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ABSTRACT: The effeCts of temperature, confinement, and column
diameter on the shock sensitivity of some heat resistant and
conventional hooster-type explosives waxe studied in a gap test
arrangement. As expected, seasltivity decreased with decreasing
. temperature. Also, as expected, the change® in sensitivity with
\ tenmperatuse were small compared to the sensitivity effects of
confinement and chavge diameter.

PUBLISHED 12 MAY 1970

U.S, NAVAL ORDNANCE LAHBORATORY
White Qak, Silvev Spring, Maryland
Explosions Research Department




NOLTR 70-36 12 May 1970

THE SENSITIVITY OF SELECTED CONVENTIONAL AND HEAT RESISTANT
EXPLOSIVES AT LOW TEMPERATURES

This report presents results of a study of the effects of temperature,
confinement, and column diameter on shock sensitivity of some heat
resistant and conventional booster-type explosives. The work was
performed under AIR TASK A35 532/UFl17 353 502, Miniature Explosive
Trains. The results of this work should be of interest to persons

engaged in the design and development of miniature explosive
components.
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INTRODUCTION

1. Investigationsl’2 have shown that increased inputs are required
to initiate explosives at low temperatures. For a donor-acceptor
tyre explosive arrangement a smaller gap is necessary. For an
electroexplosive device more electrical energy is required.

2. A recent development expected to increase adverse effects from
reduced explosive sensitivity at low temperature is the need in
cluster weapons for smaller explosive components. Since smaller
explosive components will also have smaller explosive charge dia-
meters, reliable propagation of detonation between these small
charges could become critical.

3. This report presents the results of a study of how variation

of temperature, wall confinement, and charge diameter of small
charges affect explosive sensitivity. Both conventional explosives
(CH-6 and tetryl) and heat resistant explosives (explosives stable
up to 260°C) were investigated. It is expected that information
optained from this study will be useful in the design and develop-
ment of miniature explosive components particularly those where
explosive charge diameters as small as 0.050 inch might be employed.



vt s e

- ———

e A e W\ [ARVEURS )

EXPERIMENTAL PROCEDURE

4. Small scale gap test arrangements were used to determine the
sensitivity of the explosives at reduced temperatures. The test
arrangement used is shown in Fig. la. It is a modified version of
the standardized small scale gap test.3

S. The donor-attenuator arrangement had been previously calibrated4
so that the shock pressure at the end of the spacer was known. The
acceptor explosives were subjected to different shock pressures by
changing the thickness of the spacer between the donor and the
acceptor. The following equation shows the relationship between
the shock pressure, P at the end of the spacer, and the spacer thick-
ness, X. '

P(kbar) = 3.34 antilog {4.20 - 1.4 {log X (mils)}}

This equation can be rearranged to
X = antilog (3.3741 - l§gz£ )

6. The Bruceton Technique>® was used to obtain the critical shock
pressure at the end of the spacer, i.e., that pressure needed to
make 50% of the samples detonate. This shock pressure, uncorrected
for impedance mismatch, was used as a measure of the sensitivity

of the explosive.

7. The criterion for determining whether the acceptor explosive
had been detonated was whether or not a dent was produced in the
steel block.

8. Shock sensitivity of the accepto: explosive was determined at
both room and low temperature usinr; the following confinements:

(a) Heavy wall confinement (1.0 inch O0.D. Brass Cylinders)
(i) 0.100 inch charge diameter x 1.0 inch length
(ii) 0.054 inch charge diameter x 1.0 inch length

(b) Light wall confinement (0.250 inch O.D. Brass Cylinders)
(i) 0.100 inch charge diameter x 1.0 inch length.
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9. The.test explosive was loaded into the acceptor cylinder at
10 K psi. The individual explosive increments had about a 2 to 1
length to diameter ratio. Table I shows the mean density of the
acceptor explosives so loaded. The densities of each group of
explosive acceptors varied less than 4% of the mean density.

10. The explousives used in this study were tetryl, CH-6, DIPAM,
TACOT-7Z, HNS-II, and TATB. Some problems were encountered in load-
ing certain explosives in the small diameters. For example, nor-
mally-specified 40/60 particle size tetryl was too large for use
and had to be recry=tallized to obtain a smaller particle size:

DIPAM is very fluffy and was difficult to load in the small diameter
columns.

11. One-inch 0.D. acceptors as shown in Fig. 1l(a) and 1l(b) were
first tested at room temperature. For low temperature testing, the
acceptor cylinders were put in styrofoam jackets and were exposed
for about 18 hours, to a -68° to -62°C temperature. Upbn removal of
an acceptor from the cold, it was assembled as in Pig. 2 and tested.
The removal operation and the firing operation combined took less
than 20 seconds. It was assumed that the temperature change of the
explosive was negligible. Figure 3 shows the test set-up of a 0.25
inch 0.D. acceptor cylinder assembled in a styrofoam jacket for
testing at both the room and the cold temperature (except for CH-6
acceptors at -46°C).



