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In this paper N-** vptima times of
a &WLP./D.B. Turgui. G,-.as for perforativa arwo4,W ite

are dwtouiroM.

It Is shmVm thi ., Vtz Yvam~s e 51"ni Aprxmt
bry *be rtiix

Sbott o*1brre/;t cllbz* b ~

Ibst wore soourats v~.1at, which 4"ndr upotm tb.hetaitic
wiagtU md4 the rezig, c~x be datemine.d It is comaiua&
als.o tbat sli~ht reduct1iu In thase retios Wy be adopted if
ruiasma vitbout swroxm.i2j reducit tbo thioknees of plate

of~az nt iJppl1J,
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Introduction.

DiscarL.ig v~ t f~- 'tiles om~prise in the ma n, a shot of oraVLeM;,
mmailer than the g=n~ i fitle;! with a ligkt alloy body (the discarding aabct)
whose calibre suitsi th Z=m tw and aentres. the shot.

*Y this car~s' -%ti~m higher velocity is given to the shot thaij ;rou
be obtained if Mmid - a~ a ,,ur .f calibre equal to the sbctj aind 13)e
at -the targp-t -.vvad b n~rreqxpi-. .imSly higiwa for perforation.

Perforation -. thi tar.vt is depen~ent upon ther veight, diaetw axd
velocity of the sho* ;A w, it :s possible to design. a D.'.q. projeco'iie T,,rtb~
varying sizes of sbc '.is i e qu~ *4ed to know the beat oize r. ich -will eff,-ct
ivaximin perforation .. 'w 1.atLe,

Ammizptions.

The azswnpt: :' mele in this p. per are those iso given in A.R.E.

Ireapons, Branuch Y N),1/,

(a) Internal. ba.Uzistic reiLat rml--

\Projeotile v-ii- pluE halfJ tie charge) times the ayare ;: thf,

muzzle v .locity s cori3tait focr the zsne cb.Ltga at all

(b) Sbatter dloes n~t -u i.- arry case

(c)The ,-rojectileu ac,! stab~e

(.) Te wreight .4f the Utacard Ln c~o-nents of the pr-oj ctUes i~l

constant for die ;aiae ty,.,e of projectile
(e) log ,. C -u;a - .j tb,, De ,X n o, f orm la, -f r a g ve r . e of ,:Loi

is Co7- .!;

I ~ 'i~c' e con~iderej cover 37O-&flC)D ft/Zec.

..... ~a-.ed, -,lit

a) isa a Pea:. enough -oiuation

b is arn ain1icipaticr

^*R, Rt: aiid A.D.). .-ird from experience that this is reasanetly t' i j

(e) this L F rnot 'it,r -orvinoingly disproved by experiments
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The normal xetIw I or determning the velocity of shot at various rangestbs' ht 6"a, to lusocd.

?his moet does U 1nd itself to being introduced into the problm
and, In the tonow1ng, a s,-w -equation relating range and velocity is obtained.

One form of the js tanae equation in Irt%1 41A(#) , dwse "a0 is the
valoolty of ound tn air.

The Text Book of 'i& istics and Gomum7 1%6 also states that a reason-
able fit for velocities be e 3700 and 6000 ft/sec in given by

Resistam. Ifs

Banoe can V 2 rN, ristano* in the torm

iere K and K, are bsaflst , ol Itants and th. quaion of motion may be witten

x 44 (KO 0.1
gdi-

dy II (Key~

vhich lad& tc X (4i)4 T6

*axa rane i. t
V.M ve2-I~d at r go X.

d a 4Mte :f bn y iz ft.

I a -imigt b i tmnlb.

tablle I gives th, V-A., of K4(1r) d teoined from the results obtained
ty the Siaoci xetho, for f .r ,ub- zj~.etiles at the rargez 500 100 and 2000 yd.

