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Abstract - A rim model was made with Solidworks 2018
software. Load analysis was performed based on the
input data in ANSYS software. The results obtained after
performing the analysis shows the difference in the
structural behaviour of the rim model. A standard rim
size according to SAE of 17 inch is taken and analysed.
For analysis, ANSYS WORKBENCH 19.2 software is used.
Fixed support is applied on the 5 lug holes. Pressure of
0.34474 MPa (50 psi) is applied on the outer surface
(wheel barrel). Meshing is performed, then materials are
applied. For the ease of work, four different ANSYS
workbench files were created with different materials.
Parameters of fixed support and pressure were applied
on the model with different materials (Steel, Aluminum
alloy, Titanium alloy, Magnesium alloy).

Key Words: Alloy wheel, wheel rim, SOLIDWORKS, ANSYS
Workbench, stress analysis, deformation analysis.

1. DEFINITION OF WHEEL

A wheel is a circular block of a hard and durable material
at whose center has been bored a circular hole through
which is placed an axle bearing about which the wheel
rotates when a moment is applied by gravity or torque to
the wheel about its axis, thereby making together one of
the six simple machines. When placed vertically under a
load-bearing platform or case, the wheel turning on the
horizontal axle makes it possible to transport heavy loads.
Alloy wheel rims are automobile wheels which are made
from an alloy of aluminum or magnesium metals or
sometimes a mixture of both. Difference between Alloy
wheels rim and normal steel wheel rim is due to their low
weight, which improves the routing and the velocity of the
car.

1.1 Requirements and Functions of a wheel:
The various requirements of an automobile wheel are:

1. It must be strong enough to perform the above
functions.

2. It should be balanced both statically as well as
dynamically.

3. It should be as light as possible so that the unsprung
weight is least.

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

5. Its material should not deteriorate with weathering

and age. In case the material is susceptible to
corrosion, it must be given suitable protective
treatment.

The following are the main functions of a wheel rim:

1. Transferring torque (braking and acceleration)

2. Support mass (support the mass of the motor
vehicle)

3. Adds mass (damped mass for diving comfort)

4. Dissipating heat (due to braking)

5. Absorb Impact (road hazard)

6. Conserve Energy (potential energy in momentum)

2. METHODOLOGY: The following parameters were
considered during modeling of the Wheel listed in table 1.
A standard rim size according to SAE of 17 inch is taken
and analysed as shown in figure 1. The wheel has 5 major
spokes which are split in two parts.

Table -1: Parameters of model of the wheel rim.

Parameter Value
Diameter of rim 431.80 mm
Width of rim 185.42 mm
Bolt hole diameter | 16 mm
Hub diameter 63.50 mm

Fig.1. Dimension sketch of the rim model used for
analysis.
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A 3D model of the wheel rim is made in SolidWorks
software. The isometric view of the model is shown in
figure 2:
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Fig.5. Pressure on the surface of the model.

Fig.2. Final extruded Isometric view of the wheel rim.
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Fig.6. Total Deformation with steel material.
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Fig.7. Equivalent Elastic Strain with steel material.

Fig.4. Applying fixed support to the model.
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Fig.8. Equivalent sress with steel material.
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Fig.9. Total Deformation with titanium alloy.
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Fig.10. Equivalent Elastic Strain with titanium alloy.
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Fig.11. Equivalent Stress with titanium alloy.

Fig.12. Total Deformation with magnesium alloy material
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Fig.16. Equivalent strain with aluminum alloy material.
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Fig.17. Equivalent stress with aluminum alloy material.

Result And Discussion: A 3D model of the wheel rim used
in automobiles as per SAE is made in Solidworks software
and then imported in ANSYS software in “IGES’ format
which is used for further analysis of the wheel rim. A
pressure of 50 psi or 0.34474 MPa is applied on the barrel
surface of the wheel rim model while keeping the lug holes
fixed. Total number of nodes in meshing are 55046 and
total elements are 31234.

Table - 3. Meshing data used in analysis.

Parameters Value

Physics Preference Mechanical

Element Order Tetrahedral (Program
controlled)

Smoothing Medium

Nodes 55046

Elements 31234

Table - 4. Comparison table of all the applied materials.

Materials Total Max. Max.
Deformation | Equivalent Equivalent
(mm) Elastic Stress
Strain (MPa)
(mm/mm)
Steel 0.0095123 0.000082005 | 14.404
Titanium 0.020097 0.00016955 | 14.605
Alloy
Magnesium | 0.042772 0.0003621 14.478
Alloy
Aluminum 0.02698 0.00023005 | 14.4
Alloy

For a better understanding of the differences in results,
graphs are given below with comparison of parameters of
different materials:
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Graph - 1 Comparison of Total Deformation of different
materials.
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Graph - 2 Comparison of Max. Equivalent Elastic Strain of
different materials.
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Graph - 3 Comparison of Max. Equivalent stress of
different materials.

3. CONCLUSIONS

This research project analyzed the stress, strain and
deformation of wheel rim with different material offers.
First, the rim model was made with Solidworks 2018
software. Load analysis was performed based on the input
data in ANSYS workbench 19.2 software. The results
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obtained after performing the analysis shows the
difference in the structural behavior of the rim model.

It is concluded that structural steel shows least strain and
deformation on same static load condition. But due to its
heavy weight it causes load on the performance of engine,
and should be least considered. The lower deformation
and strain level of steel shows that is can be considered for
heavy loads such as in heavy vehicles such as truck, bus,
railways, etc. or can be used in off-roading vehicles. Yet it
is the cheapest of all materials which makes it highly
commercial.

Although, the second best results come for Titanium alloy
considering the lightest in weight among all other
materials but it has more stress generation compared to
all other materials used in this analysis. Titanium is known
for its high demand and use in aerospace industry as it is
light weight, and will be very efficient for vehicles in fuel
consumption. But its high cost makes it non-commercial.

Magnesium alloy is also a very good and light weight
material, it is highly resistant to corrosion and made its
way to certain gadgets such as camera, mobile phones,
laptops, etc. but as it can be seen from this analysis it has
higher deformation and strain level so it is not found
considerable. Also it is not cost efficient as it costs near to
titanium alloy.

The generally used aluminum alloys are light weight and
cost efficient due to their large market and higher
production. Aluminum is available in abundance in earth,
it is comparably easier to extract from its more than
titanium and shows great properties in terms of its
formability and machinability. So it is a favorable material
for both the manufacturers and consumers.

Hence, titanium alloy is better suitable material if cost is
no issue; otherwise Aluminum Alloy among these four
materials is good for wheel rim obtained from this
research analysis.

Scope for Future Work: Due to limitations of computer
processing hardware, a very high setting of mesh could
not be obtained. Also, because of the same reason explicit
dynamic analysis could not be performed which could
have shown a more close real to life analysis of the wheel
rim. So, for future work, a higher mesh setting can be
applied for analysis and explicit dynamic analysis can be
performed.
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