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Abstract

In this research a theoretical study was
presented to find the performance of the offset
halves bearing which used in applications of
high  velocities \like centrifuga machines,
dentist tools and high precession machines.

In studying the elastic deformation,
three types of aloys have been used for coating
the bearing surface. These alloys Cu-aloy, Al-
aloy and Mg-aloy. And these show that the
bearing material has a considerable effect on the
essential bearing characteristics. The bearing
made of soft material has lower performance
than that made of harder material.

In this work the bearing performance
was investigated under the following conditions :
1-Elastohydrodynamic lubrication at a rotational
velocity of 2000rpm and L/D ratios
Of(0.5.)and (1)
2-Elastohydrodynamic lubrication at a rotational
velacity of 15000rpm and L/D ratios of 0.5and
D.

The results of analysis show that the offset
bearing deformation (elastic deformation) has a
considerable influence on the performance at a
high eccentricity values (n>0.9) i.e. under high
loa

Notations

Symbol Definition Unit
B- constant -
D- diameter of bearing m
e eccentricity m
E- modulus of elasticity N/m
h-  film thickness of oil m
L- length of the bearing m

P-  noda pressure N/m

m  no of grids circumferentially
k  noof gridsaxialy

R-  bearing radius

r-  journa radius

s offset value

t-  thickness of bearing
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At-  elastic deformation m
0- angleof any point onthe degree

bearing surface that counted

at mid plain of thejournal  degree
¢ - attitude angle of any point

on the bearing surface that

counted
¢- dtran -
- Stress N/m
p-  oil dynamic viscosity N.sec/m

Abbreviations

EHD- elasto hydrodynamic contact

EHL- elasto hydrodynamic lubrication

HDL- hydrodynamic lubrication

Subscripts

X-  circumferential direction

z- axid direction

i,j location of any nodein bearing
surface

Introduction

The first step of the theoretical approach is
the solution of Reynolds equation numerically
using finite difference  method. The
hydrodynamic pressure will be predicted for
each eccentricity ratio. This hydrodynamic
pressure; is used to find the elastic deformation
of the inner bearing surface. The hydrodynamic
pressure means stress in physica meaning and
according to the Young's modulus,

=2 1
€

Where Young's modulus is constant for each
material and the strainis

At
g=—
t

2
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The offset halves bearing (shown on (fig.1) is
one of the non-circular type .Thistypeis suitable
for the high speed requirements .These
requirements are high stiffness, damping and
stability. The bearing thickness is available, so
that the change in bearing thickness can be
obtained by substituting equation(2) in (1) ,this
yields;

at=21 3
E

Which was the deformation of the inner
bearing surface. By adding this value to the ail
film thickness relationship, a new
elastohydrodynamic pressure will be predicted as
a result of the change of the film thickness.
Recalculating procedure of the elastic
deformation should be repeated many times until
the solution is obtained. In this work , three
different materials are taken for comparison with
each other .These materials are Copper,
Aluminum ,and Magnesium alloys. Four cases
were studied , two of them are for the normal
speeds and L/D ratio equals (0.5)and(1) and the
other two cases are for high speeds and L/D
ratio equals (0.5)and (1). These four cases
carried out under two different conditions .These
different conditionsare HDL and EHL.

Literature Review

Oh and Geonka, 1985 [1] studied the EHL
solution of the journal bearing .Cavitations
boundary conditions were used . And the method
was applied to the lubrication of an automotive
connecting rod bearing .

Houpert and Hamrock, 1986 [2] presented a fast
approach for calculating film thickness and
pressure in EHL contacts at high loaded bearing.
Geoneka and Oh 1986 [3] presented an optimum
short bearing theory for the EHD solution of
journal bearings. An approximate .

method for solving the EHL problem has been
developed.

Hou, Zhu and Wen,1987 [4] studied an inverse
solution to the point contact EHL problem under
heavy loads .

Chang, 1989 [5] presented a new method of an
efficient and accurate formulation of the surface
deformation matrix in EHD point contacts.
Durany,Garcia and Vazquez,1996[ 6] studied the
numerical computation of free boundary
problems in EHL. Hoglund,1999 [7] studied the
influence of lubricant properties on EHL. The
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influence of pressure and temperature on
viscosity.  Goodyer,Fairlie,Berzins and Scales
,2001 [8] studied an adaptive mesh method for
EHL. The solution of EHL problems is both
computationally intensive and industrially
relevant. Udofia and Jin ,2003 [9] analysised the
EHL for a typica metal-on —metal hip-
resurfacing prosthesis under a simple steady state
rotation. Both  numerically analyzed using the
finite difference method. KrupkaHartl and
Liska,2006 [10] studied a thin lubricating film
behavior at very high contact pressure .Thin film
colorimetric interferometer has been used to
examine the behavior of the EHD lubricant
films.

