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ABSTRACT

igl Tanlkes between Apr-Sg
1. This raport cnf:;: Z-:.:L:‘.l:ﬂt of & turmtlesa_tan}; as embodied in the g . ?'H
SEN et -m E“:ﬂlﬁﬁwam {IEII‘I'-i--Eﬂ cut by the Tactical Euhugl I:iﬂﬂg;;tra, Army Pe,
Ports & w:abliahmant. i Technical Group REME and FVEDE, i o h‘-"“mhau :
Rmmﬁf:r whom has contributed to this report in separate Annexurea, ut
ETW, ea

been difficult in many jnstances to separate the detailed tes L,

S R luation and this is reflected in some portions of the “Pur:?h'

from & concept eva

its realisation ma
3, The trial showed the concept is wviable, but ﬂadva.nta,g-au n 'tiggvﬂ rigg 3
lower reliability than its competitors. The major conpep;

e. A reduction in the crew to three men, and even oné or two for shory
periods in emergency.

b. Having all main armament rounds ready. To maintain simplicity 4
restriction to two main natures and a small nunber of & third naturs, whigy
may require some positive mechanical action by a crewman, will be necessary

6. A lower silhouette leading to a better use of ground and essier ey,
of fire positions.

de A much easier design problem to meet the requirement for protecting g,
CIewWs

e, It fecilitates the combination and duplication of controls,
4. The major disadvantages are:

d, Ita inability to fire effectively on the move, which is fundemental t
the concept.

be TIts inability to engage targets without the main engine runring and
hence the loss of surprise especially at night.

i o B 0 e M drial there will
g ., o traverse in e b : bt
circumstances in built up areas, *8« Docage country and in cert

5. In determining the advantages and disadvantages of the i
concept th wal

:nhiﬂarl. A definite statement for or against the concept is ng giv:nﬂr: it

eyond the scope of the trial, The fundamental question arising from the tritl

concerns firing on the move, a capability now 5
The recommendation, therefore, is for f Emvifaﬂ in good measure in CHI

a2, To determine to what extent will
P firing on the move be required in i
» 8nd whether the disadvantages of not delivering accurate main &/%%

fire on the move cutweigh the undoubteq advantages of the concept.

be A cost anal of . = . -
tank should be ,_.:;::ﬂ mt:: design, iﬂtﬂmt and production of a turr®
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REPORT ON THE SWEDIsy 1g1 .

INTRO DUCTION

cept i3 unique in that
5 kaf:g:ﬂ L‘ relation to the hﬂanﬁ:ﬂt}?“zﬂn in the normsl menner
P e *tne gune The tenk 1s therefore turr:tlz::;i 15 hed 50 Tomiuese sot
§# ﬂﬂl"&:;ﬁ’pt wad hﬂﬂﬂd enn the fnllﬂ.inﬂ f&l'.'-tm'-q.: . The Swedish Philﬂnﬂplq.r
.’ ghi® : gweden is 2000 kms 1
. “Jong would reach as f ©08: A line from the southern tip of
5o = p000 KEY  gin with temperatu &r south as Rome in Italy. It conta
E’.,daﬁﬂr“ata oo p resa down to -;.,_[]ﬁrn[mﬁﬂ‘ . containa
'riﬂ'r od DY many ‘:e f" r;m of considersbly size, as 'I'ﬂ-ll. & country
oo deep to ford or sncrkel. The tank had, tharaxr?a“:uﬁi:a?:a
¥

l
i# O pany rtable. Thi
e po 8 set an upper weight limit of 37 metric tona.

The population is small and

icos any war would be def

& enaive.

]:in %ﬂﬁ-ﬂg ?tim:l&:t:ﬁ?ﬂumﬂ Brigades would be to cun::in a:m

s ‘tt.l-ﬂk and an ~sigriee 0 force the eneny back over the frontier.
er tanks in the armoured brigades in comparison to other armies

gnedd fanw
e
mere 87° 10 ted @ tank with a very high chan .
this dic ce of survival on the bettlefield
crifice in the demand for the highest level of fire power, :uhili:::;‘

std no &8
ﬂh Pﬂ'“utim despite the weight limit.
The in-service life of the tank will be long as coat rulea

,, jipsacizle placement. Hence & new vehicle must be technically advanced.

aarly
The Swedish Army is & conscript one with a nine months period
Experience

5 "%mﬁ by 15 days training every third year thereafter.
turreted yehicles showed that considerable time was needed for crew treining
The 'S" Tank had to be simple to operate

e of tactical training.
ferably one man should be able to fight it alone in emergencys.

exp
gi:hu H:Eisﬁ?tha peed for a well designed fighting compartment.
rthese factors led to the fol
Very low silhouette thus presenting a smell target area.
y both statiomary and on the move to be high.

e front from APIS

lowing technical characteristica:

Be
b, Target acquisition abilit

of withstanding at least two direct hits on th
cut of action.

of withstanding hollow charge attack over

¢ Capable
vithout putting the tank
4. The greatest possible chance
8, A mipimum reaction time between target acquisition and & "Hilt.

be used to maintain compatibility with CENTURION but with

f. 4 105mm to
; r pe and rate of fire.

- ps

Fl
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) is achieved by eliminating the turpet

saving in weight T 1
AP :?gﬂfcadar, hepce saving one COrew memb ex's i.ha f'ln is then pyy :I.:;lh‘:'t g
an automatl the starting point in 1956 of basic design study for the 1g., by
and this :as tr:ﬂl’ on adapted vehicles showed t!Hm i‘m‘iﬂihihtj of the 1g. Tl:u;.
el wﬂd::alupmant contract was placed with BOFORS in 1958. When ¢j, > S
s ﬂ:f—.ialn reports appeared which created iy inﬂm“r“t 10 the concep,
hﬂ,ﬁ?-ﬂ g visited sweden raamﬂﬂﬂea that the '8" T should be MO el l-tll
of ficera aquested by DAWS and & contract was negotliated with t'-"aa],
'g' Tanks for a period of 3ix montha. Thi, I"ﬂh‘
P

gxamineds This was I'f .
r the loan © wo
Gompany 3 lete trial of the two tanks.

covars the comp

m
AIM

I To evaluate the concept of & turretleas tank as exbodied in the 'g¢ Pasg

AUTHORITY

5. The authority for the trial was MOD(4D) AEP 17. Application for g g,
Trial A/58/A Vehs/383 AEP 17 dated 18 Mar 68.

DESCRIPTION OF THE BQUIPMENT

&. The "S'" Tank is a low (under 10f't) turretless tank with a battle wedght o
83,200 1bs. The vehicle can swim and is powered by & two engine installatig,
consisting of a Rolls Royee K60 Engine which drives & torque convertor. 1,

output of this engine is coupled to the fixed ratio gearbox as is a Boeing Eas
turbine engine. This automotive power train ia placed on the front of the gy
and drives the front sprockets through a clutch brake system and a final drjy,
epicyclic gear train. The fighting compartment, situated in the middle cf ty,
vehicle, is L sheped to accommodate a three man crew, the driver/gunner ang
driver on the left-hand side and a commander on the right-hand side. Duplicst
driving/gunnery controls are provided for the commander and driver/gunner ap 4
former in addition hes & cupcla which has power traverse and a stabilised sigh,

7. The armament consists of a 62 calibre length (F 105mm gun held in a mourt

fixed in relation to the hull. In the rear of the hull are two magazines betm
which is the automatic loader and the breech of the gun, the gun itself passimg
through the centre of the crew compartment in a jacket. In addition there ams
fixed coaxial MGs mounted in an external armoured box above the left=hand wing
a commander's MG mounted on the cupola.

8. The K60 engine powers the vehicle hydraulics which give elevation and de
by moving the suspension. Centre point traverse is provided by an additional
variable hydraulic drive to the sprockets through the final drive epicyclic g&f
train, This also provides regenerative steering and prevents reverse drive a8

clutch/brake steering.
9. A detailed description of the 'S' Tark is given in Annex A.

10. Two series 'A' 'S Tarks were pro
2132 and 2133, These tanks landed at HULL docks
on 3 hpr 68. The tarks were returned to Swede

L

i .
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Ih-... % b Y fra Tha Wespoh 4% ok by Weapons Ilrun::h.. Eyqui i
LA . Prent Trials Wing.
& i LR fpe Tavtioal Fleld Trial, CArried oug |
A L :.I-J:'.IlIu 0] i ] _'ﬁl‘ 1.* j T | = H
r..I1IIIL \ t,:;.r-h plage on the BURY PLATN Praining '“-T'er,_“- Tactical School. These
Wl g ; :
LT I A Human FaRotors daoessmend conduct ag | .
Ly g ﬂ.{.lLl-l.jl.h“ﬂl-'i' ¥ the irmy Feraonnel Recearsh
1% W i@ & P e
5 il ] oo Brvilao
A Malntens i ng ﬁl!ﬂﬁumu 4
App) \E & 7% sarried out by iy Technical Group
ll"i'.“. Ilﬂ »
| III!I hJ ._||,-I J ¢ An ﬂut.r_:uu_l:lf..l'ﬂl mrudd 1'Ull-ﬂl'-'--1.l.p trinl phass
o, -',_':_ 'J-. 1T # A
T 4 |
An FVRDE Assessment on vehicle 2132 at CHOR ]
l ¥ erformance tests and Ml This coversd ecertain
I:t“”"‘ - L autemotive p W0 R8sessment of ceptain design features.
1'| k
* ] 1 Ffi
a L'.H,u ”rl|| hﬂ{l] I'HTSUL.J.E
Op i, :
“ Bou ue .;1“““ ligy, ', ppe '8' Tank system of elevation/depression ang traverse is viable. It eam
Lo o 0% a T"r".'r ""L-#' all the funotions of a tank except the important one of firing effectivel
™ 9 op TR ove and an inability under certain ciroumsia ; to .
0 4 the o B ARGRS B nces of terrein to traverse

Yo Pope
. f-“ﬂtn;uf g i O MRS

W, the ! N the nqq " Phe results have been presented below ag advantages or disadvantages under main
' Moy ey Be headings. Certain aspects such as Swinming cannct be assessed as the vehicles
ey m-‘ Hang -Hidu;m:.""‘lpﬂ pot equipped for this.  Detailed results are given in Annemres ss follows:

'Grag *'-1'..15 n"“h’m._-m':"-?l Annex B = Dimensions Analysis.
i otabi)y,,, o C = Weapons Trialas.
'-.:1.

104 = Tactical Assessament.
e T

=  Evaluation of Human Factors.

b
'I|'-'j|£ in E
® neam ™ F - Automotive Irials Results.
Bun, the gun hl_:]':ﬂ:' - - FVRDE Answers to User fuestions.

1taelf «
e In Bdditiog tue H = Troop Leader's Comments.
- ' g - al REME Results.
. above the l"rt'ﬁmﬂ 1 E Technie Group HRes B

= Photographs.

Weapon Aspects. The main advantages of the turretless concept are:
ch give elovation u

rovided by an additis %« Allows the use of an automatic or semi autcmatic loader and magszine.
final drive epicrell Hence all rounds are "ready" rounds.

8 iam
POTERLY EmEee bs The loader can be dispensed with and a sustained rate of fire with no

fatigue can be maintained.

Annex A« ' duplication of contrcls allows the duties of
] m:r:nm:ti::divﬂi to be carried cut by two men or even one in =1

It gives a lower silhouette and allows an sasier selection of fire
tions as driver and commander are on the same level.




arel
+« The dinadvﬂntagau
1k the main grmament nn_tha move &ff:f.ti\r;lar a3 tha the Fﬂ gt ° e
Be It car hﬂni;i;:ﬂuglt to soincidence in both azimath an ﬂlﬂ'“&tinhs n::h :;Fﬂ
f the gunl . i : e
?ur an instant, are remote
to use the main armament, coaxial ma po (nOF
. main enginé pust be run Aa—; ecuel o . ﬂﬂ#"ﬂ
- :isath& cnmanct-nr's machine gun on pOWETs : o i
a in 8 night engagenent achy ! " o X
-]

of surprise
verse indicator handicaps switcheas fgp 14,
B

sion of a tre
ity for long range HE engagements and gy

:. The mon provi
o a naceas

at pighte It is als
jpdireet fire.

. s+ that the reduction of vehi
al Aspects. The main advantage 1s . ; cle _
1;::&5. 1:IT:L:¢ma:rur.tt:L43 tin; of the main armament close to the roof line gives greater p, ' | ¥ug

in the aslection of fire positions, covered approaches end generally aids copg,. s

._"

16. The disadvantages are: W:;:
& | L
s. That sn 'M' kill is & "K' kill. This is fully defined in Annex i a9 .- ITh
but briefly any feilure or dambge to the asutomotive components renders 'thuu 10N
armament unusable. . T

b. Concealed fire positicns are 1liable to disclosure as the main engipg o

be run if the aermament is to be used.

fire the main armament on the move, which is compeng
15! Tank by the commander's machine gun being
distracts the commander, if he is fip,

g. The inability %o
to a limited degree in the
stabilized in line. This, however,
from other essential duties.

17. Human Factors Aspects. The major advantage is the removal of large receiliy
masses from the crew compartment with the attendant problem of fumes from the
weapons. It is also much simpler to seal the crew compartment from NBC hazards

and approach the pod idea.

18. Automotive Aspects. The advantages are:

8. The ability to provide duplicated controls and i
oSS s simple provieion for

be ‘The traversing requirement provides excellent i
manosuvreability in

:unfi:;::l :pmuutfrm the separate veriable steering imput. D&apﬂa its

omet frightening sharpness on roads the ability to turn in any directi

rapidly without selecting th
weighs any diaadmtagunf e appropriate gear as in the Meritt system cu®

19. I
- rﬁaﬁ':gui:mth“a b gy qf::;tl:ﬂf r: r & low silhouette, elevation/desred

of track on grou )
in the order of 1.1 to 1.254 This leads to a mmﬂ;:tghi; rﬁll iﬁainc]ﬁ:m'

The crews compensate for thia
Any desired increase in uln:rn,‘,.-]:.:tir reducing speed and hence increasing exposure ™

Ml

lon could mean an even shorter length of track 0%
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2] t
By dvantages of & gas tu
&t;"“ " £he dias rbine, ga i-liﬂtﬂ.llm 1n Vil .
oy, f 200 This is of b B Rk, are
Sy ' oy BUEBL o af it o iAtively high
k i location of ita poaj Tagy
X te Peaition, quency ang
ba th ' seolr %o come from all points op 4, OT*s low eyt ity
h—h 'I"H.E BPP'E'E of the COmpass g+ nj_gl-ﬁ rack rattle which
mtuh% "Fq,h Thi thermal signature is a rea) Problem tq :ﬁ‘érﬁiﬁf E8ve away ita position.
"hi, &Tc.;_.. Y gignaturs. As the only gas gyppy, :
g |, :I'_”E,ﬂ-, it is enslly identified by eqpn, | -Cl® On the battlefield at
i
]
g ;vﬁhi 2ISCUSS Ton
gy oL
"-11:.,. &:?t'&r. ;ij The discussion will concentrate on the rejat
d n as main armament ip vehiclag, ive merits of two concepts of

| 8 [‘5:1 2l ing a &
Uy, A gount® ation to the hull, and in the other 16 4s N one concept the mount is fixed

ﬁ“fﬂtiﬂn{dﬂﬁﬂﬂnﬂﬁﬁggﬁeﬁsi t?he concepts actually tried were as embodied '
W' 1 Ao B inevitably the report becomes a

in the
ta ""‘n'ﬂ:t];. tique to some extent of the 'S' Tank $tsalr comparas with CENTURION. HNever—

:E‘ﬂﬂ_ B g-]"itiqu t ba b 3
it mus e borne in mind that the
B, *h:t' -,:hpzrﬂluﬂméﬂ, is not the only alternative.  "cional turreted tank, e.g.

0 any, [EENNEDS MK AISSRIEAES Of the fixed mount concept is that it does nob allew
is ctive firing of the main armament on the moye . .
. in CHIEFTAIN as & result of }» @ capability now provided in II
peasure 8 of 20 years development. Its system is \

ch is to operate, reliable and effective ivi : ;
ipple ; » BIVing a high chance of a hit. Any

e gun ;ﬁwrﬂ pajor war will be one involving the use of large mobils armoured forces .

1P 1e 4d the protection/fire power balance can only be kept by increasing protecticn !

or the use of mobility. To exploit the latter fully there must be no nacesaity |
} io halt to fire. Therefore, ?he question is not "is firing om the move neceasary?™
pat rather ean we afford to give up our present cepability of {iring accurately |

large Meceiyl on the move?". :
!

71, To attempt to answer this question goes beyend the scope of this report but
it is relevant to the argument that Sweden has not at present given up turreted l
yehicles, Her armed forcea will continue to include CENTURION as well as 'S' Tank.

fhe main advantages of the 'S3' Tank are in defence. This leads to the idea that

turreted AFVs should be in predominately armoured formations for cffensive roles

and turretless AFVs in predominately infantry formations to hold ground and replace

existing anti tank guns in infantry battalions, This has been the ideoclogy in j
several armies in introducing the limited traverse SP gun, usually & common tank

‘chassis with a heavier armament. The idea behind this must sssume lower cost for

rision for

1lity in ithe turretless SP gun. Where 'S' Tank differs from 5Pz so fer experienced is omn
gpite i ' ding an integral fine lay in the traverse, but the cost of doing this is
any @ AT Before any definite statement for or against the concept can be made
gyster there 48 & need for & costing exercise to determine:

: its
- The devel nt and production costs of a tuf*ratlea? tank using
;tinﬂp/ aep . h,:u for all mwm;;] traverse and elevation/depression of its weapon system.

d annﬁf{ - It must incorporate:
p38 , B

| el of reliability for the autumntivu_mmpmanta than
ﬁﬂﬂ# ]%:t :H?E:ti:; vehicles posseas, because an "M" failure could mean

failure to use the weapon systems.
/(2)
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on
1ength of treck on ground and a L/g rat M"’;:;
E ;

of a short
(2) Retention 1w silhouette but leading to the unlyy L ; ﬁ‘l i":-
to Iﬂt‘jn & = Eli * i L

By i’;ﬁ 0 g

hicle could bDe the basls ﬂ'
jlent traverae and el y“ ;
and orest *Vation/se IhI #y
|

f
The 1ﬂcﬂﬁﬂr‘tiﬂn ot rance indicati !
E'ﬂh a traveras jndicator and crest clea on Pruu.i“:? o

that the ve

nt coat of & similar weapon system glving stabilyy,, i

+« Tha & ivale 1
:ﬂ"raa Ifl; glevation independent of the hull.
limited in scope and the abasence of the o

1 triala were
The tactica F:“ Wespons Effocts sigpulator was a handieap to ﬁ!-tl-hﬂ'::'u'i
ty of the concept. Nevertheless they indicate the desiray ng ¢
the "S" Tank cn a tactlcally largey
ey,

ation as embodied in
t team where problems of command and control can alg, L

CONCLUS IONS

The major advantages of the concept are:

Ej*'l-
Solartron Direct
tactical viabili
its further examin
g.g. & sgquadron comba

23
even one or two for shgpy .

a. A reduction in the crew to three men, and

in emergencys.
all main armament rounds ready. To maintain simplicity ,
and a small number of & third nature, which g,
n by a4 crewman, will be neceasary. ey

ba Having
tion to two main natures
some positive mechanical actio

e. A lower silhousette leading to & better use of ground and easier gy,
of fire poaitiona. ;

d. A much easier design problem to meet the requirement for Protecting g

Crews

e, It facilitates the combination and duplication of controls.

26. The major disadvantages are:

a. Its inability to fire effectively on the move, which is fundamental
the concept.

b. Its inability to engage targets without the main -
the loss of surprise especially at night. ERGHY  TUREIng

¢« Although not experienced on the ground used f

or the trial, th
limitations in its ability to traverse in e.g. bocage count :m:i ::u
circumstances in built up areas. v |

de The non provision on the 'S§' Tank

of additional gunn d 1o
“'“1.“1:1'3?:: i:;i:untinn. traverse indicator end a maangwufaih:ng;s
bore etc. These items are not fundamental to the conceg

E-ﬂsti:ﬂi::ifmi;:a:-mm@m'fﬂ in that the evaluation of the concept hes B
of the trial to analyse in ﬁ;g’“.‘t'y" It has not been possible in the :
and the many other benefits obt ﬁ“ Mﬁm’hﬂm of being able to fire ob
trial cover a proper cost hohad from a stabilised gun system, Mor did*
study e definite .um""d’ of the two basic designs. Without this bec

for or against a turretless concept cannot be 38
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it}ﬂ ¥ 1

clusion 18 that the gy,
LY he O yot reliable. Tpe Tie '8' Tank 1a
L] Yk P88 put al
tﬂ-i:. 4 4ab1e ] theoretical and Practica) Studies op : ® 8 detailed evaluation of
P Iu d":unl setting. t8 edvantages ana sadvantages
a
Y Pae®
Cg, Op i

Flmafiald triale should be based g
ﬂ:;:ﬂ gffects Simulator.
e

It is also recommended that a cost
?]-

Analysis of the 4 |
jon of & turretless tank ie carrjeg ks e8lgn, development and
product

This deaign 1s to incorporate
requirementa of this report and is to be compared against e stabilised all round
e ersing design. This comparison should be based iritislly on the sems armament
i . Thi trav Any relavant factora, i.e. one deaipgn Elllm'_‘l.ng Ereater calibre to be mounted
Bay & N e
Ary, My El:ulﬂ also be subsequently considered,
g
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DIESCRIPTION oF THE ROUTPicem
——e e AL i r .L-IT

ETERAL DEse RIPTTON

tark, called the 'S5' Tam o,
ig Sﬂﬂish £ ‘.\. i { lth'_ uE"[':_{-u ;I .l::l"ll' H:-FD-I_\. .7 )
rnd wy he gwedish Army, 18 a turretless 4 : ¥ BOPCRS or STHIDSVAZH 103
: : 58 three 1
JI-:_H||F ]-ﬁ}} ﬂf EE ﬂﬂjihrﬁlﬂ l""'_.r_lt“-:.'_']_ ancl tl']'.'_"EF-__ _Il'_JEE B :E-.:.;j“ tE-'I'I}:-I- I"., mountas B

'Itm,;,m 4he otherm being fixed te tha '-1m_;| m ral.m e guns, one being moumted
1 - A hele Earvie & 7 ] Lnoae e
¥ e {:uﬁ' turning the whole tank .ml'l_']_l and elevated op ¢ L.::_,NEHPDM are ‘|_.-EL1E in
g : the pull through movement of the suspension, i Fane -.by . .Sering the
_;Jiﬂh i aptomatic loader for the 105 mm are situstes ftﬂiién:i helding 50 rounds
i 208 e atures of mRItion eutonatically an o thivg with Semel Tolers
':,_:r. ;]iclﬂ nm'l'i'r-"ﬁ a iﬂ'lffef_h--']? crew, & ocommander on tha "‘i.g_ht 2 a nanual assistance,
r yand side, end facing the rear behind tne -:'11'-:11 g nand, a ﬂ.riuer;a"pmner
he 1: phird man wjllmae E’|Hi:1 -I:aa;.}c is to drive ‘-:-:"Lr-_'- ﬁiﬁﬂrﬁ:m i t”&..-.l e
eupola which is provided with powered traverse lur':wzmul -Llnﬂ gt
T ; A line up facility with th; r'ajnp _Wr‘eﬂ elevation
A external 7+02 mm machine gun is mounted ool ¥ L-I“_lﬂ:rﬁﬁt ia pro=
o : 3 n on the cupols and aligned with
It is hand elevated and controlled from A A s "-I'm"l.cf]_.a e
3 o ' =k -
nade dischargers mounted on the cupola.

stabilised aiphta.

imuth !
¢ in K ;ﬂﬂd by two four barrelled gre

AUTOMOTIVE DESCRIPTION

stopative Components (Fig. 1)
This is a Rolls Royce K50, vertieslly opposed piston, 2

n Engine. (1) . 5 ¥
rassion ignition engine developing 240 HP (SAE) at 3650 r.p.m.

&
sirake cOMp
1, Purbine. (5) This is a Boeing 502-10 MM developing 300 HP (SAE). The
seximen gesifier speed is 38000 r.p.ms It is a simple in line two shaft type.
ghe pasifier connists of & single stage radial compressor and axisl type compressor
turhine, The ssoondary shaft has the power turbine and reduction gears. This
angine is to be replaced by & Boeing 553 in later Serdes B tana.

The output from the K60 is direetly connected to the

Tt acts as a clutch and is controlled hydraulically

L. Torque Converters {2)
Tolvo DREH=1M torgque converter.
to give three ratios (1lst Gear, 2nd Gear and direct drive).

The outputs of the torque converter and gaa turbine ere

5,  Transfer Boxs (3)
somneoted to the gear box (4) through the Volvo 5V-2 transfer box.

6.  The Gear Bax. (4) The Volvo FRIV-23 gearbox provides two speeds, one for
rosds and ome for cross—couniry in either direction for forward or reverse Ariving.
The geers are operated hydraulicelly through discs and selection for the type of
drive and direction &re controlled by two levers mounted in parallel, ome for the
driver/gunner and one for the commander. The reverss driver can reach the com—
mander's lever. Gear Ratios are:

2:1

Forward Direct Gear
Forward Cross Country 2.94:1
Reverse Direct Gear g.g:&

Reverse Cross Country
T ssion The gearbox output is int a Volve V=11 drive bevel gearbox (6).
put is into :
The output shafts are comnected to the Final Drive () via dry dise 3 plate clutches
jsts of an eplcyclic Train, and

(7) end steering brekes (). The Final Drive cons
shaft carrying the m
ﬁm‘ 1 = AUTOMOTIVE LAYOUT
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FIG. 1 = AUTOMOTIVE LAYOUT

128,
12ba
12¢.

MATN ENGINE - ROLLS ROYCE K60.
PORQUE CONVERTER = VOLVO DRH-IM.
TRANSFER BOX - VOLVO SV-2.

CEARBOX - VOLVO FBTV Z2B.

cAS TURBINE - BOEING 502-10MM.
DRTVE BEVEL GEARBOX - VOLVO VV-1l.

12d.

STEERING CLUTCHES. 1%.
STEFRING BRAKES. 1.
PINAL DRIVES. lg.

16.

HYDRAULIC TRAIGMTISSION.
ELEVATION HYDRAULIC DISPLACEMENT PUMP.

i Right track

o — —

SERVO OIL PUMP
SERVO OIL PUMP
LUBRICATION PUMP FOR TRANSMISs1oy

[124

e e

&

215 lb!l,l’rinz E
930 l‘b&fin"!;

PUMP FOR ENGINE COMPARTMENT VE.
PILATION FAN (1290 lbs/in?),

STEERTNG HYDRAULIC DISPLACRIET pg

STEERTHG HYDRAULIC MNCTOR.

STEERING BEVEL GEARBOX.

STEERIIG SHAFT BRAKFS.

11

GEARBOL,

11&-- -p-l-‘: G‘E! L

1.,b, FUMP FOR
HYDRAULIC MO

1,¢. POE FOR MM




brigati

. The cooling aystenm
rwo rediatora and their p
goolant 18 used in heat .

xchane
bine and certain serve of Sngers

1 8y8tams,

A1)

A pump (Fig 2

(2) A pump (Pig 2 Ttem ibr)

- on %
pump &nd three drain pumpa gruuped:h:n th
preasure pump draws lubricatien odl fﬂﬁ
the gearbox, transfer box, 1%
three drain pumps draw
pointa on the transfer

i (3) When the main engi
gine is
turbine drives the pressure Fuzgtmr;n::tng 8 hydraulic pump on the gas
above. 1l three drain pumps described in (2}
(4) A pump (Fig 2 Tten"e') ¢
hydraulic oil is air cm::led.} o the radiator fan motors,
(5) There is a single hydraulic oil

above the torgque converter,

9, Fuel System. Ioth engines use dlesel

‘This gives a total of 960 litres (211.2 galls).
1l.a, A0 G52 remeindng quantity of fuel is less than 50 litres

Right fuel
tank (4251

Left fuel tank
(4251)

Fuel tanks
PIG, 3 - 'S' TANE FUIL SYSTENM

Eh a 1@'11"?1"!3: to the I'iﬂ]lt

Item 123
the engine compartment, ) to arive the motor for the ecoling air in

K60 drives the

:E under the gearhox,
B gearbox fump to lubrlicat

lubricating o ox @nd for gear changing. The '

tank for these systems situated

fuel whieh % :
The nose tank at the front contaiming 110 litres (24,2 Eﬂlﬂ.].:‘intaimd i o |

‘din the rear half of the vehicle sponsons containing 4,25 litres (93.5 £211s) each,

A warning light shows when the
(19.8 galls),

Thies ®ir passea

motor for a pressure
The

bevel gearbox and two

Thia

arl one at each side

1. Fuel taps

2. Rapid connections
for main motor fuel
system

3., Air out-let pipe line

4. Rapid connection for
gas turbine fuel sys-
tem

5. Tuel tank drain taps
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The vehicle haa & front sprocket with two ringa aggsy,

10. Suspensicn. e bracket contains & worm screw for adjusting the
The rear idler br eels on each side on &axle arms connegteg th’"ﬁ:

CENTURI ON . road wi
There are four llers on each side support the track, E't'-‘:{.:h”m‘

tensicne . & i
linders. The Top r
'?L];u:.::;ﬂﬂhc{d ape provided by oil filled buffars. Sty

ga of track were provided for each t;m]{,,. -n-nle with bong i
Two tyP Each is & dry pin centre horn track with fﬂurr,f_i:;l 7

11. Irackss

pubber pads Bnd one asteal.

- : ' in the fighting compartment

Elec rical. Two 12V, 114 AH batteries ot arg

lff a f‘ir :ha primary 24 volt DC aystem. The main engine charging Bystem 4, Pre.

Tido ntﬂr md rﬂ'ﬁtiﬂw maa 'h_Jr ]:'_at_u :"'E_t.Eﬂ Et 2.8’5 le If thE‘ t"a,ﬂ tuni[‘.ﬂ- i * i 5
gener provided by the DL Start Erj‘.}eﬂemtur (: I

without the K60 runnming, charge is
;;:i.ng 10=40051=1) with a Beach regulator. It is rated at 0.18 KW, 4 statis

4
lies & secondary AC voltage 2t 115 veolts LOO Hz automsticgly B
converter supplie This AC woltegy {u"f:ll o | o

gin engine runs and the servo oil pressure is correct.
?ﬂl‘ th:Eiaerrﬂ cireuits of the hull elevation/depressicn system and for tm&'rai;ﬁ

the cupola and stabilising or elevating the commander's sight.

Autemotive Cperaticon (Pig 2)

13. The normal worldng of the vehicle on cross country or when the weapgp Sitey
to be used requires both the main engine (K60) and gas turbine to be used. 4, U
is & delay in obtaining full power the technique for the driver is to keep the ey
accelerator depressed and use the brakes to control the vehicle speed, 4 L —
in the driver's/gunner's compartment cperates the free wheel on the torque gomy,
cutputs. In the normal locked position at 2500 rpm on the K60 the torque conve The

is in third gear (Direct Drive). Additional deflection of the accelerator F
| <

the gas turbine to full power, hence for neutral turns and running power frog
gas turbine can boost the K60 power to drive the hydraulies, It would &lso be
possible to start the K60 by the gas turbine but as it would rotate at 2500 rpy 44

is not normally ellowed.

1. 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 turbipe has
become defective it must be disconnected by a free whesl devics within the power et

15. It is possible to use the gas turbine only as an emergency get-you=homs systey
As there 1s no power to the hydraulic system mechanical steering levers are nrovide
for the driver/gunner. He must also alter the fres wheel lever to "Urlock" (ses |

para 13] .

16. Steering. TWhen a fnrwlrﬁ gear is engaged, with either the main e ine ar
both engines runndng, drive to the gprockets ia ;hruugh the tranamisainnniacri'hd

in para 7 sbove, The drive from the steering hydraulic mete |
bevel gearbox (15) is locked, hy ¥ r (14) to the stearing

¥, Bes tive Stee Latersl deflection of the driver s,
commander's contrel unit up to 20° LEFT op RIGHT provides :'-a-gﬂnira‘l:i:: :tzgﬁn&
E;: ﬁlﬁ :ﬂm :3:: x:ﬂ ?1:::;251; ?.rdmuiiu t;ntur (14) to the steering bevel gesr
onal to the deflection of the troller. '
daiutpu:; from the steering bevel gearbox to the fingl drives mtn-l:ami]:. opposite
rections, Hence one sprocket is speeded Up &nd one slowed down by the action o

18, Erake Steering, Laterel defle H
ke on th see Sii b g L% CUSh S0 dlsongnsn o o s
8 is
:umll::'::tmin;nﬁuthm tﬂﬁi?ﬂhthngrgﬁmmmhmﬂt
recks ained as the re-generative s Tresponds e distance between

the clutch brake system,




by U, b %‘
% % ', 0 SWEDIay
Wy W B oy

fy BN ____111_532&6- With the
L ut Efar lave:
by Eﬁ ﬁﬁ*%‘ ':'r‘._qu. 1 Huﬂf the Brako p'&'da-l or hangd rukﬂ]“:EJ in nent

b

.
e hy, & bk chapieal Steering, This ig onl
UQIP § t]:*h @0 :ain engine cannot be uaed, hout . "™hen thore

t 1 Wit is a hydrs 11
Et g "!:: IR nr tt WE.’ {161 on Eith&r ﬂidﬂ of " htrl..lt. 'H'nn:fr h:l”ir'ﬂ.'u_lj % | LR a fai L'I.:I:l:‘-u
bty iy

hie ateery

C Pressurs the two stsard
1 tion of & mechanical lever they Operates ?ﬁﬂbm‘ EGAT box are locked on, s
. o S nical linkage to the approprigte elutch apa h:i:tﬂh brake steering by a
| --'uh e

| a}:‘hi O on/Depression, teh of g
as  t 4y 4, e Tic fluid between the front ana ® hull ia variag by the trapar
1 u't-'l b i 1 ar of
&k :h;:;f%ﬂctad to elevation displacement PUBDS, hence ﬁ:l hydraulie c¥linders which are
o By and the hulle This is electrica1y o
‘ t’%;::-:.:;: commander's and ﬁriﬂ.rar;’gurmer'a
5

Ilﬂi mﬂrluliﬂ Pumps «

Eeteyma e

ing lu'rmﬁ“s_ Left elev, servo system

Fer to 'J_'fﬂ:&l s 1, Control unit with synchro 3. Hydr, displacement pump (driven
2. Pendulum arm synchros by main motor)
3, Transistor amplifier 6. Hear hydraulic eylinder

he main e 4. Pilot magnet 7. Front hydraulic cylinder

namisaion e

(14) to the st

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

L
F’Ellﬂﬂ” B0 22, Dhe suspension can be operated in three modes:

prative 0
Fﬂm”“: &  Fully lowered by a separate switch.
:fu o _ ~ b.  Locked with the gun level or at 4° elevation.

e
rive mlﬂ' s  Free,

_ (Note: The elevation controller is locked automatically when the firing I i
Bwiteh of the main armament is pressed). _
J"r ’“ﬂ i }F’E}i EER




O 0 e
fre Ylila 4g

. .""'-H.‘.i... IF'I"I"-":H
g T " Ngar o

CoNFIDENrI] AL = UK AND SWEDISH EYES ONLY

ay, In the FREE poaition an upward daefloetion of the control upis twiang

sota up & misalignwent betwesn the pump snd axle arms. The pump, therys, 8

oll from the resr wheal hydreulio cylinders to the [ront ones untyl the q:hl I"-lh #
realigned, hence slevating the hull, Similarly an opposite deflection Treg W

depression. In addition, en average helght servo comprising an 1“1“““‘?“ iy
contrelled by all four axle arm servos slgnals and the control unds 8 3 ‘l'il-,.

the truck tension during elevation or depression by alightly lowerd £ "h.tut | #i
Thaere ia no feaeility to level the suapension laterally. P& the ]""-q-'i, .‘I"l\ ] L

MATH ARMAMENT

Gun

2L . Deapriptlon. A hlgh=-velocity, long-barrelled, seml=automati QF 1

fitted with & fume extiuctor, itas design is based on the British Gun 105 i r?l By, ]
LYAl but ddffera in thet the Swedish gun has: ; ~dnj

&. A barrel length of 62 calibres (21ft 4in) compared to 51 ealibre,

(17t 94n). It is claimed that this increases velocity and sonseqy 1
penetration whilst redvcing muzzle pressure and consequently nbum“:ﬁ he resl
' 1o e
be A vortical sliding breech block moving upwards to open insteag of o ong 25 :n::l‘-‘:
hordsontal one opening to the right. : ?:;P by ﬂ"a on |
1lo¥
Ca The crank in the centre of the breech block with two aliding blocky - "ﬂﬂ;r Mﬂgﬂ
{eroas-heads) instesd of at the side with & single aliding bloesk, r l'”'“ ﬂ%
!.. Al w# or _u,ﬂl'“ -t
25, Qperation: e #ﬁr:}. gontrol
; ’FHII" the
Ba Opening the Breech: 3 [-.-l ¥:
e s how the !
(1) EEFH Method - Initisal Opening., The commander opens the
from inaide the wehicle by operating & hydraulic valve, e Al HE =
e ]
(2) Mermal Bubsequent Opening. By action of the semi-automatiy o All AP =
on firing. b
 Left mag
ba Closing the Breech, Normally sutomatic on the loading of & roupd Yo o'clocks
the extractors are tripped and disengage from the shoulders of the breech g
block. On the cessation of firing the only method of closing the breech iy . Right ma

to trip the extrectors with the tool provided. This can only be done free
outside the tank and through the hull roof port.

o e S TR

FIG. 5 = 'S' TANK - WAL
CLOSTNG OF BREEG
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Onglt "y NN ana Recoil Systems
Et_:l By L 11 i
nt*g;,t‘: \ The ring type cradl

- = 2] iu -fj.xl,":d 5
2N yount ils inmida it 1 N relation to th
ht ;lrl' o 1 which T=CE ® ®upported in bushes 204y Bpa L

prr® the CENTURION mounting, Thape is rt, 88 it is in the
,1 :rg.dlﬂ Ffmnh 5t from the muezle when i, :,-1.1:1::' ztb?rml 8tay on the glacis plate
gt 7 shle clearance between the bapre) and . orward battery. There ia
E"ﬂli ' ider wahicle movement ., stay which merely actas as a
® Bt port GurinE
g, % r t
: P puffer Recuperators, The recoil systen
L _E.IE ‘ﬂi 28 x :Ecjpgmtuﬂ. mounted either sige of' and ;zmﬁtih’:fht'q hydm-pneuﬁatin
lolly (T3 through ports in the hull roor, ppg Lo al Peech ring. They are
By feericed UK gun and & recoil indicater i Pitten T 72001l length is 11in (2B0mm)
L0y M i Ny with rivers ®d 80 that 4t can be resd by the
ag ity (05 Mgerere® 4
S Que, g ¢ er, Thi
8 o 1.1:1 tomat 8 consista of 4 rack a
. A t"'tl'-r n;:’ﬂ;:hl gﬁl.ﬂh to be cpened on run-out. nd pinion which causes the

acriptions In the rear of the hull are t : .
4 %’] ;?.n, to the rear and either side of it Tha‘Ta;:t?&lznzdlﬁﬂizmzﬂfﬁdti;a
814 :ﬂht hend one 25 rounda, = These magazines &re in square rack form four or five
Bl ¥} nds deep by five abreast. Between the magasines is 4hg 1 i
o ]% rou dvaudicall & loading tray which is
' paised 8nd lowered on hydraulieally operated arms. In the hull rear plate there
gre porta for luadingﬂla-ilﬂ unloading the magazines, There is also an ejection port
shich opens automatically for empty cases and ¢an be hand operated for the ejection
| of mlafires or unloading rounds. So that the same loading button on the commander's
, r's control boxes, see para L3.b and o, igs always used for the same
mapg mounition nature there is a magaszine control box on the peap of the left hand suto=-
vale. OPens i, |gatic magasine (see Fig 6 Item 6). The Loading Setting Switch on this box is set
alyg, Hﬂi"ﬁ' gepending on how the magazines are loaded. The sets

ings are:
the Semt gy 8, All HE - awitch fully clockwise at 2 o'clock.
Oma;
d b All AP = awitch clockwise at 1 o'clock,

P8ding of 8 Moy ¢  Left magazine HE and right magazine AP - switen anti-clockwise at
i,lﬂrs Of the brygy 11 o'elock.
Losing the
% onln!h bragy de Right magazine AP and left magazine HE - switeh fully anti-clockwise at

v, 18 om i 10 o'clock.

IR 6 viis
. 18! DA
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FIC. 6 - '8" TANK - LEPT HAND MAGAZINES AND CONTROL BOX :
o b ne
3 ¢hange 3LHE T
- | isin the “‘-lhﬁ
1 - 4. Automatic Magazine Compartment Doors. 'ﬁl‘m'h. s
B Hand Loaded Magazine Compartment Door. % I’ﬂ:
be Control Box with Magaszine Loading Setting Switch on top. ilmdzat

The loading system is elegctrically comtrolled and hydraulically

31. Operation,
operated. The commander and driver/gunner both have comtrols enabling them to
load a round from whichever automatic magazine they select. The aystem has & cub=
The |

cut so that & round will not be fed into the gun if the breech is closed.
round to be loaded is fed from the bottom of the selected magazine onto the leading
tray which then rises to the breech height where the round is automatically resmed
into the chamber. The breech eclosea as the rim of the round trips the extractors

and the loading tray lowers itself. During these actions the other rounds in ih
bottom row are indexed inwards towards the loading tray. The complete cycle hakes
about 2.5 seos. Aas the bottom row is emptied rounds from the cutermost filled

stack drop into position under control and stacks are thus emptied in successiom

On firing the empty case is ejected through the sutomatically cpened ejection porks L B
A further round cannot be loaded until the empty case is out, the ejection port | _
closed and & crewnan operates his loading switeh. To enable rounds to be unlosdsd

without subjecting them to the ramming into and ejection from the bresch an unlose®
control box with buttons for the left and right automatie magagines is located st "

bottom of the left magazine.
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tll nthﬂ‘r 'I'.!.t]"t]'m t-h.ﬂ p, ¥ 1':'5-'53.“5 ong of

» A TIMA R fy
jﬂ:‘; ‘ﬂ:il"ﬂ the appropriate loading buttu:.t b

the automatie magazines with
funner can selest elther nsturs

aa on thess
tray which he cperates with a

", te i
"-'-l-'l-'!'l}l-

j}l ‘Jﬂar the uh-ﬂi-t:ﬂﬂ of: a ummmﬂﬂtﬂ of* tha “E’Eﬂiﬂﬂ! Ei".l'E'B the

e !@ Predominant:
(1) Right Magazine 25 rds APpg,

{2} Left Magnzines:
(e) 20 rds HE, .

(b) 5 rda of a third natura,
b, HE Fredominant:
(1) Right Magasine 25 rds HE.

(2) Left Magazines: |
(a) 20 rds APDS.

(b) 5 rds of a third nature. !
prills |
' Tho t Testing. The novel mounting of the gun within the hull nscessitatea
change from the normal circuit tester. The imatrument provided with the 'S' Tank

4p the form of a flat spade with & centre contact inserted between the front Tace
 of the breech block and the breech ring from inside the tank by the reverse driver.

The commander or drivery gpunner then presses a firing button to check that the bulb
: nates.

/g
g

2

bﬁnﬂ' Switch gy tp,

trolled and hydreyiy '-
trols enabling the s
e The system hasis
eech is clossds T
magagine onto te
{8 automatically




36.

37

to magisinea, “.ﬂ"

e . {1on naturen
on the allocation af ammunl
fla Deolde 3 #
b Open the loading ports. g
. t the holat and insert g e
the ccampartment nearaes . :
g. Open ft»ih::ﬂﬂ;fﬂtfhﬂ appropriate nature for the Ilﬁ-l‘.l.ii];. Push t?ﬂ. y o
projectile “E .ﬁnan the compartment door. This astlon ows the royp o #’" f'j" L
ﬂlﬂﬁﬂa magasine to make room for the next one. 2o
ive rounds (right ma e -
. 1 four (left magazines) or f it
ds Rﬂp“;:u;ﬂ:m i-rhm repeat with the other compartmenta working MH':L
hnrﬂb:ﬁ the rounds have been loaded in the automatlic magaslines, w.,ﬂh "
un s
8 sgt the Loading Setting Switoh to the appropriate position (ases v | ghd 1f he
[ ] ; | w"

rounds for the hand loading magagine are loadad
upper loft (see Fig. 6 Item 5). Theg,

£ The last five
vidually using & handle situated i, the

separate compartment door on the
.':-n;.ind.l have to be wound across indl
reverse driver's position.

Unloading the Magnsines. With the K60 engine running:

Ba Open the unloading port at the centre bottom of the rear hull plag,,

ba Ensure the hoist is in the lower positicn.

Ce Press one of the unloading awitches situated at the bottom right o
the left hand magazine. This feeds a round cut of its magazine on to thy

hoist tray. Remove this round.

de Repeat c., until all rounds are unloaded from the two automatic mag

- The laat five rounds in the hand loading magasine have to be talcen ggy
through its compartment door. The firet one is removed and subsequently thy
feeder has to be wound back and the remalning rounds rolled back by hand,
This is done by inserting the hand into the magaszine while seated in the

reverss driver's position.

Lnldigﬁ the Gun:

%  Iros Automstic Magasipes:

(1) The commander opens the breech with the hydraulic control,.

