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Abstract 

  Our senior design project focuses on the development of a lightweight, aerodynamic, and 

structurally sound chassis for a solar-powered vehicle competing in the American Solar 

Challenge. The objective is to design a chassis that optimizes strength-to-weight ratio while 

ensuring driver safety, manufacturability, and integration with the vehicle’s aeroshell, solar 

panels, and electrical systems. 

    Utilizing SolidWorks CAD modeling and finite element analysis (FEA), we evaluated 

various materials and structural configurations to achieve an optimal balance between durability 

and weight. The chassis must comply with American Solar Challenge regulations, including 

crashworthiness and roll cage requirements, while also accommodating the vehicle’s solar array, 

battery pack, aeroshell, and other subsystems. This chassis is to be fabricated and handed off to 

the 2025-26 BCSC Mechanical Team for the design and addition of further mechanical systems 

such as brakes, steering, and suspension.  

Problem Statement  

As the 2024-25 Solar Club Mechanical team we were tasked with the continuation of 

design, analysis, and fabrication of the Bearcat Solar Club chassis and sub-components started 

by a previous senior design group. This includes a full redesign and build for the chassis as well 

as the calculations necessary to get next year’s mechanical team going on new aspects such as 

the breaking and suspension system. Previously, the chassis design was overengineered and too 

complicated to tie into the other aspects of the solar car. The BCSC team still requires additional 

design work, modifications to existing design, analysis/calculations of designs, as well as 

fabrication. Utilizing SolidWorks’ CAD and FEA capabilities, we will complete the design and 

analysis ensuring a robust, lightweight, structurally sound chassis which will form the foundation 

of the solar car the club plans to race in summer of 2026.  
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Research 

Background of the Problem 

As a whole, the goal for the BCSC is to design and fabricate a car solar car fit for 

competition in the American Solar Challenge (ASC) and Formula Sun Grand Prix (FSGP) 

events. The ASC event is a nationwide cross-country time/distance rally event where teams 

compete on a 2,000-mile course (6). On the other hand, FSGP is a closed course F1 style race 

that tests the limits of the teams’ solar cars handling, braking, and acceleration (6). With the 

completion of all the mechanical aspects needed in the solar car, they will be able to participate 

in both events in mid-2026. 

The specific tasks we have been assigned as the 2024-25 Mechanical Team is to redesign 

the chassis for the electrical and aerospace components to mount to. This was previously 

designed by another senior design group, but this design was thrown out by the club due to it 

being over-engineered and incapable of fitting other systems. We also chose this as our project 

because we are interested in automotive design and development, having to design a car 

essentially from scratch is an added incredible experience.  

We are doing this research to not only help finish the solar car for the race, but to also 

learn more about the automotive engineering design stages. Being able to start so early on in this 

challenge has allowed us to grasp many of the challenges we could face after graduation in this 

field of work.   

Applicable Standards 

- 7.1.A Single Occupant (ASC 2024 Release C (7))  

- 9.1 Solar Car Dimensions (ASC 2024 Release C (7)) 

- 9.2 Driving Configuration (ASC 2024 Release C (7)) 

- 9.3 Ground Clearance (ASC 2024 Release C (7)) 

- 9.5.A Eye Height (ASC 2024 Release C (7)) 

- 10.3.A Occupant Cell (ASC 2024 Release C (7)) 

- 10.3.B Occupant Seats (ASC 2024 Release C (7)) 
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- 10.3.C Occupant Space (ASC 2024 Release C (7)) 

- 10.4 Fasteners (ASC 2024 Release C (7)) 

- 10.5 Brakes (ASC 2024 Release C (7)) 

- 10.3.A.15 Occupant Cell (Electrek FSGP 2023 (1)) 

 

State of the Art 

Current state or the art includes many other colleges participating in the ASC, most 

notable of which is the Kansas University Solar Car which we have taken a great deal inspiration 

from (5). Kanas University has stood out from other colleges because of the transparency they 

provided in each of their process steps. Another great resource we were able to get our hands on 

is the Appalachian State Solar Car (1). Each mechanical specification is described in detail with 

photos, which helped tremendously when we have questions in our design stage. 

