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Effect of Alloying Elements on Edge Part Over-Carburizing in
Vacuum-Carburizing

Toshiyuki Morita and Yasushi Matsumura

Synopsis

Carburizing is widely used as a hardening treatment for automotive transmission parts, such as gears and pulley of
continuously variable transmission. However, there is a problem that the processing sometimes adversely affects microstructures
and properties. Internal oxidation from the carburized surface and/or excess carbon concentration on case microstructure
worsens fatigue property of the part.

Vacuum carburizing is a promising process for eliminating surface oxidation, though; it also easily leads high surface carbon
concentration in the case. In this study the effects of alloying elements on microstructures and fatigue strength of vacuum
carburized specimens were investigated. The specimens with a corner, where edge angle was varied from 30 to 120 degree, were
prepared and compared with the flat specimens.

In high chromium and low silicon steel, the surface carbon content increased with the sharpness of the corner, in which coarse
carbides were observed, and resulted in lower fatigue strength. On the other hand, in low chromium and high silicon steel,
the increase in the carbon content of the sharp corner was smaller comparing with the former steel, and carbides were not
precipitated in the case. The fatigue strength of carburized low Cr - high Si steel were kept high without depending on the edge
angle of the specimens.
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Fig.1. Schematic illustration of specimens for 4 point bending test.
Table 1. Chemical composition of specimens (mass%).
Grade C Si Mn P S Cu Ni Cr Mo
Steel A 0.20 0.19 0.81 0.006 0.008 0.10 0.05 1.13 <0.01
Steel B 0.20 0.79 0.79 0.010 0.011 0.10 0.05 0.60 0.20

Steel C 0.20 1.16 0.79 0.010

0.012 0.10 0.05 0.50 0.20
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Fig.2. Conditions of vacuum-carburizing.(a) Steel A, (b) Steel B and (c) Steel C.
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Fig.3. Microstructures of edge for vacuum-carburized specimens.
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Fig.4. Vickers hardness profiles for vacuum-carburized specimens.
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Fig.5. Measured carbon concentration profiles for atomosphere carburized and vacuum-carburized specimens.
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Fig.6. S-N diagrams of four points bending fatigue tests of vacuum-carburized specimens.
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Fig.10. Calculated carbon concentration profiles for atomosphere carburized and vacuum-carburized specimens.
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Fig.11. Calculated surface carbon concentration for vacuum-carburized specimens.
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