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Fig.1 Schematic diagram of the process of femtosecond la-

ser ablation of explosive
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Table 1

tion reaction of TNT

Kinetic parameters of multi-step thermal decomposi-

step E/kJ-mol™ Z/s! Q/k)-kg™

1 200 6.0x10" -125.575

2 144.412 1.957%x10'? 3767.267

3 140.226 2.391x10" 3592.84
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Table 2 Kinetic parameters of multi-step thermal decomposi-

tion reaction of TATB

step E/kJ-mol™! Z/s! Q/k)-kg™
1 252 7.02%x10%° -210
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3 142 4.36X10" 2940
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Table 3 Kinetic parameters of multi-step thermal decomposi-

tion reaction of HMX

step E/ k) mol™ Z/s™! Q/kl-kg™!
1 204 7.99%x10%° =42
2 221 1.41x10% -252
3 186 2.61x10'° 559
4 143 1.60x10"? 5620
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Fig.2 Schematic diagram of calculation model of the pro-

cess of femtosecond laser ablation of explosive
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Table 4 Physical properties of TNT, TATB and HMX

. thermal thermal ignition
) density )
explosive /K N capacity conductance temperature
+m
8 /1okg KT JWemT KT /K
TNT 1580 1380 0.5 513
TATB 1937 1170 0.544 632
HMX 1905 1050 0.345 573
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Fig.3 Temperature changes over time in TNT under the ef-
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Fig.6 Temperature of different position changes over time in

TNT under the effect of different frequencies fs laser sequence
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Table 5 The ablation depth of TNT under the effect of fs la-
ser sequence

average ablation total ablation depth

frequency / Hz

depth / pm / pm
1x10° 0.25 7.66
1X10° 0.49 14.8
2x10° 0.73 21.9
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a. three different frequencies
900
5
400. 2x105Hz
1x10° Hz
< 700
®
T 600+ Ignited
£ 5004
L 255ms 281 ms
400
3004

0 5 100 150 200 250 300
time / ms
b. 1x10° Hz and 2x10° Hz

B 7 ORI RER O K i R PR TR TNT 2 iR BE i [a)
A £
Fig.7 Temperature of the surface of TNT changes over time

under the effect of different frequencies fs laser sequence
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Table 6 The thermal diffusion coefficient of TNT, TATB and
HMX

explosive thermal diffusion coefficient / m?-s
TNT 2.29%1077
TATB 2.40%1077
HMX 1.72x1077
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Fig.8 Temperature changes over time in the three explosives

under the effect of fs laser
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Table7 The ablation depth of TNT, TATB and HMX under the effect of different frequencies fs laser sequence

frequency / Hz 1x10° 1x10° 2x10°

explosive TNT TATB HMX TNT TATB HMX TNT TATB HMX
average ablation depth / pm 0.25 0.17 0.26 0.49 0.27 0.59 0.73 0.40 0.74
total ablation depth / um 7.66 5.24 7.95 14.8 8.21 17.9 21.9 12.1 22.2
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Fig.10 Temperature of the three different explosive surfaces
changes over time under the effect of different frequencies fs

laser sequence
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Numerical Calculation of the Safety of Processing Explosives with Femtosecond Laser Sequence with
Different Frequencies

WU Jun-ying, LIU Jia-xi, YANG Li-jun, LI Yao-jiang, WU Jiao-jiao, CHEN Lang
(State Key Laboratory of Explosion Science and Technology s Beijing Institute of Technology s Beijing 100081, China)

Abstract: In order to study the safety of processing explosives with femtosecond laser, a calculation model of femtsecond laser
sequence machining on explosives was established, which took into account the autothermal reaction of the explosives. The pro-
cesses of femtosecond laser sequence machining on three different explosives (TNT, TATB and HMX) were calculated. The safe-
ty of these processes was analyzed. Results show that the frequencies of the femtosecond laser sequence, the heat release of the
autothermal reaction and the thermal diffusion coefficient of explosives will affect processing safety. Among these three explo-
sives, the heat release of the autothermal reaction of HMX is the largest, and its thermal diffusion coefficient is the smallest, so
its heat accumulation effect is the most significant. Therefore, HMX is ignited when processing with all the three femtosecond se-
quences with different frequencies (1x10° Hz, 1x10° Hz and 2X10° Hz). On the contrary, the heat accumulation effect of TATB
is the weakest, so no ignition occurs when processing with the three femtosecond sequence with different frequencies. The heat
accumulation effect of TNT is between those of HMX and TATB, so ignition only occurs when using the femtosecond laser se-
quence with higher frequencies. In the actual machining process, especially for the explosives with greater heat release of the au-
tothermal reaction and smaller thermal diffusion coefficient, femtosecond laser sequence with low frequency should be selected
to ensure safety.

Key words: femtosecond laser;laser sequence with different frequencies;laser processisng;explosive;numerical calculation
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