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by Laser Shock Wave

Feng Aixin'* Zhong Guoqi’* Xue Wei' Shi Fen’* Zhuang Xuhua®

He Ye* Chen Fengguo®
(1 College of Mechanical & Electrical Engineering, Wenzhou University, Wenzhow , Zhejiang 325035, China)

2 School of Mechanical Engineering , Jiangsu University, Zhenjiang, Jiangsu 212013, China

Abstract The laser shocks of different pulse energies are used to perform a single impact on every multi-point of
three kinds of the film-substrate system with different interface bonding strengths. The residual stress of target
surface is detected by X-ray diffraction (XRD) technique, and the dynamic strain signal is collected by polyvinylidene
fluoride (PVDF) sensor. Then a loading model of the laser shock wave on film-substrate system is established.
Finally, the failure modes of film-substrate system based on laser discrete scratch are explored. The results show that
the residual stress both on the surface of the 2024 aluminum alloy and the impact spot center of the film-substrate
system increase after laser shock. The dynamic response of film-substrate system is related to the bond strength of
film-substrate interface and the energy of laser. There are two failure modes of film-substrate system based on laser
discrete scratch, one is the reflect stretch wave lead to membrane detached from the substrate, the other one is the
shear stress of film-substrate system lead to film shear failure.
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Table 1 Sample model
Sample Substrate Coat Adhesive
A 2024 aluminum alloy SUS 304 Double-sided tape
B 495 glue
C (Size: 120 mm X 60 mm X 10 mm) (Size: 120 mmX 60 mmX 20 pm) No adhesive
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Fig. 1 Laser shock points and stress-strain measure directions. (a) 2024 aluminum alloy; (b) film-substrate system
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Fig. 2 Dynamic strain curves of film-substrate system under different pulse laser energies.

(a) Sample A; (b) sample B; (¢) sample C
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Fig. 3 Dynamic strain curves of film-substrate system under different adhesives.
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Table 2 Test result of residual stress before and after laser shock processing

Film-substrate system

2024 aluminum alloy

Laser energy

A/MPa B/MPa C/MPa A/MPa B/MPa C/MPa
500 m] Before —116 +10 —89 £12 —140 439 —182 =£35 —216 438 —133 =+10
s m,
’ After —123 +13 —94 +26 —138 +12 —185 =+16 —221 +28 —149 =+25
600 m] Before —99 +£28 —67 =£45 —181 +£34 —95 =£16 —16 =£10 —138 =£48
m,
After —120 442 —75 £21 —186 425 —157 £30 —71 +48 —177 =+62
800 m] Before —95 +£16 —16 =£10 —138 +48 —172 £31 —149 +29 —136 =£16
m,
After —157 4+£30 —71 +£48 —177 +62 —184 +£7 —184 £10 —184 =14
1000 m] Before —94 +18 —27 +18 —132 +33 —181 +28 —158 +2 —128 +£27
o After —177 4+20 —95 +£60 —187 433 —201 +£38 —207 £36 —204 +23
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Fig. 4 Amplification of residual stress in the spot center after laser shock processing.

(a) Film-substrate system; (b) 2024 aluminum alloy
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Fig. 5 Theoretical model of laser shock wave transmission in the film-substrate system
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