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Fig. 1 Sketch of electromagnetic confinement

and directional solidification control
without any contact( EM CS)

1 —Solid metal; 2 —Molten metal confined;
3 —350 kHz induction inductor;

4 —50 kHz electromagnetic confining induction;
5 —Sample confined; 6 —Cooling medium
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Fig. 2 Sketch of electromagnetic soft-contact

confinement and solidified control ( EMSCC)
1 —Solid metal; 2 —Magnetic mold; 3 —insulated plate;
4 —Upper inductor; 5 —Heat preservation layer;

6 —Molten metal confined; 7 —Lower inductor;
8 —Susceptor; 9 —Shaped metal; 10 —Copper tray
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Fig. 3 Electromagnetic pressure distribution in dual frequencies as function of height of dual inductors
1—I1=1000A, I,=0A; 2—I,=1000A, I,=500A; 3—I,=1000A, I,=1000A;
4—1,=500A, I,=1000A; 5—I=0A, I,=1000A;
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Fig.4 Effect of frequency and ratio of magnetic
flux density on ratio of heat and force( Q/p )

1 —a= 4 mm, f= 300 kHz, B;=0.04T, B,=0.04T,

Ho= 5.03 He @ 'em™?;

2 —a= 4 mm, f = 300 kHz, f,= 10 kHz,
Ho= 5.03 H*Q 'em™?
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Fig. 5 Computed electromagnetic pressure for electromagnetic confining of elliptical(a) and

crescent moon(b) cross section shapes

1 —Electromagnetic pressure demanded by confining 60 mm height of aluminum melt;

2 —Electromagnetic pressure demanded by confining 40 mm height of aluminum melt.
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Fig. 6 Temperature gradient distribution in center

of test sample under electromagnetic
containerless confinement process
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Fig. 7 Electromagnetic containerless confinement test pieces of aluminum,
superalloy and stainless steel (a), (b) and their solidified structure (c)
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Fig. 8 Nearnet blade test pieces of superalloy shaped by electromagnetic soft-contact confinement
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Electromagnetic confinement and solidification control of Ni-base

superalloys under vacuum

FU Heng-zhi, SHEN Jun, HAO Qrtang, LI Shuang-ming, LI Jin-shan
(State Key Laboratory of Solidification Processing,
Northwestern Polytechnical University, Xi an 710072, China)

[ Abstract] Two advanced technologies of electromagnetic confinement to process the Fe and Ntbase alloys for castings and ingots
with shaped cross section were introduced. Based on systematically investigation on the distribution behavior of magnetic and tempera-
ture field and their coupling effect, the containerless electromagnetic shaping of stainless steel and superalloy test samples were success
fully realized by means of an specially designed vacuum apparatus with dual induction coils and dual frequencies and by using of a tar
lor-made crystallizator, the nearshape superalloy turbine blade castings with directionally solidified microstructure by electromagnetic
soft-contact confinement technology were also obtained. The dynamic stability and profile behavior of melt and temperature gradient
during electromagnetic confinement were presented, the results by quasr3D calculation simulating the electromagnetic shaping process

in consistent with experiments were also given.

[ Key words] electromagnetic confinement; directional solidification; superalloys; turbine blade
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