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Abstract 

This paper presents the design and analysis of the Suspension, Steering, and Traction Systems for a solar-

powered car, as part of a larger eco-friendly transportation project.  The aim of this study is to present a 

comprehensive overview of the mechanical subsystems, highlighting the design process and addressing the 

challenges encountered in achieving a balanced performance. 

The design approach for the Suspension, Steering, and Traction Systems involved careful consideration of 

various restrictions and parameters to ensure efficiency and effectiveness. Adhering to industry standards, 

regulations, and best practices, the methodology employed a rigorous design approach to meet the project 

requirements. Throughout the design process, factors such as weight, stability, and maneuverability are 
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considered to optimize the overall performance of the solar car. The design team has already focused on 

balancing these factors to enhance the vehicle's handling, stability, and energy efficiency. By implementing 

an innovative design process and leveraging state-of-the-art technology, the final product demonstrates good 

design integrity and is ready for comprehensive performance evaluation. The findings and insights gained 

from this study contribute to the ongoing development and advancement of solar-powered vehicles, 

specifically in the areas of Suspension, Steering, and Traction Systems. 
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Introduction 

The increasing demand for clean energy and the need to reduce the carbon footprint has led to the development 

of solar-powered vehicles. The design and construction of a solar car requires a multidisciplinary approach, 

integrating various subsystems such as structural, electrical, and mechanical systems. The interest in solar-

powered vehicles has emerged as a prominent area of study, primarily driven by academic institutions seeking 

to promote sustainable mobility. worldwide Competitions have encouraged students, engineers, and 

researchers to develop highly energy-efficient cars and evaluate their performance. Designing such cutting-

edge vehicles presents various challenges, including battery selection, electrical systems, solar panel design, 

structural materials, aerodynamics, safety, mechanical sub-systems, such as suspensions and steering 

mechanisms and eventually integration. 

It is crystal clear that solar-powered cars provide a unique test bed for mechanical and structural design. They 

have distinctive functional and technical aspects that differentiate them from other competition vehicles, such 

as traditional race cars. The specific requirements of solar-powered cars demand innovative design solutions. 

In terms of mechanical subsystems, like suspension systems, the load imposed by passengers, electric 

batteries, and solar panels can indeed surpass the weight of the remaining vehicle components. As a result, 

selecting the suitable suspension architecture, stiffness/damping parameters and achieving optimal weight 

distribution become crucial challenges in achieving superior vehicle dynamics performance. In this paper, it 

has been focused on the design process of critical mechanical subsystems for a single occupancy vehicle, 

carried out by the Virginia Tech Solar Car Project team. The subsystems of interest in this paper are 

suspension, steering, braking system, wheels and tires. The balancing design of these subsystems is crucial 

for the expected performance and safety of the vehicle. Our approach prioritizes compliance with the solar car 

regulations to ensure the highest possible efficiency.  

The development of these subsystems follows a systematic V-profile approach, where each subsystem is 

sequentially cascaded and integrated. This process involves close collaboration with the corresponding 

suppliers to ensure seamless integration and compatibility between the subsystems. By adopting this structured 

approach, the solar car project could achieve an efficient integration and synchronization of the various 

subsystems, leading to a cohesive and optimized overall design. This paper serves as a continuation of Part I, 

which focused on the structural chassis design [1].The subsequent papers in this series will delve into other 

essential aspects of the solar car design, including electrical systems (Part III) and test and validation (Part IV) 

[2]. Together, these papers provide a comprehensive exploration of the solar car project, highlighting the 

integration of diverse subsystems to achieve outstanding performance and sustainable transportation.[3] 
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Designing key mechanical systems such as front and rear suspension systems, steering, traction systems, and 

the roll cage for a solar car presents significant challenges due to conflicting parameters that require trade-

offs. In the initial stages, specific customer requirements and engineering specifications with corresponding 

weighting factors are collected and summarized. using the Quality Function Development (QFD) approach. 

