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ARMY QPERATIONAL RESEARCH GROUP

REPOKRT NO, 11/51

ASSESSMENT CF "ORMS CF ANTI-TANK DEFENCE

EFTECTIVENESS OF BRITISH AND RUSSIAN TANKS

Prcpared by: Major R,W,Eccles, REME
W,L.Knctoven

ABSTRAOT

This report is part of a general study on the "iAssessment of
forms of A/Tk Defenco", ond in it an attempt is made to derive
values for British and Russian tanks of their "icasure of
Effectivencss", thc theory of which was cvolved in AORG Report

No, 21/50,

Results arc obtained for the Effectiveness of the British tanks
Centurion ik, 3 and Canet vis-a-vis the Russian J.S,3 and T3L4/85,
at ranges of 600 yds, 1000 yds and 1500 yds.

The Mcasure of Effectiveness docs provide a comparisom of the
instrinsic guy/armour merits of the tanks, which should help in
giving ‘a somewhat firmor basis than preovious estimotes for use in
.he overall planning of the armourcd role in anti-tank defence.
Howover, tho values obtained should not be utilised divorced from

the context of this report.

The results obtaincd indicate that within the terms of the
measure of effcctiveness described in Report No, 21/50 and in this

paper: -

(2) The Centurion Mk, 3 is slightly supcrior to the J,S,3 and
superior to the T34/85.

(b) The Comet is inferior to the J.8.3.nndis obout equivalent to
the T34/85,

The indicated superiority of British over Russian tanks is due
principally to the higher rate of fire,
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ARMY OPERATIONAL RESEARCH GROUP

REPCRT _NO. 11/

ASSESSMENT OF FORMS CF ANTI-TANK DEFENCE

EFFECTIVENESS OF BRITISH AND RUSSIAN TANKS

“/ssesament of Forms of A/Tk Defence"
13 the title of a general study, the
aim of which 1s to produce ainformation
and evidence that will contribute to

- the solution of the problem:
"What 1s the best form of defence apainst
Russian armourcd forces?"
This 18 one of a scries of reports
that will deal with different aspeots
of this general study.
A general introduction to the problem

has been published as fORG Report No, 20/50.
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ASSESSMENT OF FOnlly OF JITI-T.0IK DEIENCE.

BEVECTIVAIESS OF BRITISH LJID RUSSLWM TANKS.

Preparcd by:= Major K.de Becles, KEME
WeLe Kustoven

IiT:.0DUCTION

1. This rcport is virtually an apoendiz to JORG Report No. 21/50,
"Panks_in the . /Tk. Role: . Heasure of EBf'fectiveness"; it attempts to

translate the theoretical solution given in that report into quantitative
figurce, for two currcnt British tenks with respect to two current Russian
tanks under cpecific conditions.

2. The numericnl results obtnined for Rifcctivencss should be interpreted
in the 1ight of the limitations discusscd in Report Nos 21/50 and of the
conditicns detailed in thiz paner,

ocJCt

3. The object of the report i to indicate the manner in which the data
my be obtained for culeulating the measwre of offectivencss defined in
Repert No. 21/50, nd to detail the present method of calculation of this
measurcs  In particular, to Adctcraine the Rffectiveness of: =

(2) the Centwrion jike 3 mounting the 20 pdr gun firing [PDS Mk, 1
shot,
(b) the Comet mounting the 77 rm sun riring A PCBC shot,
with rcspeet to:=

(c) thc Jogef Stalin 3 mounting the 122 mm sun firing APBC shot.

(d) the T34 mounting the 85 mm gun firing LPBC shot,

GENFR L

4o In Report Np, 21/50 the Wffcctivencss (B) is related to the numbers
of o given type of tank that wowld be required to mect A given number of
enciny tanks on equal terns, and it is shown that the effectiveness of an
n1lied tank (with respect to ~ given type of encay tank) is measured by,

E =/—_I{‘LX where Kix represcnts the mean killing power of the alliecd
tank (4) with refercnce to the miven cnowy tank (X); ~nd Ky, represcnts
the mean killin~power of the cneny tank (X) with reference to the allied
tank (i)s It is chowm =2lso thot E nmay be vaitten in the form:-

. mcan chance thit an nilied rownd will hit and destroy an
/[ allicd rate of jirc/ cuumy tank.

VvV enemy rate of fire [ ran chonce that on cnemy round will hit and destroy an
allied tnnk,
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0 taoue proscent peper the cheace off o hib dn rolated to Lhnt ot the
irst round and tiwe wein Zidldiag poscr of this rowd celenlated;  the
ebe of rire is then waboddod 1 thie crdeuliiion o the doverse off the

i
firing intcrval, i.,c. the thas wiiion to load, Ly -al dire the riest rowe ..

AR

G It is csseatial that the coswntions nd conditions unon widdl:
volues for cfivelivencss arc obbidned cav oprocicted (see anpendi
and it should be wdersteod U B ocice, conersl bodle tion off
relative values of' bhe dnstrincle _wy/rmiour serits only, =
cover all the cdditional {-.ctovs hdait creer iato arourcd
resalts tust, therelore, ia no woy boe tokon o cocclity Lo
gsupcriority of onc type off to.dl over coother a1 L
coibinations of ciscwistinccs acil ey occUe Lo Ly

of buttles or in the 4/4i: volu, ovover, cince L
characteristics arce the prodoida at Jooturcs o

ig joined, thce cff'cctivencss derived o oo o L

fundanental cnd therefore the rosults should be o Loy ns o towndation
upon vhich ecssessinents or predicticins off duture | requirenonts,
vhatever their nature, my be v,

vy Lababe

he bitble

1t be

7« The ethod of estinting ovocetiveacss L0 brictly vs follovs: -

(~) 'fhe vulierable arcie soncuabod by the caoy tank to the
allicd wtice 1s codeul il b divercle intervals of
15° crownd the tank,

(b) ‘he chinee of the ¢1licd i hilting: these vuluerable arees
ot erch 15° aspoct is coleulsted,

(¢} The chence of hitting is .mltiplicd by the chaiee of thot
asnect being attocked, e the results swawd dor 211
copects froa 15° to 360°,

(o) Phe s ds then tmltinlicd by the e of vire or the
inverse of the firing inbervel of the :llhed tanl to
obtain K,.» the nean Xi11in: pover orf the oflicd tank
agednst T the cneny teads,

(¢) The process is revcated for the allied tenls under c.xcriy
attock to ive ., cand the squ e root of the ratio B4
dad e |ttt
: : o (2 = Ky,
obtained for the .onnure of Biftcetivoness,

Comlcte deteils of the mwthod ol erleulation are siven in
Appendix B,

8. The chanec that o particul:x aspect of a tanle  dcht be ottocked
requirces the asswiplion of sau curticular ror o dircetional
probebility variation (dopeve). In this study oonoilicd (clliptical)
depev, has been doveloped to confora with Jdati fron battles of the
1939~1945 Viar, This clliptical depeve roploces the nore usuad
Jhittaker's dop.v, (the departure fron the shittooor doouv,, houever,
docs not causce large wlterations in the resultont orlcetiveness, sco
Lopendix E),  In the ealewlations i sww dopeWe hos beeir usod ror 2ll
tanlks whether odllied or cnciy, (il no discriidnotian heys been noade in
this regpeet between the nttacker cnd the attocked,

=
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9. The results proscnted in chis weper (sce slsu iopendix C-) iaclude
ronce crrors or ranwe finder only  ad do not inclule iy results [or
visunl cstinntion off reaje.  This bends bo Covour the ‘ussinn cquipacnts,
sinee vitiv o raocifiader the rosultant crrors on o vestieol iariet ore
neerly cqual for both Brivish rund cussian puns, shereas the visuel csti-
andon ren_o o errors on o verticel touc et cre lox cr ior e ussion tihon for
the Brivish uns (see ~opwnsdz *D ),

10 In _cacral the tendchey in this revort a~s been to over-rate the
perforiwvinces of Russian natwour cnd shot by conusidering then cquivalent to
chedr British cownterports, Whls apolies particularly to the penetrative
povers of the Russaen shot, .ucre the (,)nlnr.ncu Borad fizurcs for the
thiclness of cruour perdorsted are soue 200 rector than those given in the
fussin docuwns aviedlible, (u'k'\,‘ FRRTERTING &5 ") The &'t on Russian tanks
and uns hous, vicrover possible, boca obinined rron the best aveilable
intellir cnee reports; Lub vicre no dotomation oo avedloble the British
cquivalents have boun uscd,  The disercpaneics boetoecn the lussion and

the' Ordiurnce Bonrd firurcs ror perdoration cee Hrobehly Jue to the use of
difrerent criteria or rormbic, Lt is conerally acce ted thet Dussion
ar.our is inferior to British houogencous olote,

REHuES

E'foctiveness .
e SID VS HE
11, the followdn teble gives valucs of the Bricctivencss (E) for two
British trnks with resocet Lo oo Russinn tonlos, awssueing o1l ronges ave
knovn with rangefinder accurscy., i ourcs acce quoted ror two aiming points,
(1) the ceatre of the hull, (11_) Shie ceutre ot the loriest vulnercble plate.

