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INTRODUCTION

spe Dean of the Royal Military College of Science, F
those from overseas. He outli d b

particularly : ned briefly the histo a4
dd’ﬂ'ﬂ:’:} the college and invited those interested in learning more about ﬁ f;

_ﬂifﬂ:hﬂ peputy Commandant, Brigadier A.G. Lewis, later in the day. He regarded

# gymposium as & follow-up to the Human Factors Conference held at the college
i‘:i yutumn 19686

The Chairman of the ocpening session, Dr Penton, outlined the scope of the
qum, He pointed out the need to balance the requirements of users, designers
P;arﬂﬂmﬂl ragearch workers.

» Walcomed the

gnd
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CREW DUTIES - USER Asppers

Crew Duties - Uger Aspects
By

Lt Cel D.H. Hawking, MO,
HQ, RAC Centre, ani%nlﬁhgﬂ

ti0
as kmow that significant design advantages woulg result from
any

$he yolume undex S5 battle tank. Ope poeeibilit
¥ of

gt of
when automation ang control

o ,pion -I;Lhuiﬂ is to reduce the crew in number
stage where this ig technically

#0 ing
5P rgineering have advanced to the
pmen n the other
of The user, O hand, has considerable Teésexrvations on the
ng of the tactical

bfi Ruod B PRSp A5G fé;; want & lot of comvinej
8 iy of aUY AUON BO. 1L O task is to explain the
di,:fm the context of the mumber needed in the crew. crew duties and uger

7 will gpproach this in the following way:
&
Taking CHIEFTAIN as a starting point:

Ba
{'1) Discuss the crew operated Milit
moving and commnicating.

Show how these are catered for in equipment and

Analyse a Battlefield Day in terms of crew activity.
if any changes in the

e

ary Characterigtics of shooting,

(2) crew tasks.

(3)
b. Discuss the factors affecting crew size and gee
work load could be made.

¢. Having assessed a new work load concept, diecuss various ways of
exploiting it in formilating the requirement.

Jlilitary Characteristics
It will be appreciated that of all the Military Charscteristics of CHIERTATN

3
the crew are concerned with:

Shooting

Moving
Comminicating, including Commend and Control.

To this 1ist we might also add house-keeping and self-security, about which

d,
fou will hear more in Serial 6.

Sooting

) Shooting is broken down into the following stages:

&  Target acquisition.
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b. Ranging,

- Laying and firing, g
d. Loading ang amminition stowage.
€. Maintenance,

6. Target Acquisition {innlwiing detection, recognition and ide:;tiﬂn&tinn:,. {2)

&. This tagk ig mainly the tank commander's. He has an all £oung Vigg
These aids give him gogg @

cupola and a x10 binocular periscope.
facilities in daylight. For night work an infra-red searchlign ang
slght are provided. Being near IR the range at night is Teduceq gy,

active gystem is eagily detectable.

b.  The gunner has g x8, x1 periscope sight, a x7 telescopic sight gy -
He uses these for target search and acquisitioy but

infra red sight,
his field of view is much less than the commander's, upon whom he Telig,

to a greater or lesser extent for indication.

¢+ The driver and loader are not used for target acquisition other then 4,
They only have x1 viewing facilitieg but can py

8pecial circumstances.
given surveillance tasks within these limitations as necessary.

7- Ranging. The system available in CHIEFTAIN is a EMG effective up to ahoy
h could meap

1‘:59911& range. Up to this range the gunner carries out a drill whie
firing a total of 15 rounds of .5 in ranging ammunition in bursts of three
before firing the main armament. At longer ranges visual range estimatiop by the

commander is used ag a preliminary to normal Observation and Correction.

8. Laying and Firing:

8. The gunner is primarily concerned in this. As we have already seen, he
ing a ballistic graticule

has a choice of instruments, each incorporat

and he has the necessary traversing, elevating and firing controls,

b. The commander has overriding facilities for sighting and laying in his
contra-rotating cupola but these are primarily as aids in the trang-
migsion of orders and to monitor the gumner's lay. He can fire the

guns if necessary but UK practice is to try and avoid him becoming too
closely involved with any one particular crew task to the detriment of

his overall supervisory role. Once the gunner is laid ON the
commander is free to concentrate on the next target.

9. Loadi Amminition Sto and Rate of Pire. Thege items are so inter-
related that it is best to deal with them together. The requirement is for
rapid fire of 10 rounds per mimite and sustained fire of & rounds per mimute for
4 minutes. Because of the need for ramming the separate ammnition, and the
diversity of stowage, much iraining and physical fitness is required to achieve

the required figures.

. The major part of this task, including the loading and stopp clearing 00
II;EEG & Coax, falls on the loader, who deals with the following mtﬁgg

5
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ent !

( 1) m - Gty 19 consisting of:

(a) Projectile - 28 1bs 12 oz in weight,

lﬂntiﬂ ) Charge - 28 in 1 el S oty
Cg b T ong ﬁﬁ'linﬂ.ﬂ' 2

al] ti“hj. { weight. e
N ;
mh-im &0ns 'L HESH - Qty 34 comprising:

aﬂ:‘ghl nﬂ EI'I:']J ‘:E] —— i
ig

r“dégzﬁ'hu (a) Projectile - 46 1bs in weight. N

; th (b) Cartridge - 26 in long half cylinder 10 1bs

Sighy 12 oz weight. T
‘CQuy gy, 2 .
n 'hﬂmtiﬂu ];"L?t LB - 6 boxes, 34 lbs per box of 100 rounds.

[ M o
Te)
Ly ; I‘M— 30 boxes, 2 for commander's MG, 16 lbs per box of 200 rds

1] oth 5 3
tiee © thay Vent Tubes Electric and Magazines - 60 in six 10 round magazine
% 8 but ﬂ&uiﬁ d. 78 round magazines will be issued in the near future. g

Ty, 2
i b tg o e Other Natures. Hesponsibility shared between commander and loader:
. Egrﬂld Nk (1) Suoke Gremades - Qty 24, 12 loaded in dischargers.
: ce n
ima Oung,
imfiﬂn by 4o (2) No 36 Grenades - Qty 6.

(3) Signal Cartridges - Qty 12 for 9 mm UG - Qty 6 magazines.

i, Ammmition is stowed at various places which can only be reached at certain
‘eady seen, he positions of the turret, but design is such that there are sufficient ready

graticule counds available for immediate use in any position of the turret. Loading the
ontrols, main armament comprises:
ing in hig a. Selecting projectile and removing from stowage.
e trans- .
fire the b. Chambering and ramming orojectile.
coming t
triment ,_:? ¢. Selecting appropriate charge and ru?mwing from stowage. Care is
e necessary to ensure correct selectlon.
d. Ramming the charge and closing the breech.

inter- e. Ensuring the vent tube magazine contains sufficient wvent tubes for the
;f?: for coming engagement.
0 f. TUnlocking the safety switch and informing the gunner when all is ready
achieve for firing.

=i LOULILLIO mmand gunne 1 ower controls tn_lﬂﬁ’
o - cmmﬂmﬂlm i i glmnei‘?zziiﬁii; Eﬂ aid him in ind:_lhciting
a w S iy e thej.rﬁcﬂmimlinme. When the vehicle is

‘rgets, transmitting urdarupraﬁi:g:iigms er with & steady gun, but his sight is

6

%ving the stabilising gear

gggmﬂl’flﬂ-
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t is require me?
4, Little pharsii;llle :gﬁﬂ s u..i_g b t‘i ’{:‘? aff%tt o i o

poving 10 rels normally ¢© Hand traverse s o]y for the Prwid“a

1ay 804 90 ot too OOBPIE: o oxt vequireds P forne, ™ Men
on the move ﬁehut Ake Ph;,rs;;nrt periods: N i o
faid ::Ej_u uge except for 8 sore, during and after firing i, aga)
el tenance. servicing b?,ng tI;E gunner's assistance being ‘nailad

Teapons Jel2 1y task TeawLt 60 rounds.
12 the onok after
out by the lmdzr’gment of the obturators

ac

removal and TeP

Maintenance

. and Vehiclé ; : -

M ol e pomnies’s Sizectlon, 1s comltly 1, J
i) e : | J 0

14. Driving. | the controls for i of ) Ongg

ii tnis task and hﬂﬂh:liiakﬂ his route aided by h{-stiz:lgrdﬁ thegrgEMd SDDregi,.

given 0 II”IE!M::Lﬂlﬂh. néeda aonaidera,bly more assls ith radio wat !EHE-nﬂ.er, g

tion, but Etlnigh:isfﬂ the commander during movement W. I Ch, map reﬂdihg

loader usually 88 d '

traffic control ete. riir,
for vehiel
ig responsible to the c er cle 2
The driver 18 t carry out all the tasks himselr, He

15, Maintenance. ut canno
tenance and fuel replenishment, D ffort required to 1ift engine decks gny

' because of the e
ﬂ:ﬁ EE:;:?I h;I];ap commander supervises all maintenance.

Communication

16. Cun tanks are equipped with comprehensive cumunj.,catinn equipment for theiy .
command and control based on a two set radio installation operated by the loage, §
who is trained in B/T procedures, and an inter-communicating system linking a1y @
crew members. Irills and netting are simple and quick, and periodie E.ttﬂntinn to 1_'
set and maintenance minimal. Normally the commander uses the radio but the
loader receives and transmits on both sets as necessary; largely because of thig
the loader is normally the second in command in the tank. The CLANSMAN range of
wireless sets is expected to reduce the operator effort in attention although not

in traffie.

Battlefield Day and Crew Work Load - CHIFPTAIN

:?ﬁatg:fﬁﬁtm onarecteristics of CHIEFTAIN did mot stipulate the breakdow of
We have therafi :Ehm:- ;ha.n 407 cross-country, 40% idling and 20% road movement.
the schedule f Ppne .o ox Battlefield Day breakdown as follows. based of

or the APRE environmental irials carried out in 1968 PR

8. Observation ang Recce A
b, Fighting, including novement in contact - :
¢+ Maintenance ang Teplenishment » h :
d. llovement, ie out of contast - 1
€ Stand to, listening watch : :
f.  Rest @ e "
4%

Telate the crew work load
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. efforts in each phase, divided ag follows:

ﬁfraﬁt
p?l‘i P . By which we mean hard work, not ;
uﬂmﬂl uat :
:;i*iaq ﬁ-’aﬁuntruls- JR8Y handling switches o
¥
g, ;
tal. This includes sensory, whether vyj
: E%l‘i -j:;!%fﬁnﬁ taste are not ineluded, e ’ heﬂl‘iﬂﬁ and tactile,
: til']_ Ed
e
urely & personal estimate baged o
e ﬂe-;_:igﬂ ed, modified by experience and Iﬂ:mil':r,ezzir:];mg:&l trials pre-
iou8 f:ritiﬂiﬁm* Nevertheless we believe it ig g reasonable gtfealim;- 1t 1ia l
¥ ;E;ﬂ"et:ur purpose as a starting point for any discussion. ¢ bl
ii’l".r
0]
¥ G-h.-l:g 'F'Ed Eﬁ-
Preg gork Le22
L
e ;ge gompander.  In commanding & tank he is involved completely in observation
= P 204 goance, fighting, movement, stand-to and wireless watch., The ma.j::rrit:.ri
B'ilne, rﬂﬂzhilmﬂﬁ york i8 menta.l/aensnr;.r, very little is manual. In a period of 24 hrs
:ﬁe sommander 18 working for, say, 85% of the time, During maintenance and
Daiy. replﬂﬂiﬂment he may well be away on recce, '0O' groups ete.
i . sl
anqg 5|, Gunner. He is imﬂlved_aumpletely i_.n fighting, maintenance and replenish-
mex;t, ""Pari;j_a]_l}" go in observation, reconnaissance and wireless watch and slightly
in movement. Except when he has to use hand traverse, and when doing his share
of maintenance, hig work is not manual.
thei, 02, Loader. He is inwvolved cnmpletgly in fighting, ]:ElELin Lenance, replenishment,
ader, gtand-to and wireless watch, and partially in observation, reconnaissance and
a1l povement. Much of the loader's work in fighting maintenance and replenishment
lon ¢4 ig mamual, but little manual work is involved in the other tasks.

23, Driver. He is involved completely in movement, maintenance and replenish-
nent, partially in fighting, gtand-to, and slightly in observation and recon-
naigsance. His work in fighting, maintenance, replenishment and movement is
memal .
24. You will see that the crew as a whole is not fully employed d:n._u:ing any of
the Battlefield Day phases. In fact, in some phases only the eqm.valant_ of

three men are fully employed.

Factors

25. When considering the numb
shich have to be examined, and we will now discuss the

work load. The factors are:
a. Type of work.
b. Fatigue.
¢. Logistics.
d. Training and morale.
€. Fear.

er in a tank crew there are a number of factors
ge in relation to the
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26, Type of Worl:

a. Hantal.-_* EEI:ED:EE:

(1)’ Thiz can be more tiring than manual work. During the 24 1y 4icBt
the ordinary commander spends about 75% of the time on ment&lﬁ'ﬂraw wﬁ’j"’:
sensory work, ie about 18 hrs, in marked contrast to ty, Othgy, 98* o
members. In a MBT, which is what we are consideri » he & ar gnt

< Lo
therefore absgorb any other crew task except possibly the E‘lnztgf"ft

But this would conflict with the needs for command ang SOty b |
all stages of the battle in eg Troop Leaders a.u{?:l above, ‘il
change our current philosophy to implement this Unlesg We g, W

0
and I'm not suggesting we should, I cannot see two man CTewg '
viable.

(2) Of the five senses the eyes are used most, followed by 4y, o
is not used L
touch and smell in that order. Taste is . € uge g
one's senses in abnormal conditions can be very tiring,

observing in bad light will cause eye strain. Noise alg, Affeqy,
the use of one's senses, although good attemuation can counte, 8
this. 5So long as adequate aids are provided mental/ Sensory oy,

should not present much of a work loed.

b. Physical. The moat tiring work is track maintenance gnd repleﬂiﬂhﬂ&n’; |
because great effort is required to be sustained in both thege forg W

considerable time. With experience much of the other physical woy) in '.I
an AFV can become a matter of knack. The task of loading the majp -
armament occurs in short bursts, and unless one is loading at the
maxinum rate required by the Military Characteristics the work load {5
not as great as imagined. It can be eliminated altogether by provigigg |
of an automatic loader if design permits. In driving the steering
lever pull is about 20 lbs. Drivers soon learn the knack of using
these continuously and are not completely exhausted by sustained driving,
Nevertheless, because of the 24 hr requirement we would look for g '
significant decrease in the effort required to drive and service the
vehicle. As with mental, the amount of physical work, except during
maintenance, could be done by less than three mén, but you have already
heard why we cannot gee g two-man crew ag viable,

27. Fatigue. Apart from the kind and amount of work, the other contributory
causes of fatigue are environment ang crew comfort:

a. Discomfort. Working in a Ccramped space and possibly an awkward
position will reduce the potential worlk output of a man., Confined
space makes any removal and replacement of clothing and access to
stowage during the 24 hours an awkwarg and arduous task. Nothing is
provided in CHETEFTAIN for the 88y collection and elimination of human

The main effects of discomfort will be to s imes of
the crew and decrease morale, low down reaction tim

b.  lemperature. Temperatyre outside : . e
comfort and fatigye. SSrlain limits wil) inorease di

)




b.

is

of

tiﬂﬂ=
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jtions. The wearing of respirators _
B0 SO i tional fear of chemicel sgents. ood CB clothing, together
: » Will increase fatigue in

with of the crew, and again le
p member ; : BSe€n morale. Ip
;ﬁ;wgg jecontamination will add e heavy burden to the ggizain ¢ircum-

psuible ways of countering fatigue, other t
it 1ief as at present, are: : han mutual relief or

unit TE
in Crews, ile two crew -
1) Use of 51 ' . s per vehicle relieving
( ot intervals. We see this as impracticable for the fi?igwiizfr

reasons:

(a)

Uneconomic use of skilled manpower, which is at a premium

anywey .

(b) When and how to arrange relief. The logistic problem of
pﬂlding, briefing and moving complete relief crews,
including the command structure, would be nearly as great
as unit relief.

(e) Psychological effects on crews being relieved. There are

two aspects: first, the effect on a man anticipating
relief being ordered inte a2 fresh battle; and second, the
offect on the commander who must give this order.

Use of Servicing Teams. The practicability of this 1s highly
questionable as in addition to the problems above the crew would
still have to do their daily tasks, including servicing before,
during and after firing. Nevertheless, servicing teams could
relieve the crew in eg heavy track maintenance and periodic tasks,

provided that:

(2)

(a) Operational availability or crew rest/sleep are not
jeopardised by waiting for team to arrive.
(b) Crew's pride and necessity to retain confidence in their own

equipment permit the servicing team to operate unsupervised.

nunbers while retaining simplicity of operation and
training, implies increased complexity of automatic and control equip-
ment. The price is usually less mechanical reliability and the need
for highly skilled maintenance and repair backing, except perhaps on
electronic egquipment. It must be recognised that any demand to
simplify equinment on grounds of cost and maintainability is negated

by the demand to reduce crew numbers. A balance must be struck between

these two mutually exclusive aspects.

crews are self supporting for messing,

and cocking and eating under their own
d with the aids provided.

the work invelved in crew
jdual work load per crewman, eg

Reducing crew

Messing., At present tank

receiving rations periodically,
tances permil an

does not decrease
e the indiv

arrangements as circums
Reducing their numbers
messing but it will increas
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ta 1
in the simplest terms the cooking ro field but
cansiﬂar:? the idea of commnal messing in the armg

i8
bility rules it out. "y, a:c"'o'.]_

8
be dj_m;uﬂﬂﬂﬂ by a later EPE&kEr }3' ‘I;Tf:ﬂ a E

trained soldler is able fo ¢, - Iult

29. Training and Morale., Training is to
enough to say at this point the present RAC

place in a CHIEFTAIN crew under guidance and aupeﬂ"iﬂi‘m'c mdmﬁzlmmt oy Sew ] ’ M
bility of EA Tainey
servicing and repair are also within the capa e with any increage Y aé
soldiers. The question is would they be able to coP 13l chr the ﬂdﬂed_ﬂ 3 0pE=
complexity of operating or maintaining, and which aEow ou have heard ay Loagy e
You will be better able to consider that position when ¥ entioned ha sl #;;
training problem from Col READE later. A1l the factors m . it Ve g hEEIi‘J! D th f
on morale but the well-trained crewman starts with higl; I]I-IDI‘ a;: men i ﬂqmid% o5
in himself, his equipment, and his fellow crewmen. e Dy res]
occupied in combat and can see the point of their efforis, Temain hig
but periods of inactivity reduce it. _ 1 %
30. Fear. Fear is experienced by all men in combat and has %o be overcop £om vie
the crew to be effective. A man on his own is more likely o give way to feay
than when in a crew. On the other hand, time on one's hands is a fermentj Mo
ground for fear and & careful balance must be struck between these two whep g cale—
deeciding the crew numbers. 5 _ﬁ_t_!
Posgible Crew Combinations
31. The chart at fig 1 has been compiled from the AFRE trials schedule, modifiey 3
to some extent by individuals' memory and experience, and is meant to average crorl ApLitOn
tasks as work load in 90% of all cases. Whereas the commander is fully occupied ™~
in time, the other three crew members are only working for about half the time, b E
It would therefore seem at first glance that a three man crew is possible by 1 1
redistributing various tasks, and these we will now consider. Three combinationg | c
appear possible given suitable re-design: ' - '-g
e
a. Driver/Loader. ]
b. Driver/Gunner. S

c. Gunner/Loader.

32. Suppose the driver and loader are combined,

positions will be as follows: work distribution of these ©

a. Observation, Recce and Movement - No problem,

R, T e ation rold be tapracticable wless an syt
e
consideration, T tl:ink e 1'5.5 cons of this would need careful

detail but there ia no doubt that 1e 1er oi00 W brief to discuss in

1
CONFIDENTTAL
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Co The existing three man
tenancs: work load will
&y, o uadBE—s men to carry out.  Don't Probably be teo
%Ehgﬂ o+ gaoh £9F 10 presence. orget we cannot count on 4pe
Plﬁ,,q gﬂmﬂ'ﬂ'der
De : tor is probably fatigue as thi
tﬂakex.. oxucisl f:‘;ﬂ most physioal work. Provi : Tuggestion combines the two
t me " ith | Blon of antomatic 1¢
Ocg Seg Tt o . crew sexrvieing load to be reduced o ading would
' o, D1, a heavy T overcome in gom
t:b&‘-ir_[ x"ﬁh 8 ™ ;I'E'Fl Jgﬂfﬂ e wWay.
-1 | Fd'l .
P M
eq
g,'bmi‘?&d? W Ehﬂﬂmtiun and Hecce - No problem.
Ve o ° th L e
hey 2 .
oo e, ting. The gunner is fully occupied and the driver partl
e ;E‘t"iqai“ge b % no doubt that their duties could be combined ang hﬂ.?i E:agu ?_:1
ly ™8 1g' Tank. Fire on the move would have to become the commandep!
e sponsibility ex's
h‘tﬁ’l respons ;
. lenishment. The vehicle s
2o : Mﬂﬂﬂﬂ___ﬂh-“id Rep work would still remain
. t;’ﬂie Lo ¢ divided as at present between loader and driver, and from this point of
ent If;&z- view this combination would be acceptable.
When
i, Movement - No problem.
e. Stand to - As for fighting.
modipy,, | Sumer/Loader:
Occupy a. Observation, Recce and Stand to - No problem.
~“Pled
;;me' b. PFighting. The two duties are not complementary as the guns mst be
binat loaded and layed prior to firing, but with suitable aids they could be
Long combined, ie the provision of an automatic loader. Elimination of the
garmer and retention of the loader is not feasible as the physical
effort required in loading would seriocusly detract from his ability to
lay the guns.
¢. Maintenance and Replenishment. There would be no change to the present
distribution of physical work if the loader were retained at the expense
of the gunner. On the other hand, a large proportion of physical work,
ie loading, would be eliminated altogether by the provision of an
these
automatic loader.
d. Movement - No problem. Both are largely unoccupied in this phase.
tic Sploitetion and the Futuve

$. We gee that with the provision of the necessary aids the present crew can be

Yduced to three men provided the fatigue factor is accepted or overcome. We do
tot gee reduction to fﬁu men a8 pra.ctica'nle in a MBT without substantial re-

Iraisal of our doctrine and methods in tank warfare. The involvement of the
ér in any one particular task detracts unacceptably from his command and
“ntro] capability. This is especially so in sub unit ?nmm&mﬂ.&rﬂ. The pro-
"lsion of the necegsary aids even for three men implies a_.ncrenseﬂ complexity of
“ntzo] equipment needing highly skilled manpower for adjustment and maintenance,
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and this may well be the limiting factor, especially if no increase ip .
is permissible. E{m"b

37. Although there is little or no reduction of mental Or Sensory woy, ¢
the manual work load per crewman can be reduced for driver and loader by ?i:

ducing automation:

a. Driver. The mamual work here is in pulling the sleering leverg
average pull for each application of the lever is found to pg 50 ﬁ‘iq‘
This could be reduced to a small tiller requiring 10 more thyy", lh.‘
effort. Hydraulic track tensioners would help reduce the tr&ck% ;

tenance load.

b. Loader. His major work load, and he with it, could be Teplaseg by '
sutomatic loader. The advantages and.iiﬂadmt&gﬂﬁ are well m'ﬂl .'
provided the latter can be overcome this is a practical Bolutiop ‘I’ﬂ

reliability must be beyond question as any failure during an .'
amounts to an 'F' kill. '

38. In conclusion we see three possible concepts as worth considering, g3 fon
three men:

2. Rotating Turret:

(1) To inelude the driver. This allows all three options of
combinations and permits fire on the move with a stabiligeg g,
but many design problems have to be overcome.

(2) Driver in hull, ie combining gunner and loader. It implies
automatic loading. Stabilised fire on the move is still poasikl

but, again, many design problems can be foreseen.

b. Turretless, eg Swedish 'S' Tank. All crew combinations can be

considered but there are many limitations to this concept, including

being able to fire on the move.
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Discussion it that it appeared fpg

O
: ion by 8 . dbal B _
. KE opened the discuss ance and servicing. He ®
M%tiﬁz was the period of mainte e less fregquent ang . ];i”'
that the oritl i for vehicle maintenanc ‘hﬂtha:’tb,i

jgmers could make the nee ; -
S;:til: por refuelling could be simplified 9 o8> RE
yirement for every new vehicle ipg),. yodt
L+ Col HAWKINS replied that the reqd in mind that Armoured fighy; “®f ¢
i intenance but it must be DOTRE ing refuellin %€ vy t
need to ease mal Regarding I'e E Severy) ré
(4FV) operate under high mechanical utreasea-tuﬂiﬂﬂ. Tt had been found iy 2 ﬂ?enl'
methods of refuelling in the field had h:e;r:gtiﬂﬂ-l answer as 1t was E-d&pt:::lth“ : ﬂﬂi all £ ~
carrying of jerricans had proved the mos ° % 'ma&'nl;a:
conditions, ni8 Pt
. cars, tanks were designed p of
MM pﬂintﬂﬂ_ out that, u_l?.llkﬂ mﬂtird mﬂ-l'-'l::" cumpl:mﬂﬂtﬂ bﬂing highir & e Eignl Bﬂ
i hort life. The design accepte Y Btrgy h g cen |
comparatively s : a to reduce maintenance. o e P th
However much more could and would be done h hﬁuﬂﬂ"rmﬂa
; refuelling indie
trials on bulk LI ate gy e ﬂ&].i.ﬂ

Colonel READE stated that current ;
of the raplenish-nTént preblem but on 25}5 of occasions it would still be Neéneag
use jerricans. He also drew attention

ishing ammunition.

8 g
to the physiecal effort demanded when E A

of fatigue induced by monitoring vigy,

Brigadier SIMPKIN raised the problem 3 i 1'-
electronic displays such as near infra-red, radar and ima;e intensifiers., Hg 'Eﬁ-. :

understood that a drop in efficiency occurred after 30 minutes and became Serloug

af'ter 45 minutes.

liajor LINAKKR stated that from his experience track maintenance was the wopgg

chore. He added that on most exercises only the essential items in the maintenmy

schedule were undertaken. As regards weapon maintenance he said that the most
awkward item was the machine gun and the accessibility of this was an important

factor.
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USTAINED OPERATION AND THE NEED ¥OR SLegp
_-_‘_‘_'-._'———.

ons_of periods of sustained operation and the need fo
e I

i
[aplde8 ===

sleep

By D.W.J. Corcoran

aﬂlrﬁd ffgjfnﬁli.:a gearch Council, Applied Paychology Research 1
i} EE:“'E Eﬁvﬁ;ihﬁ :'i th Hdd_i-ﬂ-ﬂl Lie -nit, C&mbriﬂ.gn
I'o a)] | ap, ¥
3 j¢ T d th al4 i‘-'.'l‘
3 at e tions the service
&ﬁaptﬂh U’aﬁh‘" nparﬂti”m‘l condi rviceman may find himself (a) without any
le ynder for very long periods (b) with much reduced sleep over ve it
ty £ all ned to perform a complex operation ¥y ~ong periods
I'e degi G e aly awake P 8 few minutes after awalen=-
g &neg 4 ) qudde gper BUDDAXiSes the results of conditions like (a), (p). ant (o) i
08 hg hiﬂ'hlr & # 'rhia; Fgrfﬂl'we' It does not seem worthwhile at this stage to nnnsi:lurp
A 8tp, ﬁiﬂ urés ﬂf effects of sleep deprivation 1. because there are virtually no uhm“fi
ing j EE&;" 4 ”*"”Eiabean consistently reported in the literature ana 2, because even when ;
1N ur they do not have consistent effects upon performance. On the other
now be predicted with

Einthﬂm
d that the
Yas gn iMPu

“he wopgy
&ln tenan“

Mogt
rtant

3

ﬁﬂh have

pﬂﬂgﬂ; 1:“:;l}_]. geasures of performacne show changes, but it can
not 2= i kinds of work are affected bv : ‘

Il%1;*:"t‘a:ﬁ.in‘-‘ﬂ:'?‘-“‘1‘7-rlr giohenas. o ecved by the fatigue resulting from loss

g" glaeps

irst & few general words about sleepiness. It would be most convenient experi-

Pl.'f if the amount of sleepiness experienced were monotonically related to hours
gt deprivation, but in practice this is not so. Recent work by Colquhoun,

confirus much earlier and less adequate findings that during

Using tasks such as vigilance

£ Bavards (1968)
L sorsal working day performance undergoes changes,
" sich unpredictable signals of low intensity occur at irregular intervals),

g;:ﬁng' letter cancellation (Ihich involves searching through prose crossing out
J the letters "e") and sorting playing cards, it was shomn that performance wes at
its best asbout 14 hours after awekening, ie at about B8=10 pm in the evening, It
qs poorest at 4 am, even when sleep was allowed during the day. These normal

The speeker has observed sub=-

yunal changes overlie the effects of sleep-loas,
ts hardly able to keep awake, and in states which at times resemble psychosis

b
dter a8 little as 42-46 hours without sleep, yet eighteen hours later, behaving
This phenomenon occurs presumably

prgally and showing improved performance.
wosuse after 42-i6 hours without sleep the time happens to be 1-5 am, when the cir-

widan rhythm is at its lowest ebb. I should add that body temperature is a good
idex of performance efficiency, during the diurnal cycle, and so is also a good
misure of efficiency after loss of sleep = Williams, Lubin and Goodnow (1959).
s loss of sleep is probably simply a more accentuated change in the seme underly-
it nechenisms which causes smaller changes in sleepiness during the normal working
iy,
0f the three states in which the operator may find himself, by far the greatest
Wt of research effort has been concerned with total sleep deprivation. Indeed

Ty little work has been done with partial sleep deprivation or sudden awakening,

“pite their obvious practical importance.

