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Control of Pouring Molten Charge out of a Levitation Type Cold Crucible

Kenji Anvo, Kazuhiko Iwar and Shigeo Asar

Synopsis : A new method for pouring a molten charge out of a levitation type cold crucible has been proposed. In the new method,
the charge is taken out through the bottom-hole of the crucible by changing the magnetic field which results in the
break-down of the mechanical balance among magnetic pressure, hydrostatic pressure and the pressure due to surface
tension. Pouring the charge out of the crucible was demonstrated by changing the distance between the coil and the
crucible. A new technique which can fix the shape of the molten charge in the crucible has been proposed. By using
this technique, the elongation of the charge shape predicted by the numerical analysis was confirmed and whether the
charge contacted with the crucible was examined. In the experiment, the small temperature difference between the
molten charges before and after pouring was observed and the large super heat in the poured metal was available. '

Key words : levitation type cold crucible ; pouring ; process control ; super heat ; castings ; electromagnetic processing of materials ;
electromagnetic metallurgy ; non-contact melting ; foundry.
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bl)change of coil current bz)change of the relative position
of acoil and a crucible

a)balance between pressures
acting on a charge
Pm+yK-pgh=AP

b)unbalance between pressures
acting on a charge

Pm+yK-pgh<AP

Fig. 1. The principle of pouring a charge.
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Fig. 3. Comparison of the axial component of mag-
netic flux density along the center axis of
the crucible calculated by a wire model with
experimental data.

fIEY»FRTIEL LT o2 v—2 P ERD GERE LIS 12
HWotza A v TOHEEBEYDE T 25, Dik2 4 v’
IN—T TNERS Y FHEH BB IZAMRY, L
HHGHRCBIEEFIS, &7, ATBBEYERT 2100,
ZN—=TTNWE A NDADEET BR[O I NV— T
OG- IR B E O FmIK S (B,) ZEHE L,
FEEEMIID=10mm, 2 4 W EBFME300A, Bik#s8kHz T
Db FEMEEP—F a4 v ERHCTREOLIMEL L bC
Fig. 3 iR T M 2 v — o TVERPREAL LTEHIC
B o follF mPEEE, MR REEOMBRES 2 ET.
FHEE L EEMERR B - LT3 2 L2 6, NGB
BZYTH 2 LHETLI,



3:2 Fr—Tiib 2BHRHOTME

For—OFRBHAFHO T A0, BIEREF

(24 VEFE, D)OBILIZ L b 53, Fv—JDF
BAE, HHEABKROEZERL TR I LIWRDL
5SS, IR, BEABROS»OHEEEHMT L, £
ITIITRFY—IHHRoEIZ v b O L LEEEN
RTHEBL, 22 mbsBEBRANZ KD, 20L&,
R Z 3O B3 ¥ H 2 L TF v —VHEROEED
B A1, Z2v— TVHTOF v — 2 DFHME
BLTFDL Stk iz,

BERTHE(T 5 LESR IR c BT LE LGN
295, Fr—YOFHBMBERF v— S OBEDIDBRIER
FOELCEET 2 LIRRO v, 2 I THRIERTFORLL
CEELT,

A CFEE LRI Ty — Y OFBMEYVENT S, B!
F o — OB E R THIZOADVPENLT S5, D2
BYDBACOCTRT 2T 1L ADREFIEEDO~D2
T
D 2ANEFELDREL, Fx—, ZNVv— T NVDFH
MEREEERD 5,

@ Fr—JEKELOMREE (B) &Kk, (2)RXT
HMAE (Pn) 2387 5,
Pm:Bcz/Z[l ................................................... (2)

I Cu(=4rx10""H/m) B EMEETET.
@ F o —J b 3 BREAH OERSORHAME (F),
ThbbFXr—YR I EHATIERD 5,

Fzzfscfmiz.inds ............................................. (3)

2T ARSRE A A b 3 WAL 2 bov, i3 Shm SRR

PR b, SaldFr—IREEERT,

@ Fx—JIMbIEHLFLEOKSSEHET 5,

® WEOFHEHVMEINSZT, Fr—YELLEL#M

HracgEfbs €, O~-@D%#EHET,

® TFHEHFHEINILS, ZIREHMLELL, sr—¥

FTNERY O Fv—JELI TOHREERZ, 2ED 5,

@ Fx— b s BREAN ORI RS DEHE
(F), Tt bbFv— I 2B HmNARC I 2 AL EREX

1 (4)REHCTKD 3,

F= _fSChPmir'indS ....................................... (4)

2T R REEMBARS v EXRT,

—%, BOFEOFHEIO, @, @TH 5,
3.3 FSRROEB/OIRE

BEI18gD T VI =V 2 ¥ Fr—JIIRE, D=10mmT
—EL L, 2 VEREPELI R THE L Zu L2 Z
NZ1Fig. 4 -a, bR, MPFOER, B, ~REF v
— JOWMEIE®7/3,5/3,3/3L L2 b DTRIHERERIZAGF

BT a - . 2= v b OB EEEE 815

60
E 401
o
§ 2| s@g
(sphere) @ %
v 1=
02 ke
1.5
3
¢ %ﬂ@ﬂ%
m10 r
Z \
o
i A_
0.5f g n
p“w."' T : P IV :
b)
0. .
800 300 400
I [A]

Fig. 4. a) Effect of coil current (I) on the distance
(Z.u») between the centroid of a charge and
the bottom of the crucible.

b) Effect of I on the integrated radial compo-
nent of magnetic force (Fr).
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Fig. 5. a) Effect of the distance (D) between the
bottom hole of the crucible and the center of
the coil on the distance (Z,,) between the
centroid of a charge and the bottom of the
crucible.

b) Effect of D on the integrated radial com-
ponent of magnetic force (Fr).
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Table 1. Experimental conditions.

« coil current 300A
« frequency 58kHz
- initial distance between bottom hole of a crucible
and a center of a coil. 10mm
« descending speed of a crucible 2mm/s
crucible
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3
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c) After pouring

Fig. 6. Pouring behavior of an aluminum charge.
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Fig. 7. Shapes of an aluminum charge(16g) at differ-
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Fig. 8. Contact and non-contact regions in the
domain of distance D and mass of a charge.
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Fig. 9. Effect of mass of a charge on the distance
D,, at which pouring of a charge takes place.
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Fig. 10. Effect of mass of a charge on the tempera-

ture before and after pouring of a charge.
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