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Abstract. The design of a vehicle frame is one of the crucial aspects of the student-level electric vehicle competition, which requires a lightweight, aerodynamic, and sturdy design. This study aims to design a frame that complies with the established regulations and analyze the structure of an electric vehicle frame using the Finite Element Analysis (FEA) method. The methods used include a literature review, modeling using Computer-Aided Design (CAD) software, and finite element analysis to evaluate structural strength, including stress, deformation, and safety factors, using Computer-Aided Engineering (CAE) software, the analysis results show that the designed frame can withstand the applied static and dynamic loads according to competition standards. Additionally, optimization in material selection results in a frame structure that is both lightweight and strong. Thus, this design is expected to serve as a reference for future research in the development of electric vehicle frames.
INTRODUCTION
Electric vehicles (EVs) are increasingly favored in the global transition toward cleaner transportation systems due to their potential to significantly reduce emissions from fossil-fueled vehicles [1]. As a result, academic and industrial sectors alike are actively driving research and innovation in EV design and performance [2][3]. Among the most critical components in an EV is the chassis or frame, which not only supports all subsystems and the driver [4][5], but also plays a key role in crash energy management, structural stiffness, and weight distribution.
The frame must be lightweight yet structurally sound, withstanding both static and dynamic loads while conforming to design envelope limitations, such as maximum dimensions and mass. To meet these requirements, modern engineering workflows increasingly leverage Computer-Aided Design (CAD) for 3D modeling and Computer-Aided Engineering (CAE) tools such as Finite Element Analysis (FEA) for evaluating stress, deformation, and crashworthiness [6–9]. Simulations conducted in CAE platforms like ANSYS [10] provide critical insight into performance and safety without the need for early-stage physical prototyping, reducing development cost and time.
A common and efficient solution for prototype electric vehicles is the use of tubular space frame structures, which provide high strength-to-weight ratios and excellent load distribution in multi-directional scenarios [11]. Previous studies have shown that using materials such as 6061-T6 aluminum for such frames can yield favorable results in terms of stiffness, strength, and safety factor while keeping the total mass low [12][13].
This study presents a structural design and analysis of a single-seater electric vehicle frame, with an emphasis on optimizing geometry and material selection to balance structural integrity and overall weight [14]. The frame design process involves iterative modeling, material property evaluation, and topological optimization. The outcome of this research aims to contribute to future developments in lightweight, safe, and efficient electric vehicle frame architectures—particularly in academic or early-stage innovation settings.


Methodology
This study follows a systematic, simulation-based design approach to develop a structurally safe single-seater electric vehicle frame. The process is outlined in the flowchart Fig.1 and involves iterative cycles of modeling and evaluation to ensure the frame meets performance, weight, and dimensional requirements.
The methodology begins with a literature study, which provides foundational knowledge on electric vehicle frame design, safety standards, material properties, and previous research. This is followed by problem identification and formulation of design criteria, including dimensional constraints, mechanical load expectations, and frame weight targets.
A conceptual frame design is then created using Computer-Aided Design (CAD) tools. After this, material selection is conducted by evaluating candidate materials based on parameters such as density, yield strength, and stiffness-to-weight ratio. Aluminum 6061-T6 is selected due to its proven performance in lightweight structural applications.
Next, the frame undergoes structural analysis using Finite Element Analysis (FEA) to assess stress distribution, deformation, and safety factor under static loading conditions. If the simulation results indicate that the frame does not meet the design criteria, the process loops back to the design stage for further refinement.
Once a satisfactory design is achieved, the final stage involves compiling the results and discussion, which includes interpreting FEA outcomes, assessing the safety factor, and evaluating the structural efficiency of the proposed design.
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FIGURE 1. Flowchart of the design methodology

