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Abstract

In most of the industrial applications, machine runs at a very high speed. High speed applications results in the whipping action in the circular hydrodynamic journal bearing. It develops fluid induced instability in journal bearing.  The multilobe journal bearing exhibits excellent performance characteristics over circular journal bearings. Therefore, in present work performance characteristics of 2-lobe hydrodynamic journal bearing have been investigated experimentally. The performance characteristics such as fluid film pressure, minimum fluid thickness and temperature are studied for circular and lobed journal bearing. Further, finite element package also has been used for the investigation of hydrodynamic journal bearing characteristics. The results of the study indicate that the 2-lobe hydrodynamic journal bearing operates at lower value of temperature and considerably changes the performance characteristics of journal bearing compared with circular journal bearing.

introduction

Last few years witnessed the extensive use of circular fluid film journal bearing but number of studies shows that poor stability characteristics and often exhibits self-excited vibrations. In order to improve the bearing stability, various lobed journal bearing configurations have been developed by researchers [1-4]. The multilobe journal bearing operates at high speed with low and medium loads. The literature available in the area of multilobe hydrodynamic journal bearings is enormous. In the recent decade’s majority of these studies have been carried out and reported in the area of static and dynamic characteristics of multilobe bearings, multilobe pericycloid bearing, and three lobe bearing with pressure dams. The hydrodynamic stability for multilobe with or without axial grooves, effect of temperature, boundary conditions and viscous dissipation on the behavior of multilobe bearings are also discussed and reported in the literature. The effect of change in the geometry of the circular journal bearing to an elliptical journal bearing was investigated by Pinkus [1] in terms of load carrying capacity and power losses. Fredrick T. Schuller [2] experimentally studied the performance of hydrodynamic three-lobe journal bearings with and without axial grooves. The result of the study found that the whirl threshold speed decreases with increasing clearance at a much faster rate in un-grooved than in grooved three-lobe bearings. The data for dynamic coefficients for an offset factor have been provided by Lund and Thomsen [3] for different aspect ratios for a two lobe hydrodynamic bearing. Jerzy Maciej Stasiak [4] presented the method for the numerical calculation of the pressure distribution, load capacity, resistance to journal motion and oil side leakages in a multilobe pericycloid bearing operating under a stable load with a constant journal rotational speed. W.A. Crosby [5] determined a thermo-hydrodynamic solution of a finite two-lobe journal bearing. Temperature and pressure distributions are obtained by the simultaneous solution of the generalized Reynolds equation and the energy equation, taking into consideration the probable existence of a reverse flow region at the leading edge. The incipient reverse flow boundary conditions are applied at the trailing edge. The influence of stiffness and temperature in a prototype spindle using three-lobe bearing investigated by Shinobu Yoshida et.al [6].They made comparison of three-lobe bearing with a conventional ball-bearing spindle. They were  concluded that fluid-film spindle for 2.5 inch hard disk drive effectively reduces; non repeatable run out to less than 0.05 pm, making it possible to increase track density. The spindle was used with a newly designed three-lobe bearing, of which each lobe is asymmetrical. The effect of cavitation’s and boundaries for the cavitation’s were measured by B. Vincent et.al [7] using an algorithm of cavitation’s based on the work of Elrod. Dynamic characteristics were determined by Stanislaw STRZELECKI [8, 9] for four stiffness and damping coefficients of oil film. He introduced the calculation of static and dynamic characteristics of multilobe journal bearings which are applied in the high speed rotating machinery. J. Bouyer and M. Fillon [10] obtained and presented experimental data on a journal lobed bearing subjected to numerous starts and stops. The wear after more than 2000 cycles was measured and used to generate numerical simulations. It was observed that hydrodynamic pressure increases, whereas the temperature at the film/bush interface slightly decreases on both the upper and lower lobes. Rahmatabadi et al. [11] studied two, three and four-lobe noncircular bearing configurations lubricated with micropolar fluids. They considered modified Reynolds equation based on the theory of micropolar fluids and solved it by using finite element method.

A thorough review of the literature concerning the lobed journal bearing reveals that numerous studies of the operating conditions of hydrodynamic journal bearings have been made during the last decades. Hydrodynamic journal bearings are typical power transmission components that carry high loads in different machines. Therefore, it becomes imperative to know the truth or expected operating conditions of the bearings in detail. 

