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Study on the Fatigue Crack Initiation Life under
3-Dimensional Rough Contact
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Abstract — In case of rough contact fatigue, the accurate calculation of surface tractions is essential to the pre-
diction of crack initiation life. Accurate Surface tractions influencing shear stress amplitude can be obtained by
contact analysis based on the morphology of contact surfaces. In this study, to simulate rough contact under slid-
ing condition, gaussian rough surface generated numerically in the previous study was used and to calculate crack
initiation life in the substrate, dislocation pileup theory was used.

Key words — fatigue wear, crack initiation life, contact fatigue, dislocation dipole model, 3-D subsurface stress,

3-D gaussian rough surface.
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Fig. 1. Rough surface generated by computer simula-
tion(o=1.0, sk=0.0, ku=3.0).
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(a) #=0.0

(b) £=025

(¢) #=05

Fig. 2. 3-D contact pressure distribution on the surface
of semi-infinite solid according to variation of L

Table 1. Calculated results for contact pressure of
gaussian rough surface (F=50N)

Roughness contact Maximum
parameter points pressure(GPa)
c sk ku N p=00 p=025 p=05

1 0.0 3 529 9331 932 9.31
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Fig. 3. Lines of constant JZ/E, on: plane y=0 beneath
circular contact in the present study.
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Fig. 4. Maximum A/‘72/190 on plane y=) according to u
beneath circular contact in the present study.
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Fig. 5. Depth of maximum A/.72/19(, on plane y=0 accor-
ding to u beneath circular contact in the present study.
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Fig. 6. x coordinate of maximum J%/P, on plane y=0
according to u beneath circular contact.
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Fig. 7. Lines of constant J, for gaussian rough surface
according to variation of y along y at /=37 node.

s aa | A Depth of maximum JZI

6 4 A A A A

z/a

A A A A A A

0 T T T T T T T
0.0 0.1 0.2 0.3 04 0.5 086

Friction coefficient ()

Fig. 8. Depth of maximum J, according to variation of
M under rough contact in the present study.
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Fig. 9. Vacancy-dislocation-dipole model of the slip
band of length 24; in an infinite body.

3. Crack Initiation

3-1. Dislocation Dipole Model
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Fig. 11. Subsurface stress components in a semi-infinite
solid by spherical contact.

[ —e—Max. shear stress amplitude J

/0

\ /“’ /
|/
\H/

1 i
60 80 100

0.0701

0.065[

0.060

0.055F

(sz.maxdtzx,nﬂn)lpo

A/P;;

0.050

\/

0.045— 1

1 1
-100 eo 450 %0 20 0 20 40
Rotation angle (degree)

Fig. 12. Variation of maximum shear stress amplitude
according to rotation angle around y axis.

3-3. sijA{zd 3}
Fig. 130 FHo] Hast whael o] Aro] g+&
o ¥l met 73 AAE =A)Ec)k Fig 8oA

165

[ —4— Max_ shear stress amplitude J

A

1.5—- /

AN

A - —A—A

000 005 010 015 020 025 030 0.35
Friction coefficient (i)

Fig. 13. Maximum shear stress amplitude according to
o

Table 2. Calculating condition
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Fig. 14. Non-dimensional crack initiation life. vs. p
under rough contact.
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a : half size of a rectangular patch

a; : half size of slip band

B - half width of hertzian contact zone

c : micro-crack size

E :equivalent young's modulus

AG : Gibbs free-energy change

f : irreversibility factor

h : width of slip band(dislocation dipole)

iy :node in the x, y direction

ku : kurtosis

J :second invariant

n : cycle number of loading

I :number of cycles for crack initiation

P : uniform normal stress

Py : maximum hertz contact pressure

q : uniform shear stress

sk : skewness

7 : frictional stress of material

At : critical shearing stress amplitude on the
slip layer

At? : dislocation stress on the Jayer I

Ath - dislocation stress on the layer 1T

Wi s elastic strain energy

W, : mechanical energy release upon opening
of crack

Y : surface energy

)il : friction coefficient

o : standard deviation

O-xx, Otvy’ O-zu Txy9 Tyzv sz
: 6 stress components