TANlE I

Ti d T z V I(ko) Men 141o) Mean

6.78 2,CA 150. 5230 5032 .1676 .9251
A1U.8 2. S15 15", 4.700 A.36 .16" .9w

14.32 2.675 250C ISM O "M 249 .18 .9D09
Z1.02 3.0 15M 391 8 .1690 .8812
6.78 "'.iM 3000 5M% iA8 .2678 .9228
3.1..8 2.5,5 % 4.700 4 . 1683 8949 *90

* .21.82 3-06 3W0C 3%00 3W~ .1"3 S

A6.78 2.06 AA 5230 IMk4 .18 958
11.6 2511' 6W) #,70 4030 .1690 .9039 .

1.2 60"W 4W0 3&* .16% Ad889
D 21.82 J"02 6=1 310 3W08 IWS8.8

Is inin inw (9f )(@is in yars.

~S u -



A simpler toru way be produced by a&wxiag the reistance. varies 'a the
Velocity thus

assistance x ,(xo)tv

giving X whr fo 3
d -ina

The values of 1,(o) are also given in Table I shving, they are reasonably
ccnatant. Using the mean V Ix we b&ae

where X is in yards
W is in lb
d is in ins.
V is in ft/usc.

The projectiles consiered in this paper have the same (Ko t value of
1.1 and therefore equation(4wi.] be used throughout. Ifhoever, the form of
the shot is changed, giving a new value (10)2 the ranre X as deterined by

eCatnotio- changed to

The A.P.C..L.AS. Projectile O- optimu size.

1. Based on the Full Calibre

In this assesmernt the weight of the Ballistic cap is included in the
fweiht of the body considered as perforating the target. This may not be strict-
y true but as its weight IA a sall fraction of the shot weight the error
reaulting is probably mall. A typical form of the projeatile is sham in
rig. 1.
Let Dimter ef Pull callbre shot = d.

Diaueter of sub calibre shot = d2

Weight of Pull calibre shot = W1 k
Weight of sub calibre shnt I, kd,*
Weight of ditcard W e ( ost ant)
Weight or projectile = V+W$
Weight of charge C (constant)
luxale Velocity of P.C. shot = V,
Vuxale Velocity of s.ub shot = V,

Thor fcr constait energies as Isplied in ansuation (a)

(,, + -' V a- W..C .

ToT,1  la where K de (/)

We also have, ZqiUtion(4). I (VI 56W

and Nles perforation equationd d
Low



ApU1g thms migatiom to the ftel calibre and awlibre shot

0 .~) ( 0 9 )i1 doE

Nenos in rato Iri

2(K~b) x ii)

Vatom th ratio n wit toe is a

t bo.ato K. th ai tif ba its datrie + r (7) ~o

1 (Jo)f o

Thou.~~~~~ ~~~~ .qain il o eq.ls oo/rtpla,

d .1POLCA..-Ds1RI()~

(7) gietyofgs om oa
~.mte o. a r ~-v~tl ,6i

V Iat of.1 sbeso sma lae tha t.2 lb.fr oftetidtmAsal tog

TVaritin of h raio i!wth eztisugo 4.i tu a o i pix

Tb.os to P~r m aieo Im the atio ofm sW b La.mze rm 7 ho

*
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The weight of a Full alibr. shot 5.2(±) 20.8 lb W1
NnairgIerglea,

(5. +2.03. +9- 5020" (20.8 + * )l

Velocity of 1.0. shot a V, 3440 tt/aoc.

b z9.6 * 2.3 .23M8 + #0976 - .328k~

Yrts equation (9) the optimm value of K to first approzimation in

K. .969 % -324 -0.6

or the optL,- aias of sub-shot a .668 1 3.3 w 2.2 inis a"5 not 2.08 inn an
In 4esign 0)2(L)6943.

For a more accurate evaluation cf 1o equation (8) is used 'nd
oameenc;g with a value of the order of Io ca.l ,lated above the following
tabulated x#-thod is applied. An alternatlve direct solution it also given

in the Appendix.

