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Abstrak 

Velg mobil merupakan salah satu komponen vital yang berfungsi untuk menahan beban kendaraan dan 

memberikan kestabilan selama berkendara. Penelitian ini bertujuan untuk menganalisis kekuatan velg 

menggunakan metode elemen hingga (Finite Element Method/FEM) dengan perangkat lunak Solidworks 2020. 

Parameter yang dianalisis meliputi tegangan von mises, regangan ekuivalen, perpindahan (displacement), dan 

faktor keamanan (Factor of Safety). Hasil simulasi menunjukkan bahwa tegangan maksimum sebesar 1,978 × 10⁵ 
N/m² dan regangan maksimum sebesar 2,449 × 10⁻⁶ berada dalam batas aman material aluminium alloy. 

Perpindahan maksimum sebesar 5,687 × 10⁻⁴ mm menunjukkan kekakuan struktural velg yang memadai. Faktor 

keamanan minimum sebesar 1,087 × 10³ mengindikasikan toleransi tinggi terhadap kegagalan. Penelitian ini 

membuktikan bahwa desain velg aman, efisien, dan memenuhi standar keselamatan. Metode elemen hingga 

terbukti efektif dalam mengidentifikasi area kritis dan mengoptimalkan desain sebelum proses produksi. Validasi 

hasil simulasi melalui pengujian fisik direkomendasikan untuk memastikan kesesuaiannya dengan kondisi nyata. 

Kata kunci: velg mobil, metode elemen hingga, SolidWorks, von mises stress, safety factor. 

 

Abstract 

Car wheels are critical components responsible for bearing vehicle loads and ensuring stability during driving. 

This study aims to analyze the strength of car wheels using the Finite Element Method (FEM) with Solidworks 

2020 software. The analyzed parameters include von mises stress, equivalent strain, displacement, and safety 

factor. Simulation results show a maximum stress of 1.978 × 10⁵ N/m² and a maximum strain of 2.449 × 10⁻⁶, 
within the safe limits of aluminum alloy material. A maximum displacement of 5.687 × 10⁻⁴ mm indicates sufficient 

structural stiffness of the wheel. The minimum factor of safety, 1.087 × 10³, suggests a high tolerance against 

failure. This study confirms that the wheel design is safe, efficient, and meets safety standards. The finite element 

method effectively identifies critical areas and optimizes the design before production. Validation through physical 

testing is recommended to ensure alignment with real-world conditions. 

Keywords: car rim, finite element method, SolidWorks, von mises stress, safety factor 

 

1. Introduction 

Car rims are one of the vital components in motor 

vehicles. As a component that functions to connect 

tires to the vehicle's drive system, rims must be able 

to withstand various types of loads during operation. 

These loads include static loads due to vehicle weight, 

dynamic loads due to vehicle movement, and cyclic 

loads due to repetitive forces during vehicle use. 

[1][2]. In the long term, these loads can cause material 

fatigue that can potentially cause damage, such as 

cracking or breaking of the rim. If such failure occurs, 

the consequences can be very fatal for the safety of 

the driver and passengers, especially when the vehicle 

is traveling at high speeds [3][4]. 

Along with the development of technology and 

consumer needs, rims are not only required to be 

strong and durable but also have a light and aesthetic 

design [5]. Lightweight rims contribute to vehicle fuel 

efficiency, while aesthetics are a very important added 

value in the automotive market. However, achieving 

this combination often presents significant technical 

challenges for rim manufacturers, especially in 

ensuring that the lightweight design is still able to 

withstand large loads without compromising safety 

[6]. 

The rim production process, from design, and 

manufacturing, to testing, involves a series of 

complex stages. Conventional testing such as the 

Radial Fatigue Test, Cornering Fatigue Test, and 

Impact Test is carried out to ensure that the rim meets 
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applicable safety standards, both at the national level 

such as the Indonesian National Standard (SNI) and 

international standards [7]. However, this testing 

method is often carried out at the final stage of 

production, so if a failure occurs, revisions to the 

wheel design will be costly and time-consuming [8]. 

