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by the ratical-

Shot omlibre/% L1 cellbre O
Tougsten cors « ol ibrs/full cnlidbre o
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THE LETERONATICY OF T38 (FIMWM SIZE OF A.P.C.B.C./D.S. SHOT AND OF
FE TONGSI: 7ORE 0F \.P./D.S. PROJECTILE FOR MAXTMUM
PE:P RATION OF ARMOUR PLATE

Introducticn.

Discarcing s ot Prs;. tiles oanprise in the main, a shot of oeiite®
smaller than the gun « i fitied vith a light alloy body (the dimcarding salest)
whose calibre suits th gun tory: and centres the shot,

By tbhis cums ~uctitm : higher veliccity is givem to the shot than wou
be obtained if fired ““:m a :un ..f calibre equsl to the shotj and ile welicait:
et the tarpet sowdld b oorrerpol«ingly higher for perforaticne

Perforation - ' the tar.et is dependent upon the weight, disaeiar ard
velocity of the sho' .d ar it :s possible to design a D.S. projectiie with
varying sizes of sbc ' is required to know the best mise wiich wiil effiact
naximum perforation . he rlate.

Assumptions.

The essumpt: or s meile in this paper are those aiso given in A.P.E.
Weapons Branch ¥ no K. /5"

(a) Internsl baliistic relatiomi-

{Projectile ®cigs plue half the charge) times the squsre of the
puzzle velocity . s constant Tor the seme cherge 8f 211 veloodt. ey

(b} Shatter does myt « cur i any case
(¢) The projectiles ac: stable

(d) The weight .f the liscarding cowpcnents of the projuctiles is
constant for rhe 'szme tyne of pm“]ec‘t::.le

(6) 1log,,C used in th De ¥am: formila, for a given angle of improf,
is comi oyt

#) e murse velscit.es concidered cover FHH0-6000 f“!;/sec.
oo svehed hab

{a) is a near snough ,preoximation

;b is ar anticipatic-

¢} can be made true '

a) AJE.B. and 4.D.8. ind from experience that this is reascnebly T w
e) this Les not heor unvinoingly disproved by experiments
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Range - Yalooity Bqutic

The normsl methc: (or determining the velocdty of shot at various ranges
18 'that &m to Siaoct,

This method does '« lend itself to being introduced into the problem
and, in the following, & = .~ sguation relating range and velocity is obtained.

n
One forw of the i »s. :tanoe equation u,}acnv‘u(f) , Where "a" is the
velocity of sowd in air,

Tha Text Book of “is..istics and Cuonery 1946 also states that a reason-
able fit for velocities be mee: 300 and 5000 ft/sec is given by

Resisterce - IV'°
Banoe we m.nw 3 ™ istanod in the form
K, (xo)atv* 4
where K and K, xre ballist - o itants and th&‘quntion of motian may be written

%}:} =i (ke "R

; . »
wich Jaada te  x =g ymood (0 -7 ) (1)

whare X = rangs i L.
7‘...- valooll at 1. ge X
d o dlsmets of by in £,
T =wmight b & tnlbdb,

Table I gives th vaius: of K(Kko) determined from the results obtained

-ty the Siaoci method for f r .ub-irojectiles at the rarges 500, 1000 and 2000 yda.

TABIX I

( —
C o mb 4 d z ('}  / (x) Mean K Maan
{frojectile b, e fiet t/s s & K,(x9 4x2) ¥ {X0)

fx ﬁga gc& ii‘&’ :2‘33 503‘? L1676 9251
: ) * - [ y A5 . 09122
o 1,32 2,675 150C W00 42,3 .1680 168 | Too50 9048
B Z& 3062 1500 3910 3783 .16% 8812

P SRz
o . . 3 & 73 W .
o Ld? 267 00 o0 a0 16ay 1683 | g o303
;r’m o 21.82 3'“2¢ _‘g"-} - m 5‘53 ol‘&} '8732
. 1 6.7 2.08 60 520 A6 L1680 ~ 158
oD L.k 2,51 &Y A0 M0 L16 .
Lo W32 .67 Gce Moo 30m  ci6m % | %oy .8ws
. D .82 3,082 600 3910 308 1688 8707

olm
Taking wbv wear sl of K, {xo)
B A whare 4 is i3 inohes
x 18 in yards,

ARRACR A N A
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4 simpler form may be produced by assuming tbhe rssistance varies as the
velocity thus

