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Abstract— Computer Aided engineering system provides total system approach to new product development. The usage of 

computer in Design Analysis and optimization technique, which is mostly iterative in nature, reduces the tedious job & 

increases the accuracy. This project involves one such model of wheel, which is according to the specification given by the 

Japanese Industrial Standards. The wheel rim has been analyzed for two conditions. Bending endurance test, Radial 

endurance test, In Radial endurance test, following three conditions have been analyzed. 
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I. INTRODUCTION 

The importance of wheels and tires in the automobile is obvious. Without the engine the car may be towed, but even that is 

not possible without wheels. The wheel, along with tire has to take the vehicle load, provide a cushioning effect and cope 

with the steering control. The various requirements of an automobile wheel are: 

• It should be balanced both statically as well as dynamically 

• It should be lightest possible. 

• It should be possible to remove or mount the wheel easily. 

• Its material should not deteriorate 

There are three types of wheels, viz., the pressed steel disc wheel, the wire wheel, and the light alloy cast wheel. Out of these, 

the first type is used almost universally, because of its simplicity, robust construction, and lower construction of manufacture 

and ease in cleaning. The wire wheel is earliest type of wheel but presently its use is limited to certain sports car, because it is 

lighter, heat dissipation is better and it can be fitted and removed very easily. However, tubeless tires cannot be fitted over 

wire wheels, which are also difficult to clean. The light alloy cast or forged wheel is the most recent type, whose use is ever 

increasing in both road and sports cars. The use of light alloy ( aluminum and magnesium alloys) makes it possible to use 

wider rims, which allow low aspect ratio (wider) tires to be fitted, thus improving road adhesion especially on corners. 

Further, light alloys being good heat conductors; dissipate heat produced by tires and brakes more efficiently than steel. 

However, these are relatively costly and more prone to corrosion. 

Wheels with spiral flexures are being ventured in the rover on NASA’s mars path finding mission .with the use of these 

wheels additional cushioning effect achieved .In making its way across the red planet. Mobility specialists are dealing with a 

whole new animal the large twin "robot geologists" known as the Mars Exploration Rovers, launching in early summer 2003. 

II. THEORETICAL BACKGROUND 

Many research works have been carried out here before to analyze the effect of wheel model and wheel material for the 

smooth running of automobile. These works include the fatigue test, rotating, bending and impact test and crack propagation 

analysis by implementing new design and material. In this work the idea of designing wheel rim with spiral flexures for a four 

wheeler like the commercial automobile such as TATA sumo has been tried. This paper describes the modeling and analysis 

of spiral flexure wheel made up of Aluminum alloy (A356.2). The finite element analysis is carried out for Straight flexure 

and Spiral flexure wheel by considering the various forces acting on it. Both the wheel rims are analyzed using ANSYS 

software and the better design is suggested from the result. 

III. CONCEPTUAL MODEL 

The various data required for the design calculation are collected and load values are determined. Appropriate material 

properties have been used for the elements. In the case of bending test, three types of element groups are defined, 

1) 10-noded tetrahedral solid element 

2) 3-D elastic beam 

3) Right bar element 

In this case 10-noded tetrahedral solid element is used. 

Aluminum alloy is used for the wheel. The material properties of the aluminum alloy (A 356.2) are: 

Young’s modulus = 0.675x105N/ mm2 

Density = 2.7x10-6 kg/mm3 

Poisson’s ratio = 0.3 
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The modeling of wheel rim with radial flexure and spiral flexure has been carried out in Pro-E and they are presented 

in Fig. 1. 

 
Fig. 1: Radial and Spiral Flexure wheel 

IV. LOAD ANALYSIS ON SPIRAL FLEXURE 

Before applying the load the model should be constrained property. After the constrained are made by using appropriate 

commands it can be screened by using the command DPLOT. The load is applied to the node in Y direction (downward 

direction) after the constraints are specified for the model. The forces are plotted on the screen using the command FPLOT. 

Before running the analysis the model should be fed with sufficient data such as material property, real constants and element 

group. 

Under material property, the property such as Density, Poisson’s ratio, Young’s modulus should be given as data for 

material, which have been selected for the model.  

Under element group it is necessary to check the attributes of elements mentioned in the model and then the data’s 

are checked using DATA CHECK command. To verify that all needed attributes for an element are being defined, RUN 

CHECK does more elaborate checking including element connectivity. With the use of analysis option, the desired analysis 

(Run Static Analysis) is made to run for the model and the necessary results are plotted. 

A. Bending Load Analysis 

In the case of bending test a vertical load of 2755.16 N is applied at a distance of 1 m from the center of the hub. There are six 

degrees of freedom of which there are three translations and three rotations. The type of constraints depends upon the type of 

model. In our case we have arrested all the six degrees of freedom. From this analysis the normal stress along Y- axis and the 

Von Mises Stress Distribution on spiral flexure are obtained as shown in Fig. 2 and Fig. 3.  

 
Fig. 2: Normal Stress along Y-Axis 

 
Fig. 3: Von Mises Stress Distribution 
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B. Pressure Load Analysis 

In case of pressure loading, the pressure of 3.5 kgf/cm² is applied through the circumference of the wheel. In the case of 

pressure loading, bolts are constrained for all six degrees of freedom. The bolt is selected by means of a selection set and 

displacement is defined by means of nodes by obeying the conditions. 