Wheelbase Calculation
Wheelbase refers to the distance between the front and rear wheel centers. It plays a significant role in vehicle maneuverability and stability. A short wheelbase enhances the vehicle’s ability to make sharp turns, making it ideal for urban driving and navigating narrow paths. In contrast, a longer wheelbase improves stability, particularly for high-speed applications such as race cars or vehicles designed for straight-line performance.
The ideal wheelbase-to-track width ratio typically ranges from 1.2 to 1.6, which helps ensure a balance between directional stability and maneuverability. For energy-efficient vehicle designs, the optimal wheelbase generally falls between 1.2 m and 1.5 m.
To determine the optimal wheelbase position for achieving maximum acceleration, the following equation can be used:

		(1)

		(2)



and for maximum braking:

		(3)

		(4)
Where:
 : front wheel drive acceleration
 : rear wheel drive acceleration 
 : front wheel brake acceleration
 : rear wheel brake acceleration
g       : gravitational acceleration
     : distance between center of gravity and front wheel
h       : center of gravity height
l        : wheelbase length
     : coefficient of friction
Track Width Calculation
Track width is defined as the distance between the centers of the left and right wheels on the same axle. It significantly influences lateral stability [15]. A wider track width enhances resistance to centrifugal forces during cornering, thereby improving stability. Conversely, a narrower track width results in a more responsive vehicle but increases the risk of rollover.
The appropriate track width can be determined using the following equation:

		(5)

Where:
  : Stability Safety Factor (1.2 for common electric vehicle competition)
       : track width 
      : center of gravity height


Results and discussion
Wheelbase Position and Track Width
The results of acceleration for each wheelbase position are shown in Fig. 2. Based on these calculations, the ratio ​​ was selected as 0.6, resulting in ×0.6=0.9. With this configuration and assuming a rear-wheel-drive (RWD) layout, the front wheel is located 0.9 meters ahead of the center of gravity (CoG), while the rear wheel is positioned 0.6 meters behind the CG, yielding a total wheelbase length of 1.5 meters.

[image: ]
FIGURE 2. Relationship Between Wheelbase Ratio and Normalized Acceleration

In rear-wheel-drive (RWD) vehicles, the ability of the rear wheels to provide effective braking plays a crucial role in overall control, particularly during high-speed deceleration. Efficient braking at the rear axle enhances stability and reduces the risk of directional instability during hard braking. Based on the calculation results, the breaking point is located at the rear wheelbase, which coincides with the position of the rear wheels, situated 0.6 meters behind the center of gravity (CG). The relationship between the wheelbase ratio and the deceleration experienced by the front and rear wheels is illustrated in Fig. 3.
[image: ]
FIGURE 3.  Relationship Between Wheelbase Ratio and Normalized Deceleration on Front and Rear Wheels

The track width can be calculated using the equation previously described, with the Static Stability Factor (SSF) value referenced from the Tarsius X3 electric vehicle, which is 1.4. Based on this calculation, the required track widthis determined to be 1.115 meters.
Frame Design Geometry and Specification
The electric vehicle frame was designed using SolidWorks 2020, a 3D Computer-Aided Design (CAD) software. The completed frame model was then prepared for simulation using Aluminum 6061-T6 as the structural material. Static structural analysis were conducted to evaluate the minimum and maximum values of stress, displacement, and strain. The resulting frame design are shown in Fig. 4, and the geometry in Table 1.
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FIGURE 4. Frame design with key dimensions

TABLE 1. Frame geometry and material specification
	Parameter
	Value
	Unit

	Wheelbase length 
	1500
	mm

	Frame width
	885.40
	mm

	Vehicle width
	1215.4
	mm

	Frame length
	2000
	mm

	Frame height
	1160.3
	mm

	Frame mass
	21.2
	kg

	Track width
	1115
	mm

	Material
	Aluminum 6061-T6
	—



Mesh Type and Size
Prior to conducting static analysis, the chassis model was discretized using the Static Structural module in ANSYS. This meshing process converts the continuous 3D geometry into a finite number of smaller elements, enabling numerical simulation through the finite element method (FEM) [16]. Each element contains a set number of nodes; in this case, tetrahedral elements were used, each comprising 4 nodes with 3 degrees of freedom per node. These elements are associated with mathematical models that govern their behavior under loading conditions.
In this analysis, a mesh size of 50 mm was selected, resulting in 77,197 nodes and 32,995 elements. This meshing configuration balances computational efficiency with sufficient resolution for evaluating structural response.

