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THE PRQBABILITY OF HITTING VARIOUS PARTS OF AN AIRPLANE
AS DEPENDENT ON THE FRAGMENTATION CHARACTERISTICS OF
THE PROJECTILE

Abstrgct

JjMetho-dfs of rating A.A. projectiles with regard to fragmentation
efficiency are discussed. An expression for the probability of hitting
a small projected area of an alrplasne is derived and slso an eXpression
for the probability of hitting the fuselage or wings., From these it
appears that the fragmentation efficiency varies as the product of the
number of effective fragments and their effective range. It is shown
that with the present fire control eguicment, the probability of a

direct hit at high altitudes is ga:gieat ns" the probability of hitting

the pilot. This result suggests the use of supersensitive fuzes
instead of time fuzes for arming A.A. shell, even those of 3?\“ caliber
and larger. g, :

h{ - * in

In the Ballistic l.aboratory Report No. 125 entitled,
"A Comparison of Antiaircraft Guns of Various Callibers', it
was assumed that the ratio of the effectiveness of two shell
ie the mean of the ratios of their weights and the numbers
of thelr fragments. It was polnted out in the report that
this assunmption was doubtful and was made because of
lnadequate knowledge. I% is the purpose of this report
to deduce expresslons for the probability of hitting.

_various parts of an airplane for the purpose of throwing

additional light on the efficlency of projectiles as
dependent upon thelr caliber and fragmentation,
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In Keport No. 127, 'The Probabillity of Hitting an
Airplane as Dependent upon Errors in the Helght Finder
and Director!, 1t was considered that a 'hit' is obtained
when the burst is contained within a volume of dimenslons
a, b, e, enclosing the ailrplane, This assumption was in
accordance with the current procedure in antialrcraft
target practices in the U.S. Army. According to this

& burst is rated as & 'hit! if the burst is in such a

poslition with respect to the center of the alrplane as
to produce at the airplane a fragment density, p,

greater than .16 fragments per sy. yd.* It is obvious
that for rating the general efficlency of antlaircraft
fire, the mere evaluatlion of the probability of a thit!
as defined above would be inadequate since (1) this
procedure involveg a dlscontinuity.in the probability

of hittingat the surface corresponding to p = .16 (2)
conslders the aiplane as a polnt and (3) makes no '
estimate of the probable damage to the pilot or airplane,

We proceed to outline. a method for evaluating the
probabllity of dleabling an alrplane., The first step is
to determine the probability of hitting varicus parts of
the airplane; the second step is to determine from engineer-
ing or other considerations the parts of the alrplane a
fracture of which will cause the structural or other
faeilure of the airplane., For example 1f the bomber is
hit, the alrplane will fail as a bomber. If the gas
tank 1s perforated, a leakage of gas will ocour, If cer-
tain members of the framework. of the fuselage or wings are
broken by a fragment, the fuselage wlll break in two. In
the following we shall discuss in detall the probabllity of
hitting various parts of the alrplane but shall mention
only Aincidentally the effectliveness of a hit by a fragment
in disabling the alrplane.

Probablility 6f»hitting a small prolected area

We first c¢onsider the probabllity of hitting a small
projected area, that is, an area prolected on a surface
normal to the trajectories of the fragments. Such a pro-
Jected area might represent the pilot or the bomber. It is
assumed that the dimensions of the area are small compared
with the dimenslons of the effective side spray so that

* There is no authoritative source for the belief apparently widely

entertained, that a fragment density of .16 will necessarily disable
the airplane,



except at points very close to the burst, the area can be
placed within the slde spray.

