a
relatively . inexperienced crew. With a fully experienced crew this tipe would
probably be reduced to 10 mins. In either case it is unlikely that carrying
out the operation in the dark would add significantly to the tine required.

TEST B ~ POLAR DIAGRAMS OF THE OPTICAL INSTRUMENTS

Adn

19. To determine the déad zones of vision to the olosed down crew of the‘S'Tank.

Equipnent
20, See Appendix 1, paras 4 and 5.
Method

21, The tank was placed on level pround with the commanderd sight co-incident
with the main armanent. The near point of visibility was checked throughout
the field of view of each optical instrument. The angles were neasured by
artillery director and the distances by tape neasure,

C"‘:§~ /22& 28400
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224 0The sane procedure was repeéted with the tank at maximum elevation + 2114
(412 ) anéd at paxinum depression -1 784 (~1o°).

Results

23+ The results arc shown diagramatically in Appendix 2. Briefly it was found
that with the tank:

te Loevel. There were no blind approaches as the optics gave 64,004

coverage. Using bearings from the nain armanent the complete dead zone
ies that which is so close to the tonk so as to be blind to all instruments .
is @

(1) From 56504 to 15004 o radius of 9 to 10 m (30 to 33£4)e

(2) From 16004 to 36004 o radius of 23 to 25 m (70 to 76£%).
(3) Tron 36004 to 49504 & radius of 13.5 n (44Ft).
(&)  From 49504 to 56504 a radius of 17 m (565t).

be. Fully Blevated. The tank is blind from a frontal ground approach from
h5503 to 6EOZ and from 14004 up to 18504, (Anglas neasured as in a.). The

dead zones were

(1) 6504 to 1004 o radius of 12 w (LOFt).

(2) 18504 to 45504 a radiuas of 9 to 8 m (30 to 265t ).
cs Fully Depresscd. The tank is blind from s rear ground appreach from
1008 to 46008, Angles as measured in a.)s The blind zones are ¢

(1) Fron 46004 to 4750f & radius of 25 m (76£%).

(2)  From 47504 to 57004 a radius of 15 m (49Ft)

(3)  From 5700K to 5504 a radius of 6 m (20£%).

(4) Fron 5504 to 14004 a radius of 8 m (26£t).

Conclusion
24s The ontics give good all round coverage when the tank is level and the

ability to alter the hull pitch enables the dead zones to be decreased to neet
& particular threat but at the expense of all round vision.

TEST C - TARGET ACQUISITION TIMIS

Introduction

25, The novel nethod of gun control and dual éighting facilities of the‘S’Tank
were polnts of great interest. The rapidity and choice of methods of target -
acquisition were therefore investigated and tested,

Aln

26. To assess the target acquisition capabilities of the'S'Tanka

Daguivment

27. Bee Appendix 1, paras 6 and 7.

Ol ~ / Method
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Method

8. Traverss Times. The traverse times for 16004 (90°) and 32004 (180°) with
the tank stationary were recorded under various conditions. Jlthough not part
of target acquisition the traverse rate has to a certain extent a direct bear-
ing on the speed of target acquisition if long switches are involved.

29, Target Acquisition - Tank Static. The target acquisition tines with the
tank stationary and between 400 and 600/ off target were noted for:

a. Commander Layving Against Conspicuous Targets:

(1) Target located through the commander's sight and gun layed using
contra-rotation,

(2) Target located as in (1) but gun layed after bringing sight to
co~incidence with the gun by traversing the cupola.

(3) Target located through a X1 periscope, the commanders sight
being already co-incident with the pgun.
be Commander Leying Amainst Inconspicuous Targets.
(1) Repeat of method a.(1l) above.
(2) Repeat of method a.{3) above.

ce Compander Transferring Gun Contrcl to Gummer. Terget identified by
commander through a X1 periscope whilst his sight is locked in co-
ineidence with the gun. Conmander lays on target area or target until
gunner identifies it and tokes over to make the fine lay.

de Gunner Identifving Target but Commander Authorising Firding. Target
identified through a X1 perisocope by the gumner who then informed the
compander as he layed the gun and fired when the commander authorised him
to do soc.

30, Target Lequisition - Tank Moving. The tines for the commander to traverse
the tank to meet a fiank tarpget at 16004 to the gun, halt and lay were noted
for 10 cccasions. In five cases the target was on the left of the tank and on
the other five cases on its ripght. The commanderl sight was locked in co=-
incidence with the gun and the conmander located the target through his peri-
scopess

3L, Other Details.

as Targets.
(1) The Conspicuous Target was a Landrover.at 1100 m,

(2) The Inconspicuous Tarpets were small turrets approximately 0.6 m
long by 0.4 » high with a headlamp in their centre.

b, Timings. The engagenent and timing were started by the target flashing
its light to simulate gun flash. The barrel lamp was nounted in the gun as
a check of the lay being on target. As the lamp can only be set up for one
lay it was matched to the 800 m APDS graticule mark in the sight. The
engagenent ceased when the lanp flashed and the tine was noted to this
OCCUTTeNnce.

cs Crews. TFour crews carried out each of the methods in Paras 29, a, 29b,
and 30, ten tines, traversing on fron left or right of the line gun target

alternatively. Only three crews were exercised in the methods in Para

29, ¢, and d, but in other details the nethods were the same.

T  /Results
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Results

32, Static Traverse Tinmings. The tinmings for 16004 and 3200¢ on hard or soft
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ground with the engine(s) at maximum revolutions are given below :

Table 1 'S Tank Traverse Tinings on Hard and Soft Ground,

Serial Ingines Times (secs)
16004 (90°) 32004 (180°)
Hard Sof't Hard Soft
(a) (b} (e) (a) (e) (£)
1 X 60 8 10 18 20
2 K 60 and Turbing 9 11 17 207

23, Target Acquisition Times - Tank Static, The mean tines for cach crew and

nethod tested are given in Table 2.

Table 2 lMean Target Acquisition Timesg w Tenk Static

Seriall

Wethod

Mean Acquisition Times (secs)

Crew A

 Crew B

Crew C

Crew D

Average

(a)

(b)

_Le)

{4)

(e)

(£)

(g)

1

Ba

e

Ca

Conspicuous Tarpets
Conmander Laying

Method Al Tgt identified
through Comd's sight. Gun

brought to tgt with contrsy

~rotation of cupola,

Method A2 Tgt identified
through condg's sight
which was then locked to
gun which was then layecd
onto the tgt.

Method A% Tgt identified
through X1 periscope when
8lght locked to gun.

11.6

7.9

1203‘

6.8

11.5

9.2 |

14.8

125

7.8

8.6

643

holp

11.8

2.9

645

Inconspicuous Targets
Commander Laying

Mathod Al
Method A3

11.6
6.1

104
Te7

6.0

73
La7

11.0
6e1

=

Conspicuous Targets
Gunnor Laying

Method B Comnmander

tidentifies tgts and hands

over control to the gun-
ner when he identifies
the tzt,

14.3

846

6.1

9.7

C=6
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Table 2 Mean Target Acquisition Times - Tank Static (Comtinued)

(a) (b) (e) (d) (e) (£ )
b. | Hethod C Gummer identi~{ 8.6 , 6.5 | b6 6.6

fies tgt and lays on
requesting permission to
fire

34, Tarpet Acquisition Tioes - Tank Moving. The nzan tines for this part of
the test were :

a. Crew i - 9.6 secs

b, Crew B - 11.1 secs

¢e Crew C - 13.3 secs

de Crew D - 10.7 secs

8. Jverage - T1.2 secs
Discusgion

35. Static Traverse Times. When the tank is moving it can be spun rapilly
¥hrough a 30004 (180°) turn in 2 to 3 secs. When stationary traversing takes
longer and as can be seen from the results in para 32 it is slower than
CENTURLICN power traverse speeds which are:

a. 16004 (90°) =~ 7 secs.
be 32004 (180°) - 12 secs.

36, Accuisition Times = Tank Static.

a. Conparison of Methods Al to 3, With the eommander laying, nethod A3
was obviously the quickest. If however the commander is searching for and
locates a target with bis sight whilst moving it independently from the
pain armement it is obvious that A2 is the better method for use against
a conspicuous or easily marked inconspicuous target. If the target is ean
inconspicuous one with no definite point near it to meke it easy to re-
locate then the contra-rotation method - AL - is probably the best to use.
Crews wore however universal in their condemnation of the sontra-rotation
systen as it exists on the'S Tank., Their reason is that a lot of the
benefit of being able to keep the target pin-pointed whilst traversing is
lost as the cupola junps about LO# on locking into co-incidence with the

gun.

be . Comparison Methods 43, B and C. There was no significant difference
in the times by Methods A3 and C which shows that the acquisition is
speediest when the gun controls are operated by one man. The reason for
Method B taking longer than Method 43 1s that when the commander hands
control to gummer the hull does not remain at the elevation at which the
commanger layed it but alters to conform to the elevation at which the
gunners controller happens to be. Despite Method A3 being 35 faster
Method B was adopted as it conformed more to UK practice. The philos-
ophy behind this choice is more fully discussed in para 79.

ce Comparison with CENTURION., In similar tests carried out with
CENTURION where only Method B is available the mean times for acquisition
with a 5304 line switch were 9.1 and 10,3 secs against conspicuous and
inconspilcuous targets respectively. This shows no significent difference
to the time for S Tank with Method B. The crews all considered the sights
of the'S8'Tank gave a definite advantage in target location, especially as
the commander’s sight is a much better instrument than the CENTURION
Reflector - Cun - Periscope (RCP) sight. Over larger areas the guperior
speed of the CENTURION Traverse would probably give it an advantage
against conspicuous targets. '

B .y P
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37. Acquisition Times = Tank Moving. "hese show the remarkable ability of the
'St Tank to turn against a target when on the move. It was not possible to break
the times down accurately but it is estimated that turning through the 16004 only
took about % secs and the rest of the time was teken with the fine laying. A
comparison with the CENTURION is not directly available and the techniques for the
condition differ. With CENTURION the tendency would be to engege whilst moving
to cover. The 'S' Tank could not do this but in this case there is considerable
argument for turning, thus presenting the best armour to the target, halting and
firinge.

Conclusion

38, a. Static Traverse Timingg. From Table 1 it is deduced that the traverse
rate isz

(1) Not significantly altered by the running of the gas turbine in
addition to the K60. .

(2) Marginally reduced when the tank is on soft ground.

bs  Tovk Static. For targets within an arc of 6004 on either side of the
rain armament the 'S' Tank is quicker than CINTURION in target acquisition
when the commander carries out the shoot. When the gunner carries out the
shoot the 'S' Tank is as rapid., Over larger areas the CENTURION will
probably be marginally quicker against conspicuous targets because of its
faster traverse but against inconspicuous targets there is not likely to be
any great difference because of the superior sights of the 'S*' Tank.

ce Tank Moving. The speed of turning end coming into action against a
surprise flank target whilst on the move is only slightly greater than that
required for acquiring a terget over a 6004 line switch when statica in
both cases the times make the operation a realistic one in comparison with
other tanks but the 'S' Tank would be stationary.

PRELIMINARY APDS LOADING AND FIRING THST

Dagkground

39, DBOFORS congidered that the UK 105mm APDS L52 round might not be able to
withstand the stresses imposed by the 'SY Tank loading system. Their main
concern was that the sub-projectile would become partially separated from its
sabot through the dropping of the round onto the loading tray and its subsequent
ramming at 3 m/s into the chawmber.

40. The UK Prials Officer considered that the round would satisfactorily. stand
the strain as the similarly constructed 120mm APDS projectile was able to withe-
stand the 4 m/s ramming speed on the original CHIEFTAIN.

L1l. In order %o resolve these arguments a preliminary trial wes held wlth UK
ammunition.

Afn

42, To determine if the UK 105mm APDS L52 round could satisfactorily withstand
the stresses imposed by the Swedish 'S' Tank's loading system.

Equipment
43, See Appendix 1, paras 8 Lo 10,

c-8 /Miethod
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Method

L.

Inspection and loading

a., 21 APDS L52 vounds were inspected, numbered and divided into three
groups of seven rounds.

b, The primers of rounds 1 to 1li were removed and re-placed by f{ired
primers because of the alleged hazard of using UK primers in the 8 Tank.

ce Rounds 1 %o 7 were loaded once each through both the left and right
magazines of S Tank No 2133.

de Rounds 8 to 1i were loaded twice each through both the right and
left magazines of S Tank Neo 2132,

ee The following measurements were taken on rounds 1 to 14 after each
loading :
(1) The protrusion of the sub-calibre projectile above the petals.

(2) The distance from the top of the sabot to the sub-calibre
projectile nose.

(3) The distance from the neck of the cartridge case to the sub-
calibre projectile nose.

e The originel primers were replaced in wounds 1 to 1.

g« Rounds 15 to 21 were set aside as control rounds.

A5. Piring
a. Two 105mm APDS L28 cleaner rounds were fired from CENTURION No 44BA72.
These were followed by the 21 trial rounds fired in numerical sequence,
seven each at three screens % m square at 1370 m range.
b. All rounds were layed by muzzle boresight to reduce fire control
equipment errocrs.

Besults

L46. Magazine Loading — Rounds 1 to ?{

a, lst Run -~ Left Hand Magazine:

(1) Unloading. All rounds showed a tendency to stick in the chamber
and had to be renmoved by use of the extracting tool which fits over
the rim of the cartridpe case. In some cases the breech had to be
opened two or three times to unseat the round sufficiently to allow
the tool to engage over the rim.

(2) Sub-Calibre Projectile Protrusiom. Except for round 2 all rounds
showed an increase in protrusion of O.,l5cm above the petals as
measured along the oglive.

b. 2nd Run ~ Right Hand Magazine. No further changes in sub-calibre

projectile protrusion were noted. Unloading was no more difficult than
on the lst run,

ce Sorviceability. All rounds were passed as serviceable and fit to fire
by the Gunnery School RAOC Ammunition Techniclan.

U“") /‘I‘i‘?t LN N
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Magzazine Loading - Rounds 8 to 143

ae 1lst Run - Right Hand Magazine?

(1) Magazine Operation. The nagazine on Tank 2132 used for rounds
8 to 14 was noisier and not so smooth in operation as that of Tank
2133, used for rounds 1 te 7.

(2) Unloading was even more difficult than with rounds 1 to -7 and
for all rounds the breech had to be opened three or more times to
nseat the round sufficiently to allow the extracting tool to engage
over the cartridge xim,

(3) Sub-Calibre Projectile Protrusion. Increases of 0.15 cm and
0.05 em were noted on Rounds 8 and 10 respectively. Other rounds
-ere.nchanged,

(4) Moxks on the Ammunition. ALl rounds had a series of chafing
marks on the cartridge case which appeared to come from the ranmer
chain. Other scratches were noted on both cases and projectiles but
none of the narks were sufficient to render the rounds unfit to fire.

be Subsequent Runs. The original test intention had been to load
Rounds 8 to 1l through each magazine five times. This test was termine-
ated after the Lth run however beeause all. rounds Jammed in the chamber
and had to be unloaded by pushing them out with the cleaning rods. A
block of wood was interposed betweon the rods and the projectile in each
case to minimise the rislk of damege, Thisg jamming had occcurred with
sone rounds in the 2nd and 3rd Runs as can be seen from the results of
these rums in Table 3 below,

Table 3. Effects of Repeated Loading Runs on UK 105mm 4PDS L52 Ammunition

2nd Run 3rd Run Lith Run
Serial} Detail Left Hond Mag. | Right Hand Mag.  |Left Hand Meg
La) {b) (e) () (e)

1 Jamming in | Rounds 8, 10 Roundg 11 and ALl Rounds
the chamber| and 13. 14,

2 Alteration | No change Rounds 9 & 13 No change from 3ed
in Sub~Cal-! from 1lst run incrensed by Run,
ibre Projec- 0.05en,. Round
tile Protru- 14 reduced by
sion 0.05¢cm, Other-

wise no change.

3. Sub-Calibre| Rotary move- Rotary move- Movement lost on
Projectile | mont possible nent lost on Rounds 13 and li.
Movement. on Rounds 11 Round 11 but Lateral movements

and 13 prosent noted on Round 1i.
on Rounds 13
and 1. Lateral
novement possible
also on Round 13
. 1

L Marks on Rounds 8 and Increase in ‘Further increase
the ammuni-j 10 badly marked.] markings on all '|of markings on
tion. Cartridge case Rounds compared {all Rounds

of Round 9 to 2nd Run.
dented on
shoulder.

C=10

/ce

*Hhen
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ce Serviceability. Rounds 8 to 14 were in relatively poor condition at
the conclusion of the test and only just pageed the Ammupdtion Technician's
inspection as fit to fire.

48, Firings. The firing results are given in tabular form below :

Table 4, Preliminary Test of UK 105mm APDS 152 Ammunition. - Firing Results

Serial | Rounds Nos WP (om) Standard Deviation (f) Remarks
H v H v
{a) (k) {c) (d) (o) (L) (&)
1 1 %o 7 Lyl 112 0423 0,22
2 8 to 14 1 L8L ~1.26 0e25 0.31 Round 1% nmissed
the target left.
3 15 to 21 161 ~115 0.15 0,28 Round 18 aissed
(Control) the target plus.
Discussicn

419. Rounds 1 to 7 withstood the sfresses of the loading system quite well and
the small setting forward of the sub-calibre projectile did rot appear to
impair accuracy. The automatic loader used for Rounds 8 to 1k seems %o have
imposed greater stresses on the rounds. The effect on the ampunition however
was not obgerved until after the second run. To a certain extent the results
based on these rounds were prejudiced by having te foree them out rear-
wards, although in only one case, round 1k, did this treatment apparently set
back the sub-calibre projectile. In all other cases it did not alter the set
forward of the sub-~calibre projectile induced by romming. It was a pity that
a simller sample of Swedish APDS rounds were not available for comparison
under the same conditions,

50. a, Rounds 13 and 18 missed the target. In relating the direction of migs
to target size and MPI it would appear that both these rounds were oubtside
the rejection criteria of thrice the mean deviation (Reference A para 90140 ).

bs Whether Round 13 wissed the target through being passed through the
loading system four times or whether it was just a wild round cannot be
truly established, Vild rounds do cccur from time. to time with APDS
ammunition and there seems to be no other explanation for Round 18 missing.
To have two wild rounds in a small sample of 21 is fortunately improbable
and it is therefore highly probable that Round 13 did in fact miss because
of the adverse eff'ect of the loading system on it,

51, The dispersions did not differ significantly as can be shown from the

Application of Fishers F Test for Variance Ratio {See Reference B Chapter XIV
and Table 15 ) holow 3

C‘“ll /a-o LN
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a. Comparison of Forizontal Dispersions. The highoest and lowest values
from Table L are Serial 2 with 0,258 and Serial 3 with O.l5ﬁ respectively.
Both have five degrees of freedom.

P= 22 . 2,77

P must exceed 3.82 for even 5% significance.

b. Comparison of Vertical Dispersions. The highest and lowest values
from Tabie L are Serial B with O.51f and Serial 1 with 0.22f with 5 eand 6
degrees of freecdom respectively.

2 .

F must exceed L.39 for even 5% significance.

Conclusions

52, a. The double passage of Rounds 1 to 7 through the‘SlTank loading system
had no adverse effects on their accuracy.

b The acepracy of Round 13 probably was affected by its being passed
through the' S Tank loading system four times. The accuracy of Rounds 8
to 12 and 1, was not adversely affected by the same treatment.

5%. The UK 105mm APDS 152 ammunition is capable of withetanding the stresses

of the' S Tank loading system for one loading cycle and probably two, but
further loadings using the system should be avoided.

TEST 1 ACCURACY FIRINGS

Aim

54. Mo determine the accuracy of the's' Tank Weapon System under range
conditions.

Bauipment
55, See Appendixz 1 paras 11 to 13.

Method

56. Main Armament.
as Series of sight or mors rounds were fired from the 105mmn guns of both
S Tanks as follows @

(1) aPDS at 1000m.

(2) HE at 1000m.

(3) HE at 2000m.

\

C"'lz /b. X RN ]
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b. The technique employed for laying each scries was 1o 3

(1) lay the gun by muzzle-boresight (MBS) and adjust both command-
ers and guers sights to coincidence and then remove the MBS.

(2) Load, re~lay and fire the gun. This was donc by the gunner
vsing his sight and applying the necessary target elovation with 1t.
A Camera affixed to the sight photographed the gunners lay at the
instant of firing so that its accuracy could be checked.

(3) Re-check the gunner's and commanders sights against the MBS after
firing each round, noting any alterations in the settings of their
graticule adjusters.

¢« It had been intended to keep a check on barrel bend by using the FVHDE
Refoerence Telescope but this proved impractical as the feet on the instru-
nments hc]d by BTW were too broad for the smaller barrel thickness presented
by the ‘s’ Pank (the normal chase position for the telescope being under
ATIOUT )

ds Target ranges were surveyed by tellurometer operated by the School of
Artillery, LARKHILL who also measured HE velocities with EVA whenever
possible.

e+ The bore diameter at Llin (2.5hem) from the commencement of rifling was
measured before firing took place and at suitable intervals between series.

57« Other Main Armament Firings.  Because of the wide dispersion of APDS at
1000m the original intention of firing it at 2L,00m was abandoned. Ingtead an
APDS series was fired at 1100m using a CENTURION to give a croas check on the
dispersgion. In addition a further APDS series at 1000m was fired from 5 Tank No
2133 and would have been fired from No 2132 but for mechanical troubles. The
sane technique as in pars 55,b. was used for these series except that it was not
pogsible to use the camera on the CENTURION.

586. MGs. One of the Hull MGs on each tank was tested by firing a 25 round
burst at a sereen at 500m. In both cases bursts of 10 to 20 rounds were fired
beforo the accuracy bursts to check the operation of the guns, warm them up and
ensure that the fall of shot was central on target.

Resultg

59, APDS. 'The results are given in Table 5 below @

Table 5 Teat 1 ~ Accuracy Firing APDS Results.

Serial Detail S Tk Mo S Tk Ho { & Tk No | CENTURION
2132 2133 213% No Q1ZR81
{a) (b) (e) __fa) ] (o) (f)
1 a —Trmpl (m) H LO.12 RO+ 3, ROLT | 10.21
b v “0-1? +OOOT +O¢06 "“0458
2 & Dispersion sd (ﬁ) H 0.30 0.36 L 0.9 T 0.53 {k
, b v 0.65 0.67 | 0.26 0.40
3 = Gunners Sight H 0.2 Oy Caly Ouly
b Alterations (f) v Ouly 0.6 0.8 0.6
Cel3 /Table 5 eeeo
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fable 5 Test 1 - Accuracy Firing APDS Results. (Continued).

SOND LREN L LAL = US awD owWindibh Bl uisil

{a) (b) (e (¢) (e) (£)

L a Commanders Jight H 0. 0.6 Caly -

b | Alterations (f) v 0.6 0.8 1.0 -

5. Rounds Fired G 8 12 13

6 Misses 2 2 1 1
Notes:

1. Serials 3 and 4 are the overall movements recorded on the sight graticule

adjusters to retain co-incidonce with the muzzle~boresight.

2e The CENTURION was not fitted with a thermal sleeve.

Fe Abbraviations:

: 1
a. MPI is the Mean Point of Impact ie. X n .EE:(X) where n e number
of rounds fired and x the strikes measured from tne point of aim.

b

3d is the standard deviation and includes in all casges Bessels corect—

ion to give the unbiased estimate io. 1 -
Bd = 4 §£: (x - 1)2

where n and x have the same values as in c..

609

Table & Teat 1 ~ Accuracy Firings

E.E‘il,

The results are given in tabular form below 2

HE Results

CONFIDENTTAL = UK AND SWEDISH EYES ONLY

Serial Detail Tk No 2132 Tk No 2133
(a) {(b) (e) (4)
1 1.000m
a%lg MPI {m) i 20,20 {0.2%) RO.26 (0.283
2 v ~0.8 (0.45 ~0.59 (0.55
b(1) Dispersion sd (i) H 0.30 (0.25) 0.23 {0.20)
{2) v 0.36 (0.31) 0.25 (0.31)
e(1) Muzzle Velocity (m/s) Mean 674 (2210ft/s) 67h (2210Ft/53
(2) sd 1.85 (6.1ft/s) 2.98 (9.8ft/s
d(lg . Movement on Gunners Sight H Oy 0.2
(2 Adjusters () v 0.2 0.6
e{l) Movement on Commander's H 0 0.2
(2) Sight () v 0 0.6
2 2000m
a(1) H ROLE {0.78) R1.02 (R1.02)
(2) v 41.62 (1.75) ~Oolily (~0ubts)
bélz H 0.19 (o.26§ 0.28 (0.28)
2 v 0.26 (0.30 0.31 (0.31)
c(l; Mean 670 (2196ft/s) 673 (2206£t/s
(2 sd 3.35 (11.0£t/s) 2.80 (9.2ft/s
d(1§ H 0.2 0.2
(2 v 0.2 0.4
9(1; H 0.2 Oul
(2 v 0.2 Oy
Cm1h. /Notes
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Notes:

le 'The figures in parenthesis in serials 1 and 2.a. and b. are the MPIs and
dispersions after correcting for laying errors as determined by the camera.

2. In serial 2.2.(2) the MPIs are relative to the lay with the 2000m mark in
the case of tank No. 2132 and the 1900m with tank No. 2133. Correcting the lay
of tank No. 2133 would have caused its vertical MPI to be +2.36m as the target
elevation interval is l.yf between 1900 and 2000m. This places the MPI from
tank No. 2133 below that of tank No. 2132 at 1000m by 0.1 and above it by O.?hﬁ
at 2000m.

3. The guaner of tank No. 2133 layed using the 1700m ballistic mark in error
for one round, which predictably fell minus.

Le The figures in serials 1 and Z.d. and e. represent the overall movement
recorded on the sight graticule adjusters to maintain co-incidence with the
muszle boresight.

61, Sight Stability. A graph showing the slterations of the graticule adjusters
settings during the test is given in Appendix 3.

