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Initiation Behavior of Crack Originated from Non-Metallic Inclusion in Rolling Contact Fatigue
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Synopsis:

Recently, it has been generally accepted that flaking life is dependent on the size of non-metallic inclusion under
proper condition in bearing use. Statistics of extreme values to predict the maximum non-metallic inclusion size
and ultrasonic test to assess large non-metallic inclusions in a large volume are widely used as practical methods
for the evaluation of bearing steel cleanliness.

It is expected that the condition of bearing use will be more critical due to the downsizing tendency in various
industrial or automotive machine units. Thus the research on flaking mechanism becomes more important from
the viewpoint of global ecology, because that is beneficial to the improvement in bearing life. Due to the difficulty
in experimental observation, however, the detail of flaking mechanism in rolling contact fatigue caused by non-
metallic inclusion has not yet been clarified.

Focusing on the relationship between non-metallic inclusion and initiation of the crack, the flaking mechanism is

proposed in this paper.
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: Translated and reprinted, with permission, from ASTM STP 1524 Bearing Steel Technology, 8th Volume: Developments in

Rolling Bearing Steels and Testing, copyright ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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Maximum Hertzian stress 3.95 GPa
Rolling contact frequency 1800 cpm
Lubricant (Room Temp., Clean) ISO VG10
Ball diameter 9.525 mm
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Fig.1 Conditions and schematic diagram of thrust type rolling contact fatigue tester. ®

Ball moving direction

Fig.2 Secondary electron images of cracks (arrowed) originating from pores
after the thrust-type rolling contact fatigue test for 5 10 cycles. ®
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Fig.3 Probability of crack formation around pores
with respect to depth from the surface after the
thrust type rolling contact fatigue test for 5X
10% cycles. ®

Computational simulation conditions

- Two-Dimentional Elastic-Plastic analysis
+Shape of the pore:Circle
*Maximum Hertzian stress:3.95GPa

Fig.4 Change in maximum principal stress around 20 um in diameter pore with depth from the surface. ®

Table 1 The results of stress analysis around the pore. ®

Denth of the The maximum The position and the direction of the The direction of the
p ore tensile stress maximum tensile stress maximum tensile
P (Ball moving direction: left-to-right) stress plane
0.05 mm 2286 MPa /@/ 14.1°
0.12 mm 2270 MPa @/ 17.6°
0.20 mm 2122 MPa /é/ 29.2°
25
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Table 2 Physical and mechanical properties of matrix, inclusions and pore. ®

Matrix A1203 TiN CaO—A1203 MnS Pore
Young’s modulus (GPa) 206 387 316 113 137 0
Tangent modulus (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 (=oy) 3-oy 3-0y 3-0y 6,/5 0
< 2500
o
=
@ 2000 | -
o
®
T 1500 |- - . - - e
E Computational simulation conditions
= *Two-Dimentional Elastic-Plastic analysis
£ 1000 7 -Shape of the inclusions or pore:Circle
£ -Maximum Hertzian stress:3.95GPa
x
c 500 | 4
1S
Q) -
e
= 0 _—_—_-
Al,O3 TiN CaO-Al,O3 MnS Pore

Fig.5 The maximum principal stress at the inclusion - matrix interface or surface of the pore.
Inclusions and the pore are 20 um in diameter and 0.12mm deep form the surface. ®
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Crack propagation rate: da/dN

Initial crack size: 2a

Fig.6 Model of crack initiation and propagation
originated from non-metallic inclusion.
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Table 3 Chemical compositions of the specimen, mass %

Steel C Si Mn P S Ni Cr Mo Cu Al O
A 0.98 0.20 0.39 0.015 0.001 0.10 1.39 0.03 0.10 0.013 0.0011
B 0.98 0.21 0.41 0.014 0.002 0.10 1.40 0.03 0.11 0.013 0.0030
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by E.V.A., mass %

gmhENERICIE. RTIICHEZRLAERAS X MEHEER
e\ BH. HertzOHMEERICLWEHINDR
RIFZMISHDPmaxid5.3GPa& Lice TORNISEMER
ZHEOH. BEODINITORBRY SIFEZENEDER
TOEHMENFDOFHEN TE TS EHIEL 7,

3.2. REBER

FKAIRTELDIC, HEMADRKRNZBRIEMRZNEY
IFALO RTHY . FHBANENE/ AREA maxFABT
26um, B ChI umESBEMDALAREN EAD
nofce ALOREEMDEEZSEMBREL cERZRT
ISR o HIPRLIERICIS, FABHBERICALO KB &
BHHEDBUETEDENIEODTERLEEHESND
DEAERI NN, HIPRIERTIEZ DEEANTITER
LTl e,

M8 BUICKLIC. RT X MUEAUBENRBERE
RY . HIPKRWLEHMTAREBHDES LB D&, F18
BY/AREA maxh/hE OWASEDA AW AREA maxhikE
WBiEL WU ERFE®ILLIz, HIPLEBOEECTIL®R I D&,
ASETISHIPRLIEBICE D TO A T D HEDEEGIHORE
HRHON. FEBETIE. HIPREBICK D TEEMICE
HE LT

Table 5 L, and L, of thrust-type rolling
contact fatigue test.

Steel Oxides type Predicted (AREA max)"? Steel Ly (cycles) Lsp (cycles)
A ALO; 26 um A 3.13x10° 27.49x10°
B ALO; 51 um B 2.59x10° 16.68x10°

A (+HIP) 38.53x10° 88.21x10°
B (+HIP) 17.28x10° 161.82x10°

Cavity

-

(a) Al,O; in Steel A before HIP

(b) Al,O5 in Steel A after HIP

Fig.7 Secondary electron images of typical oxides in
the specimens before and after HIP treatment.
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Fig.8 The results of thrust-type rolling contact fatigue
test with specimens treated by HIP. (Pmax =
5.3GPa)
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Fig.9 Model of flaking process caused by non-metallic inclusion in rolling contact fatigue.
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