
2014 University of Cincinnati Baja SAE Braking System  
  
  
  
  

A Baccalaureate thesis submitted to the  
School of Dynamic Systems  

 College of Engineering and Applied Science  
University of Cincinnati  

  
In partial fulfillment of the  

Requirements for the degree of  
  

Bachelor of Science  
  

In Mechanical Engineering Technology  
  
  

By:  
  

Kyle Murray 
  
  

April 2014  
  
  
  

Thesis Advisor:  
  
  

Professor Allen Arthur 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ABSTRACT 
 
It is the intention of this project to produce an 
effective braking system for a Baja SAE vehicle 
to represent the University of Cincinnati. The 
system is to be designed to exceed the 
performance of previous year’s vehicles. The 
system is also reduce weight over previous 
systems and carry a reduced cost. Budgetary 
concerns and timeline will also be explored in this 
report. 
 
 

Introduction 
 
Baja SAE is an intercollegiate competition that 
tasks engineering student to design, build, and 
then compete with a single passenger off-road 
vehicle. The purpose of the event is to challenge 
engineering students and present real scenario’s 
that professional engineers face each day. The 
University of Cincinnati will be competing at two 
events this year, the first in Pittsburgh, Kansas 
and the second in Peoria, Illinois. 
 
The objectives of the 2014 Bearcats Baja team 
based around successes of previous years and 
continuous improvement. A new weight goal of 
350lbs was set for the team hoping to weigh 
significantly less than the 2013 car. 
Improvements in drivetrain layout, and 
suspension geometry were to be the focus of the 
vehicle with secondary priority on saving un-
sprung weight from third tier components of the 
car.  
 
Additional progress for the team will be made in 
sponsor communication and team social media 
presence.  
 

Brake System 
 
Objective- Design a braking system will be 
adequate to bring a Baja SAE vehicle to a safe 
and stable halt while remaining lightweight and 
conform to all BAJA SAE rules and regulations.  
 
Braking system design- The key objective of the 
braking system for 2014 was to reduce system 
weight without losing any performance 
characteristics. A budget restriction of $2000 
initially was placed on the braking system with a 
weight budget of 15lbs.  
 
Overall System Design- After research and 
discussion with competitors and teammates, a 

new overall design would be considered for the 
2014 Bearcats Baja Vehicle. Previous year’s 
systems have featured outboard brakes on each 
wheel. This means that the braking devices would 
be outside the main chassis envelope on each 
wheel. For 2014, the rear wheels will be slowed 
by a single inboard brake instead of 2 outboard. 
The benefits to this style of layout are that it 
reduces weight dramatically. Benefits also 
include the less need of mounting at the wheels 
which reduces weight as well. The front braking 
will still be performed by two outboard brakes. 
This is because the front wheels will still be doing 
the majority of the braking for the system and no 
central axle links the two wheels. To supply 
stopping power each brake will be a disc brake 
rotor with hydraulic calipers to bring the vehicle to 
a halt. Hydraulic pressure will be provide by two 
master cylinders, as per SAE Rules (See 
Appendix), connected to an inverted brake pedal.  
 

 
Figure 1. Overall System View 
 

Component Selection and Design 
 
Master Cylinders 
 
The master cylinder is the portion of the braking 
system that will turn mechanical energy from the 
brake pedal into hydraulic pressure will be sent to 
the brake calipers to stop the vehicle. The master 
cylinder will have to be able to provide enough 
hydraulic pressure to bring the vehicle the stop at 
a rate of 1.0G. Based on calculations that will be 
discussed later in this report, our master cylinder 
were selected to be rear master cylinders from a 
2005 Polaris Predator 500. The selection was 
based off its 0.5” bore diameter and performance 
the previous year. The same master cylinder was 
used in the 2013 Bearcats Baja car to much 
success. The master cylinders also cost much 
less than other options because of a discount for 
Polaris parts.  



 
Brake Rotors- Brake rotors are the final part of a 
braking system and make contact with the brake 
pads which together create the friction to bring 
the vehicle to a halt. Design of the braking system 
is based around the size of the rotors. In 
calculations, rotor size was assumed at first to 
develop equations and estimate results. As 
design progressed with other systems, rotor size 
was required to change in order to meet fitment 
requirements. The final size for the rear rotor was 
determined to be 6.25” and the final size of the 
front rotors was to be 6.75”. The rear rotor would 
have to be manufactured because of the size of 
the rotor and the front rotors would have to be 
purchased. This is due to front hub selection, 
which was a Honda OEM product. Limited 
geometry knowledge of the Honda OEM product 
limited our design potential and cost of 
manufacturing our own brake rotors limited this 
design as well. In addition to manufacturing an 
own rear rotor, a rear rotor hub would also have 
to be designed. In order to fit with pre-existing 
conditions determined by a new gearbox design, 
the hub was designed to fit up next to the gear 
box and maintain spacing for the rotor and 
caliper.  

