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Abstract: Most of the damage to Vleg cars was caused by material fatigue. The objectives of the fatigue analysis
on Xenia 2011 car wheels with the Finite Element Method using Solidworks are: 1) Knowing the fatigue analysis
process on car wheels, 2) Knowing the results of the fatigue analysis on car wheels. The research method used
is the Finite Element Method (FEM) method; the research steps include model data retrieval from the Wheel
code, 3D model creation process, static simulation process according to SAE ] 328 standard, mesh variations,
fatigue simulation, and finally, standardization of results fatigue simulation regarding the SAE ] 328 standard.
The results of the fatigue analysis on the Xenia 2011 car wheels obtained an age of 1000,000 cycles when
compared with the minimum average of SAE ] 328 of 600,000 cycles, this product design is classified as a high
cycle, which means it will experience a prolonged failure, and this design has a maximum alternating stress
value of 627.4702 MPa, a strain of 0.007105, a displacement of 7.148 mm and a SOF of 0.087890 with a load
factor used of 2.5, so overall this Xenia car can be loaded with a load of 1775 kg, if it is more than that, then
Wheels will experience cracking.

Keywords: fatigue; alternating stress; safety factor; wheels

1. Introduction

In the realm of wheel utilization, a substantial 90% of component deterioration stems from
fatigue-related failures [1]. As such, it becomes imperative to subject wheels to meticulous testing
procedures that preclude any event of failure during their operational lifespan. One of the prominent
testing methodologies employed for this purpose is the radial dynamic fatigue test, adhering to the
SAE ] 328 standard. Nonetheless, direct application of this test can induce damage to the test
specimen and necessitates iterative trials, thereby resulting in significant financial investments and
protracted temporal commitments. To mitigate the financial and temporal expenses associated with
testing, a pragmatic solution involves the application of numerical simulation techniques,
prominently realized through the finite element method (FEM) [2]. The FEM approach has found
extensive utility in fatigue analysis of various materials, such as leaf springs [3-5]and piston rods
[6,7].

The merits of the FEM methodology extend to the resolution of issues inherent in the trial-and-
error approach, as it allows for component analysis preceding the fabrication of prototypes. This not
only conserves costs, space, and time but also underscores the essence of the present study.
Specifically, the SAE 328 dynamic radial fatigue test was conducted employing the FEM to ascertain
the cycle life, pressure thresholds, load limits, and safety factors. Such critical insights, often absent
in mechanical product documentation, empower users to optimize wheel usage for durability and
safety [8].

Prior research has underscored the imperative of conducting fatigue life analyses on vehicular
wheels, as instances abound where these components fail to meet the SAE 328 standard. For instance,
Bahri and Pramono [9] elucidate that non-conformities with the SAE 328 standard stem from
suboptimal initial leg designs. Notably, these designs lack compliance with the standard's requisites,
with the minimum fatigue life failing to attain the mandated 600,000 cycles. The need to address this
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concern through material fatigue analyses via numerical simulations is evident, a point corroborated
by Prasetiyo et al. [9] who emphasize the efficacy of natural frequency analyses to curb damage and
production costs associated with such components.

Building on this contextual foundation, the researchers propose an innovative approach to
address these challenges. Leveraging Solidworks software and referencing data encoded within the
wheel's print code [10], they employ the finite element method for visualizing wheels—a technique
at the forefront of the current study. The central objective of this research is to employ finite element
method static structural software to simulate wheels. This entails emulating the radial dynamic
fatigue test as prescribed by the SAE ] 328 standard [11], introducing mesh variations while
optimizing the maximum mesh size employed, and calibrating the load parameters to the 2011 Xenia
IX car model. These endeavors are designed to discern the wheels' strength and lifecycle [12],
circumventing the need for costly and time-intensive experimental assessments.

2. Materials and Methods

2.1. Finite Element Method (FEM)

The Finite Element Method (FEM) research method is used to analyze and model physical
structures or phenomena using numerical analysis techniques based on the basic principles of
classical mechanics. [13]. FEM divides a complex object into more minor elements (finite elements)
that are connected to each other and apply physical equations to each element to describe the system's
overall response.

2.2. Research Stages

The step for determining conditions, including loading, must also be by the standards and actual
conditions in the field. The next stage is the variation of the mesh after running as a result of the
assumption that determines the critical point of the wheels, then variations of the mesh are carried
out in order to precision the number of meshes used so that the value of the von-misses is obtained
which best corresponds to the actual situation [14].

