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ORJECT

To investigate the properties of
torpex-type bomb fillers containing
8% N-octadecylphthalimide (NODP) de-
sensitizer.

SUMMARY

A high-blast explosive supesioe ta
80/20 tritonal and less sensitive thaa
the torpex explosives was needed for
use in general purpose bombs. The
following aluminized explosive composi-
tions containing NODP as a desensistizer
were developed at Picatinny Arsenal ia
ag attempt to satisfy this aced:

Comp. A124-3 (Comp B/TNT/aluminum/

_NODP 67/5/20/8)

Comp. Al31-1(Comp B/alumioum/NODP
82/10/8)

Five 500-1b AN-N64A1 GP bombs
loaded with each of these compositions
and five with 80/20 critonal were sub-
jected to blast tests. Neither of the
2 compositions containing NODP was
superior to tritonal in impulse, but
Comp A124-3 was superior to the echer
2 composirtions in peak pressure. Whes
tests were conducted with 8-1b bare
spherical charges, H-6 charges were
included for comparison. It was showa
in these tests that che calculated peak
pressure and impulse values of H-6

were higher in 2 gage positioas thas
the valees for Comp A124-3, and
higher ia all 3 gage positioas thaa the
values for Comp A131-1 or 50/20
tricomal. Comp A124-3 gave higher im-
pulse values than Comp Al31-1 in

3 gage posinions and higher than 80/20
tritomal ia 2 gage positions.

The advisability of using as explosive
compaositioa containing NODP was
seriously gwestioned when it was ob-
served thar each of chese compositions
exuded abowt 25 drops within the firse
day of storage and 40 ml in 8 days of
storage 2t 160F. An additional unde-
sirabie fearwre of these desensitized
compositiows is the immiscibility of
NODP ip TNT.

CONCLUSIONS

H-6 is slightly superior to Composi-
tion A124-5 (Comp B/TNT/aluminum/
NODP 67/5/20/8) in blast characteris-
tics. Boch these explosives are superior
to Comp. A131-1 aad 80/20 tritonal.

Comp A124-3 exudes profuscly whea
stored a2 160°F. The NODP contained in

the composizioa is immiscible with TNT.
RECOMMENDATION
It is recommended that H-6 be con-

sidered for possible use as the filler in
GP besbs.
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INTRODUCTION

1. During che second World War the
Nayy recogeized the excellent blast
characterisucs of the torpex-type ex-
plosives (RCX/TNT/aluminum) and
used them exzemsively in torpedoes.
The explosives were later found o be
supersensitive and unstable. Picatinay
Arsenal cosdmcted laboratory studies
with various aesensitizers and found
that adding 8% N-octadecylphthalimide
(NOLP) to tospex compositions reduced
their impact sessitivity (Ref 1). The
question remained, however, whecher
the additive would also reduce the
blast characreristics of the explosive
to an obiec:‘innblc extent. To resolve
this questiom Picatinay recommended
(Ref 2) that five cach 500-1b AN-MN64AL
GP bombs be loaded with the following
two most promising desensitized tor~
pex compositiens reported in Ref 1
and be subjécred to blast tests:

Comp A124-3 (Comp B/TNT/aluminum/
NODP 67/5/20/8)

Comp A131-1 (Comg B/aluminum/NODP
82/10/8)

2. Five bembs loaded with the standard
80/20 tritosal weve included in these
tests for comrel and comparison pur-
poses. An amempt was made ac the
same time to ebtain additional compara-
tive blast isfermation by testing '4-1b
and 8-1b bare spherical charges, pro-
daced from the same explosive compo-

sitions as were used in the bombs, and
also H-6. The lutter explosive is knowa

to have outstanding air blast character
istics.

3. This report covers the results of
blast tests of the 500-1b bombs and
8-1b bare spheres. It also details the
difficulties encouatered in attempting
to conduct such tests with %-1b and
8-1b spheres.

