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Fig.1 Geometry model of electromagnetic stirrer
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Table 1 Material performance and thermo physical

properties
Property Value
Temperature/K 273 373 473 573 673 773

Thermal
9.41 10.47 11.72 12.14 13.4 14.65
conductivity/W m™ K*

Cold kgt K! - 573 641 699 739
Solidus temperature/K 1877
Liquidus temperature/K 1933
Density/kg m™ 4200
coesﬁl‘J i:ciaecnet/tlfl n-rsr: ’Oln-K'1 ~3.5%10"
Dynamic 105510

viscosity/m? 5™
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Fig.2 Mesh model of substrate
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Fig.3 Distribution of velocity vector on melt pool surface:
(a) without EMS and (b) with EMS (60 A, 15 Hz)
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Fig.4 Maximum velocity variation in melt pool with time
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Fig.5 Distribution of temperature in surface of melt pool: (a) without EMS (1 s), (b) without EMS (4 s), (c) with EMS (1 s), and

(d) with EMS (4 s)
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Effect of Electromagnetic Stirring on Melt Pool Solidification of Laser Melting
TAL15 Titanium Alloy

Yang Guang, Zhao Endi, Qin Lanyun, Ren Yuhang, Wang Wei
(Key Laboratory of Fundamental Science for National Defence of Aeronautical Digital Manufacturing Process,
Shenyang Aerospace University, Shenyang 110136, China)

Abstract: In order to study the effect of electromagnetic stirring on melt pool solidification, a three-dimensional magnetic-thermal
coupling numerical simulation was conducted on the process of single-pass laser melting TA15 titanium alloy with and without the
magnetic field based on the finite volume method. The influences of electromagnetic field on temperature field, flow field,
temperature gradient and solidification rate were analyzed. Then the numerical simulations were verified by experiments. The
results of numerical simulation show that the maximum melt pool flow velocity increases by 20%, and it promotes the heat
exchange, which decreases the highest temperature of melt pool and the temperature gradient on solid-liquid interface, and
increases the solidification rate slightly; thus columnar-to-equiaxed transition at the top of melt pool appears. The experiment
results indicate some equiaxed grains are generated at the top of melt layer with the magnetic field. Electromagnetic force is
enlarged with an increase in the distance from magnetic field center, and the equiaxed grain zone shows an expanding tendency.
The numerical simulations are in good agreement with the experimental results.
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