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Synopsis: Quenching process for the production of high strength parts often causes a problem that the shape accuracy
is deteriorated due to non-uniform deformation of the precisely machined parts during the heat treatment. It is
known that the deterioration is caused by cooling conditions such as the part-shape, stacking, and agitation of
coolant. In particular, gears are ground to remove these deformations, but they require restraining non-uniform

deformations to reduce the production loads and costs.

In this study, a heat treatment distortion simulation system was applied to a spur gear to clarify the cause of
heat treatment deformation. The generation and collapse behavior of vapor film on the spur gear was observed,
and the cooling curves were measured by laboratory experiments. Based on the experimental results, heat
transfer coefficients of each points of the specimen were identified. Also, the quenching deformation was
calculated by means of an FEM model. As a result, the spur gear shape was deformed to a trapezoid with a
large top after the quenching treatment. It was clarified that the quenching deformation of spur gear was mainly
caused by transformation plasticity strain generated by the non-uniform cooling in the vertical direction near the
transformation temperature.

Keywords: heat treatment; quenching; spur gear; vapor film; FEM; quenching deformation.
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Fig. 1 Appearance of cooling capacity measurement equipment.
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Fig. 2 Appearance of spur gear.
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Fig. 3 Heat pattern for oil quenching test.
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Fig. 4 Positions of temperature measurement on spur gear.
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Table 1 Numerical simulation conditions.

FEM code DEFORM HT™

Type of elements 6 node hexahedral element
Number of elements 18880

Steel type S45C

Quenching temperature ~ 850°C

Oil temperature 80°C

Fig. 5 Numerical simulation models of spur gear.
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Fig. 6 Transition of vapor film during quenching.
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Fig. 7 Measured cooling curve of spur gear.
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Fig. 8 Measured deformation amount of quenched spur gear.
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Fig. 9 Measured deformation of tooth profile.
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Fig. 11 Comparison of cooling curve between measured value and calculated value.
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Fig. 12 Calculated deformation of quenched spur gear.
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Fig. 13 Behavior of deformation and strain of spur gear during quenching.
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Fig.14 Difference of radial direction strain after quenching by simulation.
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