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Abstract: A numerical algorithm for predicting fretting wear was developed using the boundary element method
(BEM). A contact analysis was performed numerically using the relation between the elastic displacement and
uniformly distributed loading of a rectangular patch on a semi-infinite solid. Geometrical updating based on nodal
wear depths was performed. The wear depths were computed using the Archard’s equation for sliding wear. In order
to investigate the efficiency of BEM for predicting fretting wear, a problem involving a two-dimensional cylinder on
a flat contact was analyzed, comparing it with the simulation model proposed by McColl et al. that was based on
the finite element method. The developed method was then applied to the analysis of a spherical contact and it was
shown that the developed simulation technique could efficiently predict fretting wear. Moreover, the effect of a step
cycle on the solution obtained by the developed method was investigated.
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Fig. 1 The contact geometry of a sphere and a
semi-infinite half space
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Input parameters:
s Contact geometry » Material properties
® Normal load o Applied stroke
e Total wear cycles Friction coefficient

)
L 2

Calculate contact pressure
at each node

.

Calculate local wear depth at each
node by Eq. (9)

Calculate total wear depth &
update contact geometry

S

C D

Fig. 2 Flow chart of numerical procedure for the
prediction of fretting wear

Output results
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Table 1 Analysis condition
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for cylinder on flat

contact
Poisson's ratio 0.3
Elastic modulus 210 GPa
Wear coefficient of cylinder 2x10-14 Pa’'
Wear coefficient of plate 3%x10-14 Pa’
Applied normal load 185 N
Stroke 50/m
Radius of a cylinder 6 mm
Total number of cycle 18000 cycle
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Fig. 3 Comparison of predicted wear profiles between McColl et. al'®’s (left) and this study (right)

e BE ATAEE o AFye gL
AW 38 FEM SIAZEa@e AL§r
7] Wl SYHQ ZdY vhd 6% 2o
& AAsEd o a, AR EH dAY
A aedgdth aey oy vde wge F
2 gEudAe 4% $9 gol Fa Wl
el wol P2 AAe €8 A W
b AERGA wAsE 2E oY g AN
S IEIc

oo e =Zdd whdgk ALt dag
o] gste] F 7HA] HEFFA diE A
ok 3 HA= 23] Zda Ayl H¥
HNEEZAZA] McColl 519 Ax}e} Hlw3}+Y
T HAE T Sl digh ZAolt). Table 1
McColl 5199] oA AAISF A= AS
e Flo|t),

¥ oy
o o

0

O

flo kI lo
O
¥2 &

>,
)
o
o
ro on

g 4= 9t
Table 2= F A9 314 Z=z
}

H 13 Ao 7 7]E¢9 FEMS

Wi
z

B
2= =N A S Y /AL - ]

el
[kl
frt
M
i)
rlo
A
(e}
Ho
>,
o
iR
&
[t
32, 2
o
)
0o X oo

O AAZE Wus A @ o,
gub B ATl FA FALEEES A



ZHY viE A5E A% daFE N 987

ol e FHE duYyFs I 7 AES A o] &= stick-slip &7l & WA profile® ¥
5 ZH " whdsA S Fslth o] A4S SE =, step 7S 1AMl EH SUHAZ Wle
33mmE 7HESElar 7-¢F el 244 B onhg upzZ A4~ 2 shear traction &7} @ 2F-&35FA| u
AT Table 13 543 b A &3k3ith x27] 500 FEE 250 Aol ES 1 stepoE A& A §-

&4 2 430MPa, stroker 20um= A4 0}01 3

1= T PN 1.0+
Fig. 4= A% $AF@=0014] Ate]2 37}
of We xay wEges A slelth. Fig E o
4@eA AtolZo] Frbatel me} ol HEuwy c ]
£ F/5 9 oF 1000801 Fol el vhd =
ZFe oF 03mE YEFEGS & 4 Atk Fig. 5& _8- 0.4
Aol FAbel whe 4EE @ Augsees) 8
WSE =A% Aot 7] WEZL ok 400m 3 o
Frgl o 100040l S Foll °F 540mz 35%7 00 . AN . .
= %7]‘01‘95]\9‘]4_ @%%E—:}% 430MPa°ﬂ }\1 -300 -200 -100 0 100 200 300
250MPa oF 2% AER st e o 4 3l X position (um)
o AEEY ast A5G St A v (a) Sphere
d3kA @ olf WE AlolZe]l FrbehuA 007
dWEel o9 el wHgHor o = =
o) x)7] w#olt}. 5 o7
Ag7AAel 4 Ashe 1 AbelZH F7HAR 5 ..l
del s|adstseln 339 e A & 2
1000AF0] 2] B4 Al oF 10417 =] AAAIRE 5 061
o] 2%t AL ekt WA 339 = £
A9 A4 A ZeR ey whE AN 98 >
A= HA3E step cycle 5, S stepd AtelE St 4.0 : : , , : ,
-300 -200 -100 0 100 200 300

ZFo] A o] FQa3sr. X position (um)

