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This paper focuses on the lubrication behavior of starved elliptical Elasto-HydroDynamic
(EHD) contacts. Starvation is governed by the amount of lubricant available in the inlet
region and can result in much thinner films than occurring under fully flooded conditions.
Therefore, it would be desirable to be able to predict the onset and severity of starvation
and to be able to relate film reduction directly to the operating conditions and lubricant
properties. The aim of this work is to explore the influence of these parameters on star-
vation. A combined modeling and experimental approach has been employed. The nu-
merical model has been developed from an earlier circular contact study [1]. In this
model, the amount and distribution of the lubricant in the inlet region determines the
onset of starvation and predicts the film decay in the contact. Numerical simulations for a
uniform layer on the surface show that a single parameter, characteristic of the inlet
length of the contact in the fully flooded regime, determines the starved behavior. Film
thickness measurements under starved conditions were performed to validate this theory.
For a circular contact excellent agreement was found. In theory the same mechanism
applies to elliptic contacts, however, the behavior is more complicated.
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Starved lubrication has been studied by WedegvdnPemberton,
The past century has seen a considerable improvement in 'f:hv ns, and Camerdis], and Kingsbury{6]. Experimental obser-

performance of machine elements. The average pressure, sp(\éa 9”5 show that under_these_cond|t|ons, the ‘.""r'o'l meniscus
temperature, accuracy and life have increased as the size, wei%:es closer to the Hertzian radius as the speed increases. Hence,

1 Introduction

and cost have decreased. This has been accomplished throli§hPOsition of the inlet meniscus was used as the parameter gov-
improved design and manufacture, and advances in lubricationR!Ng starvation. There are two disadvantages concerning this
second factor however is the reduction of safety margins. OfRdterion. Firstly, this length is difficult to measure in an industrial

consequence of this reduction is that increasingly accurate prediePlication, as it is hidden by the rolling element. Secondly, when
tions of all Operationa| parameters are required' inc|uding |ub|{ihe contact becomes heaVlly starved the inlet meniscus coincides

cant performance’ to prevent Component failure. with the hertzian radius, thereby rendering this inlet criterion of

The foundation of modern quantitative lubrication theory waliitle use.
laid by Dowson and Higginson in 1952] and Hamrock and  Theoretical studies include the work by CHid], Kingsbury
Dowson in 1976[3]. They studied the lubricant film generated 6], and more recently Guangtef@] and Chevalief1]. Chevalier
between the contacting bodies. The main characteristic of this fised the thickness of the oil layer on the track as a primary pa-
is its thickness which plays a crucial role in determining the life ofameter. This parameter relates more directly to the thickness of
the contact. Hamrock and Dowson studied the film thickness aghe film in the center of the contact. They are of the same order
function of speed, load, geometry, material, and lubricant propemder heavily starved conditiorieeglecting oil compressibility
ties under fully flooded conditions. The ensuing relation has beenMost of the early work has concentrated on studying circular
validated experimentally on many occasions. However undeontacts. However, elliptical contacts, for example in roller bear-
more realistic conditions, for example with rough surfaces or uings, are likely to be of more practical importance as such contacts
der nonsteady state conditions, the film behavior is more complexe more common and more susceptible to starvation. This paper

One of the most important aspects still to be understood is tegtends the circular model developed by Chevdlidto an ellip-
problem of starvation, where the amount of lubricant available jgal geometry and attempts to give a physical explanation for the
msuffl(_:lent to f|_|| the inlet conjunction. Under_these conditions thgpserved behavior. The model has been verified by a parallel ex-
film thickness is often much less than predicted by fully floodeferimental study, where film thickness under starved conditions
theory. Starvation can be due to excessive speeds, high IUbriCRAL peen measured in a roller on disc optical test device.
viscosity or a limited amount of lubricant present. In all cases this 11q critical factor determining the onset of starvation is the

contributes to a reduction in the amount of lubricant replenishi(;l%;lanCe of lubricant loss from, and replenishment to, the inlet. The
the rolled track. Thus starvation is common in grease lubricat t step in understanding this balance is to understand the ejec-

high speed or large bearings. . . . . o
Starvation is usually studied in a ball-on-plate optical deviclon of the lubricant. An experimental technique to study this ejec

