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Abstract— The main objective is to analyse the causes of
failures of wheel rim. Generally, the rim’s surface gets
cracked, sometimes bents due to high impact loading or crack
initiates at the welds. Damage to the rims can cause vibration
and the tire to hold pressure. Any damage, such as rust,
cracks, dents, etc. Could result in excessive vibration loss of
air pressure, instability, and even complete structural failure.
Because of this, damage to wheel rims is very serious, as this
could result in failure of the “Wheel Rim’ during running
conditions. Though repairs can be made to a wheel's rim,
visible damage could be indicative of greater damage that
cannot be easily noticed, so a repaired wheel rim will never
be structurally as sound as a new one. There may be many
causes of failure, this project will discuss about the various
failures which may arise in the rim. This project is all about
the calculation of maximum and minimum von-Mises
stresses and deflections with the help of ANSYS software.
We can easily detect the areas where major portion of the load
has been applied.
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I. INTRODUCTION

Several years ago, the history of wheel when the human race
began to use the log to transport heavy objects. The origin of
the wheel was the round slices of a log and it was gradually
reinforced and used in this form for centuries on both carts
and wagons.

Wheel rim is an inseparable part of an automobile
mounted on the axle hub of a vehicle. Its main functions are
to rotate over the axle of an automobile so as to use power
from engine to propel automobile, provide support for
braking system over its body, dissipate heat generated in the
body of wheel rim to surrounding environment, support
whole body weight as well as withstand against impact load
due to pot holes and road irregularities with constant load of
rider body as well as constant tyre pressure. There are many
different types of wheel rims and they can be divided into
many types depending on the manufacturing processes and
material used etc.

The rim is the "outer edge of a wheel, holding the
tyre". It makes up the outer circular design of the wheel on
which the inside edge of the tire is mounted on vehicles such
as automobiles. For example, on a bicycle wheel the rim is a
large hoop attached to the outer ends of the spokes of the
wheel that holds the tire and tube. The term rim is also used
non-technically to refer to the entire wheel, or even to a tire.
In the first millennium BC, an iron rim was introduced around
the wooden wheels of chariots. The steel disk wheel and the
light alloy wheel are the most typical installation. The method
of manufacturing the light alloy wheel, which became
popular in recent years, is explained here. The manufacturing
method for the light alloy wheel is classified into two. They
are cast metal or the forged manufacturing methods.

Material various metals can be used for the rim.
Commonly seen are alloy (magnesium and aluminum), mag

(magnesium), aluminum, and chrome. Teflon coatings are
sometimes also applied for an extra layer of protection.

A. Vehicle Performance

Because the rim is where the tire resides on the wheel and the
rim supports the tire shape, the dimensions of the rims are a
factor in the handling characteristics of an automobile. For
example: Overly wide rims in relation to the tire width for a
particular car may result in more vibration and a less
comfortable ride because the sidewalls of the tire have
insufficient curvature to flex properly over rough driving
surfaces. Oversized rims may cause the tire to rub on the body
or suspension components while turning. Overly narrow rims
in relation to the tire width may cause poor handling as the
tire may distort sideways under fast cornering. On
motorcycles, a narrow rim will alter the tire profile,
concentrating tire wear in a very small area during cornering,
with a smaller contact patch during braking.

On bicycles, the optimum tire width is
approximately twice the rim's internal width (e.g., a 35 mm
tire on a rim with an ETRTO 17mm internal width) or one-
and-a-half times the rim's external width. Considerable
variation outside this range is safe, but very wide tires on a
narrow rim can overstress the rim and damage the tire
sidewalls.

B. Rim CAD Model using Solidworks

The CAD design of wheel is prepared based on the standard
nomenclature at the outer and the hub region of the wheel.
Figure 1 shows the CAD design of the wheel rim.

Fig. 1: Base Wheel Rim
Two kinds of test are performed
1) Bending endurance test
2) Radial endurance test
a) Centrifugal loading
b) Vertical loading
With Taking Gross Weight of Vehicle
1) Bending Test
The bending moment is to be imparted in the test shall be in
accordance to the following formula:
M = ((u*R) +d) * F * S [11]
Where,
M = Bending moment in ‘Nm’
p = Friction Coefficient between the tyre and the road surface
(no units)
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R = Radius of the tyre applicable to the wheel in ‘m’

d = Offset of the wheel in ‘m’

F = Maximum load acting on the tyre in ‘N’

