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Numerical simulation of mold rotation and its effect on carbides in HSS ESR ingot
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ABSTRACT High-speed steel contains a large amount of carbides, the shape and distribution of which have an important influence on
its quality. To improve the distribution of carbides in M2 high-speed steel, the temperature field and the shape of the metal pool during
the mold-rotation process were investigated in detail using a numerical simulation. Moreover, the effect of the mold-rotation speed on the
electroslag remelting process was investigated using a rotating bifilar electroslag remelting furnace under laboratory conditions. The
morphology and distribution of carbides in an ESR ingot were observed using an SEM, and the composition of carbides was analyzed
through an electrolytic extraction experiment. Results show that with increase in mold rotation speed, the high-temperature zone of the
slag pool moves from the core to the edge. Moreover, the temperature distribution becomes uniform. The depth of the metal pool
becomes shallow, and the thickness of the two-phase region decreases, which results in a short local solidification time and small
secondary dendrite spacing. Correspondingly, with the increase in the mold rotation speed, the slag skin of ESR ingot becomes thin and
more uniform than earlier. The cooling intensity of the mold on the ESR ingot is high, and the carbide network begins to break and
become thin. The morphology of carbides changes from flake to fine rod. XRD analysis determines whether the mold rotates or not,

carbides always comprise M,C, MC, and MC. However, the content of M,C increases and the contents of MC and M4C decrease with

Y %5 B #5: 2019-07-07
EE&TH: MK A AR FEE VB H (51574001, 51774003) 5 40k 1A 487 B B 5 5 0 S0 960 = P03 4 W Bh 3 B (KF19-05) 5 L #A8 =A%
P HEAA T HH R B H (gxyqZD2017034) 5 48 Tl K2+ 815 VI 2:35 H (201910360013)


mailto:clz1997@163.com
mailto:clz1997@163.com
mailto:clz1997@163.com
mailto:clz1997@163.com
https://doi.org/10.13374/j.issn2095-9389.2019.07.07.001

XS BH A 405 i e T e BT ASE 400 B 0 T S0 L i B ik £ 00 1 52 T - 517 -

the increase in mold-rotation speed. The main reason for the improvement in the carbide structure is that the mold rotation decreases the

metal pool depth and two-phase zone thickness, which improves the solidification conditions and reduces the element segregation.

KEY WORDS clectroslag remelting; high speed steel; carbide; mold; numerical simulation
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Table 1 Relevant parameters required for calculation
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Parameters Value
Thickness of slag pool/mm 40
Electrode diameter/mm 28
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Fig.1 Joule heat distribution of slag pool with different mold-rotation speeds
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Fig.2 Variations of the flow and temperature fields on the slag pool surface with different mold-rotation speeds
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