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Induction pump for high-temperature molten metals
using rotating twisted magnetic field

- Preliminary experiment with solid conductors -
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A new electromagnetic pump applicable to high-temperature molten metal in cylindri-
cal ducts is proposed. A rotating twisted magnetic field is generated by the stator with
three couples of helical windings. Axial thrust as well as rotational torque acts on the
secondary conductor. It is verified that the thrust is actually obtained on preliminary ex-
periments with a prototype stator and solid secondary conductors. The slip-thrust curve

is discussed for various conductivities of the secondary conductors.
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Three couples of windings
connected to 3-phase AC
power supply

Phase 1
Phase 2
Phase 3

Fig. 1 Windings and magnetic field; (a) Stator of an ordinary three-phase two-pole induction motor,
(b) Stator of the induction pump for high temperature molten metals: three couples of helical windings

and rotating twisted magnetic field.
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Fig. 2 Lorentz force by the rotating twisted magnetic field; (a) Secondary conductor installed in the
rotating twisted magnetic field, (b) Induced current in the secondary conductor, (c) Torque in G-G

cross section, (d) Thrust in H-H longitudinal section.
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(a) Side view. (b) Top view.

Fig. 3  Prototype of the stator.
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Table 1 Specification of the stator.
Inner diameter ¢ 80mm
Outer diameter ¢ 180mm
Length of yoke 252mm
Twist angle of the coil 45 degree
Number of coil windings (M) 50 turn
Number of poles 2
Number of phases 3

Fig. 4  Silicon steel plate with six slots.
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Table 2
magnetic flux density in the central cross section
z = 0[mm] when 7 = 10[A], N = 50.

Average of root-mean-square values of

r=0[mm| r = 35[mm]
Bx = By Br B_9
mT] mT]  [mT]
Measurement, 14.8 17.1 15.8
Predictiont 13.9 18.1 15.3

fPredicted values are given by Eqgs.(21).
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Fig. 5 Axial distribution of root-mean-square
value By of magnetic flux density when

7 = 10[A], N = 50.
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Table 3
ondary conductors at 293[K].

Conductivity of materials of the sec-

Nomenclature of Material Conductivity
o [Sm™!]
Jopper Cu 5.8 x 107
Brass Cu-40Zn 1.5 x 107
Stainless Steel  Fe-18Cr-8Ni 0.2 x 107

Irig. 6

solid metals.

Cylindrical secondary conductors of
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Fig. 7

ment system.

Configuration of the thrust measure-
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Table 4  Conditions of the experiments.
Rotation Frequency Voltage Measurement range
f[Hz] VIVl
Lock Test Lock 50 Manual increase 0 ~ 30[A]
Free-Rotation Test Free acceleration 50 Fixed Up to terminal
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Fig. 8 Thrust on the lock tests. R
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function of the thrust on the free-rotation tests.
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Fig. 10 The relationship between the slip and
the skin depth.
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Table 5

the synchronous condition.

Slope of the slip-thrust curve around

Material f”(dﬂz )s=0 0~1j—2(%)320
[NA~Z] [NQmA 2]
Copper 0.3 0.5 x 1078
Brass 0.08 0.5 x 1078
Stainless Steel  0.01 0.5 x 1078
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