RESULTS

4. Blast tests were conducted wich
fifteen 500-1b AN-M64A1 GP bombs.
Five each of these bombs contained
Comp Al124-3, A131-1, and 30/20 tri-
tonal. The lactter wus used as the
standard for comparing the experimental
fillers. Of 84 possible gage readings,
only 26 readings were valid. A summary
of the results in Table 1 shows: -

a. In comparing the impulse values,
A124-3, Al131-1, and 80/20 tritonal were
each highest at one of the three gage
positions.

b. In the computation of the peak
pressures from velocities, A124-3 gave
the highest and 80/20 tritonal gave the
lowest peak pressure at all 3 gage
positions.

c. As measured directly by gage
readings, Comp A131-1 gave the highese
peak pressure at tws of the pasitions and
Comp Al124-3 gave the highest at one

CONFIDENTIAL

R N

‘Do @

e vy -

e .
S e MR - —

o PR Y TS A P ey T £

)

e e e B\ bkt




Re- A LI

JEPer TNy

e aaasd it b

—

-

-I-‘ — - - ey =

1

!

4

A

¥ !

‘ ' position.

d

[ 5. Groups. of &1b bare spherical

3 . charges prepared at Picatinny Arsenal

with the same fillers as were loaded in
the bombs and coaraining 0.25-1b cen
trally located 50/50 pentolite boosters
were tested along with 81b charges of
50/50 pentolite and H-6 prepared at
Aberdeen Proving Ground. During the
preparation of the test items at
_ Picatinny, it was observed that in
: those compositions containing NODP,
: the latrer partially separated from the
] molten TNT in the kettle. The formula-
tions of the five explosives tested are
given in Table 2. The average positive.
impulse and peak pressure results for
all five explosives corrected to an
. €qual volume basis are given in
Table 3 and are summarized as follows:

@ twra -t v -

j a. In a comparison of the explosives
according to their average impulse at
each gage position: (1)H-6 was best at
2 positions and Comp A124-3 was best
at 1 posiction, (2) Comp Al31-1 was
inferior to H-6 and A124-3 at all 3 gage

, positions, (3) H-6 was the only explo-

: sive superior to 80/20 tritonal at all

| positions.

b. In a comparison of the explosives
according to their average peak pressure
at each gage position: (1) H-6 was the
highest at 2 positions and Comp A124-3
was highest at one position, (2) H-6 was

! higher than Comp Al31-1 and 80/20 tri-
) ; tonal .at all positions,

CONFIDENTIAL

6. Unsuccessful attenipts were made
to obtain blase informacion wich %-1b
bare spherical chatges containing cen-
trally located 0.03-1b'50/50 pentolite
boosters. In blast tests of 81b bare
spherical charges containing centrally
located 0.03-1b 50/50 pentolite boosters
and the same fillers as were used in
the bombs, many low-order detonatiens
were obtained. The data as givea in
Table 4 show that the peak pressure of
Comp A124-3 is superior to Comp Al31-1
in one position and equal to it in the
other position, and also that Comp A131-1
is in turn superior to 80/20 tritonal in

one position and equal to it in the other
position.

7. Although it is known that a shell
loaded with 93/7 Comp B/NODP exuded
profusely after several hours storage
at 160°F, Aberdeen Provin.g Ground and
Yuma Test Station reported no visible
indication of explosive exudate from the
bombs which were loaded and stored
for about two years before they were
tested. When 90 mm N71 HE shell
loaded with the various explosives were
stored at 160°F, H-6 yielded one drop
of exudate after 49 days storage, 80/20

. tritonal gave 4 drops by che 9tk day,

while Comp A124-3 and A131.1 each gave
approximately 25 drops within the firse
day and 40 ml of exudate ip 8 days of
storage.

8. According to observations in the
laboratory (Ref 1), no segregation of
materials occurred with mixtures of
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TNT/NODP. However, whew explosive

compositions containing these ingre-
dients were prepared in the loading
plant, a partial separation of NODP and
TNT was clearly evident.

9. Rifle bullet tests conducred with
30-caliber ball using test bombs con-
ducted according to type Ill in
Figure 3 gave the following resules
(10 bombs were used for each explosive):
All test bombs loaded with H-6, 80/20
tritonal, Comp A124-3, and Comp A131-1
produced smoke; the -6 loaded bombs
produced flash in addition to the smoke.

DISCUSSION OF RESULTS
10. In ar attempz to evaluace the rela-

tive blast characteristics of Comp A124-3,
Al131-1, and 80/20 tritonal, these explo-
sives were loaded at Picatinny Arsenal
into 500-1b general purpose bombs, 8-1b
bare spheres with 0.23-1b boosters, I+
bare spheres with 0.03-1b boosters, and
14-1b bare spheres with 0.03-1b boosters.
All che items were submitted vo Aberdeen
Proving Geround for testing. The 500-1b
bombs were later reshipped by Aberdeea
Proving Ground to Yuma Test Station
where facilities were more readily avail-
able at the time.