Besintance = K (Ko)a*V ,
giving x= gm m(”,-vx) whers x = feot (3)

d = ins

The values of K,(Kr) are als=o given in Table I showing, they are reasonably
censtant, Uming the mesn vnlue we heve

1 -
3. %ﬁi‘-‘fu"”x) (%)
wiere X is in yards
¥ is in 1b

d is in ins.
Y is in rt/mec.

The projectiles considered in this paper have the sare (Ko}, value of
1.1 ard tberefore equation{i) will be used throughout, If, however, the form of

the shot is changed, giving a new valua (Ko}, the range X as determined by
equation (i) {a changed %o

[

The A, P.C.8.C./D.8. Projectile - Optimun Sise.

1., Besed on the Full Calibre

In this assesamert the weight of the Ballistic cap is included in the
woight of the body considered as perforating the target. This may not be strict-
iy true but as its weight ia & mmall fraction of the shot weight the error

reaulting is prodably seall, A typical form of the projectile is shown in
Pig. 1,

let Diemeter of Pull oalibre shot

=

d,

Dimpetar of sub ocalibre shot = d,

Wolght of Mull calibre shot = W, = kd,*
Veight of sub calilrs shot = = kdp*
¥eight of discard s W, (corstant)
Yeight of projectile = Wyl

Weight of charge = C {constant)
Muxxls Velocity of F.C. shot = V,

Mussle Velocity of sub shot = Y,

Then for coustant enargies as implied in assumption (a)
(0, + D T = (Wam, e DV,?
1e5S ¥
Y, =V, W, where K = do /4, (s)
C 2
‘.43‘0 ?;
Yo also have, Bquation(s), I = 1’656'5' (Vi-vy)
and ¥ilnes perforation equation

Lt T P ()
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Applying theme squations to the Pull calilre and smh calilre shot
‘% Dl Cglibre b ot

t‘«ﬁ" con %0 1y v® % .
- 1L - , ‘51 QO8N
" 5, " st

ih Ay . #h -
“ta  (oon® ‘ﬁmri “G) (oot w,{._.f_r“ﬁc“ }*"

st -

. L K’Q’a";ff:
=ar 1%
- e ..l. a ~
= (& (oose);hdn_n ot
- Bh] '
i.
uomttumux.g.’u o ‘
‘i . ;%_ 'hma.-lc-”
) )
‘-.;.:. c_i)d‘ %[‘Vzt (‘ulb'si-gﬂ.] b w acv*-f-;: )]
PR WY
b= .' -
Toﬁndthwum&,gntbm&'ﬁ‘u r.[v,—nlf-*‘
(7) glves . . * ' ‘gaig
.m«%é-x)+t(‘gﬁ) .0 A (8)

It will be seen latar that the sffeot cf the third term iam amell, though
ot entirely negligible, and moglecting this, a first approximation from(8) gives

K, = %5 b (9

mwmwmmm& with the Range X
For any ratic x.it the mioorg mey be determined from (7) which

reduces to - K} "
|

e eqmtions will now be applied to current problems.

‘Ml
2 Pr. A.P.C.B.C./D.8. - Design D2(L)69%3
Dimeter of gun w 3.5 dos = &,
RMacster of 2 Pr. subpeciectile n 2,98 ins
KY. of D Pr. = 5020 £t/sec,
mw ’906“.30 .
Baight of the disonrd «2,031b =V, i

These partiouiers apply to the existing design whioh may be the optimoe siwe,
The followirg will show what the optimam sise is.




The weight of » Pull Oalibre saot = 5, (é—gg) =2.81b =Y,
' Bquating Brergien,

(5.2+ 2,05 + 38 020" = (.84 v,

¥Yolocity of F.0. shot =2 ¥V, = 3440 f4%/msec.

b o 36, 203

*

= ,2308 + 0976 = (3284

Pruz equation {9) the optimum value of K to first approximation is
Ko = .969 /3284 = 0.668

or the optimum sise of sub-shot = ,668 x 3,3 = 2.2 inm and not 2.08 ins aa
in deaign D2(L)6543.