(2) The commander or drd
button on their 1 stearing an:_m appropriate loading

b  Erom the fland Loading Nagasines.
reverse driver: d With the breech open as in a, the

handle one nwlnﬂnnt:n:iﬂr] “l ml ‘:-‘“-“ﬂ whilat turning the feeder
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Dy 1y iy
m .t he ' funs
"y, s ngt gy

%‘nt;&ﬂzf"‘ii P fpe ORERSC T INTRONR Aelvae thans e adeektin port
Ty N &?fn ﬂ"E?.*t | 3 The driver/muinner elevates th, null,

o * 4y ens the b

O 0 UARY The commander op b
!tﬁhﬂ::.hasg: I:lhr h“‘\i:: (] " pommander d;l.um-nuntu and Tumovag the

o ety (2, _. . ﬁflhm it a0d chocks the shamperrs round from the hull 4f it has

bore are clear,

o .
"May, h“‘?:."*:‘% Gl

b ¢ ﬁ'q phe ejection port and breech are closaed,
ﬂ]& G‘Hit ! L
1 !g&ti 1““ i ré ri]_]_. Th.ﬂ hﬂ!ﬂiﬂ Procedurs im Iilﬂlﬂ.r to cmﬂ“ wit
h the checlki
igr iﬂ" Eﬂ g [“h 1 Ii;:: and the correct closure of the breech, Should there be a gen:iflaaniu::ﬂ
LY It“h ln"d Wy Fop 99520 ech is opened hydraulically ani the round ejected as described in para 38
Qn‘-'lla 3), %y, e ®° b the round does not f:111Mt the fank can be reversed ana suddenly braked,
titlmt T:*::'}i ﬂgimnulﬂ remove the mlafire by its inertia. 1y, loading of another round can
R e
' % GUN_CONTROL BQUIPMmD
g the £
Iﬁ&ah hqll yethods of Gun COBTE
Wy, § Normal Method, The K60 main engine drives the hydraulic pump for the
3 T traverse and elevation syatema and has to ba mun at 1,500 to 2,000 rpm
1 at th W ective control. Both commander and driver/gunner are able to use these
o its e bﬂttﬁ ' tﬁ the commander having the power to override the driver/ gunner by pressing
]

a - trol arts to th i
gagy, . “lgi B accelerator. Contrel reverts e driver/gunner whan the commander
lha i t{; e ﬂ;h:;' accelerator and puta it in the vertiga] position.

| the two Method Should the K60 engine fail there is a hand hydraulic pump
Mtﬂ&m N - d%ﬁﬁ is no effective traverse system,
&liuﬂ "

¥
20703 s 1%t J Cntral

, » The commander and driver/gunner have similar contrcl units which
i, [l used for both gun laying and steering. The laying/steering controls are

ty handles on either side of & control box mounted on a bracket. BSteering/traverse
..- ohtained by moving the handles in the direction desired = as with bieycle
iandles. For elevation control the same handles are rotated about their long-
ftudinal axes in the same sense as the hull movement required.

hydraulic comtrol,

0 @Pmﬂntu loadZy

/FIG, 8 - 'S' TANK - STEERING AND GUN CONTROL UNIT




FIG, 8 = 'S' TANK - STEERING AND GUN CONTROL UNIT

B < ﬁﬁf
KEY ,,ﬂtnfihﬁ
. Warnd L - K60 !ﬂ#ﬂ'i Te Elevation Controller, When
j: Warning Lamp = Tranamission. 9. Elevation Safety S8witch, preech i
L. AP Loaded Ready Light. 10. Armament Selector Switch. is close
5, AP Loading S8witch. 11, Firing Safety Switch. o
e

43, Control Box Facilities. The following awitches and indicators are moumted
on the control box in three panels facing the operator:

Be Centre Panel:

(1) The Armament Selector Switch. (Fig. 8 Item 10). A toggle
switch at the bottom centre panel with two positions:

(a) KANON - to the left for the main armament.
(b) KXSP = to the right for hull MGs.

(2) ZIhe Firing Safety Switch., (Pig. 8 Item 11). A quadrent
switch on thn upper left of the panel with two positions:

(2) BSAKR - arrow horizontal . 'Safe!
(b) EID = arrow vertical 2 Wi




A quadrest

lons:
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The Elavation r}arﬁt:: Bwita
':.3:' the upper right of the pz]:ﬂ;l (¥1 E« B Item 9).

1 Slmilar to (F
b Lts Posltiona srs J [H':

{a} .PDH. = arrow hord “"—"ﬂt.&l : ]
kull pitch fixed at o or +,9, I eslevation contreller locked,

f'bj FRELI = arrow vertical
rotated to alter hull piten,

w&:ﬂm Starting from the top the 1
b;itcheﬂ he=t I #olamp and push button
)

(1) AP Loaded Ready Light (Pig. 8 Iteg L)

¥ elevation controller carn be

(2) AP Loading Switch (Fig. 8 Item 5),
(3) Firing Switch (Fig- 8 Item &),
(4) HE Loading Switch (Fig. & Itea 8),

Left-hand Fanal . Thia i2 the same ag 1}

wm ol - 0 R ) .
8 (1) 38 the HE loaded ready light, FIS-hand panel. 86 preseat

When the new fire centrol pyntem 1

bk 1 will be modifi
1ed this panal w be modified on the commandan!
:hn:tﬂuar and other eguipment. dumancer’s sontraller to cperdte
the Controlsa:
L_I_:,_.—A—-—
A

se Jainp Gun Safety Switch., As well as the commander's and the gunner/driver
riring safety switches on thelr panels there ia & further main gun safety
gwitch mounted on the left of the commander above the internal r.l-u-rrul al sevia. i
an the lever is locked in the '"safe' poaition the firing needle cssembly is
jeally withdrawm back into the breech block if this is closed, If the

preech block is opem & linkage is cperated so that even if the bresch block
4s closed the firing needle sssesbly will still be retracted.

b, Weapons Switch. As an sdditional safety there is a weapons switch om
the main switch panel under ithe gun. No weapon firing circuits are energlesed
untdl this switch is mado.

" Emergency Firing. For the hull MG"a only there is an emergency
pechanical firing gear for the ganner/ driver situated to the left of his

steering/laying control unit. When operated it fires both hull M:'s together.

5, Normal Operation. Normally with the KEO engine running treverse is cbiained
're hyareulically controlled differential steering system. This gives an

" traverse rete up to 90¢/s at 20° deflectionm. (The traverse rate is to
¢ increased to l?mif"a in later tanks). Beyond 20° deflection the clutch and brake
mtem is engaged and by acceleration of the engine 180° traverse can be obtained

the move. The clutch/breke aystem only operates at this
m m whﬁhnagnate.tinna:y 180° traverse tekes about 12 seconds.

eration. The gun may be roughly eligned by the clutch and bruke
L if the gs turbine but not the K60 is munning. The control by this method
0ot fine enough for effective layinge Should neither engine be running there is

‘&ysten of {reverse whatsoevers

J/Elevation
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Elevaticn
she pitch of the bull on level ground Se B2 VAXIed bet,

L7 ]Lq&.gﬁﬂ:ﬁ"—’- tiom by the transfer of pydraulic fluid between the woriyp, ™
A :h f:':n‘l'- nnﬁrﬂar guspension units which in fturn varies the !‘l:a::?_
gylinder of the It is electrically controlled by synchro ‘mﬂ.t:

ad=whaelas
d"rﬁﬂéi:? :Eaﬂ.;;a;::tian controllers, the hydraulic pumps and the front apg i)
:ﬁg :m pivotss The effective slevation renge may be curtailed but contry) )

still available if one or two off the corner suspension units become inﬂPﬁmu“u
they can be individually isolateds "

5 peration. 4t the halt with the K60 engine running no moveament of ¢
7 pare if all the synchro rotors are aligned. If the Hla:‘]:-lfni

will take place in pitech
cnntmllarpiu rotated a set amount of corresponding deflection of ita aymenr, e
will occcur which will be instantly followed by the aynchro rotor of the hﬁ'drlu.li tr

pump. The synchro rotors at the axle arm pivots will now be realigned by th, e
resultent movement of the axle arms.

PTRE CONTROL AND OBSERVATION EQUIPHENT

Goeneral

50, Both the commander and driver/gunner can lay the hull armament with theiy
sights, which are similar. The commander's sight is mounted in a cupola %o enat),
it to be used to search for targets without moving the tank hull and fer aisip, the
commander's MG. Alsc, it is stabilised s0 that it can remain on a target areg

despite changes in hull attitude when on the move.

51. There is a clinometer graduated in mils but otherwise no sight or range ges,
for:

A Direct HE engagements over 400U0m.
b Semi-indirect fire.

Ce Indirect fire.

Driver/Gunner's Sight

52, Description. This i3 a periscope in a fixed mounting on the hull roof with
two optical systems sharing the same cbject prism. The unity system for genersl =3
e

cbservation has an eye prism and 100° horizontal field of view. For target idep-
tification and gun laying there is the binocular aystem with a fixed ballistic
graticule in the right eye-piece and a guick change selection of x6, x10 or x18 powe
with decreasing fields of view. Two novel features of this sight are:

. tﬂdmi mthihua:;::' When the firing button is pressed a shutter is
operated in for en instant to prevent the gunner b 31
muzzle flash. E = e —-

b. A Camera Recorder Facility. A robot 35 mm camere can be attached %
the underside of the sight, without any interference to normal operation,
which will record the gumner's lay at the instant of firing.

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

8. Interccular Se + The scale is below the left

ﬂ:ﬁﬁ eye-plece with the
normal renge of 54 to 7 Set the required interocular ﬂi—ztm& by Suris
the adjustment knodb to the right of the right eye piece

/o.
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:lnchina guns: Ranges 2, 4, 6, 8 and 10 x 100 m (within parenthesis)
« Py :
am Ranges 6, 8, 10, 12, 14, 15, 18 and 22 x 100 m (speed lines
only for underlined figures) E

Aim-off lines: Inner ends for 10, 30 and 50 km/h tﬂI‘Eﬂ”Fd

Outer ends for 20, 40 and 60 km/h target speed
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Magnification Selector Lever.

D]ﬂ_‘tr Eye Priam.

Left-hand Eyepiece.
Filter Selector Lever.

gight Cover Operating Handle.
Cupcla Grip Handle.

Elevation Graticule Adjuster.
B, ILine Graticule Adjuster.

's 81

Descrdption,

facilities:

s
indspendent of the hull,

or target indication.

attitude in elevation.

9.

10.
11.
12,
13.

1.

b, Hes & tilting prism which can be:
(1) Locked in & vertical coincidence with the hull armament for laying

(3) Linked with the commander's MG 1o aim it.

FIG. 10 = '3' TANK - COMMANDER'S SIgHT AND CONTEOLS

Sight Control Unit with Traverse
Line-up Switch.

Commander's MG Elevating Handle,

Sight Elevation Control Selector Lever.
Commander's M Elevating Arm.

Sight Tilting Prism Hand Operating
LBTBI"#

Cupela Laying Joystick.

This is the seme instrument as the driver/gunner sight but has

It is mounted in a rotatable cupola giving it a traverse facility

{EJ Stabilised in elevation when on the move or used to search for
target in elevation when stationary or mobile, independent of hull

/oo
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ars in the left eyepiece showing the directy g,

£
Ca Has line up .f.m:“l.icu bofie seuwing She £ k
traveras or elevation required to allgn the aigh # .

These work as followa:

When Line-up Swit

1 . "LOCKED® is selected on the Traverse 5 ch

]EBL 56.d.(2)) the traverse pointer q:paa.rafanﬂ shows the pnuiﬂ:r
the hull arsament relative to the compander's sight. oy

(2) When the sight has been aligned with the hull armament iy
the traverse pointer disappears and the elevation pointer Bppear, i‘*ﬁ
the position of the hull armament to the commander's aight, !lw.i“

(3) Both pointers are only seen together when the hydraulie 8YBtay
off and the sight is locked in coincidence with the hull Armament, 4L

ﬂcﬂnmar' 8 Cupola

56. Deseription. In appearance the cupola is conventional but is umisua) 4,
it has stabilisation of the commander's sight. The cupola has 360° traversg 1:'"
effect as the sight may be traversed 200° left or right of coincidence with tp,
armament. Continuous rotation is prevented by the cupola Juncilon and mastes fuly
box which is mounted on the underside of the cupola about 100° to the right of Eh
sight. Other itemsa fitted to the cupcla ars:

8. Four Fixed Unity Periscopes. Each is fitted with an armoured shyuty,

which can be cpened from the cutside omly. In relation to the sight, they,
Tace:

(1) Left front.

(2) Left rear - this one is at present cbscured by & spent case hig 5
for the commander's MG.

(3) Right rear.
(L) Right front.

b. Compander's MG Mounting. This is situated above 'the two lefi-hapi
periscopes. There is also an alternative pintle mounting between the rig
hand periscopes. Details of these are given in paras 65 and 66.

e.  Sight Elevation Control Selector Lever. (Fig. 10 Item 11). On the

underside of the cupola to the left of the sight is a selector lever with
three positions:

{l] Top = Links the tilting prism to the commander's MQ elevating
30 that the sight can be used to aim this NG. |

(2) Centre = Enables the prism to be til
o W gy e tilted by hand when the K&0

(3) Bottom - Connects the tilting prism with a re

_ te o for
stabilisation and also & servo allowing power alna.tinf:nntml
by means of the laying joystick. See d. below,

i £ L Control Unit, This is suspended under the sight. I8’

controls are:

/(1)




1, o ﬂtiﬂ':. a
lavation control AvVerse 1 gl © |
:'11 h':'uil A :i#‘u:tfﬂ: when this 1,3“:,31:5‘::-1- lﬁ?qrg__,_j or all t}m:thiﬁ-::i ’C]'umuli-niaai
b qQ'tn tiq:i ’leitj_c.n. The sight BOVene 0 tha bottg Sontrols the tu:‘f‘nﬂ of tha
Il“'lﬁi % ad fa)- cOop o {5'313 o [ ing _nl_i..ﬂ-lﬂ in
:tﬂba?.rt % Lfeﬁﬂﬂt' T8Bponds 44 th&-g}}} stabilised
= onse of the 5 =
o) S ;) ZIrsyerse Line-up Swiven, e
h} of h%‘q% [ Eﬂit{:.h Just abowe th z I:-Fiﬂp 10 1
™ 1ever 8 Joyetiok tem g}, Thi
h*‘l.l ;. * It has twy pour e Semi-rotary
8 i,‘. \ En} FREEE = to the right - 44 Positionss
J,'?"'t by signals from a rate gy o 42078 the cupel
oY, goinecidence in azimutp Wi thr lllnr the Soystick & to be traversed
I'1"'-": ) the huy Ermament n through sight
Iy 1& Eb} LOCRED = to tha laft - it
S 3500ty the sight is coincident inm mgi’. ~00K3 the cupola ¢
ig ] the ecoincidence ia oh Zimath with -4 %o the hull when
b, d0g Wy, ! by th Ptined the cupaly ey L AFSament.  Umtdl
: O " wlﬁ gyro or by a8 Joystigk, When DAy be traversed by 4+ ; +
o 4 g Wty signals the cupola will cont TS The orbrel o s o T
‘hE l-a, tﬁ keep observation of Pa~rotate enan) e gyro
'uﬂztt‘t | the target whilas bri ting the commander to
o ndd Bging the gun to bear,
g 1 5 I'E-‘i"ﬂ:z'& Iﬂm:;‘;‘:‘r- ii‘lﬂ ?upnla has & small gpert
syation c. above ertur -
0 g, iy, sight &1 sight and hull arm through which the agimty ¥0.5he left of Abe
5] a 8 Mﬂr a ament can ba read off (' ,Englﬂ between the
iﬂ?t h”*‘q oif in mila,
‘i B teh. ©See para 59.
k o HASSe
gparation. ThE cOmmADIEr can use hia cupola and sight 4
a :':'T L
pent .
gearch for and locate targets ind A
&4 » A 3 apange |
a“ﬁ.{_, :“j_tnda whilst stationary and mobile. Thae ::;{iﬁﬂ regardless of the mll
ensble him to lay on to an acquired target witheut la-a_r and gun laying controls |
smrough his sight. osing cbservation of it
% Lay the hull armament or indicate targets to the ari |
?ﬂrfﬂlm&r‘
wo 1e i Adm his cupole MG independently, regardless of the hnll attitude.
i

| Eﬁfm ﬁh&ﬁm npe=finding Equipment.

2 Originally it was intended to mount a renging gun in a pod on the front of
11}. On 4 EPye tank @pmita the hull MGa and above the right track. This system has been
» lever wity @ssarded in favour of @& computer/laser system which has not yet been fully
e nEa el It is to be operated by the commander.

G elevating ' er Observation Equipment

5, Hatches, The commander has his own hatch in the cupola and the cther two
g pemien share a large one which is big enough for both to have their heads out.
Yo view forward from the commander's and driver/gunner's positions is excellent

wsuse of the leinﬁhglui,_glgtg_ The reverse driver has quite a good wview %o

except that the sgquare end of the tank glves him a blind zone to about

p for from the tank. He can drive opened up, however, because of the poaition of
ntrol is controls, Both hatches have three positions: '
|

-1 Iﬂ I
ight T T




a.  Fully open.

b '[rmbm]_'l.-l-

Be Fully closed.
he cupola | aea
£0. Periscope In addition to the periscopes in the cup ( Para Eﬁ.a_]:

a The Driver/Gunner has ons on the left of hia aipht, facing halp Yty 1
,; giving hin a good wide umity vision even at ground level close t. the 'c.:‘_‘
ba The Reverse Driver has one facing directly astern which haa & bling 1
'wup to about 25m from the tank with the hull level. [He has another gp, p Yiny
to the left rear of the vehicle. . lp

SECONDARY ARMAMENT

Machine Guns

£l1., There are three machine guns mounted on the tank. They are Swediah moda),
of the FN gas-operated GFMG and almost identical to the UK 7.62mm Infantry L7
The main @ifferences are the removal of the bipod and replacement of the butt ‘ﬂ’f'
buffer assembly for ease of mounting on the tanke There is no toxicity Probleg
all the guns are mounted outside the fighting compartment ani the normal pattery
infantry flash hider and foresight are used. The foresights are lighter thag

UK pattern and can be folded flat, Butts, bipods, slings and spare barrels ap,
carried so that all three guns may be used in the dismounted role.

Hull MGs

62, Description (Pig. 11). Two MGs, which are the equivalent of co-axial Mgy,
are mounted in an armoured pod on the left fromt of the vehicle above the track,
Inside the pod the guns are side by side with the right hand one slightly forwapy
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 emty
belts out of the pod on to the glacis plate, that for the left hand gun bridging
the right hand gun., Empty cases fall into the bottom of the pod. Both mounting
allow for adjustment so that the guns can be zerced to the sight after bore-
sighting the main armament. The guns are fired by soclenolds and cocked mam:
by a handle in the driver/gunner's compartment which operates the remote wire-
connected cocking gear., The driver/gunner also has an emergency manual i ring
levers, The clearing rod, spare barrels and the dismounted role equipment are &l
stowed in the pod bin.

63« Operation, The guns are laid by the normal main armament laying controlse
They fire alternately when the electrical firing switch is pressed but together s
mechanical firing is used. BShould one gun run out of ammunition or suffer & sto
page which immediate action fails to clear then firing will only take place f
working gun on alternate pressures of the firing switch. For servicing and A
ammunition replenishment the pod 1id has to be unlocked and reised to the vertical
position to allow access to the guns and emmunition boxes. As the 14d is hinged
at the bottom front the normal muzzle apertures are in contact with the treck gt
when the 1id is raised, To avoid accidents happening when clearing the gin in |
it;m:l: uﬁ;mﬂmn there are two plastic capped holes aligned with the gun mustd

e - 1

;"EIE-. 11l suee




FIG. 11 - 'S' TANK - HULL MG FOD

KEY

1l and 2. 500 Round MG Ammunition Boxes.
3, Carrying Handle of Left-hand MG.
L. Left=hand MNG.

5« Spare Parts Wallet. !
Drills:
[ !E;:_L“diﬁ:

(1) Ensure that the safety switches on the driver/gunner's and
commander's controllers are at SAKR (Safe).

(2) Unlock and raise the pod lid.
in
ing the 8” ) ) UJ Press down the cateches and remove the empty ammunition boxes.

(4) Remove any empty cases from the bottom of the pod.

10 e (5} Replace and secure full ammunition boxes with the belt exits
?IE' f.ﬂi]u 'thﬂ m‘

A=21 f(B) weee
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! helt exit guldes. Open both covers anq g,
ard. Pl-ﬂ.c
and the working parts are forw & thy Uy
Fns aﬂ;;:;rfnad tray and belt exit guide and close the nm“‘;ﬁlt i 1
the righ 14 exit guide and place the belt for the lepy |

1aft gun's be :
::: faad tray and belt exit guides n

Firing:

cking lever on the upper left of the drivep
ard with a rotary movanant. "J@%ru‘

(6) Railse the

be Lo

(1) FPull the co
compartment fully forw

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

(3)
(4) Lay and press the firing button.

Switch the safety switch to ELD (Fire) .

To Make Safe, Pull the cocking lever forward as in b.(1l) Shove
old it in this position. To fire the guns n‘lﬂ
and return the lever to the mm.'m ’

e ——— R ———8S—
engage the handle to b
pull the handle out of engagement

da Stoppage Drdll:

(1) Immediate Action. Cock the guna and press the firing switeh
twices If firing takes place on only one of the two pressures

the other gun has a secondary stoppage or has used all itas mﬂtm.:

(2) Secondary Action. Raise the pod lid end follow the norma)
pattern of secondary action for GPNG.

- Eﬂlﬂﬂ-ﬂi!m:
(1) Cock the guns.
(2) As for a.(1) and (2).

(3) Raise the left gun's belt exit guide. Open both gun covers
remove the belt and ensure the guns are clear. Close the covers ;Il
ease springs.

(4) Clear the empty belts from the exit gides.
(5) Press down on the ammunition box catches and remove the boxes.

':EJ Remove the empty cases from the bott
left gun's belt exit guide, om of the pod and lower #

(7) Close and lock the pod 1id.
Commender's NG

65. Description. (Fig. 12). The comm - |

b ander's MG is
Iﬂ:ﬁf:i:: breg mm“; :'l sight with which it ig ﬂimm:.uﬁaimunmﬂf mﬂl;a
Ao ol in elevat 80 that the sight can be used to aim the ﬁc- and cbif
gun into the nm Elﬂn:imns mi which extends vertically downwards from ¥
incorporating a lever t:ﬂ.;‘;ﬁ ;::t u“ it;ﬂ lower end a horizontal handgri®

- rs a L

i e S s T

holder for a 250=round
amounition box mw?;‘inh feeds directly into the gun. I8¢

cases and belts fell freely from the

/Figs 12 oot




s ena =
el

§Io, 12 - '8! TARK - COMMANDFR'S CUPOLA AND ug (SPENT CASE BIN mor FITTED)

_ tio: Belng mounted on the cupola the gan has
b Eﬂr—ﬂ'ﬁhu hull attitude. It can bs power layed o

traverse and elevation

ind i oty ' r atabilised in traverse

i ion control is by hand w ¢ 8levating arm. A spare box of 250 rounds
; Upen bot fu ut '1":; in the commander's compertment,
*  Cloge the u%’h i

g B Dpills. The drills are simila to those for the commender's MG on CHIEFTATN.

dag,

:.. as tion. Local smoke protection is provided by eight White Phosphorus
- 80d remove the b, P09 Description.

mades in two four barrelled dischargers mounted on the left and right of the
The grenades are issued with two sets of detonators, One sat is f.‘nr o
: hap the Eﬂmﬂﬂ is thrown by hand, The othera have a P;wﬁllj_nﬁ charge which
blows the grenade out of the discharger for & distance of about 20m, The detonater,
o use in this mode, is timed for 2 secs and ?.nitiates_s th? grenade when it is about
28 from the ground, essuming this to be level in the vicinity of the tank. The
firing controls are on the commander's Sight Laz.riﬁ iu?trnl Uni:;i :ndfiur:;u;::;*: of a
' ' a firing button which is press o
o fb'ﬂugymglm:rﬁﬁd::? two fru: each iis;hurgar, ;I‘H tﬂfi?ﬂ m;zuﬁ:l;:dhuttun
i ! pressed, to fire all eight grenades it has to be presse .
bed on the CFt RS

P the pod and Jow

0 i iring circuit whenever the
edden safety interlock which isclates the f ‘ .

S ﬂl& m{i# ateh fﬂ: imdﬂi:a:fmg or reverse driver is open. The circuit is tested with

aim the i3 18  lamp cdrcuit tester.

/ al puoi! /69. Drills.

pﬂ luﬂt ﬁ'}iﬂj i . S




70,
Frequency coverage is 30-75 MHz in two bands 30-52 MHz and 53-75 Mz, renge approg.
imately 20 miles. '

Tle

manually set up.

T2«

73

deds The .
E::Em type. cable from the headaet to the vehicle junction box is of the

(1) Test the eircuit with the circuit tester to ensure:
1 lights when the firing button is prag,
{ﬂj The tast las=p tfire! and the crewmen's hatch “lbﬂ.qﬂ:ﬂ "d.q

the safety switch at
The test lamp doea net light when the crewman's hatah i

b
E.nzl.r"ar the safety switch is at 'safe'.

(2) Screw the detonators into the grenades.
(3) Place the grenades in their dischargers, propelling charge g
Push them home firmly. 4

be  Unloading:

(1) Ensure the safety switch is at 'safe'.
(2) Open the crewman's hatch to igpolate the firing cirecuit.

(3) Remove the grenades from their dischargers.

G Misfires. As for unloading but the circuit should be re-tested gt thy _‘
first opportunity. .
COMMUNICATICHE

Two Raedios RT 246 VRC are located at left rear of the fighting compartment,

A pre-selected remote frequency change system is provided, ten channels bed

Fagilities provided by the sets and harness are:
& Automatie aquelch circuit.
b. Automatic aerial tuning.

Ce Tank I/C.

de. Facilities which enable all crew members to speak over the air e
when the commander selecta "AUTO' on either set.

e.  Remote control over twin ecable up to { mile,
£ A call 1light on receiving an incoming signal,

€.  An infantry tank telephone with approximetely LOft of cable which is

rewound under power when the vehicle master awitch is switched ON .

he Speakers may be fitted.
j«  Live I/C on selection.

Headset is built into the crewman's helmet, A Mthis et asrei y 4
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Annex 'C' to AT 1123/GT 428
dated 1% February 1969

*6' TANK WEAPON SYSTEM TRIA

—

INTRODUCTION

feature of the's'Tank | ;

povolutionaly T S Y T )
'_,ﬁa.'l} gos are in fixed mountings in the hull. main armament and hull
dh

: They are layed entirely by
#ing the yaw 5;“‘1 'F'it'ch of the hull with the steering and suspension systems.
ateri®e o ament's only movement relative to the hull is recoil and run-out
LT sopvenient not only for dissipating ‘the recoil forces but also for

Mtiﬂg the semi-automatic gear for the ejection of the spent casa.

; The
¥ iing of the mein armament in this manner enables it to be loaded by a com-

- ﬂmi..autc}mutin loader in the rear of the tank. It also saves the aspace
B aight in elevation and traverse gears.
ol !

&5 idition to the hill armament an M3 is mounted on the commander's cupola
"th traverse and elevation independent of the hull.

Looal smoke diachargers
s 8180 fitted to the pupola and traverse with it.

is part of the UK gesessment of the S Tank concept the weapons system

o this tank were subjected to a range of trials which are described in this
AnExs

ATH

R

]
{, To assess thu‘s Tank Weapon System.

EQUIPMENT

b5 The twu‘B’Tanks used in the trial were Nos 2132 and 2135%.

Other egquipment
used is 1isted in Appendix 1 or under the appropriate test.

METHOD

f. The datailed method for each test is dealt
bemerally the trial was divided into @

with under the test heading.
a. Non Firing Tests A to C.
b. Preliminary APDS Loading and Firing Test.

¢ Firing Tests 1 to 3.

C-1
TAL - UK AND SWEDISH EYES L‘iHL‘I
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TEST A - AMMUNITION STONAGE

packground
iti for the 'S' Tank is carried in the 1.

mhe Vain Armament Ammunition ‘ ; . s Bl
\}:Ehic]i]c in three magazines. On the m.g;ht_uf and below th'.a breech rip, ;aﬂr wl
round elactro-hydraulically operated magazing. Oppesite it on the laft i;%

similar 20 round magezine with a menually cperated 5 round magazine Bbioye ita,

: i y t to only three natures 4y W m o |
3 i armnﬂﬁi‘ﬂant rastncta thE main ﬂITﬂ.E'IEI:] : : =1 'B'Et L 3T
E:[.lniﬂ. of 25, 20 and 5 in any one stow but it does sirplify ammunition gy MOpily B M e
replenishment. Ny a o
J e e
8, MG Ammunition. In the 3wedish Army MG ammunition is delivereq ip pee®
boxes and FB.EHG_ into the steel boxes used on the tank by the crew, Thm%ih]_g # i""ﬁ
ammunition carried on the tank compriseat ¥ Z:M
a, 2 00 Round Boxes. (One for each hull MG and carried in thedp 5 B J |

b. & x 250 Round Boxes, These are all for the commander's iz, g _"'"__ ST
ready box with the gun on the cupola. The remaiming five boxes ape 41 T
in the stowage bin just forward of the hull MGa. Ty

9. Grenades:

a, Local Smoke Grenades, Eight white phosphorus smoke grenades of g
design are carried loaded in the dischargers on the commander's cupels,
further 16 are carried in a bin on the vehicle roof just to the rear gy
cupola. The grenade has a small propellant charge attached to its hyg,,
plugs into the discharger barrel in the same manner a3 the UK Jack Gremss
These grenades are standard infantry pattern, the crew replacing the gip
mechanism by the propellant charge before stowage. '

be Anti-Personnel Grenades. Six anti-personnel grenades are carried &
the tank for use in the same manner as the No. 36 grenades carried in (%
They are stowed in the fighting compartment.

Aim

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

Egquipment
11, See Appendix 1 paras 1 to 3.

Method

12, The ammunition was placed in a three ton truck with the main armament
amnunition laid on the. floor unboxeds This was the nearest simulation to T
that could be achieved. Two three man crews were timed for the whole operst

from dismounting to re-mounting having completed the stow.

13. Practice runs were not held beforehand. It was thought that to do 507

be unrealistic, &s crews are not gener rehes e
carried out on operations, ally reed when stowage 1s




UK &l
BN TS
l-l., .itqbr_"-L ME ‘l‘rj.l'.:IE fnr B 5m rM
l.t: th;."'r::l:: b, [.-::E i A ﬂ. }!‘;ﬂiﬂgﬂ‘ Thia was not inﬂ:?u:_z Ennmlitigh 'bux
- i QI& '.".I W '\-"":r:: I'I m.ﬂ-ﬂta Plﬂ.ljﬂ‘d in tha 't.ﬂr.]t ng s | in t-h
y Nl )

w28 noted fop
it e & ﬂtﬂ"ﬂ.’.‘:ﬁg ti aix
o d all be frct 4 conaiq T0. Tha MG
411::5 tay :.1.:. poxes woul fctory Iil1lea in ;Lr;cz;;:n:ﬂﬂ:iin the Bntiahbi::;
i':'h l-!r;?: W - : th current UK practice.
n"k : ia I:'\- !' .-'.'J'-
by RS rew were unduly fatq
AT P iAol Iﬂiﬂlﬁr L fled or g
the.{i}h 1} 1 e of the apmunition. Tineg for the ﬁﬁmﬁud any ﬂj_ffi'm'utj e
EI'E*'-“;' . ¥ 2 crew 4 - 14 oin 52 sacs, Were
a’hq " ' N p, Crew B - Ll min 25 gags,
.y l‘bj L
1 B ack
h;ﬁmm qih pe tines to P a 500 round Mg Sonunition box peye.
g ;iwﬁh . | ,, Pastest = 56 secs ‘
L S 'E
0 by, p, Slowest = 95 sees
Al s, Mean of 6 packs - 12 ssos
8 qagussiol
L1
g e ] time for carrying out the fu
o in The 11 ammun
: ;m:mﬂﬁﬂ . _:5": orew of four is 30 to 45 ming dapitiun stovage of CENTURION with an
.~ Ug+ to By S include the loading of the loonl snoke ﬂimﬂg_hm the Mark of tank, This
| attﬂcl- the iher 10 nimutes. To achieve thesc tineg s f":_'a,iu argers which would add o
aa thma.g t it was noticesble that the crew were mot fa.tirlF exhausting, With the 8
Py 8 Uy Ja N ., far loss. Despite the simplicity and ARaa” o E;Elﬂ. and the effort involved
%laci ~f qikely that work study and practice could re e tﬁaﬂm:mﬁtim stowage it ia
@ s but it would be much easier to achieve s “Dnﬁia‘teni fiisﬂ tine below 10
jan with other tanks. The gencral simplicity of th for the cperation
TeNage pnant, when only a partial load is required @ systen would nake replen-
6hage - A% pp SR T ot o1 stowage quired, much easier and also sase night
g Carrig o E
i | "
0 tukex mwriﬁ . to fully stow the 8 Tank with armunition with a
th g o, JEESATELY . inexperienced orew, With a fully experienced crew this tine would
& full Jos «fprobably be reduced to 10 pins. In either case

rob it is unlikely that carryin
ut the cperaticon in the dark would add significantly to the tine re:pirad..g

TEST B - POLAR DLAGRIMS OF THE OPTICAL INSTRUMINTS

gain 4255
 See dppendix 1, paras 4 and 5.

J

was placed on level ground with the gornanders sight co-incident

bain arpanent. The near point of visibility was checked throughout
view of each optical instrument. The angles werc neasured by

irector and the distances by tape neasure.

LE R R |

C=3. 22

To determine the dead zones of vision to the glosed down crew of tha'E'Ta.:t.
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ted with the tank at maxioum elevaey,.
*

reped
The sane procedure was TP -178¢ (-10°).

22s
(+12°) and at oexious depression

Regults

235, The results are shown disgramaticelly in Appendix 2. Briefly 44 v g b/
L] 2 [

that with the tank: s Je
ve There were no blind approaches as o optics guve 6

E'mf-i = Using bearings frono the pain arpanent the conplete degg . .
eo 8. s the tank sc a&s to be blind to a1l 1natu‘

4@, that which is so closa t
is :
Proo 56508 to 15006 a radius of 9 to 10 m (30 to 33f4),

(1)
(2) Froo 1600/ to 36004 a radius of 23 to 25 n (70 to 761¢), 5) T
(3) Proo 36004 te 4950f a radius of 13.5 o (LLft), {“M

(L) From 49504 to 56504 a radius of 17 n (56ft).

e Eleveted. The tank is blind froo a frontal ground approsgy s
nﬁﬁ%—tn and fron 1L00K up to 1850f. (Angles measured as in a,) o
dead zones were i i

(1) 6504 to 14004 a radius of 12 & (40f%).
(2) 18504 to 45508 a radius of 9 to B m (30 to 26ft).

ce Fully Depresscd. The tank iz blind from a rear ground Approagh
14004 to L6C0E. angles as peasured in f.)s The blind zones are .

(1) Froo 46008 to L7504 = radius of 25 o (76ft).
(2) Prom 4750¢ to 5700¢ = radius of 15 n (L49ft).

(3) From 5700d to 550€ a rodius of 6 n (20ft).
(4) Fron 5508 to 14004 a radius of 8 m (26£t).

Conclusion

24+ The ootlcs give good nll round coverage when the tank is level and
ability to alter the hull pitch enables the dead zones to be decreascd to mae
8 particular threat but at the cxpense of all round wision.

TEST C - TARGET ACQUISITION TIMILS
Eﬁgﬂntim
' olndl

25. The novel method of gun control and dual sighting f
were points of great interest. The rapidity Bnﬂdlnhuzge ﬁiiiﬂ::‘]z;nnfnfthtzr; :.
acquisition were therefore investigated and testes. |

adm
26, To assess the target acquisition capabilities of the"E'Ta.nk

.

Lguipment
27 BSee prﬂm 1’ paras 3 and T'l

/Nethod




&y 1“%
oy Y H"‘-- CONFIDENTT 4]
R A e U AND VETa Byes gy
o G b :
B Sy ] ﬁ‘
a h
t, "oy #ﬁgﬂ o Ties. The traverse 44
" bohe ly, g:u:ﬂ.ll’-ﬁ;nﬁ were recorded unies < X L600d (90%) ama n®
3 o . -
g y d t'J. E'—.'h"r. B gﬂlﬁt’::quiuitiun the traverss ni;:: ::Ti:ua uanditimﬂm Sj.;hm;mi::lai l niﬁ
R Py v . -1 - L 6E p
S o % hiﬂh.:'-'tr' ‘. -.r-:‘_lrﬁ‘:hﬂ speed of target aequisitio, ip 1“:. i,?‘{gﬂinqgtgmm o ﬂ;;r.,“ el
r"r: "t ] 4gition = Tank 5 : b - ik e
O i-]|.lr'- r ol kD b : Lo d Lfy t“.tll::_ Th t
Ut 2 A e B e s e Y soqutettion ticen with b
" ) A : 1 et were i A
j‘? B g ( ’ I"h 3;_' e _'E',EEE-EI Laylng dpsingt Conspioucus Tay et Ty
A : g1
{jﬂ!‘ftft;‘ b A |:1J' Target .?.DC-ELE'I'.I‘C]. through +the CODBANAnTE at i
I & rti;l ' Ik, sontra-rotation, 48 S1gnt and gun layed using
: rh:l ' : | ( e ted ¢
2) Terget located as in (1) byt +2
%E‘]‘Eahtﬂl | go-incidence with the gun by truw?.:::n-}-“i]:::l thci VISRTAE FLash v
" S : O
Hﬂﬁahhlﬁ'u'ﬂ:‘ (3) Target located through » X3 Deriso i
ra',f'*. b E{t.\ | being already co-incident with e s ‘Upe, the commanders sipht
b 5 1y h e
3 I % o
: (39 \§  b. Gosmander Leying dgainst Inconspicucus Tarpets.,
*.l'_._,l Eﬁ;. {1] Repeat of method .-L,[:]'_:I abova,
;hrﬂﬂ.r ), (2) Repeat of mothod o.(3) above.
in 1 N , g, Cemmander Tranaferring Gun Control to g ;
I . = - . unner. Target t
d {?l{_;. zﬁ_ﬂt_p- .;Ir:E“'. gopmander through a Xl periscope whilst his s.:i.!;’u:. ia 15:’!5;‘1:,11 S
kTN, -‘* incidence with the-gun., Commonder lays on tarpet ares op tnrn En;ntﬂ
| f"+ﬂft} gunner identifies it and tokes over to pake the fine lay, B
F L]
. m "
LE'-!}_f'-tJ- de Gumner i;e.nﬁf?in;laag;?t but Commander Authorising Firing. Target
2% jdentified through a perisccpe by the gunner who then informed the
ft,J :uﬂgﬂn':gf as he leyed the gun and fired when the coopandar suthorised hinm
o ao -
30, Target ic Uiﬂitji_::]lk—t%m Wovings The tines for the commander to traverse
" #he tank to meet a [ rget at 16004 to the gun, halt and lay were noted
ank 4 T for 10 cccasions, In five cases the target was on the left of the tank and on
to be dﬂcm,,:dmh #hg other five cases on ite right. The commanderh sight was locked in co=-
[5ion L
#

ragilities of B8
of pethods of W

:incidence with the gun and the commander located the target through his peri-

L E.

31, Other Detmils.

3. Tarpgets.
(1) The Conspicuous Target was & Lendrover at 1100 m.

(2) The Inconspicucus Targets were small turrets approdioately 0.6 o
long by 0.4 m high with 2 headlapmp in their centre.

b M. The engagenent and tining were started by the target flashing
its light to simulate gun flash. The barrel lamp was mounted in the gun as
4 check of the lay being on target. As the lanp can only be set up for one
lay it was patched to the 800 n APDS graticule nark in the sight. The

engagenent peased when the lamp flashed and the tine was noted to this
Gccurrence,

By » Four crews cerried out each of the nethods in Paras 29, a, 29b,
: ‘ﬁm tines, traversing on fron left or right of the line pgun target
Mﬂn . Only three crews were exercised in the nethods in Para
%'ﬁﬁi'lﬁﬁﬂ. but in other details the nethods were the sane.

o C=5. /Results
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for 1'5[]{];5_ and 3200¢ on harg
cns are given below

Cr
l!.-_-,-r,t

;T:;:M'
\5 T ! "
Serial Lnglnes i o \ “oF® -
26006 (90°) 32008 (180%) ¥ 5o ppe¥ ;
Hard soft Hard __E:;:"\ a* L'-‘-‘a' .
'i:' {"‘ﬂ L& ﬁfﬂ“
E (5] () (d i I!
s K 60 8 10 18 20 O
: 11 17 o d  are8°
2 K 60 and Turbing 9 I 20 5 A
—

nethod

Table 2_le

Serial

te

T.ﬂ‘. t Ao

sition Times = Tank Static
E Mean Acquisition Times ( sece)

33, Target igguisition Tines = Tank Static. The nean tines for ocach gopy, <
ated are given in Table 2.

—

Hethod

Crew A

Crew B |Crew C |Crew D

ava rape

{bJ

{o)

Ta) | Ce)

=)

5 |

fe

b.

G iou Targets

Conmander Laying

Method A1 Tgt identified
through Comd's sight. Gun
brought to tgt with contra
-rotation of cupola.

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

Method 43 Tgt identified
through X1 periscope when

sight locked to gun.

12.3

11.6

13

11-5 l-l'-lq-a B'E

9.2 | 12.5 | 6.3

EHE ?IE lq..-h.

€3) ) —--..'

11.8

645

Inconspicu iﬂr ta
M_ﬂsa%

11.6
Eel

10.4
Ted

11.0
6.l

Eﬂ% Conmander

ide es tgts and hands
over control to the
ner when he identifies

the tet,

14,53

6.1

9.7

C=§
. CONFIDINTIAL ~ UK WD SUEDISH EYES ONLY
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?iﬂ ‘!H-l!l.

6 | 7

6ol

bel

4

I. pesd of the CENTURION Traverse w

]fﬂth'}i C Gunner idantdq-
7s tet and lays on

fire

jaition Tioes = Tani
Tﬂ-r _Et' ;'ILC 181 I (] TI-IJ_'\': I-] Dvirl . Tha i
foat were ; »an tices for this part of

fis ﬂrﬂ'i'-’ "-I" 3 ‘}IE‘ E'r.lﬂﬂ
'b‘ E:I"Ei B L 11.1 Sans
g CTEW C B 13.3 seca
a, Crew D - 10.7 saos
a, JVETBER = 11.2 secs
EI‘E’-‘I”S‘”“
tatic Traversc Tices. When the tank 4 ! ;
' E' ;1 a }E’ﬂﬁ; [180°) turn in 2 to 3 EEM-H‘I"EZE:EPEF P b*; B mpiﬂu:hi
an be scen froo the A :ticnary traversing takes
r and a8 © -] e results in para 32 it is slower than

[
JRICN power traverse apeeds which aret

{ 1on
s 6B

.. 16004 (90°) = 7 secs,
p. 32004 (180°) = 12 secs.

Aegquisition Times — Tank Static.

a. Copparison of MWetheds Al to With the ac A

was obviously the quickest., If however the nnnﬂ:ﬁi:'rijs-&]:ﬂ:?ahzizhgirhiﬂﬂ
lopates & target with his sight whilst moving it independently from the
pain armement it is obvious that A2 ia the better method for use against

a gonspicucus or easily marked ineonspicucus target. If the target is an
sneonspicucus one with no definite point near it to make it easy to re-
lpcate then the contra-rotation nethod = Al - is probably the best to use.
Crews were however universal in their econdemnation of the comtra-rotation
systen as it exists on the © Tank. Their reason ia that a lot of the
henefit of being able to keep the target pin-pointed whilst traversing is
lost as the cupola jumps about 4LOA on locking into co-incidence with the

[dlle

b, Comparison Methods A3, 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 pan, The reason for
Method B taking longer than Hethed A3 is that when the comnander hands
control to gunner the hull does not remain ai the elevation at which the
copmander layed it but alters to conform to the elevation at which the
g.umer's gontroller happens to be. Despite Method i being 356 faster
Method B was adopted as it conformed more to UK practice. The philoas=-
ophy behind this choice is more fully discussed in para T9.

In similar tests carried ocut with

¢s Comparison with CLNTURION,
available the nean times for acquisition

CENTURIOKR where only liethed B is

with a 530f line switch were 9.1 and 10,3 secs ageinst conspicucus and

inconspicucus -I:.q.rﬁets respectively. This shows no significant difference

to the for'S Tank with Method B. The crews all ccneidered the sighta
in target location, especially &s

of the's'Tank gave a definite advantage
uch better instrunent than the CINTURION

the conmander's sight is a muc
Heflectc (RCP) sight. Over lerger areas the superior

r = Cun - Periscope
ould probably give it an advantage

' _ & C=7 f}?- sens
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i Thesa show the remariap)
e mimas = Tank Hovings i - i
.E?; H_-'-_elru'::glzig:: against & target when 1_::-1'1 the move. I-F was not Pnailit
8¢ Taok o socurately but it is ecstimated that turning throyg,
the tT‘;Eﬂta‘- P s &nd the rest off the time was ‘t.aJ_-:en with 151-.& fine 1a,
t:;;:a:::i::n with the CENTURION is not directly a.vuﬂﬂglﬁ and the te, Fing
i " % T, T o I 'I-Il th tﬂﬂd‘E‘ﬂﬂ W a tq} . I:.“'
cmdjtiﬂn d;f'f'er‘. |Ii.th E:_.;-:T.[,I.I't 'U- a8 _:"" Enﬂﬁﬁﬂ G ‘aau

to cover. The 'S8' Tank could not do this but in this case thers

b 4
13 By

argument for turning, thus pregsenting the best armour to the tur"'—-'-‘t. ha'f'l"-
firing. o »
1
Conclusion ﬂ#ﬂj ]
S e g o of
38. & s¢atiec Treverse Timings. From Teble 1 it is deduced that the :;.E”j.ﬂ 8
: b
te is:
rate Eﬂ‘ﬁ:jﬂ
(1) Not significantly altered by the running of the pag ., de Lt e
addition to the K&0. % g 1 P 21
(2) Merginally reduced when the tanlk is on soft ground. ;‘aﬂ'ﬁﬂ :
b. Tank Static. For targets within an arc of 6004 on eithap {1}
LX-0 s b= T Ej'ﬂ.l’: ar] | ]_ Tha
mein srmament the '8' Tank is quicker than CEVPURION in target moq . ) (2
14l v

: ti
when the commander carries out the shoot. When the punner earTigs - wn

shoot the 'S' Tank is as rapid. Over larger areas the CEMURIgy “iﬁt g _ u} The
probably be marginally quicker againat conspicuous targeta because g4 ; W
faster traverse but against inconspicuous targets there is not like] L :_1 W :

any great difference becouse of the superdior sights of the 3¢ Tan]-;_:lr fopy ﬂf, ﬁfﬂﬂi
ce Tank Moving. The speed of turning and coming into actien againet oN 2
surprise flank target whilst on the move is only slightly greater tpp, o & w
required for acquiring a target over a 6004 line switch when statio, o R

both cases the times make the operation a realistic one in COmPETison wie
other tanks but the '"8' Tank would be statiomary. '

PRELIMINARY APDS LOADING AND FIRING TEST

Backerround

33. BOFOR3 considered that the UK 105mm APDS L52 round might not be abla to
withatand the stresses imposed by the '"S' Tank leading 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 subsecus
ramning at 3 m/s intoc the chamber.

