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Abstract Protective layers can not fit well with the surfaces of the materials due to the surface roughness of the
K24 nickel based alloy is high. So the laser shock processing without coating (LSPwC) is carried out on the K24 alloy
and the high cycle fatigue tests are conducted to verify the reinforcement effect. The mechanisms of the residual
stress and microstructures to fatigue performances are discussed. The results show that, compared with the
untreated specimen, the fatigue strength of the specimen treated by LSPwC is improved by 16% and that after heat
preservation is improved by 11%. Under the effects of the compressive residual stress and high density dislocations
that induced by LSPwC, the fatigue performances of the specimens are improved. After heat preservation, the
majority of compressive residual stress release, the dislocations have great stability, and this is the main cause of
the high cycle fatigue performance improvement.
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Table 1 Chemical components of K24 Nickel based super alloy

Element Cr Co Mo Ti Al W C Ni
Mass fraction /% 8.5~10.5 12.0~15.0 2.7~3.4 4.2~4.7 5.0~5.7 1.0~1.8 0.14~0.20 other
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Fig.1 Dimension of K24 simulated blade (mm)
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Fig.2 First—order vibration stress distribution of simulated blade Fig.3 Schematic diagram of unequal stress LSPwC
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Fig.4 Experimental setup of LSPwC
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Table 2 Parameters of Mianna—() laser device

Parameter Wavelength /nm Energy /] Pulse duration /ns Spot size /mm Frequency /Hz Stability

Values 1064/532 <0.8 <8 <2 1~10 <+3%
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Fig.5 Device of vibration fatigue. (a) Amplitude monitoring and testing system; (b) vibration specimen and strain gauge
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Fig.6 Fatigue up—down graphs of simulated blade. (a) LSPwC and untreated; (b) heat preservation after LSPwC and untreated
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Fig.7 (a) Residual stress distributions of simulated blade’s cross section after LSPwC; (b) curve of residual stress on the surface of
simulated blade varying with time under 800 °C heat preservation
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Fig.8 Microstructures of the surface of samples with different processes. (a) Untreated blade; (b) blade with LSPwC;
(c) blade with 800°C heat preservation after LSPwC
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