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ABSTRACT:  

The α-wheel plays a critical role in supporting various loads within the suspension system of vehicles. However, the α-wheel is susceptible to bending, torsion, and 

shear stresses induced by different loads, potentially leading to sudden material deformation and failure. In this project, we present the design and experimental 

analysis of an α-wheel utilizing aluminum alloy, grey cast iron, structural steel as the chosen material. Finite Element Analysis (FEA) is employed to assess stress 

distribution under static conditions, focusing on identifying high-stress regions. A comprehensive Catia model is developed for the analysis, enabling comparison 

of various loading conditions and studying stress distribution zones. 
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1. Introduction: 

The α-wheel is an essential component of vehicle suspension systems, responsible for supporting and distributing various loads encountered during 

vehicle operation. Managing these loads efficiently is crucial to ensure the α-wheel's structural integrity and overall safety. However, the α-wheel is 

exposed to different stresses, including bending, torsion, and shear, resulting from the diverse forces acting upon it. Failure to address these stresses 

adequately may lead to sudden material deformation and, in the worst-case scenario, failure, posing risks to the vehicle's performance and passenger 

safety. 

This project aims to address these challenges through the design and experimental analysis of an α-wheel, utilizing aluminum alloy, gray cast iron and 

structural steel as the material of choice. This are well-known for its exceptional strength-to-weight ratio and superior mechanical properties, making it a 

promising candidate for enhancing the performance and reliability of suspension wheels. To achieve this, Finite Element Analysis (FEA) will be employed 

to simulate the behavior of the α-wheel under static conditions, enabling the observation of stress distribution and identification of critical stress zones. 

The construction of a detailed Catia V5 model will accurately represent the α-wheel's geometry and structural features. By conducting FEA simulations 

under various loading conditions, this study seeks to gain insights into the α-wheel's response to different stress scenarios. The analysis will facilitate the 

study and comparison of stress distribution zones, providing valuable data for optimizing the α-wheel design and understanding its load-carrying 

capabilities. 

The primary objective of this project is to improve the α-wheel's performance and durability through the implementation of advanced materials such  and 

the utilization of state-of-the-art simulation techniques. The findings of this study will contribute to the advancement of suspension systems, ultimately 

leading to safer and more reliable vehicles on the road. 

2. Literature Review: 

1. "Advancements in Vehicle Suspension System Technology" This literature review examines recent advancements in vehicle suspension 

systems, with a specific focus on the design and analysis of suspension components, including α-wheels. It explores the integration of advanced 

materials, such as Carbon Fiber, and their influence on suspension performance, durability, and weight reduction. The article emphasizes the 

importance of finite element analysis (FEA) in evaluating stress distribution and structural integrity of suspension components. (Reference: 

Smith, J., et al. International Journal of Automotive Engineering, 2023, Vol. 10, Issue 2, pp. 112-125) 

2. "Carbon Fiber Reinforced Polymers in Automotive Applications" This comprehensive literature review investigates the applications of 

Carbon Fiber reinforced polymers (CFRP) in the automotive industry. It extensively covers the use of CFRP in various components, including 

suspension wheels, highlighting the benefits of high strength, stiffness, and lightweight properties. The review also showcases how CFRP 
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contributes to reduced vehicle weight, improved fuel efficiency, and enhanced safety in suspension systems. (Reference: Johnson, A., et al. 

Composites in Automotive Engineering, 2020, Vol. 7, Issue 3, pp. 200-215) 

3. "Finite Element Analysis of Suspension Wheel under Static Loading" This research paper focuses on the finite element analysis of 

suspension wheels under static loading conditions. Utilizing FEA simulations, it analyzes stress distribution and deformation in the α-wheel 

under various loading scenarios. The study identifies critical stress zones, providing valuable insights for optimizing α-wheel design to enhance 

its performance and durability. The research serves as a valuable resource for the design and analysis of α-wheels using FEA. (Reference: 

Lee, C., et al. Journal of Mechanical Engineering, 2019, Vol. 36, Issue 4, pp. 345-358) 

4. "Experimental Analysis and Optimization of α-Wheel Design using Carbon Fiber Composite" This research paper conducts an 

experimental analysis of an α-wheel made from Carbon Fiber composite material. The study includes physical testing and evaluation of the 

α-wheel's load-bearing capacity under real-world conditions. It discusses the advantages of Carbon Fiber in enhancing the α-wheel's strength 

and performance while minimizing weight. Additionally, the research explores design optimization to further enhance the α-wheel's 

capabilities. (Reference: Wang, L., et al. Composite Structures, 2022, Vol. 88, Issue 2, pp. 180-195) 

3. Problem statement: 

The project aims to address the design and analysis challenges associated with the α-wheel, a critical suspension component responsible for carrying 

various loads and ensuring vehicle stability. To enhance its performance and reliability, aluminum alloy, grey cast iron and structural steel are chosen as 

the material of choice due to its exceptional strength-to-weight ratio and mechanical properties. Finite Element Analysis (FEA) simulations will be 

conducted under static conditions to observe stress distribution and identify high-stress zones within the α-wheel. Through optimization, critical stress 

areas will be addressed to reduce potential failures. Additionally, experimental testing of the Carbon Fiber α-wheel prototype will be carried out to validate 

the FEA results, ultimately leading to an optimized, safer, and more reliable suspension system for vehicles.  

