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Fig.1 Electromagnetic stirrer model(a) and mesh division(b)
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Fig. 2 Mold model(a) and mesh division(b) of crystallizer
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Fig. 3 Electromagnetic stirring intensity distribution distance
from center along mould radius at different electromagnetic
frequencies
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Fig. 4 Electromagnetic force distribution along mould radius:

(a) Different electromagnetic frequencies; (b) Different exciting

currents
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Table 1  Maximum electromagnetic force at different

electromagnetic frequencies and currents

Maximum electromagnetic force, F, max/(N-m73)

Current/
A 15 Hz 20 Hz 25 Hz 30 Hz
2 349.03 400.79  554.358  1009.61
3 299.91 413.94 606.08 985.4
4 504 707.13 1064 1104.7
5 394.02 459.7 973.02 1040
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WP BB HON: ThE 98 kW, FiEHE 380 V,
W 1~150 A, SR 1~30 Hz, WXL 3, WEHE4ME 230
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100 mm. FEISHCE X HEF R GE T 30004
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10° Wm. ERESEE4 2.1X107 Wem). SZRAR
A356 fH5 & SEBR T /E Magix(PW2424)X 3 H 0
2 PR

2 I A356 Gra Y
Table 2 A356 alloy composition for experiments (mass

fraction, %)

Si Mg Fe S Cu
7.140 0.330 0.135 0.011 0.002
Mn Zn Ti Zr Al
0.012 0.021 0.021 0.004 Bal.
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Fig. 7 Morphologies of primary phase in semi-solid A356 alloy at different electromagnetic frequencies: (a) 15 Hz; (b) 20 Hz;
(c)25Hz; (d) 30 Hz
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Numerical simulation and experimental research on
electromagnetic field-flow field during solidification of
semi-solid A356 aluminum alloy under electromagnetic stirring

LI Ze-wen', LIU Zheng', ZHAO Jun-chao', SUN Meng-tong?

(1. School of Mechanical and Electronic Engineering,
Jiangxi University of Science and Technology, Ganzhou 341000, China;
2. School of Material Science and Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: A two-dimensional finite element model of magnetic field and a three-dimensional finite element model of
flow field were established by using numerical simulation to study the effects of electromagnetic stirring parameters on
magnetic induction strength, electromagnetic force, and the maximum flow rate of semi-solid aluminum alloy melt, as
well as on the primary phase. The results show that the electromagnetic force in the melt gradually increased from inside
to outside due to the skin accumulation effect, and the magnetic induction intensity show the characteristics of “small
center and large edge” with the increase of electromagnetic frequency, and reach the maximum value at 0.80R—0.85R of
the radial direction of the crystallizer. When the electromagnetic stirring frequency is 25 Hz, the current is 4 A, and the
stirred time is 12 s, the melt flow rate is the largest compared with other parameters. The morphologies of primary phases
of semi-solid A356 aluminum alloy cast at 650 C are the best after electromagnetic stirring at 590 ‘C for 10 min at
stirring parameters of 590 °C, 30 Hz, 4 A and 12 s. Finally, the microstructure of semi-solid A356 alloy with the average
grain equal-area circle diameter of 80.6 pm and the shape factor of 0.78 is obtained.

Key words: semi-solid; A356 aluminum alloy; electromagnetic field; flow field; numerical simulation; Electromagnetic

stirring
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