Furthermore there are also the previously successful solar car collegiate projects that have 

won either the ASC or the FSGP. The winners of the 2024 ASC were the University of Michigan, 

with the top 10 teams, both finishers and non-finishers data posted below (2).  
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Figure 1 (2): 2024 ASC Results 

With this information in mind, it gives us goals on how to win these races and standards 

to see how we will match up with other colleges. To clearly win we would need to finish in under 

56 hours and stop at each of the 5 checkpoints along the way (2).  

This brings us to our first state of the art being University of Michigan’s Solar Car and 

their team. They have shown that overwhelming determination and hard work outweigh any 

adversity faced on the race day. When their solar car happened to breakdown, they had another 

teammate fly out that same night with spare parts in a suitcase and fix the issue at 4 am (7). This 

student organization just raced its’ 17th car since its founding in 1989. They have won the ASC 

10 times since then (7). What makes this car so great is the chassis design and safety in the roll 

cage. They had an incident in the FGSP where the driver tipped and rolled around a bend, 

flipping the car, but the driver remained unharmed after the incident due to how they designed 

the car (7). They have a very sleek and slender solar car design, with a small base and cage 

pictured below with the team. 
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Figure 2 (7): University of Michigan’s Solar Car 

Pros: 

➢ Roll cage safety 

➢ Slender for speed 

➢ Durability in rest of the chassis to withstand flips 

➢ Smaller design, lightweight 

Cons: 

➢ Slender design  

➢ Easy to flip over 

➢ Low to ground for less visibility 

➢ Only 1 wheel in front for less turning radius / stability 

 

Another great resource and outstanding solar car we have taken inspiration from in the 

Kansas University Solar Car from 2021. This applies particularly well to our current project 

because in each of their documentation steps for mechanical design, they focused on a lot of the 

chassis, pictured below in FEA analysis and in a rendering (3).  

 

Figure 3 (3): University of Kansas’s FEA Analysis  
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Figure 4 (3): University of Kansas’s Chassis Model 

 

This tremendously helps us picture what a fundamentally sound chassis design looks like, 

and we were able to pull much inspiration from this. They also mentioned other key design 

aspects such as material. They used 4130 Chromoly Steel with a density of 0.284 lb/in^3, 

ultimate tensile strength of 97200 psi, yield strength of 63100 psi, and a Poisson’s ratio of 0.29 

(3). We chose this as a part of our state of the art because along with all of the documentation 

they provided, the design is very similar to our last year’s chassis and the FEA analysis they 

provided can help us determine what we should consider keeping or changing when making our 

own chassis.  

Pros: 

➢ Easy to analyze in FEA 

➢ Easier to manufacture  

➢ Higher tensile and yield strength 

➢ Many members to increase safety 

➢ Many mounting points for electrical and aerospace teams 

Cons: 

➢ Material sensitive to cracking 
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➢ Less ductile material  

➢ Material difficult to weld 

➢ Too many members (overengineered) 

 

Another previously mentioned collegiate project is the Appalachian State Solar Car from 

2015.  With incredible feats such as driving 218 laps at the 2017 FSGP in Austin, Texas placing 

2nd, driving 414 laps at the 2016 FSGP in Pittsburg International Complex placing 3rd, and 

placing 6th in the American Solar Car Challenge (4). Their car and specifications are pictured 

below on the top of page 9.  

We took this as one of our state-of-the-art projects because of their accomplishments and 

the material that they used to construct the chassis, which is 1” OD 6061-T6 aluminum. This is a 

great lightweight material that is easy to obtain and use for fabrication.  

  

Figure 5 & 6 (4): Appalachian State Solar Car and Specs 

Pros: 

➢ Cheap material to obtain 

➢ Easier to weld material 

➢ Corrosion resistant material 
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➢ Versatile design 

➢ Lightweight  

Cons: 

➢ Lower material tensile and yield strength 

➢ Material prone to cosmetic issues 

➢ Material strength reduction at high temperatures 

➢ Thin aluminum can break or bend 

➢ Safety concerns   

 

End User 

The end user for the chassis fabrication will be the Bearcat Solar Club team themselves, 

so that they can race by 2026 with a legal and formidable car. In the solution we are going to 

provide, we will have a mechanically solid chassis fabricated that values everyone’s opinion and 

satisfies all necessary requirements from both the club and ASC regulations. In the past, other 

chassis designs didn’t work out due to lack of communication, over-engineering, and failure to 

prepare.  