[4]. In these tests, film thickness is measured as a function g??_n is to run the co_ntact under conditions of n_egligible reflow
speed(Fig. 1). The film thicknes$ increases initially with speed Igh base oil .V'SCOS'.ty and gmall amounts of .fh,udnd to study .
u according to the classicafully flooded) relationship focu®®” the film reduction. This experiment can be easily modeled numeri-
for a point contadt But from a certain critical speed onwards, thé:a”y' and the results compared. .

film thickness starts to decrease with increasing speedi(); The prpblem has been modeleq both numgrlcally and thr.ough
the starved regime. In this regime, insufficient lubricant is avaifi" @nalytical approach. The numerical model simulates the dimen-

able in the inlet of the contact, resulting in reduced film bu”duaionle_ss film thickness redyction for each overrollirlg of the track.
The film thickness reduction law depends on a single parameter

(coinedy in [1]). The analytical model gives a prediction of this
Jarameter, based on physical assumptions concerning the poi-
seuille flow in the inlet.
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1000 1 . With the boundary conditions:

g P(X0,Y)=P(Xe,Y)=P(X,=Yq)=P(X,Yy)=0
= and
z 6(Xo,Y)=Hau(Y)/H(Xo.Y).
)
E 100 | | And the complementarity equation:
E Dy . 0<#<1 and P=0 (incomplete film @)
- % =1 and P>0 (complete film 3)
é The dimensionless gap between the surfaces is given by
10 . . H(X,Y)=Ho+SX*+(1-5)Y?
rolling speed [m/s] VKX =X )2+ (Y= Y')2
Fig. 1 Film thickness as a function of speed (circular ~ The dimensionless rigid body displaceméty is coupled to the
contact )—starvation occurs at 0.06 [m/s], full line hocu®” force balance equation which, for an elliptical contact reads
27
f f P(X,Y)dXdY= 3 (5)
2 Theory D

The model developed by Elrdd0,11] is used to describe the The viscosity pressure relation proposed by Roelands is used
lubricant flow in the contact. This model divides the calculational =
domain into two sub-domains. In the first zone the gap is com- 7(P)= exp[ po( 1+(1+ ﬂ) )] (6)
pletely filled with lubricant, the pressure is positive and the tradi- z Po
tional Reynolds equation applies. In the other region, two lubrj
cant layers, separated by an air layer, stick to the ball and the dl\é\f<
The lubricant layers are moving with the surfaces and the pressure apo
is zero. A parametef (filling rate) representing the ratio of the oil — ~In7no+9.67 (7
thickness and the gap is introduced in the Reynolds equation
which becomes valid in the entire domain usings @<1, P=0 The compressibility is taken into account using the density pres-
or =1, P>0. sure relation proposed by Dowson and Higginson
Capillary forces causing the reflow of the lubricant are neglected. 0.5910+1.34Pp,

2.1 Equations. Wijnant [12] studied the starved elliptical F(P)=m (8)
contact and derived the corresponding dimensionless Reynolds
equation(l). 2.2 Analytical Approach. The pressure buildup in the inlet

The dimensionless parameters for an elliptical contact are d#-the contact starts far before the hertzian radius. In the Ertel
fined in the nomenclature. Over the dimensionless dorfajeee Grubin[13,14] analysis it starts at an infinite distance. In his the-
Fig. 2), the resulting dimensionless Reynolds equation reads: sis (page 192 equatiof6.17) Wedeven[15] derived the relation

(9) between the inlet distanaeand the film thickness in the con-

—3 o —3 o _
i(g f) + 2i(£ f) _ 9pH) =0 tact (which is assumed to be constant in the Hertzian region and
7N IX 7\ Y X (1) equal toh,).
D:Xo<X<Xqo,~ Yo<Y=<Y, he 4(anu\¥? s|?
R 3R IR ©
This film thickness can be equated to the film thickn@s pre-
YO dicted by Moeg9]. In the Elastic Piezoviscous regime, the behav-

ior of the film thickness can be approximated according to Moes
by its asymptote.

