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ABSTRACT

The present research work deals is to model new fore wheel bearing of agricultural machine used for ploughing
which fail in regular usage. This bearing takes three formulations. They are bearing through Material Change
Break Down Analysis The design is done in CATIA and Break Even Analysis is done in ANSYS. And find
which one among the Bearing through Design or Bearing through Material Change is solution for the problem
aimed for. Break Down Analysis is done in each of the cases to find the maximum forces to be applied on the
bearings to get the maximum load that can be bared by the bearings. The objective of our project is to find the
solution for the regular failure of bearings of machine through different material. Here we are using three

materials i.e. steel, tungsten, zinc

Keywords: design,Finite Element Analysis, Break down Analysis.

l. INTRODUCTION

A bearing is a machine element that constrains
relative motion to only the desired motion, and
reduces friction between moving parts. The design of
the bearing may, for example, provide for
free linear movement of the moving part or for
free rotation around a fixed axis; or, it may prevent a
motion by controlling the vectors of normal forces that
bear on the moving parts. Many bearings
also facilitate the desired motion as much as possible,
such as by minimizing friction. Bearings are classified
broadly according to the type of operation, the
motions allowed, or to the directions of the loads
(forces) applied to the parts. Now a days the
agricultures has been using modern equipment of the
great output, in this criteria tractor is one of the main
technology used for ploughing .As the soil used for
ploughing is much slurry the sudden load impact are
possible on front axle of the tractor which lead to the
brakeage of bearings fixed to axle and tyres. The
bearings used are spherical bearings which have the
both parallel and perpendicular movement of rotation
of fore wheel bearing of agricultural machine used for
ploughing which fail in regular usage. So the bearings
are studied at different cases and the modeling of
bearings takes three formulations. They are modeling
of Bearing through Design, modeling of Bearing
through Material Change, Break Down Analysis. The
first two formulations are done in CATIA and Break
down Analysis is done in ANSYS. And find which
one among the modeling of Bearing through
Design or modeling of Bearing through Material
Change is solution for the problem aimed for. Break
down Analysis is done in each of the cases to find the

maximum forces to be applied on the bearings to get
the maximum load that can be bared by the bearings.
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1. INTRODUCTION TO DESIGN

Design of the bearings is done through data
analysis of the bearing specifications and their design
catalogues. These ball bearings undergo deforming
under different periodic loads while rotation. So as
reach the require fatigue nature their loads are
calculated in two ways they are analytical method and
technical method. Analytical method gives out of the
hand calculations by using different scientific
formulas and modules with data book of different
catalogues. The values are approximate values to
satisfy the material properties and technical method
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gives out the values or visualization of design by
using technical software just by updating with the
specifications of required design. This project deals
with the both analytical method and technical
software CATIA.

I1l.  ANALYTICALAPPROACH TO
DESIGN

The conditions involved in design of bearings is
Basic Static Load Rating of Rolling Contact Bearings
The load carried by a non-rotating bearing is called a
static load. The basic static load rating is defined as
the static radial load (in case of radial ball or roller
bearings) or axial load (in case of thrust ball or roller
bearings) which corresponds to a total permanent
deformation of the ball (or roller) and race, at the
most heavily stressed contact, equal to 0.0001 times
the ball (or roller) diameter. In single row angular
contact ball bearings, the basic static load relates to
the radial component of the load, which causes a
purely radial displacement of the bearing rings in
relation to each other. According to 1S: 3823-1984,
the basic static load rating (C0) in Newton’s for ball
and roller bearings may be obtained as discussed
below:
A) For radial ball bearings, the basic static radial load
rating (Co) is given by Cq = f,.i.Z.D* Cos «
Where
i = Number of rows of balls in any one bearing,
Z = Number of ball per row,
D = Diameter of balls, in mm,
o = Nominal angle of contact i.e. the nominal angle
between the line of action of the ball load and a plane
perpendicular to the axis of bearing, and

fo = A factor depending upon the type of bearing.
The value of factor (f;) for bearings made of
hardened steel is taken as follows:
fo = 3.33, for self-aligning ball bearings

= 12.3, for radial contact and angular contact
groove ball bearings.
B) For radial roller bearings, the basic static radial
load rating is given by Cy = f.i.Z.1..D cos a
Where
i = Number of rows of rollers in the bearing,
Z = Number of rollers per row,
I = Effective length of contact between one roller and
that ring (or washer)
C) Where the contact is the shortest (in mm). It is
equal to the overall length of roller minus roller
chamfers or grinding undercuts For thrust ball
bearings, the basic static axial load rating is given by
Co=1y.Z.D’sin a
Where
Z = Number of balls carrying thrust in one direction,
and
fo = 49, for bearings made of hardened steel.