Total Deformation
Based on theoretical calculations, the allowable deformation is determined to be 4.68 mm, derived from the product of the track width (1115 mm) and the chassis deflection index (0.0042). As shown in Fig. 5, the simulation under vertical loading conditions on a 3 mm thick chassis yields a total deformation of 0.56255 mm. Additionally, directional deformation is observed along three axes, with values of 0.089225 mm (X-axis), 0.05364 mm (Y-axis), and 0.20688 mm (Z-axis), respectively. Since all deformation values remain well below the allowable limit, the chassis is considered structurally safe under the applied vertical load.
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FIGURE 5. Results for deformation of the frame

Strain and Stress Distribution
Figures below present the results of the static analysis performed on the electric vehicle frame, focusing on strain distribution and stress analysis using Von Mises criterion. In Fig. 6, the strain distribution reveals a maximum strain of 0.003306 mm/mm and a minimum of 1.25 × 10⁻¹¹ mm/mm, with the highest strain occurring near the driver’s area,
where the structural load is most concentrated. Fig. 7 shows the Von Mises stress analysis, indicating a maximum stress of 225.91 MPa, also located in the driver compartment. This value remains below the material's yield strength of 276 MPa for Aluminum 6061-T6, ensuring the frame operates within safe stress limits [17].

[image: ]
FIGURE 6. Equivalent (von Mises) strain of the frame
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FIGURE 7. von Mises stress of the frame

Factor of Safety
Fig. 8 presents the Factor of Safety (FOS) analysis of the vehicle frame constructed from Aluminum 6061-T6. In this evaluation, the FOS is used as a key parameter to assess the structural integrity under load conditions, indicating the margin between the applied stress and the material’s yield strength [17]. The simulation yielded a minimum safety factor of 1.195, which remains within acceptable limits. For reference, the maximum allowable safety factor is 1.22, calculated by dividing the yield strength of Aluminum 6061-T6 (276 MPa) by the maximum simulated stress (225.9 MPa).

[image: ]
FIGURE 8. Factor of Safety across the frame

CONCLUSION
The design and analysis of the single-seater electric vehicle frame yielded a structurally efficient and lightweight solution using Aluminum 6061-T6 pipes with a diameter of 1 inch and a 3 mm wall thickness. The resulting frame dimensions include a wheelbase of 1500 mm, frame width of 885.4 mm, total length of 2000 mm, height of 1160.3 mm, and track width of 924 mm, with an overall mass of 21.2 kg. Specific design components such as the driver compartment, battery holder, roll bar, and motor mount were dimensioned to ensure compatibility and balance. Static structural analysis confirmed the mechanical reliability of the frame, with a maximum stress of 225.91 MPa remaining below the material yield strength of 276 MPa, and a total deformation of 0.56255 mm, which is significantly lower than the allowable deformation of 4.68 mm. The frame also demonstrated an acceptable factor of safety of 1.195, confirming its capacity to withstand operational loads. From the wheelbase analysis resulting in the front wheels positioned 0.9 m ahead and rear wheels 0.6 m behind the center of gravity, offering a balanced configuration for acceleration performance. Additionally, braking analysis for the rear-wheel-drive layout revealed that braking force is concentrated on the rear axle, with the effective braking point located 0.6 m behind the center of gravity, supporting improved control during deceleration. These results demonstrate that the proposed frame design meets structural and performance requirements and can serve as a foundation for further development of lightweight electric vehicle platforms.
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