We define certaln symbols representing the character-
1stics of the fragmentation and target etc,

Symbol - Definition Unit Remarks
A = Projecﬂed grea of target yd2
T = Distance of area from yd
peint of bursat
N =  Number of effective - This is consldered
fragments ' to be a function
of r.
Q = solid angle of the side radi&nse' The fragments are
8pray consldered to be

distributed at
random in this
solld angle. The
nose spray 1is
neglected.,

In Ballistic Research Laboratory Report No. 127, it is
shown that the probablility of placing a burst within & box

of dimenslons and volume a, b, ¢ in the neighborhood of the
airplane is

*
0195 & b ¢

2 andel ‘
ahad SR-t wewm,oosef

However, as was mentloned on page 3 of Réport 127,
this expression was derived on the assumption that the
time of flight, t, 1s correctly given. On account of errors

* In this
S = present slant range
R = future slant range
t. = time of flight
e = angular velocity of airplane in elevation
wa = angular velocity of airplane in azimuth
ef = angle of elevation

&y constant proportional to probable error of height finder
&y constant proportional to probable error oi‘ director.

oy e e =
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in the height finder,. however, in general the time of
f£light will not be correctly given. - Revision sheetg for

" Report 127 are being prepared. In these it will be shown

that the error in the time of flight, At, due to errara
in the helght finder is approximately '

at
athaRo
If allowance 1s made for this error, At in the time

of fIight 1t may be shown that the probablbity that the
burst lies within the box of dimensions a, b, ¢ 1is '

e — T (e
2 4w wo done. l2i(Th oo 8%
Since the probability shaulﬁ bhe 1ndependent of the

shape of the volume we Bepresent it by
| £ dvy

in which f is the cofactor of s b ¢ in (1&) and av e the

elementary volume in the neighborhood of the airplane or
the prolected ares,

We now consider the elementary volume, 4V, to be in.
the nelghborhood of the burst and state that the probabllity
that the small area A lies within dV is £ 4V, This seems
to follow from principles of '‘relativity. The probability
(1a) is simply the probability that certain components of.’
the distance between burst and airplane lie within certain
limits. It is immaterial whether we congider the airplane
fixed and the burst movable or vide versa. .

‘We represent the elementary volumé idv by sZrE dr in
which'© 1s the solid angle of the side Bpray.. Hence. the
probability that the target lies within the solid angle of
the side spray at & distance between r and r + . dr ie

F orf drjr IR < {1b)

Consider a target of projected arsa A contained :
within the solid angle Q at a dimtanee r from the bursta



We proceed to compute the probablility that such a target
will be hit by at least one effective fragment,

If N 18 the number of effective fragments from one
shell within the side spray of solid angle, Q:,at a distance
r from the burst, the number of effective hits per sq., yd.
at a distance r will be N for a single shot,

Q'E ' .
r-

8ince the number of hits per sq. yd. isw~E§ it 18
' Qr
assumed that the probability of hitting a small element of

NdA
20
not be hit is ( 2)0 The total area A is assumed to

. Qr .

be equal to ndA where n is & large number. The probability
that none of the elementary areas dA will be hit is

)

the area, dA, 1s Hence the probability that dA will

At ' a4 . - . ,
(_ yg%) =1 _.Ngdg + ¥°n(n 1%dA ; (2)
: Qr 2(gr)

by the binomial theorem° Since n is a large number (n-1)
does not differ from n appreciably. Also ndA = A, Hence
we may write (2) as :

—NA

- n ' s 2 Gl
NdA NA 1 ,_NA" Qr.

l - S—— = l - o——— ‘.’. [-—T(.—.—.—.)_w 0y OB o

( QI‘g v Qra 20 Qra [°Y

This 1s the probabllity that A will not be hit, the
probabllity that it will be hit at leas® once is

-NA
(1 - egre > .

We now agseume that a very large number of shots M
are fired. BSince the probability that the target will be

in the volume Qradr is rQr dr, the number of times in
which the target will be in this volume 1s



€3

bl

S SN

fMQ rPdr, Sinhce the probability of at least one hi% i

-NA
‘ Qré”
(L ~-.e" )
for a single shot, the number of timeés the target will be
hit at least once when it 1lies within the volume :
=NA

) Qpe

@rldr 1s fuQ (1 - e*F J#far.
The number of times the target will be hit at least once for
all positions of the target will be

]

T -NA
£HQ j(l Qr )r ar . | (3)
Q.

