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Vehicle tires are subjected to sudden and significant loads when driving at high speeds due
to unexpected bumps in the road. To reduce the occurrence of these cracks, this research
will address the occurrence of these cracks using various techniques. The Solid Works
program will be used to design various wheel models and reinforce the areas where cracks
occur. The models will then be loaded into the ANSY'S program to determine the various
deformations and stresses they experience, as well as the degree of improvement of the
wheel models whose designs have been developed. The results demonstrated that the
deformation models' values were substantially lower than those of the first model, with the
third model showing the biggest percentage decrease (59.56%). The results showed that
the Von Mises models' values and the maximum shear stress were considerably lower than
those of the first model, with the third model showing the biggest percentage decline at
(68.12 and 61.2%), respectively. The fact that these improved percentages are reached in
the three models (64.74, 93.12, and 88.72%) indicates that the fatigue damage values of
the three improved models in the design are significantly lower than the fatigue damage
values of the first model. It is clear that the third model, with a safety factor increase of
93.12%, has the highest increase. This suggests that the third model, which has three collars
reinforcing it in the region where cracks are developing, is the best.

1. INTRODUCTION

Wheels made of aluminum alloy have better heat
conductivity. (>150 watts per kelvin per meter) compared to
steel (45 watts per kelvin per meter), which is typically lighter
and offers greater structural strength. It also improves handling
by lowering unsprang mass, enabling the suspension to more
closely follow the terrain and increase grip. Because alloy
wheels do not rust internally as steel wheels do, they are more
corrosion-resistant and last the lifetime of a vehicle [1-5]. For
many years, automobiles have been the backbone of the global
workforce. The roughest terrain, rocky roads, and other
difficulties that the wheels are exposed to when driving may
be traversed by them thanks to their size and strength.
However, vehicles cannot move without functioning wheels.
The wheel supports the static and dynamic loads experienced
during a vehicle's operations and is a crucial structural part of
the suspension system. Car rims must be carefully constructed
because they are one of the most important parts of a vehicle.
When building a mechanical structure, safety and economy are
of vital importance to ensure that people can utilize it safely
and affordably. The four main technical concerns involved in
the design of a new wheel and its optimization are style,
weight, manufacturability, and performance. Determining
how a wheel will behave mechanically in actual service
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settings is crucial, but testing and inspecting wheels while they
are being developed takes time and money. It's crucial to cut
down on time spent during the new wheels' development and
testing for financial reasons. To assess the mechanical
performance of prototyping designs, Finite Element Analysis
(FEA) utilizing the ANSYS program or other software is
typically utilized in the design phase of product development.

Several studies have used FEA to examine how well wheel
rims perform.