From this analysis the normal stress along X & Y- axis and the Von Mises Stress Distribution on spiral flexure are 

obtained as shown in Fig. 4 Fig. 5 andFig.6.  

 
Fig. 4: Normal Stress along X-Axis 

 
Fig. 5: Normal Stress Along Y-Axis 

 
Fig. 6: Von Mises Stress Distribution 

C. Central Load Analysis 

In the case of centrifugal loading, the wheel is constrained at the bolts and is constrained for all 6 DOF. In the case of 

centrifugal loading the wheel has to be transferred to the global axis i.e., keeping the axis at the center of the wheel assuming 

it to be revolved with reference to that axis. ANSYS has got a special feature of calculating the centrifugal load if we specify 

the angular velocity. 

From this analysis the normal stress along X & Y- axis and the Von Mises Stress Distribution on spiral flexure are 

obtained as shown in Fig. 7, Fig.8 and Fig.9.  



 
Design and Analysis of Wheel Rim with Spiral Flexures 

 (IJIRST/Conf/RAME/2017/004) 

 

 
28 

 
Fig. 7: Normal Stress along X-Axis 

 
Fig. 8: Normal Stress along Y-Axis 

 
Fig. 9: Von Mises Stress Distribution 

D. Vertical Load Analysis 

In case of vertical loading, a vertical load of 13998.375 N is applied vertically from downwards. Before applying the load the 

model should be constrained properly. The type of constrain depends upon the type of model. In our case we have constrained 

all the six degrees of freedom. 

From this analysis the normal stress along Y- axis and the Von Mises Stress Distribution on spiral flexure are 

obtained as shown in Fig. 10 and Fig. 11 

 
Fig. 10: Normal Stress along Y-Axis 
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Fig. 11: Von Mises Stress Distribution 

E. Combined Load Case 

In this load case the combination of pressure, Centrifugal, and vertical loads are applied to appropriate nodes as such in 

individual load case. The constraints remain the same as individual loads case. The combined load cases can be achieved only 

from the load case number 51 onwards. The load cases number should be specified by picking from Results menu. And the 

remaining parts of the analysis are carried out as in normal load case. 

 
Fig. 12: Normal Stress along Y –Axis 

 
Fig. 13: VonMises Stress Distribution 

V. RESULTS AND DISCUSSION 

When a machine member is subjected to Bi-axial or tri-axial stress system, the determination of failure stress is more 

complicated. Hence some theories are found out for finding the failure properties of different materials. Among these 

theories, the von mises theory or maximum distortion energy theory is calculated theoretically and verified with practical 

results. 

VI. BENDING LOAD CASE 

In the bending load analysis normal stress along Y-axis shows compression on the top rib and tension on the bottom rib and 

compression on the bottom rib. 
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Max. Normal stress along Y-axis = 8.72 N/mm²; Yield stress Aluminum alloy (A356.2) = 317 N/mm²; Von mises 

stress distribution = 11.848 N/mm² The stress is within the permissible limits. Thus the wheel is safe under the given loading 

conditions 

VII. PRESSURE LOAD CASE 

In the case of pressure loading, normal stress along X-axis shows compression on the top rim and on the inside portion of the 

rim there is a gradual transition from compression to tension. Normal stress along Y-axis shows bending stress coming on to 

ribs because when the rim is getting compressed, it forces the rib to move outwards. Max. Normal stress along Y-axis = 

14.291 N/mm²; Maximum normal stress along X-axis = 28.568 N/mm²; Von mises stress distribution = 30.872 N/mm² 

VIII. VERTICAL LOAD CASE 

In the case of vertical loading normal stress along Y-axis shows tension on the outer rib and compression on the outer side of 

the rib. When a section plot is taken it shows a gradual transition from tension to compression. Maximum normal stress along 

Y-axis = 74.447 N/mm²; Von mises stress distribution = 74.931 N/mm² 

IX. COMBINED LOAD CASE 

Maximum normal stress along Y-axis =73.612N/mm²; Von mises stress distribution= 74.156 N/mm². The stress is within the 

permissible limits. Thus the wheel is safe under the given loading conditions 

X. CENTRIFUGAL LOAD CASE 

Maximum normal stress along Y-axis = 27.029 N/mm²; Von mises stress distribution =31.426 N/mm² 

XI. CONCLUSION 

The modeling and analysis for the wheel rim is carried out successfully and satisfactorily. The wheel is analyzed for the 

following two load conditions: 

1) Bending load. 

2) Radial load. 

In radial endurance load three conditions are checked. 

1) Pressure loading 

2) Centrifugal loading 

3) Vertical loading. 

The wheel is constrained appropriately and the loads are calculated based on the specifications and applied to appropriate 

nodes. The wheel is analyzed for the calculated loading condition and the stress plot is obtained. 

The results of stresses found by using ANSYS analysis such as maximum stresses along X,Y & Z axes ,Minimum 

stresses, Von mises stress distribution are found to be within the safe stress limits when considering Yield stress limits of the 

given material of the wheel rim. The new design and analysis of wheel rim with spiral flexures in most of the load cases are 

well within the safe limits as well as stresses are lower than the wheel rim with radial flexures. The file, which is created 

ANSYS, is equivalent with the provision for flexibility by which stress can be modified to suit any possible situation that may 

arise in future. 
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