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A Study on the Flat-Type Induction Heating of Steel Plate
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Abstract

Induction heating is a process that is accompanied with magnetic and thermal situation. When the high-
frequency current flows in the coil, induced eddy current generates heat to conductor. To simulate an
induction and induction heating process, the finite element analysis program was developed. A coupling
method between the magnetic and thermal routines was developed. In the process of magnetic analysis and
thermal analysis, magnetic material properties and thermal material properties depending on temperature are
taken into consideration. In this paper, to predict the angular deformation, temperature difference and the
shape of heat affected zone were discussed. Also appropriate coil shape and other process variables for

maximum angular deformation were proposed.
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Fig. 4 Solution domain and mesh generation
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Fig. 5 Isolines of magnetic vector potential (gap=1mm)
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Table 1 Coil shape
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Fig. 10 The width of heat affected zone for the variation
of case. (gap=2mm, v=20mm/s)
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Fig. 11 The depth of heat affected zone for the variation
of case. (gap=2mm, v=20mm/s)
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Fig. 12 The width of heat affected zone for the variation
of gap. (case3, v=20mm/s)
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Fig. 13 The depth of heat affected zone for the variation
of gap. (case3, v=20mm/s)
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Fig. 14 The width of heat affected zone for the variation
of frequency. (case3, gap=2nmm, v=20mm/s)
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Fig. 16 Temperature at upper and bottom face for the
variation of case. (gap=2mm, v=20mm/s)

w@ptimm}

Fig. 17 Temperature at upper and bottom face for the
variation of gap. (case3, v=20mm/s}

]
3400

[ upper
1200 -

Ty
I

e

Sz GiREiZ Atz B8z Pkt ix 100kS8z 1I0kH2 $20kHz

Fig, 18 Temperature at upper and bottom face for the
variation of frequency. (case3, gap=2mm, v=20mm/s).

2 8o X Fig 18 o) eIt aglA
Fu4rt F7EsE AW sidy 2xE BF
Fadte AL Bolx . AHF vl £
Sajolx FEmgre Frbo] weld Fastn e
AL & 5 o was, 2 4 ¥3s Fxd)
A E Ad¥os He Fus

Hetsictn G5 5 9o



954 %A o

}E 98 + Yg Aoz sluac A9 $¥a
&84 2HE olgstel 5o AuYol BAY
o 744 AF5FYol 7F5P Aoz wedh

6. & &

E JlQ8ge A4 dAaM AR )
dBY $PR4 T2

=R E ddn ddda =g AlEY
7FE Al 760 °C H-oll
M= Curie point 9 BF22 &9 Ft tda
dEiAE AFE 2o

QZ 2mm,EE 20mm/s Q) FA0NA case HE
7t F7tetel uety @PER e F1 Zolrt Fb
8lth E3] case6 olgo]l W Ho|wgor F
A 6mm AA ] Do) FFFHEIF AAHAY

GVZ 2mm, 5 20mm/s & 7FE A cased 71 A
w3} slde] 2xH o7t ZHY AA JEidey
Txolol] 23t WYL t}E case 7 6] 3|
atol7l ¢ Aoz P

@OFEEFAY FHFrb FAETE AEY
AAy e 2xatolrl AhslEE & 7y
£ fE87) s dddes & Fog
frE7tge] F8¥ Aoz wod.

O

o

% 7|

F BT

ikl
ra

&

(1) Ueda, Y., Murakawa, H., Mohamed, R.A, Neki, 1.
Kamachika, R., Ishiyama, M. and Ogawa, J.,1994,
“Development of Computer Aided Process Planning
System for Plate Bending by Line Heating(Report 3)-
Relatin Between Heating Condition and Deformation,”
Journal of Ship Production,Vol. 10, pp. 248~257.

(2) Sadeghipour, K., Dopkin, J. A. and Li, K., 1996,
“A Computer Aided Finite Element/Experimental
Analysis of Induction Heating Process of Steel,”
Computers in Industry, Vol.28, pp. 195~205.

(3) Bae,K. Y, Lee, T. H. and Yang, Y. S, 2001, “A Study
of the Effects of Process Variables on Temperature and
Magnetic-Flux Distribution Heating of Steel plate,” J.
Korean Welding Society, Vol. 19, pp. 78~85.

(4) Dughiero, F., Lupi, S. and Ponchiroli, S., 2000,
“The Prediction of Thermal Transients in the Induction
Heating of Rectangular Billets,” The Int. J. Comp.
Math. Electr. Electr. Engng, Vol. 19, pp. 712~717.

(5) Hwang, S. H., 1995, Optimum Design of Position
and Width of Coils in the Induction Heating System,
Seoul National University, M.S. Thesis.

(6) Kang, J. G, Lee, J. H. and Shin, J.G, 2000,
“Numerical Analysis of Induction Heating for the
Application of Line Heating,” Journal of The Society
of Naval Architects of Korea, Vol. 37,pp.110~121.

(7) Kang, J. G, 1997, Thermo-Elastic Plastic Numerical
Simulation of Line Heating Using High Frequency
Induction Heating, Seoul National University, M.S.
Thesis.

(8) Huebner, K. H., Thornton, E. A. and Byrom, T. G,
1995, The Finite Element Method for Engineers, A
Wiley-Interscience Publication.

(9) Fujimoto T., 1970, “A Method for Analysis of
Residual Welding Stresses and Deformation Based on
the Inherent Strain,” Journal of Japanese Welding
Society, Vol. 39, pp. 849~866

(10) Beom, H. G. and Earmme, Y. Y., 1999, “The Elastic
Field of an Elliptic Cylindrical Inclusion in a
Laminated with Multiple Isotropic Layers,” Journal of
Applied Mechanics, Vol. 66, pp. 165~171

(11) Son, K. J., 2003, A Study on the Plate Deformation
of Thermal Processing, Chonnam National University,
Ph.D. Thesis.



