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ABSTRACT 

Two BULLPUP Missiles XASM-N-7, with empty rocket 
motors and containing 260 lb0 fragmentation bombs AN-M81 as 
warheads, were statically detonated in a 40 ft» - 60 ft» 
radius field arena for the determination of fragmentation 
pattern, mass distribution and associated fragment 
velocities to aid in the study of haaard to launching 
aircraft » 

two miööilcä pxOuüCôd me secuiiu ui une 
detonation» The following is a summary of the results 
obtained from the high order detonation of the first 
missile % 

a» The missile propulsion section, including wings, 
was blown to the rear, essentially intact, at a velocity 
less than 100 ft/sec» 

b» The missile warhead section produced a well 
defined fragment beam spray similar to that which would be 
expected to be obtained from the bomb when not encased in 
the missile» 

C» *pproxim*fely 40 large fragments, ranging in 
weight up tc 2877 grams and in area up to 100 square 
inches, from the forward (guidance) section of the missile 
were recovered on the ground within the arena area« 

d. The approximate weights of fragments and maximum 
fragment velocities recorded over a 40 ft0 baseline were 
as followss 

Polar AngleZone 

0* - 45* 

45* - 90® 

90® - 135® 

135® - 180® 

Maximum 
Velocity 
ín/agsl 

2640 

3350 

Fragaeala- 

WeUht ÍHMfi.tLl. 
Spread 

0o9 - 2877o0 

0o5 - 557o6 

0» 5 “ 125o6 

18o4 " 43525*0 

Average 

213 

54 

28 

62 50 

Number 

54 

35 

69 

7 

♦Fragment velocities in these polar angle sones were so low 
that no flash was produced by impact with the arena plates» 
As a result, accurate fragment velocities could not be 
computed» 
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FOREWORD 

This is a partial report on BUAER Project TED—ADC- 
AR-46OO2 and the final report on the static detonation 
pilase of the project requested by reference (a). 

The purpose of this test was to obtain data on the 
fragmentation pattern, mass distribution and associated 
fragment velocities for the BULLPUP Guided Missile 

XASM-N-7. 

This report was reviewed by: 

F. W. KASDORF, Head, Technical Evaluation Division 
Warhead and Terminal Ballistics Laboratory 

C. B. GREEN, Assistant Director, Technical Applications 
Warhead and Terminal Ballistics Laboratory 

R. H. LYDDANE, Director T 
Warhead and Terminal Ballistics Laboratory 
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INTRODUCTION 

Two BULLPUP Guided Miaeiles XASM-N-7 with eapty rocket 
■otore end containing 260 Ibo fragmentation bomba aa war¬ 
heads hare been statically detonated to obtain data for uae 
in studies of the kill probability and for establishing 
minimum safe arming distance to prevent hasard to a launch¬ 
ing aircraft in case of a premature missile-warhead deto- 

Ô . n _ . . V - J ~ »4 ■»— <W«N ««4 • > 4 A VI pat t • r n - 
nauiono uai.« «ero uuwoxu®« --- - * '11. de¬ 
fragment mass distribution and fragment velocities for the 
missile-warhead combination^ 

DESCRIPTION OP MATERIAL 

The BULLPUP missile XASK-N-7 *■ described in refer¬ 
ence (b) and shown in Figure 1 is primarily a monocoque 
aluminum cylinder with frames located . load 
concentration. The fuselage, or body, is 
three major units; the guidance-control, warhead, and pro¬ 
pulsion sections. The exterior sections are made of spot- 
welded formed aluminum skin, with the exception of the 
rocket motor case which is a welded st sel pressure-vessel. 
The wing panels are made from solid extruded aluminum 
sections, the integral wing root fitting being machined, 
notched and drilled to permit attachment of the wing to 

the missil) body. 

