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Abstract

Performance of bearings in the machinery governs its life. Among all type of bearings, hydrodynamic bearings are the
economic to implement. However these bearings show undesired performance during low rotational operating speed
and during starting and stopping of the machinery (due to insufficient development of hydrodynamic film). To
overcome this problem, the hydrodynamic bearing is hybridized with magnetic bearing. To develop the hybrid
bearing three methods have been attempted. The advantage and short coming of each method has been reported
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1. Introduction

Hydrodynamic bearing (Hirani, 2009, Hirani et al,
1999, Hirani et al, 2000, Hirani et al, 2000, Hirani et al,
2001, Hirani et al, 2001, MuzakKkir et al, 2011, Hirani et
al, 2002, Hirani, 2004, Hirani,2005, Hirani, Suh, 2005,
Hirani, Verma, 2009, Muzakkir et al, 2013, Muzakkir et
al, 2015, Muzakkir and Hirani 2015, Rao et al, 2000,
Muzakkir et al, 2015, Muzakkir et al, 2015, MuzakKkir et
al, 2015, Hirani et al, 1997, Hirani et al, 1999), ball
bearing (Hirani, 2009, Lijesh et al, 2015, Lijesh and
Hirani, 2015) and magnetic bearings (Lijesh, Hirani,
2014, Lijesh, Hirani, 2015, Lijesh, Hirani, 2015, Lijesh,
Hirani, 2015, Muzakkir et al, 2014, , Samanta, Hirani,
2007, Samanta, Hirani, 2008, Shankar et al 2006,
Hirani, Samanta, 2007, Lijesh, Hirani, 2015, Lijesh,
Hirani, 2014, Lijesh et al, 2015, Lijesh, Hirani, 2015)
are well known today. Even MR brakes (Sarkar, Hirani,
2015, Sarkar, Hirani, 2013, Sarkar, Hirani, 2013,
Sarkar, Hirani, 2014, Sarkar, Hirani, 2015, Sukhwani,
Hirani, 2008, Sukhwani et al, 2008, Sukhwani, Hirani,
2008, Sukhwani et al, 2009, Sukhwani et al, 2007,
Muzakkir and Hirani 2015) can act as fluid bearing.
Each bearing has merits as well demerits.
Hydrodynamic bearing is well known for its high load
carrying capacity at moderate speed when full fluid
film is formed. However high friction and high wear at
low speed, i.e. during starting and stopping condition
(i.e hydrodynamic film is not formed) reduces the life
of the bearing. On the other hand, passive magnetic
bearing (PMB) is renowned for its non-contact support,
minimum wear and friction at both low and high speed,
but its low load carrying capacity restricts its use from
different application.

*Corresponding author: Lijesh K.P.

In view of augmentation of hydrodynamic bearing
performance at low speed and to enhance the
operating life of the bearing, the permanent magnetic
bearing has been hybridized with the hydrodynamic
bearing. By hybridizing both magnetic and
hydrodynamic bearing, followings advantages are
obtained:

1. Load carrying capacity can be enhanced (static
load is supported by passive magnetic bearing and
the dynamic load is handled by hydrodynamic
bearing)

2. Low friction and no-wear

3. Increased service-life of bearing

Due to the low load carrying capacity of the PMB, the
bearings are rarely used. However the load carrying
capacity of the PMB can be enhance by having
configuration suggested by (Hirani, Samanta, 2007) as
shown in figure 1. In the present work different
attempts has been made to manufacture the suggested
configuration. The advantages and disadvantages of
each attempt are described in detail.
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Fig.1 Hybrid Bearing
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2. Development of Hybrid Bearing

Following three different methods were tried to
develop the hybrid bearing:

Method 1: Segmented sector magnets in slots of
aluminum ring

To develop hybrid bearing, an aluminum ring with two
slots, shown in figure 2, was fabricated. Half ring
magnet and 45° arc magnet were inserted into the
aluminum ring to get a full ring suitable for film
formation of hydrodynamic bearing as shown in Figure

2

Fig. 2 Hybrid bearing

Alumimun
ning

However during the developing process following
problems were encountered
1.1t is difficult to fix the magnets properly into the
slots of aluminum ring
2.1t is hard to get proper circular and smooth inner
surface of the ring which is one of the prime
objectives for hydrodynamic bearing

Method 2: Structure with Teflon coating

To get the smoother inner surface from aluminum ring
fitted with permanent magnets, as discussed in method
1, the ring along with magnets was coated with Teflon
as shown in figure 3 and magnetized with the help of
magnetizer. This effort solved the problem of fixing of
magnet into slots of aluminum ring, but following
problems persists in the bearing.

magnets
\

eflon coated
magnetohydrodynamic

umhnn ring

Fig.3 Teflon Coated Hybrid bearing

1. Getting close tolerance
2. Getting proper circular inner surface

3. Need of demagnetization and re-magnetization of
permanent magnets to get the final hybrid bearing

Method 3: Powder Metallurgy

In third method, a powder metallurgy process was
adopted to make the hybrid bearing. The materials
used in the powder metallurgy process were NdFeB
magnetic powder, aluminum alloy-7010 powder,
Loctite Binder, zinc stearate (as solid lubricant) and
acetone. Following steps were adopted to manufacture
the hybrid bearing by powder metallurgy process:

1.Weighing the required powder of each NdFeB
powder and aluminum powder.
2.Diluting the binder in acetone and forming a liquid
form of binder
3.Mixing the liquid binder with measured NdFeB
power.
4.Mixing the liquid binder with the measured
Aluminum powder separately
5.Placing the powers (mixed with binder) in the die
at desired locations and punching surface with zinc
stearate with the help of acetone
6.Compress the powder in hydraulic press
7.Cure the green compact at 120°C for 30 minutes in
argon gas atmosphere
8.Magnetized the cured sample by magnetizer

The developed hybrid bearing is shown in figure 4. The
induced magnetic flux in the bearing was low (500
Gauss), so to improve the magnetic flux following
different procedure was followed:

eThe powder was place in the die and compressed
by the hydraulic press.

oeThe green powder was magnetized in the die and
cured.

o The mixture was magnetized.

Aluminum
Material

| Maenetlc Material li

Fig. 4 Hybrid bearing using powder metallurgy method

Again the magnetic field was measured and an increase
in magnetic field to 1700 Gauss was observed. This
value is still low. The magnetic field can be enhance
further by using higher magnetic field magnetizer and
sophisticated tools like (1) Power pack for hydraulic
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system, (ii) Piston and cylinder and (iii) Fixture for
electromagnet. This type of press is difficult to get in
the market and market price is very high.

Conclusions

To develop an hybrid bearing (Hydrodynamic + PMB),
three different methods were adopted in the present
work: (i) Method 1-Inserting sector magnets in the
aluminum slots, (ii) Method 2- Structure with Teflon
coating, (iii) Method 3. Powder Metallurgy. On
comparing the fabricated bearings, it is concluded that
method-3 is best method make hybrid bearing.
However, to observe real benefits of methods, industry
scale machines are required.
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