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Numerical simulation of spiral magnetic field of
electromagnetic stirring

ZHAO Qian', ZHANG Xing-guol, ZHANG Huan-yuel, GUO Jian-she', HOU Xiao-guang2, FANG Can-feng1

(1. School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China;
2. Equipment Institute, Baoshan Iron and Steel Company Limited, Shanghai 201900, China)

Abstract: A new three-dimensional finite element model describing the electromagnetic field distribution in the new-type
multi-functional electromagnetic stirrer with different magnetic fields was developed. The influences of the exciting
current, stirring frequency and space position of the stirrer on the magnetic induction intensity and electromagnetic force
were analyzed. The results show that the simulated magnetic field in the mold is in good agreement with the measured
data in the real stirrer. The magnetic induction intensity increases linearly with increasing the exciting current, and
decreases with increasing the current frequency. On the same height of mold, the magnetic induction intensity gradually
increases from the center to the wall of mold and reaches its maximum in the middle position of the stirrer and becomes
smaller towards the end of the mold. The electromagnetic force increases with the increase of the exciting current and the
stirring frequency. And the electromagnetic force reaches the maximum value in the bottom and gradually attenuates from
the bottom to the top along the axial direction. And along the radial direction, the electromagnetic force slightly decreases
toward the center of the ingot. The calculation results under different magnetic fields show that, the spiral magnetic field
has stronger magnetic induction intensity and electromagnetic force at the same stirring parameters, which causes
intensive flow in a larger zone of the molten metal along the radial and axial direction, thus promotes the formation of
ellipsoidal or equiaxed grains and reduces the macrosegregation.
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Fig. 1 Schematic diagram of experimental setup: (a) Multi-

functional stirrer; (b) Power control cabinet
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Fig. 2 Measuring positions of magnetic induction intensity of

electromagnetic stirrer
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Fig. 3 Calculation and finite element model of electromagnetic field: (a) Calculation model of pole coil; (b) Finite element model

of pole coil; (c) Calculation model of shell profile map; (d) Finite element model of shell profile map
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Table 1 Main computation parameters

Parameter Value
Cross-sectional area of coil/m” 0.066
Number of windings 52
Electrical resistivity of coil/(Q2-m) 1.7X1078
Stirring frequency/Hz 10
Current intensity/ A 50-125
Elecmcazlﬂrlis}l]/s(tg.lg)of Pb-Sn 48X 107
Density of Pb-Sn alloy/(kg-m °) 7130
Electrical resI;s(t)ll\(;l/t(};2 011;1 s)talnless steel 714X 107
Relative permeability of iron 1.2
Electrical resistivity of iron/(2'm) 9.71x 1078
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Fig.5 Comparison of measured and simulated results of different magnetic induction along axial((a)~(c)) and radial((d)~(f)) in stirrer
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Fig. 6 Comparison of electromagnetic force of molten metal under different magnetic fields along radial direction: (a) Spiral

magnetic field at different exciting currents; (b) Rotating magnetic field
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