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OBJECT

To determine the influence of the surfaoce contour of en ;

exploding body on fragment distributiom. i

%

ABSTRACT i

Thae effeot of the surface contour of an aerial expleding body
upon fragment distribution is derived for a surface of revolution
of arbitrary shapes

B Y

CONCLUSION

The density of the fragment distribution at eny position on a 1
target aree cen be determined for any given symmetrical surfaoce
contour of a missile. Gemerally, this distritution will be a vari-

£
E
i
|
;
:

a.blen \j

- . : %

A The primary interest in desiring an analytical expression for :

i i fragment distribution is tc determine its effect on lethal area, 1

. i Faturally, the most desirable cantour would be that which gives the 3
i

maximum lethal area for a givem number of fragments.

From the equations derived in this report, it is possible to
determine the fragment distribution of a missile, given the equation
or ccordinates of the missile surface. If the fragment distribution
is known, the lethal ereae for the particular taotioal applicatiom
intended for the missile can be oalculated by using the information
furnished in varicus Ballistio Research Iaboratories (BRL) reportse.
In meny cases, the computations ooculd be set up in tabular form, so
that a computer could carry out the oalculations without understend-
ing the physics of “he prcblem.
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R SYMBOLS

' S —t——

x - Variable distavce along x axis

y - Variable distance elcng y axis

r - Distance from crigln to element ds

X - Angle between r and the y axis

b - Distance from x axis to the center of the radius of curvature

for any element ds

P - Radius of curvature for sny element ds

© ~ Angle between o and the y axis

A - Distance from x axis to the lowest point of the body

h - Vertical distance from the lowest point of the body to the
target surface T

Agn

ds= An infinitesimal arc length

d - Distance from the y axlis to the x~intercept of the curve s

N - Distance from the y axis to any arbitrary point on the

target surface
(=ay' £ yy' £ x)

| D - Diameter of the desired target area
i . OP- Distance from the center of curvature of any element ds to
point a on the target surface (see Fig 1)
v As- Surface area of the exploding body
" A ~ Projected area of the fragment

o /M - Number of fragments per unit of the exploding body

K - Density of the fragment distribution - number of fragments

: per unit area impinging on the target surface
! W -~ Weight of a fragmemt

L

o
]

| yl- dy/dz
Y11o 42y /ax2
B~ (14 (y1)% - eyl # w5 D)

. R -~ Distances fragment travels from missile surface to targset
' T - 'Sa.rg;et surface

P-

g

2
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INTRODUCT ION

1, The expeoted number of fragment hits on a target depends
on the fragment demsity at the target end the projected area offered
by the target. Whether the terget is incapscitated or not depends
on the mass, velocity, and shape of the fragments, in additlom to
the number and locatiom of hits. This report will be concerned with
omly one of these factors, the fragment distribution. Since the
most important factor in controlling fragment distribution is the
surfece contour of the exploding body, the enalyticel approach to
the effect of the surface contour is considered, restricted by the

following assumptions:

a. A constant number of fregments per unit surface
area of the exploding bodye

b. The fragments leave normel to the surfece of
the body

ce The velocities of the fragments are of such a
high value that the influence of gravity
can be neglected

de The exploding body is comsidered stationary;
thet 1s, the body velocity is considered
to be zero.

In order to obtain a simple mathematical gsolution to the problen,
certain assumptions must be made. It is believed that the above
assumrtions ere justifiabie.

2. The first assumptiom, of course, can be controlled in the
fabrication of the projectile.

3, The second ascumption is certainly the most debatable.
The locetion of the point of detonation will undoubtedly affect the
normel radiation to some extent., If this influence is constant for
e given design, however, as it should be, the fregment distribution,
considering normal departure, should be susceptible to mathematical
correction. All other influences on normal departure from a static
body should be of & random neture emd hence should fluctuate about
the normel &5 an average.

L. The third assumption restricts the fragment paths to
straight lines.
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S5« The fourth assumption is related to the second assumption
in that any velocity of the body will affect the normal radiation
of the fragmentse In many cases, however, the velocity of the
bedy will have little effect and can be neglected.