Any of three standard 250 lb. bombs, the AH-M81 frag¬ 
mentation, the Mk 81 Mod 0 low drag, or 
purpose, can be carried in the BULLPUP missile. The AN-H81 
bomb, Ordna—e Department Drawing No. 82-3-434» was used in 
this test. The outer wall of this bomb is composed of a 
1 in. square spring steel helically-wound around a 1/4 in<> 
thick steel inner liner tube. A more detailed description 
of the BULLPUP missile can be found in reference tW® 

The two missiles used were environmental units received 
from the Glen L. Martin Company and were complete in all 
respects except for propulsion sections. In order to simu¬ 
late a missile after burn out, they were assembled with 
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e.pty rocket *otor ca.ee (mi.sile Noc 0032 h‘d *?<|a^U‘Í031 
burned out noter whereas the motor case of mLsil« No. 0 3 
III It emp.y new caee) and burned out tracking Th* 
total weight of each of the missiles as prepared for deto 
nation wa* approximately UUO lbs0, its length 10 ft. 6 in., 
and its diameter 12 in. 

PROCEDURE 

Each assembled missile was suPP^ted *^1? UJ. 
tudinal axis horisontal, on a stand 11 ÍJ. 6 in. high. Th 
missile was oriented so that the nose P^ed toward 0 and 

Ih. 
initiated with a Hercules U. S. Special B^*8ti“* .?/ h d 
reliability of this system of has been eetablishea 
in prsTious Naral Prowing Ground field tests. 

Fragment welocities -r * obtained by th* 
detonation and subsequent fragment impacts on the arena 

plates with high speed cameras. 

Space distribution of the fragments was 
««««tin» the warhead and missile component penetrations of 
to areis Ïî.ï« aîS by plotting the missile components 
recovered on the ground in and around the arena. 

Fragw. -t mass distribution was determined by 
j> ---„i« «roups of fragments from each of seven celotex 

«cÔ“Ït pîcîï îl*«d *‘«»t th* *r*n* cire«.!«.... .nd b. 
nco..rí of thoL largor rrag.anta railing ».on th. gronnd 

in or near the arena. 

Peak blast r^«*8Ur®8 were record®d by the ?8e 
series of six pairs of copper indenter **ug88 lle 
ground level on a 40 ft. radius circle about the missile. 

CONFIDENTIAL 2 
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RESULTS AND DISCUSSION 

Although the fuee systems of the two missiles were 
identical, an apparent low order detonation was produced by 
the second missile (missile No» 0031) as will be shown in 
this discussion« For this reason no attempt has been made 
to average the results of the two missiles. 

Fragment Velocity 

Co Lulled fi'agiueiiL Yelodljr i boulLo ai e glvêü iü 
Tables 1 through 3. The warhead of missile No. 0032 pro¬ 
duced an average median fragment velocity of 3220 ft/sec 
and a maximum velocity of 3350 ft/sec over a 40 ft. base¬ 
line. Camera failures resulted in loss of the fragment 
velocity data over a 60 ft. baseline for this missile. The 
propulsion section was blown to the rear at an average 
velocity of approximately 63 ft/sec over a 40 ft. baseline 
with very little breakup except for the destroyed front 
wall of the rocket motor case. 

"he warhead of missile No. OO3I produced an average 
Er .xan fragment velocity of 1061 ft/sec and a maximum 
velocity of 1490 ft/sec over a 40 ft. baseline and an 
average median fragment velocity of 1250 ft/sec and a 
3,&ximuki velocity of 1660 ft/sec over a 60 ft. baseline. 
The low order of this detonation and the resulting small 
sample sise are factors which may be responsible for this 
anomaly in fragment velocities. 

Space Distribution 

Detailed space distribution data taken from the 
arena platea are listed in Tables 4 through ?• Figures 3 
through 11 are photographs of the arena and arena plates 
taken before and after detonation of the missiles. 
Missile No. OO32 produced a well defined beam spray centered 
in polar «one 650 to 120° with only a small number of frag¬ 
ments between 0° and 650 and no recorded fragments between 
120° and 180°. The actual number of fragment plate pene¬ 
trations is reduced somewhat by the absence of arena plate 
at the seven celotex recovery pack locations about the 
arena circumference. The detonation of missile No. 003I 
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produced a weak beam apray, the majority of which consisted 
of large fragmants, in polar sone 658 to 120°, only one 
recorded fragment in aone 0° - 658 and none in aone 
120° - 180°. Figures 12 and 13 are diagrams showing the 
location of all fragments recovered from the area in and 
around the arena with relation to the point of detonation» 
These figures may be used in connection with the photo¬ 
graphs of Figures 14 through 19 for identification and 
further study of the fragmentation characteristics of the 
missiles. 