Hy,=CepM ~ 1123 (10)

For each set of parametefd! andL), the system of equations
formed by(9) and(10) determines the only unknowsy; which is
the characteristic inlet length of the fully flooded regime.

L 1/2
vl
This characteristic length represents the size of the domain where
a significant poiseuille component of the flow exists. The poi-
seuille flow removes the lubricant from the track. Hooke and Ven-
ner [16] derived a similar length in order to characterize the
roughness amplitude reduction.
—Yb A lack of lubricant in the inlet will significantly affect the cen-

tral film thickness as soon as the distance between inlet meniscus
Fig. 2 Elliptical contact in the dimensionless domain D and the Hertzian radius becomes smaller thgn

Stf
—

a (11)
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The dimensionless inlet distan&= sis/a depends on the op- 1.2 - — . ; .
erating conditions and material properties and allows quantifica- 4
tion of the side-flow. This is confirmed by Figs. 5 and 6 which 1 ;
gather the data on a unique curve. e
In elliptical contacts, equatin@®) and (10) leads to: 08 | . i
sy € 12/ |\ 112 e
~a "\ k@ RIR) (M) 2 Rosr -/ 1
Y]
In [16] an elliptical inlet length similar tq12) was introduced, 04t i
allowing a single amplitude reduction curve for all ellipticities. /“
_ _ 02t / 1
3 Numerical Solution /
/
In the region filled with lubricant §=1) the equations are the 0* : : : : :
same as in the fully flooded regime with a free exit boundary. The 0 0.5 1 1.5 2 2.5 3
Multigrid/Multi Level Multi Integration techniqué17], has been r

used to solve the system of nonlinear equations efficiently. The

numerical details of the stationary starved point contact can Bg. 3 R=f(r) for a circular contact with M=10 and L=20,
found in Chevalief18] and for the elliptical contact in Wijnant y=2.66

[12]. A first order discretization has been implemented with a

distributive line relaxation to increase the stability of the solver.

4 Numerical Results y(w,u,R,R,,E’,77,p). The two straight lines in Fig. 3 represent

The behavior of a given elasto-hydrodynamic contact across #i¢ asymptotic behavior dR. On the starved asymptot&REr
starvation regime is characterized by the amount of oil that f8r r<1) all the lubricant available on the track passes through
removed from the overrolled track every time the rolling element§e contact. On the fully flooded asympto® € 1 for r>1) the
pass through the contact. This behavior can be reduced to &¥&ess oil layerlig—p(pn)hcys) will flow around the contacting
parameter called by Chevalier1]. bodies. Only in two specmg: cases does a gen_eral contact f_oIIow

The aim of the present paper is to obtain the parametes a these two asymptotes: a line contact or a point contact with
function of the operating conditions. This can be done with the - Thus the dimensionless paramejecan be considered as a
solver in two different ways. For a steady-state contact, from régsistance to side-flowy=cc means no side-flow.
sults obtained varyingi,; as input parameter to create a “starva- 1he dimensionless fully flooded film thicknes;s and the
tion curve,” and from this curvey is derived using the formula of COMpressiom=p/p, are known through the numerical solution
Chevalier(13) and a least square fit. A second approach simulatébthe fully flooded problentReynolds equation, elasticity equa-
repeated overrollings; for given conditions starting with som@on, force balance equatipnThe three points of Fig. 3 are cal-
H,;, solve the problem and feed the computed layer of oil in trfelllated by the starved code for=Hg;/(pHesf) close to 1. The
outlet as input for the next simulation. value of y is deduced by a least squares approximation of the

