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ABSTRACT: These are various parameters over
which the performance of the shaft and bearing
depends. This paper deals with a different
parameters and specification of the shaft and bearing
to find out the optimized model. Based on the Finite
element method the model analysis Campbell and
harmonic analysis has been performed.

In now days high speed and high precision is the
requirement of any rotating machinery.  Ball
Bearing are the main element used for rotating
application such as machinery. The permanent
magnetic bearing [PMB] are contact less or
levitation there is a no contact with stator and rotor.
And it is a less magnetic resistance, less noisy and
no heat generation.

This project work presents the comparison between
deep groove ball bearing and permanent magnetic
bearing. All the analysis is performed in ANSYS
WORKBENCH 16.1
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1.1 DEEP GROOVE BALL BEARING

Fig 1.1 Deep Groove Ball Bearing

A deep groove ball bearing is a type of
rolling element bearing that uses balls to maintain
the clearance between the bearings. The main
purpose of a ball bearing is to support loads and

l. INTRODUCTION

Bearings are used to support rotating
elements commonly used in machines that controls
relative motion and reduces friction between
moving parts. And also there are different types of
bearings which are used in mechanical applications
such as roller bearings and ball bearings. Ball
bearings are subdivision Deep groove ball bearings,
Self Aligning ball bearings, Angular Contact ball
bearings, Thrust ball bearings. And roller bearings
are subdivision Tapered Roller bearings, Spherical
Roller bearings, Cylindrical Roller bearings, Needle
Roller bearings. The bearings are used to reduce the
friction between rotating parts the various research
work are carried out for friction reduction in bearing
and design improvement. In ancient time peoples
were using wheels for reducing friction and after
day by day invented various methods for friction
reduction. Leonardo da vinci they developed ball
bearings and they designed for a helicopter and they
carried out different experiment for static friction of
sliding parts. In this project permanent magnetic
bearings [PMB] is designed to compare permanent
magnetic bearing with deep groove ball bearings

reduce rotational frictions. These type of deep
groove ball bearing are commonly used in machines
vehicles etc.
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1.2 MAGNETIC BEARING

Ring sector
of moving magnet

Fig 1.2 M

There are two types of magnetic bearings
active controlled magnetic bearing and passive type
permanent magnetic bearing [PMB]. Magnetic
bearing are commonly used for rotating application
and also these are contactless. And first permanent
magnetic bearing [PMB] was prepared in glenn
research center. And permanent magnetic bearing
does not required any kind of electronics device or
external power to generate. In permanent magnetic
bearing [PMB] the repulsive force which acts due to
magnets placed on both rotor and stator. Due to
stator magnet and magnetic ring repulsive force will
acts and magnetic ring will be in levitate in air. And
these type of magnetic bearings are commonly used
in maglev trains to get low noise and smooth ride
and used in industrial machines such as turbo
molecular pump, turbo compressor, ultra centrifuges
and also used in space technology (satellite),
terrestrial application, energy storage flywheel and

1.5 METHODOLOGY

Ring sector
of motionless
magnet

agnetic Bearing

used in watt-hour meter to measure home power
consumption.

1.3 WASHING MACHINE SHAFT AND
BEARINGS NOMENCLATURE

1. WASHING MACHINE SHAFT :- Washing
machine shaft generally constitute of disc and
bearings.

2. DISC :- This is a part of the shaft which is
fixed to the end of the shaft for transfer motion
to the disc (drum).

3. BEARINGS :- This is a parts where installed in
the shaft.

4. OFFSET :- This is a space between bearings
and disc.

1.4 OBJECTIVES

The objective of the project is to do “The
rotordynamic analysis of the washing machine shaft
supported by passive magnetic bearing”
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1. LITERATURE REVIEW

Literature review is carried out for my
project is to compare between deep groove ball
bearing and passive type permanent magnetic
bearing [PMB]. Design this review we find out
magnetic bearing is having a capable to operate
without lubrication and less magnetic resistance
Paper 1 :- Permanent magnetic bearing [PMB]
for spacecraft applications.