Numerical Solution

A numerical solution was used to analyze the
problem and as follows;

Boundary Conditions

The appropriate boundary conditions for the
offset halves bearing working under steady state
, incompressible fluid are :-
aThe pressure at the edges is assumed to be zero
(ambient),i ,e.

p=0 at z=xL/2
b- p=0 at0=0c

(Z—z) =0 ate=6c

Where Oc isthe rupture angle of film pressure
Reynolds equation of two dimensions form was
used then numerically solved using afinite
difference technique. The finite difference
technique that used here is five nodes scheme.
Reynolds equation of two dimensions form was
used and solved numerically using a finite
difference technique.The finite difference
technique that used hereis the type of five nodes
scheme. Reynolds equation of two dimensions
formis.

3 3
i h_@ +i h_@ =6U@ 4
OoX\ pox) o0z\ p oz oX

This equation is expanded and then the oil film
thickness equation is substituted. The ail film
thickness equations are:-
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This equation is applicable for
(t—9)<6<(2n-9)

Then by dividing the bearing surface
into small elements using circumferential and
axial grids, this is to alow the finite difference
technique to be used and the pressure gradients
to be calculated as follow:

(a_p)_ _ P17 Pioa 7
i
m-1
(@). _ P —2p;; + Py 5
ox2 " R o
(—)
m-1
(a_p). = Pi j+1— Pi j-1 9
i
0z (2 L :
k-1
20y _Pun= 2P+ P 10
8z*"" ( L ¥
k-1

Then using the parameters B1...... B5in order to
eliminate the long coefficients of the pressure at
the five neighbors nodes, then Reynolds equation
becomes as follow:
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And this equation is solved numericaly by
applying the pressure boundaries mentioned
previoudly in this research. And the results is
obtained.

Results:

Effect of film thickness behavior in
EHL

Figures (2, 3 and 4 ) show a comparison
between the film thickness behavior at the mid
plain of the EHL analysis at eccentricity ratio
(0.9) for L/D ratios range (0.5-1) .It can be seen
that the effect of elastic deformation of the
bearing surface is clear on the minimum film
thickness (i ,e. increases minimum film
thickness). This effect increases
With the ratio of L/D from (0.5) to (1). The
maximum increase in film thickness occurs for
magnesium alloy at angle 108 degree, as shown
in figure (4). The behavior above is due to the
high pressure generation in the film thickness at
high  velocities which causes high elastic
deformation in the bearing surface and high
increases in the film thickness for the same
eccentricity ratio. That means for soft material.
(low vaue of modulus of eagticity) the film
thickness reaches to maximum value more than
the harder material(high value of modulus of
elagticity ) because of the ability of deformation
in the softer one .

Effect of pressure distribution on
EHL for Cu,AL and Mg alloys

The circumferential pressure distribution at
the mid plain of the offset bearing of the HDL
and EHL anaysis under the same working
conditions of the film thickness is plotted in
figures (5 and 6 ), with each velocity and L/D
ratio for Cu , AL and Mg .These figures show
that the eagtic deformation of the bearing
surfaces has a sudden effects on the pressure
generation, especialy at high value of velocities
and L/D ratio ,for softer material (low modulus
of elasticity )(i ,e.Mg dloy ), and accompanied
of this effect, maximum decrease in EHL against
the HDL in pressure distribution is occurs. In
HDL case the pressure increases too much more
than the pressure in EHL case; because the effect
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of deformation is negligible. In EHL case there
is a pressure decrease , because the elastic
deformation which causes an increases in film
thickness. And the later causes a pressure
decreases and alow load carrying capacity.

Effect of (EHL) on load carrying
capacity, oil flow rate and friction
forceratio

Figs.(7,8 and 9) shows that (EHL) hardly
effect the load carrying capacity, oil flow rate
and friction force ratio. This is because the
change in oil film thickness due to elastic
deformation is very small. Thusit is not worth to
consider (EHL) effect in low load application(i.e.
small size bearing)

Conclusions

The following conclusions can be
withdrawn:
1-As the bearing is softer the elastic deformation
is larger .And as a result the maximum
achievable pressure is lower .This justifies the
use of hard aloy for coating a highly loaded
bearing such as Cu alloy.
2- EHL phenomenon has a bad influence on the
bearing characteristics ,eg .load carrying
capacity
3- It is not worth, that to consider the (EHL)
effect in the case of low load application (i.e.
small bearing).
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Fig (1) Geometry of offset halves bearing
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