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ABSTRACT 

The University of Cincinnati is participating in 2013 Baja SAE 
design competition, which is a competition that takes place 
each year and is made up of at least 3 international 
competitions. This paper will describe the design process and 
performance of the rear suspension of the 2013 Bearcat Baja 
vehicle.  

INTRODUCTION 

The Society of Automotive Engineers (SAE) holds 
international design competitions each year where 
universities design, build and compete against other 
universities. The premise of the competition is to design 
and build an off-road vehicle that is to be used in an off-
road competition series. The vehicles are to be designed 
to be cost effective and durable enough to compete in a 
series of competitions. All of the vehicles in this 
hypothetical series will be powered by the same stock 
Briggs and Stratton engine so the design of the vehicle 
is ultimately what determines the vehicles performance.   

The Baja SAE competitions include an evaluation by 
SAE representatives to judge the overall design of the 
vehicle. Then each universities vehicle will compete in a 
series of competitions leading up to a 4 hour off-road 
endurance race. The rear suspension is integral for the 
vehicles’ dynamic handling, speed, braking ability and 
durability.  

REAR SUSPENSION SYSTEM DESIGN 

PROBLEM STATEMENT - The rear suspension of the 
Bearcat Baja SAE vehicle needs to be light weight while 
remaining strong. It must permit sufficient travel to clear 
the obstacles presented by the competition. The 
suspension should maximize camber adjustability for 
best results. 

RESEARCH – The initial design was to have double 
wishbones for the rear suspension. The double 
wishbone design however would lead to the distance 

from the firewall to the rear axel being longer than our 
desired length of 20.5’’ for ease of camber adjustability.  

DESIGN GOALS – The main factors for the design of 
the rear suspension are weight, cost and functionality. 
The rear suspension was identified to be the trailing arm 
members, 2 rear linkages per side, bearing carriers, tires 
and rims, as well as the necessary hardware. The 
allotted weight for this system is 50 lbs. Since the rims 
and tires for the rear would be included in the weight of 
the rear suspension the design needs to be light weight. 
The team wanted to utilize Fox Air Shocks for the 
vehicle, these will cut down on weight as they do not 
have steel springs that traditional suspensions use. As 
this vehicle is designed to be an off-road racing vehicle it 
is important that the suspension is adjustable so the 
vehicle can be set up for different situations.  The vehicle 
design specifications that directly affect the design of the 
rear were determined in initial team meetings. These 
vehicle specifications are as follows: 

 Rear Track Width: 54’’ 

 Wheel Base: 60’’ 

 Firewall to Rear Axel:  20.5’’ 

 Ground Clearance (Rear): 12” 

 Suspension Travel (Rear): 13” 

Design Specifications – The rear suspension is a semi-
trailing arm with two lateral links. This suspension 
configuration provides the vehicle with an acceptable 
balance between ground clearance, suspension travel 
and system adjustability. The tires selected for the rear 
are 23”x7”x10” Kenda Klaw XC. The tread pattern on 
these tires is reversible, with one direction ideal for 
medium to hard dry surfaces while the other is better 
able to dig in for traction if the ground is softer or muddy. 
This will be a major benefit during competition should 
conditions change over the course of the weekend or 
even during the endurance event. The wheels are 
aluminum Douglas Blue Labels, which help to keep the 



un-sprung vehicle weight to a minimum. The bearing 
carrier and hub from the Polaris Sportsman 300 will be 
used for both sides of the vehicle so that smaller brake 
rotors and smaller wheels can be used. The Sportsman 
300 only has a brake on the left rear wheel, so in order 
to use this bearing carrier the semi-trailing arms are 
designed to mount the carrier with the brake caliper 
mounts facing the front of the vehicle.  
 
The rear semi-trailing arms are constructed from 0.875” 
outer diameter 4130 steel tubing with a wall thickness of 
0.065”. The lateral links will be attached to the end of the 
semi-trailing arms with grade 5 bolts to serve as a point 
of failure that will not damage the trailing arms, shocks 
or drive train. The lower lateral link is constructed from 
0.75” outer diameter 4130 steel tubing with a wall 
thickness of 0.065”. This link will is going to absorb the 
majority of force through the semi-trailing arms and so I 
constructed from steel as opposed to the 6061 aluminum 
material that is used for the upper links.  
 
The rear ride height is 11.25” with a wheel travel of 13”.  
The rear suspension uses Fox Floats R air shocks. 
These shocks have a total travel of 5.3” and the semi-
trailing arms have a motion ratio of 0.55.  
 

 
Figure 1: Trailing Arm  

DESIGN OPTIMIZATION – The initial design of the 
semi-trailing arms used 1.0” outer diameter 4130 steel 
tubing with a wall thickness of 0.065”. This was more 
than adequate to handle the worst case scenario of the 
full weight of the vehicle landing on one wheel from a 
height of five feet. The rear suspension was then 
analyzed using 0.875” x 0.065” 4130 steel tubing which 
reduced the weight without excessively compromising 
strength. The rear suspension is 6.6 lbs. over the 
designed specification of 50lbs.   
 
 
 
 
 

 
Figure 2: Trailing Arm FEA Results 

 
• Yield Strength 75 ksi  
• Max Force 41 ksi  
• Factor of Safety 1.8  

 

 
Figure 3: Lower Link FEA Results 

• Yield Strength 75 ksi  
• Max Force 50 ksi  
• Factor of Safety 1.5  

 
 

 
Figure 4: Trailing Arm Side Impact FEA Results 

 
MANUFACTURABILITY – The semi-trailing arms were 
welded using a custom designed jig to ensure greater 
accuracy in repeated construction and consistent weld 
quality. The jig developed for the front suspension was 
adjustable enough to be used to weld the ball cup on the 
front of the trailing arm at the necessary 15° angle. 
 

CONCLUSION 

After initial testing of the Bearcat Baja vehicle the overall 
adjustability of the rear suspension meets the design 
goals of being able to adjust the toe and camber of the 
rear wheels. With some adjustments to the Fox 
Airshocks we were able to induce over steer for the Baja 
vehicle. 
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NOTE: 5g was assumed value based on research from "Change Of Velocity and Pulse Characteristics in Rear Impacts: Real 
World and Vehicle Tests Data"(1) 




