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Transient analysis of high frequency amplitude-modulated magnetic
field during soft-contact electromagnetic continuous casting
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Abstract: A calculation model of electromagnetic field in soft contact electromagnetic continuous casting process was
developed and a transient analysis on electromagnetic field amplitude-modulated with sine wave and square wave was
carried out. The responsive relation of magnetic induction density (B) and electromagnetic force (F.,,) to exciting current
density of amplitude-modulate magnetic field (AMMF) was investigated via the model. The results show that the
amplitude of magnetic induction density (B,,) is in direct proportion to the amplitude of exciting current density (J,,). The
frequency of B is consistent with that of exciting current density. Both B, and frequency of B are independent of the
frequency of modulating wave. The results are theoretical basis of AMMF induced by modulating the exciting current
density. The value of F,, is in direct proportion to the square of magnetic induction density as well as the square of the
exciting current density. The variation cycle of amplitude of F.,, is consistent with that of J,,. The frequency of F., is
doubled that of exciting current density. The results are bases for controlling F.,, by adjusting exciting current density.
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Fig.1 Character of magnetic flux density varied with time at different exciting current density amplitude values: (a) Exciting

current density; (b) Magnetic induction density
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Fig.2 Character of magnetic flux density distribution on molten metal side surface in one cycle at different exciting current densities:

(a) Jy, center of segment; (b) J;, center of slit; (c) J,, center of segment; (d) J,, center of slit
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Fig.3 Character of exciting current density and electromagnetic flux density of magnetic field amplitude-modulated with 200 Hz

sine wave: (a) Exciting current density curve; (b) Magnetic induction density curve
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Fig.4 Character of amplitude curve of electromagnetic flux density of electromagnetic field amplitude-modulated with sine wave:

(a) 1 Hz sine wave; (b) 5 Hz sine wave
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Fig.5 Character of electromagnetic force distribution in one cycle at different amplitudes of exciting current density: (a) J;, center

of segment; (b) J;, center of slit; (c) J,, center of segment; (d) J,, center of slit
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Pl 7 JT 7 DA < R UL N 1T 23 I A o2 145 i
(LR D AE FB G AR 172 FRACE SZ IR IR 1/4
I I AAG T DL o

100
(a)
£ Molten steel level
s 80
2
8
< 60}
=
£
§4m
S " — 50ms
2 *— 100 ms
g 201 4 — [50ms
= ¥ — 200ms
A <«— 250ms
n . ' 1 1
0 100 200 300 400
Electromagnetic force/(kN+m™)
100
(b)
E | e Moiten steel level
£ got+
5
E
= 60
°
£
§4m
—
3 m— 125ms
s 20t * — 25.0ms
.8 4 —375ms
A v — 50.0ms
% 100 200 300 400

Electromagnetic force/(kN-m™)

B 7 AESRBHNERT, U T ) 2 A B T AR A
FHIE

Fig.7 Character of electromagnetic force distribution along
height direction changed with time: (a) 1 Hz sine wave;

(b) 5 Hz sine wave

WIS RG] AEWS SRR R X, <6 v
A 7 P B e (LB I TR AR A, AR
5 R D R RE T 1) e R AR e VLI D PR AR A A A
e 34k, IESRUEMEH AR A2 A I oA i pil ) A2 A )
JEIIY, - AN R A A (R IE A »

4 ZEig

1) et M 7 T I 5 P8 M {1 i 1) 2% £ K
L Rl L S W B BT I TR) AP AR — 53,
SO 5 S8 {5 30l P A o P MR P S IR LESG R, B By
o Iy o e A7 0 SRV 50 PE M (L 5 R 5 (KD A3 T K
s e 7 el J 5 58 A P AR 5 vy A il VL 9 T 1
AR 2 BRI TG, X2
VLV ZRAT VR R PO 1B

2) U 37 LTI, 3 g R T 1 3 TR N 5 PR B
W PR PE 2 () IRBREOR R, Bl FepoeB? Bl Fopy
o<JPo AR A PR 0 78 AT S v SRRl P UG 2 T
AR P, AT W A ) 300 55 U i L 3
FEMRAEAZ A A 0 — 8, X4 P fd 7 3 47 o L O
FEARAZE I 3 B A T A A o

REFERENCES

[11  VIVES C. Electromagnetic refining of aluminum alloys by the
CREM process: Part I. Working principle and metallurgical
results[J]. Metal Trans B, 1989, 20B(10): 623—629.

2]  E/NT, E2W], BolRah, s, B B
oL 3 (R B RERLT]. P A (G S B 244, 2008, 18(3):



19455 9 W

EZEW, S PRl bR oA R L A A R S b

1677

[3]

(4]

(3]

(6]

(71

(8]

[9]

529-534.