For a more acourate svaluatior cf K, equation (8) is used and
commancing with a value of the order of K, caloulated above the following
tabulated method is applied. An sltervative direct solution is mlso given
in the appendix,

X

K 67 6B .69 .7 .71 |Also L= .

K T3008 L34k 3285 M3 L3579 Yoa 2 71.656W

K+ .6292 .6428 .€569 6713 .6863 - ,2§§ x z,i

S 7932 L8018 8105 193 .A28, 344071, 2308 x1.656120.8

H x‘ “’b o"?m 05891 cJ ‘5109 -D&t = tmzm
§ K¥eb/A  1.184 1.175 1.175 1,17 1.167 | So for
H
i Be. @)X = 50¢ +,012 -.005 X =50qyas L= .0118
; [x <2000 +.054 +.037 +.02 + .00k -.008 x

2000 vds } = 0472

i

8o the optimm for range of 500 yds ia 677 x 3.3 = 2,23 ins
for range of 2000 yds is .703x 3.3 = 2,32 ins

It is scen, therefore, that the optimus aise depend® upon the range
tut an one size of shot only can be adopted in practioe, a ocompromise for the
abuve ir a dispeter of 2,27 Lis i,e, K a 688,

From esuation {10} the ratio of 15/t may now be caloulated for this
m-an optizum sise, ani for the ranges 500 and 2000 yds,

3
A, 1- (R
’ )3

ch

Por range X2 = 500 yis ? e 1.05(-3);%‘
T . 2000 yds :m-! = 1.035 (g%}ﬁ'

Sc at %0C yd» the sub~shot in 5K better than the P.C. jrolectile
snd ad X000 yda the sud shot 1s 3AK better than the F.C, rcjectile assuming
ann.mption (a) applies L,e. ¢ 2 & .

£
R ST



Rewaple 2
105 wm. 4.P.C.B.C./D.8. - D2(L)681S
Dissstar of gun = 105 v = &.134 ins.
This shot is a soale-up of the 20 Pr. sub-shot 2.08 ime. dismeter
and weight 5.2 1b,
Therge weight = 16,5 1b.
Yoight of disoard = 4.22 Ib.
]
Seight of P.C. shot = 5.2(3235Y) =M1 1A,

Yor the satimation of ths M.V, of the 7.C, shot the only informetion
aveilahle for a wub shot, and the charge used above (16.5 1b) is & sub—shot and
discard weight of 19 1b having an K.V. of 4300 £¢/sec,

Based on this, the veloaity of ths F.C. shot is given by

(19 + 3:2) w00 « (2.1 + 2) v2
Y‘ = 3270 Wna-
Bow b ogafid ¢ 52 ¢ .24 1038 .03

And the optisvm sise to the first spproximation is
Ko = .%9 (303 = .651 :

or the optimue size = 650 x A.134 = 2,69 ins.
Again applying the tabulsr method to cbiain more aocurste walues

4 .65 .66 .67 .68 g,%é‘:ﬂ%g.mz

| 4 276 L2817 L3001 L3
3% S5T16 5905 6038 .617% | Por X = 00 yas  [= .Q1
m 176 «76& .777 -7858 g 200 m (as 04

1 3, &Y AT5h L4869 LA98 L5093
Jewx 1169 116 126 1138
Bg. (B | X=500 +.013 -.004

{x-zooo +.0b6 +.03  +.01L -.00%

So the optisus siss for the runge of 500 yards = 658 x L.13 = 2,72 ins
for the range of A0 yds = 678 x 4134 = 2,81 ins
or a waan of 2.7€ ins or K = .67 snd the ratio

#
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Por X = 50 yde -::-Mg—:-);&'

X « 2000 yds {.:.myr@ﬁ**‘

8c at 500 yds the sub-shot is 5€ better than the ¥.C, projectile and at 2000 yd=
the sub-shot is 3K better than the 2.C. wojectile,

Hirst Swmery,
1. Equation (%) shows, to » Tirst spproximation, the cptimum sise relative
to the ¥X.C. simm is given by

X, = .99 VS

whenoo b depends wpon the charge weight, the discard weight and weight of the
P.C. shot, 4 closer walue is obtained by use of squation (8)but the axsaples
show more alearly that the optimum xins vaxiss as the rangs varies.

