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Table 1 Test conditions of sample explosives and laser absorptive substances.

Sample Appearance Drying P°w‘éf;eg}i3mmer
Explosive Tetryl Powdery Vac., 45 C, 24hrs, 48-100
PETN ” ” ”
RDX ” " "
HMX ” " ”
TNT n ”n "
Ammonium
perchlorate " ” 32-
Black powder ” Vac., room temp., 24hrs, 100~
ANFOQO Granulous ”
" Comp. B Powdery ”
Comp. A-3 Granulous ”
Hexal Powdery " 100-
Laser Active carbon " ”
absorptive Graphite " "
substance Charcoal n "
Dyestuff IR-PB ”
IR-SG ”
IR-750 Granulous
IR-SK Powdery
6.5
-
/Capsulc
£
E
S H! ! Inner capsule
™
Gl
] Stass pate
/Expxoswe. Fig.2 Schematics of experimental config~
4 uration.

Fig. 1 Construction detail of the laser initiated
sample
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45LD 630, RS : FABTAI=vLE, 1E-—
a2 F:10mm¢X100mm, Q-2 f v F: 79 b
7=rhR, £ VR Bk 3kV 400xF,
BHEZE L UCREROBREBRL, SAXHER
BHaa0i2, A—L—=F 7Y 7+ T=2QRA
v FROBE M6, He-Ne CW v —+F (FBEFHE -
0.6328um, {77 : 3mWELE) oL —FE&RY
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1:He-Ne laser, 2:Ruby laser, 3: Attenuator
4: Beam-splitter, 5: Lens, 6:Sample, 7: Mir-
ror, 8:Filter, 9: Photodetector, 10: Power sup-
ply, 11:Oscillograph, 12: Transducer, 13: Dig-
ital memory, 14 : Pulse calorimeter, 15: Indicator.
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P

Fig.3 An oscillogram of the Q-switched ruby
laser pulse by the photodetector.

B

Pulsu calorimeter value (J)
>

0 ; A
0 25 5
Integral of photodetector output
(x10-])

Fig. 4 Pulse calorimeter value versus
integral of protodetector output
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Table

Experimental results for laser initiation of explosives

Explosive Laser Pulse energy |(Classifi- | Deformation Maximum acce-
absorptive (J) cation of | diameter of leration (G)
substence reaction lead plate 10 50
(wt.%) { em ) Ms/word | gs/word
Black —— 0.40-1.00 Co
Y nowder
Hexal ——— 0.38-0.97 I 7.1
G(5) 0.41 1
Tetryl ——— 0.39-1.00 I 7.2
G(s) 0.30-0.,40 I
AC(S) 0.33-0.81 1 6.3 71.2 66.3
*AC(15) 0.44-0.61 1 5.3 110 101
PETH — 0.84-0.85 D 13.4 642 647
* G(5) 0.11-0.15 D 8.0 564 561
*pC(5) 0.12-0.40 D 11.1 896 794
AC(S5) 0.11-0.22 D 13.3 661 616
* c(5) 0.11-0.26 D 11.0 944 758
SG(S) 0.13-0.16 D 12.3 577 518
PG(5) 0.11-0.15 D 12.9 640 588
75(8) 0.11-0.13 D 13.2 516 459
SK(5) 0.11 D 12.1 558 530
RDX —_— 0.99-1.20 D e.7 731 641
* G(S) 0.13-0.16 b 7.4 a92 455
*AC(5) 0.14-0.17 D 8.4 551 £47%
* C(5) 0.15-0.17 D 8.0 496 415
SG(S) 0.14-0.16 ] 10.0 7%% 648
PB(5) 0.14-~0.16 D 0.6 496 436
75(5) 0.14-0.15%5 D 9.8 581 338
75(8) 0.08-0.12 1
SK(S) 0.13-0.17 D 9.6 518 538
HMX ——— 0.37-0.99 N
G(5) 0.18-0.20 D 10.6
*AC(5) 0.30-0.41 2] 8.7 624 597
AC(S) 0.37-0.77 D 11.5
*AC(15) 0.41-0.78 1 5.7 281 272
Comp. B —— 0.43-1.19 N
. G(S) 0.39-0.79 1
Comp. A-3 Py 0.44-0.96 N
G(S) 0,39-0.97 n
TNT —— 0.40-0.87 N
G(5) 0.26-0.97 b}
*AC(S) 0.40-0.99 N
ANFO —— 0.38-1.03 N
! G(5) 0.38-0.95 L]
CAnmoniun -— 0.41-1.00 N
perchlorate G(5) 0.41-0.93 N

Co: combustion,

Bat Figblomt.