Robert fusaro and wilfredo :- They have
done design and operate passive permanent
magnetic bearing [PMB] ring for spacecraft,
terrestrial applications. The permanent magnetic
bearing [PMB] are operated is such way that it will
be in repulsive mode for radial support and also
permanent magnetic bearing [PMB] designed,
construct, and testing for satellite application.

Paper 2 :- Passive Magnetic Bearing.

Hamler, B. Stumberger, V. Gori and Can,
Jesenik, M. Trlep :- They have carried work on
permanent magnetic bearing [PMB] and they have
developed permanent magnetic bearing [PMB] for
both the case axial load and radial load in both
direction by axially magnetized permanent magnets.
Paper 3 :- Rotor Dynamics of Passive magnetic
Bearing [PMB] System.

H. ming chen, Scott wheeler, Thomas
waiter, Nga Lee :- They have carried work on rotor
dynamic of a permanent magnetic bearing [PMB]
system. And also they have developed permanent
magnetic bearing [PMB] for space energy storage
systems[satellite], Terrestrial applications. By using
permanent magnetic bearing [PMB] they performed
spin test it was operated to 66000rpm.

[15] AnandkumarTelang The system
having two bearings permanent magnetic bearing
[PMB] and active radial damper also. They
measured radial stiffness for bearing its around
263N/mm and load capacity around 65N and
remnant flux density of permanent magnetic bearing
[PMB] is around 1.0 tesla. And they have used
active radial damper instead using an radial bearing
to replace one of the permanent magnetic bearing
[PMB] means active radial damper doesn’t take any
radial load. And without damper permanent
magnetic bearing [PMB] bearing will not be in
stable. And also they concluded that radial bearings
system are efficient in power consumption and easy
to control.

Paper 4 :- Solution of contact free passive
magnetic bearings.

Daniel Mayer, Visit Verely :- They also
carried out work on contact free passive magnetic
bearing with solution.  And also professional
programs are used for analysis of magnetic field and
it is possible to solve the magnetic bearing. And

they found out different ways for improve the
qualities of magnetic bearings.
Paper 5 :- S.C Mukhopadhyay G. Sen Gupta. C.
Gooneratne :- They also carried out work on
magnetic bearings. This paper deals with different
forms of a repulsive type magnetic bearing system
which is used as an group platform for learning and
teaching. And also they have carried out work on
different components of a hybrid magnetic bearings
model they have used JJ instruments for measuring
the repulsive force. They concluded few subjects for
improvement of permanent magnetic bearing [PMB]
such as electromagnetic, electronics microcontroller,
control system, sensing technology etc [11] Siebert.
Paper 6 :- Reduce - Friction for Passive
Magnetic Bearings.

Guillaume Filion, Jean Recel and Maxime
R. Dubais :- They carried out work on Passive
permanent magnetic bearing [PMB] for reducing —
Friction. They have also design permanent magnetic
bearing [PMB] for flywheel energy storage system.
The main objective is a study of permanent
magnetic bearing [PMB] for minimizes of energy
losses produced by the axial thrust bearing. And
they have been concluded that magnets used in the
bearings has a limited influence on the damping
ratios [14] J. Sandtner.
[17] S. Saravanan, In these paper they have carried
out work on frictional torque on a rotating disc.
They have performed project on measurement on an
aluminium disc which is installed on they bearing
that is gives an initial twist and allowed to spin until
if comes to stop.
[12] Y. Regamey, J. Sandtner Carried out his work
on the reduction of friction using passive magnetic
bearings. They have designed and developed passive
permanent magnetic bearings for (FESS) flywheel
energy storage system and measurement of stiffness
and damping.
[20]. Paden, B., Design and test results have been
performed for a passive magnetic bearing system
including two magnetic bearing are active magnetic
radial damper and active magnetic thrust bearings
and Permanent magnetic [PM] radial bearings.
Active magnetic radial bearings are simple in
control and efficient power consumption. Permanent
magnetic [PM] radial bearing used for high-speed
rotors for flywheels application.

