2

—

Q
(&
o
()
-
()
Y
o
@)
o
-
<L

Proceedings

AIP
Publishing

RESEARCH ARTICLE | MAY 22 2023

Effect of eccentricity ratio on journal trajectory in three-lobe
journal bearing

Ch. Ashok Kumar &% ; S. Udaya Bhaskar; N. Srinivasa Rajneesh; ... et. al

SEZ Check for updates

AIP Conference Proceedings 2492, 040075 (2023)
https://doi.org/10.1063/5.0117536

CrossMark
&

View Export
Online  Citation

Articles You May Be Interested In

A comparative study on the performance of stainless-steel conical springs used in automotive suspension
system

AIP Conference Proceedings (November 2022)

Stress and strain analysis of UAV hexacopter frame using finite element method

AIP Conference Proceedings (January 2023)

CFD simulation analysis and experimental study on multilobe hydrodynamic journal bearing

AIP Conference Proceedings (July 2019)

Time to get excited.

Lock-in Amplifiers —from DC to 8.5 GHz

N # Zurich
Z N\ Instruments

Ipd'9€G21L0°G L SL0070/S2669LLL/9ESLLL0'G/E90L 0L/10p/spd-sjone/doe/die/Bio die sqnd)/:dny woy pepeojumoq


https://pubs.aip.org/aip/acp/article/2492/1/040075/2892214/Effect-of-eccentricity-ratio-on-journal-trajectory
https://pubs.aip.org/aip/acp/article/2492/1/040075/2892214/Effect-of-eccentricity-ratio-on-journal-trajectory?pdfCoverIconEvent=cite
https://pubs.aip.org/aip/acp/article/2492/1/040075/2892214/Effect-of-eccentricity-ratio-on-journal-trajectory?pdfCoverIconEvent=crossmark
javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.1063/5.0117536
https://pubs.aip.org/aip/acp/article/2446/1/160003/2824489/A-comparative-study-on-the-performance-of
https://pubs.aip.org/aip/acp/article/2613/1/020005/2866325/Stress-and-strain-analysis-of-UAV-hexacopter-frame
https://pubs.aip.org/aip/acp/article/2128/1/050007/841017/CFD-simulation-analysis-and-experimental-study-on
https://servedbyadbutler.com/redirect.spark?MID=176720&plid=2061396&setID=592934&channelID=0&CID=740896&banID=520944490&PID=0&textadID=0&tc=1&adSize=1640x440&matches=%5B%22inurl%3A%5C%2Facp%22%5D&mt=1684847064427095&spr=1&referrer=http%3A%2F%2Fpubs.aip.org%2Faip%2Facp%2Farticle-pdf%2Fdoi%2F10.1063%2F5.0117536%2F17769925%2F040075_1_5.0117536.pdf&hc=19d26f69214a8d14bf35199381690ff476270c3d&location=

Effect of Eccentricity Ratio on Journal Trajectory in
Three-Lobe Journal Bearing

Ch.Ashok Kumar*?'S. Udaya Bhaskar*®, N. Srinivasa Rajneesh™®,

Subramanyam Pavuluri*®

'Department of Mechanical Engineering, Malla Reddy Engineering College (Autonomous), Maisammaguda,
Secundrabad, Telangana, India-500100

dCorresponding Author Email: chashok027@gmail.com
®Judaylohith1412@gmail,com,
®rajneeshsrinivasa@gmail.com,
Ysubramanyampavuluri@gmail.com

Abstract. Fluid film bearings are used in heavy machinery for supporting loads which are subjected to either static or
dynamic. Due to this load the rotating shafts centres move away from the centre of the bearing. Due to this deviation of
the journal axis from the bearing centre eccentricity is developed. This pulls the journal near to the bearing surface by
decreasing the film thickness between the journal and bearing during relative motion. The film pressure is increased to at
an edge, which leads to vibrations of the journal. The uneven pressure distribution can be reduced by dividing the
projected area of the bearing into lobes. These lobes create film pressure which supports the journal during loading. In
this paper three lobe journal bearing characteristics have been investigated for different eccentricity ratios. The journal
trajectory is plotted for eccentricity ratio considered from the experimental investigation. The effect of eccentricity ratio
on the journal centre trajectory is studied.

INTRODUCTION

Torque transmitted from rotating members when subjected to dynamic loading, delivers amplitude to the driven
parts. The displacement of journal axis from the centre of the bearing, leads to variation of film pressure around the
journal. As the speed of the journal increases with varying load, the journal delivers huge amplitude indicating that
the speed of journal is near to its natural frequency. During this condition, it may lead to the failure of the lubricant
film surrounding the journal, which further leads to failure of the bearing during running condition.

The pressure around the journal has to be stabilized. In order to have film pressure around the bearing and
damping the vibrations, it is not possible in circular journal bearing. The pressure film obtained in a circular journal
bearing is one.