. able 1,

I‘f[\,ctlvcn essi~ Britich v Qussica tonls

: li' ] ) VnJ/su" L%, 3 , ( versus 1 )l+ /. )
1 allacd ange 122 1y Lo 3 ruas/dn 85 .y il LIBC, rds/.in
rank in yds ( e s bodnt S Ajloeng PZin
Cueatro Vil tentre Vul
of' Hull LYCO Q of' {ull Lrca J
Jenturion 3 600 1.3 1.9 2.3 2,3
(20 par ;PDS{ 1000 1.3 1.8 2.5 2,5
12 rds/idn) | 1500 1.6 2.0 2.7 2,8
[}t 600 0.9 0.9 1.3 1,3
(77 Y1 LPCBG 1000 0.9 0.8 1.1 1,1
rds/inin) | 1500 0.8 0.8 049 0.9

The fisures for Eftectivencss jiven chove indicate the ratio of
Russinn to British tonks that ..oul\l be regiired Lo sive both sides an
cqual chwnee of' success, T wncn B o= 1,3, 10 Ceabuvion ak js arc
considercd, on the average, to Le cquivalent to 13 J,3.3s,

12, In addition the effcetivencess ol Coenturion cequipped with a 17 pdr
gun firing APCBC shot agninst theJ,S8,3has been caleculated, Figurcs quoted

-3 -
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below are for aiing at the coentre of hull only, since this is normal

tralning practice.
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Tffectivencag: ~
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Table 2

Centurion itky, 2 v JeS4 3

(122 n/u . TTC,

Versus J+5.3

3 rds/iin)

Sllied Renge
Tank in yds.
=
Centurion 2 GO0
(17 par .2CIC, 1000
12 rds/min) 1500

RN

S O N

The possibility thet t he Rusciing ni ht ottoupt to improve the
perfomance of the J.3.3. by uo-guuning or by incrensing the rate of fire
h~s boeen considered, and in orler *o avalunte n figure for the cffcctive-

csowicd thet the 122 nm gun of the

JeSe3 is replrced firstly by the Cemian 88 rm Kwk 43, and sceondly by the

85 m gun of the T3k,

Russian tanks.

FEffcctiveness:= Centurion G, 3 v .J.8.3 with 88 n/mn ond 85 m/m

Thle

The fullowing t-ble gives the results for the
effectivencss of Centwrion 3 with rospect to thesc two hynothetical

slied Range versus J,8.3

Tank in yds. |(85 rm/m :2C0C, 3 rds/min) |85 m/m TBC, 7% rds/min)
.| Centurion 3 €00 1.3 1.3
7 1(20 par .rps, | 1000 1.3 1.4
' 12 rds/min} 1500 1.5 1.7

Relative Effectiveness

14

Table 1, nnd zrc guoted only for aiming -t the centre hull,

The "f'ollowin(-; table shows the relative cffectiveness of the two
British tanks Centurion ik, 3 nnd Comet, on the basis of their perfonnance
against both the J.8.3 and the T34/65,

Relative Effcctivencss: -

Teble 4

Grutierion Mlze 3/Comct . on the basis of

These figures are derived from

JeSe3 rnd T3L/8S

Sllicd R~nge On the basis of
Trnko in ydoe Je8.3 734,/85
Centurion 3 6COo 1.5 1.7
v 10C0 1.5 2.2
Coact 1500 241 3,0
= =
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15 A similar comparison is given for the two Russion tanks J.S$3 and
T34/85 when matched against the Centurion Mke 3 and the Comet scparatoly,
These figurcs arc alse derived from Table 1,

Toble 5

Relative Effcetivencssi= Je8e3/T34/85 on the basis of
Centurion Mke 3 and Comot

Encmy Range On tho basis ofi=~
Tanks in yds,. Cente 3 Comet
J'S. 3 600 1 . 8 1 . 5
v 1000 1 . 9 1 . 3
T34/85 - 1500 1.7 1.3
DISCUSSION

16, It will be noted that in Tabdle 1, thc Dritish Centurion Mk. 3

is shown as being slightly superior to thc Russian Tanks; this
superiority slightly incrcases with range because of the smaller increase
in range errar of thc high velocity gun in the Centurion 3, whichhas a
flatter trajectory and smaller anglc of descent than the Russian guns.

It will also be scen that the Comet is inferior to J.S.3 but roughly equi~-
valent to T34/85, ond thot its effcctivencss agninst these tanks slightly
deccreases with increase in runges  In Roport No. 21/50 (para. 28) it was
suggrsted that cffectivencss would not be appreciably scnsitive to
alterations in ranze and the values given in Table 1 show that the
variations with range are in fact small over the opcrative ranges.

17. Table 1 indicates that in gencral there is no apprecinble
advantage to be rnined by ai ing at the vulnerable arca instcad of

at the centre of the hull, The somewhat greater superiority of the
Centurion 3 over the ©.5.3 when ciming at the vulnerable area is
accounted for by the fact thit in the head-on position when the hull
front platcs of the J.Se3 are invulneroble to the 2C pdr, APDS itke 1,
the mantlet of the turret is considercd vulnerable. Thus for this
aspect the chince of a kill is apprecinbly increased when the alming
point is raiscd froa the centre of the invulnerable hull to the centre
of thc vulnerable mantlet of the J.Se3e

18, When the Centurion with the 17 pdr, is opposcd to the J.S.3,

Tnble 2 shows that the two tanks are rouzhly cquivalent to one another,

If the J,Se3 were cquipped with o hisher veloeity gun such os the

German 88 mm (~s showm in Table 3), the superiority of the Conturion Mk. 3
would remrin the same as arinst the 122 mm ogun 2t roanges of 600 yds, and
1000 yds, but would decreasc at the longer range (1500 ydss)s Whercas
if thc lower performance 85 mm gun were installed in the J.S.3 the
supcriority of Centurion would be increased, ~lthough the 85 mm hns a
shorter firing interval (a higher rate of fire) than the 122 mm gun,

19 The general cffect of the firing interval or rote of fire as betveen
the differcnt tanks is indic~ted by considering the velue of E for the

. Centurion 3.ve J.S.3 at 600 yds. (scc Table 1,E = 1.3)s In order to

obtain parity between the two tonks (E = 1) it would be necessary for
the J.S.3 to increasc its rate of fire by 606 (i.ce from 3 to 5 rds/min);
on the other hand the ratc of fire of Centurion 3 could be reduced by
more than onc third (i.c. from 12 to 7 rds/min) beforc the same effect
is obtnaineds  Also parity would occur when aiaing ot the vulnerable
plates if the rates of fire of the JeS¢3 and Centurion 3 were

-5 -
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approximntcly ceyunl, "M Shorter diedn oo teivel cnd the sreater
accuracy o Lhe pun accounl vor the cupsar . tavely coal oriomawce Of
Coxt o adlast the J,5.3, olticorh sow of the | oies o Qe das.? 3

b [Q¥]

vulnerable to 7/ i olUo Lok,

20, The cupactsons ivon dn ™ ble Looof bhe tvo Boatish tenks

Centurion 3 cd Cawt ol e Loods o Sucrr relative serforviace ooins
both J.5, 3 and T54,/85, o, .l Ciuciedon 3 ois superior to Coact, as
i ot heve beon coooctad da o vieas o fihe i her velocity wun ocnd henvier

araour of che Cenducion J, -

21, Similor comperisons, scde da Lo G, o the tho o wsodon bradoo
JSe 3 end T54/85 on the bnods oif whedre relative  crvori ace noadast bhe
British 1.nks, o 2in dve consiotent rosulbs e cad'diod taet J,5,5 is

supcrior to tuoe Dok, Lo this ¢ ooy aveoviyy Wi 303,35 shives W) oven
bebter when the cagremioon 1. 0 lw o the bnods of che heovier sritish
tank (Conturdon 3), wiwoens Lo S bl 4, ceaturion 5 oshows w bobier
Wcn the basis i the L abor cacodonn boado (B54),

arcub i the coaparison dalles
wondipped wiche L hi her velocdty

1y e e olficetiveness

o

2. another poink ..iciivco
is thot the oft ebiveness o i
cun (Centurion 3) incro sun oln
of the toanl cquipped Gilh the Lo volearty e (,5.0) leere sens Jith
ranse, athin the Lindts cooiicroe dn vis vonort,

ConCLUSTON

that witida ohe ters of e ncasure

25, "he resulés obbianed bintiosto
al in this poapor:-

. . . . e
of' ¢lfectivencss deceribad i ort o.d]

(o.) the Centurion Mk 5 is oli htly saocvior to the J,5,5 nnd
s 1 I
superior to the Py b,
(v) the Caaet is interior o o 4,8, o el I5 chout cquivalent
to the T34/85.,

AOKGONTRDGRATGT
2l Lelmowledoaent is azde Cor the help rad! Jto ki Ly osupnlicd by
the (rdaance Board, Superintendent ot Joplicd ballistics, sad the
¥i- Htine Vehiele posign Estenlishient, )

’ ‘

4 o
.7

superintendent , AORGe

Aupust 1951,
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0 Appendix A

Asswaptions and Coulitions for the Calculation
of the Measurc of Effectivencss

The followin:: list details the assumptions and the conlitions within
which the calcul itions of ihe Mensure of Rffcctiveness arc made:—

(a) All hits on armour plate at ansles rrcater thon 759 to the
normal do not perforute the platce.

(b) A hit on a vulnerable oraowed area perforates and destroys
or "kills" the tank forr th-t particular enpcenent,

(¢) The dictribution of shois, md therefore of hits, is hi-normal.

(d) The sertical distribution an’ the horizontal distribution of
shots arc independent of ouc ~nother,

(e) .11 strikes arc parallel to the dire:tion of atiack and arc
all normal to the wortical axis of the tank.

(£) The turrct always points to . urds the direction of attack i.e.
the tauk is alv ys engpin, th attucker,

(g) The suspension of .. tunk docs not contribute to nor detract
fromn the .rwowr protcction.

(h) AlL armour is of Lhe swmme homogencous quality. i.c. British
homogencous platc,

(i) That Russian shot «iv.c . penetr.tive percormance equivalent to
th . Lest British shot, .

(j) The whole of the craourcd hull and twret of t ok ig capeble
of boing atticked,

(k) The wcan deviution of the horizont:l error in range is 1502
for a rangefinder and 250r Cor vicu:l cstimation ('r! being
the range in 1000 yds.).

