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Crack Initiation Behavior from Internal Defect in High Carbon-chromium Bearing Steel
under Rolling Contact Fatigue

Takeshi FUNMATSU, Kazuhiko HIRAOKA and Atsushi Y AMAMOTO

Synopsis : It is important to clarify the effects of nonmetallic inclusions on rolling contact fatigue life to extend or to predict the life of the rolling bear-

ings. The observation of initial cracks from internal defects is desirable from this point of view. In this study, high carbon-chromium bearing

steel, SUJ2, with a number of artificial pores as internal defects was prepared. Initial cracks around pores under rolling contact were observed

and the stress was CAE analyzed with the following results:

o The exposure of the initial crack surface by forced breaking and the subsequent fracture observation in this study were effective to iden-

tify the mode of the initial crack generation.

o The tensile stress around the pores initiated mode-I crack, and the pore with cracks is subjected to crack propagation process by internal

stress under rolling contact fatigue.

¢ Rolling contact fatigue life is not simply dominated by the size of initial defects in steels. As observed in this study, the sum of initial

defect size and rim crack size may control the fatigue life. This suggests that the inclusion types and the interfacial adhesiveness between in-

clusions and matrix may influence rolling contact fatigue.

Key words: rolling contact fatigue life; bearing steel; internal defect; nonmetallic inclusion; pore; stress; initial crack; fracture observation.
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Table 1. Chemical compositions (mass%o).

Condition C Si Mn P

S

Ni Cr Mo Al Ti N O

Powder

1.02 020 040 0.015 0.006 0.10 1.41 0.03 0.012 0.004 0.0011 0.0070

Consolidated body by HIP

1.02 021 041 0.017 0.006 0.11 142 0.03 0.016

0.004 0.0043 0.0081
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Fig. 1. Microstructure of HIPed and annealed specimen
etched with picric acid.
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Fig. 2. S.EMM observation area of the thrust-type rolling
contact fatigue tested specimen.
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(SUJ2).
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PN

Fig. 3. Plane strain model for stress analysis. Left side is the whole model. Right side is the detail of the model around the inclu-

sions and pore.

Table 2. Physical and mechanical properties of matrix, inclusions and pore.

Matrix ALO; TIN  CaO-ALO; MnS  Pore
Young’s modulus, E (GPa) 206 387 316 113 137 0
Tangent modulus, H’ (MPa) 85.8 - - - -
Poisson ratio 0.30 0.25 0.192 0.25 0.25 0
Hardness (HV) 700 ~1900 ~2400 ~2200 150 0
Yield strength (MPa) 1960(=0'y) 3-oy 3-0y 3-0y Oy/5 0
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Fig. 5. Initial cracks around pores at various depths from the surface after the thrust type rolling contact fatigue of 5X10* cycles.
Observed area was perpendicular to the raceway. The pore observed at (a) 0.01 mm in depth, (b) 0.06 mm in depth, (c)
0.10 mm in depth and (d) 0.20 mm in depth, respectively.
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Fig. 6. Frequency of occurrence of cracks around pores
after the thrust type rolling contact fatigue of
5x10* cycles.
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Fig. 7. The size and the distance from the surface of pores
with and without cracks after the thrust type rolling
contact fatigue of 5x10* cycles. Size of the pore
was calculated a square root of multiplying the
length by the width of the pore.
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Ball moving direction

Fig. 8. Typical pores with cracks which were oriented at angles of lower than 45° with respect to the rolling direction after the
thrust type rolling contact fatigue of 5X10* cycles. Observed area was tangential section to the raceway of the specimen.
The pore observed at (a) 0.06 mm in depth, (b) 0.1 mm in depth, (¢) 0.1 mm in depth, respectively.
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Table 3. The results of stress analysis around the pore.

Depth of th The The position and the direction of the The direction of
P oe © maximum maximum tensile stress the maximum
por tensile stress (Ball moving direction: left-to-right) tensile stress plane
0.05mm 2286MPa O 14.1°
0.12mm 2270MPa @ 17.6°
0.20mm 2122MPa @ 29.2°
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Ball moving direction

Fig. 11. Preparation processes for the observation of the crack surface around the pore. (a) Selection of the pore with cracks which
were indicated by arrows. Pore was observed at 80 um under the surface, (b) After indentation for crack opening, (c)

After forced breaking.
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Fig. 12. Scanning electron micrograph of the fracture sur-
face around the pore at 80 ym in depth from the
surface after the thrust type rolling contact fatigue
of 5X10* cycles.
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Fig. 13. High magnification scanning electron micrographs of the fracture surface. (a) The front rim of the pore, (b) the side rim of

the pore, (c) the rear rim of the pore.
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Fig. 14. Schematic diagram of the crack initiation mecha-
nism around a pore.
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