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A Study of Flow Rate Control of Molten Metals by Electromagnetic

Pump

Kenji CHuwa, Mitsuo ITO, and Katsuhiko NORO

Synopsis:

induction electromagnetic pumps.

The flow rate control of molten metal was investigated by means of a pair of 3 phase 200 V flat type linear

Two pumps of each capacity 11.5 KVA were placed at both sides of the vertical nozzle and were operated
to induce the force in the direction opposite to the free falling of the metal.

The molten metals used were Al alloy and cast iron.

For Al alloy, the flow rate decreased from 1.20 Kg/sec to 0.83 Kg/sec by increasing the input voltage from
0 to 200 V, resulting in the maximum control of the molten metal flow rate of 30%,.

For cast iron, the power output of the pumps was not sufficient to control the flow rate, because of the
lower electrical-conductivity of cast iron as compared with Al alloy.

These results were confirmed theoretically, and the data necessary for design of electromagnetic pump were

obtained.

(Received July 17, 1971)
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Photo. 1. Test electromagnetic pump.
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Fig. 1. Schematic drawing of test-fabricated

electromagnetic pump.
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Table 1. Specification of electromagnetic pump.

Flat-type linear

Type induction pump

2
Input 3 %%als_ﬁ 00V,
:Capacity 11'-5KVAXx2
Total weight (per pump) 77-0 kg
Weight of copper coil 32-4 kg
Breadth of core 100 mm
Length of core 550 mm
Thickness of core plate 0:35 mm

2mm ¢ copper

Material of coil wire insulated

up to 220°C
Pole No
Pole pitch i 132 mm
Turn No (per phase, per pole) | 180
Connection . Star
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Fig. 2. Positions measured magnetic flux density.
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Fig. 4. Magnetic flux density at the center of

the clearance and at the core surface.
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Fig. 5. Relation between magnetic flux density and
distance from center.
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Fig. 6. Schematic drawing of equipment for exami-
nation of properties of electromagnetic pump.
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Fig. 7. Relationship between input voltage and
generating force for varying clearance
(aluminum sheet, 10 mm).
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Fig. 8. Effect on generating force of thickness of
metal sheet (clearance 42 mm).

~ Table 2. Chemical composition of lautal (%).

Al Cu Si Mg Zn Fe Mn Ti

88°7|1-40 (6-99 | 0-53 | 111 | 1-05|0-14 | 0-09
Table 3. Physical properties of lautal.
Density (at 20°C) 2'68 g/cm?

- Specific heat (at 100°C) 0-23 cal/g°C
Thermal conductivity (at 25°C) O'SSCgaé/cm,

Electric conductivity (at 20°C) (4'4x10-6)-1
(2cm) 1t
Latent heat of fusion 93 cal/g
Melting Liquidus temperature ~ 610°C
point Solidus temperature | 579°C
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Fig. 9. Schematic drawing of  equipment for expe-
riment on flow rate control molten lautal.
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Fig. 12. Relationship between input and flow rate

(Generating force induced by pump was
applied to reduce the flow rate of free
falling molten lautal).
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Table 4. Values and symbols used in calculation
of pressure developed by electromagnetic

pump.
Factor Symbol Value
"Magnetic flux T
density Bm 350 Gauss
Electric o B
conductivity o (I15x10-8) -4 (2 ecm) 1
Frequency f 50 Hz
Slip s 1
Pump length 1 55 cm
Pole pitch T 13°2 om
Coeff. of edge
effect K 1

EE 0015 kg/cm? TdH 5 DT, 0°15/0°3x100=50%
Ly, HBMEE L VNS0 THITERFET
BTN B IOEBEETZEHR LT L0, BRI
DHDIBENRBD LI 5D EFELLND.
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