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Thin Film Elastohydrodynamic Lubrication of Nanometer Scale

Siyoul Jang

School of Mechanical and Automotive Engineering, Kookmin University

Abstract—In many practical lubricated contacts such as a rough concentrated contact on the sliding
of nominally flat surfaces, the fluid may be of molecular (nanometer) scale owing to the asperity in-
teractions on the surfaces. Under this condition, there is insufficient lubricant on the concentrated con-
tact spot to maintain a realistic continuum. Rheological behavior for this kind of concentrated contact
has been studied extensively to know whether the application of viscous fluid model is appropriate.
The interaction of two rough surfaces is simplified as perfectly flat-rough surfaces contact under cer-
tain conditions by "composite topography" and for a nanometer scale fluid film, three kinds of rheo-
logical fluid behavior are analyzed in elastohydrodynamic asperity point contact.

Key words—composite topography, micro-EHL, non-newtonian fluid, surface force, solid-like layer,
nano-tribology, asperity, solvation force.

.M B

At Ad7h SRS A S (elastohydrody-
namic lubrication contact)el|A]2] #3 A& -4 9
5 3bd 7] E(theological behavior) ¥4 of| 4] wWL- of
e} wao] glojgkc}. 1 Foj|4 Sanborn3t Winer
[1973]12] A3 At 3] &% (strain rate)e] <d ¥
3 d°E7F 9lar, Yasutomi[1984]2] £ o} 9 2]
o3 &Fo]] )&l 25 A A (free volume) 2 elof] 3t 7o)
2ith. Baire} Winer[1979]= =8t vt &3 54 ]
(limiting shear stress parameter)el] )&t o175 3r}.
Chang[1989] & Jacobson¥} Hamrock[1984]% E“j =+
A aelAe] s Aol dispo] o
o o}lo] 8] (Erying) * 3} Hch-g-2dx} x%t}
So] B F N2 7197] H(wo-slope) 74A]
d2 zHe] vAA E7](bumpyt U= AHEF
ol tf5}e] A-7-shgdich.

270} F57 AT &A=

m“_
oX

=

—

rE
(2

% e

el

100~1000 nm

2] frato]l A== o)yl ¢ TEE e
] mE 7lele] ¥w A7 R(>50 nm), Gohar[1988]
Hrlxy zch ole} e AN FH E7)

(asperity) 52k2] AL P52 920 £RFEl ¥
Zb @27](1~2 nmR= ¢leb 7o) k&3 BHY R4 &
o] fepA sk A ahy] wfe oA o3t
(continuum mechanics) T 4 £3f7} RE] A
AT 7 Sk A B9l stck 22
o133 AT SR FoAE fue] A9t o2l
Frete]l FHE3] skt jlela-‘i&— =7157e

X‘j—i:O] o] Ay ARl o g e gulte)
FrA E& 9l el A e dofdtt. o]eldk 2718
U] Al B F- A £ & (micro-EHL), Cheng[1978]0]8} 17

ur

3
™

g
S

T

ghol ole{gh A Ne] wlA vHAd-E-3 A& (Fig. DellA]
Fuke] A= o2k 10 nm v gto]c}. §-88 B3} =z
719) whA] S Yo foFAel A Bhed A7} 4

g
&)

AAGAAY AET A7) e wh0) 5

E-A(rheological properties)ol] wle} A%3 7ial



v ole] 727)
surtace 1 Thin Fulm Contact . ~
surface |

b R

nanometer scale

h{xy)
S baptey” —u %
Fig. 1. Thin film EHL contact of asperity.

7hell gt &)+-o] A|7)=r}. Chans} Hornf[1985]¢} 4
ol 9atnl Bapg o vizze]e EHANAM fAlE
3ho] 30 nm A =7t E o) Z(Reynolds) A S
2 amsleld & ook e Falel Fualn
2= Upale] A 7R % B4 glzk(correction factor)yE
E3 944 E49) 2d(continuum hydrodynamics
modeDZ -3 A4S A = gty shaich o}
] oFe gubo| A= Israelachvili[1991] 12 2] HF
u} 2~ (attractive van der Waals)&-2}# wi= F7]3 3]
9123 7} uled o|(attractive and repulsive oscillating) F 4
2] (double layer surface force)o] A|ujd o & et
i AlglA e 2 ks

B A 1A 8% AL o 2Hal s

5ol kel BT TRA DAL 9ol
5§l o o] olejdh vholg 2719 Aol 4
ofvhiz 28 WAFS Arsl7lol AYRHE ool
worch ek o g A g geleba Qs Al 3
o] ©lme) @Akl oleidt FAA w4
S Agao] ool 4 oluh. ol FA A w4 Wy

