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Evaluation of Basic Parameters in a Mold Oscillationless Electromagnetic Casting

Yueming ZHOU, Kensuke SASSA and Shigeo ASAI

Synopsis : The penetration of a mold flux between a mold and a molten metal which is driven by a mechanical mold oscillation is indispensable for a

continuous casting of steel. In this paper a new continuous casting process in which the function of mold oscillation is replaced by an electro-

magnetic force has been proposed. The basic parameters in the new process were evaluated in a model experimental work using a molten gal-

lium and the penetration behavior of a mold flux was visualized by use of a high-speed video camera. The non-contacting distance caused at

meniscus by the electromagnetic force and the consumption of the mold flux in a continuous casting of a molten tin were measured. It is

found that the non-contacting distance which is formed by imposing an intermittent alternating magnetic field under no mechanical mold os-

cillation nearly agrees with the minimum stroke length of the mold oscillation which is required for the success of the continuous casting of a

molten tin. Surface quality of cast billets was improved by increasing the consumption of the mold flux and by adjusting the intermittent fre-

quency of the magnetic field to the optimum one existing near the intrinsic frequency of a molten pool.

Key words: oscillation mark; continuous casting; mold oscillation; surface quality of cast billets; intermittent alternating magnetic field; soft contacting

solidification; electromagnetic processing of materials; steelmaking.
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Fig. 1. Schematic view of experimental apparatus.

Table 1. Experimental condition.

molten metal Sn( T, = 543K, p = 7200kg/m* )
Ga(T, =304K, p = 6100kg/m® )
graphite mold | for measuring the consumption
mold with slits of mold flux
copper mold for continuous casting
with slits without mold oscillation
mold flux silicon oil
casting speed 2.3mm/s
mold oscillation stroke 6 mm
frequency ( £, =1Hz )
casting time 30s
intermittent high f=20kHz, £, =1,3,5,7,9,11Hz
frequency magnetic B =0.007T~0.012T
field B,u=0.004T
D=05
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(1) : Photographs of the meniscus shape taken at the moment with
the maximum non-contacting distance by a high speed video
(shutter speed : 1/1000s, frame number : 4001/s )

(1) : Sketches for measuring a non-contacting distance

Fig. 2. Direct observations of non-contacting distance
caused by imposition of an intermittent magnetic
field.
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Fig. 3. Effect of magnetic flux density on non-contacting
distance at the positions of a slit and a segment.
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mold
at segment

f,=3Hz,B=7.0x107T

at slit

Fig. 4. Direct observations and their sketches of non-con-
tacting width at meniscus under the imposition of
an intermittent alternating magnetic field.
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Fig. 5. Effect of magnetic flux density on non-contacting
width at the positions of a slit and a segment.
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Fig. 6. Effect of intermittent frequencies on the consump-
tion of mold flux.

REIBETNEED 7 7 » 7 ZHBREJEL 72D T, ZDH
BRICRISTHERBBREOEGRE, HIMBERERE 237
X — AR —IZHl>TFig. 628" Y, —h, BEH, FERD
M E SN ORRREIZAERT 5O LIRS, 13(1)
ARTEZA6Rh 31,

gBlm
h"ZnV R

ZZT, B IXDHE—F~Ny v LEKJ(x) DT H
(dJx)dx=0) L 5 5EmBFHOBTHY, |, mIZPEHDOS
NAHE, EEAFEDE—- FEZFhFhET, ZORICK
EEROMEARAT AL TI9HzE D, ROEERDIZL 5
THRINAEREBRRO KRB D THZIZHE WE &
Ko7z, Fig. 68 R5 &, ZOHREBEE T CIXEBEERD
BRIZEST7 592 AHBRIIHIE TS, THZA2#EA
5L, 7797 AHBEREBBA LTS, Thidv o972
ZDORANEXIFIMBHREE+ —E L LGS, BREAK
ORI RESE L 22 THML, Z2hisB¥3L
BWAHT 3LV HBOMGRITER VL EENIZ—BT 5,
Kiz, BIREERROHzE 11 HzDBA DR % Fig. 6 &
DIREHL, 779 7 AHBRLEMHEEZEOBHRERD T
Fig. 71Z2/”%, 9Hz & 11HzTiX, 75 v 7 ZAHBERIZEIM
BMREEOKZ JIZEALD B IZIF—EENHE IR T
%, ZHISEIRBEBRESAIOHz ZZ 5 &, 581 $5H BERE
NDE—NE - 7Ty 7 ZARAEEINVERL kDD LEL
S, TOZLIBEDOHRBNMERVEE TS, 7,
Fig. 6, 71283 & D127 5 v 7 ZEBEIZFIMER L L T,
E-NAF - F b —Y g ETH-RBE (ER) -0
FeAdsb—vgvafTbiro-Be () ohio
fllick>TWwWa, Thbbd, AP L—Y 3L XBMEE
TD7 7y 2 AEBREIEBEEMETICE—LEF -
L=y g VEfT-o7: BEOEESHEIZN-5) BEXD



x1072
x 20 ——{0/=9Hz Af=1lHz }—
&
S 18}
Q
‘g'g 1.6

1.4
g @ AR .
g. 12 A a
8 10 frocmcommcmmmmeecnaaaiaaas
=1
3 08 - - - -

0 04 0.8 1.2 1.6 2
B*x10*T?

(using a graphite mold with slits)
—— without a magnetic field and with a mold oscillation
- - - - without a magnetic field and a mold oscillation

Fig. 7. Effect of magnetic flux density on the consumption
of mold flux.
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Fig. 8. Surface aspect of cast billets (a) with and (b) with-
out a mold oscillation.
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Table 2. Summary of basic parameters in a continuous
casting under the condition without a mold oscil-

lation.

magnetic field .| intermi alt . ic field ( = 3Hz
basic no magnetic| intermittent alternating magnetic field ( /; =3Hz)
parameters field B=70x10"T|B=9.0x10T|{B=1.0x10?T| B=1.2x10"T
casting stability unstable stable stable stable stable
;Z’f‘;"l‘g?g‘_‘;fn mold 102 1.28 1.29 138 122
non-contacting
distance at slit /mm 0.5 6 8 10 12
non-contacting 8
distance at seg. /mm 0.5 4 6 ’
non-contacting 4
widthatslit/mm | 05 25 35 45
non-contacting 0 2 3
width at seg./mm 5 33 4
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ﬂ=1Hz f,=3Hz f, =5Hz
(using a copper mold with slits)

Fig. 9. Surface aspect of cast billets produced under the
condition without mold oscillation and with inter-
mittent magnetic fields (8=1.0X1072T) of fre-
quency 1, 3 and 5 Hz.
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Fig. 10. Effects of magnetic flux density on non-contact-

ing distance and width at the positions of a slit
and a segment and on consumption of mold flux.
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Fig. 11. Relations between surface roughness of cast bil-
lets and the mass of mold flux consumed under
the condition without mold oscillation and with
intermittent magnetic field of different intermit-
tent frequency.
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