We are going to combat the previous mistakes by consistently communicating with the 

club president and other teams within the club to start off on the right foot. If we are able to meet 

consistently with other trades such as the Aerospace team, Electrical team, and the financial 

team, we will be able to receive extra input that can help out those teams later down the road. 

With the over-engineered previous design, there were far too many members and cross-

members for each of the other teams to include their necessities. In this lack of space, the design 

was deemed unusable by the engineering lead and the club president.   

There was a failure to prepare in past years by not doing the correct initial research. The 

past groups did not find the correct initial inspiration from the right sources, which are successful 

other collegiate solar car teams, leading the design to not match expectations. There was also a 

misconception that more is better safety wise which isn’t exactly the case. 
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QFD 

Customer Features 

Based on our talks with the solar car team, our advisor, and our personal research we 

were able to surmise the following list of customer features: 

• Adherence to competition guidelines 

• Spacing 

• Weight 

• Chassis Stability 

• Manufacturability 

• Safety/Structural Integrity 

• Cost 

• Weight Distribution 

• Comfort/Space for Driver 

• Craftsmanship 

Survey Methodology and Results 

The data below was collected via a survey sent out to the UC Solar Car Club. Although 

overall sample size is low, we were able to ensure that those who have the most stake in this 

project including the club president, and all team leads gave their responses to the survey. Our 

group believes that this precise pool of responders will be me more than sufficient in providing 

us with the proper guidance of what customer features are essential for our final solar car chassis 

design. 
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  Importance of the 

Feature 

Satisfaction with the 

feature in last year’s 

chassis design 

Customer 

Feature 

Total Surveyed Average 

Rating (1-

10) 

Standard 

Deviation 

Average 

Rating 

(1-10) 

Standard 

Deviation 

Adherence to 

competition 

Guidelines 

12 9.83 .37 7.42 1.32 

Spacing 12 7.83 1.67 4.92 2.18 

Weight 12 7.58 1.11 6.58 1.61 

Chassis Stability 12 8 1.58 6.5 1.66 

Manufacturability 12 8.25 1.96 4.75 1.69 

Safety/Structural 

Integrity 

12 8.58 .95 6.92 1.32 

Cost 12 7.42 2.63 7.17 1.14 

Weight 

Distribution 

12 7.75 1.3 4.83 1.86 

Comfort/Space 

for Driver 

12 7.25 2.09 5.42 1.61 

Craftsmanship 12 8.25 1.23 5.64 1.49 

Figure 7: Survey Results 
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Engineering Characteristics 

 

 

Customer Features 

 

Engineering Characteristic 

Adherence to competition Guidelines Ensure all measurements adhere with 

2024 ASC guidelines 

Spacing Ensure all subassemblies fit comfortably 

around chassis design 

Weight Select a lightweight material, minimize 

total structural members 

Chassis Stability Incorporate proper # of supporting 

beams to chassis frame at optimal 

locations 

Manufacturability Simplify design compared to last year 

(Less overall supporting members in 

design) 

Safety/Structural Integrity Ensure all structural members can 

withstand minimum forces determined 

by our factor of safety factor of safety 

Cost Keep total material usage to a minimum, 

select cheapest material which can still 

withstand desired output forces 

Weight Distribution Design chassis so weight is distributed 

evenly throughout frame including 

location with battery pack 

Comfort/Space for Driver Include ample headspace and leg room 

for driver to be comfortable when racing 

for extended periods. 
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Craftsmanship Final assembly is rigid, all welds are 

smooth and complete 

Figure 8: Customer Features and Engineering Characteristics  



 

16 
 

Product Objectives 

 

Figure 9: Product Objective Matrix 

 Below is our customer features with its corresponding engineering characteristic ranked 

in order of importance based on our House of Quality. This list will be the order in which we 

prioritize various design features for our final concept. 