This facilitates the translation of customer needs into well-defined engineering requirements and allowed for 

their prioritization [4]. Ensuring the safety of the design involves comprehensive analysis of various scenarios 

that the solar car may encounter. To achieve this, a suitable factor of safety is selected to guarantee that the 

structure would not fail even under worst-case conditions. Furthermore, optimization of the final design is 

being performed to satisfy the requirements of the structure, manufacturing, and aerodynamic teams. Lastly, 

a functional decomposition process is employed to break down the functions of the subsystems into smaller 

categories, enabling more detailed analysis and evaluation. This systematic approach facilitates a 

comprehensive understanding of the design requirements and supported the decision-making process 

throughout the design phase.[5] 

 

1.1.Suspension 

The suspension system plays a crucial role in connecting the solar car to the road surface. It needs to fulfill 

two primary requirements: durability and efficiency. Durability necessitates the suspension's ability to 

withstand significant loads such as 1G turning load, 1G braking load, and 2G bump load. To ensure efficiency, 

the suspension design should minimize road load resistance, encompassing rolling resistance and drag. 

Parameters such as wheel scrub and package size have an impact on aerodynamic resistance, with a smaller 

package size reducing the frontal area of the vehicle's aeroshell. In solar cars, the suspension is not designed 

for providing a smooth ride because soft suspensions absorb the car's motion when encountering bumps, 

resulting in energy wastage. Therefore, solar cars typically employ a very stiff suspension to achieve a good 

stability and handling performance as well as to prevent frame damage during dynamic severe conditions. 

To assess the vehicle's ride and handling, the team utilized the SAE J1441 201609 standard, which provides 

a subjective rating scale for evaluating ride quality and converting it into quantitative data. By considering the 

driver's perception and rating of ride quality, adjustments to suspension stiffness and damping can be made to 

fine-tune the solar car's performance. [6],[7] 

 

1.2. Steering 

The design of the steering system presents two main challenges: determining the location of the steering rack 

and selecting the appropriate type of steering system. Design limitations are encountered due to the minimum 

turning radius requirement and packaging restrictions imposed by the chassis system. The target specifications 

for the steering system, aims to deliver a safe and reliable steering experience. These specifications included: 

• Precise Steering Control: Minimizing steering backlash to reduce any free play or looseness in the system 

before response or movement occurs. 

• Strength and Stiffness: Ensuring that the steering system can handle the forces exerted during steering 

maneuvers. 

• Low Steering effort: Requiring minimal driver effort to turn the wheels, enhancing driving comfort. 

• Minimal Turning Radius: Allowing the vehicle to make tight turns in confined spaces, with a U-turn radius 

requirement of under 16m. 

1. Customer Needs and Target Setting  
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• Compatibility with Suspension System: Ensuring stability and optimal handling on different terrains by 

coordinating with the suspension system. 

• Structural Durability: Designing the steering system to withstand the stresses transmitted through the 

suspension and wheels. 

To meet these requirements, a rack-and-pinion power steering system was considered, incorporating 

lightweight components. Extensive simulations and testing were conducted to ensure that the steering system 

met or exceeded all performance requirements and safety standards.[8] 

 

1.3 Traction system 

The traction system of the solar car comprises two key components: the wheels and tires assembly, and the 

braking system. To design our subsystem to meet the customer needs and target specifications, the rules and 

regulations outlined in the solar car competition regulation was used. According to the design requirements, 

the braking system was designed as a dual balanced system, with each brake system operating independently. 

The average acceleration of the car on a level wet road must be a minimum of 0.47g. Additionally, the fully 

loaded car should remain stable and not tip when lifted at a 45-degree angle. On a reasonably smooth road, 

this means that the tyres should slide before the car rolls. The Static Stability Factor for a four-wheeled vehicle 

with the same track front and rear is defined as SSF = t/2h, where t is the track width and h the height of the 

center of gravity above the road. An SSF of at least 1 is usually considered desirable. However, having a good 

SSF is no guarantee that the car will not roll over because suspensions, steering, braking, tires are key players 

for achieving dynamic stability of the car. 

