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Integrated Material and Process Technology for Cold-Forged Nitriding Steels for Drivetrain Components
M W e mART
NAMBA Tsuyoshi, MITANI Akio

Synopsis: This study examines material and process design factors for developing high strength nitrided drivetrain gears
that enable energy efficient manufacturing routes toward carbon neutrality. An integrated design framework
combining alloy design and cold forging based processing was applied to Al-V added steels based on JIS
SCr420, focusing on the simultaneous attainment of superior surface nitriding performance and stable core
hardness retention.

Compared with conventional SCr420, the Al-V added steel exhibited approximately 1.25 times higher surface
hardness and 1.5 times deeper nitrided case depth, demonstrating enhanced nitriding responsiveness with
sufficient diffusion layer development. Core hardness after cold forging and simulated nitriding was governed
primarily by prior microstructure and carbon content. Ferrite—pearlite microstructures exhibited higher
retained core hardness than spheroidized carbide microstructures, which is attributed to suppressed recovery
and recrystallization during nitriding associated with finely dispersed carbides and stabilized deformation
substructures.

EBSD analysis revealed that increased carbon content promoted heterogeneous strain accumulation during cold
forging. Such strain accelerated recovery during heating for nitriding, leading to pronounced core softening under
high temperature, short duration conditions.

These results provide effective design guidelines for achieving well-balanced surface and core properties in
high-strength nitrided drivetrain gears through the coordinated optimization of low-C Al-V alloy chemistry, prior
microstructure, and subsequent nitriding process after cold-forging.

Keywords: gas nitriding; cold working; integrated process design; nitriding steel; surface hardness; case depth; core
hardness retention; ferrite—pearlite microstructure; carbon content effect; EV drivetrain gears.
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Fig. 2 Concept of core hardness retention in this study.
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C Si Mn Cr Al V
SCr420 | 0.2 | 0.2 | 08 | 1.1 | 0.03| -
SteelA | 02 | 0.2 | 0.8 | 1.1
SteelB | 03 | 02 | 0.8 | 1.1 | 2dd | add

Table 1 Representative chemical composition of the steels
(unit : mass%) .
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Fig. 3 Microstructures of Steel A and Steel B before upsetting.
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Fig. 7 Microstructural transition of Steel A during simulated nitriding.
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Fig. 8 Optical micrographs and GAM maps of Steel A and Steel B after upsetting and

simulated nitriding.
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