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Abstract — In this study, we aim to analyze the effects of both contact layer properties and surface roughness
on contact resistance. The contact has a great influence on performance in terms of electrical conduction and heat
transfer. The two biggest factors determining contact resistance are the presence of surface roughness and the sur-
face layer. For this reason we calculated the contact resistance by considering both factors simultaneously. The
model of this study to calculate contact resistance is as follows. First, the three representative surface parameters
for the GW model are obtained by Nayak's random process. Then, the apparent contact area, real contact area,
and contact number of asperities are calculated using the GW model with the surface parameters. The contact
resistance of a single surface layer is calculated using Mikic's constriction equation. The total contact resistance
is approximated by the parallel connection between the same asperity contact resistances. The results of this
study are as follows. The appropriate thickness with reduction effect for contact resistance is determined accord-
ing to the difference in conductivity between the base layer and surface layer. It was confirmed that the standard
deviation of surface roughness has the greatest influence on surface roughness parameters. The results of this
study will be useful for selecting the surface material and surface roughness when the design considering the con-
tact resistance is needed.

Keywords — surface film (3£ ¥ 2}, surface roughness (3£ % 721 7]), GW model (GW @), contact resistance
(3= A&, constriction resistance (5= A )

Nomenclature ks : Base conductivity (Wm-K)#lo]2% HET)
ke Surface film conductivity (W/m-K)FEHE A=)

A, : Apparent contact area (m’)(EE7| HE 9) n : Number of the asperities (A )

A, : Real contact area (m*)(&A HZF 99) R; : Contact resistance of base layer (K/W)

a : Radius of a contact area (m)&7]| HZ W) #Hol2=F FEF A

b :Radius of flow channel (m)@EExd WH) Ry : Contact resistance of surface film (K/W)

by : Hypothetical intermediate radius (m)(7 P 7+ ¥¥3) &EHY "1 A3
: R’ : Contact resistace of sigle asperity (K/W)
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o, : Standard deviation of distribution of asperities
heights (£7] =°]9] EFAA}

n : Density of asperities on nominal contact area
#mM)E7Y 7HEE)

* : Dimensionless value (F-XF %)
.M B

7l wom el H2 AA Al HE Al g
g5t 4ol a7 Slrt 53, A7y dde

oM HHel s AAshketl HE Aol 2 9
mAE Jo dEAdt HE A 21 A
oF el sl =A FeE) Z1ATEANN 7
7F S & o 2 fSwHo] ehd o] €
7] vl ¢ B E7150] g dT oM =5
HEo] dofudtt, AA HEH2 ¥ 91e] &+ ¥
7180 A AEFEe® et o] W, E71E°]
ke Al HEHAS o= Hol= HZ vis)
- Ao JE A 27159 A 4

AF o 32 B85} FolH

s

i
rot

¢

~, o

7

2

‘ﬂ.]l'ﬂ

o rlo B )y moom % N o
o
ol = %0

2
o

ot
L)
£

o ol 1
ali]
lo
j)

N
el
ox
o
e
=
Rl
j%

\
=2
1o,
o

o

dpe w2

2 o o
St
rr

it

e

Au)

H

vy

i

Y

I

2

o

=2,

~

o

riu

o
it
‘0,

E
=
oy
o,
C
HF
ol ﬂ]z
2
)
Ape
g
)

=]
ol

to i o2 m i I o
N F

o

oX,

i

)

R

2 L to

3
"
rr
o
P
NI

3
-1 o g

b o T
9 rlo ) o

22
1=
o flo
N
e

o

b
o K

5

@
4 1y

te] ERjoltt.
= 715 vl wf
o|AE TWE /It Efo|BEX|H o Uk
7 WA wpEAZE 5] {3t adE 2
At AAZ slo]Ede, DLC (Diamond Like Car-
don), CFRP (Carbon Fiber Rainforced Polymer) 5]
ot Ade 7 mHde] ZANEl A-8EHA A
THI, 2]. 7153 ®3Ere] Ajdo] = Awke xjo
7F A He olE U= HE A3 dTFS
XA H3L AR 59 ] HE Areh HE AY B
AT olfiek 7ol 31

