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. TARGET ERRCRS DUE TO ERRORS IN ALTITUDE AND ATIR SPEED

o

Abgtract

Expressions are obteined for the erroré in range and deflectlon
due to errors in altitude znd alr speed. An illustrative example 1s

glven.

The condltion for hitting of a bomb in range with a
stationary target and horizontal flight (see the chanter
on Bombing from Airplanes in Hayes! ‘Eléments of Ordnance’ page

501) ie
tan B, = tan B'- tan? cos o ‘ (1)

where B 1s the value of the position angle P at the
1nstant’ of release, B' 1a the travel angle, T 1s the traill
angle and ¢ 1s the ’azimuth of the trall.

If the correct value of B, is computed and the bomb
dropped vhen f = B, , the range component of the target
error* will be zero,

\ Suppose that there 1e an error 4 tan B'in the estimate
of tan £'and an error 4 tan T in the estimate of tan 7 ,
then if the error in tan B, 1s 4 tan B , we have

ten B, + Atanﬂo = tan B' + AtanB' - (tanT + atan7 )cos ¢. (2)

» The target error 15 the distence between the point of fall and the
terget. '
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c Atanf_1s y _Atan P

From (1) and (2) 1t follows that
4 tanB, = AtanBLatan T cos . | (3)

“Phe value of tanB' ig obtained by multiplying

2 tgzﬂ‘)(measured by the sight) by ¢, , or

tan B'= Q(L%l:_ﬁ_}_ tw.

If it is assumed that g_(g%__nﬁ_)_ i1s correctly measured, then

the error, atanf', in tanB' is given by

tanﬂ' + Atanf' = g_%%’n_ﬁ_)m + 4t,)

where Aty is the errar in the time of flight, From this

AtanB' = gﬂ;%%ﬂ-)ﬂtw .

Inserting this value of Atan B' in (3) we get

otan By = Q—C%)At@ - cOos @AtunT

The i-ange conponent of the target error corresponding to
o+ Hence the target error in range of the

bormb will bé

Y Atan ﬂo= Yo g—%ﬁ—l oty - ¥, cos'[pa.tan T,

o dt.

y Q_(_Eg_n_f_)is the ground Sp'eed., vg. Hence the
target error in range is ' '

ngtm - yo cqa?atan‘r .-

. If the errorsin t, and tan¥. are due solely to an
error Ayo in Yor :
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T:M
Atan® = o Ay,.

Thus the target error in range as depending upon the error
in altitude Ay is

Vg 7. Ayo v yocos¢ 31.@;.) byo - . (4)

If there is also an error, auh, in the horizontal air

speed, » 1t may readlly be shown that the resultant target
- error in“range due to an error Ayo in Yo and an error Auh in
u is
oty Jty ? ( o tan T A + o tan T Auy )=
Vg 5}; Ay0 ﬁul}. JoCO8 ayo Yo 'auh Up
Stu Ay, + Sty Auh) - y cos P sec 1(33 by, + 35 Auh) * (5)

The above expression give the amount by which the bomb
will fall short of the target in range. In using (5), due
attention should be paid to signs of 4y, and auy . If the

estimated altitude 1s greater than the true altitude, Ay
is positive; if less, Ay, 1s negative, If (5) is

negative, the bomb will overshoot the target, For a
stationary target and horizontal flight, the target error

in deflection may be computed from the condition for nitting
in deflection,

@ It i3 assuned that the trail {3 mecsured 4n rodians. 4 nil {3 aqual
to .,001 radians.
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tan Yo =. an T _sin ‘P 4 tap __ﬁm_ﬂ_h..i = iﬂ;ﬁﬂl
[1+ (ta.n'l?cosv“f_.an B')ﬂ ( 1+ tan? By) .

" where Y, is the n031t10n angle of the target for deflection at the

instant of release.

Yo8in @ sec? T v ~T
=2 (sec2 B, + cos @ tan T tan B )(& Ay, + & Auy)
secs P ° S 0Ty, O Ty B

(6)

_ tan T 5in @ tan £, v, (atm
sec? B, W,

.ot
Ayo + &‘ﬁ Auh)

If the above expression is positive, the bomb will fall
short of the target in deflection, which 1s meaeured to the
leeward,

ILLUSTRATIVE EXAMPLE

Suppose a bomb 1s dropped from an eirplane having &n
air speed of 150 miles/hour at an altitude of 10,000 ft. with
the azimuth of trail, o, equal to 10°, If the ballistic
coefficient 1is 2, what are the target errors in range and
defleotion due to an error of 10 miles/hour in air speed
and of 100 ft, in altitude?

To obtain the error in range, expreselon (5) is used.
First the derivatives,

... —_— and
3_3’0 ’ ouy - Oy oup

are computed approximately by the ald of. figures 9 and 10
of }Bombing from Airplanes!.



From figure 10, 1t 1s seen that, at an air speed of
~100 miles/hour, a change of altitude from 7500 to 12,500 :
‘changes % from 22 sec, to 29 sec, The change 1s 7 sec, o
while at 200 miles/hqur, tw changes by almost the same
amount, . 'ﬂ
Hence approximately, for an alrspeed of 150 miles/hour
and an altitude of 10,000 f¢,,

otw 7
— = =. . 14 -
oy, 5000 0

From the two curves of Fig, 10 the value of g&ﬂ is estimated to be
. _ h
- . =
approximately f%a I.OOl.m

Similarly from plot 9, it is found that % is negligible and that % '
) fo} h . -

is about 424535—3245 =.é% = .4 mils/miles/hr, = ,0004 radians/mile/hr,

For the given conditions T~ 43 mils = ,043 radians, whence sec® T = 1,00,

If then we tgke y, = 10,000, Ay, = 100 and Auy = 10, we find from (5)

"~ that the target error in range is

vg(.0014 x 100 + 001 x 10) * 10,000(.00040 x 10) cos? = vy * (,15)~ 40 cos?.
It @ 4g 10e, then cos @ = 34 ; hence if vy is 250 ft/sec. the
target error is ’

37 ~ 89 = ~2 fi.
The bomb will dvétshoot the taréet by about iwo feet.

® the valus of .00! was recily obtained fros the Exterior Hallistic Fables;
the curves wouild indicote ¢ value of about ,002, fAs discrepancy 1
due to the facts that (1), the linear interpolation ¢{s inaccurate and
{2), the scale of Fig. 10 ¢s small.
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If 4wy = O, and A:}o = 100, the bomb will fall short by 35 ft,

If_Ayo = 0 and sy = 10 mi/hr, the bomb will overshoot by
37 £t. o : '
To comEute the error in deflection we need to know sin o,
tan? , tan F, and sec B,
For these, the following values are obtained,
ein @ = 174
. tan T = 043
- M - < 250 x 26 _ - _
tan ﬁo ¥, to tan Toos @ = 167000 LOl3 x ,9§h = ,61

sec ﬁo - NTTEL - 1.17.

If these valuee and the values of---E ,etc, previously obtalned are
inserted in (6), the result is %o ‘

10,000 x.A7% x1, (317" 4,98k .03 x ,61)%(,004O)
1.17 : : ‘

_Wﬁg (.15). =
1.7

1,085 x (1.39)x ,0040 - ,71 * .15 =
6.0 - 0.1 = 5-9 fto

o -

Thus the bomb will fall about 6 ft. to the right in deflection,

If the calculations are repeated with 4y = O and Auh =
10 mi/nr, almost the same result will be obtalned, in-
dicating that an error in altitude will produce only a

tnegligibly amall error in deflection.

R. K- ek

R. H., Kent
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