EXE D »>>>>
AN)ALFYDBREANICESZIERZaL—2aYy

Finite Element Simulation of Quenching Deformation in Helical Gears
B SRR RN R
NAGOSHI Ryota, FUJIMATSU Takeshi

Abstract: In recent years, higher dimensional accuracy of gears has been required to improve noise performance
in electric vehicle drivetrains, making distortion caused by quenching a critical issue. In particular,
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eliminating post-quench tooth grinding requires accurate prediction and control of heat-treatment-induced
deformation. This study aims to establish a generalized simulation model capable of accurately
predicting quenching deformation and hardness distribution of helical gears by considering local cooling
characteristics.

Oil quenching experiments were conducted on helical gears made of S45C and SCM420 steels.

Vapor film behavior on gear tooth surfaces was directly observed using a high-speed camera, while
near-surface temperatures were measured at multiple locations during quenching. The results revealed
asymmetric vapor film collapse and cooling rates between the acute and obtuse edge sides of helical
gear teeth. Based on the measured temperature histories, region-dependent heat transfer coefficients
were identified through inverse analysis and incorporated into a three-dimensional finite element
simulation.

The proposed model successfully reproduced the experimentally observed tooth trace deformation and
hardness distribution of S45C gears, including asymmetric deformation caused by edge-dependent
cooling. Furthermore, by changing only the material properties, the simulation captured the deformation
characteristics of SCM420 gears, suggesting that the proposed approach can also be extended to
carburizing steels. Strain component analysis clarified that transformation strain dominates tooth trace
deformation in S45C, whereas plastic and transformation plastic strains play a significant role in SCM420.
These results indicate that steel hardenability alters the dominant strain components governing
deformation. The developed simulation framework provides a versatile and high-accuracy tool for
predicting quenching deformation of helical gears and contributes to improved gear quality without
additional finishing processes.

Keywords : helical gear; oil quenching; heat treatment distortion; asymmetric cooling; vapor film behavior;

heat transfer coefficient; finite element simulation; tooth trace deformation; hardness distribution;
case-hardening steel
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Fig.1  Appearance and Edge Geometry of the Helical Gear
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Fig.2 Overview of the Cooling Capacity Measurement Equipment
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Table 1 Numerical Simulation Conditions

FEM code | DEFORM HT™

Type of elements : 6 node hexahedral element
Number of elements : 18960

Steel type | S45C, SCM420
Quenching temperature E 850°C

Oil temperature E 80°C
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Fig.6 Cooling Curve of the Helical Gear from the Quenching Experiment
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Fig.7 Tooth Trace Profile of the S45C Helical Gear after Quenching
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Fig.8 Hardness Profile of the S45C Helical Gear
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Fig.9 Heat Transfer Boundary Conditions and Comparison of Experimental-Calculated Cooling Curves (Example of the Upper Part of the Model)
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Fig. 10 Quenching Experiment Results of the SCM420 Helical Gear
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Fig.11 Hardness Profile of the SCM420 Helical Gear
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