LO, The UK Trials Officer considered that the round would satisfactorily stis
the strain as the similarly constructed 120mm APDS projectile was able to wii
stand the 4 m/s ramming speed on the original CHIEFTATI.

41, In order to resolve these arguments a prelimi i ith (K
g p nery trial was held with

Aim

42, To determine if the UK 105mm APDS L52 s chatal
the streases imposed by the Swedish 3¢ Tﬂnkm‘aml Bﬂui :;:ii?“aﬂw wi

Equipment
43« See Appendix 1, paras 8 to 10,
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a7
(EDISH EYES onL
M Jotion and loading

W L52 rounds w
APDS ere i
;;-gu ﬁﬂﬂ of seven rounds,

T Pﬂmers of rounds 1 to
h;-imﬂr! pecause of the alleged
P
founds 1, tp 7 were loaded
;;55511-"35 of 8 Tank No 2133,
cunds B to l& yere loaded twy
& ¢ pagazines of 5'Tark No 2132, — "M ®hTough both the rigt and

Nipecteq

T
’ berea and divided 4nto three

lll.;. WE!I"E 3
g Gf“ﬂﬂ"l-"ﬁd and re-placed by firnr! '
8ing UK Primers in the 5 Tank. |

Onre an |
eh throug both the left ana right |

Jeading ¢
The protrusion of t -
(1) The p °L She sub-calibire projectile sbove the potals,

r

;aLTﬂEE . [?t;e gﬂdeizilgiﬁ:ﬁﬁ from the top of the sabot to the sub-calibre

Sl GlLRORIRTI ko  crtrias s ot - |

a;ieﬂn Eﬂn.:;‘.it ¢, The original primers were replaced in rounds 1 to 1k, :!
&n :::;‘i:_ }L g Rounds 15 to 21 were set aside as control rounda; ‘,

" Comariyy, n ¥, Piring |

ot be able to
Their paip

a, Two 105mm APDS L2B cleaner rounds were fired from CENTURION No LLBATZ.
These were followed by the 21 trial rounds fired in numerieal sequence, |
seven each at three screens 3 m square at 1370 m range.

b. All rounds were layed by muzzle boresight to reduce fire control
epipment errors.

rated froo it | Besults

1d its subseqe

i, ¥agazine Loading - Rounds 1 to i 4

sactorily s
3 ghle &0 wir

peld wth ™

ALy it

W

8, lst Run = Left Hand Mapnzine:

1) Unloading. 4ll rounds showed a tendency to stick in the chember
Ené had to be renoved by use of the extracting tool which fits over
the rim of the cartridge cese. In some cases the brecch had to be
cpened two or three times to unseat the round sufficiently to allow

the tool to engage over the rim.

(?} Sub=Calibre Projectile Protrusion. Exoept for round 2 all rounds
showed an inorease in protrusion of O.l50om sbove the petals as
measured along the ogive.

in sub-calibre
b - Magazine. No further changes
Proje, ; Frﬂiiﬁ:ﬂ: -niil Were noted, Unloading was no more difficult than

on the 1st run,

o i All rounds were passed as serviceable and fit to fire
b’% RAOC Apmunition Technician.

L)
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Loadi - Roundg B to 1h:

a, lst Run = Right Hand Magnzined

+ign. The Dagns
ﬂ.ﬂ_ﬁﬂ-f_% not so smooth in operation na thy

L7. Ma

Unloadi wog even more
Tounds the breech ha

(@

or o
inseat the round
over the cartridge rim.

(3) Sub-Calibre Prejectile Protrusicn.

0,05 em were no
wore unchanged.

(4) Marks on the Apcund ticon.

parks on the cartridge cass which appeared to come from the
Other serntches were noted on both cases and projeet
none of the parks werc sufficient to render tho rounds unfyy

chain.

b, Subsegquent Huns.
R::um:la B to 1k throupgh each magaszine five tines.

gaze to pinimise the risk of damago.

these rums in Table 3 below.

Table 3. Effects of Repeated Loading Rune on UK 105mm APDS L52 A 44 gy

CONFIDENIIAL = UK AND SWEDISH EYFS ONLY

ine on Tank 2132 uaeg

difficult than with rounds ] 4
4 to be cpened three or nore ting,
sufficiently to allow the extracting teog) to s

Inereases of 0,15 .
ted on Rounds 6 and 10 respectively. Other Tou

411 younds had a eeries of cha:

The oripinal test intention had been to 1pag
This tent Was tg
ated after the 4th run however because all rounds jamned in tho ghagy
and had to be unlcaded by pushing then out with the ecleaning rods, j
block of wood wes interpcsed betwecn the rods and the
This jamming had oecourred with
sone rounds in the 2nd and 3rd Runs as e=sn be seen from the resulty

f'l:-]_- T
b
t ﬂr T@

0

7 apy
D:‘%

ang
dy =

{1 Z
v 1

2

fing

r
11ag
to r

I Ey

Toip.

projectile in el

2nd Run 3rd Bun Lth BRun
Serial| Detail Left Hand Mag. Ripht Hand Mag. Left Hand Mag
{a) 3] (e} Ld) Lel
1 Jagming in | Rounds 8, 10 Rounds 11 and M1 Reunds
the chamber| and 13. 1.
2 ilteration | No change Hounds 9 & 13 No change from Ind
in Sub=Cal=-| from lst run inereased by Run.
ibre Projec- 0.05%en, Round
t:!_'r.e Protru- 14 reduced by
sion 0.05cm. Other-
wise no change,
x Sub=Calibre RD‘tﬂ.I’ﬁF move= Rl::'t-ﬂ,x:}r nove-— M .
ovement lost on
Projeetile | ment possible pent lost on Rounds 13 and s
Movement. | on Rounds 11 Round 11 but Lateral movements
and 13 present noted on Round L&
en Rounds 13
and 14, Lateral
movement possible
. also on Round 13
I Karks on
i Rounds 8 anq Increase in Further increase
ammini-f 10 badly markea markings
tion, Cartridge oage e on all |of markings on
of Round 9 lénwg compared |all RHounds
dented on e




W Dl 5
t ; .
c t CONFIDENTI AL, :
\_nt‘ th{l 1&3'& | LK AN E'IFE:'IEH EYE: om
n, in Iy ALY
;. B Ny sorvicesblllly. Hounds g 4, ),
h ,.|I- l",_ ] e nluﬂii-lﬂ of thﬂ" tﬂ_'g‘t. and Were in relaty
& E;,?:ﬁq. : iy b tﬂEF:s:i‘m as £it to firg, Only juat PaBnad th?mz:izzﬂﬂmz:ﬁ:uzila
1‘ -l'l& ”:'b i E"l".-_' ins
’ 4 AL firin
-I Eic E!r; ] . Tha £ Tasultg Ara
*‘Eﬂbﬂﬂh— jﬁ"f" y pirings Blven in tabyian PR el |
e L fewinony Taot of UK 208w ki res -
) i*-ﬁfﬂ Tt gaple b ; 0% dmmunitson, Firing Results
ﬂﬂ 3 ¥, 0. HL _rial pounds Nos MPI fﬂm} Standn rg Deviati, i
a8y Tyl N h T ———etion ()] emarke
y ’ ) '
O ooty ) 5] ] T 15 ) R "
Wey, g g 2l Y o - L ) '
ig f, U B 8 to 14 L&1 =12¢ n '
ey i hy, % '4;.7“?&. | 2 ks 0.31 Round 13 migsed
1 L *'j E L M"h 2
:uhﬂ hl By, ﬂt the tarpet left.
9 e E g N Y 15 to 21 L& -115 -
th th‘?ﬂr“ﬂ&d%t n B 2 (Centrol) == .28 | Rouna 18 miased !
1 t Elqa . ‘[r'“! L.,H the target plua. lI
L hr;. i U B !
et j 2ot pispuselon
-|ﬂ 11 l;‘. u L{'I &
Y Top ““'ﬂum"&‘ 1 to 7 withstood the stpeseae . '
~ Hg BN 49 Rounds g e -Uf the loading asystem quite well and '
oy 5 I s small setting forward of the Sub-ealibre Projectile A3 not a
3 4L pe soouracy. The automatic londer yseq Par Honrde & & a0 Fpose S ]|
m.h "';P b oung

saposed greater sireases on the rounds, the amsunition however

s not observed until after the se : To & certain extent the results 1

pesed on these rounds were prejudiceg by having to foree them out rear- ll

: ja, although in only one CAge, round 1L, ai |
|

; 8 8 to 14 seems to have
The effect on

cond run,

: . 4 this treatment apparently set
paok the sub-calibre projectile. In all Other cases it did pot nrﬁ;.:tar th?&et
of the sub-ealibre projectile induced b

g gimilar sacple of Swedish APDS rounds wara

¥ ramming. It wag n pity that
bender the same conditions,

not available for ccmparison

%), a8, rfounds 13 and 18 missed the target. 1In relating the direction of miss
' to tarpet size and MPI it would apy

. pear that both these rounds were outalde
the rejection criteria of thrice the

facan deviation (Refercnce A para 9.14. )
b. FWhether Round 1% nissed the tarzet through being passed through the
loading system four times or whether it was Just a wild round camnot ba
truly established, [741d rounds do oceur from time to time with APDS
anmunition and thore seems to be ne oth

er explanation for Round 18 missing.
To have two wild rounds in a small sample of 21 is fortunately improbable
Movenent lost e and it is therefore highly probable that Round 13 414 in fact miss because

Rounds 13 il of the edverse effect of the loading system on it,
Lﬂ“drﬂ ”;ﬁ 9l The dispersions did not differ significantly as can be shown from the

Pplication of Fishers F Test for Variance Ratio (See Reference D Chapter XIV
ol Table 15 ) below :

w {:"'1-1 fa" ssaw
o pandad® © CONFIDENTIAL — UK AND SWEDISH EYES ONLY
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i iap jons. The highest and 1 :

. Comparison of Porizontal Diapersioni. & Pl lowagy ar?
;r-::'m Table 4 are Serial 2 with 0.25& and Serial 3-with 1,":..15;5 rH“IJE:iluE‘ ‘Ej _ {:
Both have five degrees of freedom. vy, wﬂf

252 | (e
Fo o2 - 2.7 , ¥
fed ) ] E
F must exceed 3.82 for even 5% significance. _ g".j,ﬁﬁ
bs Comparison of Vertical Dispersions. The highest and lowegy ;
f;ﬂm Table b are Serial 2 with 0.3Lf and Serdal 1 with 0.23f wrufgimh | 1t h:ﬂe
degrees of frecdom respectively. g _,.fﬂﬁﬂﬂ 1
Bk
2 t -} ':'l
e g8 - L% 2

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

Coneclusions

1
52. a. The double passage of Rounds 1 to T through the EITank loading gy,
hed no adverse effects on their aceuracy. 9

b. The aceyracy of Round 13 probably was aeffected by its boing pasgsy
through the 5 Tank loading system four times. The accuracy of Rounds §
to 12 and 14 was not adversely affected by the same treatmont. |

¥ :;'Fh? UK 105mm APDS 152 ammunition is capable of withstanding the stresses
of the 5 Tank loading system for one loading cycle and probably two, tut '
further loadings using the system should be avoided.

TEST 1 ACCURACY FIRINGS

Aim

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

Bquipment
55. ©BSee Appendix 1 parss 11 to 1l3.
Method

56. Main Armament.
a, Series of eight or more rounds were fi £ o
‘ErTunku as follows : 8 were fired from the 105mm guns ©

(1) APDS at 1000m.

(2) HE at 1000m.

(3) HE at 2000m.
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drh L 1
bt o EDISH EYES oy
by gue $e0ENIQUS Employeq gop 4 .

M e "Ying g
.|.I:I |:1] Lay the gun by Dz z] o

1
. are and GUANCTE sightg 4o Pﬂ:{:ij ght (Mps

al %hﬁa Ezfﬂg hia Bight and "-r-“.ll_-,rlj'i.,tha £un.,
b:"l lI'-a‘-rl_ i Camartd affized +o 1.|h_‘: £ tha o
o ant of firing ec

Th move the WE3,
nlg maE
T =Ta o1 P LRV b:l' tha Bunnay
Blaht [-'hl.':-tw.‘.r-aaﬁrl-l target Glevation with 1%
|:|, :III:II J.I'lﬂt -t']lrl.t lt!\j = H-i-'h':ar.l. 1:]'.!:' i._'.'l_lmufl_-\- 1E:|r at .tha 5
L o e *
x':'ﬂf#:Q‘: I:}} Re—check the gunnery and o “uld be chedked
14, h each round, noti C O SYmEandery a4 o :
ok firi:lftﬂ-a aﬂJLlata;‘a. Ny ﬂl‘atratﬁ.nn: Inye Agninst the MBS after
s T in the scttings of thelr

SCourany g

T¢ had been intended to kagp a

- : ahe
;&fﬁﬂ‘-ﬂ“ﬂe Teleacope but this Provaed 8O% on barrel

I:u';.nli T . =
s im i ¥ uslng tho FVEDE
monts held BY g T T Ll.grzzf;-t'l.ll 28 the feet on the instru-
py the g'Tank (the normal chage [sl.':?-iti...r-'f-; ler barrel thicknees pragantad

a.r!ﬂﬂ'-‘r:'* T the telescope being under

Targel Tanges Wers surveyed by teli,,
. , . omat e
M;i‘llﬂry, LAREHTLL: who algo measured HE uelugztigim-{';i E'r tha Euhc.n:-']._ oL
Pﬂsgihla- 8 with EVA whenowver

. The bore diameter at lin (2.%em) from + e
3‘ ;aﬂam‘aﬂ bafore firing took place ar:rg utG‘:uﬁzhﬁTE:Mm?t T—.f tnﬂmﬂ ;ﬂﬂ
T :Lnadi&g LB ANTErvals Detwean GeTrLeHs
_ r Main Armament Firinge. Bocauss of the wid.
gt_I;«_a,__.._ - : 91 the wide
: l1:""1 . the original intention of firing it at 2,00m
The 7 it 000 ired at 1100m using Tt os
ha Agp ¢ hﬂi“ﬂ Ph8 garies Was f_1r|:=| s M using a CENTURION to give a cross check on the
by WS arsion. In addition a further APDS series at 1000m wae fired from S Tank Mo
37 and would have been fired ff“m No 2132 btut for mechanical troubles. The
wi ; tpchnique as in para 55,b. was used for thess series except that it was not
the -3 ﬂﬁﬂﬂa to use the camera on the CENTURION,
™

digperaiocn of AFDS at
ebandoned. Instead an

y byt 4, Mog- One of the Hull MGs onh each tank was tested by firing a 25 round
et at a screen at 500m. In both cases bursts of 10 to 20 rounds were fired
S.foro the accuracy bursets to check the operation of the guna, warm them up and
- that tha fall of shot was central on target.

fosults
ystem under rangs 5. APDS. The results are given in Table 5 below @
fghle 5 Test 1 - Accuracy Firing APDS Results.
B s tail STk Wo | 3 T Fo | 3 Tk No | CENTURION
i g B 2132 2113 2113 No O1ZRB1
Tz 0 (o) 6 (e) €9
' i 10.12 RO.3L | ROWLT 10.21
: ol (m) v -0.17 +0 .07 +0.06 =058
. H 0430 0.36 0.49 055
g il : i ¢ {Fﬂ v 0.65 0.67 0.26 0.L0
i 3 vy
1050 &4 s el . 0.2 0.4 0.4 ;
the : | Gunners Sight ¥ Ouls 0.6 0.8 0.6

Hﬁnt ione (f)

¥

v

[Table 5 sses
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Rogults. ( Continued i

mble 5 Test 1 = Accuracy Firing AFTS ,l
T (b) Le} (d)
o * i H 0 aly 0.6
iy B Commanders Sight - S it
b Alterations A
]
a- Rounda Fired .
2
6 Missas 2 |
Notaesi
r e the sigl he ,,-pﬂ-l
1 aapinls 3 and 4 are the overall movements recorded on the sight grayy, .
E';lil*ﬂtﬂl‘ﬂ to retain co-incidonce with the muzzle-boresight. 4lp e on® as
fof ]

o

Fe

GU‘I

Table 6 Test 1 = Acouracy Firings HE Results

HE. The results are given in tsbular form below 1

The CENTURION was not fitted with 2 thermal sleeva.

Abbhreviationss

1
a. MNPI is ths Mean Point of Impact 1é. X n E{J_ﬂ' wheTe n w Ninbe, §
of prounds fired and x the strikes meagured from tna point of aim, x

bis @4 ia the standard deviation and includes in all cases Hamsaly -
ion to give the unbiased estimate ie. 1 = :
B8d = E (x - Il]'E

where n and x have the same valucs as in a..

Serial Dotail Tk No 2132 Tk No 213%3 -
{a) ib) (e) [d]

1 1000m

aElg MPI (m) H RO.20 (0.25) RO.26 tc:.'e-a%

5 T ~0.48 (0.45 =0.59 (0.55
't:ul:lji Dispercion sd (g) H 030 (G-Eﬁ% 0.23 {ﬂ.ah))
(2 v 0.36 (0.31 0.25 (0.31
e(l) Muzzle Veloeity (m/e) Mean 674 (2210ft/s) 674 (2210Ft/s
(2) ad 1.85 (6.1t &) 2.98 {E.Eftfﬂ]]

d{l; Movament on Qunners Sight H Ouh 0.2
(2 Adjusters (p) v 0 2 0.6
el{l} Movement on Commander's H 0 0.2
(2 sight (g) v 0 0.6
2 2000m
a{lg H RO L6 Eﬂ‘ﬁ; R1.02 (R1.02)
{E ') +1-IEE 1.75 —ﬂph.-h. {""G!tl-'!i}
b&} H 0.19 {D.Esg 0.28 {n.eﬂ;
v 0.26 (0.30 0.31 (0.3
={1} Mean 670 (2196£t/s) 673 (2206ft/s
(2 sd 3.35 (11.0ft/s) | 2.80 {E.Eftfs;
dg} H 0.2 0.2
v 0.2 O.ls
1
EEE} E 0e2 g.t
C=14
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il famic 0=

I a 1]
ﬂ_g;‘:..ﬂ p figures in pa :
The f1EM Parenthesia ip -

1 af'ter corp Lt B
ﬂiﬂpﬂrﬂiﬂm eotl ials 1 ang 2.8. and ar
e 2 the MPIs and

ng for layy
LE errorg
n serial E'E'{?} the MPIa . 48 deternineq by the camera.
Che case of tank No. 2132 554 tillr;
gank Nos 2133 would have gaygeq

gyation interval 1s l.44 betyeq
@ 2133 below that of taﬁtrr}.;,lg?u and 2000m,

_Gﬂl*recting the lay
36m es the target
¥4 2000m. laces the MPI from
«1f and above it by 0.74f

The gunner o' tank No. 2133 lll:."i':lﬂ.

uain
€ the 1700m ballistiec mark in error

. Je . :
2 p::;l:‘l. : for one round, which predietably PR
-.’ff -f.-_“_ . : i
% Be R ThE: ﬂgum-'-' in 3&1"1&13 l Aria o
13 T e the si o Bnd 2.4, ang
B oy, recorded on the sight eraticule adjusterg 4., CPresent the overall
: P e B '3 qusele boresight. °T8 to maintain r:n-incid.e:;ue -;.-ﬁfmtf.gt
\x g tability. A showi
w™a L gight Stabi graph showing the
N = : ry =1 i 1 4
JI;J|-:' _-fi:-.tiﬂﬁﬂ during the test is given ip *'I-Ppﬂ-ndii Efr-ﬂtll}m of the graticule adjusters
narrel Wears The barrel measurem
g, Al ———— ents
: pz. The MFI and Sda of th PRRALTML i during the test.
5. e tw "
o WGs tea ted are Elven in Table 7.
I.hlﬂ?'ﬂﬁriﬂjla E.I'.I.-ﬂ E'ﬂ-a
MPIa
, Tank No. (A) sds () |
i H v
: g L
E 3 2132 RO,02
Rl:h?ﬁ ; - i 0.50 Oub5
wal} -'q?-_:. ;l' 21 -
“39 (0,50 ; = g i 0.23 0.48
.EI lfj f'f':" on
Eu-ir;'j '||:Ilj.|_' .:J- i o
T4 [3515 . Dfh. APDS. The Preliminary Test showed that th ' tained
(2205, . e basic UK APDS ammuniti
2458 f,,g;t:-':' its accuracy after being passed through the 'S' Tank loading system, T;E ::ﬂ“ of
] .;.- rounds with Swedish additive fired from the CENTURION showed that the excessive
0ué fispersion was not caused by the '3' Tank gun, gun control equipment or fire comtrol
0.6 quipzent, the last two also being cleared by the successful completion of the HE '
. eries, On the other hand, Swedish APDS containing additive performs accurately as
¥, amply demonstrated at RAVLUNDA in August 1968 (see Appendix L). It can therefore
0.6 ly be concluded that the additive caused the exceasive dispersion in the UK rounds
it was not applied correctly.
I'm {ﬂl-lf.' l E:
],M. f.ﬂ'ﬂ . e .
4 8, The HE dispersion for all four series was remarkably constant when corrected
,28 (00 for laying errors. Velocities were also extremely consistent. The vertical
dispersion is about O.1f higher than that normally obtained for UK 105mm HESH
d enough for HE which is not used against

M,thﬁ figure of 0.3d is quite goo

‘small AFV targets.

B The difference in MPIs at 2000m is remarksble and is not explained by the .
8 higher Muzzle velocity of the series from 2133. This can be shown from .

the HE range table which pives an increuse in range at 2000m of 5.cm

;;wa increase in muzzle velocity, hence for 3m/s the increase :‘.

3 f‘r"m}.d PE cessn \




67. MG. The MPIs and Sds are most satisfactory considering the length of B

Conclusiona

g
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: n ki 07 1t
would be 15.6 say 16m. Converting this to a height incresge Py &

the angle of doscent EE.P_J,' ;
iplying it by the tangent of #iveg
ﬁlsnfyrﬂ,r_]fhﬁl ia. approximately only €04 of the actual diﬂ‘thnc-:,m;r"’iayh
EI-,'I |
. « dAlthough the refereance tol H. e

. Sight Stability and Barrel Bond 2B0on, : b
f:t be oporated satisfactorily a certain amout of information eay o 5: w"'ll _ ! ﬁ"#’ﬁﬂ'

about sight stability and barral bond by n::c:m_aide:ratiﬁn of the machan naq-ﬁu:q L ;
design of tho tank and the results in Appendix 3. Analysing thegg Taetg,
Sty

segperately 1

a. Mechanical Design. Although both commanders and gunnorh s ghs
identical instuments the gunnerk is more inhercntly stable whan r:.n.h iy
This iz beceuse its housing is in the hull whereas the COMmMA A gy, int“. ]
cupola which can be unlocked from co-incidence with the hull , a" . T
rotated. Furthermore the til¢ing prism in the gunnerhs eight i, 5 bt g .-:.-_?I
one gat elevation with respect to the hull armament at all Pty >
companderas sight tilting priem can be disconneeted from c':"'i“ﬂidenc
the hull armament for use in the stabilissd mode or linked to the ¢ wigy
commindars MG.

b. Horizontal Variation in Graticule Adjuster Settings. For both g,
on both tanks the movemont of the graticule adjusters correspeng in e
and amount on nearly every ovcasion. This shows that the Bights apg g
following barrel bend and are not themselves unstable otherwige thetp
ad juster movemants would be randem. Where variations of WOVEmENt dp poyl
actually correspond they are all within G.Eﬁ of the original diﬂﬂrmﬂt'
in adjuster settings and this can be explained by the fact that the
adjusters are not continuous but stepped in disecrete D.Ep‘f settings,

c« Elevation Variation in Graticule Ad juster Settings. The gunnerh ol
show less movement than they did in the horizontal plane. Thig —.
is again almost certain to be barrel bend although in the case of Tank 3
2132 the movement is so small it may be largely caused from the discrety
G-Eﬁ settings of the sight. The commanderk sights whilst confirming the
gunner's sight adjuster movements on tho whele do show some simns of
instability in that on:

(1) Tank Wo 2132, there is a movement of O.4f after tho first Lops
round of each series which is not reflected by the gunners sight,

(2) Tank No 2133, the sight appears to have started off in & diffa
ralationship to the normal one to the gunnsrh sight in the second LB
- serdiee and then taken up an attitude more akin to its normal ono ofts
throe rounds had been fired. It can only be agsumed thac there was
some error in the connection to the tilting prism as the graticule

readings were double checked because of their variation from the
expected pattern.

68. Ammunitions

as APDS. The prasence of the Swedish additive would appear to be the
~cause of the excessive dispersion in the UK rounds. In all probabilifd
the fault lies in the application rather than in the additive itself 88

the Swodish results in Appendix I show that accurate rounds containiné
the additive can be made.
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g bthE :ruf m;:%eaf"&%ﬁ ...r. E_lmar'g sight and mounting, ® Superior gight stability of the
Y the Eingy Beny e TEST 2 STATIC @
i ! nt' ; F :jl o e

&“I‘MEE faey ﬂg ﬂirag_f* TENSIVE ENGAGRMENTS
3 o E‘]:Et tb;%"; s, troduction

2tt tiqﬂ. =
E?ﬁig'ﬁ%' Th - 8 , In the attack MOST eéngagements will be short
a plﬂ-ﬂle Qg &l E d which will be relativoly Vilktiow Tange ones of a sudden nature

8h 5, the Thiy by ¥ ing device is available to, the commander h: “ﬁ crew. Unless a rapid
v Dauﬂeﬁ‘, % Sagy ﬁ?:%  these occassions. As the S Tank ig pet ﬂurre:t 1 have to judge the range
thig . . Thop 4 Ty, [ ms decided to include firings of this type 1 1y fitted with such & deviee
Lo nhwmlﬁt 0o rE .y P8 in the assessment.

- !
, To determine the effectiveness and rapidity of [

Ll afiey b ortunity targets below 2000m., ¥ O the § Tank in engaging

¥ the f”?"il’l

guﬂﬂ".ﬂ'"ﬂ Elgrti _.=|_"r' ukalf t.

St&rtﬂd off in a a4 r
Grabi

in to its nopma] o i B Nethod
assumed tha: there g BT
rism as the gratiol:

The intention had been to exercise each tank crew through three AP, three
variation from the

jand three MG engagements from each of two firing points. Unfortunately
cause of the unsatisfactory performance of the APDS ammunition in Test 1
s test was curtailed to HE and MG only.

. of i
lering the length « For each engagement the target was indicated to the commander who then
#e his fire order whilst indicating the target to the gunner who carried out
b laying for the shoot. This method was adopted as it is the closest to UK

thi
to ¢
appear 'y wiilf .
1d &P A5 Fﬂﬂiu" _::f_. ments were successfully concluded and the detailed resulte are

ﬁn- The timings and average mundufhu.rata fired per engage-

: m‘ EL m‘lﬂ' .

617 /Table 8 ...
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Table 8 = Sumpary of Red ) Mean Time (sec) | Mean numbop of Ry ' ’Iﬂsﬁ
P aw and Mean Time L8 = between rounds Burete per on gib,of I!':I'
gerial E;,mu_niti':'n to 1lst Roun o) - %'l Y ;j‘?" o
la) (&) e 11 2.5 -ﬂﬁ;lp’:hf

L . 19.9 3.0 ﬁ’;ﬂ‘}

: " 1,4 : R e
2 | P- 0. w5 17 +6 2.75 ;ﬁ.,ﬂd S
3 | Mean HE ; s 2.0 ' of'
._.—-—|I+ 4 % MG 12 b ?.E P' 't'h'ﬂl
s | B-m 10.3 S ;_ﬂwih 41
AET 2 = El-l ; '-' T L

§ | Mean MG 10.8 ____“\“’ 2 #nf“ gd

5

T

1. Serial 1 Column {n] excludes two timings of 5l.5 and 12.6 sece whers the
u;‘ﬂ‘l' left cortain safety devicos at safe.

=
ey =

.-

». Serial 4 and 5 Coluen (e) exeludes four times above 20secs where stoppage,
peourred or crews left safety devicea at safe.

_ %

Discugsion

79. Method of Pngagement. 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

a. During an engagement cne member of the crew should maintain general
observation. The commander is the best man to do this as @

(1) He is the only one who can decide whether a fresh target or
threat 1s pors important tham the current engagement.

(2) If a more important or threatening target appears the commander
can take control from the gunner and lay onto it with the minimum

delay. The converse is not possible ie.'the gunner cannct take
control from the commander.

be In HE and MG engagements where usually more than one round
have to be fired the laying and observation of fire takes up tﬂ:u;z;h of
the commanders concentration for too long a period. He Siansh Fasalig
:If m:ranmit orders nor prepare and send his contact report. The mean
ﬂ;“:E:h:::w:;n rounds of 1h.l and 19.9secs show that there will be many
T thaantmh nder can actually send his contact report during the'
targsts there 1o overy savecmets SLEAWEN 8t short range stationsy |
€ 0o er firi . net lo
ELI?E AP and moving targets however the sama Uritiﬁimzsnf iﬁgi czmmanﬁr .
76 @Pply as for HE and UG engagementa.

¢. MG engagemen

. ta should usually b
and f J be carried out wi
iring &s the commander has no means of g with the gunner laying
stoppages. an ocking the guns to clear

/80, wees
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i ige

i gﬂlﬂnts wara lﬂﬂg‘ ard ‘J'FJPDin't.iﬁ o

ﬁrﬂﬂ'ﬂ'fudﬂ,i delays arising I‘.IIEII:[E of theso raaﬁlth:EragquiEinm e S

ghol jng made: The inorgggg irnﬂﬁ of the DAy gafe FOW A were omitted .

ot Eﬁ TR iﬂtﬂrﬁating tkltthrgﬂt 80qui81tdon :{ awitches in the
1% R E '.'m 3 =1

% :hﬂ range which is 6gocg hiﬁhartf.:ﬂ Tean time for tthcé}}mﬂiﬁllgﬁ ig

AP an The timing between p an that achi i ;

05 }5,;_}. 8 sin oved in dry runs (ses |
ilar to the CENTURION, of |

17 Bgocs’

. Most of the gp
» shootln shootin
Hﬁﬁﬂ of Tange on ona of +p. > 890d. Botp commandere gave a ]

flr = T thei
h“dtt:ﬂﬂa occaslons o secure s hit::r largets ang foup rounds wore needed

glower inacguisition hit the targnT ° commandor and gunner of Crew A

h 5 i
Flthsug iz of thelr shgegements whereag Crow E: E,Edthcir Bacond round on four
only one two round SnEaZE—

jg Shootinge  This wis good, due ip gy, , ,
wherﬂ B2 1 to the gight. In five out of e twgluain to the puna being

The Swedish ammunition hag only o

t the aid of definite marke in the Eighna tracer every four rounds and

t MG shooting would have been

'H:; i\ F ..
B ha S Tanks performance in normal HE apg MG
mgyi gy T : : o W engagements againat atatic
Otaip Benap,, jargets 18 similar to that of the CENTURION without 4 ranging gun.

TEST 3 OFFENSIVE SUFPORT ENGAGEMMNTS

b, etor W isound

. In the offeneive support rcle tanks may be reguired to provide a
ﬁlﬂ' range HE fire. It had been intended to tegt 1:1*:&13;5J Ta.nkpin mthmﬁtﬂﬂaﬂn
of cngagement but unfortunately the Swedish smoke round was not avail-
baple for use. The UK 105mm smoke round could not be used because of Swodish
‘gbjection to UK primers. In addition the No 390 fuze could not be set aa
‘there was insufficient room to manipulate the fuze key in the five round
mnuzlly operated magazine. This restricted the trial to longe range HE engage—
‘pinta. These were further restricted, as indeed smoke shooting would have
been, to direct lay engagements. The reasons for this are that although the

8 Tank has & clinometer it is only marked in miis and there is no suit-

@ round/burst
B8 up too much of
cannot receiw

L] E k
::.:}‘E wﬂlf gauiﬂw '-Z::' reference for line corrections such =g B traverse indi:uturlin tho ?E]f:tiﬂlﬂ-
rt duriag iy JeWstempte were made to use the graduated markings on the cupola ring for this
i +ionary juirpoge. These were defeated as the cupola could only be properly initially
ﬂt?’ = 1 Prontralised by locking it. When it was unlocked to lay off the required amount
hgainst o [Pt ooved off line by varying quantities before any traverse eignal had been
of the €0 eesed to it or the hull.

: g to clest -j“'““;ﬂﬂ the ability of the 'S' Tank to engage HE targets between 2000
s 1d 4000,
- ant

s

/80 :i!;:h Nog 2132 and 2133 and 13 rounds of Swedish HE N61A, 105um
/¥ethod

C-19




A

¥ethod

t
. The troop leaderh

E:?Eﬂd the final alevatio
On the completion of the

CONFIDENTIAL = UK AND =

1 ranging on

ank carriod cut the initia & on the +
n to the second tank which carried ocut 44, ::E&hlm
ranging both tanks fired three rounds E“ﬁfirgfnﬂg

Results

2lasecs after being given th
. The troop leader opencd firs ; : @ tar
88. ;ra gp:nins range wag 3400m and the final elevation was 3575p ﬂEtgi&
i; four rounds and a silent correction of 25m in BZ2secs frop the thnw

. The second tank fired throe ranging rounds. The first two g
target ss a result of a +50m correction. 4 third ranging rnumd;éﬁiﬁ*iq
a -25m correction was just minus of the target and the gunfire wag gy 0 '
at this elevation of 3600m. The timings were 20, L35 and 59gec, h}?ﬂ

three rounds respectively after receiving the final elevatiop, .5‘ i ,:
e. Gunfiro was accurate but ragged apnd delivered over 30socs. gﬂﬂfiizgz

ang
d. The wholo engagement was completed in 2 min 55 seca. ﬂlﬁﬂii

Discussion

B9. The timing was quite reasonable for a troop shoot. It would haws 4
better if the second tank commander had kept to the drills and not fireg yp,
third ranging round. This wastod 15.5secs and was totally unecessary as y,
had straddled the target with a 50m bracket.

90. Another slow timing was the time to the first ranging round of the
second tank. Thigr was partly caused by the gunner cvorshooting the 35754
mark on laying and then having difficulty in re-locating this mark in the
gratiouls=s. :

91. Line corrections are not easy to make in the 8 Tank as no proper
graticule marks are provided for this at the longer rangos and there is ng
adequate traverse indicator. All that the gunner can do ie aim off what he
assesses to be the correet amount. In thie shoot no lino correction was

needed. This was almost certainly due to the wind being only 2.8m/s (9ft/s)
and almost directly down rango.

9é. It was of intorest to note the variation in performance of the guns,
that of Tank No 2133 requiring 25m more elevation (0.6f) than that of Tank

2132. This was the reverse sense of tho clevations required for the 2000u
HE shoot in Teat 1.

93+ The erratic gunfire was attributable to three causes i

a. The failure of the tanks to return to within 0,2£ in elevation of

:ﬁ:i;i:ﬂ.giﬁ:tiw a.f‘l:; fi;::g. This should occur if the firer keeps
n pres after firing until nas

ceaseds It did not on the two trial fa.nku. R o

b, Obscuration at the 4

fire rounts coeul arget which was considerable as the first su=

etely obscured the target area for as much as 10sece:
Obascuration at the firing point whieh lasted up to L secs.

D

(9 o
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ey r;,ﬁ =HSLVE BIGACRMENT OF MovING mypgprs |
L roduction i |
iz |_|
:Irn'[u} : L |
d 3, It had been hoped to test the 5 T . _
Oting 4, s [fortunately BINDON ra L O rank firing agaj r
t o i 0 nge was being remil net moving tarpets.
his g fﬂ %y [t the moving target gear on HEATH range was cu op %, Period of the trial
ti, [ihe securacy of laying by the crew against oy e Ao Poriunately |
thuﬂ'ti f.’.-riﬂg .har tIElng 8 muviﬂg target aﬂd thﬂngitﬂrgﬂtﬂ. .::ﬂ.uld h'-] ﬂﬂﬂﬂﬂﬂ.mi .
! upners 1ay at the instant of firing. Reeiid bs Et:{; camera to record tha
aﬂ.; Propgy ost « 8 by this method are given in this
Nad thep
|:.| i

aim off i.'ila tTI

orrection 3
Ly 2.8n/s {m . To determine the accuracy with which the's'Tank
i) @ gunner to lay on a moving target. WIORGR. SO kDA

_'-_. an t

of the gung w
1 that of Tk B9 &, 'S Tanks Nos 2132 and 2133.
for the 200

b« A Landrover with a white aiming point on it.

¢+ Robot 35mm Camera.
glevatior i
g firer crewmen each carried out three series of 10 lays on a Landrover

rﬂﬂ laterally across their front at a speed of 20km [hr at 500m

': iﬁiﬂ. aiming point on the Landrover and a short range were used
i ¢ results to be obtained and ensure accuracy in

.8 of the m_uj_tg_ 411 crewmen used the g'l.mnﬂrﬁ controls.
/101,
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. lay the crewman was timed from start to the pressing ., thg
For eacd

101
firing button-

Resulis
ir analysis are given in detail in Aippendiy g o

1 the
The results and s is given in Table 3 below.

102 h of three serie

the means for eac
Table 9 — Series Mean Reaults of Lays Against a Moving Target
Tablae — i 38 |

gurial Sories | Time KEI {ﬁj 5d (pi) Eﬂgzghﬁ-ﬁhhhﬁ.

1 (mecs) 1 : 1£ v {soc: r{—l\ | -
__{: | {EJ E .Jf:-' Léc-lil rE .1%1 |:-55_=i EJEET:I 1 %;_“"“-- 3 '. x ﬂ;ﬂ’?' ﬁ
2 2 9.8 { IRO | +0.08 | 0.50 | 0.29 1.49 | Pl
3 3 10.2 | Ro.o2 | Zo 0.37 | 0.22 0.70 | h
L Overall 10.6 | 10.03 | +0.02 | 0.47 | D.26 .32 :
Mean
Note

The score 1s the product of the time in colump EGJ and the sds ip
columns {f} and {g}. It gives an casgy comparison in merit between Borieg gp |
lays by taking into account speed and consistency. The lower the BCOTE thy
better the lays.

Discuseion

103. Unfortunately ETW have no figures for the accuracy of lay against mg
targets other than the results of this test. This confines the drawing of
conclusions to the individuals and cocasions 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 tQa*ammunitinn. There is no proof that this g
of laying error is confined to 8 Tank as the moving targets used on ranges are
always large and could therefore mask many laying inaccuracies. In future
wars however the size of targets may be less and investigation into the la
errorg of other equipments should be made.

Conclusion

10L. 4s yet there is no f th }
- proo at the fire and gun control squi t of the
8 Tank is more or less inherently accurate thanp that of othe 3 gmi;mfuﬂﬂl
to lay onto moving targets. The results of this test on the 'S Tank show s

a+ Layers generally improve
practice than others. ; with practice and that some require mere

b. The average time f
unlikely to be less th:i ;-éaiei:.uf the order of 11 secs and is

¢+ The order of co i ; }
and 0.224 sd in el uﬂ:ﬁﬂﬂ?ﬂr after practice is about 0,374 ed in 1ine
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tast the abilitﬂ' of the & Tank
to
e massed AFV attack. Broduse thg Sustained fire necessary

gnks Noe 2132 and 2133 34

T g of
oadinge of 1 . U
, two 1 ng ocal smoke Etenades. 105mm Appg L52 with Swodiagh

lh'.
g, ‘ | yothod
g : | The tanks advanced Z20m +s edmuilatn _
| » = . movip
1||.'.I"fhu11 down' position, opened firo a4 3,
4 woe 1000 and 1L00m and then withirey e

jocal 800K

€ from g Yturret down'
wn' £o
h:zg on' tank target screene at
Tet down under cover of their

The tanke had to move forward off el
] 1 down position because of range sare °Pe t0 mimulate the movement to

t-

p h¥ ¥ conaidepati

orded by a camera fitted to e e ons, The gunnery laye
gore 79 the sight as in previous teats. I

il ta

. Faults. Two falee starts were mg

Faults "_11‘::| t LT |
Llﬂiﬂn the 6th round was not ejected with 8 Tank %o 2133%. On the firset

and the bressh block re-closed on the

% P agpty case. The test was restarted but the same faylt
pirst round. The breech was stripped but the ﬂﬂlar&:ni;tnggigﬂd on thﬁiwhrsr
purr on ohe of the extractors. The brecch was il oo s a.ni'::g atn tﬂ.‘ t
lccupac fired. They were ejected satisfactorily and the e thmaaam £
8 confy lay 351 lout. The fault re-occurred with the last round of the test e a
lneg “Hiing , B 12 g
hi thﬂ Hpe ey o i N ,
test fe ﬁip':'g-'-' 110, Pimings and Hits. Tha timings and strikes on targots are shown in
rror tp Ere.+ The 3. Matular form below. No target was hit twice by any one crew SBavt ot Pl
3 a%er th., . Batrikos which occurred in the abortive ry f 5 -
e is ng Droof 4, LS ns of tank No 21%3.
L'} "'-"E

o MALE 10 Masa Attack Test Results

inacﬂl_lmcig,g_ In ;um |
nvestigation into the 1 Detail Results
Tk No 2132 | Tk No 213%3%
b) le) (d]
n pontrol equipment o3 Rounds Fired 1L 16
t of ﬂthEJl' ‘:W' b i f' Time to move to hull down position 2Baecs 10secs
st on the § Tark & Time to first round fired 5lgecs 2Tsoce
that somé pequire % 5 Time to last round fired Imin 35secs | 2min I0seos
Time to turret dewn povcition Ymin L6eecs | 2min 52secs
and {g _Tﬁ-ﬂﬂ between first and last rounds 2min LZsecs | 2min  Jsecs
of 11 86 11 12 |
5# gd iﬂw : : =1.-':""'- _Lays., Analysis of the photographs of the gunnere lays showed ¢

I mmwa
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b lays for rowds 1y by 5,12 and 13 wero ceatzal w8

a. Elje- I loft and 0.2d laft O, :
thoae for rg::i:ﬂ??_Bﬂghihpzszzgguiﬁa ?nr rounds g, 3 6, ?f E:E; of in@
Dfntriliﬂzst be analysed as mud on the slght objeet prianm had ﬂha;uﬁ Jﬂﬁaﬁiﬂg.
:,heﬂ-iargat- This mud did not interfere ﬂgfficiantlr with the E'Jnn%r%?ﬁ &! 10 #aya
view through the sight to prevent him laying. et
i
- 12, 135 and 14 were / %
. 2133. The lays for rounds L, 5, 7, 12, Centrg) : of
Fb,:.r rounds 2, 3, 6 and 9 they wore from 0.2 to D.hp.'{ laft of centpe " : r ,pr" Fsﬂ
for rounds 8 and 11 they were D.?;ﬁ right of centre. Rounds 15 ang 1511“ & ﬂ'ﬂ.!- of
ﬂ.qﬁ high and G-Eﬁ left and high reapectively. The photographg for 'hfé.ﬁﬁ'ﬁﬁm
1 and 8 were not clear enough to analyse. rmuﬂ[--yﬁ
112. Loecal Smoke Screening. Tho local smoke soreen built up in 3 - i .Z§; 4 8 i
lasted effoctively for about 15 secs. The withdrawal of Tank No 2132 o ”n];j_s
completely covered by the screen but that of Tank No 2133 would have roqui G2 ﬂﬂ“
ancther € seca screening for complete concealment. Ted ‘bit'i

e arrel Bend and Sight Adjustment. The aifference in Tank No 2133 ... A
graticule adjuster readings beforo and after this test were Horizonta) 0, Pt
Vertical O.6@l. This was reflected by the commanders sight which hag the
borizontal alteration and 0.8¢0 in elevation. Unfortunately comparative
for Tank No 2132 were not recorded.

sang

Digouseion
114. The main points arising from this test were 1

2. The Delay in Opening Fire after Halting. Both tanks took 2 long tipe
after halting before firing the first round. The oscillation cays
the delay was largely compounded by crew inexperience, artificiasl MOV eman
over a concrete firing peint and range safety requirements, as was Proves
later on. In tank No. 2132 the first round was further delayed ag thal
gunner haed left his safety switch at safe, '

b. The Relatively Slow Rate of Pire. This is accounted for by the
obscuration which prevented the gunner laying with more rapidity. Up
ately the only firing point avaiable had been fired over frequently apd
the ground was very dry and dusty.

E

¢« The Relative Lack of Fatigue of the Crew. In a CENTURION such = ate
fire is only possible in the later marks with theip improved stowage. M
sc the loader would have needed five or ten minutee recuperation from his
efforts before being a fully sensible member of the crow again. In addif
he will have to replenish his ready ammunition at the first opportunity 8
the tank will not be ready for further prolonged engagements until thisl

been done.

