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ABSTRACT

The air-to-ground, rocket propelled, optically guided
missile Bullpup is now under development by the Glenn L.
Martin Company for the Bureau of Aeronautics. The axisting
250 1b, G, P, bembs Mk 81 and AN-M-57Al, as well zs the
220 1b, M8l fragmentation bomb, are all being considered as
possible warheads for this missile. TInasmuch as its iapact
velocity is expected to fall in the range of 1100 to
1900 ft./sec. tt2 question has arisen as to whether the
bomb's ability to penetrate targets in effective bursting
conditions will be seriously impaired by the high striking
velocities. This information is of particular importancse
since a fuze delay would be tactically desirablae, and a
delay fuze 1s useless if the bomb does not remain intact
after penetrating its target. Normally thess bombs are not
tested at impact velocities greater than 1000 ft./sec.,
since this is the maximum velocity that would be expested
from a free fall. Therefore, a limited program has been
conducted on the 250 1b., ¢. P. Mk 81 bomb to find the effect
of higher striking velocities on bomb break-up.

The results indicatws that the inert loaded 250 1lb,
Go. P, bomb Mk 81:

a, Will penetrate 7/8" STS armor plate at 20e¢ obli-
quity at 1470 ft,/sec. but will break up in penetrating
this target at 1735 ft./sec. or higher velocities.

b, Will penetrate sand or normal earth (free of
rocks, stones, etec.) and remain in effective condition at
1700 ft./sec. and 20+ obliquity but will break up at
1900 ft./sec.
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| FOREWORD

This is the final report on high velocity impact tests
of the 250 1b, G. P. Mk 81 Low Drag Bomb, which is being
considered for use as a warhead for the Bullpup missile,
The program was conducted under Task Assignment NPG-S$3-3d-
L42-1-56 as authorized by reference (a). The bombs were '
received under reference (b), tested during the peried ‘
14 December 1955 to 3 January 1956, and a preliminary report
submitted as reference (c).

Lieutenant (jg) G. J. Miskho of the Terminal Ballistics
Department conducted the firings.

This report was reviewed by:

C. B. GREEN, Director of Termlinal Ballistics Research
"Jo Re WELSH, Commander, USN S e
Terminal Ballistics Officer L

R. H. LYDDANE, Director of Research e |
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INTRODUCTION

The air-to=ground, rocket propelled, optically guided
missile Bullpup is now under development by the Glenn L.
Martin Company for the Bureau of Aeronautics. The existing
250 1b. G, P. bombs Mk 81 and AN-M57A1, as well as the
220 1b, M8l fragmentation bomb, are all being considered as -
posaibie warheads for this missile. Inasmuch a2 its impact :
velocity is expected to fall in the range cof 1100 to
1900 ft./sec. the question has arisen as to whether the
bomb's ability to penetrate targets in effective burating
condition will be sericusly impaired by the high striking -
velocities. This information is of particular importance’ .
since it would be desirable to use a delay fuze with the ;
G. P. bombs. Such a fuge is useless if the bomb does not
remain intact after penetirating its target. Normally these
bombs are not tested at impact velocitles greater than
1000 ft./sec. since this is the maximum velocity that
would be axpected from a free fall., Therefore, a limited
program has been conducted on the 250 lb. G, Fs Mk 81 bomb

. to obtain preliminary data on the effect of higher striking
" velocities on:bomb break-up. i

L ———— .
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o DESCRIPTION OF MATERIAL

‘ .
o+ Al A A A o o 18

. Five 250 1b. G+ P. Mk Bl bombs wers inart loaded with
j s perlite-cement-water mixture to a weight of 250* o lbs,
P The flat-faced nose fuge being developed by the "Llgin
National Watech Company for use in the misaile warhead, wa‘
{ ’ ' simulated by 4" diametar-flat baae plugs, remsved from
, * other 250 1b. bombe, inserted in the nose of ‘these bonbs.
The fuze wells were laft empty. e i

b e R
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DESCRIPTION OF TEST EQUIPMEN

i ey B S, .

‘ The following equipment and materials were used in
conducting this program: ,

a. Gun: - 9912/31.5 Sﬁbothbore‘Gun'No. 1

| i
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b. Propellant. NPFR-2/,1(A"/L7) wowder
56.0# for 1470 ‘t./sec.
67.0# for 1710 ft./sec.
78.0# for 1920 ft./sec.
with bomb ramuaed 745 from breech
end

¢c. Targets: Sand and 7//4" STS armor plate

do Velocity
Measurements: Solenoid coils and oscilloscope

e. Cameras: 35mm Foastax, Speed Graphic

PROC/.DURE

Since the major diameter of the Mk 81 bomb is 990 and
the gun employed was a 971 d.ameter smoothbore, it was
unnecessary to provide any Iorward bourrelet on the bomb,

