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EXECUTIVE SUMMARY  

Thank you for your consideration in 

sponsoring the 2010 ï 2011 Carleton 

University Formula Hybrid SAE 

team. Below is a brief outline of our 

organization (Ravens Racing), our 

student engineering project, the 

competitive and public events we 

attend, the different levels of spon-

sorship available, and how you 

would benefit from such a partner-

ship. 

 

Ravens Racing: Consisting of a 

team of engineering students, Ra-

vens Racing is an engineering pro-

ject where our mission is to design, 

build, and test an open wheel, open 

cockpit, formula style race car. As 

done so in industry, the students are 

assigned positions on the project to 

help improve various aspects of the 

vehicle while being guided by fac-

ulty supervisors.  

 

Formula SAE: An acronym for For-

mula Society of Automotive Engi-

neers, FSAE is the largest collegiate 

engineering competition in the 

world. There are several formula stu-

dent events held around the world, 

however the oldest and most prestig-

ious of these events is the annual 

FSAE competition held at Michigan 

Motor Speedway. The competition 

attracts over 120 universities around 

the globe. Students are judged on 

engineering design and overall per-

formance of their vehicles on the 

race track. 

 

Formula Hybrid: The Formula Hy-

brid competition is a branch-off of 

FSAE, with a focus on hybrid vehi-

cle technology. The competition re-

quires vehicles to use a hybrid gas/

electric power train, emphasizing 

innovation and fuel efficiency in for 

high-performance application. Like 

Formula SAE events, the Hybrid 

competition includes an acceleration 

test, autocross and endurance events, 

as well as engineering and construc-

tion static events.  

 

This year the Ravens Racing team 

will be designing their very first For-

mula Hybrid vehicle and plans to be 

a competitive Formula Hybrid team 

within the next few years. 

 

Public Events: Apart from the com-

petition, Ravens Racing participates 

in several local publ ic events 

throughout the year. These events 

provide exposure to the project and 

sponsors. The team has been active 

in the Ottawa Ferrari Festival, 

Childrenôs Wish Foundation 

day at Calabogie Motorsports, Mo-

torsport Club of Ottawa (MCO) 

Autocross, OttawaïGatineau Inter-

national Autoshow, and has been 

represented in media through A-

channel interviews, Breakfast Tele-

vision and newsprint. 

 

Sponsorship: Participating in the 

Formula Hybrid SAE competition 

and attending public events through-

out the year provide an excellent op-

portunity for sponsors to get expo-

sure at the local and national level.  

 

Various companies attend the For-

mula Hybrid competition, looking to 

recruit the best of the new engineer-

ing graduates. Sponsoring the pro-

ject puts companies in direct contact 

with these sought-after engineers, 

and allows to build a working rela-

tionship with potential recruits. This 

contact simply translates into a loyal 

customer or a new addition to your 

workforce. 

 

Secondly, Ravens Racing sells ad-

vertising space on the car and team 

sponsorship banner.  
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FORWARD  

 

Every academic year, 20-25 engi-

neering students from Carleton Uni-

versity eagerly come together as a 

team to participate in the one of the 

most leading innovative competi-

tions in the world, Formula Hybrid 

SAE (Society of Automotive Engi-

neers).  

 

Formula Hybrid SAE is the Formula 

1 of universities, where students are 

challenged to design, build, and test 

an open wheel race car with little to 

no assistance from industry profes-

sionals. Seeking consultation and 

sponsorship however is permitted 

and often leads to great partnerships 

with many companies, as they re-

ceive publicity and possible future 

employees for their contributions. 

 

 

 

 

 

 

 

 

 

 

 

Formula Hybrid SAE is one the most 

exciting, challenging, and rewarding 

engineering projects available to stu-

dents. Most engineering projects at 

various universities consist of only 

design work, meaning the project 

never leaves the computer screens or 

sheets of paper.  

 

Apart from design work, Formula 

Hybrid fosters important hands on 

experience from manufacturing, as-

sembling, to testing the designed fi-

nal product; a race car for market 

use. Producing the car involves a 

great deal of extra work and the vast 

majority of students on this team 

have a full course load.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Therefore in order to get anything 

accomplished, students devote a 

huge amount of time and energy in 

their own work and assisting their 

fellow teammates with all aspects of 

the race car. For example, a student 

in charge of marketing will get his/

her hands dirty to help his teammate 

responsible for the frame jig, or to 

manufacture many other various 

components.  

 

This sort of selflessness has built a 

great sense of camaraderie through-

out the team and will eventually be 

displayed during their professional 

lives. Apart from academic credit, 

students on this project receive no 

compensation. They are driven 

solely by the will to succeed at com-

petition.  

