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ABSTRACT

Tha 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 lb. G. P. bombs Mk 81 and AN-M-57AI, as well as the
220 lb. M81 fragmentation bomb, are all being considered as
possible warheads for this missile. Inasmuch as its impact
velocity is expected to fall in the range of 1100 to
1900 ft./sec. te.* 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 importance
since a fuze delay would be tactically desirable, and a
delay fuze is useless if the bomb does not remain intact
after penetrating its target. Normally these bombs are not
tested at impact velocities greater than 1000 ft./sec.,
since this is the maximum velocity that would be expected
from a free fall. Therefore, a limited program has been
conducted on the 250 lb. G. P. Mk 81 bomb to find the effect
of higher striking velocities on bomb break-up.

The results indicate that the inert loaded 250 lb.
G. P. bomb Mk 81:

ab 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 condition at
1700 ft./sec. and 20. obliquity but will break up at
1900 ft./sec.

CONFIDENTIAL ii



CONFIDENTIAL NPG REPORT NO.~ 1449
----- ---------------------------------------------------- -- ------

FOREWORD

This is.-the final report on high velocity, impact tests
of the 250 lb. G. P. Mk 81 Low Drag Bomb, which is being
considered for use as a warhead for the Bulipup missiles
The program was conducted under Task Assignment NPG-S3-3d-
442-1-56 as authorized by reference (a). The bombs were
received under reference (b)p tested during the period
14 December 1955 to 3 January 1956, and a preliminary report
submitted an reference (o).

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

This report was reviewed by:

C. B. GREEN, Director of Terminal Ballistics Research
J. Re WELSH, Commander, USN

Terminal Ballistics Officer
R. H. LYDDANE, Director of Research
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INTRODUCTION

The air-to-ground, rocket propelled, optically guided
missile Bulipup is now under development by the Glenn L.
Martin Company for the Bureau of Aeronautics. The existing
250 lb,, G6. P. bombs Mk 81 andAN-M57A1, as well as the
220 lb. 1481 fragmentation bomb,-are all being- considered as
possible warheads for this missile. Inasmuch as its impact
velocity is expected to fall in the range of 1100 to
1900 ft./sec. the question has arisen as to whether the
bombte ability to penetrate target. in effective bursting
condition will be seriously impaired by the high striking
velocities. This information is of yarticoular importance
since it would be desirable to use a delay fuze with the
G. P.. bombs. Such a fuze is useless if the bomb does not
remain intact after penetrating its target.. Normally these
bombs are not tested at impact velocities greater than4
1000 ft./eece since this is the maximum velocity that
would be expected from a free fall. Therefore, a limited
program has been conducted on the 250 lb. Go F. Mk 81 bomb
to obtain preliminary data on the effect of higher striking
velocities on- bomb, break-up.

DESCRIPTION 0F MATERIAL

aFive 250 lb~. Go P. Nk 81 bombs wire inert loaded with
aperlitseoement-~water mixture to a weight Io -f290!y lbs.

The flat-faced nose fuze being developed by the IiElgin
National Watch Company for use in the missile wLr~head, W,
simulated by 4" diameter-:flat base plugs, remi~ved from
other 250 lb. bombs, inserted in the nose of thiese bombs.{
The fuze wells were left empty.

DESCRIPTION OF TEST EQUIPMENT

The following equipment and materials were used in
conducting this program-.

a. Gun; 9712/31.5 Smoothbore'Gun No, 1.
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b, PropelAnt.- NPPR-21,!(6"(/47) :,owder
56.0# for 1470 't./sec.
67.0# for 1710 ft./see.
78.0# for 1920 ft./sec.
with bomb ram-ed 70'5 from breech
end