SAlSE FEHor A HEHAM ] &8 ¥4
o) odake ]\ Hch olz) shx 4 <Rl el
cha Al st 7ol wid) A Zoll ] wAwe) SR
wale padgos ey odefe] olck. Poon}Green-
wood[1972]¢) mest 24el el 'Y ol 4 4
2 2764 | mm’ 5} oF 1000702] 43 AFahs F
8 o|(spherical) EH E7]8E°] ¢t | MPa & ¥+
706 AHshe 18 1 mNels AEsta Al 7Y
o] ®m 7| §& FE(effective curvature} 2k 0.1
mmO]D} ]LZ i "dﬁ’ﬂ"l :Lﬂd 3} 146124
Ql M A A F AL BEolA bRy &
oo *191 208 {2l (thin film) o]2}sL &
<]

fke] F 7 fdre) ¥l whel 2] e v

Stol o] BA & 55

wole] 27|15 23k Gubdgel f8r 298 &
shutol| 4] vl 4| FZE(micro structure)® 3413k}, o7
g oAl P& sl A o] &8 ke Xéi‘ﬂ"“/‘i |
3} Z(solid-like layerys ¥Astw 1 45 #HaA
(bulk) AFefell 4 &) 753z k2 A vepdr} 7’“’4“‘
$t 2AS A A3 29 vlA] FERE A5H o
s @Yol o} 71X A 2A4E B2 E 7HA
o] 24 AL A A shairh & adFollAli HellA A
HEk G qheol o)k wAuie) wagekst nAH ¢
o }AH Falel mlAl FEIF&F el vlA =

g abolun 2zhe] )4 AshE wlswshiat k.

2. BM 87| 2ol sEH JY

]
4
N

=

2,
off

kA o
i[‘1[‘
. =
—ﬂo
rN
o |
o g °
i)
M2 le
NRC)
2PNk o

=21
)
o
o
g
[o
[l
o
ox
o 1
o
N
<
N X2
.\1
jos)
2
£
=
*.
X

Aol o A
Hstel F hel A2
7] ¥ (composite topography)’

o Fig 19} 2 EE R e

o s shdeh o) X gl 84 oz

He zel s BBz A4 2] A% o) 2 ol

£ 4 Qe Aoleh.

Greenwood®} Williamson[1966](GW =) F
53 FUT TES % 78] B2 1 AR
s s ael BURe) gE e o
o % 22g NS o) GW R FY Y
%7|(spherical asperity)2] ¥o]7} %55 5 F(Gaussian
distribution)& 71'1‘—11]»]7 3 o] B wiz AlgA 2
Aol wheke ¥ el Zl e 2
EETE og

Scholz[l985] = A&
1 __d._uq ol ]

x‘jz-____b}_g_ I

)1,

] H 71—71— o]

-

E\:ﬂ o]

1

.~3<_ FL m\m ;

r°"

r¥l

b

.

fL

Astaba £ e,
DERETIESE
wrel M o ol vlof A & et

O*‘E‘ .
=l
3L

9]

~N
iy
=]
¥
o
i

~N
N

X
£ ¢

Vol. 14, No. 1, 1998



S —djo* );2 exp(—S72)ds
2

Fdolw E& &1 19}
o] vtehflofzle},

2
Prom ="5E (NR 0% a2 = [

Zoad

4714 RE 74 E7)9] %% ¥

o] 57} &g Pl 5] che )

1-v?  1-v2
S ¢ 3)
E 2| E, E,
A& Fq T AN A2 B2 Bl B 2ol

of &l EA3}2] o] E](statistical data)E H-3 F=
#3 7R upgre] Frpd 5 le] AR Ere A
2 7bds] GW HZ o] 22 s xlefd 4 glch
1218 2AR Azl 3t b F g alolof 43
f7F B sl 2ube 58 dabol diste] At
2} gk, Jacobson[1972)2] 48 A 7434l NRo*=0.05
2 o] gslo] T} &4 Al E'=22.97% 10" Pa,
7] Feole] EFHA 0%=0.05 mm, whe] AA @ &
24:N=2000/mm’ &) wj ¥l E7])2] F§ R=
500 umE 38 ¢ 9lvh GWR o o] ALl v} o
2Hel AE2 eliz E719 F(Fig. 2)9F wh9f A
-8} shE(Fig. 3y8 Ak &9 el 544 dior
of wpa} A4kt 4 9l - FH el Al djotrt o
] o

o]

A
i &7

=
o
=

A A Faha o= Bole] Bt pal b Fal
4 p,, & AE F AR 5710] 0o R Pl

Ful P 5 olvhFig ). el olH @ A4k Y
R AL L L E A N A VLR
fis Aelel 2] 713 Ewo] she AR Al wlol 2
A% 3 ol7] WEel 357F ol A telt g )

Uio]

o 10

£ E

c 3 \

2 10'¢

] 3

° o

> \

£ 10°

g N

]

L.}

2 107 N

i E

[ £

= [ : :

510-2 N AN S AR W S
1 1.5 2 2.5 3 3.5 4

Dimensionless separation d /o

Fig. 2. Variation of density of contacting asperities with

dimensionless separation. Prediction of GW model for
Gaussian distribution.

