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Fig.1 Schematic of laser peening process
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Fig.2 Experimental device for water confining layer observation
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Fig.4 Effect of water pressure on film region
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Fig.5 Dynamic response process of water confining layer (water pressure 0.03MPa, energy 13J)
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Fig.7 Dissipation time of water mist
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Application of Instability Numerical Model in Preparation of Grid Structure
by Laser Welding

ZHANG Jingqi"?, LIN Jian', LEI Yongping', XIAO Rongshi', LI Long’, SONG Zheng’
(1. Beijing University of Technology, Beijing 100124, China;
2. Taiyuan Aero-Instruments Co., Ltd., Taiyuan 030006, China;
3. Capital Aerospace Machinery Corporation Limited, Beijing 100076, China)

[ABSTRACT] Based on the numerical analysis theory of laser welding instability of thin plate, the simulation model of
external instability deformation of rectangular grid structure was established by extracting the inherent strain distribution of
ultra-thin plate cross structure after laser spot welding. The first positive eigenvalue buckling mode of the cross joint was
calculated, which was shown as deflection deformation.With the increase of heat input, the out-of-plane deformation of
the joint increases obviously, and the deflection direction changes. Based on the eigenvalue buckling deformation analysis
of the grid structure under two kinds of welding sequence, it was found that there is an obvious downward deviation
at the joint of the first thin plate under the condition of welding sequence 1, and the deformation deflection was 27um.
Under the welding sequence 2, the buckling eigenvalue of the thin plate was smaller, and the overall deflection of the
thin plate increased. With the increase of the number of solder joints, the instability deformation is more likely to occur,
which is shown by the continuous decrease of the buckling characteristic value of the thin plate. The coupling of buckling
deformation near the solder joint will significantly increase the out-of-plane deformation of the grid structure in the middle
layer compared with the top and bottom areas.

Keywords: Laser welding; Ultra-thin plate; Grid structure; Instability deformation; Welding sequence
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Process Effect on Dynamic Response Behavior of Water Confining Layer
in Laser Peening

ZHAO Nianyou, CHENG Han, HU Yongxiang
(State Key Laboratory of Mechanical System and Vibration, School of Mechnical Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China)

[ABSTRACT] It is important to research the dynamic response process of water confining layer under laser shock to
improve the stability and reliability of shock effect. By establishing the experimental system for observing the dynamic
response process of water confining layer under laser shock, the influence of pulse energy and water pressure on dynamic
response time and shock effect are analyzed. The results show that a stable water film is formed on the workpiece surface
by the cylindrical jet. Under the action of high energy laser-induced plasma shock wave, water confining layer bursts
and produces a lot of water mist. And then under the action of continuous jet, water confining layer quickly recovers and
water mist gradually dissipates. Pulse energy and water pressure have minor effect on the dynamic response time of water
confining layer and shock effect. The recovery time of water confining layer range from 4 milliseconds to 18 milliseconds
and water mist lasts for 30—-50 milliseconds. By adjusting the process conditions reasonably, the maximum output frequency
of the laser can reach 20Hz.

Keywords: Laser peening; Water confining layer; Dynamic response time; Water mist; High speed camera
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