Mass Distribution 

Figures 14 through 19 are photographs showing the frag¬ 
ments recovered from each of the seven ceDotex recovery 
packs situated about the arena as well as those recovered 
from the ground in and around the arena. No fragments were 
found in pack No. ? directly to the rear of missile No, 0032» 
The effect of the low order detonation of missile No, OO3I 
is again apparent in the fragment sixes produced. 

Appendix (H) (Figures 20 through 35) ie a series of 
16 sequence photographs taken from immediately before until 
O.56 seconds after the detonation of missile No, 0032» The 
general pattern of dispersion of the larger missile com¬ 
ponents can be viewed in these photographs. 

Pressures 

The average peak blast pressure recorded at ground 
level 40 ft. from the point of detonation with missile 
No. OO32 was 2.6 psi and with missile No» 003I was 2.7 psi. 
The pressure recorded by each gauge as well as the location 
of each gauge with relation to the missile is included in 
Tables 8 ana 9. 

SUMMARY OF RESULTS 

The following is a summary of the results obtained 
from the static detonation of two BULLPUP missiles XASM-N-7 
assembled with 260 lb, fragmentation bombs AN-MSl? 

Missile No. 0032 

a. The propulsion section, including wings, was 
blown to the rear, essentially intact, at a velocity less 
than 100 ft/sec. 
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bo The warhead section produced a well defined frag¬ 
ment beam spray similar to that which would be expected to 
be obtained from the bomb when not encased in the missile. 

Co Approximately UO large fragments, ranging in 
weight up to 287? grams and in area up to 100 square 
inches, from the forward (guidance) section of the missile, 
were recovered on the ground within the arena area. 

d. Th« appruAÍi>ãtê wêightõ of fr&gscntc and maximum 
fragment velocities recorded over a 40 ft. jaseline were 
as follows: 

Polar Angle Zone 

0* - 45* 

45* - 90* 

90* - 135* 

135* - 180- 

Maxi mum 
Velocity 
(ft/sec) 

_ * 

2640 

3350 
_ * 

Fragments_ 

Weight (gms8 )- 
Spread Average 

0.9 - 2877o0 

0.5 - 557*6 

0.5 - 125.6 

18.4 - 43525.0 

Number 

54 

35 

28 69 

6250 7 

213 

54 

♦Fragment velocities in these polar angle sones wart so low 
tha* no flash was produced by impact with the arena plates. 
As a result, accurate fragment velocities could not be 
computed. 

Missile No. 0031 

a. Tne low order detonation of missile No. 0031 pro¬ 
duced a greater breakup of its tail (propulsion) section 
with apparently greater velocity of the broken parts, and a 
lesser breakup of its warhead and forward (guidance) 
section, than did the high order detonation of missile 
No. 0032. 

REFERENCES 

(a) BU0RD Conf Itr ReW4-d-TFGsbc Ill Ser 21409 of 
23 May 1956 

(b) Glen L. Martin Company Conf Report ER 6460 Model XASM-N-7 
Guided Missile Weapon System of 15 Nov 1955 
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Figure 1
PHD-72539 - BULLPUP Missile XASM-N-7. Illustration showing major 
component breakdown and position of fragmentation bomb AK-M81 used 
as warhead. ^ Guidance control sectxon, ^ V/arhead section,
C; Propulsion section,
CONFIDENTIAL
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TABLE 1 FRAGMENT VELOCITY DATA 

Date* 1-28-57 
UO Ft. Radius Arena 
35mm Fsstax Camera No. 5 
Rd. No. 1 Bullpup Assembly No. 0032 

UU50 Frames per second 
Fuze Modified AN M103 A1 Nose 
Filler Comp. B 
Filler Weight 3U.0 lbs. 
Total Weight UUO lbs. 

