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Fig. 1 Physical model of the induction heating furnace
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Fig. 2 Cross-sectional view of the magnetic shielding ring
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Fig. 3 Non-uniform grid meshing of the induction heating furnace
model
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Fig. 4 Grid division of the boundary layer in the magnetic shielding ring considering penetration depth
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Fig. 5 Comparison of the measured and simulated magnetic induction
strengths
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Fig. 6 Magnetic induction intensity distribution at different heights above the induction heating coil with and without the magnetic shielding ring
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Fig. 8 Temperature field distributions of the magnetic shielding ring
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Fig. 9 Magnetic flux densities of the leakage magnetic field and
temperature distributions of the magnetic shielding ring at different
positions
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Fig. 10 Magnetic flux densities and temperatures of the magnetic shielding ring for different cross-sectional areas of the leakage magnetic field
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Numerical Simulation of Magnetic and Temperature Fields in Induction
Heating Furnace and Parameter Optimization of Magnetic Shield Ring

JI Jun-peng’, ZHANG Ning", LU Jing-jie', ZHANG Zhi-gang’, CHANG Hong®
(1. School of Electrical Engineering, Xi'an University of Technology, Xi'an 710048, Shaanxi, China; 2. Shanghai Zhaoli Electric Furnace
Equipment Co., Ltd., Shanghai 201607, China; 3. Xi'an Polaris-Etek Co., Ltd., Xi'an 710399, Shaanxi, China)

Abstract:

To address the issue of abnormal heating of the magnetic shielding ring in an induction heating furnace, and
taking a 30-ton crucible-type induction heating furnace as object of study, the magnetic flux density and
temperature field distribution law of the magnetic shielding ring have been calculated by using of COMSOL
finite element analysis software and validated through experiments for the induction heating furnace with
magnetic shielding ring. The results showed that adjusting the distance between the magnetic shielding
ring and the induction heating coil suppressed the abnormal heating of the ring, and increasing the cross-
sectional area of the magnetic shielding ring reduced its temperature. An optimized design was derived
based on the comparison of numerical simulation results: the distance between the magnetic shielding ring
and the induction heating coil was 480 mm, and the cross-sectional area of the ring was 1 000 mm? On-site
experimental results demonstrated that after optimization of the magnetic shielding ring design, the magnetic
flux density of the magnetic leakage field was reduced from 20.21 mT to 19.54 mT, and the temperature
decreased from 338 °C to 267 °C . This optimization effectively suppressed the abnormal heating of the magnetic
shielding ring while ensuring the shielding performance.

Key words:
induction heating; numerical simulation; magnetic field shielding; system optimization; temperature field
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