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Abstract: The 316 stainless steel was subjected to laser shock processing (LSP) , and the mechanical
properties including the microhardness, surface roughness and residual stress were investigated. The
rolling contact fatigue test was also conducted to compare the S—N curve with and without LSP. The re-
sults show that LSP can significantly improve the surface microhardness. When the single laser pulse
energy is 6 J, the microhardness increases by 20%. The depth of the affected layer increases with the
increase of laser energy. When the laser energy is 6 J, the depth of the affected layer is about 0.9 mm.
With the increases of laser energy, the surface roughness also shows an upward trend, rising from
0.41 pm to 1.91 pwm. In addition, LSP generates a residual compressive stress amplitude of 280 MPa
on the surface of 316 stainless steel. The rolling contact fatigue experiment shows that LSP can effec-

tively improve the contact fatigue performance of 316 stainless steel. The fatigue life of the untreated
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specimen is about 4.72x10* and 1.08X10° times when the contact stress is 848 MPa and 708 MPa, re-
spectively. While after LSP, the fatigue life of the specimen is increased by 2.1% and 15.0%, respec-

tively, under the same stress conditions.
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Fig.1  Strategy of LSP
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Tab.1 Surface roughness parameters of specimen
under different energy of LSP
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iy =8 R,/pm R,/ pm R/ pm
LSP-3 ] -0.38 1.08 5.01
LSP-4 ] -0.52 1.36 6.86
LSP-5] -0.92 1.80 8.37
LSP-6 J -1.13 1.91 8.86
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Fig.2  Surface micro-hardness distribution after LSP
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Fig.3  Surface micro-hardness along depth direction
diagram after LSP
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Tab.2 Residual stress after LSP

o/MPa
W3t A5 RAbH LSP-3J LSP-4 J LSP-5] LSP-6 J
Yin) | Y | i) i) ! Al G Al
1 111.1 113.3 -221.3 -2222 -247.2 -246.0 -265.4 -267.3 -283.8 -280.6
2 114.2 108.6 -226.9 -226.7 -243.7 -247.1 -264.1 -261.5 -279.5 -279.0
3 112.7 107.1 -2222 -224.8 -248.6 -242.9 -266.6 -264.1 -282.9 -279.6
4 113.0 106.6 -223.3 -222.7 -245.3 -242.5 -262.8 -267.6 -281.5 -279.5
5 114.4 107.9 -221.5 -226.9 -244.3 -244.6 -266.0 -261.4 -285.5 -281.6
6 107.2 114.3 -226.7 -220.4 -248.1 -248.8 -263.2 -261.3 -280.8 -283.3
S 112.1 109.6 -223.8 -223.9 -246.2 -245.3 -264.7 -264.0 -282.3 -280.6
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Fig.4 Average residual stress after LSP
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Tab.3 Results of rolling contact fatigue life

v =d F/N S/MPa N
1 1500 848 47 164
2 1300 790 50 426
3 1200 759 54 081
4 1150 742 61 044
5 1100 727 73 800
6 1 065 715 87 800
7 1045 708 107 800
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Tab.4 Experimental results of fatigue life testing

after LSP
N
iRFE S/MPa
ESIUb0 ot
1 848 48 156 48 139
2 790 52 467 52 483
3 759 57 134 57 129
4 742 66 548 66 558
5 727 84 524 84 531
6 715 102 270 102 249
7 708 126 790 126 799
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Tab.5 Difference of rolling contact fatigue life
before and after LSP

R S/MPa AN &/ %
1 848 992 +2.1
2 790 2 041 +3.9
3 759 3053 +5.3
4 742 5504 +8.3
5 727 10 724 +12.7
6 715 14 470 +14.1
7 708 18 990 +15.0
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Fig.5 Comparison of S—N curves between samples
before and after LSP
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