Journal of the KSTLE

>

e

N'_-‘ 10 E

E

E r

..E_. 100{?“

£ E

o L

= -1

a 1074

® b

- -

3 -2

2 1074 S
@ \

o.

g2 107

E

[+]

=z » i i

TR U S SIS NP S
1 1.5 2 2.5 3 3.5 4

Dimensionless separation d.lc_

Fig. 3. Variation of total load per unit area with di-
mensionless separation. Prediction of GW model for
Gaussian distribution, elastic deformation, dry contact.

10° ==

3 S

g ;

8z [

o3 —

5 [T

R e T T

@ I R

> §

$ o

a

- _—

-

o

s R SN NS S S S
103 a1 S I TS I BTG E ot

1 1.5 2 2.5 3 3.5 4

Dimensioniess separation d.lo'

Fig. 4. Variation of Mean load per geometric contact
with dimensionless separation. Prediction of GW model
for Gaussian distribution, elastic deformation, dry con-
tact.

u} shestA| A4 5|
ool §ah57} =

et ¥ % 3
Naps 44 F E7)o) o) ‘J’éi% Pl FeE e E
3 4 p,s B 7] F5 NOF o] T4 A

3. Ltz O/ 37(2] F40)l CHst s o2

g zole] gubelA] e s Bo1e) vimy A
Sl el A 7bx] A oz o vw @ugfzrclr 3
A, dubAe] B A f-E o2l ol whi

o] H3tE gk 5B fa(Newtonian fluid)2)

& s o) s B, frAle] A Waka] edalek &



vhie vl =27] fapelsfe) AR

. 1o
z
2
!
€ §
E - ;
H :
3 3 H
- = H :
= : : \
= - i
e 101 .
a < H
a : :
-«
® 0
& 10 S N
v
a
S ; \
10'1 A s b e b e b by
1 1.5 2 2.5 3 3.5 4

Dimensionless separation d.lo‘

Fig. 5. Variation of mean load per asperity with di-
mensionless separation. Prediction of GW model for
Gaussian distribution, elastic deformation, dry contact.

2} 27] fEtell A A B
8} 2.8 oA A3 2

Aol elxz el A
Aol A ohp Fog aabst
&)o] 5“’4'5}'— ahe 4 ]E]— Aj!x,z“ 14/&10] WAk 1
Chan3 Horn[1985]2] 4181 Z 3ol 4] 3.2 ul o b
wapeia} gale Sof gaie

s Aol

4 (surface force)2] <3 83

S8l

3-1. lUbXOl Bhe TR FE sy

hd ek e 2 Fvle] vk A Sl dist
of 7H 7] *401 4] w tﬂ‘OM o371 A 2]
el v 5 W Srejeh] Wtk 3Rt
FA *LE}MW e 2 =77k sk st 9
S vlaedad o) S E7)e) G A gkl ofs)
A Fe] sk olwje] f-Ae] HA = Roclands
[1963]2] A7) Zdohel 2ol shefell sl A (42 2
ghet.

n=ny{[Inn, +9.67][1 +5.1 x 10%pY — 1]},
Ny =0.0411 Pas

o
© 5.0 % 10Inn, +9.67)°

a=1.%10"%Pa-' 4)

o7} 4 ozl Xz} 02 7|9t Al mAlgch A E
7 o % whAL Al el A o} 722 wsl Abelell A 2]
o] A4 ni= d)sk el nich 10008 4 w2
27|12 et e ret Ao s T furd
FA A} o]ei gk il Evle] A& & wlojg] e

B85 5-3 #|A 3} o] ciut g} skE e

A58 57

7 guhe] LAz} 218 Wo|rh. o]@gl & 273}l
o) 4 gk pi ohg-9] Reynolds A& 73
} i _H-

Boll olafo] P& 4 glek

3 (ph’ 3p 8 Ph"ﬂ{ =6U-.a~(ph) ®)
P n ax n ay ()X

A wellx e ¥
main)ef| 4 7—¥7"-°4 Apzy Az} H-B(rectangular mesh
area)ell 2H-&-3813= 2o} gfHo| A shA 2hg&ct T
7hAdste] Alakgtel Ao Y mis ghedo) whel Wt
=] Dowson¥} Higgson[1966]e] ol&f c}-g-2} o]