The probabllity of at least one hit 1s defined as the
ratio of the number of times the target 1s hit at least
once to the total number of sghots. Hence the probability,

'QA, of at least one hit is given by

o :_I_“_’é NA
| ol - &7 )r? ar ~ p- g
bA = ‘L r. - = fQ f(l _—— )‘r2 ar, (&)
M O v '

If N is known as a function of r the integral of (4) can be
evaluated numerically. When more information is available

of the penetrating power of fragments of various A.A,
projectiles as dependent on . distance the integrals in (4)
will be determined. For the present to obtaln an approximate
result, we assume that all the fragments N are effective
within a range r, but are 1neffectlve for r> ro. Thus L

g the effective range of the fragments. For r>rg, N = O

end for r <STe» N = Const. The exponfnt of e in(h. 18 there=

fore zero for r> re and the integral is thereforgzero for
r> r_.- Hence '

* There is a certain error in this result because expression (la) holds
only if the target is near the point of burst. However, the range of
the fragments is comparatively emall, and N will be zero for large
velues of r. Hence expression (3) is approximately correct.
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: Te =NA o e
o -2 o Co
Py = fg./g(1‘~ agr,)ra'dra S (ha)

0

In the Appendix the integral of (4a) is evaluated
with the result that o T S

= gar, [1 - FTUE M

. 9. v(nb)"
arg ey .
L A
i’v & ’i (
We now assume that N%,<<l l.e., the average number ofij’w”fy
Qr = A “.
arg , /

fragments hitting a target A plaoed at the extreme effective .
range of the fragments, Tgyr ig small compared with: unltyg L

If the .area & 18 1 s8q. yd..or less, this condition: Bhould be
fulfilled in prastice, On this assumpuion we thain

is a measure of the effectiveness of a shell 1n attacking
the target A, From this definition 1% follows that the
effettiveness of a shell in attacking a small target, A,
is proportional to- Nr and the effectiveness per 1b is

re
prmportionzl to "E" where m 18 the na 88 o the éhbll

Probabillty of hitting vulnerable parts of . the Fuselage'
or_the wings

As was remarked-on page 2 the dimensiona of an airplane
. will usually be large compared with the dimensions of the

effective side spray. Henoe in considering the probability .
of hitting parte of the fuselage or the wings' we should .
not consgider the alrplane as a point. For purposes of
computation we .consider the alrplane as made up.of two
cylindere at right angles. to each other, ‘one cylindeb
representing the fuselage and the other the winge (see
figure 1), .
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Fig. 1

We assume a projectile with 1ts axls parallel to the
axis of the fuselage. The distance of the prolectile from
the fuselage is denoted by r and 1ts distance from the
wings by X. The volume of a ring surrounding the fuselage
of inner and outer radil r and r+dr respectively and thickness

'~ dx is approximately

2ur dr 4dx.

It follows from the argument of page U4 that the
probability that the point of burst will lie within the
ring is f 2nr dr dx, and if & very large number of shots,
M, ?sx fired, the number bursting inside the given ring
wlll be

fM2nrdr dx.

The side spray ls supposed to be bounded hy two cones,
the difference hetween the semi-vertex angles of which is
designated by B . For brevity, § may be called the angle
of opening of the side-spray.. It is evident with a glven
position of the burst the length of fuselage, s, over
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which the fragments will Be distributed will be.approx—‘
imately B r. If the dlameter of the fuselage is h the
probability that a fragment will hit the fuselage withlin

an elementary distance ds 1is EQ§Q§° By the reasoning used

used to establish equation (4) 1t then f0¢*ows that the
probability that the fuselage will receive at least one hit
for a given burst 1is '

;zgh : eNgrh‘ [“ﬁﬁﬁ'
1l ~-e = ] - e‘Qr = 1 - e:Qr o

Thus the number of timeeg the fuselage will recelve at least
one hit from the shell vhich burst ir the ring of volume’
2m r dr dx 1is