62. Barrel VWear. The barrel measurements remained constant during the test.

63, MG&. The MPI and Sds of the two lGs tested are given in Table 7.

Table 7 -~ MG MPIs and 5ds

MPIs (A) sds (A)
Serial Tank No.
- H v H v
1 2132 RO,02 ~0.07 0.50 045
2 2133 ROL Ol +0.12 0.23 0.48

igscussion

64he APDS. The Preliminary Test showed that the basic UK APDS ammunition retained
its accuracy after being passed through the 'S' Tank loading system. The series of
UK rounds with Swedish additive fired from the CENTURION showed that the excessive
dispersion was not caused by the 'S' Tank gun, gun control equipment or fire control
equipment, the last two also being cleared by the successful completion of the HE
series, On the other hand, Swedish APDS containing additive performs accurately as
was amply demonstrated at RAVLUNDA in August 1968 (see Appendix L). It can therefore
only be concluded that the additive caused the excessive dispersion in the UK rounds
because it was not applied correctly.

65. @_:

a. ''he HE dispersion for all four series was remarkably constant when corrected
for laying errors. Velocities were also extremely consistent. The vertical
dispersion is about C.lf higher than that normally obtained for UK 105zm HESH

but the figure of O.%f is quite good enocugh for HE which is not used against
small ARV targets,

bo The difference in MPIs at 2000m is remarkable and is not explained by the
3m/s higher Muzzle velocity of the series from 2133, This can be shown from
the E range table which glves an increase in range at 2000m of 5.2m
for 2 lm/s increase in muzzle velocity, hence for 3m/s the increase

Cwl5 /would be esoe
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would be 15.6 say 16m. Converting this to a helght increase by
multiplying it by the tangent of the angle of descent 28 gives an answer
of only O.Ahﬁ, ie. approximately only 60% of the actual distance of O.TLﬁ.

66. Sight Stability and Barrel Bend. Although the reference telescope could
not be operated satisfactorily a certain amout of information can be deduced
about sight stability and barrel bend by consideration of the mechanical
design of the tank and the results in Appendix 3. Analysing these factors
seperately ¢

a. Mechanical Design. Although both commanders and gumners sights are
identical instuments the gunner% ig more inhercntly stable when mounted.
This is because its housing is in the hull whereas the commanders is in a

cupcla which can be unlocked from co-incidence with the hull armament and
A ek

“yotateds - Purthermore the tLTing prism-in-the-gurners-sight-is-locked-at
one sot elevation with respect to the hull armament at all times. The
commanders sight tilting prism can be disconnected from co-incidence with
the hull armament for use in the stabilised mode orx linked to the
commanders MG.

b. Horizontal Variation in Graticule Adjuster Settings. For both sights
on both tanks the movement of the graticule adjusters correspond in sense
and amount on nearly every oecasion. This shows that the sights are both
following barrel bend and are not themselves unstable otherwise their
adjuster movements would be random. Where variations of movement do not
actually correspond they are all within 0.2 of the original difference
in adjuster settings and this can be explained by the fact that the
adjusters are not continuous but stepped 1n discrete O.Zﬁ settings.

c. Elevation Variation in Graticule Adjuster Settings. The gunnerh gights
show less movement than they did in the horizontal plane. This movement

is again almost certain to be barrel bend although in the case of Tank No
2132 the movement is so small it may be largely caused from the discrete
0.2% settings of the sight. The commanderk sights whilet confirming the
gunner's sight adjuster movements on the whole do show some signs of
instability in that on:

(1) Tank No 2132, there is a movement of O.hf after the first APDS
round of each series which is not reflected by the gunners sight.

(2) Tank No 213%3%, the sight appears to have started off in a different
relationship to the normal one to the gunnsrs sight in the second APDS

. series and then taken up an attitude more akin to its normal one after
three rounds had been fired. It can only be assumed thac¢ there was
mome error in the connection to the tilting prism as the graticule
readings were double checked because of their variation from the
expected pattern.

67. MG. The MPIs and Sds are most satisfactory considering the length of burst.
Conclusions
68. Ammunitions

as. APDS. The presence of the Swedish additive would appear to be the
cause of the oxcessive dispersion in the UK rounds. In all probability

" the fault lies in the application rather than in the additive itself as
the Swedish results in Appendix 4 show that accurate rounds containing
the additive can be made.

C"'16 /bo L RN
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b, HE. The Swedish 105mm HE is a very consistent round. Its round to
round dispersion is slightly larger than that normally experienced with
UK HESH but it is not reguired for small APV targets and is quite
accurate enough for the pure HE role. Gun to gun variastions cecur in
ranhge beyond 1000m.

¢, MNG. The dispersion is of the order of O.4 to 0.5 sd when the
gun ig fired in long bursts.

63. Berrel Bend. The accuracy of the weapon system is likely to be adverssly
affected by barrcl bend.

W9
70, Sight Stability. The gunneﬂs sight is extremely stable but the commanders
8ight  appears to have an intermittent tendency to wander in elevation.

Tl. 3Barrel Wear. The Swedish additive practically eliminates barrel wear.

72+ The Weapon System. The results of this itest show that the 8 Tank weapon
gystem can be usged with accuracy by the normal crewman. The degree of
consistency of the fire control equipment will be better than that of a
CENTURLON without a thermal sleeve becausge of superior sight stability of the
§ Tank gunners sight and mounting.

TEST 2 STATIC OFFENSIVE ENGAGEMENTS

Introduction

73« 1In the attack most engagementis will be short range ones of a sudden nature
over ground which will be relativoly unknown to the crew. Unless a rapid
ranging device is available to, the commander he will have to judge the range

on these occassions. As the S Tank is not currently fitted with such a device
it was decided to include firings of this type in the assessment.

Ain

\
The To determine the effectiveness and rapidity of the S Tank in engaging
opportunity targets below 2000m.

Equipment
75. See Appendix 1 paras 1, to 16.
Method

T76. The intention had been to exercise each tank crew through three AP, three
HE and three MG engagements from each of two firing points. Unfortunately
because of the unsatisfactory performance of the APDS ammunition in Test 1
this test was curtailed to HE and MG only.

77. For each engagement the target was indicated to the commander who then
gave his fire order whilst indicating the target to the gunner who carried out
the laying for the shoot. This method was adopted as it is the closest to UK
practice.

Results

78. All engagements were successfully concluded and the detailed results are
glven in Appendix 5. The timings and average rounds/bursts fired per engage-
ment are given in Table 8 below.

Cul? /Table 8 enwe
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Table 8 ~ Summary of Results of the Static Offensive Engagements

Serial | Crew and Mean Time (sec) Mean Time (sec) | Mean number of Rounds/|
Anmunition | to lst Round/Burst | between rounds Bursts per engagement
(a) (b) ) (d) {e)
1 A - HE 19.4 Lol 2.5
2 B - HE Uyl 19.9 3.0
3 Mean HE 160 17.6 2.75H
4 A - MG_ 12.1 - 2.0
5 B - MG 10.3 - 2.2
B ME AR MG e e e L 4 S B = e 2a1
Notes

1. Serial 1 Column (¢) excludes two timings of 51.5 and 32.6 secs where the
ocrew left certain safety devices at safe.

2. Serial 4 and 5 Column (c¢) excludes four times above 20secs where stoppages
cccurred or crews left safety devices at safe.

Digcussion
79. Method of Engagemont. The reasons for using the normal UK method of the

commander indicating the target to the gunner who did all the laying and firing
are 3 _

a. During an engagement one member of the crew should maintain general
obgervation. The commander ig the best man to do this as

(1) He is the only one who can decide whether a fresh target or
threat ise more important than the current engagement,

(2) If a more important or threatening target appears the commander
can take control from the gunpner and lay onto it with the minimum
delay. The converse is not possible ie.'the gunner cannot take
control from the commander.

b. In HE and MG engagements where usually more than one round/burst

have to be fired the laying and observation of fire tekes up too much of
the commander’s concentration for too long a period. He cannot receive
or transmit orders nor prepare and send his contact report. The mean
timings between rounds of 14.1 and 19.9secs show that there will be many
cames where the commander can actually send his contact report during the
shoot. On the other hand for AP engagements at short range stationary
targets there is every advantage in the commander firing. Against long
range AP and moving targéts however the same criticisms of the commander

firing apply as for BE ard MG engagements.
c. MG engagements should usually be carried out with the gunner laying

and firing as the commander has no means of cocking the guns to clear
stoppages.

18 /80 aees
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80. Timings. The timings woere most disappointing. . The aoquisition times for
the HE engagements were long and two of these results for Crew A were omitted
as they included delays arising from one of the mahy safety switches in the
tank not being made. The increase in target acquisition time when firing is
not unknown and it is interesting that the medh time for the CENTURION is 16
secs on the range which is 6socs higher than that achieved in dry runs (see
papg 36cs). The timing betwoen rounds was also. similar to the CENTURION, of
17 .8z0cs.

8L. HE Shooting. Most of the shooting was good. Both commanders gave a

very bad estimate of range on one of their targets and four rounds were needed
.on both these occasions to secure a hit. The commander and gunner of Crew A
although slower inacquisition hit the target with their second round on four
out of gix of their engagements whereas Crew B had only one two round engage—
ment.

82, MG Shooting, This was good, due in the main %o the guns being

zeroed ‘to the sight. In five out of the twelve engagoments the first burst
was effective and second bursts were fired to give greater lateral coverage.
Where the first burst was not effective the commander had incorrectly assessed
the range. The Swedish ammunition has only one tracer every four rounds and
without the aid of definite marks in the sight MG shooting would have been
very difficult.

Conclusion

v
83. The S TanKs performance in normal HE and MG engagements against static
targets is similar to that of the CENTURION without a ranging gun.

TEST 5 OFFENSIVE SUPPORT ENGAGEMENTS

Background

8h. In the offensive support role tanks may be requi?eQ to provide smoke and
long range HE fire. It had been intended to test the S Tank in both these

types of engagement but unfortunately the Swedish smoke round was not avail=-
able for use. The UK 105mm smoke round could not be used because of Swedish
objection to UK primers. In addition the No 390 fuze could not be set as

there wasg insufficient room to manipulate the fuze key in the five round
manually operated magazine. This restricted the trial to longe range HE engage-
ments. These were further restricted, as indeed smoke shooting would have
been, to direct lay engagements. The reasons for this are that although the

S' Tank has a clinometer it is only marked in mits and there is no suit-

able reference for line corrections such as a traverse indicator in tho vehicle.
Attempts wore made to use the graduated markings on the cupola ring for this
purpose. These were defeated as the cupola could only be properly initially
centralised by locking it. When it was unlocked to lay off the required amount
it moved off line by varying quantities before any traverse signal had been
passed to it or the hull.

Aim

85. To assess the ability of the 'S' Tank to engage HE targets between 2000
and 4000m.

Equipment

86, 'S’ Tanks Nos 2132 and 2133 and 13 rounds of Swedish HE M61A, 105mm
ammunition. .

6-19 /iethod
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¥ethod

87. The troop leaders tank carrisd out the initial ranging on the target and
passed the final elevation to the second tank which carried out ite ranging.
On the completion of the ranging both tanks fired three rounds guniire.

Regults
88. a. The troop leader opened fire 2lsecs after being given the target.

The opening range was 3400m and the final elevation was 3575m determined
in four rounds and a silent correction of 25m in 82secs from the start.

b. The second tank fired three ranging rounds. The first two straddled the
target as & result of a +50m correction. A third ranging round fired on

a -25m correction was just minus of the target and the gunfire wae fired

at this elevation of 3600m. The timings were 20, 43.5 and 5%secs to the
three rounds respectively after receiving the final elevation.

¢. Gunfire was accurate but ragged and delivered over 30socs.
d. The whole engagemont was completed in 2 min 55 secs.
Discuasion

89, The timing was quite reasonable for a troop shoot. It would have been
better if the sccond tank commander had kept to the drills and not fired the
third ranging round. This wasted 15.5secs and was totally unecessary as he
had straddled tho targst with a 50m bracket.

90, Another slow timing was the time to the first ranging round of the
gecond tank. This was partly caused by the gunner overshooting the 3575m
mark on laying and then having difficulty in re-loca®ing this mark in the
graticula. )

91. ILine corrsctions are not easy to make in the S Tank as no proper
graticule marks are provided for this at the longer ranges and there is no
adequate traverse indicator. All that the gunner can do is aim off what he
asgesses to be the correct amount. In thig shoot no line correction was
needed. This was almost certainly dus to the wind being only 2.8m/s (9ft/s)
and almost directly down range.

92. It was of interest to note the variation in performance of the guns,
that of Tank Wo 2133 requiring 25m more elevation (0.68) than that of Tank
2132. 'This was the reverse sense of the ¢levations required for the 2000m
HE shoot in Tezt 1.

93%. The erratic gunfire was attributable to three causes s
ae The failure of the tanks to return to within 0.24 in elevation of
their original lay after firing. This should occur if the firer keeps
the firing button pressed after firing until suspension movement has
ceased. It did not onr the two trial tanks.

b. Obscuration at the target which was considerable as the first gun~
fire rounds completely obscured the target area for as much as lOseocs.

¢cs Obscuration at the firing point which lasted up o L secs.

0-20 /914-0 LER X ]
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94. In comparison the CENTURION can deliver more rapid gunfire providing the
loader is well trained. The tank hardly moves and the gunner can set hism
indirect fire instruments so that neither muzzle nor target obscuration prevent
his laying and firing. Long range HE shooting and the delivery of gunfire are
not the main yole of the tank on the battlefield and too much should not be
made of the § Tankls shortcomings in this respect.

¥ 7
95. The semi-automatic magazine avails the crew of the S Tank nothing in time
during the engagement but it does give them two great advantages over the
CENTURION .

a. The loader does not have to prepare for the shoot by ensuring he has
at least eight HE rounds in the ready bins.

be After completing the shoot the ready ammunition bins do not have to
be replenished. This can take 5mins or even longer.

Conclugion

96. The“S’Tank can deliver direct long range HE fire accurately up to L000m

but its gunfire is difficult to concentrate in time compared with the CENTURION.
The S Tank’s magazine however does mean that the tank is readily available

after a long range HE shoot whereas the CENTURION requires about Smins for
internal replenishment.

TEST 4 DEFENSIVE ENGAGEMENT OF MOVING TARGETS

Introduction

97. It had been hoped to test the\S'Tank firing against moving targets.
Unfortunately BINDON range was being rebuilt during the period of the trial

and the moving target gear on HEATH range was out of action. Fortunately

the accuracy of laying by the crew against moving targets could be assessed
without firing by using a moving target and the sight camers to record the
gunners lay at the instant of firing. Results by this method are given in this
t@st -

Adm

98. To determine the accuracy with which the‘S'Tank weapon aystem enables
the gunner to lay on a moving target.

Bguipment
99. a. 'S'Tanks Nos 2132 and 2133.

be A Landrover with a white aiming point on it.

¢+ Robot 35mm Camera.
Method
100. Wine crewmen each carried cut three series of 10 lays on a landrover
whilst it ran laterally acrocs their front at a speed of 20km/hr at 500m
range. A white aiming point on the Landrover and a short range were used

to enable good photographic results to be obtained and ensure accuracy in
the analysis of the results. All crewmen used the gunnerk controls.

C-Ql /lOlo LR N
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101. Tor each lay the orewman was timed from start to the pressing of the
firing button. ‘ ‘

Results

102. The results and their analysis are given in detail in Appendix 6 and
the means for each of three series is given in Table 9 below.

Table 9 - Serles Mean Resuits of Lays Against a Moving Target

Serial | Series | Time MPT (i) sa (p) Score
_ {socs) I v i v (go0s #1")
(a) (b) | le) § (d) (e) (f) (g)'m (h)
1 1 11.6 L0110 | +0.01 | 0.55 | 0.27 1.75
2 2 9.8 IR O | +0.06 | 0.50 | 0.29 1.49
3 3 10.2 | RO.O2 | o 0.37 | 0.22 0.70
14’ Overall 10-6 L0.0_?) +0.02 O-i;.? 0026 1032
Mean
Note

The score is the product of the time in colwm (¢) and the sds in
columns (f) and (g). It gives an casy comparison in merit betwsen seriles of
lays by taking into account speed and consistency. The lower the score the
batter the laye.

Dligcusaion

103. Unfortunately EIW have no flgures for the accuracy of lay against moving
targots other than the results of this test. This confines the drawing of
conclusions to the individuals and occasions of this test alone. The results
are not re-assuring and show the general laying error to be greater than the
round to round dispersion of th,ammunition. There is no proof that this asime
of laying error is confined to 8 Tank as the moving targets used on ranges are
alwayes large and could thereforse mask many laying inacouracies. In future
wars however the size of targets may be less and investigation into the laying
orrorg of other equipments should be made.

onclusion

yiPhe As yet there is no proof that the fire and gun control equipment of the
§ Tank 1s more or less inherently accurate than that of other AFVe when used
to lay onto moving targets. The rosults of this test on the 8§ Tank show @

a+ Layers generally improve with praotice and that some require more
practice than others.

b. The average time for a lay is of the order of 1l secs and is
unlikely to be less than 5.0 seos.

c. The order of consistency after practice is about 0.37f sd in line
and 0.22# sd in elevation.

=22 /Aln
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TEST H MASS ATTACK

to meet a massed AFV attack.

Equipment

To test the ability of the S Tank to produce the sustained fire necessary

106. '8'Tanks Nos 2132 and 2133, 39 rounds of UK 105mm APDS L52 with Swedish

additive, two
Method

107 »

loadings of local smoke grenades.

The tanks advanced 20m to simulate moving from a 'turret down' to

a 'hull down' position, opened fire at 14 'head on' tank target screens at
between 1000 and 1400m and then withdrew to turret down under cover of their

local smoke.

108,

a hull down position because of range safety considerations.

were recorded by a camers fitted to the sight as in previous tests.

Resul ts

The tanks had to move forward off a slope to simulate the movement to
The gunnery lays

109. Faults. Two false starts were made with'S Tank No 2133. On the first
occasion the 6th round was not ejected and the breech block re-closed on the

empty case.
first round.

burr on one of the extractors.

rounds fired.
Gut .

110. Timings

The test was restarted but the same faults occurred on the very

The breech was stripped but the only point noted was a slight

he breech was re-assembled and two test

They were ojected satisfactorily and the test was then carried

and Hits.

tabular form below.

The Tault re—occurred with the last round of the test.

strikes which occurred in the abortive runs of tank No 2133,

TABLE 10 Mass Attack Test Results

The timings and strikes on targets are shown in
No target was hit twice by any one crew apart from five

Serial Detail Results
Tk No 2132 | Tk No 2133
(a) (b) (c) (a)
Rounds Fired i 16
Time t0 move to hull down position 28gecs 10gecs
3 Time to first round fired 5lsees 27secs
i Time to last round fired Amin 35zecs | 2min 30sccs
5 Time to $urrot down poesition 3min 46secs | Pmin 52secs
6 Time between first and last rounds 2min L2secs | 2min  3secs
7 Hita 11 12

111. Guaners' Lays.

Analysis of the photographs of the

C=23
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8. 2132. The lays for rounds 1, L, 5, 12 and 13 were central whils?
those for rounds 10 and 1i were 0.3f loft and 0.2 laft 0,34 high of
centre respectively. The photographs for rounds 2y 3, 6, 75 8y, 9 and
11 could not be analysed as mud on the sight object prism had obscured
the target. This mud did not interfere sufficiently with the gunner®
view through the sight to prevent him laying.

bs 2133. The lays for rounds 4, 5, T, 12, 13 and 14 were central.

For rounds 2, 3, 6 and 9 they wore from 0.2 to 0.&ﬁ left of centre whilst
for rounds 8 and 11 thoy were 0.2 right of centre. Rounds 15 and 16 were
O.aﬁ high and 0-2% left and high respectively. The photographs for rounds
1 and 8 were not clear encugh to analyse.

112. Local Smoke Screening. The local smoke screen built up in 3 secs and

Tagtod offoctively Tor about 15 Heces ~The withdrawal of -Tank No-@k32-wesg:

completely covered by the screen but that of Tank No 2133 would have required
another 6 secs screcning for complete corcealment.

113. Barrel Bend and Sight Adjustment. The difference in Tank No 2133 sight
graticule adjuster readings before and after this test were Horizontal O.hﬁ,
Vortical O.6f. This was reflected by the commanders sight which had the same
horizontal alteration and O.8f in elevation. Unfortunately comparative readings
for Tank No 2132 were not recorded.

Digeussion
114. The main points ariging from this test were ¢

a. The Delay in Opening Fire After Halting. Both tanks took a long time
after halting before firing the first round. The oscillation causing

the delay was largely compounded by crew inexperience, artificial movement
over a concrete firing point and range safety requirements, as was proven
later on. In tank No. 2132 the first round was further delayed as the
gumner had left his safety switch at safe.

b. PThe Relatively Slow Rate of Fire. This is accounted for by the
obscuration which prevented the gunner laying with more rapidity. Unfortun-
ately the only firing point avaiable had been fired over frequently and

the ground was very dry and dusty.

c. The Relative Lack of Fatigue of the Crew. In a CENTURION such a rate of
fire is only possible in the later marks with their improved stowage. Even
50 tho loader would have needed five or ten mimutes recuperation from his
efforts before being a fully sensible member of the crew again. In additlion.
he will have to replenish his ready ammunition at the first opportunity and
the tank will not be ready for further prolonged engagements until this has
been done.

Concluaion

115. The‘S'Tank is capable of delivering rapid sustained fire against a mass
attack. In dusty conditions its rate of fire is unlikely to exceed that of =
CENTURTON because of obscuration preventing the gun being re-layed. In other
conditions the automatic loader would|probab1y allow the CENTURION rate of fire
to be exceeded. In either case the S Tankh operation has not imposed anything
1ike the degree of fatigue imposed on the CENTURION loader and it is ready to
fire the remainder of its ammunition whilst the CENTURION requires time for
re-sgtowage within the tank.

G2l |  /Adn
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TEST 6 FIRE WITH MOVEMENT
Ain

v . .
116. To determine any difficulties in handling the 8 Tank in a fire with
movement exercise.

Equipment

117. ‘s Tanks Nos 2132 and 2133 each lcaded with 20 Swedish 105mm HE M614,
1250 rounds of &wedish 7.62mm MG and eight local smoke grenades.

Method

118. The tanks loaded with HE and MG ammunition only carried out a fire with
movement exercise over approximately 3000m and consisting of three bounds.

119. No quantitive results were acquired but the exercise was used to practice
the crews in fire and movement and to deal with the problems entailed in
controlling fire, sending contact reports and noting the position of flank
Fanks.

Results

120. Crews experienced nc difficulty in carrying ocut the exercise. Range
estimation and corrections were peor on thres of the eleven targets engaged
with HE fire. MG fire was well controlled and the wmajority of targets were
hit with the first burst. Tank 2133 lost the use of one of its hull MG
through a stoppage after it had fired 180 rounds. This meant that 32% of its
hull MG apmunition could not be used. The tank was completely without a
gerviceable MG on the last bound because one hull gun had used up all its
ammunition, the other had a stoppage as did the commanders MG which had only
fired 75 rounds.

Conclusion

121, The tank is a viable fighting system and is no more difficult to handle
in a fire and movement exercise than a turretted tanke The limited MG ammu-
nition supply and the inability to remedy stoppages without crew exposure is
the weak point of the tank, as can be seen by No. 2133 ending the exercise with
LO% of its ready ammunition unfired because of stoppages.

TEST ‘{  DEFENSIVE NIGHT FIRING

Introduction

122. The‘S'Tank has no night fighting equipment other than infa-red headlamp
filters and a drivers viewsr. The Swedish Army policy is not to use IR and
other such devices for night firing but to illuminate targets by flares so
that they can be engaged with the normal sights. To this end they have
developed some exoellent illuminating smmunition such as the CARL GUSTAV 84mm
and the LYRAN Tlmm flare which range out to 2200m and 1000m respectively and
have burning times of about 2% secs. Both provide good intense illumination
of over 400,000 candela which can be used with poor light gathering optical
instruments such as gunners sights.

123. British Army experience of engaging targets with AFPVs firing by flare
illumination is relatively slight and so it was decided to test the S Tank in
these conditions.

C-25 /Ain
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Aim

LI )
12L. To test the effectiveness of the S Tank Weapon System for night firing
uging the 8hmm CARL GUSTAV flare for illumination.

Bguipment

125, ‘s’ Tanks Nos 2132 and 2133 togother with
a+ 14 rounds of Swedish 105mm HE M614
b. 1000 rounds 7.62mm MG

¢, SBhmm CARL GUSTAV Gun and 19 rounds of illuminating ammunition.

d. Head on screens and Fig 11 targets for HE and MG engagements respect~
iVOly .

Method

126. The crews were practised in the recognition of targets by flare light on
the night before firing took place.

127. Approximate target ranges and bearings were fed into the CARL GUSTAV
gunner who fired from a position 50m to the right flank of the tanks whe also
received the target information by radio. On the flare illuminating the target
the crew engaged it with HE fire if it was a vehicle or MG if men.

128. It had been intended to fire both tanks together but range safety
restrictions forces them to be only 20m apart. At this dietance firing HE
caused mutual obscuration and so slternative engagements were fired for

HE. MG engagements were fired together using the same flare but separate groups
of targets in the same aroca.

129. A flank observer recorded the observation of the fall of shot and these
were confirmed by checking the targets the following morning. The flank
observers assessments were not made known to the crew until after the engage-
ment .

Results

130. CARL GUSTAV Ammunition.

a« The ammunition functioned well but there was one parachute canopy
failure out of the 19 rounds fired. Flare burning times were taken for
the 15 rounds fired ¢n the sccond night and discounting the parachute
failure these averaged 27.0 secs with an sd of 0.9 secs. This excellent
performance was probably aided by the low wind speed of O.8m/s (E.Eft/s).

b. On the training night preceding that of the test targets were success-
fully sighted and layed onto up to 1700m by both § Tank crews. A Gunnery
School Course on CHIEFTAIN sharing the firing point achieved hits on two
targets at this range with the aid of the flares. The students had no
previous flare light shooting experience. Unfortunately on the night of
the test mist reduced visibility to about 1000m and even below this there
were opaque local pockets of it,

C"‘26 /1-31‘ esee
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131. HE Shooting. Each crew fired three engagemants; In both cases
two first round hits and one second round hit were obtained. Ranges were
target No 1 - 600m, No 2 - 900m and No 3 - 80Cm. The results are tabulated

below.