Y4l Sleep Deprivation

The factors in the task itself which influence the effects of loss of sleep are

l,
Hae on Task
fasks of relatively short duration are gquch less likely to show an effect of

16
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After one night awake, .y

sleeplessness than those of long duration. 30 i ghts !ithi&hlﬁ

ments can be observed after sbout 15 minutes, and gftar ; out ., %
this figure probably drops to about 10 minutes {mlh;iaﬁ;r 1525;rﬂfheaﬂ s g";@,“
apply to tasks which are sensitive. Insensitive tas hours of the t}naf_:d ty o
without showing a deterioration even during the ﬂril{kinsﬂn (1958) why d <
aleep (Wilkinson, 196l). Pigure 1 is taken from s a8 Very aﬂnaiti;reqh 8oy,
interaction between time on taak and loss of sleep on effect of 1 atoh.y, thy
task. lNotice that as the time on task increases 50 the i Elﬂﬂﬂa of ﬂ:ﬁnhf
increases. This data was obtained after one night uﬂlﬁ'h a vt:':l.l'a’t-s'ﬁ-rim‘*rﬂgT T]"iutp '
task when used after two nights without sleep showed aucthe last 15 P, thet
of the subjects failed to detect a single signel during TiRutey By

o,

i
to deteriorate g0 ur g2 les*
Under normal conditions task length itself tends £ ke Pﬁrfgr%e‘ by PO e
when loss of sleep is added the deterioration is accentusted. I gﬂg&f"ﬂ = jnterT
48 canl
2. Signal Freguency i g oF g inter
c
Figure 2 taken from Corcoran (1963) shows oW mgthgtfeaizr& gf “tny taak B oF 3 b8l
influences the extent to which performance deteriorates S, aaqu 8leep, Ty c ca =
is the rate at which signals are presented in a daten\_tinn thglhc. n this tagl ’ﬂheh' g oF
subjects were presented visually with a series of digits. oy ed tﬂ,rE’Pﬂrt Whep ean inte
three successive odd digits occured in a sequence. In the slow conditiop the gy, 4 oF 5
were presented at a rate of 1 per sec; in the fast condition at a rate of 5 pep F ¥ 1g job 1E
Under normal sleep conditions there is little to choose between the mean levels o qubiec ne mid T
performance on three successive days. The four points on Day 1 show pers i

4 groups under identical conditions. (The lowest point spoils the pictups 8 o I

i : Th 1 a9 1eep oV
this group happened to be a little pocrer than the others. e point o note iy | e af @
that the EIPfSlnw group showed a greater day to day drop in performance thap the I *
Fast group. Starting with a 20 superiority over the Fast group on Day 1, the S1p ]
group ended up about 10% worse. 4 Tﬂu ihig:tﬁﬁ
3. Effects of repeated testing (Practice) the Bigr
Figure 3 taken from Wilkinson (1961) shows the effects of having subjects repeg§® ig,ﬁ‘ﬁf*-"lﬁh whicl
& standard uninteresting task almost daily for six weeks. Each fortnight forped s i S

complete latin square design in which each subject was tested having lost a night'y
sleep once each week.

The task was a standard one used for effects of stress at AFRU, called the "5=

choice”.  The subject is seated before a pentagonal display of bulbs and a horizem
tal board with a similar lay-out of metal dises, Each light corresponds to a dise

on the board and the subject's job is to tap the dise corresponding to the light

which is on., When he does this the light moves +o another randomly selected posi=
tion. Three measures of performance can be taken. Speed, the number of correct

tapped discs in unit time, Accuracy, the number of incorrectly tapped discs and

"Gaps" the number of times the response time has exceed 1 3
ad 1= s » The latter
measure was assumed to represent lapses of attention. s Seconds

Tueno ETARNS Suon Sl etiey o loss of 8leep on the J measures of perforuance
Notice that the effect becomes greater ag s function of the number of times the ek
is repeated. In the normal working environment , the repetiti & ¢ the
is likely to produce effects of sleeple ous nature o

S8ness far in excess of those reported herés
L. Complexity and Interest

Tt was Proviotey Hiousht wathtie o eER & task was affected by JO¥

17
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'-!:_aj I'E'-lj_
' “%xfh“&l* a
0lay . 8¢ .81, %, tion of its simplicity Al
Py e, Ty, o Tl 1 the tagks
& tpood  ig % wad & .o to the effects of ioss of g)q "o have examingg
) “hhg‘bﬂ d.f *f;{hﬁ’ g ,15:&1:'“ gaﬂﬂitihﬂaﬂtﬂriﬂtiﬂ of simple tasks iaﬁfhﬁdt;]‘l have bgap gii;lﬁtiﬁﬂ g
Eti E"-‘-h ﬂhg ‘15 by ;ﬂa :t Fut horeas complex tasks tend on thg Wi ala:-* are alap usually
logy "2top s gl @ el "y pe questioned whether it is the intepesy . o iOteTesting, 1
1ﬂup % a:f&&e S pore ﬂ;fautﬂ ite susceptibility to loss of slesp, T OF the complexity of tne
o ﬂtj:ﬂ Thy S8y 'g#eihiﬂh-:h any certainty. : 18 has never been
r mi 11 th 4 a I"rﬂd wl
nutﬁa, &t %%, 5 jrue that the Battle Ga:rma taken from Wilkingon (1964)
=n 9 1t 1 O ghatsoever. In this task four lower £ilps omiows no effects of
Erf-% of sleel econtain aymbols C, S, D and B Wove upwards at s constant
5 The £i1lms Ny I"E'PI'EEBHJGII:E four dife BTan
”3&13%1 4 upper films move downwards at spseds controlled erent kinds of
jvan
vy i ;o § oan intercept C succesafully
2 t-EI.
:ﬁlﬁe«p‘ 8k 4 or D can jintercept 5 successfully
isg t T!li
s 8 :
;Eiﬂﬁpubic :Ee g or G can intercept D successfully
n =
te of the di can intercept B successfully
e 2 be Ell't-l gl A oT 5
1z % :
Persg, of piect's job is to control the speed of the four upper films i
n ord
Cture x:tu o 4 E:gi:h the mid point at the same iime as that ship which the uppa;ra:r:nhz Z:ie
o by 11y intercept. ubjects love is task, and it nev
t nuteﬁ;}m: gasafﬂ ly int t. Subjects loved thi ’ er showed any effact
;them the E?;IP ¢ losa of sleep even when prulonged for 2 hours after nearly 60 hours of depriva-

Tasks which seem equally complex, but not too exciting do show effects however.
yt when one specifically increases the amount of information to be processed eg by
jereasing the signal rate, this aids sleep deprived performance. Also practice at

ibjectg Tepeat ; fask a8 well as mak.‘l.ng it less interesting iir.lﬂn makes it less complex by increasing
ht formeg , ie ease with which it is performed and practice has deleterious effects. Interest
LA nighttg i cartainly a factor, but complexity we know little about at present.

5, Effects of Motivation
ed the "s. :
a horisone If we refer to Figure g:? we see the effects of another variable upon performance
to a dige iver loss of slesp. In this design, a procedurs was incorporated which it was
 1ight ped raised the subjects level of motivation. At intervals throughout the task
Hbjects were told how many responses they had made, how many errors, and how many

ted posi-
Gﬂl"fiﬂil}’ #ps,  This "knowledge of results", reduced the effect of loss of sleep on perfor-
TR @ce, Under normal sleep conditions, this procedure has little effect, but when

. Tatbar iiijects are deprived of sleep its effect is enhanced.

Ineidantally, on the basis of a personality scale of introversion-extroversion,
rf O mAances % can predict with fair acouracy, which subjects will be affeute_aﬂ by Knowledge of
a8k ts and which will not. Extroverts only are affected by this Pl‘ﬂﬂﬂﬂ-i:l.l‘? under
toe “rmal aleep conditions, but both types are improved under sleepless conditions.

ob
;h;gﬂ_ i@ﬂ_i shows how important personality variables are. It'ﬂhﬂlﬂ how extroverts
“leriorate relative to introverts during a 3-day sleep deprivation.

Another form of incentive used has been to punish subjects with loud blasts of
y 108 136 when they make errors. This procedure is also effective.

18
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A

ffects of Loud Continuous Noise
=ilects of Lou 3 Nolise
Fi

T

re 6 taken from Corcoran (1962) shows 1gvﬂiﬂaﬁiig§§?: ::2:; :
in terms of E8D3, when subjects are with gndviith?u 0gTEess. The
to about 100dB of white noise whilst the task is in Il:rtiue that loss op .o Shy, J‘Ht
ch&nﬂ'ﬂﬂ- f'rom the lst to the Z2nd half of the tﬂ‘ﬂt.l t?nn When noige ialﬂ-&p ‘]4%
A58ociated with the greater within-session deteriora ; ;aise inﬂraasea : I1m¢;,,.,:.‘D
however, this deterioration is reduced. In many tas E‘Sht expect that bha "t
Se3sion decrement, as does loss of sleep, so that ﬂ?? mt This is not 5r¢DMH
both stresses one would obtain an even greater JEEFEJEH g efore has tp 8o, the
Stresses ip this case cancel one another out. Noise tt:ruf Elﬂﬁpleaas;a 4
25 incentive ang Bigh signal rate in opposing the effec fhs

0ty
s ang
Er'aph

0 5,
h
Ape ﬂu‘:ihl

Measures of' Ferformance

he act
A considerable amount of interest has centred around t
Tormance which i affected by sleeplessness.

been examipeq, Speed in unpaced tasks

rate he likes), thg ”cﬂmmiasfﬁa errors"” made when people go &F EPEEd
in a detection task, (this is o paced task, because the Expen}men“e
8ignals are put in) and gaps or lapses of attention, (Figure 4).

Probably the best
Speed is affected by 1o
but commissive arp
to "do what he ou

ual me
In general four kinds of
(ie those in which the subject ,

E.-Eklrle #
EI.EEIE.]_II.E FEI""
£0 at

2 miSHEd Ei %
Ir dEtE’I’mnﬁa : :

Summary is given in Williams, Lubin and Gu?dn
85 of sleep, Gaps are affected, and Detectlc:.{m are
°TS are not. In other words the sleepless man Will be
elit not teo do", than to "not da what he ought to dov,

ow (1959)
ﬂffactgd _
legs 1ik15

Eeharinural Ef'fects
_H—M

wrhen logs of*

sleep is extended into
€asily classifiad

40 or more hours, effects e
or explained as the

Annot be g
ones we have examined up to t

his stage,
The "psychosigh

of sleep deprivation
hour deprivations prup

has been deseribed nany times,
at APRU there were

many occasions in

which hallueinationg Tere
related, many misperceptions, a case of apparent deafness, irritahilit;.r and sg op,
These effects disappear after sleep and are of little conse
they affect performance

quence except that

Whilst the man ig Performance at th

in the state he i in,

5-choice was impaired in he saw a chess pawn on

He did not

Ssed in German
Similar cases of paranoid
¢an predict with reasonable accuracy

S simply sleepy, one cannot predict
in a Psychotic-like state,

are reported in the literature,

what will happen to rerformance

when the man 3
what he is going to do when

he is tampqrarily

an be at least
from the taslk and environment,

deleteriously, it will be yope 1i
A French radio station has 4 pro

night work. As well ag pl
output occasionally to walken &Ny driver who ig driftin
sleeping operator needs i Stimulatiopn, I fing that :

: long drive, S 2
little on a 0me sugh measyure
hallucinatory or other state, EE e

kely to impr
sralne especi

3Ying their peques

ove his perfor
ally for 1
ts it algg

dance when he
ong distance lorry

PUrns up the amplitude of i
off into sleep., hat the

€Ven eating a sweet helps & |
Used whep operators are in &1
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aly ¥ i and ecaleulatiog

e ° h-keeping n af'ter losi

j;: a;h;:t:ﬂ mhievajl ':;l,r preventing the Buhjaczf ;::ﬂ:'af '.':Pdtﬂ 72 hours of
ar ' The res 8 are shown on Fi a 0 bed for the =

——jgure 7, It was found that abgﬁzuéﬂih

* p time. d vigila
il"Pt of sleep reduce gilance Perf'ormance and ahp
J_,}aﬂ: 1088 ﬂiiarﬂti on in performance in cale ulation, m,j::; i Were sufficient tg
aﬂﬂe B d-’:g:’ﬁa the effects were greater. °P% with reduced sleep
f,’ A il £
.
o dure is a realisti
nd of procedur 8tic one. On aperat: ;
',I'h.lﬁ ki i sleep will be taken when the opport I'Jt z l?nﬂ 1t is more 15‘}[‘]‘3
pew ho WY arises than that i
o anently awake. i
. pers
(Y
’ on Sudden Awakening

and Hartman (1961) in a number of studies haye asked wheth
le is seriously impaired when they are wakened from alaZp Ef‘adﬂrl‘:qﬂgr;u

Using a fairly complex display involving switching to

eop 3
of 1_:':1 a few minutes.
thi to normal performance, Howaver,

3028
qork L‘i,ght sources the data show impairment relative
i of importance is whether it is b
astical question _ 18 better to keep peopl alk
ﬂ:unuﬁl.':' if they are likely to be required for an operation, rathzr ﬂh:.n&:,rllzﬁn
golt In other words the levels of performance attained after sudden ®

e to 81eep. :
should be compared with the levels achieved at the same times by people who
Work is in progress at APRU on this

e P

ﬂ,-a peen kept awake all through the night,
f:l}ig, but no date is at present available,

E! !!Eicmﬂ
Measures can

Slespiness caused by sleep deprivation is a reversible process,
These are a, Use of incen~

1 : : 3
pe taken to prevent a serious decline in performance.
be present to a high degree in a battle

sives where possible. This is likely to
sgtuation, so that performance on exercises may not adequately reflect the levels

siich may be achieved under real stress. b. Wherever possible the length of time
bs amongst the operators,

spent on a task should be reduced eg by changing the jo

o Attespts to reduce noise should not be made. Indeed use of radios etc should be

ecouraged after sleepiness, but choose your programme well. d. It may be useful
e. Work output is the most likely

mere feasible to introduce artificial signals,

io be affected, but particular attention should be paid to tegks in which short
f. Although not mentioned specifically in the

lspses of attention might be serious.
body of this report, there is evidence (eg Tyler, 1947) that amphetamine will reduce

the effects of sleepinesa,

¢ Tasks which will be likely to show lowered efficiency with loss of sleep are
characteristics. Long, uninteresting, well practised, with

‘iose with the followi
frequency (ie requiring relatively few operations other than sustained

Low "signal®
tttention) and in which no external incentive is available.

J» A1l the effects are likely to be present when the man is working under partial

sleep deprivation and when he is suddenly awakened.
b Neasurements of body temperature may give the commander warning of an impending

tsabi1s Fin many serious errors of decision can be made when sleeplessness
. e Several years ago & trawler skipper ordered
The

18 severe, due to "sleep pasychosis".
hil ?&a;ei to be P'I.l.t nﬂplPﬂﬂiﬂiﬂﬂ course, af'ter Eﬂ"ﬂﬂ hours without HIEEP-
Tate took command, This contingency should be covered by appropriate regulations.
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Figure 2 Effect of Signal Freguency. @ ..ﬁ
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2
=
= By,
E" = B *‘ﬁ‘ Sleep
2 % e
== »
2= N .
ein -2 e
:ITQ ___;‘ S ‘h
%hc&q 5: E ‘Hh
r‘_ﬂ PR =
PSR No Sleep II
()
@
-
=l
0 T T T s
1 2 3
Quarters of the test
Fig. 1 Effect of lack of sleep on number of

signals seen during a sensitive watch
keeping task.

=
=
§ 100-
; - CON. Fast
© 80 Con. Slow
]
B e ™~
ar
o
=
a 20- “Exp. Fast
=
S Exp. Slow
= . ¥ — -
1 2 3
Days of sleep deprivation
Fig. 2 Mean percentage of signals in 3 consecutive days.

Effect of signal frequency after loss of sleep.

Note: 'Con’ refers to control group i.e. normal sleep
‘Exp’ refers to experimental group i.e. subjects

who lost sleep.
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Fig. 4  Effect of one night's loss of sleep on gaps (reaction times
over 12 seconds) under ‘knowledge’ (K) and 'no- -knowledge
(NK) condititions (S=sleep NS=no sleep)
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k of Eieep fig. B Relative deterioration in performance of
extroverts and introverts after loss of sleep.
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Fig. 6 Effect of noise on performance after loss of sleep.
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" Fig. 7 Effect of varying periods of sleep loss on performance
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SIKULTANEOUS TASKS

kultiple Tg
£ Perfornance ‘
by |
J- Ir-... Rﬂlfﬁ

RAF Institute of Aviatiop Kedicine Farnn
e - QI‘I'.'-“'L]_Eh’ Hﬂ-ﬂtﬂ

b f tnis paper is to consig
i DDJHGt o : i er some of
fhe gperator 1s required to perform in 3 w the Problems which ans

pa DU :riltaneously the behavi ork situatioep whiah o . ra88 whim

the trol simu . - Bhaviour of more ¢ nich demandg +f

§ ool t Nan one tagk, 5 that he

gus sges [rom the perceptual and motor ligit Py task. The problen

. igh art : tasks It h S it Atlons of the h 1 ia one

L miDE gontinous & . as gained greater proming Uman operator when

i on has changed from one where the demands imposeg 7€ &3 the military work

..a] to one where the burden is more mental ﬁem&ﬁdgnupun Ban are primarily

;Jli’?:it}. on the part of the operator. This condition nﬂ_sﬁfb[:‘ﬁre covert than overt

%g.,i ssed vehicle performance capability and the radusLt i iintbﬂﬁﬂravatea by

orew members. In consequence, whilst recognition must séélrim‘nbﬂr.ml PRrtacis
ﬂ;ﬂllimitatinnﬂ ?mpﬂsau.hE the senses, used for E&ining infurmiti e
y mechanisms which are responsible for organising informatiog antit’dém?ag
: cision

aﬂﬂtr'ﬂ'l
paking-
The human operator may be considered
e following components:-

1. The peripharal_recaptars, whose function is to receive visual
suditory, tactile or pressure stimuli and convert them into nerve

a8 & communication path (figure 1) with

impulses.
Peripheral sensory nerves, wihich transmit the above impulses to the

central nervous system,

4, Central nervous system, which may be loosely considered as the data
processing unit which receives the incoming impulses, translates
them into patterns of meaning, and determines the correct pattern

of response related to the impulses.

24

Peripheral motor nerves, which conduct the declsion bearing impulses

to the muscles.
5. huscles, which execute the response.

In the task situation, as Longton (1965) puts it, "the controller :E*euei#as &

randon stream of data or pieces of information about the state of each item of
There are, therefore, a number of sources

nses of the

fquipment through one or more senses. ¥ :
of data each emitting a stream of bits of information and several_ae g R e
wntroller may each be transmitting simultaneously & streal AT laa.:re bom-
“m.'f one moment, therefore, & number of sources and a number of senses
“niing the brain with signals".

re continually impinging

nt are therefo Sy
but in fact:=

Amy : : ironme
.- 'ﬁ'-.ﬁult.ituﬂ& of stimuli from the envi B i

Won the operator. All these stimuli are pote
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: 14 of consciousness. Sop, 1
liany stimuli do not cross the throsbo operator determines the . grr0% o
predetermined criteria imposed by thﬂntPﬁhinh is relevant ingg ug Do nﬁﬂaﬁ
of the information and allows only % inE
consciousness. ué- ne
:s of information are relevant ¢y o il
2., Accepting that certein categories .11 be able to handle all this L ¥
is no gusrantee that the operator Wi o anbed. Filt'ﬂrl p
information in the form in which it 18 P ds iﬂfnﬂ’g’
n from conscilousne 1
An example of the first category is the 5:;11":3;2 task situation tnﬂ-ie“f Ceps ApPF©
basic physiological functions which are deemed i tored, for example awaren, t“h]_l;iﬂ s bﬂﬁﬂ'use
irrelevant and therefore not reguired to be m“ﬂind GLEEEDI‘F is the iIaPIEEi:i o il
current state of the right big toe. In the se jety of information bear; .innth} EultiPl'
in certain complex task situations, where & "Tr the appreciation that thg Iy, . nat ©
are present, thers is no guarantes {tags PEEECEE. €5, indie a1l the infory Sy L
information, the operator will be able to acc@P Wiy it
sources at one time, z. Le
Interest in the problen of multiple task perforients, 2 [FOT ot arise g
because of the recognition that the operator can 53} et o 2E”lttmn tha
performance undergoes a deterioration. Fitis (19 T it . he g
situation as one of the eight factors which can have an Pon 8kil]gy Eiﬂilﬂrw;;
performance. The factors are:- - rion tha
ity t nd it ed £Ton
1. Information overload occurring with the necessity to Iespo 138600
simultaneously to information from multiple sources. 5 pelays
2, Danger or other conditions which result in fear, anxiety or other pistol
emotional responses. i 2o
3+ ZHxtreme environmental conditions such as cold, heat, wibration, F ﬁ._fhﬂﬂﬂ
intense noise and glare. ' Saean
The, WO
4. Noxious substances, including radiation effects. , that
9« Restriction of movement and lack of sufficient variation in sensory onc

imputs.

6. Fhysical deprivations arising from restriction of food, water or air
intakes.

7+ Long periods of intense work without adequate rest cycles (fatigue ete).

8. Inability to practice a skill under

the conditions necess or
maintaining adequate proficiency, Yo

Whilﬁt these above factors were original sat .
environment the relevancy to the gurrent miliiy out with regard to ths space

. : ary environment o i ;
mill, no doubt, be sppreciated, 'Zf s fherefors by be atrzzaadftﬁiatiﬂpgi;ui s0t8
oItk o2y, O ﬂm:ﬂlﬂﬁr one of eight possible factors which affect th ality of the
human operator’'s response in complicated ang demanding tagk aituat:?.u;f; k

where overload may be present, liljep (1961) hmmﬂ“ in complex task situations
which are related to the effect of the s
The mechanisms are:=-

listed eight fundamental mechanisss _
©5868 arising from an excess of informatitit
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simply not processing information

&
on
i‘il: vay, e
(] & e i 1 i
: ing inforn '
T g Antornation dnsorrectly ang t
by I,:._EE-E EﬂJuatn.-E:'}t. hen pgt u'ﬁ-kinE th
ne B
e erg L eing, uela,y.::.ng responses during peak . 1
hig ga H:zzninﬂ yp during lulls. 3 load periods ang then
i
: tematic omissi
neg jjtering, the 8YS5C ssion of certain )
b lﬂ::. of Sep de ﬁfﬂmﬂtiﬂn' according to some sort of priﬂrit;ﬂ:iﬁﬂnaﬂ of
o heme,
Qreng, Cta,d s :
13,8 gtion, producing a less precise or accurate re
sponse

Appro¥t ; £ :
8 L ecause there is no time to be precise.
channels, synchronising response
8 t0 more than one +
e me task so

pultiple
arable responses can be mave at the same tipe
4 L LITE

Torg =
Rl on ¥ £ that comp
: isation hi ] ; o
Egﬂr‘iﬁen Eo Sacppralaseiion, which i3 & specisl case of multiple channels,
rﬁau : . i ;
t leaving & situation entirel it
of tha p. Escapé e ? rely or taking any other st
uPU!Eh:kl f-]ﬂ;k t shat effectively cut of'f the flow of information. &
gq :
B e e
jplicetion tha . i n:é 5 suffering from information overload can be
ﬁi&gnﬂﬂ_gd frﬂm e oc 2 g8 0L 1=
er 1. Delays 1n aealing with incoming information,
5. Distortion in the transmission of the inf'ormation,
3, Loss of inf'ormation.
he work of the experimental psychologist has provided & body of evidence to
suggest that the nervous system acts, to a large extent, as & single communication
ory -hanpel. It has also been argued that this single channel is of limited capaeciiy
aii that once ene piece of information has sntered the chammel it remains closed
#or further transmission until thet information has been processed and cleared via
e the effect or organs. The period of closure is locked upon as having a minimum
sration of about 0.5 of a second (Welford, 1967). Adems (1966) has examined in
some detail the mechanisus of motor responding and concludes that the single channel
) mchanism is not a true description of the limiting capability of the human
ke operator to perform more than one task at the same time in all situations. In his
vew the lindt shows itself where the tasks involved po:sess event uncertainty and
the central mechanism is defined as a declsion centre whose function is the reso-
lution of choices. It appears to be the case that simultansous task performance
v 71l be at its worst where both tasks demand the subjects a‘t-taptiﬂn because they
afum both possess sufficient uncertainty in the occurrence of stimuli to ?rﬂhlhlt the
r sets operator being able to anticipate the requirements of the task or build up some
ehe pattern of automatic response wiich does not depend entirely upon the cues obtained
of the e ;
o external stimuli.
' g : T tainty inherent
ons B o deeee of lzpaipment U5 pelated om the dsgres OF LOOSTE L ok
i sms  the stimulus situation was demonstrated by an gl s & visual and
Eﬁtiﬂﬂ* dnd ﬂhallgy (1953J. In the axperimant concurrent performance of E.t\‘-'lELI ”Enr:n
: Sditory seri . ured at three stages of practuice. R
serial reaction task was measili® Bhzes 8 8 eeree of predictability
differing in &
effect on perfor-

bility haa no

those occasions when the secondary

:;P.E '_ff]‘.‘r_?ﬂrsinna of the visual task, :
the stimulus sequence, The degree of predicta
But on

® when the task was practised ElﬂﬂE-3u
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ob 58 me

auditory task was introduced the greatest _rlanrnrr.e:nt il; sz:i:gf;gzni““k Plag, “4.5 jot ;53 3-\;.?

random version and progressively reduced through the low +h t.t.““iun U 1 ol sP9 1€ e

redundant version to thelowest decrement taking place on The r::ﬁgtl Ve “Eraihﬂﬂ. \ Mfﬂgﬁj' hﬂ'ﬂ%hm

the task (figure 2), The authors' concluded that the E-hﬂ‘;-’it&d : clE': ﬂui'PUPtEﬂ“ﬁf' *ﬁf . i
hypothesis that the redundancy of stimulus sequences PgTh&‘t prfnr;gﬁa frog ,ﬂtha ﬂf ﬁﬂﬂ{' 51‘5?:

ceptive control respomses to propricceptive control an which a taslk Sl t:._::l'l... ﬂiﬂiiﬂﬂvpla at '-"n-J;;

sharing situations was able to demonstrate the degree by “Olg e e At

automatised, Ry a{ﬂl—t }af-tj- E ﬁ'gur
0 gd® qa% g

What effect does learning have on the ability to handle multiple tagkyq f I Upaﬂf uﬂgéi

Bahrick, Noble and Fitts {1354) conducted an experiment tuh::n"-*zﬂtiﬁﬂtﬂtth? va),
a second task as a measure of learning a primary task. i WE? orelneg 4
either a repetitive or random versicn of a motor task and concuUrrent perf,. 4 4

an extra task in the form of an auditory arithmetical subtraction tagk wag Tagy " b f;al?nﬂuﬂ,pﬂ“

either early or late in practice on both versions of the mntug taﬂk{'i il rﬁ‘&ult?ﬂ 55} maf‘l% p mUS
showed that arithmetic performance was comparable for the ra.n om an TePetitiy, % 5-1;.115t19 int
groups if the secondary task occurred early in practice. lowever, arithmets, Seap iR "’:]'.;-,.I'IJ"-L th;icli
were superior for the repetitive group when the second tas< vas added late j, ' Pon £ w0, 32 rol
practice. Scores on the uotor task remain comparable whether the secondary tagy  RE 128 . gon® el
added early or late, Y thiual asp |
Eatre: =2
Can a situation be attained where through repeated practice, it is POssible ¢
perform two tasks simultaneously without any deterioration taking place op eithen The sel®
task? Baker, Wiylie and Gagne (1951) examined the interfer ence ol one task g N0 they 1e ﬁeﬂtwt
ef'ter varying degrees of practice on the first. The task studied was a complg,
ordination task which involved learning & motor skill., "The second task COnsisteg The me &
of the appropriate forward or backward movements of a control lever in Tesponge ¢, W L kG
the occurrence of a light. The experiment involved six matched groups of male gha-'ﬁﬂl'
subjects and was divided into six stages. One group had the interfering tegy frog e
stage one onwards, another group from stage two and so on. The results (Figure 3) Phe mEe&
showed that the interfering task produced an increase in the time necessary to q fLae: Vs

control movements on the primary tesk. At sach stage there was an initial sph
increase in the time score when the interfering task wus introduced for the first
time. Although performance on the primary task improved as practice with both
tasks present continued it never reached the level of the performsnce of those
subjects who were not given the interfering task.