2. The exsmples alsc show that a rough rule for the optimm sige is 2/3
of ’-c. “Q
3. Equation (0} gives the ratio of plate thickness capable of buing parfor-

ated by the sub-shot exd P.0., and shows that as the range increases this
ratio decreases alightly.

' Rquations (7) snd () show that the optimmm sime is neither affectsd by the
angle of attaok & when this is ooratan: for both the subshot and ¥.0. shot,
nor by sny difference in the log,, C.

DMfferwnoss in the values of log O would however affect the perfora-
tion ratic ta/t,, as shown by equation () if such differences existed. 8.A.B,
howover consider that where similar shape shot wre used o0 iz reanmnably
congtaxt snd that the relationship between log,,0 amd t/& given in Proc. 26399 -
lo&ocuﬁob(z.-l)vhmtfulfwge use,

5 In order to reduce any srgument as to the effect of pomsibls differences
between log, O, and the weights of discards (noting that in fact the F.C. sbot
does mot carry & disoard) the fallowing exmeples s the problem as the
deaigoer would do., That i bhe first sstimates the weights snd obtains the
ballistics for a sime of sbot of the order of the optimez sime and then with
this data prooseds to dstermine the optimss sims, By so doing the log.o0
Talus of discard weight is less liable to wary with slight differences in shot
sise,

Alternative Method bawed wpan Designers Preliminary estimates,

In the following, suffix 1 spplies to the sise of the dexigners first
asscsmment and suffix 2 to the optimm aise shot.

Yontative Mﬁdw Required Optioom Bise

Vaight of sub~shot » - * s ¥ = ’
Discard weight - 5‘. 4 . ¥ M
Charge weight = C u O
I.V. - " = "

xuwmnumg:mmmzamm.mnmm.
Bquting Roergles (i-: * '-*'3) W (W ev, ”%)'a‘
+
e (paed) nih)
LY;
2

""'.’
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A BB, VS wa L e e o e e

Yrom (“) ¥,
X =165 gt (Y,¥,)

2
T % g,

AL 1Y ] o8 8
Proe (6) n
K or
and the ratio R reduces o

fe g (g (S

13

I = 1.656%:.(%4,,)

»

Vage ¥y "%_'gxgi.
”‘
- Yo 3
N AR T

gty Y7

\:&:

- “"m/ (11)

which is the xawe form ra (IC) but the values are now

¢
1-10'3"02';

|
’“%’&6‘7

h';:‘ﬁfc, 2 (Y‘-h);h
e a/a, L= .2855/V,a8
dgain the optimus sine ls !
TS - Sy ¢ %E'E—L (12)
and to a I'irst approximation
Ex .99 Vo (13)
and the variatico of !l with range X hq
r
{’n (a) lt‘hn; i (11,)
L L -i‘ﬁ-—

RBquation (13 (13, (1) are similar to(@.{ﬂ, {LQ) trt now related to the

Denligrers tentative sis estinate.

Thin altermative nethod ia now epplied to the problmms of exmples

1 owand 2,

Rxapiles 3

This {s the probiem of axemple 1 but now

Teritative abot dissster
Veight of chot and osp
Yeight of disomxd
Yeight of chargs

XY, of shot

2.08 ins = 4,
5‘02» -"
20> =¥,
90‘“ =0

For & first approximation, equation(l) gives
) %%Qz‘?  JOR3e 3805 = 1.NUI5
a = lad =« 2,58
o= %9 LNI5 . 106 or cptinom mise = 1.06 x 2.08 = 2.2 ine,

A

P

e
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now using (13 to obtain mors &ccurate veluss for rangos of 500 and 2000 yds

