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Abstract

Characteristics of carburized surface layers in 0.18C-3.5Ni-1.5Cr-0.2Mo steels for main shaft bearings of
wind turbines have been analyzed and evaluated before and after rolling contact fatigue tests. Mixed micro-
structure consisting of retained austenite and tempered martensite has been formed with compressive residual
stresses in the surface hardened layers of the specimens showing uniform hardness distribution with value
about Hv700 after vacuum carburizing and tempering. It has been found on the raceway of the layers of
the specimens after rolling contact fatigue tests that the amount of retained austenite decreased and compressive
residual stresses increased, resulting from cyclic contact stresses applied during the tests. It has been also
revealed that higher durability of the bearings can be obtained through controlling the amount of the retained
austenite in the surface of the bearing steels to be lower in this study.
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Fig. 2. Microhardness variation as a function of depth
el from surface in the vacuum carburized and
tempered specimen.
Fig. 1. Schematic diagram of the thrust type rolling
contact fatigue tester. i
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Table 1. Chemical composition of the specimen (wt%)
C Si Mn Ni Cr Mo Cu S Fe
0.175 0.27 0.55 3.5 1.45 0.2 0.13 0.005 Bal.
Table 2. Contents of non-metallic inclusions
Type MnS AlLO4 Silicates Ca-aluminates
Severity Thin Heavy Thin Heavy Thin Heavy Thin Heavy
levels 0.5 0.5 0 0 0 0 1 0.5




Fig. 3. Optical micrographs showing (a) dispersed
carbides in matrix before carburizing, (b) mixture
of retained austenite and tempered martensite in
vacuum carburized and tempered specimen.

Table 3. Retained austenite percent (%) determined by
X-ray diffraction

Retained Austenite (%)

Rolling contact Before RCF test After RCF test
cycles
1,595,000 19+£2 9+t1
1,735,000 161 11£3
2,384,000 16+3 16+1
2,503,000 26t 1 151
2,706,000 12+1 61

Table 4. Residual stress values (ksi) determined by X-
ray diffraction

Residual Stress (ksi)

Rolling contact Before RCF test After RCF test
cycles
1,595,000 -1195 -102+9
1,735,000 -101£4 -156 £ 5
2,384,000 307 -134£ 10
2,503,000 -40£5 -170£9
2,706,000 -107£4 -101£15
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Fig. 4. X-ray diffraction peaks for the tempered martensite
and retained austenite phase.
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Fig. 5. Variation in AHv as a function of depth from
surface after rolling contact fatigue tests.
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Fig. 6. Cross-section profiles of raceway after rolling
contact fatigue test.
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