As no ABS (Anti-lock Braking System) is fitted, the front brake system should lock before the rear brake 

systems engage. It is also crucial to ensure adequate brake pedal clearance for driver application.[9] 

 

2. Suspension design 

2.1 Suspension concept design 

The selection of the double wishbone suspension setup is determined to be the most suitable choice among 

the potential suspension concepts due to its superior kinematic performance. The design focus was directed 

towards minimizing wheel scrub, optimizing the location of the roll center, and reducing bump steer. The 

double wishbone system offers several advantages, including relative lightness, high efficiency, and 

compliance with the FIA safety test and target requirements. While the trailing arm suspension performed 

well, it is unsuitable for the rear suspension due to increased weight. Therefore, the decision is made to utilize 

double wishbone configuration for the entire vehicle. The double wishbone system, commonly employed in 

sports and racing cars, features independent suspension in the front and rear, offering improved kinematics 

and aerodynamics. In our design, the upper arm is designed to induce negative camber as the suspension rises, 

compensating for the positive camber gain during body roll in turns. This design aims to maintain the tire 

perpendicular to the ground, particularly crucial for the outer tire experiencing weight transfer during 

cornering. The solar car design incorporates long uprights mated onto high-mounted wishbones, which 

reduces the thickness of the wheel fairings, thereby enhancing aerodynamic performance. A virtual mock-up 

is developed in Solidworks based on the packaging layout, as illustrated in Fig 1. We strived for zero bump 

steer to maximize vehicle safety, as bump steer can lead to instability and unpredictable behavior. 

Additionally, it is essential to ensure that our suspension system functions effectively at the target speed. 

Lateral movement, known as scrub, is undesirable in our suspension system, and our design aims to minimize 

it, ideally achieving zero lateral scrub.[10] 
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The weight of the suspension system is a critical factor in achieving the maximum target speed. Our objective 

is to ensure that the total suspension weight remains below ⅛ of the total vehicle weight. The double wishbone 

design allows for potential weight reduction. 

 

 
Fig 1 virtual mock-up of the suspension system using Solidworks 

 

At higher speeds, any road irregularities or changes in direction will impose increasing loads on the 

suspension. To ensure system reliability, we will design for worst-case load scenarios based on load cases, 

accounting for the impact of bumps and dissipating significant amounts of energy. 

 

 
Fig 2 ADAMS model of front suspension 

 

2.2 Kinematic analysis of the suspension system 

The geometry and kinematics of the suspension system were modeled and designed using ADAMS software. 

This powerful software enabled us to create a detailed 3D model of the suspension and analyze various 

scenarios to determine the appropriate geometry and hardpoints for the suspension system, as depicted in Fig 

2. Our main focus was on minimizing bump steer and scrub, as these factors can significantly decrease the 

efficiency of the car and pose potential safety risks. After successfully minimizing these values, we proceeded 

to minimize camber change throughout the suspension travel. Additionally, we incorporated a small caster 

angle to promote straight-line tracking and enhance steering stability. Another design consideration is trying 
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to achieve a close-to-zero scrub radius, which further contributes to minimizing bump steer effects. The 

specifications outlining the suspension geometry are provided in Table 1 [11]. 

 

Table 1 Technical specifications of suspension results from Adams Car 

Modeling 

 
 

This virtual model played a crucial role in conducting a wheel envelope analysis.  The current kinematic design 

of the suspension system can be observed in Appendix A. 

 

2.3.Shock absorber and spring selection and its Mounting  

When it comes to selecting shock absorber damping and spring stiffness, we opted it for stiffer springs in our 

design. It is common for race cars to have a natural frequency of around 2-3 Hz, which aligns with 

characteristics of our vehicle. While handling may not be the primary focus, we cannot overlook it due to the 

safety requirements set by the FIA regulations. 

To design a damper/spring configuration, our main criteria are to find one that could fit within our packaging 

constraints, provide a natural frequency of approximately 2.5 Hz, allow three inches of wheel travel, and 

support a quarter of the car's weight. Additionally, we aim for a linear motion ratio and used around 1.6 inches 

of shock absorber stroke for three inches of wheel travel, as depicted in Fig 3. In this graph, the vertical axis 

represents the compression of the shock, while the horizontal axis illustrates the wheel movement. Given the 

simplicity and favorable performance characteristics, we decided to direct the lower mount of our shocks to 

the lower wishbone and the upper mount to the chassis frame. 
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Fig 3: shock length vs wheel travel in the assembly position 

 

