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Behavior of meniscus in soft contact electromagnetic
continuous casting (EMCC) rectangular mold
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Ministry of Education, Northeastern University, Shenyang 110004, China)

Abstract: According to different technological parameters, meniscus shapes were investigated experimentally. A
low-melting-point alloy of Sir32% Ph-52% Bi was used to simulate the molten steel, and a high frequency magnetic
field was applied for realizing soft contacting. The results show that the shape of meniscus is non-homogeneous be-
cause of the structure of the rectangular mold, and the height of meniscus will enlarge as increasing the power, and
at the same time the meniscus fluctuate aggregately. The coil should be placed near the top of the mold and the ini-
tial free surface level should be placed in the middle of the coil in practice. The coil current should be enhanced to en-

sure the effects of soft-contact electromagnetic continuous casting (EMCC) when increasing the input frequency.
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Table 1 Experimental parameters

Parameter Value
Number of segment 24
Width of slit/ mm 0.3

Dimension of the mold

(lengttr widthr height) / mm Sl <0l

Turns of induction coil 5
Height of induction coil/ mm 70

Distance from the top of 35. 55
coil to the top of mold, hcoil/ mm ’

Distance from initial meniscus to
the middle of coil, A/ mm
(the value is negative when meniscus

below the middle of coil)

35, 0, - 35
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Fig.1 Testing sites and method of meniscus
(a) —Site; (b) —Method
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Fig. 3 Meniscus shapes with

different input pow ers
—0kW; (b) —40kW; (¢) —76 kW; (d) —109.2 kW
(f=12kHz, h= - 35 mm, hewi= 35 mm)
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Fig. 4 Meniscus shape under different technological conditions

(a) —Meniscus shapes with different input power at testing site 1 (f= 12kHz, hwi= 55 mm, A= O mm);
(b) —Meniscus shapes with different h at testing site 1 (f'= 35 kHz, P= 56 kW, hwi= 55 mm);
(¢) —Meniscus shapes with different A at testing site 4 (f= 35kHz, P= 56 kW, h= Omm);
(d) —Meniscus shapes with different f at testing site 1 (P= 56 kW, heoi= 55 mm, h= — 35 mm)

S5 Eh AR A BRI NG A DS RE NG5 2 N R
Yy« LUK GGl P e Rl < e R L PO 30 FR) 5 20
SR o BOIN, o R R A S 5 A 4 A B ) RE S
K, DRIVEEIE B 58, PO CR Bl . R,
FESZBR HISEIR AR, X TR IR G AR A, AN
VBCTHT FROATT a6y (07 5 I 247 Tl 7 6 P v 7 FE R 2k
W s 2 TR, SR, mTSRAS BN B R Ty, R A
B2 78 73 M, AT AEBRAT B 4 B VR 3R i o
RIS, SEBUWREH I .

2.4 ZEEMTEEEBNMNEN T IR

e

Kl 5(b) Bios WA f= 35kHz . P= 56 kW \ h=
0 mm B LEMRRATE 4 AASTF] heon I 825 10 5
Bl 4( c) T/ 9 7E S 50 78 A A [F) 4% 44 F 25 H T B
RV . TG e A e R AT RSO T,
2 Jl Ly R gl g LV AREE S 35 mm Fl 55 mm Y,
5 AR 14mm A 12. 8 mm . B & LG
FHR9.4% . X TEIE T 44 P B 1 0] &5
1% 50 IR 45 s 2% PR 408 P O J I8 i 79 281 17 8 i,

7S T BE G OK . BRI, AR S B i AR R R
L O T IR B LU I EGRSOR, SRR A
R, AT ZFMFATREMET, LB NIZRRSER
SR AR D AL B SR, ARSI, BIEA