PHse A e

3 (calculation do-

B
0.6x 107
=py| +——ma L 6
P Pn[ 1+17% 10 } (6)
H & Zql T 7ol w2 BHAI W 8-S Timoshenko

o} Goodier[1951]0]] 2J3F Aleo & c}g 3} 7o Ao
E£8E 4 gt

2 _ pxLy) g

o, y)= = (”) = &Y O
§12)] H& odd Seriynell el HEEF A e (xiy)el
2] oted po“ 2] &}k (xy) 2] A ef ] o] wig ks e}
W, A4l g ol & Apzkel Azp el 2 vpe] A zhgh
ok A (g AxdEAl kel f)ated My Eo] &
75 Wahs Zlobde] sl Ex(Hertz) 43 4o 77
Aol 4] vhar 2] Ak ik hadshieke Abzb
o] Az} odel Mo fute] gbEL Al srtar 71
ghoh 21 o)z ednbA ol 'R A& & s A b of
yzp veiz] =ohz] s el A fAllel] o gk Tt
o] wisha-d zvpake] #ezx gl wistg vt gink
aHA vhebdr] wfstelch mpepad Eocdto] 4 7}
sdlel] gzl sl gle] pRe 2 slgl 40 &
Fefell whE a2z AHE AL A mRe

wael Ak @A ) A el Alel 2 o3 g
S ) seeh wd Eule) g WHe wele §
uh A ohgst el Folxlvt.
1
hix,y)=h + —(2+y)+wx,y 8
1(x,y) SRy, y) (8

= ‘57] L 7—5:] 0] &3 g}] 7}/(3 L}-j7 7}7(4 g],oi ora
ol yrarell 8l 5L Edaich 4o Ak

(ry)x= Zh7he] "bE Al4E thA|(iteration)ol] A o] 14|

Vol. 14, No. 1, 1998



ER] WHFE A () ol §3jel AN F wAs)
of Zr}
et e Bl WA} AL S Apxw
c_ X Y o.M . p
X y =, TI - T P - T
b, b o Po
s_h . _pr . Un
h=—p'=£ yr=—_ 9
P =F 9

WA G)E FAAS A7) che ) ol

AF o] AAA Takelld FA9 gty wa g
o] = olol whet Ao WMslrt st of e} whz
Al 3] dFoll A (10)9] o3& o} 2 Hej 2 wigh
AlA M8 el & Faio] glr}. gt
ot FASH AAAA N2 ok HeR md
Voghelphol2] ¥ 2} g=p*h’*c] o]gx]sic}.

Holmz= Aol HAl 2708 A4k o4 7paap
2ol 4] gt p*i= 00]r 7)) elo] A (cavitation) o3 <]
ol 412 AA 2A-L gp*/ax*=dp*/dy*=0 o|t}. 7]
FAo s Avkakel A& Aoy fuk gfee 4
B2 QY 28 25 1 o]9)e) ghe 0o g}
Alnke] Eh) Al i B} s, S, 2ot
WA, e, b ' AR, S TR A A 27
= A 7L F vddy doly= wgAS SOR
(Successive Over-relaxation)2] Bl Al4blof] 2] 3}ed
s p*(x*, y*)2] & F-3rh o] SOR who g 7}
HEE- AlLE s A o)A A A AlAF edod oA 2] A 2e gt
H p*e] 3E & 4 gl olwuic)l A 2e qh
aholl o A, W, fub FAE Ak o] 5o
wol i wizbA] Wk Alakghcl o)ei gt wke A4t

HA ellA] dnbg o2 wjxl ool m = wpyale] Fo)

a p*h*g @f_ N a pxh*] ap:
aya nt ayx
.b 0

6U”" —
R ox*

(p*h™) (10)

e

o

F

HA o] o]gh Al<(relaxation factor)’} 42 7 &
L= S7PhAIRE & foAl fae] el glojr =
o} shgol 255 o] AlF) A o) o) kA
= o 7tk 53] ariste] Avt A A gke o) wA
Ag oA (@y7h 29 Al Azke] wel Aguv 5

el alold ekl e hepile).
FrAle] e Aol glofa) Sede] 27 e

Journal of the KSTLE

pi‘:}[nH] _pi*‘][n]
pl‘}"]