2.4.  Suspension structural analysis 

When determining loading criteria and potential failure modes for the suspension, the defined load cases in 

the solar car regulation were considered. For the suspension and steering systems, the analysis should include 

a minimum of 1G turn, a 2G bump, and 1G braking load cases, with a focus on the worst-case condition when 

these loads are combined. It is crucial to apply these loads at the wheel patch where the tire contacts the 

ground. Fig 4 shows stress distribution of one load case using ANSYS.[12] 

 

 
Fig 4: FEA of Suspension assembly 

 

3. Steering mechanism design 

3.1.Steering concept selection 

The steering concept of our solar car design posed an important decision due to balancing challenging 

constraints and requirements.  It is selected be a rack and pinion type of system but to position the steering 

rack whether in front or behind the front axis is important. Our goal is to find an optimal configuration that 

would ensure proper Ackermann turning and maintain a compact size profile. After careful consideration, we 

initially chose the front axis for steering due to its simplicity compared to back axis steering. While exploring 

various steering options, we briefly examined alternatives to the traditional rack and pinion system, but none 

proved to be more suitable for our needs.[13] 
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The design goal of this system is to minimize bump steering, scrub and backlash, pass the slalom and “figure 

8” tests while maintaining structural integrity. In order to minimize loss of efficiency through bump steering 

and scrub, the first step is to determine the steering knuckle. The steering knuckle will be placed behind the 

front axle on the kingpin axis. The design of the steering system model is shown in Fig 5.The basic components 

of our steering system includes steering column, rack and pinion, tie rods, steering stops, and steering 

knuckles.  

 

 

 
Fig 5 Steering system assembly and Ackerman geometry 

 

    

3.2. Steering Design 

Based on the Ackermann steering model developed in SolidWorks with track width and wheelbase from 

chassis design, inner and outer steering angle were calculated 23.90 and 19.93 deg respectively, Fig 5.  In the 

Ackermann geometry model, the turning radius is set to 295.28 inches (7.5 meters). This turning radius gives 

our vehicle enough space to pass maneuverability tests. Designing our Ackermann steering with this set radius 

ensures that when we are doing the figure 8, U-turn, and Slalom tests, we can still achieve Ackermann 

geometry to maintain efficiency. (Appendix B) Our design’s maximum inner and outer steering angle will be 

25 and 21 deg  respectively. Across solar car competition, steering ratio between15:1 and 18:1 can provide 

accurate steering while maintaining good maneuverability. For our design, we considered a 15:1 steering rack 

from Stiletto’s small box steering rack line with a total rack travel of 4-⅝ in, ⅝-36 spline, and 3/8 in rod ends. 

This rack will provide enough rack travel to meet the max steering angle, and it is very lightweight (2.50 lbs), 

and fits all needed constraints to maintain vehicle efficiency.  

An anti-pushback device will be placed before the bearing to ensure driver safety when taking sharp turns or 

facing big bumps on the road. The tie rods were very important because it is one of the main components that 
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makes our steering system a valid system. Tie rod length and angle is integral to minimizing bump steering 

which is one of the major requirements from our competition regulations. 

Another crucial design for the steering system is the steering stop. Steering stop’s purpose is to limit rack 

travel, especially during emergency situations. The forces on the steering stops should be considered 

significant impact loads that could occur during emergency situations. This sleeve is limited by a washer and 

jam nut at one end of the pipe sleeve, and when the steering box hits the PVC sleeve, it would stop the rack 

travel which ultimately limits steering angle.  

 

4. Traction systems design 

4.1 Braking System 

The braking system is designed to be a dual, front-rear redundant, hydraulic braking system with separate 

master cylinders to conform with 10.5.A. The brake calipers attaching directly to the steering knuckle via a 

mounting bracket. There will be flexible brake lines that will attach from the calipers both on the front and 

rear of the vehicle to hard steel brake lines that will run back to the respective front and rear master cylinders. 