Table 11 Results of Night HE Shooting

- Seriall Tk No | Target No Time (secs) to Flares Hits
lst Round 2nd Round Fired
{a) {b) {c) (a) (e) (f) (g}
1 2132 1 27 Vot fired 1 1st Round
2 2132 2 ' 23 Vot recorded; 2 2nd Round
3 2132 3 35 Fot fired 2 lst Round
L 2133 1 8.5 12 1 Both Roundd
5 2133 2 25 38 2 2nd Round
6 2133 3 12.5 [Not fired 1 lst Round

132. MG Shooting. Five of the six chgagements were fired and all first bursts
were on target. Times to first bursts and flares required are given in Table 12
below 3

Table 12  Results of Night MG Shooting - All Firat Bursts Effective.

Tet Tank No 2132 Tank Wo 2133
{a) (b) - (c)
1 One flare required. Fire opened One flare required. Fire opened
after 10 secs. after 12 secs.
2 Two flares required. Fire One flare required. Fire opened
opened after 30 secs. after 10 secs.
3 Two flares fired but target One flarc required. Fire opened
obscured by mist. after 25 secs.

iscugsion

133. General. The results were good and in all probsbility the timings would
have been better but for the mist which made some of the targets very diffioult
to lrcate. Corrections to fire are more difficult to assese and apply by flare
than by daylight but easier than with some night viewing devicos.

134+« HE Shooting. The lack of wind which benefitted the flares was a dofinito
disadvantage when firing HE as the consequences of firing were not rapidly
cleared from the tank and caused obscuration. True obgervation was difficult
for the crews and only achieved at the 900m target. At the other targets
asseasment of effectiveness was mads on the HE burst. 4s in previous tests the
obscuration was almost certainly asggravated by the dry weather and the large
amount of firing which had previously taken place from the firing point.

0_27 /135. LN N N
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135. MG Shooting. This was most effective. The ability of the crews to hit
the groups of figure targets with the first burst is largely due to the faot
that the MGs are zeroed to the sight. This gives the gunner a definlte aiming
point in the graticule unlike the CENTURION where the MG is in an unad justable
mounting and rarely approaches a watch with the graticule.

Conclusion

136. Providing the general area of the target is known and the ambient
conditions are reasonably calm and mist free strong flare light is a very
effective method for firing in darkness.

137. The's'Tank can be used very effectively with flare illumination up to

1000m. The lack of a ranging device probably curtails longer range shooting.

TEST 8 LOCAL SMOKE PROTECTION
Adm

138, To test the local smoke protection system of the 'S 'Tank.

Equipwent

v
139. a. S Tank No 2133.
b. 80 Swedish WP Grenades with propellant charges.
c. Stop Watches.

Method

140. a. The tank was situated on level ground between two black and white
contrast screens 20m apart. Observers were positioned on the centre line
facing the tank and screens, and 500m left and 900m right of it, at about
1000m range.

b. Three full salvoes of eight grenades and seven half salvoes of
four grenades wers fired.

c. The observers were warned by radio and timed from the firing of the
grenades to:

(1) The screen being effoctive.

(2) The tank re-appearing.

141. Right grenades were fired at with 7.62mm ammunition to test their reaction
to small arms fire.

142. The time taken to load the grenades was noted.
Raesults

14,3. Ambient Conditions. The test was carried out on an overcast day with
visibility over ¢ miles. The dry temperatures were between 59 and 57°F and
the humidity was between 81 and 71%. The wind was L to 6.5m/s (14 to 21ft/s)
and blowing obliquely from the left front towards the tank.

) 0-28 /:ul-l{-c ss s
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144 . Bcreening.

a. Times to Screen Effective. The mean time for all salvoes from all
three observers was 4.0 secs with a spread from -1.0 sec to +1.5 secs.

b. Screening Duration Times. The results are summarised below ¢

Table 13 -~ Sereening times of Swedish Local Smoke Grenadeos

Serial Observers Mean Times (secs) Mean time {secs
Left Centre Right all Observers
{a) (1) (c) (d) (e) (£)
1 Thres full salvoes 3,.9 | 23.3 . 23.7 27.3
2 Seven half salvoes 19.8 | 174 17.5 18.2

c. Range. The grenades burst in the air about 2hm from the tank.

145. Taults

a. Piring Circuits. The lowsr inside barrel of the right hand dlscharger
had a faulty lead which resulted in only seven grenades being fired in the
full salvoes and only three in three of the half salvoes.

be Propelling Cherges, Two grenades did not leave their barrels and as
no faults were found in the firing oircuits it is agsumed the propelling
charge was not making contact or defective.

146. Reaction to Small Arms Fire. When fired on by single shot GPMG fire the
grenades, when struck, behaved in the following wayss

a. The WP contents burht, but withoub running like that of the No 80
grenade.

b. The WP content was ejected burning, from the grenade. Whether this
waa caused by the ejector or burster charge is uncertain.

147. Loading Time. The grenades can be loaded fron their box in rear of the
cupola in lg to 2 minntes. They are a little hard to push home and each one

hag to YBe rammed home fairly hard. After the loading test it was found that

the grenades fitted so tightly into the discharger barrels of Tank No 2133 a

gtilson wrench had to be used to remove them.

Diagussion

14,8. Tor the 2nd part of this test (para 141) the Swedish grenades were mounted
on posts and not in their discharger cups. Had they been mounted in the cups
with the metal caps fitted it is considered that their reaction to the small
arme fire, in paragrzph 146, would be for the grenades and or contents to be
ejected due to the ejector and a burster charge being ignited. This would cause
1little or no crew hazard unless the drivers hatch was open which is highly
unlikely in action.

149. These results show that although their screening times are comparable the
5 Tank local smoke protection has the following advantages over that of the
CENTURION 2 :
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a. The grenades are not nearly so dafigerous when hit by small arms fire.

b. The screen builds up more rapidly taking only 3 to 5 secs as opposed
to 6 to 8 secs. ‘

c. The loading is easier and can be carried out in a tenth of the time.
Conclusion
150. The local smoks protection system on the '8 Tank is rapidly effective and
gereeng for about 27 secs if the cupola is in the correct attitude when the

grenades are fired. It can be rapidly reloasded and the grenades themselves are
not as great a hazard to the crew if struck by small arms fire as those of the

TEST 9 COMMANDER'S MG

Introduction

1Y
151. The commanders MG on the S'Tank assumes greater importance than it does on
other vehicles as it is the only weapon which can be fired with any chance of
effectiveness whilst on the move. It is also the only weapon that could be used,
slbeit mamually, if the vehicle were surprised when the main ongine is not running.

Al

152. To test the effectiveness of the\S’Tank commanderk MG in the various roles
in which 1t may be required.

Method
15%. The commanderd MG was fired in the following roles @

a. High Hlevation Fire. At maximum clevation to investigate the feasibility
of use in the anti-aircraft and street fighting role.

b. All Round Defensive Fire. Over the rear of the tank to test 1ts
offectiveness as a means of glving all round defensive fire without rotating
the tank.

¢.. PMiring on the Move.

d. Hand Traverse Control.  The cupola being controlled by hand when the
K60 engine was not running.

@+ Pintle Mounting. The alternative to the normal cupola mounting.

Resuits
154. Genersl.

a. Sighting. The rapid delivery of effective fire from the commanderb
MG is prejudiced by the fact that there 1s no graticule in the sight for
this MG. Purther it is not capable of being zeroed to the main graticule
as are the hull MGs. In these circumstances a higher ratio than that of
one trace in four is required to enable the fire to be corrected omto the
target quickly.
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b. BElevation Control. The elevation of the MG is controlled by a long

link arm with a control handle on its lower end. There 1s a varlable damper
on the amm which requires the use of a second hand to alter ibe setting.

It was found to be impossible to got an ideal setting on this damper. It

was olther too stiff and prevented small corrections being made or too loose
in which case the vibrations of the MG caused excessive dispersion and judder
on the sight prism. The overall result is to make the engagemcnts of cross-
ing or oblique moving targets extremely difficult as both hands frequently
have to be used for elovation control leaving no hand froee for controlling
traverse.

155. High Blevation Fire. The lack of a propar gun-sight relation as described
in the previous para makes the use of the gun agains® even low performance aircraft
impracticals. It can be used against the upper storey windows in street fighting but
will require two or three bursts to correct fire before it is effective.

156. All Rouni Defensive Firc. The commanders seat does not .rotate. Hence to
engage targets over the rear arc of 2000 to uuooﬁ is impractical because of the
body contortions to which the commander is subjected.

157. Firing on the Move. Bffective fire can be delivered on the movo because of
the gtabilisation of the MG in traverse. This enables the commander to concentrate
on overcoming the problems of controlling the fire in elevation described in para
154 b. Only the frontal arc from 5400 to 1000f can be used practically when firing
on the move because of the limitations imposed by the commander’s seat as described
in para 156. :

158. Hand Traverse Control Firings. A grip handle is provided to traverse the
cupola when the locked/free hand control is at free. This enables the cupola to
be traversed by hand on a push and pull basis. The degree of control availabloc by
use of this means of traverse was not sufficient to counter-act the twisting
moment of the off-get MG and prevented accurate fire being delivered.

159. Pintle Mounting. No merit could be discorned for this mounting whatsoever.
It 2

a. Requires two men to operate the gun .as one has to feed the belt to the

b. Exposes the firer and loader when used.

c. Doesg not have sufficient rigidity for accurate fire unless the butt
is fitted to the MG.
Poneluglong

160, The commanders MG is only capable of effective fire at stationary targets
whon 2
a. Over a frontal arc of between 2
(1) 5400 and 1000f when the tank is moving.
(2). 4400 and 20004 when the tank is stationary.

b. The K60 engine is running.
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COMMENTS

Introduection

161. 1In the various test reports in the previous paragrapha comments have been
omitted as far as possible. This section of the weapons report contains the ¢
comments of the Weapons Trials Officer, Troop Leader and Crews on the wehicle's
design as it affects the weapon system. Some of the points raised may be debat-
able and the result of national or personal prejudice but the intention has been
to comment on the vehicle as if it had been of UK design. Where good points have
been noted these arec mentioned. It may seem though that these are heavily out-
walighed by adverse criticisms. Unfortunately it 1s casier to criticise than
--0Peate--and--the-makers -magt-be--assured that—eprofusion-of-miner-quibbles-does-nobt
detract from the overall soundness or originality of the concept.

Main Armament

162. The Oun. The points noted for comment were:

a. JInsulation. There is no thermal slesve on the barrel. This will make
the fire control system inaccurate because of barrel bend in woather
conditions such ag cold winds and Tain or snow.

b. Extractor Operation. The design of the extractors and their mode of
operation differs from the UK 105mm gun. In view of the failure of the
extractors on Tank No 2133 in Test 5 (see para 109) it is possible that a
redesign is required to ensure a more positive unseating of the cartridge.
In all fairness however it must be pointed out that this defect only
occurred with UK APDS ammunition. On the other hand it did not ocour with
Tank No 2132 and it is considered that the chafing of case by the loading
gystom as noted in the preliminary test with Tank No 2133 was probably a
contributory factor tc this fault.

163, Recoil System. The recoil system is a hydro-pheumatic system of quite
complicated design. It proved most reliable and no maintenance other than crew
servicing was necessary on either tank during the trial.

16L. Ammunition. The Swedes claim that higher velocity and reduced muzzle
pressure from their longer barrelled 10%mm gun reduces obsouration. In the
opinion of the UK Trials Team there was no noticeable reduction in obscuration
when firihg either APDS or HE. Observation with APDS, as with CENTURION, remains
impoasible below about 2000m in normal conditions and the comparative minimum
range for HE observation is about 600 to 800m.

165. loading System. The loading system is complicated and not entirely reliable
ag yet. Jams oceurred at various times on both tanks. 4s mentioned in the tests
the semi~automatic loading system does not increase the rate of fire in a single
angagement but its advantages when reliable are:

a« 'The elimination of loader fatigue and the freeing of a crewman to add
to the obgervation capability of the crew.

b. ‘the improved availability of the ammunition ie. all 50 rounds are ready
rounds whereas wlth CENTURION there are only 14 or 15 rounds in this category
aven on the later marks.
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166. Drills. The drills for the main armament are effective, simple and easy
to apply except for

a. Hand Loading Magazine. This requires three operations, two carried out
simultaneously with separate hands, on controle which are in different arcas
on the reverse driver's rear bulk head. It is thought that the conirols for
this magazine could be simplified and concentrated at the one point.

by Misfires and Jammed Rounds. The proposed drill of ejocting migfireg ie
not always successful and it was found in practice when using drill rounds
that these had to be removed by hand. With jammed rounds a member of the
orew lnvariably has to dismount and remove the round with the long lipped
bar provided in the tool kit.

Gun Control BEouilpment

167. QGun Controls - Safety.

a» There are far too many safoty switches and mechanisms. The presence of
all these interlocks and the omission by the crew to mske them all caused
gericus delays in oponing fire in Tests 2 and 5. TIn CENTURION there are 5
only two applied safoty switches to be made. These are firstly the gunners
selector lever must be positioned for the desired armsment and secondly, on
the main armament only, the loaders safety switch must be made. With ite
automatic loader the 8 Tank applied safety could be cut to a single three
position armament selector switch wlth main armament, MG and safe positions.
Instead there are four @

(1)s The Main Armament Mechanical Safety Lever which withdraws the
firing needle assembly and is situated to the left rear of the commandér.

(2). The Weapons System Switch.which energises the firing circuits and
is situated on the main switch panel under the gun barrel.

(3). The Firing Safety Switch on the commander% and ériver/gunnefb
control boxes. NKB. Only one hag to be made by whichever of these orew-
men is firing but there is another switch which has to be made before
any of the commanderf controls become operative.

(L). Tho Armasment Selector Switch which like {3) ie on the control
bozxes. This must be set to either main srmament dr MG.

b. Despite tho pre-orcupstion with safety interlocks the positioning and
operation of the actual firing awitch leaves much to be desired.

This wwitch is far too similor in appearance, feel and operation to the
loading switches. It should require operation by a different digit to the
other switches, preferably the forefinger to reduce personal intervals to

a minimum, and be an entirely different action ie. a pull instead of a push.

168. Gun Controls — Loading Switches. Duplication of the switches seoms
unecessary and it would be more distinctive to have only one each side for a parti-
cular nature of ammunition.

169. Travorse System. The normal traverse available when the K60 engine is
running is similar in response to UK powersd traverse systems. Fire and rapid
laying is quite simple. The worrying point about the wehicle is that without this
noigy engine running there is no capability for traverse. This will raise training
difficulties but more important is the severe tactical limitation in defensive
positions at night.
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Blevation System:

a. The elevation control is mainly positional and only partly rate, l.e.
the elevation position is determined by the amount of deflection of the con-
troller and the engine speed determines the rate of movement to the new
position. This system is not as easy to use rapidly for fine laying &8s a
rato system and generally results in the layer overshooting and having to
roverse his direction of lay to get on to the target. The system has the
advantage of being relatively simple to engineer which a rate elevation would
not be on the 'S' Tank configuration. It can be used to lay accurately but
layers do need considerable practice before becoming skilled in its use,
especially with moving targets.

171.

until after the tank had settled from the shock of main armament discharge

the elevation system would return the lay to within Q.28 of the firing lay.
his aid not prove to be the case and movements of up to 34 were recorded.

This is considerably more than experienced with CENTURION,.

Commander's Over-ride. Compared with the CENTURION the commender's over=

ride is relakbively silow in both application and release. A far greater drawbacl,
however, is the fact that when control is hended over by the commander to the gunner
the tank assumes an elevation attitude to conform with the gunner's elevation con-
trollere Similarly, when the commander assumes control the hull elevation alters
to that set by his elevation controller. This does not facilitate rapid inter-
change once a target has been indicated and virtually commits the commander to
laying the gun for all engagements in which he acquires the target to avoid time

delayse

Thiz deficiency could be overcome by ganging the driver/gunner's controller

to the commander's whenever the commander assumes control.

Pire Control Equipment

172,

Sights - Adventages. The commander's and ariver/gunner's sights are extremely

good. instruments which appear to be better than UK sights in the followlng detailss

173

specifications for sealing against adverse atmospheric conditions.

ae Easy selection of varying magnifications to suit variations in conditions.

b. Easy selection of one of three filters to reduce glare when laying against
strong sunlight.

¢e Binocular vision which improves observation and performance at low light
levels.

e Automatie shutter to cut out muzzle flash.

S8ights — Disadvantages, It is doubtful that the sights would meet the UK
Other practical

penalties are:

a. The large and hence vulnerable object prism.

he The ﬁeight - 85 1bs, although they only require removing to change a
s damaged .obJject prism.

/17l esne
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174. Graticule.

a. The graticule pattern was not liked by the UK Crews for the following
reasons:

(1). The pattern is toc repetitious making it very easy for the
layer to place the wrong range mark on the target. 'This was eclearly
shown when during one of the 2000m HE gccuracy series the gunner used
the 1700m in mistake for the 1900m mark.

(2). There are far too many aim off marks for moving targebs which
also confuse the eye.

b. Other criticioma are:

(1), The 600m AP mark is superflous because of the flat trajectory
of APDS.

(2). The provision of windage marks appropriate for 5 and 10m/s
cross winds is questionable. There is no means of measuring the
wind to the target other then empirically by firing. A round on

the ground allows the correction of all the line errors arising from
windage and tilt but when only varying windage marks are given it is
very difficult to correct for g line error at the same time. A

mach better system would be to have the lateral mil scale on a moving
cursor where it could be used to mark:

(a) The range being used.
(b) Line corrections.

175. fupola. The obaservation facilities provided by the cupola would be
excellent if the commander's MG spent case bag could be dispensed with. Even
with the fourth periscope blanked off the cupola gives good observation. The
gight as mentioned para 172 1s excellent as is the fire laying control provided
by the Joystick. The adverse cricisms of the cupola are:

a. There is no provision for a geared hand itraverse. This is essential

on a tank with no turret and no hull armament laying capability when the
engine is not running. It would enable effective fire from the commanderis
MG to be used to defend the vehicle in leaguer and silent defensive positions.

b.  The contra-rotation facility is not satisfactory. The cupola jumps
about 4O0f on coming into or being unlocked from 'line~up' with the hull
armament. Until this is rectified the facility is worthless as it defeats
the object. Just as the commander gets the hull armsment laid on an
indistinet target the whole system moves and he has to re-locate the tavget
and relay. This fault also nullifises the value of the traverse indic:tor
ring which shows the angular location of the commander's sight relative to
the hull asrmament.

¢s A more positive line-up lock or automatic slowing device is required
as it is possible to overshoot line-up at maximum itraverse rate.
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d. On several occassions during the trial the K60 engine was switched

of f without the cupola being switched off and locked in co-incidence with
the hull armament. In these circumstances the cupola rotates until it

comes up against the stops protecting the electrical imput leads. If left
in this state damage will occour to the mechanism. To overcome the situ-
ation the engine must be restarted and power control reassumed to centralise
and lock the cupola in co~-incidence with the main armament.

176. Semi - Indirect and Indirect Tire. Although these are tertiary roles for a
tank the normal instruments for effecting semi~indirect and dndirect fire are
also valuable for laying on fixed lines at pight. The use of a clinometer-rangs

drum poses no problem in the § Tank but the use of a traverse indicator docs.

On unoven ground the tank does not pivot about its centre but over arcs of up %d
uooﬁ it is probable that the attondnnt errors would be insignificant. If the
cupola were modified to overcome the instability descritod ir b. of the previous
para the present braverse indicator ring would suffice to enable line switchos
for fixed line firing to be recorded but it has the dizadvantage of only being
viglible to the commander.

177. Crest Clearance. To enable full advantage o be taken of the low
gllhouette of the § Tank and its capability of adopling very good fire posltions
some mechanical method of cza?king creat clearance must be incorporated in the
vehicle. A% present in the 8 Tank the only method of checking crost cleasrance
iz to open the breech block and ejector deoor dismount, remove tamplion (if
fitted) and look up the bore. Under certain conditions these actions may not

be poasible, It ig therefore suggested that a simple optical device, eg. a
toleoaocope, be fitited onto the vehicle with ide axiz parallel o ihat of the

main armament, this could have either its own eyepiece or its image projected
into one of the main sights.

178. Observation. Tha\S’Tank has probably the best coverage of all round
observation by the crew of any tank because of the reverse driver. It could be
even further improved by giving him a periscope covering the right rear of the
vehicle.

MGs

179. General. The engineering of the MG installations is one of the weakest
points of the design. In many respects they appear to have been added as

an afterthought. For both the hull and the commanders MG the crews have to
pack the ready boxes from separately supplied belts. With all three MGs the
belt is turned through 900 in coming from its box to the gun. This tends to
cause feed stoppages and not one of the guns can be cleared of a secondary
stoppage without considerable exposure of a crewman. The only good point about
the installations is the avoidance of toxic fumes in the crew compartments by
placing the MGg ocutside.

180. Hull MGs. - The best point about the Hull MG installations are the ability
to zero the guns to the sight and the abserice of toxic fumes in the fighting
compartment. The first of these two is a point of general design which could
be applied to other tank MG whereas the second can only occur where the MGs are
mounted outside the crew comparitments. The disadvantages to set against these
two advantages are:
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a. To release the catch holding the 1id OPFN the orewman must put his head
inside the pod and take the weight of “he lid. This is dangerous as ghould
he siip he would be trapped under the heavy 1id and probably suffer

gericus 1f not fatal injury.

b. The inability to clear all but the simplest stoppages without exposing
& crewman.
c. The restriction of the ammunition to 1000 rounds.

d. The alternate firings of the guns. It would be much better if the guns
were selected and fired one at a time until their ammunition was used up
or they had a atoppage.

e. 'The ready boxes that have to be packed bty the crew require extremely
careful packing to avoid frequent feed stoppages which cannot be remedied
by re-cocking.

Commanders MG. The following adverse criticisms are made 3

a. The MG mounting is too high and has a distinctive signature which
frequently discloses the presence of the tank when it is "turret down'.

b, The elevation control is awkward. The damper has to be clamped rigidly
to get accurate fire in elevation and is too slow to undo to allow for
rapid changes for corrections. In addition the damper makes accurate fire
on the move difficult despite the stabilisation in line provided by the
cupola. The elevation control could be improved by having elther i

(1) A geared hand elevation system with an electric motor and
gtabilisation for firing on the move,

or,

(2) A quick release on/off lock operated by a lever on the hand
control allowing rapid change of clevation and rapid locking once the
desired lay is achieved.

¢« The firing control is a lever and is awkwardly positioned in relation
to the elevation controller on which it is fitted. A switch operated by
a thumb would be preferreds Thig would leave the remaining fingers free

- to operate a loock/free device such as recommended in sub-para b. above.

Local Smoke

182.

The system seems most satisfactory except for the tightness of the grenades

in the discharger barrels which virtually prevents their being unloaded other
than by firing.
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Cfew Duties

183. Commander. The commander has additional facilities to those provided

on any other tank and can operate the vehicle single handed. Normally he will
not use the driving and firing capabilities but leave these in the hands of the
driver/gunner. The big advantage in the commander having these facilities leg
that he can save time by merely taking control for moving rapidly into a diffi-
cult fire position or the engagement of a suprise target. The one feature which
may overload the commander is his MG. This is the only effective means of
delivering prophylactic fire on the move and if the commander has to fire a lot
it will detract from his proper function.

184 . Gunnér/Driver. Uging one man to do two jobs is extremely desirable from

\&, manpower view as long as efficiency is not impaired. In the case of the
8 ankmthiswiswsomﬁorw%hewGunner%@riversmweremperﬁaetlym&blewtoweapzymoutwb0$hwmm

tasks and appeared no more fatigued at the end of the day than a normal
CENTURLON driver.

185. Reverse/Driver. From a work study and cost offective view the reverse
driver in the S'Tank is an unnecessary luxury as the vehicle can be effectively
fought by the two forward facing crew-members. However the advantages of
having him far outweigh any of the above reasons, these are @

as He can replace one of the other twe crew members for casualty or
fatigue reasons. :

be He can answer the radio if the other two crewmen are engaging a target.

cv He can maintain observation to the rear and drive the tank tackwards
when changing fire positions or withdrawing.

d. He is of immense value for vehicle maintenance which two men would
find arduous.

e. Physchologically a two man orew is inferior to a three man.

f+ A three man crew in the 's'Tank will enable the vehicle to operate
for significantly longer periods on the battlefield.

Bxpogure in Iire Pogitions

186. Frontal Aspect. As the gun does hot move relative to the hull it can

be mounted next to the roof as no internal swept volume ls required above the
gun to obtain depression. This results in the height of the sights and hull
roQf being reduced from 2ft 6ins above the gun on CENTURION to a mere 1ft 3ins
on S Tank. With its present commander's MG this good point is somewhat nullified
as the mounting is so high and distinctive it helps to identify and locate the
tank despite the small amount of its hull which is exposed (see para 18la).

187. Bide Aspect. The comparison of the side aspect exposed by the '8’ Tank
with CENTURION in any one fire position is difficult to assess truly. The two
vehicles will give completely differsnt targets in different positions because
of their peculilarities. Generally speaking the S Tank is smalleor and will
displey a lower target even if it is slightly longer than the CENTURION. This
would give it an advantage as the lower a target the more critical becomes

the estimate of range and this makes targets of small height the most difficult

to hit.
/Firing on the Move

C-38
" CONFIDENTIAL -~ UK AND SWEDISH BYES ONLY




CONPIDENTIAL - UK AND SWEDISH EYES ONLY

Firing on the Move

188, Suggestions have been made that the problem of firing the main 2rmament on
the move could be overcome by having a stabilised sighte This would not really
overcome the problem as even with a stabilised sight the gun still has to be
brought to coincidence in both azimuth and elevations The possibility of
effecting this, even for an instant, with a vehicle embodying the 'St Tank concept,
is considerecd to be remote.

