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Numerical simulation of warping deformation on metal composite
plate during laser bending

Li Zihui, Wang Xuyue

(Key Laboratory of Precision and Non-Traditional Machining Technology of the Ministry of Education, School of Mechanical

Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: In laser bending forming, the warping deformation influences the forming accuracy. Based on
ANSYS software and electron microprobe, process of the warping deformation for stainless steel-carbon
steel composite plate including interfaces bended by pulsed laser was simulated using a multi -layered
finite element model (FEM) in single-pass scanning. By simulating temperature field, stress field, residual
stress distribution and the free end deformation of the composite plate, the process and the reason of
warping deformation were analyzed. The results show that during laser scanning, the uneven rate of the
highest temperature on the scanning line is 18.33%, which is influenced by initial temperature and edge
effect. After 0.2 s heat conduction and heat loss, heat accumulation phenomenon appears in middle area,
which leads to warping deformation caused by increased thermal stress. Simulation results of the residual
stress from scanning line to free end show that, warping force within the region and constraint
counterforce at the edges of the region are produced, warping deformation matches both the magnitude
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and direction of the simulation result. The max error of warping line between the experiment and

simulation is 3.90% and the error of chordal height is 3.33%, which provids the calculation basis for

better bending angle control of the composite plate.
Key words: laser bending;  composite plate;

stress; numerical simulation
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Fig.1 FEM of stainless steel-carbon steel composite plate
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Fig.2 Schematic of warping deformation on composite plate
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Fig.3 Temperature distribution curve on top and bottom surface
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Fig.4 Comparison diagram of temperature distribution

and displacement on warping line
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Fig.5 X-direction stress of three special points
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Fig.6 Residual stress of X-direction
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Tab.1 Parameters of laser bending experiment of composite plate

P | | i Def i N f
rocess Wavelength/pm Pulse width/ms mpulse Power/W Scanning s_pt»efd/ efocus distance/ umbgr 0
parameters frequency/Hz mm - min mm scanning
1 1.064 2 40 140 800 10 1
2 1.064 2 40 30 800 10 1
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Fig.7 Warping deformation during pulsed laser bending
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