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Study on Geometric Sensitivity of Laser Peening Spots Based on Flexible Light Guide
Arm System

ZHU Ningkai'?, LI Zhi"?*, CHEN Siyuan', JIANG Jiancheng', LIN Zhenwei"’, HU Yongxiang'
(1. Shanghai Jiao Tong University, Shanghai 200240, China;
2. Shanghai Platform for Smart Manufacturing Co., Ltd., Shanghai 201306, China)

[ABSTRACT] Laser peening systems based on flexible light guide arms hold great potential for development due to
their adaptability to complex structures. However, existing flexible light guide arms suffer from spot distortion, leading to
reduced surface uniformity after laser peening. To clarify the impact of spot distortion on surface integrity, single-point
impact and array scanning experiments were conducted in distinct regions. The results indicate that spot distortion
originates primarily from assembly errors in the light guide arm lenses. The average spot diameter is approximately
1.48 mm, with inter-area variation less than 0.05 mm. The ellipticity of the light spot fluctuates between 1 and 1.1 across
different regions. Within the same region, the standard deviation of single-point impact pit depth and half-height width are
0.15 um and 0.08 mm, respectively. The p-value from the r-test comparing pit depths across different regions is
significantly greater than 0.05. The arc height of the thin plate specimens is between 0.28 mm and 0.32 mm, indicating that
the laser peening system based on the flexible light guide arm can ensure processing stability and consistency at the current
level of spot distortion. These findings provide a solution for enhancing the consistency of laser peening processing in
in-situ laser peening scenarios for complex components.
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Fig.10 Statistical results of center offset of light spot
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Fig.14 Thin plate specimen after full-coverage laser peening
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Fig.15 Statistical result of arc height for thin plate specimens
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