11. According to the results of the
500-1b bomb tests, each of the explosive
compositions tested, namely Comp A124-3,
Comp Al31-1, and 80/20 tritonal, gave a
high average impulse reading in one of
the three gage positions (Table 1). It
can only be concluded, therefore, that
neither of the 2 experimental composi-

riees is superior in blast 6 t;ittlmz'l, '
according to the bomb test results. It
should be noted that this conclusion = . :
is based on the overall concept of
blast and not on peak pressure,

‘o

12. Out of a total of 84 possible im-
pulse values for all the bombs tested,
only 34 impulse values in various posi-
tions were recorded in Reference 3;
the others were lost. Of those recorded,
eight were doubtful and could not be
included in the computation of data for
Table 1. This difficulty in obtaining
data points up the weakness of the
blast test technique; consequently, the
reltability of the numerical values may
be opento question. However, the con-
clusion that the three explosives tested
in the bombs are qualitatively compara-
ble in blasc would appear to be valid.

13. The peak pressure information is
included because it may prove useful and
interesting. It must be re. -mbered chat
pressure is one of the coordinates in cthe
graphic concepr of blast. Time, which is

_ the other coordinste, must also be

included. For an accurate presentarion

of true blast, the area under the pressure-
time curve is significant. Impulse is the
term used to express the value under che
cu /e in units of pound-milliseconds

per square inch.

14. In the same bomb tests, Comp A124~
3 produced higher computed peak pressure
than Comp A131-1 at all positions and
tritonal was inferior in this respect ar
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all positions. The peak pressures ob-
cained by direcr gage readings show Comp-
Al31-1 to be superiar to Comp A124-3 in

. 2 positions. Since peak pressure values

cdmpugcd from velocity are generally coan-
sidered to be more accurate than those
obtained directly from the gages, the
calculated values are preferred and it
follows that Comp A124-3 probably pro-
duces sup. ior peak pressure.

15. Air blast tests of the three explo-
sives supplied by Picatinny Arsenal in
the form of 3-io spheres with 0.25-1b
peatolite boosters were conducted in the
standard manner making use of piezo~
electric blast gages. Charges of 50/50
pentolite and H-6 cast at Aberdeen Proving
Ground were fired together with the three
test explosives as a means of control.
Because the charges prepared in the
different installations were formed using
different molds it is not surprising that
the sizes of the charges varied noticeably.
In order to make a fair comparison, there-
fore, corrections were made to permit the
data to be presented on an equal volume
basis (see Table 3). H-6 gave superior
impulse in 2 of th 3 gage positions while
Comp A124-3 gave superior impulse in the
other position. The same comparative order
of superiority is shown in average peak
pressures. According to the impulse values
obcained in this test it can be concluded
(a) that H-6 is the best air blast explosive,
(b) that Comp A124-3 is superior in blast
to 80/20 critonal, and (c) that Comp Al31-1
is comparatively inferior.

16. Throughout the tests of the 8-1b
spherical charges manufactured with 0.03-
1b pentolite boosters, no consistent

" . velocity records could be obtained for

the three aluminized explosive composi-
tions. On the other hand, test sph--~~
of 50/50 pentolite were fired for check
purposes, and excellent velocity results

" were recorded. It appears from this thas

inadequate boostering of the spheres of
80/20 tritonal, Comp A124-3, and

Comp Al131-1 caused low-order detons-
tion and consequently produccd ques-
tionable velocity records. According to
the direct peak pressure readings as
shown in Table &, Comp A124-3 had
high mean values in the two gage posi-
tions of the test. There was a total of
75 tourmaline gage readings in this tesc
out of a porsible 126 rradings. The loss
in readings was in large measure dee to
the low-order detonatioas. It is strongly
suspected that anocher reasoa for the
questionable values was disruption of
the gage by unburned aluminum flecks
which impinged on the gages and dis-
turbed the records.