After the static simulation has been carried out, the next stage is fatigue simulation, with the
conditions used are static conditions which previously obtained results; from the fatigue simulation,
a life plot value will be obtained where the standards used must reach a minimum of 600,000 new
cycles to be said to be safe and have met the standards SAE ] 328 [15].

3. Results
A. 3D modeling

Modeling can type wheels with code 14X5JHET35 can be translated into data as follows:

Table 1. Code Specifications.

No  Specifications Value

1 Flange J (h1=17.5 mm, bl=
13mm, r1=9,5mm)

2 Hump models H

3 Offset 38,83 mm

4 PCD 114.3mm

5 Bolthole 4 buah (diameter
12mm)

6 Center bore 126 mm

diameter
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7 Materials alloy 6061
8 Velg diameter 365,6 mm
9 Velgsurface width 140,7 mm

From this data, dimensions are obtained which are used as 2D Sketches to create 3D [16] Sketch
as presented in Figure 2:

SECTTIONM ,!‘ a
Figure 2. Wheel 2D Sketch.

Furthermore, from the existing dimensions, a 3D model was created using Solidwork 2019 based
on the dimensions of the image above; the 3D Wheels model is presented in Figure 3:

Figure 3. 3Dmodel of tin rims.
The material used on these wheels is alloy 6061 with the following specifications:

Table 2. Material specification.

No Name 6061 Alloy
1 Model type Linear Elastic Isotropic
2 Default failuree criterion Max von Mises Stress
3  Yield strength 5,51485e+07 N/m”2
4 Tensile strength 1,24084e+08 N/m”2
5 Elastic modulus 6,9e+10 N/m”2
6 Poisson's ratio 0,33
7  Mass density 2.700 kg/m”3
8 Shear modulus 2,6e+10 N/m”2
9  Thermal expansion coefficient 2,4e-05 /Kelvin

B. Load Calculation

The load used is the testing load for the wheel-type dynamic radial fatigue test. The loading is
done by applying a compressive force in the radial direction on one side. The wheel provided by the
carriage is one of the components of the dynamic radial fatigue test equipment. The other side of the
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wheel touches the road wheel, which rotates at 237 rpm. The dynamic radial fatigue test is shown in
Figure 4 [17].

oD TN
]

Figure 4. The dynamic radial fatigue tes [17].

According to the SAE ] 328 standard, there are 4 types of loads tested in the Dynamic Radial
fatigue test; the explanation is as follows:

1. Load due to tire pressure

When the wheels are used, pressure tires are installed, and the wheels receive tire pressure on
the rim, including the bead seat and flange.

Figure 5. Tire pressure load.

The display shown in Figure 5 above shows this first type of load spread over the part occupied
by the tire of 65 psi or 448 kPa based on the SAE ] 328 standard.

2. Load Due to Radial Load

Radial load can be formulated

Fr=WxK

Fr =Radial Force

W  =Load and K is Load factor .

If the total load is Xi 2011, it is 1030 kg [18], and 4 passengers weigh 240 kg; then the total weight
is 1270 kg, then for 1 wheel, it is 1270 / 4 = 317.5 kg. According to the SAE ] 328 standard, the load
factor used is 2.5 [19], then from these data, it can be calculated:

Fr =WxK
Fr =3175x25
Fr =793.75kg

With a radial load contact of 42.11 mm obtained from similar tests, as shown in Figure 6:

. E
o el l‘| I
= =
S e B g L
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Figure 6. Radial load.

3. Load due to Bolt Tightness

Formula:

Y=0;fg=p.Ndan =Ncos0

With MR is the moment of tightness of the bolt, which is 115 Nm on the SAE ] 328 standard.
Meanwhile, the coefficient of friction between the nut and the rim surface (u) is 0.5 while the pitch
diameter of the bolt (dp) is 15 mm and the angle of inclination (0) is 50

So:

When entered in the Software it looks as shown in Figure 2.7 below:

Figure 7. Bolt tightness load.

4. Load Due to Wheel Rotating Speed

In the Dynamic Radial fatigue test, according to the SAE ] 328 standard, the wheels are rotated
by a drum with a diameter of 1707.06 mm and a drum rotational speed of 237 rpm. The tested wheels
have a diameter of 364 mm, so the wheels rotate at a speed of 1110.59 rpm [20]

D1*N1=D2*N2

In this case, we have:

D1 =1707,06 mm

N1 =237 rpm

D2 =364 mm ( new diameter)

we substitute the value into the formula:

N2 =(1707,06 mm * 237 rpm) / 364 mm

N2 =1110,59 rpm

As presented by Figure 8:

Figure 8. Spin speed load.