<0.001

olch. gk el diste] 3R ghds dowl Aaks
o Al dojoliae] Hegkal a5 AxH Y 9y

F3he] HYS Yobk 5 olck. ] W W

3}

E

o
BT
3
of
ol
1Y
pev
o
o
1]
oft o, )

F applied — 2}:; 12 : j

<0.001 (12)

F, applied
ofe thri ) SErhx] )4

Ao g W@ g $)5}e]
=l5ie}.

ol qt=5h 5 7|

i
UG o 270 44

U

3-2. A3t £o| CHSA W0 2iEt EH R RIS E
il

wevlE] z7)e] Bl glejA Chans}t Hom
[1985]& 7129 #Heol&s=
Eolode ko] wakal o A3 Hde wgis)ed
A A} o] 24 7o) 7L adwade whs W) 2
9] s el gloal 7Fi(fictitious)e] == FAli= WA
A2l FAets 7 sle] Fate) vlA) xoll olg)
A s Fe] wagta) vjo]$A)8- wedsleich. Tichy
[1993ale A swie] o]2igh wlo]FA A 5} 2o
W A} F(Fig. 6)2 chyAdol AAE = A5
65 E3ste] Darcyo| W3S vhEsl= chytal 2o
2} Zbpate] oS W A ) o] e A 6
ol oheAl Fol Al wulel gof ola vhyAl & of
oA Hr=
gz 7

N

1] )

1

s

b ol wlelsta A A
olc}. o] o] ZL A 7}A] E-a] X

L

>

porous layer:

Surface 1

Fig. 6. Asperity contact with porous layer.



vhe wlE] =27 fatelAe] )G e 59

th54d 6 (porosity) (2) Tt 22| A §(3) HA 1
(viscosity) F 22 Fa o} ohgd 3 FAL JgS
Bl 5Hg woln whAES hAaA At b2l
38k sl 53Hg FeiFrt olzal iy o] 25 vt
o 2 AjFA W dlolu WA S et
o] a4 whdlel 9l ® F9 E7)e) HEF2 A
B2 ek Mo xie} o] Al Erle] B Wy
Frgheh mepy o] mdle) iy A Aw fA2 ¢
3} gkl MRS T Aol Aakgket o] a4 mdle
AL T frAleh b 8] obE by sl v
AR dAE A9EE 5 et e 7]
o] Al A nt AHEE e A

=
o] 7]algk #-3} 52 FAHE o] WatA e o

oL

tlo

o

oy =2

o

B Al g e vlaest] Y gdelct. oh A Fol &
Fobal g3k @S AW o) gk dlelE= WA
A& ehgak 7ol AEA Tt

5
ALl 0.4 Aol vhtAd
AlG 65 24 fEHEAe) o) HrR sdch ol F
%)%= Chan3} Homn[1985]2] A3 Aol 275 FoL
oleh. 252 Al vl aAst F2 A7

v]-3-%
ok 0.4~0.7 nm A ehi= Z1-g gl

3-3. IEM2{(Surface Force)8 12{&t
& i

o] sfxme) vl HE FuiH F 0k T )
(van der Waals force)¥} -8-3| ] (solvation force)®] o3 &F
& el 3 Aoleh o] w34 A1) WAL
ofedof) mhe} wishx] ek 2R 29 2] h(xy)
o upz} gt R ¥, Israclachvili[1991] e & W&} A)
Zlch.

i 3 8pm.( i 3 ap visc
ax [h ox ]+ dy [h dy

m
Ho

oA

-]

ol
&

nj
i1

oh
ox

=6nU

Surface2

Fig. 7. Oscillatory solvation force varies according to
molecular layer.

A - c B 27th
Poaw =~ W’ Psohe =~ eXp|— a ’COS a ’

P = Pyisc + Pson: + Praw

A=10"J, a=1nm, C=172MPa (14)

Frgo g gk A g2 wA ®Hte] el
7b 5nm ¥ =29 FAE 5 9l i AtebA| a1
nm Qe AeefA A 23 FFUH(~60
MPa)s} 312 =7]7} gk Fig 76 v EiH el 2
g qhE-2 ol (attractive)?] ¥F v] Wk Fl 3} o)<l
SalH e gho@ vehjelalct. of d Y Wb 4]
Ao] qredzn = 28k of ey aH 2] 'hA
W E S0 Al4bee 21E 28k glet. Chan3t
Home] A&[1985]4= ¢ =’ b5 &%
(squeeze motion) -7 &1&F 49 FpdHEy R9H

H
of 2)gt gkH oy wA FHe] WS of7| A7

100 1 , _
{.,. I Van der Waals
60 E ----g--- Solvation
—_ F Total(=p, . +P )
é y ‘:‘ { \ van SOf
2 oo bind ]
v
-60 » ) I
F
100 F—=
0 1 3 4

2
Film Thickness h (nm)

Fig. 8. Pressure due to surface forces as a function of
film thickness.