6. The mathematics of this paper were completed before the
author realized thet parts of it paralleled analytical work accom=
plished at the Ballistiec Research Laboratories. The surface dis-~
cussed in paragraphs 13-16 of this report is lkmown as the Kent=
mitchcock contour.*

Mttt

7. In addition, H. Ke Weiss ** of the Ballistic Research labo-
ratories has derived the optimum contour for certain tactical sit-
uationse

' * Kent, R. H., "The Shape of a fragmentation Bomb
' 1 to Produce Uniform Fragment Pensities
- on the Ground," BRL Report No. 762

** Weiss, Herbert K., "Optimum Anguler Fragment Dis-
tributions for Air=-CGround Warheeds,"
BRL Report 829

Loy
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DISCUSSION OF RESULTS

Generel Solution for Axis Perpendiculer to Target Surface

8¢ General solution:

x\

Figure ?

Consider that a missile of arbitrary shape, symmetrical about its
axis, is detonated with its axis perpendicular to a plane target
surface (sece Fig 1)e The demsity of the fragment distribution on
the target surface T for any position N !3 given by

‘K -/IdAs

IA-:I (1)
where dAg = 2 T xds (2)
and dAn = 2qrndn . (3)

Substituting Bquetions 2 and 3 in Equetion 1 gives
- /Mxds L)

R ‘
5
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o | 9. It now remains %o find ds, N , and dn &s functions of X, Vs

41 and y11

g

From Figure 1, it can be seen that
n=(R /P) sin 9-(esin e - r sink)

and that (R /P) = %}% (6)

(5)

,. 3 Substituting Equatian 6 in Equation 5 there results
;
'_ /]
; R n-= (a-b) tane-PsinQ‘r sinoC (7
' 1¢ is also noted that: b = r cosk = (QCOS e (&)
. 1 .
© § substituting Equetiom 8 in Equation 7, there results
? | n -atane-rcosm'tane/r sinoC (9)
¥
nory From elementary celculus the expression for the radius of curvature
> i in rectangular coordinates is given by
i e =" (1 1)2)5/2 (10)
’ y

o Also from Figure 1, it is seen that
-dy = tan @ (11)
[:cd

Therefore, sin @ = = ¥t
(T7 D72 (12) |

10, By using Equations 10, 11, and 12, and gince y = I COSO
Equation 9 can be writter as |
) . |

(13)

. 2

end x ar sin&k,

ne-atFAwtdx

|
¥
{ & 6
%
i -
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The following shows how dn varies with x, y and yl

i e Qn A f %&dyl (1)

or dn = dx ¥ @nylex £ dnyllax
32 37 &Y (15)
Considering Equation 13, Equation 15 becomes
an = (1 £ (y1)2 - ayll £ yytl) ax (16)
Furthermore, ds can be expressed as
ds w (14 (y1)2)V2 ax (17)

Finally, substituting Equations 13, 16, and 17 in Equation L4

there results K wAx (1 ¢ (y1)2)? /2 (18)
& - (e~y) y1] GF (y1)° = (e=y)y*i

From Equations 13 and 18, the density of the fregment distribution
on target T can be obtained at any position n for any given sur-
face contour of the exploding body.

1lle The expression for the fragment distribution (E,) normal
to its path R at point P can be expressed simply as:

= K 1
*n cos © (19)
or since cos @ = |
(I'?_'(;W
(20)

and considering Equation 18

Kn= 4x (14 (y1)2) .
eyl 7 yyt # %) (L7 (T2 =11 7 33100 (21)

whereas 1| = eyl A yyl £ x (22)
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Simplification of Gemeral Solutien

12, Although the solution obtained in the previous section
is mathematically correct,’in many cases it oan be expressed in a
form that is much simpler and nearly as acourate. This can be done
by stating that

R>>

R>5 f‘ (23)
therefore ne (R) 8in © = & tan @ = ayl (2L)
and - (25)

= il

As a result, Equation L can be written

x  zoAx(l A (y1)2)1/2 (26)
a2, T 1T :
also K, = mx(l £ (y1)2)
a2, LTI (e7)
Where in both cases N & =ayl (28)

This solution would no longer be justifiable for any surface for
which P—_" e s Such as a Plane or a caone.