X 1.06 1,07 1,08 1,10 1.12 28522, 08°X ;
. 1 = 1, 656x5. 2x5020x2, 3115

4 1.191 1.225 1,261 1.331 1.405
K* b 2,502 2.537 2.57 2.64k2 2,716 = ,0000187X
Y 1.5417 1,593 1,603 1.625 1.648

A% 476 4828 .49 L5057 L517 |7 X =300 = .0093
AWE/A 1492 1,488 1485 1477 14TR I=200 =.0372

xq(xz){xzsco +.015 +.00L6  -,0077
X=2000+.0% +.0L6 4,035 +.016 -.0035

80 the optimum sizz for range of 500 yds = 1.075 x 2.08 = 2.2, ins,
for range of 2000 yds = 1,11/5 x 2.08 = 2.32 ins.

These valuse are in gocd sgreement with sxmanls 1.

The practicel optimum is 2,27 ins ss bafors byt T now reiated %o the
tentative denign alse is 1,091,

Prom 11, ﬂﬂii:h

7 -(%;) 1,093."””&!_’_1 T 17%75255%55'53 .J

& r T

- ()7 e - 2y
“.r X 3 500 yds E = 1.004 (g.!;fh
I « 2000 yds %f = 1.011 (%g)""

As the tentative design aise of 2.08 ins is close to that of the optimm size
of 2,27 ins, it is now more reasonable than bhefore to consider that o and os
(usually given as logioc in the prrforstion formula) are constant,and W,, the
dincard weight, does not vary seriously,

It i8 also to be noted that the thiciness of plate perfarated by the
opiimum sise shot of 2.27 dimmeter cowpared with that of 2,08 dismeter is
0.:% and 1,18 better, that is, for this difference in dismeters, the improve-
ment is ozall,

Rrxample &
This 1s the problem of exmepls 2,

Ar before, the 20 Pr, is taken, but now as the tentative desizn size,
Thus we have

Decimeter of sub-shot * 2.08 ins = 4,
Weight of 20 Pr, nhot and cap = 5.21b =W,y
Velight discard = k22 1d =W,
feight of charge =16.510 =2

The valocity for this tentsiive design is also based on the projectils
referred to in exmmple 2 wiz. weight 19 lbs with 16,5 1b charge gave a velocity
MO0 ft/sec.

e ernapr ¢ i S s
ﬁ-qé i R
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8¢ X.¥. of the sbove 20 Pr, projectils is given by ‘ 4
(19 + ;-Qiﬁ-) LMO0® = (5'2 b2 e %‘i) "l ﬁ

vx - M * N

b.%fga,;f.g‘i = 1.586 + 812 = 2,398

‘81.‘5-3o3”

Yo first spproximation K, = .963 V2.398 = 1,297 from (1)
ox th sins - 1.2971 2.08 = 2.7 ins,

Using wq. 12 %o obtain mors socurete valuma, we have

K 5 % S W 0 132 L3 L3 | ! s .

x* 24197 3.62:2 2. 298 2.:523 i3 535 ' 5‘»%3.3%:1.3533.2
14595 ke Le Le e 9LL .

453 250 2,158 2,168 2,192 2,217 +0000LL4X

Kb 475 L4839 LB .5 .51 , |
L6649 1.647 1.% 1.636 1.63 | TPor X = 500 1 = 0072

Bo. (32)[X = 500 +.0L, +.C01 -, | o
{X s 2000¢.05 +.037 +.029 +.012 ~-.00L6 i = 2000 1 0288

8o optimm sise for range 500 yds = 1.35 2 2.08 = 2,73
Por rangs 2000 yis » 1,355 x 2,08 = 2,82

or a practiosl mean of 2,77 which is in good agresment with sxsapls 2,
K, ts now 2200 1501

oo 1 - (Bt k|
e |- |
X s =5,
()™ = o [1 e |
e ey
I = 200 ;.f: 1.063 -:-i-—)d. ;

80 st 500 yds the optimas shot is 3§ bDetter tham the tentative design sise of
%,08 ine and ot 2000 yds it is K Detter,