RESULTS AND DISCUSSION

12. The shock pressures necessary for 50% high order initiation of
tetryl, CH-6, HNS-II, DIPAM, TACOT-2Z, and TATB in the heavy wall
confinement test are shown in Table II. There was no case in which
detonation in the acceptors was unattainable. The 0.054-inch charge

diameter was, therefore, above the critical diameter for a2ll explo-
sives.

13. Table II shows that at 0.100-inch charge diameter at both room
and low temperature the decreasing order of sensitivity is tetryl,
HNS-II, CH-6, DIPAM, TACOT-Z, and TATB. Pigure 4 shows the relative
position of the explosives on a shock pressure vs gap thickness
curve. The order holda both for the heavy and light confinement
(Table III) at both room and cold temperatures.

14. ror the 0.054-inch charge diameter, the decreasing sensitivity
order was now observed to be HNS-II, tetryl, DIPAM, CH-6, TACOT-Z,
and TATB for room temperature and tetryl, HNS-II, DIPAM, TACOT-Z,
CH-6, and TATB for the cold temperature. The apparent anomaly of
HNS-II being more sensitive than tetryl at rcom temperature at the
0.054-inch charge diameter is difficult to explain. The mean shock
initiating pressures of HNS-II and of tetryl are within about 1 kbar.
The limited amount of data used to determine the mean pressures is
insufficient to conclusively state whether HNS-IX or tetryl is more
sensitive.

15. Generally, increased shock initiating pressure was necessary as
the temperature decreased for explosives with the same charge
diameter at heavy confinement. At the 0.100-inch charge diameter,
the average increase in the 50% shock initiating pressure for all
explosives was about 18%. The increase in 50% shock injitiating
pressure range was 14 to 23%. At the 0.054-inch charge diameter,
CH-6, HNS-II, DIPAM, and TATB showed an average increase in the
shock initiating pressure of about 23% with a range of 16 to 33%.
TACOT-Z showed a 4% increase while tetryl showed no increase. More
data will have to be obtained on the latter two explosives to say
with certainty that at a very small charge diameter, these two
explosives are somewhat insensitive to temperature decreases.

16. Table II also shows that at room temperature, as the charge
diameter is decreased, the 50% shock initiating pressure in increased.
The 50% shock initiating pressure for tetryl and CH-6 increased 26
and 31%, respectively, whereas the heat resistant explosives showed a
shock pressure increase of only 1l1% for HNS-II with essentially no
increase observed for DIPAM, TACOT-Z, and TATB.

4
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17. Wbep the zbove experiments were repeated in the cold, the 50%
shock initiating pressure increased for all the explosives except
for DIPAM and TACOT-Z. For these two explosives, there was a very
slight decrease in the shock initiating pressure. Again, it seems
that some heat resistant explosives maintain the same sensitivity
over a wide temperature range.

18. Table III shows the 50% shock initiating pressures for the
various explosives in a 0.100 charge diameter using less confinement.
First, it mucst be noted that lesser confinement alcne caused a de-
crease in the sensitivity of the explosives at both room and cold
temperature (Table II vs. Table III). The sensitivity decrease in
terms of initiation shock pressure increase was 16 to 31% for the
explosives at room temperature. The shock pressure percentage in-
creases are shown in the parentheses of Column I, Table III. At
cold temperature, shock pressure increased, hut a guantitative esti-
mate is not given for comparison since the exact temperature at the
time of testing was not known. :

19. Table IIT also shows, in all cases, that the mean shock ini-
tiating pressure increased as the temperature decreased. The
explosives, except for HNS-II, showed about 3-10% increase in
initiation shock pressure. The shock pressure increase was about
19% for HNS-II. The shock pressure percentage increases are shown
in the parentheses of Column II, Table III. This data and that of
paragraph 18 show clearly the change in sensitivity of explosives
due to changes in confinement and temperature.
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CONCLUSIONS

20. Heat resistant explosives show a lesser decrease in sensitivity

when going to smaller charge diameters or to lesser confinement than
do conventional explosives.

21. Both high temperature resistant and conventional explosives show
about the same sensitivity change with temperature.

22. Significantly.reduced sensitivity can be expected of an ex-

plosive when used at charge diameters considerably smaller than
0.10-inch. '

23. The conclusions of paragraphs 20 and 2) were arrived at on the
basis of the few explosives studied. It is unknown whether or not
these cbservations would hold, in general, if the scope of the
investigation were widened to include many more explosives.
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TABLE I

MEAN DENSITY OF EXPLOSIVES LOADED AT 10 K PSI

Explosives Cylinder Dia. (inch) Pensity (q/cc}
Tetryl 0.054 1.47
0.100 1.47
0.100 L 1.45
' 0.100 1.56
0.100 L 1.61
HNS-TIX 0.054 1.45
0.10" 1.44
0.100 L, 1.43
DIPAM 0.053 1.30
0.100 1.30
0.100 L 1.28
TACOT-Z 0.054 1.19
0.100 1.17
0.100 L 1.18
TATB 0.054 1.65
0.100 1.65
0.100 L 1.66

L, approximately 0.075 inch wall thickness; 0.46 inch wall
thickness for others.
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TABLE IIX
SUMMARY OF DATA FOR ACCEPTORS OF HEAVY CONFINEMENT*

