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Fig. 2 Schematic of 2D numerical analysis
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Fig. 3 Experiment of static induction heating
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Fig. 4 Geometric model and boundary condition
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Tab. 2 Temperature-dependent material properties of steel plate

0/°C 6/(S+m™1) 0/°C e 0/°C B/ (We(meK))  ¢,/[Je (kg K ]
0 5.43X106 25.5 200 0 66.97 450. 36
125 3.68X10° 160. 0 190 50 65.21 464. 60
250 2.60X10° 291.5 182 200 57.38 498.10
375 1. 95X 108 477.6 161 250 54,91 502. 26
500 1.52X10° 635.0 135 300 53.00 514.82
625 1. 21X 108 698. 0 104 400 47.92 537. 42
750 9.69X10° 709.0 84 450 45. 83 623. 64
875 8. 68X 10° 720.3 35 500 43.53 707. 35
1 000 8.33X10° 742.0 17 600 39. 30 812. 00
761.0 1 650 36. 37 904. 07
1 000.0 1 700 34,74 967.69
750 32.14 1 004.52
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Tab.3 Mesh division scheme of finite element model
) A% A5 250 JE 78 A% RS/ (mm X mm) JRNL AR RS BLOCE BPROTEC AW SRR /s R P, RE/C
(a) 0.5X0.5 3 200 6 400 32 160 395.2 813.3
(b) 0.5X1.0 1 600 4 400 24 120 306. 3 813.6
(o) KREEEIE |35y — 2, HAh X4k 2. 0X 2.0 230 1462 8 700 135.9 812. 4
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Fig.5 Local mesh of the inductor and the steel plate
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Fig. 6 Temperature curves of point P,
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Fig. 8 Temperature contour plot of steel plate at 110 s
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Analyses of electromagnetic-thermal coupling field
for high frequency induction heating process of steel plate

ZHANG Xue-biao™'*, YANG VYu-long'?, LIU Yu-jun'*

( 1.Department of Naval Architecture, Faculty of Vehicle Engineering and Mechanics,
Dalian University of Technology, Dalian 116024, China;
2. State Key Laboratory of Structural Analysis for Industrial Equipment,
Dalian University of Technology, Dalian 116024, China )

Abstract: Static induction heating of steel plate is studied, 2D numerical model of electromagnetic-
thermal coupling is developed by COMSOL Multi-Physics software, and the numerical results of
temperature agree with experimental data. Distributions of electromagnetic field and temperature field
in the heating process of the steel plate are studied. After the inductor has been fitted with a
magnetizer, the Joule heat generated by eddy currents is converged under the inductor, and the heat
efficiency is improved. Finally, the influences of the process parameters of induction heating on temperature
are studied, and the experimental results show that, under the conditions that the other parameters remain
unchanged, the higher the current of the inductor and the current frequency are, the faster the plate is heated,

and the bigger the gap between the inductor and the plate is, the slower the plate is heated.

Key words: ship engineering; hull plate; induction heating; numerical simulation



