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Abstract

The induction heating is more efficient for a plate bending because of its easy operation
and control of working parameters, compared with the heating by a gas torch. The existing
axis symmetric analysis method could neither handle initial curved plates nor be used in the
optimization of coil shapes because of its limit of an axis symmetric coil shape. But the
proposed method using some discrete part models and analysis processes could overcome
these difficulties and show more accurate results in temperatures and deflections of flat or
curved plates with initial curvature than those in the existing axis symmetric analysis
method. This method is composed of the multi-disciplinary analyses such as an electro
magnetic analysis, a heat transfer analysis and a deformation analysis based on inherent
strain approach per each step. Traditionally, the coil shape in the induction heating is
circular shape and it needs the moving process along heating lines. To overcome this, the
'Long Type Coil' with some linear parallel coils was proposed. It did not need the moving
process along heating lines and reduced the heating process time. The results of
experiments were compared with those of the simulation.
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Table 1 Experimental models

Model quth x length x Radius(mm) | Material
thickness (mm)

S12-10k 400x400x12 10,000
S16-10k 400x400x16 10,000
S12-5k 400x400x12 5,000

S16-5k 400x400x16 5,000

Mild steel
Mild steel
Mild steel
Mild steel
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160kW, & (voltage) 400V, el FIk
(frequency)= 4.5kHzOICH.
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Table 2 Heating and water cooling time

Model Heating(sec) Cooling(sec)
S12-10k 8 24
S16-10k 10 30
S12-5k 8 24
S16-5k 10 30

Fig. 5 Picture of heating process
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Fig. 8 Deflection lines of model S12-10k

Table 4 Results of model S16—10k(unit: mm)
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Fig. 9 Deflection lines of model

S16-10k

Table 5 Results of model S12-5k(unit: mm)

Width Line 1 Line 2 Line 3

y Analysis |Experiment | Analysis |Experiment | Analysis | Exper iment
0 0.0000| 0.0000| 0.0000| 0.0000| 0.0000| 0.0000
40 |-0.2368|-0.3123|-0.2466|-0.3158 | -0.2368 | -0.3315
80 |-0.5633|-0.6709|-0.5899|-0.6987|-0.5633 | -0.6965
120 |-0.8930 | -0.9987 | -0.9346 | -1.0475|-0.8930| -1.0159
160 | -1.2272|-1.3125|-1.2801|-1.3654 | -1.2272| -1.3356
200 |-1.5665|-1.5319|-1.6273|-1.5611|-1.5665|-1.5435
240 |-1.2272|-1.3482|-1.2801|-1.3789|-1.2272 | -1.3712
280 |-0.8930|-1.0956 |-0.9346|-1.0856 | -0.8930 | -1. 1256
320 |-0.5633 |-0.7187|-0.5899 | -0.7233|-0.5633 | -0.8001
360 |-0.2368 |-0.3797|-0.2466 | -0.4233 | -0.2368 | -0.4265
400 | 0.0000| 0.0000| 0.0000| 0.0000| 0.0000| 0.0000

Fig. 10 Deflection lines of model S12-5k

Table 6 Results of model S16-5k(unit: mm)
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Fig. 12 Equivalent nodal forces and bending

moments according to a heating line
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Table 10 Comparison of energy efficiency in
circular coil and long type coil

Width Line 1 Line 2 Line 3
y Analysis |Experiment | Analysis | Experiment | Analysis |Experiment
0 0.0000| 0.0000| 0.0000| 0.0000| 0.0000| 0.0000
40 |-0.1607|-0.1802|-0.1671|-0.2311|-0.1607|-0.1978
80 |-0.3867|-0.4123|-0.4042|-0.4453|-0.3867 | -0.4256
120 |-0.6164 |-0.6751|-0.6434|-0.6999 | -0.6164 | -0.6853
160 |-0.8499|-0.8753|-0.8841|-0.8865|-0.8499|-0.8859
200 |-1.0872|-1.0089 |-1.1262|-1.0236 | -1.0872 | -0.9896
240 |-0.8499|-0.8875|-0.8841|-0.8957 | -0.8499 | -0.8995
280 |-0.6164|-0.6892|-0.6434|-0.7129|-0.6164 | -0.7314
320 |-0.3867|-0.4365|-0.4042|-0.4869 | -0.3867 | -0.4912
360 [-0.1607|-0.2356|-0.1671|-0.2569 | -0. 1607 | -0.2571
400 | 0.0000| 0.0000| 0.0000| 0.0000| 0.0000| 0.0000
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ltem Circular coil [Long type coil
Moving speed V=17mm/sec -
Length Qf heating om om
line
Heating time 118sec 10sec
Heating efficiency 1 11.8
) ) Non moving
Feature Moving heating heating
Power 80kW 450kW
Energy 9,440kJ/ 4,500kJ/
2.62kWh 1.25kWh
Energy efficiency 1 2.1
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