Room Temperature

Cold Temperature
Charge Diameter (inch)

Charge Diameter (inch)

Explosive 0.100 0.054 0.100 0.054
Tetryl N 25 26 29 16

P 1.1464 1.2473 1.2015 1.2435

s 0.0086 0.0478 0.0448 0.0476

cv 0.75 3.83 3.73 3.83

P 14.01 17.67 15.90 17.52
CH-6 N 50 25 50 24

P 1.1842 1.3075 1.2657 1.3987

s 0.0106 0.0173 0.0397 0.0753

cv 0.90 1.33 3.14 5.38

P 15.28 20.07 18.44 25.04
HNS-I1 N 46 25 44 27

P 1.1730 1.2179 1.2377 1.2930

s 0.0103 0.0098 0.0142 0.0340

cv 0.88 0.80 1.15 2.63

P 14.89 16.52 17.29 19.63
DIPAM N 21 18 26 18

P 1.2535 1.2521 1.3427 1.3182

s 0.0167 0.0112 0.0242 0.0473

cv 1.33 0.89 1.80 3.59

P 17.93 17.87 22.01 20.81
TACOT-2 N 27 25 27 27

P 1.3226 1.3317 1.3845 1.3483

s 0.0135 0.0119 0.0114 0.0378

cv 1.02 0.89 0.82 2.80

P 21.02 21.46 24.24 22.30
TATB N 25 25 27 24

P 1.6971 1.7035 1.7837 1.8243

s 0.0182 0.0172 0.0221 0.0256

cv 1.07 1.01 1.24 1.40

P 49.79 50.53 60.77 66.72

N=Sample Size; log P=Log Of Shock Pressure (kbars); S=standard Deviation
(kbar); Cv=Coefficient of Variation (Percent); P=Shock Pressure /(kbars)
*wWall thickness of approximately 0.46 inch.

9
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TABLE IIIX

SHOCK PRESSURE SENSITIVITY FOR ACCEPTORS OF LIGHT WALL CONFINEMENT*

Shock Pressure (kbars)#*®

Explosive Room Temperature Test Low Temperature*** Test
Tetryl 17.88 (29%)# 19.28 (10%)*
CH-6 *** 20.07 (31%) 2..75 (8%)
HNS-1I 17.65 (19%) 21.03 (19%)
DIPAM . 21.41 (19%) 23.26 (9%)
TACOT-Z 25.28 (20%) 26.07 (3%)
TATB 57.78 (16%) 61.19 (6%)

*0.075-inch wall thickness: 0.100-inch charge diameter
*#25 samples in Bruceton run

**+Cold box temperature approximately -65°C
except for CH-6 at -46 C

#Percentage increase in shock pressure sensitivity
due to decrease in confinement (see Column I, Table II)

tPercentage increase in shock pressure sensitivity
due to decrease in temperature (see Column I, Table III)

10
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EX 7 TYPE DETONATOR

BRASS DONOR !
CYLINDER o -l l..-- DETONATOR HOLDER
\l_l///
4 /,
: 7y
DONOR EXPLOSIVE — /7 1 1.000 INCHl—
RDX /7 VARIABLE GAP IA-
G (“PMMA SPACER)
7/’
/ AN
BRASS ACCEPTOR ACCEPTOR -
CYLINDER 7.7 EXPLOSIVE
0.100 INCH ID N
1,000 INCH OD Y 1.000 INCH
/,, TEFLON DISK
1.000 INCH LONG ///,: _ 0.020 INCH THICK
| /]

/// ///

* POLYMETHYL METHACRYLATE

{a) MODIFIED VERSION OF SMALL SCALE (PMMA)
GAP TEST SETUP

FIG. 1 SMALL SCALE GAP TEST SETUPS
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\
UL
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,;/ ’/,‘.——-—-DONOR
7, II /:,
/,’ 2/
l/l /s
/, ,' ,I ’
’ } IZ

WA Y
\\\\\ N
INNSN
(2 2 2 2 1210

STYROFOAM
JACKET

VARIABLE GAP

_,’/‘,/4_

.

77,
%
4

AN

(PMMA SPACER)
___ ACCEPTOR

/4

TEFLON SPACER

e—STEEL DENT BLOCK

FIG. 2 SMALL SCALE GAP TEST SETUP FOR ACCEPTOR EXPOSED TO LOW
TEMPERATURE

12



NOLTR 70-36

DETONATOR

7,
v, /
/ 2/ . / | .— STYROFOAM
0/ / JACKET
/
7/ ” ,/,/
’ l/

| _— VARIABLE CAP

(PMMA SPACER)
| — ACCEPTOR

0.25 INCH OD

0.100 INCH ID
1.000 INCH LONG

- TEFLON SPACER

/i

+——STEEL DENT BLCCK

FIG. 3 SMALL SCALE GAP TEST SETUP FOR 0.25 INCH O.D, ACCEPTOR CYLINDER
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TACOT-Z

HNS-1I

CH-6
TETRYL

| { | ] !
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FIG. 4 FIFTY PERCENT SHOCK PRESSURE SENSITIVITY
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