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Abstract: Meltflow-VAR software was employed to simulate the vacuum arc remelting process of $660 mm large-scale in-
got of M54 ultra-high strength steel, six processing curves with steady-state melting rates of 3.6, 3.9, 4.2, 4.5, 4.8,
and 5. 1 kg/min were selected for the study. Calculation results showed that as the melting rate increased, the depth and
volume of the molten pool increased. The molten pool was completely in contact with the crucible at the melting rate of
4. 8 kg/min or above, resulting improved cooling effect. The primary dendrite spacing monotonically increased with the in-
crease of melting rate, while the local solidification time and secondary dendrite spacing decreased with the increase of
melting rate in the range of 3. 6-4. 8 kg/min, whereas no significant change in the range of 4. 8-5. 1 kg/min. To verify the
simulation results, a melting rate of 4. 2 kg/min was chosen for industrial trial production. The shape of the molten pool
was in good agreement with the calculated results. The degree of macro-segregation in steel ingots was relatively low, while
the degree of micro-segregation (dendrite segregation) could reach over 30%. Micro-segregation was positively correlated
with the spacing between secondary dendrites in the presence of secondary dendrite structures, while positively correlated
with the spacing between primary dendrites in the absence of secondary dendrite structures. Taking into account the influ-
ence of melting rate on the shape of the molten pool, dendrite spacing and element segregation, it is recommended to opti-
mize the steady-state melting rate to 4. 8 kg/min.

Key Words: M54 Ultra-high Strength Steel; Simulation of Vacuum Arc Remelting Process; Molten Pool Geometry; Den-
drite Arm Spacing; Micro-segregation
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Fig. 1  Schematic diagram of vacuum arc remelting process
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Fig. 2 Schematic diagram of vacuum arc remelting simulation
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Fig. 3 Molten pool depth under different melting rates
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Fig. 10 Comparison of characterization and calculation of molten pool morphology for solidification structure at the feeding end of the

steel M54 VAR ingot
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Table 4 Measured dendrite spacing and elemental segre-
gation coefficient of the steel M54 VAR ingot

i Fh 4t L
g AR TREL MofbT WAL TIREL Mo
pm it/ pm EX 14 fh/pm  fH/um EX

L 7273 4654 0.680 444 - 0.769

R/2 615.4 268.1  0.725 2576 - 0.806

H% 254.4 - 0.787 320 - 0.752
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