XIA Xiao-jiang, WANG Hong-ming, DAI Qi-xun, LI Gui-rong,
ZHAO Yu-tao. Numerical simulation of high frequency magnetic
field for electromagnetic soft-contact continuous casting[J]. The
Chinese Journal of Nonferrous Metals, 2008, 18(3): 529-534.
SENL E s, ), R, RAE, RN, RS
R o VR L TR £ A N YA 0 AR 5 T AT (D). A
10,438 2741, 2006, 16(11): 1931-1938.

JIN Bai-gang, WANG Qiang, LIU Yan, CUI Da-wei, WU
Cheng-tao, WANG En-gang, HE Ji-cheng. Magnetic field
distribution and molten metal meniscus behavior in soft contact
electromagnetic continuous Chinese
Journal of Nonferrous Metals, 2006, 16(11): 1931-1937.

DENG An-yuan, WANG En-gang, HE lJi-cheng. Meniscus

casting mold[J]. The

behavior in electromagnetic soft-contact continuous casting
round billet mold[J]. J Iron Steel Res Int, 2006,13(4): 13—16.
SRR, XeTn, RN, TN, BRFE A R R A

TERGAE AR NS HIAT A 0], hEA (48824, 2006, 16(8):

1405-1410.
ZHANG Lin-tao, DENG An-yuan, ZHANG Xing-wu, WANG

En-gang, HE Ji-cheng. Behavior of meniscus in soft-contact

electromagnetic continuous casting (EMCC) rectangular mold[J].

The Chinese Journal of Nonferrous Metals, 2006,
1405-1410.

WAERE, RSN, EHEW], XK R R Sh b s R TR
P B I[]. e JEaETRk, 2004, 40(5): 546-550.

LEI Zuo-sheng, REN Zhong-ming, YAN Yong-gang, DENG

16(8):

Kang. Mold flux channel dynamic pressure in electromagnetic
continuous casting[J]. Acta Metallrugica Sinica, 2004, 40(5):
546-550.

TANI M, SHIO K, WAJIMA K. The control of initial
solidification by the imposition of pulsative AC electromagnetic
field[C]//Proceeding of the 3rd International Symposium on
EPM. Japan: Nagoya, IS1J, 2000: 381-384.

LI T J, LI X T, ZHANG Z F, JIN J Z. Effect of multi-
electromagnetic field on meniscus shape and quality of
continuously cast metals[J]. Ironmaking and Steelmaking, 2006,
33(1): 57-60.

LEL, Z S, REN, Z M, DENG K, LI W X, ZHONG Y B.

[10]

[11]

(12]

[13]

[14]

[15]

Amplitude-modulated magnetic field coupled with mold
oscillation in electromagnetic continuous casting[J]. ISIJ Int,
2006, 46(5): 680—686.

WAENE, RSN, EHN, X R ST IR TCES b s
PR i HLE S BRI SR BT L], R A4, 2004, 40(9):
995-999.

LEI Zuo-sheng, REN Zhong-ming, YAN Yong-gang, DENG
Kang. Experimental study on mold oscillation-less continuous
casting process under high frequency amplitude-modulated
magnetic field[J]. Acta Metallrugica Sinica, 2004, 40(9):
995-999.

LI T J, SASSA K, ASAI S. Surface quality improvement of
continuous cast metals imposing intermittent high frequency
magnetic field and synchronizing the field with mold
oscillation[J]. ISIJ Int, 1996, 36(4): 410—416.

ZHOU Y, SASSA K, ASAI S. Experimental study of feasibility
on mold oscillation substituted by the imposition of an
intermittent alternating magnetic field in continuous casting[J].
Acta Metallurgica Sinica, 2001, 37(7): 777-780.

LEI Z S, REN Z M, DENG K, LI W X, WANG H M.
Experimental study on mould oscillation-less continuous casting
process under high frequency amplitude-modulated magnetic
field[J]. IS1J Int, 2004, 44(11): 1842—-1846.

FE, AT NG, R B i LT B v UL 3 TR R 2
HT]. FEA BRI, 2009, 19(4): 701-707.

WANG Hong-ming, REN Zhong-ming, LI Gui-rong. Transient
analysis of high frequency electromagnetic field during
electromagnetic soft contact continuous casting[J]. The Chinese
Journal of Nonferrous Metals, 2009, 19(4): 701-707.

FED], AT, BN, BolR), . RS AS b
i AL B YL T T 3 03 A B R D). B SRR S 2R AR,
2008, 30(7): 797-801.

WANG Hong-ming, REN Zhong-ming, XIA Xiao-jiang, DAI
Qi-xun, LI Gui-rong. Effect of molten steel level on magnetic
field distribution in electromagnetic soft-contact continuous
casting mold[J]. Journal
Technology Beijing, 2008, 30(7): 797-801.

(4RiE

of University of Science and

FEE)