(1) The guns arc warm and cloan i.e. th. firct shot is not the
" armer® bub is subscquent o the ~nrnier,

(m) The sniac conditions of bore-si htine -nil zeroing of muns
apply in all cascs, and that 5 chots cre used for "shooting in"
the mun an” sicht,

(n) The tanks are frocly mobile;  i.ce there is a possibility of
all round ~tti.ck,

(o) That the theory oi the dircetional ptobnbility variation gives
o rcasonnble e sure of the prob.bility of attack of « t.nk,
from =11 dircctions rrouni Lhe tonk,

VLS SE T L&D
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sopeudix B

Lictnod orf Caleul:stic: o ihe sicesure of Wofcctiveness

The mothol utiliscd Lo woocss the wcan chance tnst o given gun
motntud in o piven vel lole sod Clidng oo s cdLed L_y:» oi‘ shot will hit
and desoroy o ospecitrica tale is wo tollovs: =

1,-  rraoa the dimcasions wia wanles of slope orf all the external armourcd
plates of the hull zoa twrect o the tonk under attoels, the arcas prescnted
by cach o the iedividual o1.tes oo cileulated i'or dircctions of attack at
15° intervals arouad the wali,  {(fLssuming that the froat of the turrct
alvays points tovards the sltocker o6 coch aapect),  The angle of abtack
ol vach plute or the trnds 1o caleulated Jor cach cspect, assuming all
strilces are parallel Lo the aeeccetien of aotoek wedd nommnl to the vertical
axis of the tunk,  (Scu ngpalizad),

2, The eritical poror bios auves (thickuess/ are derived Jor

bhe attockdng pun b B a0 1o L\ujltl]k,d ( 1 this report ranges
ol 600 yards, 1000 yorsds oo LS00 yoras are eoverad)s  (Sce Appondix 1Y),

3le)
I

3. Uszday, the dota derdved aoder porres bocaa 2 the presented avcas of

those plates vhich toe valic v d Lo Lo e att eldng wun {(L,e, plates which

con be pertoratad) are Wl bdied dor crch Lspect ol the Jirferent ranges,

(strikes at ensles grenter theur 75% to Lo nommad or the plate arc assuncd

not to pertoratc beceuse criticr the chot bronks up or it is deflectud), (vec App H)

he The overall crror bilh in < levotion aad troverse (i.¢, heizht and
line) of the attocicdng gsw Lidos peorticalos nownt, fdring a .pccli ‘ied shot,
i obtained by swaaing Lhe sguoaaes of the vardous individual crrors prescent
in the gun, the sight, the aomctiog o the Tayer,  (Sce appendiz G),

5, The crrors in rodce wobicetion on o verlical target using both range=
vinder and visual necns e ccloulated vor the partigular pun and shot at
the given ranges; ascuen.a horizontal cyroes o 15r° vor the rangetinder
and 250r for visual e b lihigg  onere Tet 1o odhe ranse in 1000 yards,
(3ec Appendix D),

G, 4 vracticel rate of cire od Lhe particular s and mounting is obtained,
from \duich the Piring fotesved or U tiee Llon to load, loy and fire the gun
is caleculated, (Ruscion ricnes wore vitained rroa the best availeble
intcllirence reports).

7., Utilising the dll‘ubtlﬂll A opreb bility vaeel: tion developed in Appendix B,
the vectors at cach 159 tae Levon Lo popreseat the prohability of a tank being
engared at cach particular aspect e BU L rrecly awobils,

(&9

8, Procceding with the above ot Luo enleulstoons of eiffectiveness are
rade, one based on aiwmine b the ceatre of che hull wnd the other on aiming
at the centre of the l.u‘;p:;t vulin inble plate for cach wopect,

9. The presented creos of hall ol turret b cieh aspeet nre redueed to
{vo rectaydes corrcelly disposud Litic respeet o one suother and meantaining
the correct height t'or crch, swice thils o the eriticel diiension,  The
vuliicrable nrcas of the hull ool turret Sor cnch wspeet wnd range are also
reduced to cyuivalent vectonles corcectly disposed il respect to vhe hull
and turrct rectangles.  (Suc v ).
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10, The standard deviations of thc ~un for toth clevation and toaverse
arc obtained from the sum of the scunres of the <un and the ran e errors, ~nd
hence from tables the probability of a ghot hittineg the vulnerable area is
dctermined, sce Notc 31,  (.ssuning norm~l distribution of the shots Loth
verticnlly and horiszontally, ~nd th~. the two listri:utions arc indcnendent),

11. The probobility of » shol hittin: - vulnerable ~rc~ at coach asmect is
multiplied by the corres»aonlin: vector o. the den.ve, thus siving ~ figure
for the probability of o oarticular aspcct bein  enonged and a vulnerable
area being hit (i.c. the ucan chance of 1 kill ot cach sspect).

124 The probabilitics so obtnined are swised for ~ll aspects up to 3609,
thus covering the norizont~l nttoack of th. tank from all points of the compass
and giving the total mean chance ol the tank being killed by the given attack
(isce thc overcll vulnerability of th  tank to that varticular attack).

13, The total mcan chance of the tank Lein | killed is then multiplicd by
the nuaber of rounds fircd =cr sceond by the attaciing zun in its particular
vchicle, thus ivin -« veolue for the syabsl Ky x (thc wean killing pouer of the

tank (..) with respeet to tank (X)), Sce .omenlix J.

the . similar erleulcgion is then coapleted Tor the cffcet of the sun
mounted in toank (X) ettacking the vehicle carrying the fun (i.) and thc volue
of Ky; obtaincd.

15, The square root of the rntio _}E‘i me~swres the offcetivencss (B) of
tank (.) acainst tonk (X)e Kx.
16, s an ~ltcrnntive to the mcthod sutlincd <iove and in Note B1, o nuch

simpler and aorc cencral mcthod of calculatin: the probability of hitting
thc vulnerable ~rca is det:iled in Motc B2 of this | endix.

Note B1:~ 1st Metho?

1. C'_e ~nd € arc the stanlard loviations for Lhe attacking pun lor the
vertical and horizontal plancs roswectively. They are expressed in feet on

the -tarset for o given range; 77, inclules rangefinder r.nse errors ,
2, Admins point at Centre of Hull:-= (sce Fiw B1).

(a) Turrect:- ag ol by e the vertical co-ordinstes of the
vulnera:le crca 2f the Lurrcet nicnsurc? Lroa the aiming point.
a is the 2ist nee Croa the ~ioin - point to the top of the
vulnerable ara and D¢ fron the oiain point to the bottom
of the vulnerable arcae.  The proucbility off 1 hit on the
vulner~ble arcs of the twrret, with resp.ct tothe total
verticsl error of the un is, thcrefore:

P % . p °

("—C ‘.0 to.o.l..oolloo'l(1)

1Y

The horizont~l co-ordinntes of the turret rre o onld dg, and they
chang. with asoccts  The position of the turrct, in the broadside vicw,
is usunlly forwerd o the centre ol the hulls,  The list-nce of the centic

® This and simil .r expressions arc cvalutted ron tablese P represcnts the
nonacl probability ar.a between the linits +  x

—-.
o
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line of thc turret from th. centre of the hull alicrs vith aspcet end this
distance must be considercl -hien cvalunting cg and dg, If this distance
be called 'z', then

¢t = 2 + lengtha of vulnerable arca of turrct
dt¢ = 2z = lencth of vulnerable arca of turret
2

IT the horizontal cxtrenitics of the vulnera’le ar a of tiwv: tuirct
lic ecither side o Lhe contre line of the hull Yoth of and dg are positive,
othervise one of them is ne ntive,  The probability or o hit on the vulner-
ahle arca of the tuirct wiih resnoct t5 the total line error of the sun, is,
therefore, iven by

1 y
o R _¢t R W

i St

The probability o’ i hit ou the vulnersble arca off the turrct, for a
siven asveet, is the Hroduct of the two indeper * ot prob-.bilitics (1) and
(2)e This is syoolioud by Pg.

(») Hull:= "The co-ordinctes for the wol +ible aren of the hull are
symbolised by ¢, b, ¢ anl @ with thc oa ,cvint 'h', oy and by
are the vortic:l co-orlinates oind ch and dp th- horizontal
co—ordinntcs, ‘

When the aiuing point e the contre ol the hull only one vertieal
ordinate is requireds In thesc circuastanccs ap is uscd and its value
is half the heizht of the vulnerallc .rea ot the hull,

‘The centrc of the hull is not slvays hali' way ~lon: the vulnerable
arca of the hull, so that ¢ is not aluavs cqurl to dp but (cp + ay) =
the length of the vulner Dl oo of the hull for firfercnt asoccts,
Occasions arisc when the vulner-ble ~ren o the hull is wholly in front of
or bchind the centre of the tull, in thesce circuastuices cither dp or oh is

neative.

The probability of : hit on the vulnerable area of the hull, for o
~iven aspect, tokes the Mang-

P ®h + P bn P ¢ch, P dh% =
;t (b & 2 Am * il B Ph
o . o 5 ﬁ

The probability of - hit on the vulneradle nrca of -« tank, for a
iven asoect, is Pp + P =T

3. Adadng Point at Contre of vulneralble  roog=-

. When the ~iodn:, point i at the centre of the vulnerable arca and both
turrct and hull arc vulucr:ble it is  sswiel thit the aiaing poaint is at the
centre of' the lar cst vulnesr Jde awere For sowe cspects the tucret only is
vulnerable but for most aspocts hoth twreet wd hull arc smilnerable, In the
latter case the ai.in: point is virtually at the collye of the smlnerable arca
of the hull,

The co-ordinates, as Dheiore, are symboliscd by ag, Ly, cg and d for the
turrct and similarly, vith - chongc of subscript, for the hull,
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Since the length of the vulnerable aren of the hull is often legs
than the total length of the hull, for n given aspect, the distancec of the
aiming voint from the centre line of the turret is not the same as when
aining at the centre of the hulls .pert frow this chanze c¢ and dg ere
evaluntcd, for cach aspect, in the some way os beifore,

ah 1s evaluated in the soame woy as before and for the same reason
bh is not used. Since the vulnernble areca of the hull is symaetricel
about thc ~iming point only cp is rcquired, ~n? its vidue is hnlf the
lcnith of the resolved vulner-~blec arcae

L, In thesc calculations the co-ordinates are «ffected only by the
aining point and rcmain the same for »ll ronges for o porticular aspect
of ~ particular tank, except when varintions of range alter the vulner-
ability for certain aspects, Otherwise a change of range affects the
calculations only by altering the values of T and Oy for the attacking
aun,

