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A SURVEY ON WHEEL RIM FOR
WEIGHT OPTIMIZATION BY
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ABSTRACT ARTICLE INFO

The purpose of the passenger Vehicle wheel rim provides a firm base on which to fit the
tire. Its dimensions, shape should be suitable to properly accommodate the particular
tire required for the vehicle. In this study we are focusing on the optimization of weight
by using FEA method. The wheel rim is designed by using modeling software
catiaV5R19 by reverse engineering procedure. In modeling the time spent in producing
the 3-D models and the risk involved in design and manufacturing process can be easily
minimized. For better design results this CATIA model is imported to ANSYS for
analysis work. ANSYS software is the latest used for simulating the different forces
acting on the component and also for calculating and viewing the results. A solver mode
in ANSYS software calculates the stresses, deflections and their relations without
manual interventions, reduces the time compared with the method of mathematical
calculations by a human. Also in the weight of component is display by density and size
of material. ANSYS static analysis work is carried out by considered four different
materials namely aluminum alloy, Mg alloy, mild steel and Composite material. Also
their relative performances have been observed respectively. In addition to this rim is
subjected to FEA analysis.

Keywords: ANSYS, Wheel Rim, aluminum alloy, Mg Alloy, Carbon Fibre, and mild
steel.
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in respect of material, cross section for rim and arm
connecting hub and rim. The newer car is supposed to have
. INTRODUCTION lesser weight without compromising the strength.

Automotive wheels have been developed over the periods
from early spoke designs of wood and steel, flat steel discs
and lastly to the stamped metal configurations and structural
steel and aluminum alloys rims of today’s modern vehicles.
Historically, successful designs reached after years of
experience and widespread field testing. In the latest years,
the procedures have been enhanced by a variety of
experimental and analytical methods used for structural
analysis (strain gauge and finite element methods). Within
the past 10 years, durability analysis (fatigue life predication)
and reliability methods for dealing with the differences
inherent in engineering structures has been applied to the
automotive wheel. Wheels are clearly safety allied
components and hence fatigue performance and the state of
stress in the rim under various loading conditions are major
concerns. Further, wheels carry on obtaining a considerable
amount of attention as a part of industry efforts to reduce
weight through material replacement and down gauging.
Even though wheels are loaded in a complex manner and
are highly stressed in the course assumed multiple choices
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Consequently, there is a scope for optimization of wheel
design in respect of geometry of car rim, geometry of arm,
material etc. The car rim is subjected to static loading
condition. It undergoes Pressure, Tensile, circumferential
loading and also impact loading. Consequently, it is justified
to have a detailed analysis using the technique like FE for
the stresses developed during used. It is proposed
to analyze the car rim using FE approach for varied
geometry parametric parameter for optimization of its
weight. Of their rolling duty, lightweight is one of the major
requirements hence cast and forged aluminum alloys are
essential in the design. So, the current generation
automobile have the alloy wheel. This
technology ups gradation has wheeled is the one of the most
important components of an automobile. It supports and
bears the entire vehicle load. It suffers not only the vertical
force but also the irregular forces resulting from the car’s
ride, braking, cornering, road bumps, and all uneven shocks
in the process of moving on road. Due to high speed rotation,
its quality has a massive impact on wheel stability, handling
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and other characteristics. Cornering Fatigue Test and
Radial Fatigue Test are performed on any road wheel. It is
observed that the FEA result of the above two tests shows
that the maximum stress being induced in the wheel is much
less than the allowable stress of aluminum alloy. Here
comes the scope for further optimization of these wheels.
Structural optimization is aimed at to minimize the mass of
wheel without compromising the strength of wheel