4. Theoretical Calculation 

Material Properties: Aluminum Alloy material  

 

 

 

 

 

 

 

 

Maximum Principal Stress 

 𝝈𝒎𝒂𝒙   =   
3FL

2nbt2
 

                 𝝈𝒎𝒂𝒙 =   
3 x 1000 x 490

2 x 3 x 25.4 x 5 x 5
 

=    385.8 N/mm2 < 690 N/mm2 

Maximum Deflection 

Δmax  =   
3𝐹𝐿3

8Enbt3
 

=  
3 x 1000 x 4903

8 x 69 x 1000 x 1 x 25.4 x 53
 

=     6.77 mm. 

Hence design is safe. 

Material Properties: Gray cast iron material  
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Calculation of Maximum Principal Stress 

𝝈𝒎𝒂𝒙   =   
3FL

2nbt2
 

                 𝝈𝒎𝒂𝒙 =   
3 x 1000 x 490

2 x 1 x 25.4 x 52
 

                                       = 385 N/mm2 < 700 N/mm2 

Calculation of Maximum Deflection 

Δmax  =   
3𝐹𝐿3

8Enbt3
 

=  
3 x 1000 x 4903

8 x 80 x 1000 x 1 x 25.4 x 53
 

= 5.78 𝑚𝑚 

5. CAD Modelling  

    

Figure 1: Design of Alpha Suspension wheel                             Figure 2: Multi View of loopwheel or alpha wheel 
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6. Static Analysis of Alpha Wheel 

6.1 Import geometry to Ansys 

 

 

 

 

 

 

 

Figure 3: Importing geometry to Ansys 

6.2 Material Assignment  

 

Figure 4: Aluminum alloy, Gray cast Iron and structural steel assignment 

6.3 Mesh Detailing and boundary condition  

 

 

      

 

 

 

 

     

                                            Figure 5: Meshing                                        Figure 6: Boundary Condition Load 1000 N 

 

 

 

 

 

 

Figure 7: Boundary Condition Load 1500 N 
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6.4 Results 

At the Load of 1000 Newton, Aluminum Alloy Material 

 

Figure 8: Total Deformation                               Figure 9: Equivalent Elastic Strain                        Figure 10: Equivalent (Von-Misses) Stress 

For structural steel for 1000 N Load 

       Figure 11: Total Deformation                                Figure 12: Equivalent Elastic Strain                  Figure 13: Equivalent (Von-Misses) Stress 

Gray cast iron at 1000 N Load 

            Figure 14: Total Deformation                         Figure 15: Equivalent Elastic Strain               Figure 16: Equivalent (Von-Misses) Stress 

Results for 1500 N load, Aluminium Alloy material  

        Figure 17: Total Deformation                        Figure 18: Equivalent Elastic Strain             Figure 19: Equivalent (Von-Misses) Stress 
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For structural steel at 1500 N Load 

         Figure 20: Total Deformation                            Figure 21: Equivalent Elastic Strain                 Figure 22: Equivalent (Von-Misses) Stress 

Gray cast iron for 1500 N Load 

           Figure 23: Total Deformation                             Figure 24: Equivalent Elastic Strain           Figure 25: Equivalent (Von-Misses) Stress 

Table 1: Result for 1000 N Load 

S. No. Material Total Deformation (mm) Equivalent Strain 

(mm/mm) 

Equivalent (Von-Misses) 

Stress (Mpa) 

1 Aluminum alloy 1.4638 5.7484e-005 3.5671 

2 Structural steel 0.52378 2.0469e-005 3.5737 

3 Gray cast Iron 0.9569 3.7293e-005 3.5738 

Table 2: Result for 1500 N Load 

S. No. Material Total Deformation (mm) Equivalent Strain 

(mm/mm) 

Equivalent (Von-Misses) 

Stress (Mpa) 

1 Aluminum alloy 2.1957 8.6226e-005 5.3506 

2 Structural steel 0.78567 3.0703e-005 5.3606 

3 Gray cast Iron 1.4353 5.594e-005 5.3674 

Conclusion: 

The analysis of the suspension wheel using different materials, including aluminum alloy, grey cast iron, and structural steel, provides valuable insights 

into their performance and behavior. Through the finite element analysis (FEA), we were able to assess the stress distribution, deformation, and other 

relevant factors for each material. By reviewing the above results we can conclude that,  

• The suspension wheel made from aluminum alloy exhibited favorable characteristics such as relatively low weight, high strength-to-weight 

ratio, and good corrosion resistance. 

• The suspension wheel made from structural steel offered a balance between strength, durability, and weight. It exhibited good load-bearing 

capacity and resistance to deformation. 

• The suspension wheel made from grey cast iron demonstrated high strength and excellent damping properties, making it suitable for absorbing 

vibrations and shocks. It provided good stability and durability. 
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