Concluaion

115. Tha'E"I‘-ankl is capable of delivering rapia sustained fire against a m
attack. In dusty conditions its rate of fire is unlikely to exceed that of 8
CENTURION because of obscuration preventing the gun being re-layed. In other
conditions the sutomatic loader Wu}d' probably allow the CENTURION rate of fil
to be exceeded. In either case the'S' Tankk operation has not imposed anythild
like the degree of fatiguo imposed on the CENTURION loader and it is ready ¥
fire the remainder of its ammunition whilst the CENTURION requires time for

/b3
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TES =L YRS
I.T (=]
Bk Yy
EEH'.I ﬁ'i“gf& EE:?"; F To determine any difficylty,, in h I
5"?3‘ b'.! a,lﬁ " 116 " gxerciso. andling th-a"g’- _ .
Mot gplt Uy by oo™ "k in a fire with
Y
b ot Y ; 2132 '
W Ny 3. ) \s'manks Nos 2132 and 2133 agcp 4 !
UI E@'%a 117 of Ewedish T7.62mm mn Oaded with = |
Sng L%EE' \ 1250 *1%. local mmoke grenaden. by .
y 3t 1n b 1 ghod
S gy or Tﬁ"k 2 loaded wi ;
1 the tanks loaded with HE ana yg

ty, 2hy Ho, % 'F 8. " MmN g t 4
Bgs b g ony 2, :ﬁ ganent GXercistc OVOY approximatoly 3000n gpq .. Pi¥ carried out a fire with

Gh Uy “onsisting of three bounds
; i 9, fo quentiiive rosultm were acquired pyy 4,
%ﬂﬁi A arews in fire and movement and to deal with :

(]
N X spolling fire, sonding contact reporgg and no
e
gegiis

Sxtroise was umed to practice

the Problems ontailed in
“ing the position of flank

h . Crews experienced no difficulty i ;
T by B T erraotions mecs et ol (S2IEVIES o0t the exsscies. Bangs
rq nﬂEill& Ok 8], :ﬂi ye fire. MG fire was well eontrolled apg the cflla\.ren targete engaged
€n e f-'iun Ty it with the firet burst. Tank 2133 1gg¢ tllﬂtuthﬁ majority of targots wers
“?uil"em r":if:lrzi i | 4prough & stoppage after it had fired 180 mund% oTone of its hull MG
Ay “ﬁts, & 8] B L7 W emmunition could not be used. The I;arh;ﬂ‘ This meant t-tl;?t 52% of ite
ep das " B wiceable MG on the last bound becauge one };m:-an g Mo A
ad 66 $hi ather Had - <1 gun had used up all its
4y W nition, ad a stoppage as did the n: !
? S inda. commandors MG which had only
Ceoyp s
th mg:ﬂd Ao oy the B pppelusion
red nv: Tepldiy,
rf
Qently w P21, The tank is a viable fighting system and is no more difficult to handle
g 8 fire and movement exercise than a turretted tank, The limited MG ammu=
i "Hm supply and the inability to remedy stoppages without crew expoaure is
ENTURION syos , @¢he weak point of the tank,as can be seen by No. 2133 ending the exercise with

ir improved stomg,
=8 recuperation fruk
1@ crow again, Ins
the first opportuiy@e. . .

En“ uﬂtﬂ 'IH] AL ﬂtiﬂﬂ-

k of its ready ammunition unfired because of stoppages.

TEST 7 DEFENSIVE NIGHT FIRING

o

',; The's'Tank has no night fighting equipment other than infa-red headlamp
ilters and a drivers viewor. The Swedish Army policy is not to use IR and

* such devices for night firing but to illuminate targets by flares so
they can be engaged with the normal eights. To this end they have

i some exoellent illuminating ammunition such as the CARL GUSTAV 8Lmm

ths %8 LYRAN Tlmm flare which range out to 2200m and 1000m respectively and
to exce : quﬂl‘ il.'lp times of about 25 secs. Both provide good intense illumination
ra-lﬂ'ad sg 00,000 candela which can be used with poor light gathering optical

'8 such as gunnert sights.

British Army experience of engaging targets with AFVs firing by flare
tion ig mhtﬁﬂy glight and sc it was decided to test the 8 Tank in

i-L 8
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[T |
he S Tank Weapon System fop nigh, .

Adm
AT of & :
he effﬂ§$i:“?;:ia for illumination.
-

4t
o, To tea
i;;ng the BlLmb Ca GU

guip 1
g s with @
‘EFTﬂnkﬂ Noa 2132 and 2133 togother

125 i
1i, rounds of Swedish 105mm HE M61A
e
b 1000 rl:'u.l"-ld.ﬂ TI-EEMH'] G
g. GLmm CARL QUSTAV Gun and 19 rounds of illuminating ammung g, A
2
Head on screens and Fig 11 targets for HE and MG otgagenant, 2 El}
da ¢ |
ivaely. |
2130
Method lr Elj}
gnition of targets by flar. 5
TS Hght 213

126. The crews were practised in tho rece

the night before firing took places

177. Approximate target ranges and bearings were fed into the CuRL GUSTIY
gunner who fired from a position 50m to the right flank of the tanks wh;:
received the target informstion by radio. On the flare illuminating the alpg
the erew engaged it with HE fire if it was a vehiole or MG if men, Yargy

128, It had been intended to fire both tanks together but range safety
restriotions forces them to be only 20m apsrt. At this dietance firipg jp
caused mutual obscuration and so alternative engagements werc fired for
HE. MG engagements were fired together using the same flare but separatg

of targets in the same area.

129. A flank observer ;acurdad the observation of the fall of shot and thess
w:re confirmed by checking the targets the following merning. The fla,nk- E“
observers assessmente were not made known to the orew until after the Sngag-

ment .

= L
b

Resultsg

130. CARL GUSTAV Ammunition.

as The i

s Qamxnu‘t o;tiz: {;m:ticmad l_rall but there was one parachute canopy

the 15 rounds fired rounds fired. Flare burning times were taken for

failure these el Eg ;hﬂ sécond night and d-iﬂ':'ﬂuntiﬂg the parachute

performance was aﬁ 7+0 secs with an ed of 0.9 secs. This excelled
probably aided by the low wind speed of 0.8m/s (2.5ft/8

bs On the trainin
€ night preceding ¢

B2 il e ave a1,V vt o 0

WE« Lhba

targsts at this rango with opo .78 'he firing point achicved hits on I8

ﬁ:u :: mist reduced visibility tﬁ f‘h:: 2 Unfortunately on the nigtt®

[131e




e Y

U
iy
Ehy
e ting. Bach crow ¢
i ghog x red
h'f‘ J3le %ﬁ“a and ene gecgpy :.t:“'a *hEapement 5
| 4w FE ) = 6000, Je £ -9 and y A it warg ul;..;;. In both cases
garBe* ’ ° 3 - B00m. qug 0®d.  Ranges were
bﬂl"" Tesults are tabulated
e geaults of Night HE Ehntlting
b
i) P % No | Target Mo
At 1 Time (
J_n y]‘iﬂ' F_'-'L"i.'_:ﬂ_} ‘t.{_:.
g € ay, 18t Round o4 i ey
Mg “n-iti (o) le) 3 found  |Pires
E]'] i a2 T &
Sog 2132 1 27 €3) (5]
gy 1 Not fires 1
H:’ y 2132 23 Hot let Eound
Hm 2132 3 & o Tecorded| = Znd Hound
-&rgﬂtﬁ i s 2 let Round
lay, l . 12 1 Both Round
" 5 2133 25 15
ntﬂ. th "'-; E‘l}j lE 5 2 ?I'Ld. Ruund.
G p, ' .
. E{ Thg E"—EL Uy : Not fired 1 lst Round
lugg, ‘g - |
. : ting. Five of the six o
' MG i“&tin Why ., NG Shooting ngagements were fired
Al $. Times to first bu ired and all first bursts
ey, the Muln targe rats and flares Tequired ars given in Table 12
ut » ;
a f Night % ~3l.
diﬂtannfa Saty; ple 12 Results of Night MG Shooting - 411 Firet Bursts Effective.
bl S
ey firgy 12 [ g r Tark o 2133
op =
but —— i (b) (c]
3 One flare required. Fire opened One flare required. Fire opened
all o . after 10 sccs. after 12 secs.
1 aliot EI.."IE +h
Ning. The 1 " 2 Two flares required. Fire One flare reaquired. Fire opened

opened after 30 secs. after 10 gees.

3 Two flareas fired but targct
obscured by mist.

Ong flare required.
afier 25 secs.

Fire oponed

sion

» parachute cany - General.

imes were taki I k.

) The results were good and in all probability the timings would
6 been better but for the mist which madc some of the targets very difficult
: Corrections to fire are more diffieult to assese and apply by flare

ng the Fmﬁ; ‘hi" daylight but casier than with some night viewing devicos.

1
18C8 This & I
f D.Bmfa [Q.jﬂ,  HE Shooting. The lack of wind which bonefitted the flares was a definite
: ' t rapidl
antage when firing HE as the conseguences of firing were not rapidly
rgets were d from the tank and caused obscuration. True observailion was difficult
ta wEe A @ crews and only achieved at the 900m target. At the other targets
ank ﬂrﬂd pite @ ment of effectivensse was made on the HE burst. As in previous tests the
chieve 8 pat # n was almost certainly aggravated by the dry weather and the large

ant
18 Etuﬂ the i!if‘i - of firing which had previously taken
ely OF . thif o
yen 09
C=27

it e 3 [EDISH X

place from the firing point.

/1354
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e. The ability of the crews to by
(ol <

tiv
i aon + burst is largely due to the

mo
t1 “ This was Sk kb Firs r&u
135. !Eﬁh_m—?i&s targets wi ik EnnrE s defintc " .
s of Iigure jght. This giv ® iy * : .
:ﬁ:ﬁﬂipma AR ed to the BIET - - oN where the MG is in an ““ﬂﬂﬂuntﬁt';ﬂ : p;‘l *.'
point in the Erﬂtiﬁuapp h with the graticule. % : gg;ggE'
e
mounting and rare

3 S naral area of the target is known als 408 anbileny
the g® pist free strong flare light is a vepy

asonably calm and
rafnr firing in darkness.

i ad very effectively with flare illumination up ¢
The 5 Tank E;n$b:azﬂ daiiuﬁ probably curtails longer range shooting,

TEST 8 LOCAL SMOKE PROTECTION

136. Provid ing

gonditions are
effective method

137
1r:}:-ue:m. The lack

Aim
i 7 T
138, To teat the local smoke protection system of the 3 Tank .

Equipment

[
139. a. 'S Tank No 2133.
b, B0 Swedish WP Grenades with propellant charges.

Cs Stﬂ[} Watchaa.

Method
14,0. a. The tank was situated on level ground between two black and white
Observers were positioned on the centre lipg

contrast screcns 20m apart.
facing the tank and screens, and 500m left and $00m right of it, at about

1000m range.
b. Three full salvoes of eight grenades and seven half salvoes of

four grenades were fired.
¢« The observers were warncd by radio and timed from the firing of the

grenades to:

(1) The screen being effective.
(2) The tank re-appearing.

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

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

Hesults

143. Ambient Conditions. The test was carried out on an overcast with
?is:l.]l::ll:l.t;.r over 2 miles. The dry temperatures were between 59 and [;?EF and |
the humidity was between 81 and 71%., The wind wes Ly to 6.5m/s (14 to 2174/l
and blowing obliquely from the left front towards the tank.
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Jhkt L
v 20q W, gt
: llthﬁ J 4 = Timﬁﬁa:-fmigr:;g Efgu“i“' € ma
’ 8 . - 1
t ?ﬂ]hiq hj_‘ﬂﬂ o aeon with 5 Eprﬂa:;i?':‘ fl.'lnl" &11 Hll]'l.rl_'juﬂ fl"-:'_lm all
L | ing Durati s B «1.0 soc :
i ¥ ganl o Ti_:l_l B . " Lo L &
111% ﬁ"f?.,_., b EEI-——EH{— G, Tig TeBUlte ppg o
© ) ning timas of Summarined baln
n‘ﬁ"ﬂb j'n-&‘l: o Boran S#edish Logg) s
Bh." 1, aris
e L] 5
‘:It;" . | Moan timo {Hl]ﬂhﬂ
.nl!' L b a1l Observors
, ; phree full salvoes {f)
1
van na Balvoas =1,
Tany, seven half sal 5.
2 !
’J_..--"’-__ 18.2
« The grenades burst
g. Hange urst in ¢
2% AlT ﬂ.bﬁui E'l'pl from the tank
1t
1‘51 '_F-lﬂ_l&._g

2 Firing Circuits. The lowar insido barrel of the right hand disch
! ER mnad ponRrgor

had & faulty lead which resulted ip onl =R
full salvoes and only three in thras °f3t§:uﬁhr;1?‘r;t;{;rmﬂ being fired in the
ALVOOE -

b, Fropelling Charges, Two grenadas did not 1

- 2ave thairp i BN
no faults were found in the Tiring circuits iy is aam::w;l ]1:;|!||:”I .]H uﬁi“
charge was not making contact or defective, T fiaie

> blag
f: En thsnge:fita Mg, Beaction to Small Arms Fire. When fired on by single shot GPMG £
SAE of i, atr:l;j‘“ enades, when struck, behaved in the following wayss €18 shot GEMG fire the

a. The WP contents burnt, but without running like that of the No BO

1 salvogy o grenade.

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

the firing of
ATh Time. The grenades can be loaded fron their box in rear of the

in 1# to 2 minntes. They are a little hard to push home and each one
b5 to be rammed home fairly hard. After the loading test it was found that
#the grenades fitted so tightly into the discharger barrols of Tank No 2133 a

stilson wrench had to be used to remove them.
test their rectiliy o cion

LB, For the 2nd part of this test (para 141) the Swodish grenades were mounted

0 posts and not in their discharger cups. Had they been mounted in the cupe
. dered that their reaction to the small

Mth the metal caps fitted it is consi
rog te to be

oy fire, in h 146, would be for the grenades and or conten

tjacted &l:i tap:rhﬁgzﬂtﬁ E:-nd s burater charge being ignited. Thie :-::u]id cause
wit? tle or no crew hazard unloss the drivers hatch was open which is highly

soreening times are gomparable the

"wmtspﬁ::n:ﬁ; ;:g thg following advantages over that of the
: k i iIL > );"l L LR
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The grenades sre not nearly so dangerous when hit by smaly Armg g o ﬂgﬁ"{ﬂ“
- ] : : 'F
n., The soreen builds up mOre rapidly taking only 3 %0 5 sece “Dpg g‘ﬂﬂhﬂt‘;ﬁ
to 6 to B secs: w o p e gl

arried out in a ftenth of the-

The loading 1is sasier and can be ©

Ce :

Conclusion ‘L
{ he S5 Tank is rapidly efy
amoka protection eystem on ¥ : ety
st Thgnilj::iut 27 socs if the cupola is in the correct attitude wpg, the
sCreens

the grenades t}
. Tt can be rapidly reloaded and E 1Stize]y
grenades are fired he erew if struck by emall arms fire as theg G

not ag groat a hazard to ¥ e of 5.
CENTURICON .

TEST 9 COMUIANDER'S NG # 40
Introduction

n.o
ter importance than it
151. The commanderk MG on the S Tank assumes grea .
nEher vehicles as it is the only weapon which can be fired with any Ehﬂnﬁﬂnf;
offectiveness whilat on the move. It is also the only weapon that coulq i,

4lheit manually, if the vehicle were surprised when the main engine ia ng
Aim

/
152. To test the effectiveness of the 'S Tank commanderk MG in the various
in which it may be required.

Method
153. The commanderk MG was fired in the following roles

a. High Elevation Fire. At maximum elevation to lnvestigate tho faggeiy
of use in the anti-aircraft and street fighting role.

b. All Round Defensive Fire. Over the rear of the tank to test its
effectiveness as a means of glving all round defensive fire without rots

the tank.

cs Firing on the Move.

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

e. Pintle Mounting. The alternative to the normal cupola mounting.
Results

154. General.

a. Sighting. The rapid delivery of effective fire from the cmurﬂnﬂﬁlj.‘:ﬁ
MG 1s prejudiced by the fact that there is no graticule in the sight ¥
this MG. Further it is not capable of being zeroed to the main grati®d
as are the hull MGs. In thess circumstances a higher ratio than that

one trace in four is re to 18
target quickly, quired to enable the fire to be corrected oF
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i L
S Lﬁi Contral ;
vatlon 1LY0d. The a]
L |.H_- B Ela¥a— xith 8 control h-"'-ndf- Bvation _
R { pk aTm _ % on itg controlled by a long
TII 4 . e A= s ik Thore is a varisble dampar
Emr i ' .]II, = wal found 0 DG lmpoasiple to get Second hand to alter ite settin
] I:lb-!l i .T.' ither too atliff and Preventod AN ides] H”’ttin& o R n aiin E=
4 l\i % was ° ch ©888 the vibratiop BRall sgrpg o mpGEr .
1 thﬁ-nt iﬁIﬁl A in 'iﬁ gight prism. Theg wzr;flth'a Caused g
s ! on tl::lr “blique moving targote result ig +
ing L

o' tha % iE-
o Usa of 5 Owar apd,

L) Control 11.-:1_vj_nicult a8 both hands froquently
t ) traverso:

€& o hand free for controlling
y mlevation Fire. Tho lagk of g
N jgp B ious para makes the uso of the panren,ST8LEht Telation as described
W Et::;ﬂ«l- 1t can be 1-IE!13_I:1 ggainat the upper i%;:,ﬂﬁ‘ e
r';ﬂquirﬂ two or three bursts to sorrect fire baf -
1] @lore it is effactiva.
Round Defensive Fire. The comp :
b0y 56 %;EE over the Tear arc of 2000 :Edifﬂ eeat does not rotate. Henco to
| &4 ﬂ'ﬂ% T Stortions to which the commandsr ig auhw is impractieal because of the
g oo th Y i
o i piring on the Move. Effective fire can ba
By hﬁ Bl TTilisation of the MG in traverse.
M. e oming the problems of econtrolling

the fi
& 3. Only the frontal arc from S5LOC to 1CIDD¢[1ra i
ard fipe move becausoc of the limitations imposed

iy, . -

deliversd on the move because of

n elevation deseribed in para

nd Traverse Control Firings.

g, Hs —_-._7*_5_ 4 grip handle is provided to traverse tha
& 1 when the lecked free hand econtrol is at frea. Thia enables the cupola to
“iraversed by hand on a push and pull baeis.

it of the off-set MG and prevented accurate fire being deliversd.

pintle Mounting. No merit could be discerned for this mounting whatsoever.

a. BReguires two men to coperate the gun ss one has to feed the belt to the
iz ta.ﬂk* ta t&n- . okl

siv i ' .
8 Pire wifjo b. Exposes the firer and loader when used.

ss Doees not have sufficiont rigidity for acocurate fire unless the butt
ig fitted to the MG.

12ed by kand e Sfsnelusions

0, The commanders MG is only capable of effective fire at etationary targots
i ! I
oupols noutd

8+« Over a frontal arc of between ¢

(1). 5400 and IDDO;If when the tank is moving.
(2). L4400 and 2000f when the tank is stationary.

- The K60 engine is running.

g-31 /COMMENTS
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-

~ “Rcessive dispersion and judder
oxtremaly 44 ”;'" mzke the engngemonts of crose-

n low performance airocraft
¥ windows in street fighting but

This enables the commander to concentrate

can be umed practieally when firing
by the commapders scat as described

The degree of control avallablo by
= of this means of traverse was not sufficient to counter—act the twisting
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COMMENTS
tion S a’

M__Dm__.. g provious paragraphs Commap A

he various test reports mnﬂunpﬂf the weapons report ﬂmn:H Ry, o p_.ﬁl‘ﬂ-giﬂ;ﬁ
i, oo of e T et el o
o Weapons . the points r Vighy Y i
pomments oF tf?fﬂ:tﬂ the weapon Eyatem'ﬂﬁmgrz:udiﬂﬂpmt thﬂaisgd Moy bg ;:‘;l-'ﬂ' i "MF?H
design a8 15 T 1% of national or pers P i Whore o vion . Sh S iy h
alits ahi S r:;a vehicle as if it had been of UK design. oTe goog POing. ®

b It may scem though that these arg My Nty X
baon noted t

tionad. 11 bR in ad
oo A riticisms. Unfortunately it is casior to or 1ticiag t}_" M offpo j'a'

weighed by adverse ¢ + ba assured that a profusicn of minor qQuibhy, et f,] fo¥

oreate and tho makﬁrﬂaﬁmn-nundnaaa or originality of the concept, " oy o

from the over ol 1 E
detract , ok 11
£ a.
162. The Gun. The points noted for comment werei ;_ ; Tng::z .
gﬂﬂm'&sl

a. Insulation. There is no thormal sleeve on the barrel. Thig wily 4oub

the fire eontrol system inaccurate because of barrel bend in Woa thgy
ecnditions such as cold winds and rain or snow.

b. Extractor Operation. The design of the extractors and theip modg
operation differs from the UK 105mm gun. In view of the failure . the
extractors on Tank No 2133 in Test 5 (see para 109) it is posgin, thet
redesign is required to ensure a more positive unseating of ths t}ar-__.ﬂéﬁ
In 211 fairness however it must be pointed out that this defect only 4
occurred with UK APDS ammunition. On the other hand it did not ocour pig
Tank No 2132 and it is considered that the chafing of case by th. loady

system as noted in the preliminary test with Tank No 2133 ymg probably o f
contributory factor to this fault.

163. Recoil System. The recoil system is a hydro-pneumatic ayetem of quity
complicated design. It proved most relisble and no maintenance other thap oreR
servicing was necessary on cither tank during the trial.

164. Ammunition. The Swedes claim that higher veloeity and reduced ruzzle
pressure from their longer barrelled 105mm gun reduces obsouration. Ir the
opinion of the UK Trials Team thore was no noticeable reduction in obscurstios
when firing either APDS or HE. Observation with APDS, as with CENTURION,
impossible balow about 2000m in normal conditions and the
range for HE observation is about 600 to 800m.

E
O

comparative minimm

165. Loadin stem. The loading system is complicated and not entirely rolisd
a8 yet. Jams occurred at various times on both tanks. A4s mentioned in the i

the semi-automstic loading system does not i - :
ncrease th in & singé
engagement but its advantages when reliable ares 88 the rate of fire in

a. Ths Elmiﬂ.ﬂtiﬂﬁ aof 1ﬂlﬂﬁr fH.ti & aﬂ,ﬂ
and o
to the observation capability of tﬁ nraw.thﬂ freeing of a crewnan

be  The improveq availability of the

rounds whereas with Sfmunition ie. all 50 rounds ar? MG
even on the latep marks. ON thers are only 14 or 15 rounds in this ®

J166e




BZing, Thig
! : 1y with separate p,
a 8 i Faneousss an %
t 1pad™ yerse driver's rear y * On egny Poration
4 vy pik head, 14 'yOLE Which arg )

t'l":‘ ﬂ.&rriad '31-11:-

; cepuld be mimp] ATG ip |

Eﬂh&-]" kﬁhl t o~ alﬂ!‘ﬂ:nﬂ: pAried and eopg - thoughy thatir different ATOAE :
!‘ntiﬂnhh rlﬁlﬂ' B | 68 and Jammod Roung “Atrated g4 the the controls for I
B o L 0 L arie oundg, ohe point., '

. h;i Duf':‘ g BT leiﬁ-—-wmqbnesaful and it wggq g:sngrnpusel Arill of o4 ] '.
_ ﬂiﬂ&"il;,t“ ,__,n';:mhu!é had to be removed by papg ;’_‘ PTactice whey o o nE miefires 1g |
l‘-li];,ﬂ thy o ihs i-uwrj_ghlj' has to dismount and p Jammed p, “sing d4rill rounds '
hlaam" are¥ ded in the tool kit, Mmove tha Touy Unde a member of the \

&

5 nd with the Long

as tarlocks and the omg ®8 and mechanq
vg¢heso 10 omiasion 4 niama,

:Elﬂ“ﬂ delays in opening fire ip TEHtE-}’Ethe Orew to make

ply WO applied eafety aswitches to

The presence of fl
and 5§, Tn CENTY 8
be made. Thege ara fiflm i i

@
o
|_l'

Lo
rI.
-m i
il
&
. 8

m (] .
irg ngd: ag r::tmﬁj_g loader the 8 Tank applieq safeti :ﬁ}zhbmuat ve made. With ite
EI:H;,]G th:ﬁ p['.'ﬂ'”m armament selector switch with main -B-I'mameit,ﬂu:ﬁ,tﬂ 2 singls three
18 oapy ta Instead there are four @ y and safe positions.
rf 1
'S only T (1), The Main Armement Mechanical
e L tohenical Safety Le
:h:ufur "t firing neadle assembly and is situated to tgzaiagiiﬁga;izgﬂﬁ?c;ﬁma“
Oading | 2). [The Wespons System Switch.which :
Droha (2)e - , Which energises the firi i
bly 4 u..!ﬂmtad on the main switch panel undar the gun barragﬁf g
K }. The Firing Safety Switch on the commanderk and dri
T quite i '.'Eﬁ'tmmﬂﬂ- NB. Only gne has to be made by wahiaﬁazaie;’;ﬂ-ﬂg:? .
* than epey men, is ﬂring but there ie another switch which has to ba mada bafora
any of the commandert controls become operative.
e (&) E Armament Selector Switch which like (3) is on the control
?tl'fz‘l:h: boxes. This must be set to either main armament or MG.
scuration 1 _:"Eﬁaﬁ pra—nncupai;iun with safety interlocks the positioning and
[ON', remalnd if the actual firing switoh leaves much to be deeired.
minimum i 48 far too similar in appearance, feel and operation to the
tohes. It should require operation by a different digit to the
. tches, preferably the forefinger to reduce personal intervals %o
eljhrﬂm T “:‘ *ﬁa an ﬂ.ﬂ't-iralﬁr different aotion le. & Pu11 inatead of a push.
n the ¥E8
1 B 5105% adi Switchos. Bup]_icfjtiﬂn of the switchos sceme
b6 morc distinotive to have only one each side for a parti-
| t;ﬂ Edﬂ Il s
2 ©IRE— 1able when the K60 engine is
The normal traverse available wgatemu Fire and rapid
A rod traverse 8 .
gﬂ s8¢ to UK Fﬁﬁint “kanb the vehicle is that without this

-i'iﬁﬂ‘ﬂ:'-iﬂﬁf pe . This will raise training
ia no capability fﬂra:tr:::l“:m“tiun in defensive

, ig tho severe t
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170. Elevation 8 R poaitional and only part]

8. The alevation agont
ation p@
:gglﬁfm i "-“"Ei“m is mot as easy to uss rapidly for finpe 1&:.-111;!. g,
position. ults in the layer warzhﬂﬁtim T3
e aces Bis air ction of lay %o get on to the tarﬁehi'h Ihe aystey ;-,.;‘5 e

rovantegs ¢ "1“? relatively simple to engineer which a rate Blevapy,
ey A h?s?s'l'mﬂc configurations It can be used to lay ar.curatzr' "oy

a on the : : ra becoming skilled ip 4 1
112:::"5?'3 do nesd considerable praetice i E i, u“:r .

eapecially with moving targets. !
roviding the firer kept the Tiring swiy

¥ ra
jetermined by the smount of deflectio, o |

]
jetermines the rate of movement tg 4 - ‘the s

that
E g e CLaine “nad settled from the shock of wein srmament
i

] disg g

he elevation system would return the lay to withifn ﬂ.ij of the firinﬁhai“

:.‘.n; did not prove to be the case and mmem:intllﬂl [:::.1_ up Eﬂﬁ"{ wers T"E-r.nr..-e?-
T.L'his is considerably more than experienced ENTURICN. .

_mander's Over-rides Compared with the CENTURION the commander'y .
ﬁi; igﬂr‘ﬂlﬂ_ﬂn:f:.ﬂly slow in bath ﬂppli’:ﬂ.t‘:iﬂﬂ and releasa. A far greater d_rﬂ.ﬁ.E::}
however, is the fact that when eontrol is handed over ‘b;:.hfh'hh& cumm?nd_ﬁr to 4 s
the tank sssumes &n elevation attitude to conform with the gunner's elevatyg, E
troller. Similarly, when the commandar assumes control the hull elevation .
to that set by his elevation controller,. This does not facilitate rapig 1ty :u
change once & target has been ipndicated and virtually commita the commanger to
laying the gun for all engagements in which he acquires the target to avcig 4
delays. This deficiency could be overcome by ganging the driver/punnerts oot
tp the commander's whenever the commander assumes control.

Fire Control Equipment

172. Sipghts - Advantages, The commander's and driver/ gunner's BlEnts are extym
good instruments which appear to be bettor than UK sights in the following detatly

d. Easy selection of varying magnifications to sult variations in conditls

th pry,

b. Easy selection of one of three filters to reduce glare when laying amiy
strong sunlight. 3

¢s Binocular vision which improves observation and performance at low ligd
levels.

de Automatic shutter to cut out muzzle flash,

173, mﬂmﬁ?ﬂh It is doubtful that the sight he W
8 would meet the &
specifications for s ng againat adverse atmoapheric nurﬁi‘htiun&. ther pro

penalties are: Other practls

8. Zhe large and hence vulnerable object prism,

be The wei t = 1
Anaked .ubj-ﬂ pl'ii. bs, although they only require removing to change 8

f’l-ius-l- Lt

. * 11‘.




L
v oy Y | . not 1
11'&?""" &::-E' reasons? tked by the UK Crews for the following
0, %, WYy
ty 4y U | (1). The pattern ig 4o,
‘ mﬁ Ty lttlh‘;;ll'r layer to place the Wrong r:ng:t:l:ﬁ“ making 1t very easy for the
] g‘ih bihp Yl shovn when during one op the 2000y }[En the target. This was slearly
. 3 '] 1700m in mdstal ccuracy series th used
fna::'fﬁq "'ftt:* | the 1T @ for the 19000 merk, ries & unnar
0 3, U, i 2). There are far toq
W{rfﬁ 'm.&: T}%{[t' .E,]_au confuse the eye, 2 3im Off margy gon moving targete which
Bk
p
) E:q'-;“ b. Other criticisms are:
4 f Eﬂﬂun& \
U . The 600m AP
. ﬂummarﬁ.::f‘"';} | EI‘JLPDS. Baxk is Superflous becange of the flat trajectory
Eunha Mgy T g §
- I‘l' '.E-r\'t I"‘rlflh,__ 4
hygy @ o, ° % (2). The provision of windage mark :
ﬂﬂi;i;i' L Ela]}::mi:: ' crosa winds is quesationable, The:gai:rp,ﬁﬂizi:? ﬁ“ ) aﬂi w:’;::
1ty ,“ate & oy 0d wind to the target other thap empiriecally by £4 ﬂ: mﬂ-ﬂ:ur HF'_,'i e
8 + h!‘.‘ a 'Eli'-"j.r,‘.i:ﬂ“t the ground allows the correction of all thﬁ‘flina EEJ':‘DI‘EI g;?-lz?ng from
dr4 okl ::‘1%&‘ EAAgn S04 H11E Iut when cnly Varying windage marks are given it is
'U"Ep’fm ﬁ":'idq very difficult to correct for a line error at the same time. A
T8, such better system would be tg have the lat i
curaor where it could be used to mark: AL L Seals s s
() The range being used,
erty Eig'ﬂta - (b) Line corrections.,
1 the foltc: 8
0 luﬁqﬂ.- :

Zupola. The observation facilities provided by the cupola would be
axcellent if the commander's MG spent case bag could be dispensed with. Even
“i\Syith the fourth periscope blanked off the cupola gives good cbservation. The

gght as mentioned para 172 is excellent a8 ie the fire laying control provided
@y the joystick. The adverse cricisms of the cupola ares

8. There is no provision for a geared hand traverse, This is essential
on & tank with no turret and no hull armament laying capability when the
engine is not running. It would enable effective fire from the commander's
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 408 on coming into or being unlocked from 'line-up' with the hull
érmament. Until this is rectified the facility is worthless as it defeats
the object. Just as the commander gets the hull armament laid on an
indistinet target the whole system moves and he has to re-locate the target
and relay. This fault also nullifies the value of the traverse indic ‘tor
Ting which shows the angular location of the commander's sight relative to
the hull armament.

| A more positive line-up lock or automatic slowing device is required
88 it is possible to overshoot line-up at maximum traverse rate,

ﬂ-'35 jd- -
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ne during the trial the KE&0 engin,
w

A LA
g 1095340 45 P

!

1. oOn gaveral uncazz;’baim switched off and lockaeq in o

of f without the zup In these circumstances the cupols Tﬁ‘tz;m“iﬁsﬂ g ou?

the hull armamant. atops protecting the electrical jip - q:,.:'ie" ’

¥ inst the € to the mechaniasm i 1"—‘-‘1|1 oM j.ﬂﬂ' '

comas F tato Magg il'lll Ooour nd I . Ta Uvg],%mﬁ B, "._1,. ] Th'.

in this SEET @ must bo restarted and power control re,,. -ue y, Ut F -

ation the ng 1a in co-incidence with the main EFMEmar 1 Tied tg ﬁql"?:, L %

and lock the oupd iy .,_ 8 Th' fﬂﬂ

Tire. Although thess are +- '
_ Indirect snd Tndirect Tire © tarty,.. . €

176. Sead Iildinat-nmantﬂ for effecting EE?i-inﬁirect and in-iir.-.&t'] Tl : mbﬂ'ﬁt:i
taak nq;mfnr laying on fiyed lines et night. The uae of ; .~ fip " i b ade
M YRR roblem in the 5 Tank but the use of a traverae indﬁi-:t""-"‘.-:fi_ pf’w pad
drum pos0sS :ggu?d the tank does not pivot about its centre but Gmrh'.;r N of 8=

van n Ll -, . i
On ﬂ(?&n:”ﬁ u.gpmhahla that the attondant errors would be inei Eﬂifiue.ntm ot o The rﬂ_%
: 1s were modified to overcome the instability descritod ip yp, of L 1t Wy WF’
s the present traverse indicator ring would suffice to enable line _ Mgl i F@aaﬁi
st to be recorded but it has the disadvantagy e . o w T

177. Crest Clearance. To enable full advantage to be taken of R
gilhoustte of the o Tank and ite capability of adopting very good gy,
i it ba in e o

- mechanical method of checking crest clearance mus NCOTporas,
some § ?k the only method of checking cpogs ]

vehicle. At present in the S Tank :
is to open the breech block and ejector door dismount, remove i apion (1

fitted) and look up the bore. Under certain conditions these actigy,
be possible, It is thorefore sugrested that a simple optical device, I-’.

telescope, be fitted onto the vehicle with its axis parallel to thay oo,
main armament, this could have either its own eyepiece or its image -'"'r:-"-:‘:'ft*

into one of the main sights.

T
178. Observation. The 5 Tank has probably the best coverage of 211 pyy
observation by the crew of any tank bacause of the reverse driver. I: coald
even further improved by giving him a periscope covering the right rear of 4

vehicle.

fﬂr fi:l:ﬂd liﬂﬁ fil‘iﬂﬁ ';'!'._--,- ,- X h ot
vigible to the commander. T ol 8l

L1y

MGs

179. Goneral. The engineering of the MG installations is one of the weaked
points of the design. In many respects they appear to have been added as
an afterthought. For both the hull and the commanderk MG the crews have 4
pack the ready boxes from separately supplied belts. With all three Ws i
belt is turned through 90" in coming from its box to the gun. This tends %
cause feed stoppages and not one of the guns can be cleared of a secondary
::ngnﬂsg ﬁtﬁut ﬂ:nni:mhla exposure of a crewman. The only good point o

allations is the avoida '
D18a1ie The M0 Git et nee of toxic fumes in the crew compartments

:Eg;mmi”ﬂﬁn 5.,.,'_' The best point about the Hull MG installations are the stil
compartmen | Th .‘-';_ﬁ;. sight and the absence of toxic fumes in the fighti
be applied ';ﬁ‘ﬁigéri:::'kuf these two is a point of general design which &

mounted outside the ﬁl‘ﬂm vhereas the second can only oocur where the Wil
two W‘W A R AR B t"'m disadvantages to set a.gﬂiﬂﬁt \

IIi'll
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release tha catek holdip

" £ %he 144
Inu_tdﬂ tha pﬂﬂlzh%‘&t:kantha welght of L‘huﬂfﬁ the orewnan must put his head
th | u["!“ 1 he sldp b m: m"m.l‘;E“E”Nr1 Hnder the heavy 15[:1 it SMIRPS S a R
"Eﬁﬁ'& lﬁqﬁnf t., jerious if n° i and probably suffer
n Ot Bp, b A
1 1
J—'EE Ap . 1A
i t[: i3 ability to elagy
+ Liﬂs;. I’l:[f s y, The in all but the simplest sto
Gy bﬁb ¥ lt."la-j A growmans PPages without expoesing
t;. o Bo % Eﬁt b,
% 1? I.h;lbcsi;:* g The restriction of the ammunition 14 1ggg rounds
y b e
Sl P B K
Hil'-z i&f gy it 4. The alternate firings of the guns, 14
bl " I%th' ) re selected and fired one at a tipg ul'l.‘l:jr_:LWU:llil be muclh better if the guns
- agy Nahy" o o they had a stoppage. their ammunition was used up
.'ij:l'_tl J'E- i 'I:_-“--',_
A, p dy boxes that h
e %% ) Tha rea ave to ba
2 ﬂ'."‘ e aful packing to avoid fragquent faﬁﬂk:d oy the orew require extreamely
E Lal; Yy by ra-cocking. St0ppages which cennot be remedied
e B '
=+ ¥y of
1 l:nr;.l‘J'fr t’.nr:hi’ iy 8L wjﬂ' The following adverse criticisme are made 1
& 4 s !
Chga Doy, ‘i :
Cles, Oy, M, a. The MG mounting is too high and hag ai
Ta, hg Ol hy . , & distinctive signature which
3 :}?D‘Jgh4 “opy ;w frequently discloses the presence of the tank when it is 'turret down'.
Bag . Wi % .
T | e elevation control i =
phc‘ﬁl 1oy, It # T:E ceurate fire in ElE: ::knard The damper has to be clamped rigidly
d to get & ation and is too elow to unde to allew for

rapid changes for corrcctions. In addition the damper makes accurate fire
on the move difficult despite the stabilisation in line provided by the
® eupola. The elevation control could be improved by having either

(1) 4 geared hand elevation system with an electric motor and
ptabilisation for firing on the move,

- ¢ Tty or
the rig s i d
(2) 4 quick release on/off lock operated by a lever on the hand

controel allowing rapid change of clevation and rapid locking once the
deaired lay is achieved.

8 one of the st ¢c. The firing control is a lever and is awkwardly positioned in relation
ve been sdded g - to the elevation controller on which it is fitted. A switch cperated by
the crews bt ‘a thumb would be preferred. This would leave the remaining fingera free
» a1l thres M ~ta '-qpu_:l:nta & lock/free device such as recommended in sub-para b. above.
un. This tasdd &

) = ;
d of & seconis BEE= T
only good i The system seems most satisfactory except for the tightness of the grenades
row CONPE jRECi larger barrels which virtually prevents their being unlcaded other

C=37 /Crew Duties
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Crow Duties

lities to thoa v
. The commasnder has additional f:u;i o Br

18}Iﬁjczﬁf£d:;‘1ﬁ and can npgrﬂta the wvashicla ﬂ-lﬁgle handed . Iigmﬁ-l]_ i

on a =)

80 t ing and firing capabilities but leave these in the hi W
ngvziﬁgiﬁjﬂifi“r;g big advantage in the commander hav?ng theee chilr:ifﬁnf tt
that he can save time by merely taking contrel for moving ripiﬂly int“fiﬂf‘
oult fire poeition or the cnsug?mant of a_aupriﬂa target. 1ha_nnﬁ fﬂﬂiuhaﬁhﬁ
may overload the commander is his MG. Thie is the only effective means gp e
delivering prophylactic fire on the move and if the commandaor hag 3
it will detract from his proper function.

18, Gunner/Driver. Using one man to do two jobs is extremely desiray),
A  manpowey viaw aABS 1{.-"[15’ ag afficiercy is not ilmpaired. In the CalE of 't-h:r:.

13’Tﬂnk this is soc for the Gunne:fDrivars were perfectly able to carry out g |
tasks and appeared no more fatigued at the emnd of the day than a nommg th #

CENTURION driver.

Yo firg lnt:

185, Ravarﬂefﬂrivur. From a work gtudy and coat effective view the revery,
driver in the 5 Tank is an unnecessary luxury as the vehicle can be effacty
fought by the two forward facing crew-members. However the advantages of
having him far outweigh any of the above reasons, these are i

a2+ He can replace one of the other two crew members for casualty gy
fatigue roasons.

b. He can anawer the radio if the other two crewmen are BNBAEING & fame

¢« He can maintain observation to the rear and drive the tank teckwamd
when changing fire positions or withdrawing.

d. He is of immense value for wvehicle maintenance which two men wogls
find arduous.

@. Physchologically a two man orew is infericr to a three man.

f. A three man crew in the '8'Tank will enable the vehicle to operate
for significantly longer periods on the battlefield.

Expogure in Fire Positions

186, Frontal Aspect. As the gun does not move relative to the hull it can
be mounted next to the roof as no internal swept volume is required above the
gun to obtain depression. This resulte in the height of the sights and hull
ran !h-aing reduced from 2ft 6ins above the gun on CENTURION to & mere 1ft ¥
on 5 Tank. With its present commanders MG this good point is somewhat nullifl
as the mounting ie so high and distinctive it helps to identify and locate the
tank despite the small amount of its hull which is exposed (see para 181a).

187. Side Aspect. The comparison of the side aspect exposed by the'S' Tank
with CENTURION in any one fire position is difficult to assess truly. The
vehicles will give completely different targets in different positions becaust
of their peculiarities. Generally spesking the '8'Tank is smaller and will
display & lower target even if it is slightly longer than the CENTURION. This
would give it an advantage as the lower a target the more eritical becomes
thﬂhf:ﬂmﬂ“ of range and this makes targets of small height the most diffioul
t'ﬂ o
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"
¢ t :*E:nﬂv h'lﬂhl;\ﬁ ; = W g
Uy s WEDT
VO ";ﬁtﬁa h 505 omy
‘E' _tli'l\:lﬁ:uu &1
e NNONE
e % A g =
:mh: 1& ﬂ’ﬁ}- hl:;‘ -‘t!'k" ons have been made t the '
. LY be overcomeé b Probl £ 4
1 h*-‘f‘:ﬁqﬁﬂb ey problem as avanrwlilgﬁihg Y 3tabiligeg 4y, 6 € main amament on
Op tﬁtln "['Emﬂ] r 'fllf'uf“"’:&.tzh:”imidanﬁﬂ in both azi;uzﬁﬂhilingﬂ_ Hiﬁh‘l‘.d{-‘;; m?:.hi-tiﬁuld not really ,
i \'. T} & |
O LN g tbdsy e7on £O0 An dnstant, wigy o' qttion.  The posstudity of |
o ﬂy. 'EE [',::'5!,] iﬂ-ﬂf':"ﬂ' o . e embodying the 'S' Tank concepts |
o bt oy B8 |
g Sty AN SCNCLUSTONg |
ey W sgation to onvmroy
' g Ep Ell’l By tg* Tank has shown in its wea o
hf-‘&.-_. thy By P® 4o the CENTURION but the ﬂj'ﬂtimnza_:r.t&la that its traverse rate is
rﬂ‘ Pg ﬂf:lu?u.hg neate for the inferiority its GBAY st ; used to lay with similar acouracy.
Rgy, S its target acquisition ability ﬂwml;ﬂ“a are better so that in com=
th c : : » 18 equal to that of the CENTURION.
Iy resent the 'S8' Tank's gunnery pers
tw Ty, 0 ﬁ:aff targets corresponds to that of tﬁfﬁ?‘m“ waen stationary firing against
i'i'[n b Banrlng hi oint B 2ve would improve the 'S' Tank's per—
8n : g beyond this point because of its supery
: - g ant = 1 2 perior aight stability. If the
ang # P ieation of TitTing & ;Aser range finder is realised the 'S' Tank will then surpass
g, oy, By, B organce of the ranging g CaTTUAION,
tg + T .

gis of the layer's point of aim. However, no comparative data is available

for GENTURICN. In the delivery of accurate fire whilst it is on the move,

n e
tenanﬂa 'hi -=_" et
¢h 'F‘E' Pank cannot compete with the latter,

o3, The semi-automatic loader does not increase the rate of fire of the tank in

| Tk

 ingle engagement. It will do so, however, for prolonged firing as the first
i last rounds in the magazine are equally available, Not only is repleniahment
Lipip the tank avoided but replenishment from echelon is greatly simplified and
seoded up by the concentration of the ammunition stowage into the loading sysiem.

a1 Tank Design

93, The weak points of the '3' Tark design as the vehicle exists at present ere:
ative to the il jiw
lume is required shmi
ht of the sights adii
INTURION to & mere It
| point is somewtst ﬂJ
to identify and loest

8 Losding System. The principle is excellent but as yet ﬂ;ﬂ H??itﬂm ia
not fully reliable, nor is the method of removing misfired or jammed rounds
r gtely sound. : These problems will almost certainly be solved with

11 '1!.E||||.' [] -

) : |
IPDEE& [HEH Pﬂﬁlﬂ fl} The loss of lay in elevation when laying control is passed from
ol by thﬁllsl 5 ' to the driver;’ EUnners
: gﬂ}lﬂﬂ : L

‘exceasive number of applied safety devices in the firing

fee  wnes
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) [The Sight craticule is too cluttered, confusing and TOPetitouy :
:f"ir a fimd"' ballistic pattern. 5{, : 1
1i
i ision for fi P
£ nta. There is no real prov xed 1 v ?

(2) _Lﬁdiﬁ-—a'—w'me—_nniﬂﬂr indirect fire instruments. The clinometer i, ;&;, 20 5o P

aemi- ted in mils. The traverse indicator scale showing the olags R iE-

gradud 1z cannct be used because of the way the cupels vy 5

t of the cupo ;
:}i;g;ﬂunlnﬂked from its 'line-up' positiocn.

d. Cemmander's Cupola:

(1) The advantage of & contra-rotating cupcla -*;.ﬂ ﬂ-lm!\!: completaly
lost by the way in which the cupola jumpa when “line-up' is Gchieyey
or when unlocked from 'line-up's This same feult prevents the gypy,
being used to measure beard for correction of fixed line, aemj.
indirect and direct fire. D?;ae cel2) above) .

