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Laser Bending and Edge Effect Control of Laminated Metal Composite Plate

Wang Xiaogang, Shi Yongjun®, Guo Yankuo, Sun Rui

College of Mechanical and Electrical Engineering , China University of Petroleum, Qingdao, Shandong 266580, China

Abstract To elucidate the mechanisms of laser bending and edge effect and its control strategy, we constructed a
laser thermoforming model of stainless steel-low carbon steel-stainless steel laminated metal composite plate using
finite element analysis software ABAQUS. The temperature field and stress and strain fields between composite
plates in laser scanning were quantitatively analyzed . The results from our study show that the difference in thermal
conductivity between stainless steel and low carbon steel results in the formation of a bending angle. The main cause
of the edge effect is the nonuniform distribution of temperature and plate constraints along the heating path;
repeated heating improves surface temperature distribution and increases forming accuracy. Four new scanning
strategies are proposed; these strategies reduce the relative change rate of surface temperature by 36% and the
relative rate of change of the bending angle along the heating line by 51.8%, which improves the forming precision.
Our results provide a guideline for the selection of scanning strategy for composite metal plate bending formation in
industrial production.
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Table 1 Chemical composition of laminated composite plate (mass fraction) %
Element C Si Mn S P Cr Ni Ti
Q235B 0.2 0.35 0.7 0.045 0.045 0.3 0.3
0Cr18Ni9 0.07 1 2 0.03 0.035 19 10 0.4

R 2 ORGP RE S A

Table 2 Characteristic parameters of stainless steel and low carbon steel

Temperature /°C

Parameter
200 400 600 800 1000
) Q235B 12 13.8 14.7 12.2 13.7
Expansion /(107° K™) . )
0Cr18Ni9 12.3 13.2 10.7 13.7 15.9
, Q235B 200 182 157 126 106
Young's modulus /GPa . ) ~
0Cr18Ni9 206 189 151 132 116
Q235B 0.53 0.63 0.81 0.95 0.62
Specific heat /(J+kg '*K™") i
0Cr18Ni9 6.8 0.88 1.06 0.61 0.63
Q235B 52 42 34 27 28
Heat conductivity /(Wem 'K ') . .
0Cr18Ni9 37 23 21 24 20
Q235B 152 123 109 80 22
Yield strength /MPa .
0Cr18Ni9 134 110 80 60 30

22 ZB/EBEEFER
% MEFSC-2000 # B8 He 4 28 6 41 180t 2% 9
T BB S8, Hode K i T &8 2 kW, 3 K8

[l 1060~1100 nm; ff F Flir-A615 RIZL AP35
AHBL T 52 56 3o 7 v 4 i A b 2% T 1 3L R R AT R 4E
2T AR AZ B AG HL ARSI 3R TE Bl S — 50~2000 °C L, A
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Fig. 1 Experimental set-up of laser forming
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Table 3 Experimental parameters of laser forming

Laser power Scanning speed

Spot diameter

Size LXWXH /

No. Number of scanning
P /W v /(mmes ') D,/mm (mm X mmX mm)
Case 1 750 20 6 100 X50X3 1
Case 2 750 15 6 100X 50X3 1
Case 3 850 20 6 100 X50X3 1
Case 4 1000 20 6 100 X50X3 1
1600 (a) — case 1, numerial 1.00 (b) = numerial results
1400 i, results 0.95} ® experimental results
con -...case 1, experiment £
© 1200+ N results ) g 0.90r
o~ Wi - - - case 2, numerial <
£ 1000 i results 2 0.85+ .
2 H :?:“ - case 2, experiment T
g 800 + ::'.'\ results % 0.801 - ° .
? 600 | : é 0.75} "
e 4007 Z om0 °
200} ; =
AN — 0.65f =
ol .
L \ . \ 0.60 . . \ .
0 1 2 3 4 5 6 casel case2 case3 case4
Time /s No.
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Fig. 4 Comparison between numerical simulated and experimental results.

(a) Temperature of point A; (b) displacement of the free end midpoint
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Fig. 5 Temperature changes of each point on the heating path. (a) Temperature variation; (b) temperature gradient
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Fig. 6 Temperature profiles of top surface when the laser beam moves. (a) At the entering end; (b) at the middle end;

(c) at the exiting end; (d) after cooling
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Fig. 8 Distribution of stress and strain of each special point in Y-direction. (a) Stress distribution; (b) strain distribution
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Fig. 14 Peak temperature on the top surface and bending angle along the heating line at different scanning strategies.
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