To summarise, it would appear that when simultaneous tasks are to be perforned
intereference between them must be expected and a deterioration in the quality of
each task performance is likely to occur. The degree of intereference appears to
be related to such factors as the level of learning achieved on the task and the
extent to which the task can be performed automatically. The evidence available
would indicate that even in the later gstages of learning interference still takes
place between tasks if both demand the operator's attention in order to resolve the

| uncertainties inherent in ths tasks,

kerely to say that a task demands attention 18 an inadsquate analysis of the
potential load 1% will impose upon the operator, Few tasks, if any, demand that
the opersator MUHE P?J’ cﬂﬂ;:}nuﬂus and undivided attention tﬂ’them. in meny the tasis
demands some sort of' sampling sequence; the rate of which
extant upon the degree of predictability which is inh:rant g?ﬁﬁ?t?&k&aﬁ;ﬁim:.
the easc with which the response is capable of being performed in a fairly autonatit
manner and the two components of speed and loag 48 related to the flow nf}rinj‘grma
in the system. ‘.’F'heae latter two factors demand some additional consideration, for
+the implication is that the wn::k stress imposed upon the operator is dependent upoly
not only the degree of uncertainty existing in the stimulus inf‘urma:innp je the lod

- 3

31
CONFIDENTTAL




CUNFTID ENTIAT,
‘_‘_—_——l—-_‘_
angg t
dung Yok b1 ible number of stimuly but
: v a 0881 ; 2 e Blso the
P8Pty ey Ce | of the P rring. Cumming (1964) Considereg T quengey With wi
i'l,l' o) n 8 i oc 'hu.ﬂ].ﬂ,n 1-'3h. th
l & op b bt: 1%'& bt i e? ponse ernatives, demonstrateg am as - iple

g ré that a | netig
are e op 8k, 8., 19 1 alt : 4 : M8asurg of t n of g}
o MMmang f'r%ﬁ thﬁr ﬁ“ {00 glhh gled per unit time could pe he

e nim.
L e AT A 1tEL.1rC.'EJ".| a8 'Em-ﬁﬂ‘-'ers Oumbar qop ﬁggi:;znu
i tﬂ,a]‘f o in t‘;‘?htthq\ r-:ﬂ. ':"gaﬂ b Thus & rr-.a-,% ke & ll':i Ueclsion rate per El-Et}r_unrlE Netion ge the
g )y 99on W1 ornatives in each decision riges (Pigure 1), p, 2°0UTs ag the Dunber
ﬁ-::% I‘a;-i:si 12 al A situation v:a,l:'r.:_nE for a hig T u- The 1ndinatiun of 1;1413
1tip1e t H ;;E 18 thﬁ:t situation are Lo be met each decision tlauateflﬂiﬂn Making if the
“iﬁ‘ﬂtﬂ :3%? g of Fw choices as possible, (p the Other hang ¢ dg:ﬂ{a‘aa limiteg 5 runhes
} BIg tszE vay i .tgrna.fl the pressure of' speed the Operator ig aola 4o h,:.ﬂ::unﬂ do not Rove
T'ant Pe lnﬂ.d g o :fﬁ.]e under uneertainty is present, Andle 8ituationg 1%
R tagic . Ofmg, 0 " B ater
Wa [ & & . a1 S ol
A3k 5 g, 2 Oy g A pint to bear 1n mind in tiig context 4.
2 i 1s th 3 o J
ang e l'ﬂaqu Deg A ruhﬂ_tfﬂn that "the absence of ovant e ¢ Tecognition gfp Foultonty
| Pepe gy, July roposl gk : ©5 not NeCessarily s
) ariq 11:11,',& 4 ].;J-BJ P 's capacities are not being fully employed”, The Ovani Y indicate
deg lﬂglﬁ'tig 2 :!5* a mﬂntinﬂ must be considered as the culmination of W D;‘*aspnnse in g
L L] i S tUa : 3 3 e L= Lo e
'H'E"ﬂund ® in %Ea i ﬂ;i;lm the intervening action which succe vert activitiag

i ¢he control component of the ocperator's task whioh 8% be locked

e 18 preceded :
.jtwﬂﬂﬂtual aspect of guidance. Carel (1965) aTgued tha ¥ the more

: ; 79 t the ope 1 i
plage Eﬂaalble b # e guidance implies the following activities:- HRLer s, Fols ik
1 ejy il
e ta hﬂr ;
as g o Qngy, 1, The selection of a goal (for example, the choice of & target or
task S OMmpl g Cg u destination).
) ﬂnaiat 2o
in 2 g T by
s ;‘fﬁspﬂnaa 0 2, The measurement of the position of the vehicle relative to the goal
: Ma]e .
I- ' . L]
lg.;l fffn_&sn: fra j. The selection of a path to goal consistent with vehicle resiraints,
L18urg _3}
ol
% :i : tn nals L, Ihe measurement of path error or the computation of predicted error
T ; Sharp at the goal, given present vehicle position and performance,
I e D PR Y
w;fht;c,th f. The selection and uss of sensing and control mechanisms to pealise
s Ose

physically the required path to g0

Of the above factors it will be appreciated that four of

be Perfiormeq, % cacisions related to the measurenent of position relative

the five are covert,
quality of

to goal and the
i#termination of an optimum path to achieve the goal must be arrived at before the
Appears to ferator is able to mwake any adequate control imput to the system, Interference
k and the «imean simultaneous tasks will occur, not only when the operator is actually
available

wirolling one or other of the tasks, but also when his attention is taken up in
Eill takes % resolution of the uncertainties involved in the decisions related to the
resolve the “iievement of task goal. As an example of the above situation the author undertook
igeries of experiments in the laboratory in which subjects were required to perform
¢ simulated height changing task. At the same time subjects were
Ls of the

required to
#rforn a tywo choice response task. Analysis of response times on the second task
nd that lioved thet they underwent a deterioration in the speed of response, not only whe_m
y the task % subject was actually levelling out at the required value but also in the period
Arge Pt five seconds before the point where the subject initiateg any levelling :
tuatiﬂﬂrt*c “iponse, In that time it was argued that whilfst n; u;a?t ﬂ:anie in the 5::1?“@9-::1: 8
- gutomati ttrg] the subject was involved in the deecision ma ing
informatlol  mee.. i:laiggetzagligpgﬁi:;tEE?elliﬂEJﬂt the required goal. In the experimental

ion, for “htext 54 is of interest to note that the same pattern of secondary task response
lent upons Teg

' ted visually or auditorially.
foung 4. i ther the task was presen . |
 the 1odd s 1 in;r::P::;;;Ea:fp:ﬁiding supporting evidence f'or the contention that the
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: : e
locus of the interference between the competing attention ::Iaza.ndu:_a Tazk, ™ s 5'5;%
¢entral level in the operator's information handling mechanism rather Wap ::“ i;;o‘ar ‘
pEriPhE‘ral 1E"¥'Eli 28 3 . 5iﬁ ij
g p};f:"ﬂ "ia‘sd
A second aspect of interference between simultaneous tﬁﬂkﬂ SFANE the - i"gf'i'ﬂﬁ""p £V
phases of the operation is in relation to the limitations ol the mbers, CPerac Tt M 8 ;-ffa#'b"’
short term memory. Current thinking about the mechanisms of mmﬂmuem&. 1:—_5.7:3'1 & Pﬂ!'f'
that remembering has two stages. The first, known as short tE-rE’ o liﬁ;:i‘* = 04
8 buffer store in & computer which holds the information f?r b kg PeTriog ugg, - ;,J'J’j't i1
if the material has been found to be relevant and has lasting value, it Bay by L_"i 24 18£°
transferred to g long term store wnere active rehearsal of 1t 15 no {Lﬂngar IUE;_ ] 2 s
inatant retention, It has been shown that short term memory has a ?lmit"'ﬂ ca-:f: Yy ﬁ:ffiﬂial
and material in it soon fages unless reinforced by rehearsal or by its yg in .9 3o
other activity, we wWill be aware of this fact when given a i) telephone Nungh,, & o gor
inding that unless it is used or written down very gquickly the nunber i, not % ly» i »&°
retained. Fading of inflormation in short term memory also appears to be brg =

g ' *—-'.Eftt
about by an interposed tesk, and it woula appear that perception shares 5., -

brain mechanisms used in short term memory (lurdoch 1965). Thus, l? an “Pﬁre;‘nﬁ'
trying to heolg something in short term store, for example a new r;ﬂ:.t:r fmquerm&. _ll
at the same time monitoring a CRT, it may well be the case tlﬂat the Cperatop ti'!q
miss a signal on the display. Alternatively if he detects the signal ang Procesy,
to identify it he may well forget the radio frequency he had stored in shopy 4, -
memory only moments before. It therefore seems best to design the task Situatig,
that minimal reliance is placed upon short term memory, the operator being PTOViges
Wilh more permanent aide memoirs wherever the task reguires. '

The design of the equipment can have an effect on the “PEPE'F?I‘IE ability ¢
perform simultaneous tasks. Olson (1963) studied the effect of different AT T &N
of eighteen instrument displays not only on performance of tha‘:.nstrumen: task byt
also on the performance of & second task involving the subject in performing .
simulated driving tasi while monitoring the visual displays. He demonstrateg that
not only did the different display arrangements affect performance on an instrumens
monitoring task but it also affected performance on the independent pursuit trackipg
task (figure 5). The author noted that his results indicated that the more data § P
S0urces using the same sensory channel, the less information the operator could he '
expected to handle. 3 Nt

R MR AN
Combining & variety of information from a variety of' sources onto one disply &P
may improve the quality of response. Hegan (1959) compared performance of sub jectl i
when using individual or & combined display to perform two-dimensional tracking,
tie showed that, in woth compensatory and pursuit tracking conditions, tne combined
display produced lower errors than the separate displays. Similarly with regard 1o
controls the same experiment examined the effect ‘of using individwal controls for
it e of treoking or & bwo-ilususional JoyeHiak. Agatn it was fousd that bl
stick control gave improveu perf'ormance over +he individual display. This experinel
and that of Olson sited above lends gredance to the principle that miltiple types o
information can be more adequately received ang "processed” if presented thro agh &
limited number of channels, Similarly, if the method of response can be combined

into one co-crdinated response device the demands imposed upon the subject appear ®
be reduced. '

To summarise this paper it has Deen supgre
to perforz simultaneous operations is at its 1
the resolution of uncertainty and where the sp
of alternative probsble solutions ape high., I

sted that the humen operator's @il
east effective when the tasks de
ed of required response and the mulk

t has been argued that the operatd
tends to act as a single channel mechanism and thigs mechanigz is :i.mrc-l*-rzﬂ- En WA
gathering of information and the making of decisi
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a +hat one of the major functig
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.. acclF ; on is ¢ i an
19 ::l:'}r task Hlt\fﬂ.'l.:-lt;: Ak hat of decision maker whey Cperator fulfily in \
iﬁﬁ;ﬂﬁaf oo in oroe: ab ne may be unburdeneg g4 e X poBsible he should
W ont? gist pumber of ways, namely:- HeN 82 possibla, iy,

58 a
"ﬂgifﬂrlﬁffiﬂ\'a‘i &
a4

A task analyeis and the subsequent B

: ve ecific 3
¥ ,;ffﬂ":ir.ﬂ functions. ification of tp, human
1e ra
ope
i ine the number of possible actions open to
2 I‘m:”;ﬁ the task. + Operator at any
' gteg
Eﬁﬂﬁiﬂnt design of equipment.
> t d use ol traini i ] l
. & 5 ning facilities £ b b
ha developmen : : : B for the acquisit
be ﬁd gaintenance of the skills required by the task. i .
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Practice Sessions

figure 2, Results from the experiment of Bahrick and Shelly (1958)

Key to legend RP = Kepetitive task
HR = High redundancy task

LR = Low redundancy task
RA = Random task.
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26-TRIAL LEARMNING STAGES

Learning curves showing mean time
In minutes taken to make successive groups of 26
scttings on the S.A.M. Complex Coordination
Test. Group I practiced an interfering task
along with the Coordination Test during Stages - e
1-6; Group II practiced the Coordination Test R o .t
on Stage 1 and then practiced on the Coordina-
tion Test with an interfering task during Stages
2-6; Groups III, 1V, V, and VI practiced the
Coordination Test during the first 2, 3 4, and g
stages, respectively, and then practiced the
Coordination Test with an interfering task
during the remaining stages,

Figure 3. Hesults from the experiment of Baker, Wylie and Gagne“?ﬁ”'
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Discussion (Twe papers)
the"
Sustained operation and the need for pleep; and simultaneous tasky, e
1#pe

i 1 i tﬂ.tiﬂ.g that a
06 Chairman, Dr PENTON, opened the discussion by stati s
be made h;f the users in order that a delicate balang, Eﬁ:ﬁ W

e

analysis needed tg
achieved between the four pointe that concluded the last paper.
¢ tasks could be dea);
Lt

Lt Col BEARDSWORTH asked how many simple automati
in conjunction with a decision maling task. t

Mr ROLFE replied that thig depended on whether the automatic 'blliﬂku
output of the decision or whether they were performed at the same time,

Ty
latter they might be subject to delay or approximation. In respect of , 111;"5

with miltiple tasks there were two schools of thought ameong P.E:,Fﬂhﬁlﬂgigta= he
be an innate ability placed the emphasis on ae],ﬁctinm Ba

Who considered this to >
dered it to be an acquired skill placed the emphag;, &

whereas those who consi ;
training. He mentioned the work of Brown at APRU who could predict at g say]
ng course from a study or the J

stage those who were likely to pass a bus drivi . ;
Supplementary tasks that could be carried out in conjunction with driver traiﬂln;
He gave Warning against broviding the tank commander with toc much i:llfnrlnathm 1
This was supported by the work of Longden at London Airport in relation to &roung

control that had resulted in information now baing provided to the controlla, -
a "need—to-know" bagis having been filtered at a lower level,

Gp_Capt WHITESIDE expressed surprise that the effect of thermal enVironmens
on operator efficiency was not ineluded in the programme. Ir Corcoran had deg.
cribed an improvement in parformance in sleep deprived men by the use of g noigs
stimulus, He fﬁhitesidag had observed a similar effect when civil aircrew, wy, !
may have been deprived of sleep, deliberately lowered the temperature on the ?1ight
declk, He wondered if there was a need to control the thermal environment ip AFTy
in order to bring about a similar effect.

he had found no improvement or impairment of per-
increase in temperature,

IEI‘.&

Dr CORCORAN replied that
formance had occurred in sleep deprived subjects with an

Dr PENTON, welcomed Gp Capt Whiteside'
control of thermal environment in tan
on with TAM in the future on these pr

lir LARGE pointed out that the trouble in many AFVs was over stimulation in
the form of heat, cold, noise, vibration and CTAmp.

Lt Col BAWKINS asked if use of noige stimulation described by Dr Corcoran was RILYY 2
valid in an environment with a high level of noige, [ o el

B8 comments.  APRE had
ks and he looked forwand

ﬂblemﬂq

The Chairman
been conecerned with
to closer co-operati

for example where a "cat-

Dr CORCORAN replied that in certain circumstances,
He

nap' might be banafin_:ial, it might be helpful to reduce the noise level.
added that the benefit or otherwige of "eatnaps" had not been studied,

Capt E]_IEEHIHE_aakad whether any difference in performance had been found
between subjects with no sleep and those with interrupted sleep.

Dr GDRGUR.I_!L_I'[ replied that no adequate SXperiments had begn carried out on thiS
topic.  Experiments Wore al present being undertaken tg study the differences il
performance between subjects técently woken up ang those kept awake, It seemed

Ly
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question was 1iks
ha t‘i'm Ergup

8 on the following .




Noise

M.A. Elwood, Army Fersennel Research g t
F&mhurﬂugh, Bicts 8tablishment

been defined as unwanteq
oise has Sound. Apapt
iﬁ;tj undanirlb1§;¢:§°hf2rﬂim¥lﬁ definitien is cnnfﬁzgzgthﬁblﬂ“k-ﬂf Téasons why
i 1aivah”:f:r§r:wn W05t Pt forae L Bun fire whioh 4o , :;H“k“ vith
a nolse in MAN-ms A s8iciat 4
‘ e en 3 not
p pulsive noise. Thaﬂeif-‘ﬂt be measured by different m:trmmﬁnt“‘ continuous
spite of & coemmon unit of pressure measurement, quite dﬁ?ntitiun systems,
i0et exposure

erité
e aspects of ncise which concern the vehicle designe
ntan'bial risk to health and secondly any effects upon tﬁz ;&:;2 firstly the
fersounel. The extent to which the neise generated by armoured f:lg]miIB B
Es an annoyance te lecal population must be considered in relation tniilg 1:'131;11?'_}33
s topic in different countries, and will net be considered in thiigf;;aa;l“ﬂ

level however there is the noise which may be described as th
3 &2
may be very important as & factor in its detectibility

ow this :
f:igmtura“ of an AFV, which

W a Pﬂt‘ﬂ'ﬂtiﬂl ﬁnﬂml?"
It has been stated by Carpenter 1962 with regard to the effects of noise on
n proved with noise less than J04E,

performance that no effect had ao far bee
sbove this noise level in tasks which require centinuous attention an imcrease in
ed

errors and in failures to notice unexpected events has been demenstrat
The best

erimentally, but it is difficult te make any general statement.
noise on the performance of the specific tasks

:ﬁutinn is te study the effects of
under consideration. OUne task which all crew members of the AFVs undertake is
yerbal communicatien. The measured neise levels within tracked AFV indicate that
decreased intelligibility of speech may be expected, even theugh the militery
situatien has the advantage of a fairly reastricted vocabulary. Both the effects on

perfermance and interference with speech are expected at and abeve the levels
stipulated fer hearing censervation therefere this paper will concentrate en the

criteria for aceustic traume and the associated exposure limits.

Noise Measurement and Damage Risk Criteria
Continueus noise is measured with a sound preasure level meter giving a reet-

mean-ggquare value for the pressure at a given frequency or frequency band. The

The expoaure limits

film to be shown later will illustrate the techniques used. :
for the conservation ef hearing wvary among different authers, but these given by

¥y Burns '.':1) are currently used by the Royal Navy and the Army. It is a conserva-
tive criterion te pretect 95 of the populatien and indicates the pressure levels

within one-third ectave bands which are permissible without ear pretectien fer
the duratiens given, Other exposure limits have been published netably in the

US4 (EJ which aim te protect 7% of the pepulation (see fig 1).
ressure level meters described abeve

It is net apprepriate to use the seund p :
%0 record the Pgﬁ tf:naiant pressure levels of impul:ua noise. ‘:&1; tE;E?at few
+h peraistent trace oscillesc and
i e U Spasmaer morophones i P.A.lthnugh it is pessible te measure

fécording cameras has been widely accepted.
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- 11 practi on® #-""t'i"-rﬂ
the rate of rise with sophisticated instrumentation, fzr e usp Thlcul Pury, Py 20" r00®
rise of gun fire pressure pulses is regarded as instantanaous. o imPﬂrt,m:";g:}u J:t}tjiﬂ]_"ﬁ’

= the time ¢
meters appear to be the peak transient pressure level and or
PP o be pe r P e of simple F'U-laaﬁt Pbﬁu:'- wo#h ; ot 1

to decay either te the original ambient level in the cas
one-~tenth of the original pressure level (204B reduction) when there are

pulses and oscillations (see fig 2).

' the ce
fhile it may seem that impulsive neise preblems are more noern gp
designers rather than vehicle designers, it must be remembered that the Inlth:“hﬁ* ﬂlﬂif'
':'tit. 4 ft' t0 c ]

and mere particularly the Commander are exposed during tank gunnery ""-I'ﬂin:‘u:,\g o8
HHI'.I.E'.Q ﬁ'{j_'t'f ,t-'h' P ,tﬂ‘]_f.

primarily because their visien from within the tank is inadequate. Bolyy, 1 t
of this particular noise problem may rest with the aelution of the al] 'oung ,,11"'5 ﬁ of in@
problem from tanks and other AFYV. "0 Eaft’& i?." e o8
0 18 pes
: for which ¢ i 110" jden
Yhen vehicles are used, perhaps not for the purpeses ol o hey Werg qﬂlfﬁ qe o a
originally designed, criteria fer exposure ef persennsl L8 STDU.Sive. noisy arg puﬁﬂti in
izportant for example when infantry suppert weapens are fired from armoureg fu’ﬁ"": aﬂatﬁiﬁﬂﬂ
bersonnel carriers, In these circumstances ene must consider not enly tye haga " ;.th“r or awar®
but alse potential hagard such as ear drum rupture and Pessibly Lung the us

te hearing,
injury. Such blast injury may not seem appropriate under a heading of Doige, by pectiol
should be included in the definition ef impulsive noise. The expesure 1ini, foy W’_

blast injury as far as they are known, refer te single exposures in contrast to o 18
the criteria for acoustic trauma for which one hundred rounds per day is antinj. Thﬂrﬂ_rmﬂﬂ-
pated (see fig 3)s Eﬂtﬂ!: which
. uyoneX » 8
In the field of blast injury measurements have often been made with ;tﬂ"tiﬂ:finﬂ
directional blast gauges. Indeed the erientatien ef microphenes fer impulsiy, AP Bt Dha_ﬂl
neise measurement can be important, in parallel with the different Susceptibiligy qorsions £t of
of the human ear depending on its erientation te the source. Often pPressure | o airoré fo.
measurements are required for the indentificatien or evaluation of potentia) a3 well “j“. '
hazards. It is vitally important that the technique ef measurement used in | ar def
defining any criterien for human safety is the one selected fer the evaluatioen, wool .Iﬂ'#?“]_'ﬂ,.- I
Fer lung injury er ear drum rupture measurements have been made with directien -;_'&iufﬂ’_lilbl“
sensitive blast gauges in the side-on mede, Micrephenes have been empleyed mere 'mﬂ'ﬂ!ﬂl'
often in relatien te acoustic trauma in the manner already described. Beth tech. commercial e
niques suffer from difficulties in interpretation when the potential hazards te  its attenuat:
be studied occur in restricted of confined spaces. Relatively low pressures can § at least ten
The communic

be extended in duratien by reflections se that it is possible te approach an area
ef ignorance cencerning the thresheld ef lung injury. This has eccurred with sems ,
tactical situations during the intreductien ef new weapons and in the petential §

use ef an infantry support weapon from an APC.

Sensitivity te Noise

Crews of AFV are subjected to mixtures ef centinuous and impulsive neise
which de net form censistent daily patterns over a prolonged peried ef time. 1 i
Wwhile there have been some attempts te produce a neise dese meter fer continuous =
noise, this has net been entirely satisfactery, and for the mement dees net |
accept impulsive neise inputs. A simple means ef menitering the tetal expesure of
soldiers te noise is needed. In this centext it may be apprepriate te refer te
+he wide variatien in human sensitivity te neise. Nork at APRE has shewn that
exposure witheut protection while firing a Self Leading Rifle produces 20dB of
temporary hearing less in 25% ef a large sample of seldiers. This ameunt of
temporary hearing change is produced by as few as twenty rounds, while a further
quarter of all men required either 60 er 120 rounds te produce such a change.
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G Uy 8 1f the pepulation must
pulﬂ“;ﬁt : p%’;‘h& ot 00 B2 ve men 1 ik be regarded
E,. 1"'& B, the gan iner ngea as high 88 relgt:
A e of 1. ie rece? eases rapid as tive
e,
g g %, yig W* : egree of PEr:::ntha o .? few
5 it d;n:ndtii::;ignczzﬂ';':tently in these 5 ent damage (nka
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¥ the nug er who
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- th o
trq Ih“r ey soge :
oh in the reverae direction t
= at least 18 men mu o become lg
Aol tﬂken to E:.: Hanﬂiti?e I
ure havys - t i
ing at lea

i t
a?.]_n ;linﬂbuﬂti:;n o2 0
5
rnurl.;lutiﬂ :;::E;[‘bif'ﬂ I:I;],'Edﬂ 1} Sroup. A number of
vipd | an g O imious 10189, Glorig 1957 and Locumer 105 st on
th oy 20t of ¢he population are sensitive to and Leeuwen 19 ®en made of ® man from the
Y we that those who are sensiti noise. At 58 both sy human sensi
Nofyg o ° o8 1sive noise. Indeed APRE ve to contin the present tio . that R
rmoy. . 4% ot L b e L L time it 3
y Ureq ?ribrﬂ_tiﬂﬂ. Research, Southampton Uni ration with t are alsg 3 not
P the ha qegative eyidence on this point, U?Eraity, R age Institute z;ﬂfithﬁ to
|f’ﬂih]‘? Zarg ture in any attempt to screen ou n these grounds t le to collect Sound end
Noj l"mg sther services during recruitmen t sensitive g herefore, th & little
e 13 2, h jhe user aware of the ri te The solut en from the ar ere would a
on lllitﬂ ut risks and in the *:'l f.l.un to the army, or a 880 No
trﬂﬂ-t tfqb o provigion of ade Problem must E{Eﬂ_f; the
qu
8 Entlc:;h Ear ﬂtﬂﬁtiuﬂ 1 ate ear Prﬂtﬂﬂti:E. mki—ﬂé
There is & wide variet
:
th aritish armed services an ]i ol' ear protectio
i " sert ea . n availabl .
1PUlsye Sk “h;nh is very similar to tiapéug 28 uaec underemgﬂﬂe fig 5). Por th
Opti} - protection 18 required an e V51R Ear P e commerc: the
bi ear muff lug u . cial
SSure lit}- Ml'ﬁar pefender Mk IIT which did is used, This Ea sed in the USA _.mn&ma
nt4 carsions have incorpora not contain 3 origina + here greater
5 i:l on aircraft ﬂﬂI‘I‘iag i:;ﬂg‘h?ﬂr phones with or w;g Eﬂmm;niegtiﬂ ‘:E::’lnpau as the
L 23 well as for the R;.F 4pa engine roo out attached m: ystem. Later
:i tion, ear defender also indi Ezplmatiﬂn"- Them:n&m with the 105mm gﬁﬁug‘huneﬁ for use
Bctie cate that mparative - —-Fropel
yed ‘“:re :“;L;E::ﬁﬂba B aoc a9 an in:g: Z? Mo “ttﬂﬂuﬂtizfgﬂah“n of th:alﬁr:naf
oth tech succesaful ear plug is required tﬁ e and dangerous alt ?idf'.d by dry cotton
Ards te i ‘-'Fﬂm&l‘::ia]_. Theae give greater att x 'I.la.e:r of glassdown ea ernative, However whe
I'es can its atten ;“r plugs, If the Enttﬂﬂmﬂtlun Bqui‘fﬁlent tgrtﬁluga has proved i
I &N ares at least ::nlﬁnP:GPﬂrtiea are ¢ ﬂnsl-;ﬂ_ ::“-'-'g. l;a impregnated Witl-E; :.ﬁﬂiitj‘ of
utes and a im asoline .
with sems The communication head the end result is ﬂub3rnved, but the PTEparat'ur glycerine
enti about set worn b jectively ion time i
al the same att : y tank cr _ very much 1 8
fitted enuation as th ews should if fi ess acceptable
| over the ea g e aar Plu ra. b tted correct -
rs with very little of it’ ut as worn it is very ﬁh" give
reducti f ear defenders without : uation actually used
o ﬂf Eﬂmﬂﬂﬂiaat' ﬂammunlcﬂtiﬂn 3 *
ise conditions, It ha ion by normal speech a ystems necessarily invol
3 e speech is actual 8 been showvn that as noi s assessed in relati \ g =7
I L e
. 1946), Tt 3 ense noise ab re being worn tha ility of
5 " is iﬂl ove 100dB and n without e
sure of :il:f“ﬂﬂtamg; Fif;r:zﬂt to remember that the di;r: :D?Pﬂrati"’ﬂ Btatem.anfupclru?z'
r te Eh de ' er be good and t of communicati . r
8t S % axoech intelligibilit pat commmication systems are ne thoss
A r other AFV _ y is required. S are necessary if
of : recent developme carrying a permanent crew 2 B uch a solution is availabl
; MP:nl‘:tBﬂ “ﬂmn.l'f?: E:qur th: Ministry of Technology ;R;EPG;::' source is ﬂﬁ_ihzleﬂ
ﬁhﬂr Ed ex EYE am in a ml s » 5 hﬁe -
amplify tEI‘mll:’r on +he P ff_PTD'tEﬂtﬂr. There are tw n 3- battery
: Wil LR, par, pho s, operating through one-to-on & moprophones,
not trans nes inside the muffs. The amplifi e gain transistor
mit sounds ab plifiers are peak-1i
above 95dB. In principle these prot T
ectors are ideal for
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impulsive noise exposures on ranges remote from pawarn;ugﬁitsslii e pf"ﬂ ":?C fﬂﬁ
instructors standing on the rear engine decks of a ta g ng Tangg " Vfﬂt ""fj,ﬂi
and iﬂ-ﬂtmf‘-tins the crew in EUNNery . It is known that t 5 thanﬁt:hility Erat} & H #’t |
gunnery instructors in general deteriorates quite ﬂpiﬂll'"i muff + e Whape *p:‘ ﬂi_d"‘" lm
can no longer perform their duties efficiently while wearing en j_:!IFFIE Pr“tenth‘! ﬂ{:" . an'P
without communication aids, In some cases this may be trl;:hzsh :hth the "':’ﬂt%‘ o h’ﬂiﬂsﬁf h
atienuation of Sonex ear plugs. In principle therefore a = th:lﬁ h&ttﬂ'}r amﬂl fgﬁf gttt ﬂ“nh
operated system developed by ERDE is expensive, about £22 u;r; i 3 Wouly be :ﬁﬂ'ﬂtiﬂﬂfnf i
small price to pay for ensuring the efficient instruction "-'t “r:"s 80d thay ‘l:hi Ff"ljﬂﬂﬂrﬁ ghet
was no further deterioration in the hearing capacity of instructors, Froviaiot | figrdtes08
such ear protection/communication systems is a fraction of the cost of New “&“'lt Lgﬂﬂz-ﬂs _
or vehicles. This system while it is good for impulsive noise ::P“uﬂ' Wil ooy ’1‘” ans
mit continuous noise up to its cut off point. In these circumstances jii 'ﬁul;?"'-
better to switch off the communication system and use the protection Svailap), ,* ot ote
the muf'fs alone, Tt may be that such a system could be linked with heag Sety ii“ gar pr ur
new radio communication systems as a third alternat_lfﬂ to supplement raqi, a0, % aT®° J
mission or intercommunication within the vehicle. JeInT v als 19 dous on ' i ,..rrﬁ#nﬂ';d
would appear highly desirable that either a boom microphoné or a throat W ergpy, P,rf npﬂﬂ :
be developed for consideration by the RAC in place of a hand h'_"ld @ierophone u,:? - geP i8
&t present, which demands the use of & hand throughout the perioed of tr&nﬂ'iﬂiuiun ﬁmﬂt;n
L]
It is understood that discussions have taken place to ensure compatabiyyy putnr® Arihaﬂ
- ion (helmet) and sightip, ¥ us®
between sar defenders » comminication, head protect ghting SYstey | thel
in AFV. The position is not so easily solved for those ﬂnm:lpani_:a of AFV whg Tay p o mutué
required to dismount rapidly, for example the infantry section in the next b ,ﬁ.ghtf
generation of Armoured Personnel Carriers or their equivalents. ']_The diamﬂ'l.lntﬂ w0 251 &0
infantryman does not need head set communication, except the specialist redig the d
operator, In general sll men will require no covering over their ears, but will y,
mearing a ballistic protective helmet. While occupying their personnel carrjep 4 A lml‘ti
would be possible to give sufficient ear protection using Sﬂﬂ?l ear P-‘H}EB, but type ﬂslutin
these will probably not permit adequate speech communication in the noisy 8nvirgp. | pew condd
ment of the moving vehicle. For the infantry section mounted in its armoured '
personnel carrier it may be possible to provide ear protection and communication hf__g;___lnﬂ.l
through a flexibly mounted hood to fit over the man®s head while wearing the combat § _
helmet he will use when dismounted. Such a hood could remain attached to the 1 puros, . 1S
vehicle so that the man is not delayed by the need to remove it on the order to
dismount. This approach may be evaluated in comparison with other solutions, In
carriers it is essential to consider the matus I larpenter, A

