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NATHAN HUDSPETH 

 

PROBLEM DEFINITION AND OVERVIEW 
 

PROBLEM STATEMENT 
The 2012 Baja car has become inoperable. Multiple parts required for functionality have 

been removed from the car. In addition, many of the parts that are still on the car or are 

uninstalled but still available have been damaged in some way that makes them ineffective or 

unusable. Lastly, some of the designs used for this car, such as the suspension components 

and steering system, were created inefficiently and do not allow the desired performance on 

the car. Our goal will be to restore this car to both become operational and have increased 

performance and efficiency. We will also conform to the 2015 SAE Baja Competition rules 

for the entire car; it must be able to pass a full inspection if it were to go to competition. 

 

An overall state of the car in its original state can be seen below in figure 1. 

 

 
Figure 1 - Original State 

 

DESIGN GOALS 
I will be the team manager for this project. I will be managing the schedule, team meetings, 

communications, budget, and purchasing for the team. I will also be providing oversight on 

the other group members’ projects and helping them with their design choices and aiding 

when they need assistance. 
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As far as design is concerned, I will be designing a completely new guarding system for the 

drive train. There is currently a steel cover that was designed to cover the driving and driven 

pulleys coming from the engine. This does not have any viable mounting points available and 

seems to be part of a missing system. There is then a double chain-reduction system that does 

not have any covering at all. A miscellaneous task involved with this will be to replace the 

smaller drive sprockets on the drive train. The current ones have been damaged from use. 

 

I will also be designing a gas tank cover. The current gas tank has a small lip to prevent a 

small spill over a localized area. A new cover is needed that will prevent gas spillage onto 

any moving parts in the rear of the vehicle, besides the wheels and rear axle.  

 

Another project I will need to complete will be to re-use or redesign fairings for the middle 

and front of the car to protect the driver from mud and debris. There is currently a back plate 

behind the seat location to divide the driver from the engine compartment. This will be re-

used. There is also a floor board that will be re-used. Side panels are not installed but are 

available from the original design. These will need to be slightly modified to accommodate 

the redesigned front suspension and tie rods, but these will be re-used to help save on the cost 

of producing new ones. The front guarding is too banged up to re-use effectively. This will 

be redesigned. 

 

Other group members will redesign both the steering and the front suspension systems to 

improve steering ability and improve ground clearance at the front of the vehicle. They will 

also reinstall brake lines and electrical lines. All of us together, based on individual time 

available, will also have to perform various tasks such as installing the seat, fire extinguisher, 

and lights.   

 

CUSTOMER 
SAE International (Society of Automotive Engineers) will be the customer for this project. 

The original 2012 UC Bearcats Baja car was designed to run in their official competition 

where hundreds of school teams come together to compete. As mentioned in the problem 

statement, all of our designs will conform to the SAE standards laid out in their 2015 Baja 

rulebook. The entire car must be able to pass technical inspection were it to go to 

competition. Upon completion, the car will be under the sole ownership of the University of 

Cincinnati, as UC Baja will be paying for the parts to renovate the car. 

 

That being said, this car will most likely not go to an official competition. Since the car was 

built, two additional cars have been built for the years 2013 and 2014. Both of these cars are 

better designed and have significantly better performance than the 2012 car will ever be able 

to achieve. When entering into competition, these cars will better represent the University of 

Cincinnati. The 2012 car will most likely be used for practice and may be used in any 

unofficial events per the discretion of UC Baja. 

 

PROOF OF DESIGN 
The car should adhere to all SAE guidelines as noted in the 2015 Baja Competition Rules. 

All fairings and guarding should adhere to these specifications. The car will also be taken to 
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a field and driven to ensure that it is in drivable condition. The new front suspension will be 

tested by lifting the front up to a height of 6 feet and dropped. It must withstand the drop with 

no damage to the car. The car will be turned in a full circle and the turning radius will be 

measured to analyze the performance of the new steering system. The turning radius must be 

equal to or lower than 8 feet. 

