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Improvement of Bearing Life through Bonding of Non-metallic Inclusions with Matrix

OOO00O0T.SADADOOOO0OY.NONAKAOOOOOOT. MIKAMIO OO OO0OK. KIZAWA

Non-metallic inclusions in the material of rolling bearings are well-known to induce subsurface initiated
spalling. Among these inclusions, oxides in particular are believed to harm bearing life due to the weak
adhesion between the oxide and the matrix. In this study, life tests were carried out for the inner rings of
deep groove ball bearings made from low cleanliness bearing steel to which hot isostatic pressing (HIP)
had been applied. From the experimental results, we confirmed that life improvement of radial bearings
can be achieved by bonding the oxides with the matrix. Furthermore, void closing analyses were carried
out using a model for ideal void shape. From the correlation between the void closing rates obtained by
these analyses and the interface bonding rates measured for the inner rings, we found that void closing
analysis is effective in predicting the state of the interface between the oxide and the matrix.

Key Words: rolling bearing, rolling contact fatigue, non-metallic inclusion, hot isostatic pressing, finite
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HIP conditions

Condition | Temperature | Pressure Duration
HIP-1 1 0500 150MPa 4h
HIP-2 11500 150MPa 4h
HIP-3 12000 193MPa 4h
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oo0ooooooo
Life test conditions

Radial load 9 000N
Rotational speed 2 500min”* (inner ring)
Lubricant Mineral oil (ISO-VG68)
o Qil circulation with on-line filter
Lubrication o .
(Nominal filtration rating : 2um)
Operating temperature 65+ 50
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Life test results of inner rings
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Estimated lives of inner rings

Specimen Ly h
Non-HIP 504.4
HIP-1 577.0
HIP-2 28944
HIP-3 29776
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Plane strain model for void closing analysis
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Parameters for void closing analysis

Temperature
10500 |1 1000 |1 1500 |1 2000
Pressure
100MPa o o o o
150MPa Y HIP-1 o Y HIP-2 o
200MPa o o o I HIP-3

“0 Analyzed conditions.
HIP-1 to 30 Equivalent to the conditions applied to the
test bearings
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