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ABSTRACT: In the field of automobile industries the part of the vehicle manufacturer from cast 

alloys they have been utilizing widely due to high strength to weight ration, better fuel 

consumption and low cost and weight reduction of vehicle utilized to reduce the fuel 

consumption. So this paper deals with the design and topological optimization of aluminum 

alloy wheel. In this paper optimized results are compared with the existing reference model from 

piaggio manufacturer wheel. Topology optimization concentrates on the distribution of the 

material and structural connectivity in the design domain, Which helps to reduce the weight of 

the structural component in less time. In this work wheel rim in the modeled by using SOLID 

WORKS V.10 software and analyzed to see the variation in the different analysis i.e., torsion 

and rotating bearing test by using altair optistruct. 

Keywords: Aluminum alloy, wheel rim, topology optimization, stress analysis, transient 

dynamic analysis. 

 

1. INTRODUCTION: The wheel is a 

critical component in the automobile and 

bears the weight of the car as well as helps 

the tire to maintain contact between the car 

and the road [1]. Wheel is one of the most 

important components of an automobile [2] 

Wheel is generally composed of rim and 

disc. [3] The essential of car wheel rim is to 

provide a firm base on which to fit the tire. 

Its dimensions, shape should be suitable to 

adequately accommodate the particular tire 

required for the vehicle [4]. Wheels have a 

vital importance for the safety of the vehicle 

and special care is needed in order to ensure 

their durability. The development of the 

vehicle industry has strongly influenced the  

 

design, the material selection and the 

manufacturing processes of the wheels. 

They are loaded in a complex manner and 

further improvement and efficient wheel 

design will be possible only if their loading 

will be better understood. In order to 

achieve an optimum design of the wheel, 

two requirements are needed: the    precise 

knowledge of the loading and the 

mechanical properties and allowable 

stresses of the material, which depend on 

the vehicle characteristics, service 

conditions and manufacturing processes. 

Today, most manufacturers develop the 

wheel design based on results of the 

traditional dynamic radial fatigue test, also  
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called the rim roll test, and on the dynamic 

cornering fatigue test, also called the 

rotating bending test. Another possibility is 

to use the finite element method in order to 

establish the stresses in the car rim and to 

compare the different design solutions. 

However, the modeling of the real loading 

of the rim cannot be accurate enough and 

that is why the results should be use with 

precaution. Anyhow, this method is very 

useful for comparing different design 

solutions and, therefore, selecting the car 

rim that should be tested further.In this 

paper, the car rim is analyzed with the finite 

element method. The static stresses are 

studied in order to find the zones with 

higher stress concentration and to suggest 

the better design solution. The results have 

been compared to those obtained using an 

experimental stand. The wheel is a device 

that enables efficient movement of an object 

across a surface [5] where there is a force 

pressing the object to the surface. Common 

examples are a cart pulled by a horse, and 

the rollers on an aircraft flap mechanism. 

Wheels are used in conjunction with axles; 

either the wheel turns on the axle, or the 

axle turns in the object body.  

The low resistance to motion (compared to 

dragging) is explained as follows (refer 

to friction): 

1. The normal force at the sliding 

interface is the same. 

2. The sliding distance is reduced for a 

given distance of travel. 

3. The coefficient of friction at the 

interface is usually lower. 

 

 

Bearings are used to help reduce friction at 

the interface. In the simplest and oldest case 

the bearing is just a round hole through 

which the axle passes (a "plain 

bearing").The rim is the "outer edge of a 

wheel, holding the tire. 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. In the 

1st millennium BC an iron rim was 

introduced around the wooden wheels 

of chariots.  

2. Design Process of Wheel Rim 

Aluminum Alloys in Wheel Manufacturing: 

Characteristics of Aluminum 

Face-Centered Cubic unit cell promotes 

ductility & machinability. Ductility 

promotes bending failure rather than 

fractures. Chemical properties promote 

corrosion resistance. Machinability 

promotes excellent finishes. Chemical 

characteristics allow anodizing. This metal 

main advantage is decreased weight, high 

precision and design choices of the wheel 

[6] . 

Wheel Examples and Piaggio Specifications: 

In addition to many examples shown you, 

the following are offered. These are 

typically forged or pressure cast, then finish-

machined as needed. The increased pressure 

during casting minimizes the loss of 

ductility that is common to castings. 

