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Effects of Laser Shock Processing on Fatigue Life of 304 Stainless Steel
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School of Mechanical Engineering , Anhui University of Technology, Maanshan, Anhui 243032, China

Abstract The 304 stainless steel plates are double-sided shocked by laser beam with a wavelength of 1064 nm and
the pulse width of 10 ns, the surface morphology of sample treated by laser shock processing (LSP) is observed by
a three-dimensional profilometer, and the residual stress of the specimen surface is measured by an X-ray
diffractometer, respectively. And a servo-hydraulic fatigue test machine is employed to implement the fatigue
experiments on samples without and with LSP to obtain the fatigue crack growth rate curves. In addition, a
scanning electron microscope (SEM) is applied to detect the fracture morphology at different crack growth stages.
The experimental results indicate that LSP can not only cause plastic deformation to a maximum value of 25 pm and
form compressive residual stress with a maximum value of —218 MPa on the sample surface, bust also transfer the
crack source to the inside of the sample. And the crack growth rate at the shocked region is significantly retarded by

LSP. The validity of utilizing LSP to improve the fatigue resistance of 304 stainless steel can be verified according to

the fatigue crack growth rate curves.
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Table 1 Chemical composition of 304 stainless steel
Element C Mn Cr Mo Ni Cu Si Nb Fe
Mass fraction /% 0.06 1.54 18.47 0.30 8.3 0.37 0.48 0.027 Bal.
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Table 2 Mechanical properties of 304 stainless steel at room temperature

Parameter Tensile strength /MPa  Yield strength /MPa Elongation /% Microhardness /HV
Value 520 289 40 200
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Fig. 2 Experimental set-up for laser shock processing
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Fig. 5 Surface morphology and profile curves of LSP sample. (a) Macro morphology of sample surface; (b) 3D image of
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Fig. 8 Morphology of fatigue crack initiation region. (a) Sample without LSP; (b) sample with LSP
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Fig. 9 Diagram of effect of compressive residual stress on crack initiation
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Fig. 10 Morphology of crack growth zone. (a) Sample without LSP; (b) sample with LSP;

(c) enlarged image of Zw region; (d) enlarged image of Zp region
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Fig. 11 Morphology of abrupt fracture zone. (a) Sample without LSP; (b) sample with LSP;

(c) enlarged image of Zw region; (d) enlarged image of Zp region
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