Vol. 14, No. 1, 1998



60 2}

=]

Z3ch B A=
o] ;AL WEHA 7|7l 2
aeistdr).

*Hﬂﬂfj—i e vland £
%

314,

vm

42 I

g e T E9 1A djoro] 10614 2.5
Alol o] W QloA] A=)}, v e n|;me) &%
= U*=0.1871x 107 "2 3}gdx %w =72 =% R=
500 pum, 57} &4 Al4(equivalent Young's modulus)
E'=21.97x 10" Pao]w] tf7)akstoll 4] A 1,=0.0411
Pas o)t} -§-ute] oted A4k} BFA] W el AA-e ¢
& ﬂw 4elel A%he) )iz 672200 A B
© 2] Zo]i= HZ FAANA 3]
2= 1ofolck. 7bg 2bA o) AL af(d/
A4 3HEe F=p,/N=277mN (4] 2), 247
o] 7}& & wl(d/o*=1.0) 28 3F & F=1.62 mN
oftt. oluf sl= = §42-& 250 MPao]™d s 3F b
100 kPao|c}.

AHbH Q] A F-AE& 2] A -$(Fig. 9) a1t
stell 4 A Al o] 2|5+ (2] HE Z7lsla o1 o gFo)
Z7Fe] freh Aol AFA o w3 o) |
A ditell A3 ddell Ao fub Hels ] op2
sk oby wWste) 7)1&r)7) whE v Hod
TD% ET7ENA L fehe] e va & 55 )
= vhebdich yeA] o2 5 o] sl malea e
AHE dodelA e o] ] A vhehb=
] o] A2 st el 28k Al o) wislr} gich: &

pid

)lA o

3
sl

EE
o>

2
031 r

3
Z]
hnd

Henz Film Thickness
EHL
2.0 1077 - 1.2 107
H 4
N : l J1010° 3
1610 : 3
w
a3 /\ Js.o1e
W20 A s
s k A ] =
\ Js.0 10":
o 8
e : H
28.0 10" : : 1
» [ : p =
4 ,_] Ja.010°¢F,
i ' :
[ ! >
4.0 107 ¢ R J2.0 10"§
0.0 10°Jajes aadaoaod e %.00070.0 10°
-5 -4 -3 -2 -1 0 1 2

Center Line Distance [x’:xlb]

Fig. 9. Pressure distribution and film shape for EHL
case (W*=0.5043X< 107", U*=0.1871X10""). ---: Hertz,
-—: Film Thickness, -: Porous

Journal of the KSTLE

Al

- Hertz Film Thickness
Porous
2.0 10° 1.2 107°
-5

- 41.0 1072
L6107 3
w

=)

- [ 48.0 10
calz 107”4 =
— r 3
° 6.0 10“5
e b

-4
28.0 107 4o F
H [ 14.0 10 ;_'
2
a - =~

K o 2

4.0 1071 ; 20 10"
-5 -4 -3 -2 2

Center Line Dlslnnca (x.-xlb]

Fig. 10. Pressure distribution and film shape for porous
layer model case (W*=0.5043x 1077, U*=0.1871(10"").

2.0 107 1.2 107
b : -5
1.6 107 \ ; ! if. 010
.; ]
kY [ : 1s.0 10°°
-3

]
3
5
1.2 10 a
o& (!I_
F Js.0 m"§
° L
S58.0 107" -
H 3 J40 107,
: r "
&40 104 : ] %
. r J2.0 10°2
0.0 10%bide oo banadbeniiJoo 10°
-5 -4 B R R | 0 1 2

Conter Line Distance  [x =x/b]
Fig. 11. Pressure distribution and film shape for surface
force model (W*=0.5043x10"", U*=0.1871x 10 "). ---:

Hertz, —: Film, —: EHL

"""" Herz Film
—— EHL
2.0 107 ; - 1.2 107
1.6 1074 \ f {1.0 1072
H ‘ : ] o
b 3 ; Js.0 10" 3
0] 0 P ] E
-&1.2 10 | %
® y {s.0 10°8
2 [ : :
-4
28.0 107 4 s
] 14.0 1077,
& .
4.0 107+ z
» 4201032
[ i : v
0.0 10" + + + 3 + 0.0 10°
-5 -4 -3 -2 -1 0 1 2

Center Line Distance [x'=x/b)