Fig. 6= step cycle®| 3|4 A }ol] n|x]= ok
& robuy] $13] 1000 AbolZ F-¢] upper AW (b) Plate
(F) Bl AL AshE G sep oyeled] o Fe 4 IR B PORE o e o
A Aqke AdE Z=AE Aoty FleA B three-dimensional spherical contact
= vke} o] 500 Ei= 250 Aol EFE 1 stepo =
sto Alakst A5 SdA o R & FH e v

600 T T T T T T 500

©
o
U & IR IR ] =
5009 O / 4 400 \a-;
£ T 5
Table 2 C ison of calculation ti 2 wof T T 2
able omparison of calculation time z o\,—~\ Jao §
. (12) g 300+ © po
Analysis method FE method BE method = Jo0 ©
© ©
- £ 200 “g’
Mesh size 104m 10m 8 o] 1o O
Step cycle 30 1 3
0 T T T T T T 0 =
Total number of cycle 18,000 18,000 0 20 400 600 800 1000
Number of Cycle
Number of iteration 600 times 18,000*3 times . .
Fig. 5 Contact width and Max. contact pressure
Calculation time 1 day 30min with an increase of wear cycles for

three-dimensional spherical contact



988 Z &

1.04

—

£ 08

=1

=

c

O 06+

-‘%‘ Step Cycle = 500

o /

Q 04

©

O

E 0.2 1

> Step Cycle = 10 Step Cycle = 250
0.0

T T T T 1
-100 0 100 200 300

X position (um)

T
-300 -200

Fig. 6 Effect of step cycle on the wear profile of
sphere after 1000 cycles

stick zoneo| A A= reversed slipoll 2] 3l
cyclic tangential force®] 7FA7} WAstal o= <l
el 7Rt A slip ANS
Wol=7] wiitell Wk Rl profileo] A==
Aoz PJoHEr = 5‘H"4q A5 9k 10 Alel=
o]3t&E 1 stepo= T A5 1 Alo]EH SIS 7
o] Aol Aol fARRRES FQlsgla =2
A Al step cycle2] 4153 a7E A
2 Atm

g—H 7<—l_7r_

(o of

a7gel

o)

e
[k re
£

:Oé
o
o)
rlr

ol
=)
iz}

N
=
e
ol
o
38
o

po o

B~
% flo

|6 of rE o ox %
3@ o M b k]
2>
oo fo

o
e B

w}
EREE IR EEEDEE
32k A mEA

st ostepd AleolE ST

step
cycle®] A o] %ﬁé}ﬂﬂ, A3 ALt StepS Il
HotA vk AA st gE AbA 3t
7t =&E 7}0 ol Ades Bt FF B oo
79 A AFEE Fol7] 93 HAFARG
H a7 2ed Aor AlgHrh

N

Y

e,

HnEs
(1) Waterhouse, R. B., 1972, Fretting Corrosion,

Pergamon, Oxford, pp. 4.

(2) Tomlinson, G. A., 1927, "The Rusting of Steel
Surfaces in Contact," Proceedings of the Royal
Society A, Vol. 115, pp. 472~483.

(3) Waterhouse, R. B., 1982, of
Fretting in Practice and Its Simulation in the

"Occurrence

Laboratory, Materials Evaluation Under Fretting
Condtions," ASTM STP Vol. 780, pp. 3~4.

(4) Ratsimba, C. H. H., McColl, I. R., Williams,
I J, S. B. and Soh, H. P., 2004,

“Measurement, Analysis and Prediction of Fretting

Leen,

Wear Damage in a Representative Aeroengine

Spline  Coupling,”  Wear, Vol. 257, pp.
1193~1206.

(5) Endo, H. and Marui, E., 2002, "Studies on
Fretting Wear:Influence of Rubbing Surface
Materials and Some Considerations," Wear, Vol.
253, pp. 795~802.

(6) Galin, L. A., Korovchinsky, I. G., 1977,

"Axisymmetric Contact Problem of the Theory of

Elasticity in the Presence of Wear," J. Appl.
Math. Mech., Vol. 41, pp. 826~831.

(7) Galin, L. A., 1976, of the
Theory of Elasticity in the Presence of Wear," J.
Appl. Math. Mech., Vol. 40, pp. 981~986.

(8) Korovchinsky, I. G., Rajeev, P. T. and Farris,
T. N., 2001, "Wear in Partial Slip Contact," J.
Tribol. Vol. 123, pp. 848~856.

(9) Podra, P. and Andersson, S.,

Sliding Wear

"Contact Problems

1999, "Simulating

with Finite Element Method,"

Tribol. Int., Vol. 32, pp. 71~81.
(10) Oqvist, M., 2001, "Numerical Simulation of
Mild Wear Using Updated Geometry with

Different Step Size Approaches," Wear, Vol. 249,
pp. 6~11.



EE I EE X

(11) Johansson, L., 1994,
of Contact Pressure Evolution in Fretting," J.
Tribol. Vol. 116, pp. 247~254.

(12) McColl, I. R., Ding, J. and Leen, S. B., 2004,

"Finite Element. Simulation and Experimental

"Numerical Simulation

3 Lues A 989

Validation of Fretting Wear," Wear, Vol. 256,
pp. 1114~1127.

(13) Archard, J. F., 1953, "Contact and Rubbing of
Flat Surfaces," J. Appl Phys., Vol. 24, pp.
981~988.



