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Abstract

The present paper presents experimental studies conducted on hybrid bearing which includes magnetic repulsion and
hydrodynamic actions together into a single sleeve configuration. Such bearing configuration provides non-contact
support with minimum possible friction. An experimental setup, designed and developed to investigate the
performance characteristics of the different configurations of hybrid bearing, has been described. To examine the
performance of hybrid bearing, it was operated at low rotational speed and the performance of different
configurations were evaluated by measuring the shaft displacement in X and Y directions using two displacement
sensors. The comparison in form of orbit plots has been presented.
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1. Introduction

Hydrodynamic journal bearing [Hirani, 2009, Hirani et
al, 2000, Hirani et al, 1999, Hirani et al, 1998, Muzakkir
etal, 2011, Hirani, 2005, Hirani et al, 2001, MuzakkKir et
al, 2013, Hirani 2004, MuzakKkir et al, 2015, Hirani,
Verma, 2009, Hirani, Suh, 2005, Hirani et al, 2001, Rao
et al, 2000, Hirani et al, 2000, Hirani et al, 2002, Burla
et al, 2004, Hirani and Goilkar, 2011, Goilkar and
Hirani, 2010, Hirani and Goilkar, 2009, Goilkar and
Hirani, 2009, Goilkar and Hirani, 2009] are well
established bearings. The high load carrying capacity at
high rotational speed, soaring damping and simplicity
in structure make these bearings admirably popular.
The inadequacy of the hydrodynamic journal bearing
lies in its lack of film formation at lower speed that
makes it vulnerable to wear.

On the other hand, permanent magnetic bearings
[Hirani, Samanta, 2007, Lijesh, Hirani, 2015, Lijesh,
Hirani, 2014, Shankar et al, 2006, Lijesh, Hirani, 2015,
Muzakkir et al, 2014, Lijesh, Hirani, 2015] are the
choice due to zero wear and friction characteristics.
However low load carrying capacity and negligible
damping of magnetic bearings restrict their usage. In
addition permanent magnetic bearing designed to
support radial load imposes an axial force and makes
system instable.

An experimental study to combine the advantages
of magnetic and hydrodynamic bearings has been
performed by (Q.Tan el al, 2002). However, in their
experimental work magnetic-bearing and
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hydrodynamic-bearing were arranged side-by-side.
Such an arrangement requires more space that is
undesirable from practical point of view. To deal with
axial force (generated by radial magnetic bearing) they
used the thrust bearing which increases the friction.

In the present work, an experimental study has
been carried out to explore the viability of combining
magnetic and hydrodynamic effects in single bearing
arrangements. Four working models of bearing
arrangements have been presented. An experimental
setup, designed and built to explore the fruit of hybrid
(magnetic + hydrodynamic) bearing arrangement, has
been described. All the experimental results are
reported in the present paper.

2. Experimental Setup

The experimental setup, shown in Figure 1 consists of
motor-drive, shaft-bearing, and lubrication
subsystems. The shaft-bearing subassembly has
stainless steel shaft, disk (8kg), two aluminum
housings, rotor magnets, and stator magnets. The rotor
of rare-earth permanent magnet (Neodymium Iron
Boron) is mounted on the shaft. The displacement of
the shaft can be measured by the displacement sensor
mounted on the stand. The motor-drive subassembly
consists of 2 H.P. 3-phase AC motor and frequency
drive. The frequency drive allows rotating motor shaft
between 115 rpm to 6000 rpm. The motor-drive and
shaft-bearing subassemblies are connected through
flexible aluminum spiral coupling. This type of coupling
is not only able to take the bending load but
misalignment also up to around 7 degrees can be
tolerated. The lubrication subassembly contains rotary
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pump, DC motor, DC motor drive, flexible pipe and oil
filter. The pump can be operated at variable speeds by
DC motor drive. The required amount oil is supplied to
the bearing clearance by this rotary pump. Before send
the oil to the clearance, oil is filtered at each
circulation.

Stainless steel shaft 5
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Fig.1 Hybrid Bearing test setup (Lijesh et al 2015)
3. Experimental Observations

To check the feasibility of hybrid (magnetic +
hydrodynamic) bearing, experiments were carried out
in four different stages.

