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Abstract—The effects of sphere dimples on the tribological
performances of the journal bearing were investigated. The oil
film rupture and reformation positions were obtained using a
mass-conservation JFO (Jakobsson, Floberg, Olsson) boundary
condition. The influences of the sphere dimples with various
distribution forms and geometry parameters on the load-carrying
capacity and friction characteristics were investigated. On this
basis, parameter optimization of textured sphere dimples was
implemented using genetic algorithm. The results show that the
optimal dimple angle range and maximum depth can increase
load-carrying capacity and decrease friction factor effectively
when the eccentricity is small, but the sphere dimple texture is
invalid for the decrease of friction factor when the eccentricity is
large.
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I. INTRODUCTION

The oil-lubricated journal bearings have been widely used
in rotary machines such as conductors and generators due to
their high stability and low friction. It is important to enhance
the load-carrying capacity and reduce the friction of journal
bearings because they usually run under high-speed and heavy-
load conditions. The surface texture has been adopted to
improve the tribological properties of journal bearings with the
different shape, size and distribution form of texture.
Meanwhile, the texture parameters can be optimized to
maximize the load-carrying capacity and minimize the friction
factor. The surface texture of journal bearings have been
applied to improve the tribological properties of bearings since
last two decades. Adatepe et al. investigated the tribological
behaviors of non-grooved and micro-grooved journal bearings
under dynamic loading [1]. The results showed that the micro-
grooved shapes have a great influence on the bearing
performance improvement and the appropriate parameters of
texture is beneficial to improve tribological performance of
journal bearings. Rao et al. applied modified classical
Reynolds equation to study the effect of texture on
improvement in load capacity and reduction in coefficient of
friction for partially textured journal bearing [2]. Tala-Ighil et
al. investigated the effect of the appropriate surface texture
geometry and right texture distribution on the hydrodynamic
characteristics improvement of the fully textured and partially
textured journal bearings [3].

In order to improve the load-carrying capacity and reduce
the friction, more attentions have been paid to optimization of

texture parameters. Papadopoulos et al. presented an
optimization approach based on genetic algorithms to obtain
the optimal texturing patterns to improve the load-carrying
capacity of micro-thrust bearings in a wide range of
convergence ratios [4]. Zhou et al. studied the effects of the
texturing parameters on the load carrying capacity and film
thickness under different velocities, and obtained the ranges of
optimum texturing parameters [5]. In this paper, the effects of
sphere dimples with different start angles, maximum depths
and area ratios on the load-carrying capacity and friction factor
of oil-lubricated journal bearing are studied. The start angle
and maximum depth are optimized using genetic algorithm.

II. THEORETICAL ANALYSIS

A. Lubrication Control Equation and Boundary Conditions

Figure 1 shows schematic diagram of journal bearing. In
Figure 1, Ob is the bearing center, Oj is the journal center, ¢ is
the angle from the negative direction of the y axis to oil film
position, ¢ is the angle which goes from the deviation line to
oil film position, 0 is the deviation angle, e is the eccentricity, r
is the journal radius, R is bearing radius, o is the angular
velocity of journal, h is the oil film thickness, fr and ft are the
radial and tangential oil film forces respectively, fx and fy are
the oil film forces in negative x and y directions, @s is the
circumferential start angle of texture region which goes from
the deviation line, x is the circumferential range angle of
texture region. In Figure 2, B is the bearing width.
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FIGURE I. SCHEMATIC DIAGRAM OF OIL-LUBRICATED JOURNAL
BEARING.
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FIGURE II. THE CROSS SECTION OF OIL-LUBRICATED JOURNAL
BEARING.

The average Reynolds equation based on the assumptions
of laminar, isothermal and incompressible Newton fluid
lubrication can be expressed as

o n h’ oh 0
L Py L P g, RS+ URDE (1)
Op " u op a "oz Op

where z is the axial coordinate, p is the oil film pressure, p
is the dynamic viscosity, ¢ is the surface roughness, U is the
circumferential velocity of journal, ¢1 and ¢2 are pressure flow
factors in the circumferential and axial directions respectively,
ocon is the contact factor, and ¢s is the flow shear factor.

Based on the mass-conservation JFO (Jakobsson, Floberg,
Olsson) theory, the lubrication region of oil film can be divided
into the whole film area and the cavitation area. The
lubrication performance of the whole film area can be
described in (1). The lubrication control equation of the
cavitation area can be written as
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where pc is the oil film density in the cavitation area.

The boundary condition of oil film pressure distribution is

B
,+—)=0
p(e 2)
P(p,2) = p(p+2x, 2)
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The pressure distribution of oil film rupture boundary
satisfies the cavitation boundary conditions.

P=DpPc
®_g @)
on
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where n is the normal of oil film rupture.

The pressure distribution on the boundary of oil film
reformation satisfies the mass-conservation JFO.

h2 oo v
P gLy )
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where vn is the normal velocity of oil film.

In order to solve the lubrication control equations of the
whole film area and cavitation area simultaneously, the switch
function g and cavitation index o are defined as

o (x<0)
971 (a>0) (6)
-1+ Pe (cavitation area)
a=1 P (7)
PP (whole film area)
Pa

where pa is the atmospheric pressure.

Substituting (6) and (7) into (1) and (2), the unified
lubrication control equation can be obtained to deal with the
whole area and the cavitation area simultaneously.
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B. Oil Film Thickness Equation

Figure 3 shows schematic diagram of sphere dimple. In
Figure 3, rd and hd are the radius and maximum depth of
dimple, &om is the local coordinate system of dimpled unit.
The area density of sphere dimple can be expresed as

s=ar, /12, ©))

where Icell is the length of square unit.