 

 

https://en.wikipedia.org/wiki/Axle
https://en.wikipedia.org/wiki/Friction
https://en.wikipedia.org/wiki/Bearing_(mechanical)
https://en.wikipedia.org/wiki/Plain_bearing
https://en.wikipedia.org/wiki/Plain_bearing
https://en.wikipedia.org/wiki/Tire
https://en.wikipedia.org/wiki/Automobile
https://en.wikipedia.org/wiki/Bicycle_wheel
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Chariot
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            Fig 1: Different types of wheels 

 

      Fig 2: Specifications of Piaggio bike 

Solution methodology: 

 
 Table I: Common Properties of wheels 

Modelling of the Rim  

   Solid Worksv.10 is an advanced high-

end CAD/CAM/CAE software package 

developed by Solid Works Corporation, 

USA is a part of Dassault Systems 

USA.Solid works Corporation was founded 

in 1993 by Jon Hirsctick to make the process 

of product design easier. This easy to learn 

tool makes it possible for mechanical 

designers to quickly sketch ideas, 

experiment with features and dimensions  

 

and produce models and detailed drawings. 

It is a feature based parametric solid 

modeling mechanical design and automation 

software. The model is designed by 

considering the following Dimensions 

   
Fig 3: 2D Drawing dimensions are in mm 

Drafting Views 

 
                    Fig 4: 3d Rim model 

METHODOLOGY OF THE PREPROCESSING 

Altair Hyper mesh is a high-performance 

finite element pre-processor to prepare even 

the largest models, starting from import of 

CAD geometry to exporting an analysis run 

for various disciplines.Importing the Cad 

model in the Preprocessing Software and 

meshing is done for the model and property 

and material is assigned to the model and 

Torsional analysis is carried out. Using the 

Solid Map option the 3D mesh is generated.  

 
 Fig 5: 3D solid map panel is used for tetra mesh 

 

http://en.wikipedia.org/wiki/Computer-aided_design
http://en.wikipedia.org/wiki/Computer-aided_manufacturing
http://en.wikipedia.org/wiki/Computer-aided_engineering
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Fig 6: Complete model is meshed, Element 

qualityconnectivity checking using tool page 

edges. 

3. Analysis: 

Torsional and bending load Analysis is 

carried out for reference model, along with 

stress analysis of reference model and 

transient dynamic analysis is carried. Based 

on these analysis will improve the safety of 

reference wheel rim using new technology 

called Optistruct, stiffest design is achieved.  

By achieving new design which again will 

be re-designed with solid works using same 

reference dimensions of wheel rim. 

Torsional and bending load Analysis is 

carried out for reference model, stress 

analysis of reference model and transient 

dynamic analysis is carried out for new 

optimized design model. Finally will 

compare the reference results and optimized 

results by which will conclude the best and 

stiffest design. Below are the following 

steps which require solving the problem in 

RADIOSS software. To this meshed model 

material and Property is assigned and Load 

collector that is Constraints and load is 

applied and performed the Static analysis to 

the model and results are viewed in the 

Hyper view.Torsion and Rotating Analysis 

of Wheel Rim 

Material Database:  

Aluminum Die Casting Material is used for 

wheel rim, young’s modulus; Poissons Ratio 

and Density are defined. 

 

Property collector:  

Property is assigned to the Model. Element 

type is mentioned in Hyper mesh as 

PSOLID.. 

 
 Fig 7: Complete model is meshed and Element  

Property is applied Fixed Constraints  

 
Fig 8: Complete model is meshed and fixed at the 

bottom rim 

Load Applying 

Load type of Force is applied to the model, 

This Force rotate the Shock Absorbers. 

 

         
Fig 9: Complete model is meshed and fixed at the 

 rim location, force is applied. 

Rotating Bending Test and Alternative 

Torsion Test are carried out for the Base 

model with the force of 1000N and as above 

figure Constraints and loads are applied for 

the model.  

Stress Analysis of Wheel Rim: 

Stress analysis is carried out when the wheel 

rim has sudden impact to the ground or a 

rough road due to that deflection of wheel  

1000 N 

1000 N 
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rim is checked. Using finite element method 

for reference model, descritized using 

meshing techniques like tetramesh. Material 

used is aluminum die casting; loads are 

applied about 5000 N from the ground and 

fixing at centre of the wheel rim. According 

to original equipment manufacturer like 

Piaggio uses same loads as mentioned 

above. As per any two wheeler wheel which 

had an impact of 2000 N from the ground 

but in this thesis factor of safety is taken 

more for comparison of two designs like 

reference and new optimized design. Steps 

involved to solve stress analysis using 

Hypermesh are explained below:  

Preprocessing: 

 
Fig 10: Reference model is imported in to  

Hyper mesh for preprocessing 

Reference wheel rim is imported in to Altair 

Hypermesh for meshing using tetramesh 

panel which is very easy to mesh the 

complex model like above wheel rim. Enter 

in to 3d page which is in Hypermesh select 

the tetramesh option for meshing it. By 

mentioning the size of element is 10mm and 

minimum size 0.8mm and meshed using 

tetramesh.  