2.1 FUTURE SCOPE

The data collected from the washing
machine shaft and bearing before and after installing
the passive magnetic bearings need to be compared
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1. BEARING STIFFNESS

CALCULATIONS FOR DEEP
GROOVE BALL BEARING

Horizontal axis washing machine consist a

shaft of length 144mm with 2 deep groove ball

bearing on the shaft. The nomenclature and the
specification of the bearing is as follows

Bearing number: 6205-C3H ORS.

Bearing number: 6203-C3 ORS.

Fig 3.1 shaft with bearing assembly

3.1 PROPERTIES OF MATERIALS.
Mass of the disc is 3.6kg
3.1.1 PROPERTIES OF DEEP GROOVE BALL BEARING MATERIAL

MATERIAL DENSITY | YOUNGS POISSON’S
(Kg/m3) | MODULUS | RATIO
(MPa)
STRUCTURAL | 7850 2 x10° 0.3
STEEL

Table no 3.1 Properties of Deep Groove Ball Bearing Material

3.1.2 PROPERTIES OF PERMANENT MAGNETIC BEARING MATERIAL

Table no 3.2 Properties of Permanent Magnetic Bearing Material

3.2 TECHNICAL SPECIFICATIONS OF THE DEEP GROOVE BALL BEARING

MATERIAL | DENSITY | YOUNGS POISSON’S
(Kg/m3) | MODULUS | RATIO
(MPa)
N35 NdFeB | 7500 160x 103 0.24

3.2.1 BEARING NUMBER: 6205-C3H ORS.
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6205 Deep groove ball bearings

Deep groove ball bearings

g pars Saves e

Fig 3.2 Bearing number 6205-C3H ORS
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Fig 3.4 Abutment Dimensions

c) CALCULATION DATA
Basic dynamic load rating C 14.8 Kn
Basic static load rating CO 7.8 kN
Reference speed 28 000 r/min
Limiting speed 18 000 r/min
Calculation factor kr 0.025

Mass bearing 0.13 kg
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d) CALCULATION

The calculation for bearing stiffness is
considered from a journal paper by Gargiulo,
E.P.Jr., A Simple Way to Estimate Bearing
Stiffness, Machine Design, 1980, pp.107-110 the
formula is as follows

Deep- Groove Ball Bearing or Angular — Contact

Radial Ball Bearings

K = 0.0325 E06 3/ DFZ2C0S5 «

K- Radial stiffness (Lbf/in)
D — Ball diameter (in)
Z- Number of Rolling Elements
F- External Radial Force (Lbf)

- Contact angle (rad)

SL.No | Parameter Values in metric system | Values in English system

1 D 7.9 mm 0.311024 in

2 Z 11 11

3 F Dynamic Static load | Dynamic load | Static load
load rating | rating rating rating
14.02 KN 7.88 KN 3151.8214Lbf | 1771.494Lbf

4 o Contact angle is considered to be zero for deep groove ball
bearing

Table no 3.3 Specification of Bearing

» Minimum Radial stiffness considering static
load rating

K=1317820.767 Lbf/in

K =230785,77 N/mm

3.2.2 BEARING NUMBER: 6205-C3H ORS.

» Maximum Radial stiffness considering dynamic
load rating

K =1596848.269 Lbf/in

K =279650.98 N/mm

6203 Deep groove ball bearings

Deen qroove ball bearmgs

Fig 3.5 Bearing Number 6205-C3H ORS
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Fig 3.6 Dimensions

b) ABUTMENT DIMENSIONS

Fig 3.7 Abutment Dimensions

c) CALCULATION DATA
Basic dynamic load rating 9.95 kN
Basic static load rating 4.75 Kn
Reference speed 38 000 r/min
Limiting speed 24 000 r/min
Calculation factor kr 0.025

Mass bearing 0.065 kg

d) CALCULATION
The calculation for bearing stiffness is taken from a
published paper by Gargiulo, E.P..Jr., A Simple