13, In some cases, the most desirable surface is one that Pro-
. duces a fragment distribution of constant density when radiating upon
o the target area T*e The ideal approach to this problem would be to
- formally solve the nonlinear differential Equation 18, treating K as

& oonstant. This equation of course is satisfiod by the surface V=
constant, There should, however, be another solutiem that would

* See Appendix A
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result in a curved surface, the surface in which we are interested.
This ocan be obtained by solving the approximate Equation 26, treat-
ing K as a constan'bi and keeping in mind the restrictions imposed
upon this equation**e The order of approximation of the solutien
of Equatian 25 cen be obteined by substituting the derived surfaoe
in Equation 18, thus obtaining the exact density of the fragmet
distribution produced by this surface. Equation 26 cen be written

as

Ke2pdpex (1 /p2)1/2 (29)
A =

where p = %

Transferming ka2 J‘(l /4 pz)“]'/2 (2pdp) -4 Sxdx (30)

M
Upon integrating ka? (1 F p2)1/2 = x2AC (31)
.2 z

1, Now consider the bourdary condition

p) =©° o Then" C w ka® (32)

x:o

Substituting for C in Equation 31 gives

? (1 £ )2 ,’32/2%2 (33)

Squaring the above equation on both sides and solving for p,2
there results o
R =AM2  (x? foket) -1

(3W)
Licalt
Simplifying and solving for p gives
p=~ (3_:2_/ 2)1/2 x (35)
22 A

*% Tt is of interest to note that the solution y = constant no
longer satisfies this equation.

9
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Where the negative sign is chosen outside the radioal +o canfornm
with the chosen coordinate system aad

2ke? s A.a
remembering that p = dy/dx, Equation 35 bacomes

z =[x £ 2)1/2x 4 %)
y j(iz £ = (
Upon integrating y = -a, (5:'; £2)32 4ql (37)
3 A

15. Consider, now, the boundary condition

y)

= © vwhere A is now considered ©.
x-= O
o = -A, 8 /cl (38)
3
or ¢, =0 /%. 8 (%)

Substituting C; from Equation L1 into Equatien 39 leads to the
desired surface (Equation 40), which will Produce a constant density
of fragments, subjected to the assumptions made in pearagraph 12.

Yoz h (R A2)52 23/2) (seerig3) (o)
3 af

Z il (1)

16, 1If for practical construction reasons (for example to
allow space “or a fuze well), a diameter (d) at the apex of the
surface must be inoperative, it would be desirable %o use the
boundary p = O when > =D/2 when solving for the constant Cy in
order to cut down on the dead Space on the target sur

face.
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Using this boundary condition in conjunction with Tquation 31, there

results
C = ﬁ - 02 e
3 ] (L2)
Z Y 2 2
Consequently AS (1 £ p“)-L/2 =x2 £ A% =D (L3)
: 5 ="~ 3
- } and P e (x2 f1-D2V%
3 [ 3 z" 4?‘
, i
| .
: f /e
; b or [(x- 1 -02 2 -1] 2 (44)
e
N 3
'~ E_ Equation L}y is the solution in integral form for this perticular
: case. Civen constants D and A, the desired surface is easily
) obtained by rumerical integration.
>k

Fragment Distribution for a Spherical Missile

17. The equation for a circle in polar coordinates is

¥y = cos &

X = sin @ (Ls)
where r is a constant. When revolved about a diameter a spherical
surface is generated,

. N ° N .
o L A TN

. ay .
It follows that v' - 3 = sin 6 w tan o
f dx cos & (L)
’ [ . Eg
o g ay 1
i and yll = 'dz_ = wsec?e = =-secle )
' ‘ dx r cos r
de
“,3.
Substituting the values for x, yl, end y!'t in Equation 26, there
results 5 .
K = ar cos>? @ (he)
. &
' F 11
4
W
CONFIDENTIAL
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~a. o

it

i ’ Letting Mo
N = A

then - jlcosBO (L9) r.

b

. . : and expressed as o dimensionless ratio

o B

ol , X w co0s’® (See Fig L) (50)

: | A

Ceneral Solution for Axis Irclined to Target Surfece

18. The solution obtaired in peragravhs € to 11 is restricted ‘
in that the axis of the missile rmst bo perpendicular toc the target
surface. Obviously, this is not alwrys the case, and 1t becomes of
interest to find out how the fragment distribution varies when the
missile axis is inclined to the target surface.

ce e e o m—
e
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19, Consider Figure 2. The plane (eo'd) is perpendicular to
line (oo'). It is desired to find the fragment demsity distribution
an plane (go'd) which is inclined to line (0o'). The density K on
plane (ec'd) at any point b is given by Equation 18, or by Equation
26 if the simplified solutiom is Justified. The fragment density
normal to R at point a is therefore

= K b)2
%a tos & ga (51)
However, (ob) can be expressed a&s
(cb) = a
Tos © (52)

and (oa) as
(o) = a sin %/‘, -
Q coS <
sin (% - @ =) cos (6 AX) (53)