When the brake pedal is pressed, a balancing bar will separate the amount of pressure sent to the front and 

rear master cylinders. The two master cylinders will be mounted towards the front of the vehicle, not too far 

behind the pedals in order to allow a quick connection between foot pedal rod and cylinder piston. According 

to the braking configuration shown in Figure 9, our calculation demonstrated that more weight to be distributed 

to the front wheels under hard braking, which is essential to allow our driver to maintain vehicle control should 

the front wheels lock up. The brake pads being used are high friction materials attached directly to the 

Tolomatic H10 caliper to comply the requirements in 10.5.B. [14[,[15] 

 

4.2 Wheel assembly 

The hub kit is off-the-shelf piece being purchased from supplier basket. Tires used in this project were DOT 

compliant Bridgestone Ecopia Ologic 95/80R16 which complies 10.2.D requirements. Tire was inflated to 

499.99kPa which matches the pressure listed in the Stackpole Engineering for Bridgestone Americas 

development. It is a tubeless tire with Speed Rating of 130km/h. This surpasses the solar car’s anticipated max 

speed of less than 65km/h. 

To validate the spacer and spindle (off-the-shelf NOMURA race hub kit) for our solar car, FEA was 

performed. Fixed supports were assigned to the spacer inside face and bolt holes. Gravity and loads of 2G 

bump, 1G brake, and 1G cornering were applied to the spindle faces. The results, presented in Fig 6, illustrate 

that the maximum displacement was approximately 0.2mm, and the safety factor for stress was greater than 

3. 
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Fig 6: FEA of spindle and rim 

 

The rim was designed by the project team to meet the bead requirements specified by the tire manufacturer. 

To validate the custom aluminum wheel design, SolidWorks FEA is employed to simulate the applied loads 

and analyze stress and deformation. The simulation utilized Al 6061-T6 as the assigned material, and 

appropriate boundary conditions were applied, including roller support on the inner hub face and fixed 

supports on bolt holes. The external load cases considered in the analysis were: 1. Gravity, 2. Tire air pressure 

of 72.5 psi acting on the non-contact faces of the rim, 3. Reaction forces of 13553 N applied to each rim flange, 

4. Bump forces equivalent to 2G's acting as bearing loads on the center bore (1619 N) assuming even 

distribution of the vehicle weight (330 kg) among the four wheels, and 5. Braking forces equivalent to 1G 

acting as bearing loads on the center bore (809 N). The results demonstrate a safety factor of 1.96 in stress 

and a maximum deformation of 0.3 mm, both well within the team's acceptable limits, affirming the 

satisfactory design performance. 

 

5. Conclusion 

This paper presented the comprehensive design and analysis of the mechanical subsystems, specifically the 

suspension, steering, and traction systems, for a solar-powered car. The design process involved considering 

various constraints, regulations, and design best practices to develop innovative and efficient solutions. 

Through rigorous analysis and simulation using advanced software tools, the performance and reliability of 

the subsystems were evaluated. 

The suspension system was optimized to provide superior kinematic performance, minimize wheel scrub, and 

achieve optimal weight distribution. The double wishbone suspension design was chosen for its lightweight 

and efficient characteristics, contributing to the overall vehicle dynamics and safety. The steering system was 

carefully designed to ensure proper Ackermann turning and minimum bump steer. The placement of the 

steering rack behind the front axis was determined to promote optimal steering performance, guided by 

collaboration with the chassis subteam and expert advice. The traction system was designed with considering 

factors such as torque distribution, traction control, and a safe braking. The selection of appropriate 

components and their integration into the car was conducted in a collaborative approach with the 

corresponding suppliers. Throughout the design and analysis process, adherence to regulations and safety 

considerations were paramount. Compliance with the FIA safety standards and the specific load cases defined 

in solar car regulations ensured the structural integrity and reliability of the mechanical subsystems. The 
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successful completion of this vital phase of project demonstrates the team's expertise in designing and 

analyzing mechanical subsystems for solar-powered vehicles. The outcomes provide valuable insights and 

contribute to the advancement of sustainable mobility solutions. Further improvements and refinements can 

be made based on testing and performance evaluations defined in the validation plan. The knowledge gained 

from this project will serve as a foundation for future solar car developments, inspiring innovation and pushing 

the boundaries of energy-efficient transportation. 
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Appendices A: kinematic analysis 

 

Figure A.1: Bump steer Adams results (100mm vertical tire travel) 

 

 

Figure A.2: Roll center height   

 

 

Figure A.3: lateral scrub results (100mm vertical wheel travel) 
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Appendix B: Ackerman geometry analysis results for steering system 

 

 
 

 

 

 