Way to Estimate Bearing Stiffness, Machine
Design, 1980, pp.107-110 the formula is as follows
Deep- Groove Ball Bearing or Angular — Contact
Radial Ball Bearings

K = 0.0325 E06 y/DFZ2C0S®

K- Radial stiffness (Lbf/in)

D — Ball diameter (in)

Z- Number of Rolling Elements
F- External Radial Force (Lbf)
- Contact angle (rad)

SL.No | Parameter | Values in metric | Values in  English
system system

1 D 7.3mm 0.287402 in

2 z 9 9

3 F Dynamic | Static | Dynamic Static
load load load rating load
rating rating rating
955 KN | 476 | 2146.925Lbf | 1070.091

KN Lbf
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4 « Contact angle is considered to be zero for
deep groove ball bearing
Table no 3.4 Specification of Bearing
» Minimum Radial stiffness considering static K =209652.45 N/mm
load rating Note:
K=949179.6046 Lbf/in 1. Z- Number of balls are assumed through
K =166226.819 N/mm the SKF catalogue
2. D- Diameter of the ball is approximately
» Maximum Radial stiffness considering dynamic calculated from fig 2
load rating D =D,-dy

K =1197146.372 Lbf/in

V. ASSEMBLY OF SHAFT AND BEARINGS
4.1 EXPLODED VIEW OF WASHING MACHINE SHAFT WITH BEARINGS ASSEMBLY

Fig 4.1 Exploded view of of washing machine shaft with bearings assembly

The above figure 4.1 shows that exploded view of the assembly which consists of shaft, bearings, disc and other
parts

4.2 ASSEMBLY OF WASHING MACHINE SHAFT WITH DEEP GROOVE BALL BEARINGS.

Fig 4.2 Assembly of washing machine shaft with bearings.

The above figure shows that complete the assembly was done by keeping in mind all the
assembly of the washing machine shaft with deep design features and considerations. And 3D model
groove ball bearings. The modeling of every part of has been done in NX 12.0. as shown in figure 4.2.
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43 ASSEMBLY OF WASHING MACHINE SHAFT WITH MAGNETIC BEARINGS ON BOTH
SIDES.

Fig 4.3 Assembly of Washing Machine Shaft with Magnetic Bearings on Both side

The above figure shows that complete assembly of the washing machine shaft with passive magnetic bearings.
And we replaced deep groove ball bearing to passive permanent magnetic bearings as shown in figure 4.3.

4.4 ASSEMBLY OF WASHING MACHINE SHAFT WITH MAGNETIC BEARING AND DEEP
GROOVE BALL BEARING.

Fig 4.4 Assembly of washing Machine Shaft with Magnetic Bearing and Deep Groove Ball Bearing

The above figure shows that complete these process we replaced one passive permanent
assembly of the washing machine shaft with magnetic bearing and another one we replaced to
magnetic bearing and deep groove ball bearing. In deep grove ball bearing only as shown in figure 4.4.

45 ASSEMBLY OF WASHING MACHINE SHAFT WITH DEEP GROOVE BALL BEARING AND
MAGNETIC BEARING.

TR OROONE BALL
AV

Fig 4.5 Assembly of Washing Machine Shaft with Deep Groove Ball Bearing and Magnetic Bearing

The above figure 4.5 shows that complete condition we are taking passive permanent magnetic
assembly of the washing machine shaft with deep bearing on left end side and in middle we use deep
groove ball bearing and magnetic bearing. In Fourth groove ball bearing and in right end it is disc.
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V.  ANALYSIS RESULTS
6.1 MESHED MODEL ON ANSYS WORK BENCH

Dﬁ uﬁ jp_imlm <’

no ™

Fig 6.1 Meshed Model on Ansys Workbench 16.0

Meshing is nothing but a computer aided

engineering simulation process. And different types 6.2 CONTACTS

of meshing element process have been done for In analysis software parts contacts are very
example Tetra element, Hex element, Brick element, important. In these projects we are having four
Quad element etc. In this process we generated contacts as shown in below figures.

automatic meshing as shown in above figure 6.1.

