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Optimization of the Quenching Process for 30CrMnSiA Alloy Steel Parts and Prevention
and Control Measures for Workpiece Cracking Defects
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Abstract: 30CrMnSiA alloy steel is widely used in key load-bearing components in aerospace and defense industries
due to its high strength and good hardenability. However, its quenching process window is narrow, and workpiece
cracking has long remained unresolved. Based on the phase transformation characteristics and stress evolution laws
of this steel grade, this paper systematically investigates the effects of quenching temperature, cooling medium type,
isothermal quenching system, and quenching-partitioning process on microstructural transformation and macroscopic
mechanical properties. The results show that when the quenching temperature is controlled at 880-900°C and
isothermal quenching at 330-360°C is adopted, a multiphase structure composed of lower bainite and lath martensite
can be obtained. The tensile strength remains above 1,550 MPa, the impact toughness increases by more than 30%,
and the peak residual stress is significantly reduced. On this basis, comprehensive strategies for cracking prevention
and control are proposed from four aspects: source control of metallurgical quality, optimization of heating and
cooling processes, structural stress relief, and whole-process monitoring. The study provides reference for the stable

improvement of heat treatment quality of 30CrMnSiA steel parts in engineering practice.
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