C. Simulation
1. Boundary condition

Solidworks "Fixed Geometry" or "Fixed Hinge" type anchors allow rotation but limit translation.
Using this pedestal, researchers can lock or limit translation at the wheel fulcrum so that translational
movement is not allowed [21]. However, wheels can still rotate or move in the desired direction of
rotation as shown in Figure 9:
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Figure 9. Fixed focus.

The part that is used as a fulcrum is where the bolt is where the hub is connected to the wheel.
2. Variation of mesh

The mesh parameter or the size of the mesh elements in numerical simulations is an essential
factor affecting the simulation results' accuracy and reliability. A mesh element size that is too large
can result in inaccurate numerical simulation results, while a mesh element size that is too small can
worsen computation time and produce insignificant data [22].

In order to obtain an accurate and efficient numerical solution, the effective mesh parameters
must be chosen carefully. Usually, the mesh parameters are selected through a convergence study.
This is done by comparing the numerical simulation results with different mesh element size
variations and selecting the mesh element size that produces the most stable and accurate results.
[23].

3. S5-Ncurve

The S-N curve is a graph of the magnitude of the cyclic stress (S) on the logarithmic scale of the
failure cycle (N). The S-N curve is derived from tests on material samples that will be generalized for
that material. The testing machine determines the magnitude of the sinusoidal stress, and then, from
the test results, it is obtained that the material cycle results in failure [24]. The input curve used is the
ASME carbon steel curve in the Solidwork 2019 library, as shown in Figure 10:

Curva-0{R=-1)
1,00+10
i
E o
= 100465,
= -
] .
A .
F — :
g ey
i 1,00:08 P
L
..‘--i.
by
1,00:07
1.00=01 1.00=02 1.00=03 1. O0=04 1, 00=0% 1. 00=05
Cyoien
- Curve-{iF=1)
270506 161 T 10

Figure 10. S-N curve.

4. Input Condition Study
The conditions entered are static conditions, scale 1:1 and for 1000 iterations as shown in Figure
11:
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Figure 11. Input Events.

with R=-1, A=~ (fully reserved conditions) then the allowable amplitude stress is the fatigue limit
value (Se). Thus if the average voltage is greater then the amplitude voltage must be lowered [13].

4. Discussion

1.1. Mesh Variation

After carrying out variations of the mesh in the static simulation, the most effective mesh data
will be obtained which will be presented in Table 3:

Table 3. Mesh validation.

Test Max element Number of Number of stress Mark
to- size nodes elements value running Factor
(Mpa)
1 60 31309 15498 591.9554 0.093163
2 50 39583 19576 557.3543 0.098947
3 40 51757 25603 608.5905 0.090617
4 30 73626 36496 598.3910 0.092161
5 25 93525 46319 627.4702 0.087890
6 22 103136 51093 627.4702 0.087570

From the table, it is obtained that the most effective mesh used is a mesh with a max size of 25
mm and a running factor of 0.087890; this is considered the most effective mesh due to several factors,
namely:
a. Has a running factor value that is not far adrift from other experiments
b. Has a stable running factor value
c. An experiment with few elements but not far adrift from the above experiment.
d. Itis an experiment with more minor results than the experiment under it.

Surface konvergensi tegangan

tegangan (Mpa)

2
L Percobaan ke -

Figure 12. Graph of voltage validation results.
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Alternatively, in other words, the researcher chose the number of meshes because it has a small
mesh value, but the value is not far from a large mesh so that when testing, the results will converge
faster with results that are not far from processing a long experiment, as shown in Figure 12.

1.2. Static simulation results

In the static simulation, the values of stress, strain, displacement, and Running Factor are
obtained. The following is the data from the static simulation results:

A. Stress

Wheels have a minimum stress value of 0.787808 (MPa) and a maximum of 627.4702 MPa, with
the stress distribution symbolized by color as shown in Figure 13:

jﬂ

o wan Mises (Mfmm*2 (MPal)
62750402
5,648 +02
_ 5,021e02
_ 43950402
| 3,768:+02
“ 3,141e+02
| 35150402
| 1,3882402
1,261e+02
6346e+01
7,878:-01
—® Yield strength: 5,515¢ +01

Figure 13. Stress.

The part of the wheel experiencing maximum stress is the tire support. This is because this part
absorbs the most pressure caused by loading on it and cannot transmit pressure to the bottom because
it is held back by pressure from the ground, and is denoted in red so that this area will get a high
concentration of stress, this was also explained in previous studies. [25-27]. Loi et al [27] The
maximum stress equivalent von Misses occurs in the joint area between the rim wheel and the spokes.