Fig. 12. Pressure distribution and film shape for EHL
case (W*=0.2949< 1077, U*=0.1871x 107",

ehdlch. oA 5 7hx) ajA ol 4o fote] EAle o)
A 02 SR A2 4] Asbuc 2 Lhep

oh ol fts 2 wdlel ) 24 217) B adolA] &



v wle] Z7] §abellae] e S-A g 61

Herz Film Thickness
Porous
2.0 122 1.2 10
1.6 107 Jro10”
.:“ 5
-6
a b : . {80103
M2t et s 5
e 3
F /\ J&.0 10 2
3 B N ]
; ", -
Ea 0 1074 i e ; 3 1 el
H b ; : / Ja.0 107,
e + 4 B 4 "
a o : 1 g
; ] i
4.0 10 : _/: \ 12.0 102
0.0 0% usus + O DU aado.0 10°

-5 -4 -3 -2 -1 0' 1 2
Conter Line Distance {x =x/b)

Fig. 13. Pressure distribution and film shape for po-
rous layer(W*=0.2949X 10", U*=0.1871X107"), ---: Hertz,
—: Film Thickness, —: Surface Force

- Herz

Film Thickness
-—— Surface Force
2.0 107
1.6 127 =
“f 7 3
-
-Pl 2 13 4 H
[ L x
= -
e
Ld
58.0 10 Y _:
2 : v =,
2 7 b n
a " . y 4
4.0 10 : R W AN o
0.0 10“,F4AA+@
-5 -4 3 -2

Center Line Distance [x'=x/b)

Fig. 14. Pressure distribution and film shape for sur-
face force model (W#=0.2949x<107", U*=0.1871x10"").

2
lo
e
hlia
m
o
a
R
E
>
9
of
K3
o &
i)
2
k<)
it
X,
k1

> fuk FA7E 1.0~ 1Snm01 % o
Aub e gkedo] olrt. Fig. 152 4| 7}=] s ol s}
Pl 2ol ek fate) sk wlagk e

£oodrell A v)als $1ske] RRAFAE - S
ZAste} v 2gk fARE S vhebel 7] 913 7t a4
wdeiel &3 B4 & Aohfe i shleh. 12}
of Al 71A] mel s Aol leiy T gk shgat vy
L 5ol v gk AE AakE A9l H A Fu

.
9.0 +rr—rr g

<
o
~
o
L

Film thickness ratic 10°h /R

2.2 B g
0.0 A 44 oaa P deddd A A ) } Lda TSt T
0 05 s 2 25 3

Asperity load (mN)

Fig. 15. Film thickness versus load behavior for the
three models when U*=0.1871X10""".

o] W= %

-l gk ahEa vl S
2174 0.5 nm gkell LA = vt

Z78lell A 2
EMEIN

58 &

el A #2719 s kAl dhgel A
TR EZR AZol M2 &l dste] Ay 71F
ole] 7hx) fHE A wASEheA el o3
A, THAHE vk 3fA))e] HAlo] gt ulel
Z7)3= dubA el ebA) -4 58 o) 3} v) 53 43}
& ol Favhs 428 Aok d 2 dellA] &
NE RS T 7bA] A male] 7 I ES TR

o7 olule A5 o] 23] c} 2| o)z]8H

A

)
oX
:10

‘10 r

Ashel A BretdoR §AE fAl el
gedow g 4E = B9, hEygel o
gk 27 94 slol 159 o] JriHoR

2 hehbizd] o2 1%le] Slek. ofefgh A4k Azbut
R R R PR PR
& 4 oli b Ee e AlElsl el o of2

Chan-L]f Home] A& dajell 4] B Io]
i ko] 2 Wrh yix] A
A o] SEell A “”d(thm film) $-3 A4S 34
WA A g g Ade] Qi)

wo] alAnk

G gl o
= e

715 oY
a s A B2F Ao [m)

: Hamaker's 4}5(~10"""J) [N-m]
b velE2 A E P [m]

Vol. 14, No. 1, 1998



62 Ak
c 88 A= [N/m’]
d. 1%k w9 A2 [m]

(8] Al [N/m’]
E’ : 57 'HA AlgE [N/m]
F Do) AR 3 [N]
S s
h, AL d el Ao Fuk FA [m]
N (¥ B 4UE m ]
n cAE B B U [m7)
P 58] WA g 29 E7)o) = g [N/m]
po R [N
R 7ol 591 57] 28 A4S (o]
s cEH E71e] Fel [m]
xy o ARE G A] 2] 23 [m]
U vl &5 [mys)
a cAA - 3 AbaE [mN]
é cebA Z0) 5A [m]
n s 852l A [Pa-s]
9 : Darcy #78 22| b4 [m]
p cfEfre] U [Kg/m')
of &Y E7] ¥ole 2FE A3} [m)
voEokg
@ (EHA wE el [m]
£l &#XI
© o iyA
Otz X}
0 (o719 AbeEle] Belak
1 A
2 tEA 2

# 12 s
1. Bair, S. and W.O. Winer, “A Rheological Models for

EHL Contacts Based on Primary Laboratory Data,”
ASME Journal of Lubrication Technology, No. 2, pp.
258-265, 1979.