-Ngh
2 PM(1 - e r ) r dr dx,

The number of times the fuselage will be hit at least once
from burste in all of the.rings surrounding i1t will

therefore be ‘
Enfoj(l Qr)rdrdx=

2ﬂfl\fﬁf(l-e )rdr

irf 2 is the length of the fuselage. Dividing the number

of times the fuselage 1sg hit by the total. number of shots,
M, the probability of at least one hit on the fuselage, Pes
is given by T

. -NBh

p_ = oned | (1 - 4T

P . )r dr., ' (5)

If it 1s assumed that the number of effective fragments
is constant up to T and zero for r> ry we have



Py = 2an~[' (1 - egr )r dr. (5a)

It is shown in the app@2ndix that ir

S?Eh is emall compared with unity, as will

frequently be the ocase,

pe = £ Nlhr,. (5b)

As before, 1t 1is found that the probabllity of at least
one hit is proportional to N re and that hence the effilclency
: ' Nr,
per 1lb, will be proportional to =

It should be noted that the axis of the shell ie parallel
to the axis of the fuselageé. If the axlis of the shell were
parallel to the wings, the probability of at leaot one hit,
would be much smaller, Equations (4) (la) (Uv) g (5) and
(5b) are bidsed aLsd on théiimplicit assumption that the
effective rangsé of the fragments 1s considerably less than
the probable errors of the coordinates of the predicted
poeition as dependent upon the errors of the height finder
and director,. Xf such is not the casé, equations (4) and
(5) etc. will exaggerate tha probability of at 1aast one hit,

For the ocase where nne axis of the projcobxxn is pux&llﬁl
to the wings, the expression for the probablility P, of hitting

the wings has the same form as the expressions givgn above
for the probabllity of hitting the ruselage when the axls of
the shell is parallel to the fuselage, .

Variation of EA. Pr and Py wlth_the Caliber
m m -m N ;

The value of N in equationa (Hb) and (Sb) depende upon
the nature of the target since N  ig by definition the number
of fragmente at the. given distance, r, capable of penetrating
or perforating the target, For the human target {unless
p“otected by armor) and the gas tanks fairly small fragmentsa

~10-
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ghould be pffectlve at- ehort ranges. For the heavier
parts upon whioh the . strudtural Btrengths of“the winga
and fuselage depend only much larger fragments will be
effective. In view of the fact that the nersonnel are’
protected to some extent by the wall or sheathing of the"
fuaselage and ty ag tanks P¥ the ‘sheathing of tge wing,

it is Feasonable n t e abaence of precise :
experimental data) that on1¥ ents large enough to be
caught on the No., 3 soreen open g of dimenslone .23 x .23" )

will be efrective.

Data concerning .the number of fragments, N, larg o
enough to be caught on .the. No, 3 soreen for the % mm shell
T- the 105 mm shell MI and the ;55 mm shall T1El are given

be OW.

O assume

Shell N - Average Wt ‘ Wt. 6f Bhell
: : -of rragment 3 1bs,
| | ‘lbs, - '
75 mn. 533 . .023 IR UN
105 mm 980 -~ . .027. 33
155 mm f 1340 S 086 '95'

it 18 agsumed t?gt the verago effeotive ran 8, Tg»

Ir
for the 75 mm shell ia ydu. 3 and that -the range ls

" proportinnal to the average weight of the fragments, we
obtaln for Nr, and Nr, ror the three shell the following.

m .
Shell ,;'” e, 0 Mo
- S - O m
75 mm - c‘f 26;7o0lfff  .1,82d
105 m © ° 57,500 . 1,750
155 mm | ign, oooA', 1,720

It appeara from the above that as the caliber in-
creasea from 75 me: to 155 mm the effiolenoy per 1b. remaine
‘nearly constant, .

That this result should ba obtainad ‘on’ the assumption
that r, is proportlonal to the average weight of the fragments

followe approximately rromaelementary conaidarationa.