Initially when the journal start rotating it climbs the bearing surface and after attaining the certain speed it moves
to an equilibrium position. During the relative motion the lubricant film separate the bearing and journal. At this
position the lubricant film convergence between the gaps which support the load which is acting on the bearing
system.

In order to have proper cushioning for the journal around its projected area, the projected area has to be divided
into lobes. Each lobe is separated with oil holes such that the every lobe generates a film pressure to support the
journal. Based on the partition of projected area of the bearing, theses are classified into multi lobe journal bearings.
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FIGURE 1. Converging fluid gap geometry produced by journal eccentricity

LITERATURE REVIEW

Bearing model are developed for different speed and eccentricity ratio to study the behavior of the bearing at
static pressure and elastic .CFD analysis is done to find out at centre of the bearing how the force is acting [1]. It is
observed that static pressure of the bearing could be applicable for accurate performance of the hydrodynamic
journal bearing. Three lobes journal bearing different oil fans of gas turbine are analyzed. In the three lobe journal
bearing lobes created at angle 1200. The journal speed is considered as 8000rpm [2]. The main objective of the
paper is because of lobes performance of bearing will increase.

Journal bearing have wider range of applications printing press, textile machinery, and these two applications
using dynamics loaded journal bearing [3]. By providing the recess on bearing surfaces which leads to increase the
performance of bearing. Multi lobe journal bearings have been analyzed to determine the stability of the bearings
[4]. Non linear analyses of the bearings have been performed by considering the surface roughness [7]. Bearing
characteristics were derived at different eccentricity ratios [11].

Hydrodynamics journal bearing are extensively used for to carry heavy loads. If bearing carries heavy load oil
film thickness will reduces which increases the pressure distribution between journal & bearing with the help of
fluid structure interaction technique 3-lobe journal bearing oil film pressure analyze by compassing CFD data with
experimental results it is that bearing load carrying capacity increase with increase in speed of journal [5,17]. For
analyzing the performance of bearing CFD, FSI technique are used. For different eccentricities and three lobe
journal bearing fluid filing pressure distribution temperature, temperature distribution has been analyzed[6].

Plain journal bearing having bore of a shape of cylinder. Plain journal bearing are easy to fabricate, it can carry
heavy loads [8,19]. The main disadvantages of plain journal bearing are oil groove. Because of more vibrations, a
forces result bearing is unstable. The maintain the stability of bearing lobe is provide on bearing, which will
improves performance of bearing. Three lobe journal bearing static and dynamic performance analysis has been
analysed, with the help Reynolds equation is fluid film thickness and journal ratio governed [9]. Performance of
bearing has been compared plain bearing,3 lobe bearing & protrusicies 3 lobe journal bearing gives belts
performance than other.

With the help of CFD journal bearing performance has been analyzed in transient analyses surface rough also
taking in to account. In three lobe journal bearing lobes arranged at 1200 .Gambit software is used to design 3 lobe
bearing and speed rotation of journal is 6000rpm [10]. By using Ansys fluent software transient flow is analyzed
Journal bearing linear and non-linear stability analysis has been calculated for different between ratios, and
eccentricity ratios [12,16]. Reynolds equation help to identify the lubricant flow with the help of forth order R.K
method journal trajectory has been analyzed .Journal trajectory has been find out with the help of MT lab program.
Numerical analysis journal shines load carrying[19-20].
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Bearing support the shaft in machine whenever bearing is loaded with lubricant oil film will form when journal
is rotating pressure is developing in the oil film that leads to define the load carrying capacity of bearing whenever
lubricant is applied between journal and bearing because of vibration of machine it is very difficult to maintain oil
film. So that is the reason why lobes are providing on journal bearing [13,20]. Multipurpose journal bearing can be
created with the help of shim because of shims carrying capacity of bearing will increases [14]. By using FEA
technique these (Circular, 2 lobe,3 holes) bearing profiles has been analyzed. Four lobe journal bearing static &
dynamics analysis has been done with couple stress key parameters of bearing load carrying capacity, eccentricity
ratio aspect ratio has been analyzed [15,18].