K .67 .68 .69 .7 .71 Also t - X

' .3008 .314 .3285 343 .3579 V 1  1

P b K.6292 .6428 .6569 .6713 .6863 .28 x 32X
.7932 .8018 .8105 .8193 .8284 3.40 ,23O8t xl.656x20,8

OAb .4780 .4891 .5 .5109 .5215 .0000236X
I.184 1.175 1.175 1.17 1.167 So for

1q 5C +.012 -.005 50 d.18

(X.2000 #.054 +.037 +.02 +.004 -.008 1 2000 yda t =0472

So the optimum for range of 500 yda ia .677 x 3.3 = 2.23 inn

for range of 2000 yda is .703x 3.3 a 2.32 ins

It is sen, therefore, that the optixri size depends upon the range
Nut ai one alse of shot only cAn be adopted in practioe, a oo.prznine for the
atxve in n diameter of 2.27 i;* i.e. K = .688.

PrcI equation (10) the ratio of ts/t, may now be calculated for this
m.-uin opti- um alae, on! for the ranges 500 and 2000 ydn.

3.3

Por rarugwl S .Xo500

1 -2000 yde 1-05

I So at 50O ydit the rsub-shot !a 5% better than the P.C. i4rv.*eati1,t
zn At AV= TdXs tthe xt~b shot is 3% better thsn the P.C. ircieatile anv'.~ixg
aek'Atior (a) Appies i.e. 0,a

PA



M P2
;m5 -,. A.P.Co.CSa.8. - fl2L) 681

r ~Detar of gu - 105 . Ins,.lI l.
This shot is a suale-V of the 20 Pr. ,mb-,,hot 2.08 li. 8imter

and ,,,ght 5.2 lb.
Ohsrp weight -- 16.5 lb.
Wzt of 4ixooxd a 4.22 lb.

Isight of 1.0. sho~t -n (44 - i41.1 lb a -

Pr the estimation of the LT. of the P.C. shot the only information
available for a ub shot, and the charge vzo4 above (16.5 ib) is a sub-shot and
discard veigbt of 19 lb having an LV. of 440 ftlW..

Dead on this, the veloolty of the F.C. shot i, givn by

+ . )l 4weo
- 3210 ft/sec.

how h a 16.5 J.22 2 +2'103 = OD3

And the optlam xise to the first aproximstiom is

or the optim sizse. .651 x 4.134 = 2.69 im.

Again applying the tabular method to obtain more accurate values

K .65 .6 67 .68 1 C0 .00002

K.274.6 .2M7 .3001 .31"1

K *.b .5776 .5905 .6038 .6174 Pa X 50o yda t= .1

4?;b.76 .7681 .777 .78 1 - MM Ytls 1y .04.

K A4b .4754. .4869 .498 .5093

ZI 169 1.164 1.16 1 155

Iq. ) Ix5W + .013 -.-COX

1X-.000 #.ONA .03 +.014 -. 005

So the optiair sime for the ran** of 500 yards - .658 x 4.13. w 2.72 ins

for the ran. of 2OO yis a .678 x 4.M = 2.81 liv

or a mean or 2.76 ins or K a .67 ad the ratio

i~'1

-7TO FIR!-
-. .
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So at 5W0 Y.. the as-abt is 5 better than the S.C. rcojatile and at M00 yda
the sub-dt is 31 beatter am ta r.C. Proeotie.

1. Iqiustioo(Oahows, to a irst pprozet ion, the €ptimn size rslativ

to the N.C. asm is givan by

wnc b depens vpwo the abarge vigt, the disaord wigh. and weight of the
P.C. abet. A closer value ia obtaird by us of equation(8)but the explea
Shone alearly that the optlaum mss Varis as the rn aries.

