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Laser driven explosion and shock wave: a review
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Abstract: With the rapid development of high-power density laser, the laser driven explosion and shock waves
have attracted great attention in recent years. In this paper, the progress of laser driven explosion and shock waves,
involving the laser explosive loading characteristics and the scaling law, the laser shock peening of material, the
dynamic phase-transformation behavior of materials under laser shock, and the laser-induced micro-bullet impact, is
reviewed.
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Fig.2 (a) One-dimensional coupling analytical model for laser driven explosion and shock wave. (b) Relationship between
peak pressure and laser power density. (¢) Laser-induced shock wave propagation and attenuation!"”!
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Fig. 3 (a) Parameters of laser, confined overlayer, metallic target. (b) Influence of thickness in confined overlayer on shock effect.
(¢) Influence of laser duration on shock effect. (d) Influence of laser power density on shock effect””
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Fig. 6 Deformation-induced nanotwins by cryogenic laser shock peening of 304 stainless steel™”
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Fig. 7 Ejection of the high-temperature matter with an evolving bubble after single-shot nanosecond pulse laser ablation of the metallic
glass target in water. The sketch at the bottom of the figure shows the main stages during the pulse laser ablation!®”!
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Fig. 13 (a) Improved LIPIT setup designed by Xiao et al. (b) Impact process of LIPIT?'"**!
% 13 (a) Xiao % A B4 LIPIT 35 & . (b) LIPIT 525 it 09

REREBOILH, GG AT | B A S RERE B B R X . Horh, A, E, MIE 5510 LI R A
1 2 2
AEk:Em(Vi—Vr) (3)

E, = (pAh) V2 |2+ E, (4)

[SI=E=N

T A2 (4) 13— TR s AR X A AR 36 2 FEAR A B RE, p M SEARR E, h W REIRIE B, Ey 9 HoAl 7 sCAY BE it
FERUHLE], 0L SEA AT LA R
E, =E,/pAsh=V][2+E] (5)

by E3 T VEAG R 5 0] A& 4R 1 B S FERERE T .

Lee % N\ B YGE L LIPIT 5250, FFSE T UBURL & SR 1 4540, JREBE 2 10~100 nm (9 2 2 GR H#IE Y 3)y ) 2%
17 h, 45 5 F I 7E b o 36 B2 7 600 my/s i, GR i Y SEA 29 R 4N Y 10 4%, Q18] 14(a) B 7R o W0IB0R: 25 3 4 180 5
H, Z)7 GRIE U AR TR, 7= A 8 m i Bh S H AR 7). RW5E G, 22 GR I AL R B 24 2k 3R =X
WE 14(0) fi . 7340, 202 GR i T H 4 w0 (0 T N 50 L o a5 Il S 1) 45 R R A, (8 HLAE o
i B EAT B A 0 s BE R BURE BIRE 15 Xie 45 AR LIPIT S2IG A58 T 5 2 BR 40 K B A M A REEE 7.6 um (1)
TR REURE . 400 mys o EURE R B B A 14Tk, R IR Ay A I T SRR DR LA B 1Y LR

H [ RL 2 e g 22 0T 9T BT S e A A A8 i LIPIT S2 00 26 &, U4 1 pm J5E 3 ONT 8 B o <l B B v i, 485 S5
h,, =99 nm

k13°
™~

1.5 . h,,=30 nm

e
93°u1,
' ose

macroscopic
@ steel
@ aluminum
® PMMA
A Kevlar armor
microscopic
m gold
W PMMA
@ MLG

1.0

EJ(MJkg™)

p/(g-em™)
20.0
| 1.0
6.0
33
0 500 1000

I 1.8
1.0
Vi/(m-s™)

(@ (b)

Fig. 14 (a) Specific energy absorption (SEA) value of different materials under different impact velocity™". (b) Failure model of GR film under impact®”’
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Fig. 18 (a) In-situ observation of the re-bounding and bonding moment in microparticle impact. Multi-frame sequences at top and bottom
showing the Al particle impacts on Al substrate below (605 m/s) and above (805 m/s) the critical velocity!™”. (b) Calculation results of
dynamic hardness of metallic materials'®. (c) Melt-driven erosion map. Impact velocity at which melt-driven erosion

is triggered for different combinations of particle/substrate materials'*”
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