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Effects of laser shock processing on mechanical
properties of AZ91 magnesium alloy

PEI Xu', REN Ai-guo', GU Yong-yu', XU Ren-jun’, YU Shui-sheng', ZHANG Yong-kang'
( 1. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China;2. Victory Ceramics Science and Technolo-
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Abstract: In order to study the influence of laser shock processing:( LSP) and different laser shock model on the
mechanical properties of magnesium alloy, an AZ917 magnesium alloy specimen was processed with two beams of non-
superimposed Nd:glass laser pulses. The surface morphtldgy, with an oval spot distribution, was observed and analyzed after
shock, and then the model was compared with the traditional model of single-point-superposition. The nano-hardness of the
shocked and non-shocked region was measured with a triboindenter nano-indentation instrument, and the measured value was
1.59GPa and 1. 47GPa respectively. The residual stress in the shocked region was measured with a X2350A X-ray strain
instrument, and the stress was simulated by means of the finite element software ABAQUS. Both experimental and simulation
results were in good agreement, and showed that there was high residual stress distribution, about — 120MPa in the shocked
region. The results show that the non-superposition of dual-beam mode can improve the shock efficiency. The LSP can improve
the nano-hardness and mechanical properties of magnesium alloy and enhance its resistance to foreign objects damages and anti-
fatigue properties.
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Table 1 The composition of AZ91 magnesium alloy

composition Mg Al Zn

Si Cu Fe Ni others

0.83 ~0.97

mass fraction 0.9

0.0035 ~0.01 0.0015~0.005 =0.0001

<0.0003 <0.00005 =0.00002 =<0.0002

o 5 50 SR P BB A% 7 AR B DU Bk v
X, FHRBEHE RELEER T, RRBCERAN
Smm, EE N 17. 5], BEI K 1054nm, fk i 98 E230s,
BotwH L RFEERMERBME 1 iR, B

a light control
system
se T
L]
©
laser ==s=c==
l light
laser energy
output control shock desk
system control system

©

b

Fig.1 The schematic diagram of laser shock processing system and the

shock model
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Fig.2 Photograph of the sample surface after LSP
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Fig.3 The distribution of the laser spot
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Fig.4 The microstructure distribution of AZ91 magnesium alloy
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Table 2 The nano-indentation measured parameters in different re-

gion after LSP

test value non-shocked region shocked region
maximum load P, /uN 685. 62 683.9
contact area A/pm’ 464886. 86 429507.82
slope S/(puN - nm™') 26.49 31.2
nano-hardness H/GPa 1.47 1.59
contact depth h_/nm 121. 89 116. 82
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Fig. 5 Load-displacement curve of the indentation test

a—non-shocked region b—laser shocked region
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Table 3  The relevant mechanical parameters of AZ91 magnesium

alloy
ultimate static yield dynamic Young's yield  Poisson’s
strength limit  yield limit modulus stress ratio
250MPa 160MPa 470MPa  45GPa 78MPa 0.3
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Fig. 6 Surface and inner residual stress distribution afier loading

a—surface distribution b—profile along x axis c¢—profile along y axis
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Fig.7 Surface residual stress distribution curve vs. the distance to the cen-
ter of the laser spot

a—profile along x axis b—oprofile along y axis
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