2. The ez0pla also show that a rough rule for the opttem ism is 2/3
of I.e. aSm.

3. Iq~mtsc~ 0LC sivws the ratio of plate thickues capable of btx1zg parror-
ated ty the xh-sot A 1.0., and shows that as the r n eases thi
ratio dearesass slightl.y. e nrae

4. BquatAx (M aM (8) sow that the optim e s is neither affected by the
anal of sftta 8 when this is oonstant for both the subsbot and F.C. shot,
nor by -v dtoreo= in the log to 0.

MffreasO in the values of lo0 a wuld however affect the perora-
tion ratio ts/tv, A shown tv equation i if auh differences existed. S.4.B,
owvsw consr that where id *jp shot are used lok.O i u reasmably

AMnItaMt and that the relationship bewen lo o0 and t/d ven in Proo. 26399 -lO goC + b - is dou ,b tful f r S egr .a u se.
5. In ore to rsuMe APY argment as to the efflect of posil dfert/'ences

Wt oIM 09,00 and th weihts of &isoaxdax (noting that in isat the F.D. shot

does not awr a discard) Use following ezma aprahs the problem asth
desge woul da. That in be first extaates th vagt and obta~i tjwe
balstc f or a silft of sho of the order of the optim ai and then with
thi data proceeds to datendna the optim aim. By so doing the I*O0loa
valne of discard w i ht is less liable to Y%:7 with ali ht differences in at
aim.

Alternative Neted bmd M?5ou Designers Pr'elininszr' estimtes.

In the fallowiM, d'ffix 1 applies to the sine of the designers first
"asuat and affiz 2 to the optima im shot.

;of Sub-cal Requied Opti aim

Wight of ash-abet we~mwt M T kuk

Disert weight 0 V
N.V. mu - ,

tiIs a#ain the ratitm but reAlItd to the tantativo desgn.

j) ' Tt. - oxLI +

vab|



"v, . 's - ,= o-~
Prom (6) tia~ 7 V,~o

1.656 ~1. 656 (2-Y

and the ratio R refteex t

2at Iu

Ihich is the same form tft (10) but the valves amnow

b 0

+ hab

b. a (T1 -h)

mad to a rirat approximat ion
K .969V(3

and the variation of with range X by

L 1-Zti:oT (14)ae*wlrt u wrltdt h

Do aipnws tentative siw estiAe.

Thi s alter nt ive eth od i a w apqp:li ed to th l o l us of examples

1 md 2.

This is the problm of Oiepl* I bt ww

Tentative dot 4ja-.stw a 2.06 Inse *&
tof cot a cap 5..21b wV1

welat orftw* 2.03T Mb 1,W
V.&t ot chage 9.4 b -0
L.V. of siot S W0Z at /a. *

f a frst approeta.wi , *quatim 04 ive

- Z- a *Z.. S5 a . 1
I+ a1b 2*a

.% VC= n 4 *i

7-7



nRn using (1,1 to obtain are "curate values tor rarns of 500 and 200 yda

K 1.06 1.07 1.08 1.30 1.12
K 1.191 1.225 L261 1.331 1.405 1. 6%x5. 202.U5 0
K +b 2.502 2.53#7 2,57 2.642 2.716 .0000187z

L17i 1.593 1.603 1. 625 1.64a

*/K'4'b .476 428 .49 .5037 .517 For X = 500 L = .0093

VV X 492 1.4M8 1.485 1.477 1.471 1 - OO t -. 0372

Xq(12) Xz500 4.015 +-004.6 -. 0077

So the optim size for roge of 5W0 yu = 1.075 x 2.08 = 2.24 i .

for ree of 2000 ydx = 1.1115 x 2.08 = 2.32 ins.

These values are in aoc-?i apremwnt with oxam. t 1.

The practical optimum in 2.27 ins as hafore b-u T now related to the

totativ e d esign sia in 1.09Lo

it, s t 1WO & Ie- O2,,,.