1. Chassis Stability (17.7%) 

o Incorporate proper # of supporting beams to chassis frame at optimal locations 

 

2. Manufacturability (14.4%) 

o Simplify design compared to last year (Less overall supporting members in 

design) 
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3. Weight Distribution (14.4%) 

o Design chassis so weight is distributed evenly throughout frame including 

location with battery pack 

 

4. Adherence to Competition Guidelines (12.1%) 

o Ensure all measurements adhere with 2024 ASC guidelines 

 

5. Craftmanship (11.5%) 

o Final assembly is rigid, all welds are smooth and complete 

 

6. Weight (9.7%) 

o Select a lightweight material, minimize total structural members 

 

7. Safety/Structural Integrity (6.7%) 

o Ensure all structural members can withstand minimum forces determined by our 

factor of safety factor of safety 

 

8. Spacing (4.9%) 

o Ensure all subassemblies fit comfortably around chassis design 

 

9. Cost (4.6%) 

o Keep total material usage to a minimum, select cheapest material which can still 

withstand desired output forces 

 

10. Comfort/Space for Driver (4%) 

o Include ample headspace and leg room for driver to be comfortable when racing 

for extended periods. 
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Concepts 

Concept 1: Overall Simplified Model 

This concept’s goal is to completely reduce the number of members that make up the 

chassis and give a very reliable, sturdy, and light chassis that isn’t too complicated. This model 

removes a lot of the unnecessary cross-sectional areas but maintains the structural integrity of 

this model and most importantly keeps the structure of the roll cage to protect the driver. 

Furthermore, this model demonstrates the importance of achieving minimal weight while not 

sacrificing structural integrity. Highlighted in yellow are the members being removed. 

 

      

 

 

 

Concept 1 Figure 1- New 

Isometric View 

ConcepFigure 1- New 

Isometric View 

Concept 1 Figure 2- Current 

Isometric View 

Concept 1 Figure 3- Current 

Side View of Chassis 
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Concept 2: Simplified Front Frame 

The idea behind the second concept was to simplify the front chassis frame to include 

provisions for mounting the suspension/wheel hub assembly. After surveying the Bearcat Solar 

Car Executive Team and Mechanical lead, it was deemed that the current design was too difficult 

to mount external components to. With this simplified design, it includes horizontal mounting 

points which will satisfy teams that work directly with sub-components. In addition to mounting 

provisions, this design has removed cross members that increased the structural rigidity of the 

car, as to limit the crumple zone. Removing these cross members allows the frame to crumple in 

Concept 1 Figure 4- New 

Side View 

Concept 1 Figure 5- Current 

Top Angled View 

Concept 1 Figure 6- New 

Top Angled View 
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a front-end collision, reducing the amount of force directed at the driver of the vehicle, making it 

safer for the operator. 

 

Concept 2-Figure 1 Isometric view of front chassis Concept 2-Figure 2 Isometric view of current chassis 
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Concept 3: Alternative Chassis Simplification Design 

Based on feedback provided by members of the Bearcat Solar Car Club, it was deemed 

that the previous design would be too complicated to manufacture, as there were places where 

four structural members would meet, and be welded, creating tight tolerances that would stack, 

and not correctly line up. In this simplification, any place where an “X” was created in the design 

was removed. The replacement design includes a “T” support highlighted in red in the figures 

below. This support protects the driver from side impact as well as increases the frames structural 

integrity. It is likely that during FEA analysis of this chassis, additional supports will be added.  

 

 

Concept 2-Figure 3 Side View Concept 2-Figure 4 Top View 

Concept 3-Figure 1 Isometric View  
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Concept 3-Figure 2 Rear Facing Isometric View 

Concept 3-Figure 3 Side Detail 
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Chosen Concept: 

 

Figure 10: Chassis at Tech Expo 

Seen above is our team at the CEAS Expo with our final design for the chassis. We did leave out 

some of our cross members due to the fact that the club was unsure of the direction they would 

take with some of their components down the line as we wanted to make this chassis as easy as 

possible to work on. Also, if anything unforeseen occurred and they wanted to change directions, 

they wouldn’t be locked into one certain design. This chassis was meant to be a blank slate for 

the club, so as they progress in next years, they can continue in the best direction. 
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Calculations 

While we are the Chassis team, we were also asked to help with the production and calculations 

of some other mechanical aspects, being the suspension, steering, and breaking, pictured below. 