Considering the values of the bearing

3.1 Calculations
Diameter of balls D=12mm
Number of balls carrying thrust in one direction,
Z=2
Factor depending upon the type of bearing
for bearings made of hardened steel
Nominal angle of contact
Therefore
Co=f,ZD%sin a
=49x2x12%xsin35
=8094.91
Static Equivalent Load for Rolling Contact Bearings
The load carried by a non-rotating bearing is
called a static load. The basic static load rating is
defined as the static radial load (in case of radial ball
or roller bearings) or axial load (in case of thrust ball
or roller bearings) which corresponds to a total
permanent deformation of the ball (or roller) and
race, at the most heavily stressed contact, equal to
0.0001 times the ball (or roller) diameter. In single
row angular contact ball bearings, the basic static
load relates to the radial component of the load,
which causes a purely radial displacement of the
bearing rings in relation to each other. According to
IS: 3823-1984, the basic static load rating (C0) in
newtons for ball and roller bearings may be obtained
as discussed below:
1. For radial ball bearings, the basic static radial load
rating (Co) is given by
Co =fo.i.Z.D’cos a
Where
i = Number of rows of balls in any one bearing,
Z = Number of ball per row,
D = Diameter of balls, in mm,
o = Nominal angle of contact i.e. the nominal angle
between the line of action of the ball load and a plane
perpendicular to the axis of bearing, and
fo = A factor depending upon the type of bearing.
The value of factor (f;) for bearings made of
hardened steel are taken as follows:
fo = 3.33, for self-aligning ball bearings
= 12.3, for radial contact and angular contact groove
ball bearings.
2. For radial roller bearings, the basic static radial
load rating is given by
Co=fo.i.Zle.Dcosa
Where
i = Number of rows of rollers in the bearing,
Z = Number of rollers per row,
I = Effective length of contact between one roller and
that ring (or washer)
Where the contact is the shortest (in mm). It is equal
to the overall length of roller minus roller chamfers or
grinding undercuts,
3. For thrust ball bearings, the basic static axial load
rating is given by

foz 49
o=135°
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Co=f.Z.D’sin

Where

Z = Number of balls carrying thrust in one direction,
and

fo = 49, for bearings made of hardened steel.
Considering the values of the bearing

3.2 Calculations

Diameter of balls D =12mm

Number of balls carrying thrust in one direction,
Z=2

Factor depending upon the type of bearing

for bearings made of hardened steel.
f(): 49,

Nominal angle of contact a= 35°
Therefore

Co =f,ZD%in a
=49x2x12°xsin35
=8094.91

IV. APPROACHTO CATIA
In Mechanical engineering CATIA enables the
creation of 3D parts, from 3D sketches, sheet
metal, composites, moulded, forged or tooling parts
up to the definition of mechanical assemblies. The
software provides advanced technologies for
mechanical surfacing & BIW. It provides tools to
complete product definition, including functional
tolerances as well as kinematics definition. CATIA
provides a wide range of applications for tooling

design, for both generic tooling and molding.

4.1 DESIGN OF BEARING THROUGH CATIA

CATIA offers a solution to shape design, styling,
surfacing workflow and visualization to create,
modify, and validate complex innovative shapes from
industrial design to Class-A surfacing with the ICEM
surfacing technologies. CATIA supports multiple
stages of product design whether started from scratch
or from 2D sketches. CATIA is able to read and
produce STEP format files for reverse
engineering and surface reuse. To design a bearing
the commands are considered and the required
dimension are used to draw the Bearing in the catia
soft ware

Design of inner race
Inner diameter of the bearing
Thickness of the bearing =10mm

=50mm
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figure: Inner race

OVER ALL DESIGN OF THE BEARING
The dimensions under the given specific aspects are

Inner race diameter =50mm
Thick of inner race =10mm
Outer race diameter =72mm
Thickness of outer race =76mm  Crown

thickness =4mm

V. FINITE ELEMENT MODEL

The loads acting on the bearings are a
perpendicular sudden load they make the bearing
break under heavy loads out of fatigue strength.
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As the material is required the material is to substitute

for the model for the father process here tungsten is

used as the material for the balls and steel for the

races

Properties

Structural tungsten > Alternating Stress Mean Failure of inner race

Stress

Table-1

ARG SHss Cycles Mean Stress Pa

Pa
3.999e+009 10 0
2.827e+009 20 0
1.896e+009 50 0
1.413e+009 100 0
1.069e+009 200 0
4.41e+008 2000 0
2.62e+008 10000 0
2.14e+008 20000 0
1.38e+008 1.e+005 0
1.14e+008 2.e+005 0
8.62e+007 1.e+006 0

Structural Steel > Strain-Life Parameters

Table-2
Cyclic|  Cyelic Crushing of balls due to load
Co:?gggi Strength| Ductility| Ductility| Strength Strain
E: t| Coefficient | E: t | Coefficient| Hardeni
Pa X Onen Delllcen XPOnen og ICIEPEla Expzi.lenn% ZINC
9 2e+008 | -0.106 0213 -0.47 1.e+009 0.2 Parameter
Gruneisen Parameter | Parameter| Quadratic
o C1 mm s”-1 S1| S2 s mm”-
Coefficient 1
Structural tungsten> Isotropic Elasticity 196 3.005e+006 | 1.581 0
i .005e .
Table-3
TemperatureC Young's Modulus Pa Poisson's Ratio Bulk Moduls P2 Shear Modulus P2
120 16011 03 16667011 | 7.6923e+010
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ZINC > Isotropic Elasticity
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VI.

RESULTS
Load component Comparison of the each case

Double row angular ~ Dynamic  Static
e e ARRAIA By o 0 contact ball bearing load load
Static | Dynamic
(C0) Co0)
Steel 96.5000 102.000  5982.55  414.56
material
Tungsten | 98.4350 103.4200 6123.7199 674.24
Zinc 86 92.4 7692.35 721.54
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Graph 1fatigue nature

The above graph shows how the fatigue nature
change in different load condition

CONCLUSION

The Project says that how the Load vary with

the material and load acting on the bearings under
fatigue nature of the material. The fatigue nature of
the Zinc alloy is more compared to the steel &
Tungsten but comprise of highly qualified design
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