(c) 140 455

40}
& 120 150
% 30 gl g
Q I .
5 (b) 10 &1* E
g <
w 20} 1-20 140

Testing -40
10 — ! i SiteL4 4 { 1 4 j] 35

6 8 10 12 14 16 18
Meniscus height/mm

5 AN L Z5AFT 45 & W2 ] i e
Fig. 5 Meniscus height in mold with

different technological parameters( P= 56 kW)
(a) —Different h; (b) —Different heoi;
(¢) —Different frequency



5016 5 8 ) Akt

S FEE R A A R A NS H AT R + 1409

B, PORMACR YR

2.5 HIHSENTAEMKAFW

2 AR BB R AR AR, B A TR RIR
FHRN. R AEARAE

5(c) 7R AAE P= 56 kKW < hewi= 55 mm &

= — 35 mm WA R PG AR I )25 7 T v . A
TR 45 035 12 kH 2 I8, 25 F 1 e 4 )
H6.8 F10.2 mm, JLT- & & . H,
L T8 RN 4 fh s AR A B R A AR, A A T
JE B W YA 3 AR AL AR R AN . 1 4(d) s b
SRR oA [R) S 36 45 TR S T TR AR IR A
X BN TSI A A = R T, AR
i, e TESHAZN, 25 & EkD, —4H
RALE TR, B, HARPEBRERD, X
& BT Y m A RO, S5 R G 1 R
PURA T A4k, g X 2 B v A R B, X
FEC T RN 28 JB PN Rl FEL R I AR Ak, DT S M 81 4%
&8 A AR .

PRI, R AR S0 A FH B s s &, R
o FELYEIR 1) [ I 9 1238 24 1 38 K Th R, SRR b e
TGP 5 R AR F 2 . X045 L5 =
S, HRAERSERRE A — E TR R E X

3 HIIRTGE

AT ERMSLm g R, fieg T HmENTLZES
B, L an HR IR YRR L S T AN 2 R A
S B, KK S Se10% Ph & 4 S8 L
ERMTRIIRSEE | AE R RS R, R AR
h 20 kHz, P8 T80 R 45 f 4 I AR 3080 4 il ok
200 mm/ min f1 0.7 Hz, I HEHRE S5 20 H
F 2 T A2 P I B DR F 55, A 5 4k,
PN 90 kW .

K 6 fT7~ A St 10% Ph HE fil 3502 fid 32 475 B0 ) 26
PR O . B A LU 0 v 40 A8 A8 3% DA,
5 U0 IR 4R TR VR 2 W S 9

4 it

1) AR R g S AR T, S T T
HIZETE R A A S, WRHANE) ) U] 48 45 it ok
BT .

2) MR R, AR, B

W E T S 10% Ph 4 5 R 1) 2 1R
.6 Surface appearance of Sn-10% Pb

ctangular billet with magnetic field
( Billet size: 240 mm % 60 mm)

HIEEHK .
3) SEBRAR R, R N R SR I A
ar ARREATAT &, AR T4 =75 7 1 i) e B () I

SRS I RS M . BRPE I B s i R R AL T
2P o AL E, N AR AR OR B b

4) FERHPEAER, 5 H T ) < AE A
HIGRIS, A% [R] IR 3@ =4 52 iy F Y ) Aok ok kb B
HLJAE PR 5 AR 100 5 e 2 PR G JRE O o S8 1) o, AR
R EOR

REFERENCES

[1] Vives C. Electromagnetic refining of aluminum alloys
by the CREM process: Part [ .
Metal Trans B, 1989, 20B

Working principle and
metallurgical results[ J].
(10): 623~ 629.

[2] Cho Y W, Oh Y J, Chung S H, et al. Mechanism of
surface quality improvement in continuous cast slab
with rectangular cold crucible mold[ J]. ISIJ Interna-
tional, 1998, 38(7): 723~ 729.

[3] Ayata K, Inoue T, Mori H, et al. Improvement of
billet surface quality by ultra-high-frequency electro-
magnetic casting| J]. Kobe Steel, 2001, 11: 1025 ~
1032.

[4] Asai S. Birth and recent activities of electromagnetic
processing of materials[ J]. ISIJ International, 1989,
29(12): 981 ~992.

