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Research on Rolling Contact Fatigue Mechanism of High
Clean Bearing Steel GCr15

Yin Qing', Cao Wenquan®, Wu Xiaolin', Wang Cunyu®, Wang Hui*, Yu Feng’
(1 Jiangyin Xingcheng Special Steel Works Co., Lid., Jiangyin 214429, China;2 Research Institute of Special Steels,
Central Iron and Steel Research Institute Co., Ltd., Beijing 100081, China)

Abstract: Through the standard detection and rating the metallurgical quality of the high clean bearing steel prepared by
vacuum degassing process, such as chemical composition, macrostructure, carbide inhomogeneity and non-metallic inclu-
sions, and quantitative analysis of the quantity, type, size and cleanliness index of non-metallic inclusions in the steel is
carried out by Aspex scanning analyzer. Based on the rolling contact fatigue life test results, the relationship between non-
metallic inclusions and bearing steel contact fatigue life was established. The results show that the oxygen content of high
clean bearing steel is not more than 0. 000 5%, the titanium content is not more than 0. 000 8% and the large particle in-
clusions DS is not more than 0. 5, however it is still a contact fatigue failure mechanism dominated by inclusions, among
which the size of oxide inclusions are large and there are holes around the inclusions, which is easy to cause stress concen-
tration and fatigue cracks. The maximum size of oxide inclusions in high clean bearing steel is controlled below 10 pm,
and the rated life L,, under 4. 5 GPa high contact stress is more than 1107 times, which is expected to replace electroslag
remelting bearing steel for high-speed rail, high-speed machine tool spindle, wind power spindle and other high-end
equipment fields.

Key Words: High Clean Bearing Steel GCr15; Nonmetallic Inclusion; Rolling Contact Fatigue; Failure Mechanism;
High-end Equipment
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Table 1 Number, process and size of the test material
I BT L FEFEE P IRIER AR RS /mm

1" BOF—LF—RH —390x510—300x300—¢60

2" EAF—LF—VD —300x300—140x140—¢p60

3* BOF—LF—RH —390x510—200x200—¢p60
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Table 2 Chemical composition of the test material %

G C Si Mn P S Cr Ni Cu Mo

1* 0.99 0.27 0.36 0.015 0.002 1.45 0.06 0.08 0.02

2* 0.95 0.27 0.41 0.013 0.002 1.50 0.02 0.02 0.01

3" 1.05 0.29 0.31 0.014 0.001 1.44 0.02 0.06 0.01
A Al Ti Ca Pb Sn As Sh N 0

1" 0.015 0.000 8 0.000 5 0.001 0 0.007 9 0.005 2 0.003 1 0.004 6 0.000 5

2* 0.025 0.000 6 0.000 2 0.001 6 0.001 0 0.002 0 0.001 0 0.002 0 0.000 5

3* 0.025 0.000 6 0.000 6 0.000 1 0.000 4 0.001 7 0.000 4 0.002 6 0.000 5
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Fig. 1
nonmetallic inclusions : (a) longitudinal section ,

verse section
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Fig. 2 Photos of contact fatigue specimen before and after
test : (a) before the test , (b) after the test
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Table 3 Detection results of macrostructure and carbide
inhomogeneity of the test material
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Fig. 3 Schematic diagram of the section observation location of the spalling pit : (a) fatigue specimen, (b) section location
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Fig. 4 Uneven images of banded carbide of three test steels: (a) 1%, (b) 2%, (¢) 3* ; Uneven images of network carbide of three

test steels: (d) 1%, (e) 2", (f) 3*
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Table 5 Maximum inclusion particle statistics of test ma-

terials(D,,, = /area,, ) pm
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Fig.5 Cleanliness index of test materials
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Fig. 6 Inclusion size distribution of the test material : (a) longitudinal section ,

(b) transverse section
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Table 6 Maximum inclusion particle statistics of test ma-
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Table 7 Results of Contact fatigue test data
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Fig. 7 Weibull distribution curve of contact fatigue life of test

materials
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Fig. 8 Microstructure of fatigue specimens of three test steels :
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Fig. 9  Surface work area and cross—sectional fracture morphology SEM after fatigue sample test
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Fig. 10  Relation between cleanliness index and fatigue life
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