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Simulation of propagation characteristics of stress wave in
copper films with laser shock processing
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Abstract: In order to study the propagation characteristics of shock wave, shock processing of copper films under the
different processing parameters was simulated with finite element software. Propagation characteristics of dynamic stress wave in
film-substrate system were analyzed by using stress wave theory. The results show that when the laser energy is 30mJ, shock
waves are elastic. The maximum velocity of particles in thin film with the single shock is —0.018mm/ps, the change of the
velocity and the residual strain of particles in films is little with three shocks. When laser energy is 120mJ, shock waves are
elastic-plastic. The maximum velocity of particles and the largest depth of the residual strain in the films with three shocks are

respectively 26.44% lower and 35.48% higher than those with single shock. These have guiding significance to the study of

propagation characteristics of shock wave.
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Fig. 1 Sample of thin copper films onto silicon

Fig.2 YAG laser
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Table 1 ~ Mechanical properties of materials

aterial density/ Poi ati elastic modulus/ hugoniot elastic
materials (ke - m~%) oisson ratio GPa limit/ GPa
Cu 8900 0.3 120 0.7
Si 2330 0.28 180.5
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Fig.3 Schematic configuration of 3-D model
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Fig.4 Load curve of shock pressure
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Fig.5 Motlel of stwress wave propagation at the interface
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Fig. 6 Schematic diagram of elastic wave reflection and transmission at the

interface
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Fig.7 Velocity of particle inside the thin film after laser shock
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Fig. 8 Schematic of elastic-plastic wave unloading
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Fig.9 Residual stress map after laser shocking at the power of 80mJ

Fig. 10 Residual stress map after laser shocking at the power of 100mJ
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Fig. 11 Residual strain distribution of copper thin film after laser shock
4 & it

(1) 76 A& & A 30mJ B, op o % HE 77 0 (5 A
0. 610GPa /)N T AL AR IR, RS A 35057 £ 1) 2
U Ry A, I T3 E A B SR B S A 5 %
TS S RN, NS A AR AR R AR HZ A 0,

(2) ZEBEE > 80mJ, 100m], 120m] i}, ik i i (i
JE 143 54 0. 990GPa, 1. 106GPa, 1. 212GPa, Kk F 4
TR LA AR S o ok e Sy B R O, FL TP R Dl 120m)
BRAERT AR AR N AR TR EE A 0. 31mm , 5 KGR AR
MiAR R 4.28 x10 73,

(3) SEIRYE AR I 0 Wl FBE PN 0 i A B VR AR T 7
AT S, bl Ry 120m] B, 3 Y i B B A vy AR
TR 0. 43mm e KFEAR N AE A 11,13 x 1077, | F
T S FE BRI XTI 7 18 S 8 I AR K, Jot i e R



$40 % A4

sk WOt R R R R PR BT

605

WA -0. 064mm/ s

(1]

(2]

(3]

(4]

& £ x #
FAIRAND B P, CLAUR A H. Laser generation of high-amplitude
stress in materials [ J]. Journal of Applied Physics, 1979, 50(3):
1497-1502.
GERLAND M, HALLOUIN M, PRESLES H N. Comparison of two
new surface treatment processes, laser-induced shock waves and pri-
mary explosive: application to fatigue behaviour [ J]. Materials Sci-
ence and Engineering, 1992, A156(2) :175-182.
BERTHE L, FABBRO R, PEYRE P, et al. Shock waves from a wa-
ter-confined laser-generated plasma [ J]. Journal of Applied Physics,
1997, 82(6) :2826-2832.
MASSE J E, BARREAU G. Laser generation of stress waves in metal
[J]. Surface and Coatings Technology, 1995, 70(2) : 231-234.
REN N F, YANG J Ch,CAN L, et al. Effects of laser shocking on
the mechanical properties of metals[ J]. Laser Technology, 1998 ,22
(4):235-238(in Chinese) .
XIONG Ch, LI Zh F, WANG X D. Thermal stability of microstruc-
ture of laser shock processed TC11 titanium ally[ J]. Jouranl of Plas-
ticity Engineering,2013,20(3) ;116-120(in Chinese).
CHEN R F,HUA Y Q,CAI L. Estimate of residual stress of steel ma-
terials induced by laser shock wave[ J]. Chinese Journal of Lasers,
2006, 33(2) :278-282(in Chinese).
LIU L,WANG S B,WU H X, et al. Experimental study of high power

[13]

[14]

[15]

[16]

laser induced shock waves[ J]. Laser Technology, 2007, 31(2) .
134-136(in Chinese).
WANG J X, GAO X, SONG Ch, et al. Experimental study of shock
waves induced by a nanosecond pulsed laser in copper target[ J . Acta
Physica Sinica, 2015, 64(4) :045204 (in Chinese) .
WANG L L. Stress wave theory[ M].
dustry Press, 1985:149-159 (in Chinese).
KAN D, LIN Y. Simulation of multiple laser shock peening of a

Beijing: National Defense In-

35CD4 steel alloy[ J]. Journal of Materials Processing Technolopgy,
2006,178(1) :162-169.

FABBRO R, FOURNIER J, BALLARD P, et al. Physical study of
laser produced plamsma in confined geometry[ J]. Journal of Applied
Physics,1990,68(2) :775-784.

PEYER P, FABBRO R. Laser shock processing: a review of the
physics and applications [ J]. Optical and Quantum Electronics,
1995,27(12) :1213-1229.

HU Y X, ZHENG Q, YAO J H. 3-D-fem simulation of laser shock
processing[ J ]. Surface and Coating Technology, 2006, 201 (3) .
1426-1435.

GUO W G. Foundation of stress wave guide[ M]. Xi” an; Northwest
Industrial University Press,2007 :111-119 (in Chinese) .

FENG A X, ZHONG G Q, XUE W, et al. Dynamic stress-strain of
film-substrate system induced by laser shock wave[ J]. Chinese Jour-

nal of Lasers, 2014 ,41(6): 67-72 (in Chinese).