 Thus, in present work analytical and experimental study of multilobe hydrodynamic journal bearing has been presented.Fig.1 indicates the geometry of the bearing. 
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Fig. 1: Multilobe hydrodynamic journal bearing.

Experimental Set up:
In present work, lobed hydrodynamic journal bearing test rig has been developed to study the characteristics of multilobe hydrodynamic journal bearing as shown in Fig.2.The setup consists of bearing, shaft, sleeve and frame, motor, plumber blocks, temperature, pressure sensor and tubes. These parts are put together in an assembly for test rig. 

[image: image2]
Fig.2: Experimental setup of hydrodynamic journal bearing test rig.

The bearing is an important part which allows the rotation of shaft along a fixed axis without affecting efficiency of transmission. In this section, bearing drawing and its manufacturing as per requirement is presented. 

[image: image3]
Fig.3: Lobed hydrodynamic journal bearing.

The chosen values of the bearing geometric and operating parameters are the most generally used values are given below:
Journal Diameter
= 20mm

Journal Speed
= 500 rpm

Temperature range= 50° C to 90° C

Oil

= ISO-68 (equivalent SAE - 20W)

Viscosity
= 68 Centistoke (at 40°C) and 11.3 Centistoke (at 100°C)

Specific Gravity
= 0.865

Specific Heat
= 1.933 KJ / KgK

Pour Point
= -35°C

Flash Point
= 185°C

Viscosity Index
= 160

Bearing Pressure 
= 7 N/mm2(For Tin-Based Babbitt)

Eccentricity
= 0.5 mm

Length/Diameter Ratio= 1

Clearance         =
0.025mm
RESULTS AND DISCUSSION:
In this section, analytical as well as some of the experimental results have been presented. Further, analytical results of the performance characteristics of two lobe hydrodynamic journal bearing system are computed using finite element package. 
Pressure Distribution: 

For obtaining the pressure distribution, the boundary conditions for outer bearing surface is treated as stationary and journal has given rotation. In addition to this eccentricity is provided to journal. Location of oil inlet and outlet is specified. Fig.4 shows pressure distribution at inner wall of journal bearing at different speeds.
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	N= 250 rpm
	N= 500 rpm
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	N= 750 rpm
	N= 1000rpm


Fig.4: Pressure distribution at inner wall of journal bearing at different speeds.

It has been observed that  as the speed increases the presssure also increases for  the applied  load. When  lobed  hydrodynamic journal bearing operates at value of   250 rpm. The maximum pressure is observed  is 0.6 MPa. As the speed increases, pressure also increases in lobed bearing because of converging sections.The lobed bearing which operates at 1000 rpm generated more pressure 2.5 MPa to lift the load.Fig.5 depicts circumferential pressure distribution. It may be revealed that lobed bearing operates at higher values of pressure than circular bearing.
[image: image8.emf]
Fig.5: Circumferential Pressure distribution in circular and lobed journal bearing.

Temperature Distribution:
Due to  high speed and hevay duty load condition, temperature rise in bearing  takes place due to friction and shear of lubricant in between journal and bearing. The plot of variation of fluid film temperature distribution at inner wall of two lobe bearing configuration for the values of specified offset factor is shown in Fig.6.
 [image: image9.png]ontour1
tatio Temparature
3110002
2946002
2770002
2606002
2440002
2270002
2100002
193002
178002
1500402
1.420002
1250002
108es02
9.156501
7.200001
5770001
4086001
2306001
6974400
0.92¢400
2680001





Fig. 6:  Inner wall temperature of journal bearing
It may be observed that circular journal bearing operates at maximum fluid film temperature than that of lobe bearing configuration. Further, an increase in fluid film temperature of 110C is observed for angular location between 2100-3100. This is due to insufficient supply of lubricant at vicinity of the applied load.

CONCLUSIONS

Based on the analysis and developed model, the following general conclusions have been drawn from the results.

1. The load carrying capacity of two lobe bearing is high and operates at higher value of fluid film pressure. 
2. Higher journal eccentricity due to major clearance formed in developed bearing tends to increase the pressure in the lobes which contributes for an increase in the load carrying capacity.
3. Lobed hydrodynamic journal bearing operates at lower value circumferential temperature than circular bearing.
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