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In recent years, automobiles have been electrified to preserve the earth environment. Accordingly,
gears and bearings that transmit driving force must improve mechanical properties such as impact
property, fatigue strength, and rolling fatigue strength / friction property. Hence, the carburizing treatment
has shifted to excess carburizing in which the carbon (C) concentration is increased from the eutectoid
composition to the hyper-eutectoid composition. As a heat treatment applying excess carburizing, we have
developed the combined heat treatment with vacuum excess carburizing and subsequent heating and
quenching (induction heating and quenching, atmosphere furnace heating and quenching). Vacuum
carburizing process makes it possible to form the carburized surface layer with the hyper-eutectoid
composition without internal oxidation. By controlling the subsequent heating temperature, holding time,
and cooling rate during quenching, different C solid solution and diffusion state and fine microstructure
can be precisely designed.

In previous studies, it has been reported that excess carburizing process improves rolling fatigue
strength and friction property. However, since the C concentration is high, it is difficult to simultaneously
improve the impact property and the bending fatigue strength. In order to improve these properties, many
studies have focused on microstructure factors such as retained austenite and cementite. However, many
studies focused only on the amount, and few studies focused on the effects of interacting factors, hence
the issue has not been resolved.

From the above background, case hardening steels in which the following microstructure factors were
controlled by using the above-mentioned combined heat treatment were prepared. The factors are not only
the amount of cementite and austenite, but also the morphology and distribution of cementite and retained
austenite, the stability of retained austenite, residual stress, prior austenite grain size, the morphology of
martensite. In this study, we propose heat treatment conditions and microstructure design criteria to
further improve the properties through evaluation of impact property, bending fatigue property, and
friction property.

For the impact property, the heat treatment is designed at the upper limit temperature of austenitization
that suppresses the formation of lenticular martensite and the lower limit temperature of austenitization
that sufficiently achieves C solid solution and diffusion. In the subsequent heating and quenching process,

C is solid solute and diffuse by providing the slow heating and the long holding time using the atmosphere




furnace, resulting in high impact property. In order to suppress the crack initiation, the amount of retained
austenite is moderately large, and its stabilization is attempted. This is to relieve the impact energy by the
plastic deformation of retained austenite. In tempering, a small amount of retained austenite is
phase-transformed to martensite, and crack initiation is suppressed by applying compressive residual
stress. To improve crack propagation resistance, cementite morphology is an undissolved state oriented
perpendicular to the crack propagation direction. Cementite has an effect as a resistance to crack
propagation, reducing the crack propagation driving force. As the amount of retained austenite decreases,
compressive residual stress is applied and the crack propagation resistance increases.

For the bending fatigue property, the heat treatment design is same as the impact property, and it was
confirmed that the solid solution strengthening of the matrix is beneficial for improving the fatigue life by
subsequent heating and quenching using the atmosphere furnace. In order to improve the life of high stress
and low cycle fatigue, the design that converts a large amount of retained austenite into compressive
residual stress by generating deformation-induced martensite transformation is suitable. On the other
hand, in the case of low stress and high cycle fatigue, deformation-induced martensite transformation does
not occur, and a large amount of retained austenite acts negatively due to insufficient hardness. Therefore,
in order to improve the bending fatigue property from low to high cycles, it is suitable to design in
advance to appropriately convert retained austenite to compressive residual stress by tempering.

For friction property, rolling specimen that formed the surface with fine microstructure showed a low
friction coefficient. The surface enhanced the adsorption and reaction of the lubricating oil additive, and
the presence of the wear particles on the rolling contact surface gradually improved the surface roughness,
resulting in a transition from severe to mild friction.

Based on the above heat treatment conditions and microstructure design criteria, the impact property
and bending fatigue strength were improved by 20% each, and friction coefficient was reduced by 21%

compared to the conventional one.




