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Heat Treatment Process Design of CrMoSC1 Steel by Prediction of
Phase Transformation and Thermal Stress Analysis

B. H. Choi', S. Y. Kwak, J. T. Kim and J. K. Choi
Center for e-Design, Korea Institute of Industrial Technology, Incheon 406-800, Korea

Abstract Although heat treatment is a process of great technological importance in order to obtain desired
mechanical properties such as hardness, the process was required a tedious and expensive experimenta-
tion to specify the process parameters. Consequently, the availability of reliable and efficient numerical sim-
ulation program would enable easy specification of process parameters to achieve desired microstructure
and mechanical properties without defects like crack and distortion. In present work, the developed numeri-
cal simulation program could predict distributions of microstructure and thermal stress in steels under differ-
ent cooling conditions. The computer program is based on the finite difference method for temperature
analysis and microstructural changes and the finite element method for thermal stress analysis. Multi-phase
decomposition model was used for description of diffusional austenite decompositions in low alloy steels
during cooling after austenitization. The model predicts the progress of ferrite, pearlite, and bainite transfor-
mations simultaneously during quenching and estimates the amount of martensite also by using Koistinen
and Marburger equation. To verify the developed program, the calculated resuits are compared with experi-
mental ones of casting product. Based on these results, newly designed heat treatment process is pro-
posed and it was proved to be effective for industry.
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Fig. 1. Diagrams of CrMoSC1 steel[14]; (a) IT diagram,
(b) Estimated maximum volume fraction.
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Table 1. Chemical composition of CrMoSC1 steel
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Fig. 2. A cast journal box for heat treatment process

design application; (a) Shape of journal box, (b)
Schematic illustration of 5 test points for examination of
temperature and microstructure.

Composition, wt.%
C Si Mn P S Cr Mo
Nominal 0.2~0.3 0.3~0.6 0.5~0.8 < 0.04 < 0.04 0.8~1.2 0.15~0.3
Specimen 0.272 0.354 0.581 0.031 0.003 0.998 0.170
Product 0.24 0.44 0.72 0.021 0.016 0.92 0.24
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Table 2. Physical properties of CrMoSC1 steel

Temp. (°C) Density (kg/m®) Specific heat (J/kg K) Heat conductivity (W/m K)
100 7840 477 42.7
300 7820 544 40.7
500 7720 657 37.2
700 7660 829 31.0
800 7630 837 30.1

Table 3. Mechanical properties of CrMoSC1 steel[15,16]

Temp (C) Young modulus (Pa) Poisson ratio Expansion coefficient (K-1) Yield stress (Pa)
25 221 x 10° 0.287 11.3x 107 274 x 107
200 180 x 10° 0.292 13.1x 107 268 x 107
400 151 x 10° 0.298 14.3x 107 262 x 107
600 95 x 10° 0.308 14.8 x 107 178 x 1078
800 60 x 10° 0.340 15.4 x 107 57x107¢
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Fig. 4. Distribution of phases at 30 minites in normali-
zing; (a) Ferrite, (b) Bainite, (¢) Martensite.
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Fig. 5. Predicted fraction of phases at test points after oil
quenching; (a) point #1, (b) point #5.
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Fig. 6. Distribution of phases at 250 seconds in oil
quenching; (a) Bainite, (b) Martensite.
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Fig. 8. Distribution of thermal stress and deformation
shape after oil quenching; (a) Distribution of Von Mises
stress at 25°C, (b) Final deformation shape (x 20).
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