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Effect of Initial Curvature on Shrinkage in Laser Heating on Saddle Curved Thin Plate*

by AKIYAMA Tetsuya**, KAKUHO Yoshiaki***, TERASAKI Toshio** and KITAMURA Takanori**

To form curved surface, in-plane strain is introduced into a plate by using several methods such as line heating, press working and laser
heating in shipbuilding and sheet metal working in forming nose shape for the shinkan-sen. Laser forming could be a potential useful method for

sheet metal forming as well as press working.

Curved surface is classified based on its features of primary curvature radius into two typical shapes, so called bowl and saddle. So, when
we research some technique to form curved surface, at least two types of bowl and saddle shapes should be investigated. For the bowl shape,
some researchers reported that initial curvature radius has no effect on the in-plane strain induced by laser heating.

In this report, the effect of initial curvature on the in-plane strain induced by laser heating is investigated for the saddle shape. As a result,
shrinkage distributions caused by in-plane strain were varied with different initial curvatures. In this phenomenon, bending moment acts a key

role in both heating and cooling processes.
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Table 1 Chemical composition of SUS304.

Component C Si  Mn P S Ni Cr
mass%  <0.08 <1.00 <2.00 <0.045 <0.030 8.00~10.50 18.00~20.00

Table 2 Mechanical properties of SUS304.

Yield stress(MPa) 221
Young's modelts(MPa) 1.97x10°
Linear expansion coefficient(°C) 1.87%107°

L =100

Fig. 1 Initial shape of specimen.
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Table 3 Heating conditions used for saddle shape

Plger b m | V1 V, V, Vg V. Vg V, Vg Ve Vi,
(W) (mm)
1500 70 10 | 719 570 493 453 435 435 453 493 570 719

(mm/min)

P s Laser power b @ Heating length v : Heating velocity
m  Divided number of speed

Vi V1o

Fig. 2 Changing positions of travel speed to vary heat input on a line.
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Fig. 3 Shrinkage distributions obtained from various curved specimen.
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Fig. 4 Relationship between average shrinkage and initial curvature.
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Fig.5 Shrinkage ratio distribution of various curved specimen.
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Fig. 8 Cross section of test piece.
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Fig. 9 Displacement ratios at the center and the edge of a specimen.
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Fig. 10 Displacement of heated bar fixed two elastic bars.
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Fig. 11 Elastic and plastic strain during thermal cycle.
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Fig. 13  Effect of bending moment on shrinkage difference.
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