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Development of Electromagnetic Processing of Materials
Shigeo Asai

Synopsis: Application of electromagnetic forces to materials processing, so called "Electromagnetic Processing of Materials

(EPM)" has been recognized as an edge cutting technology, especially in the fields of steelmaking and advanced

materials processing. The history of EPM in Japan is mentioned and the background to promote EPM is described.

The present state of EPM is given through briefly introducing several examples regarding to the applications of a

high frequency magnetic field, a DC magnetic field, DC magnetic and electric fields, and a traveling magnetic field.

Furthermore, the possibility of utilization of a high static magnetic field is mentioned and the future view of EPM is

revealed.

Key words: steelmaking; continuous casting; application of electromagnetic force; electromagnetic processing of materials;

magnetization force.

1. 1IL®HIC

EBRABICHNVWTIHL N SEBEIIRIIVTF—%3 - 1B
& OBRBEDOABICHNTHIWTE-DOTHDH, SRR
BICELKBDLET—232 - X710 20 0131923F(C, &F
FEEDcold crucibleld 19314 (2, EBRIBEHIII932F(C, §
TICRESNTVEZLEIZEBETH D, BARIEETIE, &
BICHEOTHIBHREL, TOMIZEENMERICEDTE

HINHFREIND, COBHINIIAKZESHTDDT,

BEICLSODTCERERBIIRBTDILICHD, BLZ LT
RAMSEBAREBICEIMLZEZICER O, ®ITWA
REBITRET D, ZDLDEIEIDRITRRDERIAIMK
NEORHTIIIKHONTNDIRRTHD,
ERR1A S (Magnetohydrodynamics) (3ERIIS & A
DEEBDIZOERBBEZRIIROIZETHY, 19424F(C
Alfvén (1970FIC/ —NIVEZTE) ICL>THRIEESh
feo 72 ATOFENEDNBTERELILZDERAREH
Z2OMBEMHTOEY SV IDRHICEAL, ZOBEME
NENAER2ON (MREBE 7Oty VT
(Electromagnetic Processing of Materials = EPM) ] T#» %, &
DERIIEBNLEFEBTHDIH, BICPEIICEET
SMBEEDINBERBINDIEEHDH, [MRRE
TRICBWTEBHSNEZNATIIZNY] 28958
LTHENMVPETEENEDTHD, BRETIIHRHNET
EPM ' YdmEMR=ZNBHESIN, 75 XTEPM ' 97H

METFEELOTHEY, i, 75V ADEILMATHE
MADYLAMA'EPM-MADYLAME BB SN2 E, EPMELY
SEENEBNICEROONDLDICHEDOTE,

FIBTIE, REDEPMD bEY I ZDBNEBEL T, #
MEBH 7Oty IDFREMERDZEICT D,

2. Bif - BISHESEEMREICTIHEE

2.1 RARFIEHEE
BRERICSERMISBEINMYT 2 AREBRE ICH
K[EANP, = B¥/2u (ZZTuldBHETHD) h'ERT S,
COHMSEHEFEDE, BREBOEREEER TS
BRZENTEDS, B, FigllIRTELDIC, ASEHE
P.=pgz&P, T (P, =P,) SENITIHRER\DZE
BBARMEBOHENTRELE KD, ZORBIZEDCHE
E& B EES (Electromagnetic Casting = EMC) & BESAT,
FRDT IV Z D LD B TIIRKED RS TH' T DEMC
ICEDTHEREINTI\D, EMCORR I3 FEEEE & DIBfR(IC
FOTELDHERRADREE—1FT D,
BRDEEEICH D THEMCIIAEBHMEHRMTIIHD
B, PIVIZOLEUBLTEEpHARENZE, BLU
FIVIZOALICHEBRLUTHEESRENKELASRIFSSh
NRELBEDZENDS, EMCORETH Spgh = B2/2ud
ERHN#LL, ZOERISAHBRINTE L, E2AN'R
i, BREONMIKY SEREIBOMMNZTL, RESED

* BB K% ([Nagoya University,Furocho, Chikusa—ku, Nagoya 464-01], T 1%

Sanyo Technical Report Vol.4 (1997) No.1




Magnetic Screen

[ Induced Current
|
i

Coil Melt Flow

i
|
Coil Current SRR
AR
\

Magnetic Flux \

/—‘\\\J Solid Phase

Electroms: wmlu.
Force

\
|
\ |
| \
|
|

(a)

Pressure

Electromagnetic Melt Static
Pressure Pressure

(b)

i
Meniscus Height i
!

Solid/ |

Liquid Interface 7

Fig.1. Principle of the Electromagnetic Casting.
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Fig.2. Surface aspects of tin cast billets.
(a) Without magnetic field.
(b) With magnetic field.
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Fig.3. Wavepattern of the intermittent high frequency magnetic
field and melt shape.
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Fig.4. Effect of coil current on the surface property of continuously
cast Tin.
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Fig.5. Principle of a cold crucible.

Fig.6. Levitation of molton Aluminium in a cold crucible.
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Fig.7. Schematic illustration of the bimetallic slab caster using
magnetic field 4 .
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Fig.8. Phosphorus distribution in a cross—section of bimetallic
slabs 4 .
(a) Without magnetic field.
(b) With magnetic field (0.55T) .
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Fig.9. Principle of inclusion separation using electromagnetic force.
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Fig.12. Distribution of Al,O, inclusions © .
(a) Without magnetic field.
(b) With magnetic field.

Z : Traveling direction of magnetic field.

—x : Direction of gravity.
EMF : Electromagnetic force.
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Table 1. Levitation of diamagnetic materials in the high magnetic
field @ .

Maximum Field in the Field-Field Gradient B

Center of the Coil(T) dB/dz(T?%/cm)

Water 27 30
Ethanol 21 16
Acetone 22 20
Bismuth 15.9 7.3
Antimony 18.8 12
Wood 21.5 17
Plastic 22.3 20
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Fig.16. Shape of a candle flame at different parts in the magnetic
poles.
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