Stage-1

In the first stage, experiments were performed on
conventional hydrodynamic bearing with aluminum
ring. The bearings having OD of the rotor 39.94+ 0.02
mm and ID of the bearing 40.0 mm were used. To check
the hydrodynamic action of this bearing configuration,
the setup was run at different speeds. The
displacement readings of the shaft in vertical direction
have been shown in figure 2. The curves show that as
speed of the shaft increases, the shaft-position is
moved towards the sensor direction, i.e. as the speed
increases film pressure increases.
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Fig. 2 Displacement signal in vertical direction

To check the performance of this conventional bearing
at low speed, the setup was run at speed of 115 rpm
continuously for 3 hours and inner surface of the
bearing was examined. The considerable wear at the

inner surface of the bearing as shown in figure 3 was
noticed. These experiments confirm the inability of low
speed operation of the conventional journal bearing.
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Fig. 3 Bearing before and after performing
experiments for 3 hours (Hirani and Samanta, 2007)

Stage-I1

In second stage, a full cylindrical rare-earth magnet
(Neodymium-Iron-Boron, Grade-N-35) was used as a
stator (ID = 40.0+0.02 mm) along with rotor (OD =
39.94+ 0.02 mm) magnet of same material in repulsive
mode in order to generate the initial lifting of the disk
as well as the shaft, hence reduce the initial starting
torque as well as frictions. With this bearing
arrangement, the setup was run at speed of 115 rpm
with oil and without oil. The displacement readings in
x-y directions have been shown in figure 4. In this
figure, the plots with oil and without oil superimpose
to each other, i.e. there is a no film formation in oil
conditions. Also curves are instable in nature.
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Fig. 4 Orbit plot for full ring magnetic and Hybrid
bearing

To understand the physics of bearing configurations, a
theoretical study using the established formulation
(Hirani and Samanta, 2007) was carried out. The
results have been plotted in figure 5. The results are
matching with the results of (Mukhopadhyay et al,
1997). In the configuration half circle with 45 degrees
arc bearing was used for developing hybrid bearing as
this configuration provided load carrying capacity
without losing stiffness (Mukhopadhyay et al, 1997).
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Fig. 5 Load configuration for different configuration
Stage-111

In this stage, bearing configuration (half circle along
with 45 deg. arc), as shown in figure 6, was developed.
The bearing having rotor-OD = 39.94+ 0.02 mm and
stator-ID= 40.0+0.02 mm was used. With this bearing
setup was run at a speed of 115 rpm. The displacement
readings have been shown in figure 7.

magnets

Fig. 6 magnetic bearing with half circle along with 45
deg. arc

Figure 7 shows the instability of the bearing
configuration. With this configuration it was difficult to
confine the magnets in the proper places in the
aluminum ring and difficult to form inner smooth
surface suitable for film formation.

Bearing performance at 500 rpm
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Fig. 7 Orbit plot for full ring magnetic and Hybrid
bearings with half circle along with 45 deg. arc

Stage-1V

In this stage Teflon was coated on the abovementioned
bearing. The coated magnet was been magnetized in
axial direction. The setup was run at different speed to
check the compatibility of hydrodynamic action of the
configuration  along  with  magnetic  action.
Displacements of the shaft have been plotted in figure
8. This figure shows that, with increase in the shaft-
speeds, lift towards upward direction due to formation
of lubricant film occurs.
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Fig. 8 Displacement in Y direction
Conclusions

Experiments performed on hydrodynamic bearing at
low rotational speed resulted in wear. Hybrid
arrangement made of hydrodynamic and full ring
magnets provided no change in the load carrying
capacity. In fact such configuration axially disturbs the
shaft and reduces the wear performance of bearing.
Such arrangement should not be wused. The
experimental study performed on the hybrid bearing
made of magnetic pieces (half ring and 45 degrees arc
magnets) showed improvements in the load carrying
capacity. Such bearing configuration lacks stability. To
improve the performance further the magnetic bearing
was coated with Teflon. The experiment results
showed improvements both in load carrying capacity
and stability of the bearing. Finally it is concluded that
hybrid bearings are feasible.

References

Hirani, H., Athre, K, Biswas, S. (1998), Rapid and Globally
Convergent Method for Dynamically Loaded Journal Bearing
Design, Proc. IMechE (UK), Journal of Engineering Tribology,
vol. 212, pp. 207-214.

Hirani, H., Athre, K, Biswas, S. (1999), Dynamic Analysis of
Engine Bearings, International Journal of Rotating Machinery,
vol. 5, no.4, pp. 283-293.

Hirani, H., Athre, K., Biswas, S. (2000), A Hybrid Solution Scheme
for Performance Evaluation of Crankshaft Bearings, Trans.
ASME, Journal of Tribology, vol. 122, no. 4, pp. 733-740.

Hirani, H., Athre, K, Biswas, S. (2000), Transient Trajectory of
Journal in Hydrodynamic Bearing, Applied Mechanics and
Engineering. vol. 5, no 2.