. Brown, S. and C. Scholz , "Closure of Random Elastic

Surfaces in Contact,” Journal of Geophysical Research,
Vol. 90, No. B7, pp. 5531-5545, 1985.

. Chan, D.Y.C. and R.G. Horn, "The Drainage of Thin

Liguid Films between Solid Surfaces,” Journal of Chem-

Journal of the KSTLE

e

10.

11.

12.

13.

16.

ical Physics, Vol. 83, No. 10, pp. 5311-5324, 1985.

. Chang, L., C. Cusano and T.F. Conry, “Effects of Lu-

bricant Rheology and Kinematics Conditions on Mi-
cro-Elastohydrodynamic Lubrication,” ASME Journal
of Tribology, Vol. 111, No. 2, pp. 344-351, 1989.

. Cheng, H.S., "Fundamentals of Elastohydrodynamic Con-

tact Phenomena,” Fundamentals of Tribology, Proce-
edings of Int'l. Conf. On the Fundamentals of Tri-
bology, edited by N.P. Suh and N. Saka, Mass. Inst.
of tech., Cambridge, Mass., June 1978, The MIT Press,
1978.

. Dowson, D. and G.R. Higginson, Elastohvdrodynamic

Lubrication, Pergamon Press, 1966.

. Greenwood, J.A. and J.B.P. Williamson, “Contact of

Nominally Flat Surfaces,” Proceedings of the Royal
Society. (London), 295A, pp. 300-318, 1966.

. Gohar, R., Elastohydrodynamics, Ellis Horwood Lim-

ited, London, 1988

. Hamrock, B. J. and D. Dowson, ‘Isothermal Elasto-

hydrodynamic Lubrication of Point Contact,” Journal
of Lubrication Technology, Vol. Y8, pp.223-229, 1976.
Israelachvili, J., Intermolecular and Surface Forces, 2™
Edition, Academic Press, 1991.

Jacobson, B.O. and B.J. Hamrock, “Non-Newtonian
Fluid Model Incorporated into Elastohydrodynamic
Lubrication of Rectangular contacts,” ASME Journal
of Tribology, Vol. 106, No.2, pp.275-282, 1985.
Johnson, K.L., JJA, Greewood and S.Y. Poon, "A
Simple Theory of Asperity in Elastohydrodynamic Lu-
brication,” Wear, Vol.19, pp91-108, 1972.

Matsuoka, H. and T. Kato, "An Ultra Liquid Film Lu-
brication Theory-Calculation Method of Solvation Pres-
sure and Its Application to EHL Problem.” ASME Jour-
nal of Tribology, Vol. 119, pp217-226, 1997

. Roelands C.J.A., 1.C. Vulgter and H.I. Waterman,

“The Viscosity Temperature Pressure Relationship of
Lubrication Oils and Its Correlation with Chemical Con-
stitution,” ASME Journal of Basic Engineering, pp.
601, 1963.

. Sanborn, D.M. and W.0. Winer, "Fluid Rheology Ef-

fects in Sliding Elastohydrodynamic Point Contacts
with Transient Loading,” ASME Journal of Lubrica-
tion Technology, Vol. 93, No.2, 1973.

Tichy, J.A.,, "A Porous Media Model for Thin Film
Lubrication,” ASME Journal of Lubrication Technology,
1993a.



vhie VIl Z7] fetellrie] v AE-E 63

17. Tichy, J.A., "Modeling of Thin Film Lubrication,” pp.97-121, 1976
STLE Tribology Transactions, 1993b. 20. Yasutomi, S., S. Bair and W.0. Winer, "An Applica-
18. Timoshenko, S. and J.N. Goodier, Theory of Elasticity, tion of a Free Volume Model to Lubricant Rheology I-
2" ed. McGraw-Hill, 1951. Dependence of Viscosity on Temperature and Pres-
19. Whitzhouse, D.J. and J.F. Archars, "The Properties of sure,” ASME Journal of Tribology, Vol. 106, pp. 291-
Random Surfaces of Significance in Their Contacts,’ 301, 1984

Proceedings of The Royal Society. (London), Vol. 316A,

Vol. 14, No. 1, 1998