 

INTERVIEWS 
We conducted an interview with Robert Faust. He was a member of the 2012 Baja team and 

helped to build the car that we are restoring (1). He was a valuable resource and was able to 

give us some insight and tips about what needed to be fixed and what could be improved 

upon. 
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DRIVE TRAIN GUARDING DESIGN AND IMPLEMENTATION 
 

ORIGINAL STATE 
My first task is to create a new guarding system for the entire drive train. As mentioned in 

the problem statement, there is currently only a steel cover for the two belt pulleys; one is 

directly on the engine and the one it is paired with is at the start of the chain reduction 

system. The cover does not have any viable mounting points and seems to be part of a 

missing design. The pulleys are shown in Figure 2 and the loose cover is shown in figure 3.  

 

 
Figure 2 - Drive Pulleys 

 

 
Figure 3 - Drive Pulley Cover 
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There is also a double chain-reduction system that has no guarding whatsoever. This can be 

seen in figure 4 below. 

 

 
Figure 4 - Drive Chains 

 

FIRST CONCEPT 
When considering concepts, a major thing to keep in consideration is cost. Our budget is 

limited, so we would like to keep as many things the same as possible to lower our total 

purchase price.  

 

The first thought was to keep the rear guarding as-is for the most part and to find a way to 

secure the pulley guard in place. This would prevent the pulley from causing any damage to 

anything or anyone, but would leave the chain exposed to debris and personnel. This is 

unacceptable, as the chain could break and injure someone if not contained. 

 

SECOND CONCEPT 
The second concept was to utilize the current 16 ga. steel pulley guarding and then create a 

new enclosure for the chains using 20 ga. steel sheet. Using this thinner sheet would allow a 

relatively low design cost and would help to keep the weight down.  

 

After consulting the SAE Baja guidelines, it was clearly laid out that all moving parts of the 

drive train must be covered. This includes the pulleys and any chains or moving parts, 

besides the axles or wheels. Steel, with an equal or greater strength than AISI 1010, can be 

used with a minimum thickness of 0.06” (16 ga. steel is viable) Aluminum can also be used 

with an equivalent strength of 6061-T6 alloy and a minimum thickness of 0.12”. 

 

Using 20 ga. steel sheet was not viable, and this concept was dismissed. 
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THIRD CONCEPT 
For the final rear enclosure concept, I took a look at the 2013 car and how its enclosure was 

designed. Its design was more efficient and the car passed SAE inspection, so it would be a 

viable design idea. It used a combination of 0.12” and 0.02” aluminum sheet bolted together 

to cover up the pulleys. It didn’t have an equivalent chain drive, but the aluminum concept 

could be carried over to the chain enclosure on our car. They were able to use the required 

0.12” aluminum sheet on the parts of the enclosure that would possibly be hit by a flying belt 

if it snapped. These areas were directly surrounding the pulley. For the areas that were more 

of a supporting structure for the enclosure such as on the outside of the pulley, they were able 

to utilize the cheaper, lighter 0.02” aluminum just to complete the enclosure. Aluminum 

pieces were all bent into form and then bolted together; no welding was required. 

 

For my design, I decided to redesign the current steel pulley guarding using a mixture of 

0.12” and 0.02” aluminum sheet. The shape would be similar to the current one, but would 

have different mounting points. I took measurements of the current one and created a model 

of the new one, as seen in figures 5 and 6. 

 

           
 Figure 5 - Pulley Covering (1)            

             Figure 6 - Pulley Covering (2) 

 

The chain enclosure had to be designed from scratch as there was no current enclosure. 

Talking to a previous team member, one had been designed at the 2012 competition for it but 

it appears to have been removed and scrapped. To keep it as simple as possible, I decided to 

keep it in roughly a box formation. This might add a little bit more material overall versus 

creating a formed enclosure for each individual piece, but that would require more time than 

is available. In addition, it is required at competition to be able to remove it quickly. Having 

a simple box enclosure allows for a few bolts to be removed and it to be opened up to access 

all of the chain parts. 



 

10 

I took measurements of the bottom of the rear frame and decided to use one sheet to enclose 

the entire bottom. Side pieces would also be one sheet each. Slots needed to be cut out on 

each sheet, however, to accommodate the axles. The left-side sheet would need to also 

accommodate the engine placement and protruding features. It also needs to connect to the 

newly designed pulley cover and not allow any space where a branch or a finger could enter 

the enclosure and be injured. The rear would be a single flat sheet with no remarkable 

features. The top would be similar and just needs to cover the top of the chain area. The final 

design can be seen in Figures 7 and 8. 

