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Three-Dimensional Steady-state Rolling Contact Analysis using Finite Element Method
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Because most fatigue cracks in wheel and rail take place by rolling contact of wheel and rail in
railroad industry, it is critical to understand the rolling contact phenomena, especially for the
three-dimensional situation. This paper presents an approach to steady-state rolling contact
problem of three-dimensional contact bodies, with or without tangential force, based on the finite
element method. The steady-state conditions are controlled by the applied relative slip and
tangential force. The three-dimensional distribution of tangential traction and contact stresses on
the contact surface are investigated. Results show that the distribution of tangential traction and
contact stresses on the contact surface varies rapidly as a result of the variation of stick-slip
region. The tangential traction is very close in form to Carter’s distribution.
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(a) Rolling contact with rigid surface
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(b) Rolling contact of similar rollers
Fig. 2 FE model for rolling contact analysis.
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Fig. 3 Distribution of (&) contact pressure and (b)
tangential traction along contact surface.
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Fig. 4 Tangential traction along contact surface with
different friction (V=10 mm/s, free rolling)

a(x)/p,

(free rolling, p,=1,413 MPa, 2a=0.32725)

10 =5~ —O— g =0.005
ﬁfﬁ &\5 —0— =001
—A—p=0.05
0.8 /$ o p=0.1
—o—u=05
# u=0
0.6

p(x)p,

i
=
1

/ —X¥—u=10
/Q

-1.0 -0.5 0.0 0.5 1.0
x/a

o
¥
L

0.0

Fig. 5 Contact pressure along contact surface with
different friction (V=10 mm/s, free roiling)
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(free rolling, p;=1,413 MPa, 2a=0.32725)
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Fig. 6 Relative slip along contact surface with different
friction (V=10 mm/s, free rolling)
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Fig. 7 Tangential traction along contact surface with
different creep ratio (V=10 mm/s, p=0.1)
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Fig. 8 Relative slip along contact surface with different
creep ratio
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Fig. 10 Tangential Force for steady state rolling contact
with different creep ratio
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Fig. 12 Three-dimensional stress on contact surface with
constant tangential load ratio Q/uP=0.75 and
steady state rolling contact
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Fig. 13 Comparison of tangential traction in the rolling
contact of dissimilar cylinder and similar cylinder
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