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Relationship between Contact Resistance and
Tribological Behavior in Boundary Lubrication

Hong-Chul Lee, Dae-Eun Kim’
Graduate School, Yonsei University
*School of Electrical & Mechanical Eng., Yonsei University

Abstract- Boundary lubrication condition arises in most lubricated systems, especially
during motion reversals and start up phase of operation. In this work electric contact
resistance variations with respect to sliding conditions under lubrication is investigated.
The motivation was to improve the understanding of the contact condition in the
boundary lubrication regime. It is shown that electrical contact resistance is sensitive to
sliding speed and surface condition of the specimens. Also, phenomena such as run-in

during the initial phase of sliding and lubricant pile up near the sliding pin could be

observed.

metal contact condition in lubricated systems.
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The results of this work will aid in better understanding of the metal to

boundary lubrication, contact resistance, friction

T AT A FALEAME £EFY A 7
Z, 874 z274, ¥FA9 25, ndg €Y
%37 So] Fad ¥z AddHo g9 AALE
FeAAE 3tFe] £8F9 FA9EHA A&
A AAHA etz F& AHHA HEo
LARHEAS @) FEHU[2), FASE Y=
Holde FdgoHe 8679 FAHo F78iE F
&7k ZAHAHA HEFo] #H4dl7] WEol vhE Yol
ZA2%0H3]. Bowden and Taborl4l:= ZAA&E A
ol Ao rlRE g aFe S gELe A
d8o2 Yetd AASEE LS AAFAA, FA
£8H AloldlMe] £8Fe B Fxo §8%
284 AAo| ol F8F YL v F3
st

a8} Komvopoulos et

b 28T Auguge

allsle 83zt 3ol
st Y Ast A¥ 8Hol



12

3 Z¥(plowing)e] ZAEEAM AuiHA vt
Z WAUZelgn AAREA vy A Tt
of g vhaASFe WeE dgsinh

ot zo] AAZE e uha/mtE d 7ty
E}"Jﬂ‘ﬂ, Edo] Ad&Hozg vy ¢

$olle ade PE/MASTH 83
t %/\]Oﬂ dojutd A utd/uld Wt F
b gy ol &8l ojdte 2Ho] £
Ay 23z FF AH v g2 vt/
b AFEHA BASL Aok 4714 233
o % v EW AA7], &8F 54, §F,
ny £% 5% g2 JdAEY EFE @ FA
g FH$57) GEA HZFAANY EFo)EEA
54& dEsAY 2471 S oy

E AFoe AA&E ZdHdAM 243 HEH
o A3 Wsg Aoz EAsRoH. FA
Z3 FujFdoz B3 d239 HE JHE #FE
Ak EAE AY A F& YU undq 3
A& deldA S FF AF Azg HF 4
HE d&3gom, o] EdolE2x] 543 va
T A T

wo rlo A
=

o
o
Rl )
N

rlr o

2]
9
N
3

R
mﬂ

.
b
oX rE

2. Constriction Resistance Model
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; - the resistivity of the lubricant film

é : film thickness

A ;' lubricated area
7 : radius of the asperity contact area

»n . number of areas
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Table 1. Experimental conditions

Uiz ZE(Hv) 150, 350

£ E(Hy) 250, 780

tx3 A7 (m) 0.01 °[3t

T3 815(gf) 200, 300, 400, 500, 700, 1000
g £Em/s) 0.05~0.3(20~100 rpm)
F8f A=(cSH) 32

£8F 25(0) 20
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Fig. 10. SEM micrograph of wear track
after 15sec sliding
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Fig. 12. SEM micrograph of smooth wear
track
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Fig. 15. CCD image of interface between
ball and disk(500gf, 80 rpm)
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Fig. 17. CCD image of interface between

pin and disk with particle generation

0.30 2.00
—53—  friction cosfficient
—_— contact reslstance
| 1.50
s
- 2
£ 020 | 3
7] £
£ 3
2 100 2
o ¢ 7]
c | e
S LA IR ARTIED AV T TE b r 8
2 it AL AL W kh iy d 51
i;: o.10 p o g i ; i %
oso 8
UMMUMJMMMMMMMQF 0.00
0.00 : [ : . :
0 100 200 300

Sliding time (sec)

Fig. 18. Friction and resistance fluctuation due

to the irregular interface topography
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with hump and valley
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46 29434 1

