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Numerical Modeling on Microsegregation with Tip-undercooling in
Weld Metal of Binary Alloys
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Abstract

The previously developed two dimensional model was modified in order to predict more accurately
the degree of microsegregation and eutectic fraction in weld metal whose solidification rate is very
fast. The model emlpoyed the same assumptions with previous model but considered of a tip
undercooling. The previously predicted microsegregation and eutectic fraction had the
discrepancies between simulated and examined results in the -weld metal solidification. The
experiments for the weld metal solidification of 2024 Al and Fe-Ni alloy were carried out in order
to examine the reasonability and feasibility of this modified model. The concentration profile of the
solute and eutectic fraction predicted by the simulation agreed well with those found from
experimental works. According to the results, it was believed that the dendrite tip undercooling
considered in the modified model be reasonable for predicting the degree of microsegregation more
accurately in weld metal solidification. In the GTA welds, degree of dendrite-tip undercooling
increases with increasing solidification rate(welding speed). This serves to increase the
concentration of dendrite core and thus result in reducing the degree of segregation. And solid
state diffusion{back diffusion) during solidification is very low in the weld metal solidification so
that little additional homogenization of solute occurs during solidification. With consideration of tip
undercooling this modified model can predict exactly degree of microsegregation and eutectic
fraction from slow solidification(casting) to fast solidification(welding).
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Table 1. Conditions of solidification of weld metal

Al-4.44%Cu Fe-17.3%Ni
Welding Cooling [Temperature| Welding Cooling |Temperature
Speed Rate Gradient Speed Rate Gradient
(em/min) (t/s) (t/m) (cm/min) (t/s) (¢/m)
4
10 74.3 4.46%10 15 240.0 9.6x10°
15 258.6 1.03x10°
20 374.6 1.12x10° 30 3173.3 7.4x10°
30 487.9 | 9.76x1C° 50 8425 | 1.02x10°
40 572.0 8.58x10*
60 18150 | 182x10° | 80 2857.8 | 2.2x10°
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