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Abstract

Comparison of performance behaviours of fluid film thrust bearings having smooth
and textured plain and cycloidal profiled sector shape pads have been presented in
this paper. Surface textures on the sector shape pad have been simulated using the
spherical dimples.Role of the depth, location and area density of dimples over the
performance behaviours of bearinghave also been investigated.Based on the analysis
reported herein, it can observed that the textured cycloidal profiled pad surfaces yield
significant improvement in the performance behaviours of bearing as compared
toconventional smooth plain pad. It has also been established that the surface texture
introduced at certain locations on the pad surface only producessignificant
improvement on the performance behaviours.Moreover, surface texture present on
any surface profile (plain or cycloidal) of pad yields the improvement in the
performance behaviours if the values of film thickness ratio (h;/h,) and dimple depth
ratio (dn/hy)fall closer to unity.

Keywords:Thrust pad bearing, cycloidal and plain profiles, surface texture, dimple,
friction coefficient,load carrying capacity

1. Introduction

Surface topography of mating solids play vital role in dictating the tribological
behaviours at the interface. Properly designed surfaces by providing the profiles and
textures significantly improve the performance behaviours of lubricated conformal
contacts [1-12]. It has been established that in the hydrodynamically lubricated thrust
bearing the cycloidal surface profile on pads yields substantial improvement in the
performance characteristics as compared to the conventional plain profile [2-4, 7].
Based on the literature review, it is observed that in spite of the positive results
obtained with the single continuous surface profiles yet no study has been reported
pertaining to exploring the improvement in the performance behaviours of thrust
bearing having textured profiled pads.Therefore, the objective of this paper is to
present the comparative study of the performance behaviours of plain and cycloidal
profiled sector shape pad thrust bearings considering thesurface textures. Mainly
reduction in friction coefficient and increase in load carrying capacity of thrust
bearing have been investigated and discussed herein.

2. Mathematical model

A fixed sector shape pad of hydrodynamically lubricated thrust bearing has been
employed herein in the numerical analysis.Three dimensional model of thrust
bearing is illustrated in Fig. 1. The coordinate system is also shown in this figure.
However, the variation of film thickness in the circumferential direction for plain and
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cycloidal profiles is demonstrated in Fig. 2(a). Moreover, Fig. 2(b) shows the
schematic arrangement of dimples just for demonstrating a typical pattern of textured
pad. However, Figs. 3(a)-(h) demonstrate the textured pads employed in the
investigation.

Figure 1: 3-D model of a fixed pad thrust bearing and the coordinate system used in
the investigation
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Figure 2: Plain and cycloidal profiles on pad for h;/h,=2 and illustration of a typical
texture pattern on pad surface

The film thickness expressions used in the investigation are written below:

(@) For plane taper profile
hoian =1+(h,/h, -1)(1-6/6,) )
(b) For cycloidal profile

Peyctoica =1+[(h1/h2 -1)(6186, —(0.5/n)sin(27r§/§0))] @)
(c) For spherical dimples (for details refer [13])

hdimple = (dmax /(rd hz))\/rd2 - (I’@ - rac )2 - (r - rc)2 3)
wheredna: maximum depth of dimple, ry: radius of dimple

(d) Plain profile with texture (spherical dimpled surface)



2" International and 17" National Conference on Machines and Mechanisms iNaCoMM2015-202

h = hplain + ﬁdimple (4)

(e) Cycloidal profile with texture (spherical dimpled surface)

H = ﬁcycloidal + |'Tdimple (5)

The Reynolds equation incorporating the mass conservation algorithm is employed
in the investigation considering the non-inertial, steady state, and laminar flow of
Newtonian lubricant. This equation is expressed as follows [7, 13]:
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Figure 3: Demonstration of textured pad surfaces employed in the study
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Equation (6) is solved for ‘¢’ for computing the pressure using the following
relation [13]:

p=p,+9 B[In(¢)] (7)

The pressure values computed at the discrete nodes are used to compute the load
carrying capacity using the following relation:



2" International and 17" National Conference on Machines and Mechanisms iNaCoMM2015-202

W=|[[prdrdo (8)

Dy O
O e S

Friction force is computed using the relation as written below:

F= j j [/ )8V, / o7)]FdTd & (©)

RO
Coefficient of friction is obtained using the following relation:

p=(FIW)(h,/R,) (10)
3. Computational procedure

Coupled solution of governing equations is obtained using finite difference method
and Gauss Seidel iterative schemes. After performing grid independence test, it has
been decided generate the numerical results using 331 (Ng) x 331 (N,) grids. All the
results have been generated using the following convergence criteria:

[ZQZM(L Diew =900, 1o |/iZ|¢(i, J')new|j <10™ (11)

i1 j=1 i=1 j=1

4. Results and discussion

For developing the confidence in the results generated through the proposed model,
the comparison of pressure profile has been done with the work of Huebner [14].
Good matching of pressure profiles can be seen in Fig.4. This provides the
correctness of the proposed model for use in generating the numerical results. Using
the input data listed in Table 1, all the numerical results reported herein have been
generated. Moreover, additional data have also been provided with the presented
figures.
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Table 1 Input data
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Figure 4: Comparison of present results

with work of reference [14]