(2) A hand traverse gear to enable the cupola to be rotated easiyy
and accurately when the K60 engine is switched off would be of gregy
assistance both in silent surveillance and for accurate emergency
defensive MG fire.

gs  MGs:

(1) General, The inability to clear all but the simplest stoppagss
and replenish ammunition without exposure of a crewman is a definit
disadvantages The presentation of the belts to the guns by nd
them through 30° aggravates feed problems and frequently causes stone
pages. '

(2) Hull ¥Gs, The 1id of the pod containing these
NG8. : guna should
redesigned to make its opening and closing safer, i

(3) Commander's ¥G. The commander's MG is the w

_ eapon availahl
to the crew if the tank is ambushed without its Eﬂginnnlyaa nl.]urmin:i
enable it to be more effective it needs a graticule in the ..
sight and a better elevating gear, In addition its traverse in &

conditions would be roved if th
(see d.(2) above). = @ cupcla had a geared hand travers

"ﬁ' Tanlk Gmmgg-_t_

194, antages The abolition of a turret and

within the hull has achieved gin movement, other than recol
e ed the following advantages over a conventional turre

8. The reduction of size of the vehicle whi

| - chances of it being hit,
| loss of & target when ﬂménfthi' respect it should be noted that it is

|' bs The redn
| Y etion of height o
achieved for the reasons mliﬁa;ﬂ:n':;igﬂﬁ




€ D
L =LK AND g

Th.ﬂ =48y cnﬂbiﬂﬂtiﬂﬂ angd intﬁl"c

hangq
ge d driver enabling . €9 of the duties of
an 8 thege ¢ of commander,
e aiiriﬂd b by two, Aeks normally Suploying three men to
be
lacement of ths 1.
e Eﬂf in the ready aniﬁzf:r 8 SOl ~autonatic loader and the vast
mngimm won (roun ® Teadily available at all
gimae /e

., The ability to mount 4 longer thap i
of a 1arg9 PTODOTYion of the hapmg. in the o 0 D80auEe of the housing

f- v d
mﬂving llﬂkﬂﬁﬁ'l

. p tﬁ' ==
* Htﬂh?; b, g Bl

a. Najor Dimadvantages. Tha two maip drawbacksg of the S Tank conoept

are 1
Elj E’-.ilant ‘I?-ﬂ'?ﬁ‘r—ag‘ 1t is Very difficuly to enginaer a silent
traverse ability for use at night ip defensive positions into the tanks

{EJ Firing on the Move. The problenm of delivering accurate mein
armamént fire on the move woulg Been insuperabla.

t. Minor Disadvantagen.,

o
(2) The reduction of the normal 30° elevation range of -10° to 420

to the order of le., -10" to +12° &g on the '8’ Tapk, Depression is the
vital factor however and providing this is not pacrificed this is not

too sericus a disadvantage.
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APFENDIX 1 TO
ANNEX C TO
4T/ 1125/GT/L28
DATED 13 FEB 69

ah
lag
, Jepze==
! 151 Tank No 2132,

be ona } Tan Tﬂlﬂkt

upition
E' ﬁ__,ﬂ_
i m |
’.

(1) 20 rounds APDS.
(2) 25 rounds Swedish HE M614.
':jj 5‘ rounds Swedish HE rﬂpreﬂ&nting smoke .

p. J.62mm

(1) 2 x 500 round containers.
(2) 7 x 250 round boxes.

O Grenades

(1) 24 Swedish Local Smoke Grenades.
(2) 6 x ¥o B3 Coloured Smoke Orenades (in lieu of No 36 Grenades)

j. Other Items. Stop watches and vehicle tools.

Test B

i, Vehieles. S Tank No 2133 with all wvision devices fitted.

5 (ther Items

« ‘Chalk.
b. Tape Measure.
¢» Artillery Director L14il for angular measurement.

fest ¢

§, Vehicles. '$*Tanks Nos 2132 and 2133.

v Other Items

8+ Stop watches.

b, Compass.

¢+ landrover.

d. Three 0,6m wide by O.4m high plywood replicas of a small turret such
ll qﬂm Each t{mat hng: headlamp mounted in itg centre which was
ishe te the muzzle flash of a gun firing.

required to gimula
/Preliminary APDS 4.4,
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|I Freliminary EEE Loading and Firing Test

g. Vehiolas

a. 's'Tanks Nos 2132 snd 2133.

. CENTURION Mk 13 No Li BA 72 with 105mm barrel No L3sfg .
Eh—lf-?iﬂ Vv L.160in at lin from the commencement of riﬂing m;’:-t'ing
' test and H L.1681ip and V 4.170in afterwards. ra th

=l

a. Two rounds of UK 105mm AFDS L28.

. b. 21 rounds of UK 105mm AFDS L5241 supplied on arty 2 R&q“iﬂitig
| 42/ /4,064 and without Swedish Additive. oYy

f / 9. Ammunition

10. Instruments

8+ 105mm Service Muzzle Boresight No 362.
! . b. Reference Teleseope No T.
' ¢. CENTURION Gunners Sight Periscope AFV No 30 No 2135/63.
d. Gauges and Calipers for mezsurements of the shot.
8. Meteorclogical Instruments.

Test 1

l 11. Vehicles

? a. '5'Tanks Wos 2132 and 2133.
b. CENTURION Mk6/2 No 01 ZR 81.

12. fAmmunition

. ATDS. 52 rounds of UK 105mm 152 with Swedish Additive
on ATty 2 Requisitidh No A2/LT3. 38 supplied

b, HE. 28 rounds of Swedish 105mm HE MA14.
¢. MG. 200 rounds of Swedish 7.62mm MG linked one trace three pall,

| 13. Instrumentation

a. Range Survey. Tellurometer lied and o -
School of Artillery, larkhill., o7 perated by Locating Wing,

I b. Velocity Measurement. EVA (Electronic Vel
i supplied and operated by the School of Artille

c. FVHDE Reference Huzzle Boresight No 12.
:1: ' d. Swedish Service lm Muzzle Boresight.

€. Zarrel Measuring Gauge for 1C omm Gun L7:

ocity Analyser) radar
ry, Larkhill,

¥
= 4

_ ; : "'||.| g gunners' lays. Fitted to the 'S'T®
8 U100 a8l aE Dulimes S P 24

a1 e par o o _.."_.1,:,._‘,_ d
SN

i e

v
I
s -
P ap—
1, Hli = !



: “‘Z;‘?; _‘ - ONFID

Y l1es. '8' Tank l
T i e obocese ¢ Noms 2132 ana 2133, |
Yy . Apnition:
[ l-';'.
3 = 1 w j} Houncds
U, fo. AR 105mm Swedish HE we1a, I
A 2 G2 mn . 1000 rey 1I
: % S "8 Swedish 7.62mm Mo 1inked ope trace three ball. |
1 }., T 5 ELEEH=
0 q |
}5; 5. . HE - Head on screens, '
!gh B ME = Fiﬂ 111 :
6 |
By
i i |
%y %
op. h,
:Eg | :r‘_:'f‘ ;
by,
0 Swedigy iy
14,

Linked one trae e

d opersted by s

: e PR
elocity B8
gy 8

o
e |
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Legend:
— —— From Commander's cupola

6 1 - 130 payk LEVEL - CUS0LA FROIT g Tl cunner/Driver's hatch ‘|

_‘-_—.m
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FIG 2 - 'S' TANK - AT 12° ELEVATION, CUPOLA FRONT




FI0 3 ~ '8! TANK AT 10° DEPRESSION - DRIVER GUNNER'S PERISCOPES
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TANK AT 10° DEPRESSION CUPOLA FRONT - COMMANDER'S PERISOOPE

FIG 4 - '8!




IMATDER'S

:'{'.r =



uu:;FIDETl‘IJI.L - UK AND SWEDISH EYES ONLY

APPENDIX I, TO
ANNEX C TO
A'EEIIEEEGT{&EB

BATEDI} FEB 69

RESULTS OF SWEDISH APDS
FIRINGS AT RAVLUNDA ON
Tth AND Bth AUGUST 1065

B, EDWARDS 3DG and D.D.A. LINAKER RTR attended the firing of two

ors 5.4
s ﬁj H-EI-‘-.H of Eﬁﬂ-iﬂh 10':':]]'[!] AFTE E'Hith ﬂiditivaj* Thagea firinsg Waro &_rm:-lgg.ﬂ_

_ﬂ,,ur:ﬁ of the poor consistency noted during the UK trial with UK 105mm 152 APDS

tion containing the swedish additive. (See Test 1 in Annax ).

g
th serles conaisted of 10 rounds -El.ﬂii_wéra fired at targets at 2000m using

i f.grﬁﬂt tanks. Laying wae by gunner's sight throughout and although FVEDE refer—

af uzzle-boresight and telescope readinges were taken to check barrel bend it

“"GB,,.;.t compensated for by adjusting the gunner's sight. Velocities were

i ed and shot geparation was photographed. A photographic record of the

1“331.1, lay at the instant of firing was aleo made with the 3%mm Robot camera.

MPIs and sde of the two series is given in Table 1 below.

g
f‘:,, gtrikesa,

stle 1 patails of 2000m Swedish APDS Accuracy Beries.

Tanlk No 2110 Tank No 2114
Strike (cm) Strike (cm)

H v i v
ib) {e) id) {e)
LT4 =27 L 5 -2
L3%8 +17 R 6 -6
L3l =80 R17 =90
16L =3l L10 =145
L16 =17 166 ~130
R 5 =7 L58 =30
R 3 20 197 -76
149 60 L27 43
L32 +52 L38 =55
L9 +23 R18 ~60
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APPENDIX § TO \

ANNEX C TO |
AT/IT23/GT/1,28 |
DATED 11 FEB &9 .

* TEST 2 = DETATLED RESULTS g

te were successfull |
ta. A1l engagemen ¥ ooncluded with a hit on
1. ﬂijg%fggttuinsﬂ and numbers of rounds fired in each HE engagement are
1278%%!  pople 1 belows

aim il'l
3 1 m,shﬂﬂtﬁ = Times and Rounds Fired
™
'---_-_T!TE'"h Time to Total Tima f
* gerisl 13-1;53&11:1& Time f ir:t :Em gifega e
[m% (secs) (secs) last round
0 (o) (d) Le) L£f) 3
f 1 950 21.5 65.0 13.5 b Safety switches
left at safe
P 1700 24.0 68.0 L. L
L 1600 32.6 84 .0 51.4 2 As for Serial 1
é 1300 17.1 30.0 12.9 o
7 | 90 13.5 59.0 45.5 3
8 1700 18.8 65.0 L6.6 T
9 14,00 5.0 L5.0 L0.0 3
10 1600 21.8 T2 L9.4 b
11 1050 11.7 240 12.3 2
12 1300 15.3 60,0 LT L
5 - 19.4 558.0 - 2.5 | Mean per
Engagement Crew
A Berials 1 to
6.
1 - 1h.k 5l o0 - 3.0 | Mean per
Engagement Crew
B Serials T to
12.
¢ . 0 -— E|T5 Maan par
16 4 % Engagenent both
E’TEWH#




Nota The timinge in Serials 1
1% and 15.

2. MG Shoots.
hite on target.

SONFIDENTIAL — UK AND SWEDISH EYES ONLY
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and L are omitted from the mean tipeg i .
“al

Table 2 MG Shoots - Times and Burate Fired

ta were succesafull
As with the HE all engagemar ¥ conglgs
The times are given in Teble & below. ol

= % Tima %o Total Burste Bemark
| Sarial | Targe g e i gy 8
{mi (secs) (CLLLY
(a) (b) (o) (d) {e) LT
1 750 Ly .0 T70.0 2
2 600 el 59.0 £ Safety lever left gt Baf
First burst effectiye. By
3 700 2.5 555 3 a8 for Berial 2.
I 800 10,0 18.C 2
5 200 12.4 16.0 2
6 L00 13.9 18.0 1
T 750 12.2 093.0 3 Stoppage on one gun aftep
firat burat.
8 600 3.5 25,0 3
9 T0O 5.9 15.5 2
10 800 27.0 31.0 1 Safety lever left at safa,
11 { 200 15,2 23.0 2 '
12 400 T2 1T .0 2
13 = 12.1 18.0 Mean Crew . Serials 4 to¢
1 2 10.3 21.0 Mean Crew B Serials 7 to I
15 2o 10.8 20.0 Mean Both Crews.

Note. Timings from Serials 1 to 3 omitted from mean times in Serials 13 and
. o oo @ fron Serial 10 onitted from mean times in Serials 1 andd
' Serials 14 m; 1;.5*91‘131 T is also omitted from the mean total t

o P = -J-l'in—ii-:.‘ill.u.l-:';.l;.-:;!.:.- —
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for each garies aof
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il:'.ID and al
. evation,
Adividua) g e

op
of cnnsiatﬂncy oubine

8imply the product
It enables

both dispersions, rather 8Rd ocoamions and by

.li:fla gore important factor

i SN
e
o

; % : v 1% 18 weighted” in favour
E . croditable ithia and to eage the tagk P 32; lowar the Boore Tigure the
." mgﬂﬂ'ﬂr in Table 2 of thig Appendix, Parison the scores have bean
. 4i8
Ppa And
S - le 1
3t 2 O : ag. In Table only layers lo 2
Up e By e :I.ma with practice. In the caa; tf&;liyirs;zwaatﬁ?ntmum *eduction in
et tircus: tamitt o oo a0 1n Shanarons g rethotion of tims
ween achieve rou sac Ng accuragy fop Bpead th
_actices by improvement with
t .
J 1E3'|.l' T it ﬂ’

b Horizontal. There is slight evide
to the left and right respective ¥ers Ne 6 and 9 being biased

1y however thaip @
SHOUE Balf that of layer Ho 7 who bas the only bafiiazrz?iﬁgﬁ?w;b:rithar
six layers have random MPIs with an overall mean of left and right zero.
; b. Vertical. A& the main movement of the target was in the horizontal
TEW B Sapdal, 1 plane 1t 1e only to be expected that the MPI displacements from zero would
- L be less in the vertical than the horizontal plane. This ig clearly shown
th ¢ as the largest wvertical error of G.l}p‘i (layer ¥o & series 2) is nearly a
rewe, third of the largest horizontal error of 0.35¢

(layer No 7 series 3). There
is some evidence of a tendency to lay high amongst the layers there being
s in Serials JeB oniy g negative results out of the 27 and only one completely negatively

in Serisls LB biaged layer (No 4). This tendency to a positive bias would appear to be
 mean tofel WA of wery little importance as all the results wers within +0.10pt of centre.

 Dispersion.

4, Horizontal. Only layers No 1, 2 and 6 achieve dispersions of less than
fﬂiﬁ'. and No 2 and é:.r uil.:l.;'T|Ir this on ;hair first series. The worat values in

excess of 0. ined by layers Nos 3, L4, 5 and 7 in either or both
ﬁﬁ;ﬂf::ng :?ﬂ; ::u::t:agias?y In the third series all dispersions are less
,ﬂ,ﬁﬁ,f‘ but layer No 3 approaches it with 045Tfs

: the vertical disper—
3 Again with MPI displacement from 2zero

t#hm tha-:ﬂuf S ety ﬂ.jﬂﬁ_uf layer No T in the aauu:ﬂ
ﬂm overall and in the third series layer No 1 is the wors

[oakde 1 L4

WEDISH EYES UL




garial .
Iguvidul H
B:%Ti o
— " i
S D e
: ; 1345 RO O +0.02
i . +0.01
Hﬂﬂn 11#5 I.I'D]-'-I-
12.2 RO.12  +0.01
é 11.7 RO.02  +0.09
- 3 9.6 10.04  =0-01
Mean 112 R0.0%  +0.03
1 8.6 L0.09 =0.03
2 9.2 R0.11  +0.11
? 3 8.8 RO.15 +0.02
Mean 8.9 RO. 06 +0.0%
1 1.2 10.26 ~0+04
L 2 12.5% RO.06 ~0.12
3 9.3 RO.12  =0.10
Mean 11.9 10,03 —0.09
1 12.6 10.23  +0.01
> . 10.3  R0.30  +0.07
3 11.0 RO.10  =0.06
sa 11.3 RO.06  +0.01
1 1"*'} m-15 +ﬂ.ﬂ'||'
E 2 0.2 L0.21  +0.13
3 lﬂ-.E' m.m +D1D‘j
Mean 11.6 L0.13  +0.08
. 9.0 LO.29 +0.10
T E ?.9 m"lg +Ui1ﬂ
’ 10,0 L0.35  +0.02
Mean 9-'0 m-zﬂ m‘m
'E 1 11“9. RD-!GJ.I. -{}iﬂl
- 13.3  RO.03  =0.01
{ Mean. 13.1 RO.01 %o
|
9 ; g'g R0.12  40.06
. RO.10 +0.
3 8.0 11
. S

Y

EE;II]’IMMJ-L Against a Hﬂving ™
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Ti—mﬁ Ta |:|:"..'_.h 3
-
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of Individuel Crowsen .

, | 2 B
i # | 1 SBerie =
. Series B2 Seriea 3 Total
él‘ m:‘ Order Score Ordar Becore Order Boore Order
b Mgt c {d) la) Tf) (g]  [h) FYE
| 9 a1 L 101 & 75 7 257 L
] -
4 57 G 38 1 53 1 1,8 1
a
I 360 8 208 T 70 é 638 B
J !
L 175 7 52 2 60 3 287 b
b
! £00 9 LET 3 62 L 1129 9
: & 59 3 T3 L 105 9 237 3
? 7 88 5 243 8 63 5 396 1
: 8 30 1 66 3 83 2 179 2
9 130 £ 36 5 58 2 284, 5
fotal 1580 - 13L6 - 629 " 3555 =
g Mean 175 149 TO =
|
—_—
{ gffects of Practice. The combination of the three factors of mpeed and
:,f: ] --'E'E-Eﬂﬂ.}r j_ﬂ linﬂ Eﬂli Elﬂ‘v&tiﬂ‘n Eﬂﬂ.bl&ﬁ a Ghﬁck t.l:l ba MoOTes raadily mada on tha I
- 1§ gnte in performance or otherwise between layers over the three series. |
3 : fgble 2 it can be readily seen that :
'f}-‘;’ 7 . layers Nos 3, L, 5 and 5 improved with practice.
1|’
27 F‘ij be layers No 1 and € showed no peositive improvement or deterioration with
b 05 ! o, layer No 7 had a very bad second practice.
! ey
g Dol de Layers No 6 and 8 deteriorated with practice.
45 '
A 0.4 [86s Eerformance of Layers.
LY ﬁ 8. Table 2 shows that in the third series the differences in scores between
: B the layere had fallen off sharply and the previously poor layers were much better
0.0 F In contrast Layers Nos 6 and 8 who overall were third and second were last
0.6 B and next to last respectively in the third series.
0

0. layer No 2 who was first overall was a Schools Gunnery Instructor. Layera
6 and 6 who were the next best were a driver and a gunner respectively. The
four layers who showed improvement with practice were all drivers with little

°r no previous laying experience.

Co=3
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Annex ‘D' ¢q AT 11
dated 13 February ﬁggT e

1§ ! TANK TACTICAL ASSESSMENT BY Ty
TAGTICAL SCHOOL HAC CENTRE

INTRODUCTION

the concept of & turretless
o ﬂfﬂulﬁ:imﬂntﬂd battle conditiona.
. cank, W03
g ™

» three-man tank, as embodied in the

hk 'I'hl; Lasessment was carried out between 11 and 23 June 1968.

.4 Weathe? |

ea L

PLAIN prectical training area was
& ”L]ZEETRI used., This area mea I
| ;ilf' from west to east and varies between & and B miles from north teo a::uurﬂ-: ans

| phe greater part of the training area consists of undulating chalk downs with
b eap-sided valleys. Moat of the area is grassland, although there are a

" o of isolated woods and copses. Fields of observation and fire are generally ;
o, However, dips and valleys lend themselves to concealed tactical movement., |
P holoe of conpealed fire positions is often difficult because of the tendency to
\s dramn forward in order to cover otherwise "dead" ground in the dips and valleys.
The weather varied from very dry and dusty to very wet.

i

j, The cross-country going was generally very et g
s shallow surface soil alippery. good, 3 en heavy rein made

PRI O Dl Al

7 Iroops Taking Part:

Serial Inecl Item Remarks
Detes
1 11-23 Jun 68 Two 'S' Tanks 4
2 12=16 Jun 68 One armoured squadron a. On 12 Jun 68, one

company of APC-borne
infantry also took part.

bs On 15/16 Jun 68, two
companies of dismounted
airborne infantry also
took part.

- 21=23 Jun 68  One armoured regiment

/8.  Observers....
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r staff was provideg 4,
S énh -of S ODSATVer From o ¥ .
Ba pservers. The mcwara provided by staff officers Y L'EIJ.E“F Taggy 2
Db GDRBLTRLY f the '8' tanks was commanded throygy,., . “9d p,* ’Ml
£

School. One © . by 4
Equipment Trials E’iﬂﬂﬂr on the ataff of RAC Equipment Triala Wing, ¥ thy Ty |

t Officer,
Frejes Two members of the stafp af ‘hlf

Technicel Assistance t. T AB Bop g 8
9. Adrios a e SWeRN, were present throughout.  Thoir Ry, (0%

Captain JONELL 2
asgistance were invaluable s . :,:I’
V - uaing DRAC
. . On 20 June 1968, 8 Swed.i_!h party, B /

éﬂtﬁ Hiﬂ;tﬂgfmmscmﬂm -Enn-d DG-FIUIE, .I.:I-I'i,EE-'ﬂlEr ':l H‘l Bl HA.E‘EERE-' ?iﬂitﬂﬂs:ﬁﬁz i#idm
Tt;gy'rare accompanied by ADAWS. My, ] ; B

L # - : '] H
11 !I'h& P i W le & t-umtlﬂﬂ-ﬂ- thrﬂ'ﬂ' gifahy! ’{

s not the intention to conduct & measured, instrumented tpia,
ﬁ;guri:u':uﬂ not available. The performance of the 'S' Tank was “ﬂmi:d
phases of war and in the environments in which a main battle tank may be '—'Ipaih ™
operate in BAOR, with the following exceptiona: theg

a. Fighting in Built-ip and Densely Wooded Areas. The training .
irag iy 1
not suitable, gt

bs  Water=Crossi erations, There was no suitable water apg « | 4
could not be carried cut as the '8' Tanks were not fitted with mading o

Ca ight Surveillance, Target éﬂﬂﬂiwﬂm The 131 8

were not equipped with night-fighting devices. Comments on theip "iHﬂt:. a
fighting capabilities are given in the Wespon System Trial Report at ey
paras 122-137. A considerable amount of night movement was, however, g

a, Winter Conditions,

&  Armoured/Infantry Combat Team Tactics, Training with APC-borme
was limited to one day and was carried out at troop/platoon level,

13.  The two 'S' Tanks were deployed in mixed CENTURION/'S' Tank trocps, whith
aisted of two CENTURIONS and two 'S! Tanks, or one CENTURION and two 'S Tanks, -
f:::;‘ trocps tock part in a seriea of exercises at troop, squadron and regimental &

s Our assessment is based on the cbserver's -8

mmﬂ t . -|..-|--_
hfﬂfl‘::ug de-briefings of both the crews of the 'S 'nT:.nku Eﬂihf?mﬁpt ¢
P ¢ exercises, It is fully @ppreclated that the assessment is subjectim

15.  Appendix 1 gives answers to
questions which have been framed to cover the
prineipal differences between a tun-gtlaun, three-man tank, as embodied in the !

Tark, and a conventional tank, Tt ngui '
. 48 been difficult to distinguish between oo™
on the goncept of a tl.u:'ntlau, three=man tank and comments on a particular TEHS

16e The
main conclusions are Summarised at paragraphs 23-28 below.

/pIscussitl
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5 b sg self-propélled anti-tap,

b‘*iﬁ;% E Wr::iﬂhﬂl treditionally been used f-l-nﬂu rﬂl;ﬂve bean employed in many armies.

%;1 s cn:"ﬂ peavier gun than could be moynteg inugﬂteﬂpﬂma or to enable & vehicle
EP:E 0 :d geights The coat of 131 pap however (s posesy cicle of comparable
.tﬁ‘iﬁqd-i gir® g , which has & similar pajp i.'-"mﬂ.t:ren{-. 18 possibly rather more than that
tﬁﬁ“b of the gaight, '3' Tank should be compared ""ith‘ It follows that, for reasons of
by ,.;nt,:ﬁ g self-propelled anti-tank gup, % comventional turreted tank and
Bt
11 be apparent from the detaileq .
. I " in parsgrephs 23-28 below, that the ios g %, APPNALX 1, which are
ey, sed in P s he '3' Tani
*T'“]J'Jgi yﬂﬂ‘“ i s being required to carry ocut similar tgﬂfﬂmme Hap oo, vl ks Wk
i) ,-.,g"dﬁ :
-"iﬂl : :
. on tha kove

ikiﬂ] ﬁ_u t ,_'! L= L
0 gy
b fy yuch of the literature on the 'S' Tank dismisses its

inability to fire

i e,
Dot 3 "?,ﬂ-atul::f when on theé MOve as unimportant since mo other tanmk is capable of doing

. The contention is no longer valid in view of
tog . jurtio rlates Laresly o Sain sramnents sivey s ToT grare? oL CAIETAT.
lhaa""-u m gun can be used for many of the tasks normally carried out by the co-axially
gd machine gun. Hﬁﬂﬂﬁltﬂﬂ 'S' Tank commander's machine gun is not fully
Andg "l:l.:}.- ,ubililﬂgﬂz:: the commander 1 be fully oceupied when firing it, to the exclusion
adiy, @ tuyfol OHeT i

hﬁ ip
7 g 0, It ia desirable that a tank should be able to deliver accurate mein armement
the 194 lungy | fire when on the move, and it is current British poliey thet our tanks should have
T might, Mipis facility. However, the importance which should be attached to this requirement
t at Arpgy ofgay be argueble. The main circumstances in which the facility may be used are in
VEVEr, a4 the assault with or without infantry or when caught in the opens Two gqueations

‘merge from this which are beyond the scope of this assessment.

8, To what extent will the ability to fire mein armament effectively on the
pove be required in future battlea?
borne infis

b« Are the disadvantages of net being able to fire the main armament
effectively on the move outweighed by the undoubted advantages of this concept?

I'_' 'hinh 41
| Tanks,

oginai €ls The value of the '8'" Tank's low silhouette as & means of both avoiding
detection and reducing the size of the target presented to the enemy was very
briouss This, coupled with the excellence of the tank's vision devices, gave
.« PY8T7 good results on the ground used for the trisls. However, a point could be
«f reiched when the increased concealment geined by reducing & vehicle's height will
® outweighed by the crew's loss of observation as their fighting positions come
p BT to ground level, '§' Tank commanders also reported that their closeness %o

er § 'L *® ground made night navigation more difficult than on CENTURION; although this
I_hln been due, in part, to lack of experience on 'S' Tank, the comment is wvalid.
4 % 18 8180 possible to envisage terrain, & lane between high hedgerows is an extrems

*Mmple, when observation could be seriously reduced and traverse impossible.

/™i-K411" and "P-K411" (1)

Jhe Value of a Low Silhouette
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k11" apd "PoRALLS : 583 0snt
the enging, suspension ‘?i trﬂld'fﬂ a?tf&?ﬁd oSy the l
Bif;:‘;n 151 Tank amounts tO &3 F-"!':—';im' B o Wﬁﬂ that % ; :w'ﬂ‘ o
jmm.tﬂuﬂ tank “lllmtﬂﬂnui;tﬁt;f it is probably fair to ;E;“th hiat;"‘;;'q pljgui'
yides nuuntlnu;l :T":“i .E:_ﬂ; which has besn i:umnbilz.unq.l‘?j an m’*“iﬂfa::i . 8 oo ac
will pormally 2o%VC, % rew of a tank which 3 imnobilised by, for sxamy,'s we SN ;
On the cthier BUT) “may contime to Fight 4t. O ertage fe e, ) Tauk M
Eﬂuﬁﬁm a disadvantage — but the extent of the dis 8ge is g Mt‘car:?:*l ¥ The ,,'I'I‘é‘;
org: “N-kill". Vehicle incepable of controlled movement. Irrepargy, ™ :h : Eﬁﬂﬂgj' '
" i il "nl"ehiﬂl'ﬂ in ble of fi ti. ane %o l.':I'El' Eu“alt'iﬂl e
iﬁl'ﬁ_amamant or its associated equipment. Irreparable by i:: “;:, the ;',GE
L1 | : _Fﬂ

the battlefield.

CONULUSIONS | .

mww , ::.r ' .ﬂiﬁ' .

23, Emaﬂgﬁ:
t in relation to th ﬁuﬂ
8. The high position of the main Aarmamen e top o :
yehicle makes the 'S' Tank @ very small target whem in & hull-domy pmﬁl :,ﬂ_-gﬂ*

The shape of the vehicle faeilitates camouflage. “ é
Ce The wehicle's position may be compromised by noise and heat shipngy g be -
the gas turbine.

The low silhouette makes the vehicle very elusive when moving,

be

da

2lie Positiona:

a. Viewing devices and control arrangements enable the vehicle 4o be
moved into fire positions.

b. The low silhouette of the vehicle enablea it to occupy positions inw
the CENTURION would be very exposed.

Ce The absence of a satisfactory method of checking "crest-clearance”
prevents full use being made of the above characteristics.

25. Weapons:

8.  Excellent observation is provided by first class viewing devices ard
sights. The rear driver is a great advantage in this respect. These
facilities, combined with a traverse speed similar to that of the CE ek
turret, enable the 'S' Tank readily to acquire and engage targets OV€F LR
arcs

b.  The hull-mounted machine guns are of limited value when the yehicle =
moving and they cannot be serviced or loaded from within the yehicles

fﬂ-i




b b = laid.
RO SR
; la q.n';t‘-?lhh?.,ﬂ A1l 50 main “m?“t rounds are "paggen The st
] ' . le magazine gre 4 stowage of th
- It-;h "lm;f' ?:;:; fﬂ apcessible e greatly Tacilitates r'EP]-EI'.IiIIhmE;Et, s o
Ap U
4 By {ve:
y TN E!!tgﬂ_ﬂﬁ———
:pmal!q '2-3'.., \ highe phe crosa-country speed of the vehicles tasted 4
g | i " 4 wWaa inferio t of
bﬂhlétlu,, \F  ine CHEVIURION, although their road speed was higher, = g A
h:f J rhe 'S8"' Tank is capable of makin

1, 1§
8 be d
é, ¢hroughout the apeed range

£ sudden sharp changes of direction

The K60 must be kept running if there i, .
:;untgd armament may have to be laid without nanﬁ::?biut? e

. yersatility. The main armament cannot be fireq effectively when the 'S' Tank

to t f:t‘“ﬂns'
he tors:
!uumnf,‘j“: _ fp. Grew FRCRO=
Pog ¥ The commander's possession of full gunne
e e Y and driving facilitiea 4s a
b | at asset. On the occasions he will employ them :
& Eﬂr:hﬂl‘ than compliecate, his task. S, Wty will simplify,
4 he
at i"'hr b, The auto-loader reducea crew tasks and fatigue.,
len Royy ge Although it is technically possible to fight the 's® Tank with a two-men
he, erew, such a tank would h? at a severe disadvantege in view of the valua of
the reverse driving facility and the number of tasks which will normally be
given to the rear driver.
"®icle to;, | ganeral Comments
29‘ It is emphasized that the assessment is based on subjective Judgments formed
Y DOsitiny, ; Jover & short perieds Subject to these limitations, it is possible to highlight
“®%he most significant tactical advantages and disadvantages of the concept of a
turretless, three-man tenk, as opposed to the way in which that concept has been
tmolearany! smbodied in & particular vehicle:
a8, 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.
g devices &
t, These (2) The low silhouette allows greater freedom in tactical handling
the CEVTIRIE and makes the vehicles very elusive when moving.
ets over ¢
(3) Given an auto-lceder and duplicated controls, the AFV crew may be
reduced to three men, one of whom can be available to watch the rear and
pe venit flanks.
ﬂidh

/be Disadvantages seee

D=5
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ba D iaadvantagess

(1) The main

B—— L affectively be [ired when ths vehi 5
L]

mﬂ"'iﬂ&-
i nless hydraulie
2) The maln armament cannot be l_aili u Dower 44
.Eni the automotive system is functioning. Svaqy, Lﬂ-
30, Two questions were {dentified asa poasible subjects for cperatiomal oy, #' g’ﬂﬂ.
They arei Bﬂ_‘rﬂh P ﬁ" ; i"
a. To what extent will the ability to fire main armament effectiyg) :,
move be required in future battles? ¥ on ty | ¢ne pﬂ’
of
b. Are the disadvantagea of net being able to fire the main armapept b - ¢
effectively on the move outweighed by the undoubted advantages of thy, Fix
T it -
31. The 'S' Tamk has been evaluated ss a main battle tank cArrying out the R <
given to the CENTURION. From a tactical viewpoint there is no doubt thag 1:;“ &
vehicle carried out all the roles of & main battle tank except that it onvited . . m

deliver aimed main armament fire on the move. It is ourrent British pely 8
tapks shall deliver accurate main armament fire on the move.  thag £ ;
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Yo Amnex 'D' 4o pp 1123/GT 428

le the principal tactiecal differn questions which have he £
povVEr y 1 ences bet en framed

The comments are grouped under ajx headings:

Concealment.

s

b Fire Positions.

Weapons .
Automotive.

P Versatility.

. Crew Factora.

, It is important to bear in mind the condit .
place (see Annex 'D', paras 11-14). tions in which the assessment took ||

4, ITemminology, The terms "hull-domn", "periscope—up" " .
gsed in the same sense as when applied to a cnnvam—fp -llpta.:kn% turret-down" are

gggﬂmant

What kind of target does the 'S? Tank, when in a fire position, present to the

L g

:.. thcw the commander's machine gun, the height of the sights and
urret ro ove the gun is 1ft 3ins on the 'S' Tank, compared
i ol i s comp with 2ft Gins

b. The smallness of the target presented head on when in a hull-down poaition
was very noticeable. Despite some doubt on occasions as to whether the tark
was "crest clear" both cbservers and commanders and gunners of opposing tanks
commented most forcibly upon this point.

Ce No very significant increase was cbserved 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 target is likely to be long and low rather than short

6nd high, i.e. a more difficult target from the enemy gunner's point of view.

flow easy is the 'S'! Tank to conceal with camouflage?

e The shape of the vehicle greatly assists concealment:
(1) The barred engine covers are ideal for covering with turf. i
f‘{, 2) RN ‘!I
D1-1
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f the vehicle is diffieult to distinguiasp, "
not two masses - hull and turret. It hag s
on noticed that the two rear-mounteg biu:n lh‘
rwiae ﬂppﬁﬂ-:‘aﬂ as an indistinect mAng g L L] _
position waa often compromised by gy, "

{2) The shape O

basically cne mass,
» It was on occasi

in identifying what othe
tank. Furthermore, its

machine guns
i ' Tank may disturb local cover

Whilst it is true that the s {-345,,, :
whilst it is traversing in & way that a conventional tank would not, & .
appreciated that, while traversing, the radius swept by the maip '“t
the wvehicle centre is less than the radius swept by the turret ﬂn’l:mmuu ' Sy
of the CENTURION. (17ft 6ins (53Lems) compared with the 'S' Tank j5p

) [

{‘J‘ﬂbcm}]. |

Ts To what extent does the '8 Tank's low silhouette make it diffieult ¢, - _‘ giet
and engage whilst it is moving t&ntinal;:f_‘? i i fﬂﬂ;

H. The vehicle is extremely elusive.

be

ba The comment &t para 5.¢. above is equally valid when the tank i,

8. To what extent is the 'S' Tank's position compromised by dust, noise
amoke and heat shimmer?

8a Dust. No significant difference was observed between the 'S¢ Pank s
CERNTUETON .

be Noise. The gas turbine produces & high-pitched whine which carrieg
further than the sound of & reciprocating engine. The whine reveals the
direction of the vehicle more accurately than doea the low-pitched noise g
CENTURION.

Ce Engine Smoke. The K60s of the trials vehicles gave off considerabls
smoke, particularly when starting. This may have been accentuated by the
inexperience of the drivers. It is understood that a fuel additive is bed)
developed to help overcome this problem.

| de Heat Shimmer. The efflux of high temperature gases from the gas fus
is on the top of the vehicle. Heat shimmer often gave away the positiom ¢
vehicle at ranges up to 1000 metres. The thermal signature must be very &l
tinctive.

Fire Positions
9.  Is the 'S' Tank able to take up fire positions guickly in all types of cous

a. Apart from difficulty in checking "crest clearance” (see para 11 beld
no problems were encountered. Indeed, because the driver/gunner's opice
at the same helght as the commander's, 'S' Tank is quicker than CENTURION &
the final steges of moving into position.

b. It ia, however, possible to envisage terrain in which a conventionsl
tank nmﬂE take up fire positions whereas the turretless tank could not: I
instance "bocage" country, sunken lanes, or narrow tracks on the side of
mountains. Although such conditions may be met but rarely, this could b’
significant limitation of the turretless tank concept, It should, howeves
be borne in mind that the hull of the 'S' Tank is short and that the venid
able to traverse to a flank in a very narrow space (see para 6.b. above)s

oo il
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e noticeables on & Numbe

L Bt "hull=Gown", "Pf-‘I'iat:l:up&r DE SOCABions Yhat the tas .
& ake i ib = and "y s "4 o
18 tC 5 have been imposaible w»dth CENTURT ULTet =d oym»
b woul® U the vebicle which enable » ‘hin was @y

T

Hiik LW
Poaitions w
d it ¢q malke ® to the low

El.lﬂg ﬂuti (alnli] uas gf amall chang
ot " joyed 88 the leading tanks in g tpge. o P+0 that the '8¢ papgs i

2 L - E&Tﬂnﬂﬂ P
furthgr forward {i Bs closap to the oould often ba moy
vory¥ yisible from the front or flanks, enemy) than CENTURION wi Lhu::ﬁ

(LT §

1imited maximum elevation of the "8t m o
da cpita maxcimum practical elevatign of 1‘éu}42$131§i 43 compared with the
Lnﬂimuﬂ countIy . it its employment in

wgﬁﬂﬂl—”&‘i"—ﬂrme@ & problem?

e difﬁﬂulti':ﬂ were experienced in 13}-—1:18‘
Fe

e 4 T -
S re difficulties in moving betwean ® .
. L B H-?--—'"_dﬁr? e ions? <R—tulldown", “periscope-up® and
- nﬂi.ﬂ : il -
t e :
& gmander's viewing devices and driving facily
rhe © . There is, hoswever, no Batiﬂfaftnr;li:;?mmkﬂ this easier than on
the - ¢ grepce”. Full use cannct be made of the vehicle's ff checking "erest-
Tiﬂicl:; f@nﬂﬂ system Trial Report at Annex 'C', para l?‘.r.r Ow sllhouette. Gee
' able of i .
i oy, ey | g 131 41 c moving rapidly from one fire or cbaervation position
Teves), th“ " pother? 2 WL
Cheg e I
Roige The rear—driving facility enabled switch
o Yes. es to be carried out rapi
ip withdrewal, enabled the front armour to be kept Pacing the enexy. pidly and,
Conaig 18! Tank capable of covering a wide arc, both wi
5 with observati
'ated by o ° B Sorly when closed down? ation and fire,
itive 18 by -
P res.
the a8ty there any tendency for the 'S' Tank to dig itself in whilst tl‘a‘ﬂ'ﬂning from
* positien ofie g0 side if it is in & fire position in soft ground for any length of time?
't be very &
s, Yes, but this causes no problem.
ba An "S' Tank might be traversed from side to side in one position in
two sets of circumstances:
68 of & {1) To check an arce This will not have to be done more than once or
) tics : :
E:?I'i%ﬂf“’ (2) Once battle has been joined and then only when the tank is sited in

after firing in view of the faet that its position will have been com-
entiond promised,

g ﬂ; P © Praversing will not be necessary for surveillance purposes, because of
1::1:‘ be h6 gunner's wide field of view and the commander's rotatable cupola.

/Weapona

defilade. If any tank is not sited in defilade it will require to move




'ﬂl
a0t ahyeiels 2 kivha nellin

‘lll'lr||

,.':'.I.'r .".ll i ..M.-I

LI LT
Al byl i i

L)

A%

Al o

gights ere better than t
gt Tark's viewing dovices and sigh fioge gp

o The )
CHENTURION althoughs N ek cans A
' ision is Cal il el ® box op
1 The commander's ¥ jewing through the gas niy The
in:hinu gun and is restricted when ¥ Ea t"-'-l'him s ré
of Flux. gro®
L E= |
(2) The rear driver's viewing devices give the 'S’ Tank a gy, 478

the CENIURION but they could be further improyeq o b =

vor 7
;f:.:t:fzu:' rigld of view (see Weapona System EEAS Report ut Anm:%; . 'L-..-_'."!.‘
para 178) : '-:':,n‘r';’ =y i
's cupola contre-rotation apj )y L The
. The sngineering of the commander's © " .
Encilitill }l unaatisfactory (see Weapons System Trial Heport at Annex ‘EL‘I" #ﬂ#z:;ﬂﬂ
jll'ﬂf'ﬂ- .]-irﬁ ba)s 1 ]
A
6e  Whon static the 'S' Tank speed of traverse 18 slower than that of Comp Bs The
d.  Overall, the 'S8' Tank's performance eppeared approximately equal ¢, .. (1)
of the CENTURION. :
(2)
16, What are the tactical i licationa of bei able to deliver ajimeq , DL
armament fire when on the movel il _ﬂ:,

Boe under "Versatility" at para 2, below.

17. What are the tactical implications of the method of mounting the hull mAchig
Luna?

When on the move, the weapcns cannot be used to deliver aimed fire or
be used to deliver speculative fire. They camnot be serviced or reloaded
unless & crewnman is dismounted.

IET i O i tfal. ibl" f _"l'll- nr |‘_.: f."' th t,n ha aﬂtﬂhﬂi o]

Lrom commander to gumner and vice versa?

No, owing to the fact that the commander's and gunner's elevation controls &
not override each other (see Weapons System Trial Report at Annex 'C', pars

19« A
.P thers mﬂ Iaﬂ:hu:.l Emlﬁmg in the use of adjustable suspension and the

ed armament?

@, A nolsy engine must b
instantly laid without 'ﬂt'n;n:n continuously if these weapons are to be

b, A major failure in the automot
laid, The significance of an “H—Eiﬂ'?
in the Discuasion at Annex Uil

system prevents this armament beind
amounting to ap "F-iill1" is considem®
» para 22),
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that the auto-loader is feg fron & wa

the vehicle greatly facilitates roo:. oo roadily accessible

rapid replenishment.

13" Tanks which were tested were not fitted with the high power
r had they been modified to enable the transmission to be switched
1"1:5!!-11" to nﬂm;-mntrj' and wvice versa without Btn.ppins the vahicle.

frod
I
that of fhe 'S' Tanks were superior to CENTURION in the following respects:
be
al
¥ &quﬂl [1} M H,F-Eﬂﬂ_.
erse driving facility.
E'-E-i-m-‘i'i_n_:g_iﬂ (2) The vey

The lhilit!r to make sudden ﬂh-ﬂ.'['P Ghﬂ'ﬂﬂﬂﬂ of direction th.'l'ﬂ'l.tghu'l_l.t
the speed range.

The 'S' Tanks were inferior to CENTURICHN in the following respects:

!E hull ':“‘EE! s

(1) Cross-country speed.

ffire Oor ra
or reloaded

(2) The limitations imposed by the risk of the muzzle of the main
armapent striking the ground when crossing deep gullies. As & 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.

2, ire there any tactical advantages in the use of an ad justable suspension epart

v its use in laying the gan?

witched rapidly

ex 'C', pars lf§
& There are two advantages:

1p the vehicle to elimb steps, to

an be used to he : |
@) fobaitg, 10 o v wend s b B v 0 T
to extract itself from cbstacles and sticky golng.

ge to be
[2} e s gL ba e th;_ ;1mp]£§lf;::2§tgi: ﬂn:ﬁ:e:'l’nl::laa
g neid ive inereased 1rulnl . _
m?:n:;;’id ﬁ :?I;#;iﬁliiituﬂ :gtfﬂ?rts:t gehicles, but the advantages of the facility

are obvious.

b Mﬁt that the vehicle can lower itael
hmﬁl'ﬂ.ﬂl not appear significant.

¢ without fore and aft tilting
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ad to l1g

a main engine beaing

] "'-. _— L

a atarted easily, there is & time=lag .
can b and the tank being ready for ﬂnml“‘l ny

ing an enginé
-imt-n:.:;dman ltt::t'n nder's machine gun cen :ﬂ re-laid. If, th!l'afnnu”ng
:hi : I:uquimant to be prepared for immediate action, oné engine muat y, k:;{ ;
s

This has two B
a. The vehicle's position may be
heat shimméT's

ain dissdvantages:
compromised by nolse, engine Biokg
r Op

b, Fuel consumption.

Veraat

2, What are the disadvanifgss if any, of not being able %o fire ¢ 8 magy .ant
a tely when on the 87 ~= Wﬁ e
trial. BSee Di 0F s or
This is clearly the key question of the scusslon at Anney .ﬂr-‘-"’# h
paras l?-zﬂ- I:II | f.l‘ g :
How doss the 'S" Tank p tne infantry support ro el

25, How 191 Pank perform in the infant support role?
The
The 'S' Tank lacks two characteristics of CENTURION: de =

a. Becauss of its shape and the position of the gas turbine exhayst, ﬁﬂfw

i{nfantry cannot easily be carried on the vehicle. In ths light of
tactical doctrine, this is not seen aa a serious disadvantage. S

b. Almed main armament fire cannot be delivered when moving in on the
assault.