Suspension 

Front Suspension FBD (A-Arm): 

 

Figure 11: Front Suspension 

Rear Suspension FBD (MacPherson Strut): 
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Figure 12: Rear Suspension 

Assumptions:   

● Vehicle is a rigid body, no rotational inertia about wheels 

● Steering and tie rods take no loads  

● Worst-case/pre-loads not present and Fi = 0 

● Distances between members from previous years model 

 

For a static 2G Bump Load 

 

For a static 1G Turn on Inner Radius 

 

For a 1G Braking Load 

 

 

Front View 
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Side View 

 

 

 

Solving for resultant forces 

 

 

 

 

 

 

 

Axial Load on Bottom Rod (compressive); 

 

 

 

 

Total Shear Load is the vector sum of Fby and Fx; 

 

 

 

 

Axial Load on Top Rod (compressive); 

 

 

 

& the Shear Load on the Top Rod; 
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The Stress on the Stud; 

 

Where 'M' is the bending moment, 'dr' is the minor diameter, and 'd' is the moment arm of the Ball Joint Rod End 

 

 

 

 

Reference: MACHINE DESIGN, by Robert L. Norton, Second Ed., Prentice Hall, 2000 

 

Figure 13: MACHINE DESIGN 

For the Tensile Stress Area; 

 

 

 

For the Factor of Safety of the Rod Ends at the Estimated Load; 
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Along with the weight shift towards the front of the vehicle during braking, in our future calculations we will need 

to consider inner wheel cornering force and side weight transfer. The calculated FOS 1.6 exceeds the target value of 

1.5. 

 

Figure 14: Front and Side View Suspension 

Braking 

 

Braking force for front-only brake system 

𝐹𝑏 =
𝑊

2
=

407 𝑙𝑏

2
= 203.5 𝑙𝑏𝑓\ 

Stopping speed on wetted pavement [Required: 4.72 m/s2]: 

𝐹𝑓 = 𝜇𝑊 = 0.5 (407 𝑙𝑏 ×
4.448 𝑁

1 𝑙𝑏
) = 909.668 𝑁 

𝑚 =
𝑊

𝑔
=

407 𝑙𝑏 ×
4.448 𝑁

1 𝑙𝑏
9.81 𝑚/𝑠2

= 184.5399 𝑘𝑔 

𝐹𝑓 = 𝑚𝛼,  𝛼 =
𝐹𝑓

𝑚
=

909.668 𝑁

184.5399 𝑘𝑔
= 4.9294 𝑚/𝑠2 
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Steering 

Equations: 

Steering Angle (δ) = 𝐭𝐚𝐧−𝟏(
𝑳

𝑹
)  

Ackerman Minimum Steering Angle (δ) to make 16m U-Turn: 

 

𝜹𝒊𝒏𝒏𝒆𝒓 = 𝐭𝐚𝐧−𝟏(
𝟏. 𝟑𝒎

𝟔. 𝟓𝒎
)  

𝜹𝒊𝒏𝒏𝒆𝒓 = 𝟏𝟏.𝟑𝟏°  

 

𝜹𝑶𝒖𝒕𝒆𝒓 = 𝐭𝐚𝐧−𝟏(
𝟏. 𝟑𝒎

𝟖𝒎
)  

𝜹𝑶𝒖𝒕𝒆𝒓 = 𝟗.𝟐𝟑° 

Occupant Cell 

 

Figure 15: Load Impact Regulations 
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*Assume 4g = -𝒙⃑⃑ , 𝟏. 𝟓𝒈 =  +𝒚⃑⃑ , 𝟓𝒈 =  −𝒛⃑   

Equations: 

 

𝑭 = 𝒎𝒂 

 

∑𝑭 = √𝑭𝒙
𝟐 + 𝑭𝒚

𝟐 + 𝑭𝒛
𝟐 

For Material Type 4130 Steel 1.00” OD 0.12” Wall Thickness 

Material Yield Strength: 97,200 psi 

Load Case 1: Combined loading (Front Hoop) 

 

Figure 16: Max Stress 7.271 X 104  psi 
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Figure 17: Max Displacement 3.037 mm 

 

Table 1:Stress & Displacement Based on Load Case on Roll Cage (Front Hoop) 

(See Appendix for 30°, 60°, Rearward, and Sideways) 

 

Load Case 2: Combined loading (Rear Hoop) 

Load Case Stress Displacement 

30° 74,100 psi 7.803 mm 

60° 63,650 psi 4.824 mm 

Combined 72,710 psi 3.037 mm 

Rearward 49,670 psi 1.536 mm 

Sideways 91,080 psi 8.966 mm 
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Figure 18: Max Stress 7.901 X 104  psi 

 

Figure 19: Max Displacement 2.780 mm 

 