Hirani, H., Athre, K, Biswas, S. (2001), A Simplified Mass
Conserving Algorithm for Journal Bearing under Dynamic
Loads, International Journal of Rotating Machinery, vol. 1, pp.
41-51.

15| International Journal of Advance Induatrial Engineering, Vol.3, No.1 (March 2015)



Lijesh et al

Experimental Study on Hybrid Bearing

Hirani, H., Athre, K., Biswas, S. (2001), Lubricant Shear Thinning
Analysis of Engine Journal Bearings, STLE, Journal of Tribology
Transaction, vol 44, no. 1, pp 125-131.

Muzakkir, S.M., Hirani, H., Thakre, G.D. Tyagi, M.R. (2011),
Tribological Failure Analysis of Journal Bearings used in Sugar
Mill, Engineering Failure Analysis, vol. 18, no. 8, pp. 2093-2103.

Hirani, H., Athre, K, Biswas, S. (2002), Comprehensive Design
Methodology for Engine Journal Bearing, IMechE (UK), Part ],
Journal of Engineering Tribology, vol 214, pp. 401-412.

Hirani, H. (2004), Multi-objective Optimization of a journal
bearing using the Pareto optimal concept, Proc. Institute Mech.
Engineers., Part ], Journal of Engineering Tribology, vol. 218, no.
4, pp. 323-336.

Hirani, H. (2005), Multiobjective optimization of journal bearing
using mass conserving and genetic algorithms, Proc. Institute
Mech. Engineers., Part ], Journal of Engineering Tribology, vol.
219, no. 3, pp. 235-248.

Hirani, H, & Suh, N. P. (2005), Journal Bearing Design using
Multi-objective Genetic Algorithm and Axiomatic Design
Approaches, Tribology International, vol. 38, no. 5, pp. 481-
491.

Hirani, H.,, & Verma, M. (2009), Tribological study of elastomeric
bearings of marine shaft system, Tribology International, vol.
42, no. 2, pp. 378-390.

Muzakkir, S.M., Hirani, H., Thakre, G.D., (2013), Lubricant for
Heavily-Loaded Slow Speed Journal Bearing, Tribology
Transactions, vol.56, no. 6, pp. 1060-1068.

Muzakkir, S.M., Lijesh, K. P, Hirani, H., Thakre, G.D. (2015) Effect
of Cylindricity on the Tribological Performance of Heavily-
Loaded Slow Speed Journal Bearing, Proc. Institute Mech.
Engineers., Part J, Journal of Engineering Tribology, 2015, vol
229,no0.2, pp.178-195.

Muzakkir, S.M. & Hirani, H. (2015), A Magnetorheological Fluid
Based Design Of Variable Valve Timing System For Internal
Combustion Engine Using Axiomatic Design, International
Journal of Current Engineering Research, Vol.5, No.2 (April
2015), pp 603-612.

Rao, T. V. V. L. N, Hirani, H., Athre, K, Biswas, S. (2000), An
Analytical Approach to Evaluate Dynamic Coefficients and
Non-linear Transient Analysis of a Hydrodynamic Journal
Bearing, STLE Tribology Transactions, vol. 23, no.1, pp. 109-
115.

Muzakkir, S. M., and Harish Hirani. (2015)Maintenance Free
Bearings. International Journal of Engineering Research, vol 4,
no.3, pp.133-136.

Muzakkir, S. M. Harish Hirani, and G. D. Thakre. (2015),
Experimental Investigations on Effectiveness of Axial and
Circumferential Grooves in Minimizing Wear of Journal
Bearing Operating in Mixed Lubrication Regime. International
Journal of Current Engineering and Technology, vol.5, no.l,
pp-486-489.

Muzakkir, S. M., K. P. Lijesh, and Harish Hirani. (2015).Effect of
Base Oil on the Anti-Wear Performance of Multi-Walled
Carbon Nano-tubes (MWCNT), International Journal of Current
Engineering and Technology, vol.5, no.2, pp.681-684.

Hirani, H. & Goilkar, S.S,, (2011), Rotordynamic Analysis of
Carbon Graphite Seals of a Steam Rotary Joint, Book on IUTAM
Symposium on Emerging Trends in Rotor Dynamics, 253-262,
Springer Netherlands.

Goilkar S S, and Hirani H., (2009) ,Design and development of
test setup for online wear monitoring of mechanical face seals
using torque sensor, Tribology Transactions, vol. 52, no.1, pp.
47-58.

