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Table 1 Specification of the laser oscillating apparatus

Item

Specification

Laser oscillating
device

Nd® YAG lod (410x7Smm)

Active lamp

Xe flash lamp (2 pieces)

Oscillating wave
length

1.06 um

Beam diaﬁeter

at exist of the laser

¢10mm (output mirror )
Pulse width Output energy
(ms) (J/pulse)
0.2 0.10 ~ 0.97
0.4 0.14 ~ 2,50
0.6 0.30 ~ 3.90
Laser output 0.8 0.53 ~ 5.53
1.0 0.80 ~ 6.70
3.0 2.65 ~ 16.7
5.0 4.45 ~ 25.9
7.0 6.10 ~ 33.5
9.0 7.80 ~ 40.5
Table 2 Specification of optical fiber
Iten Specification
Core material Quartz
Refracting distribution Step index type
Refractive index of core 1.452
Core diameter 800um
Fiber diameter l.0mm
Sheath diameter 2.0mm
IRELCHBEIh TS WEHLAYG03AT 2 (#
Lice COVv—¥—8R1xTable 11IZRL X501
SAAAENRRE ST, HHh=F A F -3 AR Optical fiber
I E L, BRAHNDIZ40.5]CH 5, Plug
2.2 %7711~
¥7 74, —i2, Table 2RRLALS5IE=2TH — z:;:?nwd
HOEET, 2 7#i120.8mD L% EA LI,
Explosives ]
3. BESIZLI¥-0AR \ i
R OH ? B
HRIWA L1 v~ - BREEE, PETNICEK 3 j 5
M+ 5CBR XUA L OMAY 0 ~10% DEETEA a7 o
EhELER, ThOOBRELMES. 2m, HS0.3 /3’31: 2
m, $£X45mDPREI2micE~FER L, RNEE Alu=inius caso n{%‘% ;*
(glcd, LABIMEIANE) %1.15, 1.400 2 & L1 mq/ —
8 L% PETN O#1§1X150~2004m, CB#*ix o
RSN EOum, AL BREPHRE20pm TH S,

3.2 REAE
REAHMIL, Fig.1iwRTIS512720 =948
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Fig. 1 Sample of the laser initiated detonator for

minimum initiation energy measurement.
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Fig. 2 Scheme of the minimum initiation energy measurement.
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Fig. 3 Typical breakage example of aluminium case
in the case of detonation.
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Table 3 Results of minimum initiation energy measurement

Content of laser Minimem jnitiation
absorption material energy
wtd)
cB Al Loading density | Loading density
=1.15(g/co?) =1.40(g/cn®)
0 0 40.5% 40.5*
0.5 0 2.50 -
1.0 0 .69 -
2.0 0 1.6 9 6.70
50 0 6.70 13.1
10.0 0 6.70 16.7
0 2.0 6.70 3.30
0 5.0 13.1 330
0 10.0 16.7 500
0.5 2.0 2.50 20.5
1.0 2.0 1.6 9 25.9
2.0 2.0 3.90 40.5 %
0.5 5.0 2.50 25.9
1.0 5.0 3.90 25.9
2.0 5.0 2.50 40.5 %

* This samples are not initiated in the

case of caximum output laser

energy 40.5J.
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Fig. 4 Typical waveforms of vibration acceleration, sound pressure

and laser energy in the case of detonation.
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Table 4 Results of the lead plate penetration test

Unconfined

length d{mm) A"l‘ ‘ 10

5 s 0

- Laser lnltlated"
- detonatar

. Electric
detonator- -
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Fig. 8 Method of the detonation velocity measurement

—186—

THKIK



Table 5 Results of the detonation velocity measurement

Unconfined length Detonation velocity (m/s)
d (om) A-B B-C c-D
— 8070
7690 7690
1 -— 7190 8260
7040 7250
B x= 7300 X= 7820
3330 7460 8070
3570 7410 7350
5 — — 7940
2130 —_— 1940
—_— 7140 —_—
X= 3010 x= T340 X= 7820
7190 8260
10 —_— 7410 8000
7040 7250
6850 7460
—— x= 7210 xX= TI0
Optical.
High pressure £iber
vessel (2.54 1)
Laser
S I Digital initiated
H oscillo. detanator g

Pressure
gage

@

—pki—

Insensitive
explosive

(W=30g)

Fig. 9 Scheme of the insensitive explosive initiation test
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Table 6 Results of the insensitive explosive initiation test

Unconfined
Pressure of vessel
Insensitive explosive | Detonator ' 1eg o (e /ca?) Results ¥
TNT:Tale = 8:2 Laser 5 52 76 @)
Electric —_— L6 51 O
1 2 52 A
TNT:Tale = 7:3 Laser 5 A1 61 40 @)
10 23 53 A
Electric —_— 32 A
TNT:Talc = 6:4 Laser 5 12 X
Electric — 132 139 139 O
Dynamite 1 141 131 124 (@)
(NG 30 2) Laser 5 139 140 133 '®)
10 139 136 @)
Electric — 136 120 @)
Emulsion explosive 5 92 104 106 O
Laser 10 116 109 o)

* O'-—-—Detonation, \ —Detonation failure, X —— Not ignited
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Experimental Study of Laser Initiated Detonator

by Koichi KUROKAWA®, Yoji TASAKI*, Katsuhide HATTORI*
Toshifumi SATO**, Toshikazu MIYAJIMA**, Mikio TAKANO**

The laser oscillator used in the experiment was a YAG laser with a wavelength of
1.06pm, the explosives used was PETN with carbon black added as an laser absorption
material. The experiment was carried out to investigate the effects of the proportion of car-
bon black in the explosives and the loading density of the explosive in detonator. Metal tube
was attached to increase the confinement of the detonator.

It was found that the minimum initiation energy was 1.69 J, when the carbon black con-
tent was 1 wt% and the loading density was 1.15 g /cd.

To evaluate the power of the detonator, a lead plate penetration test, a detonation
velocity test and an insensitive explosion test were conducted. The laser initiated detonator
penetrated to a lead plate the same extent as No.6 electric detonator. The detonation veloci-
ty was measured with the ion gap method and the optical fiber method, and the highest
detonation velocity was obtained 7800m/s. As the result of the initiation test of the insen-
sitive explosives composed of TNT and talc, the initiated detonator showed to have an in-
itiating power equivalent to No.6 electric detonator.

(*Taketoyo Plant, Nippon Oil & Fats Co., Ltd. 82 Nishimon, Taketoyo-cho,

Chita-gun, Aichi-ken 470-23
**Kajima Institute of Construction Technology, Kajima Corporation 2—19—1
Tobitakyu, Chofu-shi, Tokyo 182)
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