Both methods allow one to evaluate, for different oil quantitie§@/culated points with the functiof13). _
the amount of oil removed from the track when it is overrolled. In this way gamma has been computed for many different cases
Hence, they parameter can be derived. Basically the principle i§€haracterized by andL). In Fig. 4 the results obtained for a
the same in both methodsvaluate the film reduction for different Circular contact are shown. It can be seen thaaries between 2
oil layers. For steady state contacts a number of representative &1d 5. According to the theoretical model presented in Section
quantities are chosen and the corresponding computations are ge#. the parameter gamma should be a function of ti% and
formed with a flat inlet oil profile. Whereas in the overrollingthus y=f(/M/L). This implies that when presented as a function
method, the inlet oil profile is more physical. Nevertheless, tof M/L the results should fall on a single line. This is illustrated
reach the very starved reginfee., tiny oil layers many cycles by Fig. 5. The small deviations from the straight line that can be
must be computed until little lubricant remains on the track. Thigeen in this figure can be ascribed to numerical inaccuracy of the
implies a large number of computations and makes the methe@mputed values. Furthermore, it should be kept in mind that the
very time consuming. Furthermore, a propagation of errors in the
oil profile occurs. Using calculation with different mesh sizes, the
discretisation error can be estimated. In this paper, it is of the
order of 1% iny. 6 . ; . :

h

4.1 Film Decay: Starvation Curve. Using the mathemati-
cal model allows one to impose the shape of the inlet oil profile
h,; and to deduce the position of the mobile inlet menisdree
boundary problem For each set of lubrication conditioripad,
speed, viscosity, geometry, materidly;), the ratioR of the cen-
tral film thicknessH, and fully flooded central film thickneds 73 i
can be computed. This parameferH_/H.; can be plotted as a
function of the dimensionless oil thickness on the track 27 i
=Hgy/(pH¢ss), see Fig. 3. From Chevali¢f] a good approxi-
mation to this function is given byl3).

4 +

M= N
[ ]

”»e e
00 o
oo
[ X ]

r 0 : : - : :
R:V1+_ﬂ 13) 0 200 400 600 800 1000 1200

M
Knowing y and the thickness of the oil layer,(13) allows one to
predict the film thickness in the center of the contact. The remaipig. 4 yas a function of M for a circular contactfor L=2, 5, 10,
ing characteristic parameter of this approximation is thuz, r=1
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6 . : Table 1 vy values obtained with different amounts of oil r
5+ o Y
44444444 K M L 0.5sr<15 0.1=sr=<0.3
4+ 0. o 1 1 30 20 2.64 2.64
L= o 1 1000 20 3.36 3.03
..... 0.14 100 20 9.19 4.75
’}/3 Lago®® 0.14 1000 20 10.6 5.34
2 _
1r il 4.2 Film Decay: Repeated Overrolling. In Sec. 4.1
“single pass” calculations were performed to characterize starva-
0 ‘ ' ' ' tion. In this section “multiple pass” calculations are performed
0 5 10 15 20 25

that closely resemble the experimental procedure. Equétidn
relates the central film thickness to the thickness of the oil layer
available on the track. Applying this equation recursivelymes
gives the reduction of the film thickness as a function of the num-
ber of passes. Hence, in the model, the parametecontrols the
film reduction behavior.
It has been obtained numerically by computing fifty times the
film thickness in the center of the contact using in the inlet the oil
ofile found in the outlet of the previous pass. Refereffde
termines the relation between theroih the inlet and the outlet
R. Between the passes;,;=R, with n the number of disk
fvolutions. An asymptotic behavior {@3) is found whem tends
ntto infinity:

M/L

Fig. 5 vy as a function of M/L for a circular contact for
L=2,5, 10, 20, and M=10, 30, 100, 300, 1000, r==1

r=1,

relation betweeny and M/L is only valid in the piezoviscous-
elastic region, away from the isoviscous-elastic, isoviscous-rig
asymptotes.