METHODOLOGY

The geometry of lobes and its design parameter as shown in Figure.2.lts consist of three discontinues arc which
are separated by oil hole. Each lobe has an eccentricity with respect to the journal centre. The eccentricity is limited
to avoid surface to surface contact of journal and bearing during operating conditions.
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FIGURE 2. (a), (b) Geometry of three lobe journal bearing

The lobe eccentricities and attitude angles for all the three lobes are calculated with the following expressions.
For Lobe 1:

e’ =e’+C*+2eccosg

gl =&*+6° +2e5c0s ¢ 1)
£ =2 + 57 +265C05 ¢
_tant| —£5IN¢_ 2
4 [5+gcos¢ @
For Lobe 2:

T
e; =’ +¢? —2eccos(§+¢j

& =52+52—255005£%+¢) ©)

&, =\/52 +5° —285COS(%+¢)
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(4)

For Lobe 3:

el =e’+c’ —2eccos(%—¢j

. (®)
gl =g*+05? —255cos(§—¢J

P \/32 +52 —2£§cos(%—¢j

N (6)
2D

In three lobe bearing, the pressure wedge is created in the left-hand side of the first lobe has a very high
convergence and therefore the resultant horizontal force will be high. This force is not sufficiently balanced by
forces acting to the left unless the shaft centre moves upward and to the right, as shown in the Figure.3.Due to
eccentricity of the lobes the variation of film thickness around the journal is formed. During operating conditions the
minimum film thickness is obtained don any of the lobes depending upon the loading conditions. The trajectory of
journal centre indicates the performance of the bearing.
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FIGURE 3. Hydrodynamic forces in three lobe bearings

EXPERIMENTAL INVESTIGATION

Fluctuating displacement are obtained by applying dynamic loading to the hydrodynamic bearing via two
orthogonally positioned electromagnetic shakers attached directly to the test bearing housing. Sinusoidal input
forces Fa and Fb, of equal frequency but independently variable amplitude and phase angle, are applied to the
bearing housing. The orthogonal input forces Fa and Fb are transformed to the established Cartesian coordinate
system producing vertical and horizontal forces Fx and Fy. Proximity sensors where placed orthogonally to the
rotation of the shaft. The path trajectory of the journal centre is plotted for different eccentricity ratios. The speed of
the journal is maintained constant and maintained by using optical speed sensors. The input data from the proximity
sensors are plotted to trace the path trajectory of the journal centre and find its stability during the dynamic loading.
The bearing surface roughness was isotropic. Isotropic surface roughness was consider for the design of three lobe
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bearing, the isotropic surfaces roughness as (y =1) which represents the aspect ratios along longitudinal and lateral
dimensions of surface roughness.

Externally applied
Dynamic Forcing

Axially Fixed

Elliptical Bearing Rotating Shaft

displacement Response Te—

FIGURE 4. Schematic Diagram of Bearing Displacement Response from Externally Applied Harmonic Excitation.

RESULTS & DISCUSSION

The three lobe bearing has been analyzed for different operating speeds and eccentric ratios. The material of the
bearing is phosphor bronze and the material of the journal is chrome steel. The results determined from numerical
technique using finite element method are shown below. The path trajectories of the journal centre are plotted for
three lobe bearing at different eccentricity ratios.

TABLE 1. Test bearing specifications

Design Parameter Design Specification
Bearing Type Three lobe journal bearing
Bearing Material Phosphorus Bronze
Lubrication Supply Inlet port diameter 0.00635m
Length 0.04m
Diameter 0.04m
Mean radial clearance 0.249 mm
Bearing Excitation Orbits 9 Distinct Orhits
Dynamic Excitation Frequencies (Hz) 42

From the Figure.5 (a) it is observed that the journal centre moved away from the bearing centre during its initial
operation, as the eccentricity ratio increased to 0.2, the journal attained a stable condition and remained the same for
eccentricity ratio 0.3 as shown in the figure.5(b) and 5(c). An increasing the eccentricity ratio further it is observed
that the journal was moving closets to bearing surface where the film thickness between the bearing surface and
journal decreased at eccentricity ratio at 0.6 as shown in the figure.5(f) the minimum film thickness is observed
where the load carrying capacity was maximum.

On further increase of eccentricity ratio due to the isotropic surface roughness, the film between the journal and
bearing is disturbed as the eccentricity is increased the lubricant around the journal is scattered due to low viscosity
and creates a jump in the relative motion which is observed in Figure.5(g) and 5(h).
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Figure. 5(f) Eccentricity Ratio is

Figure. 5(d) Eccentricity Ratio is 0.4 Figure. 5(e) Eccentricity Ratio is 0.5 0.6
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FIGURE 5. (g) Eccentricity Ratio is 0.7 FIGURE 5. (h) Eccentricity Ratio is 0.8
FIGURE 5. Path Trajectories of journal centre

CONCLUSIONS

As the journal moves away from the bearing centre and the film pressure is increased between the journal and
bearing surface. The thin film bears a maximum load carrying capacity as the journal nears to the bearing surface,
the thin film breaks due to rise in temperature. From this it is observed that surface properties also effect the bearing
characteristics. The three lobes create pressure on the journal which stabilizes the position of the journal to support
the applied loads. From the Figure.5(f) it is observed that the as eccentricity ratio increases the journal keeps moving
towards the wall of the bearing. At an eccentricity ratio of 0.6 it is observed that minimum film thickness is attained
due to the relative motion of journal with three lobe journal bearing. At this instant the bearing has a maximum load
carrying capacity.
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