Note B2:-=  2nd Mcthod

1. o simpler mucthod of cnlculntion hns ~lso heen investisnted the
results of which vory very little “ron those obtained by the orisinnl
and more detailed method (sce ipenlix C for results)e In the sccond
mcthod the total hull and turret arcas are rcduccd to one cquivalent
rectangle (2o x 2b) for cnch aspect, miinteining the correct overall
height (2a) and elwoys rimin - at the centre of mass, ”hc grobmblll.,y
of a hit on this rectongle is then assessed i.ce P_2 . P_B , and this
probability reduccd proportionately t5 obtain the probablllty of hit on
the vulnerable area i.es Py =iwv ,Pa,Pb; where iv is the vulnerable
JL’I\ e
area at ~ particular aspecet and .p the total tar;jet area atthe same
aspects  This assuacs thnt the hits e wniformly distributed over
the torget reet-nzlc.
]
The rcmainder of the ceulculation is carried out ns before.
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Appendix C

Results of Calcul-tions ol the Measuwrc of Effectiveness
for 3ritish and Russion Tanks,

1 (ableCl of this /»mendix lists the rocgults obtnined for the
ctivencss of current “ribtish an? Russisn tanks, by the first nethod
triled in .ppendix B', Recsults have also been incluied for the
enturion fitted with the 17 pdr. gun; ond the hynoth:tical cases
considered of the Geracn KwK 43, 88 ry/m gun installed in the J.S8.3, and
of "the T34, 85 m/m cun installed in the J.S8.3.  (Sce Table C2).
24 Table C3 glves the results obtained when the shorter second method
of ‘caleulation detailed 'in [pgendi®¥ B ' is useds It will be noted that
the results vary very little {rom thosc obtained by the [irst method and
when aiming at the centre of the hull,

n
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_ _Table C1le

Effectivencss, (1st Method)

; Vorsus J. Se Js ' Versus T§¥8§
’ ‘ (122mn,..PEC, jrd.,/mn) i (85maesPEC, 73rds/min)
"allied Range l , .
i Tank in yds adning Point aiming Point
é iCentre, of Hull' Vulnerable .rva|Centre of Hull. Vulnerable .aw
? l.x B R R B ik foE Koy E
Centurion 3 600 i.25 7420 1.27 b2 .22 0 90 .u;g +1912:30 (o5 | 42012, 26
20 pAre.PDS, | 1000 o2 i 418 | 1a31]454 -.19 1T o117 2046 1ob2 | 017 Ruk7
(12 rag/min), | 1500 1i22 lon | 1,620027 1uth (1099 {36] $13 (2075 |38 | ek 2078
Comet 600 .19 |21 0,87 c19 022 0.88 043 032 1.3’# 011-3 -32 11314-
( 7 7m, APOBC 1000 {416 {419 [0s86]¢17 [ 420 0484 | 33| +291e12 !a33} «30 {1414
12 rdg/min)e | 1500 ;412 {416 | 0679]¢13 | o416 (078 | 420 4210492 | 420 423 (087
|
Centurion 2 600 o2h 420 [ 1420424 | 422 [1e11 - - | - - - |-
{17 pdr..P0RC,| 1000 |417 | «18 10,948 119 lowoy = | = | - = || ==
§12 rds/nin) 1500 el {eth [1eQhie15 {4l 1,07 7 = - - - = 1=
Table C2,
Effcctiveness, (4at Method)
‘ Versus J.Se 5. { Versus J.Ss 3.
| (88110, 3rds/min) (85mnePBC, 7ards/min)
Allicd Range
Tank 1 in yas adning Point Adming Point
Ocntro of Mull Vulnorablc drca Ccntru of Hull: Vulnerabk: arca
i i l .
| .J(l» & = {K“x Yau: B j Kxify, E ,'K;.xl/Kx;.f
Centurion 3 | 600 425|420 [14271,42 ,,22.1 90425 [e19 1031 | ok21 420 12,10
(20 pd!‘u'aPDS 1000 « 20 ¢18 'l 31[.34I.19|1 77 211- ;03'4-!'17 1098
12 rds/min) , 1500 1422 | 415 '1 l+8| 1514791022 [413 i1.67}.27! ol 12,03
g i : 4 1 H 1
Tﬂbl@ G?o
Effcectivencas, (2nd Method)
] l \] J .
Allied © Rango i (122maarne, 3rd§min)
Tank in yds. '.;iming Pointi~ Centre of <t
, i
R K ; o
Gonturion 3 | 600 V7L W18 | .27
(20 pdr./.PDS | 1000 23 TR 1034
12 rdg/min) | 1500 23 s 18 1462
(K x = allicd e firing at Ruuiun 1 Ky, firing at

4llied tank),
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+ppendix D

Range Fstimation Errors

1, It is shown in 0.R.G. Revort No. 225 (Scpte 45) ~nl FVDE.RW.
Report No., 81 (Febe 48) that when the horizontal ranrc to o tarset is
obt~ined by:

(a) wvisuil estiuation

() a. ran cfinder (suitoble for tank use)
thc mcan deviations (m.d.) to be expected are:=

(2) 250 r

(v) 152
vhere 'r! is the ronve in 1000 yds.

24 Thus thc mean deviations on a vertical tarset ot o range 'rt
are given by:~

() 250 retan Lr yds = 750 r.tan f‘;,.f't-

() 15 rl.tan K. yds 45 r2 ton £ .rt.

where 'fr' is the angle of descent of the shot at the ranzc 'r'.

3 In order to obtnin the standrrd deviations of the range on a
vertical tarset when the rrnge is estimated by visual and rangcfinder
neans (i.es ©y and *Tp), the mean devintions siven above arc multiplicd
by 1.25, assuminr normanl distribution of the crrorse Thus the standard
devintions of the reonge on o vertienl tar-et are ~iven by:- <y = 9%40 r.tnn
Bry UF = 564 r2,tan” r ft,

4 The actunl stondard deviations on a vertical tariet arc:=

R NGE
goor  TO00X  1500%

(i) 20 pdr. ..PDS Mk.1.

6! 111 171

/
() 7% 1.0 3.0 7.0 ft.
() F 0.0l 0.19 0.63 ft.
(i) 77 mem. .PCBC:~- ,
7 18! 310 L9*
() ¢y 3.0 8.5 20 ft,
(®)  “F 011 0.5 1,88 ft,
(ii1) 122 m,m, ..PBC:~
7’: 18! 3! L9
(a) &7 3,0 8.5 20 ft.
(b) <% 0,11 0.5 1,88 ft.

SECRET
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(iv) 85 @,ia. 1 PBC:~

B 181 311 49"
(a) ¥ 3.0 85 20 ft,
(b) (WF 0.11 015 1.88 fti

In case (iv) o similar perfonarnce to Lhe 77 isile WwFCBC (mav, = 2575
ft/sce. ) Co = 3) is nssuncd for the 85 man. .PBC (meve = 2600 ft/scec :
CO = 3 .

5 The calculitcions in this rooort include errors SJor ron cs knovm

with renvefiniler accuracy only ~nd o not inclule rny rosults for visual
estimation ot rune, This tends to favour the Russinn cquipnents, since
with o ren ofinder the rosultont errors on a vertical toar,ct are nearly cqual
for bLoth British -nd Russioan unsy  wheress the visual esciuntion ran ¢
errors on a vertic:l tac ¢t arc larger for the Russian than for the British
Suns.

6. In Fice D1 of this .[»oienlix are shom the expected errors on a
vertical tarcet lor Jifferent roncocs wvhen the iansce is cestiinated by visual
and rancvelinder acans. The curv. 5 »loted ave Lo the 20 pdr /PDS Mki; 1
~nl the Russinn 122 i/n . PC ary illustiele the difrercnces in the ray e
criors to Le cxiccted frop these to uns, The hLl{ heihts of the
Ccnturion 3 ~ni the J.8.3. ~vr2 ~lso shoon and it i1l b seen that up to
2000 yds. v ¢ the rencfinicr errors for Lot uus nre less than these
h-10 hei-htse  On the other h nd when the ron ¢ is estiui~ted visunlly
the ran ¢ wreors of the onposin runs ccwl the h:lf hei his of the
Centwion 3 ind the J.5, % ~t ron.s of 850 yds nd 1350 yds rusoectively,
Thus th. gun of' the J.S¢3. is 1i-.L1le to miss the Centucion 3 .t iuges
sre-ter thrn 850 yds ovin; to visw.l rn o errors ~lonc, wherchs thoe gun
of the Centurion 3 is not li~ble to .alss the J¢8.5. ovin; to thoese errors
until the rn_¢ excceds 1550 ydse

T T:ble D1 of this pixendix iutrils souac drta, obt~ined from the
Ordnance Borxd, of the errors in fect on a vertienl tow et 2t frnjes of
1000 yds o2nd 2000 yds for _uns of differin ; muzzle vilocitics sl shots
of verious ballistic cecfficicnts (Co).
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Table 2. 1o

Errors in feet on a Vertical Tarpet for both Visual

and Rangefinder Estimation of Range
(Mean Devintions)

Ft/sec: | Range 1000% - 2000% 1000% ' 2000% 1000F , 2000 |1000% ' 2000% ! 1000% | 2000%
1000 Vo 52.7]310,0 © 43.k i 210,9  39.70 175.2 3840 60,2 | 36.3 | 1463

Rf, |3.2 37.2 2.6 | 25.4 241 21,00 23192 | 2.2} 176
i

i
1500 v 3166 [ 11901 . 234 1127,0 1 194 | 9he1| 1746 770k | 1641 | 6445
Rf, 109 22097 el | 15.2 0 4e2i 113] 11| %3 | 1.0} 77

|
12,7] 72,0 10.5! 49.5| 9.7 420 | 9%t | 36,5
08| 86 06, 59| 061 50| 05| ki
i t

2000 v 1840 {13345

2500 v 10.6 | 89,2 Te5 ] 423 | 6,5 301{ 6.3 2646 548 | 23.8
Rf. 0e6 | 10a7 05 5:1 1 Oy 3.6 Oudp| 3.2 0e3 2,8
3000 v 6.8 5h4e3 562 | 271 ' ka6 20,2} 4a3]19.0 L. | 16,1