26, How does the 'S' Tank perform in built-up end densely wooded areas?

a. It was impossible to test this on the ground used for the trial,

bs The presence of obstacles such &3 trees and bouldera within th

swept by the hull is thought to be relatively unimportant in that n: ::dim

:ih“ the tu.:: Fﬂl&hit;utb:g:iﬂrﬂ them, It 1s, of course, poaaible to en
rcumstanc o es are so '

raigrgemii placed that the tank lacks any ocapsl

ce The clutch/brake steering will give much

greater agility in areas com
tait:ln;mulnnl.r spaced obatacles, such as besch wood, tﬁian i:: available fres
m:m L]

27. How g 'S' Tank perform the "Shock Action" role?

L] -H]:
f‘:;ui:;nint f:;t:l-::;: :l;ih:uﬁ:#m;w mobile, protected firepower. *
when e deld

on the move is considered at l::m::: D, p“ﬂngg;inud. madin armament firé
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i W s aﬁvmltﬂ 28 and ﬂiﬂ_ad
:!‘ 2{];}] able to o8Iy out thﬂ_r—uﬂﬂt'lﬂ{m of Eﬂmaﬂdui the 5 gten whorel two men are
.&”-d__‘—-'-___ ___-_-_'_'———______‘_EEII_HHI-.. d_r'ivnr- ﬂ.::l.d lﬂﬂd.E‘.l."?

b The commander's poasession of puyy
. par sy It enables e whanﬂur;m:dw am_i driving facilities is of
PLC action is required - to move

the tank himaself th

and shoot 5 us avoidi :

confusion if orders have to be passed Eﬁq;h:nlzittﬁzla tilza deley and risk of
- @ system,

be Itlﬂﬂng:lizgzg ::Hzlth& PO3seasion of thege faoiliti omma
s mﬂnfi:;;gl}r to use them t:;a-aﬂ;,r hu?;,r BRIy However, in tnaﬂ 'lii:'f e o
he 18 X e » WNEY are in fagt reducing 4 e circumstances that
they are ﬂ]E-I'EiﬂE his task Very much 3imp1ar ng the load upon hi'j: i.0.
¢. It can alsc be argued that the commander m
important tesks (e.g. being immediately availapry oo ) Croed from other more

ig not valid in view of the circumstances ip wl:;},:hﬂ:hzh:m]. wiﬁ.in :r s
er act as

driver Or gunner. Cn these oceasions t
he correct ana rapid movement or shoot=

ing of the tank will be of far grester import
the commander, such as being inatantly a?ﬁilu.mﬂnzhﬁ&n:':;{npgﬁ;ima gz

de The auto-loeder reduces both crew tasks and erew fatigie
-

ge It is Aifficult to see any disadvantages i
other than inereased complexity and cost. 63 1n the duplication of controls

29, what are the problems of the rear facing crew member?

Ha has no particular p.‘mb:].ama, except that his closed-down vision to the rear
is somewhat limited and his position is cramped. He does not appear to suffer
any ill=effects Irom facing rearwards when the tank is travelling forwards.

30, Is & three-man crew capable of fighting the 'S' Tank for prolonged periocds

. ﬂth::rf_:t undue strain?

i, No major problems are foreseen.

be Although working and living space is limited, the 'S' Tank has a number of
distinet adventages 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 wehicle,

(2) The crew have full use of all the space in the fighting compartment.
They are not faced with the problem of the rear ?nd of an oscillating
gun, nor does the recoil of the gun take place within the fighting com=

partment.
(3) There are no machine gun fumes in the fighting compartment.

[3le  eess
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ariver will include:

ol Tﬂﬂh. {ar thn raar

(1) Rear Adrivings
rating {neluding apswering the radio if the i o i
olved in an engagenent. -

(2) Radio ope
crow mombars are inv

(3) Reduction of fatigue of gommander and panner/driver s

(a) Carrying out radic wateh and guard duties.

(b) Aosisting with rep

1enishment, pervicing and cAmou £l apy

(e) Acting as raliaf.
(4) Acting as reserve crewman if either of the forward-facing ppy,
pembers should beo incapacitated.
(5) Observing to the rear and, if given improved viewing devices, ,
to the flanks. v Al

ue of the rear-driving facility and the lmportepng,
of

- In view of the val
an 'S8'! Tank with a two-man erew woylg [

the other tasks of the rear driver,
a severe disadvantage.

e Graw l'.'llitiﬂ = rﬂaﬂnt AN o

32. Does the low height above the gro nd of

The only problem encountered was the dif'ficulty of night navigatiop
to lack of experience on the wehicle,

a.
this may have been due, in part,

be It is possible to envisage terrain, & lane between high hedgerows is
extreme sxample, when this lack of height could sericusly prejudice D-'naaﬂ:.

33 at iz the effect the ecrew of & hi ged cross-c

Despite pitching, which appeared excessive to obaervera, th
they suffered no ill-effects. » the crews claimed




Q"i‘ih
4 f
Sy, & annex 'E! %o AT 1123/01 428
& . ated 1) February 1969
; i""i B,
q . qh{ h A
Qi"[tit 1"‘:3"‘;., 5 \ F T
gy b
Htj__n & )
g g
E&r"“'m
the gy
I'ey o
Pug
Personnel Research East
hq‘rﬂn i ::ur:?ﬂndhh '8' Tank in m;bi;&”::t (APRE) had the cpportundty of
Oy 1 (pindné et By the RAC Equipment Trials Wing
B , 7 on. APRE interest lay in the Human Pactors ¢
L2 " tank dessigned for a full orew of Aspects of the concept of a
By L1 three men, which appeared to be able
Ng . an sotive part in combat with only two men
it g pome ¢ There were thus two issues involved:
il 4 o ¢ of a turretless tank as embodied Y]
1 . Ang i jpg 0ODOOP in '8' Tank, and the possibility of
L™ B She { 1 ng the pumber of men making up the orew,
e T n HI-!:'EIF-I_
iong ’ aim of APRE work was o examine the Human Factors aspects of the turretless

<ot ¢ as smbodied in '8' Tank, and t
pcno&p An, O examine some of +h ibl
ng the number of orewmen in an operational tank to two, u:ii:':h, ;,,:ﬁ:;“-ﬁf

1 L
Ce op th E:;iimiﬂ: ,
0la. m

Bt 2 g,
ously g:_lﬂllaaigehw jy The AFRE investigation was conducted in three parts:

;Iud-iﬂﬂ II L
- Ut 8:  Measurement of the internal dimensions of the orew space in the vehicle
=ount ry? and examination of its components.
rs be Exapination of some points of habitability and ergonocmics of the vehiole

t :
* ™% crems ey on the Bovington Training Area.

0« A small trial using four orews in the two '8' tanks in simulated battle
oonditions for 24 hours.

b-n three parts will be desoribed separately below:

The dimensions of the orew compartment were measured. All dimensiona would
fate the 95 percentile man wearing Combat Dress and Helmet. The only comments

:'= to make on this subject are on inoreased comfort and stowage, If an

ko the range of upward adjustment of the driver/
I Hmﬁ';m this wnu.'l.g‘:nlhlt men at the shorter end of the 35

ntile heigh batter field of vision forwards over the sights with
0 mﬂ- qm: !“E. t;th:' ;u:thlr one inch were added to the same seats' downward

tment, this 4 enable the taller men to have to atocp less when using the

r /B¢ e
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ehicle to be driven ’ﬂ;-:‘{

(tion of the pedals emebles oo T e short man is el "'“:0""'1

Se dng' ,ﬁﬂ;_-,r poth tall and ahuflltdmiz- an improvement if the pedals apg E?ﬂf g of (ot By :;;
elose 2 It wo ttached to th T g

opened up ring levers were & e Beat ST, L. ﬁf’.pf 1

position whm m and also the stes extent. A4 e 3

+ platform the pedals to come = 8 all th, 1y B

aising the =€
that r ple, hyd ulie or

nt would g:l"f-‘ﬂtlJ inersase driver comfort ang cont pgy Twy,
oveme .

are remote - ¢
inches of upwerd = . $
improved by an sdditional 2 inches of g4, e B

d be greatly
G;e“tﬂﬂﬁ;ﬁ;w:;;itiﬂﬂﬂl seat height would not appear to foul any Othey.
Hﬂﬂ .h-E gl ] ture in thﬂ GI-E' uwﬂftﬂ.ﬂ‘ﬂ#i

mant or atrc 1.‘
3 d below the drivep! F N [+
The parking brake with its handle hﬂhin: m: 1y However :Ltuiuﬂt e g0 1-.!1-'"
i:r:. from ideal position and was most awkward o SppLye ’ B un,hr“% o LT %
t;:t this has been modified on later vehicles. 4 Mﬂ o3
0y 6% o1e

' nersonal kit, ratig

as very little stowage space for crews' P 3 82, reun

et T::ﬁ :f -hstz:? other space existed could be used f‘nrﬂiﬁis purpose hag a "Ry
ﬂ:;iniﬂﬁ stowed items in position been provided. Nets th elastic supp ey :..

perhaps partially solve this problem.
PART 2 = HABITABILITY AND MICS

of those aspects which affect the efficq,
fighting from their vehicles

B

9. This section deals with some ney g

performance of crew living in and

Driving
10, The ability to share this task between crew members is considered an agysm,
for three main reasons: . '

Be It enables the crews to share jobs in a way otherwise impossible, peg
ting rest or the doing of some other task. -

b. Tt can save the potentisl difficulties of communication in that the
commander can place his vehicle exactly where he wants it.

Ce The vehiecle can be driven off by either the driver or commander inm
absence of the other. However, the act of change-over of control from the
commander to the driver/gunner can create problems. . The elevation contrels
of the driver/gunner, if not coincidental with those of the commander at th
point of hand=over, will cause the vehicle to elevate or depreass itself, adl
there are occasions when this could be embarrassing or dangeroua. It is
understood that this matter is receiving attention.

11. The provision of a rearward-facing driver for rapid movement in reverse is
good &s he has & 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 1 ' f oor
and instrumentation is goods The provision of uﬂ;u :ﬂ:ﬁ:ﬁ;ﬁﬁufmﬂgﬁmmn of
driving, with warning lamps o indicate malfunction, is very good;  all other &
secondary instrumentation is grouped together im front of the rear-facing d.riirﬂ'."
loader where he can monitor the functioning of all systems., Should he not be

present, the driver has merely to turn round to che econdary instrument?
either when he has time or when a warning lamp 1;&11#:,“' : s

wunt
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g troubl
y d identy @ and red for 4 o
U Fmiﬂmt of any fault, among the 2 the partieylae u‘furi:ulnu:t..;"“u:
Ef . L] the It would also reg &la with A ffap mult
O dl"i N po LAmL50 instrument Hce the amount of trains ont acales and normal
Ebuﬂam b B pits of each " INE necessary to memorise
L] t ﬂ Ii'- f. t i b
. 4 ' stem of SUEering by handleha
8y t,.% The a¥ T rather ¢
| ls 44 b . an work has shown that suech a system giyes m';:: steering brake levars is pood.
- ﬂli ky (B ded operation leaving either hand fpee for oth Preciss control and also allows
"ﬂ.t.hﬂ by, * Bl 18 Pﬁffm? - :.!l.m ﬂinamergatﬂ brake “PFliuatin::H;ﬁ. 20 St auons
] ot ¢laa | Baa 80 B Btoarl ; -
ﬁ‘-{;‘;‘p%:{% ¥ sional vehi €port Ne. 12/g6). ng offect of con
ti, “'h B ppe ability to elevate or depress the

:E U, & A It enablea the crew to depress th when on the move is a u
& 8 vehi aaful
--..§ %l y -:'_ and to elevate to give a better viaw t;t;gn:ﬂm to give a better view
ap L gpables the driver to maintain his vehicls in ag maﬁi‘- iurhnpu more important,
terrai : ¥ & horizontal attitude a
Ty ple over bumpy I and also assistg ip obatasle croasing. u 8

; Tﬂ'ﬂuiﬁlﬁ;a G:’int? u;i;‘f both the sel engines f the

! . rottla for orces

N e kol Tine spead, and this changey iy, h¢, time. He tends to use
: hﬂfﬂn&aaa learning. This is aapecialmlg:nﬁzdmil o epeeon Of oomtrol tasks far

ig ﬁ can no longer be eased over the summit he Aheants Detesles ds the

o : on the
nﬂiﬂ“"&ﬂuﬁ giter case, the driver is helped by his abilit throttle. However, in the

. ¥ to control i
. 4ne elevation comtrol. This again requires learning hu;‘ﬂm‘:a&hinlu sevinde wiih

et " g 8 perhaps more comf'ortable ride than conventional vehicles,

turbine and 4ie

y2. The three-position hatches for the crew are liked

'Ngt the intermediate "umbrella position". This iy %uﬁaﬁgiiﬁﬂizi“aﬁqﬁignmﬂ

Piﬂ&tiun e pision while giving some overhead ballistic and weather protection.

3 it th"'-t'. g, 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

er op c“ﬁﬂndf ‘ the r'ear. AFRE has no spacific anaswer to this pﬂint, but the aama situation

e of cont “igpplies to some extent in other "Ehi“lﬁﬂi_ Some of these other wehiclea are held

'he eleyats mﬁ“ jo induce travel sicimess in some men while others do not seem to, It is thought

S o that "travel sickness" is more probebly a function of vehicle suspension character—
andar i ¢ atics than of orientation of personnel, and also of not being able to ses the

T depress itsel!, ugmound to be traversed. Questions to the crews at RAC Equipment Trials Wing

dangerous, It i Seseived no answers indicating "travel sickness".

3
FLATAE i

versd i &

H:Ef: :fs::ia:i (683, The combination of gun and driving controls into a joint system, reducing the

mmber of separate controls, is good. The sharing of these between driver/gumner

Ml commander is even better., Either man can line up the vehicle as necessary inm
ticipation of or during an engagement. The commander is thus saved in some

of B vy if he chooses, fire
itionin remmstances from having to instruct his gunner, and can also, e chooses,
jal imtnﬂ:. mself, This saving of communication could be useful in some situations, and
: all 0¥ is duplication means that with reduced crew the tank is still operative.
ur"'f“i ;

- The only adverse criticism of the gun controls is the number of safety
| wtf“"ﬂ Ches which must be operated in sequence. While the need for safety is obvious,

Mld the procedure not be simplified? In urgent situations under stress a mistake
*61% be possible and an opportunity lost.
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f“-j_:l_itiu Are commented up

rield of vie¥l g

‘g oupols and it8 1;|.n--'ull. gurn without warming, the Al st~
22, The O% the ariver pakes & ﬂl‘;: to the hull aculd be F;‘l‘-lnti.,l];r 'i:-?l;.d o 5 '1'1

hares re is developed .
rotation of the ;:F tf;';“ sssantial that 8 ard1l OPed 80 thay gy 8 .1: ¢ 48 1. :f.,a
the commé ! rﬂ"ﬂ'- .
pot Mpp-ﬂi : #‘ ﬂ-i.- Th- lb:
! A3 h"
Loading fourth crewma "l aot LA
toma loadar paves B n end a
23, The prov sion of :':.::nml:;nil the rear driﬂ'rf:'rﬂﬂi required th::? duy ,.r“"];;;ﬁl““‘:f:'ﬂi
o ':ﬂ 0 I..E:Jil:uﬂ sdtion or 1080 htiﬁrtiuun:ii?mﬁ? nition 1:; : !H.ﬂ“" : €
‘ﬂ in:? gnil::"t of the lutmtig ihm'rlu;ﬂ!rE;:nl sonyentdonal ‘tankm“ﬁ:;h 1 b ye : 1 ;; .ﬁl‘“
even ric © e s 88
Eu ﬁn ::'thu heavy ': 4 drive and pire while the gunner driver Hn-:,;“‘ ‘o .ﬂ# ﬂﬂ
a ¥ b i
the loading task. ﬁpl'iﬂ. anbd
somE
fadlo is
ere liked from the ergoncmic viempote

vehicle W
ed in the during a time when the crew Are l'LH.j_
7

2la
in (hes BT o of & meed to change frequenci

ghly stressed. In the event quencies noty
:gr:.um:ahi red than a simple selection of the frequency concernad. g

yentilation = Alr Conditlomlng
atches open by convection and naturg

25, The vehicle 18 ventilated with the h

t alone, When firing, 8n extractor fan comes into operation drawing air g
through the crew compartment and cut through the autematic loader. With the
vehicle closed and this fan not in operation there is virtually no ventilation
beyond slight leakage of air round the hatches, It is suggested that the pro
of a ventilating fan forcing air through the crew compartment would be an impre
# the vehicle facing into the wind when firing and the sags
y be & texieity problem. The only measurements AFil
staff made were in a condition of 1ight head wind, After firing 7 rounds i,
130 parts per million of Cerbon Monexide were present, after a further 3 rounds §
had risen to 40O parts per million, Piring ten rounds APDE with all hatches opel

geve no measurable (arbon Moncadde.

27. There are many sources of radiant heat alongside and within the crew cospid
ment, &pd some shielding of these items would reduce the heat load present even

during & mild English summer, These sources were sufficient to raise the ¢
:#-upr::ﬂu::i Em the nr;: compartment by 7°C above the ambient dry-bulb tesp¢™
g ously for North Eurcpean enviromments this reising of tespel
s an advantage, for less Northerly areas some reduction is required.

26, With the rear o
running, there might possibl

m2HM'uﬁ' "::mwﬂ of thlgogn barrel shield beside the gunners
against metal at mﬂ;? of 65°C { ]- Direct contact of bare siin

damage. Under normal ﬁltm: for longer than one second would cause tisfil]
ecntact, but even so .;. £ H"m E driver or commander would not make guch
of involuntarily/aceidentally “:mt;lg?lhﬁh an advantage against the

fﬂ?r Db
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i hy “:‘:ilj {00 uﬂ&lﬂzmrlj the turbine ﬂiﬁ.chgrgi i E
84 \ a,,“ e * upy PO peat did not pose any great BE Just in fromt and to the side
't Poy 'ﬂ This bvious problem, but was co t
"':L-'l.,;lj:n'-ﬂI ap, "1, " dfi'ar‘j prande He» means of overcoming this are H-Eanmun it
mg v Ay, g ™ W Ty : g
thﬂ:'h%: o &Fgﬂ-""l - communication
1y L and == sthin the vehicle w
1evels W °re measured, with hatches and
ghe “ﬂj::u and cro3s &:Dluntm. hhtahh showing these levels is 23'13:.:. at
o I e levels were such that some form of en
ing b, ’ h nﬂiﬂa conventional rubber—cupped p r protectlon, better
eg . &v o rovided o d to severe risk of . oadset, was meceasary if the
s o [ 25 e mmoned, o deveny risk of Semertey toiutela st (Lo, tempor-
B, "% o 0 W ger® T, afmess) O 8Xposure, to persanent threshold
ilt:eu h: 1y ‘e I r”.;;t;l s communication even through headsets against such background noise

if a comventional micropho
ault even Tophone did no
. speech. The helmet/headset assenbly used by the Army
" Saryg o i s weld 2 Lss vehicle protected ths ears, it is unisretood, by avost 55 GB.
" srews i‘? ii::j_::uu“ nicrophone is nodase cancelling in that it is
arm en .

t transmit some of the

the P
jod fro8 & e
some resistance To ithe use of a throat microphone on the grounds of
zm\‘:i:rﬁ“ilui ﬂ*::.;;rt in hot climates (nn‘:ﬂ applicable to Sweden where & boom microphone
L
g, Ll:gg? #-ﬂlilh“ 4o freeze up with condensed breath), pressure on the throat (not

. tortion (overcome by famil
not cessery) and speech dis y iarity). For our
hina ,ﬂll!nﬁmalling boom microphone would probably be better. Bither system

use B 1ive for intercom purposes and allows full use of both hands for

T 0868 after a preliminary switch setting.

ghr PU
Ej;j- natum ,r al

'i'l'ins aip 5, I :

With tpe 1g? tank has not been designed specifically to be able to remain closed
ntilatyoy, g postile emviromment for 24 hours or more. The crew are not necessarily
it the Provisial . inltn 1ive comfortably within it for such periods, and the 'S' tank is there-
e an ig g 2 . so fully equipped as might be expected for a NBC-proof vehicle.

nd rovided could with improvement be replaced by a type similar %o
m:ﬁ;“ﬁ%"" 'tiﬂﬂmlj This has thermal lageging so that not only will it keep its

: ome hours but is less likely to cause burns when handling it.
:u;ﬂamgaj j:t: ﬁ ﬁrﬂ:ﬂr off hot water without having to pour it out. It can be filled
hatches opa v dll retain its contents without spillage on the move. This last point means

et o orew can decide what they want for their next meal and switch the cooker on.

wr can then have an immediate hot meal whenever an opportunity is presented. In
crew compart-jilong dramn out action this could have considerable morele as well as physiclogicel
sent even LU

oghois: 1 there space to
d eould be made to recline, nor was
o tmr & H:H-:fa-?-:xt;nﬂ; scguired materials. Crews either slept in their :
B is or on the hull top. Neither position was very confortable compared to wha
s bo arranged in other more conventional vehicles.
gr'd | _

& E:kn:n In common with other present, more conventicnal, -reh:.al;; ;E;i “l::;iiﬂnﬂ o

I:: 6107 S e wi;h ina&th&nma Tﬁ:'l;:p hours or more under NBC
‘ Msiged to nake the vehicle habitable clos Xy

s 8%, the incor the polythene bag/removable
;:t the .1 $he dncorporation of aircraft type urinal:muﬁl aa.vep gy

3 qusd gystems used in APRE "Capsule Trials”
* thelr clothing, their vehicle or bothe

ﬁm 3 = sens
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CONFI -
PART 3 = REDUCED GREWS, b HOUR SIMULATED COMBAT

A Wing carried out

wi RAC Eguipment Trials % Bhopy - ' .;i'
APRE in conjunction . te the effect on the military “P“rﬂtinn:l irig, 8 p‘“f
L

valua
f the trial “;ﬂ:-np:riﬂdl af 24 hours of simulated combat witp the i&ﬂ-{lm ) ﬂiaﬂ'ﬂ‘h‘i
Btil.i L
1

36.

The aim ©

ance of & two-man crew

provided by '§' Tank.

commander, gunner/driver)

sach with a orew of two men ( e
i mtﬂmnk;énr'n tark and Troop Sergeant's tank during 24 hours of '“ilulﬂ:n Gt

as Troop € g was located in the FV L3Z2 Directing Stariteq

ty. Squadron H .
battlerield activiy preakdown of Activities during the 2L hours perieq i, ﬂt?;hhh G

5 hours total time actually 1n“1"ﬂ;.

"yaiting for something to happen®

la. The
::tiﬂnu:;lilic-?ﬂ and an extract from the radio script and a signal disgrag of 1 ‘
mﬂﬁpnmﬂéninm used to control the 'S8' tank troop and the other imﬁimwﬂ o "ﬂ.,:.l :
troops is attached at Appendix 3. This trial was to be repeated using 4 furtiy, -~ .,.llﬂ"
2 grews of £ meén. | 13 bE L8
38, Very briefly the 24 hour battlefield day can be broken down thus; ; of _
Moves : about 25 to 30 miles : hours total time actually P ' ME
Engagements : 10 periods : 1% hours total ?ima actually ih\fﬂ‘ AT
Observation @ : 7 houra total time actually Loty " Wnen .

39, The Directing Staff (DS), who were alac Squadron HQ, followed the two g
and observed the following:

Observation/Reconnaissance (Vehicle counta) = scecuracy.
Gunnery EInd:I.ua.ted Targets) - accuracy of fire orders etc., response timg,,

Gunnery (Opportunity Targets) - response time of each crewman, accuracy of
orders etc.

Use of Radio Codes = accuracy, security, response time.
Use of Ground/Map Heading - accuracy, choice of route.
Crew Maintenance at Base - how much, how efficiently.
Crew Maintenance in Field - how much, how efficiently.
General Crew Efficiency.

General Crew Alertness.

Observed Crew Morale.

Control of Troop (Troop Leader only).

Observed Cocking and Eating - what, when.

Observed Defaecation/Urination = when.

Observed sleep - who, when, how much.

The external meteorclogical conditions were measured hourly, and the wet and dry
bulb temperatures within the tanks at less regular int a.l’ for
these DS tasks are at Appendix 4. R e profomes

40, As was done in j.PHE "ﬂﬂpﬁulﬂ' T:I:‘:i.nl, the m Lﬂﬂ,ﬂgzﬂa i s piyted e
P tm:::::fwﬂ' Thhj"'h,g set was connected to the permanently live intercom syt
vehicle The crews P said within the tank to a receiver in the 08
b O Vo m:'::nwm aware that they could be overheard, and also thst
link was to enable DS to h er anything that was said. The purpose of this redid
could be made on accurs .“Iﬂ'mh of, for instance, fire orders so that 8 ch®
degree of difficulty ina:r' t also gave the DS the opportunity to assess the
assessment of moral Jhcoding or decoding tasks, finding a route and so on

@ could be made, lﬂmw“ B kst 5ot incidest

h-.d. ﬂ#m - .. . th. i
on subsegquent p.,.fmf':'“‘“' had bumped his head - which might have some pearink
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4 "‘.‘[t Gy b reclated that the use gp onl
hh'!:[}; h'l?;";-. L It 'llj'_ lif‘:c:el?tnblﬂ answer to the quaatirc-inur irE“ s L A7 8 A
<4 Vi gaedatifhlT Tor only simulated battle ahorg o in the Atn, and that e

| wen
:["} i:l"\- nn“r F:ﬁnmanﬂg ii’l ﬂpﬂmtiﬂﬂ.ﬂl ﬂﬂ]"ﬂit t'ﬁﬂ !hﬂ]""t tl:ll 'Dh‘tﬂ‘.iﬂ ﬁ.II::I' accurate AAsSgR=

iona for 1

-} l]'j_ L1 . of P useful qualitat Onf periods. However, it was
1 i tain some ive informat ¥

ag i "ot oty F;* to ob ton and indications.

RESULTS

Dﬂﬂ_t t"f;]hﬂﬁ 1y ~'r;-‘ to various engine/transmission TR
8 ta % tr'&tt‘ T e Dﬂ:- hour Tifle Tha ﬂlther thrEE ﬂmplﬂtﬂd rﬂﬂkdﬂﬂﬂ, Dn]_:‘r One orew m]:rlﬂtﬂd.
“h;ﬂ,ﬁ bR tffﬂf Thus eny validity implied 44 F“I‘:F'E'Iﬂ:_;natgjly 18, 1 sl & houes 5

! fpe . : ove i h .

o, o [ ssomdecible GBIty of maiztensnosmmd repeis somk hay mpie s

Oy % Bgsiastically Eﬁﬂﬁn i 1:3‘3 Lfﬂ““ﬁ“ Trials Wing, evep the limited completion

e Tﬂﬂﬂi:gﬂﬂ and will not be gﬂgi oue to these factors, detailsd results
14 be me 2 omsent : d
10 2 the tasks follow, and dacussion of the perform

gervation/Recces The first point to note 35 that il
s capable of x18 magnification and the obsery the 'S' Tank had two

ers two
& lars. The crewa cculd see detail at ] peirs of x6 hand held

. ONg ranges completely invisible to the
When given instructions to count, say, a1l vehicles moving East on & certain

& at 2000 yards, they claimed to see the radig eerials m o

rise hidden behind a hedge, which the DS could not aue?lmThuznniuIﬂ:u?::s:m

punts it wes impossible to check accuracy of reporting, On a1l shorter range

sunts these were accurate so long as there had been no misunderstanding of orders

« the interpretation of a map reference to a point on the ground was accurate.

pere Were SOME examples of this, but they occurred equally during the earlier and

ater hours of the trial, It can probably be assumed that the performance of this
did not deteriorate to any materiel extent during cccupation of the

.;.' -a '1. -

Suznery = Indicated Targets. This task was carried out at a high level of
grformence throughout. Assessments ranged from "Good' to a quite frequent "Very
god' on & 5 point scale, the 'Very Goods' being scattered frem the eerlier to the
ster hours of the Trial. There was no apparent falling-off in performance.

- ortunity Tar eta. There was quite a variation in the response
totel for the tank and individual crewman's) both within a period of "Aetion®
M between "Actions". There seemed to be slower responses after gaps in the
raffic stream ("Enemy Vehicles") on the roads used and slower responses for
igagezents against slower vehicles (e.g. lorries) due to their taking longer to
iter the chosen point of fixed aim. It is impossible to say on the limited data
igther these differences are gpparent or real, although these seem to be what might
b expected. There was also an apparent trend for the responses to be slower in
¢ later hours, but again with the limited data this is impossible to state firmly.
) important point, however, is that for the full 24 hour period for the one tank
ch achieved this all the response times were considered to be militarily accept-
8, Individual total engagement time to lst round fired varied from 1l.) seconds to
second , the large majority ranging between 3.5 and 5.5 seconds.

he proforss i

: and Codes. The use of radio was considered good or acceptable
ept for two cases of very slow response from one tank. The use of

L L] 5§
e S

eéxc

few difficulties
ied - Griddle was well known to all crews and presented ,
X was less well known by some and some difficulties arose. These dif-
oceurred for the most part early in the Trial and practice reduced thelr
a0e with incressing time. The intercom/redio link system employed enabled

o

D8 to overhear any conversation or comments about this task.

ey
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The assessment of this task varje.g

- = rrﬂn
(ol M%%' ratings tending to be glven more gpy, in e ::‘:'5- 'I‘f‘-
I L
a

IAcceptable’ to . uta could be partly explained by incr&aai-nﬂ fa"il},h‘
ity

t .
later part of the the trial.
with the area used for much e #U"‘ifn‘ﬁﬂi e
sonance, All crews carried out fiecir baslo Dadntenang, Canlky ex0% " 514
L8, Crew Hﬂiﬂfﬂ S aviag of s and again at varying intervals Iiur":.n{'; tha + g *' »
the vehicles be g_r;;t all the necessary checks and did anything necessary ""'hiu" ae¥
T:.: " ::;nu:;:il; competence. There was no apparent dsterioration in gng, 1:!;2 ! i
e 4 fal ﬂ’
. u Thesse wers .,ln ’ﬂﬂ'ﬂ
en Alertness snd Morele Purely , pad
49 aperal Crew Effi;ltn&ir observation of crews, and involved for tp, :hduqu 5 b o du

agsessments by the D8 o

i

the later stages of the trial. 1t 4, ﬁ .;r"'ﬂlﬂi ., V&

' and particularly for
i;:?:r:\.,:ﬂ?;nk 1 Eift.ln time to settle down but onoe they had they becamg n:ihm pl¥ 2
ef ficient, more closely=knit teama. ,;-01"' ﬂin
. £hi® -

50 Control of . The competence with which the troop leader t“ﬂtiqﬂl’ ! ﬂ ﬁh'ﬂﬂﬂ &=
::m;trnllcd his 'trocp' of one other tank was assessed by the DE. Thare Were of on hi
few 'Acceptable" ratings during the aarli?r' stages 'ltﬂ:lt all the rest werg 'Guw N if hhl!uriﬂj
If the troop leader had any difficulties in controlling his troop from witpg, ,* WA !El?'ul.- pe
' tank (there were comments on lack of space to spread out maps, plage Eliﬁ“ * o on pad
packa and note-books) they were apparently successfully overcome, PlI'tiEulaﬂr ot
after the initial settling-down procass. o -

51. Observed Cocking end Bating. A 24 hour period (or less) is insuffjciey, .

assess crew's operational feeding habits. All were issued with Compo ratdeng wﬂ&ﬂ
most, if not all, took their own personal supplies as well. A mach lenger H.;. TR
probably necessary for their own stocks to be used up and for their appetite oy H i

habits to become settled to the routine of operations. GSome limited CO0k] nphas He
of tinned food - was done, particularly during the evening and early morning ‘g have tl

periods, and many "brews" were made throughout the trial. No apparent difsie 4
was experienced. -

52.  Observed Defaecation/Urination and Sleep. As noted earlier in paragrash
there are no built-in defaecation or urination facilities. Az the crews couly
leave their wvehicles 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 gls
uncoafortable, would have raised considerable problems. There were many oppore 1
tunities to climb out of the wvehicle, particularly during the 'Hide' and 'Leagu'
periods, and crews made the most of them. There was, in the 24 hours, guite s
period available for erews to sleep in turm, but many of these pericds of 'Hide'
not give crews any idea of how long they would remain quiet and they tended to
awake. During the night the vehicles were in 'Leaguer' for about Li hours cdly,
allowing each man say 2 hours sleep if they took it in turns. In fact, most coe
manders tended to stay on radio watch all this time, letting their gunner/drivers
sleep for the whole period. In more extended trials over much larger periods
the men would become much more tired, this observed pattern would doubtless be
changed. GSome men slept on the warm engine deck on top of the vehicle, scoe o
::Llﬂ Igeir seats. All complained of discomfort but especially those who had slegt
nside the vehicle, Again, on extended operations it is more likely that biwe

would be set up and men sleep on the ground, except in NBC risk conditions.

53. Meteorological Conditicons Crew C
artment Temperatures, These wer?
::;’““‘1 solely to provide background information, If, for ina—t;.nua, the wesulEh
th very hot and humid, it would be necessary to kmow the copditions to wifl
6 crews were exposed in case there were any obvious changes in perforpanceé & =

task. In fact, the weather was pleasantly warm day and night.
/Discussiod
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% LY
t fip, By
::h& AT
b;? quiht ‘ig'f- sj’- DISCUSSICN
4 [ A
By hi d"‘-thh'q 1) this short trial was to evalyate + |
k| N Y aim of i h uate the military cperational perform-
“b% hh.h! The pew of oply UWO meD wWhen cperated for periods of 2 houra of simulated I

&ti:haﬁ 2 thtit.t e of 2 Eﬁ'ﬁ' Tapk. A8 & result of breakdomns
h b Enat uﬂhuiiﬁt {ndications E;E thaﬁhaunh Operation by a ¢
3y baerv D
o] Iy .Ill_ll'-_ , of e fﬂ.ctﬂ:‘ﬁpgrﬂwﬂ fﬂ?thaetiia:h-?'ﬂ;d any strong trend towarda reduction of
Ve b B axcep en to engage 'Opportunity Targeta',

tbi d My, B M““"
ey alight decrement. Ve fow
¥ Ry oW Ty, Wy Y {ndicated ﬂar Shored Lndl ants o I'.:f of the factors received any 'poor' |

Y i *i]:t;iﬁh: pich 5, and Bev upward trend with the passage of time. l
[ 4 i gt
EANE RN d in this trial were all relats:
| he men use relatively fresh on starting. If the
-'ﬁ:;p Q"a!h ;lf-aﬂﬂ.!" had some days of actlon as a full crew immediately p:'j_n;n%ﬂ ntartin;
he l“ﬁ.ﬂ " al with reduced crew, the whole pieture might h
erd id Unfortunatel : ave been entirely different =
o E—;tﬂc ! Prﬂbﬂm more valld. n ¥ this was not possible.
3 Pa,, by, 4 g
tl"ﬁ 4t I'a t!,L this trial crewa could have their hatehes an
: or ol
.E.It m;'p ﬁ:ﬁ*‘“ 7"*4 = t:: chance to change the position of their 1im§1;: Eﬂz uutafeilzzpﬂﬂ:rlul%ﬂf ﬁ'ﬁgﬂh‘ '
og, 8, D, 4. s or on the ground 2nd so on. Again, the results might have been very '
®s pa, e, MEC rent if they had been made to have their hatches closed the whole time. In
Wy, £5 "copsule” Trial crews found sleeping and elimination of biclogical waste easy,
Eﬂ.ﬂ.} Y pmj_g.iml had been made, but in 'S' Tank both would have presented problems. '

on several occasions tanks were bogged down in wet mid, mostly in the dark but
A gy 7O by s by day. On one occasions one tank fell into a gully and nearly capsized.
Or 4308 1y, aSgggon, especially when closed down, 18 really excellent, but the relatively rearward
B ¢ aiticn of the driver may be a disadventege in that the ground close under the front
Et;:i :'::'j' tank is hidden. . & third crew member would not have improved matters in this
ily anbe, but if the driver were located further forward these incidents might not "
e « However, with one crew member forward, it would not really be ..
fumggsible to have the facility of shared controls and tasks unless another crew member !
s also moved forward. In other words, unless the entire crew compartment were

arly oved forward, it is doubtful if a three man tank could be designed with the ability :
or in Pirsgy, of being operated by two men, and still retain the normally excellent forward close=- i

As the Créws ,..um view of the driver of a more conventional tank,
hey beey l-:u.;. |I
eats which gz 58 It 48 not thought that driver fatigue played any part in the incidents above,
e Wers migy ut it is probable that in prolonged operations men would become much more fatigued
'Hide! a1 #b80 4n our 2l hour trial and the likelihood of the tank becoming bogged or hitting
2L hours, gt n cbatacle would doubtless be increased.
? perdods of i ke The observed levels of "Mormle', 'ilertnesa' and 'General Efficiency' wers all "

i th“ﬂ berdtd Uioger high throughout the trial. It was quite apparent that the men were not being
bout Ly bo “fested to any extent approaching their limits of performance or endurance. The

In fact, 24 %o pen in each tank were doing between them the work normally done in '8' Tank by
heir M irée men, or in turreted tanks by four men. It is thought that the ability to
. larger perit'Shére tasks, the removal of most of the physical work, the good design of controls
14 dmhtliﬂh d vision devices, the good riding characteristics of the vehicle and the bump and

cle, 3 "B0L88 protection afforded by the helmet, all contributed to make each aspect of the

' who hed ¥ ei's tasks easier to perform. The attention paid to Human Factors aspects in the

ilE:lf that & Bign of the tank was noticeable, with apparently successful reaults.
o B ’
condd

7 U
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turretleas t

jon has been made of 1_:-]1\.?1 Nk

Tha most important difference betwean thaD::*F'tr g
]

s viewpolmnt. itable design th
. rretless tank of sulita &0 the contrg) tiny AL
with a tu Sharing of tasks means that i, ;r.“n N
]

£ tasks.
e o jonally with a reduced crew, in thi, S rﬂ}"’q
%ty
1

erat
ihs - in even worsé emergency can be still useq ,

for some gu duct N
1 shion by & further e S Unndl: oontl Tat q‘

the 'S' Tank, the most important tasks %o be shared ( . duplicatad}ﬁh

ion, in this case one man. As demonss
for aeveral reasond, to be driving and gunnerye.

ts of the turretless tank concept which greatly aep

The o o aapects is the removal of the limitation of having a d‘:;::r agy,
5/FRG 70 which is, to say the least, complex) and Pe

the crew accommcdated within a rotating turret and i'F” basket. The turret H"Er: _
basket ecan only, for engineering reasons, be a certain percentage of hyly "iliht
wheress in & turretless tank virtuslly the whole width is avallable to tp, o-% Y
By the time that all the equipment which muat rotate within the turret iy imh :
there is not normally much room left for the occupants {ﬂ-ﬂ'ﬂ normally it is gy 3
For long term habitability lack of space and awkward seating pﬂ,i:f'ﬂ ol
o

shaped) .

are liable to lead to performance degradation.

63. It is not impossible but would be difficult to install an automaty, i
system within & turret. Without such a system there must be a loader ang }, gy
the depression angle of the gun tend to dictate the overall height of 4, b !
Without a turret, the overall height of the vehicle is mo longer dictateq py =

height but by other engineering factoras. A floor toc roof height of perhapg
LB inches is adequate if the men are sitting upright, less if reclining op
reclining., If the other eguipment could be built down to this level the rE::ff’ |

would be a wery low tank.

g0. So far virtually mne ment
the Human Fagtor

pears to be thﬂF
dupliceted, allowing 8

atill funetion
Rue GEHE QS0 long ;:lar.i.crd and

-
]
g
3
:

6l.
for Human Fae
on his own (except in U

CORCLUSIONS

64 The first conclusion is that the turretless tank concept, as embodieg in
'S' Tenk, has considerable adventeges over more conventional current turreted
The most important of these is the duplicetion of controls allowing sh sttug g
tasks which in turn reduces the mental work load on the crew. This dﬂplimt;,u

the added advantege in that it permits in emergency & reduction in crew numhar,u

€5. The turretless tank makes installation of an sut i
omatic loading ayst

which eliminates the need for a man to lcad the gun as his prime 1:2‘511:.:,r ;mhi:m.

reduction in task eliminating a man is balanced by the bulk and weight of the

%oa.d;nﬁu :jr:;:m. It may meke little difference to engagement time when a loader

Tes er several days of acticn or in i i .

psroadtat il B el oy prolonged heavy fighting an sutonatls

E:;w “Tﬁﬁi:u:;-at:.ua tank affords the designer greater freedom in the leocation of
e tank and inposes fewer restrictions on the shape and velume cf the

space allotted to the men.

FOISE LEVELS MEASURED IR 'S' THR
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Appendix 2 to Annex 'E' to AT 1123/GT L2B

dated 13 February 1969

ol HOUR BATTLEFTELD DAY
ﬁ;IIEIEI BHREAXTDOWN
Total Times |
3 hours 35 nins

Iy hours 10 mins

1l hour 10 mina

7 hours 15 mina

wRAITING FOR SOMETHING TO HAPFPEN" 7 hours 50 mins |
1l

DCINE RUNNING TIME (approx) 7 hours 6 mins

' §OPE: During these periods one man was permanently onm Guard/Radio Watch.

refers to those periods when the

tate of alert. The crews were
t their next activity would be

"SAITING FOR SOMETHING TO HAPFEN"
IS kept the crews in & continucus =
kept entirely in the dark about wha

or when it would happen.




DAY

NIGHT

HOUR_BATTLEF IELD DAY

ENGAGEMENTS

1]10 I--Illl-l-rilll-l--l--rl--l-i
m} -i-"-l-rili-pilt.i-i
uzu ‘II‘.I!I“-I*I-I-".

1315 passsssnRbREEang

lEEﬂ sEssssEEssaRSEaEE

l?ﬂﬁ T T TR L R R

21-22 AR R EREE LR
Eﬂﬂ? '*TEELEIES EEE R O L ] ]
m:ﬂ TIIESEEEET YRR L ]

m (R R R RN EREREEN A
[ﬂ.ﬂ aFlEEFESERERER DD
l:ﬁl_ﬁ' AEEFERRFEEES R EEE

ﬂﬂm LR R RN NS RN

Engagements by day .... 10 (including 2 Opportunity Target engagesents
approx 10 & 15 cars) taking approx 63 mims.

Engagements by night ..

2 Targets [Indiﬂﬂtﬁﬂ} sesssssEmEa g,
1 Target {Iﬂdiﬂﬂtﬂd} LT E T T
opportunity Targets (approx 10 cars).,

1 Target (Indicated) eeeessseecnaa...,

L Targets (Indicated with Very Light
and Thunderflash),,

1 Opp-ﬂrtumt-y angﬁt S LT E T I,

1 Target (Indicated)

LR R .

1 Target (Indicated)

BEEA SRR e

CAPSULE ATTACKED R T ISR

1 Target (Indicated)

LR R R R e

1 Target (Indicated)

‘ill.i‘i‘#llllii

1 Target (Indicated)

BEEEEER RS RS

Opportunity Targets (approx 15 cars)..

3 taking approx 3 mins,

}(ﬂﬁ :.w"

i

7L A
2 Eing ]_)ﬂg ‘:'_
Lty e
2 oy 1697

1 nif
1 min
1 min
30 ndns
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MOVES |
. |
\~i I I |
Y .1.“; ll:mij "-'.".-."‘i‘- AR & Lm:ﬂ.u {:ﬁ“ntr',‘l" isanssnesansssns 10 EiON |
] i"'-l. I‘ j:f llm '-"l-.'-.-..‘--- :{ *Jﬁr-lﬂ'tl.‘:r i R 15 ln‘l.!l"lﬂ- .'
2V 5 ‘1|| t:'_ 12_5":' et L L L L X ':Ulil.ﬂ't.'t"l_ll' T 10 =t l
Ia':"' " : LE RN R NN N
. EJ". ':‘_. lj25 T T T T R LR L LA A L.mmtl’ﬂ." fRasssvachansaesannnsanssns L3 mins
“-"n {:‘tll 1'6“"5 passssssnadanias A {.:ﬂ'.]'!'l.tr':'l' e R T T Y Y T S T _l.-.:' mll'l-?
?L h| .! _!' 1555 ".'_-"...'--" -:{ Emut'rar '.-"-.‘.-.*.l-ll-.;-..-........ 5 ::I_'-L'I'.I.ﬂ
bfl-ﬂ.ﬂeﬁl't {'r l?jﬁ PSRN .:I: Eﬂuutw .-".-.-"--'..i'i‘Ililllll 5 JTI'.'Ln.a
..i"l,, x: IE}D P T T LT T Road March B R R R h_ﬁ_ mina |
"l,._""‘ "r",:i!
L .
"t. 1951:? g mesSEEs SRS Road Hﬂ-rﬁh dspsiesnnsssRsnanEeseesss s 1 ELOS
mjﬂ aisddEREdEERESER ﬂﬂﬂd Hu‘ch LR T T TS TR 3':' mins
“-.'!.i El;ﬂj grassdessEssEnBaS .:{ Gﬂl.lﬁ-tr}f LR T T T I I T 5 II:Ii'I'J.!
|
L™ ]:‘ E}Eﬂ "I R LR R L L 1 Gmﬂtw SEAESESE AR RS R 15 miuﬂ
&l 1:1 D030 ssssswwsssssnnasn X Gﬂun‘t-IT Al EdaRsssaebnnnnssnessnnes L0 ELTIA
“'.I.. . m}ﬂ 'TEREE R R LN B AL x- Enuntr:lr FEREEREEE R AR RN AR R R 1D I!iﬂﬂ-
L

ﬂ?lﬁ- TR E R RN R R R N 11:011“1;1'3 LE R R R ELER TN RN E AT R T NN ] 5 Iﬂ.il'lﬂ
'I:ﬁ-jlﬂ TEEREEEE LR BB LR L -I-Emntw EERERSFIFENEREl e R E R lﬂ Fﬂiﬂ-!
mzﬂ "I T R R ] }:ﬂﬂun‘tr}" IR R R R E RE SR REE NS RN ERENEENEEY] 1':' ﬂil:lﬂ

T 1:: DHJ HovEs sssnssss 13, Tﬂtﬂj. time 2 houra 15 mimlt&:
(ineluding L5 minutes Road March)

.I'-ﬂ_}" j'::: Hiﬂlt MOVES sssses &, Total time 1 hour 20 minutesa
(ineluding 40 mimutes Road March)

_ Total time of MOVES eessssssssssss 3 hours 35 minutes
" engupmey (Total engine running time ....... 7 hours 6 mins approx)

2), HOUR BATTLEFIELD DAY

130 £0 2645 HOUTS ssssesssssss Hide (1 hour Radio Silence).. 3 hours 5 mins
R L N 2 hf.'l.l.l'ﬂ 5‘[-] ﬂinﬂ-

1 hour 20 mina

-E i tn njm hﬂuﬂ aaddE s rEBEW LEEI.EL‘I.EI' llilillr!-llilil
o Iﬂﬂﬁﬁﬂ ROUr'S .sssssssacnse Hide sesesssssssscscnsnnssnnss




DAY

1255 ... Vehicle Count, 2 directions, 600 metres ......, ak’
1725 aes Vebicle Count, 1 direction, 100 meixes ........, M 1
-, L ﬂ
b
NIGH? 2000 +s» Veiicle Count, 1 direction, 3000 metres ........ .
2100 ... Vehicle Count, 4 directions, LOO metres ....,. %
9145 ... "Observe & Report Movement" 20° Are out to Loog Detpey
21

IOETIAL = UK gWEDISH EYES ONLY
[
o, HOUR BATTLEFIELD DAY

OBSERVATION
Count, F
1015 es= Vehicle
puﬂ“‘

lmﬂ L] "ﬂh!ﬂﬁﬂ - Hﬂr'th'r’ no Eﬂunt g el AT "'1. uh
1150 ... Vehicle Count, & directions at X rosds, 40O metpe,. 5;"31 o5

1 dimctiﬂﬂ, LOOD metresa eebaay,,

W '

Fids

S

(2330 teo 0340 One man on Guard/Redio Watch; NO taask)
QLO0 ... Vehicle Count, 2 directions at X read, 40O metres, .

