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Finite Element Simulation of Surface Pitting due to Contact Fatigue
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A simple computational model for modeling of subsurface crack growth under cyclic contact
loading is presented. In this model, it is assumed that the initial fatigue crack will initiate in the
region of the maximum equivalent stress at certain depth under the contacting surface. The
position and magnitude of the maximum equivalent stress are determined by using the equivalent
contact model, which is based on the Hertzian contact conditions with frictional forces. The virtual
crack extension method is used for simulation of the fatigue crack growth from the initial crack up
to the formation of the surface pit due to contact fatigue. The relationships between the stress
intensity factor and crack length are then determined for various combinations of equivalent

contact radii and loadings.
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p(x) = normal contact pressure

Fy = normal force per unit width of equivalent cylinders
b = half length of the contact area

R" = equivalent radius

E" = equivalent modulus of elasticity

Do = maximum contact pressure

q(x) = distribution of frictional contact loading

= coeflicient of friction
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Fig. 1 Idealization of contact problem
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Fig. 3 Maximum stresses in contact area

Table 1 Maximum stresses in contact area of two
cylinders by Hertz theory and finite element

analysis
Stress Result comparison
(MPa} Hertz FEA  Differ(%)
Equivalent Von Mises stress 6gpax 863 871 0.9
Principal shear stress Ty 463 470 1.07
Coordinate shear stress Tyymax +387 4386 0.25
Normal stress in x-direction Oy 1550 -1491 3.8

Normal stress in y-direction Gymay ~ -1550  ~1550 0.0

Normal stress in z-direction 6,max -930 911 2.04
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Fig. 4 Influence of the coefficient of friction on
equivalent stress
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Table 2 Maximum equivalent stress and its position
(depth H under the contact surface) for different
combination of p, and R*

Depth H under the contact surface(mm)

po OEmax

Equivalent curvature radius R'(mm)
(MPa) (MPa)

6 8 10 14 20
1000 5599 0.075 0.094 0123 0.168 0.250
1200 6728 0.090 0.119 0.147 0213 0293
1400 786 0.106 0.143 0185 0249 0342
1550 8718 0117 0.150 0192 0268 0379
1700 9572 0.129 0.180 0224 0302 0421

p,: Maximum contact pressure
0 pmax: Maximum Von Mises stress .
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Fig. 5 Equivalent contact model with subsurface crack



o

elagaasisix H 273 33 pp. 80-88

March 2010 / 84

24 JHYDHTEY

7o @ 7 A ¥ (Virtual Crack Extension Method)
& FEAS Wl 85 F(Strain Energy Release
Rate) G& ZA37] 913 Hellen ol <Ja) 7pdd
FoeLP 2N T HEE MY g
¥igu s

A 2-¥le] X el 4ol Y A (Potential Energy) /15 &
48 3 of ] X| (Blastic Strain Energy) Q¢ 2] # o 2] §
g well o8 TS Zo] EAY F o,

N=Q-w
- oy edar-tyiry 7

A7A g AT ol EAHE 84 HIE
(Elastic Strain)©] .

{et=1e}-1e} ®

TS A AdA g S AS(Coefficient of
Thermal Expansion)’} %l 8¢ 257t 792 3
#3E o g 4 ¥ E(Linear Thermal Strain)
SRA Aoy 2o

{e,}={aT ar} ©)

H, @483 (Elastic Stress) o= ©AYHE

(Elastic Matrix) [D]E ©]&3ld Th&3} Zo] Autd
& glon,

{o.}1=[DJe.} (10)

A BPNIANLTE G = dELel a9
¥ AN A Y EEFEA og A gt

G=~%§-=w§;(gmw)
an
b2y

o 714

== [le.} [Dle Jav (12

=T S HelA (e [K1e 44 39 AdEdy
(Global Nodal Force Vector)®t 39 73431 4 (Global
Stiffness Matrix) 2241, o] ¢ ¥4 ZAAE (K]
o HEdersE ZAFLE tEH 2o

a B 4 K
~ = (13)
a

A7IM o Gubzloz Fgdoelel o 107107
vjo] 4%3te 2L FEFTRLEA, Fig. 69 EA
H upel Zol, FEo] AaTE ARY A4S HEE
8 & (Perturbed Elements)® 744 9] W3 g xdsis
dEAT aaolrR, Hane ZA & 4313)
& o)&3to g Po] FAF £ Ut

oa

Sy AL g

i=1 Aa

14

A0HNA {uy e dHHE L KE $FA
Well 23H€ WA 849 ZAggdolt), vhxrix
2 Aang &% 3Force Term)E ZAMFROZ o
& A Zo] NG F low,

Af}_ Uk ~{rh _ AlS}

== = 15
oa Aa Aa (1)

E3 5 = 2 ¥ (Mixed Mode Separation Technique)
& ol &3ty g4 HFANIANEE G, G, F &3
BEABHE Zh7 g e 2

2 Oa 2 0a

G ={u"}"[ﬁf;}_lé‘ﬁ<j{u”}] 16C

" da 2 oa " 20a

6,y 2L 14Ky ) 2 .



S EUSESX K 27 # 33 pp. 80-88

March 2010 / 85

y
- - 2 Pxy)
\\“ “ \\\\ r ///
crack N .
\B[ d ><fz \\\ X
”' (x,-y)
Aa
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Fig. 7 Equivalent subsurface crack growth model for
finite element analysis
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