cý Targets: Sand and 7/81" STS armor plate

d. Velocity
Measurements-. Solenoid coils and oscilloscope

ea Cameras: 35mm Yaetax, Speed Graphic

PROCf, DURE

Since the major diameter of the Mk 81 bomb is 9110 and
the gun employed was a 971 dLameter smoothbore, it was
unnecessary to provide any .Vorward bourrelet on the bomb.
A 1-5/8" thick x 97097 dianreter steel base plate was
attached to the base of tl'e bomb by means of four set. scro.',
which engaged in the V-nocch at the base of the bomb. Th.!,
design permitted the basi plate to tear loose from the bo..•b
upon plate impact witho'it damaging the base of the bomb.
Only one inert Bullpup fuze was available, Figure (2), -.
bomb base plugs (the r.ost readily available i'em with "Z'1e
proper thread) were used to simulate the fuzes. The. "
bomb had consistently penetrated 7/8" STS plate and "' &
plate a large perce'itage of the time at 1000 ft./sc,, ii
effective condition. Therefore, 7/8" STS at 20* oKqv
was chosen as the initial high velocity (1900 ft,,/ 1ijc,-
target. Earth or sand are also conceived of as -j!.n.
sible impact materials for this missile so th* .,:Jal -

velocity was detPermined for sand. A 3/4" th•cknes;"
plywood faced 4.he front of the sand pile vitt tho- p
up in contact with the wood. . piled

A 16mm lastax camera, operated at "500
used on rou.id 2 to photograph the bo.',-. b. Ae5/5sc., was

muzzle and target and prq.vide infoz'.,-tioo" i the gun
stability, A Ballistic Synchrccar-'ra w ito fht
round 3 to obtain more detailed infor - don thotorap
plate, simulated nose fuze and alt": ;n on the base
ately beifore impact. of the bomb immedi-

CONFIrENTlAL Best Available Copy



-----------------------------------------

CONFIDENTIAL P TPRTN.l&

Velocities were measured in the conventional manner by
t nqroids 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 rec•ords of each round
(Appendix (B)) and photographs of .he recovered bombs
(Appendix (C)).

The results are summarized as follows:

Velocity
Target* ft./sec. 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

*One 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).

Round 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 or impact at this high a
"Velocity. The forward section of the bomb had broken into

CONFIDENTIAL .3
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numerous pieces 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 eart}o High speed photography of tha round from the gun
muzzle to the target indicated that the bomnb was flighting
well and was intact upon impacting the target, Figure (5).

Inasmuch as this missile might be fired into earth or
sand at such an angle that it would detonate below a
surface structure, it was deemed advisable to continue with
the investigation of sand targets at a lower impact velocity.
At a 500 knot launching speed and 70o dive angle, the
missile would have an impact velocity of 1700 ft./sec. when
released between 15,000 and 20,000 ft. altitude. Therefore
round 3 was impacted against sand at 1700 ft./see. and
20U obliquity to simulate these conditionso Under these
conditions the bomb remained in good condition after pene-
trating a sand target fronted by 3/4" plywood, Figure (6).
The nose plug was pushed in as a result of th6 impact. A
ballistic synchrocamera picture of the round just before
target impact indicated that the round was intact and in
stable flight condition, Figure (7) (the bomb is shortened
in this picture because the film speed was too high).

Round A

3Sioes 1700 ft,/sec. is an impact velocity that might
be anticipated under numerous high speed launchi,.g condi-
tions, it was used against 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 was split open but the base had
held together, Figure (8)X

Round

This round was fired to obtain a penetration velocity
limit on the '1/81 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
actual impact velocity of •410 ft_!e~c. the bomb penetrated

GONFIDMI'TIAL 4
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tue target and remained intact, although deformed in the
nose section. It is conceivable that the deformation would
have been sufficient 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 loaded 250 lb. G. F.
Bomb Mk 81:

a. Will penetrate 7/8" STS armor plate at 200 obli-
quity at 1470 ft./sec. but will break up --.n penetrating
this target at 1735 ft./sec. or higher velocities.

b. Will penetrate sand or normal earth (free of rocks,
stone., etc.) and remain in effective condit:'on at
1700 ft./sect. and 20* obliquity but will break up at
1900 ft./sec.

REFERENCES

(a) BUORD Conf ltr Re3d-ANB:bjk Ser 11691 of 15 Nov 1955
(b) AMSO 565542
(C) NPG Conf Preliminary Report 25 Jan 1956
(d) Glenn L. Martin Company Conf Report ER 6460 -

Model XASM-N-7 Guided Missile Weapon System
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