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Abstract: In response to the urgent demand for lightweight design and high reliability of heavy-duty vehicle drive axle
housings, a novel low-carbon low-alloy cast steel, 20Si2MnCrNi, was developed for axle housing applications, and its
comprehensive properties are superior to those of traditional E-grade axle housing cast steel. When the conventional
casting process for E-grade cast steel was applied to this material, severe shrinkage cavity and porosity defects were
prone to occur in the heavy thermal sections at the bottom of the axle housing, and the strength-toughness potential of
the material could not be fully exploited. Therefore, a technical strategy combining casting process optimization with
secondary normalizing and quenching-tempering treatment was proposed to improve the strength and toughness of
20Si2MnCrNi cast steel axle housing. Numerical simulation was employed to reveal the root cause of defect formation
under the original process. By optimizing the closed gating system and adding exothermic insulating risers, the filling
and solidification processes were synergistically controlled, and the shrinkage cavity and porosity defects in the critical
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regions of the casting body were successfully transferred to the process system, thereby obtaining a predictive criterion
value for shrinkage cavity and porosity defects applicable to 20Si2MnCrNi cast steel axle housing. On this basis, in order
to eliminate the heredity of coarse as-cast grains, a secondary normalizing pretreatment combining high-temperature
homogenization at 1 000 °C and low-temperature refinement at 900 °C was designed. The results show that this process
can effectively refine the prior austenite grains, with the grain size significantly improved to grade 8.5. Combined with
quenching at 920 °C and high-temperature tempering at 610 °C, the axle housing material finally achieved an excellent
strength-toughness balance, with a tensile strength of 944.4 MPa, yield strength of 8§25.1 MPa, room-temperature impact
energy of 90.43 J, surface hardness of HB259.3, and low-temperature impact energy of 36.2 J at -40 °C.

Key words: 20Si2MnCrNi cast steel; axle housing; numerical simulation; secondary normalizing; quenching and

tempering treatment
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Fig. 9 Microstructure morphologies after quenching at 920 °C and tempering at 280 “C under different primary normalizing temperatures
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