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Improving Fatigue Properties of 00Cr12 Alloy by Laser Shock Processing
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Abstract The 00Cr12 alloy heat-resistant steel was strengthened by laser shock processing (LSP) with appropriate
parameters. and its fatigue limitation was measured rapidly. The effects of residual stress and microstructure change
of the surface layer of 00Crl2 alloy on its fatigue life were discussed and analyzed before and after LSP. The results
showed that elastic-plastic deformation was induced by laser impulse on the material surface, which resulted in
residual compressive stress and dislocations of high density in the material surface, so the fatigue life of 00Cr12 alloy
was effectively improved by LSP. After LSP, the fatigue life of 00Cr12 alloy was 1.6 times as much as the sample
without LSP. Compared with the traditional rising and falling methods, the relative error of the results obtained by
Locati multistep method was small. This method could provide reliable data for fatigue design of machines.
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Table 1 Chemical compositions of 00Cr12 alloy (mass fraction, %)

C Si Mn S

P Cr Ni (allowed to contain)

<0.030 <1.00 <1.00

<20. 030

<C0. 035 11. 00~13. 00 <<0. 60

T WoEwd T i 00Cr12 A 4 v S 57 BRE
Fig.1 High-frequency fatigue specimen of 00Cr12 alloy with laser shock
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Table 2 Mechanical properties of 00Cr12 alloy
E/MPa  ,/MPa 6,,/MPa ¢ /% 810/ %
0.226 895 275 19 8
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Fig. 2 Schematic diagram of fatigue limit measured by

Locati method
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Table 3 Calculation of the damage sum of assumed fatigue curve

i sl =117 MPa o> =130 MPa ot =143 MPa
Stress ¢ /Mpa  Cycles n /10°

N n /N N n, /N N ny /N

103 1.75 8361205 0.0209 15846376 0.0110 30032468 0.0058
137.3 1.75 1547643 0.1131 2933134 0.0597 5558953 0.0315
171.6 1.75 286465 0.6109 542917 0.3223 1028952 0.1701
205.9 1.25 53024 2.3574 100493 1.2439 190457 0.6563
Total damage 2n; /N, — 3.1023 — 1. 6369 - 0. 8637
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Fig. 3 2’:[—'0 curve obtained from Locati method
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Fig. 4 Surface stress distribution in 00Cr12 alloy
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Fig. 5 Scanning electronic microscope (SEM) fractographs of 00Crl2 alloy before (a) and after (b) LSP
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Table 4 Fatigue life of 00Cr12 before and after LSP

Sample No. Average Fatigue  Mean life Amplitude Logarithmic Safe lives under Amplitude
state stress life / time / of life fatigue 95% confidences and of safe life
level /MPa  times times promoting /% life (1g ND 999 reliabilities promoting /%
101 270 98586 4,994
Without
LSp 102 270 97021 93825 100 4,987 42983 100
103 270 85868 4,934
111 270 140323 5. 147
LSP 112 270 131598 141046 150 5.119 68723 160
113 270 151219 5.179
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