Second Swwmery

The results obtained by the sitaroative method, which relstes to the
Dexignars firet design, ars in agremment with the optissm sise determined in
relation to the .0, sime, :




The A.P.D.8. Projectile ~ Optimum Sims,

As for the A.P.C.B.C./D.8. projectile, the first objeot in the fallowing
is to determine the optimmm sise related to the F.C. sise, then %o obiain the
squations related to the Designer's tentative dexign, 'his type of D.8. projes-
tile comprises a shot of dense material, a ballistic owp, & sheath which holds
shot and cap together, sr! & disowxd,

Eelstionship to 2.C. Sise,

Typical asssmblies of “he P.0. and D.S. projectils sre shown Yy Figs. 2.
Yollowing the provious method we haver—

Full Calibre Projectils - Discarding Sebot Projectile
Cors weight =¥ = kids® Care weight =W, = k,d}
Cap weight » Wy m XU = kk,d)  Oap weight w W =h¥ -
Do kaksdy
i Sheath weight A ITRT Y kdt;d: Sheath weight = W, ;:I:.I.,u
K] k&
, Charge weight = C Charge weight = C
goVa - v’ E‘. 3
Sheath thickress = (D-2,)/2 Sheath thickness - . %:.
i Total weight aWolW, ¢« ¥oe ¥, Discerd weight u W,
iy | Dismeter of P.C. =D Dimneter of oore = &y
A Dispeter of core =d, let X = 44D
Ty etz- = a,/D then do/d, -3

Bquating energles:~
(% % e 3) Vot = (Fpeleele oF, + 5) V0

wom el - el

wvhers aal*k,«rk.oi

hl".c
Y’I 21'3 . W
. n = (lekgok,)/E =y
'z

SN

ool 3r) Wt )

oo ) ¥t

Range, and Velocity at Target

The shape of the D.S. Projectile in flight is the seme an the
A.P.C.5.C. shot considered previously and hence the relatiomship given by

aquation Q) spplies
I 1‘656_5. (v-r)

The target welocity for the F.C. snd D.S. Projectile are therefors

B XA Rela. »
v . ¥- b 4 1. S d’(HJ
1.5%',«.0’?‘5 Yax = V8 = T GV oA, oW
) § v ‘c)i _ ._.__;-_._-—T
= "“ L‘“ xhg"'l = 1.656 f&n.?‘.‘
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Thickness of Plate Perforsted

tp = ":}&l*’t)"‘x ood V4R %49 Vg, cos’e
Op &,**7 Cg a,*%7

*87

s . 1-40.:5_ Ll Op ,d,
= 5 LR =@
i su%}( oy ‘gg*% Vy(?%j i‘m]'

. (&)‘&' % v,ai.(i%—%‘%-g"au ™ (15)
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which is sinilar to equation(d

i
whare ~ £ = [V, -f‘%‘?“"s k. 'D] = (‘7, -%
o'z

WY 7
Differentiating 19, and equating to sero as before, the optisnwm size is given by
s NORY
5 -4 B 4 =0 (16)

where u‘;ia%

The first spproximation to the optimun sixe is again obtained by neglec~
ting tha third walue of (16) giving

%3 =K, = o%?\.ﬁ = L9%9%% ‘\77("‘%) (17)

With this as & starting value, the tabular method previously used can be
spplied to(16) to determine more accurate optimum sises relating to varying
ranges. Then the rates of plate thickness, perforated by this optimum size,
to that by the P.C. oan be calculated from{l5) which reduces to the form

h i |#h
3@ e g
1 - 7. 550wy

now(l7} is the ssme as(9)with the inclusior of the retic Z. Froe cwrent
deaigma value of £ {8 of the order .77. The rough rule for A.P.C.B.C./D.S,
shot $s & 2.C. benoe the rough ruls for A.P./D.S. becouss

(18)

-§x 7.C. x .77 = §M.C.