designing future armoured personnel ;
of the infantry task and to decide whether he will be required to fire any or all ¢
of his weapons from within the vehicle. Only in this way can we avoid the problems

rried out to our current FVL32 to pernit =

associated with the many modifications ca
ns from it, If it is accepted that the

the firing of the infantry support weapo
infantry section will use weapons from the vehicle and that the Commander must

have fire control over them, it is considered essential to have a direct intercom '.
occupant of the vehicle. It is possible =

munication system between him and each .
that AFRE may conduct some tests to evaluate this situation using current persommel g

carriers as experimental vehicles,

Unlike anthropometry, where measurements of the human body can be applied to
the drawing of a future vehicle and checked for the space available to a man, it
is not currently possible to apply knowledge of human exposure limitations to
or other conditions such as heat cold ang vibration to the engineers' drawing.
These exposure limits may only be used dgainst measurements from a prototype
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cation is incorporateq into futyy
€ g Top o and uﬂit will be possible tg Say withoyt IIIl.lr:; ;:’::ﬁi;u; If present
ahi‘{'ﬁﬁ Sap tﬂ”iﬂnt LY les and Weapons are likely . be noigier than th:l:tmﬂintinn
tate ity op Tty s 0 yehic diction of noise, Vibration op heat levels ip PE? in current
: Mhep, L s fub ble on the drawing board, g, be poss re vehigles
Yhea 2 ab# ﬂﬂ"ﬂ‘r availa J P ihlEl a e predisti
th tﬁt‘ﬂt Qtthas_ iz g,f:if ﬂnn{;ﬂ ctural components appear Possible already, Mercer and ses e
. batE B “Ory pr® S sidusl ﬂud a method predicting naturaj frequencies and norma] modes n?
3 'nuitel‘}- Ebﬁta gar ﬂd " p.'!"":'pna el constructions, It is SUugeasated that any available methods of
ng thf be 96T h;rmgur P’fﬂ these are gradually incorporateq into a comp)ex system us
of na:ia1nq1‘u Pﬂrﬁﬁﬂrﬂ f-_:;;t it is impossible to apply human factors o engineering design in |
e g on
:b;t wi ,]_1 E:-D“ﬂg :ﬂm::lgﬂl .
ﬂ?aif:gllﬂb::'ﬂh ey and Recommendations
=77 B . jonsa
r"ﬂdﬂj_zatﬂ 1;‘-11 poncus tion is necessary against both impulsive ang continuous noige in
s o tr j gar protec fighting vehicles to aveid acoustin trauma ang decremants ipn
+ I!Iig:ut it E t ;mulﬂﬂ simple means of monitoring the total daily exposure of individual
L] nees
S e
Nam;, iop - munication systems appear necessary to enable the commander of
itahy ' pasgos Wp:urcile fire control over the carried infantry section if and when
tin, ity puture APC to ons from the vehicle,
ey el 1 e ke
0 mg SErE of helmeta, sar protection communication systems
S v The mutual compatibilities a& and agreed by ﬁuth the users and also
mount oy ' sighting systems should be examin gre
{Ediﬂ ;;,ﬂ E designers of the respestive itens.
ut w 1y i t three levels proto=
g ort the design of AFV a » BT
Carrien it A human factors agency WEF_HUPPdEB stages, and, possibly, by estimating
i’ hut mluﬂtiu.n' .ﬂdTiﬂE iﬂ. dﬂtallﬂd iﬁt H"E
" envipgn crew conditions before prototypes are built.
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.Hgl.l q
ar emitted by Chieftain met
noise o0 Matadynes. It pag 4
if%ﬁﬁ%jfﬁ;;;;;mntfTﬂwu"mieaemdwdhrrumn- Ho askod whe LiEosted that
"fi{: a8 :iu; petween noise and associated vibrations in the Bame or related
B 5 on®

ti
;;i:umaiﬂ' he did not wish to coument th

p said he : . ent on e hazard without knowi

Er--Fi'fﬂdﬂ d that noise and vibration could intersct in their effect Eﬁ E:;?

418 bu airborne assault on man at fraqugnciaa extending down to 20 Hz, He
o ge was sidered hazards of airborne vibrations below these frequencies. Vibra-
il ¢ con s medium other than air could overlap with noise frequency, but at
R vibration could be reduced by normal Padding.,

g and A
8 Paper that 200 rounds per

LEESE commented on a statement in Dr Elwood!
or The firat round holding was nearly 200 and he

Ei{m prolonged firing. _
day W::Eﬁmaidﬂf this amount of firing was prolonged.
id ne

ELWOOD replied that he had understood that mos

D 22— ar were Ordnance Board Endurance trials.
200 rounds p day
gbou? was fitted with Amplivox head sets (with induction 1

.lb::;;ﬂ::idﬂnniﬂa to a satiafactory level.
at

t of the Army shoots of
fWith reference to

oop aerials) which
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SKILL COMBINATICNS AND TRAINTNG

skill Combinations and Training
by
Colonel A.H.N. Heade

HQ RAC Centre, Bovington

gecond part of our presentatio : )
41emens My 8im is to direct your thoughts :ui::li :;th 8kill combinations
,uﬂﬂﬁuﬁ' pain pattle tank 80 and alsc to get you to ﬁﬂa problems of training
f’f:‘#n Wtﬁﬂ tank will have upon the training necessary faiﬁﬁzrm:hat affects *._:hu
?f In considering this aim I feel rather like Barbara Hutﬁn 1hb are going
ad upon the wedding night that he lmew what he hﬂﬂﬂ: 8 seventh
to make it interesiing ...... I am going to deal““ﬂi';hbut he
Firstly, we EF&II examine the requirement: = : this
ot the jme required to fulfil this requirement; 'thi:-:ii:r ::;ﬂ‘;i]ﬂ, 1'61:
ial available; by that materisl I mean human material as well he
4 finally, we want to have a loock at what training aigz will

for us in the time frame we are considering.

ur requirement? Is it the ' :
stly, what is © requirement to train men
iﬂF::r‘ 51331-13 s must consider both of these. Here is a Table Ehﬂwin;n .hizma
ok |, trades we have in the RAC:

pasd
DVR AFV 111

SIG AFV III
GNR AFV III

s Guided Weapon Controllers and B Vehicle Drivers, but we

are others such &
th the BIII AFV Crewman. The peacetime requirement is one that
factor in our considerations when we

are concerned wi
(i1l certainly be with us and must be & major
4rg designing this tank. This, in fact, is what this symposium is all about. It
ig po use producing the most wonderful tank the world has ever 8esn if its use means
that we either have to train a race of super men to man it, or we have to train men
7 50 long to acquire the necessary skills that it becomes uneconomical or if
operating the tank under conditions of wartime proves to be such an exhausting busi-

while your fighting vehicle is still

our first con-

nggs that your human material is worn out
11 hagards which we must avoid, SO 1 consider
jning of soldiers who are

operative, These are 2

sideration must be the problem of the normal peacetime tra

to man the tank. Then we can g0 On to consider to what extent it is necessary oT

possible to amend this training in time of war. There is, of course, & common

fallacy that you can train a man much quicker in wartime than you can in peace. ToO

s oertain extent this is Eo, in that in time of war people are prepared to work much
omforts and exeritions

Thare

harder in much less comfortable surroundings and to accepl disc
that would not be considered reasonable in peacetime. On the other hand} ther? is a
limit to the amount of learning which you ocan cram into a mai within a given time,
in the same way that while you can work & man to the 1imit of his endurance that
linit does exist, and if you work him to it at the end of it he will require a con=
ayimum efficiency again. 1n peace=
be less thorough than

:i::r;hlﬂ period of rest before he ig back at m %
coneider - poseibly — your bagic training can in fac

t through in & shorter time than

ould possibly be g0 gh sl

1
i: E::::Em L nis is that in peacetime & manl
aaite 0 L WAT, The reason for this 18 BAD

b ‘his basic training to complete amd apply this '.lcmwle-ig? of his Job wl;&r:ﬁﬁ
$9%8 to his gervice unit. However, in wartime you must train and turn out y

CON Flghw




CONFIDENTIAL

P
there is no rogy £0 % ané
trained soldier ready to take his place in bakhie an o 4 ﬂﬂ“: ﬂf i‘bﬂ-ﬁ'
or omimssions or gaps in his training. rb% . fﬂ'f;a :; “ves
' t of a0 g d
- blem iB the conceap what R P, god
T e R ::Tiﬂxiz;?n;hlln:rgrie nave got to take rﬂaaﬂn&hlahﬂ gy P gl A

g
| : ! "pe '!'_'l.f'-H 1
war is going to be like. = As I see it, the mogt 28 oy, o' 2 ot
tions based upon the current tremd of thinklnﬂ‘-:ma of war that MBT 80 i, ikgy, by v

: t : d
of war we must prepare for is, of course, thﬂunaar Buropean conditions, t;:imgﬂ. &*:1

o fight in, namely a major war in Europe OF ected. Now that Ly ¢
rtaa.ll:f the :rﬂa-' the entire national Etratﬂﬂt;:nz":fd‘fw ways in which t;::t' %“hi e L +
purely a limited war; for example In:.:::ahli hing & frontier on the Hhinaacﬁuﬂ-ri il

P> apE g £
T : X Ty 0 ik gﬁﬂ
could be written: the East Germans 1is established & frontier upon th, %u&:ﬁ% go?

to do it in the same way that the Israe the world "We're her
Canal, then sitting back and EE.;lll'i'l?lE.' ko Lo rigzlgi;,r n?’ an extension of :];aaq ‘h&t?n ﬂ#ﬂhib'iﬁ' 1ine
That is one possibility. There is the poss a greater part of the ﬂﬂntiirﬂa 04 G'ﬂn:iﬂsig -

Warsaw pact countries to cover & ;
influence of the P conventional war: by conventigng 1 {12 pon

Europe. of these may well remain a tain that g i
may be non-nuclear, they will be ohemical ot just mecessarily one of e | o ° ing VPO
for one of these wars, any one of these wars not J A That stage theg . 5 s e
there may be more than one - to go muclear at Eum?u:ng.. Theres are PBI;]E{ e ey ;aliﬂblﬂtmd'ﬂr
only 2 boirsjom il may,he aEner e A TS oy siother: I thiny 3 onl it s to
say that it is bound to become nuclear at some stage e tEth'nk NE thig ig !dﬂ.itiu p the
not necessarily so; 1 think it may beccme nuclear but ¢ no 1Nk that i3 iy nd tﬂaﬁﬂj‘blﬂ
bound to. ot ;15 ow
What comes out of all this, though, is that it seems unlikely, not impogsyy. - Prn:
but it seems unlikely, that any future war in Eurcpe will be prolonged to ap 8Ttap ;Ii t be 1
whereby one can train up reinforcements in time for them to take part in the | s ode.
conflict. One may well be wrong on this of course. I'm told that in 191 Peoyle twice f
were eager to get in the war because they all thought it would be over by Chrigy,, ayiligne
1914. Similarly, in 1939 thers was a school of thought which considersd ag 5000 3
war broke out, the mainland of England would be devastated by heavy bombing atysy, Now let
within the first week, at the same time the gallant British Expeditionary Fopgg gstion ©
would be fighting its way towards the heart of Nazi Germany. As we all krow both Tl:ghﬁﬂlﬂ. be
these events were considerably delayed. However, it is quite clear that we must | pave 8 combi
base our plans upon training in peacetime the soldiers we will need to fight s Wer, of ona trade
If it does happen that a war is so prolonged that there will be the need and the § 19arne the
opportunity to train further recruits from scratch, then that training organisation ¥ tile crew m
must be adapted from the peacetime training one, and with such qualifications as § wate, I th
are necessary to the syllabus. This does not, of course, mean that this probles tinn--:lf tra

cannot be considered in peacetime and even planned in peacetime, and we will have
8 look at it at the end of this presentation.

At present the RAC crewman spends 15 weeks at the basi ; ; . |
buring this period the man is taught two things. Firatlsrmh:rﬂniﬁgiﬁﬁn:u b
a soldler: he is turned from a civilian into a soldier.  The other thing is that
he is taught the ru:.limants of his trade. Now we may think that this 15 weeks i8
A i”ﬁgrtlmﬂlln.'i'hiﬂh vo carry out two fairly simple and straightforward taish
hav ln-:nli Et i M 1 deal with a detailed breakdown of this period and we can

ave a at 1t to see what economies could be achieved in the future. However

I think th-t we must remember th ; e
other words the General 4ili e importance of the first half of this training, ¥

tary Traj .
are We teaching a mens. FeiliT) 178ining. Now what do we mean by thi GUT, Wheb
uniform;
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! Lon jg part as a member of the team,
e o ¥ E:ﬁgﬂ: 21 t; I.EL:L]IEl izf;: t'i'ha Ao ghan g gzalrizz:;ai' jaman Teactson in
Uy 320 of where 06 18 ontinue doing his 3oy ¥81s tendency ang
Yhat . V] et L at8Y T g this natural human tendency to feap po (0136 1t efficiently, ]
e Uy P t?’:ﬂnuﬂﬁ u?'“rs aguccessfully in the past, BT ¥ Various ways; gome
& lika?%%t eI used Y50 political. It may be, and often has Lo oosionate belief in the ‘
|-H dﬂnf T"'-""DH :3 be%pis @ % oan prainwash the man, whieh ia myen tha H:’; 1’?1 the past,
§ theyPeq’® et o, I:uf the cause. Of course you can use Ao ing as inducing a
toway - ig ;Eligjﬂ:ﬂta bel jps of the Middle East were so called hacausg t;nd o W remshac
the H:"’-J" . P,ﬁaiw‘!I 8898 songumed such large quantities of Haghigh that ®ir name derives from
Rhing “ohg, et Gy, TBOY i natural instincts were both inhibited ang 4o T POVeTE of
the éutl‘.}-in“ H,il]li ing and #E;’GETE‘ Wall, of course, as you all know m,: ;EEE; ‘ﬂeca.?m fanatical
'8, go o2 L ﬁgaﬁ“ arless f1 it has become respectable and has a raap;ntghlm 2 SALL sbou
the &r: 8toy, yﬂhiﬁh r:.;mrer, I do not suggest that 'pot' should te rega:dngmh N, DAL :
“ntinen: op * l‘lﬂ-’nahlﬂ. IHD ancouraging bravery in the British Army . No :h T}' : Euh?titutg
Ohal ; op par djﬂﬂipl?‘ﬂﬂ& gpldier discipline, and that discipline must hE"ﬁaEid ",E makide. s
&lthgughmﬂ&n fjrinﬂ'tﬂll 1: pride. 1 am not going into the long question of ragimal;i[:]l_ Ti;ii.
? irﬂﬂaraghﬂﬁ‘ _:-Jd also up:nnush of course I'm a firm believer in it myself; but all I an Eﬂingmn
! hepy _ o 5ﬂ'un1thﬂ point that you cannot expect tn_take A man, however conscientious and
.E'? be afy s ing ve by nature, straight from civilian life and expect him to be a
f:lfh'f’h“ w;l;-l rﬂliabi _pder the gtress of war, so you still need a degree of GMT training, 1In
St gulﬂ_”; . to the moral purpose of GMT training, if I may so put it, one must motivate
it 5, gadivdo h the man the basic skills which any soldier must have if he is to survive
gnd t88% ttlefield. There are quite a lot of these. For example, he must be able
an the 'D?«E e pgrsnﬂﬂ‘-l weapon, he must be trained in the use of hiz anti-chemical
'mpuﬂﬂihlg tg use mrgtaﬁtiﬂn devices, which is far more complicated than using just a gas-mask.
- An 'E'Itent lﬂrﬂr: E'E' tﬂu@t 0 ﬂj_g holes for his PI‘GtEﬂiﬂﬂ; he must be taught how to cook
the fie T8 a These things are all second nature to the trained soldier and we don't
9{;1.-. Peop], ELk mgn;,uﬂ about them, but, of course, they are not second nature to the untrained
as ;:;,TEE civilian. So mich for GHT ......
2 at tack:H N¥ow let us think about the trade training. Immal{liatel;f one comes to t‘ng
Toe stion of whether this ig best done by a central training organisation or whether
now bhoth q:ashﬂulﬂ be done within service regiments. At the present time, of course, we
¥e must ]ia'-'! s combination of systems. As I have said, the rsecruit is te?.u.ght 'E,'ne rudiments
1t a war of one trade during his basic training and then when he gets to his regimenti he
1d the jgarns the other skills which are necessary %o make him a fully fledged and versa=
nisation 1ile orew member. But with increasing complexity and also of course increasing
ns as costs, I think we are seeing and will continue to ses, a trend ftowards luan‘r.ra.llia—
roblem tion of training. There is one prime example of this in progress al the momen £
L have which I think may well be a pointer towards things to come, thg.t ig the training o
: Roval Armoured Corps. This is all done centrally
guided weapon controllers in the Hoya P o e U
at the Guided Weapons Wing of the RAC Gunnery School, .T.ulwurth,_ which I have s
Eage honour +o command. The main reason for this is that the G¥ simulator is Eu; a 3
' to be large and expensive piece of equipment that you :}anr_mt afford t}fm mDIhlLEtH u;t;uazﬁc
g that to have one in each regiment, or even to build one in each station '; ira 2 Em e
ks is are likely to be. So we have to get the soldier from rEEiﬂlmtsind wZ:Gn:ms at the
~d tasks. basic training at the School before he goes back. Of course Eliltah‘ 0 tiat e,
y can moment are really in a very elementary, 1f [mayaoay, atade. the ctn lexity of the
wever, is a principle tiat while the amount of training depends upur;. the s I:a“?iam for which
ng, in 8kill required, that skill diminishes with the progression o : i t:'rma iteaate
s the ekill has to bo taught. This may sounc mﬁ“f- U:Z:fgnh:acait years. I will
1t by reference to the changes which many of us &;mmmunicatiuna within, for sake
Tt a'f teke a very straightforward matter, the question o this wae a very simple and
that '8 0f argumant y & Cavalry Regiment. Gope; yaars aa° h complex devices a8 flags, but
g 80 Siraightforward affair. One occasionally used Euiiun wos by giving a message,
o hiB gsnarally speaking the method of conveying informa
1
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written or verbal, to & man mounted o had already be

: n & horse. He ba an
his horse and it didn't need much skill, in any case, but the additjg 5
of carrying a message did not demand any great degree of further “rainiy, D%]‘“’(‘?ﬂ
course we must remember thig was not always a particularly reliable mﬂthﬂ.& urur \

mtmi-:mtiun a8 t—hﬂﬂﬂ 'hU'?E sean the £11m "The E-']'J.-ETE'@ of the Light El‘iggdan B
a P
12

tay
nay oot ¢

remember. Howeveaer I first
duced called '"the wiraeless set!', T remember When Lra Joineg ., o
Armoured Corps we had a thing callaﬂrﬂ: Hu:::gr Nine Set. That was g Very Eha &E;‘ pfi'ﬂﬂ
and large piece of machinery full of 1ittle doors, covered with dialg, hand[;mmi%:l a:‘tﬁg agat”
had to be wound round and round and round and to operate it at all, let E'l‘:'il'.'l.“ vy, ! o
sffectively, required a great deal of skill and training. In those dgy the h 5PBE§
less operator in the tank was selected as being & man with & high, by o, T b sn ¥
and delicate skilled fingers, whereas his counterpart, the gumner, mere)y ., Wehy, q
have sufficient space betwesn his eyebrows and top hair BRI SiOnLD the bro 1“ g
& telascope. All that the wireless operator had to do, =0 far 2; ]_.;.gding H.anh i o
cerned, was to slip a 2 pounder round up the breech. However, e Bltuﬂtiﬂnhz:uh 50 +hbT
Thﬂmean‘ti

now changed.  The gunner has the bewildering array of dials m;d £a0b8, thy Wiy
less operator has to operate a very simple set, from the point of view g¢ makinga" not
Work he has to do little more than switch it on and set the frequency, He 'iuaait p oTBx -
have to have great quantities of ammunition around, SO now your Droad-shou)gg,: peneZS=—
beetle-browed man, is the wireless operator. When one COmes onto the Clangyg, 1 i TE

Tange of radio, I think it is only fair to say that operating it will pe Cong .

less complex than operating the ordinary television which every soldier wiy) hﬂ“'-‘z-ll at AL

8rown up with at home. S5 wa Have Bobp chhe prggrasfliun betwean the very early . PirT

wireless set, which required great skill to operate it and the present, very - i gona’

advanced, wireless set which is extremely easy to operate and therefore T9irgg Parli‘f""t
but of course he still has to learn the COrTact apP

very little training indeed; : : -
cedures and the use of -::.uﬂa;. I think we may anl‘_imtlf nao t];us Process dova)g, 1w
indeed we already knmow that driving the Chieftain tapy is o WO kil *

ing in other fields: : R
much easier matter than earlier models of tanks with which the British Army haye

been equipped. So, I think, that in future we may confidently expect to haye t
spend less on teaching a man a basic trade or skill because with more highly

developed equipment it will be easier for him to operate it. We may alsc hgpe b
able poasibly to combine skills and therefore reduce the number of crewmen,

#8 we have seem, &t present it requires very

expensive and complicated machinery and takes a long time. The sldill of flying o
missile is only acquired with the expense of much time and effort. However, as
progress to semi-automatic systems, and eventually the fully autematic guidanee

systems, with a trans or supersonic velocity the task of the controller will becons
very much easier.

I have spoken for long enough, but before I stop T would like to remind you

briefly of the large number of tasks which the tank crew have to perform that were
outlined in Serial 2. I will now ask Major Caunter of the AWSGE briefly to expand

on this theme.

To apply this principle to GW.
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Crew Duties

FPresented by: Major J,R.I,.
Army Works Study Group,

Caunter, rTR
BAC Centre, Bovingtay

! .
pondE pired by & fully trained AFV Crewman
/-rg’ E]d'll red can be divided into three

1r ﬂriBH:F
i eral Military Training.
ae :
fic duties applicable to the crewman®
Be fnpa:;iﬁh he works. © 88al in the type of vehicle
Eﬂﬂﬂﬂl crow duties as applicable to the type of vehicla
Qe .
ihree categories are briefly explained below, the guh:
SE::H’* to be exhaustive, and are in no Pﬂr‘hicula; urdaij Uages. ncluaed
g1%@ n
oxal Military Training
&
Swimming
First Aid.
Personal protection against and decontamination from CBR agents as may be
applicable.

sid11 with personal weapons, including grenades.

[uties as a sentry or CF {iﬂgluding aireraft and vehicle recognition, CER,
Radar and Infra-red detection ete).

Lifting mines.

Snaeific Crew Duties

This is the task which the crewman carried out in his allotted position.
We have started Job Analyses of the three Chieftain positions, excluding the
Comuander. I shall return to this subject later, but it is sufficient here to
say that each vehicle is quite distinct. You cannot, therefore, do a job
anelysis of & Driver AFV(T). You must do it of a Chieftain Driver or a

Centurion Driver or whatever.

jl

ke  General Crew Duties

These are Team tasks which all or part of the crew carry out aimiltaneously:-
Replenishment of ammunition, fuel, food and water.

Track and vehicle camouflage.

Cooking,
.Prﬂtﬂctiun and decontamination of the vehicle from CBR agents.
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Protective digging.

Eraction of bivauacﬂ, ate.

Preparation fop ewimning/wading/schnorkelling. ,
Tasks in the Vehicle

Je. I am noy £0ing to concentrate on my second heading — specific
It is lmperative,

hovever, to remember the importance of the indivy
Of our soldiers in or on vehicle duties. It is equally necess
that in addition to his individual tasks in the vehicle the Crewman
lengthy and °xhausting duties as a member of the team as a whols,

The Individual T

6' cﬂmm&]’ldalh

outline, has yet bean
18, under

Secondly,
listening

aaks in Chieftain

A8 I have said no job analysis of the Commander'g

done. Two facts, however, are quitg clear,
all conditiong when in action, the crew mamhe; with the pg
his tagks gre essentially exterior to the vehicle - 1ugk1
= and only Occasionally operating equipment. From this

Joh Ver I
FiTEt ¥ iz |
Bt {4 ﬂu.. |
NE angd

it fﬂllmi.ﬂ,_ |

given any addity,, :\
“al

Be He is the least suitable member of the crew to be
tasks at all.

b.  Anything that turns him into an introvert (in vehicle tern

loading guns and clearing
88t, should be avoided.

: : *M8 ) such a8 .
their stoppages, or fiddling with the viz

'ﬂlEh
|
probably the crew member wit} the ngy
Hies duties during action may perhape b |

Te Ggerator{Lﬂaﬂar. In battle he is

most to do, after the Commander,
summarised as follows:-

a, Loading the main armament. Thie involves a detailed knqwladgﬂufth |
ammunition stowage and includes replenishment of ready roung bins fig
less accessible positions during lulls in firing. This ie 8Xtremgly
hard manual labour and he is the only crew member who has any real
physical work to do when mounted, !

]
b. Maintaining the main armament in action. This involves g detailed |
knowledge of the mechani sm. |

Ce

Loading the two machine gung and clearing their

8loppages. This again
inveolves a detailed kmowledge of their mechani emg.
d.  Tuning the wireless setgs and changing frequencies ag required, |
e. Acting as assistant to the Commander, This may involve:—
(1) Keeping listening watch on one o more sets.
(2) Speaking on one et when the Commander ig otherwise involved.
(3) Encoding ang decoding messages.
f.

Cerrying out maintenance tasks assigned to hip,
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&
W he fire control equs
: ates ¥ Ui pment
A ope” or secondaTry armament., pi. ‘;ﬂi eNgage, targets v .
s palf  omber of sophisticated drillg Normally pe qer. "-PB @ither the
8 Pier. The Commander under the g3

:U.I?LEI; X

: &l -
3 PN - ion while he is otherwige invnlv:;‘aﬂ tugetj under 1, Lo continge
| - L]
i ol ¢ e:jﬁ-&, parries out maintenance tasgks a88lgned to py R
na_n EE% ]“q | e My
hag T ;‘E [
Tty U gt
3 | hicle under :
prives the Veii any required s .
8 _ouniry, Snow, lce, mid, sand), condition (ie closed down, crosg— L
oyt
Joh : ;
e ries out mainienance tasks agg:
Py 8n . : : Car ? igned to hip d
Nog+ ;f*‘é? *;: ’ Pt ginor Tunning faults, "nd diagnoses and rectifies
L =]
it fn:?l,_ El. El-usiﬂﬂ
<0 i
ny a1 J V , I would like to stress again the point T
adﬁitlur- | fﬂ.ﬁn pake an ideal distribution of duties fop s Eimﬂda °arlier.  Although
- II go 1 B0 N itary tasks and the team taere ke za nf crew from two upwards
o s e he 1 h 18 CTOW will rema 3
s) W #o; the crew the larger share of such tasks will e ah main. The
: “?;.mh s I| ﬂir will they become exhausted. No matter how ta:!u.:inr::.:lllhﬂ;@ to do, and the
: | g : 1 if i 1111
relﬂaa . T}biclﬂm be it will be useless if it han & clapped-out craw?r rilliant g
J:h.: nex ’ Continuation of paper by Colonel Regdas
- H [ :
' :
Now to my second point, that of the time required to trai
: : y in
! F | i the basic skdlls of being a scldier in order to keep him :nd 2}1:&; ‘H’:llfanuugh
gfi of the | or alive. There are three main factors which will dictate the lenaih Df -
1ns frg, ie man must undergo. His intelligence and ability to absorb th bl
Xtre shes he £ 1 @ iraining, the
mel rmber of things mist learn, and, lastly, the complexity or otherwise of +h
Teal sipment he has to operate. =
; At present, the RAC accepts men down to SSG3M and we have found that it takes
a1led | 15 weaks, 7% weeks GMT and T4 weeks trade training, to achieve the standards we
* &ye today. The whole system of selection and grading is under review but what-
| ever thg,r call it in the future we will require a higher SSG than we get now if we
118 again | i to increase the standard of AFV tradesmen. In a conscript army you will get

: iigher proportion of the higher SSGs anyway. So this more intelligent man will
| & able to absorbh the training more guickly, but in war one must produce a man

fully capable of taking his place in an AFV which is not the case in peacetime.
refore the overall training time will increase.