11. PROBLEM DEFINITION

The failure of rim wheel is due to crack initiated near the
hole which further gets propagated. To improve the strength
of wheel rim, material optimization and design optimization
is necessary for which the best material has to be selected by
conducting design of experiments to find parametric design
which gives higher strength of wheel rim. So | am doing the
analysis of wheel rim with materials are magnesium alloy,
Aluminium alloy, Carbon fiber+ Kevlar, mild steel. After
testing the material in ansys software its material samples
will be tested to check better material to reduce the wheel
rim weight and improve the strength

Images of failure:

Fig. 2 Bend due to impact:

I11. AIM AND OBJECTIVE

The failure of the wheel rim can be avoided by changing the
design of the wheel rim cross section. The alternate design
option provides the strength and stiffness to the wheel rim.
To prevent the failure of wheel rim due to crack initiated
near the hole which further gets propagated throughout the
rim which leads to fatigue failure.

1. To improve material optimization.
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2. To improve design optimization is necessary for
which best material has to be selected by
conducting design of experiments.

IV. DESIGN METHODOLOGY

Methodology used in the analysis and design of the wheel

rim

1. Research Paper
For This Project We were focusing on finding research
papers for finding the research gap and the idea to
find new concept with focus of project development
regarding design and manufacturing. The research
papers were gave us the domains and works which
were already completed and provided lots of
information and research data regarding design and
analysis of wheel rim for weight optimization by using
composite material.

2. Collection of Data
From research papers and resources we were collect
the data for actual design of bumper and to overcome
the bugs and challenges. We were come to know about
many material used for wheel rim. The all collected
data was used for getting proper path for development

3. CATIA design for Arrangement
For our project the next step to design of actual wheel
rim with dimension and approximate calculations of
different forces acting on wheel rim. For Catia
modeling we have taken the help of selection of the
research papers and car catalogue we created the 3D
model of our project that is wheel rim design in
CATIA v5 software.

4. Analysis
For our project we are doing analysis on Ansys
Workbench 16. With modal analysis and static
structural analysis workbench for solving procedure.

5. Testing
In this step we did the testing of wheel rim material
plates with different forces acting on it. This will give
us data regarding different parameter which help us to
improve the design of wheel rim and for selection of
better material.

6. Result comparison, Conclusion and report writing
In this last step we are comparing the result of
theoretical and practical method and finding the better
material by minimum weight, high strength and low
deflection. By using this result we are concluded the
best material.

V. LITERATURE SURVEY

V.Karthi et al studied the design of motor cycle alloy wheel
using the PRO-E and Analyzed with the ANSYS. Analysis a
tool used for the evaluation of systems and structures. It is
needed to analyze complex structures, whereas very simple
ones. There are three processes involved which
are reprocessing, analysis and visualization. The chosen
material was an Aluminum alloy, magnesium alloy, titanium
alloy. The aluminum alloy is well to the conventional steel
wheels in strength and durability. It has excellent wear
resistance, anticorrosion properties and longer service life as
estimated by the stress frequency distribution. The analysis
is done with the extreme load can be applied on rim. The
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rear wheel and front wheel have their maximum load that
can be sustained. It was found that the stress of the analysis
is still in the range of the yield strength of Aluminum alloy.
The Displacement is at the low value. This design is still in
the safe condition.

Choudhury&Dipesh Rohan discussed about vehicle mass
effect. Mass can be categorized as sprung-mass
and unsprung-mass. A lower value of unsprung mass leads
faster response time. There will be steady vertical
load acting through the tyres and therefore a consistent level
of friction acts between the car and road. Acceleration,
braking and cornering performance of the vehicle is better.
This paper goals to develop a composite wheel rim to be
used with a lightweight aluminum center to reduce
the unsprung mass of the vehicle and thus decrease the
suspension response time for a better control of the vehicle.
This  will work towards bringing the sprung
to unsprung mass ratio closer to the original value, and
therefore allow for further reduction of the unsprung mass
as well as sprung mass

