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A Study on Distortion Induced by Elasticity and Heat Treatment

of Automotive Bevel Gears

H.Y. Kim, M.G.Kim, J.R. Cho, W.B. Bae and J.H. Lee

Abstract
Recently many kinds of gears have been produced by forging in order to enhance the mechanical properties of the gears

and the productivity of the process. Developments in forging technology are the reason for the increased usage. However,

a critical problem of the forged gears is the dimensionai change or distortion caused by elastic recovery after forging, and

relief of the residual stresses during subsequent heat treatments. Distortion is of great concern to the manufacturers of

precision parts, because it influences directly the dimensional accuracy and the grade of carburized bevel gears. In the

present paper, distortion due to elastic and heat treatment of bevel gears is investigated. Distortions of forged gears,

machined gears and die aremeasured and compared. Numerical analysis is used to simulate the complete cold forged

process and heat treatment process for the machined gears and shows good agreement with the experimental

measurements.
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Heat treatment (&3)2]), Elastic deformation (243 3), Bevel gear(¥]"87]}), Cold forging
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Table 1 Analysis conditions of bevel gear

Material SCM420H
Properties E(187GPa), v(0.3), Y(350 MPa)
Stress-strain relation 0=890 PR (MPz)
Number of mesh 8000
Friction factor(m) 0.1
Simulation mode Isothermal

Table 2 Elastic distortion of bevel gear by analysis

Measured position Out dia. |Height
Elastic distortion of bevel gear(mm) 0.155 {0.376
Distortion ratio(%) 0.220 (2413
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Table 3 Elastic distortion of bevel gear by analysis

Measured position Out dia. |Inner dia.|Height
Distortion{mm) 0.052 0.090 |0.062
Distortion ratio(%) 0.034 0.333 10.174
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Fig. 1 Distortion of heat-treated tooth profile of
machined bevel gear predicted by F.E.M.
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Fig. 2 Contact-type 3D-Scanner(MICROCELL)

Table 4 Chemical composition of SCM420H

CiSi|Mn/ P|S {Ni|Cr|Mo|l Cu

Max.(%) 123|35]90|30(30(25|125/35| 30

Min.(%) |[17/15|55|/ 0|00 {85|15| ©

Actual value| 20227513 |19| 1 [100{25]| 1
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Table S Comparison of total elastic distortion between

die and bevel gear

Table 6 Elastic distortion of bevel gear by analysis

Measured position Out dia. |Inner dia.| Height
Cold-forged bevel gear by heat treatment
Distortion(mm) 0.043 0.017 | -0.039
Distortion ratio(%) 0.063 0.118 | 0.108
.Machined bevel gear by heat treatment
Distortion(mm) 0.016 0.044 | 0.003
Distortion ratio(% 0.022 0.158 | 0.008
Cold-forged bevel gear by annealing
Distortion(mm) 0.044 -0.033 | 0.003
Distortion ratio(% 0.063 -0.118 | 0.008

Measured position {Out dia. | Height
Total distortion of elastic(mm) 0.122 0.259
Distortion ratio(%) 0.173 1.69
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Fig. 4 Distortion of tooth profile induced by heat

Fig. 3 Measured section of tooth profile
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