.'I - Tou have heard of the large number of diverse subjects the AFV crewman must
0w aboyt before he can be considered to be basically trained. It is a lot to
B in 15 weeks.  Certain subjects could be reduced. For example, Army
7 ""ﬁﬁm could be cut out. Drill on the square and sport, both of which are

| “Uentia] paptg of training, could be reduced. But one cannot accept any
*lueti on in the standard of competence of AFV crewmen.
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w to 3 men you will have to

If you reduce the size of gﬂuih:rikj_lln of the fourth member ., ?“a.an : fafgpw?" =
training time in order to inclu E remainder. If future equipmep; i “h&ﬁ % fiﬂﬁl 5
which have been reallnngtad to t Ebe reduced, a8 long &8 you do not & E'H.Eil; mrd_ pore 't

te then training time should a1l these surveillance ang 4 va by Y an g 18
things to leam to operate, for eXEWICs L%, hoving a higher IQ Teomy St Rty | 8P gans o and T
devices. To sum up, you will S&¥8 Rl .y soquire more time to prog, *wy' ° ob et
extra simplicity of operation, b jgniahad one: you will require mﬁreaﬂ “%.| ﬂﬁiﬂ ﬂfd give !
inished product instead of a half i °tiy, M R
you raduce the size of the crow. 3 ! 28 1 fa) ﬂ;:P]

ining where you pu

One could introduce various Etrﬂﬂma zitzrﬁﬁirrlga’craama? EEE :ETEE With udd B
high IQ into one and thoge oL g Ih rs but more quickly. The Ri “traam; c} Ty AFV
would cover the same syllabus as the Dttze Service Regiment, which doa, ‘Mg Waﬂrﬂﬂ
machine as such will cease 1o exist as ard Delivery Squadron fron ;EH: EJ&F al sd¥ ped
at present, is earmarked to become & FOIWRL 1. 0h o alg0, of course ), Ten | g™l Soos |
is bound to be a time lag while it 18 L 4 after &Gbiliaatiﬂn ;’itialf" ﬁ:rﬁi Ehﬂlf
big enough to cope with the numbers anlﬂag: u It may intera;+ Berotoy, Pzﬂ! no¥ £ ou
extra training regiments will have to be 88 a.ngi LA undargn.u FOU £0 Y1y : W gpanl 2 oo
length of basic training courses OFheE-aslis 4 iﬁ train y

13 weeks GMT then specialist training
15 weeks to Grade IV Soldier

18 weeks to BIII

Cunner HA
Private Inf

Sapper HE
Ordinary Seaman RN 15 weeks then specialist training
Royal Marine o6 weeks then specialist training.

Please remember that we are only considering the training of Basic Reoryitg
to BIIT Standard and not the training of BI or Tank Commanders which is g Togi-
mental rTesponsibility, and which produce a large number of problems themsslyeg,
Let us now turn to the material we will have available. I will consider it gy,

two headings:-
A Hen.

b. Equipment and leading on into training aids.

With the school leaving age going up to 18 cne could expect to get a hetter
educated and more mature man to train, There is no doubt that youngsters are
far more technically aware than they were even a decade ago. They are very
familiar with a vast range of electrical gadgets. A large number will be able
to drive. Tallking about teaching machines, spacecraft and computers will not be
strange to them so you will be able to subject them to sophisticated training aids
and so produce a more polished article in a shorter time. That is on the credit
a?de. You may find that for every moment saved in teaching technical skills you
nélthav; ;_f sﬁendttnice as long to reawaken the man's natural "animal cunning'
and teac m now to exist in primiti i £ 1 a7 £ be
aggresaive and determined ag wgll. B only fo suxvive O

bnnua‘:ilu;h:hpﬂint!i 1n fact which we made in Serial 2, We can expect larés
w11 also beooms oanior s e+ It will undoubtedly become more complex, bii
asler to operate. I am not going to enter into the argument

on the increased technical b ~ ; it
or the fact that some new aq:;kinﬂt:aquued for these bits of Eﬂgmﬁtlnatad £

like 2B 298 radar and image intensifier are
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i rate. That problem hs

bu;-n 2 8 1 upﬂr S ionerate, it Ehﬂuld_ﬂ been deg)t th a1

mex, :r th:aaﬁ T pasi® » therefore, 1 aaﬂi? e

' 4 f - Tt .

) not ig 3 :”e.,,hﬂ :f]ﬁ'ﬂ , point concerns training aidg, O © train on

' ang gi":‘g hjﬁbt i fiﬂ:ﬂ 5 nsivata.nd ther;fnra there ooulg haa]f: ®arlier they wiyy 5

QR r Y T 4 mo g are two examples whigh o ® Tewer o 4 acoms :
- a%tcti%qq 4l tor OmE to ming hem,

guld be adapted for RAQ at GN and
Prog N ﬂ:ﬂ f 51 will UBe ars gpa aneca, Other :
Lrg ﬂuﬂa g r:{-arﬂ’ an ant tion, to name only two, Thage P‘Ti ;aading and 1 BdTZ;E::t
e ory

m a b € : :
Ta t5 ! fbi':'haf inﬂtﬂ:ﬂﬂ time for various practiga] skl educe the i

e g gl B to be leawny, = 'he class-
ut th ot Prupuse to summarise gl] I have said
he + Cag Wi Idﬂ‘ n 5 you would like to mll over th even if I could, but 4
I'he gfcatrﬂth a l-uﬂi o7 ° commander Prﬁblem., g
*h dgg g ; ﬂ-l?:f u pust have a commander and that mgn |

\ ry 2 could wel
"Om H-ﬁj,‘ thE ang E“:gdrﬂ“ lﬂaﬂ'_ar =4z wall If you have al man oo 1 ba a trnup lﬁﬂder oF

: ew then
Thﬂl pﬂﬂ’:fngad to be trained as commanders, Tf you have only 25% of your

: a 2
ig T to 50%. In a two man crew al : Wan crew then the
Thﬁ'l‘gfnr noy pf’tiﬂ gﬂﬂffugut L tvoinan veniols 1. L the jobs have 1o be divided inﬂzu_
you o] 1.:11:“ { o not h;aur man one. So the smaller the v:nﬁﬂ:rt;nd more difficult to work
Ly than & ommander who will have © more difficult i4
in o 80 much : will be
g o 187 e Hore to do in a emaller 8pace.

‘et a better
8ters are
re very

11 be able
will not be
raining aids
. the credit
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v I .'I 2
sy WUMBER LN FUTURE ARNOURED ¥ IGHITNG Vmimrorms

™ o
an qumber _in Future Ar L
Lpﬂb‘t&tiﬁh -I.:_._.___....-—-'—_"'-I en moured F.'l_ ti thiﬂlﬁ-ﬂ
o thEHﬁ }/_E_J—ELi\
c.Q. = ersonnel Heses :
3 e ettt B,

; in this paper wil ;
e points in paper will be obv ;
5088 of Ty covered. Some points are 1ikalylaua truisms; many have i
5115": If_ thﬂﬂﬂ prﬂ?ﬂka ﬂiﬂcuggim md tﬂ hE‘ E‘-Dﬂtaﬂtiﬂuﬂ--. HEIEEIB 2!.1?:&@
Argum : 8 =
ﬂ‘aﬁtallg to 8tress that where I quote Pﬂl‘ticula; ?szlzlthia is all to the good |.
: , es 4
the concept embodied in that wvehicle mdalﬂlgixﬁpj’;;h I am in
e vehicle

L B . 3
aal environment of a fighting wveh 3

the tzﬂf;hinlﬂ'ﬂ Sibr  The vehicle‘g tﬂﬂizlgi:iit:hat it is expected to do
jotste +108 proadly dictate the crew number. Histori the crew duties and the
B_I.Ig, du : number of men in thei cally medium and hea
o hﬂ.dﬂ' higheTl elr crew than now, sarly tanks a v
"’nk: n uge 4P 0 thﬂbﬂnd Qfa;hﬂ.ilaﬁ war had more men than the praaﬁt iﬂ
*, panber O - Lk reduced to the number of four in present main battle ¥
e some new vehic eg the number has dropped to three, namely th A
;Eﬂ“" and the United States of A.marieaf Federal Republie n;' Garm:gb.- Hgf‘_’;gdiah
peconnaissance vehicles, on the other hand, have for a long time had

¢ two men. Tl.m taﬂk? of these two types of vehicle might be szigrawd
o to be widely different. However, in some respects the tasks ::2
sioally similar except that the Facunnaissanna vehicle does not have a heavy
i-tank role E.IE'.'.ﬁ if it sees a mailn hgttla tank approaching it with obviously
il intent it withdraws very raplfil:,r indeed. Neither does it have a heavy fire
gport 1018 for infantry, but again on the other hand it is expected to engage
jigit targetsy soft-skin targets and infantry concentration targeis. It is
mected O fight sometimes for its information and it might be expected at times
7 ba called up a8 fire support for dismounted infantry. The task of the vehicle
untry sometimes behind

ig primarily 1O obtain information, to g0 forward cross—co
observe and watch, to report information, to defend itself if need

gy lines, 0

loand to return.

means which they are given 1o

11y so very different from a tank. The crew do
e lighter gun that is provided is basically

ent of a tank. This 18 perhaps an over-
ry similar, even if the propor—

between a reconnaissance

From the actual duties of the crew and the

shigve their aims, this is not rea

0t use a heavy gun but the use of th

{15 same a8 the use of the main armam

dmlification but as so much of the duties are VO

o of times spent doing one duty or another VALY

thicle and a tank, it is proposed to consider the two types of vehicle as one for
hich should be considered is

%:mt of this paper. The third type of vehicle W ‘
moured Personnel Carrier or, in the future perhaps, Mechanised Infal}trﬁr
nicles tended to he either open "taxis" or

‘Wiat Vehicle, In the past these VO
el "taxigh carrying troops forward to the area where they have 10 dismount and
" then become true infantry. In the future it is quite prc:ba‘nlgtha-t the
®les will be fitted so that the infaniry cection within the vehlcle can fight
rmﬂ“ vehiole and the vehicle will thus be literally a Fighting ‘-’ahlﬂlg- 1%
::“H fight and only at certain unt end, 843,
o foot to a target, mop UP,

times will the infantry dismo :
1 and then remount. The Rugsians

take contro

CONFL]
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; shicle has 1t8 0wn set 4 oad
currently have such a vehicle. o wiz Sitlras are different and o thgpa"*ial ﬁiﬁ; ta
problems which need urgent attention, 1 t. As this symposium is di’-"ﬁﬂtag *Itﬁn u*#rﬂ + ae
its crew number will Prnhab'jl.:f be diffaranum{mr in tanks and as time jg 8hg \ !'Erf'?ﬂg fu'ﬂfag
primarily to the consideration of crew 3 Infantry Combat Vehicle canngy ul"t the ‘Fa{iiga B " qet
Armoured Personnel Carrier or Mechanise Wfong, g5t et
nately be discussed. . \ ffnf & . Hﬂgu:

: d to consider ¢ n 0
An important question to ask is "What 18 ﬂtl: ;::uca the volume 2?’ :i Pl ;tﬂ"ﬂ::re
offtanker . There are many DeRg ol M“Ei; peduction in volume; 4o 4 : "'E':ir:lg At ia,n 3{'f LI
and thus its weight as a direct result of T e means to reduce the mq? to o ﬁaﬂt G-t.im
reduce the overall height; to try by hﬂjﬁhd, under armourj 1o increase t'n:md g0 ﬁj'ﬂfbﬂ it
engine power and the amount of fuel carrleh T % VaklGle his o greater BDag, ﬁﬁwﬂ"him e
for ammunition; +to reduce the weight 80 tha or bridge strength, E-ir—purt&n‘?a u$ fuf Gunﬂa::ﬂx
mobility not only cross country but in Zerd? educe the problems of ﬂuffz-mlli'ﬁ A g
and many other such arguments, and finally 1© rnﬂt- It is possible that };ﬂiam over it-l;.i
trained manpower and the perennial probiens cu-ulu:‘l be desirable to reduys here ig fo¥ ath'ﬂ'r !
a general agreement in most countries e tisfactorily carry out t;, e W2 inere “.
number. The big question is, "How few men can 52 of the actual crew dut; . Wigy ““ﬁﬂf*rﬁl |
that are foreseen for the future?". The problems LS e ed in ::t-har-laa’ What a0
they are, what the crew must do, how, when and why, B vtenor.
The problem now to be considered is how, from the Huma foly Siaan D%y the 1f aut
numbers can be reduced and to what number they can Re E’fta i:};‘-‘t for the gpey uch mac
to remain effective and to be able to perform their military ta O an effiefpany of 8 s
lavel for a reasonable and specified length of timse. ﬁr::l i
; : aT
The generally standardised arrangement of crew rithmta :;m mht‘:‘ !13‘:"3 a E-ﬂ-ﬂi'; E f
Commander, a Driver, a Lﬂadﬂr/ Operator and a Gunner whosa 1asxs are by t'ﬂﬂll:' titlag ;:.ﬂﬂlnnw.
self-svident, and the majority of tanks are fitted with a ‘t.u:n.:-ret which rotates apg marl e
to a great extent dictates this number and type of organisation. fﬂ?“ 1
a
The most important man in the tank is naturally the Commander. He has the uui‘ﬁa‘n].:
overall responsibility for his tank carrying out the mission he has been given, of ghich 1
taking the vehicle to his given location, engaging Hhatﬂ?ar targets are presented
and bringing his vehicle and crew safely back. To do this overall task he has many Howt
mincor jobs, some of which he can delegate, but most of which he must either super- turrl_!‘ﬁﬁ
vise or do himself. rnq_uil‘i'ﬂ-
¢concepte
The Gunner must lay the gun on a target and he must help the Commander in move eve
observation tasks, but beyond that he has, in current wvehicles, a very limited tive; ¢
fighting job. He is also responsible to the Commander for weapon maintenance. making
a targe
The Loader, again by definition, must load the main armament (which requires taken t
considerable strength and agility to do especially if firing on the move with the sngage
tank lurching all over the place) and in between times he can assist the Commander S

in observation and he can share with the Commander in most vehicles the major part
of the task of operating the radios. For this last reason he is usually the
Second-in-Command in the vehicle.

The Driver drives and positions the vehicle as requi _ onsible
for its mechanical state. required, and is resp

There are two more obvious ways by which The
; ; ; crew number could be reduced.
first is by automation: if g task can be performed by a machine then this rolieves

a man of that particular task., If e e
perhaps a crew member is release a major task can be performed by a machin®

d, the more obvious instance of this being an




or
© thy oy h would elimi
o T §) ar which wou eliminate the pe
, a;ﬁq E'J:tﬁh 40 M::sl:- There would be occasions "Ei-nin Most uimm“ﬂ‘taﬂna
SE l?bt 1 t #*ﬁﬂ the " on smoke rounds, but for the mﬂjﬂri: an would g in‘m? oy en %o
rlrl:*.bh& -J“fﬂ':lriﬂ-' ﬂlﬂ aw mamhﬂr for ]'_'L-B].Piﬂﬂ‘ with D'thﬂr tﬂﬂ][ ¥ of thﬂ ‘tima such ved 11?1 Pgrhﬂpﬂ
LR e 8 ar bers $ O entirely a14p & device woulg
i :51*:5.::1' med Winate the nged
» Py ot @ obvious alternative ;
" N, f goond BOTO ¢ - Ve is to ghgpe
: 'tll-‘l':.? vﬂh;ﬂbﬂb w ce of this might be the controls provideq fn:a:iﬂ between two op more
. b L0 gan 4+, if he wishes, lay the . e Commang . men
8gys. "0 1g {n# Prﬂ‘ﬂan ’ . gun using hig "oy ; ar of Chiaftgi
fy TRy Gunner's work in direct fipe t orride Contpgl! s
thy 4 a 0B° " of the aske, Thig rol" and thus
® 3 B soat © roblems with another man. Eve 8aves timeg a
r Dﬂﬁ it n{i,:_l'.'lﬂ P : 3 I'Ftlli]'lg can he y ANd saves
5 Ange 8 (n’miﬂtu e the final fine control adjustments e lined up for e e
lf;ahillﬁr ;ﬂfﬂim g 50111’,1‘&15 ware Ei\l"'ﬂ!ﬂ to the Cmﬂﬂdﬁr, i D-LPE. I'Iu“" if & e P
i leiﬁh:;? ﬂa*}‘m sasks This perhaps is an over-simplification buﬂ?and,gr could do all the ;
G thﬂ'rg ;_Lnnaﬂ" it yould mean in this particular case that The tga thought is thera,
o0 crey't R Cipeks, would have the task of firing. Tnig Would be tater g o iden a11
a
tiH: 'i"”-iﬂa i :'harﬂ qould :;igzaiuzﬂé Eparhﬁ; ma.:wi occasions, when he w‘;ﬁ?;zdr:;i? a.nd;,rzna,
e gl more - 8 18 not considered i
:tpapar;]& b sever to be a good suggestion,
¥ bR
- thﬂ jon were brought in to a ma :
or automat jor extent, despite th
J Efqu:n I]f machinery s then perhaps crew number could ‘na’furthar redﬁc:tﬂlight anﬂ. o
: Eu:h s logical sequence is in the Swedish 'S' tank whers there 8 4 bt

' < '

: H;: a Coumander/Gunner/Driver, a Gunner/Driver, and a rear facing Bi:w .? i der/
ha?“ﬂ 5 thf_’n gperator. The vehicle has been so designed that for limited DPBrati:rfl i:a or,
neip tit)e ﬁd ve fought quite sa‘Fi sfactorily with only two men and in extreme cases by one
Ptateg ﬂ-ﬁda oy Thig is carrying both arguments that have been suggested to perhaps their

rirene. The proof, though, of such an argument has not to our knowledge been fully

lttwptﬂd- Can a crew of three or can_a erew of two (given suitable controls,
43 the qiitable gqui_'!;lmﬂﬂt and aui.tahla mechanical back-up) carry out the fighting task
gl"u"&n, of b is rgqu:tl'ﬂii of them:
resenteg _
2 has However, it is not all as simple as that because the type of vehicle chosen,
3T Supep- yrreted or turretless, will to a great extent dictate the minimum number of men
d, The Swedes for example with the 'S' tank have opted for the turretless
raquire _
sncept. Their argument I think, though I may be wrong, being that firing on the
T in wve aven with stabiliser against a pin-point target is unlikely to be very effec-
ited {ive; against an area target it is acceptable. They followsd this argument by
1C8. wuking their tank very highly manoeuvreable so that it can be stopped, swung on to
3 target, engage that target and move off in a time little different from the time
Jquires taken by a turreted tank with stabiliser to swing its turret on 1o tha.t_target and
th the ugage it. By the 'S' tank becoming stationary its_nh;mca of a hit against a target
mmander is argusbly greater than the chance of a hit even with a stabilised gun control
or part suipment on a turreted tank. The sudden change in speed and dlrac‘hmn,‘with its
Having opted, using this

=
ible

The
;116V6
, thel

short time st might give it some added immunity. i

ERiL s & iinoiess tark they Dave Heen sble to bring tho Driver back fren

tte front of his vehicle to be with the rest of the crew! they have cnnugn Ta gtha

tteir crew in one part of the vehicle and duplicated the controls. fII;h?:;imzm];aight

%0 are able to share the majority of fighting tasks, all men are O ks are split

thove the ground, two men have exactly the same view forward Ao t::_ J;a carn SuOCess=
®en the men in such a way that two men, for a limited time perhap ’har s

fly fight the vehicle. The Rear Driver, Operator - the third crew med
5% of his time being a passenger.

forwards

fith the turreted tank however the Driver 1is currently normally lef®
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agions he 18 unable to cm“ﬂicat& |
axcept through an intercom). Thig gy,

-

pt that perhaps radio upa?&tiuhmhﬁa{“h

o, his own, by himself. On many oc¢
physically with the rest of a crew (
opportunity for duplication of tasks exce
added to his tasks. ‘il

m to the turret as is done on the y

S/ F
turret within the main fturrey, / ¥ho

The alternative is to bring hi

and put him in a contra-rotating minor :
although he is now physically with the rest of the orew, by being ip g

rotating turret it is difficult to see what he can gi’ytiakazﬂ;z;ttpﬁ Oth
tasks of fighting the vehicle and he cannot presuma 24T 1h gunng,., | thej
: i £+ to share tasks 18 in the ¥ pry
dures at all. Perhaps his only opportunity t : “hﬂarvgh_qh
role. Both these points mean effectively that the crew must consisg op “n

1o
ma i,
G

e

3 ' CRIY
and others, the othera carrying out a1l the tasks Ehle remgiz to Dbe dong, ep
would thus seem that the absolute limit of crew Ie uclaﬂ{; W;.ttﬂ turreteqd 4. .
would be a crew of three men or if an auto-loader cou 8 Ti1tted, two ngy, Thy

same limit of reduction with a turretless tank would be two or perhaps One. 71
argument is accepted that to command a vehicle, to observe, 10 use the pgy;, ;n.th'ﬁ
codes, to position the vehicle, read a map, to see targets and identify and o 5
them rapidly, drive, and perhaps control a Troop or a Squadron at the Same u;i“‘g“
cannot all be done by one man, then the ultimate limit fur.crew raductiw1frmlg
mechanical means and by sharing of tasks would seem dapand%ng on tha turratmﬂ'hmh
turretless concept, to be three or two. The argument %o differentiate betwaqy
those two numbers would seem to lie on the crew _

ties. Can two men operate such a vehicle for the length of time Tﬂquirminfthmu
and carry out all their tasks successfully? The usual complement of three men oy

reconnaissance vehicles shows that a crew of three can and does function mﬁiuimnh

So far I have considered only the fighting aspects of a vehicle's duties ang
no mention has been made of maintainance or replenishment. As was explained by

Lt Col Hawkins in his paper 'Crew Duties - User Aspects' 1t is believed for severg

reasons that crews must carry out their own maintenance and replenishment.

on many or most of the occasions when these tasks are being done the Commander is
called away and cannot assist. Bven with labour-saving aids like hydraulic track
tensioners, many tasks are at least 'two-man' tasks and some, like ammunition
replenishment, are lengthy and strenuous even for three men.

This last argument then, if accepted, rules out two-man crews as normal
vehicle complements, leaving ue with a minimum of three.

The firet (though chronologically second) was a joint APRE/RAC Equipment
Trials Wing trial during the RAC assessment of the Swedish 'S' tank.

operate efficiently for 24 hours under simulated battlefield conditions. Again

without going into detail, there were strong indications that there was little oF

no decrement in performance of crew or of individual tasks, that crews were not

being stressed to anything like their limits (this point will be amplified later)s
and that for the whole period of their Trial Runs they performed at an acceptabdl®
and high level of military efficiency.
h}r tha SWﬂdEE-

This only serves to support claime PU

The second trial conducted again by APRE/RAC Equipment Trials Wing wae O
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's capabilities, the mep's Capabili.

It is still of interest,
however, to consider the actual fighting ability of a crew of two, as it is quite
possible to be one man short for some time before a replacement could be obtained.
There have been two trials, to our knowledge, which might shed some light on this,

Without going
into detail, which I cannot here, a short trial using two 'S' tanks and four crews
was undertaken to see if i1 seemed reasonable or possible for two-man crews to

plish
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ne FMinal Report of which is in k
% :H pnumber, its aims being brﬂadl?igt:’:nvg:? WaE not directly
) wi  thin a very small=space turret mounted axuﬂrim';!-':ite turret crew
2o gnce ﬂvahiﬂle* The crews were closed—down for 2] hﬂun ally on a tracked
¢ ppr® ying n closed-down for L8 hours, Thig "*mrt::"* rs, let out fopr 12
3 thest or and Driver — and assumed an ﬂutﬂﬁlﬂ;dp;“:} 3 crew of thres men -
pdees (46 men) for this Trial; the Driver 4id absolutely potmcr,  0dect
pfﬂ’; G;-a:z payond driving the vahu_:la from point to point = ‘zrggrhﬁnﬁ to asaist
. at S of the Trials Diractlz_lg Staff with whom Tl ed. He was in
e, 8 I nicles As we were assuming NBC threat op Rbtask re time than he
E.ffﬁi'-*ﬂ vz down for the entire period and all maintenance ! Ehﬂ crews had to
sid 1089 -lprntactﬂd" maintenance personnel. Shi: op :‘;;ugiilemghr}:ant was
3 carrying out maintenanca, the Bu"ujaclzta wera effectiveurtﬁilmnizg:s
i : g no ghering of controls, beyond the radios, so that the Gunner/Operator G
pore " in any W&y ek ke Eummd?r"‘;ﬂparatﬂr 2Xcept in some observatio d
ot There will be a short filw to illustrate B0me aspects of thig ;I;j_ 1
e Ehi-“- gvening. Thalmam results indicated that there was some fluctuation c;
o levels sssociated with time of day and that there was a very slight
rformance agsociated with duration of "ﬂﬂﬂﬂPﬂulatinn" in only one of
jgned tasks- The main point, though, is that the performance of a1l taske
1hE ﬂmsidﬂfed to be at a militarily acceptable level throughout. 3
g35
one aspect of instrumentation used in thie Trial might bte of interest, and has
g on Iy garlier remarks about the 'S' Tank Trials., It also, as & side
5 besrl s been touched upon by Dr Blwood on "Noise" and might be worth incorpora-
j-mﬂin puture vehicles. All crews used the RAF Flying Helmet (outer and inner)
Fing cermanantly "live" intercom noise—cancelling hands-free microphone system.
H:j g.'["“ could converse without h'fl."ﬂ'lﬂﬁ t-D find and hold a microphone and without
ging teoporarily deafened by ‘-'Eljllcae noise, and had to use a switch only when
genamitting on & radio. F‘qutrlula PH.'[‘}‘.IG-E!E!H ws.rela;,rar:'l this live intercom by an
sira Tadio link to our TR?M.:: I}E_vﬂhielarwbare it ﬂuuldlheluverheard. Begidas
giving us otherwise unobtainable information on events w1t111n_ths 'Capsule" which
mght affect measured performance (eg the Cunner had h'l..'ltﬂ]:JErd.h.lE head), it gave us
. insight inte the general level of morale and stress within., I am not advocating
aystem for tank use, but I would advocate the 'live' intercom: it makes

this rel .
lifs that little bit easier.

Tg pevert to the main subject, this system gave clear evidence of a high level
of morale and, except at odd brief hectic moments, a relatively low level of stress.

