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Numerical Simulation of Yoke Optimization for Induction
Heating of 30 t Steel Ingot Riser

Zeng Shilong, Liu Haixiao
(School of Materials and Metallurgy , University of Science and Technology, Liaoning, Anshan 114051, China)

Abstract : To improve the efficiency and reduce the energy consumption of an electromagnetic induction heater for steel
ingot riser, an optimization method for the yoke is proposed. Using ANSYS multi-physics coupling simulation, the effects
of the yoke on the magnetic field distribution, heating efficiency, and solidification of the steel ingot riser were analyzed.
The results show that when the yoke is expanded to 130% of the coil area and its thickness is increased to 120 mm, mag-
netic flux leakage at the edges is suppressed under the same working conditions. This increases the magnetic flux density
on the molten steel surface by approximately 80% and increases the Joule heating power by about 2. 5 times. Meanwhile,
the temperature distribution in the riser region becomes more uniform, solidification of the ingot is delayed, and the feed-
ing channel duration at the riser line is extended by 18 min. Under the same excitation current of 692 A, this optimized de-
sign increases the heating power from 10. 67 kW before optimization to 26. 58 kW, achieving an efficient heating mode of
"low current, high power" while reducing coil losses.

Key Words : Yoke; Induction Heating; Steel Ingot Riser; Heating Efficiency; Numerical Simulation

R4 B R R B R D B R A ) Atk A
2B T R A AR R 1 RE Y T 1] A W &
JEENH S ORI DR i A O [ o e P AN S
Ty 7RG LA R AR R T S MR B TR
g i T2 e B 0B ad IR 'S 1 iy
KRR ER I A B R 23 bR A Y 3
INANSA B FE™ o PR, R TR I 5 B fR I 5
Jo i B INE TR Pk

FARTHHEE BRI R IRE S E N T ZRAL,
SN PRAHEAR PR e A0 T 47 A4 02 W by ek
B AN B O R R R A R
PR, B E A TR E D A AR G

TEEEA: Ml IE(1995—), B Bl L#fFEAL 5
BIE1ESE X (1971—) 5, Wi+, Bl
Editorial Office of Special Steel. OA under CC BY-NC-ND 4.0

E-mail:zsl177@126.com;
E-mail: hxliu0320@163.com

6T A P ST ST 0 HLEE A oA T AR ELA b
B DX 36 [ ) B i B P PG P R A5 31 T b
e X2 B AEESE T BN IS X B
] 2o FR S o AF 5T 3 B, JBRNE I B A Y £ AR
AT DAREZE B 1T (14 B [ Ao (] DT 920 T i AL R B
X7 SEVRIE S TR R N £ A6 X R A 4
BORIRZ . 505, Y 5 B DR R AR R
B, BRI B e KAE 0 69.2% 5 11 4 1 B 1 K
2 T 60 mm B, HLEF YA 2R TR T4
31.2%.

BRI TN R AR i i B R T B A
TRAF RO, (R 2 A7 A 2 WG 3% % R e e i R

rfE HE: 2026-02-06



"2 FEIRIN

FENE LRI A F g KT B A (), S BR FHH
T O TN A 80K I T DR AP e R S IR L $
T A E AT T R R R E
SEATE 30 ¢ RAVEIEE 'H M AYIE b U7 15 8 R Rk 2
P, AR Ji 3 Ak R R B Y o B e SR A A T
Wi (50 Hz) 45 14T R A0 FE A RN 4 IR TR BE B TR A
PE | fe 5 SR AR RS R R 4N R 1Y) 8 R B 0%
SN MR B AT AL . IR REE B R EERR SUR
BRI SR £ B B = AR 3 o R b R T
B E N AR, TR D T 2 B ) e i e, 4R
TR R . A0SR ANSYS Work-
bench V-5 , i i Maxwell 5 Fluent £ {4 i 17 -4 -
T2 Wy PN G BB R P 1 B LA RN v
TR BE 43 A1 18 50 % 1 393 5 A5 B9 52 W, AT 3R A5 1
PighE iy e L B . A B LA S AR N n A
S EAEARR] TOCAME T RBHE & H H AN R A
T SEE D 4 388 T ) FsF [) , oA PR 4 T AP o B 2
EH A
1 MEE O EZHEGRBREER

RAf S
1.1 SREERJLMERE T

L 30 CRBIEIZ HEE M TER 4, s 1T E H
EERE 28 AR X BE LA R IR N IR Y T ] 5

@ g

ﬁﬁ\

990

h
& 810

(®)

140

W N 2k BB R R 4 R B, B S0 mm R
4 mm S0 A HESE I I A o S 28 P B K T ik
FERBEE 1 R B P R R R P R R
B VAT P A 2 ) A R ELREE E SCR A, TR
JiiR o R SolidWorks AR GE AT — A #5577 4
37,5 A ANSYS Fluent Meshing #:17 WA %) 23 , % 1R
A WS 5 1% 38 2o A RE T BT A= B2 T A 0 R
6 AL T IUAZ O DX SRIEL 7 7S AR WA, - T R A
Ko SRR R I 2 R
1.2 {Rig&H

X B ] BB AL AR AR T ] AR 15

1) M5 A2 4K S W I 78 AR, 220 o e o AR Y
AR

2) WA R RS 3] [ A 2 T B 2 A O

3N IR BE 5 SEA A R BR Y B T8 B e
Ha S BRIPH SO 1 R R BL
1.3 =HlAFE

B TR 14 R I A [ 3 AR v L R 3 S G
(AR fige T i T s
1) HREER

SR FH VAR i U5, 7T Z i B LT . AR A H 3
FEFIBES , T Maxwell REZH AT itk At (1)-2(3) .
9D (1)

VXH=]+
I Jat

1140

o]

1220 50

A
50
500

2640

Vo4

220

0

|

1280

X Bfi: mm

2220

1 AEE Ll RO IR - (a) A2 T8 D7 16] , (b) S T8I J7 17

Fig. 1 Dimension diagram of ingot central cross—section : (a) narrow surface direction, (b) wide surface direction
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Fig. 3 Thermophysical parameters of the steel ingot :
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Fig. 4 Comparison of simulated and experimental temperatures
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Fig. 5 Schematic diagram of the yoke structure
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Fig. 6 Nephogram of magnetic flux density distribution in the
yoke under different scales : (a)110%;(b)130%; (¢)150%
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Fig. 7 Distribution curve of magnetic flux density on the yoke surface : (a) wide surface direction, (b) narrow surface direction
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Joule heating

(a) Magnetic flux density, (b) Induced
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(a) Magnetic flux density, (b) Joule heating power density

Influence of Yoke on the Distribution of Magnetic Flux Density and Joule Heating Power Density at the Riser Free Surface :
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Fig. 12 Temperature field distribution contour on the central longitudinal section of the steel ingot at 480 min: (a) & (c) without yoke;

(b) & (d) with yoke
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Fig. 13 Horizontal temperature distribution curve from the geometric center to the edge of the riser : (a) along the wide surface direc-

tion, (b) along the narrow surface direction
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Fig. 14 Solidification cloud diagrams of the central longitudi-

nal section along the narrow face direction of the steel ingot :

(a) - (¢) Without magnetic yoke; (d) - (f) With magnetic

yoke
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