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Substitute Function for Mold Oscillation Replaced by Imposition of an Intermittent Alternating Magnetic Field
in a Continuous Caster

Yueming Znou, Kensuke SASsA and Shigeo Asal

Synopsis

: In order to develop a mold oscillation-less continuous casting process, i.¢. to replace the mold oscillation by an intermittent alternating mag-

netic field in a continuous caster, a model experimental work has been conducted using molten tin and gallium with low melting point, densi-

ties of which are as large as molten steel. The behavior of the mold flux penetrating into a flux channel between the molten metal and the

mold and the process forming oscillation marks due to the mold oscillation were visualized. It was found that mold flux can penetrate period-

ically under the imposition of the intermittent alternating magnetic field even if without mold oscillation. The measured penetration depth of

the mold flux agrees well with model predictions. Finally, the molten tin was continuously cast in a cold crucible type copper mold under the

imposition of an intermittent alternating magnetic field instead of mold oscillation. It is noticed that molten tin can be successfully cast with

the imposition of the magnetic field, but can not without it.
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Fig. 1. Experimental apparatus.

f = 20kHz

Fig. 2. Wave pattern of intermittent high frequency mag-
netic field.
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Table 1. Experimental conditions.

Sn (for continuous casting )

Ga (for measurement of penetration depth
of mold flux)

Sn: 7200kg/m?® , 543K

Ga: 6100kg/m?, 304K

silica glass,copper mold with slits

molten metal

melt density and
melting temperature

mold

mold flux silicon oil , zinc stearate

2.3mm/sec (for continuous casting )
0 mm/sec (for measurement of penetration
depth of mold flux)

stroke 6 mm
frequency (f,

casting speed

mold oscillation
=1Hz)

mold
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Fig. 3. Direct observation of the process forming oscillation marks in the continuous casting mold with oscillation.
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Fig. 4. Surface aspect of cast billets with mold oscillation
(a) without and (b) with magnetic field.
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f, =3Hz,B=1.0x102T,D=0.5

(a) : photographs of the meniscus shapes under the
imposition of an intermittent alternating magnetic
field, taken by a high speed camera
(shutter speed : 1/500s, frame numbers : 4001/s)

(b) : image of mold flux behavior during the
continuous casting

(c) : pattern of intermittent alternating magnetic field

Fig. 5. Direct observation of penetration behavior of mold
flux at meniscus with the intermittent alternating
magnetic field instead of mold oscillation.

B ADEETH D, ke, BREESRHEES &ML 7235
L, BEHET T T o P AFIZELTWAETBRET T 9l

ZIZ& BN %, EBHEOEEN TS, Thh (2)
AT (p,—p) DEABENFHETH 5.

(1) XDOIF (3)ATREIN 5.

X:LICOS(COiH"(p) ................................................ (3)

ZIZT, oXEEHE NN EDONMEETH S, aldE%
EHOSERIE T, (4) RN THEREN 5B,

F
f 2
\/(a)f -} ) +47’2wf

a=

_ 382,10
N _ [ o o2 SPUIRARREELEERLELEEELEE (4)
2URA(p,,—py (@, =0 ) +477 @,
—F, 7Ty ARAEE d OFEEIZ W TEGES O

PIRIE A o, RARIEA 0, &8T5 & 2= A2 H AR % B4
THEMS IS, ~2a b 55, 7z, BREEE S, »ED-
CTHMEFEORmE S IEE S hOIE—E (Wh=k)E L,

37

BRAES RS 6 72 6 $THgEd & L — ¥ 2 Y OREHRE

> by
4 A !
..... NS
vy L\ &

f, =3Hz,D =05
B=1.0x1072T

a,
3 P Y
#30mm
vX
i T—»Z

silica lass

(@]
o
=
=

(@ (b)

d : penetration depth of mold flux

» - melt level without magnetic field
1 : highest melt level

2 : lowest melt level

~ N S

Fig. 6. The observed view (a) and model (b) of metal mo-
tion caused by intermittent alternating magnetic

field.
d7da, \ZWHIT 5 (da,=k) LIRET DL, did (5) AT
xENhs,
3k k, B2,
d=ka,~————————— . (5)

H}a(pm _p/' )\fﬁ(wlz _wlz )2 +4'y20)’2

(S)R&D, 7797 ARAKE dISHINMEHRE L & —
LB A, MRBEE f(o=2rf) »EA RS
(0,=2nf) LHFLL B2ETIIHML, ThEHES LW
YEBZ LD, 72, BIRBEE 2 —EE& L5
&, dIZENINRG RIS B D2 R TN T A Z LA TPRTE
%,

—4, (1) R TF=0L &
DT (6)R&H B,

2]

— |
x=Aye " cos| @, ',1— —

< &, WEERE) O 8 /TN

w

'

(6) RITIRNE A, VI & & e TIREI L &8 5 1T
BTLERT. HE-T, 1HBZ LDIRIBE 40,4,,4, &

T5&, Ay=A,4,=4e” " A,=4e - TH 205
A _ A4 T .
L o T T e, 7
a4 =e iE (7)
L5,

ML - R EOMEZEER L O 4, (1=0,1,2, ) & IKFE

B TAKD , (7) RURAL T, yDEERD =, ZD
—{i % Fig. 7124, F£72, ERE S A5 EHWT, Fig. 6

DEFIZFEDNT, BBk (=Uh) & &, (=d/a,) #FEHIL,

463 I



I 464 §% & 48 Vol. 85 (1999) No. 6

t=0
“430mm
t=0.06s i
16 -
t=0.12s y=6.4(s")
—_ 12}
:q.n
t=0.18s ¥ 08
¥
04
t=0.24s 0 J_ .
0 0.1 0.2 03
1(s)

f, =1Hz, B, =1.0x107°T,D = 0.5

Fig. 7. Direct observation of damping oscillation behavior
of meniscus.
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Fig. 9. Effect of intermittent frequency on penetration
depth of mold flux.
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(a): without magnetic field

f,=1Hz,B=1.0x10"2T,D=0.5
(b): with intermittent magnetic field

Fig. 11. Surface aspect of cast billets under the condition

without mold oscillation in the continuous caster.
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