6.2.1 FRICTIONALESS - MAGNETIC BEARING TO SHAFT

Al
. I
q&:)
Fig 6.2 Frictionless — Magnetic Bearing to shaft
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6.2.2 FRICTIONAL - BEARING 6203 TO SHAFT

Fig 6.3 Frictional — Bearing 6203 to Shaft

6.2.3 BONDED-DISC TO DISC HOLDER

Fig 6.4 Bonded — Disc to Disc Holder

6.2.4 BONDED- DISC HOLDER TO SHAFT

Fig 6.5 Bonded- Disc Holder to Shaft
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6.3 BOUNDARY CONDITIONS

X

W &3 OXirri >/
W
'} t
Fig 6.6 Boundary Condition
Boundary condition are they Distributed the mass around 3.6kg .Rotational velocity is around

mass, Rotational velocity and Displacement. 1000RPM speed and Displacement is nothing but a
Distributed mass is a nothing but a disc weight motion of the bearing along a circular shaft as
which is fixed to the right end of shaft and its having shown in figure 6.6.

6.4 RESULTS OF WASHING MACHINE SHAFT WITH DEEP GROOVE BALL BEARINGS.
6.4.1 Result of total Deformation 1

W 5008 10030 (e
E— ]

L
BN 3
Fig 6.7 Result of total Deformation 1

This is a modal analysis of washing amount of deformation which is occurred on the tip
machine shaft with deep groove ball bearing as of the disc is around 18.437 max as shown in figure.
shown in the above figure 6.7. The maximum
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6.4.2 Result of total Deformation 2
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Fig 6.8 Result of total Deformation 2

The maximum amount of deformation which is occurred on the tip of the disc is around 22.995 max as shown
in figure 6.8.

6.4.3 Result of total Deformation 3

0 bL{Y] 1000 o)
a% n

Fig 6.9 Result of total Deformation 3

The maximum amount of deformation which is occurred on the circular disc is around 17.963 max as shown in
figure 6.9.
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6.4.4 Result of total Deformation 4

5%

53 0]
Fig

The maximum amount of deformation which is
occurred on the circular disc is around 24.353 max
as shown in figure 6.10.

6.4.5 Campbell Diagram
Campbell diagram indicates frequency(Hz)

v/s rotational velocity(rpm) graph to measure the

100 ey

6.10 Resﬁlt of total Deformation 4

vibration excitation which occurs on the operating
system .And also its shows the backward (BW) and
forward (FW) indication for example shaft is
rotating in clockwise direction and vibration take
place in same direction then it’s called as forward
(FW) and apposite to the clockwise direction means
it is backward (BW).

Rotnnd bty

Fig 6.1.1 Campbell Diagram

In these diagram its indicates that it run up
to 50000RPM also there is a no problem because
bearing are contact between shaft so that there is no

problem of vibration and critical speed indication as
shown in figure 6.1.1
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6.5 RESULTS OF WASHING MACHINE SHAFT WITH MAGNETIC BEARINGS.
6.5.1 Result of total Deformation 1

00 0N 0800 (reer)
H_l
Fig 6.1.2 Result of total Deformation 1

amount of deformation which is occurred on the
This is a modal analysis of washing circular disc is around 17.716 max as shown in
machine shaft with permanent magnetic bearing as figure.
shown in the above figure 6.1.2. The maximum

6.5.2 Result of total Deformation 2

o % 10830 (o}

-b&‘:—.-a:,
Fig 6.1.3 Result of total Deformation 2

The maximum amount of total deformation which is occurred on the tip of circular disc is around 14.56 max as
shown in figure 6.1.3.
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6.5.3 Result of total Deformation 3

o 0% W pewy
BN b )
Fig 6.1.4 Result of total Deformation 3

The maximum amount of total deformation 3 which is occurred on the tip of disc is around 22.637 max as
shown in figure 6.1.4.

6.5.4 Result of total Deformation 4

132 Y 1008 grevl

Fig 6.1.5 Result of total Deformation 4

The maximum amount of total deformation which is occurred on the tip of circular disc is around 23.694 and
for shaft is around 18.496 max as shown in figure6.1.5.