A.te ett ir design b ined httettk of 2.06tie iserosertothatbo theotiwiz

i o~tinum sims shot of 2.27 diietsr oorpared with that of 2.08 dianeter is

i ! nt0.4 and 1.3% bertter, that i., for thio difrenoe in di-eters, the improv.e- .1

1 ?his is the prblof e le 2.

20 before, the 20 Pr. is take2, b&) now as the tentative design mise.

As the ofttveds sub s o f 2.08 isclstohaofhepimmiz

(uul t f 20 r. shot and cap=a 5.2 lb W

d isc t 4iward w i.22 lb = vI,
Iisr ofals to b 1o.5th th =C

The wW l o% ty e r this tothtine derign in also based on the proe-tle
r.Nrr A*d to i txe 2 i. Ista, 19 lbs with 16.5 lb cnatv e a selocty

Thus ft/see
J -eioe fsbshtW20 n



So )LT. of the ohm 20 Pr, pro)atile is given bt

(1 4 -3. (. 42 1

WA.4 +0 1.586% 22.398

&a I1. b a 3.398

10? first q1p -1to -%a 99 *v--9 - 1.297 frwu 1.

or opt i ai 1.297 x2.08 -2.7 ins.

XVaing *q. 12 to obtain soe accurate values, w have

I1.3 1. 31 1.532 1.34 1.36
2.197 3.248 2.3 2.4o6 .515 % 54x43398Pz1.6561.2
h. 595 4-,646 4.69e 4..804 4.911.0014

+~b 2. 1". 2.158 2.168 2. 192 2.217

W+ 164 647 1.642 1.636 1-63 7or X u 5W0 t .0072

hir ranp 2000 yds 1. 355 x 2.08 2. 82

or. 5 a paticlsew of2.77 hic is inhet goo themen tetiw, 2.iz seo
2.Q ~ ~ g i~ l t 00s o t s 1 b3t31

relati *Go 1~ 1..at

~w tb h eaer 2,08w e ~~1 b .w~.~mim~
in23w~m te ~yt atm 4.tm~, IemusW *4m. J

for 1 5-



As for the A.P.C.B.C.A).S. pojotilo, the first object In the following

in to 4artarmine the optim esf related to the 1.Q. six*, then to obtainx the
equaion reate totheDesigner's tentative dsign. Ttst~ fDS rjo

tilecomrise a botof deome material, a ballistico asp, aset h od
Act ad OVtogether, 4V?% a disau.

T eiclambies of ' It P.C. and D.S. projectile are sholwnkWPg.2
Pollwingthepreviousa method we ha'ver-

hakl cXahl0 Project1e Disgorditg 5Ubot Prolactile

Core weight a Wt n kd&aCoare meightITakd
Cup isigkzt * WS nk*Wsui kokj*~ Cap weight WWsurkAW a

Sheath weight = W4 = kbWs= kakdIL Shath weight =V - k j 7 .r

Charge weight ag CCharge wight a C
L.V. * VP W.V. TO
Sheath thickness . (D-d ,)/2 Sheath thickniess A . do

Tota weight M a W& W4I+W 4  Discr oi& I S
Djsstgrof .C. . D Diamter of ow do3
Diseater of cre = d Let I da

p Lt Z - a&Jdt than d./d,

Equating enerxiest-

wher +aJ ',+e+' W s
T 2

weea I n(~~ +Z'kI.!+.,.

Rang, and VUlocit~ at Tare
TheC..C shape of the D.S. Projectil* in flight in the sa &is the

A.P.CB.C.at considarsd previously an bence the relattionship given by
tquton 9) applies1.5

The target vaiccity for the P.C. and D.S. Projsatile arnt therefore

L6 z

a V j~j~ 4 V ag-1.6own.