2. LITERATURE REVIEW

Several experimental studies [6-8] looked into the different
wheel rim problems that could occur. The 13-degree impact
test, which replicates the lateral impact of a wheel or other
object on the side of a road during a collision, is the primary
impact testing technique [9, 10]. Relying on the conventional
design and development methodology lengthens the
development cycle and prevents the product from being
swiftly introduced to the market because it is difficult for new-
style wheels to pass the impact test at one time. The use of
finite element modeling in the design of aluminum alloy
wheels has grown popular due to the quick advancement of
computer simulation technology. Prior to now, the implicit
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finite element method-based simulation study for the wheel
bending fatigue test and the radial fatigue test was very
advanced [11-14]. The test duration and expense for
developing a prototype wheel can be greatly decreased by
using Computer-aided engineering (CAE) simulation. To
simulate a wheel impact test, a variety of techniques and
procedures can be applied [15-17]. The time and expense
needed to complete a wheel design can be greatly decreased
by computer modeling of wheel tests. The results of the
rotating bending test and the radial fatigue test have
demonstrated good agreement between simulation and
experiment [18-21]. The main objective of this research is to
reduce unscheduled brake failures caused by overheating [1].
Although not all alloy wheels are lighter than their steel
counterparts, lighter wheels can increase hold by decreasing
unsprang mass, allowing the suspension to monitor the ground
more thoroughly and enhancing grip. A heavy load puts
wheels at risk. Thus, a wheel must be observed for both
strength and cyclic stress struggle. In addition, material
thickness can be optimized to reduce material consumption
[22]. This investigation used ANSYS15.0 to examine alloy
wheel static stacking. This paper summarizes the finite
element analysis that was done on an aluminum composite
wheel. The effects of absolute dislocation, safety factor, and
Von Mises stress were ascertained. Additionally, the results
were favorable for the structure based on the computation of
the obtained data [23]. The study's findings demonstrated that
while carbon fiber experienced less deformation overall, the
oval-shape AL6061 material was subjected to greater total
deformation than the other materials. In comparison to the
other materials, the oval-shaped AL6061 material experienced
higher Von Mises stress and shear stress, whereas the carbon
fiber experienced lower levels of both stressors. This study's
comparison of all the data indicates that carbon fiber with a
hexagonal shape is superior to the other materials and a good
choice for making alloy wheels [24]. Three models for radial
tests and finite element bending tests were created for this
investigation. The stress and strain performance of each
material can be determined using three different materials:
steel, aluminum alloy, and magnesium alloy. We were able to
get reasonable and better results for the magnesium alloy
wheel by evaluating and analyzing the model in the radial test
and bending test. The viability of the magnesium alloy wheel
was validated by comparing the equivalent stress and
deformation results. The structural design's dependability is
predicted by this study, and some helpful references for the
creation of magnesium alloy wheels are supplied [25].
Automobile wheel rims are extremely delicate because they
support loads of varying intensities. Because it creates
resistance to the vehicle's performance, the weight of the
wheel should be considered when designing it. Thus, without
sacrificing the wheel's safety, the wheel rim should be
sufficiently light to enhance performance. Various test
conditions that enhance vehicle safety have been used to assess
the wheel rim's performance. This study discusses the loading
conditions and test methodology of several test techniques in
order to determine the true stresses and rim deformations. This
study suggests using SAPH440 for heavy-duty vehicles like
commercial trucks, etc., and AL356.2T6 to lower the vehicle's
unsprung mass and increase performance [26]. The purpose of
this study is to carry out additional analysis on static, modular,
and harmonic structures. The equivalent Von Mises stress,
total deformation, and ultimate principal stresses were
discovered by the static structure study. AL7075, Inconel 718,
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and titanium alloy all performed well under the given load
conditions and are excellent choices for alloy wheel design
applications [27]. This study's researchers analyzed the
aluminum wheel under radial load circumstances and found
that its overall deformation was 0.2833 mm. These stresses,
which resulted from different boundary conditions, were 163
MPa and 0.038 MPa less than the yield strength of aluminum
alloy. Many studies in a variety of technical and engineering
domains have used the finite element approach to examine
different mathematical models developed using the ANSYS
software. The stress and strain states of those models were
ascertained by applying different loads to them in addition to
assessing the degree of deformation. Several experimental
studies [28-32] demonstrated results consistent with
theoretical predictions and actual performance requirements.

3. OBJECTIVE OF THE STUDY

As a result, this investigation will comprise identifying the
deformations, stresses, and strains brought on by consistent
loads in the market-standard Mercedes wheels. In addition,
this study intends to treat wheels cracking brought on by
sudden loads they are exposed to, employing various
techniques to lessen the appearance of cracking while these
wheels are exposed to significant unexpected loads, such as
the existence of bumps in the road. In the current study, wheels
are modeled using a mathematical model, and the model
component is then analyzed using the ANSYS15.0 program.
Typically, a static analysis is undertaken as part of the
analysis.

4. RESEAECH NETHODOLGY
4.1 Design of wheel rim using solid works

The dimensions listed in Table 1 were used to design a
wheel rim, and these same dimensions were used for analysis

in this research.

Table 1. Technical details and dimensions of wheel

NO. Item Specification
1 Outer diameter (Wheel size) 431.8 mm
2 Bolt pattern (Pitch circle diameter) 112 mm
3 Rim diameter 431.8 mm
4 Item diameter 431.8 mm
5 Rim width 190.5 mm
6 Item weight 13.199 kg
7 Bolt pattern (Number of Holes) 5
8 Offset 49 mm
9 Material Alloy Aluminum

Solid Works 2016 is also used to create the 3D model of the
wheel rim. Figure 1 depicts the wheel rim's final look.

4.2 Materials used

The mechanically specific Aluminum
[Density (p) = 2800%, Young's Modulus (E) =
73.1 GPa, Poisson's Ratio (u) = 0.33, Yield Stress
505 MPa] was chosen due to its superior stability under

vibration loads, improved heat dissipation capabilities,
improved braking performance, and extended fatigue life.

alloy



These factors contribute to its overall superiority over carbon steel wheel rims [33].

i e,

Thickness (t) = 4 mm

t=7 mm

B Force 2: 250001

Figure 3. Type of force applied, its magnitude, and where it affects the wheel

to and determine their resistance to those loads, four-wheel
models were designed in Solid Works and then converted to

In order to load the wheels with the loads they are exposed an ANSYS program. The first model is an accurate

4.3 Numerical modeling
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representation of the wheel in use, while the other three have
been altered from the original blueprint to reinforce the areas
of weakness that are prone to breaking. Figure 2 depicts the
dimensions and shapes of the four models that were employed
in the present study.

