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Abstract: Numerical simulation was carried out on the vacuum arc remelting (VAR) process of CrNiMoAlTi series
precipitation-hardening stainless steel using the Meltflow-VAR software. The effects of different melting rates, helium
pressures, and feeding processes on the molten pool morphology and the formation tendency of ingot black spot defects dur-
ing the VAR process were calculated, and statistical analysis of inclusions was also performed. The results show that with
the increase of melting rate, the molten pool morphology transforms from a shallow and flat "U" shape to a deeper "V"
shape, and the mushy zone also expands with the rising melting rate. When the melting rate is 5. 0 kg/min, the formation
tendency of black spots in the core region is minimized, which is conducive to the floating of inclusions. The heat transfer
efficiency of the helium layer increases with the increase of helium pressure. At a helium pressure of 300 Pa, the depth-
diameter ratio of the molten pool reaches the minimum value, which is beneficial to heat transfer, reduces the risk of ele-
ment segregation, and significantly improves the formation tendency of ingot black spots. The optimal setting of melting
rate reduction rate in the feeding stage is 0. 03 kg/min, which can increase the cooling rate of the feeding end and improve
the formation tendency of ingot black spots. After the VAR process, the total number of TiN inclusions in the center of the
ingot is less than that in the edge region of the ingot, and the total number of inclusions in the head of the ingot is more
than that in the tail of the ingot. No inclusions larger than 25 pm are found in any part of the ingot, and the rating of vari-
ous inclusions is < 0. 5.

Key Words: Precipitation-hardening Stainless Steel; Vacuum Arc Remelting; Numerical Simulation; Black Spot Defect;
Inclusion
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Table 1 Chemical composition of designed alloying elements in the test steel %
C Cr Ni Mo Al Ti S P Fe
<0.015 12.0~13.0 10.0~12.0 2.0~3.0 1.0~2.0 0.30~0.4 <0.01 <0.01 Hax
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(a) Schematic diagram of the VAR process; (b) Two—dimensional axisymmetric model of the VAR process and its computa-
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Fig. 2 Evolution of molten pool morphology and temperature field during the VAR process of the alloy under different melting rate
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