CONCLUSTONS

'S¢ Tank in Relation to CENTURION

189. The 'S*' Tank has shown in its weapong trials that its treverse rate is
inferior to the CENTURION but the system can be used to lay with similar accuracy.
To compensate for the inferiority its optical devices are better so that in com-
bination its target acquisition ability, overall, is equal to that of the CENTURION.

190. At present the 'S' Tank's gunnery performance when stationary firing against
stationary targets corresponds to that of the CENTURION 105mm gun tank without a
ranging gun. The addition of a thermal sleeve would improve the 'S' Tank's per—
formance beyond this point because of its superior sight stability. I the
intention of fitting a laser range finder is realised the 'S' Tank will then surpass
the performance of the ranging gun CENIURION.

191. Against moving targets the 'S' Tank did not seem to be very accurate from an
analysis of the layer's point of aim. However, no comparative data is available
as yet for CENTURION. In the delivery of accurate fire whilst it is on the move,
the 'St Tank cannot compete with the latter.

192, The semi~automatic loader does not increase the rate of fire of the tank in
a single engagement., It will do so, however, for prolonged firing as the first
and last rounds in the magazine are equally availables Not only is replenishment
within the tank avoided but replenishment from echelon ls greatly simplified and
speeded up by the concentration of the ammunition stowage into the loading system.

15 Pank Desipn

193, The weak points of the 1$Y Tank design as the vehicle exists at present are:

a. Loading System. The principle is excellent but as yet the system is
not’ fully reliable, nor is the method of removing misfired or jammed rounds
completely sound, These problems will almost certalnly be solved with
development.

be Gun Control Equipment. The two main polnts are:

(1) The Lloss of lay in elevation when laying control is passed from
the commander to the driver/gunner.’

(2) The excessive number of applied safety devices in the firing
circuits.

/Co asso0
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ce Fire Control Eguipment:

(1) The Sight Graticule is too cluttered, confusing and repetitious
for a fixed ballistic paltern.

(2) Laying Instruments. There is no real provision for fixed line,
semi-indirect or indirect fire instruments. The clinometer is only
graduated in mils. The traverse indicator scale showing the relative
offset of the cupola cannot be used because of the way the cupola jumps
when unlocked from its 'line~up' position.

de Commander's Cupola:

(1) The advantage of a contra-rotating cupola is almost completely
lost by the way in which the cupola Jumps when 'line-up' is achieved
or when unlocked from 'line-up's This same fault prevents the cupola
being used to measure bearings for correction of fixed line, semi-
indirect and direct fire. (See c¢.(2) above).

(2) A hend traverse gear to enable the cupola to be rotated easily
and accurately when the K60 engine is switched off would be of great
assistance both in silent surveillance and for accurate emergency
defensive M& fire.

8. Mas:

(1) General. The insbility to clear all but the simplest stoppages
snd replenish ammunition without exposure of a crewman is a definite

disadvantage. The presentation of the belts to the guns by turning

them through 90° aggravates feed problems and frequently causes stopw
pages.

(2) Hull MGs. The 1id of the pod containing these guns should be
redesigned to meke its opening and closing safer.

(3) Commander's MG. The commander's MG is the only weapon available
to the crew if the tank is ambushed without its engines running. To

enable 1t to be more effective it needs a graticule in the commander's
sight and a better elevating gear. In additlon its traverse in these
conditions would be improved if the cupola had a geared hand traverse

(see d.(2) above).

'S';Eank Concept:

194. Advantages. -~ The abolition of & turret and gun movement, other than recoll,
within the hull has achieved the following advantages over a conventional turretted

" tanks
a. The reduction of size of the vehicle which considerably lessen the
chances of it being hit. In this respect it should be noted that it is
less of a tgrget when viewed from any aspect than any other AFV.

be The reduction of height exposed when in a fire position. This is
achieved for the reasons explained in para 186,

/Ce  ceae
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c. The easy combination and interchange of the duties of commander,
gunner and driver enabling these tasks normally employing three men to
be carried out by two.

d. The replacement of the loader by a semi~automatic loader and the vast
impro;emenﬁ in the ready ammupnition (rounds readily available at all
times ).,

e. The ability to mount a longer than normal gun bscause of the housing
of a large proportion of the barrel in the hull.

f. An improved stability between gun and sgight by the sbolition of
moving linkage.

Digadvantagoes.

8. MNajor Disadvantages. The two main drawbacks of the S Tank concep?
are s

(1) Silent Traverse. It is very difficult to ongineer a silent
traverse ability for use at night in defensive positions into the tank.

(2) PFiring on the Move. The problem of delivering accurate main
armament fire on the move would seem insuperable.

b. Minor Digadvantages.

(1) & possible reduction in the total number of rounds carried. This
iz largely compensated for by the improved availability of the rounds
carried.

(2) The reduction of the normal 30° elevation range of ~10% to +20°
to the order of ie. ~10° to +12° as on the '8 Tank. Dopression is the
vital factor however and providing this is not sacrificed this is not
too serious a disadvantage.

C-4l
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APPENDIX 1 TO
ANEEX € TO

AT/1125/GT/L28

DATED 13 FEB 69

EQUIPMENT
Test A
1. Vehicles

a. '8'Tank No 2132.
b. One 3 Ton Truck.

2, Armupition
G 10 émm
(1) 20 rounds APDS.
(2) 25 rounds Swedish HE M61A.
(3) 5 rounds Swedish HE representing smoke.
ba ‘ 062[1'1!11
(1) 2 x 500 round containers.
(2) 7 x 250 round boxes.
c. Grenades
(1) 24 8wedish Local Smoke Grenades.
(2) 6 x No 83 Coloured Smoke Grenades (in lleu of No 36 Grenades) s
3. Other Items. Stop watches and vehicle tools.
Tegt B
L. Vehiclegs. S Tank No 2133 with all viaion devices fitted.
5. Qther Items
a. ‘Chalk.
b. Tape Measure.
cs  Artillery Director L1l4l for angular measurement.
Teat C
6. Vehicles. *S'Tanks Nos 2132 and 2133,
T. Other Items -

a» Stop watohes.
b: Compass.
¢. Landrover.

d. Three 0.6m wide by O.hm high plywood replices of a small turret such
as on FERRET. Each target had a headlamp mounted in its centre which was
flashed when required to simulate the muzzle flash of a gun firing.

/Prel:ﬁmln&;;! APDS s e .
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Preliminary APDS Loading and Firing Test

8, Vehicles

O

b.

LN

3 Tanks Nos 2132 and 213%3.
CENTURION Mk 13 No 44 BA 72 with 105mm barrel No L3580 measuring

H 4.157in V 4.160in at 1lin from the commencement of rifling before the
test and H 4.168%in and V 4.170in afterwards.

9. Ammunition

e

Two rounds of UK 105mm APDS L28. B

b.

21l rounds of UK 10Smm APDS L5241 supplied on Arty 2 Requisition N

A2/ /LO6A and without Swedish Additive.

10. Instruments

[

105mm Service Muzzle Boresight No 362.

Reference Telescope No 7.

CENTURION Gunner's Sight Periscope AFV No 30 No 2135/63.
Gauvges and Calipers for measurements of the shot.

Meteorological Instruments.

i

as 8 Tankas Nos 2132 and 2133.

be

CENTURION Mk6/2 No 01 ZR 81.

12, Ammunition

Qe

APDS. 52 rounds, of UK 105mm L52 with Swedish Additive as supplied

on Arty 2 Requisitidh No A2/1,73.

b,

Ca

HE. 28 rounds of Swedish 105mm HE M61A.
MG. 200 rounds of Swedish 7.62mm MG linked one trace three ball.

15, Instrumentation

Se

Range Survey. Tellurometer supplied and operated by Locating Wing,

School of Artillery, Larkhill.

b.

Velocity Measurement. BVA (Blectronic Velocity Analyser) radar

supplied and operated by the School of Artillery, Larkhill,

c. IVRDE Reference Muzzle Boresight No 12.

d. Swedish Service 105mm Muzzle Boresight.

¢e Barrel Measuring Gauge for 105mm Gun L7Al.

£, Meteorological Instruments.

g« 35mm Robot Camera for recording gunnerQ lays. Fitted to the 'SY Tanks
only.

CLm2 /Test 2
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Lest 2
4. Vehicles. 'S8' Tanks Nos. 2132 and 2133.
15. Amnunition:
&o 105mme. 33 rounds 105mm Swedish HE MCZLA.
be  7s62mm. 1000 rounds Swedish 7.62mm MG linked one trace three ball.
16. Targets:
ae HE = Head on screens.

be MG - Fig 1l.

Cl-3
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APPENDIX 2 T0
ANIEL € 1O
AT1425/GT 1,28
DATED 13 FiB 4969

Legend:

artan

Prom Commander's cupola

- tat q NTRY A - A v 1IN
PG4 -~ 'S TANK LEVEL CUPOLA FROWT - - - - Trom Gunner/])river's hatch

1

£ 201
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FIG 2 ~ 'S' TANK ~ AT 12° BLEVATION, CUPOLA FRONT

Legend:
From Commander's cupola

e -~ = From Gunner/Driver's hatch
, c2-2 ‘
CONFIDENTIAL - UK AND SWEDISH EYES ONLY




COMFIDENTIAL ~ UK AND S.(bDISH BYES OFLY

v

N
SN
’r N
PR
/ ™~ f:!
/ ™~
/G RN
/
™~
/v N
/ﬁ) ~
ii&o / AN
N -
/ N""‘-h\ \\ (/W’
I “H-""'-- A T o
j 5%{(';2’2 \\ \v\,z?ofyrt._i[?
/ R
- NN ||
P ~ - N \\ ! ,/
‘\J ~ \\\\\\ ! l /
! ~ . NNV
N R NNV
M RSN
R O 2
| T v
\ ..—Mw«'""‘/"‘
L | ‘_,_.a-—"‘-"f—
\ ,_..—/".
WS Sy

FIG 3 —'9' TANK AT 10° DEPRESSION ~ DRIVER GUNNER'S PERISCOPES

C2m3

CONFIDENTIAL - UK AND SWEDISH WYES ONLY




CONFIDENTTAL - UK AND SWRDISH BYmg OFLY

PIG 4 - 'S TANK AT 10° DEPRESSION CUPOLA FRONT — COMMANDER'S PERISCOPES

(2l
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APPENDIX L TO
ANNEX C TO
Am/11237GT/428

DATED 13 FEB 69

RESULTS OF SWEDISH APDS
FIRINGS AT RAVLUNDA ON
7th AND Bth AUGUST 1968

1. Majors S.A.B. EDWARDS 3DG and D.D.A. LINAKER RTR attended the firing of two
accuracy series of Swedish 105mm APDS (with additive). These firings were arranged
because of the poor consistency noted during the UK trial with UK 105mm 152 APDS
ammunition containing the Swedish additive. (See Test 1 i Annex C).

2, Both series congisted of 10 rounds and were fired at targets at 2000m using
different tanks. Laying was by gunner's sight throughout and although FVRDE refer-—
ence muzzle~horesight and telescope readings were taken to check barrel bend it

was not compensated for by adjusting the gunner's sight. Velocities were

measured and shot separation was photographed. A photographic record of the
gunner's lay at the instant of firing was also made with the 35um Robot camera.

The strikes, MPIs and sds of the two series ig given in Table 1 below. '

Table 1 Details of 2000m Swedish APD3 Accuracy Series.

Serial Tank No 2110 Mank No 211k
& Round Strike (om) Strike (om)
H v it i
{a) (b) (o) (d) (e)
Lh <27 L5 -82
2 L38 +17 R 6 -96
3 L3} =80 17 -90
b L6k =3l 110 =143
) L16 ~17 166 ~130
6 R5 -7 158 ~90
7 R 3 20 197 -76
8 149 60 127 13
9 132 +52 L38 ~55
10 L9 +23 R18 -60
MPI L30.5 | ~-15.3 125.9 | -B86.5
sd (#) 0.13 0.20 0.19 0.16
Ch=1
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1. HE Shoots.
The timings and numbers of rounds fired in each HE engagement are

target.
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TEST 2 = DETAILED RESULTS

given in Table 1 below.

Table 1 HE .Shoots « Times and Rounds Fired

APPENDIX 5 TO

ANNEX C TO

AT/1123/GT/1,28

DATED 13 FEB 69

All engagements were successfully concluded with a hit on

Serial| Target Time to Total Time from Rounds Remaxrlks
Range lat Round Time firgt to Fired
(m% (secs) (secs) last round
(a) (b) (c) (d) (e) (f) (g)
1 950 51.5 65.0 13.5 3 Safety switoches
left at safe
2 1700 24,0 68.0 LI .0 L
3 11.}.00 21 o2 '4900 27 a8 2
I 1600 32.6 84.0 51 ek 2 As for Serial 1
5 1050 15.1 20.0 14.9 2
6 1300 17.1 30.0 12.9 2
7 950 13.5 590 4545 3
8 1700 18.8 65.0 L6.6 3
9 14,00 5.0 45.0 LO.0 3
10 1600 21.8 71.2 L9.4L 3
11 1050 11.7 24,0 12.3 2
12 1300 15.3 60.0 L7 L
13 - 19.4 59.0 - 2.5 | Mean per
Engagement Crew
A Serials 1 to
6.
14 - 1 ok 54 .0 - 3.0 | Mean per
Engagement Crew
B Serials 7 to
12.
15 - 16.4 56.0 - 2.75 { Maan per
Engagement both
Crews.
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Note The timings in Serials 1 and 4 are omitted from the mean times in Serisls

13 and 15.

2. NG

Shoots.

hits on target.

Table 2 MG Shoots ~ Times and Burats Fired

As with the HE all engagements were successfully concluded with
The times are given in Table 2 below.

Serlal | Target | Time %o Total Bursts Remarks
wmumﬁgmge 1§t Buyst ?ime . Fired
(1) (se68) (geag)
(a) (b) (c) (a) (e) (£)
1 750 Ll o O 70.0 2
2 600 3al 59.0 2 Safety lever left at safe.
‘ First burst offective.
3 T00 5245 535 3 As for Serial 2.
I 800 10.0 18.0 2
5 200 12.0h 18.¢ 2
6 400 1%.9 18,0 1
1 750 12.2 93%.0 3 Stoppage on one gun after
firat buret.
600 9.8 29.0 3
700 5.9 15.5 ?
10 800 27.0 1.0 1 Safety lever left at safe.
11 200 15,2 23.0 2
12 400 7.2 17.0 2
13 - 12.1 18.0 Mean Crew A Serials i %0 6.
14 - 10.3 21.0 Mean Crew B Serials 7 to 12.
15 - 10.8 20.0 Mean Both Crews.
Note. Timings from Serials 1 to 3 omitted from mean times in Serials 13 and 15

and timings from Serial 10 oritted from mean times in Serials 14 and 15.
The total time in Serial 7 is also omitted from the mean total times in
Serials 14 and 15.

C5=2
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APPENDIX 6 TO
ANNEX C TO
AT/1123/GT/1L,28

DATED 13 FEB 69

TEST 4 ~ DETAILED RESULTS AND ANALYSIS

Results

1. The detailed results of this test are given in Table 1 of this Appendix.

This table includes not only the average time, MPT and sds for each series of

10 lays by each layer but also a score figure. The score is simply the product

of the layers average time and his sds in line and elevation. It enables

comparison to be made more easily between individuals and occasions and by

using both dispersions, rather than a mean or combined one, 1t is_weighted"in favour
of the more important factor of consistency. The lower the score figure the

more creditable it is and to ease the task of comparison the scores have been

put together in Table 2 of this Appendix.

Analysig

2, Times. In Table 1 only layers No 2, 4 and 8 show a continued reduction in
average time with practice. In the case of layer No 8 this reduction of time
1ls accompanied by a fall off in accuracy and is therefore more likely to have
been achieved through sacrificing accuracy for speed than by improvement with
practice.

3. MPI.

a. Horizontal. There is slight evidence of layers No 6 and 9 being biased
to the left and right respectively however their MPI errors from zero are
about half that of layer No 7 who has the only bad bias of L0.284. The other
six  layers have random MPIs with an overall mean of left and right zero.

be Vertical. As the main movement of the target was in the horizontal
plane it is only to be expected that the MPI displacements from zero would
be less in the vertical than the horizontal plane. This is olearly shown

as the largest vertical error of 0.13ﬁ (layer No 6 series 2) is nearly a
third of the largest horizontal error of 0.35ﬁ (layer No T series 3). There
is some evidence of a tendency to lay high amongst the layers there being ‘
only 9 negative results out of the 27 and only one completely negatively
biased layer (No L4 ). This tendency to a positive bias would appear to be

of very little impertance as all the results were within ip.lOﬁ of centre.

4. Dispergion.

a. Horizontal. Only layers No 1, 2 and 6 achieve dispersions of less than
0,208 and No 2 and 6 did this on their first series. The worst values in
excess of 0.60ﬁ are obtained by layers Nog 3, 4, 5 and 7 in either or both
their first and second series. In the third series all dispersions are less
than 0.60f. but layer No 3 approaches it with 0.57d.

be Vertical. Again ag with MPI displacement from zero the vertical disper—
sion is less than that of the horizontal. O.SOﬁ of layer No T in the second
series is the worst overall and in the third series layer No 1 is the worst
with 0,314 ed.

C6~1 /Table 1 seua
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Table 1 Results For Three Series Fach of 10 lays Against a Moving Target.

Serial  Series &  Time MPT (#) sa (d) Score (sec_ﬁz)
& Layer Individual Time x sdh x sdv
Moans (secs) H v H v
(a) {b) {c) (d) (e) () (g) (h)
1 13.5 10.23% ~(.09 0.23 0.26 0,81
1 2 8.3 Lo.2L +0.10 0.38 0.32 1.01
3 13.5 RO.OYL +0.02 0.18 0.31 0.75
Mean 11-8 LO-]J]. +0.01 - - 0086
1 12.2 RO.12 +0.01 0.18 0.26 0.57
_____________ D > 11.7 - ROO02-ere(309 0.18 0.18 _.0.38
3 9.6 LO.OL -0.0%L 0.24 0.23 0.53%
Mean 11.2 RO.03 +0.03 - - Q.49
1 8.6 L0.09  ~0.03 0.93  0.45 3.60
3 2 9.2 RO.11 +0.11 0.73 0.3l 2.08
3 8.8 RO.15 +0.02 0.57 O.1h 0.70
Mean 8.9 RO,06 +0.03% - - 213
1 1.2 10.26  -0.0h  0.65  0.19 1,75
L 2 12.3% RO.06 -0.12 0.25 0.17 0.52
z 9.3 RO.22 ~0.10 0.28 0.23 0.60
Msan 11 0.9 LO. 03 -0 aO9 - - O 96
1 12.6 10.23 +0.01 1.53 0.31 6.00
5 2 10.3 RO.30  +0.07 1.16  0.39 L.67
:’) 11!0 RO.lO "‘0-06 0.27 0021 0062
1 1443 10.15  +0.07 0.18  0.23 059
6 2 10,2 LO.21 +0.13 0a42 D17 0.73
3 10.2 LO.0L +0.05 0.38 0.27 1.05
Mean 11.6 10.13  +0.08 - - 0479
1 9-0 LO-29 +0.10 00]4-9 0.20 0088
T 2 7.9 1.0.19 +0.10 0.62 0.50 245
3 10.0 L0.35 +0.02 0.45 0.1 0.63%
Mean 900 IJ0028 ‘+On07 - - 1.32
1 1.9 RO.0OkL ~0.01 0.25 0.08 0.30
8 2 13.3 RO.O3 -0, 0L 0.%1 0.16 0.66
3 11.0 LO-O}.} +0.02 0.26 0029 0-83
Mean 13.1 RO.01 0 - - 0.60
1 545 RO.12 +0.06 0.55 Q.43 1.30
g 2 541 RO.10 +0,11 0.43 Oeldy 0.96
3 8.0 RO.2L +0.01 0.48 0.15 0.58
06“2 /Te.ble 2 eese
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Table 2 Scores (Time x sdH x sdV x 100) of Individual Crewmen.

Series 1 Series 2 Series 3 Total
Serial ILayer Score Order Score Order Score Order  Scors Order

(a) (b) {c) _ (d) {e) (£) (g) (h) (i) (k)

1 1 81 L 101 6 - 5 7 257 L
2 2 57 2 38 1 53 1 14,8 1
3 3 260 8 208 7 70 6 638 8
4 b 175 7 52 2 60 5 287 6
5 5 600 9 L67 9 62 Y 1129 9
6 6 53 3 73 b 105 9 237 3
7 T 88 5 245 8 63 > 396 7
8 8 30 1 66 3 83 8 179 2
9 9 130 6 96 5 58 2 281 5
10 Total 1580 - 1346 - 629 ~ 3555 -
11 Mean 175 149 70 ~

5, Effects of Practice. The combination of the three factors of speed and

consistency in line and elevation enables a check to be more readily mads on the

improvements in performance or otherwise betwesn layers over the three series.
"From Table 2 it can be readily =een that :

a. Layers Nos 3, 4, 5 and 9 improved with practice.

be. Layers No 1 and 2 showed no positive improvement or deterioration with
practice.

c. Layer No 7 had a very bad second practice.

d. Layers No 6 and 8 deteriorated with practice.

6. Performance of Layers.

a. Table 2 shows that in the third series the differences in scores between

the layers had fallen off sharply and the previously poor layers wore much better
Tn oontrast Layers Nos 6 gnd 8 who overall were third and second were last

and next to last respectively in the third series,.

be Layer No 2 who was first overall was a Schools Gunnery Instructor. Layers
8 and 6 who were the next best were a driver and a gunnexr respectively. The
four layers who showed improvement with practice were all drivers with little
or no previous laying experience.

Co=3
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Annex 'D' to AT 1123/GT 428
dated 13 February 1969

'St TANK TACTICAL ASSESSMENT BY THE
TACTICAL SCHOOL RAC CENTRE

INTRODUGTION

Aln

1. To evaluate the concept of & turretless, three~man tank, as embodied in the
'St Tank, under simuleted battle conditions.

Durstion

24 The assessment was carried out between 11 and 23 June 1968.

Terrain and Weather

3 The SALISBURY PLAIN practical training area was useds This area measures some
25 miles from west to east and varies between 6 and 8 miles from north to south.

be The greater part of the training area consists of undulating chalk downs with
some steep-sided valleys. Most of the area is grassland, although there are a
number of isolated woods and copses. Fields of observation and fire are generally
good. However, dips and valleys lend themselves to concealed tactical movement.
The choice of concealed fire positions is often diffioult because of the tendency to
be drawn forward in order to cover otherwise "dead" ground in the dips and valleys.

5e The weather veried from very dry and dusty to very wet.

6. The oross-country going was generally very good, except when heavy rain made
the shallow surface soil slippery.

Participation
Ts Trogps Teking Part:
Serial Incl Item Remarks
Dates
1 11-23 Jun 68  Two 'S' Tanks
2 12=16 Jun 68 One armoured squadron &e. On 12 Jun 68, one
company of APC-borne
infantry also took part.
be On 15/16 Jun 68, two
companies of dismounted
airborne infantry also
took part.
3 20-21 Jun 68 One armoured half
squadron
4 21=23 Jun 68 One armoured regiment
/8.  Qbservers....
D~l
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8. Observers. The nucleus of the ohserver staff was provided by RAC Tactical
School. Other observers were provided by staff officers from HQ DRAC and RAC
Equipment Trials Wings One of the t5' tanks was commanded throughout by the Trial
Project Officer, a Major on the staff of RAC Equipment Trials Wing.

9. Advice and Techniesl Assistance. Two members of the staff of AB BOFORS3,
Captain JONELL and Mr. NYGREN, were present throughout. Their co-operation and
asgistance were invaluable.

10, Visitorse On 20 June 1968, a Swedish party, including DRAC, Brigadier
Go Ao He S. CEDERSCHIOLD and DGFVE, Brigadier C. He B. HAGBERG, visited the trial.
They were accompanied by ADAWS.

-.Method

11l. The performance, in all phases of war, of a turretless, three~-man tank
(19" Tank) was compared with that of a conventional turreted tank ( CENTURION) »

12, It was not the intention to conduct & measured, instrumented trial es time and
resources were not availables The performance of the 'S? Tank was examined in all
pheses of war and in the environments in which a main battle tank mey be expected to
operate in BAOR, with the following exceptions:

8. Fighting in Built-lUp and Densely Wooded Arecas. The tralning area was
not suitable.

be Water-Crossing Operations, There was no suitable water and radry" tests
could not be carried out as the 'S' Tanks were not fitted with wading screens. .

Ga Night Surveillance, Target Acguisition, and FEnpagement. The 'S' Tanks
were not equipped with night-fighting devices. Comments on their night-
fighting capabilities are given in the Wespon System Trial Report at Annex 'G*
pares 122-137. A considerable amount of night movement was, however, carried
out. :

de Winter Conditiong.

€. Armoured/Infantry Combat Team Tactics, Training with APC-borne infantry
was limited to one day and was carried out at troop/plaetoon level.

13, The two 'S' Tanks were deployed in mixed GENTURION/'Sf Tank troops, which cone
sisted of two CENTURIONS and two 'S' Tanks, or one CENEURION and two 'S8* Tanks.
These troops tock part in a series of exercises at troop, squadron and regimental
Jevel.

4. Our assessment is based on the observer's comments. These were supplemented
by frequent de-briefings of both the crews of the 'St Tanks and the troops taking
part in the exercises. It is fully appreclated that the assessment is subjective.

15. Appendix 1 gives answers to questions which have been freamed to cover the
principal differences between a turretless, three-men tank, as embodied in the 'S?
Tank, and a conventional tonk. It has been difficult to distinguish between comments
on the concept of a turretless, three-man tank and comments on a particular vehicle,
ieeo 'S ¥ Tank.