 

 
Figure 7 - Rear Enclosure (1) 
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Figure 8 - Rear Enclosure (2) 

 

The gaps in the enclosure will be filled by what is currently on the car, such as frame 

members and the engine. The enclosure can be seen below on a model of the frame. The 

engine will not be present in this model, but will be situated on top of the two frame 

members pointed out in Figure 9 below. There is also the fairing that is currently dividing the 

engine compartment from the driver compartment. The guarding pieces will run up to this 

fairing and stop, preventing access to the chain. 
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Figure 9 - Rear Enclosure (3) 

 

The pieces will connect to small tabs that will be welded onto the frame. Each tab will use a 

simple bolt and nut to keep the sheet in place. This will mainly be for the bottom sheet, but 

may be used for the bottom portion of the back sheet depending on implementation upon 

production. The rest of the sheets will be lipped on the ends and will overlap each other. Nuts 

will be welded onto the inside of each connecting point so that a bolt can easily attach the 

sheets together. This will allow for quick disassemble and reassemble at a competition in 

case of an emergency. 

 

SAFETY CALCULATIONS 
While the enclosure design conforms to SAE guidelines, I wanted to make sure that the 

material would hold up to a breakage if it occurred. The pulleys each contain a set of weights 

in them that expand outward as the engine winds up. If these weights were to become 

dislodged and the pulley broke, they would hit the aluminum guarding. The first step was to 

find the linear velocity of the weights based on the maximum RPM of the engine and the 

radius that they were at away from the center of the shaft. This resulted in a linear velocity of 

18.95 m/s, as seen below. 
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𝑉 = (2 ∗ 𝜋 ∗ r) ∗
𝑟𝑝𝑚

60 (
𝑠

minute)
 

𝑉 = (2 ∗ 𝜋 ∗ 0.0476 m) ∗
3800 𝑟𝑝𝑚

60 (
𝑠

minute)
 

𝑉 = 18.95 𝑚/𝑠  
 

The next step was to find the kinetic energy of each individual weight based upon its mass 

and velocity. This resulted in a calculated 15.8 Nm of maximum energy per weight. 

 

𝐾𝐸 = .5 ∗ 𝑚 ∗ 𝑉2 

𝐾𝐸 = .5 ∗ 0.088 𝑘𝑔 ∗ (
18.95 𝑚

𝑠
)

2

 

𝐾𝐸 = 15.8 𝐽 = 15.8 𝑁𝑚 
 

The third step was to find the force that this weight would put on the guarding when it hit. A 

maximum deflection distance of 0.5 inches was chosen as the maximum deflection allowed 

before the guarding would interfere with other parts. Dividing the kinetic energy by this 

distance gave the force of 1244.1 N exerted by the weight. 

 

𝐹 =
𝐾𝐸

𝑑𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒
 

𝐹 =
15.8 𝑁𝑚

0.127 𝑚
 

𝐹 = 1244.1 𝑁 
 

Finding the stress was the final step and involved dividing the force by the area that the 

weight would deflect. With a surface area on one side of 0.0001613 m2, the total stress on the 

guarding would be 7.71 MPa from a weight hit at maximum velocity. 

 

𝜎 =
𝐹

𝐴
 

𝜎 =
1244.1 𝑁

0.0001613 𝑚2
 

𝜎 = 7713435 𝑃𝑎 = 7.71 𝑀𝑃𝑎 
 

The tensile strength of aluminum 6061-T6 is 276 MPa. This is a significantly larger than the 

maximum stress needed, so the system is deemed safe for use with the current design and 

material selection. 

 

IMPLEMENTATION 
Aluminum sheet was purchased in both 0.02” and 0.12” thicknesses as the design indicated. 

The large aluminum sheets were measured out and marked at the appropriate cut dimensions, 

allowing enough extra material on the top and rear portions of the chain guard for an 

overhanging lip for attachment purposes. This material was initially cut using a hydraulic 
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shear. Both of the side pieces required additional cutting; both of them needed a slot cut out 

in order to fit over the rear axle. In addition, the left one needed a portion of it cut out to fit 

correctly around the drive pulley (see Figure 8). These cuts were made using a manually 

controlled open shear and sheet metal scissors.  