4, B B
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EE5ILR, REGEBLULV—FREOERE L KR
LRINEEE O HOREORMAMREL CHRTHLZ L
Aibm- o, PETN, RDX, HMX, # .t Comp. B
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Other synbols are same os Table 2

5D,

Yang 67 ® i PETN, RDX, 7+ Y L DEERA K
TRAFEZTREN0.8],1.0], 4.0JLBRLTWS,
AR, BIE, BTARMLYRREHORBLE
B+hiX, PETN & RDX 2> TREBROF— 5 &
HEVENLZ, LDL, FMYLIZHOGTIR, AR
BRTIHO0AJTRERENDS, Zhitsei LB
DBNTHE S,

BIRILEIMBROBE 7. 4~12.9mm &R L &=, B
028 CHEIMHEMLAL 26135, PETN
RDX, HMX X nJLEM K& D » ix, PETNOF
BEPIIBRICA S idTHSD S, EBROEM
CEDILBRNE S o TS, BN EMAT
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Fig.5 Comparisons of lead plate perforation
diameters and maximum accelerations
by laser-initiated detonation
O: 10us/word, @ : 50us/word

Fig.6 A vibration oscillogram and photographs
of lead plate perforation by laser-initiated
PETN

Table 4 Characteristics of the explosives used.

Explosive | Composition | Color M. P. ('C)*| Ignition Drop hammer | Electric spark | Detonation
temperature, | test,2 kg, sensitivity (J) | velocity (km/s)y®
S5s. (’C)m (cm)"' (l)"' (z)m (density,g/un‘)

Black KNO, 74 black 290 32 0.8 | —0.4

powder S 10.4
(o] 15.6

Hexal' |RDX 75 grey 225 7.9 (1.8)
Al 25

Tetryl light 129.5 257 26 0.025 4.38 7.85(1.71)

yellow —4.68

PETN white 141.3 225 17 0.035 0.21 8.3 (1.70)

RDX white 204.1 260 32 0. 100 8.5 (1.70)

HMX white 276 335 0. 400 9. 12(1.84)

=217

Comp. B | RDX 60 yellowish 278 6] 0.035 7.8 (1.68)
TNT 40 brawn
Wax added

Comp.A-3| RDX 91 light 1004 8.1 (1.6)
Wax 9 yellow 250

ANFO NH.NO, 94 pinc 169.6 465 100+ 2.5—3.5
Fuel oil 6 (NH.NOy) | (NH.NO,) (NH.NO,)

Ammonium] colorless 67

perchlorate 435

TNT light 80.75 475 95— 0.036 4.38 7 (1.60)

yellow 100+ —~4.68
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Laser Initiation of Explosives by a Q-switched Ruby Laser

by Kazuo HASUE* Tatsuya MONMA¥* Shoji NAKAHARA% Jun MORIMOTO#%
Kenichiro TAHIRA* and Toru MIYAKAWA=*

Critical ignition energy of some explosives confined in usual blasting cap
capsules was measured by using a focused Q-switched ruby laser beam.Commercial
explosives were mixed with various carbon powders (active carbon, graphite, or
charcoal) or dyestuffs which had maximum absorption at 0.6~0.8 u m.

The critical ignition energy levels of explosives were lowered by the addition
of laser absorptive substances (carbon powders and dyestuffs) as follows ; PETN
from 0.84] t0 0.11J,RDX from0.99J to 0.13J, HMX from over 1J to 0.18), and Comp.
B from over 1.2] to 0.39]. Addition of the laser absorptive substances showed
little effect on Tetryl and none on Hexal.

(*The Natinnal Defense Academy, 1-10-20, Hashirimizu, Yokosuka-shi,
Kanagawa-ken, 239, Japan.)
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