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Thermal Relaxation of Residual Stress and Grain Evolution in Laser
Peening IN718 Alloy

Zhang Haifeng Huang Shu ShengJie Xu Suqiang Han Yuhang Zhou Jianzhong

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

Abstract In order to explore the thermal relaxation behavior of residual stress induced by laser peening on the
surface of Nickel-based alloy, a single laser peening treatment is conducted on the surface of IN718 samples,
followed by a series of thermal insulation tests conducted on these treated samples. Then the changes of the residual
stress, full width at half maximum(FWHM) and grain evolution feature at various test temperatures and exposure
time are analyzed. The results show that laser peening can induce compressive residual stress at treated region,
enhance the magnitude of FWHM and obviously refine the grains in the near—surface of the material. During the
thermal insulation tests, the relaxation magnitude of residual stress is positively correlated with the test temperature
and the exposure time. The relaxation speed of residual stress appear to be relatively high during the initial period
of exposure, and then slow down with the increases of exposure time. After being exposing by 300 min at 800 C,
the residual stress relax at a maximum rate of 82.14%. When the test temperature is constant, there is an increase
in FWHM value as the exposure time increase. At the test temperature of 600 C, the value change of FWHM is found
to be slight. After being exposing by 300 min at 600 C, the grain size is still small, which means that the grain
refinement effect is still obvious. However, at the test temperature of 800 °C, the grain grow rapidly so that after

being exposing by 300 min, the grain refinement effect almostly disappear.
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Table 1 Chemical composition of IN718 alloy (mass fraction, %)

C Si Mn S p Ni Cr Al
0.058 0.149 0.165 0.001 0.011 52.50 19.25 0.44

Cu Ti Mo Fe Nb+Ta Co B
0.044 1.10 2.98 bal 4.93 0.135 0.003
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Table 2 Experimental parameters of high—temperature exposure

No. T/C t /min No. T/C ¢ /min No. T/C t /min
Al 600 50 B1 700 50 Cl 800 50
A2 600 100 B2 700 100 C2 800 100
A3 600 150 B3 700 150 C3 800 150
A4 600 200 B4 700 200 C4 800 200
AS 600 250 BS 700 250 C5 800 250
A6 600 300 B6 700 300 C6 800 300
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Fig.l Laser peening sample. (a) Morphology after LP; (b) size of sample and treated region
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Fig.2 Residual stress and FWHM before and after LP
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Table 3 Micro—hardness before and after LP

Treatment Micro—hardness /HV Average /HV
Before LP 274.8 262.4 271.4 264.9 268.1 268.3
After LP 335.8 327.4 330.6 327.4 3323 330.7

28 3 0], OB B U E L INT 18 2% 1 B9 34 W f0 R i il 268.3 HV #2 55 21 330.7 HV, A 42 23% ., iX
55 S ER[29]H R Y IO IS AL INT 18 B R 45 TF R 2 20988 Jp AR AT o FR b AT D0 O I S TR A BT AR
HA—E stk e/ .
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Fig.3 Grains evolution on surface of IN718. (a) Untreated sample; (b) laser peening sample
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Fig.4 Surface residual stress at different temperatures and different time
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Fig.6 Surface FWHM of sample at different temperatures and different time
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Fig.7 Grains evolution of 300 min exposure sample. (a) 600 °C; (b) 700 °C
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Fig.8 Grains evolution of 800 °C exposure sample. (a) 100 min; (b) 300 min
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