]
0450 ... Vehicle Count, 2 directions, LOOO metreas ....,., T

Fahay mﬂu

** 0730 eve Vehicle Counmt, 2 directions, 2000 metres ..,..,,., P
g “

-

DAY
08L5 ses "ODBErVE sas Hﬂﬂh", count LA AL RS AL T LT T 15
XY ﬂ. .
Observation DY d&y ssssscessascscessscaces 2 hours 5 mipggg,
ﬂhﬂﬂrflﬂﬂﬂ. h]' ﬂsht T Il T 2 hﬂm 5 Himt“ b it
Total cbaarvatlon sesssvrvssvrsrttivansonnns L. hours 10 mimtag
NOTE: * All roads had
nﬂt Mo - tﬂ I}E lﬂﬂﬂt“ 1:1 thﬁ ﬂﬂ.'l."k- Fﬂ-.'l:‘ J.O]:LE rmﬂEEH, ti'liﬂ m
** This task was frequently made more aifficult by mist.
2l HOUR BATTLEFIELD DAY
USE_OF RADIO, CODES
1, Radio in constant use to al
18 . '
moni toring by Subjects. tations on Squadron Net, requiring comst
2. R
adio Silence for 2 one=hour perioda,
3 Little radio traffy
¢ between O0LO hours and 0330 hours, except for lest

night of each Trial,
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0 . hppendix 3 to Annex 'E' to AT 1123/0T 428
Jﬁat ?.'I_gtll ﬁq:. , dated 13 Fsbruary 1969
:I h " "'.
%tb b T Mﬂm AP AN FXTRACT FROM THE SIGNAL SCRIFT

e

; Infantry
: o as required
]
/ F

-,
g Artillery
&
P
’ -

S8qn HY (D8 Vehicle) i

_________ stations repressnted by
the DS.

i — « —— + Monitoring net on Troop
Leader's Tank.

« Extract from the radio script:

. MESSAGE T8 ACTIVITY
i requinﬂamm (») (e)
055  Hullo all stations 2. This is 2. Orders,  Walt for 21 to reply.
[ OvVars.
§ 0
rs, e5°% 22 asend over.
23 send over.
nﬁ”
 wer? , |
. §3-1

Tk
588" CONPIDEVTTAL = UK AND SWEDISH EYES ONLY
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(v)

+hat the enamy ia
igl recce reports
Run-ﬂ.‘ng for another push across the
i pp.-aaibln that they have baen

d regiment .
by another armoure
aghif has not been confirmed. Call ot

he river from
and 23 will defend t
o g ot location and stop enemy CIrOS51ing.

&
g:lu;- Eir;i 21 will be prepared to move to

grid
ls on the
Hullo 2 this is 23, Enemy patro
e river bank. I am angaAging OvVer. 2 roger

out.

833912

Q433 Hullo 21 this is 2. Move now and report

when in position. Control e

Ob45 Hullo 2 this is 23. [Enemy has withdrawn lll-t'“
and it is now quiet. 2 roger out.

hen 21 reports in position. Maric 21 on nap .ﬁ-.

at grid 833917

050 Hulle 21 this is 2. Count vehicles on
Bere Regis-Dorchester road. Report when |
ready to start over. Vehicle coupt . :

0455 Hullo 2 this is 22, Everything quiei here. :
Nothing to report. 2 roger out. e .

Q57 Hullo 2 this is 25. HNothing to report over.
2 roger out. .

0510 Hullo 21 this is 2. Stop counting now and
report over. 8top counting

0515 Hullo 21 this is 2, Slidex message over. Pause
2l. Report to guide at 829899, Hide. Send coded in §

0520 Hullo 22 and 23 this is 2. Things seem to
be guiet at the moment, There is a chance

to have something to eat
sach on watch over, - Leave one vehicle

22 wileo out.
23 wileo out.
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EXERCISE GE&J:IHV&TIEIH{ AECCE REPORT

LY

Appendix I tg Armex 1

E' to AT 1123%/GT L28

dated 1% February 1969

Jy
> ng
he 53351
210 .
Cﬁntrﬂl
'l-a-.aﬂ
M
&t o L op
Tig g, %
Vv
. elg OOy
g
Stop countig
Pause
dend coded in il

T L i
pate: =
/-”‘.'—-f- D3 Ob :
MT;!;:[ i 4 “aread Tank Heperted
5t -
Vehicles Nen Time Vehicles Men Time
EXERCISE OPFORTUNITY TARGETS REPQRT
L -‘-._____—'-_.p-.—_
pate: Tank;
Time to "Target" Time to "Firing Gunner's Time
Time (by subtraction)
r—
EXHERCISE PIRING REPORT
Date: Tank:
Quality of Fire Urders:
Overall Quality of Shot:
Errora
_ Identification Fire Orders Fire Orders Range
Time of Compander Gunner Estimation

Iargets
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e e I, hour intervals

WLHD [
- "’ o | cross Op | BPEED | DIRECTION WEGT %
DATE NTILATES ~
—_—

Data:z

1.
24
Je
La
e
6.
Te
8.
Fe
10.

liote:

FXERCISE DS ASSESSMENT REPORT
(at 4 hour intervals

Tanlc:

Time:

Good _ Acceptable

Use of radio and codes

Use of ground, Map reading

Vehiele maintenance by crew at base

Vehicle maintenance in field
Weapon maintenance at base
Weapon maintenmance in field
Observed crew efficiency
Observed crew alertness
Observed crew morale

Contrel of Trocp (Tp Lar onmly)

Flease comment as fully as possible,
Please also comment on any cbserved:

8.  Codking/eating
b.  Defascation/urination
¢«  Rest/sleep

Comments:

but ALWAYS for POCR grading,
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Annex 'F' to AT 1123%/GT 428
dated 1% February 196

AUTONCTIVE TRIALS RESULIS

A fl.l.ll mtmﬂ-ti"ﬂ Afsasdsnant and I'Eliﬂbilit.y trial was Flll"ﬁﬂlﬂ.dﬁﬁ by the terms

i;- the loan anditgﬂmtigi i“:lﬂ trial. Aotomotive tests were, therefore, carried
uﬂ-ﬂﬂaﬂm‘t uf umisan eatures "*'.I.lﬂ:h inﬂluﬂ.ﬂd the uas c‘r A EERS wrbim_ Thaso
tasts wore oarried out by:

a Automotive Branch of Equipment Trials Wing, whe
5 i provided the crews and
monitored the complete trial. The specific ‘Iiaa;.a included fuel comsumptions

and a dimensional analysis.

be FVRDE for limited performance testa using a fifth wheel and Kslvin Hughes
Recordar and l:l?I'FE-:LIl measurements to ascertain welghta, gap croasing and
vartical atep ability.

O AFRE for external noise measuremsnts.

a, Tha results cbtained by each of these units and satshlishments have heen come
pined into one Annex for convenience.

yepicle Weight
1, The weight of the vehiele with full fuel, oil and coolant but less ammundtion
nd crew was 79,800 lbs (36,210 kgs).

L  The battle weight with full fuel was 83,200 1bs (37,745 kga).

Jaxisus Speed
5a ﬂnﬂm :f-:'d in forward and reverse, top gear, rvad range over 4 mile road
with flying start:

A Dual power plant: 25.7 mile/h forward Eu.z km/h)
18.7 mile/h reverse (30 lm/h)

be KE0 engine odly: Gely mile/h forward (10.3 h)
4.7 mile/h reverse (7.6 )

Ba Maximum speeds in all other forward and reverse gear ranges on suitable level
road:

B Dual power plant: Not possible due to automatic gear-box
(Torque Convertor).
be K60 engine only: Forward and reverse = croas country range only.
Torgue Convertor Gear Mile/h forward Mile/h reverse
1st 1.4 (2.2 km/h) 3.5 (5+6 km/h)
2nd 5.9 (9.6 kn/h) 5¢3 (845 kn/h
Direct Drive 9.4 (15 kn/h) 5.9 (9.6 km/h
2 saee

IAL = SHED EYES ONL
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t maximum safe speed:
Avorage ppesd over one lap of Test Track & y’
i |
with dual power plant: 26,7 mile/h (&3 km/h) - o
[ 1
«8 h).
p.,  With K60 engine only: g.2 mile/h (L& kn/h) ,.;
ountry course at maximum saf
H. Avarage apeed over Long Valley cross © v ‘h“t |
Be With dusl power plant: 59 mile/h (9.6 km/h) iﬂ 1¥
: because of 4paufficient power, the l/,t‘
be with K60 engine only e pable of OVing itself alg veaig, - y
e A NE the 4.
pottem. It would baulk at the legge . Wil 0" ﬂ#‘ .
Accelerations I

9. Thess are shown graphieally at Appendix l.

Qbatacle Crosaing

10, Maximum Vertical Step. he vehiele could surmount 16 inches but oy .
surmount 30 inches due to lack of power. No interim step heights were tented g
to limited facilities. This also applied when tried in reverse.

The maximum width of a firm gided trench crossed was 9t &

11, Gep Crossing.
1 and 2 road wheels jack-knifed and fouled thy gy

1% railed at 10t when Numbera
lip of the trench.

Fuel Consumption

12, Fuel consumption during & 25 mile run on the FVRDE Teat Track at marimgy
speed. Because the vehicle went so slowly on its K60 engine alone, only 12 i
ware run in that mode.

L

¢ > 3 Consumption
ower Plant Distance Fuel Used Ei o/ 5l | gai/mile lg.r'rfitm
[aal Eilufl miles l-I--:l- Eﬂﬂ ﬂtE lIE 0.212
(39.5 kms) | (18644 litreas) 4
K60 only |12 miles 9.8 gals 1,22 0.8
(1943 kms) (Lhse5 litres) e = |

13. Fuel consumption et Long Velley ecress country under dry conditions:

Power Plapnt | Distance Fuel Used Co tion
mile/gal | gal/mile Elitr&

Dug) 1044 miles LEB.3 gals 0
= '216 - 1 -

/Lie

F=2
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v i
hjvh.'i jon on the publi
Lbﬂla- . | - consumpticn Publie road section at Bowington:
it Lhee I
I ¥
L"Ji.f!:u} “HW% ' “"'Hﬂ:nk pistence | Fuel Used [Wies/T i/ T ooy Tiieesy| Averese
: b power il mile litre km s
uinihrﬂ: !H ________.-—-'-'" LO.T miles &2 EEIJ.? D.66 l.52 023 Lol 20,73 :,-l_-jrlggfh
L?ing ip%ﬁ . pual (65.5 lms) | (2B1.9 litres)| (32.2 kma/h)
Sayy, by 4 ; 1
W PO Y 19,2 miles Foo S 1.09 | 0.1 | o0.388| 2. 9.5 mile
" ag ‘r.hll'-'i'r:;ﬁl g60 onl¥ (50,9 kms) | (79.5 litres) ¢ (15.2 h)
Lo
Eiltr.' k B tion on the Bovington ereo
b 15. puel consump - 88 country course:
e Consumpti
over Pack| Distance Fuel Used |miles/ [ gal/ ‘Eéf_ Titre/ hverzg&
X F gal mile litre km epo
1g 1 21,75 mileg 659 gals «35| 3.18 | 0.,112| 8,05 | 8.1 miles/h
bop , LAtha, | ”“ (35 kms) | (313.9 litres) (12.9 kms/h)
e, . tg!rq [ 1 Turn Rate
tre
‘bﬁ?ch Togg 16. The mean time of four consistent revolutions through 360" on the FVRDE Skid Pan
ed ang f;.?_‘{n” on dry tarmac was 29.6 seconds per revolution,
L
3 17, The diameter of the cirele awept by the gun in a neutral turn was 31ft 9ins
(46841 cms). For the cormer of the hull the diameter was 24t (732.1 cma).
Teat Traq gosperative Cross Country Performance
t
&ine llnm- T 18, While the '5' tank woas being evaluated for cross country performance at Long
yalley, the opportunity was taken to compare it with FV 4201 and FV 432. The courae
was 1.5 miles long of even going with one hill of 150ft.
onsumption s,  Performence Table:
milﬂ Wi ‘!!mlm
57 O Vehicle Power Plant | Distance | Time Miles/h
| 'S' Tank | Dual power 1.5 15 min 59
— = 58 sec
15 | Oz | b
| FV 432 K&0 1.5 14 min 6.11
¥ L sec
dry conditios FV 4201 | L60(650 BHP) 1.5 13 min | 6475
19 sec
n f“' ﬁ
e ] o/
i' j'rhl AR
F=3

!
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jnteresting to note that the f"iﬁq“

ware:
odometel B8  ihree vehicles

—_— T Odometer HReadings
tanc®
Actual D18 —

L km = 2.5 milas

1#5 e
1.5 lep miles
1‘5 l.h milas

Crew I:E'Fﬂrt P—— ﬂiﬂppﬂiﬂ"hlnﬂ in that the ridn &

and
s camel due to the relatively short luh'".' m-ﬁr

B ouna and the high polar moment o bl ]iil&iuﬁﬁ% e FeE K
ck on %l thou ¥
veiole pitched excossively ST 0 %y gn rate of turn of the stearing y Ny 470" e

ydro tic suspensi
Tha b ~ppeund :
iﬁﬂmq was ain t0 thet offered bY

%
d
n

-
B bftt::uﬁtgg;tulm which, if hit, E;:_:u:ﬂ . ﬂi:ll‘;ihithé cren, N :ﬂ: capdtty”
in order to ar crash helmets. Leh rag : gur? -
£h 3 A tﬂ: ::_1::121- E: Ifﬂﬁzl approximately (at full suspenaion), " "hf:ﬂ"l::iﬂ
§x aasiated by 8 o e ¥ ihe S
. BlAurams . -Iﬂ"
20.+ Externsl Noise Lovels Measured by APRE. Theas & % WO takey U n“'“i; ste
both engines running: coua®t :
roxizately 22,5 miles/h (36 kms/h):
a.  Dnroad &% P ot 50ft lateral - 101 dB e '“1#-“5,
try at approximately 10 milea/h (16 kma/h): the esbl
ba O croas coOun app < Eﬂft lu_-teml e 1 = 102 an e !ﬂjn
min 2 = 97 4B i
at 100ft lateral - run 1 = 9 dB :2“ ~ex!
un 2 = 50 4B ﬂﬂﬂ'"
e pecame !
¢.  Idling at saximum revolutions of the engines: oreW
at 50ft lateral = 95 dB
at 100ft lateral - 9] 4B M
ad
21. An octave band enalysis was not taken as the correct microphons receimr s Eﬂm!:m
not available. (This test having been regquested by Eguipment Trials Wing sfie q“pﬂ' l# %
ETW_Automotive Branch Comments overall aut
22, K60 only. Only practical on fairly level roads. It is not feasitlea i
eross country. m T

23.  (as Turbine only, This is a "get home" mode of ocperation only. M
it is only possible on fairly level g:ingimu The effort mqﬁm e u{-:J::‘:lt!ﬁl'
steering levers in the mechanical mode is in excess of 60 lbs/in°. (Note: ™
;::Tnﬂmﬁlr provided in the driver/gunner position.). The gas turbins o8
ossible but tooay OF 15 mimites st any one time. INo test on cold startin ™
p ere was no failure to start the gas turbine throughout the t riks

s ual Power. The enEine
#When top reva/min are reached

: by keeping the accelerator 4eF
vehicle was under-powered. /2

P=ly
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bility. The appeg
on
to bound was slower thap cgeo > Suntry,
pod the orew Balacted rosg rﬂ";lnrn:llitq nmﬁl-mmm mainly hﬂuululz;;urr
# q- 'th e
En
ot

2
f’ful' o 4 halt st obstacles ch =
Wl ﬁ o :nwmtw ratio they -iimé Shange 4o ut‘::: Tten suitay), ::T i
it g in S50 had £0 be traversed ay gy et® the be IY Tatio, or 1 tpo
Mﬂ“‘“‘d“ An angle ko Fn“ Spead hﬂmd’ okl

L]
aﬂ"jﬂ. g driving 1 s
l’ﬂ The ipternal noise lavel g it

B

?"‘ 1met to prevent tempora ttemat
the et Ty thrnlhuli shifs i: :::L of 35 4R in the sape

1
it ’ e erews' heari
I:F.lt;ﬂ'.l::dl ._u% rj."u Wﬁ.ii ﬂ'ﬂﬂ.rr:.mﬂﬂ. ::I:c::fi:i:hml im‘p“ﬂli‘l!. It i L
% huyy Flt l‘"a‘t. ﬂ;"" and erude control on roads wity tha“ betwesn troas i 'm;:ad - high
'ed 4 Plg, "6t o o gierc® tive steering was a combinatig luteh brakg syste » but alag
P D of the amoynt ot tu:;_. r"-‘hﬂ control
of' the con-

it ted by the crew using th
a8 BEETAYE g the elevation cont
Wh):’ rﬂ m Hﬂm th. mt Im:i-d'ﬂ thE cIew m::ﬂﬁtﬂ:: :E:.E ;::ﬁitlﬂ ﬂf
1‘{9)2 dn ;0 noticeable until one used the sights and was then grateful for the haln::E 50 i
7 an ;
9, 4B " - Once & small fire cceurred when fyusl leaked from the I ,
90 dp il t pipes. This was effectively dealt with by the CO, “““?ﬂ Hhﬁﬂ
it shsence Of any warning system could mean a fire getting a strong hold befors the

;ron became aware of it.

95 4B
91 dB {onclusion

trial precluded a full automotive assessment except to provide

phone r , ¥, The aim of the
Scelver mi specific answers for the tactical and weapon assessments phases. The human factora
vehicle automotive system are included in the APRE report at Amnex E
The

t‘illﬂ .Illlirlﬂ' after A ; ” m
:ﬁmm:-'- compents on certain automotive aspects in Annex H.

oerall sutomotive impressions were:
algw The two-engined layout does not seem to give any worthwhile advantages
& single engine providing sufficlent power.

e

ot feasible on

- The use of a gas turbine does have certain tacticel disadvantages in a
‘requency noise, which locates the vehicle and providea a characteristic

lon onlys th ! i
7] ;;‘::? b ture as well as heat shimmer. Automotively the necessity to run under
a turbine cad & L -} eonditions for relative fuel econcmy and to have full power means an
d starting we 1 driving technique in comparison with British AFVs.

the triale 2 i
e 4 he second variable steering input does provide a high “Fﬂ“ngfhﬁu
scelerator Y However, the clutch brake steering is very fierce &

und if they are not warned.

10 _' ‘track was insufficiently aggressives
i IH. L1

T ES (1

J - 1 g= =,
¢ AND ohiliol
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J:;-l baan ld-qulta].;" achioveds i m*

3 f the power pack
. The reliability and durability © P pack and
::Iu. hands of soldiers 18 suspects. h:h-l_mull“ :
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Annex "G' g Iy 1123/ 4L2B8

i’ﬂt"ifi 15 Flﬂb]".j_.'aﬂ _'i_l.aﬁf!

avwia PO USER QUESTIONS RELATTHG TO Mz iz =
i LU Lot N —= el THE 3% pany
WH’Q—T 1'la3'i,‘lﬂ’l¢-ﬂ!i TANK DESIGNS I GENERAL

INTRODUCT ICN

. tank trial phase at FVRDE was +o CArTY out certain apt
sagurements requested by RAC Equipment Trials Wing and to ang
osed by & DRAC trials panel as a result of experience Ea;i:;zr

e -ﬂ;ﬂﬂ'ﬂ'
ond 'Eh& guestions and their answers are given below,

ri
o PO questd
fl, : o ot
ﬁw £o deslfn & Ty sbebilised commander's machine supy
i

certain provisos we see no fundamental reascp why a f .
o I.Tﬂ-'i.:?’ machine gun could not be developed, but ope mﬁ heagl;i%i Eﬂﬂtﬁtﬂd
0t 14 require & fully stabllised sighting system for the commander from
pachine gun system could be servoed. Any attempt to mechani cally
gl tha ﬂiﬁﬁt to thea machine Eun could 80 ﬂ-m]mﬂ.ﬂ tha lEl:;l’:i.ng ﬁﬂpﬂbiutj'
e Jarity of vision on the move, as {0 make it a relatively uselega pisce
l.fl‘liﬂ yipment, This 1:!.mitﬂ-tiun might impose severe penalties on the use of
6 's sight in conjunction with the main armament .

tho comsander
the natural rate of fire of most current machine guns is arocund 10 rounds,/

using the gas cperated recoil principle, could produce a cyelic

Fl

e
hich

:::t"'“'n' within the mechanics at a frequency to which the laying servo will

s ATy pensitive. This would require the mechanics to ba a very rigid, lash

fres structurs, and could be the moat critical factor in the whole deaign.

Mechanically it is advantageous and comsiderably less power consuming

s
if the stabilised hardware is balanced and non=pendulous, However, whatever
ant. Thus the

the balance condition it should preferably be nearly const
wmupition feed belt and stowasge box should be on the trunnion centre lime,
or sounted on the main cradle pintle.
d,  Because of Tangent Elevation requirements at longer ranges, the effects
of eross roll or trunnion tilt might show up very markedly, particularly on a
vehicle with a short track length to achieve high main armament Tangent

ght be sufficiently accurate te

EHevation, Beaten zone visual corrections mi
tcps with this, or some more complex corrector could be built into the sighting

astem,
The necessity for automatie re-cocking and clearing of stoppages if
the gun

b
f"“' positioning is considered makes it advantageous to mount
tegrally with the commander's cupola, thus avoiding a separate azimuth axis

L If the gun is entirely remote from the viewing position, that is isolated
this doubles the servo requirements, and

18 both traverse ang elevation axes,

g‘"ﬂ-‘! 86 stabilisation problems due to inter-action within the two axis.
tmply o on the cone of fire tolerable, it may be possible to employ a very
of servo control system, with coincidence firing.

e

Ca=off type
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: compact atabilised 14, We Ll
gn of @ high porformance, inewge of
. The Eiaalsnhzt S e machﬂmﬂ-'}l_d—“t“ and design eriterg, %Iﬁ.?ﬂt " f
already eXist8: .. engineered stabilised gun mounting were to y M, ) .
m&l‘]—;{:ﬂn; ~ithatanding the forces PRSULEANG TEGE LSTing nd uehiﬁl;m E’.tll‘#ﬂ
capd
acticti. [E! Tk
. ; be provided for the w.: |
. licated antomatic loader E_the maj .M
3.  Could a less SO TR #ic selection of up to four difTeront S, oodume |
which would 8180 = the 'S' tank reguirea v carefy] Ty
Firea? _The automatic loader in the e iy T
different ammunition pnat {j} b
tic selection of up to four 2 Ures 18
The a:tETL Empliﬂatﬂ tha automatic loaders Our exparience ig of '1"1
fﬂ:ﬂlr: with different functions and we can only comment that th, nex onl
capeful setting up is a function of design and might be improveq Upoy :1;.[-‘,‘&;r o0 140 with
alternative design. ] e lf#..‘y
i ted) be ided 50" tar the
E Could a Silent Emergency Traverse limited provided to meet i, fo1; ; 40
ituations:— 8. Jnhen no power is available from the main engine, and b, =M —.of jﬂ:‘#
or the track is broken on one side? 2 Fodne
8. If it is possible to connect & hydraulie pump into the h-‘“imﬁtuti,_. al

S

ing and at the same time provide elevation of the ma jor armement comparahble tg5
CHIEFTAIN?

G

0f & single main engine inatead of the double engine system used on the 'S’ temd

BOVINGTON but were not s
although we believe adequate to answer the query.

steering motor it may be possible to slew the vehicle without engip,
This depends on the details of the hydroatatic pump, motor apd cirouiy &
The slewing torgue required is very high and the pumping would preg Bh]\;
to be done by hand. Similarly, a pump might be used to elevate the 4
and gun, and an electric pump might possibly be feasible here.

b. If a track is broken, there is no certain method of slewing the ya
unless the road wheels can be blocked against an cbatacle. If the Siuspe
is damaged, gun contirol may be possible, depending om the nature of i

damage.
Would it be possible to design a better suspension that would reduce pita.

8. Pitching could probably be reduced by throttling the oil in the hyim
gas system; this hydro-gas system ia esaential tc the method of mun coms

be The elevation of the main armament depends on the ratio between
lift and wheel base; to inecrease this elevation the wheel base would hem
to be even shorter, which would inerease pitching.

Joes_the hull shape, which is dictated by the overall concept, allow tae®

?51 Only limited engine compartment dimensions could be obtained whilst
tenk was at FVRDE; more detailed dimensions were requested froa
upplied, s0 our comments below are fairly genersh
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ve “ﬂLuII.EHﬂ. that 'H'H."EE conatraj
T ke te

(1) The nﬂlsi: anfina sheuld
deternined by the size of the asutomati, 1mﬁﬁrﬂ e Delghd alvesdy

2) The engine should haye inherent]
£ conomic fusl consumption and be nmilt i{ mﬁ‘:‘{d z:ld starting capabilities, |
fﬂlﬂ'a and Iﬂigi:ﬂ:. » “ﬂll a8 hlﬁﬂﬂ small

The power available would hae
i:gilnblﬂ from the two engines, Y6 %o equal or exceed the power

The only current engine that comes near to
L] ] m nE
L0 with & height of L53" . but the engine nump;rttimntt:::.mmmquiur:?::ta s

[
R decreasing 0 381". Tt might be possible to install this

i 50" put the angles would be rather excessive sugine by tilting
Lﬁlintﬂ . _-;:;gﬁmlﬂ b ovovtds & new sump snd oil piuk—fpi:;mm nauu;iitntn & development
D S “'if:h : angine would have to be repositioned. many ancillery items on the

» mﬂt‘ Oy

G

l-lnrpi b Therefors, with the basic layout and crew ArTang
Ee.d ::'g “nL['I £he w“n' allocated to EIIEF.HEH is such that it would b?gfmu;:ﬂt;s;; tm -]
Hﬂihln elg, single engine to perform the functions of the two engines. ol

| poes th able glacis plat
| 8 a;?-muv e glacis plate weaken the frontal our protection and could

g, The Swedish Authorities have stated that after early troubles whe
firing at the two hatches which glve access to the engine, medifi uatinn: were '

(1) Easily replaced if damaged.
(2) The steel need not be weldable (although it appears to be so).

l (3) If improved armour becomes available, it can easily be substituted.

g the 0il in e,
€ method of g S b, It is difficult to glve an exact answer to the query but we have the

following cbservations:

18 ratio betws

theel base noi It may be felt that welding would be s tronger than bolting, but the

severe bending stresses when under attack might creck the welds. Also f
& considerable number of bolts were used and protected by being counter—

sunk into reinforced bers on top of the covers; the assembly would

therefore not be prone to complete fallure due to & few bolts shearing

under attack.

m any conceptual reason for not Elacigg all the fuel under armour?

Protecting all the fuel would involve the weight of extra armour; apart from
this there is no reason why all the fuel could not have been under armour.
# glven some priority in design this fuel between armour might have been
‘placed on the vehicle where it could serve as extra protection but finding
8pace for such fuel tanks in the front or alongside the crew compartment would

/10,
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" af CBR protectio
s B
Pa at & that thia vehicle could not by Py

. s no roason $0 BIPPOSC,, "y eciaing fﬂ:{ i;nth"" 4P laggy
th CBR prot down. A8 this ¥ e does not h,. i
:tn of the vehicle ﬁ;ﬂ'rﬂ::. nain sources of leakage, it is Ve o

ng, which is ritted with a filtration pam

anal requirement of about 6 cu ft., a
- n::::ﬁ of :;';:aﬂa:ﬁa;;l and the unlt cost of about EEm,mh‘ﬁ‘a
gonaump

10 What 18 the silont watch capagity of the patteriea?
L]

ch was obtained
acity of the patteries on silent wat o
';l;u ﬂg:uﬂgirmrbalw assume that only ome of the two radio setg Calyy,
about halved if both are used; & sight “P".Nhh ke

- the times will be
::'h- in use in both cases, Figures assume normsl temperatures: <¢p,
watch time will be reduced at lower temperatures.

.  The battery capacity is 1lh emp hrs, and it 18 assumed LO amp pry .-
be utilised without prejudicing engine restart. The current consupgg 1:!1
0.8 amp om receive, 10 amp on high power send, 3 amp on low P“‘rﬂ-m“
3 amps for the sight wiper. Assuming a send-receive ratio of 10:1 4y,

are caloulated as:
(1) Silent watch on high power treamsmission: 21 hrs Spproximately,

(2) Silent watch on low power transmission: 31 hra epproximately,




I-J:‘h“ﬂ‘:‘ L] h‘ II e S— e i aig Ll f;l'l'_--.“];'::i -::Iri'.'ju ':';'I'LT 1
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p i 08X "H' ¢o A P e i i
ﬂ.i:::lrt “:\\1‘ dated 13 Feb _:.L_i.:]gr WP 4
i LEADER 'S COMMITPDS '
Q0P SBVS BY .
Qg%l‘ \ TRUSL S===—=— WOR R, c, BAGNELL , ol
1y
o Obt comments, comparing 'S' Tank wiyy gm .
Bﬂdl{lh.ﬂ m::.yrmup Companders Any tactiocal [rﬂint:TTl:Im[’ Are made by the writer
ety O and dnevitably tend to form a oritique op o oD SPecifically from
%Bﬁ: u‘!t"ﬂq N ."f:r- soncopt asseasment. Ol the tanlk itself as distinct
NN &
: B ation of the report should be r
By H’GI' ::1.:1’ the Equipment. ®8d in conjunction with Annex *A' -
] 40 4
10‘. t .‘Phq gal Hanc2=0
Aty Fn:::;\" The handling of 'S8' Tank is
’ generally simil 3
op 8 ﬁ | %‘blﬂk it cannot deliver main ar to other tanks B..{E-B'P'h
lﬂ;laii,!  in arnanent Supporting fire on the move.
' In the advance I found it was b
5 . 8 better than conventional tanks au
8 : te allowi ater ot 8 due %o
ng gre use of available cover. This led to the '81

poing sble to get closer to the enemy before having to take up & fire position.

HM
Do, | - I parti
oy, ithdrawal particularly liked the ability +

. T drive, thereby keeping the frontal armour t:';“ © HEEH: nz;y fhe same speed as

iy Y]

fance In my opinion, due to the low silh
gl 2Rl ¥ ouatte au Iy % -
cetio loading system, the 'S' Tank is probably the best aiiﬁm‘i’ﬁﬂlﬁn“ﬂm

Positions, Taking up fire positions in the 'S' Tank was ex 1y
. ceptional
le due entirely to the two factors below, but care must be taken mﬂrpnm,t
arance 88 it cannot be checked from inside the vehicle:

8, The driver and commander being on the same level. (In cases of
difficulty the commander can take over to put the wehicle exactly where he

wants.).

b 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 tank.

- Yehicle/Troop Control. As a vehicle or troop commander I found no difficulties
the '3' Tank except for the absence of stowage for map case, code packs etc.,

) reading was relatively more difficult due to the commander being nearer the
s The 'S' Tank was not tried as & command/control vehicle, It would be

Bult, if not impossible, to command a squadron from an 'S' Tank for any length
88, due to the lack of space for a signals NCO to work in the rear driving

- ‘-

Phe 'S' Tank was found to be simple to camouflapge due to the
it plastic nets provided, and the absence of' turret truverse.

/Automotive
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o drive badly and reasonably a4

Automotive : pasy © i ]
WL I found tﬁiﬁ::f Eﬁﬂnktn the strangenesa of the twin “EEH_H&%‘ : ;ﬁ‘“si

1l % &
10 Dr1¥l This was ing the accelerator fully down, tq a.m{g By #*
£ ﬂ_r'i';"ﬂ" walll uirnmﬂ]]t 'Df REEP i thg f-ﬂﬂt brﬂl{E tﬂ Eﬂn'tm = 1:, r Ef
tural red of also using L o, iy P e
inﬂ t;lZETturbinﬂ puild up, &nd Pom, II:::?.
ime 2
gountry -'FP'EH'L' 121 Tank is gq.cqj_. Maxi I‘.'le_ljl' 4L
of the 8 UM g | i ud
perforuance, 083 2 SEATCl5 /10 mph) on the vehicle spocdumetey, e
11. roximately 50/ 60 kp. steering good, though clutch hpy,. - i8
f‘um:dtf hiuupguas to be brutal :nﬂ :hﬂﬂ.aj the least, hair-raising, ﬂmﬂ‘lﬁ ty e o
roved 20 road sufrace 18, 1O * 8~y .
stear ot MOCS O ceppoluting dus to the oureent PRsT Tl L e e 1o e S e
Pe:-fﬂmﬂﬂ::d the fact that the maximum speed 18 to0 3. prﬂ’; -
the move . ,
(17 ieph/20 ali)« he '8! Tank appears t :’“ﬁ&nﬂ 1
. To the outside cbaerver the P 30 Pltoh gy i jmP-
124 %ﬂaﬂg attitude of the hull and the short track length o th:h. “ iﬂ.’lﬁ
ively due 'T}hi! is not borne out inside +he wehicle mainly dues to th-.a fact that N [ﬂif_‘fi i
s artment is at the centre of the vehicle, and that crews inevitably Ay B @ft '
“m';f;'lﬁ iteh to suit the terrain. (This ap;lla:‘en'h cbservation might hay, begy 210 i
:Eﬁav&tadphl" the fact that at no time did the 'S*' Tanks travel with a fu11 1‘3'541“ 2
2
ammunition.) : F’-'aﬂ
e
; the servicing of the 'S' Tank is simple and aqy
13, Servicing, Generally I particularly like tpy

ke marginally less time than on other tanks.
;::J‘;;ﬂ; rzlinsgigf ng::,r topping up when levels reach the low mark, and the fact +
greasing is dene by & given number of strokes at given intervals., Throughout ¢

trials the only complaints made by the crews were:
The inaccesaibility and awkwardness of the track adjusting nut,

HAa

be The filler for the K60 engine oil was far tooc small,

c. Lack of fuel gauges which forces the use of & triple reading dipstick,
This could seriously slow the gathering of a Squadron replenishment requinms

Commander's Cupola

. General, The '3' Tank cupola is without doubt the best I have come across.
due to the superb optics, speed and accuracy of traverse, line up facility amd

stabilization of sight. No degradation of cbservation
360° traverse capability. St S naieagg

15.  Specific Likes:
8. Range and ease of selection of the variable magnification in the sighl
b Large clear unity window,
Ga Binoeular aight prineciple,

d. Cupola hatch ig excellent due to

position, its ease of operation and umbrells

/16,




iy 2k IDENTIAL -
n Wy CONFIDENT I UK AND Swemve-
32"11 ﬁf;ir % SWEDISH B onmy
] _Ec |
Ry tﬁ i'.:.r it &
L pr nt=
ntthfi;ie.f: Fﬂrntnﬂ for LT g v = 1 LA
: I, %‘-:.f* cceasibility of line up locking switeh,
Pﬁ:‘\qm- N R :
zlutﬁ%;‘ﬂ 8 rack of rhecstat in eye piges heater efropit .
|ih€{=h hhg?‘ EE': IE:_‘.LF hﬂt:l' i I:E':;-rﬂ Plece coald {:ﬂt P'ﬂ-iﬂ-
.- 1S
nla i "j."- :_ i
i EEE%E;%;E" £a Ad justmens of aeal to cater ron tall members,
] ]
i R X ﬁ?“ 4 provision of stowsge for commander's necessary small 4+
iy, ;a- packs ELCs ¥ small items, map case,
! Wi oo
L provision of a device to slow the pat
téeﬂﬁg% %1 ﬂ*jrﬂﬂ.'ﬂhﬂﬁ B ko apevant D?Em:_ rate of traverse as the ecupola
8 gpl=
Fan, T 48
e ol L .w ieul .
Itﬂ. 3" slmp]_]_ff mt cuLd Pﬂ.ttﬂm I.'[h_l ch was t
Ehth}:f ft * opioulty with this may have been due to ]:fkmirfp HTFN End uniBried.
th & r&%“':&' aﬁ‘farenﬁ techniques). e BL contilnual practice and
L
3 provision of cc:mm.:m!:ﬂ.er'ﬂ spotlipht,
le
plya_{?k&q % Provision of armoured shutter on sight head,
md th . i - . :
g p ander's MG, This mounting I found to be sunerior 4
. Lomme e . perior in all ways to that of
T'h.mu . and supericr to CHIEFTAIN for accuracy during statie shooting., Whilst
ng on the m:n.ra_tha mounting suf'fers from the uayal problems of elevation damping.
_ o alevation stabiliser could be fitt-a:i_ this would become a really accurate weapon
lng nut, 4t is already astabilised for traverse within the cupola. The duplex firing lever
sxeellent though for preference I would like it shorter. It is almost impossible
erip. the elevating handle firmly without firing the gun. The cocking safety
e was adequate but could be made more robust,
ﬂl“ﬁ dipatig B8 Smokce Grenade Dischargers. These are adequate and the performance of the
ment requn pades particularly impressive, but I would like to see more of them perhaps even
unted on the corners of the vehicle (vide the British ARV).
o Control Column., This is simple to use for both driving and laying. The
come acrow faly problem encountered was occasional errors in selecting the firing button and
L lity and gt-hand magazine loading button. This was probably due to lack of experience.

H:irur.{t_ﬂﬂar*'s Position. The main two eriticisms of the controls are:
2, Inability to see instruments when in the up position.

the s+l B Handbrake requires both hands to release if tightly applied.
i |

: 1 This position and the controls are adequate,

gn a Iml;.Il ma,: :I.aﬂaJT;::i:n mgaaait_vl: Improvent eould be n:.a.d.a:t to the 1;111:;11
e addition of another vision block to cover his vision %o the right rear of the
dele, 411 instruments on the comtrol panel should be on the safe/unsafe

ple to alleviate the problem of memorising @ nultitude of safety temperatures.

/Heapons Systens
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- Syst e ia that a crewman 8
22. EEEEEE-EEH"' t be cured by cockinge y * ﬁﬁ"f it
sor stoppages Which T o gt 7!
s occurred and tp, M
sinea bBoXess Few ﬂ-t'n'PPEEEE Bag " ‘ﬂ-
b. To “Flﬂf xan:fnanlaulr packed magazine h’ﬁ;‘;’;ﬂ The wire nn:-::"' < o
mainly bad £30° 7, the gun was not strong enough FUATELY brog,, i
o wdc::f a;rantn-ﬂﬂ to be able to adjust the guns aopurately to '-‘-ﬂim:iﬁ. L
was & BT
ith the sight mariinge

tem was the 1
. The only real complaint on this ays BTpe
234 ;i%ln::;‘::;tﬂﬂitﬂhﬂﬂ- It waa found to be all too 83y to fﬂrm Un&u::‘
of sale and thus cause an apparent miafire. Stripping and re-assembly of .
sl chanism was simple and easily accomplished after practice. Misry,,

ragcell me i iy,

axtracted through the ejection port.

| 5,, Tool Kit. This was very comprehensive and of good quality. The may,
changes we would like are:

Cleaning staves instead of pull through wires.

i b A more robust track tensioning tocl on the retchet principle.

! 25. a stallation/Harness. The two American sets and vehicle harnesy yy,
simple to operate and the present 20 Channel Dialling System would be an asset 4y
& British AFV. The vehicle antennae and bases were robust and not one "top sumy

b was lost throughout the trial.

! 26, Crew Helmet/Harness. Everyone who travelled in the '5' Tank was impresssi)
| the crew radic harmess; it was light, simple and easy to use. No problems wem |
I encountered with the throet microphone and its "live" capabilities were especidly
{ liked, The earphones were incorporated in the helmet, the wearing of which was
| comulsory. Throughout the RAC there has always been & distinct dislike end
] ! towards the wearing of an AFV helmet and it was therefore surprising that everym
| who wore the Swedish helmet thought it an excellent item. Admittedly crews wem
' able to remove it from time to time, but its comfort over long pericds of contims

WEAr wasa Eﬂ'ﬂd-

27, Infantry/fank Telophone. This was similar to the British equivalest bt
o fitted with & much longer powered cable. It was necessary for boresighting, M
3 would be useful for & vehicle O.P.

28. [Training Aids. The vehicles arrived with a very comprehensive range of &4
as follows:

Ba mﬂaml fitting lamp for teaching the laying on and tracking of novid
targets.

be .22in bracket for field miniature range work.

H Ce 6.5mm bracket for open range firing up to 300m.
Jd.
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Appendix 1 to Annex 'y to AT )
dated 15 Feb 1969 123/ae 428

CREYN COMPLAINTS

> a0LB:
fﬂﬂ'rr hilising in elevation.

i"'.-.. a atﬂ.
f"'f-/: ﬁqﬂiﬂ .
padsl to be better positioned as continued use can cayse eramp

o tor
innfﬂmrﬂ
maller vision blocks would improve alj round vision,

4 e 803 B
., rabe and position control to be combined into the elevation controllen,
50
and the cupola should

5 looking awiteh should be more accessible,
cuped ning line=up to prevent overrun,

L #ppre
- cule adjusters need a more positive locking device,

B

fr qust needs more positions to cater for all sizes of mArn.,

1 periscope washers not fitted.
e
\ sheostat needed for eyepiece heaters;
ed demister would improve the sight h -
4 An improv ght head
in MBS mark is definitely needed in both sighta.

Dets for the AFDS markings would be better than lines,
fould the cupola's "umbilical™ cord be replaced by slip rings to ease

;,aupr of strangulation.
MG cocking gear could be more robust,

these get painfully hot,

bo
s lock to be fitted to stop seat rotating.

# Techometer, speedometer and odometer would be an amsset to commander.
f

% 6xNo,36 grenades to be replaced by 250 rounds for MG.

W WG firing lever to be replaced with & thumb button on the extremity of

ke grip,

fuer's Position:

Mo 4s unnecessary if semi indirect fire is not envisaged.

" dscelerator as for 1.b.
& iﬁ#w for the left foot.
s  Hand gy requires great strength to cperate, Wind-on ratehet Type

fos  oss
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Lhrs ST 0 il ey o

- L fhlNLE il [ el Cab WHAL
"
Lokl L

e tillers impﬂﬂ.ﬂihlﬂ to use due to the “I“ML“

thets
too high for eomfort when driving in the

tg sdght cowal
Gumﬁ:q:pt ﬁ:ulr nen of 60t and OVeIs

g ¥

fa
poal tion,

indicator needed for long range HE ang -
~3

F;n: if envisaged (see 2.8 above) . . |
rne tachoaster, speedemster and warning lights cannot bo reaq 4y o W :
i

ha 3
peaition. ‘
REE-I" ”211‘&]‘11! Eﬂﬂitigi_i.‘

' Accessibility of radics is bad. Tt
be Can & foot accelerator be provided? ﬁﬂ i
Ce Vision needs improving, sspecially to the right, even at full Lovers 14 e
I A
de. Dials to be on the three colour go/no go principle. . Iﬁ sl
Dr e
General:

a. Engine decks require time and effort to 1ift, especially whep bolteg

b Engine oil filler cap too small.

Ce Track tensioner nut is very inaccessible, ard should be hexagona)
BQUAre. Hek

d. Tensioning spanner to be of ratchet type.

B One spare aerial should be provided.

fe Pick axe would be useful addition to tool kit.
Es Cleaning rods should replace the existing wires,

Fuel gauges are & necessity.
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I'I E‘I"E,EIEH 1ge TANK

PROJECT No. BE 7a/10095
3. DEME (A) REFEREWCE  58/Tech/617 dated 27 Mamey o'

b ""‘h
“I i Object of Revort
oy, Yy S
1, To compare the Swedish 'S' tank ana Chieftain in respect of:-
4 f"l: a., Servieing and maintenance loads,
] a.h
b, Servicing and maintenance bl
Eilll_»,h fantines problems arising from unconventional
ag 1 ¢. Recovery.
'h':'.llq by d, Special tools,
. | e+ Suitability of available technical litexrature;
§EQTION II Eguimment
& Equipments:
it, a, Tank combat DER
. 120 mm gun Chieftain Mk 2 as de bed
TKD. VEH., I 200, gk iy
IJ:'E!-
b. Tank 'S' Type A Swedish described in the Vehiele User Handbook,

~ Sponsored by AFP 17, and under econtract Bofors Sweden 5739-0156/66
i 21 Pebruary 1966, two 'S' tanks were loaned +o UX for six months tn
This report (Amnex 'J!

sble a complete assessment to be earried out,
‘the main :l_!fﬂ_pna:'t:l assesses the maintenance and servicing loads by

JMpErl SOns "'it-h ﬂhiﬂf'ﬁﬂ-i‘ll.