Frames in 
Which Hit 
Occurred 

68 

82 

Polar 
Angle 
Zoxw 

75-80 

55-60 

Plate No. 
No. Fragments 

10 1 

8 1 

Location 
on 

Plates 

Bottom 

Bottom 

Velocity 
rf/sl 

— 

26U0 

2190 

Average 

261*0 

2190 

Average 21*20 

CONFIDENTIAL 1 



noNFlDENTIAL 

Tâmjr. 1 (Continuqdl 

Date: 1-28-57 
UO Ft. Radius Arena 
lónm Fastas Camera No. 7 
Rd. No. 1 Bullpup Assembly No. 0032 

6200 Frames per second 

Filler Comp. B 
Filler Weight 3U.0 lbs. 
Total Weight UUO lbs. 

Frames in 
Whifih Hit 
Occurred 

7U 
75 

76 

77 
78 

79 

80 

82 

83 

8U 
85 
87 

Polar 
Angle Plate _ No. 
Zone No. fragments 

92-95 H 
92-95 11 
92-95 11 
95-100 U 
92-95 11 
92-95 11 
92-95 11 
95-100 11 

115-120 Hi 
92-95 11 
92-95 11 
95-100 U 
95-100 11 

120-125 15 
95-100 11 

115-120 Hi 
92-95 11 
92-95 11 
95-100 U 
95-100 n 

2-95 H 
92-95 11 

115-120 Hi 
115-120 Hi 

92-95 H 
115-120 Hi 
H5-120 15 

92-95 11 
92-95 H 

115-120 H* 

Location 
on 

Plate 

Total Velocity 
Hita (f/s) Average 

Center 2 
Center 
Bottom 
Center 7 
Top 
Center 
Bottom 
Center 
Center 7 
Top 1 
Top 
Top 
Bottom 
Top U 
Top 
Top 2 
Top 
Center 
Top 
Center 4 
Top 
Center 
Center 
Bottom U 
Center 
Center 
Top 3 
Top 1 
Bottom 1 
Top 3 

3350 
3310 
33UO 
33H) 
3290 
3260 
3290 
3260 
3260 
3250 
3210 
3210 
3210 
3210 
3170 
3170 
3130 
3100 
3130 
3100 
3050 
3020 
3020 
3050 
2990 
2990 
3010 
2980 
29U0 
2880 

3350 

3320 

3270 
3250 

3210 

3170 

3120 

30U0 

3000 
2980 
29U0 
2880 
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TABIE 1 (Coptijuedl 

Tramus in Polar 
Which Hit Angle 
Occurred Zone 

Plate 
No. 

Location 
No. on 

Fragmenta Plate 
Total Velocity 
Hits (f/a) 

89 100-105 12 
91 115-120 li* 
92 92-95 H 

Center 1 2790 
Top 1 2750 
Bottom 1 2720 

Top 

Median 3l50 

Average 3100 

Center Bottom 

3220 3220 

3190 3150 

(T.C.B.) 

3220 

3150 

Average 

2790 
2750 
2720 
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TABLE 2 FRAGtIENT VBIOCITT DATA 

Date: 2-5-57 
UO Ft. Radius Arena 
lóran Fastax Camera No. 6 
Rd. No, 2 Bullpup Assembly No. 0031 

69OO Frames per second 
Fuze Modified AN MI03 Al Nose 
Filler Comp. B 
Filler Weight 3U lbs. 
Total Weight UUO lbs. 

Frames in Polar 
Which Hit Angle 
Occurred Zone 

192 65-70 
265 70-75 
338 95-100 
361 95-100 
36U 110-115 

Median 

Average 

Plate «0. 
No. Fragments 

1 
1 
2 
1 
1 

Location 
_ ml 

Plates Hits 

Top 1 
Bottom 1 
Top 2 
Middle 1 
Middle 1 

(f/a) Average 

1U50 11*50 
1050 1050 

820 820 
760 760 
760 760 

950 

9U0 
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TXBI£ 2 (Continued) 

Datei 2-5-57 
UO Ft. Radius Arena 
16mm Fastax Camera No. 7 
Rd. No. 2 Bullpup Assembljr No, 0031 

6?00 Frames per second 
Fuze Modified AN MIO’ Al Nose 
Filler Comp. B 
Filler Weight 3U lbs. 
Total Weight UUO lbs. 