* Data on the 75 rom shell =r—3 obtained from Report No. 126 by N A, Tolch

The renort on the 105 mm shell HI s hot yet completed
** These are the assumed rangea at normal air denuity. The range dhould

be inversely proportional to the’ denslty.;-r
T Data on the 155 ™ -hn11 vnre kdndly nrovided by Picatinny Arsenal

"';11;~
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Let
m = mass of loaded shell’

m, = mass. of empty ahell

m3 = mass of rragments too small to be caught

on soreen No, 3

The product Nre is proportional to he—mB eincéfN.is the

number of fragments large snough to be caught on screen #3

and r, by hypothesis 1s proportional to the average weight
m.-my
of the N fragments, i.e,, to egnui ~ We may write then

Nl‘e" = k(me..mB) .

in which k is & factor of pfOportlonality. If the ratio,
bursting charge/maess of shell, is a constant, e.g., a, then

Nr m. nm- '
—8 _ (€ _ 2y -
o = k(m - ) x(1 - a

BL?

) o

Obviously as the calliber and the mase of the éhpll in-

crease, the ratio 53 should deoreaee, i.e., the proportion

of the shell consisting of emall fragments should decrease.
Nr

Hence _EE should increase with the caliber. That it appears

. to decrease slightly 18 due to the fact that 'a' increases

somevhat with the caliber 1in shell of current design., This
could be offeset by reducing slightly the bursting charge
of the larger shell, ©Euch a reduction, however, would
reduce the initial velocity of the fragments. In deducing
the results given above, 1t was tacitly assumed that the
initial velocity of the fragments is the same irrespective
of callber; actually the initial velocity of the fragments
of a large caliber shell should be greater than those of a
shell of smaller caliber. - This increase in velocity with
galiber should more than ofrset the Flight reduction of

r
_E_ with caliber as given 1n ‘the table on page 11,

Xs mentioned in the foregoing to attack the heavier .
parts upon which the structural strength of the wings and
fuselage depends, 1t appeare 11ke1y that much 1arger shell

o, -
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than 105 mm would be required.but how large is not de-
finitely known, Furthermore, if the pilot were given .-
armor protect.on, larger fragments ‘even than those pro- .
duced by a 105 mm shell would probably be required to.
penetrate 1t, R L

Numerical resultg?fbfgééffor%éagidua 60n§;floﬁg.;'

We calculate the probability that the pilot with A=l
will be hit by a fragment for various conditions using -
equation (4b) of which the :f is given by the co-fastor of .
a bc in (1la) under various conditions with a, = 3.l x 10 -,

ad = ,1 as follows:

Alti- Present Air Course . Pro- ﬂ Time N** oF Py
tude Slant  Speed © 7 Jectiles - of I
yd. range yd/sec el : Flight v
. yd. \ . - ' — —
' e R
10,000 18,250 150  30%coming 3" Me IX - . 30v 429 134 TgTogg
10,000 18,250 150 30® " 105 wm¥I .| 30 980 170 i
30 S ’5, 3 :? 4 .i_].- 17,000
5,000 9,100 50 30° " L3 M IX 15 "'hzgwif'%o | g%a :
. , . N - : ‘ "‘ ‘ . i o
5,000 9,100 50 30° * 105 mmM .15 - 980 100 T
B Lty o “leag ;6n',' t“#“én#thé:ébraféﬁéfrihe
fire control apparatus:are ema T

In the deduction of equations (U4b) and (5b),itiwas
tacitly assumed that the probable errors of the cBdrdinates
of the predicted future position -of the alrplane afe large.
compared with the effectlve .range of the fragments, ' If“the
ghell are not larger than 105.mm and tbZ errors in the = -
predicted future position are as great ad those-obtained.
with existing fire oo(ntrol equipment at altitudes greater
than say 10,000 ft., this assumption is probably correat..