Load 

Case 

Stress Displacement 

30° 64,070 psi 6.307 mm 

60° 54,760 psi 3.920 mm 

Combined 79,010 psi 2.780 mm 
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Table 2:Stress & Displacement Based on Load Case on Roll Cage (Rear Hoop) 

(See Appendix for 30°, 60°, Rearward, and Sideways) 

 

Product Fabrication and Assembly 

 

Figure 20 & 21: Chassis Being Fabricated in Shop 

With the help of UC connections, we were able to outsource the welding of the chassis 

through Iron Belle Metal Design. We thought this would be the best plan of action for the club 

considering they wanted to have a frame that would last for years to come. We also wanted to 

ensure driver safety so given our teams’ welding inexperience, we felt outsourcing would be the 

best course of action. 

Rearward 55,500 psi 1.567 mm 

Sideways 73,870 psi 7.051 mm 
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Project Management 

Initial Gantt Chart 

 

Figure 22: Initial Gantt Chart 

Final Gantt Chart 

 

Figure 23: Final Gantt Chart 

 

Initial Budget 

At the beginning of the project, we were given a budget of $2,250 for the material and 

construction of the chassis. The total initial budget the Bearcat Solar Car Club allocated for all 

mechanical teams was $4,650, with the original breakdown shown below.  
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Figure 24: Proposed Budget 

Final Budget 

Due to administrative reprioritizing and decisions, including the decision not to submit a 

car in 2025, the Bearcat Solar Car Club increased our final budget to $4,200 for materials and 

fabrication. However, by pursuing alternative vendors to McMaster-Carr, specifically David 

Hirschberg Steel & Recycling Center, we were able to cut down the cost of materials and 

shipping to $900. This, alongside our final fabrication cost at Iron Belle Metal Design equaling 

$2,000, allowed us to finish $1,300 below budget, for a final total cost of $2,900. 
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Figure 25 & 26: Material and Fabrication Quotes 

Member Responsibilities  

Brenden Palmatier: Team Leader/Point of Contact, Lead Engineer 

Austin Billhorn: Proposal Creator, Project Manager, Assistant Engineer 

Malachi Ogelsby: QFD Creator 

Demetrius Smiley: Concept Designer 

Sam Williams: Project Management Support 

 

 

Summary of Research 

In summary, the previous BCSC mechanical team’s design was deemed unfit for the 

needs of the club, so redesigning and fabrication are required. From our research we learned how 
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important choosing the correct material can be, prioritizing safety, and triple checking 

calculations. The material has one of the greatest impacts on the project due to it being 

essentially the skeleton of the car, too heavy and it will not be able to move well, too light and 

safety is at risk. Safety should never be taken lightly as this is a moving vehicle with a 

designated driver inside who could potentially be injured. Finally, always ensuring the math 

behind the design can never be overlooked, this goes from FEA analysis to every cut when 

creating the members. Diving into each of the previous ASC and FSGP winners’ solar cars and 

looking at their old research taught us how to correctly walk through the engineering design and 

fabrication steps to ensure a great solar car is produced.     

Each of our state-of-the-art designs look very different, made up of all different materials 

and compositions. This goes to show that not one will always be better than another and it is up 

to the designer to weigh the pros and cons of each to determine what is best for the team. 

Lightweight, easy to weld, and high tensile/yield strength are just a few of the features we should 

include in the final design. Among many other things, these are a few of the key features that we 

need to consider in our design. Lightweight so the car can move swiftly and efficiently. Easy to 

weld because this will be the main fabrication aspect of this project and many of us have little 

experience welding. High tensile/yield strengths so the car is fundamentally sound and can 

manage the added weights of the driver and electrical components.  

2025 MET Chassis Team Project Handoff 

The following below will serve as the official project handoff for the Bearcat Solar Car 

chassis designed by this team in the Fall 24 and Spring 25 semester. This outlines key details, 

specifications, and recommendations to ensure a smooth transition to continue development and 

implementation. These following points provide critical information about the chassis design, 

materials, testing and next steps, as well as key points of contact for any future questioning.  

  

Project details:  

• Chassis design specifications  
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o Frame constructed using 4130 Chromoly Steel – 1.00” OD, 0.120” Wall  

o Overall dimensions: 109” L X 25” W X 43” H  

o Weight: Estimated at 154 lb (from material properties)  

• Fabrication Process:  

o MIG welded using:  

▪ Hobart Quantum Arc D2 ER80S-D2 0.030” Wire  

• Testing Outcomes:  

o All FEAs completed on top hoop loading – 10 cases.   