H. N. Kale et al, studied about Wheel rim design. Rim is a
central part of wheel above which a rubber tyre is mounted.
In wheel assembly tyre fixed on the rim in between the
left and right board flange over the bead seat area. Wheel
convert axle torque into the rotational motion that
rotating tyre comes in contact with road surface and
rotational motion gets converted into the linear motion of a
vehicle, that means the wheel assembly is very important
part of any automobile  without it  vehicle
cannot displace from one position to another. Well build
road surfaces are not available everywhere in the world. On
the road there are so many up and downs as well as pot
holes which are responsible for impact load on the wheel
and rim directly. Wheel is exposed to the loads of passenger,
goods in addition with self weight of vehicle itself, such
load act as an alternating load and responsible for induction
of irregular stresses into the rim and resulted fatigue failure
of rim. Distinctly from above load wheel rims come in
contact with environmental conditions which adversely
affects on the rim. This paper presents reasonable study of
various types of wheel rim materials in comparison to wide
varieties of aspects. Right material for right design acts as
an important role in the life of any mechanical components.
Relative study will help any designer while selecting
materials for wheel rims of any type of ground vehicles.
Deformation of lightweight alloy wheel is additional than
the steel and forged steel, which means forged steel, can be
used for light as well heavy duty vehicles such as trucks,
tractors, trolley, scooter, bikes etc. Heat dissipation and
corrosion resistance of Mg and Al alloy is well as compared
to Steel C1008 and forged steel. All materials presented in
table-1 are strong yet durability is also dependent on the
manufacturing method employed for rim, dimensional
design of rim.

S. Ganesh &Dr. P. Periyasaamy research on Aluminium
Alloy wheels of automobiles. Wheels which are
manufactured from an alloy of aluminum, magnesium
metals or sometimes a mixture of both Alloy wheels vary
from normal steel wheels because of their
lighter weight which improves the steering and the speed of
the car. Alloy wheels will decrease the unstrung weight of a
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vehicle compared to one fitted with standard steel wheels.
The benefit of decreased unsprung weight is more precise
steering as well as a nominal reduction in fuel consumption.
Alloy is an  excellent conductor of heat,
refining heat dissipation from the brakes, reducing the risk
of brake failure under demanding driving conditions. At
latest design four wheeler wheels are made of Aluminum
Alloys. In this project a parametric model is designed for
Alloy wheel used with four wheeler by collecting data from
reverse engineering process from current model. Design is
valued by analyzing the model by altering the design of rim
styles to be strong and balanced. Its material should not
deteriorate with weathering and corrosion.

P. Meghashyam et al has motive study about car rim wtth
Catia & Ansys Tool. The car wheel rim provides a firm base
on which to fit the tire. Its dimensions, shape
required as appropriate to effectively accommodate the
particular tire required for the vehicle. In this study a tire of
car wheel rim fitting to the disc wheel category is
considered. Design inimportant industrial activity which
affects the quality of the product. The wheel rim is designed
by using modeling software catiav 5 r18. In modeling the
time spent in creating the complex 3-D models and the risk
involved in design and manufacturing process can be easily
minimized. So, the modeling of the wheel rim is completed
by using CATIA. Later this CATIA model is imported to
ANSYS for analysis work. ANSYS software is the newest
used for simulating the different forces, pressure acting on
the component, and also for calculating and viewing the
results. A solver mode in ANSYS software calculates the
stresses, deflections, bending moments and their relations
without manual interventions, reduces the time compared
with the method of mathematical calculations by a human.
ANSYS static analysis work is conceded out
by deliberating two different materials
namely aluminium and forged steel and their virtual
performances have been observed respectively. In addition
to this rim is exposed to vibration analysis (modal analysis),
a portion of dynamic analysis is carried out its performance
is observed. In this paper by detecting the results of both
static and modal analyses obtained forged steel is
recommended as best material.

VI. CONCLUSION

Maximum stresses are analysis in the various type material
and its tube pressure, tube pressure + Bump and precisely
matches with the test sample failure. A comparison of
maximum total deformation and equivalent stress values of
the wheel rim are calculated in analysis process, find out the
better material. And it can be used for modified wheel rim
design.