Frames in Polar 
Which Hit Angle 
Occurred Zone 

182 115-120 

229 115-120 

Plate No. 
No. Fragments 

1 

1 

Location 
on Total 

Plates Hits 

Top 1 

Top 1 

Velocity 

iiZsl - Av-e™&g 
1U90 3li90 

1180 1180 

Average 13U0 
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TABLE 3 FRAGMENT VELOCITY DATA 

Dates 2-5-57 
60 Ft. Radius Arena 
16mm Fastax Camera No. U 
Rd. No. 2 Bullpup Assembly No. 0031 

5900 Frames per second 
Fuze Modified AN M103 A1 Nose 
Filler Comp. B 
Filler Weight 3U lbs. 
Total Weight UliO lbs. 

Frames in Polar location 
Which Hit Angle Plate No. on Total Velocity 
Occurred Zone No. Fragment!! Plates Kits __ A varar a 

213 85-89 
222 80-85 
252 80-85 
252 85-89 
253 75-80 
25U 85-89 
330 80-85 
3L5 100-105 
360 75-80 
367 85-89 
376 85-89 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Middle 1 
Middle 1 
Top 
Top 2 
Top 1 
Top 1 
Middle 1 
Kiddle 1 
Middle 1 
Top 1 
Middle 1 

1660 1660 
1590 1590 
Hi20 Hi 20 
Hi20 Hi 20 
HilO HilO 
HiOO HiOO 
1070 1070 
1030 1030 

980 960 
970 970 
9U0 9U0 

Median 1250 

Average 1260 

CONFIDENTIAL 1 



CONFIDENTIAL HPQ REPORT MQ« 1536 

TABLE 3 (Continued) 

Dates 2-5-5? 
60 Ft. Radius Arena 
Lômm Fastax Camera No. 8 
Rd. No. 2 Bullpup Assembly No. 0031 

5800 Frames per second 
Fuse Modified AN M103 Al Nose 
Filler Comp* B 
Filler Weight 3U lbs. 
Total Weight UUO lbs. 

Fiâmes in 
Which Hit 
Occurred 

Polar 
Angle 
Zone 

Plate No. 
No. Fragments 

Location 
on Total Velocity 

Plate Hits (f/a) . Average 

3 Hi 70-75 Middle 1 H10 mû 

Average 
1110 
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TABLE k SPACE DISTRIBUTION DATA 

Firod: 1-28-57 
AO Ft. Radius Space Arena 
1/8* MS panela 16» high 
Bullpup Assembly No. 0032 

Polar 
Zone No. 

Degrees Fffgagntt. 

0-5 
5-10 

10-15 
15-20 1 
20-25 
2 5-30 
30-35 
35-40 
40-45 
47-50 1 
50-55 1 
55-60 
60-65 
65-70 6 
70-75 1 
75-60 2 
80-85 
85-90 
92-95 43 
95-100 27 

100-105 4 
105-110 1 
110-115 3 
115-120 12 
120-125 1 
125-130 
130-135 
135-140 
140-145 
145-150 
150-155 
155-160 
160-165 
165-170 
170-175 
175-180 
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TABLE 5 SPACE DISTHIBDTION DATA 

Fir«d : 1-28-57 
60 Fb. Radlue Space Arena 
l/S1* MS panels 24* high 
Bcllpup Asaeably No» 0032 

Polar 
Zone 

Degrees 

0-5 
5-10 

10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-60 
60-6 5 
65-70 
70-75 
75-80 
80-85 
85-90 
90-95 
98-100 

100-105 
105-110 
110-115 
115-120 
120-125 
125-130 
130-135 
135-140 
140-145 
145-150 
150-155 
155-160 
160-165 
165-170 
170-175 
175-180 

No. 
Fragaenbi 

1 
1 
4 

6 
1 
5 
3 

22 

6 
1 

16 
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TABLE 6 SPACE DISTRIBUTION DATA 

Fired: 2-5-57 
40 Ft. Radius Space Arana 
1/8" NS panels 16» high 
Bullpup Assembly No. 0031 

Polar 
Zona No. 

