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Abstract The aim of the present study was to predict the variations in microstructure and deformation occur-
ring during gas carburizing and quenching processes of a SCM420H planetary gear in a real production environ-
ment using the finite element method (FEM). The motivation for the present study came from the fact that
previous FEM simulations have a limitation of the application to the real heat treatment process because they
were performed with material properties provided by commercial programs and heat transfer coefficients (HTC)
measured from laboratory conditions. Therefore, for the present simulation, many experimentally measured mate-
rial properties were employed; phase transformation kinetics, thermal expansion coefficients, heat capacity, heat
conductivity and HTC. Particularly, the HTCs were obtained by converting the cooling curves measured with a
STS304 gear without phase transformations using an oil bath with an agitator in a real heat treatment factory. The
FEM simulation was successfully conducted using the aforementioned material properties and HTC, and then the
predicted results were well verified with experimental data, such as the cooling rate, microstructure, hardness pro-

file and distortion.
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Fig. 1. A planetary gear used for a speed reducer of a
21-ton excavator.

Temperatures were measured using K-type thermo-
couples at four different positions (D top land, @ bottom
land, ® side surface and @ inner surface).
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Fig. 2. The shape and meshes of the planetary gear
used for the FEM simulation.
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Fig. 3. Cooling curves measured at different positions of
STS304 gears, which were quenched in (a) an edge and
(b) a center of an oil bath.
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Table 1. The sources of material properties of STS304 steel used for the FEM simulation

o|A% - IS -
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Source Mechanical properties Thermal properties
Elastic Poisson's Thermal Heat Heat
Flow stress . expansion .. .
modulus ratio L conductivity capacity
coefficient
JMatPro @) ©) ©) @) O O
Literature O @)

The marks O and O indicate available property sources.

The mark © indicates the selected property sources for the FEM simulation.

Table 2. The sources of material properties of SCM420H steel used for the FEM simulation

Source Mechanical properties Thermal properties | Diffusion Phase transformation
Flow | Elastic | Poisson's egh:;g;ih Heat Heat | Diffusion | Kinetic | Latent | Volume
stress | modulus ratio pans conductivity| capacity | coefficient | date heat | change

coefficient

JMatPro @) @) @) @) @) O O O @) @)

Experi-

ment ©) ©

Literature O O O @) O

The marks O and © indicate available property sources.

The mark © indicates the selected property sources for the FEM simulation.
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Fig. 5. Physical phenomena occurring during carburizing
heat treatment and their interactions.
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Fig. 6. Cooling curves measured at (a) the top land, (b) the bottom land, (c) the side surface and (d) the inner surface

of the SCM420H gear quenched in an edge of an oil bath.

Exp means the measured cooling curve; JMat indicates the cooling curve calculated with materials properties
provided by JMatPro software; Mod indicates the cooling curve calculated with modified material properties (refer to

Table 2).
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bath. The changes in volume fractions of (e¢) martensite, (f) bainite and (g) ferrite with the location in the gear after
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Exp is the measured phase volume fraction; JMat is the phase volume fraction calculated with materials properties
provided by JMatPro software; Mod is the phase volume fraction calculated with modified material properties (refer to
Table 2).
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JMat is the C concentration profile calculated with
materials properties provided by JMatPro software; Mod
means the C concentration profile calculated with modified
material properties (refer to Table 2). The hardness was
measured twice per each specimen (Vickersl and
Vickers2).
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machine; JMat is the values calculated with materials properties provided by JMatPro software; Mod is the value
calculated with modified material properties (refer to Table 2).
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Mode} JMat 7tell AlxF Aol & 2jo)7} §lar 4
= YZ&we) niwa 2 XSk a3y, gk
o], WA 2, Fxg] ¥ MY 5 Mod

2 AR AsbEo) Mato 2 AN AnpSRr) A
= A9se @ wABST,
Ao 2
B A7e AUEEREE AR PaTEe] A3
Aglow FalEglom, ol 7] g WU
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