The performance behaviours (increase in the load carrying capacity and reduction in
friction coefficient) of the thrust bearing have been presented in Figs. 5-14 for
various operating parameters. Increase in the load carrying capacity and decrease in
the friction coefficient of textured cycloidal profiled pad thrust bearing have been
shown in these figures with respect to (i) smooth plain pad, (ii) smooth cycloidal
profiled pad, and (iii) textured plain pad.To understand theroles of texture location
and its distributionon the bearing’s performance parameters (load carrying capacity
and friction coefficient), the comparative results have been demonstrated in the Figs.
5 and 6. It can be seen in these figures that surface texture lying toward the entry
edge on the cycloidal profiled pad is beneficial. It yields about 7% increase in the
load carrying capacity and 7% reduction in friction coefficient in comparison to
smooth cycloidal profile pad for the texture/dimple parameters provided with the
figure. Moreover with textured cycloidal profile pad, about 38% and 22% increase in
the load carrying capacity are recorded in comparison to smooth plain and textured

plain pads, respectively.
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Figure 5: Variation of performance parameters with
texture location (a) Load carrying capacity (b) Friction
coefficient [hy/h,=1.5, hy/h,=1, texture area
density=0.6]
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Figures 7(a) and 7(b) demonstrate the variation in the load carrying capacity and
friction coefficient with the parameter ‘hg/h,’, respectively. With increase in
‘hg/h,’value up to 1.0, the load carrying capacity first increases, thereafter it
decreases. About 42% increase in load carrying capacity has been achieved with
textured cycloidal profiled pad in comparison to conventional plain pad. Moreover,
the effect of texture area density variation on the increase in the load carrying
capacity and decrease in friction coefficient has been demonstrated in Fig. 8. It can
be seen in this figure that there is increase in load carrying capacity and decrease in
coefficient of friction with increase in texture area density.
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The effect of film thickness ratio variation on the increase in load carrying capacity
and decrease in coefficient of friction has been presented in Figs. 9 and 10 for the
location of textures lying on the pad between the normalised circumferential lengths
of 0.0-0.25 and 0.50-0.75, respectively. In Fig. 9, it can be observed that as the film
thickness ratio enhances both the increase in the load carrying capacity and decrease
in the coefficient of friction start diminishing. This indicates that providing the
dimples towards the entry edge of the pad for small values of h/h, ratio is more
beneficial mainly in term of enhanced load carrying capacity. At the film thickness
ratio=1.5, textured cycoidal profiled pad produces 42% increase in the load carrying
capacity and 29% decrease in the friction coefficient in comparison to smooth plain
pad. Performance parameters have also been computed for very low values of film
thickness ratio(1.001 and 1.01). At film thickness ratio of 1.001, about 27000%
increase in the load carrying capacity and 99% decrease in the coefficient of friction
are obtained with textured cycloidal profiled pad in comparison to smooth plain pad.
It is worth mentioning here that the film thickness ratio=1.001 can be considered
between nearly parellel surfaces, thus, this type of bearing configuration sustains
very small magnitude of load. It can be observed in Fig. 10 that the presence of
surface texture between the normalized circumferential location 0.5-0.75 results in
decrease in the load carrying capacity and increase in the friction coefficient in
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comparison to cycloidal profiled pad. Hence, presence of surface texture on pad
toward the exit edge is not beneficial.
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Effects of dimple depth, texture location, texture distribution and texture area density
on the performance behaviour of pad thrust bearing have been explored and
presented in Figs. 11-14. In Figures 11 and 12, it can be seen that the presence of
texture toward the entry edge (0.0-0.25) yields in the marginal increase in the load
carrying capacity and marginal decrease in coefficient of friction in comparison to
cycloidal profiled pad. However, the surface texture placed at other locations results
in the decrease in load carrying capacity and increase in coefficient of friction in
comparison to cycloidal profiled pad.
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Influence of the dimple depth and texture area density on the performance behaviour
of pad thrust bearing can be seen in Figs. 13 and 14, respectively. With increase in
the dimple depth the load carrying capacity decreases and coefficient of friction
increases in comparison to cycloidal profiled pad. Similarly, the load carrying

capacity decreases and coefficient of friction increases with increase in the texture
area density.
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5. Conclusions

Based on the studies reported in this paper, the following conclusions have been
drawn:

o Textured surface provided on the pad toward the entry edge produces significant
benefits in terms of increase in the load carrying capacity and reduction in the
friction coefficient of thrust bearing. However, the texture placed at other locations
on the pad surface results in deterioration of the performance parameters.

o Textured cycloidal profiled pad produces increase in load carrying capacity in
comparison to cycloidal profiled pad, textured plain pad, and smooth plain pad.

e Significant improvement in load carrying capacity and reduction in friction
coefficient have been obtained for low values of film thickness ratios (1.001 to
1.01).Surface texture present on any surface profile (plain or cycloidal) of pad

yields the improvement in the performance behaviours if the values of dimple
depth ratio (dy/h;) fall closer to unity.
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