 

 

 
Fig 11: Reference meshed model using  

tetramesh 

Transient Dynamic analysis 

Impact is a transient response dynamic 

analysis- load varying with the function of 

time, hence this analysis type will yield the 

forced response of the system ie. Tire, 

wheel, suspension and chassis (if modeled) 

to a varying load/time function.  Sharp 

impacts produce impulse effects- that it as 

amplication of load due to the short time 

period in which it is applied. In transient 

response analysis loads are applied with 

respect to time. For 8 seconds transient 

response is calculated and checked the 

deflection of wheel rim compared with time.  

Loads and Boundary Conditions:  

Loads and Boundary conditions are 

specified according to the problem. Load is 

about 5000 N applied from the ground side, 

fixed at the centre of the wheel rim. The 

load about 5000 N is assumed when vehicle 

bumps into the uneven road surface; how the 

load impact is on the wheel rim the stress is 

calculated. 

Fixed Constraints and Load Applying 

 
Fig 12: Meshed Model and Fixed at the 

centre of the rim and load is applied from 
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the ground 

Piaggio Wheel Rim Results 

Base Run using torsion and rotation 

 test results is below:  

 
Fig 13: Reference Model Results  

Displacement 0.262mm 

 
Fig 14: Reference Model Results Stress 

42MPa 

The CAD model has been validated 

according to the alternated Loadings 

conditions the maximum stress for the 

alternated bending is 42MPa acceptable for 

the required fatigue life (124MPa).To get a 

better design and stiffer design of wheel rim, 

topology optimization is carried out for the 

reference model. The results given by 

optimization is taken for new designing of 

wheel rim and using solid works the 3d cad 

model is designed and solved for same 

loading conditions using Altair Hypermesh 

for preprocessing, Radioss for solving and 

Altair Hyperview for post processing.  

Base Run using stress analysis of wheel rim 

results is below: 

 
  Fig 15: Reference Model Results  

Displacement is 0.028mm for stress analysis 

 

 

 
 Fig 16: Reference Model Results Stress is  

30MPa for stress analysis 

As per above results stress is below the yield 

stress value of Aluminum die casting 

material, displacement is very less which is 

about 0.028mm. By this stress analysis of 

wheel rim is successfully completed and it is 

having more strength which is not failing.  

Base Run using Transient Dynamic analysis 

of wheel rim results is below: 

 
 Fig 17: Time versus Displacement curve  

for reference model in Hyper graph 

As shown in above figure displacement for 

reference model is about 141mm, which is 

failed and having less strength and tends to 

bend easy on the sudden impact from the 

ground. Time versus Displacment images 

are shown below: 

 
  For 1 second                                  For 2 seconds                    

 
For 7 seconds                              For 8 seconds                    

Fig 18: Time versus Displacement values in  

Hyper view  

At 1 second displacement is about 22 mm, 2  
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second displacement is about 39 mm, at 7 

second displacement is 124mm and at 8 

seconds 141mm.As per dynamic analysis 

results for the reference wheel rim model is 

failed because deflection is more and rim 

tends to bend. To get a better design to this 

wheel, using optimization technique new 

design shape will be given by Optistruct. To 

do this optimization procedure is carried out 

in later chapter. By getting new design again 

torsion, rotating, stress analysis and transient 

dynamic analysis will be carried out. 

Comparing both the designs, final shape is 

considered for better safety.  

OPTIMIZATION PROCEDURE 

The primary objective of this study is to 

carry out the weight optimization of a car 

rim by using finite element analysis [7] in 

order to reduce the weight of vehicle 

components.  The focus of this paper has 

been the weight reduction of an aluminum 

wheel by means of a topologic analysis. The 

topologic optimization result has realize the 

CAD model used for following structural 

validation  

Design constraints: 

1. Maximum Von Mises Stress < 30 MPa 

corresponding to the fatigue limit (0.3*R) of 

this material for 10^7 cycles. 

2. % of mass reduction: 75 % 

Manufacturing constraints: 

Minimum rib thickness: 6 mm, Structure 

with polar symmetry (3, 4, 5, 6 spokes)  

Geometric constraints: 

Alternating Torsion and Rotating Bearing 

Test: the wheel must withstand the applied 

1000 N load. Stress analysis of wheel rim, 

the impact from the ground is 5000 N.  