 

The bottom panel needed only to be rectangular in shape and was ready to use after being 

sheared. There were two bolt threads already sticking down from a previous installation on 

the car. I was able to utilize these by drilling holes in the sheet, fitting it around the 

protruding threads, and bolting it in place. An additional support was created for the sheet by 

MIG welding a tab onto the bottom-rear of the frame. This was used as an anchor for a nut 

and bolt to secure the bottom panel. 

 

The rear panel was bent on the left and right sides at 90 degree angles using a hydraulic 

bender. These were used to wrap around the side panels and secure them. Tabs were welded 

onto each side of the panel in order to secure it in place, in addition to two existing tabs that 

were located at the bottom of the panel.  

 

The top panel was more challenging. When trying to bend the sheet, there was too much 

material for the bender to handle. I attempted to remove material and created an easier bend 

by drilling holes in a pattern along the bend line, but this still did not work. I ended up using 

the band saw to cut along the bend lines and then having them TIG welded onto the sides to 

create the required lips to wrap around the side panels. Another lip was cut and then welded 

onto the back of the sheet in order to wrap around the rear panel.  

 

Once everything was cut to spec, each piece was systematically drilled and secured in place 

until all of the necessary overlaps were secured with bolts. Due to limited access to the inside 

of the enclosure, nuts were secured on the inside of each bolt hole using a 2-part epoxy. The 

result is a secure enclosure that can more easily be taken apart. 

 

The enclosure materials and thickness meet SAE spec and pass the proof of design. 
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Figure 10 – Finished Rear Enclosure (1) 

 

 

 
Figure 11 – Finished Rear Encosure (2)  



 

16 

GAS SPILLAGE GUARD DESIGN AND IMPLEMENTATION 
 

ORIGINAL STATE 
The gas tank is seated on top of the engine. It has a small vertical lip around the 

circumference of the tank in case of a small amount of gas flooding while filling up the tank. 

However, it leaves part of the engine and a portion of the chain exposed. Per Baja rules, there 

must be a guard that prevents any gas spillage onto moving parts of the drive train, including 

the engine and chain but not the axles or wheels. 

 

 
Figure 12 - Original Gas Cover 
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DESIGN 
I decided to keep the current gas tank lip, but to improve upon it I will use 0.02” aluminum 

sheet to create an extension that will cover the remainder of the required parts. This sheet 

would be folded downward in the middle with a shape equivalent to the current gas tank. 

Bolts would then run through both the bottom aluminum lips and the gas tank lips to hold the 

extension cover down. The remainder of the sheet will extend outward to the back of the car 

and outward to the sides to cover the required area. See Figure 13. 

 

 
Figure 13 - Gas Tank Cover 

 

IMPLEMENTATION 
This design proved difficult to get exactly right regarding the dimensions. When attempting 

to lay out the individual pieces to cut out, I realized that the loft function I performed in Solid 

Works caused some of the pieces to be curved in shape, not flat. Accounting for this the best 

I could, I laid out the dimensions on the 0.02” aluminum sheet that needed to be cut and used 

the manual open shear to cut them out. These pieces were fit together into their intended 

form using tape. Attempts to TIG weld them together proved unsuccessful due to how thin 

they were. I ended up cutting out small squares of the thin aluminum, overlapping them over 

each seam, and riveting the pieces together to create the solid form of the guard. The result 

was a solid piece, but the seams could still leak. I used a caulking substance to seal each open 

seam and then painted the entire piece to match the frame. The piece was placed into the top 

of the gas tank and then bolted down as specified in the design phase. 

 

Water was run around the finished guard and did not leak anywhere, providing guarding that 

is SAE spec. This passed the proof of design. 

 



 

18 

 

 
Figure 14 – Finished Gas Tank Spill Guard 
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DRIVER GUARDING DESIGN AND IMPLEMENTATION 
 

ORIGINAL STATE 
At the moment, there is no guarding attached to the side or the front of the car to protect the 

driver. As previously mentioned, there is a backboard and a floorboard that will be re-used 

on this project. The front guarding seen in figure 15 is too banged up to use and will be 

scrapped. 