Kna can therefore be exyressed as

Ep, = E cos? (0 y/X) (54)
00850003 %C-
and the fragment density on vlane (gotd) at point a as
K, = K:oos3(6 £gC) (55)
008306082“

It is more convenient to express the angle & as a function of ¢ ,
the angle the missile axis (00') makes with the nommal to the
target surface (go'd), a.ndp the angle between plenes (ogof) and
(omo'). This can be done as follows

ek (56)
But bc @ a tan @ cosp (57)
end bh = a tan @ sinoC (58)
. 13
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Consequently 8ingoC = sin @ cos P (59)

20. In order to locate the position of our new fragment dis=-

tritution (o'a) in terms of (o'b) must also be determineds From
Figure 2, it is observed that;

(o'a) ___(o'h) (60)
[ ) = "'s'fi‘('je!!':T:R)'

2

or (o'a) = (o'b)
cos © cos (€ Aot ) (61)

The (o'b) is N of the general solution in peragraphs 8 to 11, so
by letting (o'a) m rl'

there results q’ = nNoos @

cos x)
The fragment density and location can be determined on the inclined
target plame by using Equatioms 55, 59, and €2, as long as the
distribution is known on the Plane normal to the missile axis.

2le Since the striking velcoity of a fregment is a function of
the length of path traveled, the length of the new fragment path is
also of interest. It can be expressed as

(oa) = ' a ccsol h cosec (63)
cos (@ soC ) cos gcos

The length of the fragment path divided b
to the normal target plane is therefore

¥y the length of the path

(2a) = :::9008&) (6L)

22, Equations 55, 59,
effect of inclining the axis
These equations are:

Kg = K cos? (@ £oL)
cos? @ 5052
sine » sin ¢ OOSP (65)
Q". cos &
cos oG )

and 62 mst be used to determine the
of the shape derived in peragraph 17.

where fer this particular Problem K is a constant.

1
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R | 23, For a given angle ¢‘ Ka/K and '!'/'7 could be plotted as

functions of @ for various angles e If desired, a set of tables
or graphs could be drawn up in this mammer. It would then be a rather
E simple process to compute the lethal aree as a function of the angle

b lé"'!—\.

P

\ of inclination. !
'. ; {
: Xiad Inclosures: ‘
. 1 -2 Figures 3 end L4 {

8 - 7 Appendices A, B, and C
(Appendix B contains
Tables 1 and 2)
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SURFACE CONTOUR OF THE MISSILE WHOSEE FRAGMENTS

STRIKE THE GROUND WITH CONSTANT DENSITY .
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© | cos® f‘m’&

0 |/00000| 100000

10 | 9848/ | .955/2
20 | 93969 | 82977
30 | 86603 | 64955
40 | .7660¢ | 44953

50 | .64279 | .26559
60 | .50000 | .12500
70 | .34202 | .0%00/
80 | ./7365 | 00524

\ 190 ]| o o

A
~

\ RN

L SN —

A= fraglunit area oh missile
sarface

\ P sredius of missile
@ haight of burst

 K=frag/uril area on fa
\ 5/ .sw'ja:.’c

N\

/0 £0 J0 40 50 &0 o 80
& —=
FRAOMENT DISTRIBUTION OF A c?PHfRICAL SHELL
JPON A PLANE TARGET SURFACE.
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APPENDIX A

SURFACE THAT IRODUCES OPTIMUM LETHAL AREA UNDER CERTAIN ASSUMPTIONS
(ThIs problem was solved by Mr. H. K. Welss')

The assumptioms stated in the "Introduction™ are assumed to hold,
and in addition the axis of the missile is considered perpendiczular
to the target surface. The expected number of hits on a target can
be expressed as:

Enh = I g

r2 (la)

where M° o fragments per unit area per unit distance
from the burst point, at angle @

r

distance the fragments travel to the target
A9 e oxposed area of the target

The expected number of disabling hits is

By = Ep Py (22’

where Phk is the conditional probability that a hit wlll disable the

target. This is usually a fimction of the mass, velocity, and the
presented area of a fragment., For mathematical simplicity, Py will

be treated as a constant, This means that gll the fragments are
considered to have the same disabling potential.

: By using the Poisson approximation, the probability of disabling
the target is 'Ek .
Py = 1l-e (3a)

o’ O
The number of disabled tergets is j j{_q-Pk dxdy) where O is the
w0 -~

number of targets per unit area. If Q" is considered constant, it 4

can be brought outside the integral. The integral term is then
defined as the lethal area (A7 ).

