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Control of Early Solidification by the Use of High Frequency Electromagnetic
Field in the Continuous Casting of Steel

Seiji FURUHASHI, Masaru YOSHIDA and Tsutomu TANAKA

Synopsis

Key words :

-

PURiER

: In order to improve surface quality of continuously cast steel, alternating magnetic field was applied through the copper mold to the early so-

lidification zone of round billet. The mold has a number of slits and was specifically designed to achieve the efficient penetration of the field
as well as high stiffness. A mold size is 0.18 m in internal diameter and is surrounded with a multi-turn induction coil. Casting velocity is
1.2 m/min. The capacity of high frequency generator is 300 kW and the frequency is 25 kHz.

0.11% carbon steel was cast to investigate the effects of the intensity of magnetic field and the imposing area on the surface quality of bil-
lets. Even under the strong magnetic field, the meniscus level was controled precisely by RFLC method (Resonant Erequency Level Control
Method) detecting the small shift of resonant frequency of high frequency generator.

Surface marks on the cast billets had three types by the imposition of electromagnetic field. Regular surface marks caused by the mold os-
cillation have disappeared by selecting the optimum meniscus level under suitable electric power. By the use of developed two fluids model
based on VOF code, dynamics of meniscus shape at the early solidification zone during oscillation were studied theoretically. The model
shows that the disappearance of oscillation marks is responsible for the stability of interfacial shape between flux and molten steel by the im-
position of electromagnetic field.
high frequency electromagnetic field; continuous casting; oscillation mark; surface quality; hypo-peritectic steel; electromagnetic processing

of materials.

A O BEEEE CHEEEL 7=, X512, B L NLEGEZ
WL O AT, BREWEERESSROREMRICE A
BEEIZOWWTRET L 72,

8 0D AT SR AT do 1T B SR P O ) H e ] e 0 < B

L, PEkRSFRERE), MmFAOMHICMA TH-aFEL

LTSRN D 5 L L UL 2 R i B i b & FI N4 5 & i
$% % 12 (EMC: Electromagnetic Casting)23#at 2T 5% ¢
72 TiE, BROBOEHMC X0 s REMERASSE I NS
7 E OYIEEERIEO REEAHE ST

YIRS A RN E T 57201013, $HERDE
WM EAREAEICREL, »OZ0EHRER/NCT
ZILEMMETHS, LrL, SB» 6 Sk - B
AEIINE % EMC LS, fEkh 5 &G L ~LRIEICEER S

néﬁﬁk/#—%mwét,ﬁMm%&ﬁE¥$“
DHERE VY —RBEREL AL BB, 22T, RimEKE,
B EREERSEOFET THMAH LnEmL L& v
H— DNV ETH 5.

AW TIRGEEE ICSHEAIAICH->TRY v FEETS
HE Ly P RO ARG, SEKREIRO FEREPE D
WUNEAL A RENT B8 L OB L L RIEEARE L, #
O TRENE A HIEEBRIC K OBEA L 2, T, ZONE

2. HERBE

S EER T L = N{ED ¢180mm D AL L v b §FT
s OMEA Fig. 1138 T . S50 LSO GETEEIZ I3k
WEHENZFEFTIZ, ESN02mmD A Y v b & 28AKGR T T
bb, 2Y v Mokoteohiz&ws 2y PACIZEA
KRB HBZIENTWE, TDRY v MK DERIGOH
RINADENATREE 5, HERDZY o M EFHFAZ
SRR P T2 o P ARITF-EETH DA, SEFERT
L2883 ESMAsmmO R & TEE S Th D R
Rtk %@ 29T k4 L, S5 EMOEREIC & 558088
WD, S ERTOMEEZEIHTEFTSY. Ly
U, VRS E 7213 8E Y 2 LT D TR ER IS
SAE R IR O N AN, LIRAER S W -EEDOSHRY
ARV, SFRIONREIEW - ZELFAREDOEE T A
I EERER T, AT &, AEBOE B L AEE, AR

TR 1044 8 B2t “ER 105 6 H 4 H32H (Received on Apr. 8, 1998; Accepted on June 4, 1998)

* (FREBWLE (k) &
Kashima-gun Ibaraki-ken 314-0255)

4 1% i W 92 AT (Corporate Research and Development Laboratories., Sumitomo Metal Industries,

17

Ltd., 16-1 Qaza-Sunayama Hasaki-machi

625 I




I 626

£ & 8 Vol. 84 (1998) No. 9

Induced
current Js

Coj
i

Slit

Fig. 1. Schematic view of the electromagnetic mold.
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Fig. 2. Experimental apparatus for the principle test of

RFLC.
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Fig. 3. Relation between top level of solid tin and resonant
frequency.
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Fig. 4. Relation between meniscus level of molten tin and

resonant frequency.
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Table 1. Casting conditions.

Mold size $ 180mm

Steel grade 0.11mass%C Steel

Casting velosity | 1.2 m/min.

Casting length 2.0m

Oscillation stroke: 6 mm
cycle: 140c.p.m.

High frequency | frequency:25kHz

generator output:max 300kW
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Fig. 6. Meniscus level during continuous casting by the
use of RFLC system.
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Fig. 7. Typical surface appearance of cast billets.
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Fig. 8. Effect of electric power and meniscus level on sur-
face mark.
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Fig. 9. Relation between surface roughness and electric

power.
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Table 2. Calculation conditions.
Dimensionless Value Dimensionless Value
number number
Re=Vc-A/V 7.95 |Nu=h*A/k 0.00191
Fr=Vc¥/g- A -0.0157 |S=Vc/A - f 3.14
We=0 ‘Vc*A/o | 795 |Y=AT-Cp/AH 6.79
Mo=g* v* 0% ag? -8.00 |Pr=v-p-Cpk 0.06

Fig. 10. Velocity circle of oscillation.
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Fig. 11. Calculated dynamic meniscus behavior during os-
cillation without magnetic field.
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