B. Strain

Wheels have a maximum strain value of 0.007105, with the spread of strain symbolized by the
color shape as shown in Figure 14:

f
tent ESTRN
7,105¢-03
! 6,396e-03
- 5,687e-03
_ 4977e-03
- 4,268e-03
m 3,550e-03
| 2550003
L 2,140e-03
1431¢-03

721904

1,261e-05

Figure 14. Strain.

The spread of strain is the same as the stress. The difference lies in the type of size being
measured. Strain measures deformation or deformation, while stress measures the amount of force
applied to a material. Figure 14 shows that the increase in strain occurs in the outer area of the wheels.
This was also shown in previous studies. [9,28].

C. Displacement

Displacement is the movement or shift of an object or point from its original position to a new
position. The position shift on this wheel can be shown in Figure 15
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Figure 15. Displacement.

In the same way that the color distribution voltage in displacement has the same way of working,
in the picture, a substantial positional displacement occurs on the upper rear wheel surface—
dominant backward.

D. Factor of safety

The safety factor Is calculated by dividing the allowable or safe load capacity by the load
expected or applied to the structure or component. In industry, in general, this FOS must be close to
1, and there are also those who make three the standard [29]. Based on the test, the safety factor of
the wheels is 0.087890. shown is Figure 16.

[ F0S=0088
stchl

7,000e +01
6,307e +01

L 5,602 +01
_ 4,903 +01
L 4204401
3,505 +01

: ', 2,805e +01
- 2,108e+01

J LA
Figure 16. Safety factor.

1.3. Fatigue simulation results

A. Damage plot

Damage plots usually depict accumulative damage or fatigue in terms of the percentage of
fatigue life used by the material [30]. Lighter or more intense colors indicate areas of high damage,
while darker or dimmer colors indicate areas of low damage shown in Figure 17:
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Figure 17. Damage Plot.

A damage plot is a handy tool in the product design and development process because it allows
engineers and designers to understand how a structure will react to a given load, as well as identify
areas that may need improvement or design changes to optimize product performance and strength,
from the appearance of the damage plot. On wheels, few points have changed, or visually, no points
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have been damaged, so no design changes are needed. From the simulation results, the resulting
damage plot is 2108.60.

B. Life Plot

A life plot is a visualization of the age of a structure or component in working conditions. In the
process of strength analysis in Solidworks, life plots are used to visualize the life of a structure or
component in a model given a particular load or force [31].]. The life plot shows areas in the model
that have a shorter or longer life than other areas. Figure 18 shows that the center area of the rim
wheel has a shorter life because it gets greater force and pressure so that it will easily experience
deformation; this was also shown in previous studies [27,32]. In the life plot, the color displayed on
the model shows the age of each point in the model ; [23] here is the visualization of the life plot in
Figure 18:
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Figure 18. Life plot.

From the picture above, it is obtained that the life plot value is 1000,000 at its maximum point so
that it can be said that this life fatigue value meets the SAE ] 328 standard with a minimum Cycle of
600,000.

The impact of this research on car users is that they can find out the maximum load limit that
can be absorbed by wheels with the weight recommended by the SAE 328 ] standard, the maximum
weight of the car wheels studied is 793.75 kg per wheel, and 3,175 kg for the overall weight, or it can
be In conclusion, the load of the car and components weighs 1400, so the car can carry a load of 1775
kg, so the user can control the age of the wheels by limiting the use of loads on the car, from the cycle
life value of this xenia car it can reduce according to use if the user loads reach the maximum limit or
more than that the wheels will crack.

The impact for manufacturers of this type of wheel can be input related to design or design
optimization by adding or reducing the materials used so that these wheels become optimal with the
critical point orientation resulting from this fatigue simulation without carrying out tests using the
trial and error method which costs a lot—time, tools, and equipment.

As well as other impacts, namely on students and students, this research is expected to be a
reference for students carrying out fatigue simulations because this study includes steps from the
initial preparation of data collection to the presentation of research results which in similar studies,
there is very little information about the stages of fatigue simulation.

5. Conclusions

The fatigue analysis process on car wheels with the finite element method uses Solidworks.
Based on the static simulation, which is used as the boundary for the analysis conditions on the
wheels, the equivalent von Misses maximum stress results are 627.4702 MPa. Fatigue results on xenia
2011 car wheels with finite element method using Solidworks results from fatigue simulation on
wheels according to SAE ] 328, minimum fatigue life of 600,000 cycles for this type of dynamic radial
test, and from the simulation results in this study, it produces 1000,000 cycles or 1000,000 complete
cycles the load applied to the rim.
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6. Patents

This section is not mandatory but may be added if there are patents resulting from the work
reported in this manuscript.
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