Rf, (09 £+s5 ¢ O3 3.3

i

:

'o.3| 20! 03] 23| 02| 1.9
3.0 13.5] 2,5 10,51 2.5[10.5| 23] 9,0

|

i

4,000 v 307 | 22.5 |

]
| .
Rfo 002 2.7 : O¢2 196 002 1.3 001 102 001 101
4 |
5000 v 2.1 12.0I 108 1 840 | 16| 6481 16| 63| 1o | 5.8
Rf. 001 1-1‘- 4 Oo1 1.0 ov1 008 001 008 001 007

Note:= For conversion into the subtended angle at the gun
1" = 10.44" at 1000 yise

1 £t at 1000 yis = 1.15'

——————
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Appendix E

Dircctioncl Probobility Varintion

Distribution of Hits on o Tank

1. It was rcquu'r,d to dectermine the probehility ol ~ttack of ench
aspeet of » tank; in this paper the¢ :soocts presented at ldiscrete
intervals of 159 around the tank, Are considcred, n? thercfore the

probmnliby of' atlocl for cnch .L,pr\ct o5y tta okl
prontbility over nn anosropriite 150 interval (1.05 7,0 on cither side

of each aspect),’

2e .o First atteipt vas mode utilising the Vhitteker Jdirectionnl
probability varintion (d.p.va.) (sce ORG (W ¢ B) Ruport No. 362, Chap: IV).
The total aren within the cnvelope was tolen as unity an? the areas of
the scparate 159 s.ctors (i.c. ~ 720 on cither silc of ench cspcet) were
determined and talen as the probability of attack ot Lhe perticular aspects
The annlysis of’ these probnbLilitics showed hovever th.t the percentn;e of
hlts on the tront, siles and re-xr of n If"‘t"n ul-r tonk hull wert 2935,
68L; cng 0 respectively, ascuain o Z:5 {roat to side :vtio, ond that
tho nwber of hits w~s proportisnal to the ~area of vh: ‘ront, sides or
recr exposed to the attack (see Table EBi (a) of this updyendix)e These
nercenta:es did not conform to the figures obt.ined from 2 study of the
1939-45 tnnk cnsu~ltics, which were i0¢ front, 55 sides and 5% rear,
(8ee MORU Report No. 1Y),

3 . 8imilnr mnly,is wns made assuwaing A normrl distribution of the
depsve around thn tonk, in this cnsc the nercontoes were Counl to be 31
front, 685 sit s, 3/ rrare  (Se. T-hle ®1 (D).

4o In order to incrense the pevcentore of shots hitting the {ront of

the hull to 407, successive foms of distribution were then tried, using

both cartesian ~nd polar co-orlinntes, (See is, B1 nnd E2 of this
Aprendix, where the prob-bilitics nt c~ch 150 agpect are plotted as

ordinntes and vectors)s It wns found that the vectorial form tended

towards an clliptic~l cnvelope of semi-axes 2:1 with the tank or »ole

close to onc of the [oci: in this 7om the percentyres obt ined were

31, front, 58, silts, 3 ro-ae  In orer, however, to incrense the percentnge
of shots on the rear an P].ll“tlc"l onvelone of semi-axes 20:9 vwns tried

and found to r~ive 39:- ‘ront, )8—-‘ siles, 2° rar, which approximates very
closcly to the battle rosults, (Sne " 5le BY of this .pvendix).

5 Since the final ellipticl form ave similar rcsults to those

obt wined from o bYattle nnnlysis, this molificd J.o.ve was ccepted for

usc in this particul~y study, the 15° vectors represcntin. the probability

of attuack for cach 159 aspect arouny the tunk, This particular represent-
ation of' the probhility of attack at 159 jntorv-1s is terued the "Ellipticnal"
depave  (See Tollc E1 (d) ~nd Fi. E2 o this ..ooculix).

6a It is interezting to note the oficet of using Vhitt . ker's d.pev,
in the enlculation of the "kc:sure of REffuctiveness KX , 'nd to coupare
MRy,

the results vwith those obt.ined using the "Elliptical™ form as inliec~ted
in the followin;; t~ble:
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600 yds, 1000 yds. 1500 yds.

Cent 3 ve JuSe¢3:- Whittaker's d.p.v. 1.5 1.5 1.7
Elliptical d.pe.v. 1.3 1.3 1.6
Cent 3 v, T,34/85:-Whittaker's d.p.ve 2.0 2,1 2.4
Elliptical 3.p.v, 2.3 2.5 2.8
Comet 2 Ve Jo8.3:= Whittoker's dopeve 1.0 1.0 0.9
Elliptical den.ve 0.9 0.9 0.8
Comet 2 v. Ty 34/85; = Whittaker's den, Ve 1.3 1.1 1.0
Elliptical dep.ve 1.3 1e1 0.9

It will Le obscrved that the Jifferent dep,vs do not c-usc mrjor
~lterations in the fiurcs obt incld for effcctivencss,
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Table E1
Distribution of Jlits for Different Direcctional Trotability Variations.
|
(a) Whitt-ker's dop.Vh (1) NHoraal L.p.v.
jSpget: denev, | Pront {Sides [Rear {I1ront | Sidcs [ Reir | dape Ve
0° [(x2) .0568 | ,0568 - - 1.0595| - - 10595 (x2)
152 136 | 0485 | 0651 = L0u85] .0550 | - 1135
300 .1030 |.0265 |.,0765 - L0267 1 073 | - |.1000
450 0580 | ,0097 |.,0483 - 0131 | LO65, - +0785
600 20385 | .0040 |.0345 = +0060 | 40525 - J0585
750 «0310 | L0016 | .029% - L0020 | L0370 - .0390
900 + 0280 - |.0280 - = L0240 | - L0240
1050 0235 ~ |.0223 |,om2 L0128 |,0007 |.0135
1200 .01 90 - ].0170 |.0020 - L0067 |,0008 | .0075
1359 L0140 - ].0M7 [.0023 - 0725 |.0005 |.C030
1500 . 0095 - |.0070 [.0025 - 075 |.ooos |.0020
10650 <0050 - 1.0029 |.0021 - L0006 |, o004 |.0010
1800 | (x2) 0000 - | - J.o000 - - |.0000 |[.0000 (x2)
4999 |14 [.3427 [i0100 | L1548 | L3423 [.0030 | .5000
291 o8y 28 0 685 | &
(¢) 2:1 Elliptical dup.v. d) 20:9 Elliptical dup.ve (FLLL)
depPsV. | Frout {8ides | Rear || Front | S8ildes | ony [ depeve
0° | (x2) 40990 |[.,0990 | -~ - J.0970] - - | .0970 (x2)
159 «1580 | .0675 | .0905 = $0636 | L0054 - 1.1490
300 1000 | 40257 | L0743 - (0226 ) JO65Y - .0880
459 .0590 | .0100 |.0490 L0087 | L0433 - }.0520
600 <0345 | «0035 | .0310 = «0034 | 40296 - 0330
759 0210 | L0011 | 40200 - L0011 | «0209 - 0220
90° L0110 - |.010 = - L0150 - |.0150
1050 » 0060 - .0057 |.,0003 - L0114 |,0006 | .0120
1200 . 0040 - |.0036 {,000 - .0081 ],0009 | ,0090
1352 +0030 - | .0025 |.0005 - .00625(,00125 | ,0075
1509 0025 - 00165400065 L0048 1.0017 | ,0065
1659 .0010 - |.00057f,00063 - | .00345].00255  ,0060
180° (x2) 0005 - - |.0005 - - {003 «0030 (x2)
4995 | L2008 [ 2900 [.0020 § 100k [ 52936 [,01 L5000
AR R
(rr?n’;: St'ec pabio = 1; 2,5
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Appendix. F
Armour Plate Perforation Ferformance of Guns
1e In order to obtain comparative perf'ormance figures for 'the-guns

considered in this paper, 1t 13 ascuned that all armour is of the same
standard as British hondpencous plate and that all Russian AP shot has an
"equavalent performance to the Eritish 17 pdr APCBC.® It 15 Als0 agsuncd
that no perforations occur at angles of strike greater than 75° from the
normal to the plate.

2, For the calculation of the dafferent thicknesses of armour plate
perforated by the various gupa apd shot at all angles of attack at various
ranges the modificd De Marrce formula is usced, 1.¢.:-

wvecos@ - 1* _'];] 1e43
o ca’ La
where .  w = weight of striking shot : @ ="angle of ctrike from tiw
T , normal to the plate.
v= velocity of -str;_kc : d o= dm:ncter' of' po.r'foratlon.
T = thickness pcrforated : C = I‘act;)r dependaing on 6
3 If Ty and Tg are the thicknesues of plate perforatcd at normal

and at @, and Cy and Cg are the corresrondinst values of C, then for a
given range,

T_Q = FT!| 055 . cos 1< g
In Cg‘ :
l.Cs T_e = ¢, cog Lo e
Ty
o
vhere ¢ = _(_’_'1_‘{] 0e7 and varics with e.
Ca |

Thus for a given (or constant) ranpe when the veriation of 'e! with
8 15 resolved the form of the ratio Tg 1n also determined, It ig necessary

Ty
to resolve the continuous change of 'ct! from Oo to 75O gince oaly a few
particular values of C have buen established for different guns and shot,

4y In order to determine the form of 'c' for all values of 8 up to 75°,
gets of vonlucs of Tq were calculated from the de Marre formula for separate
ranges (1.c. separate values of 'v') using tiw known values of logy, C
supplied by S.A.B, for daffercnt ungles of attack (8),  Hence values of 'c!
were deraved by daviding Tg by Ty cos 1ok @; then the mean value of ‘e
was ohtaanced for cach anplc 6, distamyuashing botween the dafferent types
of' shot 1.,c, APCBC and AFDS.

