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Numerical Simulation of Electromagnetic Field during Double-zone Induction

Heating Process of Directional Solidification by HRS Method

Geng Xiaogi, Zhang Xianglong, Xu Mang, Liu Guohuai, Wang Zhaodong

(State Key Laboratory of Rolling and Automation, Northeastern University)
Abstract ; Finite element method was adopted to simulate and calculate the electromagnetic field during the double-
zone induction heating process of directional solidification by HRS method, and the influence of power parameters
and structural parameters on the magnetic field distribution characteristics was investigated. The results indicate
that the magnetic field in the graphite heating unit is unevenly distributed during the double-zone induction heat-
ing process, and the magnetic field intensity inside the insulation baffle is the lowest. As the current intensity de-
creases and the power frequency increases, the internal magnetic field intensity in the insulation package is de-
creased. With the increase of conductivity and thickness of the graphite heating unit, the internal magnetic field
intensity is decreased. As the height of the graphite tube increases, the internal magnetic field intensity is in-
creased. In addition, the existence of the short circuit ring reduces the internal magnetic field intensity of the insu-
lation package.
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Fig.1 Calculation model of induction heating device in

double zone
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Tab.1 Properties calculated by simulation of magnetic field
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Tab.2 Parameters for numerical simulation calculation

HLE/ FL AR/ FAEETR/ ABERE/ HEER

A kHz (MS+m™ b mm % /mm
125,175, 0.07.0.09., 0.30.40,  _

250 500 o468 0.11.0.125 50.60 ST T3T

i) XA B ER/ I/

BREEEOHE L M S e Gt

ggiﬁgg il 0.999 991 1 58.0 8 933
18 R AR 15 1 1 0.7 2 250
JEFRIRE T AR 1 1 0.003 130

LIRES=Y = TR 1 1 0.003 130

2 LR L®

2.1 ZE g E HRS £5# XX 5% KL 0 # B #3553 7 A 4iE

PE] 2 2 W U o B R 32 43 351 S 500 AT 3 000 Hz
XD N i A BRI G 3 o i = . BT DU L E ]
8 o] 3o 2 2 (B 37 0 A A A W) 0 22 S o SRR B SR A
T LGS E AR T A TR B R A R AR Z ] i R
Tk A5 A ¥ 22 [] L A A X AT 1 G S 0 B L DL BT 2B, X
FEWIA AR AT DUAR G B g Y . B R R
25 (B G 3 53 A0 AN 3850 o s 58 B e KA 32 B A A AE N
BE o/ IMB EZ KRR . R I F R 58
FEAEPAE SR B T AR R R A A
S AR R 5 0 S B A B 30 DX 3 LA AR 1 il
CE A i B a7 2 N G I o o N2 Rl A e R T Ee= B 1
WIS 2 B L R, E At B b 2 B F R S
B Z5 K SRR 7S R I EE 2 R &R .

WIREE
Hi(Am")
41.32x10°
600
500
400
300
200
100
0
vo.11

(b) & ERMARFE A 30 mm

(a) & BE MM
B2 REQCTHRE T QR RENH
Fig.2 Magnetic field intensity distribution along the

longitudinal section direction of insulation package
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Fig.3 Comparison of calculated and measured values

of magnetic field intensity
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Fig.4 Magnetic field intensity distribution along different

paths under different currents
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Fig.5 Magnetic field intensity distribution along different

paths under different power frequencies
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Fig.6 Magnetic field intensity distribution along different

paths under different graphite conductivities
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Fig.7 Magnetic field intensity distribution along different

paths under different graphite thickness
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Fig.8 Magnetic field intensity distribution along different
paths under different graphite heater heights
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Fig.9 Effects of short circuit ring on magnetic field intensity

distribution inside insulation package
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