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Magnetic thermo coupled finite element method simulation of
micro melting bath in melting spinning

HU Zhryong, LIU Xuefeng, SU Shun, XIE Jian-xin
(School of Materials Science and Engineering,

University of Science and T echnology Beijing, Beijing 100083, China)

Abstract: The finite element model of temperature field of micro melting bath in melting spinning was developed
based on the fabrication of glass-coated pure copper. By using the method of magneticthermo coupling, the influ-
ence rules of some process parameters, including the mass of raw material, heating current, the number of turns and
cone angle of induction coil, on mean temperature and temperature difference between the bottom and top of micro
melting bath were analyzed. The results show that the mean temperature decreases and temperature difference in-
creases with the mass of raw material increasing, and the heating current has great effect on the temperature of mr
cro melting bath, and the spiral induction coil of 4 turns and cone angle of 110° is more suitable for comprehensive
results. Based on the numerical simulation results, the glass coated pure copper microwire of 14 Hm in core diameter
and 15 Pm in glass coated thickness was fabricated.
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Fig. 1 Basic principle of melting spinning
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Fig. 2 Model of finite element analysis
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Table 1 Main model parameters

T hickness of

glass tube/ mm

Internal diameter of

Length of

glass tube/ mm glass tube/ mm

8 1 600

Frequency of Diameter of Gap between

inductor/ kHz

Heating

current/ A copper tube/mm  turns/ mm

125 100 ~ 800 6 2
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Fig. 3 Finite element mesh
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Table 2 Physical property parameters of materials

. Electrical Heat
. Relative L. :
Material bilit resistivity/ conductivity/
permeability T (Wem-!+K 1)
Liquid copper 1 2.11x 1077 170. 00
Induction coil 1 — —
Air 1 — —
Glass tube A 1 1 == 1.79
Glass tube A2 1 — 1.76
Glass tube A5 1 — 1. 50
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Table 3 Boundary conditions of thermal analysis

Mass of Coefficient of heat transfer of outside surface/ (W * m~ 2« K= 1) Heat flux density/ (W * m~?)
copper/
o Al A2 AS Metal surface Internal surface of A5
1 175.48 178. 50 467.0 - 3.93x 10* 1.48 % 10°
2 175.48 155.48 519.4 - 3.92x 10* 1.63x 10°
3 175.48 150. 19 574.0 - 3.91x 10* 1.82x 10°
4 175.48 147.70 742.0 - 3.90x 10* 2.05x% 103
5 175.48 145.75 727.5 - 3.90x 10* 2.38x 103
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Fig. 4 Distribution of magnetic induction intensity
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Fig. 5 Temperature distribution of

pure copper micro melting bath
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Fig. 6 Effects of mass of pure copper on
mean temperature and temperature difference

between bottom and top of micro melting bath
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Fig. 7 Effects of heating current on
mean temperature and temperature difference

between bottom and top of micro melting bath
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Fig. 8 Effects of number of turns on

mean temperature and temperature difference

between bottom and top of micro melting bath
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Fig. 9 Effects of cone angle on
mean temperature and temperature difference

between bottom and top of micro melting bath
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copper microwire
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