 
Figure 2. Rear Rotor Design with Caliper 
 
Brake Pedal- The brake pedal is the portion of the 
system that the driver makes contact with and 
delivers force into the system. The brake pedal 
works off a lever principle which multiples the 
input force by a ratio. This ratio is determined by 
calculations that will be discussed later. The final 
ratio required to stop the vehicle was determined 
to be 4:1. This means an input of 100lbf would 
result in a 400lbf force at the master cylinders. 

Multiple iterations of pedal design were 
considered. First designed were based off a 
carbon fiber construction. Budget restrictions and 
limited benefits meant the pedal would have to be 
constructed of aluminum. The final design was a 
rectangular aluminum tube with weight reducing 
geometry integrated. 
 

 
Figure 3. Brake Pedal Design 
 
Brake Calipers- The brake calipers make contact 
with the brake rotors to create friction and bring 
the vehicle to a stop. Due to manufacturing 
restrictions, the team would have to purchase 
calipers. Through research, the Wilwood PS1 
caliper was discovered. Multiple teams have used 
the caliper before too much success. The caliper 
features an all-aluminum construction and dual 
piston integration all while weighing only 0.93 
pounds. These calipers are a 0.5lb improvement 
over previous year’s calipers with a dual piston 
design. The dual piston design will allow for un-
matched performance and equal pressure 
delivery.  
 

 
Figure 3. Wilwood PS1 Caliper 
 

Calculations 



 
Calculations for a hydraulic braking system work 
off of fundamental hydraulic theory. Pressure in 
equal’s pressure out. Pressure generated at the 
master cylinder will equal pressure at the caliper. 
To determine how much pressure would be 
required to be generated, calculations were 
based on back working from vehicle 
specifications and assumptions of component 
geometries. These assumptions include an 
assumed center of gravity of 24” off the ground 
and vehicle weight of 350lbs. The gross vehicle 
weight would have to include the weight of the 
driver, considering the weight of the driver is very 
important to brake and vehicle dynamic 
calculations because the driver is the heaviest 
component of a Baja SAE car. For this reason, 
the heaviest driver was selected making the total 
vehicle weight 600lbs. A weight bias of 40/60 was 
used for calculations with most weight being over 
the rear wheels.  
 
Values were converted metric units for user ease 
and formula familiarity. A Matlab program was 
written for easier manipulation of data and 
graphing capabilities in comparison to Excel 
 
The objective of the first level of calculations was 
to determine the pedal ratio required to generate 
enough pressure to stop vehicle. This required 
determining output forces required to stop the 
vehicle. As part of the rules, all four wheels are 
required to be easily locked under braking. This 
is for safety purposes and represents the vehicle 
has adequate braking ability. For this purpose, 
output forces required we were based on all four 
wheels being locked. The force to stop the vehicle 
was determined to be 2669N. This means with a 
tire diameter of .5842m (23”), the required torque 
to stop the vehicle is 204Nm (150ftlbs) for the 
front wheels and 136Nm (100ftlbs) for the rear 
wheels. Based on the required outputs of the 
braking system, back working the calculations 
allow for the determination of: frictional force 
output, clamp force output, caliper pressure 
output. Once the caliper pressure output was 
known, input pressure could be solved. Input 
pressure required was determined to be 
872480Pa. Based off this calculations and known 
driver inputs, the final pedal ratio required was 
determined to be 3.98:1. This ratio effects the 
geometry of the pedal which was later set at a 
ratio of 4.6:1 after applying a safety factor of 1.5.  
 

 
Figure 4. Matlab output 
 
Matlab also allowed for the analysis of different 
aspects of the braking system. This includes 
inspect different variable changes against input 
changes. Pedal geometry was inspected against 
maximum stress. Basic vehicle dynamics were 
also inspected by plotting the vehicle stopping 
time and distance against velocity. The most 
effect Biasing was also determined by plotting the 
amount of braking torque at the wheels against 
the bias ratio. The most effective bias would be 
for 60%/40% forward to rear. This will allow the 
front brakes to provide adequate torque to lock 
the wheels and more than enough torque for the 
rear wheels to lock. The rear will have more 
torque biasing anywhere below this bias setting 
which could be useful for different driving 
strategies such as trail braking or allowing the 
rear wheels to lock easily which encourages 
drifting the rear wheels. 
 
Friction being the fundamental element behind 
disc braking systems, it was important to 
establish which coefficients of friction were going 
to be used for different elements of the 
calculations. For the brake pad to rotor 
calculation, a coefficient of friction of 0.3 was 
used. 0.3 is an accepted value in the braking 
industry. High performance pads can have a 
coefficient as high as 0.5. Coefficient between the 
ground and wire was assumed to 0.7 because 
this too is an accepted value for rubber to asphalt. 
The conditions the vehicle will be subjected to will 
vary between competitions and the higher friction 
load has to be considered.  
 