Ay = ’j’ J:Pk dxdy (Ls.)

WeiSS, He Kog OPe cite.
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T the lethal ares ie multiplied by the density of the targets, there=
fore, the number of targets disabled will be obtained.

be expressed in polar coordinates as

Ay 2ﬂaaj ('.‘.-e-Bk) sin 6 sec> @ d © (5a)

wnere a = helight of burst

@ = angle between missils axic and fregment path

Tt is convenient at this point to make the following change of

variables

W = cos @

and dW o =sin 6 d ©

Equation 5a becomes -E

Ay, = -2ma® S (1-e %) w3 dw (6a)
Furthermore B¢ =Eh Py = M(8) A (8) Py

- (Ta)

However r = afoos @ = aw~1
Therefore E, = M) A (8) W Pnk (8a)

a

Ii it is also oonsldered that the exposed area varies as the cos Q,

as would a flat target, 2o can be expressed as

Ag = Acos 6 g Aw (92)
Hence Ex = ¥, AW Py
& 3 (10a)
and A = -21'ra25 (1~e :I!:‘él Pk )w'3 dw (11a)
A small increment of area at some position (W), over a band width
& W) is eawd B
(dAL)| - ~29ra’ (1=e MWZ : hk)W'3 AW (12a)
a

19
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|
o Ir is now increased at ihe point (W), over the band width (& W)
v the 1ncrease in (JAL) is _
L ~MA™> Py
- S(SA) = |2MA P, o e éW Su (13a)
i but since the total niumber of fragments must not increase,d
by ¥ mst be subtracted at some other point (W,)e. At that point
] “My AW P lEWdM  (1la)
' J(dAL)2= 2frA Py e———-.._2
1l &'
I | The necessary condition for M, to be the surface that produces
T maximim lethal area is . {
" | é(S4y), -d(8aL), = 0 (15e)
| !
~ =MW Pry
Therefore 21rA P, e = C =« constant (16a)
8.2
t . )
5 or MeAM3P. . = Ln[24raP
.I.‘ L &2 C ]
' or Y = [ a2 In (24TA Py )] w3 (18a)
A hk
' c
' Let 82 In (2MAPR,) = A 3
AFpy = §
c
M, = A3 (1%a)
Yo = A secd @ (20a) 1
20
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Consider now the Kent~Hitchcock contour
St requirements that K z constent where

K = mxds
ndn (2le)

‘ or K Mp sin @4 &
i ) Qdf\ (228'

P

But n= atan o

dq: 8 sec 6 d 0

a2 tan @ sec2 6 d @ (23%a)

b v g _ Therefore K =My sinede
I -
!

ol or lg can be expressed as
My = Kel sec3 @ (2L4a)
o Equation 2lja has the form of Equation 20a. Therefore, the Kent-

g Titchcock contour is the contour that produces optimum lethal area
b under the restrictions of this particular problem.

21
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APPENDIX B

APPLICATION OF ANALYSIS TO AN AERIAL EXPLODING BODY

Problem

To find the proper surface contour of an aerial exploding
body that will produce & fragment distribution of comstant density
over the target surface T under the following restrictions:

1. Height (h) of the exploding body above target = 20 ft

2. Desired demsitw of the fragment distribution (k) over the
L tearget T = 1.67 fragmentz/ft

3, Desired diameter (D) of target = LO ft

lie Fragment weight = 2.5 greins

5. Surface area of fragnat Ap e #01175 in?

®. Fragment distribution (M) on body surface =

1 = 85,106 fragments/in®

The surface whioh setisfies this problem is that of Equatiom LO.
For simplicity, however, let a = h and therefore A = O.
Equation 40 would then reduce to

v = 4 [(x2/2)3/2 - (2)3/2] (1b)

In order to establish the boundary of the body in the x direction,
an additional equation concerning the surface area of the body is
needed. This is expressed mathemtically as

As = r (1l £ (y1)2)1/2 xax (2b)
where from Equatio‘; 3% it can be shown that
14 G2 2 (241 (30)
y vg
22
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Equation 2b can therefore be expressed as

As = 2jx° (x3 £ x) dx (Lb)
& 2

Upon integrating As = (xok £ xo?)
on 2 (5b)

Equation '5b can be expressed as

xolt £ 242 x02 - 24%As = © (6éb)
o
where 2 = 2ke2 & 2(1.67)(20)°2 = 15.698 in?
; L]

and in this partioular problem
Ae = @D . kA, = ().LO)2 o (1e67)(.01175) = 2L.658 in2
- I

Substituting these values in Equation 6b and solving for x,
by using the quadratic formula, it is found that

Xo = 2.550 in.