  Simulation-based analysis methods were applied to 

overcome this problem, such as the Finite Element 

Method (FEM), are a promising solution. This method 

allows virtual simulation of the mechanical behavior 

of the rim by considering various parameters, such as 

geometry, material, and loads acting on the rim 

[9][10]. Through FEM simulation, potential critical 

points of failure can be identified early, so that the 

wheel design can be optimized before entering the 

manufacturing stage. In addition, this method helps 

reduce reliance on inefficient trial-and-error 

approaches [11]. 

Rims designed using the FEM simulation approach 

can meet various demands, such as adequate structural 

strength, resistance to dynamic loads, and high 

aesthetic value [12]. In addition, the use of FEM also 

allows for efficiency in the use of materials, which not 

only reduces the weight of the rim but also saves 

production costs. Thus, the application of this method 

not only supports the development of better products 

but also contributes to the sustainability of the 

automotive industry as a whole [13]. 

This study aims to analyze the strength of car rims 

using the finite element method. Using Solidworks 

2020 software, simulations were carried out to study 

the stress (Von mises Stress), equivalent strain 

(Equivalent Strain), and safety factor (Factor of 

Safety). The results of this analysis are expected to 

provide recommendations for improving more 

optimal rim designs, both in terms of strength and 

production efficiency. This study is also expected to 

be an important reference for the automotive industry 

in improving the quality and safety of rim products 

marketed to consumers. 

The urgency of this research is driven by the fact that 

vehicle safety does not only depend on drive 

technology or braking systems but also on structural 

components such as rims which are often overlooked 

[14]. Therefore, developing reliable, efficient, and 

aesthetic wheel designs is both a challenge and a great 

opportunity to support innovation in the automotive 

industry. 

2. Methods 

This study was conducted to analyze the strength of 

car rims using the finite element method (FEM) with 

the help of Solidworks 2020 software. To ensure the 

reliability of the numerical method used, validation 

was carried out by comparing the simulation results 

with relevant reference data from the literature. As 

demonstrated in studies by Kumar [15] and Zhao [16], 

validation is crucial to ensure that the numerical 

model can accurately represent real-world conditions. 

All settings and input parameters in the simulation 

software were carefully examined to ensure 

consistency. The simulation results were then 

compared with the reference data, and error 

quantification such as percentage error or Root Mean 

Square (RMS) values was performed to assess the 

accuracy of the method used. This validation aims to 

ensure that the analysis results can serve as a reliable 

basis for decision-making in product design. The 

research stages include several main steps as follows: 

Data Collection 

The data in this study includes technical specification 

data as a reference for the study. The data includes rim 

specifications, geometric dimensions, material types, 

and expected load limits. The testing standards used 

refer to international and national regulations, such as 

the Indonesian National Standard (SNI) where this 

study uses SolidWorks 2020 Simulation Software. 

Geometry Model Creation 

The geometry model of the car rim is created using 

SolidWorks 2020 Computer-Aided Design (CAD) 

software. The rim design is modeled with dimensions 

of 16 inches for diameter and 8 inches for width. The 

geometry details include all structural elements of the 

rim, including thickness and specific shape that 

support dynamic and static loads which can be seen in 

Figure 1 and Figure 2. 

 

Figure 1. Rim geometry 
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Figure 2. Mesh information 

Material Selection 

The rim material is determined based on the 

specifications of materials frequently used in the 

automotive industry, such as aluminum alloy. 

Material characteristics, such as density, elastic 

modulus, and tensile strength, are entered into the 

software for simulation. 

FEM Simulation and Analysis 

Meshing is done to transform the continuous model 

into smaller discrete elements so that it can be 

analyzed numerically. The type of mesh used is a 

tetrahedron with medium relevance and an element 

size of 2 cm to ensure accurate simulation results [17]. 

Loads are applied to the rim according to real 

conditions, including static and dynamic forces. 

Constraints are applied at specific points to simulate 

the interaction between the rim and the wheel hub. 

Simulations are performed to calculate the von mises 

stress distribution, identifying areas with the highest 

stress that are likely to fail. Equivalent strains are 

calculated to study the deformations that occur in the 

rim. Displacement calculations are performed to 

determine the change in position due to loading. 