Degrees Fragmentj 

0-5 
5-10 

10-15 1 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-60 
60-65 
65-70 1 
70-75 1 
75-80 
80-85 
85-90 
90-95 
95-100 3 

100-105 1 
105-110 
110-115 2 
115-120 2 
120-125 
125-130 
130-135 
135-140 
140-145 
145-150 
150-155 
155-160 
160-165 
165-170 
170-175 
175-180 

CONFIDENTIAL 



CONFIDENTIAL MPC REPORT NO. 153¿ 

SPACE DISTRIBUTION DATA 

Fired: 2-5-57 
60 Ft. Radius Spacs Arena 
1/«* MS panels 24* high 
Bullpup Assembly No. 0031 

Polar 
Zone 

Deareet 

0-5 
5-10 

10-15 
15-20 
20-2 5 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-60 
60-65 
65-70 

1 
3 
3 
7 

70-75 
75-60 
80-85 
85-89 
90-95 

1 
2 

98-100 
100-105 
105-110 
110-115 
115-120 
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(a i') 

(Ç*') 

90° 

(40 (-^7) 

BULLPUP Missile XASM-N-7 Distribution of Fragments Recovered 
from Ground in and around Arena Area after Detonation. 

Missile No. 0032 

(Bracketed numbers identify fragments shown in Figures 14 are! Vi) 

CONFIDtJJTIAL Figure 12 
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BULLPUP Missile, XASM-N-7 Distribution of Fragments 
Recovered from Ground in and around Arena Area after 

Detonation. 
Missile No. 0031 

(Bracketed numbers identify fragments shown in 

Figures 17 and 18) 

CONFIDiNTlAL Figure 13 
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Figure 17 
PHD-725^5 - BULLPUP iiissile XASM-1--7. Shroud and nose section 
fragments recovered from '«round in and around arena area as shown 
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Figure IP 
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Figure 19 
PHD-7242^1 - BULLPUP Missile XASM-N-7. Fragments recovered from 
each of the Celotex Recovery Packs placed about the arena. 
Missile No. 0031. 
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Figure 21 
PHD-72549 - BULLPUP Missile, XASM-N-7. Time: 0.02 seconds after 
warhead detonation. Missile No. 0032. 
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TABLE 8 PEAK PRESSURE DATA 

40 Ft. Distances Fired 1-21-57 Missile No. 0032 

(A) 

1 
2 

ÍLs. 

.247 

.268 
.243 
.265 

Avg. 

.245 

.267 

P-tSflt 

2.0 
2.3 

At&, 

2.2 

(B) 

.167 

.281 
.171 - .169 
.289 - .285 

0.9 
2.7 

1.8 

1 .279 
2 .310 

.288 - .284 

.328 - .323 
2.6 
3.4 

3.0 

1 .311 .314 - .313 - 3.2 
2 .327 .336 - .332 - 3.6 

3.4 

(E) 

1 .246 .255 - .251 - 2.1 
2 .299 .234 - .267 - 2.3 

2.2 

(F) 

1 .281 .280 - .281 - 2.6 
2 315 .321 - .318 - 3.3 

(A) Gauges at 0* 

3.0 
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TABLE 9 

40 Ft. Distances 

(A) !U 

PEAK PRESSURE DATA 

Fired 2-4-57 Miôsile No. OO3I 

(B) 

(C) 

(D) 

(E) 

(F) 

1 
2 

1 
o 

1 
2 

1 
2 

1 
2 

.278 

.264 

.305 

.291 

.285 

.262 

.516 
• 3J7 

.266 

.249 

¿Mi FjlSj-Ii 

.294 - .286 

.284 - .274 

.308 - .307 - 

.335 - .313 - 

.267 ■ .276 - 

.249 - .256 - 

.509 

.341 

,291 - 
.243 - 

.513 - 

.339 - 

.289 

.246 

2.7 
2.5 

3.1 
3.2 

2.5 
2.1 

8.6 
3.8 

2.7 
2.0 

2.6 

3.2 

2.3 

i .2 

2.4 

.285 .293 - .289 - 2.7 
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