 

The university that displays the best 

combination of track speed, innova-

tive design work, cost effectiveness, 

and marketability is ultimately 

crowned Formula Hybrid champion. 
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THE COMPETITION  

 

Founded in 1981, Formula SAE 

(FSAE) is the largest collegiate en-

gineering competition in the world. 

Sponsored by the Society of Auto-

motive Engineers, and taking place 

annually at Michigan Motor Speed-

way USA, the competition draws 

120 plus teams from universities 

around the globe.  

 

To date, the competition has ex-

panded and includes a number of 

annual spinoff events, 11 in total, 

that are held worldwide. Notable 

examples include, Formula Student 

UK, held at the Silverstone Grand 

Prix circuit, FSAE Italy, held at the 

Pista di Fiorano (Ferrariôs test 

track), and Formula Student Ger-

many, held at the Hockenheimring 

Grand Prix circuit. In 2007, a For-

mula Hybrid competition was intro-

duced with a focus on sustainable 

design. 

 

The concept behind both Formula 

SAE and Formula Hybrid SAE is 

that a fictitious manufacturing com-

pany has contracted a student design 

team to develop a small Formula-

style race car.  

The prototype race car is to be 

evaluated for its potential as a pro-

duction item. The target marketing 

group for the race car is the non-

professional weekend autocross 

racer.  

 

Each student team designs, builds 

and tests a prototype based on a se-

ries of rules, whose purpose is both 

ensuring on-track safety (the cars 

are driven by the students them-

selves) and promoting clever prob-

lem solving. For example, rules 

clearly state that competing vehicle 

engines must breath through a 

20mm restrictor. This forces teams 

to pursue precision handling and 

light weight designs in order to 

compensate for the lack of power.  

 

 

 

 

Since, the car is intended for pro-

duction and commercial use, it must 

be easy to maintain and operate, 

reasonably priced, and of course, 

safe.  

 

The competition itself is divided 

into two major categories, the 

static and the dynamic events. 

Static events involve presenting 

every facet of the carôs design 

(including marketing) to industry 

professionals/judges. Dynamic 

events involve on track racing and 

time trails. Details concerning the 

competition are provided in ñThe 

Eventsò section.       
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Static & Dynamic 

THE EVENTS  

It is important to note that prior to 

taking part in the Formula SAE 

competition, the prototype race car 

from each team is carefully exam-

ined to ensure that it complies with 

all the rules and regulations of the 

competition. Failure to meet these 

standards can result in disqualifica-

tion from all dynamic events or the 

whole competition.   

 

 

The Static Events 

 

Business Plan Presentation: Here, 

students play the role as marketing 

employees for the fictitious proto-

type company they represent. The 

goal of the event is to win a contract 

to mass produce the prototype race 

car for the weekend enthusiast.  

The marketing team must present to 

a panel of judges and convince them 

that their race car can be produced 

in a profitable and feasible manner. 

This presentation will be evaluated 

on its structure, marketable content, 

ability to keep interest, and the po-

tential to answer any emerging 

questions from the judges during 

and/or after the presentation.  

         

 

 

Cost Report: This event involves 

presenting the overall budget of the 

prototype to a panel of judges. This 

includes a bill of materials, parts, 

and/or any manufacturing process 

undertaken while producing the race 

car. The team must convince the 

judges that their expenses are justi-

fied. It is here where the price of the 

prototype and its manufacturing 

process are determined and fully 

understood.  

 

Engineering Design: This is where 

all the technical aspects of the car 

are presented to the judges. Each 

team is expected to submit all their 

design reports to the judges prior to 

the competition date. Each student 

involved with the project submits 

their own design report regarding 

their contribution to the race car. 

From these reports, judges construct 

several questions, asked during 

competition, in order to test the stu-

dents engineering knowledge and 

skills, and to justify their design. 

Here judges also take the time to 

painstakingly scrutinize the race car 

and address the solutions and bene-

fits purposed by the students in their 

reports. The carôs ergonomics, fit 

and finish and overall packaging are 

also evaluated here. 

The Dynamic Events 

 

Acceleration: Each car is 

given a straight piece of track to 

reach the highest speed possible 

within 75m. The car that finishes 

the 75m dash with the best time 

receives the best score. Well tuned 

cars can achieve 100kmh (60mph), 

in under 4 seconds. New for the 

Formula Hybrid competition is a 

mandatory electric-only run. 

 

Skid Pad: This event consists of the 

car racing on a figure eight track. 