 

Transient dynamic analysis, the impact from 

the ground is 5000 N. 

Topology Optimization 

Topology optimization generates an 

optimized material distribution for a set of 

loads and constraints within a given design 

space. The design space can be defined 

using shell or solid elements, or both. The 

classical topology optimization set up 

solving the minimum compliance problem, 

as well as the dual formulation with multiple 

constraints are available. Constraints on von 

Mises stress and buckling factor are 

available with limitations. Manufacturing 

constraints can be imposed using a 

minimum member size constraint, draw 

direction constraints, extrusion constraints, 

symmetry planes, pattern grouping, and 

pattern repetition. A conceptual design can 

be imported in a CAD system using an iso-

surface generated with OSSmooth, which is 

part of the Optistruct package. Free-size 

optimization is available for shell design 

spaces. The shell thickness or composite 

ply-thickness of each element is the design 

variable.  

 
 Fig 19: Optimization problem setup in  

Analysis page.                        
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Topology optimization is selected 

 

 
                    Fig 20 :Topology view 

By using above options Topology setup is 

prepared and solved using Optistruct and 

seen the analysis results. 

Optimization Results: 

 

                                                     

                                                 
Fig 21: Optimized Model Results (six spokes) 

Redesign of the Optimized model 

The model is Redesigned based on the 

optimization results and performed the base 

run analysis for that model and results are 

compared to the original model and the 

optimized model. 

  

Fig 22: Optimized Model redesigned using  

Solid works 

Again this model is meshed and boundary  

 

conditions are applied. To these model again 

the material and property is assigned and 

load steps are applied as per earlier 

application model and performed the base 

run analysis.Optimized Model Results 

carried out for torsion and rotating test:  

 
Fig 23: Optimized Model Results  

Displacement 0.128mm, Stress 19MPa   

Optimized model Run using stress analysis of  

wheel rim results is below: 

 
 Fig 24: Optimized Model Results Displacement  

is 0.049m 

As per above results stress is below the yield 

stress value of Aluminum die casting 

material, displacement is very less which is 

about 0.049mm. By this stress analysis of 

wheel rim is successfully completed and it is 

having more strength which is not failing. 

Compare to the reference model 

displacement little bit high but stress of 

optimized wheel rim is having 

15MPa.\Optimized model Run using 

Transient Dynamic analysis of wheel rim 

results is below: 

 
 Fig 25: Time versus Displacement curve for  

optimized model in Hyper graph 

As shown in above figure displacement for 

reference model is about 38mm, which is  

Re-

designed 

model 

using 

Solid 

works. 

Reference 

Model 

from 

Piaggio 

Manufact
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having less deflection compared to reference 

model. The optimized model is having more 

strength compare to reference design. 

 

Time versus Displacment images are shown below: 

 
              For 1 second                 For 2 seconds                     

  
                For 7 seconds             For 8 seconds                     

Fig 26: Time versus Displacement in Hyper 

view At 1 second displacement is about 

13 mm, 2 second displacement is about 17 mm, 

and at 7 second Displacment is 34mm and at 

8 seconds 38mm. 

 

Conclusions: 

1.  Initial Weight of the reference model was 

5.7 Kg, and the Final Weight obtained is 5.1 

Kg, therefore percentage weight reduction is 

11% achieved. 

2. Displacement of reference model is 

0.262mm, where the displacement of the 

Optimized model is   0.128mm achieved, for 

torsion and rotating test. 

3. Stress value for reference model is 42MPa 

and the stress value for Optimized model is 

19MPa. This is comparatively less value 

achieved, for torsion and rotating test. 

4. On Second analysis ie. Stress analysis 

done on reference and optimized model the 

displacement and stress values are also 

achieved, the displacement for reference 

model is 0.028mm and for optimized model 

is 0.049 mm, the stress for reference model 

is 30MPa and for optimized model is  

 

15MPa. 

5. In transient dynamic analysis when load 

of 5000 N applied for a span of 8 seconds 

the displacement values obtained for 1 

sec=22mm; 2secs=39mm to  7secs=124mm; 

8secs=141mm for reference model.  

The displacement values for optimized 

model are for 1 sec=13mm; 2secs=17mm to 

7secs=34mm; 8secs=38mm.With respect to 

the above results obtained the reference 

model and optimized model results are 

under the fatigue life of the metal, reference 

model can also be considered but in the 

transient dynamic analysis the reference 

model fails as it tends to bend for the 

applied load and optimized model design 

does not bend and gives the best values and 

is of good strength and better durability. 
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