The oil film thickness of journal bearing with the sphere
dimples at the arbitrary position can be expressed as

(p,2) 2 Q
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C. Load-Carrying Capacity and Friction Factor

The load-carrying capacity Wa of asperity, and actual
contact area Acon based on Greenwood-Tripp model can be
written as

162
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where A is the contact area, E'is the composite elastic
modulus, 9 is density of asperity, and B is the radius of
curvature of asperity.

The total friction force Ff is composed of the adhesive
shear force Fh of oil film and the contact shear force Fa of
asperity under the mixed lubrication condition. The total
friction force can be written as

F,=F +F, (14)
Fa = TOA:on + aOWa (15)

U
Fn = {J.HT[((W —@15) + 2V 194 Jdxdy (16)

where Al is the actual area of oil film, ¢f and ¢fs are the
shear force factors, t10=2x106 is the shear force constant, and
00=0.1 is the boundary friction coefficient.

The oil film forces in the radial and tangential directions
can be expressed as

F :—J’jpcosq)dgod/l

F :—ﬂpsm(pd(pd/l 0

where Q1 is the oil film area.

The oil film forces along negative x and y axis are

Fy =F cos@+F, sind
(18)

Fy=-Fsinfd+F cosd"

The oil film force F and load-carrying capacity W are

(19)
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W=F+W,. (20)
The friction factor can be expressed as
f=F /W, @20

FIGURE III. SCHEMATIC DIAGRAM OF SPHERE DIMPLE.

III.  RESULTS AND DISCUSSIONS

The geometric parameters of journal bearing are: the width
of the bearing B=20mm, the radius clearance c¢=0.04mm, the
roughness ©1=02=0.4um, r=32.5mm, the rotational speed
n=2200r/min, and p=0.03Pa-s. Figure 4 shows the
dimensionless load-carrying capacity W versus the start angle
of texture area ¢s for various circumferential range angles of
texture area. As shown in Figure 4, the dimensionless load-
carrying capacity decreases and then increases with the
increase of circumferential range angle of texture area, and the
load-carrying capacity is maximum when @s=60° and xk=30°.
Figure 5 shows the friction factor f versus the start angle of
texture area ¢s for various circumferential range angles of
texture area. As shown in Figure 5, the friction factor increases
with the increase of the start angle, and the friction factor is
minimum when @s=0° and x=90°. Figure 6 shows the
dimensionless load-carrying capacity W versus the area density
s for different dimple number. As shown in Figure 6, the
dimensionless load-carrying capacity is an increasing function
of the area density of dimples, and the effect of dimple number
on the load-carrying capacity is limited. Figure 7 shows the
dimensionless load-carrying capacity W versus the maximum
depth hd for different dimple number. As shown in Figure 7,
the dimensionless load-carrying capacity increases and then
decreases with the maximum depth. Figure 8 shows the friction
factor f versus the area density s for different dimple number.
As shown in Figure 8, the friction factor is a decreasing
function of the area density of dimples and larger area density
has little influence on the friction factor. Figure 9 shows the
friction factor f versus the maximum depth hd for different
dimple number. As shown in Figure 9, the friction factor
decreases and then increases with the increase of the texture
depth.
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FIGURE 1V. THE DIMENSIONLESS LOAD-CARRYING CAPACITY W

Friction factor

FIGURE V. THE FRICTION FACTOR F VERSUS THE START ANGLE
@S FOR VARIOUS CIRCUMFERENTIAL ANGLE RANGES OF

Load-carrving capacity

FIGURE VI. THE DIMENSIONLESS LOAD-CARRYING CAPACITY W
VERSUS THE AREA DENSITY S FOR DIFFERENT DIMPLE

Load-carrying capacity
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FIGURE VII. THE DIMENSIONLESS LOAD-CARRYING CAPACITY W
VERSUS THEMAXIMUM DEPTH HD FOR DIFFERENT DIMPLE
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FIGURE VIII. THE FRICTION FACTOR F VERSUS THE AREA
DENSITY S FOR DIFFERENT DIMPLE NUMBER.

IV.  OPTIMUM TEXTURE PARAMETER

The parameter optimization of surface texture is to find the
maximum load-carrying capacity and minimum friction factor
using genetic algorithm. The optimal parameters of sphere
dimples which maximize the load-carrying capacity of journal
bearing are obtained when k=29.61° and hd=33.35um (ps=60°).
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FIGURE IX. THE FRICTION FACTOR F VERSUS THE MAXIMUM
DEPTH HDFOR DIFFERENT DIMPLE NUMBER.
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The dimensionless load-carrying capacity of non-dimpled
bearing is 1, but the dimensionless load-carrying capacity is
1.24 after the parameters optimization of texture. The optimal
parameters of sphere dimples which minimize the friction
factor are obtained when k=115.52° and hd=45.74um (¢s=0°).

V. CONCLUSIONS

The load-carrying capacity and friction factor of sphere
dimples are investigated and the texture parameters, such as
circumferential range angle of texture area and maximum
depth are optimized. The numerical results show that the
optimal circumferential range angle, maximum depth of sphere
dimples etc. can maximize the load-carrying capacity and
minimize the friction factor. The load-carrying capacity is an
increasing function of area density of texture, and the friction
factor is a decreasing function of area density of texture.
Besides, the effect of dimple number on the load-carrying
capacity and friction factor is limited.
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