Simulations calculate minimum and maximum safety 

factors to ensure the rim design meets safety 

standards. The mesh process and material properties 

can be seen in Figure 3 and Table 1.

 

Figure 3. Meshing process 

Table 1. Materials properties of the wheel 

Mass: 11.8073 kg 

Volume: 0.00437308 m3 

Density: 2700 kg/m3 

Weight: 115.712 N 
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Correction Validation and Mesh Convergence 

The simulation results are analyzed to identify 

weaknesses in the wheel design. If critical areas with 

excessive stress or low safety factors are found, the 

design is improved and retested through simulation. 

In addition, a mesh convergence study was conducted 

to determine the optimal element density in the 

simulation. Several mesh size variations were tested 

to evaluate their impact on the results of maximum 

stress and deformation. The simulation time and 

numerical results were recorded and then compared to 

determine a balance between accuracy and 

computational efficiency. The final mesh size was 

selected based on the condition in which further mesh 

refinement produced no significant changes in the 

simulation results (i.e., convergence). Scientifically, 

the convergence criterion was applied by calculating 

the relative error between two successive results as: 

Relative eror = 
𝜎𝑛−𝜎𝑛−1

𝜎𝑛−1
 

Where 𝜎𝑛 is the maximum stress in the n-th mesh, and 

𝜎𝑛−1 is the value from the previous mesh. If the 

relative error is less than 5%, the mesh is considered 

to have converged. In addition, the simulation time is 

evaluated for each mesh to select a configuration that 

yields stable results while being computationally 

efficient. 

For further details on this simulation analysis, refer to 

the following flowchart. 

 

Figure  4. Research flowchart

 

3. Results and Discussion 

The discussion of the research results will be 

presented in several sub-chapters which are described 

in detail as follows. 

Von Mises Stress 

The simulation results show the distribution of von 

mises stress on the rim with a minimum value of 6.228 

× 10¹ N/m² and a maximum of 1.978 × 10⁵ N/m² in 

Figure 5 and Table 2. The maximum stress occurs in 

the critical area of the rim that receives the greatest 

load, such as at the connection between the rim rod 

and the outer circle. This stress value is still below the 

strength limit of the material used, namely aluminum 

alloy, which has a tensile strength of more than 200 

MPa. This shows that the rim design is quite safe 

against the maximum stress that occurs. [18][19] 

A similar study by Wahab et al. (2022) on the strength 

analysis of an aluminum alloy 7075-based vehicle 

frame also found that Von Mises stress is a crucial 

parameter in ensuring that the material can withstand 

loads without experiencing permanent deformation. 

The maximum stress on the vehicle frame in their 
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study remained below the material’s strength limit, 

aligning with the findings of this research. [18][19] 

Additionally, a study by Kumar et al. (2019) on the 

structural analysis of vehicle wheels using the finite 

element method showed that the Von Mises stress in 

a wheel design made of aluminum alloy 6061-T6 

remained within safe limits, with the highest stress 

distribution occurring around the wheel spokes' 

connections [15]. 

Zhang et al. (2018) also investigated the mechanical 

performance of aluminum wheels and confirmed that 

the maximum stress typically occurs in areas with the 

highest load concentration, such as the hub and 

spokes. They concluded that Von Mises stress 

analysis can be used as a key parameter in assessing 

the safety of wheel designs against mechanical failure 

[20]. 

Furthermore, a study by Chen et al. (2021) on the 

optimization of wheel design based on finite element 

simulations demonstrated that selecting a material 

with high tensile strength and optimizing the 

structural design can significantly reduce maximum 

stress, thereby improving resistance to dynamic loads 

[21]. 

By considering validations from these previous 

studies, the simulation results obtained in this study 

are consistent with trends observed in related 

research. This confirms that the Von Mises stress 

analysis approach can effectively evaluate the 

structural strength of vehicle wheels. 