All plotted graphs and matlab code can be found 
in appendix 
 

FEA 
 
Based on calculations as discussed before, FEA 
loading scenarios were run performed on to be 
manufactured parts of the system. This included 
the brake pedal, rear rotor and rear rotor hub. The 
loading conditions for the brake pedal were 
determined by measurements collected from 
drivers maximum foot force. This was collected 
by having drivers press their braking foot against 
a spring scale. The stronger driver press with a 
force of 250lbf, considering some braking 



instances will be more sudden, a safety factor of 
1.2 was applied additionally for a load 300lbf 
applied to the brake pedal face. Massive stress 
levels in the FEA were at the rear face of the 
pedal behind the pivot point. 

 
Figure 5. Brake Pedal FEA results 
 
For the Rear rotor and hub, calculations showed 
that the rotor would experience 100 ftlbs of 
torque. For Solidworks FEA, a split face was used 
to represent the brake pad area. This is where the 
torque would be applied. Additional pressure was 
applied to the split face as well to represent the 
pads squeezing the face of the rotor under 
locking pressure. Results showed maximum 
stress would occur at the mount points of the 
rotor. 

 
Figure 6. Rear Brake Rotor FEA Results  
 

The rear rotor hub was designed to carry the rear 
brake rotor so the same values were used for the 
loading conditions. 
 

 
Figure 7. Rear Rotor Hub FEA results 
 

Manufacturing 
 
Pedal- The brake pedal was constructed of 
1”x1.25”x.125” rectangular aluminum tubing. The 
weight reduction geometries were cut with a .875 
drill and the pivot hole was drilled with a  .25” bit.  
 

 
Figure 8. Manufactured Brake Pedals 
 
Brake rotor- The rear rotor was constructed on 
1045 high carbon steel. This material was 
selected because of its high strength and 
durability. The shape was cut using a water jet 
machine. This means the rotor has no heat 
effected zones which would have resulted in 
other machining techniques. 
 
Rear Brake Hub- the rear brake hub is made of 
6061-T6 aluminum. The hub was manufactured 



using 2 manufacturing methods. The first was a 
CNC operation to the depth of the material then a 
wire EDM process to cut the planer shape. 

 
Figure 9.Rear Brake Assembly with caliper 
 

 
Figure 10. Completed Pedal Assembly 
 
Testing and Validation 
 
For testing purposes, a number of trials are to be 
run before competition to test performance of the 
braking system. These tests will include the 
braking time and stopping distances for multiple 
speeds. Locking all four wheel is critical to the 
success of the vehicle and adjusting the system 
setup will aid in this objective. In addition to 
testing objectives, the system will feature an 
integrated pressure valve. This pressure valve 
will allow for validation of calculations and allow 
users to check system operation and residue 
pressure.  
 
 
 

Budget 
 
For 2014, the Bearcats Baja team set a budget 
goal of $2000 initially to the braking system. This 
would later be reduced $1771. Due to donations 
and discounts, the total spent on the brake 
system was limited to just under $1100. The 
majority of these costs were from the purchases 
of Wilwood brake components and a significant 
portion went to hardware.  
 

 
Table 1. Budget Brake down 
 

Conclusion 
 
The Bearcats Baja program has been growing 
successfully over the past years coming from a 
71st place finish(2011) to a 12th place finish(2013) 
this has been due to several innovations and 
clever designs set by previous teams. This is 
clear when observing the progress of just the 
braking systems. The success of a car is very 
dependent on the braking system and through 
better design practices the Bearcats Baja team 
will have a better braking system. Once the team 
is at competition, the real challenge will be placed 
for the team. If the braking system locks all four 
wheels for technical inspection and doesn’t fail 
during the endurance event, then the team and 
the braking system will be deemed successful.  
 

Recommendations 
 
Concerning future improvements for the team, I 
would recommend extensive work into team 
building and business relations. Our team is able 
to stay in the black because very generous 
donations from companies like Cincinnati 
Gearing Systems and Gallatin Steel. Further work 
in business relations can yield even more 
donations and discounts. Team building is 
another thing improvement can always be found 
in. Being direct with each other and identifying 
problems early can save teams big on the rear 
end. The Bearcats Baja team is a growing team 