16. The main conclusions are sumnerised at paragraphs 23-28 below.

/DISCUSSION

D2
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DISCUSSION

Self-Propelled Anti-Tenk Gun or Main Battle Tank?

17. Turretlesa selfw-propelled anti-tank guns have been employed in many armies.
This concept has traditionally been used to reduce expense or to enable a vehicle

to mount a heavier gun than could be mounted in a turreted vehicle of comparable
size and weight. The coat of 'S' Tank, however, is possibly rather more than that
of the LEOPARD, which has a similar main armament. It follows that, for reasons of
cost and weight, 'S' Tenk should be compared with & conventional turreted tank and
not with & self-propelled anti~tank gune

18. It will be apparent from the detailed comments at Appendix 1, whioch are
sunmerised in paragrephs 23-28 below, that the 'S' Tark must be regarded as a main
battle tank. In comparing the 'S' Tank with the CENTURION the two vehicles were
regerded &s being required to carry ocut similar tasks. ‘

Firing on the NMove

19. Much of the literature on the 'S' Tank dismisses its inability to fire
acourately when on the move as uniwportant since no other tank is cspable of doing
this. The contention is no longer valid in view of the performance of CHIEFTAIN,.
The question relates largely to main amament, since the 'S' Tank's commander's
maéchine gun can be used for many of the tasks normally cerried out by the co-axially
mounted machine gun. However, the 'S' Tank commander's machine gun is not fully
stabilised and the commander will be fully occupied when firing it, to the exclusion
of other tasks,

20, It ia deairable that a tank should be able to deliver sccurate main armament
fire when on the move, and it is current British policy that our tanks should have
this facility. However, the importance which should be attached to this requirement
may be arguable. The main clrcumstances in which the faocility mey be used are idn
the assault with or without infantry or when caught in the open. Two questions
emerge from this which are beyond the scope of this assessment.

a. To what extent will the ability to fire mein armament effectively on the
move be required in future battles?

bs Are the disadvantages of not being sble to fire the main armament
effectively on the move outweighed by the undoubted advaentages of this concept?

The Value of a Low Silhouettie

2l. The value of the 'S' Tank's low silhouette as a means of both avoiding
detection and reducing the size of the target presented to the enemy was very
obvious. This, coupled with the excellence of the tank's vision devices, gave
very good results on the ground used for the trials. However, a point could be
regched when the increased conceslment gained by reducing & wvehicle's height will
be ocutweighed by the crew's loss of observation as their fighting positions come
nearer to ground level, 'S' Tank commenders also reported that their closeness to
the ground made night navigation more difficult then on CENTURION; although this
may have been due, in part, to lack of experience on 'S’ Tank, the comment is wvalid.
It is also possible to envisage terrain, a lane between high hedgerows is an extreme
exemple, when observation could be seriously reduced and traverse lmpossible.

/"M-X411" and "F-Kill" (1) ..
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"M-Kill" and "F-Kill"

29, Because the engine, suspension and tracks are required to lay the main srmament,
an "M-Kill" on '8' Tank amounts to an "F-Kill%. It can be argued that the crew of an
immobilised tank will not remain in it to fire the armament, Although history pro-
vides countless examples to the contrary, it is probably feir to say that the crew
will normelly leave a tank which has been immobilised by an armour-defeating weapob.
On the other hand, the crew of a tank which is immobilised by, for example, mines or
mechanical failure, may continue to fight it This charscteristic of 'S' Tank is
undoubtedly a disadvantage ~ but the extent of the disadvantage is a matter of opinion.

NOTE: "M-X3ll'. Vehicle incapable of controlled movement, Irreparable by its
crew on the battlefield,

W R TIN . Vehislé 1ncap§ﬁléwvfmfightingmduemt0wcrewwe&sualtiasmorwdamagﬂwtnmwmwmmm

the mein armament or its associated oquipmente  Lrreparable by its crew on
the battlefields

CONCLUSTONS
Summary of Detailed Comments
25,  Congealment:
N The high position of the main armament in relation to the top ¢! the

yehicle makes the 'S' Tank & very small target when in a hull-down position.
be The shepe of the vehicle facilitates camouflage.

Co The vehicle's position may be compromised by noise and heat shimmer from
the gas turbine.

da The low silhouette makes the vehicle very elusive when moving.

2he Fire Positiona:

Be Viewing devices and control arrangements enable the vehicle to be rapidly
moved into fire positions.

be The low silhouette of the vehicle emables it to occupy positions in which
the CENTURION would be very exposed.

. Ce The absence of a satisfactory method of checking "crast~clearance"
prevents full use being made of the sbove characteristics.

25. VWeapons:

-1 Txcellent observation is provided by first class viewing devices and
sights. The rear driver is a great adventage in this respecte These
facilities, combined with a traverse speed similar to that of the CENTURION
turret, enable the '8' Tank readily to acquire and engage targets over a wide
arcs

be The hullemounted machine guns are of limited value when the vehicle is
moving and they camnot be cerviced or loaded from within the vehicle.

/ce asne
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¢s A major failure in the automotive system prevenis the hull~mounted
armament being laid.

d. All 50 main armement rounds are "ready". The stowage of these rounds
in an accessible magazine greatly facilitates replenishment.

26. Automotive:

a. The cross-country speed of the vehicles tested was inferior to that of
the CENTURION, although their road speed was higher.

b. The 'S' Tank is capable of making sudden sharp changes of direction
throughout the speed range.

¢» The K60 must be kept running if there is & possibility that the hull
mounted armament may have to be laid without warning.

27. Versatility. The mein armament cannot be fired effectively when the 'S' Tank
is movinge

28, Crew Factors:

a. The commander's possession of full gunnery and driving facilities is a
great asset. On the occasions he will employ them, they will simplify,
rather than complicate, his task.

be The auto-loader reduces crew tasks and fatigue.
ce Although it is technically possible to fight the 13! Tank with a two-man
crew, such a tank would be at a severe disadvantage in view of the value of

the reverse driving facility and the number of tasks which will normally be
given to the rear driver.

xeneral Comments

29, It is emphasized that the assessment is based on subjective judgments formed
over & short periode Subject to these limitations, it is possible to highlight
_the most significant tactical advantages and disadvantages of the concept of a
turretless, three-man tank, as opposed to the way in which that concept has heen
embodied in a particular vehicle:

8o Advantages:

(1) The mounting of the main armament close to the top of the hull
reduces the target exposed to the enemy when in a hull-down position.

(2) The low silhouette allows greater freedom in tactical handling
and makes the vehicles very elusive when moving.

(3) Given an auto-loader and duplicated controls, the AFV crew may be
reduced to three men, one of whom can be available to watch the rear and

flanks.

/be  Disadvantages eeee
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be Disadvantages:

(1) The main armament cannot effectively be fired when the vehicle is
noving.

(2) The main armement cannot be laid unless hydraulic power is available
and the automotive system is functioning.

30, Two questions were identified as possible subjects for operational researcha
They are:

a. To what extent will the ability to fire main armament effectively on the
move be required in future battles?

b. Are the disadvantages of not being able to fire the main armament
effectively on the move outweighed by the undoubted advantages of this concept?

31. The 'S' Pank has been evaluated as a main battle tank carrying out the tasks
given to the CENTURION. From a tactical viewpoint there is no doubt that the
vehicle carried out all the roles of a mein battle tank except that it cannot
deliver aimed main armament fire on the move. It is ourrent British policy that
tanks shall deliver accurate main armament fire on the move.

D~6
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Appendixz 1 to Annex 'D' to AT 1123/GT 428
dated 13 February 1969

SWEDISH 'S' TANK -~ TACTICAL ASSESSMENT
DETAILED COMMENIS

Introduction

1.

The following comments consist of answers to questions which have been framed

to cover the principal tactical differences between a turretless, three-man tanik,
as embodied in the 'S' Tank, and a conventional tank.

2e The comments are grouped under six headings:
Sy Concealment.
b Fire Positions.
Coe Weapons .
de Automotive.
e Versatility.
£ Crew Factors.
B It is importent to bear in mind the conditions in which the assessment took
place (see Annex 'D', paras 1l-14).
Lo Terminology. The terms "hull«down", "periscope~up" and "turret-down" are
used in the same sense as when applied to 2 conventional tank.
Concealment
5. What kind of target does the 'S' Tank, when in a fire position, present o the

enegg?

6e

2. Excluding the commander's machine gun, the height of the sights and
turret roof above the gun is 1ft 3ins on the 'S' Tank, compared with 2ft 6ins
on the CENTURION.

b The smallness of the target presented head on when in a hull-down position
was very noticeable. Despite some doubt on occasions as to whether the tank
was "ecrest clear" both observers and commanders and gunners of opposing tanks
comnented most foreibly upon this point.

C. No very significant increase was observed in the area exposed to a flank
by the 'S' Tank as compared with CENTURION. Because of the low and flat side
elevation, any such flank targef is likely to be long and low rather than short

and high, i.e. a more difficult target from the enemy gumner's point of view.

How easy is the 'S' Tank to conceal with camouflage?

8 The shape of the vehicle greatly assists concealment:

(1) The barred engine covers are ideal for covering with turf.

/(2)  eees |
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(2) The shape of the vehicle is difficult to distinguish. It is
basically one mass, not two messes -~ hull and turret. It has no long
gun. It was on occasion noticed that the two rear-mounted bins assisted
in identifying what otherwise appeared as an indistinet mass as an 5t
tank. Furthermore, its position was often compromised by the commander's
maching gune

be Whilst it is true that the 'S' Tank may disturb local cover (e.g. bushes)
whilst it is traversing in a way that a conventional tank would not, it must be
appreciated that, while traversing, the radius swept by the main armament about
the vehicle centre is less than the radius swept by the turret and main armament
?f the §¥NTURION. (17ft 6ins {53hems) compared with the 'S' Tank 15t lOwlns
L8Lkemas)) .

7n

To what exbtent does the '8! Tank's iow silhouette make it difficult to observe

and engage whilst it is moving tactically?

8.
smoke

B The vehicle is exbtremely elusive.
e The comment &t para 5.c. above is equally valid when the tank is moving.

To what extent is the 'S' Tank's position compromised by dust, noise, engine
and heat shimmer?

8 Dust. No significant difference was observed between the 'S' Tank and
CENTURION .

D Noise. The gas turbine produces a high-pitched whine which carriea
further than the sound of a reciprocating engine. The whine reveals the
direction of the vehicle mors accurately than does the low-pitched noige of
CENTURION. -

Ce Engine Smoke, The K60s of the trials vehicles gave off considerable
smoke, particularly when starting. This may have been accentuated by the
inexperience of the drivers. It is understood that s fuel additive is being
developed to help overcome this problem. '

s Heat Shimmer. The efflux of high temperature gases from the gas turbine
is on the top of the vehicle. Heat shimmer often gave away the position of a
vehicle at ranges up to 1000 metres. The thermal signature must be very dis-
tinctive.

Fire Positions

9.

Is the 'SY Tank able to take up fire positions guickly in all types of country?

= Apart from difficulty in checking "crest clearance" (see para 11 below)
no problems were encountered. Indeed, because the driver/gunner's optics are
at the same height as the commander's, 'S' Tank is quicker than CENT'URION in
the final stages of moving into position.

be It is, however, possible to envisage terrain in which a conventional

tenk could take up fire positions whereas the turretless tank could not: for
inatance "bocage" country, sunken lanes, or narrow tracks on the side of
mountains. Although such conditions may be met but rarely, this could be a
significant limitation of the turretless tank concept. It should, however,

be borne in mind that the hull of the 'S' Tank is short and that the vehicle is
able to traverse to a flank in a very narrow space {see para 6.b. above) »

D12 fee  seee
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Ce Tt was very noticesble on a number of occasions that the ¥3' Tank was
able to take up “hull=down", “"periscope-up" and "turret-down" positions when
this would have been impossible with CENTURTON. This was due to the low
silhouette of the vehicle which enabled it to make good use of small changes
in the slope of the ground. It was also noticeable that the 'S' Tanks when
being employed as the leading tarks in a troop advance could often be noved.
very much further forward (i.e. closer to the enemy) than CENTURION withoutb
becoming visible from the front or flanks.

da The limited meximum elevation of the 'S! Tank (12° as compared with the
CENTURION's maximum practical elevation of 18°) could limit its employment in
mountainous country.

10, Do transverse slopesg present a problem?

No difficulties were experienced in laying.

1l. Are there any difficulties in moving between "hull-down", "periscope-up" and
"turret-~down” positions?

The commander®s viewing devices and driving facility make this easier than on
CENTURION. There is, however, no satisfactory means of checking "crest-
clearence”. Full use cannot be made of the vehicle's low silhouette. See
Weapons System Trial Report at Annex 'C', para 177.

12. Ts the 'S' Tank capable of moving rapidly from one fire or observation position
to another?

Yes. The rear-driving facility ensbled switches to be carried out rapidly and,
in withdrawal, enabled the front armour to be kept facing the enemy.

13, Ts !S! Tank capable of covering a wide arc, both with observation and fire,
particularly when closed down?

Yes.

1he Is there any tendency for the 'S' Tank %o dig itself in whilst traversing from
side to side if it i in a fire position in soft ground for any length of time?

80 Yes, but this csuses no probleim.

b An 'S! Tank might be traversed from side to side in one position in
two sets of circumstances:

(1) To check an arc. This will not have to be done more than once or
twice,

(2) Once battle has been joined and then only when the tank is sited in
defilade. If any tank is not sited in defilade it will require to move
after firing in view of the fact that its position will have been com=

promised.

Ca Traversing will not be necessary for surveillance purposes, because of
the gumner's wide field of wview and the commander's rotatable cupola.

/Weapons
Dl+3%
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Weapong

15

How does the '8Y Tamk compare with the CENTURION in guick targel acquisition

and engagement and in switching rapidly between targets over a wide arc?

8. The 'S' Tank's viewing devices and sights ere better than those of
CENTURION although:

(1) The commander's vision is blocked by the spent case box of his
machine gun and is restricted when viewing through the gas turbine
efflux.

(2) The rear driver's viewing devices give the 'S' Tank & grest
advantage over the CENTURION but they could be further improved to give

160

hin & wider field of view (see Weapons System Trial Reéport at Annex 'CY,
para 178).

b The engineering of the commander's cupola contre~rotaiion and line-up
facilities is unsatisfactory (see Weapons System Triel Report at Annex cr,

para 175 be).

6. When static the '$' Tank speed of traverse is slower than that of CENTURION .

de Gverall, the 1Y Tank's performance appeared approximately equal to that
of the CENTURICON.

What are the tactical implications of not being able tio deliver ajmed mein

armement fire when on the moveR

17.
2uns?

18.

See under "Versatility" at para 24 below.

What are the tactical implications of the method of mounting the bhull machine

When on the move, the weapons cannot be vsed to deliver aimed fire or readily
be used to deliver speculative fire. They camnnot be serviced or reloaded
unless a crewnan is dismounted.

Is it possible for control of the hull-mounted armament to be switched rapidly

from commander to gunner end vice versa?

19

No, owing to the fact that the commander's and gunner's elevation controls do
not override each other (see Weapons System Trial Report at Amnex 'Ct, pera 171).

Are there any tactical problems in the use of adjustable suspension and the

vehicle's tracks to lay the hullemounted armament?

B A noisy engine must be run continuously if these weapons are %o be
instantly laid without warning.

De A major failure in the automotive system prevents this armament being
laid. The significance of an "M-Kill" amounting to an "F-Kill" is considered
in the Discussgion at Annex DY, para 22).

Ce It appears that the accurate recording and application of quadrant eleva-
tions and line switches for indirect and semi=indirect fire would be difficult

in any vehicle of the 'S' Tank type. y
200 Peee
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20; What are the tactical implic¢ations of the method of loading and stowing main

- armament ammunition?

Ee

The auto-loader does not increase the rate of fire in a single engagement.

However, all of the 'S' Tank's 50 rounds are "ready" compared with 11 of

CENTURION Mk 13's 6he There is thus no requirement, as exists in CENTURICN,
for "ready" rounds to be replaced by rounds stowed in less accessible positions -
during which process the tank is temporarily out of action.

bo

The fact that the auto-loader is fed from & magazine readily accessible

from the rear of the vehicle greatly facilitates rapid replenishment.

Auvtomotive

21. How does the manceuvrability and speed of the 'S' Tank compare with that of the

CENTURLION? “

e

The '3' Tanks which were tested were not fitted with the high power

turbine, nor had they been modified to enable the transmission to be switched
Prom "road" to "cross—country" and vice versa without stopping the vehicle.

be

Co

The 'S' Tanks were superior to CENTURION in the following respects:
(1) Road speed.
(2) The reverse driving facility.

(3) The ability to make sudden sharp changes of direction throughout
the speed range.

The 'S' Tanks were inferior to CENTURION in the following reapects:
(1) Cross-country speed.

(2) The limitations imposed by the risk of the muzzle of the main
ermament striking the ground when crossing deep gullies. As a result
certain obstacles had to be approached and traversed obliquely. There
is also the problem that if mud etcetera is suspected to have entered
the barrel a crew member must dismount and check.

22, Are there any tactical advantages in the use of an adjustable suspension apart

from its use in laying the gun?

S

be

There are two advantages:

(1) Mobility. It can be used to help the vehicle to climp steps,to
cross obstacles smoothly and, in conjunction with the traverse facllity,
to extract itself from obstacles and sticky going.

(2) Dozer Blade. It facilitales the simple fitting of a dozer blade,
which will incidentally give increased frontal protection. Dozer blades
were not fitted to the test vehicles, but the advantages of the facility
are obvious.

The fact that the vehicle can lower itself without fore and aft tilting

by 4ins does not appear significant.

/230 aee
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“3, What are the disadvantages in e main engine being used to lay the hull-mounted
srmament?

Although the engine can be atarted easily, there is & time~lag of some two
minutes between starting an englne and the tank being ready for action. During
this period only the commander's machine gun can be re-leid. If, therefore, there
is a requirement to be prepared for immediate action, one engine must be kept running.
This has two main disadvantages:

a. The vehicle's position may be compromised by noise, engine smoke, or
heat shimmer.

be Fuel consumption.

Versatility

24. What are the disadvantages, if any, of not being able to fire the main armament
accurately when on the move?

This is clearly the key question of the triasl. See Discussion at Annex D,
paraa 19-20.

25. How does the 'S' Tank perform in the infantry support role?

The 'S' Tank lacks two characteristics of CENTURION:

a. Because of its shape and the position of the gas turbine exhaust,
infantry cannot easily be carrded on the vehicle. In the light of current
tactical doctrine, this is not seen as a serious disadvantage.

b. Aimed main armament fire cannot be delivered when moving in on the
assault.

26, How does the 'S' Tank perform in built-up and densely wooded areas?
a. It was impossible to test this on the ground used for the trial.

be The presence of obstacles such as trees and boulders within the radius
swept by the hull is thought to be relatively unimportant in that on striking
them the tank will pivot against them. It is, of course, possible to envisage
circumstances in which obstacles are so placed that the tenk lacks any capabil~
ity to traverse.

¢o The clutch/brake steering will give much greater agility in areas con-
taining c¢losely spaced obatacles, such as beech wood, than is available from
CENTURION.

27. How does the 'S' Tank perform in the "Shock Action” role?

The '3' Tank satisfies the requirement for mobile, protected firepower. The
requirement for a tank fo be capable of delivering aimed main armement fire
when on the move is considered &t Annex D, paras 19-20.

/Brew Factors
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Factors

28.
each

That are the adventages and disadvantages of the svstemn whereby two men are
able to carry out the functions of commander, sunner, driver and loader?

29.

20.

a. The conmandcr's possession of full gunnery and driving facilities is of
great advantage. It ensbles him - when rapid action is required - to move
ond shoot the tank himself thus avoiding the inevitable time delay and risk of
confusion if orders have to be passed over an intercom system.

b, It can be argued that the possession of these facilities by the commander
is merely overloading an already busy man. However, in the circumstances that
he is likely to use them, they are in fact reducing the load upon him, l.e.
they are meking his task very much simplers

Ca T4 can also be argued that the commander may be diverted from other more
important tesks (e.g. being immedistely available on the radic). This argument
is not valid in view of the circumstances in which the commander will act as
driver or gunner. On these occasions the correct and rapid movement or shoot-
ing of the tank will be of far greater importance than other possible tasks of
the commander, such as being instantly available on the radio net.

d. The auto-loader reduces both crew tasks and crew fatigue.

e. It is difficult to see any disadventages in the duplication of controls
other than increased complexily and cost.

What are the problems of the rear facing crew nember?

He has no particuler problems, except that his closed-down vision to the rear
is somewhat limited and his position is cramped. He does not appear to guffer
any ill-effects from facing rearwards when the tank is travelling forwards.

Is a three-man crew capable of fighting the 'S' Tank for prolonged periods

without undue strain?

a. No major problems are foreseens

be Although working and living space is limited, the 'S' Tank has a number of
distinct advantages over a conventional tank:

(1) The commander does not have to contend with the fact that he,
together with his main armament, may be facing in a different direction
from the hull of the vehicle.

(2) The crew have full use of all the space in the fighting compartment.
They are not faced with the problem of the rear end of an oscillating
gun, nor does the recoll of the gun take place within the fighting com-
partment.

(3) There are no machine gun fumes in the fighting compartment.

/3l eeee
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31, Is a two-man crew capable of fighting the 13t Tank for prolonged periods without

collapsings?

2

Tasks for the rear driver will include:
(1) Rear driving.

(2} Radio operating, including answering the radio if the other tweo
crew members are involved in an engagement. .

(3) Reduction of fatigue of commander and gunmer/driver by:

(a) Carrying out radio watch and guard dubied.

be

(b) Assisting with replenisbment, servicing and camouflage.
(¢) Acting as relief.

(1) Acting as reserve crewman if either of the forward-facing crew
menbers should bhe incapacitated.

(5) Observing to the rear and, if given improved viewing devices, also
to the flanks.

In view of the value of the rear-driving facility and the importance of

the other tasks of the rear driver, an 'S' Tank with a two-man crew would be at
a severe disadvantage.

32, Does the low height above the ground of the erew positions present any problems?

S

The only problem encountered wos the difficulty of night navigation -~

this may have been due, in part, to lack of experience on the vehicle.

be

Tt is possible to envisage terrain, a lane between high hedgerows is-&n

extreme example, when this lack of height could seriously prejudice observation.

33. What is the effect on the crew of a hiegh speed cross-country?

Despite pitching, which appeared excessive to observers, the crews claimed that
they suffered no ill-effects. '

D1-8
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Annex 'EY to AT 1123/GT 428
dated 13 February 1969

THE EVALUATION OF HUMAN FACTORS

prepared by

THE ARMY PERSONNEL RESEARCH ESTARLTSHMENT

INTRODUCTION

1. The Army Personnel Research Bstablishment (APRE) had the opportunity’ of
exemining the Swedish '8' Tank in July 1968 at the RAC Equipment Trials Wing,
Bovington. APRE interest lay in the Human Factors aspects of the concept of &
turretless tank designed for a full crew of three men, which appeared to Dbe able

to take an asotive part in combat with only two men, and which might 5till be able to
play some limited part with only one crewmani There were thus two issues involved:
the concept of a turretless tank as embodied in 'S Tank, and the possibility of
reducing the number of men making up the crew.

ATM
2e The aim of APRE work was t0 examine the Humen Factors aspects of the turretless
tank concept as embodied in *'S' Tenk, and to examine some of the possible effects of
reducing the number of crewmen in an operational tank to two, using the Swedish 'S
tank.

METHOD
3. ' The APRE investigation was conducted in three parts:

8 Meagurement of the internel dimensions of the crew space in the vehicle
and examination of its componenis. :

De Examination of some points of habitability and ergonomics of the vehicle
on the Bovington Training Area.

Cs A small trial using four crews in the two 5% tenks in simulated battle
conditiona for 24 hours. .

These three parts will be described separately below:

PART 1. ~ PHYSICAL DIMENSIONS OF CREW SPACE

Le The dimensions of the crew compartment were measured. All dimensions would
accommodate the 95 percentile man wearing Combat Dress and Helmet. The only comments
we have to make on this subject are on increased comfort and stowage. If an -
additional 1% inches were added to the range of upward adjustment of the driver/
gunner's and commander!s seats, this would enasble men at the shorter end of the 95
percentile height range to have a better field of vision forwards over the sights with
the vehicle opened-ups If a further one inch were added to the same seats' downward
sdjustment, this would enable the taller men to heve to stoop less when using the
sights.

/5. LA RN J
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5 The position of the pedals enables the vehicle to be driven opened up or

closed down by both tall and short men. However, a short man is in an unconfortable
position when opened upe It would be an improvement if the pedals and their mounting
and foot platform and also the steering levers were attached to the seat sssembly so
that raising the seat also raised the pedals to come extents. As all the controls

are remote - cable, hydraulic or electric ~ this would not be impossible. Two

inches of upward movement would grestly increase driver comfort and control.

6o Crew comfort would be greatly improved by an additional 2 inches of seat back-
rest height. This additional seat height would not appear to foul any other equip-
ment or structure in the crew compartment.

Te The parking brake with its handle behind and below the driver's seat was in‘a
far from ideal position end was most awkward to apply. However, it is understood

that this has been modified on later vehicles.

8. There was very little stowage space for crews' personal kit, rations, respirator
etc. Much of what other space existed could be used for this purpose had a means of
retaining stowed items in position been provideds Nets with elastic supports would
perhaps partially solve this problem.

PART 2 = HABITABILITY AND ERGONOMICS

e This section deals with some of those aspects which affect the efficiency and
performance of crew living in and fighting from their vehicle.

Driving

10, The ability to share this task between crew members is considered an advantage
for three main reasons:
B It enables the crews to share jobs in a way otherwise impossible, permit-
ting rest or the doing of some other task.

b. It can save the potential difficulties of communication in that the
comnander can place his vehicle exactly where he wants it.