▪ Found in: Mechanical Team/2025 MET SENIORS FILES/BCSC Finalized-3-

30/Paperwork/SolarCar load cases – Final  

• Recommendations for Next Steps:  

o Design Weldment tabs and locations for mounting mechanical sub assemblies:  

▪ Select optimal locations on chassis frame for tab placement, prioritize 

accessibility, load distribution and note geometric constraints  

▪ Perform FEA stress analysis on tab designs to ensure they withstand operating 

constraints  

▪ Confirm subassembly mounting positions on the floor pan and chassis to ensure 

no interference with chassis crossbars (refer to chassis crossbar layout in CAD 

model).  

o Model manufacturing changes in CAD model:  

▪ Note changes on chassis frame: Hoop geometry, front bulkhead chassis 

stabilization bars, front mechanical box  

▪ Run FEA to confirm no yield under expected loads, updating geometry in CAD 

file  
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o Design Floor pan:  

▪ Using CAD Model, design single sheet metal floor (Aluminum or light gage steel) 

to protect driver from road debris and stabilize chassis weldment  

▪ Choose to either weld or fasten floor pan to chassis  

▪ Look into designing and laser manufacturing floor pan with provisions to mount 

electrical and mechanical sub assemblies – provisions with tapped holes or 

mounting slots to clean up design and add flexibility.  

• Documentation and Resources  

o CAD Files:   

▪ (Solid for FEA) Mechanical Team/2025 MET SENIORS FILES/ BCSC Finalized-

3-30/Full_Chassis_.12steel_solidModel.SLDPRT  

▪ (Assembly for Design) Mechanical Team/2025 MET SENIORS FILES/ BCSC 

Finalized-3-30/Full_Chassis_.12steel_asy  

▪ Backup files located in: Mechanical Team/2025 MET SENIORS FILES/ BCSC 

Finalized-3-30/Backup Folder  

▪ (Current FEA Files) Mechanical Team/2025 MET SENIORS FILES/BCSC 

Finalized-3-30/Model with FEA  

▪ (Manufacturing Prints) Mechanical Team/2025 MET SENIORS FILES/ BCSC 

Finalized-3-30/CUTLIST/Prints For Jordan  

  

  

• Contact information:  

o Jordan Graff (Iron Belle Metalworks):  

▪ IRON BELLE METAL DESIGN LLC   
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▪ 4005 Dumont St. Cincinnati, OH 45226   

▪ Phone 513-478-9650   

▪ Ironbellemetaldesign@outlook.com  

o Brenden Palmatier  

▪ Palmatier.brenden@gmail.com  

▪ (937) 856-2694  
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Appendix 

 

Figure 27: Solar Car Component Weight Breakdown 

 

Load Case 3: Sideways Angled (30-deg Front) 

 

Figure 28: Max Stress 7.410 X 104  psi 
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Figure 29: Max Displacement 7.803 mm 

Load Case 4: Sideways Angled (30-deg Rear) 

 

Figure 30: Max Stress 6.407 X 104  psi 
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Figure 31: Max Displacement 6.307 mm 

Load Case 5: Sideways Angled (60-deg Front) 

 

Figure 32: Max Stress 6.365 X 104  psi 
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Figure 33: Max Displacement 4.824 mm 

Load Case 6: Sideways Angled (60-deg Rear) 

 

Figure 34: Max Stress 5.476 X 104  psi 
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Figure 35: Max Displacement 3.920 mm 

 

Load Case 7: Sideways Horizontal (Front)  

 

Figure 36: Max Stress 9.108 X 104  psi 
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Figure 37: Max Displacement 8.966 mm 

 

 

 

 

Load Case 8: Sideways Horizontal (Rear) 
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Figure 38: Max Stress 7.387 X 104  psi 

 

Figure 39: Max Displacement 7.051 mm 
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Load Case 9:  Rearward Horizontal (Front) 

 

Figure 40: Max Stress 4.967 X 104  psi 

 

Figure 41: Max Displacement 1.536 mm 
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Load Case 10: Rearward Horizontal (Rear) 

 

Figure 42: Max Stress 5.550 X 104  psi 

 

Figure 43: Max Displacement 1.567 mm 


