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Abstract

Recently, the electro-magnetic induction process has been utilizing to substitute the flame heating process
in shipyard. However, few studies have been performed to exactly analyze the deformation mechanism of
the heating process with mathematical model. This is mainly due to the difficulty of modeling the inductor
travelling on plate during the process.

In this study, heat flux distribution of the process is firstly numerically analysed with the assumption
that the process has a quasi-stationary state and aso with the consideration that the heat source itself
highly depends on the temperature of base plate. With the heat flux, the thermal and deformation analyses
are then performed with a commercial program for 34 combinations of heating parameters. The deformations
obtained and heating parameters are synthesized with a statistical method to produce simplified formulas,
which easily give the relation between the heating parameters and deformations. The formulas are well
compared with results of experiment.
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Fig. 1 Schematic model of induction heating process
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(a) initial state

(b) stationary state
Fig. 2 Heat generation in induction heating
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Table 1 Results of thermal deformation analysis in induc
tion heating
v ¢ current traqsverse gngul.ar
ofsee) | ) | () | STnkeee | distortion
5 20 370 0.9468 0.0138
7 20 370 0.4976 0.0230
16 20 370 0.1340 0.0139
19 20 370 0.1397 0.0146
5 23 370 0.5838 0.0202
7 23 370 0.3767 0.0227
10 23 3750 0.2613 0.019
13 23 3750 0.1912 0.0156
16 23 3750 0.0967 0.0092
19 23 3750 0.0977 0.0097
5 28 3750 0.3926 0.0209
7 28 3750 0.2534 0.0164
10 28 3750 0.1729 0.0127
13 28 3750 0.1257 0.0098
16 28 3750 0.0676 0.006
19 28 3750 0.0709 0.0063
5 32 3750 0.2903 0.0159
7 32 3750 0.1825 0.0116
10 32 3750 0.1246 0.0088
13 32 37350 0.0937 0.007
16 32 37350 0.0518 0.0043
19 32 37350 0.0543 0.0044
5 35 3750 0.2362 0.0126
7 35 3750 0.1476 0.009
10 35 370 0.1015 0.0067
13 35 3730 0.0782 0.0054
16 35 370 0.0448 0.0035
19 35 3730 0.0472 0.0036
5 40 370 0.1732 0.0091
7 40 370 0.1068 0.0062
10 40 3750 0.0743 0.0046
13 40 3750 0.0574 0.0037
16 40 3750 0.0336 0.0025
19 40 3750 0.0352 0.0026
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Table 2 Results of experiment in induction heating

v ¢ current transverse angular

I R e s

7 28 3750 0.3414 0.0135

10 28 3750 0.1914 0.0113

15 2 3750 0.1353 0.0082
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Fig. 11 Effect of induction heating conditions on angular
deformations
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