# The data on Russian guns has, wherever possaible, becen obtained from the
best available antelligence reports; bLut whore no information was
avallable the British cquivalents have been usod,  The daiscrepancies
between the Russian and Ordnance Board fagures for porforation are
probably due to the usc of diffcerent criturin or formulac,

SRORRT
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5 The wen velues of 'e' were then plotted a ainst 8 anl the best
smooth curve dre~vn throuh the points tH -ive the {form of 'c' with 6,
(Sce Fi's P1 anl 72 of this pnendix),  In the case of the 20 pdr DS
Mke I, the fom of 'e' was mnde siniliar to th t for the 17 pdr .7DS, Lut
conforuin - to the only knoom valucs of GN ~nd Cs55 for the 20 pdr TDS
ika I (Scec Fi—. F2),

6o sin:' the values of 'c! -obtained in Pi-s, ™ and F2 -nd wultiplyin:
by cos 'e4@ snooth rraphs of E vere constructcd for hBoth “2CBC and J7DS
T |

shots  (Sec Fi's. F5 onl P6)e  Thes. roanhs were then utiliscd to proluce
th rcquired curv s of thiclkness serfor:ted At o1l ~n lcs of attack for
ranes of 600 yds., 1000 yds, and 1500 yds., froa the Ordnonce Board fiurcs
of norud perforation, (S.c Firsy F7, Fo, F9 anl F10),

Te In a similar manner usinz the 17 pdr J5°C3C valucs of 'cf,requircd
thickness/sn:le relationshins-were obtained for the Russi..n 85 n/m _TEC
and the 122 n/m .DCBC,  (Sce Fis, F11 and F12),

8e -8 1antter of intcrest.a ;roaph was constructed for 'C' a;ninst
e, fra the values of ‘¢! siven in Pi;, 1 and usin: knom vilues of
"'Cy'; -nl o coaporison aile with the raph of 'C' ~iven in P.V,D.D,
Revort Noe 9/, (Sec Miirse I3 ond F4)e It will be note? that the
sari-tions Lolween the two jraphs arc small, the lar-er dif.crences lyin ;
Lotween 459 £nd 500,
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Snendix o O
- A q
accuracy of Guns in Tanks
~- 1. The inncewrncics vhich lead to o 'shot fired fronr o sun not passin:
throu-h the point ot which thc -un is .icd by menns of the sicht incorpor-
ated in the ;un mountin - nre ~e follows: -
- .
i, Rouni te round dispersion o. the une
° ii. Ocension to oce~siom v riction in juap.
g o5
iii. Error in borcsi hiiv: the” un dwin; zeroin of the
si ht anl gun,
ive. Layin ' croor betwen oiain - noint of sisht ~nd tor ct.
ve iicchrnical crrors betw en un, wountin- rndsi hte
vi, Brror luc to th. size ofthe interval of adjustment of
si ht raticulc,
The menn junp of the sun is clisinnted by zeroins the sisht ~nd un and
any personal error of thc ~unner is :linintcd at the s~ fime, sroviled
that the s~me mon lays the un fr zeroing ond for effective fires Renorts
inlicate that cven when diffcrent men zcro and lay the gun fof-eflcchive:fire
the diffcerence in personal croors ic neglijpible.
- . . M .
24 If the standard devintions of the albove errors arc dcnoted as follows: -
. i. €. = rounl to round disnersion
ii. ::) = occasion to occasion variation in juap
iii, C’"b = horesijhting crror .
. S . :
: ive ‘*~7 = layin; crror
Ve ~, =ncchanical errors and si ht .oveient
vie a = actual T and .. clicker adjusticnt intcrval
then the manncer in which thesc crrors are intraluced during the "shosting in®
or "zeroin® of the un and thelecetive first round rrc as det~iled in
swiscquent par~ raphse It is .sswacl that the wormer/cleancr rounds have
Leen Tfirced proviously and that 5 rounls arce uscd for zeroin i,
3 Then the crror introduced Jurin~ the initial boresighting is duc
to the nccurrcy of the boresirhtin - cquipnent (° b). .
b When firing a zeroint: round. tl}g crrors introduced arc duc t o the
0 o1 s n o oF . TR 4 5 10 Lo »
~dispersion of thu ;un (%), the 1 yor (1), na the mechrnical crrdrs ()
. l.cee the ervor is /772,07 2,072 3 but if 5 rounds arc uscd to detcraine
the me~n point of impict (in~.is), then the error is reduced by ~ factor of
JE ~nl the error bYceoxes /g" 2+|_)'1“ 2+ =02k This error is thcrclore
’ i~ Il ‘ '
v 5
included with the boresi-hting error to ~ive . totedl crror of
ey 2 w2 o2 2
/Vb + 0,25 % 4+ 0,29 % + 0,29
3 4 - g ©
Q1=
d UNCLASKIRFED
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5e The sisht is then finelly laid onto the tar.-ct hull thus intro-
ducing a furth.r l.ying crror (v i), hcnce & total crror =t this sta_e

of . o
\/J_ 2+O.20’2+1.2<T 2+0.2.‘, 28%
b & 1l m

Go The cdjustiiont, of tic oi ht pgraticulc onlo the nepeds of tae

zeroin:, rounds can be carriod ouw only with thae courcey puraitted by

the fincness of the edjustin ineervel, the crror off hich is weasured

by & (see Note G1 atctached to this avpeudix)e  This cdjustiucnt clso
¥iri |

introduces snother layin,: crror (M1)e  Tiws the totul crror is nov

-'/-‘.':‘ 2 +0.20C 2 ' 202 0" 2 R ;12 . 0.2 (Y 2 which represents the

M b £ 1 To 11

"Zeroing Frror", and iy is cwooneed thet seroin is nlunys carricd out

prior to battle snl th un onders botble wi b tol 1 error iwven by

the Zeroin Error.

Ig The dditionnl errvors, o wcepbin oooa e ooglicvitlon, that ere
introduced with the first cfrceci.e round e Jue to the prob ble

devis tion of the map, ie Crow it oo o osition Lees oceision Lo oceigion
varittion in juap (CTJ), foiticy vith he iispersion of the am ((C7.)
and the layin~ crror for thai ~ound (€77)e o furthor creor vhich ¢n e
cousitercd a residudl crror Jue Lo o1i hi wech nicd dnpericcetions
causin . sl rel tive wove .o nes oo wn ooi ht, ciomntin ol un ((.7;1)

his slso to bu accounted sor .. his point, ivin, -~ Kound Brror of
. e 2 P ——

/uj 2 +Q:' +Ul 2 +J“ 2 .

8 Thus the tot 1 crros ol the first of cotive rount Jdue to the

Zeroin : Frror, thc koun? “rror i the ko Error is

- - 2 L = 2 ] |
\/5.2 Ol 2 + 1,207 2 +4',:] 2 . IJ 2 P TANY) 2 n % +(.-r (SU) L 01).
) il 5

I3

9. The valucs -iven in T 0de 61 o this . pocadix Tor the varlous crrors
hwve been obtained Mrom the publishd d.ws on ‘ritish _uns ana cheir criclss
vwhere fi urcs orc oLt in Ll .o viie hussion cguipmenys froa Intelli wnce

sources thuse h.ve been uscd, otiwriise the cquivilent Dritvish U'iurces hove
been inscrteds

o7 bicula uiue

i

ne O, and U':] .re ouculie to the

i3

Le  “1 has been obt .uned for the latest borisizhtin: instruxnt,
tnd the siwe fijwres used T'or the Rugssicon jfuns.

Cs ‘)1 depends upon the i snific tion of the sihtin, tcloscopcs
flo varintion has boen wele to ncegunt oo slross and sorain
of' battle which mi hi \ltcr this i ure,

de G, wag detcmincd ap o residunl esrvor t'roa ecn overall Siure for

~n cquipient aft .r 11l the oither incidentl crrors hd heen R

accounted fory the s e vwilue has Leen mointined for 21l cquip-

inent s both “iritish il Nussing Hotei—-  This cerror affccts
only the clevation an’ “oos not apherwr in bthe line or trwverse
crror,

k L I
‘ ) '&NIS:L..:\?J.S'H ‘ID
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[ 'a' is the derree or interval of ~djustment provided by the
T and A knobs of the rcspective sishting telescopes or perie-
scopes for moving; the si-ht roticule,

10, Table G1 of thic A»pendix lists the intividunl errors for all
equipments and gives the overall orobable Ervor: in addition the renre
cerrors obt.ined in Jpoendix D have been listed for inclusion with the
elevation error to obtain totl gtnnd 1d ‘levintions for the various
cquipnents at the three degired ran 4, (Range error not affccting the
line or traversc crror),

Note:= Gl:= Si ht Croticule  djustacni Intervals

o step ndjustient with - interv-l of v nitude 'n' proviles a
uiifora or recttn ul~y Jistribution over thit intcrvnl, Thus if 'y! is

distributcd in . reetan wplor listribution Detween = & nnd  + 2
2 2

Then Vorionce (y) = E (y9)
2
2

= -}yzdy.
T2

|.

-
N

If we nov consider ~n noril Aigtribution of 'x! with variance -2
~nd mean 'm'y then the combined distribution of xnand y, sny z is given
by :

Variance (z) = Variance (x) + Varisnce (y)

= g + —

and Meon  (z) = dean (x) 4+ dHean (y)
= 1l

Thus the scunre of the crror introduced by the T rnd .. ndjustuent interval
is of . velue 2% which ¢ be sud.cd with the square of the sianderd

12
deviitions of other crrors which are Jdistributed norm:lly,  7The resulting
co.bincd distribution is of cowsc not qui e noranls the deosnrture froa
noraclity depeundin,, upon the rcl tive vilues of '' and 'O 1,
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Pig, C.1l.