S = Accelerated test factor. (Specified according to the
industrial standards)

pn=0.7

d=38mm=0.038 m

F =2615.89 Ibs = 2615.89 * 0.453 = 1185 kg = 1185 * 9.81
=11624.85 N

S=15

Bending moment: -

M = ((u*R) +d) *F *S=((0.7 * 0.163) + 0.038) * 11624.85
*1.5=2652.20 Nm

2) Radial Endurance Test

The radial load to be imparted in the test shall be in
accordance with the following formula:

Fr=F*k[11]

Where,

Fr = Radial load in N

F = the maximum load coming on to the tyre in N

k = Accelerated test load factor. (Specified according to the
industrial standards)

F =2615.89 Ibs = 2615.89 * 0.453 = 1185 kg = 1185 * 9.81
=11624.85 N

k=225

Radial load

Fr=F*k=11624.85*2.25=26155.91 N

3) Centrifugal Load

Angular velocity is calculated by using the following
formula.

From the relation V =r * o [11]

Where,

V = velocity of the car in m/s

r = radius of the tyre in m

® = Angular velocity in rad/s

Maximum speed of the car is 80 km/ hr = 22.22m/s
V=r*o

22.22=0.163 * @

®=136.19 rad/s

4) Without Taking Gross Weight of Vehicle

Bending test of the bending moment to be imparted in the test
shall be in accordance to the following formula:

M = ((u*R) +d) *F * S[11]

Where,

M = Bending moment in ‘Nm’

p = Friction Coefficient between the tyre and the road surface
(no units)

R = Radius of the tyre applicable to the wheel in ‘m’

d = Offset of the wheel in ‘m’

F = Maximum load acting on the tyre in ‘N’

S = Accelerated test factor. (Specified according to the
industrial standards)

nu=0.7

d=38mm=0.038 m

F =1792.49 Ibs = 1792.49 * 0.453 = 812 kg = 812 * 9.81 =
7965.72 N

S=15

5) Bending Moment

M= ((u*R) +d) * F * S =((0.7 * 0.163) + 0.038) * 7965.72
*1.5=1817.37 Nm

6) Radial Endurance Test

The radial load to be imparted in the test shall be in
accordance with the following formula:

Fr=F*k[11]

Where,

Fr = Radial load in N

F = the maximum load coming on to the tyre in N

k= Accelerated test load factor. (Specified according to the
industrial standards)

F =1792.49 lbs = 1792.49 * 0.453 = 812 kg = 812 *9.81 =
7965.72 N

k=225

Radial load

Fr=F*k=7965.72 * 2.25 = 17922.87 N

7) Centrifugal Load

Angular velocity is calculated by using the following
formula.

From the relation V=r * o [11]

Where,

V = velocity of the car in m/s

r = radius of the tyre in m

o = Angular velocity in rad/s

Maximum speed of the car is 80 km/ hr = 22.22m/s
V=r*o

2222=0.163 *®

®=136.19 rad/s

Il. FINITE ELEMENT ANALYSIS FOR BASE RIM

As we have felt in the practical conditions also the wheel
bends at the flange area at which it is connected with tire. It
generally bends at the area of the flange which is also a very
critical part of the wheel rim

A. Static Analysis on the Model

Type: Totl Defomation
Uritzmm

Tre:]
2200

) o

Fig. 3: Von Mises (7.842Mpa)
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B. Modal Analysis on the Model

E.

Modal Analysis on the New Model

Fig. 5: Von Mises (9996.2Mpa)
C. Modified CAD Model of Wheel Rim

Al eNOnS

Fig. 6: New CAD Model
D. Static Analysis on the New Model

Fig. 8: Von Mises (28.212Mpa)

Fig. 10: Von Mises (16662N)
I1l. COMPARISON BETWEEN BASE AND NEW WHEEL RIM

IV. CONCLUSION

By seeing the effects of new and old designs following points
can be concluded:

1) The new design has less weight.
2) The new design will have more suspension effects due to
the springs instead of spokes
3) The new design is safer by analysis as the von- mises
stress is well below the yield strength
4) The fatigue life is satisfactory for new design
5) The new design is easier to manufacture and less
Complicate
Analysis Orcl:%lgal Material
Type Model Design
Deformation \_Nhlle in Static 3619 0.1083
Analysis (mm)
Stress while in Static
Analysis 748.2 28.212
(MPa)
Deformation v_vhlle in Modal 40.14 42 301
Analysis (mm)
Frequency in Modal
Analysis (Hz) 165.41 707.17
Stress while in Modal
Analysis 9996.2 16662.0
(Mpa)

Table 1:
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