17. Actempts 1o conduct blast experi-
meats with }4-1b spherical charges proved
unsuccessful. Investigation of the cause
of the poor test results revealed chae
particles of unburned aluminum were being
projected past the blast gages by the
force of che explosion, thus setting up
miniature Mach waves that interfered wich
the gages and records.
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18. Althaugh it has been shewn 1a
some extent in this report that Comp

A124-3 may be worth considering as a
blast. explosive, the excessive exuda-
tion from compesitions containing 7%
NODP as pointed out in paragraph 7, .
raises serious doubt concerning its
usability. I¢ is known that exudate is
a rather important defect in that it may
impair the functioning of the end item,
create morale and house-cleaning prob-
lems, and necessitate expensive peri-
odic removal. As previously stated, no
exudation was actually noted on any of
the bombs tested even chough they had
been stored for two years. However, it
is required that all ammunition should
wiihstand storage at Y60F. Quite likely
the bombs never reached this tempera-
ture during their long period of storage
at Aberdeen Proving Ground and much
shorter period of storage at Yums Test
Starion.

19. Limited data (Ref 1) obtained in .
the laboratory show that the aluminized
explosive compositions containing NODP
are relatively less sensitive to mechani-
cal shock thaa HBX-type compositions
when measured by the Bureau of Mines
impact test and rifle bullet impact test.
However, there are not enough data to
establish a firm conclusion Furthermore,
the impact test results obtained wick che
Picatinny Arsenal apparatus did not sub-

stantiate results obtained with the Bureau

of Mines apparatus for all the aluminized
explosives containiang NODP (Ref 1). The
validicy of the bullet impact results ob~
tained in the laboratory is questioaable

because these tests were conducted
with pipe nipples and it is now believed
that che loaded nipples are not a relia-
ble test medium. It is now evident that
tests with rifle bullet bombs as shows
in Fig 3 should be conducted before

it can be reliably concluded that there
is any substantial difference in sensi-
tivity betweea Compositions A124-3 or
Al31-1 aad any of the HuX explosives.

20. The fact that the separation of
NODP from TNT was not discernible im
the laboratory but was readily observed

in the production plant is not surprising.

. The novel and unexpected are frequently

encountered during the development
phase, when lacger batches of explosives
are produced in the plant. lmmiscibility
of NODP in TNT is undesirable since

it results in incomplete or uneven distri-
bution of the desensitizer throughowt

the explosive charge and thereby dimio-
ishes the effcctiveness and reliabiliry

of the desensitizer,

21. It appears that the need for a
blast explosive superior to tritonal cas
best be met by the use of H-6. This
explosive should, therefore, be givea
serious cossideration for application is
general purpose bombs. It should be
noted in this connection that the Navy is
standardizing H-6 for low-drag bombs.

EXPERIMENTAL PROCEDURE
21. The 500-1b GP bombs were loaded

according to Dwg. 82-14-37 rev 12-15-50.
The explosives were cast into the bombs
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using a conventional pellet-loading
technique. Spherical charges were manu-
factured using split molds and a specially
designed contrivance for centering the
small spherical 50/50 pentolite booster
within the mold duriug the casting pro-
cess. To Jetermine the blast character-
istics of the explosives in the bombs,
six pressure gages of the Atlantic
Research Laboratory type and twelve
velocity gages of similar type were
used. These gages were arranged in
Figure 1.

22. The field test setup for the 8-1b

as described in Reference 4, using test
bombs constructed according to type Il
in Figure 3.

24. The exudation tests were con

ducted with 90 mm M71 shell. These
were loaded with the various explosives

and assembled with N73 dummy fuzes.

The shell were supported on racks with

the nose ends slightly lower than the c
bases. The exudate was collected ia

tared beakers and was examined daily.

REFERENCES

charges, as shown in Figure 2, coo- 1. A. L. Forchielli, Desensitized Explo-
sisted of six tourmaline, piezoelectric sives, RDX Comp B of Reduced Mechan--
wave-form gages and eight barium titanate ical Sensitivity, Picatinny Arsenal

. . Techaical Report 1865, 13 March 1952
velocity gages. The tourmaline gages . .
were placed ia twe groups of chree gages 2. &b Ind from Picatiany Arsenal to OCO,
each, with o= group a¢ the 9-ft range and suject: “Desensitized Explosive - .
one at the 17-ft range. The velocity gages RDX Composition B of Reduced Mechan-
were so placed that two groups of two i‘,d Seasitivicy,™ 7 May 1932, ORDBB