4.4 Forces applied

Figure 3 illustrates the different kinds of forces acting on
the wheel, along with their locations of influence and values
across the four models. The identical loads were applied to
each model in order to compare it with the original model,
determine the degree of improvement, and determine the
impact of the treatment type on the model's resistance to these
loads in order to select the best model that can withstand them.

5. RESULTS AND DISCUSSION

Figure 4 shows that the maximum values of the three
models are significantly lower than those of the first model,
according to simulation results in the ANSYS program for
model deformation. The resistance of the three models whose
designs were improved over the first model was improved, as
evidenced by the values of the models (9.3393, 4.6298, 3.777,
and 4.8034 mm), with the third model having the lowest value.

The simulation results in ANSYS for the Von Mises stress
models show that the maximum values of the three models are

000063924

-

significantly lower than those of the first model (Figure 5). The
model values (31778.1, 1987.6, 1013.1, and 1233 MPa) of the
three models whose designs were optimized also demonstrated
an improvement in strength over the first model; the third
model had the lowest value (1013 MPa).

The maximum shear stresses models' ANSYS simulation
results demonstrate that the maximum values of the three
models are noticeably less than those of the first model (Figure
6). In the three models whose designs were optimized, the
values (1816.5, 1043.1, 569.95, and 692.03 MPa) also showed
an increase in strength over the first model; the third model
had the lowest value (569.95 MPa).

A comparison of the four models' fatigue results for the
safety factor is displayed in Figure 7. The safety factor values
in the areas that were reinforced during the design of the three
improved models are clearly improved, as the figure
illustrates. In the regions where the safety factor was
noticeably low, the figure also demonstrates an increase in the
safety factor values. Their respective values were (0.027123,
0.043368, 0.085084, and 0.0691), and the third model out of
all the models was the best one.

Figure 8 presents a comparative analysis of the fatigue
damage outcomes from all four models. The three improved
models' respective damage values (6.3183 x 107;2.228 x 107;
4.3483 x 106; 7.1279 x 106) in the areas that were reinforced
during design were significantly lower than the original model
value, and the third model performed the best out of all the
models.

Figure 4. Compares the simulation deformation results of the four models in the ANSY'S program
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Figure 5. Comparison of the simulation Von Mises stress results of the four models in the ANSYS program
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Figure 6. Comparison of the simulation maximum shear stress results of the four models in the ANSY'S program
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Figure 8. Comparison of the simulation damage results of the four models in the ANSYS program
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6. CONCLUSION AND RECOMMENDATIONS
6.1 Conclusion

Following the creation of the four Solid Works models and
refinement of the second, third, and fourth models. In order to
apply various loads to the four models, Solid Works models
were imported into ANSYS. Subsequently, simulation was
performed to determine the various deformations and stresses
that the models experience under load. We can draw the
following conclusions from this study:

(1) The results show that the deformation models' values are
substantially lower than the first model's. Accordingly, these
percentages were attained (50.43, 59.56, and 48.57%), with
the third model showing the biggest percentage drop
(59.56%). This is due to the fact that sections that are exposed
to strong, unexpected loads are reinforced while operating.

(2) The findings demonstrate that compared to the first
model, the Von Mises stress models have noticeably lower
values. The corresponding percentages were 37.46, 68.12, and
61.20%; the largest percentage drop (68.12%) was observed in
the third model.

(3) The results show that the Maximum Shear stress models
have values that are significantly lower than those of the first
model. The corresponding percentages reached were 37.46,
68.12, and 61.20%, and the third model showed the biggest
percentage decrease (61.20%).

(4) The fact that these percentages were reached (37.46,
68.12, and 60.75%), it can be concluded that the safety factor
values in the three improved models in the design are
significantly higher than the safety factor values in the first
model. Because the areas subject to sudden heavy loads were
strengthened during design, the third model had the highest
percentage increase in safety factor, coming in at 60.75%.

(5) The fatigue damage values in the three improved models
in the design are substantially lower than the fatigue damage
values in the first model, as evidenced by the fact that these
percentages (64.74, 93.12, 88.72%) were reached. The third
model, with a safety factor increase of 93.12%, had the lowest
percentage increase of any model because the areas
susceptible to sudden heavy loads were strengthened during
design.

6.2 Recommendations

(1) Suggest exploring the use of other materials or testing
the models under different environmental conditions.

(2) Manufacture models according to the designed models
and compare the experimental results of these models with the
results obtained in this study.

(3) Comparatively analyze the theoretical and practical
results after doing a practical investigation of the outcomes.
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