The results plotted in Figs. 4 and 5 were obtained for a circul
contact for various conditions & andL. In the same way, the
value of y has been determined for elliptical contacts for differe

values ofM, L, and k. These results are presented in Fig. 6. 1
According to the theoretical model, the computed values of lim R(n)= lim =n~ (14)
gamma, when presented as a functionMf/()*?, should form a N n—=3/1r§+n

family of lines with the slope depending on the ellipticity paramypo 14 rametey can be determined experimentally or numericall
eter x, which is indeed the trend shown by the results. Regardirﬁ%mpplots R=1yf(n) on a Iogarithmicpscale by g least square);

the depelnder}cti of on thi&'}'ft'%':y it (I:an k;e seen that fc.’trhaapproximation. The slope of the curve using a logarithmic scale is
given value of the parame . the value ofy increases with 7" coc Fiod ‘g and)9

decreasinge (increasingly wide ellipsgsThis means that the side For the circular contact, the obtained numerically by the re-

flow is reduced V\{h_en the ellipticity increases. This can be €¥tion (14), with only two or with fifty passes considered, differs
plained as follows: increasing e'lllptl(:lt(ye(.juungx) reduces the by less than 4%. These results are very close to those obtained by
pressure gradient in thg dlrecthn and increases the dlstan(:t?he three point approximatiofTable 2 for every oil layer thick-
travelled by the lubricant to be ejected from the track. ness. The difference in the value gfbetween the three point

The y values presented in Figs. 4, 5, and 6, were obtaingdl, o imation and the film decay is 6%. Taking a closer look, the
aroundr=1. However, the same analysis performed with smalle

. . . rofile across the contact width is almost constant.
amounts of oil (<1) provides differenty values. Some results ’ ILI):or the elliptical contact, the profile across the contact width
for the elliptical and the circular contact obtained with large an, .

small amounts of oil are given in Table 1. This table shows thg ows larger variations. Theobtained from the three point graph

f ircul tact f= 1 d td d sianificantl proximation withr=1 is close to they obtained by the film
or a circular contact£=1), y does not depend significantly onyocay quring the first few passes. The difference is less than 7
the amount of oil available on the track. However, a significa

; . X L X ercent.
influence is obtained for the elliptical contaat€0.14). The dif- . ' . L
ference between the obtained with an oil layer of ~1 andr However, they value obtained after fifty cycles differs signifi

= " cantly from the one obtained after two cycles and by the 3 point
=0.2 for the elliptical contact approaches a factor 2. approximation with large amounts of oil. Theobtained by a film

decay analysis with large number of cycles is close to those ob-
tained by the three point approximation with thin oil layers. The

16 . . : : 1 . . : difference found between both is less than 20%. Furthermore,
! K — these values are closer to the experimentathich is obtained
04 with a large number of passes &0<200).
12+ Y S 1
10 .o e 5 Experimental Approach
i e 027 ) R . . .
Pt i e | An ultrathin film optical interferometry technique was used to
¥ 8 r P 7 035 measure the EHD film thickness under starved conditions. Unlike
I I
6 r - S -
e e
__ee*® o o003 |
! ;Wﬁtpﬂ/""% h ) Table 2 vy obtained with different models
27 | k=1 xk=0.27
0 . . . . . M =100 M=50.6
0 2 4 6 8 10 12 14 16 L=10 L=6.26
,/M/L 3 point approxr=1 2.97 5.72
overrollings 2 passes 291 6.08
overrollings 50 passes 2.8 4.26
Fig. 6 vy as a function of M/L for different ellipticities: experimental 2.8 3.55

=0.14, 0.22, 0.35, 0.63, 1.00, r=1
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conventional interferometry, which has a lower measurement limit 1

of around 80 nm, the ultrathin film technique can measure films
down to a few nm. Details of this technique have been reported
elsewherg[19] and only a short description will be given here.

The contact is formed between a 19.05 mm diameter steel roller

(in the rolling direction and the flat surface of a glass disc. The
contact is loaded through the roller which is mounted on a shaft, R
supported on bearings and driven via a flexible coupling by an
electric motor.

The glass disc is coated on the underside with a chromium
semi-reflecting coating, on top of which a “spacer layer” of trans-
parent silica is deposited. The film thickness in the contact is
measured using an optical interferometry metfit@. Film thick- 01

ness measurements are normally taken from the center of the con- 1
tact.

A CCD camera attached to a frame grabber was also mounted
on the optical system so that images could be taken from tp
contact region. Tests were run for a circuldall on dis¢ and
elliptical (crowned roller on discgeometry. The same lubricant, a
high-viscosity polye-olefin was used in all experiments. Table 3

10 100

%. 8 Experimental film decay for a circular contact k=1
(U,=96.6 mms 1)

summarizes the conditions for both sets of tests.

