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Abstract —Recently, Luu suggested fatigue life equation that uses every term of the Crossland equation with
stress gradient effect. Luu’s model, however, has a limit of being unable to coverage small radii that are less than
a specified length. Furthermore, rolling model has a very small contact area compared to the rolling element size,
and fatigue failure occurs on the small radius such as surface asperity by cyclic loading. Therefore, it is necessary
to modify fatigue life equation in order to enable fatigue analysis for a small radius. In this paper, the fatigue
life considering a stress gradient effect in rolling contact was obtained using Luu’s modified equation. Fatigue
analysis was performed to study the effect of stress gradient on the fatigue life using newly adopted equation and
to compare the results with pervious models. In order to do this, a series of simulation such as surface stress anal-
ysis, subsurface stress analysis, and fatigue analysis are conducted for two rolling balls of same size that contact
each other. Through such a series of processes, the fatigue life can be calculated and equation that is proposed
in this paper evaluates the fatigue life in case the contact area is small.

Keywords —stress gradient effect(-3-2 ¥l & 3}), stress invariant(-5-2 £ 3F), rolling contact fatigue(7 &
HE ¥ 2), hertz contact(F| 22 HZ), fatigue life(¥] 251)

Nomenclature G : Gradient of Py, (GPa/m)
h(x, y) : Distance between two surface before
a, I, :Material characteristic length (mm) deformation (mm)
b, n. : Material characteristic exponent (—) JE : Amplitude of the square root of the second
e(x,y) : Distance between two surface after invariant of the stress deviator (MPa)
deformation (mm) N : Fatigue life (-)
E, : Equivalent Young’s Modulus (MPa) p(x, ) : Normal force for each patch (MPa)
Fy : Influence function (-) Prnx 1 Maximum value of the hydrostatic stress
Joer : Fatigue limit of fully reversed bending (MPa)
(MPa) R : Equivalent radius (mm)
s : Deviatoric stress tensor (MPa)
"Corresponding author : yicho@pusan.ac kr u(x, y) : Elastic surface deformation (mm)

Tel: +82-51-510-2307, Fax: +82-51-512-9835 by : Fatigue limit of fully reversed torsion (MPa)
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Hr) : Fatigue limit of a specimen of radius r
(MPa)

Y : Gradient of stress tensor (GPa/m)

a, y : Parameters from bending test and torsion
test

5 : Effective rigid body displacement (mm)

k, A : Parameters related to the fatigue life (MPa)
: Potential function

Y : Poisson’s ratio(-)

I : norm

() :McCaulay bracket
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Fatigue limits from torsion test
(Wohler Curve)
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and subsurface stress
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Calculating ’ J2,q from stress history

¥

Life cycle from fatigue life eqn.

Fig. 1. Analysis procedure for the stress based fatigue
life prediction.
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Fig. 2. Contact geometry of an equivalent body.
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Table 1. Material properties and geometry|25]

Material properties Value
Young’s modulus, £ [GPa] 210
Poisson’s ratio, v 0.3
Fatigue property, x 62.3
Fatigue property, A 0.53

Torsion fatigue limit, .. [MPa] 115

Radius of sphere, r [m] 1.0

Medium carbon steel fully reversed torsion test
(data from Massonnet 1956)

—new

X experiment data

8

3 #R) [MPa]
g

g
I
W

8 &

[ 5 10 15 20 25 30 35
Radius [mm]

Fig. 5. Fully reversed torsion fatigue limit of smooth
cylindrical samples [26].
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JAl4=(coefficient of determination), 2.2 Y3}
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Fig. 7. Contour of von Mises stresss [MPa].
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Fig. 8. Fatigue life versus depth for each equation.
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Table 2. Minimum cycle of each equation and depth

Equations Min cycle[10°] Depth[mm]
New 13.4 4.5
Luu 14.6 54

Crossland 54 3.6
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<8 ] 295 I %2 Crossland 2ol A
7P dokem, MER 4, Luu 4 £o2 o7}
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Fig. 9. Fatigue life as radius of contact area gradually
increase the load.
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Fig. 10. Minimum life depth as radius of contact area
gradually increase the load.
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Table 3. Result of contact analysis

279

Radius [m] 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Contact radius [mm] 3.5 43 52 6.1 6.9 7.8 8.7
Load [kN] 32 50 72 98 128 162 200
6 [mm] 0.60 0.75 0.90 1.05 1.20 1.34 1.50
Radius [m] 1.1 1.2 1.4 1.5 1.6 1.8 2.0
Contact radius [mm] 9.5 10.4 12.1 13.0 13.9 15.6 17.3
Load [kN] 242 288 392 450 512 648 800
6 [mm] 1.65 1.81 2.10 225 240 2.70 3.00
Aof| H]gl| o] WA SAEJTE EgE, Crossland?],
Contact radius [mm] THEHE H83 F A BF skEo] SURMEA 5
@S 52 69 87 104 11 139 156 13 ke ZAdko] YJePto Y l5o] vlwE 2R g9
A Zol7F wew, Luu, MZ-24], Crossland?] =2
—=—new 2 F2ro] Fhth Zeo] ZHAA Crossland2] <]
T A% H2 9259 Zol7k Aol von Mises$H1rh
o, 3 ) aFE Aot Ha e Zo
= £ ann goug o] o] Aole ®W ko] A
T g T Al Farste] 282 < o
& " 3. Lun F2@bgae 75 mdo] A8 4e, vl
wF Z RS 7 @8l deiME s S
27 . TP U 2HEE MEL JEagAo] ¢
it a A a I RO B, ER B9 e nlawe o)
WS es a5 ee w es ws de & % ARTY Sf6dm He7ks @ o=
Equivalent rigid sphere radius [m] 7€
Fig. 12. Fatigue life as sphere of radius.
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