[5] Kim H, Joon P, Sim D J, et al. Effect of electromag-
netic field on continuously cast steel billet[ A]. The

3rd International Symposium on Electromagnetic Pro-

cessing of Materials EPM' 2000[ C]. Nagoya: ISIJ,



* 1410 -

A R AR

2006 4 8 H

[ 6]

[ 10]

[12]

2000. 236 ~ 240.

Takeuchi E, Miyazawa K I. Electromagnetic casting
technology of steell A]. The 3rd International Sympo-
sium on Electromagnetic of Materials

EPM,ZOOO[C]. Nagoya: ISIJ, 2000. 20 ~26.
Cha PR, Hwang Y S, Chung H S, et al. 3D Numeri-

Processing

cal analysis on electromagnetic and fluid dynamic phe-
nomena in a soft contact electromagnetic slab caster
[J]. ISIJ International, 1998, 38(5): 403 ~410.
LIT J, Sassa K, AsaiS. Surface quality improvement
of continuously cast metals imposing intermittent high
frequency magnetic field and synchronizing the field
with mold oscillation[ J]. ISIJ International, 1996, 36
(4): 410~ 416.
Ayata K, Miyazawa K, Takeuchi E, et al. Outline of
national project on application of electromagnetic force
to continuous casting of steel[ A]. The 3rd Interna-
tional Symposium on Electromagnetic Processing of
M aterials EPM' 2000[ C]. Nagoya: ISIJ, 2000. 376 ~
380.

ZHANG Zhrfeng, et al.

WEN Bin, LI Tingju,

Effects of imposition of multr electromagnetic field on
quality of cast mental in continuous casting[ A]. The
3rd International Symposium on Electromagnetic Pro-
cessing of Materials EPM 2000[ C]. Nagoya: ISTJ,
2000. 310~ 314.

Tho T, Takeuchi E, Hojo M, et al. Electromagnetic
control of initial solidification in continuous casting of
steel by low frequency alternating magnetic field[ J].
ISIJ International, 1997, 37(11): 1112~ 1119.

Tani M, Toh K, Takeuchi K, et al. Study on initial
solidification phenomena by using electromagnetic im-

position[ J]. CAMP-ISIJ, 1997, 10: 829.

[ 13]

[15]

[16]

[ 17]

Nakata H, Inoue T, Mori H, et al. Improvement of
billet surface quality by ultra high-frequency electro-
magnetic casting [ J]. ISIJ International, 2002, 42
(3): 264~ 272.

Evans J W, LI B Q, Cook D P. 2D and 3D mathe
matical models and a physical model of electromagnet-
ic casters[ J]. ISIJ International, 1989, 29(12): 1048
~ 1055.

AW, EEH, B, . AR AE R R A
AR BEE R T BRI\ e R RS TR,
2005, 10(4): 206 ~210.

ZHANG Feng-shou, KOU Hong chao, LI Jirrshan,
et al. Solidification characteristics of special alloys

M aterials Science

2005, 10

under alternating magnetic field[ J].
and Engineering of Powder Metallurgy,
(4): 206~ 210.

FEY, RGN, SR, & PR RERE S
RHG BEREBT S J]. $IEBOR, 2005, 26(3): 199
~201.

WANG Hong-ming, REN Zhong-ming, LI Gurrong,
et al. Research on electromagnetic continuous casting
of particlereinforced aluminum matrix composites
[J]. Foundry Technology, 2005, 26(3): 199 ~201.

Mzoe, ERWI, IR, 5. B Ml 4 s N
WA o> A SR FEL)] . S )@ #4R, 2003, 39(10):
1105 ~ 1109.

DENG An-yuan, WANG En-gang, HE Jrcheng, et
al. Experimental study of distribution of magnetic
flux in rectangular soft-contact mold[ J]. Acta Metal-

lurgica Sinica, 2003, 39(10): 1105~ 1109.
(4miE TF5E)