%& tank was made availeble to Technical Group REME at
; Trial Wing RAC Centre Bovington during the peripd
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W ;
G
Branch technica)
ranged ! my
b Working to & frﬂ;;-:ir ﬁ,wctiw apheres with Chieftalnjm“% ﬂf,
. mversant 11 8 pri
ffx:ﬂjuie;ﬂthe equd pment. e {31“#1 iﬂ:ha' % i
; detailed inf ormation of thﬂdipﬁ ces of thig e 'G’BJ,{! a
go obtain e 4570 ] anined the w0 SHedish reprosontayy,, 9007 ot
Or ort, the suthors cro had maintained the two 'S' tanyy 4" ey

who . I
mdputhuaa REE pI:!'IElcr:I"IH{."l 3
triale ot Bovington.

row available drawings and the Usex SRR Yere whiiget () ope™
4, The few ' e
ed by the authors wer LY
(. oty santenmnos ork ST i nciuion e g, 1 48 G,
wfl ﬂﬂmmmﬂﬁﬂﬁglmmnﬂ and one front suspension unit, W
barrel I : «l;l:f-‘|I vi
£, Servicing vas demonstrated by and discussed With RAC PeTaonng ’wl#.- pat:-t
E:JE'-H-E'EI:I with the running trials. e ar §
e The recevery appreciation was nh‘éﬂilt‘tidmbj actual trialg Carrig #Mﬂ,]rdﬂ&ﬂ :1::
. e . ! :
out by Technicel Group RRME Hecovexy B€ Eﬁaﬂﬂ“
SECTION IV - (ogervations
g, 2 tive mainte load
8. Automotive includi ont uipmen

(1) Four deys of the two week availability period were allotgy
to the sutemotive authors and during this time, 54 aspecty ey
studied - these are detailed in Appendix l. Eagh aspoct gmg
given a grading compared with Chicftain and shows that of 4,
54 etudios, the loading wos about equal i.e. 28 1 26 with
Chieftain the greator,

(2) The outstanding festure againet the 'S' tank is the eom
plicated hydraulic eystems with their electrical intorlocks,
Without comprehensive training and detailed technical infomatig
it is doubtful if REME could maintain the wvehicle in the field
in sccoptable repair times,

b,  Armament

451'} The armament authors wore allotted two days, but apart
Trom gun barrel removal and replacement, no dismantling or
assembling operations were witnessed,

(2) The informat

Sy ion obtained by the studies is given in

/(3)
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coNFIDRTIAL = U

Bo eing A8 ts

i DmPg_]:fiti","E- times for automotive servicing arci- ‘
a, The o 3 |
CT[IEIFTILIH gt T.IH:'H i# éﬂt‘

']:'-I!-IE'I_,.[E o7 '_"‘-—-.______‘_ ._: ﬂﬂ"' pe ﬂ.f
Firat Parndc 15 mins. 10 ming ﬂ,]'d ?ﬂd
Daily 30 mins. 20 mins, [ 4 Tne s

Ei;- % 1 The
Woeldy o Rt O 3% hyy, b g
Monthly 10 mins. X 104 pp ;ﬂﬂﬁ
Ouarterly & to B hra. Nona e
Annunlly 8 to 10 hrs. i hr, 5 Ry
1 oo
Bi-Anrmally None 10 to 12 e e U= 1;1 &
NOTES::

a, At 1,000 km ar. a2ditional 2% to 3 hra, is required
for oil changes.

b. Apart from the 'S' Tank Bi-anmual servicing tinmg,
the above times are not accumilntive.

[ tive Sorvici Loads
Theae are detailed in Appendix 3.

Commonts on Servicing the 'S'! Tank

(1) Apert from one hydraulic fluid filter being situated low
in the engine compartment, the oil, fuel and hydraulie fluid
elements are not difficult to replace,

(2) Access for mak tha : p
generally good., e periodical checks and adjustments is

(3) The tasks of making eertain j
checks and ndjustments should
not be the responsibility of the crew mepbers, although the

togks are T
could be s:ﬂ:ﬁﬁﬂly simple, the consequence of maladjustment

{4:: As thﬂ' hﬁ'ﬂ:‘mﬂiﬂ E?Etaﬂlﬂ are

ﬂf ‘bh& thiﬂlﬂ-. mm}lt

completely interconnected, less
in the complete immobilisaticd

(5) Certain £
B
not 'on vehiele ﬁ:}? W?EB used for filling gearcascs otc., &

the Technieal Rep) tubes were brought fron Sveden by
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N f-';[h_ cOMFIDETETIAL = UK AND SWEDISH EYES onLy
2 ————_..______.__
S Dy
lhﬁ.
b ':l.:.
s Hoxogon t¥Pe @redSe nipplos are fitted, Jpg
, - rit
serontly hove hydraulie type grease nipplos - Es;[ighi‘vfhéiﬁﬁ
IIZ". Tffﬂrﬂl
1n ) K
4 ¥ G A s s
J:‘\ 5 ioinE.S Maointenance Problems Ariging From Unconvontional Features
%; ' I getailed in Appendix L. Accepti th
\ 18 18 Ng the fact that all works apecial
i 0 ] fgulct pe available together with metric spanners, the only Prﬂblmhﬁ-up
s | a
i
.t 2] i 2
B ',, the hydroulic systems referred to in Paras 5a.(2) and sb.(4).
L | 4 L "
i | ;
gy p, The overhong of the gun barrel when towing from the front - soe
.{,:hE w B para 80
sets
1y, [ pesSSCASEEEs |
1.:| s BRaGESR |
¥ 4, : .
2y veing o Centurion ARV and standnrd recovery equipment and techniques, |
=N % she 'S" tonk was recovered from o crator - first with its i .
= 0 3 }lr E d in th-E D]_l_'."'.".'_:l.tEd I:JUEitJ.L'IT'.'Il 'thl]rl. i]",‘| t-]".l.lf_l agpmasﬂ_d Pﬂﬂitiﬂ-ﬂ &nd
o 1g e finally laylng on its side. '|
"Rl | :
4 i Tl}-h'i
%5“1 kit b, S0UIOR |
Lmﬂ-l_[:l.'l:i,-re "ri:."j“pk: - Tm-l-ing ‘l‘..I'iE.]ﬂ'. uE-j.“g ﬂ. Centul‘iun J;Rv ard an ETW imprngiaed tﬂ'ﬂhﬂ.r, |
] L”' gere carricd out successfully. The improviscd tovbar had boon i

sanufactured because the lengest towbor issucd (Drawbar Hoavy LV1/ARV
(FV 34135} iz unsuiteble. It will not span the 'S' tank towing eyes
and is not long enough to provide cloarance betweon the gun barrel
and the towing vehicle when towed from the front.

¢, Tronspgrtotion By 50 Ton Semi-Trojlex .
|

Except for minor fouls between gun mizzle/ground/ trailor/rear of
hull, therc wns no diffieulty - sce Appendices 5 and 6.

9, Spoeial Tools
¥

Becouse of the small amount of repair work witnessed, o complete study

. 1 4s

1 and hydraudse ny

lecks and odjustast)

ps inpossible,
. - The one foature highlighted woas the slave drive used to run up the
and adjusinen ' ic systems with thé power pack removed. This and other fectures

1bers, ol though B¢ are described in Appendix 7.

snoe of maladfie= g
0, Technieal Literature

\ The equivalent of the British Army Technical Handbook (EMERs) wos not
milable - BME 7 letter 58/Tech/617 dated 30 July 1968 advised this,
Jin referring to the hydroulic systeas, it 1is estimated that the mtlnq_

t BiRs for the hydraulic and interconnceting electrical systens would, with
2 agsigtanceo of BOFORS regources, engoge +wo authors for six months,
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ans

1

G

ﬂﬂgg:hra‘t;i_.' va Mpintenance Load

ence betwoen the two total loads,
o various REME tradesmen i.a,
the Artificer CL.

spoTION ¥

11.

2%

but thep,

ya is little diffor i
The ETeaty, fi:'"

i f th
4ifference in the loadings o
the Er‘hiiinﬂr wohicle but less for

g ative Sorvicing Load

There is little diffemce botmeen them - both vehicleg hae

b.

o 'E":'l.'.lﬂ

t so good features. The time for servicing the 'S' tank i,
?gr FimE: Porade and Daily, but longer for Weekly ond Monthiy, Ehnl-tu;!l
e. Sarwi and ntenance Probloms Arising From Unconventy

Fontures e
(1) Sarvicing - Nene

(2) Maintenance - One; the very complicated ond intoroonn. ’
hydroulic systems in which a leak at any one of tho nany ]I-"“ntmi:tzi

could irmobilise the vehicle.

Recovery

Existing recovery equipment can recover the vehicle, but o o
pattern dravbar is required for towing. With minor Tubbing fouls
whilst loading, the 50 ton transporter can transport the wohiel,

Workshop Tools

Complete
required,

Ten al Litercture

Only the User Handbook was availabla,
to ‘rj.-ﬂ'ﬂl

sets of Swedish workshop tools and test equipmont woulg b

AEE tradesmen could probably naintain the U

' vehicle ot Unit
:nlitFir.-ld Workshop level from bosic principles except for the hydroulis
yBtems. Systeme circuits and tost schedulos for the hydraulie,

interconnceted eleetrical systems and autolonder would be eaaential,

There wos no BER equivaloty
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SER.
oy ASSEIIBLY/ COPARMTIVE FRATURES
! SYSTEN CHIBFT AT

a) () o

t [Fomer peck | WEIGHD: 2 Tons wEIRHT 1 Lt

OVERALL DINEISTIONS » whlerl: 2% Tons

TE:E. PEEIT.F --:'lIF'I-.E._rnEt EHEIE“ X Ll I:"m.:‘.;llll DET*‘;EIDHS_: ?IE“ ¥ 5|EH- w L‘E“ II

i WVAL ATD REPLACELENT: 18 man hrs Ex3 TTEE: REIOV e Aaea | |
Major items: L60 Engine witi AL AND REPLACENENT : 32 man hrs fxl |

IoE ? gine with radiators and Mejor items: K60 engine, gos turbine, torgue \

‘1“;1,5‘,115 fans, engine lubricatiom Cciivarbar, peit Ghangs Eegmx |
and TH 12 gearbox heat exchengers transverse gesrbox, bevel dr B

S gearbo and steering clutches |
s - o . ] & = '

LifSing arrangements: FV L3L with assembly Lifting arrengements: Leyland Recovery Vehicle I

I

|

elways in horizontal plane il

= 2 (7 F LT 1 g N
L= 1 1iftis & o 424 cannot oope with weight
. EE . lb 1-|_E I51--I|-J-|-E nor Thna J'-EGEHEEL:";-' I'T'HI'.E“L‘.'L'.".-':‘EH;;:I

spreader for two point 1ift with
ratvchet chain block for
dongiitudinal inclinations.

umber of connecting/sparmering noints: 30 Fupber of cormecting’ sparnering pointsz: 50 i
ol w & - F E B L =
£ {Enginesg | lejor items: Hajor items:
Es ¥
§ & a 1 - am . - " - ] " i 1PTr L & o i e Lt s, PR Ao
lein engine: L60 Ho.l MK LA - & eylinder, Main engine: K00 LE LOX - © cylinder, oppoasec
: opposed pistons, 2 stroke,com- piatons, 2 stroke, compression !
| pression ignition, developing ignition, developing 240 bhp at |
= 5L T
i 650 bhp at 2670 3650 rev/min,
| . = i VSRR g RS S T T - :
! Ausiliery engine: H30 loJk HE TA = 3 Booster engine: Doedng 502 10 _n_ir, Ga 5
= - LT +turhi -1 - 3 a1 ol
' eylinder opposed pistons, 2 turbine - 1 stage radisl om

i i j 35507 1 o turhing
stroke coopression ignition pTesE0T, ﬂxif} ;t_;_th 1 '“mL’
at), developing 300 bhp at 3000
rav/ min.

¥ -
| Generating
J..I:-' -E.'lh:: [E! Py

2 F r
at 200 rev/mins
= - - " o
; ' aling 4 & s Pting arrongements: Repe slings and orans,
TAfLing arran ements: Adjustanle gling,and osrane Lifting TR : = e 2
ki . L Femoval and replacement L1mea:i= .

engine, K60: Remove power pack, remove
~Ana and automatic TreEnamIsss

EnEing

gant Time
Main

nower pack,dismantle

jne, E&0O: Ramove

| r f.-:'-
= - - a - . T T VT AT = = T = T B
: | cooling system components ok fron frane, disoornect trans i
i < } o % Ear n 1an i e R
IF " (radistors,header tanka o 54 4ion from engine - 32 (8xb)} + 14
I e 1 o 2aw R ) S — al 4l s :
] : - :h-_.c:l':__f_;:l i Bglhnl gall hlL-_..--r |'._I-| 2 ?': e I_.E man HOUT 8. .
{ ™ hiou i x5 il te mot fitted o
| i ol man hHours E X e '::I 4 AN ﬁﬂkil.*r." ]:::'IL':-'?J'\-. Tl g2t 38 not- 11 :
1 { | = = Tk | - = - - - L= = ] " = el s = | = .
'I ] forard 10T = r-i-r-E’ H3l: & man hours X Tl,oe-'u"‘ angine: Engine is ramoved 1n 81T t 3
¥ I' e e b STLE ok T ¥ - " o _|'|_'.I.:. o E 1T E T L Ea . S I
'i i J.',_ caste:s ¢+ sapond emglng 13 noat Il ed L mern hours € X € e
I ‘ = - = -
L : S S P TR TAL — UK AND SuzplsH Eyis Hio-
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g-lﬁi-meu-:. e e
s Bl P e (includss
.mhg'w“t:: Rope alings
Removal ang replacement : Remove Forer pack for
conplete accessibility of all items

—

and o Tmre

Hajor items:

— S e
bt - Amiinm

nm,i_._:ﬂr__' e

Bl A, B

Eﬂt‘mlttﬂ Mmoo R Toms

Removal and replacement: Remowal snd Teplocenent
of all items can be Aona 4in - L AT

LH and RH fuel tank bags,
Base tanks and fuel pumps
Pipes =nd connectors

Exhsust system (Silencers and
pipes)

Removal and replacement: Bag tenks can be
removed without special aids.
Base tenks and pumps can be
removed in situ,

Majority of fuel connections can
be reached in situ.

Hajor items: IH and BH fuel tank bags.
Fromt fuel tank

Fuel pumps

Pipes and connections

Silencers pipes and ducts

Removal end replacement: Bag tanks can be remeoved
without special aids,

Front tank cannot be removed without
firat removing Power Pacl,

13 fuel pipe comnmections are only
aocesgible after removal of pack.

Transmission

Major items: Gearbox coamplete with differential
end steering brakes.
Engine to gearbox flexible coupling.

Final drives.

Lifting arrangements: Three leg sling for gearbox.

4 Lifting sling and outrigger brackets.

Removel and replacement: Withdraw quill shaf'ts
and disconnect main brakes,exhaust
pipes and fan drive to remove
gearvox in event of failure within
box, or coupling.

liajor items: Torque convertor.

Threa speed gearbox.

Transverse gearbox.

Steering clutches.

Bevel gearbox - steering drive.
Stearing brakes.

Bevel gearbox - drive gear.
Final drive.

Lifting arrangements: Rope slingsfor all assemblies
axcept final drive.

Frame type sling for finel drive.
Lifting frame for sprocket hub.

Removal and replacement: Remove Fower pack.

With pack on servieing stands

remove XG0 to gain access to Torgue
converter Transverse gearbax.

Remove Power pack. With peck on ser-
vieing stands remove three speed box

X

Ji=2
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{b)
| Pransmissions is )

Lok e

\‘ Hamows Poome PAGE.  CTivhn -pnt‘!-t_uq. LR TN m
'J:--m.t LA 5 LT S Tlubohiens Lo gaim o

0 drive bevel e o gy

Shearing, Traeen,
Remove Power pack., T4tn Ak on stemdn
Tenove Torque eonvertor,

Three spas
bﬂI. Beval hﬂ:, Gas Turbine and =

Pm‘l‘;;an‘l: frame to remove twuﬁp:;
gearbox,
Withdraw quill shafts and cesing %o TWithdraw

gquill shafts and sponsor bin
hull bolts to remove final drive access plates. Drive can be removed if
assy in event of gear failure, In necessary complate with steering brakes.
event of hub drive shaft failure,

remove shaf't in situ without
removal of track. '
Sprocket rings can be rotated for Sproclet rings cannct be rotated, thay
WEaT . are rivetted to ub. Hub can be fitted

any way round.
Ramove Powar pack to gain access to |
Bevel gear - steering drive, including
prop shaf'fs, b o
Aligrment of transmission: GO- I'Q GO" fixture Alignment of transmission: Alignment checks not
provided for Final Drive - Gear- neoessary as manufacturing tolerances |
box alignment. are small, X
& . Hydraulic Major items: Braling system. Maj or items: a&. Hjﬂl‘ﬂT:l.l‘[G cooling fan_dri‘m. i
l e i ;'- H;.r&rauJEiuratu'ting and cooling b. Steering brake and drive system. i
- systen ¢. Elevation and suspension system.
: .l
- t i brake tem, d. Autoloader system for main armamen
Bt AU e a, Cupola drive system, 1
Lifting arrangements: No special equipment other Lifting arrangements: Special frame for removal of
than a rope sling for main brake ! hydraulie gearbox and Autoloader. [
caliper frame, ! !
Removal and replacement: Access to power brake { Removal and mplammant;u!;ra :t‘l‘:‘iﬁ""t :i:ﬂm
items for repair or replacement can | system. omOLLY tI:]"I"
be effected by removal of cover | part of steering system.
plate (in driver's compartment) or
transmission/engine compartment
hull louvres,
0/H of pump,power valve and acoumu- l
lator restricted to base workshops.
J1-3 /Serdal 6 (Contd)..saneeres
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; *ﬂﬂr
affao raigin
‘Sompartment hull 1mﬁfﬁwﬁﬂim

O/H of pump units at base lavel only.

Access to slave master eylinder and
caliper components, including dise brake
pads can be effected in driver's o

ment or transmission compartment aftsr
raising louvres. Removal replacing and
testing of hydraulic components can be
carried out at 2nd line or if high pres-
sure aquipment is available at LAD level,

Complete hydreulic system can only be
tested with Power Pack and H30 installed
and runnings

o e——— e —
ABGoas 48 oaolent - ;
n — R N
Tampe can o T LT mfﬁ:m Tetr'n i paey = ﬁ
stripping ERAT

hocess to hest exchang
:;ﬂt w h:i-ruui.t TTen
an affact
Pack and/mH ﬂhﬂ!i:::“
Punps,moters and
ahuula Do O/K ﬁm:?;:afmn:m Talwn
Etaa.l_:'ing trales and clutches can bte removed
repaired and replaced after raising front
armour. All other parts of thisz high pres-
sure system which ineludes hydreulis pres-
sure pump and braks cylinders can only be
reachad after removal of Power Pacle,

T Tan mobor ard sogie

TempaTATiTe walwm
romcTel of Powee
erele,

Slevation and suspension system conprising
hydreulic pumps, main asccumlstor, 8 pendulum
arm hydraulic cylinder accumlators, walve
gear and reservolr,

Delivery pressure can be octserved on two
gauges mountad on Hydreulic unit., Overall
performance can be cheeled using a stop
watch and pendulum,

Any faults found on any part of this aystem
requires removal of Power Pack, or Auto loader
and/or Hydraulie unit (B0 man hours),
Removal and replacement of the drive motor
present no special problems, Repair of the
motor would normally be carried out at base.
Complete system can be tested by using a
slave motor before installation of Fower
Pack in wehicle.

Thare are 27 connecting points or jcuin‘.:._t
which are inaccessible with power pack in
situ.

JBerdal Teiaes
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(1) Eaoh Suspension undit:-
Suspension bracket,

k prings
Axle a:ﬁ:nfz i )

Roed wheels and hubs (2)
Shock absorbers (2) - front units only.
Track adjusters:-

Idler wheel and hub
Cranked axle arm
Tensimmer screw

Ad justar bracket

Guide rollers:-

Roller wheels (2)
Spindle

Brackat

Lif'ting arrangements:-
Hydraulic jack.

(2)

(3)

e

e —
— Ay T
ol T AT .5_-—_,_-,:!_———.__ 4T
e trn,lgﬁ o I O, Rt
H.ihuutuﬂ Ty 5
Ty
FuppoTting puidg rq.-_l._':_,,._..“a" b

l1} Esch ldnk BB ASTILY t=
Link {?mﬁlﬂnn] N
Hydranlie ram cylinder
Step/rebound cylinder
Roed wheel and mab

(2)

Track adjuster:=

Idler wheal snd hub

Axle arm

Tensicner worm screw and housing

(3) Guide rollers:-
8ingle roller
Spindle

Bracket

Lifting armngements -

dtub axle support wire

Rope sling Rope sling
Lifting frame
d. Removal and replacement:- d, HRemoval and replacement:=
{1) BSuspension unit:- {1] Theel link assambly:-
To remove asgembly it will be No., 1 and 2 wheel stations remove power
necessary to remove glkirting pack for sccess to ram cylinders and com-
plates, road wheels, spring necting pins of link arm to cylinder
pack, secure axls arms, and piston rod. : :
remove bolts securing bracket Nos 3 end 4 wheel stations remove main
to hull, gun automatic loading megaszines to __gein
access to cylinder and comnecting pins.
After rezoval of above items link arm
can be removed by first removing road
whael and hub, stop rebound cylinder
and then spplying porta power pump %0 3
link =2rm. 2
J1=5 J/seridl 7 (Comt)esessre-s
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Lah e

TR e .
i) r-ﬂ'.h-!-:-.'-:_-- LT} e g |
{E} L T 1 e
{2} Track adjuster - Y.y
In the avent of huh baaring

™ fﬂﬂ.u:l.“ﬂ
hu::”& alkirting plate, idler wheel ;.n-al

In the event of seigure renm

ove sidrt
plate and idler wheel a;m.-l tensiomer i
assembly from huli,

(2) Truok Bliluster:.
In tha ament a8 tah e B
Temove 1AMer vheel ana

(3) Guide rollers:- (3)

In the event of bearing failure,remove

skirting plate, roller wheels and
bracket assembly.

— AW

BTN Tadumy
>

o

In the event of tensiener serew Edizure
Temove bolts ssouring housing to W1l
and 1lift off complete assembly with
final drive lifting fra=e,

Guide rollers:-

In the event of bearing failure,remove
bracket and roller assembly.

ey Filling and charging suspension system:- ¢, Filling and charging suspension system:-

(1) Applicable to filling shock absorbers
only. To £ill shock ebsarbers, remove
skirt plate, road wheels and discomnect
shock absorber link arm, Fill shock
gbgorber with oil and work lever amm.

——
LN
S

(1) This is = complete hydro-pneumetic system

=

having oil and ges filled cylinders which
parmits contrel over rete of traverse end
ghanega in attitude of hull in relstion fo

elevation, depression and ground clesrance,

Eauiomant reguired to checok pressure znd
charge system:=

Hitrogen gas oylinder

Gas connector

Charging and checldng pressures on system
refers to pressure of nitrogem gas af'ter
0il has been drained fram gas cylinders.
The mumber of cparaticns invelved to
charge system or check pressures is con-
giderable,

dajor items = -
fcealerator controls
Auxiliary engine controls

Gear change controls
Hydraulic starter controls

Steering controls
Uain power brakes
Parking brakes

Major items:=

Appelerator controls
Gesr change controls
teering ocontrols
Main power brakes
Faridng brakes

; e T M
Foarliel &

-
-

J4=6
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8o0ess to parking brakes ang gearbex
adjustable slings sod oreng o

¢ 0¥ Temoval of power pack and gearbox,
nemoval and replacement :-
gency and pump clutch for ¢ starter
are all cable operated controls, running
along floor of hull between drivers and auto-
motive compartments. For access to these
controls, remove access plate in turret turne
table which involves positioning turret and
removing certain charge bins. For access to
gearbox emergency caontrel, remove power pack
in addition to turret floor plate.

Lain power brakes:-

Pedal control connected to hydraulic system,
For details, see under Hydraulics,

Parking brelesi:-

Lever is of the ratchet. quick release type
connecting by roller chain to operating
cables, For accessibility,remove power pack
and turret floor plate.

Steering controla:-
Mechanical levers, rods and interlock cross-
shaft connected to hydraulic system,
Accessible fram driver's campartment,

Laifting srrongemornts ail

Fw a i
ﬂ-ﬂ‘lﬂh "I:-I?J Hﬂﬂrﬁﬂ'ﬂc’:ﬂi’ Etﬂﬂrj_'ﬂ oy l:.'.l:'f.'n"l-_h LAy :.ﬂ'!.!.
a

'h'EHTI- BT, crang is
pack, required for removel of power

Removal and replacement:-
Al centrols are duplicated for commander snd
driver with exception of parking control which
iz cntrolled by the driver, The third crew
merber has a simple mechenical steering sontrol,
brake pedal and hand throttle contrel,

Accelerator controls:=

B

" - i,

Gable and rods, easily accessible within engine
compartment, I
Gear change:
Mechanieal linkage/cabls cperated controls, |
easily accessible, £

liain power brakes:
Pedal camtrol comnectad to hydreulic system. |
For details,see under Hydraulics. |
Parking brekes:= I
Mechanical linkage/cable cperated. PFor I
pocassibility, remove power pack. i

Stesering controls:=
Hydraulic and eluteh-brake cperated with mechani-
cal linkage far emergency steering, Control is
an integrated driving and gun contrel unit, con-
trolling lateral steering elevation and depressiom,
loading and firing of main and secondary weapons,
fantrol units and third erew members steering X
santrol are accessible within combat compartment
and easily removable, For accessibility of amer-
gency steering controls, remove power pack. F?r
details of hydrmulic system, see under Hydraulics. |

T1=7

COIFIDENTIAL = UK AND SREDISH 2733 RTLY

/Serial Feasesse




Eee B T

except 3 leaz sling for Chadn ratohet block vope mnd T
' Taise front armour, for servic L Bt in AR
: e ing eto,
:d I'ream rolled and st st Remeval a Tep lacement ;
ed 11 ol el Hull maruf
mour, weldable by electric arc, low ' o h;“:“lmﬂ- from Tolled stesl rmour plate,
wdrogen rods or CO, processes, 81, DEookaseR actric are, low hydrogen reds or
= e e ? 4 - L]
: - Vehlole tools stowed in eight stowage bins Venicla .
X fitted between track x ools stomed in either two detachabla ‘
guards and hull, "pods' on hull resr and three bins mounted o
hull upper armour
Ammnition, rations and crew personal stow- Anmunition atumﬂ.‘ml:.r in Autoloader. Retions i ;
mm hmjnmmin :.‘I:‘ iiﬂ ﬂbz‘;ﬂsﬂl?:lﬂltis:taﬂmra,rmk:, are not carried in this wehicle.
5 vars compartment.
Larger containers if dsmaged can only be
removed and repaired after lifting off cupola,
Drivers hatch required spring compressor for Cupolas gnd loader/driver hatch assembliea can be
removel and replacement. removed,repaired and replsced using simple hend
i
Drivers seat mechanical linkapge szystem pro=- VEoLps
viding elevated and lowered seat positions fer
head and beck rest. Can be removed from Simple vertical motion spring essisted pilla:
vehicle for repair. system for nll seats.
All can bBe removed from wehicles with a minimum
of effort, X
The iurret body comprises turret race, cupola
asserbly, gunners end commanders seaat This vehicle has no egquivelent assexbly. X
assarblies stownge containers and racks. iy
Eleotricel and Uein engine - D.C. generator. Uain engine = i -
Gun Control huxiliaf'y sngina - genarator/slternator set., Alta:ﬁ:?ﬁugl ﬂ-;ni;_?l- E-‘E_::r*-;‘:; vhase cutput ls
squipment . conve to d.o. a d . r
8. |Charging system Lopd sharing fecilities. Ges turbine engine, This has a combined gensrator
‘ starter., No load sharing facilifies are incolpara-
ted,the gas turbine generateor being sutomat i.::.nll.}_"
i ] open 'eircuited when main engine’ generator is OF f
1 1 TN e I |
.i b, |Battery " Six 42 V batteriss are employed. it iedda X
- mainterance ! S Sl G, emilvts in cold oli- Nlo ecomparstive system.
i e |' Jattery protec- Heating ﬂff-if"f"'-irﬁ_nﬁlﬁ_&ﬁ%‘&re t*.'r{:&'r'l;i—“-ﬂ tidbeg P
g tion = exirone B e e tic] BLIEteEs
: :;j.‘.'_.l:.’:i-': GO0 - {100 pANErsvors in prigl v o e R R -B ;H__E ,"53:‘1&-1 40 d. soecsnma
L ditions. M
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(o)

e L

SR L e n
i e .:'u-.'-. e T ._l'= ll'-:-:n.H
iy

.-'Eiauﬁriually controlled gear chenging system,

e

. Lay

ey N

Similar to Chieftain
Gea turbine - S4nrter/peneretor Boeing 40 -
LOOF - 1

plup,_.uﬂ pressure delay to trensfer box,
start counter snd hour meter.

This cirouit includes tize relays for hester

b 4
Ho canparative system,
i Thi=s controls the changing of the six for-
ok ward and two reverse gears, Inhibiting
ol 5 AE— cirouits are also incerporated. T
f. | W3C System Protection against radistion fram NEC ettacks| o comparative system, T
The system also provides ventilatiom in
normal closed down conditions.
B« | Fire warning system Firewire fire warning systenm, No comparative system X
This system will give both audible and
visual warning of fire conditions in the
engine compartment.
h. | Fuel Gsuge This system indicates the amount of usable Only indication to driver is a warning lamp
Indicating System fuel in either 1lh or rh fuel tanks, The gauge vhich beoomes energised when the smount of
is graduated to indicate the tank full consumable fuel drops to 90 litres or less. X
sonditions irrespective of whether diesel or
petrol is used,
jo | Fuel Pump Sclenoid CAV type. CAV type. g
i - ti tem. Electrically cperated.
k, | 2ilge pumps-2 of'f o comparative sys Type 32 - 47 = 19 Bilge,
1. | Dust Extractar Electrically extracts dust from main engine Mechanically extracted. X
Fan lictor filters.
L Pressuriszing pump
: fon Paol Pressurizing Pump No., 3 3K 1 Tank x
i m e 2 off on Chieftain 1 off on 3 Tank
o | Auxiliary Engine Fuel | Pressurizing Pump No, 2 MK 1.
Pump., (Chieftain) Boeing LOL 988 = 1
0., | Gas Turbine, ij"uﬂl
Pusp (8 Tank t difference. The Swedish|tank has IR headlemps fitted.
p. | Vehicle Lighting Of no significan . -
System & 3 =l i lavation o conparative syslved.
mﬂght Projecter lic.2 | Projection of white and IR light in @
ql- i ¥ 'ﬂﬂwﬂl_'inﬁl -'I.E"'.!'i":i AT Ty asn
M 3 Ji=-9
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Gun Control Equip-
mant

Ho comparative system

Lah

Kamigl

The controcl of main armament in non=stab
and stab conditions is completely elsc-

triocal.
Tha AC supplies reguired for the eguip=-
ment are derived from a rotary inverter.

Menitoring test equipment iz tuilt imto
the system.

I'hl miﬁm !.'un, mounted on the cupola, is stabilised
in traverse by means of an amplified gyro =ignal
being fed to a control valve solencid.

The sight is stabilized in elevation by means of an
amplified gyro signal fwd to a sarvo mctor.

Under non-stab conditions tha commander's machine
gun can be linked %o the sight,

The system i1s operated by hydraulics, the laaiing
and unloading sequences being initisted by elsc-
trically omntrollad solancid wvalves,

The hydrsulic systaa, Lr'ar.:t:i.n- the —Mu-:i:::* :-.t‘ tha

main srmament (and -1.111}
through synohro=links units ..J:un:: 1 transnit error
signals, until nulled, through amplifiers to sclenoid
acntrolled oil valves, The synchro=link trensmitters
are located in the pogitions listed:-

1 Front and rear wiwmal atations.
fE Driver's control pillar.

Ej Commender's control pillar.

k) Elevation pumpa.

| Tn addition to stabilization the average height of
¢+ha wehicle is also maintained.

rl4as are darived fran & statie

The reouired AC sup

{nveartar.

I "] ! ik e - 1 t t
lest aguipment 3ia ¢ 11t into the sy ""'_..u
supplisd as an accessory Or Epooial --n,:.l. ‘ni,;] can
ha connesoted to a convenisntly situated Test acazhie

gockat.

1_" - '?
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lhn e 1o o e
e e e

or Leyland recovery vehiecle ing errangements:

as Leyland recovery vehicla,

b. Special wire sling: than enough to
pass between the barrel and half
round housing in the hull

Tumber of connecting/spannering points 29 Humber of ¢onnecting/spermaring noints 8 | \
| feight of breech block 140 1ba Weight of breech block TR I — i A ¢
Time for dismantling and assesbly 4 man hr (4x1) |Time for dismantling and ssserbly 4 men hv (x2) | |
Lifting arrangements for breech block Lifting srrangemsnts for breech block ; - -
Adaptor fitted to breech block Adaptor fitted to breech block to enable ;
the block o be 1ifted manually, ] /
Mumber of spannering/connscting points & Number of connecting/spennering points 11 i l
Meight 1332 1bs Waight 1168 1bs | !
Tima for re.,waj,f’raplacemant 14 men hrs (7x2) | Time for renoval/replacement 9 men hrs (Lix2) | X
Lifting arrengements Lifting arrangements
F L54 or leyland Recovery Vehicla, a. Leyvland Recovery Vehicle

b, Lifting adaptor secured by two bolts
to top of breech ring,

e

BElevation | Weight X583 1bs
Gesr Box | Time for removal/replacement 22 men hrs (11x2) | NOT FITTED

Lifting arrangements
Haltrac hoist and recovery vehicle

i e e

Cennecting/spannering points 116 -

J 24
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i’ 2 man krs (4 x 2) | nor wriv I
L
115
155 1bs %
B
ARt 102 1bg

12 men hra (6 x 2)

Lifting arrangements:
F L34 or Leyland
Recovery Vehicle

Time for removal/replacement
Lifting arrangerents:
Recovery vehicle to take the weig
! T g’l‘t of the
recoil cylinder when being lowersd at an sngls
through the rear of the hull, -

26 man nrs (13 3 2)

Connecting/Spanne 5
&' 2 ring points 38 Dmneuting_fspmgring points &8
Buffer weight
g 136 lbs The buffer and recuperator are incorporated in ons
Tima for ramnv&lfraplauemant 14 man hrs (7 x 2) cylinder and there are 2 of thess pssesblies fittad,
Lifting sarrangements:
F L34 or Leyland
Recovery Vehicle
Conre cting/Spannering peints 36
11,
Remmer NOT FITTED Weight 30 1bs |
Time for removal/replscement 14 men hrs (7 x 2)
Connacting/Sparmering peints 56
Auto-Loader | NOT FITTZED Weight 80 1bsg
Hagpazine Pime for removal/replecemert 22 man hra (11 x 2)
Connecting/Spannering points &L .
i

-
e

-




be marked to indin

E_lgiﬁu and transmission
1lifted to carry out nhunlc::faﬁ AR R e

= s o ; -
COTARNT TVR —— ST S "
CHIZFT FEAMIRES = e ——
(o) VBY T
and 'coolant £i11ing (a)
indicated (cast with covers and cﬁ“ﬁ:}m All access plugs/covers eto

» &ra ldentifighia
letters and words stamped by metal punch haniﬂ::‘r

Eﬂ&iﬁlug ete, The type of lubricant %o be used is
ated by stamped words or eolour code, Two
dipsticks are a 14 tle Aifficult to replace,

Gauges on some

'stE:k 5 vehicles not reliable (tend to
o indication of reserve, there is in fact 20
gallon reserve when szerc is indicated on both
tanks, (Vo means of controlling flow when
draining the base tank, (Fuel pumped out of
main tanks due to size of container required -
not s ervicing.

Ho fuel gauge fitted. Warning light indicatag 90
litres reserve laft fram 960 litre capacity, (Large
emount of fuel is trepped in mein tanks by a befrle
which wse not drilled with by-pass holes when made) |
ipstick with wehicle kit,

One f41ling point

Both radister caps must be removed, when topping-up
or checldng,to relisve possible air lock in ore
radiator. - X
Three filling points availabla.
(Also see Serial No.6)

Battery Batteries inasccassible buft new filling device Good acoess, each cell can be visually checked.
{gnltﬁg X will overcome this problem. ttardes easily rencved.
is a
water ) B
; i iffio p ining tool supplied with wvehiele kit is
1 Dreinin Flugs are used, flow contrel is diffieult. The draining i _ : : e
; Msemhlfea Eevgral bolts on each access plate, add time very effective i:;lth::u:fh E‘-ﬂ%ti'i":j is {'__T'E'“-‘-”-"i when
] 54 holding the tool and draining hot oil. An
Frmiﬁlﬁer o0 task of draining. improvement could be made by fitting tsn/valve at
-Egi'ainh'@ bottan end of tool.
Tnn]_‘a'r'.[:lﬂvicei'. One plug to each drain podint speeds up Tasx af

draining.

o Fef i
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Eme reency hatoh mast

Ve Cemenrad
ﬂlﬂﬂﬂ t.n,, tha il i inle | B Tren 4

SR kape Yoo
ok Ao s %
) | ';:1 bBe used to seoure pipes Tant'ln?m 'n:il?a:;uy
— - £898% thicker wesher betwaan tap and tmald,
Eiﬂgqn visual check of dise rads only required.

Both assemblies check by measurin
Clutch adjustment S

simple -~ crew task., Braks
sdjustment iz REVE task, i

—

'k'ﬂ Ay

TIHE:

(WEEKLY check). 1
Mimtes TDE: 4% hours,
(Decks must be raised for all tasks)
Single magnefic rod on the plug. Easily broken - (Rod consists of laminated
iren and brass (2) dises). = =
Acoess plates are retained by sets of bolts, Access plugs are extensively used, They are
theref'ore plates take longer to remova. removed easily and quickly. The combination
tool, when used through an access plug hole,

cen damage the lead=in thread if' it is not
used correctly.

J3=2
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mander's seat, it is not
.. : -!r-"- 4 ti'l"in-g, all "U'.ll'?ﬁ.ﬂ"
sauges ete are clearly visible,

Thls task should be carried out Ty
an exparienced crew men; (prefer-
ably REIE though). The task is too
canplex for committing to memory,

|

Yehicle iz lowerod DOy on muw

Le) X

alon. Simple warning/remdnder
notice should be atieched %o the
‘Gas and 0il tap cesing'.

been added.

TIME:~ 1 Hour (One Man)

IT the pressure accumulstor regquires charging, the wehisle's traversing
end elevating ability is affected which is very noticesble to the driver,
s0 an hour's weelcly checl:t could be reduced to minutes by checking the res-
ponse to controls. Over a period of seversl weeks at EI'N no Nitrogen has

Halw thiz s monthly checl.

|Replecing the
transmicsion
{ AITITUAL )

Yhen connecting the drive shafts,
the track must be broken to remove
2k end Cale

There iz suffisisnt slack available
in the track to enable an sdjustakie
strut to 1ift the track clesr of the
cap, The treck could be raised
with the strut by lomering the
vehicle on its suspension or by
jacking the strut up,

3 1Engine declks

Thae decks are only raised weelly
for servicing.

Each deck (2 off) weigh 1,000 lbs,
Piller,block and tackle iz used to
raise each in turn which is 'em
vehicle' equipment.

L |Prop-shaft
Jubrication

———

The power pacl must be removed to
bi-annually lubricate some of the
universal joints.

As this is stated to be a hi-annual
task,this should be indicated inthe
approved section of engine remova
replacament instructioms.

- B

fubrication of the support braclet

does not appeer necessary a3 thers

js @ + inch gap between the collar

and the barrel.
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POSSTHLE e e ey e —————
- - {ﬂ_} G'ETE':‘L PE"—#J“‘EE‘_-_-_-_' —
3 Big A single P (a)
the rear (tq “m‘:;“nmﬂnﬁ each of the traiiar

fiﬂ, 1h.'l.t "Ili'bh Mmizela

Taups due to track siip,
Titted to the tank ware nul.:l E'I;E?larﬂ..

fﬂl.ll.‘!.'l:lg ground.,

r edge of aach loading ramp to form & Platform, despite thig the Fan mizzle

With 2
Bun planks ome em top of the other, Placed with their ends tutted against the
fouled the ground before the tanlt tracks were fully elsar of the fun planks,

Yes, but with fouls
between muzzle and
snatch block and
hull and loading
TENps .

(1) 2 gun planks one on t of the other placed under each of t loadi
extending to the rear (to reduce the Tamp angle and to f'mhz I'l':;a 11;5 tﬁph;
ramp). ‘The tank was connected to the smatch bleck with the towing mweers; as
the tank moved up the ramps the gun muszle foulsed the snatch block when adjacent
to the trailer deck rollers.

(2) 2 gun planks one on top of the obher wers placed with their ends butted against
the laver edge of each loading ramp (to form a platform), The gun muszgle clears
the snatch block, but the underside projections of the tank hull, final drive
housing, and towing lugs foul the losding ramps,

Clearance between rear of hull and ground is negligible,

L Winch on forwerd,
suspension raised.

Yes.,

2 gun planks cne an top of the other placed with their ends tutted agninst the lower
edge of each loading ramp, Rear of hull elears the ground by approximately 1%.

i ¥Wiinch on back- Yes, but with fouls 2 gun planks one on top of the cther placed under or a,?;ain.s.t the loading ramps, the
| wards, suspension between bull and rear of the tenk hull fouls the ramps and trailer decking.
' lowered. remp/dedcing, :
6 Winch on backwards Yes, Adeguate clearance between tank l.mll and trailer declkdng is afforded by removing
| susnansion .'ﬁ*ﬂd.z-mil..'r rear lashing assemblies from trailar.

=1

b. All winch pulls

All loeding was carried out using up to a total of (L) four mun planks, |
were 3 to 1, the snatch block and towing hawsers are trailer equipment,
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R o aifficulties.
1, suspension lowered. | Yes. This is only possible if the front end of the tracks sre pacied up

by single gun planks to raise the gun barrel c¢lear of the trallsr
awanneck. Should the tenk be moved back en the treiler platform %o
snable the gun to clear the swanneck without these gun planis, the

trailer front lashing gear canmnot be atlached.

The trailer track guides must be removed before loading as they fml
tha belly of the tank.

i - loading the tank If It
Gun baclwards ien Tes. Prailay track guiides must be remcved before ;-
raised n::' 1-:1'5;1‘:;.?3!“4 iz to be lashed with the suspersion in +the lowered positim.




T I FEG, - s
in firat and Bmcend, UL '-'I"'.rﬂ'nhﬁpl-. Taooia

- *ﬁ’ﬂ:ﬁ T : fox LEWARATY , wWiTelans
FA8 Griving cckets, and ths madin b
0 engine, the Boeing 502 : » ody of the tank embodiss e hexng
Y8 of sorew in mebric and UN threter 0 T "RS1s Ut Bexaconal hesssd bvs S ey
FHiees, and can be looked up and transported, | L o MneTS: The containers (667" Wigh) sre suds.
: on the equipment the fitter has a canvas roll containing:-
s 8 mn to 32 15 to the set,
ckle mm to 19 mm, 6 to the set,

F -1

arners L in, to 8 in. 3 per =et.
4 15 in.- 1

Eey set hexagonal, 5 per set.
It was apperent that the metric spanners were also used on the I bolts with the conse
In addition, there are a number of special tools and lifting devices:
AL OF THE POVER FPACK
A lifting beam, & block chain ratchet and lever, and & special three piece tool is required in addition to the tools in the canvas
roll., The lifting beam is attached to the power pack frame, and the block chain and ratchet are required to tilt the powar pack into
position. The special three piece tool comprises a hand brace, sn extension rod and a 30 mm socket; this tool is required to remove

and replace the Power Pack holding dowm bolts. In addition, there ere three special stands which are attnched to the Power Pack frame
before it is lowered to the ground. They sre removed before the Power Pack is replsced in the hull.

SLAVE DRIVE

This plece of aquipment is used for testing tha hydraulie system when the Pomer Pack hesz teen removed f‘?m the hizll. It conzists
of an electric motor attached to an L shaped metal frame; weighing approximately five hundred weights. Particulars are:-

380 V; 50 cycles; 2 speeds ?5(};"1 500 rpam; rating 15/25 KW.
. RN

guent thurring o the heads.

he amplifiers of the traverse, elevation and cupola systems 1s usad, Partioculars are:-

106828-21P USA.

A meter for testing T
T B

3 —— = " tions &y £ l'r::- i 19 LDk B
Styrstenslade KTH70, 57 connectlons, oV, 0= 1A i

b
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™ is re-assembled the pendulum arm has to be set in i

it rect relation to the synchro that
'8 necessary for this operation; the jig to hold a

clinameter, the tool to set the synchro

This is a simple process and accamplished with a long bar and a heavy hammer. The ping are held in pos tion by en
expendable welch plug.

J =2
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Plste L 'S' TANK - RIGHT HAND FR‘JHTM § VIEW
K=2
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pPlate 5 '8' TANK - LEFT HAND FRONTAL 3 VIEW
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F3gele

Flate g

{ THE
3 W. SUSPENSION I
FRONT 5 VIEW,

'S' TANK - RIGHT HAND e

E-L
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GONELL

ot 1! TANK = LEFT HAND VIEW WITH SUSFENSION IN THE LOWERED POSITION
i

gy PR y

Flate 10 '8¢ paNK - LEPT HAND VIEW SHOWING FULL DEPRESSION

K-5
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plate 11 "8' TANK - LEFT HAND VIEW SHOWING FULL ELEVATION |

Flate 12 180 munk -~ REAR VIEW WITH BOTH REAR BINS FITTED
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plate 43 'S' TANK - FRONT VIEW IN FULL ELEVATION

K=7
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Flate 15 '8' TANK - CLOSE UP OF COMMANDER'S CUPOLA |

E},‘h 16 '3' TANK - REAR VIEW FROM ABOVE

ipISH EYES ONLY
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Plate 17 '8' TANK - FRONT VIEW FROM ABOVE

Iszsle .
late 1g

WHEEL
TANK : T HAND FRONT ROAD

'8! ~ SUSPENSION - SHOWING RIGH

auin THE 'CARRIED' POSITION

E~9
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1ate 19 15! TANK - SUSPENSION - SHOWING RIGHT HAND 2nd ROADWHEE
e I THE 'CARRIED' POSITION s

GHT HAND FRONT

Plat
®€20 'S' TANK - SUSPENSION LEVEL WITH THE RI
ROADWHEEL CARRIED
K-10
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to 24 "8' TANK - SUSFENSICN IN FULL DEPRESSION WITH THE RIGHT HANT
Fla FRONT RUADWHEEL CARRTED




