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ABSTRACT:

An attempt has been made to study and analyze the performance of a magnetic fluid based transversely rough
circular step bearing. The associated Reynolds’ equation is stochastically averaged with respect to the random
roughness parameter. This averaged Reynolds’ equation is then solved with suitable boundary conditions to
obtain the pressure distribution. This is then used to calculate the load carrying capacity leading to the
computation of response time. Results are presented graphically. This investigation suggests that the performance
of the bearing system registers an enhancement due to the presence of magnetic fluid lubricant. It is observed that
the radii ratio has a moderately adverse effect on the performance of the bearing system. It is seen that the effect
of transverse roughness is adverse in general. However, negatively skewed roughness tends to improve the
performance of the bearing system. This positive effect gets further enhanced especially when negative variance is
involved. In addition, this study makes it clear that the performance of the bearing system can be improved
substantially by choosing suitable values of the magnetization parameter and radii ratio. Besides, the bearing with
magnetic field can support a load even when there is no flow.
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1. INTRUDUCTION

The performance of a thrust bearing was analyzed by Elwell and Sternlicht (1) theoretically as
well as experimentally. Dowson (2) studied the inertia effects in hydrostatic thrust bearings. The
behavior of an externally pressurized oil lubricated rectangular thrust bearing was subjected to
investigation by Majumdar and Ghosh (3). Stiffness and damping characteristic of compensated thrust
bearings were considered by Ghosh and Majumdar (4). Further, Majumdar (5) studied the
performance of an oil lubricated circular step bearing. Lin (6) dealt with the performance of an
externally pressurized circular step bearing lubricated with couple stress fluids.

Verma (7) and Bhat and Deheri (8) discussed the performance of a squeeze film behavior
between porous annular plates and observed that its performance with magnetic fluid lubricant was
much better than with conventional lubricant. Further, Bhat and Deheri (9) considered a magnetic
fluid based squeeze film in curved porous circular plates. Deheri, Patel and Patel (10) studied the
configuration of Majumdar (5) in the presence of a magnetic fluid lubricant by improving the analysis
of Majumdar (5). At the same time Deheri and Patel (11) analyzed the performance of a magnetic fluid
based squeeze film between porous circular disks with sealed boundary and concluded that by sealing
the boundary and choosing a proper value of magnetization parameter the performance of the bearing
system could be enhanced considerably.

Most of the theoretical studies of bearing lubrication have more or less explicitly assumed that
the bearing surfaces can be represented by the smooth mathematical planes. However, it has been
recognized that this might be an unrealistic assumption particularly, in bearings working with small
film thicknesses. Various devices such as postulating a sinusoidal variation in film thickness (Burton
(12)) have been introduced in order to seek more realistic representation of engineering rubbing
surfaces. But this method is perhaps more appropriate in an analysis of the influence of waviness
rather than roughness. Tzeng and Saibel (13) introduced stochastic concepts and succeeded in
conducting an analysis of a two dimensional inclined slider bearing with one dimensional roughness in
the direction transverse to the sliding direction. However, bearing surfaces having received some run
in and wear seldom exhibit a type of roughness approximated by this model. The effect of surface
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roughness was studied by many investigators (Davies (14); Michell (15); Tonder (16); Christensen and
Tonder ((17);(18);(19)); Berthe and Godet (20)). Christensen and Tonder ((17);(18);(19)) proposed a
comprehensive general analysis both for transverse as well as longitudinal surface roughness.
Christensen and Tonder’s approach formed the basis of the analysis to study the effect of surface
roughness in a number of investigations (Ting (21); Prakash and Tiwari (22); Prajapati ((23); (24));
Guha (25); Gupta and Deheri (26); Andharia, Gupta and Deheri ((27); (28)). Recently, Patel and
Deheri (29) investigated the behavior of a magnetic fluid based squeeze film between porous circular
plates with a concentric circular pocket. Lin and Chiang (30) investigated the effects of surface
roughness and rotational inertia on the optimal stiffness of thrust bearings.

Here we propose to study the configuration of Deheri, Patel and Patel (10) by taking the bearing
surfaces to be transversely rough.

2. ANALYSIS

Usually, in order to get the load capacity, flow requirement and frictional power loss the

following assumptions are considered.

(i) The recess is sufficiently deep so that the pressure in it is uniform.

(ii) The bearing admits low rotational velocity and its effect are neglected for the pressure
development.

The configuration of the bearing
system is shown above; wherein, a thrust
load w is applied and the bearing supports
the load without metal to metal contact. The
load w is supported by the fluid within the
pocket and land. The fluid escapes radially
through the restriction by a land or sill
around the recess. A magnetic fluid based
film is formed with film thickness h. We . . . - P
assume axially symmetric flow of magnetic Figure 1. Configuration of the bearing system

fluid under an oblique magnetic field H whose magnitude H is a function of r vanishing at r = r; and
r,. The bearing surfaces are assumed to be transversely rough. The thickness h(x) of the lubricant film

is defined as

w

| | &
S p—— ]T

h

h(x) = h()+h,
where H(x) is the mean film thickness and hS is the deviation from the mean film thickness
characterizing the random roughness of the bearing surfaces. hS is considered to be stochastic in

nature and governed by the probability density function f(hs), -c < hs < ¢ where ¢ is the maximum
deviation from the mean film thickness. The mean «, standard deviation ¢ and parameter ¢ which is
the measure of symmetry of the random variable hs are defined by the following relations;
a = E(hy),

o2 = E[(hs - 0)?]
and

e = E[(hs - )3]
where E denotes the expected value defined by

C
E®)= | Rf(h )dh
—C

The associated Reynolds equation (Majumdar (5), Deheri, Patel and Patel (10)) gives the
pressure induced flow for a circular step bearing as