Brrors aff'ccting jcouracy

Para,

3 Joresight Error.(Yp). )

4o A Zeroing Rds(%y). tiech,Errors. (). Laying Drror. (1)
M I (ElCVatioln ouly) J

Zerolng
Lrror

Final Laying Drror

5e

6, Adjustment Trror (a). TLaying Yrror (57—1)

l _

51 Zorodng Error ( z)

g e o = v mue e

7. Variation in Jump (O’j)

Round

7. R dispersion (). wech Lrrors (7) luying Trror(“])
Error,

’ (clevation only)

N S NI N N —

8. Overall Gun Error
11, T -
(0"1) %) Range Error (C%)
{elevation only)
TotaliBrror, (C7)
i (8] o —~ 2
Lesrl a2 4 3020?00 o+ ot 4 120 +9 -
I J 1 b 12 i
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ST

Table G“a’

Centurion 20 pdr:~ Errors in minse at Guu:=

MeVe = 4500 fo5.  APDS Mk.I

x 6 Telescope.

Elovation
med. fun VL
meds Jump 5!
nede 1oy 3!
97 875
75! o315
g1 162
9b .27
‘a 1
. B
1420 z .920
=g
: J v'“l-1
5.2‘*1‘ 063
.. 2 .
o «0/>
a2/ ou3
12 .
2
1-2.'\} m 0459
Sun of Squorcs 14739
1.32"
\ 1 ——r———]
90% zone 435!
Range Errors:- (on Vert tarret)
600* 1000*
Visual Error (250r 150% 250%
Rf Error. 15r 5.4% 15%
Aanrle of strike 6! 11!
tan ancle L00175 . 00324

Error in ft on Target »nd in mins ot Lun:-

v, Ltt (1a547)
RL, W03 £t (J05s")

SEORET

UNCLASSIFIED

Co

ADPX

a2 s

Rute of taire 12/rda/min,

Traversc

9!
0
3!

14125
0
#1062

21

G

1 (4" adjust)

1500%

375%
33.75*

1
. 00495

2. 6 (2,77') 5
50t (o1731)

o6 Tt (4.3")
o5 £t (L3841)



LML AR

b,
ADPPX G

Table GA(b)

Conet 77 mfm.‘ - Erro ., in uius at Gun,
meve = 2575
= 5400  APDS

X 3 Telescopc.

APCBC C

Co

o =

Rate of farc

3.
1s :

12 rds pcer oan,

APCHC AFDS
Elcvo.tion . Traverac Llcvition Traverse
n.d. fun LO! Wbt 1.2! 101!
m.d, Jump L0t I 15! 1.0
w.d, lay 25t . 251 25! 251
g oL Sk 1.5 1.375
fj"J .7') .(575 1.625 1-25
"3:1 ojl '51 051 051
“b 27 .27 .27 <27
o (1! adgust) 1 ’ 1 1 1
1,272 677 675 2.7 2,275
032 561 ,766 2,65 14570 .
Rl +307 307 .507 507 i
52 .075 075 073 .073
a2/42 L0535 .083 .0b3 .0b3
j2 ‘
1 o2 ‘-Ym oll-j() - -ll-j9 =
Sun of Squares , 2.11;5. 1.904 6,252 L, 508
TR 1.463" 1,78 2.5! 2,08
M e = = TR
90% zone 483! 455! .261 6.85!
Rangc Errors:- (on Vert target)
600* 1000% 1500™
APCBC : -
Angle ol strike 18! b3l 491
tan angle ’ . 00524, .00902 L014:25
v, 2 £t (4.61') 6.8 £t (7.85') 16 £t (12.3')
Rf. (09 Tt (4173') W& Tt (L461') 1.5 £t (1.15') .
APDS ;-
angle of strile 9t 17! 28!
tén angle . ,00262 .00495 00814

Vl
Rf's

1.18 £t (2.277) 35,71 £t (4.28') 9,17 £t (7.05")
«0425 £t (L0817Y) 223 £t (.257') 825 £t (.634')

Wit g ‘;'DI

By
ca iy
-y e



W‘ ADPPX Ge

Table 1(c)

J.S.3. 122 M/i- Eroors in ming at Gun
MneVe = 2562 fose  APCBC Co = ke
& ) x /. hinred telescopes Rite of fare 3 rds per anin,

Lssume seme accuracy ag 17 pdr APCRC and civac niccl, errors,

Llevation Traverse
med, fuUn ! 9t ag for 17 pdr
sledy gump L Of L0t S
mele lay W2 W2 (for x 4 tel)
Ty ‘ 75 14125
] : NE 1.0
il .25 25
Gh .27 .27 (ns for UK & US)
* 3.375 3.375 (1 mul adjust)
18051 1920 1,525
b .
J <563 1.0
FEEE +200 .200
ks .073 .073
1e 20‘..1 ' «439 ~ (:s for UK & US)
Swa of Squarcs 3444 3470k
g~ ‘ 1.77° 16937
907 zonc 5.85! bei!

Inter:~ Rwnce tables give 0},- 1.0 :md 1,0' 1,e, same as mean of above,

Rangic Errors:~ obtained from (rrph deduccd fron 77 ”/.'n LPCBC (smrnc MeVe)
Ir.ter confaraed {'rom Russicn Ren e Tables,

. 600" 1000” 1500"
v, 2.3 1t (4.42') b 5 SREA (e, 271 1he3 £t (11,0)
Rf. 1t (173") o Tt (4611) 1o4 £t (1.075')
Smenes:

UNCLARSIFED
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T. 3% 85 n/m; =
mv. = 2600 f,s,

UNCLASSIFIED:
b <"y

Tedble  G1(d)

Errors in nins ot Gun,

1P . CO = 106603

FPrC C = 30 0

o]

© x 2.5 hinged tclcscope.. .Rote of firc 7-8 rds. per min,

‘For ..p:-

nyd. gun
ned, Jurp
M., lay

=
o

g

D) 2 1--
>
b

H =

c

2%/12

P

Sum of Squarcs
O

90t zone
For iPBC:~. take Vg =

g—

90% zero

Elevation

Traverse

1.0'
6!
25!

1.25

o 05
$ 32

o439

Lo 22
20 056'

6.8!

1.882!

6.2!

1.0!
«8' (as for 17 pdr
25" (for x 2,5 tel

1.25
1.0

032
.27 éo.s for UK & US)
34375 (1 mil adjust)

1.875

1.0

328

«073

o 946

__ = (as for UK & US)
L4222
2.055'

6.0¢

1.0' and 1,0' (as for 122 m/m)

1,682!

6.2!

Range Errorsi~ taken the sme as 77 ™/m .PCDC (scmic Co and m.v.)

6oox 1000%
V. : 24 £t (L611) 6.8 ft. (7.85¢)

Rf. L0918, (41731)

g AL Ty
\_)!"'.:-/“m“h"\"."“’ iLJ)

-SSR

16500%

16 fte (12.3")
A £t (WW611) 15 f£E. (1.151)



Y appx
appendix H

Platc Diiensions anl Vulnerable ..rcos
of British nnd Ruscian Tankse

1e The overall and individual armour platc dimensions of the turrcts
and hulls of the Centurion like 3, Comet, Je3¢3 ond T34/85 cre ;iven in
Fisse H1 to H4 of this Lppendix,

2e The resulting plate arcas presented by cach tank at intervals of
150 around the tank arc listed in Tables H1 to Hh, cogether with the

angle of attack of cach plate at cach aspect, Indicated in the tables are
also thosc plates which nrec vulner~ble to attack by the runs and shot
soccificd at the hend of cach toble at the rangpes of 600 yds., 1000 yds.
and 1500 yds., thesc rcsults beins obt~incd from the perforntion jraphs

in .opendix P,

3 In Pise 115 ~n rophic 1l representation is given of the varintion
in the vulnerable arens prescnted by Couct to 85 m/m iPDC att~ck at the
two ranges of 600 yds, and 1500 ydse iherens in Fige H6 the changes
in the vulnerable orens presented by JoS.3. to both 17 pdr .PC3C and
20 pdr .PDS ik, 1 attock ot 1000 yds, ~rc illustratcd,
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Fig H4
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Wooendix  J

Di: roms of Vulnerability ond Prob-bility
of Del at of Tonks at 1000 yds.

1e In this .opendix the valucs of Py and Sy, as calcul .tcd by the
acthed descrived  in .vsendix 5t for ¢.ch aspect of the /rious tonks,
cre listed .nd the 1000 yds range resulis plotted s poler dingraise

24 The quuncity Py for . ch ashoct ig ttuacd tihe Vulnerability of

the tonk to o iven ntiock, -0 is the chonec of the atteck hitting a
vulner:hle nren of th . tink W creh asncotbe

3y Wihen the gquantiey Py iy aultiplicd by the value of the particular
deneve for th-t cspectethe quentity'Sy is obt. ined, which is termed the
Probaility of the teoak bein " Jefe ted by ~' iven ttacks ‘In a1l coses

Sy 1s crlculated for both hittnkerfs deme.ve nd the "Nllipticnl" dipeve;
S{y indic~tin:;«the usc ‘of '!hiﬁb.dccr:s' J._"\.v._ nd Sy the use of the

.

ko Tedles J1 to J8 of ihis "nonlix ‘i ¢ the v-lucs of Py, Sqvand Spy
ate the three ronos 600 yts, 1000 yis nd 1500 yds nd for the ivo aiming
points contre oir hull nid coatre ol vulner Lle ..rca, for the Centurion ik, 3
unler nttck by Lhe J.8.3, th. Coxt unler atteck by the T 34/85 anl vice
VCrS.te

5 Fi we J1 o0 this owendix shous the cnvelones of thetio depevs
Vhittiker's wnd "Ellistic-1" for veectorinl v.lucs ot 159 jptcryals (vide
prendix E Pl E2). . TPiurcs J2 to J16 arc the polar 2nd vectorial dit.rams
of th values of Py, S4yund Sy for 1000 yds ruage ..t interv.ds of 159,

