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Abstract

The study of abnormal low surface carbon concentration in gas carburized
Title Nb-bearing case hardening steel after severe machining.

(800 words)

To increase the productivity and cost reduction of automotive parts, near net shape
manufacturing by cold forging, high speed machining, and/or high temperature carburizing have
been attempted. However, strength reduction occurs due to the coarsening of austenite grain
during conventional carburizing in cold forged parts and in many parts during high temperature
carburizing. To prevent coarsening of austenite grain, addition of microallying elements such as
Nb, Ti, or Al has been carried out. The effect of machining condition on carburizing is now well
known in microalloyed steels. In the present study the microalloying effect of Nb on the
carburizing of severely machined components was studied.

It was found that after carburization the surface carbon concentration (Cs) is reduced
substantially with the increase in the speed (or severity) of machining in Nb-bearing steel
(SCM420Nb) but not in Nb-free steel (SCM420). It was also found that the abnormal decrease in
Cs in SCM420ND is associated with the severely deformed surface layer produced by machining
since the Cs returned to normal value after the removal of surface layer before carburizing.
Regarding to this abnormal low Cs, systematic study was made to make clear the effect of the
hardness of starting material and the effect of machining condition (cutting depth, cutting speed,
feed per revolution). It was found that the effect of hardness of material is small compared to the
machining condition. It was also found that the Cs in SCM420Nb decreases almost linearly with
the log cutting power. To avoid abnormal low Cs in Nb-bearing case hardening steel, two methods
was shown to be effective, Oremoval of severely deformed surface layer @oxidation treatment at
about 600°C in air before gas carburizing.

Regarding the effect of Cr on the reduction of Cs in Nb-bearing steel, it was found that Cs
decreases with the increase in the amount of Cr content. Moreover, the study by ESCAXPS)
indicated stronger Cr oxide peaks for lower Cs specimen. Thus it was proposed that abnormal low
Cs observed in Nb-bearing steel is due to the formation of Cr protective oxide layer during the
initial stage of carburizing. It is considered that Nb(C,N) inhibit the recovery and recrystallization
of lattice defects made by machining, and inhibit reduction of diffusion pass for Cr moves to the
surface from inside.

In summary, in the present study the abnormal low Cs in Nb-bearing steels was systematically|
investigated and the mechanism of low Cs was proposed. The results of this study are expected to
contribute to the reduction in manufacturing cost and stabilization of the quality of automotive
gas carburizing parts.