 

 

 

Figure 5. Von mises stress 

Table 2. Von mises stress 

Name Type Min Max 

Stress1 von mises Stress 6.228x101N/m2 1.978x105N/m2 

Equivalent Strain 

The equivalent strain simulation results show a 

minimum value of 5.872 × 10⁻² and a maximum of 

2.449 × 10⁻⁶. The highest strain is found in the same 

area as the maximum stress, indicating elastic 

deformation of the material under cyclic loading. This 

value indicates that the deformation that occurs in the 

rim is within the elastic limits of the material, so no 

permanent damage occurs. The strain simulation 

results are presented in Figure 6 and Table 3. [22] 

A similar case study by Fuchs & Meyer (2016) [22] 

in their research on lightweight aluminum design 

noted that equivalent strain is a crucial indicator in 

detecting potential deformations that may affect the 

reliability of automotive components. Their findings 

support the results of this study, confirming that the 

strain in the rim remains within safe limits. 

Additionally, research by Smith et al. (2018) on the 

elastic deformation analysis of aluminum 6061-T6 

rims showed that the equivalent strain occurring under 

dynamic loading remains within the elastic limits of 

the material, preventing permanent deformation [23]. 

Poojari et al. (2019) conducted a study on the effects 

of cyclic loading on the structure of vehicle rims and 

found that the highest equivalent strain distribution 

occurs around the wheel spokes, which are critical 

areas for deformation. However, the strain remained 

within safe limits according to the material’s tensile 

strength [24]. 
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Furthermore, a study by Invante et al. (2017) on 

material fatigue analysis in aluminum automotive 

components demonstrated that an evenly distributed 

equivalent strain within the elastic limit can extend the 

component’s lifespan by reducing the risk of failure 

due to repeated deformation [25]. 

Considering the validation from these previous 

studies, the simulation results obtained in this study 

align with trends observed in related research. This 

confirms that the equivalent strain analysis approach 

can be effectively used to evaluate the structural 

durability of vehicle rims under road surface 

conditions and rider loads. 

 

 

Figure 6. Strain analysis 

Table 3. Strain analysis 

Name Type Min Max 

Strain1 Equivalent Strain 5.872x1-2 2.449x10-6 

Displacement 

The simulation shows a displacement with a 

minimum value of 0 mm and a maximum of 5.687 × 

10⁻⁴ mm. The displacement occurs in the part of the 

rim that receives the highest load, especially on the 

outer edge of the circle. This small displacement value 

indicates that the rim has sufficient stiffness to 

withstand significant deformation during normal use. 

The results of the displacement simulation analysis 

can be seen in Figure 7 and Table 4. 

A similar case study by Akbar (2017) on the analysis 

of car rim design modifications using the finite 

element method also noted that a small maximum 

displacement (below 1 mm) in the rim design 

indicates adequate structural stiffness. This result is 

consistent with the study being discussed [26]. 

Additionally, research by Lee et al. (2020) on the 

structural stiffness analysis of vehicle rims showed 

that maximum deformation occurs at the outer edge of 

the rim, with displacement values remaining within 

safe limits. This finding reinforces that an optimal rim 

design can maintain stiffness under operational loads 

[27]. 

The study by Zhang et al. (2017) on the influence of 

material variations on the structural performance of 

rims also found that aluminum alloy materials with an 

appropriate design can achieve minimal 

displacement, thereby improving stability and 

durability under dynamic loads [28]. 

Furthermore, research by Chen & Wang (2021) on the 

numerical analysis of aluminum vehicle rim 

deformation emphasized that the highest 

displacement distribution generally occurs in areas 

experiencing the greatest loads but remains within the 

elastic limits of the material. This indicates that the 

rim design meets the required strength and 

deformation resistance standards [21]. 

Considering the validation from previous studies, the 

simulation results obtained in this study align with 

trends found in various related research. This 

confirms that deformation analysis can be effectively 

used to evaluate the structural stiffness of rims under 

different loading conditions. 
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Figure 7. Displacement analysis 

Table 4. Displacement analysis 

Name Type Min Max 

Displacement1 Resultant Displacement 0.000x10+0 mm 5.687x10-4 mm 

Factor of Safety 

The minimum safety factor obtained from the 

simulation is 1.087 × 10³, while the maximum is 3.452 

× 10⁸. This safety factor value indicates that the wheel 

design has a very high tolerance for failure, making it 

reliable for long-term use. The area with the lowest 

safety factor is near the structural joints, which remain 

within the safety limit. The results of the safety factor 

analysis can be seen in Figure 8 and Table 5.  