6. It is intcrestin to notc Lht - herc the t .ni is 1orc or less

uniforily vulner 'e to tihc .ti.ck at -1l asnuets, then the Tora of the
nrotebility of def'v .t is prianrily coutrolled by the loin of the deDeVe
Unere-s in, chosc, cascs where some wspechs or the t nk «re invulner-blc or :wch
loss culner ble to the ntewck, thon the ooy che vulner.bility predoainates
in n'h fin 1 shape of the piorybility:of Jufe .t,

k-2
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Appx  J.
Table J1
Centurion Mke 3 attacked by 122 r .2CDC (JeS.3)
(1) (.imingPoint Centre of Iull)
Py S1v Sy

Range
- spook 600% | 100C* | 1500% | 600% |1000%| 1500% | 600X 11000% | 1500%
[ oo W47 | 0709 | .237 | .108 |.080 | .026 | o184 [o138 | 046
150 0386 | o377 | <176, | 04k | 043 | 4020 | .058 [.056 | .026
300 «955 | 788 «5hh 098 |,081 | ,056 084 1,069 | .,048
459 54 | 786 «5h7 <055 [JO45 | 4032 L050 |.ou1 | ,028
60° «954 | 4783 | 4551 .036 [.030 | ,021 .03 |,026 |.018
750 2554 | 780 . 548 2029 |02 | 017 .021 |,017 | ,012
90° +954 | 779 o546 | 4027 |.022 | ,O15 «014 |.011 | 4008
105° W54 | 780 | .547 | .023 {018 | ,013 | .011 [.009 | .0O7
120° W954 | 782 551 018 [.015 | ,010 .009 [,007 | 005
1359 954 | 786 555 .013 |,011 | ,008 .007 |.006 | .oQu
1500 2955 | +790 560 .009 [.,007 | .005 .006 |,005 [ .OOL
1659 637 1 497 |.355 | .003 [.002 {.002 | 0Ok [.003 | .002
180° «953 | 751 o469 $002 | 4+ + .006 |.004 | ,002

(2) (.ioing Point vulnerable ‘rea)

Py v Sl‘_v
“\&mgc
oL 600% | 1000% [1500% | 600* |1000% | 1500% | 600% [1000% | 1500%
0° U7 4709 |.212 }.108 [,080 | . 024 | 184 [.138 |.O42
159 W43 |68t f.191 [.107 1,077 1.022 | 140 [.101 | .028
300 0955 {793 |.557 1.098 |,082 |.057 | .084 |.070 |.049
45° ¢955 14792 |.562 1.056 [.O46 |.033 ,050 | 041 |.,029
60° +955 [4793 |.565 [.037 1,030 |.022 | .032 |.026 |.019
75° o954 | 4788 [.558 |.029 |.024 [.017 | .021 |.017 |.012
90° «954 14,779 |.546 [.027 |.022 {.015 | .014 |.012 |.008
i 105° 954 |.789 [.559 |.023 |.019 [.013 | 011 [,009 |.007
j 1200 e 954 | o784 |o553 1.018 |.015 [.010 .009 |.007 |.005
i 1359 ¢ 954 4786 [4555 [.013 |01 | (0OB «007 [+006 | .00
150° 954 |.790 [4560 1.009 |.007 |.OO5 .006 [.005 |.O04
165° «951 o729 o1 [0y lioo3 |.002 | 006 .00k |.003
180° 0953 |75 {469 [J002 | + 7 .006 |,004 |.002

+ These valwes are less than 40005,

WNCLASSIFIED
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ﬂ aAppx  Je
Table J2
Centurion Mk. 3 ~tiacked by 85 mn. P3C (T34/85)
(1) (.iain- Point Contre of ‘tull)
By Dy Sly
s Hange
600%x | 1000% | 1500% 600* [1000% [ 1500% [ GOOX | 1000% | 1500%
asnecis
00 - - - - - - - -, -
150 - - = - - - = - -
500 - - - - - - - - -
14-50 c957 I716 .11.1;.2 .OS[-[- .014-2 .0?6 -014-9 -037 -023
600 «937 |« 716 A7 L0366 1,027 {.017 031 | L0z .015
752 0937 |+ 716 Jib7 .029 |,022 .0k .021 | 016 L010 !
900 [.937 |.716  |.bh7 026 1,020 |.012 | .01 | .01 007 |
105° v937 {L716 |WbhT s022 |017 |.011 011 | +009 005
1209 0937 | . 716 47 L0150 {014 | ,008 L0080 ] .006 L00
1350 2937 | 716 |ob47 ,013 [.010 | ,006 .007 | .005 . 003
1500 005 | JOU4 . 068 + + <001 + + +
1659 638 1.437 .25k .003 |,002 001 L004 | .003 +002
1800 0936 | 4690 {437 002 1 4. + .006 | 004 +002
(2)  (Lining Point Vulnerable .rea)
P Siy Siv
~Range
\E 600% | 1000% | 1500% 600X} 1000% | 1500%{ 600% | 1000% | 1500%
. SPCC
00 - 2 o - = - - - -
150 = - - - - - - -
300 = - - - - - - - =
450 £937 | 716 U407 LO54| L2 026 L0491 037 .023
coo 371 W716 | 47 036) 027 | W017 | L031] .02 | 015
ToE £937 | «716 A7 .029) .022 01 021 L016 .010
90’ T Y AL Y 026G 020 | J0t2 1 Lo Lo11 | 007
105 0937 1 716 U7 0221 L017 Lo 011 ] 009 «005
1200 $937 | LTIG AT L0181 014 .003 .008 | ,006 » 004
1350 4937 | <76 A7 L013] 010 | 006 L0071 .005 . 003
1500 W30 | $076 305 . L0N9} 006 +003 L0061 004 .002
1650 2936 | +(35 . 367 L00h| 003 | .002 L0061 Joon | .002
1800 6| L0690 Y/ . 002 + + L0061 004 « 002
- dcnotcs zuro
+ These viiluce ~x¢ less thon , 0005,
UNCLASSIFIED
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UNCLAS.‘SIFIED-

Comct ~ttacked by 122 mm “PCBC (J+Se 3)

(1) (..ining Point Centre of Hull)

S Range
N

“:m(jc\t\_\ 600X 11000% | 1500% | GOO* | 1000* | 1500% [600* 10004 | 1500%

00 [s961 769 [W4T75 | 108|058 .05k [.186 (150 | 4092
159|804 [.595 {4391 | 4091 | .068 | .04 4120 [,089 | .058
30° 1,962 {805 | 564 1,099,083 |.058 |.,085 |.071 | .050
45° 10962 |80k {4504 | .056 | .on7 {.033 |.050 [s0h2 | L029
60° 1,961 [.802 |.556 |.037].03) |.021 |.032 [.026 | .018
750 12961 {.800 |.559 |.030 | .06 |.017 |.021 [,018 | .012
90° 1,961 | 600 |.559 | .027].022 |.016 |.014 [,012 | 008
105% | .961 |01 |.559 [.023).019 [.013 1.012 [.o1o | J007
120° 1,961 [.B02 |.562 | L0186 .015 | .011 ].009 [.D07 | .0O5
C1359 10962 |0k | .56k | Lot | o011 | .008 1.007 [.006 | (DO
150° ootz 1,605 .oy | .009] 008 {.005 1.006 [.005 | JO0L
1650 1,796 (.90 |.286 | .00k ) ,003 |.002 {.005 |,004 | JOO2
160°%  [.901 {2769 {475 |.002] « + .006 |,00h | 4002

(2) (..iwing Point Vuluerable roa)

Py 31y Shyv

S—
\Q_angt‘

poat-, 600 [1000% [1500% | C60% | 1000% | 1500% 600X [1000% | 1500%

0°  |a961 14769 |75 |.108 | .085 |«0454 " 14186 [o150 |°6092
160,960 [,752 |[olibh | 4109|4035 |,052° |143 {112 |-, 068
300 962 4805 4564 [4099 | «083 | L0587 [.085 1,071 | 050
5% 1.9Ce |80k 456 |.056 | 047 | 4033 1.050 1.042 | .029
60° _|.96z | 807 J.567 [.037].031 |.022 [.032 |.027 |.019
759 1,962 [.806 4567 |[.030|.025 | 017 [021 [(O18 |.012
90° 1,961 800 {4558 |.027]4022 | 016 [J014 [.O12 |.008
1052 1,962 06 4567 |.023].019 |.013 [.011 {,010 [.007
120° 1,962 |02 [.5A2 1,018,015 .01 |.009 {,007 | .005
1359 2962 604 1564 |0k ].011 | 008 [.007 1,006 | .00h
1509 12902 [,605 W56 | 009 | 4COB | 4005 [4006 [4005 | 404
165° 4959 o751 [453 | 0051004 |,002 1,006 |,005 |.003
180° 1,901 769 [.475 {.002] 4 + 006 1,004 | L002

+ These values arc less than 0006,

UNCLASSIFIED
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‘Ba LPpx Je
Lable Jh
Couet attacked by 85 mm APBC (T34/85)
(1) (Liming Point Centre of Hull)
By 3y Sly
~ Rangle ‘
1.‘sp('3~c~t. 600% {1000% | 1500% | 400X |1000% | 1500% { GOO* [100% |1500%
OO ‘s 950 L] 766 Oj?ll‘ . 108 . 086 QO’-}-2 [ 1 81‘ [} 11{-8 '072
150 497 [ +433 « 307 056 {.0L9 +035 LO7h 1,005 |J046
300 +950 |,787 178 L0900t L0180 Lot |,0600 |,016
45° +950 | 78% | .531 [.055 [.ou6 | .03t |.ong |.ond .028
60° 2950 1763 | 537 |.036 [.030 | .02 |.031 [.026 |.013
75° .950 {.702 530 1.029 f.02% | .O17 021 017 |.012
90° +950 | 781 .537 1,026 [.022 |.0t5 |.,014 }.012 |.008
105° 2950 | . 782 .536 |.o2z {019 |.013 |.ot1 [.009 (.006
120° 2950 | o784 [ o540 [.O18 (4015 | .010 | 009 [.007 |.005
1350 « 950 |+ 766 543 |.o13 |.c11 | .008 | .007 .006 |.O04
1500 «950 | . 780 «206 .00