Cost Report

Material Manufacturing Quantity Unit Cost Cost

Front Rotors SS Honda OEM 2 $55.00 $110.00

Rear Rotor 1045 Randy 1 $22.11 $22.11

Rear Hub Al Randy 1 $29.54 $29.54

Calipers Al Wilwood 4 $67.28 $269.12

Pads Graphite Wilwood 12 $8.63 $103.56

Master Cylinders AL Polaris 2 $54.00 $108.00

Balance Bar Steel Wilwood 1 $48.35 $48.35

Pedals CF Me 1 $49.95 $49.95

Hardware Various 1 $357.04 $357.04

Total $1,097.67

Budget $1,771.00

Delta $673.33



and has the potential to become a very 
successful top tier team.  
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Acronyms and Abbreviations 
 
‘: foot  
“: inch  
FEA: finite element analysis  
ft: feet  
hp: horse power  
in: inches  
kgs: kilograms 
ksi: kilo pound per square inch 
lbf: pound force  
MPH: miles per hour  
N: newton  
psi: Pounds per square inch  
RPM: revolutions per minute  
 

Appendix 1 

 
Customer Requirements 

 
Important Characteristics for a Baja Braking 
System: 
 
-Follow SAE Rules and Guidelines 
-Reliable 
-Easy to repair/disassemble 
-Ease of use 
-Robust design 
 

Appendix 2 
 

Baja SAE Rules and Standards for Braking 
Systems 

 
ARTICLE 11: BRAKING SYSTEM  
  
B11.1 Foot Brake  
The vehicle must have hydraulic braking system 
that acts on all wheels and is operated by a 
single foot pedal. The pedal  
must directly actuate the master cylinder through 
a rigid link (i.e., cables are not allowed). The 
brake system must be  
capable of locking ALL FOUR wheels, both in a 
static condition as well as from speed on 
pavement AND on unpaved  
surfaces.  
  
B11.2 Independent Brake Circuits  
 The braking system must be segregated into at 
least two (2) independent hydraulic circuits such 
that in case of a leak or  
failure at any point in the system, effective 
braking power shall be maintained on at least 
two wheels. Each hydraulic  

circuit must have its own fluid reserve either 
through separate reservoirs or by the use of a 
dammed, OEM-style  
reservoir.  
  
B11.3 Brake(s) Location  
 The brake(s) on the driven axle must operate 
through the final drive. Inboard braking through 
universal joints is  
 permitted.  
  
 Braking on a jackshaft through an intermediate 
reduction stage is prohibited  
  
B11.4 Cutting Brakes  
 Hand or feet operated “cutting brakes” are 
permitted provided the section (B11.1) on “foot 
brakes” is also satisfied.  
 A primary brake must be able to lock all four 
wheels with a single foot. If using two separate 
pedals to lock 2 wheels  
 apiece; the pedals must be close enough to use 
one foot to lock all four wheels. No brake, 
including cutting brakes, may  
 operate without lighting the brake light.  
  
B11.5 Brake Lines  
 All brake lines must be securely mounted and 
not fall below any portion of the vehicle (frame, 
swing arm, A-arms,  
 etc.) Ensure they do not rub on any sharp 
edges. Plastic brake lines are prohibited  
 

Appendix 3 
 

Budget 
Initial Cost Estimates 

 
 
 

Subsystem Cost Owner

Steering $1,000 Anne

Gearbox 2800 Dakota

Diff. + Rear Axle 2800 Marcus

Brakes 2000 Kyle

Front Suspension 2000 Randy

Rear Suspension 2000 Zack

Materials+Composites 1200 team

Frame 2500 Joe

Engine 500 Team

Safety Equipment 1000 Team

Tools & Misc Shop Stuff 500 Team

Fasteners 500 Team

2013 Car Repairs 500 Team

Total Car Costs 19,300.00

Vehicle Costs



Final Cost 

 

 

 

Purchased Parts 
 

Part Cost Comments 

Honda Front Rotors $55.00 -Compatible with Honda hubs 
-Discounted cost 
-Proven Design 

Wilwood PS1 
Caliper 

$67.28 -Lightweight Design 
-Dual Piston 
-Discounted cost 

Wilwood Bias Bar $48.35 -Proven Design 
-Discounted Cost 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cost Report

Material Manufacturing Quantity Unit Cost Cost

Front Rotors SS Honda OEM 2 $55.00 $110.00

Rear Rotor 1045 Randy 1 $22.11 $22.11

Rear Hub Al Randy 1 $29.54 $29.54

Calipers Al Wilwood 4 $67.28 $269.12

Pads Graphite Wilwood 12 $8.63 $103.56

Master Cylinders AL Polaris 2 $54.00 $108.00

Balance Bar Steel Wilwood 1 $48.35 $48.35

Pedals CF Me 1 $49.95 $49.95

Hardware Various 1 $357.04 $357.04

Total $1,097.67

Budget $1,771.00

Delta $673.33



Appendix 4 
 
Manufacturing Drawings 
 
Brake Pedal 

 



Rear Brake Rotor 

 



Rear Rotor Hub 

 



Throttle Pedal 

 
 