REFERENCES

[1] V.Karthi, N. Ramanan, J. Justin Maria
Hillary.“Design  and  Analysis of  Alloy
Wheel Rim”, International Journal of Innovative
Research in Science, Engineering and Technology,
Volume 3, Special Issue 2, April 2014, ISSN
(Online): 2319-8753 ISSN(Print): 2347 — 6710.

Page 3



www.ierjournal.org International Engineering Research Journal (IERJ), Volume 3 Issue 3 Page 5833-5836, 2019 ISSN 2395-1621

[2] Choudhury Dipesh Rohan,“Design and Analysis of [12] Material Properties Taking from Material design
a Composite Wheel Rim”, Journal of Material Data Book.
Science and Mechanical Engineering (JMSME)
Online ISSN: 2393-9109; Volume 2, Number 6; [13] Mr. Sushant K. Bawne, Prof. Y.L. Yenarkar ,
April —June, 2015 pp 50 — 56. “Optimization of Car Rim”International Journal of
Engineering Research & Application (IJERT),
[3] H. N. Kale,Dr. C. L. Dhamejani, Prof. D. S. ISSN: 2248-9622 , Vol 05, Issue 10, October-2015.

Galhe,“Comparative ~ Study of Wheel Rim
Materials”, IJARIIE, ISSN -2395-4396, Vol-1
Issue-5 2015.

[4] S.Ganesh, Dr.P.Periyasamy, “Design and Analysis
of Spiral Wheel Rim for Four Wheeler”, The
International Journal Of Engineering And Science
(JES), Volume 3; Issue : 4 , Pages 29-37 — 2014,
ISSN (e): 2319 — 1813 ISSN (p): 2319 — 1805.

[5] P. Meghashyam, S. Girivardhan Naidu and N.
Sayed Baba, “Design and Analysis of Wheel Rim
using CATIA & ANSYS”, International Journal of
Application or Innovation in Engineering
&Management (IJAIEM).Volume 2, Issue 8,
August 2013 ISSN 2319 — 4847.

[6] S. Chaitanya, B.V.RamanaMurty, “Mass
Optimization of Automobile Wheel Rim”,
International Journal of Engineering Trends and
Technology (JETT) — Volume 26 Number 3-
August 2015.

[71 MayurKhule, P. Baskar, “Stress analysis and shape
optimization of wheel rim”, International Journal
for Research in Applied Science & Engineering
Technology (IJRASET), www.ijraset.com Volume
4 Issue V, May 2016, IC Value: 13.98 ISSN: 2321-
9653.

[8] MI Guo-fa , NAN Hong-van, LID Yan-leF ,
ZHANG Bin, ZHANG Hong , SONG Guo-xiang,
“Influence of Inclusion on Crack Initiation in
Wheel Rim”, ScienceDirect, Journal Of Iron And
Steel Research, International. 2011, 49-54.

[9] Yee-Pien Yang, Member, IEEE, Yih-Ping Luh, and
Cheng-Huei Cheung, “Design and Control of
Axial-Flux Brushless DC”, IEEE, VOL. 40, NO. 4,
JULY 2004.

[10]J. Jurgens, A. Brune, B. Ponick, “Electromagnetic
Design and Analysis of a Salient-Pole Synchronous
Machine with Tooth-Coil Windings for Use as a
Wheel Hub Motor in an Electric Vehicle”, IEEE
4799-4389.

[11] Basavaraj Sajjan, Adithya Parthasarathy, Sai Kiran
P, Varun Kumar K N , “Product Design and
Development of Wheel Hub for an All-Terrain
Vehicle (ATV)”, International Journal of
Engineering Research & Technology (IJERT),
ISSN: 2278-0181 IJERT Vol. 5 Issue 08, August-
2016.

© 2019, IERJ All Rights Reserved Page 4