If the fire control apparatus is improved or the shell . -
are larger, or beth, the assumption may no longer be corresct.
To take account of the redudtion: in the probability that a

* This would Tequire a vé;yté#eiﬁ,ﬁﬁizlp velocity..

** Assuming the tragmenti}'cagghtidnftho.§}‘qérgcnfé}e'§ffeétf¥§,.'-; A
¥ Thesse ranges make allowance for. the reduced nir density.” See footnote

,m-iy;fh



hit w1ll occur in a given volume 4V as the dlstance r
from the airplane increases, we takeg approxlmately in
place of (1b) :

Hs

pe dr. : , (6)

p -

fQe

In this .477a 18 a gert of mean of the probable errors
of the three coordinates ot the predicted ruture position.
By the aid of (6) we obtain in: plaoe of (U)

.
© =NA -r
Q;E \ ;§ e
Py = (1 - e 2 rS dr, A7)
(s .
and in place of (Lba)
e . =NA _-_-_32 S
Y- - B L .
Py = fQ‘jﬁ(l - ) % re adr.- (7a)

o

We shall not attempt to evaluate (7a) in gensral terms
but merely point out that in the limit ag .the mean probable
error ,477a approaches O, the target will ocertainly be hit
1f any part of 1t 1s inocluded on the solid angle ' of the
side spray. In other words, 1f the praecision.of the fire
control apparatus and the ammunition are ‘suggioclently high,
the probability of at least one hit i8 indepéndent of the
fragmentation characteristics of the projectile. .However,
great improvement will have to be made in'thé: fire control
apparatus before such a condition arisea,

Although with the: preaent fire oontrol apparatua, the
probability of a hit will not be independent of the frag-
‘mentation characteristice of the proJectile, nevertheless
as the caliber increases the: assuwmption: that the effective
range of the fragments is alwaye small compared with the
probable errors of the coordinates of the, predicted position
w11l cease to hold, It is estimated that at a slant range
of 15,000 yde,, an altitude of 10,000 yds. and an airplane

ol



speed of 300 miles/hour about 4% of the fragments of %he

105 mm shell MI will have ranges exceeding the mean prob-

- able error of the coordinates of the predicted position;

&8 the caliber increases the proportion of auch fragments

will increaee and for such shell equation (Ha) will over-
estimate the probabiiity of hitting.  Hence when the caliber
reaches a certailn magnitude the efficlency per '1b, in
attacking personnel willl begin to diminish, although the .
efficiency per 1b, in attacking the‘strueture-or the alrplane
will continue to increase until a larger caliber 1s reached.
Because of lack of the fundamental data, an accurate estimate
cannot he made of the caliber at which the efficlency per 1b,
for attacking personnel and structure respectively begins to
fall off. It is probable that for attacking personnel no
-appreciable loss will ocour with the present fire control at
high altitudas and a 300 mi/hr, air speed until the caliber
exceeds 4.7" while for attacking the structure, the efficiency
per 1lb, will continue to 1ncrease until the callber reachee 8",

The probable error in the predioted position 1noreaees
with the slant range, the speed of the airplane and time of
flight and decreases as the precision of the fire control
instruments increases. It follows that for great slant
ranges, long times of flight and high alr speeds the
optimum caliber 1s larger than for shorter ranges and tinmes
of flight and lower air speeds.. The optimum caliber for a
given slant range, time of flight and alr speed. dimin;ehes
as the precislon of the fire oontrol increases. .

7ith the present fire control 1nepruments in attaoking
an airplane having a high speed, flying at high altitudes,
the efficlency per 1lb, for attacking the struoture of the
airplane probably continues to increase until an 8" caliber
is reached, It is not at all certain, however, in view of
the results avallahle, that even an g shell would be able
by its fragmentation to cause a wing to fall or the fuselage-
to break in two. In view of this uncertainty it would seem
preferable to depend upon attacking the personnel, the gas
tanks etc. by shell of relatively small caliber. b 7% or
less depending upon the fire control apparatus, the altitude
etc. 'On the other hand .if a relatively light armor pro-
tection were provided for the pilot, bomber and vital parts
like the bomb sight, fuel lines, etc., the effectiveness of
the 4,7" or smaller shell would be very much reduced and %o
make the alrplane vulnerable, larger and larger shell would
have to be used as the amount of armor protection is lncreased.