Alternative Solution based on Dezigners Tontative Design

The designers A.P./D.8. tentative core sisze can sz shown above be taken
as § 7.C. sime. Proceeding as before, we have (wce fig. 3)

Tentative Design Alternative
Core weight » Wy x kydy ¥ = ka5 .
Cop weight aW = ol, » k,t,a,'. X o= kW =k d,

Shwath weight a ¥y = k¥, = Kk, Com koW = kgkd,’
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) A N = Y A
Charge » 0! c‘
Sueath thickness - ia tg- 32
Fisonrd weight w Wy ¥,
Dimpater of gun w D D
Total weight of projectile x Wy oW alge¥, x Wy Wtly + ¥l 40, = Wy
Dimmster of shesth = de
[
K = i’:
Bquating Bnergies we get
Yo 7* (i"’d*
where s = %.7 (wy +-§)
a = B %
¥,
Target Velooities
X(4,+2tp)" I{d p2ty,
Vg = Vp =~ Yag = V) -
e ) xm i—f&'g(ﬁ‘%%
Y - v,(;%;n
X 4
whare p = ——m%L——}l’ ‘r_' i
ty = “:/f—_——_m on®® o " R ) VE con®o
or 4,7 Cyp a5
143 ",,'.
¥, oW, v«h 0:)(4.)
:/—6;——_ 118 e ¢
= \/cm \ () (—J—i Fraes (19)
The optimm sise is given by
i
718 - 2 (-r—) .l L—*‘l (20)
where t -‘E%
!,l
and the first approximstion hy
(]
Kov %69%m « .99 % 2% (z1)

Yaristion of ratic ty/by with Range
Az bdefore, equation (19)reduces to

Y" -7'* h
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Conclusions

It is shown that rough rules for the optimum sise of A.P.C.B.C./D.S,
shot and A.P./D.8. cores are 2/3 P.C. and /2 p.C. respectively,

& closer wvelue is given by the typicel eguation
ortimm sise ratio K = 969 AYE

where A and B ralate to functions of dimensions and weiphts of either the ¥.C,
projectile or Designer's tertative desigs,

It s alsc shown that the true optlmum sniza is deperdent on ths target
rengs and is therefore not constant for all ranges. KReverthsless for practical
ressons the aizs to te selected rust be oommon for all practical ranges and
trgrefores a mean value of the extremes calculated, .

The exmwples show that, though the optimum size shot gives the maximum
perforation, the rate of changs of thickness perforated, with variation of sise
of shot sround the optimum,ins mmall.

For this reasion, and espacially whrn eccnomy in cost and material is
necessary it may be oconsidared sufficlient to design to & shot size slightly
loss thar the optimwm.
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APPENOIX

An alteroetive solution to solving the aquations @) (2, (A and (20) al1

of which are of the form . jo
»
ns -3 apt L @
and having to a first approximstion the sclution
K, = .9%69 Vb ()
may be cbtained by uss of tha Taylor Thearwm, This method oan replase the tabuler
method used in ths paper,

The Taylor expamsion is given by
tlooh) = #() ¢ b'(x) o (X s 0
taking the first two torms we have

s

Prow tw equmtions {a) mxnd (b) asbove we hawe

0« ms -3 iy ¢t CERAY L s b
L ] 7 x L &
£x«-3 ngr)‘ * ‘l;(x‘»b)i’ - 5 :J

and

e -3 BERR (3 fBRe - sl
[1-;1-? o 345 -{;;]

Hernce the solution beoomes
14262 L Y
9633 ’(11 Y s 2 )
B e oms
- [‘9‘9 * 1.?55 + .ms w;l

- E%B * 1,256 Lb‘] b’ with sufficient aocuracy (o)

DS
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Tor exssple, spplying this to vxmmpls 1 erd for the rangs X = 2000 ydu. we
Mb‘om t'O“

Prom (c) above - Opt. riwe ratio = .,328&(.9&901.2316:.0&72:.382?)
‘ = 06899(0969’00‘-85) = 7027
; or optimum sise = 3,3 x 7027 = 2,32 ins, es before

For exmmple 3 we had b » 1,3115, and = L0372 at 2000 yds range
. then optismm sise ratic = 1315V (,969+1.2516x.0572x1, 1154
%? " cN(!%’*nM} - Lu}

Optisum wise = 2,08 x 1,113 = 2,32 ins, as before,
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