By substitution of the value of A in Equation L0, the desired surface
becomes )

y @ =1.3205 [ (.063705° # 2)3/2 -2.828).;,] (7b)
fromwhich ¥l = _.o503 x (+0637052 £ 2)/2 (8b)
and yl1 = =,01608 x2 (.0637022 £ 2)-1/2 =,25237 (.06370x2

£ 2)/2 (9b)
In order to fird the exact demsity of fragment distribution

on the target surface produced by Equation 7b, it is only necessary
to substitute the above expressions in Equation 18. The results of

23
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A

this substitution are presented in Table le¢ It can be seen that ‘he
density of the fragment distribution is approximately 2% to L% below
the desired density of the fragment distribution. It is also seen
that the target area is 3% larger than specified. This result sug-
gests that the derived surface equation (1b) can be corrected . .k
to give improved resultse It is proposed that the density of the

fragment distribution be increased 3% by specifying that Kl = 1.03K 2

Wi,

SN AR e o
it

Then A2 = 2 (1.05 ka2 @& (1.03)(15.698) & 16.169

A = Lozl
Hence, the corrected equatiom for y becomes

v e=1.34030 (+06185:2 4 2)3/2 - 2,828, (10b)
and  yl = -.2L860x (.06185x2 £ 2)1/2 (11b)
| v11 = =,01536x2 (.06185x2 £ 2)~1/2 -,21,869
P (061852 £ 2)1/2 (12b)

i

R AT T I wmw o 4

e e e ——— e = =
K .

A Table 2 gives the improved resultse The density of the frag-
ot mert distributior now varies from £ 1/25% to = 1%, while the target
" erea is in error by less than 1/2%

2l
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APPEFDIX C

COLPARISOI OF 4 SPIERE AND TIE ¥EIT-HITCHCOCK CONTOUR FOR LETHAL AREA

From Appendix A it was shown that the Kent
Produced the maximum 1

ethal area for the type of problem considered.
i It remains of intecrest however to find how much

greater this lethal
area is than a conventional sphere,

Consider the problem vhere the
target radius (L) equals the burst height (a),

The distribution of fragments from a sphere i

=Hitchcock contour

s

S 3
I‘xs ey I\o cos” @ (lc)

- — . —

N POINT OF BURST
~le

b s
: Tig 5

The number of fragments over the target surface of radius 7, is
|
]

L L =
Iig = 2mE, Cos? € rdr w 2frlij L’ rdr (2¢)

(r2 /£ 12)3/2

Vhere Ky, is a constant

that is a function
of the sphere,

cof the burst helght, rodius
and fragments per unit area

on the sphere surface,
The number of fra

gments over the tarzet sv
the Kent-Hitthock con

rface of radius L from
tour is simply

L I (3e)

25
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To make a comparison of lethal area, Np; is assumed to be equal
to Ns. By equating these two expressions, it is found that

Voo !
! ) 1 KO = X = 1.706Kkh (l ic )
! b ..____m
: (2= D) =
i
* Lethal area can be expressed as (Equation 6a)
i A, z-2 ﬂ'aaj. (1-e"EX)wSaw {5¢)
' vwhere B = K A, Phk (6¢)
(I Consider the Ag = A cos @ = AW, The lethal area for a sphere is '
l - .
!
: bify = 2m@j (1~e~1-706 Axthhk'h) Wiaw (70)
since K = ENWS = L.706EM
t .
b ’ where ARy, Py, = constant
' }
~ The lethal area for the Kent-Hitchcock contour can be expressed as
i T
A, \ —_ 2"&25 (1-e~AKKhPni™) w-3aw (8¢) |
; : Assume AKy, Py, = 2.5 (This is a fair value for a semple problem) i
+
‘ o - 026“1"
. i Then Ay 'S j(l-% ) Wlaw (9c)
2¢va® 8 5
H
" Ay = 5 (1=~e -2, ) W3dw (10c) i
) ' 24;9-.2 \kh i
28
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Further assuming that the limit of the target area correspomds
to & & h53 then the limits on the above integration are 1 to «707
since W = cos 8. Carrying out the above integreation numerically,
there results

Apfg, B 14166 (11c)

A'L/é

That is, the Kent=Hitchcock contour gives a lethal area that is
16,67 greater then a sphere, assuming that both surfaces contain the
same rumber of fragments.
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