Probability of a direct hit‘on"an éibplane rlying‘overhead

In view of the re]ative 1neffectivenesa of the- fragmenfs
of a snell against airplanes, it is ‘interesting to compute-
the probability of a direct hit, If a shell were armed with.
a supersensitive fuze with a delay of about ,0005, the ex-
plosion would occur inside the structure of the wlng or v
fuselage and would in all probabillty dieable the alrplane

1mmed1ately,

“1B-
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Consider an airplane flying at a constant altitude,
y, a8 shown in figure 2 on page 17 with the. future position
of the alirplane in the X Y plane, Let the probable - errors
in the x and z ¢oordinates of the predicted future pvaltion
be 4x and Az. It 1s apparent from the figure that - -~

R Aef
sinﬁf

ox = , Az =;BAQ = 3Aar'qoé§fr L

using the notation of Report-127. From the results glven
in Hayes' 'Flements of Ordnance! p. 481, 1% 15 apparent
that the probability p; of a direot hit on an alrplans of
plan area, Q, 1is con - T e

2

Y L _.o72g _ ‘072 Qsint,
o2
R

Pq = Tax dz ax oy 3 .
o o RGegbfp costp

provided there are no aystém&tib,errors in the fireﬁoont?ol
apparatus. As shown on page 1g,0f report 127 (Addendum).

2 |2 By e |
Lep A0 = 8760y L (ad SR“aR),- .
In view of this, we obtain
~ L .072 Q tane, : :
a4 — : — 31 - (8a)
2 .2 2 2h . 3%, °
8q RTw % |t +(ad‘SR aR)

If A represents the projected area of the'piiot wé;obtain,
Py the probability of hitting the plilot by a fragment from

(4b) on substituting for f its value as given by (la)

16~
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_altitude of 10,000 yds. then S:R =

Py = ‘ R T

2 a3 Py
&y 8 3R wswoi cq.sff,~

: . Pa
We obtain for the ra'tio,,'-ﬁ@-f, _
o . : YA

Pa _ .072 “rysﬁ{Qpﬁin§; = 3.1 &y SR @ sine,” "'(91
PA T L019% i NA r‘e“ " o T NA r.e. '}_‘.:9: 9,

Suppose the airplane 1& flying nearly overhead‘ét‘an
10,000 and sine, = 1.

From page 6 of Report 127g1we7t&ke ay = 3.1 % lbf6fyd»;_ ‘

For a modern bomber we take Q the plan areavas‘lﬁg;ydgy,FOﬁ_‘
the 105 mm shell,counting the fragments caught on the

. aumber 3 soreen, we have N = 980, We asgume that r v=‘1705ya;'t

: (low air density). Upon subsgtituting ink(gé‘wewobfgﬁn

" Pa 3.7 x3.1x 10
D, - 960 x 170

If the altitude were reduced to 5000 yd. other con-
ditioneg being equal we\shdqld‘obtain: e

i

P, . a2k

Pa
- o
.'R%fA -

a0

This comparison geens to:neglect-théfpfﬁb&b@lity of

" hitting other parts of .the airplane besides- the ‘pilot.

