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Effect of Ca on the Machinability of Non-Heat-Treated Steel for Connecting

Rods
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Abstract

Kobe Steel has developed a steel for fracture-split connecting rods that achieves both the world-class high
strength among non-heat-treated steels and excellent machinability. In this newly developed steel, calcium
(Ca) content is precisely controlled to mitigate the degradation in machinability typically caused by increased
material strength during turning with cermet tools. While previous studies suggest that Ca addition primarily
suppresses tool wear in terms of rake face wear, this newly developed steel exhibits a significant protective effect
on the flank face. Hence, the wear behavior at the tool’s cutting edge, along with the composition of adhered
deposits, has been considered using SEM and TEM to elucidate the mechanism of flank face wear suppression.
The results have identified two primary contributing factors: (1) migration of adhered deposits toward the
flank face during turning, which inhibits tribochemical wear; and (2) the formation of Ca-based oxides that act
as a diffusion barrier for binder-phase constituents, preventing binder degradation and the subsequent pull-
out of hard particles from the cermet tools. Furthermore, the results suggest that these mechanisms act in
combination, leading to a significant overall reduction in tool wear.
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Fig.5 Observation method for the cutting edge of the turning tool
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Fig.6 SEM observation results and Ca elemental mappings of flank face of the turning tool
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Fig.7 SEM observation results of the cross section of the turning
tool
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Fig.8 TEM observation results and elemental mappings of the cross section of the turning tool in Non-Ca
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Fig.9 TEM observation results and elemental mappings of the tool cross section of the turning tool in Add-Ca
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Fig.10 Analysis locations of the binder phase in the cross section of
the surface layer on the flank face of the turning tool
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Fig.11 Analysis results of Ni content in the binder phase on the
flank face of a turning tool
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Fig.12 Analysis results of Co content in the binder phase on the
flank face of a turning tool
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Fig.13 Mechanism for suppressing hard particle pull-out by preventing diffusion of components in the binder phase
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