Goilkar, S.S. & Hirani, H. (2009), Tribological Characterization of
Carbon Graphite Secondary Seal Indian journal of Tribology,
vol. 4, no. 2, pp. 1-6.

Goilkar, S.S. & Hirani, H. (2009) Tribological Characterization of
Carbon Graphite Secondary Seal Indian Journal of Tribology,
vol. 4, no. 2, pp. 1-6.

Goilkar, S.S. & Hirani, H. (2010),Parametric Study on Balance
Ratio of Mechanical Face Seal in Steam Environment, Tribology
International, vol. 43, no. 5-6, pp. 1180-1185.

Hirani, H. & Goilkar, S.S., (2009),Formation of Transfer Layer and
its Effect on Friction and Wear of Carbon-Graphite Face Seal
under Dry, Water and Steam Environments, Wear, vol. 226, no.
11-12, pp.1141-1154.

Lijesh, K. P, Hirani, H., (2014), Stiffness and Damping
Coefficients for Rubber mounted Hybrid Bearing, Lubrication
Science, vol. 26, no.5, pp. 301-314.

Lijesh, K. P., Hirani, H, (2015), Development of Analytical
Equations for Design and Optimization of Axially Polarized
Radial Passive Magnetic Bearing, ASME, Journal of Tribology,
vol. 137, no. 1, (9 pages).

Lijesh, K. P., Hirani, H., (2015), Optimization of Eight Pole Radial
Active Magnetic Bearing, ASME, Journal of Tribology, vol.137,
no.2.

Lijesh, K. P. & Hirani, H. (2015), Design and Development of
Halbach Electromagnet for Active Magnetic Bearing, Progress
In Electromagnetics Research C, vol. 56, 173-181.

Muzakkir, S.M., Lijesh, K. P. & Hirani, H. (2014), Tribological
Failure Analysis of a Heavily-Loaded Slow Speed Hybrid
Journal Bearing, Engineering Failure Analysis, vol. 40, pp.97-
113.

Samanta, P, and Harish Hirani. (2008), Magnetic bearing
configurations: Theoretical and experimental studies.
Magnetics, IEEE Transactions on vol. 44, no. 2, pp. 292-300.

Samanta, P., Hirani, H, (2007), A Simplified Optimization
Approach for Permanent Magnetic Journal Bearing, Indian
Journal of Tribology.

Shankar, S., Sandeep, Hirani, H. (2006), Active Magnetic Bearing,
Indian Journal of Tribology, pp 15-25.

Hirani, H. Samanta, P. (2007), Hybrid (Hydrodynamic +
Permanent Magnetic) Journal Bearings, Proc. Institute Mech.
Engineers., Part J, Journal of Engineering Tribology, vol. 221,
no.J8, pp. 881-891.

Lijesh, K. P, and Harish Hirani. (2015), The Performance of
Hybrid Journal Bearing under Extreme Operating Conditions.
International Journal of Current Engineering and Technology,
vol. 5, no.1, pp. 277-282.

Lijesh, K. P., and Hirani, H. (2014). Design of eight pole radial
active magnetic bearing using monotonicity. In Industrial and
Information Systems (ICIIS), 2014 9th International Conference
on IEEE, pp. 1-6.

Hirani, H. (2009),Root cause failure analysis of outer ring
fracture of four row cylindrical roller bearing, Tribology
Transactions, vol.52, no.2, pp.180-190.

Lijesh, K. P., S. M. Muzakkir, and Harish Hirani. (2015), Failure
Analysis of Rolling Contact Bearing for Flywheel Energy
Storage Systems, International Journal of Current Engineering
and Technology, vol.5, no.1, pp. 439-443

Lijesh K.P., Harish Hirani, Samanta P., (2015), Theoretical and
Experimental Study for Hybrid Journal Bearing, International
Journal of Scientific & Engineering Research, vol. 6, no. 2, pp.
133-139

Lijesh K.P. and Harish Hirani, (2015), Shaft Alignment Systems: A
Comparative Study, International Journal of Current
Engineering and Technology vol.5, no.2, pp. 1009-1014.

Q.Tan, Wei Li, Bo Liu, (2002), Investigations on a permanent
magnetic hydrodynamic-hydrodynamic journal bearing,
Tribology International, vol. 35, pp. 443-448.

S.C.Mukhopadhyay, T.Ohji, M.Iwahara, S.Yamada, F.Matsumura,
(1997), A New Repulsive Type Magnetic Bearing- Modeling
and Control, IEEE Trans of Mag.

16| International Journal of Advance Induatrial Engineering, Vol.3, No.1 (March 2015)