Azl FH 7ke] HFFol
e A B A A A

Greenwood and williamson A|A]$F GWEHo] JATH3].

o,
i
w
2
™

]

:i
g
o
i
o,
N
o

5]
¢

=

A Hertzo &8 olg3le] St 7luislel 4%
Fo ORIt GW 2YS B8 S B
B Al 7K gk B719] W, 2] B

L o pelt J
o

E
0
e
ot
4
It
o
23]
AN
i)
:‘ii”
il
fo
_O|L
Kl
Z
<«
=
flo
Y

o
Iy
Y
o2t
)
(i
o
e
!
(@)
o

Q

g

ojft
o
3
=
5
5

=N

S
o
o
e
Y
o2t
N
2
o}
=N
R
iu)
S ik
e
<
E
0
Q
~
2
(2o

£ Al saue 38 ARV HE Al W)
A= Y= AR s sl 44 GWE
dofl AL 23 B 5SS A 9 2R
ZHE] Nayake] W 224 WS 28sie] 53t
St o] 3 545E 7HAL GWEHS ol8sle] 2
H7) HEAA QA 459A, HS 8 Adsslth
AA HE A GWREA AltE B7] REES
] 3 sdet 571 XS] BE dAeR 2Akst
Sart. 223 9l mEe] A5 AFE Mikickd 4
& ol8sISith. AA A= AFE ARtsled o=, et
o A, 7153} el Ar Aol 5l g9 727
SAUE S Aol vAe FFE Brieilth

A#E olgsiith GwEd
83 W] A7EA] 542
2t o, B B7] W3, B719 37 2R g o
3} 7o) AxtEofRit, 7] Fo] & ¥
o] IAE A (e 7k

H
lo
l:,
AN
=
Y
Q

Vol. 35, No. 1, February, 2019



18
0.8968
0, = (1 ——) o )
B
Dorons)
ere, f D..,

A7), D= AAZ FA Z2ulollA @] Lol
FHE A= WFO)AL Donis D1 Aol 749
Ngpelth, B7] wo] X9 ¥FEAA o= HI A

R e 7iE 7 I
o2 S8 Bt =7 wde] Ak A2 20k 2
GWEHL HEsh= BE 27152 BF %

[e]
e
A& 7T 7Rt ARl Al " E7] vt

1 m,

Py 3

9-1-9. Greenwood-Williamson & F2/(GwW 2)
Pigel elel BaE Bae] BRS fto B gk
oriel e HHS AFARAY ol o FolER]
A8 B 2kt 22 @A 31 ARVE TH
3L ek o] ARVIE 7R F EAVE oW sk PE
wo} o] ol w) T BAl] FAL g 1
& B7Fsslal Fig 13 7o) oF mHe 39 =719

[e]

Yoz s JFFo 554 £7]
Hr}.

o] Wl AR HEF W A9 AA HE: W 4.9
o] =ETh AAZ E7)00 g8l HFo] v
HAHS 47} 3t UukFor 4.0 4ET}) At A¥E
WAL HE qHe] B4 e AMdHdas 3 glo
o 7klA= skt vlElsHAlET. AA HE HA
E(A/A) e FE ssolME skl 7l webs A
A HE: wEgo] AgHom =73}, b =& 3}
FoE 7159 BEEel dFe wAE S HFA
Q1 FAZF YR A =T

A% TH HETAE U= Greenwood-williamson

i)
b
)
e
©
Yy

Tribol. Lubr., 35(1) 2019

o - o|uet - FEE - 28T

)4

Fig. 1. Real contact area and Apparent contact area.
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Fig. 2. Contact between a rigid smooth surface and a
randomly rough elastic surface in (a) a real case and (b)
a simplified model (GW model).
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Fig. 5. Roughness analysis result of contact surface.
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Fig. 6. Contact resistance with film thickness variation.
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