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Fig. 2 The supporting devices for the sample and
instruments in the underwater explosion
test

Table 1 First pulsation period (Tb) and
energy (Eb) of gas bubble with
detonator

Detonator Period (ms) Eb (kJ)

No.0 15.4 0.33
No. 1 18.0 0.52
No.2 19.4 0.65
No.3 21.4 0.87
No.6 22.9 1.07
No. 0+ Talc 14.0 0.21
No. 1+ Tale 15.9 0.31
No. 24 Talc 17.6 0.42
No. 3+ Tale 19.8 0.60
No. 6+ Talc 20.6 0.67

F—i2, RABBIZTFH 2 A 2 (FEGEHE) it #
V=F UL vREYER L TKRPERI LB EH]N
T, H1.5(EKE,

chiz, HEOHABFO/R=F ¥ —-0—HrH
HOBRLL A ICRRNINBBTHL I LELDA
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Table 2 The period (Tb) and energy (Eb) with PETN and
detonator in a polyethylene inner tube

Initiator Period (ms) Eb (kJ) AEb* (k])
No.0+0.1g PETN 17.2 0. 39 0.19
No.0+0.2¢g PETN 19.6 0.58 0.38
No.0+0.3g PETN 21.3 0.74 0.54
No.6+0.1g PETN 22.3 0.85 0.17
No.6+40.2¢g PETN 23.6 1.01 0.33
No. 6+ 0.3g PETN 24.9 1.19 0.51
No.6+0.4g PETN 26.6 1.45 0.77
No.6+0.5g PETN 27.3 1.56 0.88
No. 6+ 0.6g PETN 28.3 1.74 1.06

*AEb=Eb-Eb (detonator)

Table 3 The initiation energy and PETN equivalent

of initiators

initiation PETN
Initiator energy equivalent
(kJ) ()
No.0 0.20 0.18
No.1 0.32 -
No.0+0.1g PETN 0. 39 0.28
No. 2 0, 44 -
No. 3 0. 56 —
No.0+0.2g PETN 0.58 0.38
No.0+0.3g PETN 0.74 0.48
No. 6 0.68 0.60
No.6+0.1g PETN 0.68 0.70
No. 6+ 0.2g PETN 1.06 0.80
No.6+0.3g PETN 1.24 0.90
No.6+0.4g PETN 1.42 1.00
No.6+0.5g PETN 1.60 1.10
No.6+0.6g PETN 1.78 1.20
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Table 4 Eb of explosives initiated by No.6-detonator

Material Weight (g) Period (ms) Eb (kJ) AEb* (kI

1.0 32.9 31 2.46

2.0 40.0 5.6 4.97

3.0 44.7 17.8 7.17

PETN 4.0 48.5 10.1 9,42
5.0 52.3 12.6 1.9
6.0 56. 3 15.8 15.1
7.0 68.8 18.0 17.3
5.0 32.9 3.1 2.4
Emulsion 25.0 74.0 36.1 35.0
50.0 95.8 78.4 77.3
explosive 75.0 104.5 102.0 100.9
100.0 114.0 132.0 130.9

* AEb=Eb-Eb (detonator)
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Fig. 3 Plot of bubble energy vs. weight of explosive in the underwater explosion
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Table 5 Net-bubble energy of reactive materials

Initiation .
Energy 0. 2* 0.32 0.44 0.56 0.68** 0.88 1.06 1.42 1.78
kJ)
Emulsion 0.04 0.5 543 6.81 6.49 — 7.31 — 7.34
explosive
PETN (2g) 462 461 449 465 497 — - - -
Black powder 0.06 024 1.33 157 1.8 - — — -
m-DNB (crude)| — — 0.18 0.30 0.45 0.28 0.44 178 —
m-DNB (fine) — 0.00 0.00 0.74 1.17 0.68 2.07 4.76 8.12
ADCA - - - - 0.27 - 0.4 0.45 1.01
AIBN 0.19 0.35 0.58 0.75 0.73 - —_— —_ -—
* : No.O detonator, **: No.6 detonator
a
A /
< o)
60}
-~ O:Eezulsion explosive
= O:Black powder
- @o-DNB{crudse) a
Ala-DNB{fine)
> AADCA
5 .0} Q:AlgN
H
2
2 b
2
2
2.0} - °
o
0/
a A
a— o—0 /
o ' 8
® —-"——-—'—‘/‘
0 8z § o —=* : >

Initiation energy
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(LY

Fig. 4 Plot of net-Eb vs. initiation energy in the variable initiator test with underwater explosion test
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Table 6 The relation net-swing of ballistic
mortar and net-Eb

MATERIALS net-swing (mm) net-Eb (k]) ratio (mm/kJ)
PETN 211 12.0 17.6
m-DNB (fine) 140 8.12 17.2
m-DNB (crude) 30 1.78 16.9
Emulsion

explosive 157 6. 85 22.9
No. 6-Detonator 30 1.06 28.3
Black powder 75 1.7 44,1
AIBN 36 0.72 50.0

PETN equivalent ( g )
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Fig. 5 Plot of net-Eb and net-swing against initiation energy
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Evaluation of Explosive Properties with Underwater Explosion (1)

Shock Sensitivity by the Variable Initiator Test

by Yoshiaki KANEKO*, Ayumu KIMURA**, Nobuo YOSHIDA**,
Masamitsu TAMURA*** and Tadao YOSHIDA***

The variable initiation test for evaluating shock sensitivity of explosives and other
self-reactive substances was tried using the underwater explosion. The results with the
underwater explosion were similar to those with a ballistic mortar. The extent of explo-
sion by initiation with initiators of various strength was estimated from the bubble energy
of the underwater explosion. As the bubble energy is nearly proportional to the explosion
energy for most explosive materials and easy to measure accurately, the method using the
underwater explosion may be as useful as that with the ballistic mortar. The explosion
powers obtained with both methods were not necessarily proportional to each other when

the tested materials were different.
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Kayaku CO., LTD., Toyotomi, Himeji, Hyogo-ken 679-21, Japan
***Faculty of Engineering, Tokyo University, Hongo, Bunkyou-ku, Tokyo 113,

Japan)
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