It appears,however, that for attack by fragmente, the
pilot 1is the most vulnerable part of the.&irplaﬁé%‘,Wpile



the fragments may puncture the gas tanks, such punctures
gshould not cause the bombing mission to be abandoned
inmediately although they might cause an eventual forced
landing., The probability of the fragments cutting the
control cables or damaging the engine seriously is small
and, as remarked, the fragments of shell of a 105 mm
ca1¢ber are inoapable of materially damaging the structural
framework. of the airplane.,

The probability of hitting the pilot p, Wwas calcula ted

on the assumption that the pilot is not protected by armor,
If he is protected the probability Py would be very much

reduced, Furthermore the probability of a direct h;t, pd’

" would be Just as great with & smaller shell, e.g.; & 3"

one, if the time of flight were equal, as by a 105 mm shell,
On the other hand if great improvements are made in the
height finder, a great increase in the probability of
hitting the pilot by fragments would ensue, It appears
from the Toregoing that to attack alrplanes flying at high
altitudes 1t would be much better with the present height
finder to employ high velocity shell of snmall naliber armed
with supersensltive fuzeg than to employ shell of much
larger callber armed with time fuzes. There seems to be
1ittle doubt than an explosion of & shell as small as one:
of a 3% caliber within the structure of the wings or fuselage
would immedlately disable the airplane. On the other hand
unless great improvements are made in both the director and
height finder, attempts to attack an ailrplane flying at an
altitude of 10 000 yde. and an air speed of 300 mi/hr by
ghell armed either with time or percussion fuzes. will have
little chance or success (see table on p, 13).

Resume

. It is pointed out that there is no authoritative basis
for the widely held bellef that a 'hit! will necesssarily
disable an airplane. There is s need for the devslopment
of a method for estinmating the probablility of disabling an
airplaneo

The probability of hitting a small projeocted area, A,
and the probablillity of hitting the fuselage for a favorable
orientation of the axig of the shell are computed., It is
ghown that both these probabllities are approximately pro-.
portional to Nr, in which N is the number and r, the average

effective range of ‘the effective fragments. On certaln more
or less plausible assumptlons, it is shown that even in
sttacking unprotected personnel a 105 mm shell should be

a8 effictent per 1b. as a 75 mm one.

.-19”



The cédncluslon that the efficlency per 1b. is practi-
cally independent of the caliber 1s based on the assumption
that the proébable error of the predicted position 1is
greater than the effective range of the fragments, As the
precision of fire.increases this conditlon no longer holds.,
It follows that for attacking personnel and vulnerable
parts of the alrplane by fragmente the optimum caliber
should increase as the range, time of flight and air speed
of the airplane increase and decrease as the precision of
the fire contrel increases, Theé caliber of the shell should
of course increase as the armor protection increwses°

The probabillity of a direct hit is coniputed, It 15
shown that with the present hélight finders the probability
of a direct hit at high altitudes e.g., 10,000 wd. is about
as great as the probability of thting the pllot by & -
fragment of a 105 mm shell for a given time of flight.

In view of this result, it is suggested that to attack
airplanes et high alt;tudes especially "Af they provide armor
protection for the pilot, shell of relatively eémall calibew
armed with supersensitive fuzes should be employed,

Recommendations

As pointed out on. page 6, to evaluate accurately the
prdbab;lity of hitting a small target, 1t ls necessary to
Xnow N the number of effective fr&aments ags a functlion of r.
the distance from the burst. It is recommended that a
program be initiated to determine fhe function N(r) for
projectiles of various callbers and types acting agalnst -
dummies variously clothed and protected by armor,.and
against structures of the sorts to be found on airpl&neso

. In view of the fact that'w¢th the present fire control
apparatus the probability of a dirsct hit at high slsitudes
appears to be as great as the probability of hitting the:
unprotected pilot by a fragment of & 105 mm shell, it is
recommended that serious considerabion be given to the )

advisability of" the development of an antiaircraft artillery
firing shell armed with supersensitive fuzes having & delay
of about .0005 sec. While such an artillery would probably
be less effective on the whole than the existing type against
unarmored airplanes; against alrplanes providing armor
protection for the pllot and other vital parts, the

shell armed with the impact fuzes should be more effective
than those arned- w;th tlme fuzes.

R, H. Kent
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Appé?ndix
Evalugtion of Integrals
| B RS
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The integral, T ~v ., can be developed into
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a convergent series with & remaeinder integral, which 1is
expresged as a divergent but summable series,

Let ay = %
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