While every effort was made in both Trials to simulate realistic battlefield

snditicns and tasks, we did not have an effective "enemy" and we could in no way
Presumably no Human Factors trials could

sioulate the real fear of being fired on.
wer simulate this, so it will probably never be possible to state firmly that such
Howaver, the inference would

Tria]l results will be directly applicable in battle.
%m t0 be that it might be possible for two men for a limited time perhaps 1o

fight effectively.
I have already mentioned automation of tasks and sharing of tasks as a means
In both cases this really means making life somewhad

it reducing crew number. .
“Sler per man, While it is not suggested, both from the points of expense and

:Fmp]ﬂﬂtr, besides the traditional British puritanical suspicion of 'GDI_P-fDI'F*,
“ the ingide of Tanks should be luxurious, anything which helps %0 maintain
s of thought

T8 ofPi0i enc The other side of this lin
‘ Yy near its peak is of wvalue. g other si . .
et ag tanics become more complex and sophisticated, with each Chieftain cosving
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gun could

ting T 1. .- oll
BRI L oesvlng T g, 53
d each U ' 11y ¢ Vg 3
he order I believe of £90,000 :ﬁlsh not to add ?rac::tgnam:'{ sathls &tir‘ th g ol H:
e £250,000, it would be foo ditions an 1ne€rs O OOLY Daptj,,, Lo cetrqo ™
order of 'uld become under some cOn £ield. 8PPy, vH ) ae
1d le 3 T
haviigepaas Enuf‘ enormous cost on the batt "i‘mi £h® ﬁaﬁ
mass of metal o _ ¢ is to have the vehicle Eir-c{,h | ﬁr & g
tvpe of 'luxury' I am consideri E_ysi”l‘:’gical temperature Stregs *'il‘l:j_ﬁn EI//LJBE'
iy h}rpu per and lower extiremes of P 1evel of internal noise I'E'E»t:}:j_! 91:1:3.&:& ol W
HeERaane She b d accidents; the oise sources or by thy 100—"%
leading to casualties an .naulation of n ha‘fing oy ge="in
: s reduced, either by acoustic 1nsu 3 duties in leaguer areas cgp heayp t’"-'ﬁiaghﬁ". ﬁgc&t of E
:iimding headsets, so that men ﬂn-gu:;ia provision of bump=protectjiye hﬁlmaiﬂ Togg, iﬂ""ﬂfﬂﬂpﬂ-tiﬂr
falls of approaching enemy patrolsj hat vehicle cross country speeds may e " 0 in t.nPFaﬂld.ﬂf‘
harness — perhaps Inertia Reel, so inal fitting of some means of dispogg) o o of " m
inereased with safety for the crewj :gim closed down cperations; ), cnn-.-hiuf- poFP ,-aria £
RAOLOELCAl vasse,anaotl b o ;Ggigces aa possible into one tiiﬂ?lﬁ-"’: thig h?”ﬁ it #Eﬂlﬁaiﬂ_zngﬂ
as many outputs from visual-aid-de 5 ralshand surveillance devices ADibe cgmim ’-"'Iﬂmaﬂt'l The
even more eszsential as more ;Igaam:_njvlncatiﬂﬂﬂ and modes of operation int::.]a thall hﬂ;,uﬂd"
combining of controls from their t an optimum position for comfortayy, ol p GF &
system, centrally located fi? Eaila::;l athg provision from the earliest Fgaigmnﬁﬁrah as 8
Stud ?1'1 el upgzzsiii stowage for all the items of equipmeny g, tha iy 857
otudy/ Design Stage of ac : : ir way into the vehicle (eg 7 ! P :
particular jobs which are likely to find their way A & Trogy, fi:
Squadron Commander's Map Board, S5lidex pack, etc/ an v 1
heard earlj BA
From all the preceeding arguments and those we Mﬁi 1Erf Hliﬁr! I woulgq Vg “1%125
i h to the ideal type of vehicle from the Human Faq4 pa2e =
tentatively suggest an approac : o | (p88° 304t
: This vehicle would be a turret], al
viewpoint with a minimum number of crew. Kt iney t B2 fan +imé 1y & VE
with automatic loader, with a small rotating Comman 8Tin / P /,Egﬂ assembly, m B e ot
would be a crew of three; (a) Guﬂnﬂr/ﬂri"ﬂr? (b) Driver, G"uu"l?r Perator; 1 one
(¢) Commander/ Gunner/Operator/Rear Driver/'"Fused-Round Eﬂt‘_l‘-ﬂ' » I am not suggegty EE_.Q%E-
that he should do all these tasks but should have the ability to do sg if he Wisheg aﬁﬂitlm
By implication from the arew's titles, all controls except those for rear drivige #e |
and fuse setting are triplicated. The Commander would have a PDWEI—Dp?ratad Cupo]se B:I‘-"h z
seat assembly; with this facing forwards he would have the fnrward—djlrwing contralg the a.nﬂﬂ ..
in front of him, with it facing rearwards he would have tha_raar-drivlng controls of this &"9?:
and fuse-setting space. There would be a serve system to line up the tank ¢ coipe Coverage o
cide with the direction of his cupola at the press of a button so that the s

e rapidly laid. Cnly the main

gingle warning system (for
be triplicated

Driver/Cunner and Gunner/ Driver,
single "central warning system"

remote from their source points
make the designer's task mora
some of the major turret mounting,

most importantly make the Crews tasks much
should be less fatigued and therefors

last longer.

Gentlemen, I said at tpe beginning that
quite enough,

I think I have now sgig

essential driving and gunnery instrumentation, a
danger or malfunctin:?,

y grouped together and comfor
minor controls and instrumentation would be placed on g

needing reference on ly

indicated (roughly as on
all probability it would Mean practically all

Stabilisation and weight problems and it will
1 @asjer to carry out.
their acceptable level

tably placed for each man.

and the controls themselves woull
All other
central panel between the
Occasionally or when the
the Swedish 'S' Tank). In
controls and instrumentation would be
are now. ihile this will undoubtedly
maintenance more complex, it will aveid

In other words, thd
of efficiency should

b3S wae likely to be contentious.

il .
.j-.:l_'_ ;
ll'-.
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Dap 1 : ;
&Ff? ', | .;:nlﬂ“"lman could operate without decrement of pa“fn:ﬂ!tuiuturﬁ “rials to tegt

: Ri "y o i od . 2 C® shoylq

Strg Ohq; ihﬁ 2t t vehiel t
By - s 1ied that vehicle mgin Enance
g _ 0 Was the 4
: Eﬂhﬂ;@ﬁ*tfﬁﬂ 4 Mi-* il Problem and 13mi 41y, factor,
an E‘l.-ln th, g WHEELER considered that the tactical A8Sumptiong
ive f:&l“ 11 0dg oy, ﬂnlﬂ“fi ARt =nOar A= AeAnee d"ﬂhlclﬂﬂ operated in paiyg w;:r:l}s:ll.a IR
3 B

ds rn&.:f lmgy > £ & rr”ﬂg or squadrons and forced their way rather 1y, worked anks operated

ur £ i 1 £ thﬁlr
diﬂpu&& bg g thi‘[-... ]:f’:rﬂﬂl:l : £ le The MICV might either right forward with the way through

' p Crew a4
the 1 op i oPP”defand against the enemy with the cTew dismounteq to dig inlﬂmutﬁnted_tn
\y Eﬁm‘ni Iﬂrﬂp of nlikely to be brought hanL:_fur Teplenishing ag s i d::wna bﬂ said
v’ thig h:i“é: N ::RE' ﬂ-:;a porward area.  On the subject of rate op Pive and ¥ the
i

i firi £

bpe Cp : nts of a US Army crow f : ng on the move
a i chieveme my e iring Chieftain

iop in :‘F t;;?i"a o tjmﬂd a at

Aberdeen Proving
: pett BEgWOIS =
f:,ffb hl: E%n:h s 1 t 1500 metres firing 42 ds APD
. : Toun ' -
leny podsibg | g5 bite & F o e M,
{EE TJ:":],:_, )

55.5 pits travelling at 15 mph (24 kph) ovar the worst

lTb n o
B firing & rounds APDS in one minute starting from ump® couras

1500 metres.

ST 5 Y PIKE, referring to the chart "Distribution of crew work loadg"
5 Huma Culq ey %mr Lt Col Hawkins duringz his presentation, was puzzled by the
"Tet]lggg ACLop, (7988 14 tted to the activities of the gunner when the time of actual firing could
888 amp,, t jigg 8110 very small part of 24 hours,
atop; V° Thglye ol &
r;:m-a; Euﬂé‘ﬂati oolonel MASTERS pointed out that the gumner had a large surveillance task in

e e .

- iring.
Wish ition to £
"8aAr drjyy &g, ff sl

! : ‘ e S
)a8rat g r SIMPXIN added that with all round vision for the C?mma.udar, arn
'ivingdgcufﬂ""" Bri::i:r which he scanned, the Commander selected the most important sector
ng cﬂntsmmh e rﬁﬂrﬁ- large area and allotted the less important sector to theﬂg'l.mnar.
tank 4 :jfﬁ gﬁt::;ﬂ of the whole area was too much for one man to perform effectively.

1tation, 5 ' Major LINAKER mentioned that guard duties were frequently given to the gunner.
¥
mselves woyldl

All other
etween the
when the
' Pank), In
.on would be _
undoubtedly
+ will avoid
it will S
» words, 4
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VEHICLE DESIGN ASFPECTS
i 4ol
g% 5 ue
duction to the Problems Facing the Vehicle adf gnf
i:IE]O e hen considering Fitting tho Crew into 1Bl it Jnoe 1°
|r Gﬂmhﬁ-t vﬂh_iﬂlﬂﬁ- $r . ﬁaiﬂiﬂﬂﬂﬂ
ﬂig‘ﬁl‘ ifﬂr E
Paper by L.C. Monger g = ti:aﬂti zﬂ
Branch FVRDE 108 Oy e
| Yehicle Concepts ran 18 ';d.Eha e tha
' 00" e OPV
| Gentlemen, 77 [y By oocd
: ., tha
My paper i8 addressed to that body generally referred to as 'the g - 1EH:‘b] plus
depigner 1 see the Uger a8 tha customer who must decide what he wil] qup i s pﬂ‘;ﬂhig f
money he has to spend. &ve fop . Y we: BEAES BJ::
3 pe P°
The allocation of space under the heavy armour of a main battle gy . , it iﬂ'{‘{-' space T
a compromise. Every component 12 likely to be allotted less space ttmj, s a4y Haduﬂﬂ hl
gpecialist who is concerned with it would expect to get and thins a].:'P].iq”tHH i ¥ e compl@
the crew, HEngines would need lsss hp for gooling and would be easier ;LE- 8ualyy 1f £0 the C
they could have more space, the radius of action could be better if nm;} ':"'*'i”t'&in'u ﬁﬂlutiﬁleﬂﬂlﬂ' al
ba allotted to fuel, more angagements could be fought befora TEplEnisma ap?cg syl the ba 5 de:
apace could be given up to ammunition and the crew efficlency could he ?nj: 1T mopy qud.rﬂﬂ
lack of space, but whilst the losa of Eff;mgrcﬂmg is Ly case
Glency o  will

thay were never restricted by
the various engineering components, which is attributable to s i
pace lims - i
|ﬂlt-fit-:'.l1-|:13’ oan d-ﬂﬂlalnp’t_ £0 I"Eﬂl

be assessed and given finite values, the loss of efficienc
only by impul"t

satablished by comparative trials with men of different i
¢ physique : in &n
, ferent conditions. Such trials are likely to resull in asﬁe:ﬂgmgitini-.L-lnfiar das- ﬂiffiml:. pase TC
finite than those with specific components. T ﬁmﬂim a high
oposE: it
Reduction in crew epace can be conaide ted b cotne
red under two main headi ging ect ©
achieved by giving less cubic feet per man or by reducing the numhaggz;? mi:l " ﬁplﬂﬂﬁfiﬂ in
l ranges, ©0 enabl

¢
onsidering, firstly, the simpler problem, let us think aloud about the apag | Dub 80 #E affor

we all
allot per man and extend the argument to embrace the attitude or position in

which the man can be inestalled in the AFV, The design
e deslgn

The number of cubi an's conflicting dem:
hull or in the turret ;zﬂfiﬁztieﬁlb'hﬁw occupies is the same whether he is in tufe and mﬁpiax veh
say that his attitude makes @ is on his head or his heels. That is not fo b 1es8 effective

no difference for although his body will occupy the se \

number of cubic fe :
that by reclining :;EEE:Isgraih:Mllmng we have shown in the design of the Chieffal Before le:
8imply explained if one realises :Hight of armour could be reduced. This canbe 8 increase in th

added weight at the r
ate of
rate of about 500 1b per incﬂTDUt 100 1b per inch but saved on hull height at @

One might ar
fue that if th :
tur e dr
Parﬁﬁatﬂ;rm_?;i?ugluwing in both 1;:;;:;2 ;&EHE out of the hull and put into the
ell into th eight of hull could be made (and
;:: turret are complex byt :‘;‘t:ap}- The arguments against put tingethz gr:var into
- :;r in the turret ig likely 1;:ﬁra important of them are worth mentioning heres
abl £} turrﬂ'l: hﬂ,ﬁﬂ ig rﬁﬂtriﬂtadu iﬂﬂraﬂ.ﬂﬂ the area of the turret ]"EIEI-P but the ayed
bago a0 fhe 'ﬂf; f:um th“ﬂfﬂruh{h:tmmhﬂr 0f factors not least of which 18 9
ret walls appr a8 the turret that of ¥
approach nearser to the ?Brti]é:;fwﬁzi ﬁizaziai iscresdt

brotection op 4
the o] ntolerably thy
OPe of the ammoyyp 'ﬂauum:: E;u:z;r:“h our aims for protection in fuir® AFi

himlﬁﬂrta.nt than it was in the past:
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el complexity needed for the dri
?E‘rlﬂ cnnt
'O

3 juence the internal space i
P gy A 1s
]'.'11_ BEHE;GE lﬂﬂd and I'E‘Ilﬂ.hllit:'r‘ Equiramanta but i J:n the turret may

PR erlaipy inio, fhe turrel the hu
o thtan for a reasonable length to width P

o ex - and crogg—country speeds now Enﬁaa iz mugt

a g r - a E

b higizthsr than a lower one. 88C 2 higher aspect ratio is

g pe obvious to you that the cubi T

qust : . i teot of -

14 + gocupied by his body when static {whiﬁhﬂ‘_ﬂaca required for each craw s

18 : i :

per 1 lus that neaded for movement whj 18 surprisin

v”uuic roct) P1U2 Bich must ineciude ﬂntrflin]ri'}:g:t el I
888 Bpace.

Op 4, & W
th :
8 ! o nesded for movement is related t
i L BP ; ¥ : o the functs
ank ﬁfﬂuld be PDH:1E§:£§n::t$at}ﬂ{1 to put him into a ;E;ﬂﬁdaich man is to fulfil 8
H t}leg 4t Vgq ::ducﬂ his space T4 £iving him a set of buttons to ﬁiezalwge degres
B a t . d ; k .
Qug) +he complexity nee ed to do this was acceptab : i
to mﬁintl‘? ta rIf for the commander who needed to move mo Ptable it might still prove a poor —
e gpg, oin gl d him; thi eenjerder o, got P
Papg ir ¢ ttlﬁ'ﬂald aroun ’ 8 must apply particul €8% a better view of
nen ey ) b8 ularly when h
togp , oulg e . compandere © 18 a troop or
imprﬂ'l?ﬂdn ﬂpﬂlir ‘L‘!
?iciang 4 ga the increased complex] : |
SHBY g In any ca _t’axltlfﬂlllhagxa : 3
taty Ong, i (51091 4+ will increase the maintenance load and l-zdﬁ:”’ ].Lt 'f’l:,u take longer to -
' Can only y Wr“ﬁt to realise that the complexity which is Pnﬁﬂihlarillabll;ty. It is
Dder gije_ mﬁcult in an AFV which operates in a very different anvirln}nm&: ilmraft. 0w
°h are Jeg to base for maintenance. It might be shown that during t;' Eind dfﬂ ol E
7 lals and peace time

ﬁ . "
" tion a higher degree oI complexity than exists in
: present A 5
wt could it Dbe tularatadlcn the battlefield? How wcruldnjt iinguid be tolera-
1t can py fusing effect of a heavy projectile which the armour could withstand? E-Itﬂ the con-
men. wplexity is inevitable in future AFV's to improve their chance u?‘nhit r;c;maed |
s, to enable them to fight at night and to enable them to move f&sta&r g?;gizad

. ths Space Kt tal qe afford to go any further than that?

tion in
The designers must continually strive to achieve th i

wiflicting demands of simplicity and battlefield effe;t:?v::;;naﬁ:;::gﬂ‘zezfz;ha
he is in th @i complex vehicle 1s unlikely to be as good as two at half thr:: cost but JJ]_' ?E
is not to e effective individually. a little
ipy the sasé i :
the Chieftail ore leaving the problem of space required per man let us no
, pan be i;m'ma in the REME load for maintenance of the &Editiﬂna.l cnmilgxgt?ﬁ:tti?am
h which ligh price to pay for saving a few cubic feet of space in the AFV. &
t at 8

h:";nlzzell;g.unaldar the space which might be saved by a reduction in the number
¢ into 15°
(and ] firstly, no designer should put a man in an AFV to be shot at by the enemy
] VT lﬂt: n;-:ﬂ he is really needed for the battle. You have no doubt heard the argument pui
, herer rd in the past that four men are needed in a battle-tank so that at the end of
the aréd ive one goes to the 'O' group, one maintains the weapon, ©ne the vehicle auto-
18 th? o 1z Squipment, the other prepares food, refills with fuel, oil etc. Let us hope
that of o ® advanced beyond that sort of thinking.
dacrﬂ‘ﬂ-ﬂ

man tanks. The last was

{

1;:: sy already have had some experience of three

lln;r in the UK. The driver in Charioteer was in
the conventional role of a tank driver SO the prob
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the conventional position and
lem was how the duties of
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the loader, gunner commander and wireless operator Hhﬂuld_h; al:’“‘ﬁﬂ hﬂti’&&r sl
It is probebly fair te say that the problem was never satisfac Orily Boly Ty heé 5-;,:1 e
that problem now becays, . ved, ° b T ould
useful purpose would be served by discussing 1 € in ary Jo W hﬂg.ﬂ-
battle-tank designed for less than four men the task of loading the gun i, ¥ fuy, -Jiﬂiﬂiiﬂs
certain to be automatic, al“ﬁath ala":,ﬂ-
ot
s ©
o Jetailed analysis of the Quties performed by e T T % 3t ¥, 1876
Chief'tain during a reglistic battle exercise would be of considerap), val 3 pad

the
e
vehicle designers but it must be representative of how you woulgd SXpect ¢, Yo thy ﬁ’awf”ushaﬂﬂ

future and should show the difference between a 48 hr ha!:tlafigld day iy, , E‘;%t & : ﬁhﬂ;thﬁ
gun tank, a troop leader's tank and a squadron commander s tank, g§ygp an &na?ﬂ ﬂ‘:uth o

would form g very useful basis for discussions between Users ang ﬂ“i&’nerg, Yag, i powev!

I.f! ﬂri‘r'

Concept studies over the past few years have shown that the battlﬁﬁ.elﬁ : . se .

veillance problem 1is 8eriously influenced by the number of men availab)e £ EEUIL-. pelty, sl

the battlefield and to maintain a look-out over long periocds €specially when, 1,.&:] 560 gehic

displays angd night vision devices are included. “Bdgp ggﬁr e

N I and

Let us look &t one example of this problem. ace

Figure 1 shows one of the many concepts which are being eXamined Auring .
Study of future AFVs. Tt is not a proposed design and it is being shopy only g
demonstrate to you the problems of reduced crew numbers and battlefiely

hen, 18

surveillance, o the

contidS ) e

For those who have not seen any of the external gun MBT concepts a ghopt dag ent you W
cription is needed but this is not the occasion to discuss its pros and cong, and BOW

o
The HV gun as you see is externally mounted and has 360 traverse with 4 & G
ventional +15° to -10° elevation, Ten rounds of ammunition are carried on the

and automatically fed into the breech. The gun and its ammunition are encloseq iy
small arms and splinter proof armour.

The replenishment ammunition is carried in the rear compartment of the hyl,

When the gun is to be replenished it must be brought to 12 o'clock and elevated,
The feed from the hull will then be automatic,

Now to discuss the crew. The driver as you see is beside the engine but since
the rest of the crew are in the hull the driver is no longer remote from them as he

is in todey's tanks. Hence you might be able to allot to him other duties but if
firing on the move is required he cannot be expected to do much elge except drive.

In the picture two men are shown under the gun = let us call them the commander

mplexity it would be possible for each
to have the same facilities for gunning and commanding, They rotate with the gun 8
this must be borne in ming when

ﬂﬂnﬂidﬂl‘i 'lhEthEI‘ 1ld share any of
their duties, ng the driver could s

It must also pe realised t y a8
and detector systeps, fat the MBT may have to carry its own IFF, compé
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is envisaged with the object

Uaye 1""&;1 thn jght glass gt
no_ s gt 2 eans of & long perisc 8% gun ¢
o by @ Ope with on h
&un iﬁn;r,r flfﬂ 214 hsuhﬂ“ the gun and a ring of ¥ Perij;h objeot glass in S ank
Ll h,g:ﬂ- n'ﬂpuﬁ would b a r'atﬂtiﬂg and
o, E Provided arcund
thﬂ S
op pander has the long PET18cope he
>le vﬁllf“ op £ arc of vision through his x3 pu:%a, in a Bense, 360° 44,4
SPoect e ¢4 16rE° ide occupi ~900pes but, or Tl Jie
Layr to o0 fpen po i 8O0 SReUp ed by the gunner, You may 1. o uFSe, he camnot
7 in - f‘ight o for aﬂcﬁpting such a :Iimitatinn hﬂﬂmﬂ'ﬂ b i hﬂl“.&r’ like to cop-
Ch an hﬂp-mqlih cé 5 g‘m he can See& the full jmn* ¥y a liﬂitud HOvemsnt in
o Slerg anallr'ai ﬁtﬁ i
3 8 believed the wehicle coulg
ttle powever, You uld be effectively ¢ _
£ 1t, o™ and a gunner/commander the man ¥ fought with onlv tw
15-!::_1& fld By, i;“ iriver under the gun could have g fullrl], :
1]y 'fh: Scq, gl jsione
n P v + b ld
adg, ;cle designers job would be easier if you could
Th:;aﬂ you see, Now that the turret has gone, the wiraigziatih:i:l:ailtm ¥l
0 fiun and & lot of other stowage must be packed into the huil. Reali Wi
i space available you will see that with two men under the gun, as tlsllenﬁ i
d g ng 458 el proceeds some ammuni tion f‘rf..:rm the rear compartment may h:_wg to be
1 OWY > & el 0P other essential atowage items.
:2:11’1;113 choice will be difficult but it will be that much easier 1;;1;??1;;“
& shoprt lﬂ th; intervening period in a c_:u.ref'ul analysis of the present duties of the crew
na oons deg. :”“ you will visualise them being chenged in future.

T the huli,
elevated,

ine but since

m them as he
{es but if

the commander
le for each
-h the gun #
e any of

Y
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|
1 to ke
0 r less to keep them awaka, :
| #ﬂn B aleep © a Ha considered it § A

| P SOl

W tanks. He raised the question of closed—g :

S e e o et I
- e 5
; envisaged that in the 1980s a ¢ .

|| %%ﬂamﬁ”ﬂ firet rush which would ha.:l;d:mizzilEt;g:;gilw{faﬂamfmld
g 10 8 Yew developments had enabled tanks to fight at night: it w ight o e
pat tanks should be capable of operating ﬂﬂntinunu; l;-.r“ﬂ;.rai 1m§urta::}t, .
ablish a defence in depth. This would be feasible ichrawﬂancuﬁg =

ciently over this period with only "ecatnaps" for Bleap.

d, be accepltable?
\

o T

| e 0 95

b ffi
uﬂgra‘tﬂ e

£e880T WOODALL was of the opinion that intensive research on the walue of

e ouild be undertaken.

Pro
| lﬂﬁﬂ-ﬂPE
RAN added that if the period was ten days then research should be

CORCO
| MIEW the use of drugs.
oTMPEIN then raised the possibility of impairment of judgment after

sing ATUgE for ten days.
aptain WHITESIDE stated that in normal sleep the depth is greatest at

I i |
Group Captalnl Fo-cme—-m =° |
| th "catnaps" there might therafore be too great a proportion of non-

i Hti Hi
g cleep and this could adversely affect performance.

Dr CORCORAN agre
slegp, but stage L was
% of some benefit.

|
> |I :; .;r;:: ¢ "catnaps”s
: v
b tad out that British tanks
Pl}iﬂ now have hﬂttﬂr s
igion for C :
j| ommanders k4
|
f

B

FFE

ed that with little sleep one would go straight into stage L
required as well as EEi sleep. "Catnape" therefore might

gaid that if a military commander Jmew how long men could
plan accordingly.

t acceptable to test men to

...... hi o
f garate under various conditions he could

lir ROLFE pointed out that in research it was no
their limits.
be overcome by Dproviding

or WALLERSTEIN suggested that the problem might

@ extra man in the crew and space to sleep.
the crew were kept awaks all
= d to little

Mr WILSON mentioned a recent trial during whi ’
fing all, except one who was accustome

tight, At the subsequent debrie
tleep, admitted to being in poor shape afterwards.

132 in

onable
. Dr ELWOOD he relationship between "catnaps" and & FOU7
Dol raf?rrﬂd b0 It had been stated earlier in the day that
o of sleep (five or six hours). ; 4 from sleep.
siment of performance occurred immediately after being arouds 4 that the
L3 that frequent awakenings should therefore be avoided bu

lews of the users should be sought.
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effect on design such as pr
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esults of studies &n
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Cross Country & seds ang i

by

Colonel J.D. Masterg GE{GRIJ_I H{JE“

4 tank requires speed of movement for two puUrposes:

2
in order to carry out positioning man yre L
e out of direct contact, g AL expeditiously, probably

d b to render the tank less likely to be hit when moving

Hgt;gE!'EE Mangeuvre
A commander uses the mobility of his forces to achieve a supremscy in

]l

d firepower over the enemy at some part -
ambers an ; particular place and time. One
of the essential rEqurementa_neces$ar;: to do this is that the movement must
ye achieved before the enemy is able, by a corresponding move, to cancel

ot the superiority intended.
j, The possible !:actical situation, initially at least, in which we may have
to carry out a mobile defence in the face of superior numbers puts a premium upon

our ebility to redeploy rapidly in order to cover a developing threat.

fedeployment may be possible using roads but may also need to be made across the

gein of the ground in the face of a threat developing with the grain, probably

baged upon roads. Thus an ability to move rapidly across country as well as

o roads iz essential.
Though wvelocity can be regarded as providing useful measures of mobility,

Je
care must be taken to ensure that they are not also taken to indicate the
Thus, for example, a wehicle which can move at

value of the mobility.
fwice the speed of another will only be of more value if use can be made of
its extra speed over a siznificant part of the distance to be covered and,
in ny case, is unlikely to be exactly twice the wvalue.

. The average speed achieved during a movement by road will depend on factors
guch 88 the number of vehicles involved, the presence of bottlenecks, the
Incidence of hagards, traffic control and so on, just as much as the inherent
fpeed of the vehicle. The greater the latter the more restrictive to the

8ttainment of high average speed the former becomes.
case of cross country movement. A

v The same pri th
principle applies in the
;ﬂllalicle capable of high cross country speed will, dﬂpanﬁagt ?”gr 1j;-he nature of
ground, b to a safe speed by the commander, ver as a
8 rcuehd down In desert conditions this may be

Msgihle obetacle appears in their vision.
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ach hedgerow Bay mask & sunken zon,
: Feat combined with the less goad
that this efiect, g about half that alo

Experience : spesds bain
- has resulted 1n average : EodiY:
country, stems are vastly imPT try because the forpg, uah“fia

Even if suspension 3y : across coun
11 still be higher than {f we achieve what we 1
along roads W os and gradients. Thus if w Want achﬁlﬁ'

tains 1 obatacl A to satisfy. Tog
:ﬁiﬁtryf the resultant road capability 18 L :
o pointing out the relaticrnship of
nce of possible hazard, emphagig,, "
" in the requirement for tam hg
ticn.

or ,
ngﬂuh%;aé:h?‘
: TOndg, 4
ig likely that aws x

infrequent, but in western Europe €

These considerations, in addition t
resultant incide

os "&gilitf
T tion and decelers
in a future MBT we must
9. In considering the inherent 8p ead s at also consider the hnc:t only
Deszjiehiel techuoloflenl PRl Sl i mlndtthgz ig the design This wiugse %
i i < b'E' u 3
else much unusable high speed may dgsigneﬂ S s arope.

seem to apply particularly to a tank
the two following illustrations may asasjgy

what speed is needed in a main battle tany
ning mMANOEUVIE.

B.
speed attainable to the

need for what has become
mobility, meaning rapid accelera

10. Having weighed the factors,
in making an intuitive decision on .
to satisfy the requirements for positlo

considers the requirement %o redeploy 10 kms across country
umber of different average speedas, It may
(the present

1l. Figure 1
and shows the time taken at a n : . :
be considered from this that whereas the gain from 30 minutes

situation) to 15 mins or 10 mins is likely to be a cost effective advantage,
the subsequent time advantages at 65 kph and 83 kph are not. A very good
return is achiewved up to 50 kph but diminishes rapidly thereafter.

12, Figure 2 is extracted from a FVRDE report of some years ago but is stil]
Even if we assume that moderm suspension design can 1ift the cross

relevant.
country curve to that of the road, we see that a maximum design speed of
68 kph decreases to an average speed of 46 kph, and that the curve is flattening

out .

13. Taking these together, it is considered that, in order to satisfy the
requirement for positioning menceuvrability, a new tank need not possess a
maximum design speed greater than that which will permit an average speed
of 40-43 kph across country and aleng roads, assumings the seme incidence
of obstacles and possible obstacles on each.

