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Mixed Lubrication Analysis of Parallel Thrust Bearing
Considering Surface Roughness

Dong-Gil Lee and Yoon-Chul Rhim*

Graduate School Yonsei Univ.
*School of Electrical and Mechanical Eng. Yonsei Univ.

Abstract — The real area of contacts, average film thickness, mean real pressure, and mean hydrodynamic
pressure are investigated numerically in this study, especially for the parallel thrust bearing. Model surface is
generated numerically with given autocorrelation function and some surface profile parameters. Then the
average Reynolds equation contained flow factors and contact factor is applied to predict the effects of sur-
face roughness in mixed lubrication regimes. In this equation, flow factors are defined as correction terms to
smooth out high frequency surface roughness and contact factor is introduced to relieve from obtaining the
average film thickness. Therefore the computation time to obtain barh 4 can be reduced.

Key words —real area of contact, average film thickness, mixed lubrication, contact factor, surface topography.
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Fig. 1. Coordinates system for the rough surface
analysis.
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Fig. 2. Boundary conditions for the analysis domain.

AAzZA
=P, along x=0, P=Pp along x=L
P=P; along y=0, P=P, along y=B 13)

g dS Fig. 29F 23 4(12)2 Eslsie] =
A FGoAM Bt FuYHE ARG o TN 23y
P AANF WS 4 F Utk

Y fratel o FRYHEIE 4] 99 A,
% oH/oto) |3 ARt etk 2S 4(12)
EXE & 5 Ut o] 3 BY AHAE] Hg
She 59 FANFYHY HIBAY (1492 B
Y 2% & vk FAs A e Fow Chart
< ®& Fg o] =340,

Foa=Wo+W-W (14)

A71M We BRAZ el 2(15)9 o]

ojxle YL g5] 2 HEL HEE vHF HEa
o).

Bhushan®] ©]&& ZAE 3} %&lic& o3k BA4
Aea e E3) W5 9& ot} Ee Fig
13 o] T 78] Edo] BF 744 718 23 e
7A9-E Fig. 33 Zo] dFe] gue 93] vjny

A Z(x,}’ ,t) /\ B_Z:O

ho(t) /

S 1

2=z +2

Fig. 3. Equivalent surface for two rough surfaces.
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(a) Gaussian distribution

Fig. 4. Generated model surfaces.
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Fig. 5. Bearing performance variations due to surface
roughness for the correlation length ratio.
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Fig. 6. Dimensionless asperities' load w.r.t real area of
contacts.
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NOTATION

Qu : coefficient of the transformation
matrix
:real area of contacts, m’

=
S

:apparent area of contacts, m’

&
!

FE : composite Young's modulus, [Pa]

1 1-vi 1-v2

—=——4

E E E,

E, :Young's moduli of each surface, {Pa]
:average film thickness, um
:nominal film thickness, tm
:total film thickness, pm
: hardness of surfaces
: dimensionless nominal film thickness
: Kurtosis of sliding surface

ER -

=

:number of asperities
:number of asperities of unit area

”clzzggm

:mean hydrodynamic pessure, [Pa]
1/R, :sum of the curvatures of two
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surfaces, 1/m R,,_R_,,I+R_,,2

Sk : Skewness of sliding surface

U, U, :sliding speed of each surface m/s

U=U,-U, :relative velocity

w : mean hydrodynamic load

w :applied load [N]

W : asperities load [N]

Wisa : dimensionless mean hydrodynamic
load

2, 2 : roughness height of surfaces
measured from their mean line, ym

y=A*/A* :asperity aspect ratio

Ny : independent identically distributed
random numbers

Ax, AE : correlation lengths along x and y
directions. pm

U : absolute viscosity of lubricant,
N - sint

O O :pressure flow factors

o : shear flow factor

o. :contactor factor

0163) : probability density function of

o152 - Y
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Appendix

1. pressure flow factor
¢=1-Ce™ for y< 1
¢=1+CH" for y>1

2. shear flow factor
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3. Flow Chart for numerical calculation

l Numerically Generated surface data —1

roughness height
: plasticity index
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