Ce The vehicle can be driven off by either the driver or commander in the
absence of the other. However, the act of change-over of control from the
commander to the driver/gunner can create problems. The elevation controls
of the driver/gunner, if not coincidental with those of the commander at the
point of hand-over, will cause the vehicle to elevate or depress itself, and
there are occasions when this could be embarrassing or dangerous. It is
understood that this matter is receiving attention.

11, - The provision of a rearward-facing driver for rapid movement in reverse is
good as he has a direct view to the rear, especially if the gun is elevated (and
thus the rear of the vehicle depressed).

12. Apart from the comments on dimensions and layout, the positioning of controls
and instrumentation is goode. The provision of only the essential instruments for

driving, with warning lamps to indicate malfunction, is very goods all other
secondary instrumentation is grouped together in front of the rear-facing driver/
loader where he can monitor the functioning of all systems. Should he not be
present, the driver has merely to turn round to check his secondary instruments
either when he has time or when a warning lamp is lit.

/L3¢  euse
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13. The only adverse comment on the instrumentation is that it would be further
improved if each instrument had a colour zone/state of function marking, il.e.

green zone for normel function, amber for approaching trouble and red for danger.
This would greatly reduce the task of identifying the particular system at fault,
and the extent of any fault, among the many dials with different scales and normal. -
function limits. It would also reduce the amount of training necessary to memorise
the limits of each instrumente.

14, The system of steering by handlebar rather than sieering brake levers is good.
American work has shown that such a system gives more precise control snd also allows
one-handed operation leaving either hand free for other tasks. The continuous
control is preferrved to the discrete brake applicatiormsand steering effect of cone
vontional vehicles (see also APRE Report No. 12/66).

15. The ability to elevate or depress the vehicle when on the move is a useful
bonus. It enables the crew to depress the vehicle on roads to give a better view
forwards and to elevate to give a better view to the rear. Perhaps more important,
it enables the driver to maintain his vehicle in as nearly a horizontal attitude as
possible over bumpy terrain and also assists in obstacle crossing,

16. ‘Travelling cross country using both the turbine and diesel engines forces the
ariver to use full throttle for full engine power all the time, He tends to use
his brake for controlling spesd, and this changed allocation of control tasks for
his feet needs learning. This is especially so when crossing obstacles as the
vehicle can no longer be eased over the summit on the throttle. However, in the
latter case, the driver is helped by his ability to control vehicle attitude with
the elevation control, This again requires learning but once learned can give the
crew a perhaps more comfortable ride than conventional vehicles.

17. The three-position hatches for the crew are liked, especially the provision
of the intermediate "umbrells position". This allows for ventilation and "head out"
vision while giving some overhead ballistic and weather protection. '

18. Suggestions have been made that the rear driver/loader may be made uncomfortable
or sick by being driven cross country and perhaps into action facing sideways or

to the rear. APRE has no specific answer to this point, but the same situation
applies to some extent in other vehicles, Some of theae other vehicles are held

4o induce travel sickness in some men while others do not seem to. It is thought
that "travel sickness" is more probably a function of vehicle suspension character=
istics than of orientation of personnel, and also of not being able to see the

ground to be traverseds Questions to the crews at RAC Equipment Trials Wing
received no answers indicating "travel sicknesa",

Gunnery

19. The coubination of gun and driving controls into a joint system, reducing the
nuwber of separate controls, is goode The sharing of these between driver/ gunner
and commander is oven bebter. Either man can line up the vehicle as necessary in
anticipation of or during an engagement. The commander is thus saved in some
circumstances from having to instruct his gunner, and can also, if he chooses, flre
himself. This saving of communication could be useful in some situations, and
this duplication means that with reduced crew the tank is still operative.

20, ‘The only adverse criticism of the gun controls is the number of safety
switches which must be operated in sequence. While the need for safety is obvious,
could the procedure not be simplified? In urgent situations under stress a mistake
might be possible and an opportunity lost.
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21. The vision devices are exitremely good: the large unity window gave a wide
field of view; the variable magnification sights were much liked by the crews.
Y

29, The commander's cupola and its line-up facilities are commented upon else-
where. When the driver makes a clutch-brsake turn without warning, the speed of
rotation of the cupole with reference to the hull conld be potentially dangerous to
the commanders. T4 is thought essential that a drill is developed so that this does
not happena ‘

Loading

23, 'The provision of an aubtomatlc loader saves a fourth crewman and a great deal
of heavy work. Only occasionally is the rear driver/losder required to set fuzes

event of failure of the automatic loader. Even in these e¢ircumstances he is saved
the majority of the heavy work of the loader in a conventional tank. With a crow

of only two, the commander could drive and fire while the gunner driver carried out
the loading task. -

Radio

24, The radios installed in the vehicle were liked from the ergonomic viewpolnt
in that they are pre-set to 14 frequencies during & time when the crew are likely
4o be not highly stressed. In the event of a need to change frequencies nothing
more is reguired than a simple selection of the frequency concernad.

Ventilation - Alir Gonditioning

?5. The vehicle is ventilated with the hatehes open by convection and natural
draught alone. When firing, an exbractor Pan comes into operaiion drewing air in
through the crew compartment and outb through the automatic loader. With the

vehicle closed and this fan not in operstion there is virtually no ventilation

beyond slight leakage of air round the hatches, It is suggested that the provision
of a ventilating fan forcing air through the crew compartment would be an improvement.

26, With the resr of the vehicle facing into the wind when firing and the engines
running, there might possibly be a toxieity problem. The only measurements APRE
staff made were in & condition of light head wind. After firing 7 rounds HE,

130 parts per million of Carbon Monoxide were present, after a further 3 rounds-this
had risen to LOO parts per million. Firing ten rounds APDS with all hatches open
gave no measurable Carbon Mongxide.

27. There are many sources of radiant heat alongside and within the orew compart-
ment, and some shielding of these items would reduce the heat load present even
during & mild English summer, These sources were sufficlent to raise the dry-buldb
temperature within the crew compartment by 79C above the amblent dry-bulb temper-
ature. While ocbviously for North European envirouments this raising of temperatures
is an advantage, for less Northerly areas some reduction is required.

28, During firing, the temperature of the gun barrel shield beside the gumner's
shoulder exceeded a temperature of 65°C (150°F)s  Direct contact of bare skin
against metal at such temperatures for longer than one second would cause tissue
damage. Under normal conditions the driver or commander would not make such
contact, but even so some further shielding would be an advantage against the risk
of involuntarily/sccidentally striking the shield.
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29, The two engines' exhausts allow considerable heat to pass into the vehicle
when opened up, particularly the turbine discharging just in front and to the side
of the driver. This heat did not pose any great problem, but was commented upon
unfavourably by crews. No obvious means of overcoming this are seen.

Noise and Internal Communicsation

30. The noise levels within the vehicle were measured, with hatches open and
closed, on roads and cross countxye A table showing these levels is shown at
Appendix 1. The noise levels were such that some form of ear protection, better
than that provided by a conventional rubber~cupped headset, was necessary if the
crew were not to be exposed to severe risk of temporary theshold shift (i.ee tempor-
ary partial deafness) oy after repeated prolonged exposure, to permanent threshold
shift. Further, communication even through headsets against such background noise
would be difficult even if a conventional microphone did not transmit some of the
noise as well as speech. The helmet/headset assembly used by the Swadish Army and
our own crews on this vehicle protected the ears, it is understood, by about 35 4B,
and the permanently live throat microphone is noise cancelling in that it is

~ shielded from ambient nolse.

31, There is some resistance to the use of a throat microphone on the grounds of
acute discomfort in hot climates (not applicable to Sweden where & boom microphone
would be liable to freeze up with condensed breath), pressure on the throat {not
now really necessary) and speech distortion {overcome by femiliarity)s. For our
own use & nolse-cancelling boom microphone would probably be better. Either systen
is permanently live for intercom purposes and allows full use of both hands for
other purposes after & preliminary switeh setting,

Housekeeping

32. The '8! tank has not been designed specifically to be able to remalin closed
down in 2 hostile environment for 24 hours or more. The crew are not necessarily
expected to live comfortably within it for such periods, and the 'S8' tank is there-
fore not so fully equipped as might be expected for a NBC-proof vehicle.

3%, The cocker provided could with improvement be replaced by a type gimilar to
that in CHIEFTAIN. This has thermal lagging so that not only will it keep its
contents hot for some hours but is less likely to cause burns when handling it.

Tt has a tap to draw off hot water without having to pour it out. It can be filled
and will retain its contents without spillage on the move. This last point means
that a orew can decide what they want for their next meal and switch the cooker on.
They can then have an immediate hot meal whenever an opportunity is presentsd. In
a long drawn out action this could have considerable morale as well as physiological
value.

34+ None of the seats fitted could be made to rvecline, nor was there space to
improvise "beds" with locally acquired materials. Crews eithexr slept in their
seats or on the hull top. WNeither position was very comfortable compared to what
can be arranged in other more conventional vehicles.

36, In common with other present, more conventional, vehicles there was no

provision for defaecation or urination within the vehicles If modifications are
envisaged to make the vehicle habitable closed down for 24 hours or more under NBC
threat, the incorporation of aircraft type urinals and the polythene bag/removable

seat squab systems used in APRE "Capsule Trials" would save crew being forced to
foul their clothing, their vehicle or bothe
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PART 3 = REDUCED CREWS, 24 HOUR SIMULATED COMBAT

36. APRE in conjunction with RAC Equipment Trials Wing ca;ried out a short trial.
The aim of the trial was to evaluate the effect on the military operational pexform-
ance of a two-man crew for periods of 24 hours of simulated combat with the facilities
provided by 'S' Tank,

37. Two tanks, each with a crew of two men (commander, gunner/driver) were to act
ag Troop Commander's tank and Troop Sergeant's tank during 24 hours of simulated
battlefield activity. Squadron HQ was located in the FV 432 Directing Staff obsger-
vation vehicle. The Breakdown of Activities during the 24 hours perdod is attached
at Appendix 2, and an extract from the radio seript and a signal diagram of the
radio communications used to control the 'S' tank troop and the other imeginary

troops is attached at Appendix 3. This trial was 1o ve repeated using a-furgher

2 crews of 2 men.
38, Very briefly the 24 hour battlefield day cen be broken down thus:

31 hours total time actually involved.

Moves ¢+ about 25 to 30 miles : 7

Engagements : 10 periods : 1z hours total time actually involved.
Observation : : 7 hours total time actually involved.
Hides/Leaguer: : 5 hours total time actually involved.
"Waiting for something to happen” : 7 hours totel time actually involved.

39, The Directing Staff (DS), who were also Squadron HQ, followed the two '8! tauks
and observed the following: :

Observation/Reconnoissance (Vehicle counts) = accuracy.

Gunnery (Indicated Targets) - accuracy of fire orders etc., response times.

Gumnery (Cpportunity Targets) — response time of each crewmen, accuracy of fire
orders etc.

Use of Radio Codes = accuracy, securiiy, response time.

Use of Ground/Map Reading = accuracy, choice of route.

Crew Maintensnce at Base = how much, how efficiently.

Crew Maintenance in Field - how much, how efficiently.

General Crew Efficiencye.

Goneral Crew Aleritness.

Observed Crew Morale.

Control of Troop (Troop Leader only).

Observed Cooking and Eating ~ what, when.

Observed Defaecation/Urination = when.

Observed sleep - who, when, how much.

The external meteorologicel conditions were measured hourly, and the wet and dry
bulb temperatures within the tanks at less regular intervals. The proformas for
these DS tasks are at Appendix k.

4L0. As was done in APRE "Capsule" Trial, the Troop Leader's tank was fitted with
an extra radio set. This set was connected to the permanently live intercom system
and transmitted everything that was said within the tank to a receiver in the DS
vehicles The crews were all aware that they could be overheard, and also that there
would be no action taken over anything that was saide The purpose of this radioc
1ink was to ensble DS to hear details of, for instence, fire orders so that a check
could be made on accuracy. It also gave the DS the opportunity to assess the
degree of difficulty in encoding or decoding tasks, finding a route and so on. An
assessment of morale could be made, and an opportunity to know that some incident
had occurred - e.g. the gunner had bumped his head - which might have some bearing
on subsequent performance.

/)-}lo ceesve
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4l. It was sppreciated that the use of only four crews could not give & valid
statistically acceptable answer to the question implied in,the Aim, and that a

2), hour period of only simulated pattle was too short to obtain any accurate assess—
ment of perfoxrmence in operational conditions for long periods. However, it was
hoped to obtain some useful quelitative information and indications.

RESULTS

L2. Due to various engine/transmission system breakdowns, only one crew conpleted
s full 24 hour run. The other three completed approximately 18, 14 and 6 hours
respectively. Thus any velidity implied in para L1 above is further reduced. If
the very considerable quantity of maintenance and repair work had been less :
enthusisstically undertaken by Equipment Trials Wing, even the limited completion
of the Trials would not have been achieved. Due to these factors, detailed results
would be meaningless and will not be given. Comment and discussion of the perform-
ance of the tasks follow.

L3. Observaetion/Recces The first point to note is that the 'S' Tank had two
sights capable of x18 magnification and the observers two pairs of x6 hand held
binoculars. The crews could see detail at long ranges completely invisible to the
DS. When given instructions to count, say, all vehicles moving Hast on a certain
road at 2000 yards, they claimed to see the radio eerials mounted on low sports cars
otherwise hidden behind a hedge, which the DS could not see! Thus on long range
counts it was impossible to check accuracy of reportings On all shorter renge
counts these were accurate so long as there had been xno misunderstanding of oxders
or the interpretation of a map reference to & point on the ground was accurate.
Phere were some examples of this, but they occurred equally during the earlier and
later hours of the trial. It can probably be assumed that the performance of this
task did not deteriorate to any material extent during occupation of the

vehicle. '

Yro  Gunnery - Indicated Targets. This task was carried out at a high level of
performence throughout. Assessments ranged from 'Good' to a quite freguent 'Very
Good! on & 5 point scale, the 'Very Goods' being scattered from the earlier to the
later hours of the Trial. There was no apparent falling~off in performance.

L5, Gunnery - Opnortunity Targets. There was quite a variation in the response
times (total for the tank and individual crewman's) both within a period of "Action"
and between "Actions". There secemed to be slower responses after gaps in the
traffic stream ("Enemy Vehicles") on the roads used and slower responses for
engapenents against slower vehicles {e.ge lorries) due to their teking longer to
enter the chosen point of fixed aim. It is impossible to say on the limited data
whether these differences are spparent or real, although these seem to be what might
be expected. There was also an apparent trend for the responses to be slower in
the later hours, but agein with the limited date this is impossible to state firmly.
The important point, however, is that for the full 24 hour period for the one tank
which achieved this all the response times were considered to be niliterily accept-~
able. Individual total engagement time to lst round fired varied from l.3 seconds to
8.l seconds, the large majority ranging between 2.5 and 5.5 seconds.

L6. Use of Redio and Codes. The use of radio was considered good or acceptable
throughout except for two cases of very slow response from one tank. The use of
codes veried - Griddle was well known to all crews end presented few difficulties,
but Slidex was less well known by some and some difficulties aroses These dif-
ficulties occurred for the most part early in the Trial and practice reduced thedr
occurrence with increasing time. The intercom/radio link system employed enabled
- the DS to overhear any conversation or comments about this task. /
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L7. Use of Ground/Map Reading. The assesament of this task varied from
tAcceptable! to 'Good', the 'Good' ratings tending to be given more often in the
later part of the trial. This could be partly explained by increasing familiarity
with the area used for much of the trial.

48. Crew Maintenance., All crews carried out their basic maintenance tasks on
the vehicles before moving off, and again at verying intervals during the trial.
The erews carried out all the necessary checks and did anything necessary which

was within their competences. There was no apparent deterioration in this task.

49. General Crew Efficiency, Alertness and Morale. These were purely subjective
assessments by the I8 of their observation of crews, and involved for the troop
leaderts tank and particularly for the later stages of the trial. 1t is thought

that EPewsE T ook a It ts time to get e down Ut once thHey Had they beeames more
efficient, more closely-knit feamsa

50. Control of Troops. The competence with which the troop leader tactically
controlled his 'trooP of one other tank was assessed by the DS. There were a
few 'Acceptable ratings during the earlier stages but all the rest were 'Goodl's
If the troop leader had any difficulties in controlling his troop from within an
'3* tank (there were comments on lack of space to spread out meps, place Slidex
packs and note-~books) they were apparently successfully overcome, partlcularly
after the initial settling-down process.

5l. Observed Cookine and Eating. A 24 hour pericd (or less) is insufficient to
assess crew's operational feeding habits. All were issued with Compo rations, but
most, if not all, took their own personal supplies as welle A much longer time is
probably necessary for their own stocks to be used up and for their appetite and
habits to become settled to the routine of operationss Some limited cooking-heating
of tinned food - was done, particularly during the evening and early morning 'Hide!
periods, and many "brews" were made throughout the triale No apparent difficulty
was experienced. -

52. Observed Defaecation/Urination and Sleep. As noted earlier in paragraph 35,
there are no built-in defaecation or urination facilities. As the crews could
leave their vehicles at will, there were no problems. Had they been made to
remain closed=-down for 24 hours this, and the non-reclining seats which made sleep
unconfortable, would have raised considerable problems. There were many cppor-—
tunities tc climb out of the vehicle, particularly during the 'Hide' and 'Leaguer!
periods, and crews made the most of theme There was, in the 24 hours, quite a
period available for crews {to sleep in turn, but many of these periocds of 'Hide!' did
not give crews any idea of how long they would remain quiet and they tended to stay
awake. During the night the vehicles were in 'Leaguer' for ebout 4% hours only,
allowing each man say 2 hours sleep if they took it in turnss In faect, most com=
manders tended to stay on radio watch all this time, letting their gunnen/drlvers
sleep for the whole period. In more extended trials over much larger periods when
the men would become much more tired, this observed pattern would doubiless be
changed. Some men slept on the warm engine deck on top of the vehicle, some men
in thelir seats. All complained of discomfort but especially those who had slept
inside the vehicle. Agein, on extended operations it is more likely that bivouacs
would be set up and men sleep on the ground, except in NBC risk conditions.

53. Meteorological Conditions and Crew Compartment Temperatures. These were
measured solely to provide background information. If, for instance, the weather
had been very hot and humid, it would be necessary to know the conditions to which
the crews were exposed in case there were any obvious changes in performance of some
task. In fact, the weather was pleasantly warm day and night.

/Discussion...
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DISCUSSION

54. The aim of this short trial was to evaluate the military operational perform-
ance of a crew of only two men when operated for periods of 24 hours of simulated
combat using 'S' Tank. As a result of breakdowns, no meaningful evaluation is
possible but indications are that such operation by a crew of two men is possible.
None of the factors observed by the DS showed any strong trend towards reduction of
performance except perhaps for the times taken to engage '‘Opportunity Targets',
which indicated a slight decrement. Very few of the factors received any 'poor!
gradings, and several showed indications of an upward trend with the passage of time.

55, The men used in this trial were all relatively fresh on starting. - if they
had already had some deys of action as a full crew immediately prior to starting
this triel with reduced crew, the whole picture might have been entirely different -
end probably more valid. Unfortunately this was not possible.

56, In this trial crews could have their hatches open or closed at will, givirg
them the chance to change the position of their limbs, get out, sleep on top of the
vehicle or on the ground end so on. Again, the results might have been very
different if they had been made to have their hatches closed the whole time. In
APRE "Capsule" Trial crews found sleeping and elimination of blologlcal waste easy,
as provision had been made, but in 'S' Tank both would have presented problems.

57. On several ocecasions tanks were bogged down in wet mud, mostly in the darl but
sometimes by day. On one occasions one tank fell into a gully and nearly capasized.
Vision, especially when closed down, is really excellent, but the relatively rearward
position of the driver may be a disadvantage in that the ground close under the front
of the tank is hidden. A third crew member would not have improved metters in this
instance, but if the driver were located further forward these incidents might not
have occurred. However, with one crew member forward, it would not really be
possible to have the facility of shared controls and tasks unless another crew memb er*
was also moved forward. In other words, unless the entire crew compariment were
moved forward, it is doubtful if a three men tank could be designed with the ability
of being operated by two men, and still retain the normally excellent forward close-
up view of the driver of a more conventional tank.

58, It is not thought that driver fatigue played any part in the incidents above,
but it is probable that in prolonged operations men would become much more fatigued
than in our 24 hour trial and the likelihood of the tank becoming bogged or hitting
an obstacle would doubtless be increased.

59, The observed levels of 'Morale', AAlertness' and ‘'General Efficiency’ were all
véry high throughout the trial. It was quite apparent that the men were not being
tested to any extent approaching their limits of performance or endurance. The

two men in each tank were doing between them the work normally dome in 'S' Tank by
three men, or in turreted tanks by four men. It is thought thet the ability to
share tasks, the removal of most of the physical work, the good design of controls
and vision devices, the good riding characteristics of the vehicle and the bump and
noise protection afforded by the helmet, all contributed to make each aspect of the
crew's tasks easier to performe The attention paid to Human Factors aspects in the
design of the tank was noticeable, with apparently successful results.

’
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60. So far virtually no mention has been made of the turretless tank concept from
the Human Factors viewpoint. The most important differemnce between the two concepts
appears to be that with a turretless tank of suitable design the controls cen be
duplicated, allowing sharing of tasks. Sharing of tasks means that in emergencies
the tank can still function operationally with a reduced crew, in this case two men,
for some quite long period and in even worse emergency can be still used as a tank in
limited fashion by a further reduction, in this case one man. As demonstirated by
the 'S' Tank, the most important tasks to be shared (and coutrols duplicated) seem,
for several reasons, o be driving and gunnery.

6l. The other aspects of the turretless tank concept which greatly affects designing
for Human Factors aspects is the removal of the limitation of having a driver forward
on his own (except in US/FRG 70 which is, to say the least, complex) and the rest of

the crew accommodated within a rotating turret and its baskets The turret ring and
basket can only, for engineering reasons, be a certain percentage of hull width
whereas in a turretless tank virtually the whole width is available to the designer.
By the time that all the equipment which must rotate within the turret is installed,
there is not normally much room left for the occupants (and normally it is awkwardly
shaped). For long term habitability lack of space and awkward seating positions
are liable to lead to performance degradation.

63, It is not impossible but would be difficult to install an automatic loading
gystem within a turret. Without such a system there must be a loader and he and
the depression angle of the gun tend to dictate the overall height of the turret.
Without a turret, the overall height of the vehicle is no longer dictated by a man's
height but by other engineering factors. A floor to roof height of perhaps

48 inches is adequate if the men are sitting upright, leas if reclining or partly
reclining. If the other equipment could be built down to this level the result
would be a very low tank.

CONCLUSIONS

6lhe The first conclusion is that the turretless tank concept, as embodied in the
'8! Tank, has considerable advantages over more conventional current turreted tanks.
The most important of these 1s the duplication of controls allowing shsring of

tasks which in turn reduces the mental work leoad on the crews. This duplication has
the added advantage in that 1t permits in emergency a reduction in crew number,

65. The turretless tank makes installation of an sutomatic loading asystem easier,
which eliminates the need for a man to load the gun a8 his prime task. This
reduction in task eliminsting a men is balanced by the bulk and weight of the
loading system. It may make little difference to engagement time when & loader is
fresh but after several days of action or in prolonged heavy fighting an automatie
gystem 1s likely to be faster.

66, The turretless tank affords the designer greater freedom in the location of

erew within the tank and imposes fewer restrictions on the shape and volume of the
space allotted to the men.
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Appendix 2 to Annex 'E' to AT 1123/61 428
dated 1% February 1969

2l HOUR BATTLEFIZLD DAY

G TY._BREAKDOWN

Potal Times

MOVES ' 3 hours 35 mins
OBSERVATION/RECCE 4 hours 10 mins
ENGAGEMENTS 1 hour 10 nins
*  HIDES/LEAGUER 7 hours 15 nins
*WATTING FOR SOMERHING TO HAPPEN" 7 hours 50 mins
ENGINE RUNNING TIME (approx) 7 hours 6 ming

* NOTE: During these periods one man was permanently on Guard/Radio Watch.

WWATTING FOR SOMETHING TO HAPPEN" refers to those periods when the
DS kept the crews in a contimous state of alerts The crews were
kept entirely in the dark sbout what their next getivity would be
or when it would happen.

E2-1
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2h HOUR BATTLEFIELD DAY

ENGAGEMENTS

DAY 1110 nesecsnnancscnnss 2 Targets (Indicated) senssabsenrennas 2 mina

1113 sesnsssssscsants 1 Target (Indicated) assussrannsasess 1l min

1120 oocooon....:::ao Opportunity Targets (approxlo cars).-. 20 mins
1316 srnssesssbennass 1 T&I‘get (Indica-ted) “hbsssBBAETEIEO RS 1l min

1650 sRscesesNassnens & Targeta (Indicated with Very Light .
and Thunderflash).. 10 mins

1705 wuessecssasnsnee 1 Oppor'tunity Target imeassenabsravsay 1 min

NIGHT 2122 eessscesnncacsse "1 T&rget (Indicated) sassssnssssvenns 1 nin
2207 ssenssrsscssncen 1 T&rget (Indica‘ted) tsccsssssstnoave 1 min

\-')030 P S Y LY ) CAPSULE ATTACKHED ...uzcccenscanssnsnas 1 min

DAY 0B00 sesescessnesssss L Target (Indicated) esvessssensoneee 1 miﬁ
OBLlO avesvnsverasoves lTB-I‘get (Indiﬂated) ssssevsnssssnsee 1l min
0815 sessesssnssessse l'l‘arget (Indicated) Gesssssanrentnes 1 min

0900 siseesesesssacss Opportunity Targets (approx 15 cars).. 30 mins

Engagements by day ecee 10 (including 2 Opportunity Target engagements of
approx 10 & 15 cars) teking approx 63 mins.