Decrease of hit chance

14. Although theoretically it may not be true, it is likely that the majority
would accept, until faced by a homing missile, that the chance of being hit
whilst on the move will decrease with speed, either because of the increased
difficulty of the gunner to lay or track accurately or the possibility of
reaching cover before the projectile arrives, The former applies in the
case'of both sun_and misaiLg attack. The latter to the miseile only in terms
of first round hit but possibly inecludes the gun also for subsequent rounds.

igﬁm {“.ﬁ]enH;:;:Eta:;. te}nks attenpt to move between bounds, covered by other
erl -md unex Eﬂ‘EEd i il Dity to the enemy but not directly
iﬂgﬂge'ﬁﬂki!;ﬁ o1 a}:ﬂ Iﬁmtl;?:_t may result when local repositioning manoeuvre

5 cas :
bounds may be much lonzer, ¢ tanks may not be Covering each other and

80
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ition upon which i
is & pos Protection

4 vousd 7y the mature of the ground from i :E Sbtained to gt
1"'5*; thgﬂﬂ- d BIC Hence the concentratigp on thig ot lj.kel;,r aTea of atigey
lﬂihﬁ tagtiﬂﬂ' Hw_ﬁ:l;];; h:‘hwe-ﬂnﬂgﬂundﬂ will make uE:I";fi:: te ac

E .
ptalpies 708 00 Eﬁgﬁgﬁmﬂ:the i’iﬁ be in positiong frn;vihiﬁh
I:[' Fﬂ q’&&'ﬂ 'EE-PM i1l be d 5 COovered - t-hiﬂ isg o t-hﬂj
o B?aﬂ*i“l matmdt;; cnnfiugﬂ.xraﬂe t:hen Bgeaoles | The ﬂﬂg;-eerien ionly,
4 n i
e 11 gepenc up;zct the length ::1frl}h]§l Salute ground, which ig ne Sooh 1 oen
wE R Crten it B A APoop Tavel, shy e LatAnE.
| stit-hﬂ t i though often it may have to he of greater dj,ﬂ%&;gj_hu m, ig
3 &
gl
terms of speed we need three thin

; ud i::l o : &s in order tq dec F 5y .
;l;ﬂge °¢ hit and the exposure time cne is subject to attack: rease both the
high acceleration
Ba

high speed

hl
an ability to stop quickly.

Gw
» shorter bounds a and ¢ are proportiocnately more important than

which gains in importance as the length of the bound increases

18+
the top speed capability increases so must the ability to stop

sigh 8peeds
Hﬂw&ferl‘ a5

quickly
Tne exposure time will clearly vary according to the nature of the ground

105 3

? time may be very longz even if h . ;

m the desert exposure 4 Y if high speed is achieved,

I certain parts of .Je?tern Eurc:pe the broken nature of the ground will ;:.ve the
It is against a backzround of Eurcpe that this problem should

gpposite effect. : ;
e considered and it is the varied nature of the ground which makes a mathe-
mticel solution difficult to achieve. However mathematical data can ascist
in pointing the right direction.

x. Figure J showe the 50 per cent chance of first round hit using current
sethods at various target welocities and angles of attack.

21, If the 10 degree angle of attack is ignored (virtually head on and therefore

sy be considered close to a stationary target), the teble shows that considerable
sivantage obtaing in the other cases, particularly the real crossers (60° and 90°)
a8 gpeed increases; in fact a doubling of speed from the prescnt 21 kph to 42 kph

halves the range at which a 50 per cent chance applies.

2, This represents the situation in terms of current tank pgunnery technigques
In the future it is possible that the first round hit

wd control equirment.

probability against crossing targete will be greatly increased if a computer

Is introduced into the system. Theoretically, in this event, the ppeed of the

terget will cease to be a faotor; an ability to hit with the first round being

Sinply the product of range - the probability being about 100 per cent at 750 m,

ling in g nearly straight curve to 45 per cent at 3000 m.

i If we accert this, speed in the context of hit avoidance will be relevant

¥ in ite effect upon lesusening the exposure time to attack.
raight line

:;1' During movement in contect tanks are unlikely to follow & gt
He tank commanders are trained to take adwuntage of cover. The amount

81
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that
of terrain. 1In g, ar
fferent types Cag rent
of cover available will wvary ‘dtgtdiay pe much faster tiﬁini:rcizier tmuizy . o
of open [lat cuuntryrttgn: mﬁ:iﬂit to evaalve action as Sureg f, ¥ gﬂd b 1gflitié;
The tank may be expected to ab> i
long periods of exposure. ! M n 2 racl
: ank aversge speed may be much gy, 3%e P27 ops
25. Vhen operating in closer country td from the use of cOVer whem i, a¢§i 1ﬁ95£“1 abl
ot bounds and advantage is obtaine t on two successive occagiong ﬂftﬁ% 90 prob?,
etween Do be diffﬂ'ren ad t i ,I&.lﬂ A
range and speed of the tank may : to be to the vantage of the an a foT
exrgiure. Such conditions are not likely tem capable of achieving g ?Eryti 34 o8
tank weapon unless it is equipped with & EIE ghort time. This is becayg, th th® i 8p
high chance of hit with the first round ;nnn a multi round engagement whe, , OB gith @
probability of achieving a success, based ¥ * T ", Trine that the tank j, g ountxy *
the first round does not hit, will be dEPEEuratiﬂn for such an engagement, i o8 C
exposed and this may not be of sufficient al = rdeT 1
rggfamne of trials wag E.rm-l&i 5"
5 part t thene probLeBR e S ir frequ 3
i.orgeﬂr to n:iqa.;si:ginﬁtinn on times ﬂftgxpur-eaenzziiﬁfcﬂurﬂ&g-Em%hgﬂine B high
tanks moving tactically over five differeni Iep The enemy position was gay, nigh
cormeen Irlel In denat Lo D e A Efeeketht, T &ttau}dngdt& be
ve the comman Xl
by another tank which E‘-‘;ﬂr r+ and driver who was asked to drive at the Speey an &
was manned by a ocomman '] Emanhe tank was timed over each of 45 runs ﬂiﬂtﬂhw Ce
which he could best maintain. ed for each Tun on each course yy. ted o £
over the five courses, tims the average &pe 1. th 5
obtainable, % : baﬁt
c
; it} ti-c 1 per
27. The observer at the enemy position was equipped with a multi-channe a 59
. r ultra-violet techniques and from the §
electro-magnetic oscillograph using ra S G P 1t o ang In the
records, the times of exposure were deduced bo e 3B serial ir
hull-down tanks. be the only
28. Allowing for difficulties experienced by the observer in Ifﬂf’"‘“-”g In this
precisely when the turret or the whole tank was exposed, the shorter exposure 39. - an
times and the greater number of occasions on which only the turret was eXposed $¢ kphca :

appear to be according to expectation.

2% Using the data obtained plots were made to show the effect of tank speed
on duration of exposure. Speeds used varied from 5 kph to 4B kph.

showg the mean values for all the courses, An examination of

3. Fi
this shows that the time available in which to make an engagement differs
20 kph, when a hit must be achieved

very little when tank speed is upwards of
inside 10 seconds.

31. This trial deasls with only five courses in one location, but indicates
that not much advantage may be gained in the avoidance of being hit at tank
speeds above 20 kph in this type of terrain. An ability to move across country
at an average of 45 kph, which thig paper has suggested is the optizmm for
reaesons of positionine Danceuvre, would seem to provide for much more open
country than that used in thig trial in respect of exXposure times,

Conclusion

32. The speed capability of the tank is provideg in order:
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- 8peed
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i b carry out positionin
Pl ty to n mang
i ghilii-i zh 0P speed capability than ME:E SXpediti
g :Et.acl“ at design speeds above ghoyt 30 ke,
rh.
incidence of
ple high ice of obstaele
the ﬁhﬁﬂgjlitﬁf" - meaning rapig E.L':EE].E atiooo3ible ob

5'+r ﬂaﬂd ?

order to decrease the chance of being
In

hIEh ﬂgﬂﬂlEIﬂt ion,

Bit & tank should haye

B

;. high speed,

o an gbility to stop quickly.

In the face of current gunnery techniques an

g (as opposed to the current 21 kph) sbility %o average 42 krh

halves the range at which

e
ptreen e of hil exists.
cent chanc
y 0 peX
In the future, improved gunnery control equipment may
il ] in the chance of hit on moving targets. Exposure fine ST11 ihes

render speed
imateria
te the onl

 In this case, an ability to move across country at an average speed of
-£5 kph appears likely to be greater than the optimum needed to minimise
#e chance of first round hit in Boropean type terrain.

y factor affecting hit chance.

Time to complete 5 miles crosg country movement

Average Speed lime Taken
17 kph 30 mins
34 kph 15 mins
51 kph 10 mins
68 kph 8 mins
85 kph 6 mins
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= _range and velogit
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s sked what wWas tha eriod betys

n WHITESIDE asked ‘ P 0 the firg
5o ::rﬂ ;iring a round and what figure hag been ygeg in th
t_ﬂ.rsa P_EPEI'P

t eppearance
a na.ln:ulatinna

MASTERS replied that the periogg Was of the
nal
gol2

order 10 to 15 seconds,
nas one would not expect to hit the target,

g0

10 88

jor?"

eed to take further discussiop af'ter the next paper,
5 A
It ¥4

the next paper the Chairman BAYLY PIKE
troducing Ui res on cross country speeds where it appeared that the_ powar

iy Jaater's flsuﬂnsiun were adequate to enable the venicle to 8ttain high
ratio and aui{ing factor might well be the ability of the ¢rew to withstand

; The ﬂﬂgﬁﬂ of the higher speeds, The next paper would dea} With a pilot

and
e oK ihis topic by APRE.
it

referred to
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To measure and compare the cross-country speed of g
Main Battle Tank with (1) full crew operating under
normal RAC ragulatiunﬂ and (2) with driver only, who
is provided with protection, restraint, and freedom

from responsibility for damage to the vehicls,

To measure, from the structure of the vehicle, the
ghock-loading or impact accelerations to which tha
crew may be exposed, and compare the results obtained
when the vehicle is driven under the two different

conditions at sub-para a.(l) and a.(2) above.

To consider the possible effects of variation in
cross—country speed of main battle tanks upon the

turret crew members.

At this time it has only been possible to carry out a
'pilot' trial to examine techniques for the measure-
ment of vehicle speed, and of acceleration forces, and
the use of crew questionnaires covering their experi=-
enceg in the wehicle selected for the 'pilot' trial.

In accordance with the Terms of Reference for the
Project, an improved pattern seat was installed in
the test vehicle and an adequate harness provided.
The selected seat was a 'Contour 6' seat based upon

& welded tubular steel frame. The cushion was
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Fig 1 "Contour 6" Seat and @uick Release Harness
polyether foam (12-2" thick) gupported in the seat frame by a
stretched rubber diaphragm. The backrest was substantially curved,
or wrapped round the body, to give sideways support to the hips

and back. It was constructed of a rigid mounting upon which was g
layer of polyether foam. (Fig 1)

Fig 2 shows an experimental subject seated in the "Leopard" tank with
the '"quick release' harness adjusted and wearing "bump protection" in

the form of an BEAF Mk 1 helmet.

Fig 2 Driver S n
T “Egﬂ in "Leopard™ Tank
CONFTDAVTTAL
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A HE::araI nbsgizsrdiffﬂrant COurses wg

o '“*gféuad at the start 11351%:;iuzha Vehiclg . ”““gurad by stope
;;;iﬂg start) and & further one or o vehiols Pﬂﬂﬂanr o were
ﬂanh!d the end of the course,

ions were measured h

Acoelerat ¥ Positio

de hicle hull at chosen crew locations gigga?ﬂﬂ51arnmutara on the
of gravity of the vehicle. 80 D8AT the centyg

ion of each
At the Gﬂﬂﬂlﬂﬂ course, a u
® 4o each crew member individually, ﬂrqaztﬁ;;m;:iii 48 adminigtereq

other crew were present during the "Praa Soeed

The three courses selected were considered againgt

fa tha concept that,

w3

L o :
e

Fig 3 Course No 2 (Alternate Rough, Smooth, Bumpy)

in moving from Point 'A' to Point 'B' (the beginning and end of
each course) which were both screened from aerial detection,
cover from aerial view could not be secured but, dus to varying
types of terrain, there were degrees of screening from ground

View .

Course No 1 was 2300 ft (700 metres) long with no cover and
fairly flat, sandy ground. Figure 3 gives an indication of
Course No 2 which was 1800 ft (548 metres) long, with no cover
and consigted of alternate rough, smooth and bumpy ground with
many hillocks greater than silhouette height of the vehicle
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the line of route. Courge
and one or two deep gullies on g with shallow bumps 2-3 py :
e

s a partially sine-wave cOUTS 5
(0:6-0:5 metrea)”trom pesk-to-pesk 205 2000, % [ LL0C8: " oty
between troughs. Its le wa Ao ilg
a:ch Course Eﬁd a different length for reascns of availablg t gf"
terrain, the average width was kept the same for all Courgeg it co
about 50 ft (15 metres). 3

: : used, thres of '
g. In the 'pilot' experiment, four drivers WeTe ’ of why,
occupied the positions of Commander, Gunner md_L‘:'E“iErr when hot
driving during the fully manned runs. To obtain a better OVera);
assessment of comfort and purfﬂrl.nﬂncﬂ in each of the crew lncatjun
no one perscn occupied one position I:!I'Eﬂﬂmiﬂﬂﬂ'f-lif'- Each Subjget By
was suitably rotated in accordance with an experimental degjg, th Full
; Wi
h. In order to record shock-loading and accal?ratmnﬂ? the Trialg cre”
vehicle was fitted with instrumentation units consisting of i), 8 omlyY
following main items:- _ V
: - It E
(1) Midas Tape Recorder non-
: comk
(2) Switch Timer Unit 1pi:
T : and
(3) DC Amplifier Unit att
T
(4) Impedance Converter I'?i
(5) Strain Gauge Transducer
pe - SEL
(6)  Accelerometers, Endevco Type 233 i
The outputs from three orthogonally mounted transducers wers on
| ﬁ:d d;;act to the Tape Recorder via the DC Amplifier. Outputs ex
ob the remaining transducers were fed by the switch-time unit (1

which also provided the channel identificati '
ion facility.
:igig m;iulatad tracks of the Tape Recorder were uaad,rthaiill
fitre irequency was 3,500K Herz at a s d i
5,250k Herz at s spaed’nf T% ina/aenand?aa i lnﬂfﬁﬂﬂﬂnd, ¥

Hesgults

|
Th
ﬂh:ﬁiizi?fatiizzzz n::ru:auhlgﬂursa’ as assessed from individual
’ erall assessment ]
i: average speed without turret Crew, and :faﬂziﬂﬂntﬂga e anne |
©B€ parameters are shown in the fblluling-Tablzfy feens, for
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1
Flat A:cglgatin\n Ruugh? Bumpy E R
{ngﬂﬂatrﬂﬂj 1800 m¢ Partial Sine-Wave
(548 Metres) _JL {h1ﬁﬂﬂ 5
— e | 57 Metres)
% —
Speed Speed A A;EEEEE | *
pead
wPH | KPH Increase MFPH KFH Inoresg _H-_HP
Be H 'KPH | Increas
e
15-1 25,8 = 1‘:?.3 16 6 Ii
2 T 1L.9| 23,
6.2 | LO.6 | o
22.5 | 36. . 13.1 1] 21.1 27.2 18.91 30,4
* = EE.T

| d
h#,ﬁ"';; ghould be noted that the same driver covered his crewed and

non-crewed runs on the same day, ie the 'g0ing conditiong! wers

ﬂnm;:l &Iahlﬂ #
tnilot' triel were poor, heavy rain made the

In general, the weather conditions during the

'going' very sticky

P .
and it i8 possible that higher average speeds would have baen

attained on better terrain.

The warious craters on Course Ng 2

were invariably well-filled with rain water and the effect of
thig on driver performance was noted in the quastionnaires,

Grew Questionnaires

At the conclusion of each run, every crew mewber (or driver
only) was given a questionnaire to complete covering his

grperience during the preceding run.

(1)

Driver

The general summation of driver experience under the
conditions of the trial indicated that all were willing

to drive faster than normal regulations allow and that
the provision of an improved seat, restraining harness

and helmet protection gave them confidence in their
personal safety. ©Some drivers commented that thers

was inadequate padding of the seat which led to a
'jarring of the spine' when hitting ridges on the rough,

bumpy course.

Turret Crew

Most of the subjects found it essential to grasp a
convenient solid object during the traverse of the
more difficult Course 2, and, as expeoted, the Loader
was more subject to bumps and shocks than the other
turret crew. In general the turret crew did not
prefer to have helmets and safety harness when the
vehicle was driven in accordance with RAC training
and thought that it would be difficult to carry ?ut
their normal combat duties whilst wearing these items,

with, perhaps, the exception of the Commander.
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Shock Loading and Acceleration

As mentioned earlier, the only ﬂ:pa?im?nFal Turk_cirrigd out
on this Project to date has been this pilot’ trial which Wag

designed to examine methodology.

Some results have been produced on shock-loading and accelery.

tions measured during the trial runs described in this paper,
and these will be discussed by Mr E. Maclaurin of FVRDE in py,

Papraer.

Conclusions and Recommendations

5" = 3

It is concluded from this 'pilot' study that the techniques

for the measurement of vehicle speed and assessment of crew
questionnaires will be adequate for the purposes of the Main

Trial. It was recommended that the techniques for the
measurement of acceleration and shock-loading forees are
re-examined to arrive at the optimum method of recording thesge
parameters, and for future laboralory simulation studies,

The Main Trial will take place in April-May 1969 when aight
separate AFV trained crews will be used. Two courses have
been selected and sach crew will traverse the courses in a
random manner (full crew or driver only) according to a
statistically designed experimental plan. Discussions have
taken place between AFRE, FVRDE, the College of Aeronautics
and IAM, as to the best possible techniques available for
recording accelerations and impacts and it is anticipated
that valuable information will be obtained as a result,
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yman Mr BAYLY PIKE sajig
Thé, Ef today could go faster arg

that the Pilot Irial
{plerance R 2o s
a

88 countye 7 APRE
ha limity v than wag normal] Suggested that

w ¥ ng fa Y per
P, th ctor, mitted byt

ibé BOYD asked how increase ip gpeed
- might
yalE="erform tasks in action affect tpge e
1ty } onset of fayy
abl gue and
lied that investigati
MAPRE P ti{m??r 1t was hoped that ﬂumﬂpgilizu s
of 1% prom the QUESELONNA TGS 10 be completed by the yori -, RfOrmaty
Enﬂrgiﬂn the forthcoming main trial. These quastiquir::nad
ot 7
i d out that th :
EONGER pointe : e tank used in th :
w@gct} accelerations were measured 8 eXperimept Was conventional,

d : :
39:5;& driver their desire to go slower. and how the crew communi cated

pPrime object R

on would
RAC erews taking

uld be of valys to

i
gith
i CROTON replied that the first question would be covere

Tﬁming ﬂurﬂmunicatiun_ it was the Commander who tuld& S \aclaurin's

oape? the driver to slow

o
The Chairman HI"B.H.ILY PIKE reminded thoge present that in i |
g CTEW WeTe all drivers. In a trained crew the driver *DUlﬂtﬁgaliitti]};zl

: were likely to tolerate, but in the -
thar members . 2 d Pilot trial there
] rivalry between drivers which may have affected the results, may have been

M asked what contact existed between APRE ang ATAC at Warren
Jichigen, where he had recently seen a simulator coupled to a computar, !

Dx ELNOOD Puiﬂ?’ad uut_that the APRE study would not give information on

pman tolerance to impact in terms of "g" without further laboratory work. He
had discussed this during his visit to ATAC last Autumn. The ATAC simulator had
fur out of a potential six degrees of freedom. It would need to be decided
mether this number was adequate to cover the human tolerance. The ATAC simu-
lator would accept most of the information APRE hoped to obtain from the main
trial, but not all. There was no simulator with six degrees of freedom although
Ik had one with five.

Mr ROLFE stated that the IAM simulator with five degrees of freedom lacked
srge which, although not important in aircraft, might be so in a vehicle. He
sskod APRE whether any data was available on what difference in speed was achieved
by giving harness and helmet to a driver on his own. In the pilot study two
nriables were present: improved driver comfort and absence of crew.

Mir CROTON replied that no data had been collected on the ma.::imurp E]_:raad
ehieved -h:f 2 driver without crew and harness. This could be done if it was

thought to be of value.

I.Liﬁ_ﬂm Mr BAYLY PIKE gave warning that a human being could not be
“osted to destruction in a research project.

rements for harness

Colonel TYNAN suggested that information on the req asked if ane driver

“ilt be valuable in future financial negotiations and he

b
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had been very much better than the rest and, if 80, Was his speed Limi g4
tank. R Y -
S

Mr CROTON replied that cme driver achieved & much greater speed iy, ohi o
but that he would not repeat the performance! Driver comfort was th, 7 the . A ;ﬂ‘_"#_{
Lo ST v fi B
factor. iqg A el
Colonel COCKLE commented on liaison with US. He stated that g gy, - e

about to commence at ATAC to investigate ride characteristics of Chiepy,, !
BT 70, and FV 432 v. M113, This investigation would also compare creg, ok
speeds. He suggested that further information on this project shoulq y, u&mﬁ

from Lt Col Douglass at EDS Washington.

g .
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Hide of Iain Battle Tanks

by
E.B. Maclaurin, Mtnmutim{unbility FVRDE
¥

:ﬂﬂ o ol aspects of ride can be considered under three main headd
‘ . =58 nEa:=
S, |1 e grout on sormain sup,
=1
1%:! : The yibrational response of the tank tg the terrain 1 +
: input,
5 The human response te the vibrational wotion of the tank
round or Terrain Input
fo The SEE==

pajority ef r esearch on the meusurement of
Erf The th the US and has produced threes main fiﬂi:::;:::ﬂnuntry profiles has baan
!
file of most wvir
3. The ﬂ'urfar‘u& pro 3 m eroas—-count -
pature, ie there is no predominant wavelength g terami;‘ii; :f a rax;ﬁ:-m
la Pparant.

b, The mean amplitude of wavelength tends to increase with
shich is probably to be expected. The relationship betw::;B:Epnﬁl::;dg
and wavelength is usually expressed in terms of power spectral density

¢. The amplitude distribution is Gaussian or near-Gaussian,
There are twe important exceptions concerning the randomness of wavelength of

ums-uuunt:jr terrain,
Cultivated land.

b, Tank teating grounds where the courses tend to take on a characteristic
wavelength which is a function of the natural pitch frequency and apeed

of the tanks which are normally tested on them.,

A further finding of this work in the US is that no instrument exists for
The only methed available

quickly and accurately measuring cross-countiry profiles.
tich is sufficiently accurate is the rod and transit (using conventional surveying

teehniques) which is slow, tedious and expensive.
In considering the movement of vehicles over ground profiles two further

pints should be considered:-
elastically and plastically, as the vehicle

8, The profile will be deformed,
passes over it; this deformation will depend on the characteristics beth
of the s0il and the vehicle. The effect generally is to reduce the
vibrational input to the vehicle.

The presence of tracks will tend to modify the profile as seen by the
road wheels,
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i The vihratia:ml reaponse of the ta ] -
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: sed form 8 tenk 2 nk, stabil

In it :hu?_:hii.::rlin support the weight of tl{:tzg.ﬂ i-::ms ﬂvﬁiﬁn; &Eai’hta'h e, pe no’

pass £3 L0V nd ellow it ride over high anp S hatations ot Pt oudd

external forces, & tevae sertain freaquency grou ona Ehl:l.ﬂ_,i .hh gl gh

frequency) obstaoles. Abo nich should have & travel appropriate to thg B.m; B e
PEnﬂl'ﬂ'n o 0 Ebﬂurh- lh"-l'],m ﬂi

absorbed by the sus

of the undulations which it is required t

Eﬂi‘dal diﬂplﬂ.ﬂement of a Bimple aprd
such a system is not at ﬂlﬁ: Pe

ge to sinu

Figure 1 ashows +he respon 7% shows S

ended and viscous damped mas3e 1 the displac ¥
B ow the danping bas to bo 8 o%% rﬂ"i“ut;i;;'?t:nge Ghova e/, = hrvng
and yet not impair absorption in the "deociL In "F b £WO mod
¥ e a
; .de is to seften the springs and The  » tb
The usual methed of i@ranﬁe‘;h: T eater range of frequencies to hﬁD:%uEE' 18 19 grote
the natural frequency. This e Jing" frequency renge. However this B0z R, oratd
and improves absorption in the (deco e higher amplitude b *0ahl, 80c® £i
the vehiole to absorb ISPELE ﬁﬁlﬂuﬁth ;‘ndthgezzapminn is incraaae?iz E'f L “““E"lmptﬂriaﬂ
therefore is essential that the stroke © g 498
3 ongz stroke suspension requi 14
suspension is softened. The l.mzﬂL zfé :ﬁliﬂﬁ spring medium. It ig d‘i‘?‘:‘i’i&a thﬂg;gi*l
provision of & considerable amo S5 the Gpave it N oW insia 1t 4 zot2 e
£ind space for this external to the hull & P / © the by por OV A
is well illustrated in figure 2 showing the Panther suspensloil. 1evels Ea'
pnd 48TF
The floor of the hull is carpeted with torsion bars which increase the heiy Lontinuoy
and weight of the tank. It is difficult to achieve a really soft suspension wity nigh amp2
a single width torsion bar. panther had a very soft suspension (pitch frequency guch 3Nt
.5 cycles/sec, bounce frequency .86 c_w:laa/sau, utque - static to bump 74"} and upmtiw
has probably only just been bettered by tl:lﬂ MBT 70. Hydro-gas suspension does ipput £O
offer the prospect of compact, high cepacity energy storage at the expense of accelera
increased cost and probably reduced reliability. Hydro-gas suspension also allow gost 1ik
hull attitude and ground clearance teo be ad justed relatively simply. cOUrS s
In fact a tank suspension cannot be analysed as simply as shnm*in figure 1 - Th
the body is supported by a number of springs and is free to vibrate in three mode, compare
namely bounce, pitch and roll. Roll motions are not normally considered in the of & gu
analysis of tank suspensions although certain surfaces can induce appreciable difficu
rolling motions. to the
The processes of pitch and bounce are considered in figure 5. At slow apesds 1
the effects of short wavelength bumps are reduced by the process of "gveraging' inter-
between the many wheels. (This is in contrast to the hypothetical one-wheelel spring
vgh:.cle (figure 1) which in order to reduce the effect of a bump has to be travel nembes
ling at & speed such as to bring the bump inte the decoupling frequency rangé: stati.
how m
“ngle

As speed is increased the "averaging' pro 3 A o
absorption. ging" process 1s augmented by vibratl

As the wavelength increases to approximately 13 the

: 5 times the wheelbase of
tank, E:.ngd if ;ha tank is travelling at a certain speed the pitch resonanc® will
be excit :t or a tank with a wheelbase of 1L', a pitch frequency of «7 E&’ﬂl‘a’f
sec tl;e zrlbicat speed will be about 15 ft/sec (10 miles/hr), The suspensi®® il
not, start absorbing this wavelength (approximately 20') in the pitch mode W’
speed of about 15 miles/hr is reached. e
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fﬂ’ﬂi
a diagrammatic layout is shown in figure 5. This asystemw was deaigneg
only in the pitch mode, Double acting hydraulic jacks are placed i, u:q 3 F’ia.:fe]
springs of the fore and aft suspension stations and are fed with £y, ;i“'l- o L
engine driven pump. Control of the flow to the jacks i3 by means of 8] Pum;u’w ok
hydraulic valves which receive electrical signals from a pitch sensiy, :E"‘I'u..n A at
The system can be likened to a gun stabilisation system ?Gt-t"lﬂ on the fqﬂcﬁlgr :
the tank. An analogue computer simulation of the system s performang, .ﬁ.ﬂE g,y Eﬂantuﬁ-‘-
figure 6. Pitching is considersbly reduced over the whole frequency ﬂpgztah‘]r_{"t Peen % d
disadvantages are the greatly increased complication and expense of 4, “*Mu & 00" 08O72 i
and also the fact that on rough going it demands an appreciable amoyng Qfﬂ Wy, 5 of cunau
from the engine. ATAC's liobility System Laborstory have actually byijy  Powe " Gurj"ﬁj' He ng
system into an M 56 7.5 ton SP gun. This operated in bounce, pitch and rt‘ﬂ’-;h " ﬂ'aﬁ» rms -
reported to give good results. l“*‘tdhq ,ﬂﬂﬁtipaa b'i:
0 v
res” rent
5. Human response to vibrational motion of the tank d'iff:'ridﬂ aue
. e ectil
2 £0° e AiT . o5
The vibrational motion which the crewman experiences can be considepe 50 aly pne
categories: - l Ty, mﬂr:‘
. $ "B
8., The continuous random vibration to which he is subjected, 1,20
: it
: . Whe?n
bs. The large shock loads which are experienced when the vehicle pee | Aof B0
. 9 omp: f
large discrete obstacles. o Litude ©
pu-sﬂi and the
In the US these are celled "Grinds" and "Bumps". There are three schgq, e
thought concerning the relative importance of "grinds" and "bumps". oOne poy4, "
that the "grind" approach is adequate for the majority of situations, one that o 3
the effects of "bumps" need to be considered and the third that both aspect, “:'n., x
important. Much would seem to depend on the characteristics of the terrain, iy,
vehicle and the time of exposure and whether the driver is attempting to give i 3
good ride. For a long journey where the driver is trying to provide a smooty rids ;
the "grind" approach is probably adequate but for the sprint manceuvre of shopt
duration and where the suspension bump stops are being frequently contacted tpe Ce
"bump" approach is probably more suitable,
jl‘Il The "Grind" E_EE'r__mﬂ_h There i &
In considering the "grind™ approach the numerous shake table experiments constant |

which have been performed have some relevance to the problem. In these experimes
attempts have been made to correlate human comf'ort with pure sinusoidal vibratim

levels at diffeerent frequencies. ZFigure | shows the results of some of these
experiments., There is considerable variation in the results due partly to the

vague subjective criteria used, ie alarming, unpleasant, intolerable, stop - dem't
jncrease further, and also because different pecple respond in substantially
different ways. However most of the experiments reveal a region between 5 and ]
cycles/second where the human is less toleramt to vibration and this is usually
attributed to resonance of the organs inside the abdominal cavity (otherwise call®
visceral raaunance). A recent attempt to produce a single standard for low
frequency sinusoidal vibration tolerance is that by IS0, Internmational Standards

Organisation, shown in figure 8.

