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Multi-Field Coupled Analysis on Quenching Process of Gear Steel
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Abstract A multi-field coupled analysis on temperature, structure and stress field of 0. 21C-1. 03Cr-0. 20Mo-0. 03Nb
gear steel cylinder in quenching process has been carried out by using FEM software MSC. Marc, combined with thermal e-
lastic and plastic models and compiled sub programme. The results showed that the internal siress produced in quenching

process promoted martensite transformation, in martensite phase transformation conditions the structure stress surpassed
thermal stress led to residual stress in quenched piece presented structure stress distribution. Comparison between calculat-
ed value and measured value indicated that the calculated results of quenching stress simulation will be more precise with

considering interactions between transformation and stress.
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Fig.2 Heat transfer coefficient of quenchant
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Table 1 Main physical parameters for simulating calcula-
tion of gear steel
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(o)t (kg K) -t (BZEED T) (kg - m”
25 45,26 0.51 7 820

100 46.39 0.55 12. 10 7 820
200 46.73 0.60 12.55 7 820
300 45.80 0.65 13.05 7 820
400 45.71 0.73 13.65 7 820
500 40.11 0.75 14.25 7 820
600 35.04 0.80 14,70 7 820
. 700 28.30 0.85 15.12 7820
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Fig.3 Variations of volume percentage of martensite in gear
steel in quenching process
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Fig.4 Variation of stress in gear steel in quenching process: (a) axial at surface nodes; (b) axial at inner nodes; (c) tangent at surface

nodes; (d) tangent at inner nodes
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Fig. 5 Calculated and measured values of surface residual

stress in quenched gear steel: (a) axial stresa; (b) tangent stress
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