Engagements by night .. 3 teking approx 3 minss

E2=2
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DAY 1005
1100
1230
1325
1645
1655
1735
1800

NIGHT 1950
2030
2130
2320
0030
0L30

DAY 0715
0830
0920

GONY IDENTTAL = UK AND SWEDISH EYES ONLY
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MOVES

Road & Grogs Counbry sescsscencrsssan
L Countbl'y svecnsavccnsncrnnsscnncsnss
X CountYy sensnssnsnnssascasanncssasse
X COUnbYy saceomconsnnnsncscanssasens
X Country secesanssessnnsscconsssanss
L Country wescessnsncsnnsonssncsnsecs

X Countx',y‘ NP B PBREIEARSO BRI RRAITRS

10 mins
15 mins
10 mins
15 mins
5 mins
5 mins

5 mins

Road March seeeenceccsssssesensssocan 45 mins

Road M2BIrChl seescerenccncncacsennsoacess
Road Marclt seesssenssessssscssansnsoe
X CountIy sessessscesccsncsnccsnsscas
X Countly esssssoanssesessrecssscossan
X Country eeeconcsesosaroresesosssvcnas

X countxy "EXESEZEEE IR E R YRR N R NN NI NN NN

X Countl¥ ceeecssessosvsnsnnssnsvocas
X Country cssescscsssvecencnssasnsnce

£ Country P PO BB IBIRNPEIIETIRBEEIEIOOD

Day Moves eeesvess 11. Total time 2 hours 15 minutes
(including 45 minutes Road March)

Night Moves cesens 6

« Total time 1 hour 20 minutes

10 mins
30 mins
5 mins
15 mins
10 mins
10 mins

5 ming
10 mins
10 mins

(including 40 minutes Road March)

Total time of MOVES weseevssncceens 3 hours 35 minutes

(Total engine running time .e.e... 7 hours 6 mins approx)

24 HOUR BATTLEFIELD DAY

HIDES, LEAGUFR EIC.

1340 t0 1645 hOUrS eseecessssess Hide (1 hour Radio Silence).. 3 hours 5 mins
001;.0 to 0330 HOUTS esssssncranne Leaguer esssmcsnsusssssossene O hours 50 mins
0530 yo 0650 hours sesesssssces Hide cesecoscassecscrssvrsnss 1 hour 20 mins

s GONPEDENEEA
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2% HOUR BATTLEFIELD DAY

OBSERVATTON

DAY 1015 e»s Vehicle Count, 1 direction, 4000 metres seessessssas 30 mins
14D ese "Observe ... North", no count secescnascencacssrcass 5 mins
1150 ... Vehicle Count, 4 directions at X roads, LOO metres.. 30 mins
1255 .« Vehicle Count, 2 directions, 600 MEtTO8 eessnsenssse L5 ming

1725 wee Vehicle Count, 1 direction, 100 metres secessnceccss 10 wmins

2100 ».. Vehicle Count, 4 directions, 400 metres esecescacess 20 mins
2145 oae "Observe & Report Movement" 20° Arc out to 4000 metres.. 35 mins
(2330 to O340 One man on Guard/Radioc Watch; NO task)

0400 +.. Vehicle Count, 2 directions at X road, 400 metres... 20 mins
0450 i.. Vehicle Count, 2 directlons, 4000 MOLYES sevessessees 20 mins

DAY e 0730 ¢ee Vehicle Coun‘b‘. 2 direCtiom, 2000 metres LR N R N RN 20 mim

081%5 ese "ODSEIVE eee NDI"th", 7o COUNL envsccassrensvesrscsee 15 mina

Observation DY Q&Y cessssesreassencscecsens 2 hours 5 minutes

Obaservation by night SassessenesanEnsOEtES 2 hours 5 minutes
Total observatlion sescenessncssccncecnssse ,-l- hours 10 mioutes

NOTE: * All roads had to be located in the dark. For long ranges, this was
not easy.

**  This task was frequently made more difficult by mist.

24 HOUR BATTLEFIELD DAY
USE QF RADIO, CODES

1. Radio in constant use to all Stations on Squadron Net, requiring constant
monitoring by Subjects. '

2. Radie Silence for 2 one-hour periods.

Be Little radio traffic between 0040 hours and 0330 hours, except for last
night of each Trial,

Lo A1l Grid References of positions of "Friendly" forces were sent in "Griddie"
code.

He 8ix messages in "Slidex" code sent to Subjects, one message in "Slidex”
demanded from Subjects.

B2«
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Appendix 3 to Ammex 'E' to AT 1123/GT 428
dated 13 February 1969

SIGNAL NET DIAGRAN AND AN EXTRACT FROM THE SIGNAL SCRIPT

1., Signal Diagrem:

1 Tp ('S* Tenks)

/ 43 required

Sqn HQ (DS Vehicle)

s m ===~~~ gtations represanted by
the DS,

e 2 e+ Monitoring net on Troop
Leader's Tank.

2. Extract from the radio seript:

TIME MESSAGE DS ACTIVITY
(a) (b} (c)
o425 "Hullo all stations 2. This is 2. Orders, Wait for 21 to reply.
overs :

22 send over.

23 soend over.

E3-1
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(2) (b) (e)
2. Aerial recce reports that the enemy is
concentrating for another push across the
river. It is possible that they have bheen
reinforced by another armoured regiment
although this has not been confirmed. Call
signs 22 and 23 will defend the river from
your present location and stop enemy crossing.
Call sign 21 will be prepared to move %o
grid 833912
G430 Hullo 2 this dis 23. IEnemy patrols on the
river bank. I am engaging over. 2 roger
out.
Q.33 Hullo 21 this is 2. Move now and report
when in position. Control moves
Q445 Hullo 2 this is 23. Enemy has withdrawn
and it is now guiet. - 2 roger out.
When 21 reports in position. Mark 21 on map
at grid 833912
Q450 Hullo 21 this is 2. Count vehicles on
Bere Regis~Dorchester roads Report when
ready to start over. Vehicle count
0455 Hullo 2 this is 22. Everything quiet here.
Nothing to report. 2 roger out.
QL57 Hullo 2 this is 23. Nothing to report over.
2 roger out.
0510 Hullo 21 this is 2. Stop counting now and
report over. Stop counting
0515 Hullo 21 this is 2, Slidex message over. Pause
21. Report to guide at 829899. Hide. Send coded in Slidex.
0520 Hullo 22 and 23 this is 2. Things seem to

be quiet at the moment, There is & chance
to have something to eat. Leave one vehicle
each on wabtch over.

22 wilco out.

23 wilco out.

E3-2
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Appendix L to Annex 'i' to AT 1123/GI 428
dated 13 February 1969

EXERCISE OBSERVATION/RECCE REPORT

Date: " Tank:

Time . .
Start & Findsh D5 Observed Tank Heported

Vehicles Men. Time VYehicles Men Time

BXERCISE OPFPORTUNITY TARGEDS REPORT

Date: Tank:

Time to "Target" Time to "Firing Gunner's Time

Tame (by subtraction)

EXIRCISE FIRING RFEPORT'

Date: Tank:
Quality -of Fire Oxders:

Overall Quality of Shot:

Frrors
Pine Identn.ﬁi.lcatmn Pire Orders Tiro Orders -
Targets Conmander Gunner Bstimation
Elyl
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EXBRCISE METEOROLOGICAL DATA SHEET REPORT
(at 4 hour intervals)

o o WIND GENERAL
pare | ooug | orY BUTe ©F| wap burB O | ¢LOBE °F | SPEID | DIRECTION | WBGT °F | WEATHIR
(UNVENTILATED) MPH CONDITLONS
EXFRCISE DS ASSESSMENT REPORT
(ot i hour intervals)
Date: Tanks Time:
Food Acceptable Poor

l. TUse of radio and codes

2, Use of ground, Map reading

3. Vehicle meintenance by crew at base

4o Vehicle maintenance in field

5. Weapon maintenance at base

6» Weapon maintenance in field

7 Observed erew efficiency

8. Observed crew alertness

9, Observed crew morale

10. Comtrol of Troop (Tp Ldr only)

lote: FPlease comment as fully as possible, but ALWAYS for POOR grading.
Please also comment on any observed:
8a Cooking/eating
be Defaecation/urination
Ce Rest/sleep
Commenta:

B2
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Ammex 'FY to AT 1123/GT 4,28
dated 13 February 1969

AUTOMOTIVE TRIALS RESULTS

INTRODUCTION

1. A full automotive assessment and reliability trial was precluded by the terms
of the loan and the aim of the trial. Automotive tests were, therefore, carried
out to provide information in support of tactical and weapon tests or to form an
assessment of umsual features which included the use of a gas turbine. These
tests were carried out by:

E: 8 Automotive Branch of Equipment Trials Wing, who provided the crews and
monitored the complete trial. The specific tests included fuel consbmptions
and a dimensional analysis.

be PVRDE for limited performance tests uaing e fifth wheel and Kelvin Hughos
Recorder and certaln measurements to ascertein welghts, gup crosslng and
vortioal step ability.

O AFPRE for externnl nolse moeasuremonts.

2 The results cobtained by ench of these unlls and establishments have been oom=
mined into one Annex for oconvenlonood.

ohiole Welgl

3 The welght of the vehlole with full fuel, oll and ooolsnt but less amwunition
and orew wos 79,800 lba (36,210 kgs).

Le  'Tho battle wolght with full fuel wes B3,200 1ba (37,745 kes)s

5.,  Meximun speed in forward end reverse, top gear, rosd renge over 3 mile resd
with flying stari

a«  Dual pewer planti 25,7 mile/h Perward 2 4ie2 lem/h)
18,7 mile/h reverne (30 kw/h

be  KBO snglne oxnly: boly mile/h Porward 5;093 lem/B)
Le? mile/h reverse (7.6 )

6s Mesloum spseds in all other ferward snd reverse gear ranges on sudteble level
roads

B Dual power plant: Not possible due teo subeomatle gear-hex
?gorqua Cenvertor).
Be K60 englne onlyi Forward and reversae - oress country range only.
L8t ;
. 2 59.9 9.;6 h 503 {8e8 kn/h
Plrect Drive Gal (15 Ja/h) 549 (9.6 kn/h

/7a LYY
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T Average speed over one lap of Test Track at naximum safe speed:
26,7 mile/h (b3 km/h).
9,2 mile/h (14.8 kw/h}.

B With dual power plant:
b With K60 engine only:
8. Average speed over Long valley cross country course at meximum safe spead:

Ba With dual power plant: 5.9 mile/h (9.6 km/h)

o029

b With K60 engine only: _ because of insufficient power, the vehicle was

only capable of moving itself aleng thie welkiy

bottom. It would bavli at the leagt gradient.

Accelerations

9o These are shown graphicelly at Appendix 1.

Obstacle Crossing

10, Maximum Vertical Step. The vehicle could surmount 16 inches bub could not
surmount 30 inches due to lack of powers No interim step heighis were tested dus
to limited facilities. This also applied when tried in reverse.

11, Gap Crossing. The maximum width of a firm sided trench crossed was 9f% 6in.
Tt failed at 10ft when Humbers 1 and 2 road wheels Jjack-knifed and fouled the far
1lip of the trenche -

Fuel Consumption

12, Fuel consumption during e 25 mile run on the FVRDE Test Track at maximun safe
speed. Becauas the yehicle went so slowly on its K60 engine alone, only 12 miles
were ron in that mods.

. [ . ) Consumption
3 ol
Power Plant Distance Fuel Used mile/eal el /miLle e/ Litre Tt re/km
Du&l 21-5-05 miles 14-1 galﬂ 096 1967 0@212 141072
(39.5 kms) | (186.4 litres)
K60 only 12 miles 9.8 gals 1.22 0.815 Qo h 32 203
(19.3 kms) | (4he5 litres)
13, Fuel consumptlon at Long Valley cross country under dry conditions:
Power Planpt Digtance ] Fued, Used Gonsumption
) - mido/ gad | sod/mile | km/litre 1itre/kn
Dual 104 miles 18,5 gals 0.216 he65 " | 0,076 13615
(16.8 kma) (221 1itres)
/11{-'0 ,edd
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Ugo  Fuel consumption on the public road section at Bovington:

Consumption Average
Power Pack} Distance Fuel Used miles/ | gal/ km/ | litre/
. . Speed
gal mile litre km
Dual 4O.7 miles 62 gals 0.66 1.52 0.23 Lo | 20.3 miles/h
(65.5 kms) | (281.9 litres) (32.2 kms/h)
K60 only 19,2 miles 175 gals 1.09 0.91 0.3881 2.58 3.5 miles/h
(3049 kms) | (79.5 Llitres) (15.2 kms/h)
15. Fuel consumption on the Bovington cross country course:
Consumption
Power Pack| Distance Fuel Used miles/ | gal/ km/ | litre/ Agezzgé
gal mile | ditre! km P
Dual 21.75 miled 69 gals L3151 3,18 0,112 8,05 8.1 miles/h
(35 ¥ms) (313.9 litres) (12.9 kms/h)

Neutral Turn Rate

16. The mean time of four consiatent revolutions through 360° on the FVRDE Skid Pan
on dry tarmac was 29.6 seconds per revolution.

17. The diameter of the circle swept by the gun in a neutral turn was 31ft 9ins
(968.1 cms). Por the corner of the hull the diameter was 24ft (732.1 cms).

Comparative Crosa Country Performance

18. While the '8! tank wos being evaluated for cross country performance at Long
Valley, the opportunity was taken to compare it with FV 4201 and FV 432. The course
was l.5 miles long of even going with one hill of 150ft.

2. Performance Table:
Vehicle Power Plant | Distance | Time Miles/h
1St Tank | Dual power 1.5 15 min 59
58 sec
BV 432 K60 1.5 14 min 6.11
LA sec
¥V 4201 | L6O(650 BHP) 1.5 13 min 6475
19 sec
/bd asen
F-3
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bDe Odometer Readings, It is interesting to note that the odometer readings
for the course for the three vehicles were:

Vehicle Aectual Distance Qdoreter Readings
3! Tank 1.5 L Jkem = 2.5 mileg
FV_ 432 1.5 1s5 miles
TV 4201 1.5 1. miles

Grew Comfort

19, The hydro-pneumatic suspension was disappointing in that the ride across

cﬁuntry“wus“akin“tv”that“affered"bywawcamel“duemto~thewrela%ivekymahert~lengthw°£wwm e

trnek on the ground and the high polar moment of inertia of the hull plan. The
vehicle pitched excessively even though the suspension appeared adequately damped and
4id not bottom oftens The extremely high rate of turn of the steering was necessary
in order to avoid obstacles which, if hit, could well have injured the crew. Hence
it is mandatory that the crew wear crash helmets. The extremely high rate of turn
is assisted by & L/C ratio of 1.25:1 approximately (at full suspension)e

20. * Bxternal Noise Levels Meagured by APRE, These measurements were taken with
hoth engines running:

G On road at approximately 22.5 miles/h (36 kms/h):
at 50ft lateral - 101 dB

b On cross country et approximately 10 miles/h (16 kms/h):
at 50ft lateral - run 1 ~ 102 dB
run 2 - 97 43
at 100ft lateral ~run 1l « 94 dB
run 2 - 90 4B

Ce Idling at maximum revolutions of the engines:
at 50ft lateral -~ 95 dB
at 100ft lateral ~ 91 dB

21, An octzve band snalysis was not taken as the correct microphone recelver was
not available. (This test having been reguested by Equipment Trials Wing after the
arrival of AFRE.).

BIW _Automotive Branch Comments

22, K60 only. Only practical on fairly level roads. It is mot feasible on
eross country.

2%. Gas Turbine only. This is a "get you home" mode of cperation only. Again,
it is only possible on fairly level going. The effort requiredzto operate the
steering levers in the mechanical mode is in excess of 60 1bs/in". Note: These
levers are only provided in the driver/gunner position.). The gas turbine can idle
for a meximum only of 15 minutes at any one time. No test on cold starting was
poasible but there was nc failure to start the gas turbine throughout the triala

24, Dual Power, The engine revolutions are programmed by the accelerator lirnkagee.
When top revs/min are reached on the K60 further depression brings in the gas turbine.
There is a time lag for the gas turbine to build up power of about seven seconds.
This necessitates controlling the vehicle over obatacles by use of the brakes and.
maintaining full revolutions on both engines by keeping the accelerator depressed.

Phe general consensus was that the vehicle was under-powered.
/25:  aeee
Fedy.
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25, Gross Country Mobility. The speed on cross country, particularly on Salisbury
Plain, from bound to bound was slowexr than CENTURION. ‘This was mainly because the
venicle had to halt to change the ratio from road to oross-country on the FBIV gear-—
box. Hence, if the crew selected road ratio, which was often suitable on the open
plein, they had to halt at obstacles and change to cross country ratio, or if they
remeined in cross country ratio they did not make the best speed bound to bound.
Certain obstacles had to be traversed at an angle tc prevent driving the muszzle

into the ground.

26, Noise. The internal noise level demanded an attemuation of 35 dB in the ear—
piece of the helmet to prevent temporary threshold shift in the crewa' hearing.

27. Steerings This feature of the vehicle was impressive. It allowed . high
degree of manoeuvring in confined spaces, such as batween trees in woods, but also
gave fierce and crude control on roads with the clutch brake system. The control
of the regenerative steering was & combination of the amount of fturn of the con~
troller and K60 rev/min as opposed to a fixed radius dependent on the gear selected
as in the MERRIT system. The clutch brake system gave large changes in direction
very rapidly. Experience showed that it was advisable to warn the crew if making
a sherp turn. The steering also allowed a great deal of flexibility in extracting
the vehicle from bad going. It was also very noticeable that throughout the whole
trial the track was never in danger of being shed despite almost deliberate misuse
on certain occasions where the loss of a track would have been expected. The only
comment on steering in reverse was the inadequate vision when closed downa

28, Vehicle Ride. To the onlooker the vehicle sppeared to pitch alarmingly.
This was aggravated by the crew using the elevation control to keep the muzzle of
the gun from hitting the ground. Inside the crew compartment this pitching was not
so noticeable until one used the sights and was then grateful for the helmet.

29, Fire System. Once a smell fire occurred when fuel lesked from the K60 engine
onto the exhaust pipes. This was effectively dealt with by the COp system. However,
the absence of any warning system could mean a fire getting a strong hold bhefore the
crew hecame aware of it.

Conclusion

30. The aim of the trial precluded a full automotive assessment except to provide
specific answers for the tactical and weapon assessments phases. The human factors
aspects of the vehicle automotive system are included in the APRE report at Annex E
and the Troop Leader's comments on certain auntomotive aspects in Annex Ho The
overall automotive impressions were:

a. The two-engined layout does not seem to give any worthwhile advantages
over & single engine providing sufficient power.

be The use of a gas turbine does have certain tactical disadvantages in a
high frequency noise, which locates the vehicle and provides a characteristio
signature as well as heat shimmer. Automotively the necessity to run under

full load conditions for relative fuel economy and to have full power means an
unnatural driving technique in comparison with British AFVs.

Ce fhe second variable steering input does provide a high degree of man-—
osuvrability. However, the clutch brake steering is very fierce and hurls
the erew around if they are not warned.
do The rubber track was insufficiently aggressive.
/e. sres
F-5
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Se The inability to shed the track is an essential to this concept and
has been adequately achieved.

fe The reliability and durability of the power pack and hydraulies in
tha hands of soldiers is susapect.

Fb
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Ammex G to AT 1123/GT 428
dated 13 February 1969

THE FYRDE ANSWERS T0 USER QUESTIONS RELATTNG TO THE 'S' TANK
AND TURRETLESS TANK DESIGNS IN GENERAL

INTRODUGT TON

The 2im of the 'S8' tank trisl phase at FVRDE was to carry oub certain auto-

motive performance measurements requested by RAC Equipment Trials Wing and to answer
a series of questions posed by a DRAC trials panel as a result of experience gained
on 'St tank +trials. The questions and their answers are given below.

2.

Would it be possible o design a fully stsebilised commander's machine gun?

E: TN With certain provisos we see no fundamenbtal reason why a fully stabilised
commander's machine gun could not be developed, but one must bear in mind that
this would require a fully stabilised sighting system for the commander from
which the machine gun system could be servoed. Any attempt to mechanlcally
couple the sight to the machine gun could so downgrade the laying capability
and clarity of vision on the move, as to make it a relatively useless piece

of equipment, This limitation might impose severe penalties on the use of

the commander's sight in conjunction with the main armament.

b The natural rate of fire of most current machine guns is around 10 rounds/
sec which, using the gas operated recoil principle, could produce & cyclic
disturbance within the mechanics at a frequency to which the laying servo will
be very sensitive. This would require the mechanics to be a very rigid, lash
free structure, and could be the most critical factor in the whole design.

Co Mechanically it is advantageous and considerably less power consuming
if the stabilised hardware is balanced and non-pendulous. However, whatever
the balance condition it should preferably be nearly constant. Thus the
ammunition feed belt and stowage box should be on the trumnion centre line,
or mounted onh the main cradle pintle.

de Because of Tangent Elevation requirements at longer ranges, the effects
of cross roll or trunnion tilt might show up very markedly, particularly on a
vehicle with a short track length to achieve high mein armament Tangent
Flevation. Beaten zone visual corrections might be sufficiently accurate to
cope with this, or some more complex corrector could be built into the sighting
system.

Ce The necesalty for automatic re-cocking and clearing of stoppages if
remote positioning is considered makes it advantageous to mount the gun
integrally with the commander's cupola, thus avoiding a separate azimuth axis
freedom.

fe If the gun is entirely remote from the viewing position, that is isolated
in both traverse and elevation axes, this doubles the servo requirements, and
may increase stabilisation problems due to inter-action within the two axis.
Depending on the cone of fire tolerable, it may be possible to employ a very
simple on=off type of servo control system, with coincidence firing.

/go saee
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B The design of a high performance, compact stabilised Iline~of-sight
already exists, but a lot of mechanical data and design criteria would be
required if a soundly engineered stabilised gun mounting were to be made
capable of withstanding the forces resulting from firing and vehicle
actiona

5a Could a less complicatsd automatic loader be provided for the maln armamenb,
which would also allow the automatic selection of up to four different ammunition
natures? The avtomatic loader in the 'S' tank requires very careful gebting upa

The automatic selection of up to four different ammunition natures will
essentially complicate the automatic loader. Our experience is of autometic
loaders with 4ifferent functions and we can only comment that the need for

careful setting up is a funcéion of design and might be improved upon in an
alternative design.

L. Could 2 Silent Emergency Traverse (limited) be provided to meet the following
situations:~ a. When no power isd available from the main engine, and b. when the
suspension ia damaged and/or the track is broken on one side?

a. If it is possible to cemnect a hydraulic pump into the hydrostatic
stecring wobor il may bLe possidle to slew the vehicle without engine power.
This depends on the details of the hydrostatic pump, motor and circuit.

The slewing torque required is very high and the pumping would probably need
to be done by hand. Similarly, a pump might be used to elevate the vehicle
and gun, and an electric pump might possibly be feasible here.

be If a track is broken, there is no certain method of slewing the vehicle,
mmlegs the road wheela can be hlocked apﬂ1nq+ an ohatacle. If the suspension

- Wil 2L LSS L O

is damaged, gun control may be possible, depending on the nature of the
damage.

Be Would it be possible to desisgn a better suspension that would reduce pitch-
ing and at the same time provide elevation of the major armement comparable to
CHIBFTAIN?

B Pitching could probably be reduced by throttling the oil in the hydro-
gas system; +this hydro~gas system is essential to the method of gun control.

b. The elevation of the main armament depends on the ratio between wheel
1lift and wheel base; to increase this elevation the wheel base would have
to be even shorter, which would increase pitching.

6o Does the hull shape, which is dictated by the overall concaﬁt, allow the use
of a single main engine instead of the double engine system used on the 'S' tank?

B Only limited engine compartment dimensions could be obtained whilst the
'3Y tank was at FVRDE; more detailed dimensions were requested from
BOVINGTON but were not supplied, so our comments below are fairly general
although we believe adequate to answer the query.

/e

G-2
CONFIDENTIAL ~ UX AND SWEDISH EYES ONLY




Te

CONFIDENTIAL - UK AND SWEDISH EYES ONLY

be We have assumed that three constraints that dictated the choice of
engines for this vehlcle would still apply, namely:

(1) The single engine should not increase the minimum height already
determined by the size of the automatic Loader end the gun position.

(2) The engine should have inherently good cold sterting capabilities,
economic fuel consumption and be multi-fuel, as well as having small
volume and weight.

(3) The power available would have to equal or exceed the power
available from the two enginess

Ce The only current engine that comes near to meeling these requirements is
the L6O with a height of 453", but the engine compartment was measured as

BO" decreasing to 384". It might be possible to install this engine by tilting
it, but the angles would be rather excesslive and would necessitate & development
programme to provide a new sump and oil pick~ups; memny ancillary items on the
engine would have to he repositioned,

[ Therefore, with the basic layout and crew arrengement of the 'S8' tank,
the space allocated to engines is such that 1t would be aifficult to install a
single engine to perfom the functions of the two engines.

Does the removable glacis plate weaken the frontal armour protection emd could

this be aveided?

8

Lo The Swedish Authorities have stated that after early troubles when
firing at the two hatches which give access to the engine, modifications were
made, the frontal armour is not weakened and the following advantages apply:

(1)  Easily replaced if damagede
(2) The steel need not be weldeble (although it appears to be s0).
(3) If improved armour becomes avallable, it can easlily be substltuted.

be It is difficult to glive en exact answer to the query but we have th
following observations: :

It mey be felt that welding would be stronger than bolting, but the
severe bending stresses when under attack might crack the welds, Also
s considerable number of bolis were used and protected by being counterw
sunk iinto reinforced bars on top of the covers; the assembly would
therefore not be prone to complete failure due to a few bolts shearing
under attack.

Is there any conceptusl reason for not plecing all the fuel dnder armour?

Protecting ell the fuel would involve the welght of extra srmour; apart from
this there 1s no reason why all the fuel could not have been under armours

If given some priority in design this fuel between armour might have been
placed on the wvehicle where it could serve as extra proteetion but finding
space for such fuel tanks in the front or alongside the crew compartment would
be quite a problem.