There are two further difficulties in trying to use the results of shake-
table experiments to arrive at an objective measure of ride quality:-

a. The determination of a relationship (if any) between sinusoidel
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eq pration and the sort of rapg : }
it :n : vi °R vibratigp eXperienceq "
1ig biaaba‘ha pide motion in & vehicle involves ¢ B 2 vehicle
ﬂ]_fbﬁﬂl Wi a8 well as vertical vibration and = O Tra6 Llongitygs
Soy,. ap 011 and few shake table experime : 80 rotationay m:ff dina]l Vibration i
Qe ™ F ihe same time. 7t take accouny op goor, Pitch ana
: "hﬁl:lﬁba at of more than ope mod e
= is hy, & g | P
Spe., Sho X nt practice on the Ugringt appnge p
iufﬁuthﬁm Fﬂ“gquﬂaﬂ’ acceleration in a number of fiittﬂ Consider the meay &
it op Sygy %1 L dryerly o P&aaenzrm% fTequency bangs rqeﬁi;agr
1 Po idﬂrﬂd 5 d:l.,ffE:ant ride cry er's Seat, a in
»11; aunh”‘ab sler ﬂ“f und that the beat cﬂrrelati:;r‘iztwhich emphasised d?fgzizz: fﬂ‘f
1*1:.1_1 : Se acceleration occurred for the cri:z:-? Sub jective a53essment E:';quanc;,r )
o ", iﬂ“uﬁda pand. However there were markeq differezg "hich emphasiseq tne visceral
8@ o yehicles and he concluded that no single €8 in Correlation between
dﬂfﬂrﬂj quality of & vehicle mainly because the h number gould adequately describ
der o ridirﬂ'-‘-ti““ over a wide range of frequencies Ena?s *ensitive to vibration in
otbe [ bg ﬁ:::ﬂl? dgifferent fregquency spectra, ‘ferent vehicles produce
t ach
The LB} aAppro
j'zd- '-__%-ﬂ-_
e ihen it comes to assessing human tolerance tg " 2 ; .
ety 1jcated. Figure shows the a“ﬂﬂmti“nftim: thumps the position is just as
W3 ide of the peak acceleration is important b tace of some "bumps", The
perd the duration of the peak accel . Ut Just as important are the rise
Echﬂnlﬂ Hime and cceleration,
= hﬂlda of i & %
a, If the rise time and peak time are sh
Ne they oy Bl 155 of arious organs in the ;'Eyﬂzgared to the natural
F’:ﬂta are the peak acceleration, 56 organs will not reech
"8dn, the
) Ei?E a i 1
b, If the rise time is short and the peak time
I?ﬂﬂ}fh ride dynamic overshoot of organs in the body., appreciable there will be
3hort
ted the : . ;
c. If the rise time is relatively slow then all vart
acceleration. i e e S
There is some similarity here.tu the design of aircraft ejector seats where a
wild-up of acceleration leading to a higher final acceleration is preferred to a
ents t constant but lower level of acceleration,
xperiments
;br&tiun However, if peak 'g' level is considered to be the only criteria of importance
E‘EIE:E intha‘“huq:“ approach tables can be made on the basis of the number of peaks
2 oall aceeding certain levels and one of these is shown in figure 10, again for the
i leopard tank and comparing a normal crewed run with a "flat-out" driver only run.
'*Jgnd . e driver only run represents an increase in average speed of approximately 30%
' 1 ‘“mpared with the crewed run., As would be expected there are far more peaks for
ua gll the driver only run - especially peaks exceeding 2g. There are elso more vertical
e ks at the cg position compared with the driver's position, However what is most
:dardﬂ Mﬂn& is the number of transverse peaks at the rear of the turret ring, far
h;lfih"r than the number of transverse peaks at the driver's position, This could
‘éte that the rolling inputs to the tank are important. But it could also
Fee iate that the accelerometer was picking up some sort of structural resonance

! the tank hull,

i Would appear from our limited experiments 80 far that provided crewmen
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are securely strapped in or "paakag;d;ltl::;:rmpdn:gapttm:gﬂxﬁzhim51 3
o Tmg) ’%,

levels without injury for short per seating arrangements, the ﬂﬂnﬂ::n“ Ly ‘1\

'H'j_thl

tolerated, Much would depend on the
have that they will not injure themselves the familiarity they havye
vibratory motions. h’i:\
REFERENCES :
The springing and damping of the suspension of }, S
ur
ar pp..

1. Lehr, Dr H.E,
vehicle (a lecture held in the German Ministry of Armaments ang y
1944). English trenslation, FVRDE Running Gear Branch Report No gy ,, ey,

of the wehicle ride dynamics aspect gf grouny

2+ Van Deusen, B.D. A astudy
mobility, 1965. (Chrysler Corporation.)
ration
on n,anl

3« Goldman, D.,E, and von Gierke, H.E. Effecta of shock and vib
from Shock and Vibration Handbook, Chapter kki. McGraw Hill, 1964,
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fn = undamped natural froequoncy

D = damping ratio (proportien of criticel damping)

nded and viscous damped body to

Flg. €

Panther suspension showing the double torsion bars
necessary for very low natural frequency suspension,
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5|MPLIFIED _ARRANGEMENT OF ACTIVE SUSPENSION

Flg. §

]ﬁaﬁﬁmmﬂtiﬂ layout of a simple "nctive" asuspension
syates acting only in the pitch mode.

3 H//f!,/f#_

fg";ﬂ NON ACTIVE

2 i
o '.'__l_,_,_u—-—---.._h|
a " gy K\\HH
S || INpuT et =
4
- """"\._..._“L----..._,l___l._.__h-.l.-‘-h.-l ..-..____:
o

L 1L
S L G N R N T T T R T
FREQUENCY CYCLES/SEC.
COMPUTER SIMULATION OF ACTIVE' SUSPENSION
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Fig. 9
jﬂgalarntiuqftime rocordings showing vertical wibration of
tank 1, The "bumpa" show markedly different waveforma
xhieh will effect the human rosponse to "bumps" of the same
peak ampli tude, (Vaximum peak maplitude of recordings
ghomm ig approximately 1.5 Ee)

Mo. OF PEAKS | Me OF PEAKS
POSITION EXCEEDING EXCEEDING
'q 24
WITH WITH
S0L0 S0L0
C.OF G. VERTICAL CREN s JLREY
905 | 1595 4 134
REAR OF TURRET RING ]
TRANSVERSE B3| 2012 574
C OF G. LONG 14 24 - -
DRIVER VERTICAL 10 535 1) 60
DRIVER TRANS 14 35 = =
DRIVER LONG II 4 I - =
BUMPS/MILE
LEOPARD, DRIVER WITH CREW AND SOLO
Fig. 10

Tho large number of transverse peaks at the rear of turret

ring with driver sclo probably indicatea the exciation of
a struotural resonance by the bump astops since spectral

analysis reveals a sharp peak at approximately
117 oyoles/seo (.5 g r.m.s.) with little low frequency

vibration,
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Discusaion
4 discussion on B pa
Mr BAYLY PIKE invite apors On CToSS country Epaad?ar g

The i :
outstanding topics from the two preceding P
i ELWOOD |

gurin's acceleration graphs Dr 88ked why, 5 .

Referring to Mr Macl

maximum "g".
8

Mr MACLAURIN replied that tha.paa.k wa
validity of the measurements on which the 8Trap

in the location of the instruments.
tes that the aim of the APRE pileot tria] hag i
o 4

that the switching of instruments frop §
He pointed out that thzl;:: 151.-5;

aesuremants.
which men were prepared to accept ang ‘h&rﬂ
; ' iew. The results of vdat

which le from the medical point of view 0f the
ch was acceptable However the level “hichm:;il

APRE trial would give information on the formeT. !
would be prepared to accept might exceed that wl}ir::h was medically acceptahl,
d by medical laboratory experiment, i

he urged that the trial should be followe
;4 t&r‘k

The Chairman Mr BAYLY PIKE stressed that it must be kept in mind thas
In his view, speed was essential for survival ang Boms

W3g" but he was uncertain of the

hes were based due to frﬂquﬂm
Sl
By

Dr ELWOOD reminded delega
test instrumentation. He agreed
to another had led to inconsistent me
two aspects of human tolerance: that

waes & weapon of war,
discomfort must be accepted.

Mr MONGER supported the Chairman and added that the designer's aim was 4,
The results of the AFHE trial woyulj be g

produce a tank that would do its Jjob.
guide on the maximum impsct acoeleration to be tolerated.

Colonel COCKLE raised the question of the reliability of hydraulic Suspensim
such ‘

This must be of a high order, but Mr Maclaurin had said in his paper that
However this was not the wview of the UE,

systems had reduced reliability.
Assuming that in the 1980s hydraulie suspension coupled with attitude contpg)
ild in pitey

proved reliable, Brigadier SIMPKIN asked if it would be possible to bu
suspension control.

Mr MACLAURIN confirmed that past experience of hydrauli
‘ ! ¢ systems had sh
;:duced reliability mainly due to leakage. This was a da?elugent problem Ech
hoped would be overcome. He considered that eventually a hydraulic syetem
It would be possible to build in pitch suspension

would have to be adopted.
control but the necessary power supply would be hi

+ ght he quoted BHP f
:aﬂ::; ta.nf, adtd:.ng that the higher the power supply, the %ettar 'Elf?:uld heuihz
¥ system of metal eprings as effective as & hydraulic system would

result in great increases in welght The
. weight of metal spri ]
:g:t::sk rn:ld b: pr:purtiunal to the overall weight of the Eanlﬁ Bﬁaﬁzmﬁghﬂf
y Aowever, the greater would be the broportion by volume required for such

a suspension.
Mr MONGER added that the
betteZ oarn Be tts wisciciiit more the weight of the tank can be kept down the

Brigadi ;
we wanf—:: f‘t :;Pfﬁf fh::lgttil:zlinb:rg:r to get the cross country performance
oessary to put a proportion of engine

power output into suspengign,
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1g Int duction ] ; . "
The Chairman, Brigadiel :,I,:Pﬂia General Crockenden had said ip 4 lagt::iﬁn . 5 ;:Z 3
: a cﬂnt:‘u?ﬂr&iﬂl th ‘h;tiﬂﬂ-' ® 4 ,,,grs”
ﬂwelﬁﬂﬂﬁijﬂ“ i Services Instl Z
the h e man equipments whereas i}, S
*The itoyal Navy and Royal Ao Sy b R#Be
H
Equi'pﬂ- M - . 1“l
: d army; equipment is an EIFEHEJ-D” of man's Senses gng ohy and g ane
We are & suld.;t‘l" h:::‘:t :nt ;:-esort to complex equipments needing skilleg m&int.at::'l 2 :
ities and we _ : q grd? ‘e
En.f::a gubstantial gains will sooXuUe 43 Rep
Army of long service regulars, the congept is o)
Because IH'.'. has a at‘;&:‘:_fh the men and equipments we have at the ﬂuta;t.t Tth 7. AU
will have to flsﬁﬂ;ﬁ::;sﬂf training and equipment matched to the potentiy) of t;ii cont’

ript or short service armies to yg , 3,

requires a high -

ith consc
:ar., It may pay countries wi
:f:g-;:;nic devices where it would not pay us.

i is in terms of ten days continuoug
+ Combat Development thinking : :
int nE.}T.lvr:E :nnf;ict with a 24-hour battle day 1in a CW «E!‘:IIFZE.I'EIHE.«EHJG. This woula test
m:nctr: the limits of their tolerance and everything possible must be done g aid 4

mMans

He pin-pointed six problem areas requiring study. Four - distribution of gy
duties, sustained operations, noise and ride = were relevant to this symposium,
Two - NBC protection and thermal environment - would be discussed at a later cq.
ference, An early decision was required on whether the control of the enviromen
should be directed towards the vehicle as a whole or towards the man as an
individual. The present trend was aimed at protecting the man.

The personal views of the Chairman were that in future tanks we would be fore
to stow ammunition outside the crew compartment, perhaps even outside the main
armour, Automatic loading would be necessary. Replenishment, servicing and mine
maintenance must be improved. As it would not be generally possible to plan unit
relief, tanks would have to operate for ten days with the same crew. Men cannot be
kept awake, alert and efficient for this period of time and some provision for sl
must be made. He envisaged a tank with a crew of three operable by two except in
shori periods of intenae activity. The two crew stations would be identically
edw'pped o fulfil the primary functiona of the tank, The third orew station Wl
be for rest and certain secondary funotions. Comfiort must be provided in view of

the demands
e ands made on the crew who should be protected against shocks, bumps, yan ail

He suggested existing RAC trades would be

SReNRel. replaced by three grades of tank

brade 1 - Commander
Deputy Commangep

his crewman w
ould oc
Pﬁrinda of lﬂﬂ Eup

Grade 2 o
Grade 3 -

Y & control t
8 intenge activity, g8 tion during




-__l'_“_"'—'—\—

gidered that there were four requiremsntg.

[
Hd jor attack on methods of replenishment

5 Servi
fe ]:Bjntﬂﬂwﬂl eing and

hould be together and ahla=
a i o
i 1521;1??% 3 crew stations 1 and 2 should be duplicated (with 7y
N P
< tnh‘} Jo o sacondary armament/, crew station 3 should be furﬂt%:::ﬂ
th emergency; or
2 ﬂ%
A second major techfiological attack on control enginger |
ki ng;
oL ng juded that the major research and gavel
=d 'ﬂalnz}waiﬂu gnd i opaent effort should be directed
Ca - < :
£ RﬂpltﬂishmentfbI"?iﬂlnge"l-!alntunanna.
*ept j, il
1a] 8 ;
of
to uge ﬂuthqe 5, Control Engineering.
~8x
nuUUE w!"—igg

¢ Col SENNA opened the discussion be expressing his appreciati

Ltim to the symposium. It was his first occasion to I;I:tand a ::uigzsttztween
e, designers and research workers on the human sciences at such an early stage
jnthﬂﬁﬂﬂﬂﬂl’t of future equipment. This was the time to define the problems. In
e fiold of US/UK collaboration on stress on the crew due to vibration, ATAC had
mﬂgﬂﬂ interest and he understocod that Chief Scientist 'l:.ﬂ.l:'ll'j'j would endorse this
wllsboration. UK would be able to provide information from field studies and US
iron the simulator. He suggested that UK should send a letter to BDS Washington

En\"irgm]
" reonpending that this matter should be discussed further.

an

Dr PENTON thanked Lt Col Senna for this suggestion and accepted action on

1d be forced { walf of DAOSR.

ﬂa:? :im:r ir BAYLY PIKE questioned whether an autoloader need be unreliable as had been

plan unit ugzested earlier. He referred to automation which had proved reliable in industry

cannot be i suggested that & firm producing automation equipment could probably design a

n for sleep § tlisble autoloader.

yxcept in \

cally Irigadier SIMPKIN replied that it would be necessary to prove reliability of

+ion would § ¥ sutoloader before acceptance of a concept dependent on one.

i aw of

erlyan and bolonel WHEELER emphasised that an autoloader must be able to cope with a
laber of different types of ammunition and load the appropriate type of round
Mthout delay, It must also permit manual loading under armour if all rounds in

e tank ﬁlm had been used.

L‘tw Ao in which the autoloader was an
uoted the Swedish 'S' Tank
Segra] part of thuqnguinu. It was able to select without delay either of two

ey of ammunition,
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far 3 : 3
, stated that 30 jncreasing use of VAI'loug Lt :
Mgjor = ——== nd was towards the - &y ,
Do e past, far the Puote of 0N e ane of the relesth Tty o0
5 rva 8 Ay
bovn dmportent.  Tn the DRI, VS, erefore, be able to cope witn uil twNE L, 55 £255 ebe
ar, Tanks of the U Y By 4| £000° o3
:inf':ﬂbj_la warfare. D 98 t'*-‘ 5;&?" : ’
ourth member 1in & crew t be o . . .
Brigadier SIMPKIN replied that & f "y, o we
air E-UI'T'Eillmﬂ- S ﬁurﬁd'
had thrown over
Bri r PIERSON suid :hﬂtlﬁiﬁ’;f::z%:nmmﬁd that ChieF::izE e v 3100
propellant must be atmrgg Egﬂ;rntactiﬂn given to the ammunition, in Pﬂ-r'tifa st e & P er
winner largely beosuss 8 02 B ™ " etowed outside we would be throwing .2y | $7,5d388; ;vol!
propellant. If ampuni tion he RAC. He suggested other concepts thay "H"hu.r,l s wab of

t =i gh W7 teIry .
one of the concepts sacred to 600 turret: and the need ¢ LA pab le
: . rotating ’ or th ty
reviewed: firing on the move; 3 ki, ® tay :’nﬁh' ,,hi]i

Commander to be first to see over : ‘A
Brigadier SIMPKIN replied that ammunition stowed outside the main armoyy ., !ﬁf by E

' d not h Wy ifi
not necessarily mean that it would be exposed. Hub::'l. n: dmav:;.EHMt LS e ae1
the field of tank design as this symposium should centred on man, ommar

owing Pierson, Lt Col BEARDSWORT W
Foll up suggestions made by Brigadier > H hooas
that such steps Euulg not be at the expense of accurate and effective fire, ,ﬁ.::t Etw

emphasised that Chieftain was a logical development using well understood prey,, ow of F
1Eting some thirty years, it was now a reliable and_quita excellent tank iy, 1::' }ﬂ;i.ni.nr Pl
superbly accurste gun and good fire control. Referring to Brigedier Simpkin', y; e ce Fell
of stowing the ammunition outside the armoured envelope he said that this pyg: By ibe other ret
that the emmunition would be subject to greater hazard and, in suggesting thi, ™ and 0%
Brigadier Simplkdn's thoughts appeared to lean towards the example proposed by Eﬂlﬂ
Mr Monger involving an entirely new gun mounting, new gun/ sight relationship, ney {nto the AYT
methods of fire control etc. This would tend to degrade the expected acouracy ¢ Mﬁﬂw
the weapon system. Lt Col BEARDSWORTH thought that the alternative was to discan -
the requirement for a very high degree of accuracy in tank guns beyond 2000 metre
and give long range to someone else. He gave a note of warning: the techniquesm
have got now might be worth keeping since, with the best will in the world, the
problems likely to be encountered in the type of solution which had been discusse
would almost certainly degrade the weapon aystem - and would not be overcome by th
1980s. He suggested that the solution might be found in a vehicle the aize of
Chieftain and starting by placing two crew members in the space where there are
three, and fitting an automatic loader. He stressed that fire power was atill the

first priority.

Referring to the stowing of ammunition outside the main armour,
Brigadier SIMPKIN said that the performance of the gun currently exceeded the firt
control system but this situation could change. An important feature of Chieftsir
was the stowage of bag charges in special containers which increased the chance of
survival in the event of penetration. He thought it likely that it would be
necessary to return in the future to fixed ammunition which, if stowed i nternallys

could not be given the same degree of protection. It would therefore need to b2
stowed outside the main armour.

T e
i a

Mr MONGER agreed and added that placing the gun outside presented & smalled
target to the enemy.
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& tl P
'Ua = hq
Iy hit?pga d N stated that a 3

&h op =P . Ummed Selectiq
:&ﬁ“ nf&% = placed Llimi:ﬂhth“ €Quipment mep ﬂlﬁ?ﬁp Standard of 3 pypy, ]
thy. the \ ]k; ik O gour to t E;-mllﬂ cﬂr:-:].athlgher level of inteﬁi If a tank orey e |
ﬁaﬂﬁuflh o bl f:eﬂ -I:hﬂ: APRE ate the Ig of recruits ﬁfﬁﬁ Iﬂulﬂ. be needeq,
A Bas 21ir aghb
be 1 o fﬂgﬂﬁ’gqmﬂ“ ility to
Mg, ¢ ijer SIMPKIN wondered what was the curpen distribyts

th Fop A giment. ton of 85Gs in an

& be d

tai, :-ie: £y IJ,..;uf" stated that the quality of recruits 16 e
] P&I*tiﬂa g u [ jlot acheme Wa8 1n progress in Southern Commang “t:my I oraar investiga-
,.‘._._ng Eul&r o : centralised selection centre for Job briefing, Be;::aziu recruits were )

PTL of selection tests could be improved. Job b
. i -
t&nkbﬂ Ej::iﬁt}r Jevels and not on Arms and Corps. efing was based on interest
n : er P ON raised the problem that in & crew of thr 1
Sur M al ee with duties as
Lmt to “pﬂ;:}i d ified BY Erigadiar Simpldin almost every other crew memper must be a potential
an, p Jfy comsanders
1
%9.____‘ o , ﬂg&@—ﬂm 8 view was that this woula Tequire a man of S3G 2 level.
re, < t the
Ee He PENTON stated tha new selection centre Provided an Tt
; od Prae tige B_E;—m requirements and asuggested that direct contact ﬁgd ;.:a;xe:;tinr
i anl with a 'N;i,ninr pPersonnel Selection Officer attached to the RAC. He mentioned that s
m;;kinva ;‘:'rw Pellowship could be used by a suitable RAC officer to study the cognitive
U5t me uirementas of tank crews.
ing thj, i B gHRE e
O8ead h a,

r:u;nnﬂl EULL thought that the problem was how to attract higher grade civilians
o the Army. At the moment as many as LOX were not being accepted at Army

iCCUracy ¢ ifornation Offices.

i to G__j'_g,:ard
EDUE}_ metreg In Brigadier SIMPKIN's view the problem was to forecast the quality of men
echniques ye jiiely to come into the Army in the 1980s. Human factors research workers could
rld, the ten assess what such men could do and feed this to the designers., He asked
A discussed # ;o] Ulfhielm what was the standard expected in the crew of an 'S' tank.
rcome by the
3ize of Lt Colonel ULFHIELM replied that Sweden had a wholly conscript Army and higher
\ere are now § mde men were available for special tasks. The 'S' tank, with a crew of three,
- 8till the Winld, in an emergency, be operated by one man. At least one of the crew, therefore,
mit have a high IQ. A reasonable intelligence level was required of the other two

‘¢W members,
i the fire SIMPKIN asked whether it was difficult to train an 'S' tank crew;
Ghiaftai}{' “is yould be a problem in the British Army.
chance © ;
be Lt Col ULFHTELM replied that the tank Conmander had 15 months training end the
ternallys "har two erew members 10 or 11 months. Thereafter crews underwent intermittent
d to be tort Periods of training in & mobilisation unit.

e e S then referred to the two remaining fundameniil iﬁi‘-‘ei: e

185€ e i

smaller hﬂp 8nd simultaneous tasks; and asked the authors of papers on these top

Y bad any further thoughts to contribute.
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. ation that would enable 4
T i t APHE Hﬂ]tﬂd lnfﬂm i h&m
thedl ?ﬁi‘tiil‘:ﬂf‘gﬂn:i::s 1;I"lI‘-Eil-E would like toO Kncw usefﬂﬁ?;?igggu; ;;’fﬂ =oqul
human factors research into the F"'”hlgmfu' ﬂa:ﬂngizniirnnment; anﬂm;;mg.a =
a three man tank over & 2k hou® oete 1n{t-n active and one resting . £t E’!irt I ,Wf,tﬂ-"'}nr 3
vehicle for 10 days with a crew of s = 14 be acting as a Squadron T O A W oab gid £

subsidiary tasks). One of these three wou S sa b ot Toang, g PE .:oﬂ“""

would always Ied 8h grade po °T. { s B _ob

look into this. Other unknoy, o ' *| E”,,ﬂ 0L

ound surveillance during g, actg,

ﬂﬂmt

alao queried whether complex equipm‘{“t" .
operate them and suggested that APRE migh 4
were minimum ability levels required for al
or sleep of the Commander.

i sleep had :fgld’l
CORCORAN sad FRtnavpodute DOILERERAE CUEeh DAC been ryy W
Dr CORCOURAN said that most o h into prolonged efficiency witp nﬁ;arzq. : aﬂiﬂ!

gl c

put forward some suggestions for researc 5.1%'{‘- 4 0e €
Aocepting the oruciel epoounter may last teh SERIIE IS SO L nteit,,  SOUS
said that there would appear to be two mejor problem POINt of o, € Tbe P
taining human efficiency over this period. ﬂﬂ:;sting'
e
: ing was capable of maintgin; di
Th ble whether the human be ainiy al
e first problem was given irregular periods of sleey Rﬁﬁaﬂ-ﬂﬁl

ver 240 hours
adequate level of performance © The second was whether drugs would be r. . [gs F’j‘;:rstsmp

averaging 4 hours per 24 hour period. It : ; Teqyi, =
to maintain efficiency and if so, (s) which drugs; (b) in what quantity; (o) by F'Fnﬂ-uiﬂs s
should thﬂ:f be dﬂplﬂ}r&d; and (&} 'nuld_ thﬂ‘j‘" be hEI'mful over the lﬂng tE‘I"I:Il.

The second of these prnbl-ema need not be conaidered unless an U.Ilf'a?mu-ahle
answer was reached on the first. Both problems were peculiar to the requirepept, d

tank warfare and affected mainly the design consideration as to whether comfortgy,
sleeping accommodation should be provided. It should be assumed, he thougnt, they @
it was possible to maintain efficiency by sleep periods alone over 240 hours they B

adequate facilities should be provided.

Existing work on the first problem (Chiles et al, Human Factors, 1968, 10 (2),
143-196; Willdnson, Psychon Sei, 1969, in prﬁaa} was inadequate in a number of
respects from the point of view of Army problems. He considered there was, thereim
a clear need for research which incorporated the essentials of the tank sifuaticn,

.......

Colonel MASTERS considered that the problems of a 10 day battle should be
regarded as applicable to the battle group as a whole and not just the RAC, Ofther
arms would have similar problems. Furthermore, the time element in planning could
well prove wrong: it could be disastrous if men could be kept going for ten days i
were rendered useless on the eleventh when they might be needed. There should be

adverse after effects.
M agreed that the problem should be treated as an all armd B

Major LEESE added that in a new age of night fighting and a possible NEC
environment the RA would fight more at night than previously and would therefort ™
similar research to ansawer their problems.

Lt Colonel WERKS said that the infantry who were also users of AFVs would ene
£it from any research uncertaken and he supported the pursuit of any ideas.
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:mfgr;ahla fe pointed out another aspect which had not been considered: the affect of
by That it ng on the acuteness of visual perception; +this might be important as far as the
I3 then ﬁﬂmr was concerned.
There was a need to analyse the tasks of the crew as Dr Elwood had said and
3 10 (2}, pfine the requirement by quality. He considered that thepe wWas a need for a multi-
2r of iiwipline research group to solve problems of engineering, physiology and paychology
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CLOSING ADDRESS

KIN said that much had been gained from the 'm“ﬂium

Brigadier SINEKIN of attack had emerged. He

image of the problems and posaible lines

Dr Penton for sponsoring the symposium; the !P::k:;';nf“rmgr::“nu% !uch:
and full material; the overseas visitors for & tﬂ o ERu ; Hrm e wyy ﬂﬁlnt”h
see; and the secretariat. He gave warm t gl Bt litary cﬂllutf‘h

Ay

8

Science for their excellent administration and prnui;im E‘f 1':'11 facily gy it N
oould have been wished for; the briefing on the College by the Depyyy ¢ thy

and for participation in th, 8ymp

conducting a visit to the tank hangars;

the College staff. He asked that thanks be passed on to all those iy Ongy, b

the W uli“: 'h‘,
B

concearnad.
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LIST OF PAPERS

and User Aspects

®Puty 8 ¢ op by
C h
the .= Olng, it m‘”ﬂ, Lt Col D.H. Hawkins MC, MM
® n ygrougu SRR
{:ﬂllﬁgﬁh} oparﬂ-tim and the Need for Sleep
}

ngtni"’d by pr D.¥«J. Corcoran

Task FPerformance
witiP® © o'y M. Rolfe Esg

yoig® by Dr M.A. Elwood

combinations and Training
il by Colonel A.H.N. Reade and

Major J.H.L. Caunter

opgw Number in Future Armoured Fighting Vehicles
by C.Q. large Eaq

miroduction to the Problems Facing the Vehicle Designer when Considering Fitting

sy Crew into Combat Vehicles
by L.C. Monger Esq

trogs Country Speeds and Agility
by Colonel J.D. Masters

(ross Country Speede of Armoured Fighting Vehicles - Shocks and Bumps
by L.M. Croton Esq

fide of Hain Battle Tanks
by E.B. Maclaurin Esq
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DCD(A)
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DEME(A)

DAWS

DACSE

DOR 3(A)

GS(OR)17
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HQ DRAC

HQ DRA

HQ E-in-C

HQ D Inf

HQ RAC Centre (including 3 copiss - Armour School

1 copy - AWSG
1 copy ~ RE Wing)

Comdt School of Artillery

Comdt Hoyal School of Military Engineering
(including 1 copy for Tactics School)

Comdt Royal Military College of Science

HG EBACR

Institute of Aviation Medicine
(Attention Mr J.M. Rolfe)

Secretary APRC(Medical Research Council)
US Army Standardisation Group (UK)
Canadian Defence Liaison Staff (London)

Australian Army Staff (London)
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