A 1-5/8" thick x 99097 dier.eter steel base plate was
attached to the base of the bomb by means of four set scrows
which engaged in the V-notch at the base of ths bomb., Thin
design permitted the bass plate to tear loose from the htowb
upon plate impact without damaging the base of the bomb,
Only one inert Bullpup fuze was available, Figure (2), -
bomb base plugs (the rost readily available item with <tue
proper thread) were vsed to simulate the fuzes. The *u A’
bomb had consistently penetrated 7/8" STS plate and .v &
plate a large percentage of the time at 1000 ft./sw«, is
effective condition., Therefore, 7/8m™ STS at 20e oi:ilqr

was chosen as the initial high velocity (1900 ft./suc. '’
target. Earth or sand are also conceived of as i3inn
sible impact materials for this missile so the i.r:alk
velocity was de’.ermined for sand., A 3/4" thickres:
plywood faced ‘he front of the sand pile witi the & {led
up in contact with the wood. 4 pille

A 1l6mm Ffastax camera, operated ai 500
used on rouuad 2 to photograph the bowi: bet-
muzzle and target and provide inforwitio-
stability. A Ballistic Synchrccam-ra w its flight
round 3 to obtain more detailes :nfor. 964 to photograph
plate, simulated nose fuze sand aiti: -vn On the base
ately b:fore impact. - of the bomb immedi-

e8/8ec., was
the gun

CONFICENTI1AL
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Velocities were measured in the conventional manner by
s3) *npoids and oscilloscopes.

RESULTS AND DISCUSSION

Table 1, Appendix (A), gives the test conditions and
results for the five bombs fired in this program. These
data are supplemented by butt impact records of each round
(Appendix (B)) and photographs of _he recovered bombs
(Appendix (C)).

The results are summarized as follows:

Velocity
Target# fto./sece Condition of Recovered Bomb
7/8" STS 1919 Broken up
1735 Broken up
1470 Effective~-intact, deformed
Sand 1933 Broken up
1704 Effective-intact, good

condition

#0One impact at each condition. All impacts at 20¢ obliquity.

Round 1

The first round was fired at the highest impact veloc-
ity this missile is expected to attain, 1919 ft./sec. The
velocity of the launching aircraft would be at least
500 knots, it would have a steep dive angle and release the
missile somewhere below 15,000 ft., reference (d), to
enable the missile to reach such a striking velocity. The
7/8" STS target, which might represent some armored type of
vessel, was perforated by the bomb but served to break it
up into numerous pieces, thus preventing the operation of
any delay fuze and destroying the effectiveness of the
missile, Figure (3).

Hound 2

The least severe target material available, sand, was
utilized for the next round in order to determine whether
the bomb could withstand any type of impact at this high a
velocity. The forward section of the bomb had broken into

CONFIDENTIAL 3
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numerocus pleces but the base section had held together,
Figure (4). This indicated that at some slightly lower
velocity the bomb might hold together in penetrating sand
or sarth. High speed photography of th2 round from the gun
muzzle to the target indlcated that the bomb was flighting
well and was intact upon impacting the target, Figure (5).

Ronnd 3

Inasmuch as this missile might be fired into earth or
sand at such an angle that it wculd detonate bselow a
surface structure, it was deemead advisable to continue with
the inveatigation of sand targets at a lower impact velocity.
At a 500 knot launching speed and 70¢ dive angle, the
missile would have an impact veloecity of 1700 ft./sec. when
released between 15,000 and 20,000 ft. altitude. Therefore
round 3 was impacted against sand at 1700 ft./sec. and
20¢ obliquity to simulate these conditions. Undar these
conditions the bomb remained in gocd condition after penc-
trating a sand target fronted by 3/4" plywood, PFigure (6).
The nose plug was pushed in 328 a result of the impact. A&
ballistic synchrocamera pieture of the round just before
target impact indicated that the round was intact and in
stable flight conditlon, Pigure (7) (the bowb 1s shourtened
in this pioture because the film speed was too high).

Round 4

Siice 1700 ft./sec. is an impact velocity that might
be anticlpated under numerous high speed launchiug condl=-
tions, it was used againat another 7/8" STS target. The
bomb was again found to be broken up after penetrating the
armor plate target at 20¢ obliquity but not as badly as it
had been at the 1919 ft./sec. striking velocity. The
forward part of the bomb waa split open but the base had
held together, Figure (8).

found 5

This round was fired to obtain a penetration veloccity
limit on the 7/8" STS target at 20¢ obliquity. The condi-
tion of the previous round had indicated that this limit
might be in the neighborhood of 1500 ft./sec. At an
actunal impact velocity of 1470 ft_./sec the bomb penetrated

CONFIDENTIAL 4
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the target and remained intact, although deformed in the
nose section. It i3 conceivable that the deformation would
have been sufficlent to prevent a nose fuze from functioning
or cause a nose booster charge to deflagrate, Figure (9).
This is an impact velocity that in all probability would be
obtained with a launching speed lower than 500 knots; more
likely at 250 knots,

CONCLUSIONS

It is concluded that the inert lcaded 250 1lb., G, P.
Bomb Mk 81:

a. Will penetrate 7/8" STS armor plate at 20¢ obli-
quity at 1470 ft./sec. but will break up in penetrating
this target at 1735 ft./sec. or higher velocities.

b. Will penetrate sand or normal earth (free of rocks,
stones, etc.) and remain in effective conditlon at
1700 ft./sec. and 20¢ obliquity but will break up at
1900 ftn/seCo

REFERENCES
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