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Contact Fatigue Life Prediction of Automotive Wheel Bearing
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Abstract : For most bearings, it is a common requirement to have long durability. Especially wheel bearing fatigue life
is the most important in automotive quality. The contact fatigue life analysis of automotive wheel bearing considering
real raceway rough surface is presented in this paper. Contact stresses are obtained by contact analysis of a semi-infinite
solid based on the use of influence functions; the subsurface stress field is obtained using rectangular patch solutions.
Mesoscopic multiaxial fatigue criterion which can yield satisfactory results for non-proportional loading is then applied
to predict fatigue damage. Suitable counting method and damage rule were used to calculate the fatigue life of random

loading caused by rough surface. The life analysis considering real rough surface of wheel bearing raceway is in good
agreement with the experimental results.
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(b) Equivalent contact
Fig. 1 Contact of two non-conformal bodies

245k BHEEHA) S vlA AR AR U
o], Z} HlA& 849 A, F4Hd EX TS AR
2 T Zgate va AT s es 57
t} Z}2be] ALzt @ Ao ARk RAFET s <
3 A A -2 B Love’s} Cho etal.”’2] W
AsE B3 ANE & Aok w2 WA
FH vh QAZRES IS THELEA

78 4 itk

2.2 u|= ol o

2.2.1 Mesoscopic fatigue criterion

Papadopolous+ H|ZAFE J 2 o]&& A8}
7] 98 157 JEIFS BE A5 2 =
ol A= W& st 0] Lyn-Taylor 23S BHE3
gz 7R A olal @ 7ol 2As AXA
BN Y B K, DB T A A o
o] 22 % Aole] BAE FHsAT

A=l BRI A4 SHo| WS 249
g2 A5 ek 2R BE 3 o5t
Z A o] Elastic shakedown Ael|ol] =&351A =H A



A2k guljojglel HE w24 ofFof 245t Ao

@zu 7)o} e AFS AAe) 244 &
H & ¥ Accumulated plastic strain)oll 2] 5} & X
& Fon =449 AN HL B AveE
(Resolved shear strain)3} v]#|d-A|ol| vt ulz}A
3 A-SHo] 54 LAZE 2H3A I 2
ol M= g o] LA A At

shAwr FoA AN FEe| AlFke el
AR U TS FAHA Rtk F AL
2 8918 gl A F7) o) FAZH B 5]

AR 93t dgoleta Ao 4= Qo) uke}
A el AES e HE e =0 2 M o]# %
HEE IHE 5 Atk

YA B A E AR W= nl
A S st ol UV*TE%EE W24
H E"‘.l "qi"l"

s 3

Bk T A2o.z Beky] o] Bz
o]

piy

222 T2 BEA|

¥ = ¥4 A](Fatigue limit criterion)2- A 5.2] 3 =
3= 5 W}l 7] €3k 2 o]t Papadopolousel] 2] &)
Ate 2 wg A AAEHHE e F242 uf2y
2 2tr oA HHe guk Ag-2-2(Gene-
ralized shear stress)@] Z Z-o] H gk & zZt=Ho =2
Ao} -4 £3)] A -3-2H(Resolved shear stress)
o] X1 &2 o3 2t

4

7,(9,0, ;()— maxr(go,@ 2,t)— mmr(gp, , Z,t)] (1)

A7) (p,0) Gl 2ABL Aolah 7ol
o X3 A9 (9,0)014 Ao H = el Holrk
9k P= 22} 3}5¢) A|Zh3t %718 vhehack, A
AH-3-=(Generalized shear stress, T.)2- 9 2} ¥ ol] A
T8 S o) Byt gk e

1
70,00 = /= [ 200.x)dx -
Aord = HAZ A e e

max 7’ —1—3(%—%]%{@“ <t_, (3)

A7 3} £12 242 & 2 WS- 1Y
2% FHolth oumes AT S35 HAAS
e

223 G2 A

T2 S R skgd &3] Azl I

2o WAT A% 2 92 498 Beu) 9
3+ 2] o] t}. Papadopoulos®l] ]3] AA|H 3 2 H A
& g 2,

max 7] +3(t_,/f- 1—1/2)0'Ha _ l_t!;;v_,\ @
/f_ —1/2)cer

1———(¢
t_ 1(

A 71A kAT &1 W B 5 AP 22
S-N Curve & 7| B. 3| Q3] L ,
= A5 $9Y AFA FTRL e

2.2.4 HEsIS0 EH%._ HEH

T2 0|82 YA} IEY 5
o A-go| 7hsstAd, AR &Y
o= E7]9 93-S wol 4128 535 (Vari-
able amplitude loadlng)ol 22354 Ao} walka &
A3 7 H WE-E olgdtd HEdTE dA7
3}==(Constant amplitude loading) 2] Z 3} 0 2 57}3}
71 93 9¢1 =2 -Rainflow) 718 HE A3}
9&‘3]'-10)

geo] Agak BAA F7el 89 4
2o BEgoy Aol SUHoR A48y By

ot Fu4 EF SYH O A§3H Ak uf
A oleid S dulel g AlolZ T H oA
A% ol e BAE oW R S HES AP
of A £ A E HEY 5 Y7} Ro)

g A getel 4o £4

Transactions of the Korean Society of Automotive Engineers, Vol. 16, No. 3, 2008 139



Sangdon Lee - Kilawan Moon - Yongjoo Cho

3 BHlolY BEWRSY o)X W FHA

3.1 A2E 2 o=

Fig. 2= 34t X558 Eulloj g o] AR a2, 3
At wlelgl-e- 38 oF A7 =(Spindle) o] LA sl =
FE7 B 2 o] L2 Ewoj®] B 7
Est ¥, e HRTEEel 2 Bl 48]
7hesle] 22 d e A& A st Aot

32 Hiolg #HAEY] &8 H 24
Fig. 3(a) &= 32Hel H 52 2 2127] & 0] 8814

N

Hold AREe) AW BY 4 =

8 wULE 24015 B 549 A
A= F o) 72 TAAL Wloja e
Ae B Amu ool $atuE
o}, Fig. 4(a)i= A8 9] Hlo] vli1e] g Aelet 7}
A5 el Erolele) 82 Yo

Eo] Az AdH, F Eud B7]50] EAshE 2

140 sizxIsAIZstE =22 ®MieA 33, 2008

(a)

sk el Eehae e

(b)

Fig. 3 Measurement of wheel bearing raceway

Table 1 Wheel bearing material properties

Material AISI52100
E(GPa) 200
% 0.3
L1 (MPa) 583
£ (MPa) 733 |
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(a) Smooth surface vs ball
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(b) Rough surface vs ball
Fig. 4 Subsurface stress distribution (P=0.6G)

(a: half contact length=0.36mm)
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Fig. 5 Wheel bearlng tester

Fig. 6 Failed wheel bearing specimens
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