/100 eroa
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What are the problems and penalties of providing CBR protection?

a, There is no reason to suppose that this vehicle could not be fitted
with CBR protection if required. The deciding factor is the air leakage
rate of the vehicle when closed downe As this vehicle does not have a
turret ring, which is one of the main sources of leakage, it is reasoneble
to assume that the vehicle could be fitted with a filtration pack.

ba The penaliies are & space requirement of about 6 cu ft., & current
consumption of epproximately 20A and the unit cost of about £600.

What is the silent watch capacity of the batteries?

Ge The capacity of the batteries on silent watch was obtained by calculation.

- The-figures-given-below assume-that-only one-of -the two radie-sets-would-be-in

use -~ the times will be about halved if both are used; a sight wiper is assumed
to be in use in both cases. Figures assume normal temperatures: the silent
watch time will be reduced at lower temperatures.

be The battery capacity is 1li amp hrs, and it is essumed 4O amp hrs can

be utilised without prejudicing engine restart. The current consumed is

0.8 amp on receive, 10 amp on high power send, 3 amp on low power send and

3 amps for the sight wiper. Assuming a sendw-receive ratio of 10:1 the times -
are calculated as:

(1) Silent watch on high power transmission: 21 hrs approximately.

(2) Silent watch on low power transmission: 31 hrs approximately.

Gl
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Annex ‘H! to AT 1123/GT 428
dated 13 Feb 1969

TROOP LEADER'S COMMENES BY MAJOR Re. C. BAGNELL, QOH

General

e These comments, comparing 'S' Tank with CENTURION, are made by the writer
as Vehicle/Troop Commender. Any tactical points are given specifically from
that aspect and inevitably tend to form a critique of the tank itself as distinct
from a mere concept assessment.

2 This section of the report should be read in conjunction with Annex 'A'
Description of the Equipment. '

Tactical Handling
3 General. The handling of 'S' Tank is generally similar to other tanks except

that in the attack it cammot deliver main armament supporting fire on the move,

Lo Advance. In the advance I found it was better than conventional tanks due to
its low silhouette allowing greater use of available cover. This led to the '8!
Tank being able to get closer to the enemy before having to tske up a fire position.

5a Wwithdrawal. I particularly liked the ability to reverse at the same speed asg
forward drive, thereby keeping the frontal armour towards the enemy.

6o Defence. In my opinion, due to the low silhouette, superb optics end semi-
automatic loading system, the 'S' Tank is probably the best defensive tank in service
today.

Te Fire Positions. Taking up fire positions in the '5' Tank was exceptionally
simple due entirely to the two factors below, but care must be taken over crest
clearance as it cannot be checked from inside the vehicle:

N The driver and commander being on the same level. (In cases of
difficulty the commender can take over to put the vehicle exactly where he
wants.).

De The low silhouette and the fact that observation and fire positions are

almost identical allowed the use of cover that a commander would never consider
possible in a conventional tanke

8. Vehicle/Troop Control. As a vehicle or troop commander I found no difficulties
with the '8' Tank except for the absence of stowage for map case, code packs elcas,

and map reading was relatively more difficult due to the commander being nearer the
ground., The 'S' Tank was not tried as a command/control vehicle. It would be
difficult, if not impossible, to command a squadron from an 'S Tank for any length
of time, due to the lack of space for a signals NGO 4o work in the rear driving
position.

e Camouflages The 'S' Tank was found to be simple to camouflage due to the
lightwelight plastic nets provided, and the absence of turret traverse.

/Automotive
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Autonotive

10. Driving, I found the 'S8' Tank easy to drive badly and reasonably difficult
to drive welle. This was mainly due %o the strangeness of the twin steering systems,
and the wmatural requirement of keeping the accelerator fully down, to avoid the
time lag in turbine bulld up, and of also using the foot brake to control crogs-—
country speed.

1l Performance. Road performance of the '§' Tank is goods Maximum speed was
found to be approximately 50/60 kph (31/40 mph) on the vehicle speedometer. Braking
proved in all cases to be brutal and the steering good, though clutch brealking to
steer at speed on a road sufrace is, to say the least, hair-raisings. Cross—country
performance was disappointing due to the current restriction of no gear changing on
the move and the fact that the maximum speed of the cross~country gear is too low

12, Ride/Comfort. To the outside observer the 'S* Tank appears to pitch excess-
ively due to the variable attitude of the hull and the short track length on the
ground. This is not borne out inside the vehicle mainly due to the fact that the
erew compartment is at the centre of the vehicle, and that crews inevitably adjust
speed and pitch to sult the terrain. (This apparent cbservation might have been
agzravated by the fact that at no time did the 'S8' Tanks fravel with a full load of
ammunition.)o

13. Servicing., Generally the servicing of the 'S' Taenk is simple and equivalent
tasks take marginally less time than on other tanks. I particularly like the
Swedish fruling of only topping up when levels reach the low mark, and the fact that
greasing is done by a given number of strokes at given intervals. Throughout the
trials the only complaints made by the crews were:

PR o+ ] g

ae The inaccessibility and awkwardness of the track adjus
e The filler for the K60 engine oil was far oo small.

Ce Lack of fuel gauges which forces the use of a triple reading dipstick.
This could seriously slow the gathering of a Sguadron replenishment requirement.

Conmander's Cupola

e General. The 'S' Tank cupola ig without doubt the best I have come across

due to the superb optics, speed and accuracy of traverse, line up facility and
stebilization of sight. No degradation of cbservation arose from the non-continuous
360° traverse capability. '

15. Specific Likes:

ao Range and ease of selection of the variable magnification in the sight.

b Large clear unity window.

Ce Binocular sight principle.

d. Cupola hatch is excellent due to its ease of operation and umbrella
pogition.

/l6a Peoa
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16. Points for Improvement:

8. Aecessibility of line up locking switch.

bha Lack of rheostat in eye piece heater circult (eye piece could get pain-
fully hot).

Ca Adjustment of seat to cater for tall members.

da Provision of stowage for commander's necessary small items, map case,
code packs ebcs

Ce Provision of a device to slow the rate of traverse as the cupola
spproaches line-up to prevent overrun.

fa Simplify graticule patiern which was too complicated aand unvarieda
(Difficulty with this may have been due to lack of continual practice and
different techniques).

. B Provision of commander's spotlighte
h. Provision of armoured shutter on sight head.

17 Commander's NG. This mounting I found to be superior :din all ways to that of
CENTURION, and superior to CHIEFTAIN for accuracy during static shooting.  Whilst
shooting on the move the mounting suffers from the usual problems of elevation damping.
If an elevation stebiliser could be fitted this would become & really accurate weapon
as it is already stabilised for traverse within the cupolas The duplex firing lever
was excellent though for preference I would like it shorter. It is almost impossible
to grip. the elevating handle firmly without firing the gune The cocking safety

lever was adequate but could be made more robust.

18, Smoke Grenasde Dischargers. These are adequate and the performance of the
grenades particularly impressive, put T would like to see more of them perhaps even
mounted on the corners of the vehicle (vide the British ARV) .

19. Control Column. This is simple %o use for both driving and leying. The
only problem encountered was occasional errors in selecting the firing button and
right-hand magazine loading button. This was probably due to lack of experience.

20. Driver/Gunner's Position. The main two criticisms of the controls are:

L1 Inability to see instruments when in the up positions
b Handbrake reguires both hands to release if tightly applied.

21. Reverse Driver's Position. This position and the controls are adequate,
though & small man is almost & necessity. Improvement could be made to the vision
by the addition of enother vision block to cover his vision to the right rear of the
vehicle. All instruments on the control panel should be on the safe/unsafe

principle to elleviate the problen of memorising a multitude of safety temperatures..

/Weapons Systens
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Wespons Systens

22. Sponson Guns. The main disadvantage of these is that a crewman must dismount:

Qe For stoppages vihich cannot be cured by cockings

be To replenish magazine boxes. TFew stoppages occurred and these were
mainly bad feed due to carelessly packed magazine hoxes. The wire comnecting
the cocking lever to the gun was not strong enough and frequently broke. It
was a great advantage to be able to adjust the guns accurately to coincide
with the sight marking.

23«  Moin Armement. The only real complaint on this gystem was the large number (5)
of selector/safety switchese It was found to be all too easy to forget one or more

of these and thus cause an apparent misfire. S¥ripping and re-assembly of the
breech mechanism was simple and easily accomplished after practice. Misfire drill
could cause problems, especially if the round was a hard extraction, as it had to be
oxtracted through the ejection port.

Miscellaneous

24 Tool Kit. This was very comprehensive and of good quality. The major
changes we wonld like are:

8 Clesning staves instead of pull through wires.

be A more robust track tensioning tool on the ratchet principle.
254 Radio Installation/Harness. The two Amerdican sets and vehicle harness were
simple to operate and the present 20 Channel Dialling System would be an asset in

a British AFV. The vehicle antennae and bases were robust and not one "top section”
was lost throughout the trial.

26+ Crew Helmet/Hargess. Everyone who travelled in the 'S' Tank was impressed by
the crew radio harness; it was light, simple and easy to use. No problems were
encountered with the throat microphone and its "live" capabilities were especially
liked, The earphones were incorporated in the helmct, tho wecaring of whioh was
compulgory. Throughout the RAC there has always been a distinet dislike and apathy
towards the wearing of an AFV helmet and it was therefore surprising that everyonse
who wore the Swedish helmet thought it an excellent items Admitbedly crews were
able to remove it from time to time, but its comfort over long periods of continuous
wear was good.

27. Infantry/Tank Telephone. This was similar to the British equivalent but was
fitted with a2 much longer powered cable. It was necessary for boresighting, but
would be useful for a vehicle 0.P.

28. Training Aids. The vehicles arrived with a very comprehensive range of aids
as follows:

Ba Barrel fitting lamp for teaching the laying on and tracking of moving
targets.

be .22in bracket for field miniature range work.

Ce 6.5mm bracket for open range firing up to 300m.
- /do T
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de Automatic sight cemeras which recorded the gunners' individual lays to
an accuracy of t k.

Qe Firing lanps which simulated main armement fire within the barrel,
aceurate to within approximately 4 f of the line of asight.

Crew Comments. Those were taken at a "wash up" meeting at the end of the

training phase and are recorded in Appendix l.
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Appendix 1 to Annex 'H' to AT 1123/GT 428
dnted 13 Heb 1969

oo CONPLAINTS

1. Cownander's Cupola:
Bie 73 requires stabilising in elevation.
be Aceelerator pedal to be better positioned a8 continued use ca&n cause creup.
Ca vore and smeller vision blocks would improve all round vision.
Qe Soth rate and position control to be combined into the eleovation controllers
€ Gupole locking switch should be more accessible, and the cupola should

slow on approaching line-up to prevent overrun.

fe Graticule adjusters need a more positive locking device.
[ Seat needs more positions to cater for all sizes of man.
h. Perizcope washers not fitted.

Ja Rheostat needed for eyepiece heaters; these get painfully hot.
k. An improved demister would improve the sight head.

1, An MBS mark is definitely needed in both sights.

Me Dots for the APDS markings would be better than lines.

Te Could the cupola's "umbilical" cord be replaced by slip rings to ease
the danger of strangulation.

Oa MG cocking gear could be more robust.
Pe Lock to be fitted to stop seat rotating.

. Qe Tachometer, speedometer and odometer would be an asset to commander.
T 6 x No.36 grenades to be replaced by 250 rounds for MG.

Se MG firing lever to be replaced with a thumb button on the extremity of
the grip. .

2e Gumner's Position:

a. Clino is unnecessary if semi indirect fire is not envisaged.

be Accelerator as fér l.be
Ce Rest required for the left foote

d. Hand brake requires great strength to operates.: Wind-on ratchet type
would be preferred.

/e eses
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S Emsrgency steering tillers impossible to use due to the excessive
force needed to operate them.

high Gunner's sight cover too high for comfort when driving in the ‘up!
position, except for men of 6ft and over.

298 Some form of traverse indicator needed for long range HE and semi~direct
fire if envisaged (see 2.2. above).

ha The tachometer, speecdometer and warning lights cannot be read in the tup?
position.

3a Rear Driver's Position:

8 Accessibility of radios is bad.
ba Can a foot accelerator be provided?
Ce Vigion needs improving, especially to the right, even at full elevation.
Ge Dials to be on the three colour go/no go principle.

beo Goneral:
fe Engine decks reguire time and effort to 1ift, especially when bolted down.
be Engine oil filler cap too small. |

Ce Track tensioner nut is very inaccessible, and should be hexagonal not
3QUArea.

d. Tensioning spauner to be of ratchet type.

B One spare aerial should be provided.

f. Pick axe would be useful addition to tool kite
G Cleaning rods should replace the existing wirea.

h. Fuel geuges are a necessity.

H1-2
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ANNEX *J' TO
AT 1123/GT 428
DATED 13 FEB 1969

TECHNICAL GROUP REME

MECHANICAL WING

'A! VEHICLES AND VEAPONS BRANCH

SWEDISHE 'S!' TANK

PROJECT No. EME 7a/10095
HQ. DEMR (A) REFERENCE 58/Tech/617 dated 27 March 1968

SECTION I Obiect of Reporxrt

1+ To compare the Swedish 'S! tank and Chieftain in respect of:-
a. Servicing and maintenance loads,

b, Servicing and maintenance problems arising from unconventional
features,

Ca Recovery,
d. Special tools,
e, Sultability of available technigal literature;

SEQTION II Hquivment

2. Eguipments:

a, Tank combat 120 mm gun Chieftain Mk 2 as desgribved in EMER
TKD. VEH. I 200,

b, Tank 'St Type A Swedish described in the Vehiele User Handbook,

SECTION III General

3. Bagkground

Sponsored by AEP 17, and under contract Bofors Sweden 57390156/ 66
dated 21 February 1966, two 'St tanks were lomned to UK for six months te
eneble a complete assessment to be carried out, This repory (Annex 1T
of the main repoxt) assesses the maintenance and servicing loads by
making comparisons with Chieftain,

4., Method
s. An 'S! tank was made available to Teghnical Group RIME at

Bquipment Trial Wing RAC Centre Bovington during the pexrlpd
19 - 30 August 1968.

/Do eeee
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b.  Working to a pre-arvanged programme, Branch technical authors
(fully conversant in their respective spheres with Chieftain)
examined the equipment,

¢. To obtain the detailed information of the Appendices of this
report, the authors cross-examined the two Swedish representatives

and those RENME personnel who had meintained the two 'S! tanks during
trials at Bovington.

d, The few available drawings and the User Handbook were studied.

e. The only meintenance work witnessed by the authors were the

barrel removal and replacement) and one front suspension unit,

f. Servicing was demonétrated by and discussed with RAC persomnel
engaged with the running trials,

&» The recovery appreciation was obtained by actual trials carried
out by Technical Group REME Recovery Section.

SECTION IV ~ Observations

5. Comparative maintenance load

Ba Automotive includine gun control equipment

(1) Pour days of the two week availability period were allotted
to the automotive authors and during this time, 54 aspects were
studied -~ these are detalled in Appendix 1. Bach nspect was
given a grading compared with Chicftain and shows that of the

54 studies, the loading was about equal i.e. 28 : 26 with
Chieftain the greater,

(2) The outatanding feature against the 'S! tank is the come
vlicated hydraulic systems with their electrical interlocks,
Without comprehensive training and detailed technical information
it is doubtful if REME could maintain the vehicle in the field

in acceptable repair times. '

Yo Armament
(1) 'The armament authors were allotted two days, but apart
from gun barrel romoval and replacement, no dismentling or

asgembling operations were witnessed,

(2) The information obtained by the studies is given in
Appendix 2,

/(3)  eeee
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(3) In brief, Chieftain has the breech mechanism and recoil
gystem in the fighting compartment, whereas in the 'S!' tank, these
aggsemblies, together with the auto~loader are behind the fighting
compartment at the rear of the hull, There is no elevating or
traversing gear on the 'S' ftank and no auto-loader on Chieftain,

(4) Auto-Loader

The operation of the auto~-loader and the two magazines appear
to be fairly simple, However there are a number of interlocks
which control electrically operated hydraulic valves, thereby
controlling the various operations of the hydraulic system, This
would provide a maintenance problem.

The setting up procedure and the interlock settings of the
auto~loader would be particularly important, but it was not possible
to obtain this information from the Swedish representative who was
not completely conversant with the operation of this part of the
equipnent,

(5) Breech Mechanism

The breech mechanisn is easily accessible through a hatch
in the top of the hull, and is of a conventional design vertical
sliding block, with an arrangement for opening it initially by a
hydraulic piston controlled from the fighting compartment,

(6) Barrel
Barrel removal is simple, end is similar to the CENTURION
Tank, in that the barrel is removed from the front of the hull,

with the breech mechanism snd breech ring remaining in position
in the tank,

(7) Recoil System

Comprises two identical cylinders both of which are gontined
Buffer/Recuperators. They are situated to the rear of the breech
ring mounted alongside of each other, and each is held in position
by two tall joints, one screwed into the breech ring and comnects
to the cylinder ram, the other connects the cylinder to the hull,
There are two liguids used in the recoil system, onc liguid for
the itensified secal, and a form of Glycol in the main cylindex.
The cylinders are pressurised, to 924 lbs. sqg. in., using Nitrogen
gas, Access to the recuperators is through two small servicing
hatches in the top of the hull, A special hose and connection are
required for servicing,

Optical Instruments’

Since there are only two types of instrument used in the 'S' tank

and there are no sight linkoges to contend with, the maintenance load is
less than on Chieftain and well within the capabilities of REME,

/6o
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6., Servicing Aspects

a. The comparative times for automotive servicing aret-

TASKS CHITFTAIN t5t TANK
First Parade 15 minsf 10 mins,
Daily 30 ming, 20 mins.

" Weekly ' 48 mins, 2% ES I HEE
Monthly 10 mins, 3 to 4 hrs,
Quartorly 6 to 8 hrs, None
Anmaally 8 to 10 hrs, 1 hr.
Bi-Anmolly None 10 to 12 hrs.

8. At 1,000 km ax additional 2% to 3 hrs. is required
for oll changes.

b. Apart from the !'S! Tank Bi-amnuol servicing time,
the above times are not acoumulative,

b, Comparative Servicing Loads

Thegse arce dotailed in Appendix 3.

o Comments on Servicing the 'S!' Tank

(1) Apart from one hydraulic fluid filter being situated low
in the engine compartment, the oil, fucl and hydranlic fluid
elements are not difficult to replace.

(2) Access for making the poriodical checks and adjustments is
generally good.

(3) The tasks of making cerbtain checks snd adjustments should
not be the responsibility of the orew members, although the
tagke are relatively simple, the consequence of maladjustment
could be serious.

(4) As the hydroulic systems are completely interconnected, leaks
at one of many points could result in the complete imnmobilisation
of the vehicle.

(5) Certain flexible tubes uscd for filling gearcases etc., are

not 'on vehicle kit!. (Some tubes were brought from Sweden by
the Technical Rep).

/(6)  eese
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(6) Hexogon type grease nipples are fitted.  British vchicles
currently have hydraulic type grease nipples - SSM(L) 7 - 24/4
refers,

7« Servicing And Maintenance Problems Aris;ng‘From Unconventional Featuresg

This is detailed in Appendix k. Accepting the fact that all workshop special
toolas would be available together with metric spanners, the only problems are:

a. The hydraulic systems referred to in Paras 5a.(2) and 5&.(4).

b, The overhang of the gun barrel when towing from the front - see
Para 8b,

8. Recovery Aspccets
a. Recovery

Using a Centurion ARV and standard recovery equipment and techniques,
the 'S!' tank wvas rocovered from a crater - first with its suspension
jammed in the elevated position, then in the depressed position and
finally laying on its side.

b. Toving

Toving trials, using a Centurion ARV and an ETW improvised towbar,
were coarried out successfully. The improvised towbar had been
nanufactured because the .longest tovbor issued (Drowbar Hoavy LVd/ARV
(FV 34136) is unsuitable, It will not span the 'S' tank towing eyes
and is not long enough to provide clearance between the gun barrel
and the towing vehicle when towed from the front.

G Transpeoriation By 50 Ton Semi-Trailex

Except for minor fouls between gun muzzle/ground/t;ailer/rear of
hull, there was no difficulty - sec Appendices 5 and Os

9. Speciagl Tools

Because of the small amount of repair work witnecssed, a complete study
was impossibla.

The onc feature highlighted was the slave drive used to run up the
hydraulic systems with the power pack removed. This and other fectures
are described in Appendix 7.

10, Technical Literoture

The equivalent of the British Army Technical Hendbook (EMERs) was not
available - EME 7 letter 58/Tech/617 dated 30 July 1968 advised this,
Again referring to the hydroulic systens, it is estimated that the writing
of EMERs for the hydraulic and interconnceting electricdl systems would, with
the nssidtance of BOFORS resources, engage two authors for six monthg,

2 GONPIDENTLAL
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SECTION V Conclusions

11l. a. Comparative Majinterance Load,

There is little difference between the two total loads, but there is a
difference in the loadings of the various REME trodesmen i.e. greater for
the Artificer vehicle but less for the Artificer CE.

b, Comparotive Saervicing Load

not 8o good fectures, The time for servicing the 'S' tank is shorter
for First Parade and Daily, but longer for Weekly and Monthly.

S Sexrvicing and Maintenonce Problems Arising From Unconventional
Teatures

(1) Bervicing ~ None

(2) Maintenance - Ones the very complleated wund inblurconnected
hydroulic systems in which a leak at any one of the many points
could immcbilise the vchicle.

Recovery

Ixigting recovery equipment can recover the vehicle, but o new
nattorn drovvhoar 1o voonivsd for dowin With minor rabbing fonls

pattorn dro roguired f towing.  With minor rubbing

whilet loading, the 50 ton transporter can transport the vehicle,

Workshop Tools

Complete sets of Swedish workshop tools and test equipment would be
regquired.

Technical Literature

Only the User Handbook was available, There was no EMER equivolent
to view, RENE tradesmen could probably maintain the vehicle at Unit
end Field Workshop level from basic principles except for the hydraulic
systems, Systems circuits and test schedules for the hydraulic,
interconnected electrical systems and autoloader would be essential,
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ANNEX 'K' T0
CONFIDENTIAL ~ UK AND SWEDISH EYES ONLY AT 1125/GT 428

DATED 13 FEB 196

Plate 1 'S' TANK - FRONT VIEW
Note: Left hand headlamp cluster on vehicle missing, see Plate 13

Plate 2  'S' TANK - RIGHT HAND VIEW WITH REAR BIN FIT'TED

CONFIDENTIAL ~ UK AND SWEDISH EYES ONLY







CONFIDENTIAL ~ UK AND SWEDISH EYES ONLY

Plate 3 'S' TANK - LEFT HAND VIEW WITH REAR BIN REMOVED

K-2
CONFIDENTIAL -~ UK AND SWEDISH BYES ONLY







CONFIDENTIAL - UK AND SWEDISH EYES ONLY

Plate 5 'S' TANK - LEFT HAND FRONTAL 3 VIEW

AR A A AR A A AR

Plate 6 'S' TANK - RIGHT HAND REAR $ VIEW WITH RIGHT HAND REAR BIN ONLY
FITTED '
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CONFIDENTIAL - UK AND SWEDISH EYES ONLY

Plate 7 'S!' TANK - LEFT HAND REAR 3 VIEW WITH RIGHT HAND REAR BIN ONLY
FIITED

Plate 8 'S!' TANK - RIGHT HAND FRONT 3 VIEW, SUSPENSION IN THE
LOWERED POSITION

Kedy
CONFIDENTIAL - UK AND SWEDISH EYES ORLY.







CONFIDENTIAL - UK AND SWEDISH EYES ONLY

Plate 9 'S' TANK - LEFT HAND VIEW WITH SUSPENSION IN THE LOWERED POSITION

Plate 10 'S' TANK - LEFT HAND VIEW SHOWING FULL DEPRESSION
K-5

CONFIDENTIAL -~ UK AND SWEDISH EYES ONLY







CONFIDENTIAL ~ UK AND SWEDISH EYES ONLY

Plate 11 'S' TANK ~ LEFT HAND VIEW SHOWING FULL ELEVATION

Plate 12 '8! TANK ~ REAR VIEW WITH BOTH REAR BINS FITTED
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CONFIDENTIAL - UK AND SWEDISH EYES ONLY







CONFIDENTIAL - UK AND SWEDISH EYES ONLY

Plate 13 'S' TANK - FRONT VIEW IN FULL ELEVATION
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Plate 14 'S' TANK - LEFT HAND REAR $ VIEW SHOWING FULL DEPRESSION
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CONFIDENTIAL -~ UK AND SWEDISH EYES ONLY







CONFIDENTIAL -~ UK AND SWEDLSH EYES ONLY

Plate 15 'S' TANK - CLOSE UP OF COMMANDER'S CUPOLA

‘Plate 16 'S' TANK - REAR VIEW FROM ABOVE
K-8
CONFIDENTIAL ~ UK AND SWEDISH EYES ONLY







CONFIDENTTIAL =~ UK AND SWEDISH EYES ONLY

Plate 17 'S' TANK ~ FRONT VIEW FROM ABOVE

Plate 18 '8' TANK ~ SUSPENSION ~ SHOWING RIGHT HAND FRONT ROADWHEEL
IN THE 'CARRIED' POSITION

K-9
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CONFIDENTIAL -~ UK AND SWEDISH EYES ONLY
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Plate 19  'S' TANK ~ SUSPENSION -~ SHOWING RIGHT HAND 2nd ROADWHEEL
IN THE 'CARRIED' POSITION

Plate 20 *S* TANK - SUSPENSION LEVEL WITH THE RIGHT HAND FRONT
ROADWHEEL CARRIED
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CONFIDENTIAL - UK AND SWEDISH EYES ONLY

152.0lf

Plate 21 '$' TANK - SUSPLNSION IN FULL DEPRESSION WITH THE RIGHT HAND
FRONT ROADWHEEL CARRIED
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