6 Experimental Results

Figure 7 shows a moderately starved elliptical contact. The inlet
meniscus is seen to the left of the contact. The film decay experi-
ments (Figs. 8 and 9 were repeated for a number of different
lubrication conditions. The fact that these are straight lines implies
that reflow is negligible as explained by Cann et[@D]. Figure
10 which showsy=f({M/L) combines all experimental results.
As expected from the analytical approach, increases with

M/Le«1/S and with larger ellipticitiegsmaller ).

7 Discussion 0.1

In Figs. 11 and 12, the filled points show the experimental
results whereas the lines and the open symbols show numerical
results. The difference between theory and experiments is sma

10 100
n

than 20% for the circular contact. For the elliptical contact, the g 574 (u, =39.8 mms 1)
. m=239.

Table 3 EHL test conditions

1000

Efd. 9 Experimental film decay for an elliptical contact K

Geometry

Circular

Elliptical

test piece

balk=1
R,=9.525 mm
R,=9.525 mm
0.51 GPa
0.01-1 m/s
25°C
0.8 Pa.s
18 GPa*

roller k=0.27
R,=9.525 mm
R,=70.0 mm
d.33 GPa
0.1-0.32 m/s
25°C
0.8 Pa.s
18 GPa*

" circula,
eﬁiptlilca

e

Fig. 10 Experimental

Journal of Tribology

v values as a function of M/L for a cir-
Fig. 7 Starved elliptical contact cular (k=1) and elliptical (x=0.27) contact.
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tance depends on the ratid/L and is also a function of the oil
thickness. A more detailed analysis shows a clear dependence of
on the amount of oil. As applied by Chevalier|[ih] and in Sec.
4.1, they behavior in the approximatiofil3) R=f(r) is gov-
erned by the large amounts of oil€1). This value ofy corre-
sponds to the first few cycles. For all operating conditigvisL,
andr) the values ofy can be gathered on one single curve. Ac-
cording to the numerical results and the experimental results for

2+ pass Lto5 & the roller, the curve linkingy to VM/L seems to be a straight line
pass4é to 28 © depending on the ellipticity and the amount of lubricant. The
1} gissérimz%tal . maximum difference iny between experimental and numerical
P results is about 20 percent for circular and elliptical contact. The
0 ) : . . . ) value ofy proved to be more dependent on the parameter the
0 2 4 6 8 10 12 14 elliptical contact, and as such E(.3) looses some of its appeal
M/L for elliptical contacts.
F_ig. 11 y as a function of \/M/L_ for a c_irc_ular contact k=1. Acknowledgments
Lines and open symbols are numerical predictions. ]
The authors would like to thanks PCS Instruments for supply-
g . . ing the optical EHL device and bearing roller test piece.
7 S
6L e | Nomenclature
AN
§ L o | a = ellipse axis in rolling direction,
' o a=(BWR/E")3(2k&l m)13
4r ] b = ellipse axis perpendicular to rolling direction,
Tl e % v e ég | =al K= (3WRIE")Y3(2x&l 7)Y i
pass 1to5 & Cep = elastic piezoviscous asymptote coefficigdl, Cep,
2t pass 1to 50 © 1 = Q17/123- 3504516, 1112 V24 /(1 + ) )) 512
1} pass 45 to 50 v i D = domainXg=X=X,,—Yo=<Y=<Y,
0 ‘ . . ‘ expellflnflelflltab1 b E' = reduced modulus of elasticity, 2/=(1—v?)/E;
: 2
o 1 2 3 4 5 6 1 8 +H(1-w)lE,
M/L G = material parameteG= «E’
h = film thickness
h. = central film thickness
Fig. 12y as a function of yM/L for an elliptical contact H = dimensionless film thickness| = h(2RE)/(a%K)
=0.270. Lines and open symbols are numerical predictions. H. = dimensionless central film thickness
H.¢s = dimensionless fully flooded central film thickness

Ho
difference between experimental and numerical results is less than _

25 percent considering that the numerical simulation must be per-
formed with small amounts of oil since the experiments are cor-
responding large numbers of passes<he<200.