 

 
Figure 15 – Original Driver Guarding 

 

We were able to find the side guarding pieces and they seem to be in decent shape. We will 

re-use these in order to save on cost. The front ends of them will have to be modified in order 

to accommodate the new control arms and tie rod locations. They will also be repainted. 

 

 
Figure 16 - Side Guarding 
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DESIGN 
Since I am utilizing the current side guarding, the only thing that remains to be designed is 

the front guarding. The car previously used thin sheet metal to cover most of the front area, 

but it left some gaps and looked a bit out of place. I looked at the 2014 UC Baja car and 

found that they used a thick plastic sheet to cover the front and sides of the car. This allowed 

the guarding to be cheap, lightweight, and easily formable. I took this design and applied it to 

the 2012 car. Taking the measurements of the front geometry, the new cover will look 

roughly like what is in the model in figure 17, but could change due to forming. The exact 

dimensions should not be a concern while using this plastic. 

 

 
Figure 17 - Front Guarding (1) 

 

Figure 18 shows what it will look like on the car. The sides are not covered in the model but 

will be on the actual car. 
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Figure 18 - Front Guarding (2) 

 

This guarding will be mounted to frame tabs with nuts and bolts. The mounting holes of the 

plastic will be fortified to prevent tearing. 

 

IMPLEMENTATION 
Actual implementation of the front guarding ended up being different than the original 

design. After finishing the chain guarding, I realized that I had extra aluminum material that 

was not being utilized. In order to save on cost, I used this instead of purchasing separate 

material and then leaving the extra aluminum as scrap. For the bottom half of the front guard, 

I used the thicker 0.12” aluminum. This area would have a higher chance of hard impact and 

would need more protection. Also, the mounting surface was flat and the guard would not 

need to be modified or bent in any significant way. A square shape was cut out and then 

bolted to existing mounting points on the frame. The top half needed to use the 0.02” 

material due to its curved shape. There were existing mounting points, but two additional 

tabs were needed on the sides. Tabs were MIG welded onto the frame to use as supports. The 

sheet was bent, marked at the appropriate cutting lines, and sheared to the correct shape. This 

was bent around the frame and then drilled and bolted onto the frame. 

 

The result is a solid front guard that will deflect impact from debris. This passes the proof of 

design. 
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Figure 19 – Finished Front Guarding (1) 

 

 
Figure 20 - Finished Front Guarding (2) 
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The side guards were re-used as specified to save on cost. Part of the front of each side was 

cut off in order to accommodate the newly designed suspension components and steering.  

 

These guards protect the driver from debris and pass the proof of design. 

 

 

 
Figure 21 - Finished Side Guarding 

 

  



 

24 

ADDITIONAL DESIGN AND IMPLEMENTATION 
 

SEAT INSTALLATION 
Contrary to what we were expecting during the design phase, there was no seat available 

from the original vehicle; it was repurposed as the seat for the 2014 Baja Vehicle. A new one 

was selected based on the dimensions available to us. The bottom of the seat was drilled 

through at the existing mounting locations in order to bolt it down in a 4-bolt pattern. Per 

SAE spec, there are also 2 mounting locations needed on the back of the seat. I MIG welded 

a nut on each of two tabs in order to secure them and not require any wrench; there is poor 

access to the back of the seat once it is in place. The tabs were MIG welded to the frame and 

holes were drilled in the back of the seat in order to fit a bolt through and secure it in place. 

 

The seat conforms to SAE spec in both structure and mounting locations and passes proof of 

design.  

 

 

 
Figure 22 - Final Seat Installation 
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PROJECT MANAGEMENT   
 

BUDGET, PROPOSED/ACTUAL  
 

Materials or Component Forecasted Amount Actual Amount 

Clutch $0 $0 

Steering Components $420 $400 

Suspension Components $200 $165 

Sheet Metal $200 $200 

Plastic Paneling $60 $0 

Drive Sprockets $75 $75 

Seat $0 $200 

Safety Equipment $500 $0 

Tires $0 $0 

Battery $50 $0 

Lights $30 $0 

Brake Lines $50 $85 

Nuts/Bolts $20 $80 

Fire Extinguisher $20 $0 

Paint/Lettering $40 $10 

Slush Fund $240 $0 

   

Total $1905 $1215 

Table 1 - Budget 