3 2 2 2 2 3 _
Q:—h +302h + 3h a+1231111a +302%a+a +82nr%(p—0.5uouH2) (D

where p, is the permeability of free space, p is magnetic susceptibility, nis the absolute
viscosity of the fluid and
H®=(r-r)(,-1); 1;<r<r,.
By making use of the boundary conditions
p(ro) = 0 and p(ri) = ps
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one gets the governing equation for the film pressure p as
In r]
[ To (2)
T.
In [1]
To
6Qn h] (3)

In
n(h3 +302h+3h2a+3ha? +302a+a3 +e) [ri
Introduction of the non-dimensional quantities

b= 0-5H0EH2 +Pg

wherein

Ps =

3 —
LAY 1T Rt o O
nh To h

*_G * £ I,

o =— —-_< —_1

h & h3 k To

Py = Ps

%2 * %2 *2 % %3 *

1+ 30 +3a +3a +30 a +a + €
paves the way for the expression of the dimensionless pressure

PsIn(R
p__ h3p _WR-KO-R), s OR) @)
nhr rg 27 n(k)
The load carrying capacity obtained by integrating the pressure, takes the form
_ oM 3 nps(roz—ri2) (s)
W= (r0+ri)(ro—ri) + 2ln(r0/ri) 5
Now the non-dimensional load carrying capacity turns out to be
*
W= _ h?’w I (1+k)(1—k)3+PS(1_k2) (6)
nhn2r§ 127 2In(1/k)

In fine, the response time At, to reach a film thickness h, at t, starting from an initial film thickness h,
at t,, is expressed in non-dimensional form as

W h2 At by 1 -
A= ﬁz_hzwf 3 42 2 2 2 7 @
nmery hlﬁ +36  h+3h70 +3ha” 430 o +a +e
h — h
here h1=—1 and ho=-2.
where h an 2 I

3. RESULTS AND DISCUSSION

Setting the roughness parameters to be zero this present study reduces to the analysis of Deheri
Patel and Patel (10). Further, taking the magnetization parameter zero it leads to the study of
Majumdar (5). Equations (4), (6) and (7) present respectively, the pressure distribution, load carrying
capacity and the response time. It is clearly seen that these performance characteristics depend upon
several parameters such as magnetization pu*, standard deviation c*, variance a*, skewness ¢* and
radii ratio k. It is needless to say that these performance characteristic depend upon supply pressure
also. It is observed that w « ps and

ps o Q :
(h3 +302h + 3h2a + 3ha? + 302a + a3 +¢)

Therefore, for a constant flow rate the load capacity increases as stochastically averaged film
thickness decreases. Hence the bearing is self compensating provided the flow rate is treated as
constant. Furthermore, from equations (4) and (6) it is established that the dimensionless pressure
and the non-dimensional load carrying capacity get increased by
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p R-K)(-R) zpq K (1+i<2)(1_k)3 respectively. In addition, the response time is increased by
25 T

W (+k)a-k)?3
247 )

Thus, it is easily suggested that the magnetization parameter has an overall positive effect on the
performance of the bearing system.

The variation of load carrying capacity with respect to magnetization parameter u* is presented
in Figures (1 - 4) for different values of standard deviation c*, variance a*, measure of symmetry &*
and the radii ratio k respectively. It is seen that the standard deviation has a considerably adverse
effect while the load carrying capacity increases due to negatively skewed roughness. Identical is the
case of negative variance. These figures also indicate that the negative effect induced by the standard
deviation and the radii ratio can be compensated to certain extent in the case of negatively skewed
roughness when negative variance occurs.
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Figure: 3 Variation of load carrying capacity with respect to u* and &*
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In Figures (5 - 7) we have the variation of the load carrying capacity with respect to the standard
deviation associated with roughness for various values of o*, ¢* and radii ratio k respectively. It is
easily seen that positively skewed roughness and variance positive tend to decrease load carrying
capacity substantially, which in turn, makes it clear that transverse roughness adversely affects the
bearing system. This adverse effect is more pronounced when large values of radii ratio are involved.

Figures (8 - 9) describe the variation of load carrying capacity with respect to o* for various
values of skewness and radii ratio respectively. It is clear from these figures that the bearing system
registers an enhanced performance for a moderate value of radii ratio in the case of negatively skewed
roughness which is seen from Figure: 10. Further, the combined effect of negatively sewed roughness
and negative variance is considerably positive which goes a long way in minimizing the negative effect
of the standard deviation and radii ratio.
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Figure: 8 Variation of load carrying capacity with respect to o* and &*
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Figure: 10 Variation of load carrying capacity with respect to ¢* and k

This investigation also underlines that the supply pressure may play a crucial role in augmenting
the performance of the bearing system in the case of negatively skewed roughness when variance turns
out to be negative. Therefore, this study makes it mandatory that the roughness must be give due
respect while designing the bearing system especially, from longevity point of view.
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Nomenclature

h Uniform film thickness

k Radii ratio

p Pressure distribution

P Dimensionless pressure

ps  The Supply pressure

Ps  Dimensionless supply pressure

w  Load carrying capacity

W  Load carrying capacity in dimensionless form

At Response time

AT Dimensionless response time

G Standard deviation

o Variance

€ Measure of symmetry

o*  Standard deviation in dimensionless form

o* Non dimensional variance

¢*  Dimensionless measure of symmetry
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