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Rolling contact fatigue modelling and life prediction for aeroengine bearing steels

FU Hanwei*, ZHANG Shaotian

(School of Materials Science and Engineering, Beihang University, Beijing 100191, China )

Abstract: Main-shaft bearings are vital safety components in aeroengines made of bearing steels with outstanding combinational
properties. The material is supposed to exhibit high surface hardness, high fracture toughness, high temperature resistance, fatigue
resistance and corrosion resistance. However, under harsh operation conditions bearing steels are prone to rolling contact
fatigue (RCF ) that leads to bearing failure, severely endangering flight. Therefore, accurately predicting the RCF lives of bearing
steels is key to the reliability of aeroengine. This manuscript reviews important results and progress in the RCF and life prediction of
aeroengine bearing steels and suggests future research directions. Firstly, special stress state as a result of the Hertzian contact
between rolling element and raceway is introduced, where shear stress components peak at the subsurface.This explains the origin of
complexsubsurface-originated RCF mechanisms in bearing steels and indicates subsurface-originated RCF to be an important failure
mode of bearing steels under ideal conditions. Meanwhile, with increasing contact pressure, the response of material evolves from
elastic mode to plastic mode. Besides, due to the harsh service environment of aero-engine bearings, surface-originated also takes
place and hence the competition between these two mechanisms is present. Next, three methodologies for RCF life prediction are

summarized, being probabilistic models, mechanistic models and numerical models, with their advantages and limitations analyzed.
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Probabilistic models are well developed and widely employed by industry, but they are in nature a kind of statistical models without

accounting for RCF mechanisms and are hence lacking scientificity; Deterministic models predict RCF life via describing physical

processes, which are rich in science but poor in accuracy due to their simplification; numerical models balancing both engineering

practice and scientific characteristic is a powerful tool to tackle the problem of RCF life prediction, although their accuracy requires

further improvement. Finally, it is suggested that future research may focus on solving key scientific problems in RCF, modifying

life prediction models via inserting RCF mechanisms and applying artificial intelligence in RCF life prediction.

Key words: aeroengine bearing steels; rolling contact fatigue; life prediction; finite element method
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Table 1 Key variables affecting bearing life
Life adjustment factor Variable
Reliability, a; Probability of failure

Materials and processing, a» Bearing steel
Materials hardness
Residual stress
Melting process
Metal working
Operating condition factor, a3 ~ Load
Misalignment

Housing clearance

Axially loaded cylindrical
bearing

Rotordynamics

Hoop stresses

Speed

Temperature

Steel

Lubrication

Lubricant film thickness
Surface finish

Water

Oil

Filtration

PR, B Y AL EIASE IR JC i S B th BRI 98 55 73
I B R ARRAE o (EURE, #5945 T LB R %) 4y 2t
W RE AR SRR, IDIRZ BN AT TR H WA
RCF J 55 75 i LB, SR Sr A 22 S BT 2R
PR Ay, RIDA R RS0 & A SOk T B AR

R2 AFHAR LS T E T RA A B ER TE

Table 2 Life factors for different bearing steels and processing

Life factor

Material and process

Material Processing Resultant
CVD*" AISI 52100 3 1.5 45
CVD AISI 8620 1.5 1.5 225
VAR AISI M50 2 3 6
VIM-VAR® AISI M50 12
VIM-VAR M50NiL 4 24

. b . . . . .
Note: ° carbon vacuum degassing; ~ vacuum arc remelting; ° vacuum induction melting and vacuum arc remelting.
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