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Effect of Hydrogen on Rolling Contact Fatigue Phenomena due to

Hydrogen Embrittlement

Toshiya Kinami

Synopsis

Rolling contact fatigue phenomena due to hydrogen embrittlement are serious problems in bearings for automotive alternators

and automotive transmission parts such as gears and CVT. When hydrogen, which is decomposed from lubricant oil, enters

into the surface of the parts in service, the rolling contact fatigue life decreases remarkably. The hydrogen embrittlement is an

essential problem for the rolling contact fatigue strength as well as the nonmetallic inclusion.

However, the standard testing method of the rolling contact fatigue due to hydrogen embrittlement has not been established yet.

In this study, the roller-pitting test was investigated. The hydrogen content during the test was measured by the hydrogen thermal

desorption analysis (TDA).

In case of over slip ratio -40 % and lubricant A, the rolling contact fatigue phenomena due to hydrogen embrittlement occurred

with white structure. In case of slip ratio -20 % or lubricant B , the hydrogen embrittlement did not occur and the rolling contact

fatigue life elongated for less hydrogen content in the specimens. In spite of the increase of the rotating speed, the rolling contact

fatigue life did not become short. Therefore, it was estimated that the hydrogen embrittlement phenomena was improved by the

increase of lubricant film thickness. The diffusible hydrogen content of the testing specimens was tried to be measured using

rapid cooling and a large furnace.
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Fig. 1. Analytical samples for measurement of
hydrogen content using a standard furnace (a)
and a large furnace (b).
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Fig. 2. Effect of contact stress, slip ratio and lubricant on roller-pitting failure life.

Fig. 3. Microstructure change under contact surface.
(a) lubricant A, slip ratio -60 %, contact stress 2.5 GPa, Nf=2.8x10°
(b) lubricant A, slip ratio -20 %, contact stress 2.5 GPa, N=1.0x10’
(c) lubricant B, slip ratio -40 %, contact stress 3.0 GPa, Nf=1.9x10°
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Fig. 4. Relationship between hardness under contact

surface after roller-pitting test and slip ratio (a),

rotating speed (b).
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Fig. 5. Hydrogen evolution rate profiles of specimens
tested at slip ratio -60 % and lubricant A (a),
untested (b).
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Fig. 6. Comparison of diffusible hydrogen content
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Fig. 7. Relationship between roller-pitting failure life
and rotating speed.
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Fig. 8. Hydrogen evolution rate profiles measured using
rapid cooling and a large furnace.
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