471.86/2083-13, 00 471.86/2083-13
gages each were made to span each
pressure range, thereby giving two veloc- 3. Aberdeen Proving Ground, Test of Blast
ity readings for each pressure range. By Effect of 500-lb General Purpose Bombs
means of the well-known Rankine-Hugoniot Loaded with Experimental Fillers,
relationship, the velocities were used to Third Report, OCO Project No. TA2-9110
infer peak pressore. Type Il special 4. S.D. Sceis, M. Pollack, Development of
blasting caps were used to initiate the an Improved Rifle Bullet Impact Sensitive
detonati~n. Each charge was oriented so ity Test, Picatinay Arsenal Technical
thac che longitudinal axis of the cap was' Report 2247, Mey 1936
perpendicular to the ground.
23. Rifle buliet tests were conducted
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TABLE ?
: Blast Tests of 500-1b General Purpese Bombs
Data for Each Gage Positien
Average impulse, lb—-llll:nconds/ln'
Explosive Position ) Pocition 2
Comp AT24-9 321 18.4
Comp Al131-1 27.3 26.6
. 80/20 Tritonal 16.5 13.0
’ Average Pesk Pressuie Computed from Velecity, psi
Comp Al124-3 6.60 3.42
Comp Al31-1 600 . - 3.09
. 80/20 Tritonal 5.94 2.88
, .
i Averege Pesk Pressure Measwred by Geges, pei
'
. Comp A124-3 - 6,08 2.92
Comp Al31-1 3.4 3.06
80/20 Tritonal 5.78 175
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TABLE2
Compesitions of Explesives Tosted (Ports)
Explosives

50/50 Pentelite Comp AV24.3 Comp A131.-1
PETN* S0
Comp B 67 az
TNTS 50 L]
Alumioum powderd ' 2 10
Comp D-2*
Calcium chloridef
NoDp# - s s

* Specification X-PA-PD-203, Class 3, 11 Jaa 1936

b Specification PA-PD-24 (Rev 1), Geade A, 13 Ang 1953

© Specification JAN-T-248, Geade 1. 29 Sepe 1545

d
Specification JAYM-A-289, Type C, Clasa d, 30 Jan 1946
€ Specification NIL-C-18164, 4 Nov 1954

f
Specification NIL-C-13573, 9 Aug 1954

d Cosmercial product baving & melting poise raage of 71°t0 75

80/20 Tritensl

-1

H-6

74

21
b
0.5
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Gage Distance, ft
H-&~

Comp A124-3*
Conp Al3l-1®
80/20 Tritonal®

50/50 Pentolite
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TABLE 3

Average Impulses end Presswes of 8-1b Spheres
Corrected to Equal Yolume Basis

impuise, b-milliseconds/in.?

9.5 12.5 17.5 9.5
23.2 19.0 142 42.3
26.5 18.3 13.6 4.4
216 17.7 12.4 38.8
21.2 184 12.6 387
225 18.1 13.1 41.6

® Vith 0.25-1b pentolite booster
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Aversge Peak Pressure, psi
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0.6

9.4
9.6
9.4

10.0

B

v :\'x ‘8 ‘l»“

B L R R i ST S NI ' Y I s

o




T e - T - T

CONFIDENTIAL

« ¢ v s
« s .,
. -

LI Y S T
) TR A R AR

4
{
t
L
3 TABLE 4
[ Tests of 8-Ib Spherical Charges®
Mean Peck Pressures Obtained Directly from Geges
' Position, 9 o Posivian, 17 f**
, Peek Pressure, psi Peek Prasswre, psi
: " Explesive Mean Std Dev Meon Std Dev
1 {
: Comp A124-3 43.98 2.236 10.38 0289
: Comp Al31-1 43.98 0.574 10.28 0.607
'
,’ D0/20 Tritonal . 43.19 - 1.854 10.25 0.331
.‘ '
r
¢ * Vith 0.03-1b pentolite boosters
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Fig 1 Blast Area Layout for tesey <t JU0-1b sand 3000-Ib Bombs. Four rows of
paper blastmeters placed at 15' intexvals o 280° (85° - 220° for 3GO-Ib bamb)
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ATTN: Technical Informatioa Section
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Washington 25, D. C.
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Bureau of Ordnance
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Ad3
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Commanding General
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Commander

U. S. Naval Ordnance Laboratory
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