As expected from the asymptotic behaviine contact: y
=), y increases with increasing ellipticitjx decreases (see
also Fig. 6. Both the experimental and numerical results show the
same trend. The quantitative variations pfacross the contact
width depend on the degree of ellipticity. As the configuration
becomes more circular the variations across the contact de-
crease. For very large ellipticities on the contrary, each part of the
contact is virtually independent of its neighbor.

Figures 11 and 12 show the differencesyirbetween the dif-
ferent numerical simulations and the experimental results for the
circular and the elliptical contact. As expected, the numerical
simulations with small amounts of oil are in good agreement with
the experimental results: less than 20% difference for the circular
contact and less than 25% for the elliptical contact.

8 Conclusion

This paper quantifies starved lubricant film formation as a func-
tion of the amount of oil available, the contact conditions and the
ellipticity. The ratioM/L proved to be a determinant parameter to
predict the side flow. The dimensionless starvation paramgter
derived by Chevalier et al1] was used to characterize starvation
under different lubrication conditions in the piezoviscous-elastic
regime. This starvation parametgwas linked to the dimension-
less inlet lengthS. The experimental, analytical, and numerical
results, show that the dimensionless paramet@ide flow resis-

110 / Vol. 126, JANUARY 2004

dimensionless rigid body displacement
dimensionless inlet oil film thickness

L = dimensionless material parametétoes,
L=G(2u)
m = parameter of the elliptic integrals and&, m=(1
— k?)12
M = dimensionless load paramei@foes,
M=W(2u)~%*
n = number of disk revolutiongoverrollingg
p = pressure
pr = maximum Hertzian pressurp,= (3w)/(2mab)
Po = constantRoelands po=1.96 1
P = dimensionless pressurB=p/py
R = reduced radius of curvatur&= (R, *+ R;l)‘1
R, = reduced radius of curvature indirection, R,
=(R+R)
R, = reduced radius of curvature indirection,R,
=(Ry'+R;) 1 R/R = k3K~ &)/ (€~ KZIC)
r = relatlve oil fllm thlcknessr—HO,,/(_HCff)
R = central film thickness reductiofR=H_/H;
s = inlet length
s¢r = fully flooded inlet length
S = dimensionless inlet lengtB=s;;/a
U, = mean velocity inx, u,=(u;+u,)/2
U = dimensionless speed parameter,
U= (moum)/(E'Ry)
w = external load
W = dimensionless load parametw,=w/(E’R§)
X, Y = dimensionless coordinate¥=x/a, Y=y/b

Transactions of the ASME



Xo.Xe,Yo = dimensionless domain boundariég=Xxq/a,Xe
=Xs/a,Yg=Yo/b
Z = pressure viscosity indefRoelands
a = pressure viscosity coefficient
a = dimensionless parameter= ap,,
a=L/m(3Mm?k/2(1+ Ry /R,)?/16£%) 13
y = dimensionless film reduction parameter
N = dimensionless parameter,
A= m(128/M*16mE% k*(1+ R, /R,)°K8) 1
no = Viscosity at ambient pressure
n = dimensionless viscosityy= 7/ 7,
v1,v, = poisson ratio of bodies 1 and 2
p = density
po = density at atmospheric pressure
p = dimensionless density=p/pg
0 = filling rate, ratio of oil film thickness and gap
height
« = ellipticity ratio k=a/b
K(m) = [721J1—m? sirf(y)dys
&m) = [7i2\[1—m? sirf(y)dy
S = (- k’K) (K- k%K)
Appendix
A Precision. An error inyinduces an error in the relative

film thicknessR. Figure 13 show& as a function ofy andr. For
a given oil layer thicknessand twovy values, the difference iR

0

2 25 3 35 4 45 5 55 6

~

Fig. 13 "R as a function of yand r
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can be evaluated. For a given variatiomjrthe maximum error in
the film thicknessR is obtained for =1. For 2< y<6, the maxi-
mum error inR is 17 percent.
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