6.5.5 Campbell Diagram

L e -

Fig 6.1.6 Campbell Diagram
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In these diagram its shows that critical speed is above 18000RPM its shows the indication in red colour arrow
mark as shown in figure 6.1.6

6.6 RESULTS OF WASHING MACHINE SHAFT WITH MAGNETIC BEARINGS AND DEEP
GROOVE BALL BEARING.
6.6.1 Result of total Deformation 1

i £.00 9 Winr)

—hQ‘“ ._ﬂy J
Fig 6.1.7 Result of total Deformation 1

This is a modal analysis of washing which is occurred on the end of shaft and magnetic
machine shaft with permanent magnetic bearing and bearing is around 19.392 max as shown in figure
deep groove ball bearing as shown in the above 6.1.7.

figure. The maximum amount of total deformation

6.6.2 Result of total Deformation 2

Wy

£
—.'i',‘.l qﬂ
Fig 6.1.8 Result of total Deformation 2

The maximum amount of total deformation which is occurred on the end of shaft and magnetic bearing and
also in the disc is around 18.828 max as shown in figure 6.1.8.

6.6.3 Result of total Deformation 3
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Fig 6.1.9 Result of total Deformation 3

The maximum amount of total deformation which is occurred on the tip of circular disc is around 71.816 as
shown in figure6.1.9.

6.6.4 Result of total Deformation 4
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Fig 6.2 Result of total Deformation 4

The maximum amount of total deformation which is occurred on the tip of the circular disc is around 70.642 as
shown in figure6.2.

6.6.5 Campbell Diagram —

R
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Fig 6.2.1 Campbell Diagram
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Campbell diagram shows that in 3" condition it can run up to 50000 rpm also there is no vibration as shown in
figure 6.2

6.7 RESULTS OF WASHING MACHINE SHAFT WITH DEEP GROOVE BALL BEARING AND
MAGNETIC BEARING.
6.7.1 Result of total Deformation 1

490 54
w 8 RW0ien,

Fig 6.2.2 Result of total Deformation 1

This is a modal analysis of washing figure 6.2.2. The maximum amount of total
machine shaft with deep groove ball bearing and deformation which is occurred on the entire disc is
permanent magnetic bearing as shown in the above around 17.716 max as shown in figure 6.2.2.

6.7.2 Result of total Deformation 2

) £ Rery) >/.

Fig 6.2.3 Result of total Deformation 2

The maximum amount of total deformation which is occurred on the entire tip of the disc is around 16.124 max
as shown in figure 6.2.3.
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6.7.3 Result of total Deformation 3
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Fig 6.2.4 Result of total Deformation 3

The maximum amount of total deformation which is occurred on the tip of the disc is around 22.638max as
shown in figure 6.2.4.

6.7.4 Result of total Deformation 4
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Fig 6.2.5 Result of total Deformation 4

The maximum amount of total deformation which is occurred on the tip of the disc is around 23.767 max and
16.035 for permanent magnetic bearing as shown in figure 6.2.5.

6.7.5 Campbell Diagram
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Fig 6.2.6 Campbell Diagram
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In 4™ case Campbell diagram indicates that it can
run up to 36000rpm after that vibration take place as
shown in figure

VI. CONCLUSION

The project present the design of washing
machine shaft with deep groove ball bearing by
studying from various reference papers and | got
idea to replace deep groove ball bearing to
permanent magnetic bearing. And calculated
boundary condition for analysis and | calculated
boundary conditions like distributed mass, rotational
velocity, displacement and stiffness value etc from
given data. And | worked on washing machine shaft
and with deep groove ball bearing and permanent
magnetic bearing with replacement of permanent
magnetic bearing position. And | have done analysis
by using software as Ansys workbench 16.1.

And we got good results and we compare
the results with replacing deep groove ball bearing
to permanent magnetic bearing. By these we
concluded that we can reduce the power, friction
and contact also between shaft and bearing and
surface finish is also improved by using high speed
shaft.
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