The study by Smith & Johnson (2018) on structural 

analysis using the finite element method states that a 

minimum safety factor value above 1 is considered 

sufficient to ensure structural safety. This indicates 

that the wheel design in this study has met industrial 

safety standards [23]. 

Additionally, research by Karteek et al. (2021) on the 

safety factor of aluminum vehicle wheels shows that 

a high safety factor indicates good material resistance 

to failure due to dynamic and static loads, thereby 

increasing the component's lifespan [29]. 

A study by Nanang (2018) on wheel design analysis 

using the finite element method also found that a high 

safety factor suggests that the wheel design has 

optimally distributed stress, reducing the risk of 

permanent deformation or structural failure [30]. 

Furthermore, research by Chen & Wang (2021) on the 

optimization of aluminum wheel design emphasizes 

that a high safety factor contributes to increased 

resistance against repeated loads and impact loads, 

which is crucial for vehicle safety under various 

operating conditions [21]. 

Considering the validation from these previous 

studies, the simulation results obtained in this study 

align with trends found in various related studies. This 

confirms that the safety factor analysis approach can 

be effectively used to evaluate the structural durability 

of wheels under various loading conditions. 

The simulation results indicate that the wheel design 

meets all specified performance parameters, including 

structural strength, stiffness, and safety. This shows 

that the finite element method is an effective tool for 

analyzing and optimizing wheel designs before mass 

production. This study provides tangible benefits in 

terms of design process efficiency, reducing physical 

testing costs, and improving product reliability. 

Similar case studies [31][32] supporting these results 

strengthen the validity of the research approach, 

indicating that FEM simulation-based design can be 

widely applied in the development of other 

automotive components. However, it is important to 

note that these simulation results need to be validated 

with physical testing to ensure their conformity to real 

conditions. 
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Figure 8. The factor of safety analysis 

Table 5. The factor of safety analysis 

Name Type Min Max 

Factor of Safety1 Automatic 1.087x10+3. 3.452x10+8.  

4. Conclusion 

Based on the results of research and analysis using the 

Finite Element Method (FEM) on the design of car 

rims, several conclusions were obtained as follows: 1) 

Von mises stress: The maximum stress distribution 

obtained is at a value of 1.978 × 10⁵ N/m², which is 

still below the tensile strength limit of the material 

(aluminum alloy). This shows that the rim design is 

safe against the maximum load applied; 2) Equivalent 

Strain: The maximum strain that occurs is 2.449 × 

10⁻⁶, which indicates that the elastic deformation of 

the material is within the safe limit without 

experiencing permanent damage. The area with the 

highest strain is located in the critical part of the rim 

that receives the highest dynamic load; 3) 

Displacement: The maximum displacement of 5.687 

× 10⁻⁴ mm indicates that the rim design has sufficient 

structural rigidity to withstand significant 

deformation during normal use, ensuring vehicle 

stability; 4) Factor of Safety: The minimum safety 

factor of 1.087 × 10³ confirms that the wheel design 

has a very high tolerance for structural failure, making 

it reliable for long-term use. 

The use of the finite element method has been proven 

to be able to identify critical areas in wheel design 

efficiently, reduce reliance on trial-and-error 

methods, and reduce costs and time in the design 

process. This study concludes that the wheel design 

has met all the required safety and performance 

parameters. FEM simulations have been successfully 

used to ensure that this design is not only strong and 

safe but also economical and efficient in its 

production process. These results provide a 

significant contribution to the development of 

automotive products, especially in ensuring that vital 

components such as wheels can be used safely and 

reliably by consumers. 

Recommendations for further research are to validate 

the simulation results through physical testing to 

ensure that the simulation results are in line with real 

conditions. In addition, consideration of external 

factors such as corrosion, temperature changes, and 

environmental impacts can be the focus of further 

development. 
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