2

(‘

TF-ol & constriction resistance modelol A
Bie}l o] mny &7t F7hgel whehA
23] A HE @30 PaHe] nlAALE
13 BE AN Zrlsle A8 E Ao =
vy AgY Frte] wet FEHFHRAA FARE

o222 #4gH o] wef wAAF}
o 4@ BAZ FUAsATh vtE EF
o E2x EA4DG HE AHgAtoly 4

=438l AMASH g 2ot

1‘1%?‘1 Atelol whE  UAzle]  olEA HAFE
electrical noise= Fig. 22014 B ule} o] wigd
Aatoll olaia F mAEY AL HFol £
o2 AL wowM AFge Wy fdHE Y
S AT £ Yk olY HMoez BAE A-BY
Aol vtd Aalol] oM HFol & He 4o

rOl

B > e

)

ol ol X

1

o2
ro
i

1

o0
o)

e dhe £
_h‘, m}l_‘
mlm e

R

82

9, 72 d&e] AV AL Afde
F2 23t

vl EYdd] HAE BEFIF s HolY severe
wear LAIAlY] wedge T& A doe ZAAHY
A% &8 (mechanical interlocking)el &3lA o}&
g3 H& Ao aA F/Y 4 Ach EBo] 8H
(£& hump)g v F$E 7HAHs9E  Fig. 239
AdlA B7A] olEstdA miaAHL A FrrstAT
A& AL 938 Aoz dadr 283y B A
& AYEA eFgoen Bo] txasd EIHEA
Aol A F/AY £ S Aotk HAAR o] F
7R AL A9 FA dolur] wWEe waAs
% HE AYL FAH A FHE F U A

iy

Sliding direction
—_—)

Fig. 22. Effect of particle on electrical contact

noise

Sliding direction
—_—

Region of influence

Fig. 23. Effect of hump(asperity) on friction
and contact resistance during severe wear



58 &
O #E% Bny £59 2A0E FA S
oo vt AP FAsel thed 2L Hes
Ak,

e

AA &%
e HE W gasuA waATE

g udAE Mg $57 e
= Age Zrlagoh

S
N

2

St o

2. 3t% Wg dIAM vpRAFE dFS RS
HolR gAwt ¥EF AL &F Frtd wHsto
#askdtt

3. ny A Frtel weh WEwA 2A
£ O =EdelgRy 4L oA, 3F A
)3 Age A% BAE molT glew, o e
A% 45 AFE ol EHE PEUAN 2
SE G Edol22A B4 458 5 o

ot

% 7
CMo]l =RL (1998)d =t AT eATF
Bl o)Ete] A A URS”

tS gl

i
ro

[1] W. B. Hardy and I. Doubleday, “Boundary
Lubrication-The Paraffin  Series”, Proc. Roy.
Soc. A, Vol. 102, pp. 550-574, 1922.

[2] W. Hirst and ]J. V. Stafford,

Temperatures in Boundary Lubrication,” Proc.

Instn. Mech. Engrs, Vol 186, pp. 179, 1972

M. J. Furey and J. K. Appeldoorn, ” The

Effect of Lubricant Viscosity on Metallic

Contact and Friction in a Sliding System,”

ASLE Trans. Vol. 5, pp. 149-159, 1962

(4] K. Komvopoulos, N. Saka, and N. P. Suh,

"The Mechanism of Friction in Boundary

Lubrication”, ASME J of Tribology, Vol. 107,

pp. 452-462, 1985.

S. T. Oktay and N. P. Suh, Wear Debris

Formation and Agglomeration, ASME J of

Tribology, Vol. 114, pp. 379-393, 1992.

[6] X. Jiang, D. Y. Hua, H. S. Cheng, X. Ai and
Si C. Lee, "A Mixed Elastohydrodynamic
Lubrication Model with Asperity Contact”,
Journal of Tribology, Vol. 121, pp. 481-491,
1999.

"Transition

(3]

(5]

83

[71 R. Holm, Electric Contacts
Application, Springer-Verlag, 1967

Theory and

81 Y. Z Lee and K, C. Ludema, "The
Shared-load Wear Model in Lubricated
Sliding Scuffing Criteria and Wear

Coefficients”, Wear, Vol. 138, pp. 13-22, 1990.

[9] J. A. Greenwood, “Constriction Resistance and
the Real Area of Contact”, Brit. J. Appl
Phys., Vol. 17, pp. 1621-1632, 1966.