1hi.. of puts Pwrsad

t' ZaYi Ci R

" - 1. 6% 4k14

which is similar to equation (M

f 3y

[1.65aJ

Di f.rentlating (11, and equating to zero as before, the optimum size is given by

whare

The first appro x tion to the optimu size is again obtained by neglec-
ting the third value of(16)giving

- a .969 .96%9Z (17)

With this as a starting value, the tabular method prerviosly used can be
applied to (16) to determine more accurate optimum sizes relating to varying
rganes. Thev the rates of plate thickness, perforated by thin optimum size,
to that by the F. C, can be oalculated fram(15) which reduoes to the form

nm,(17) is the sam (9)with the inclmlor of the ratio Z. Irce current
da*iV the ,alu of Z Is of the order .77. Tho rough rule for A.P.C.B.C./b.S.
#hat is P-C. bence the rov~g rul for L.P./b.S. beucues

2 x .C. x.77a jF.C.

Alternativ Solution baed on Desiirr Tentative Design

The usl.Ui.w LP./b.S. tentative ore slse can as shown above be taken
sa F.(:. mss. Pr'oeeding as before, we have (sae f14. 3)

rentative Dege Alternative

Ceort wea1t a 17 a kIL4,, T - k,,,

Ceab wig a We a k * k - d



Cb a hi dawa to
"*oaxt Ifigt To t
Diiamterof gun D D
Total veigbt of projectile 3V+Weip*mW+Ao+wWA V
Dimurter or abeath

s quatings rg~ b"9,01 " got

VA - -T(A

tAt '- V+V - - AX V

Th*4 oJt1 ei sgvn

end~O td CAru d~r~ma~n

Ti.99V *T C,8~

Yar~~~atia ~o at ratio tjtiawthra

As bfore eq Atio ) usto

IT



C

onclusions

It is shom that roug rules for the optimum aize of LP.C..C./D.S.
ahatandA.?/b.. cres am' /3 P.C. and 3/2 P.C. resr'ecti-mly.

A closer vilue is given by the typical equation

o-timum at= ratio K a .969 AlB

wtwre A and B relate to functions nf dinmnzons and weights of eltbr the P.C.
projectile or Designer'a tentative denign.

It is also shown that the true optimu size is depeonent on the target
range and Is therefore not constant for all rangep. Nevertheless for practical
rer-tofl the size to te selected must be common for all practical ranges and
trrerfore a mean value of the ext-ews calculated.

The exanples show that, though the optium size shot gives the maximum

pvrforation, the rate of crange of thickness perforatei, with variation of sinof shot arun the optius, is nmwLl.

for this reazon, and especally v.rn eoonczq in cost and material in

necoasry it ma be oinmadered sufficient to design to a shot size slightly
le: tan the optimmte

K V



A1 alternatiw solution to solving the equatLions 04 C1 and (20) all
of *ioh we of the £brm

.713.5r -L~ 12 0

dnd having to a first appreoiatuon the salution

T0 - .969 "Vf (b)

so be obtained by use of the Taslor Therm. This sethod *an replaoe the tabular
method usd in the pper

Tb. Taylor exp..ssiori is given by

f(zu -fs)+X(a) + 6f() a0

taking the first two terms ve have

Prow the equotions (a) and (b) sbove ve hasu

( .715 - t * 1.4262 tb%

2 3 + - -.---b) -

i lBsroe the s*11.t on bos

.,-,,

i [969 1.-31 L"b] '>  with suficen a<='='< (o)

br epe,.uplyi this to .i1 1 end for the range I . 2000 yd.w
hadb..;liZ I - .0472

Irm () .s0 hw I *p00 tEl rio

ai 1.113 - 2.32 ls s before.

-[969 ,<, -&
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Title: The Determination of the Optimum Size of A.P.C.B.C./D.S. Shot and of the Tungsten
Core of A. P./D.S. Projectile for Maximum Perforation of Armoured Plate
Availability Open Document, Open Description, Normal Closure before FOI Act: 30 years
Former reference (Department) Technical Report No. 9/52
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.
The document has been released under the 30 year rule.
(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.


