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Shape Control of Molten Metal Rivulet Flow by Directly Imposing

Electric and Magnetic Fields

Masayuki KAWACHI, Seiji FURUHASHI and Shigeo ASAI

Synopsis :

A new process to control the shape of molten metal rivulet flow is proposed in which direct electric and
magnetic fields are imposed directly on molten metal to induce electromagnetic force. The experimental
works were carried out to clarify the characteristics of shape control function of electromagnetic force in

rivulet flow.
process.

It was found that electric current and flow velocity are the most important factors in this
It is noticed that this process can control the shape of molten metal more dynamically than pre-

viously proposed process in which only magnetic field is imposed.
The experimental data verify a mathematical model which can predict the shape of rivulet flow from the

conditions of electric current, magnetic field and flow velocity.

The fact that height and width of the flow

have good correlation with Stuart number indicates that this rivulet flow is dominated by inertia force and

electromagnetic one.

Key words : direct casting; twin roll ; shape control of molten metal; rivulet flow; electromagnetic process-

ing of materials ; electromagnetic force.

1. #&

WK OBAESHE 7O b 2IIBHREIC L b %) MR
HOHLEOAGZLTFETR - AT AINT— OB, HH
MIFICBWTHEA MEH 7oL LTHEBEZEDT
Wh, L LESaLRAZBWTRBMEBRO NNV FY)
Y IHEb T B, FOERICIES  OREITE
SRTVEOFBERTHS. 20—2 L LCTHEMERH
#EORKREIE AT ONA, FIAEE, Ra— Vgl
WTIE, O— VBRI AHEET D THE/N PN
P RET A DR KPOBEFEHE R TWDA, 20
WAMES L a— v KPR~ DOEE LEITERE
KB LEEL Z2-Twah. Thbb, OIS BrMESRE
DERLE T 5 7o O\ EHEEM TR T2 OTARKI#E A
WEETHHI L L, FREBDLEIKRIVIDIINF
N OEHERE A HEETHENKE , H#ECH-D K
XRNHPUEE ShBIENG, JEEMCHNLHEE
TR TAHETHBT A LM E TN, BE

LV IEEEFEINT A 2 LI X BN ORlEHRZIR
FIEELREL T 57, BREBEOEE L #HOHEE
ERZFIAL TV A OBBRDBAYENIZERER
PR ZVBLRVI EPLRELRBHBLE LT IREF
TAHIEREELY. —F, WEFKEVFECIET—V
B¥ v v 7HKE L ADLOMRRICIERT 5 RERD
ANEL 2 D BABMEBRYHE T HRIREIHEEN S %
L. ZOROEEOAOENMC L5 HEIRENE WS
BCBRORB I E LR B,

BB B A RBAOHEF ICE L TR KB
DT D Y, FROFI B B EERO®E s %L
R FOEEMICE LML R AL ST, LaL,
AHTHY LIFES TR — VB XUOHEO - VEE
TOBHEALOINR L %2 5 AVSBITEABER 2 & THE
FENTVEVLDBYLY 7Ly MESD ThoZ EHE
v, Y7Ly FRICELTIRKE S AE RS % ENN
TAHILILNHRhOBS s BLPEPELSE LML
FTOEERRB X U S, BB RIEERE LCTRhO

FRHITE 4 AARARBHRAKICTRE PR 24E 4 A 4 BZ (Received Apr. 4, 1990)
* Bk KEE (Graduate School, Nagoya University, Furo-cho Chikusa-ku Nagoya 464)
*2 ZHBAFTSEE TiE (Faculty of Engineering, Nagoya University)



86 % o @

8 77 4 (1991) 1 &

WA RETH B I L ARLTWVD. LA Lahs,
TR O & TR A0 AR 2 FARTEAR B8 A+
GEBEbRA,

BLEOBLEERE 2T, ARG T IR & i

ERBOMBARTNBOREREMELITH. 22T X
05BN 2 BRRN L EMEB A 72010, FzICERE
%L EER T EREARMSE ICET 5 e AL,
BRI & % Em B i OTCREE B 3 5 %R B &
U 2179 .

2. BRSREATRGEORE

AR CTRET HHHEE% Fig. 1 \ORY. AFIZP
WEZHENLBEMEBROMANERL TS, HRE
B LENARICERER J %, i mB X0
PEA I LERE 2 HENCERES B 2L 7254,
ZOMEEH L LCEBAMICE#BRER SN F(=JX B) ¢
BEL, i TIEEMTRAOBREHBEL X5
ETHLDTHAD. BRESEIRIEZDRHEICBVTE
BEE L RERIMFHIVE D) 2L TRERFREERTY
BT EnH, ERERRONE M E 2 5 AHEICERR
HEEMINT NISEEBE C L CEBRA £ KAEH O
OB, ZORER, FREINDEHENICL 5T
BREBRROB S M8, B Ed SRR
AEEEE A, AEEHETCRERER 2 BHERO N -
L MR T A0, EREEOAIC X B HIMEE L T
LB LEBRENEELIENTELIL, BLUHE
HBI ORI X > TRIREIHE AT 2 B 720 1 Rt A
FECHNI DB THD. '

B, Fig LITRENBE L ICHRRII»rHBNBES
R E BB B X PERIFROREOAZXTE
LTI 57z,

Z
A
magnet imposed magnet
N current S
» density —x %
[ __L\B
—F 4 [0) Fet >y
— II Bk
By J  molten
metal
S N
magnet magnet |

B : Magnetic flux F : Electromagnetic force
J : Current density

Fig. 1. Schematic view showing the principle of
shape control of molten metal rivulet flow (Cross
section of molten metal).
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Fig. 3. Schematic view of experimental apparatus.
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Table 1. Experimental conditions.
Magnetic flux density (Max.) 0.42 (T)
Electric current 0~20 EA)
Electric current density 0~18 (X10* A/m?)
Inclination of channel 2, 3, 4
Molten metal flow rate 9.4,'11.4, 13 0 §><105 m¥/s)
Molten metal velocity 0.82, 1.0, 1.13 (m/s)

(a) I=0A (b) I=10A (c)I=20A
Photo. 1. Rivulet flow around the outlet of mag-
netic pole. .
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Fig. 4. Observed profile of height and width along
flow direction.
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Fig. 5. Calculated profile of height and width
along flow direction.
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Fig. 6. Effect of direct current and flow velocity
on height of the flow.
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Fig. 7. Effect of direct current and flow velocity
on width of the flow.
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