The car must perform two consecu-

tive orbits per circle within the fig-

ure eight. The skid pad demon-

strates lateral forces produced by the 

car. The faster the skid pad is com-

pleted, the better the score. Lateral 

forces of 1.4g are not uncommon.      

     

Autocross: The goal of this event is 

to lap a track as fast as possible. 

Ample acceleration and precise han-

dling are critical to score well. The 

faster the lap, the better the score. 

 

Endurance: The main event of the 

competition that tests the carôs reli-

ability as it races around a track un-

til 22km of race distance is reached. 

The first car to do so wins the event. 
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CARLETON UNIVERSITY  

 

Carleton University is an interna-

tional, comprehensive university lo-

cated in Canada's capital of Ottawa, 

Ontario. Founded as a small college 

in 1942, Carleton now offers over 65 

programs in a diverse range of disci-

plines, including public affairs, jour-

nalism, film studies, engineering, 

high technology, and international 

studies. More than 2000 faculty 

members instruct some 23 000 stu-

dents drawn from over 147 coun-

tries, studying for a Bachelorôs, Mas-

terôs or Doctoral degree. 

 

The Faculty of Engineering and De-

sign offers 15 different degree pro-

grams.  

 

 

 

 

 

 

 

 

 

 

This project is under the Department 

of Mechanical and Aerospace Engi-

neering. Students from other engi-

neering departments are welcomed 

to join the project to contribute their 

knowledge and expertise. 

As one of the nationôs leading insti-

tutions in the study and research of 

engineering, architecture, industrial 

design, and information technology, 

the comprehensive platform of pro-

grams provides students with an en-

vironment that is challenging, di-

verse and flexible. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The engineering programs are of-

fered jointly by four engineering de-

partments: 

 

Systems and Computer Engineer-

ing 

Office in Mackenzie Building,  

Room 4456 

 

Electronics and Electrical Engi-

neering 

Office in Mackenzie Building,  

Room 5170 

 

Civil and Environmental Engi-

neering  

Office in Mackenzie Building,  

Room 3432 ME 

 

Mechanical and Aerospace Engi-

neering  

Office in Mackenzie Building,  

Room 3432 ME 

Faculty of 

Engineering and Design 

http://en.wikipedia.org/wiki/University
http://en.wikipedia.org/wiki/Ottawa
http://en.wikipedia.org/wiki/Ontario
http://en.wikipedia.org/wiki/College
http://en.wikipedia.org/wiki/Carleton_School_of_Journalism
http://en.wikipedia.org/wiki/Carleton_School_of_Journalism


8 

 

THE TEAM  

 

The team consists of 21 highly moti-

vated and passionate engineering 

students, mostly from the Depart-

ment of Mechanical and Aerospace 

Engineering.  

 

Individual roles are assigned by the 

Project Manager, the professor su-

pervising the design project. Each 

member picks their top three choices 

out of several roles and submits them 

to the project manager. The Project 

Manager then assigns the roles based 

on previous experiences, courses 

taken, relevant hobbies, and specific 

interests.    

 

Once the roles are assigned, each 

team member is then put into a  

group headed by a lead engineer, 

also a professor. Team members 

meet once a week and report to their 

respective lead engineers to discuss 

design ideas, seek advice, and estab-

lish realistic deliverables.  

 

The whole project, as well as its 

team-orientated structure serves two 

main purposes:  

 

1) To improve the students design 

skills and practices.  
 

2) To introduce the processes of real-

world engineering projects, which 

include teamwork, inter-dependent 

deadlines, and budget constraints.  

Overall, the project is designed and 

structured to mimic professional 

skills and practice the students will 

need upon graduation.  

 

The vast majority of team members 

have full course loads, meaning they 

still attend lectures, write midterms, 

and submit assignments along with 

designing, building, and testing the 

race car. Therefore it is absolutely 

crucial that everyone on the team 

works together and assists each other 

whenever possible. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The sub groups are: 

Ý Project  

 Engineering/Management 

Ý Structures 

Ý Dynamics and Suspension 

Ý Engine and Drivetrain 

Ý Support Systems 

Ý Aerodynamics 

 

Each subgroup is described in detail 

in the ñTeam Classificationò section.  

 

The list above does not by any 

means represent a hierarchy of im-

portance. Each subgroup is equally 

crucial for the success of the race car 

and the project.    
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Project Engineering 

 & Management 

The Project Engineering group usu-

ally consists of three students each 

with very different roles. These roles 

consist of  

Ý Project Engineer 

Ý Manufacturing Engineer 

Ý Testing/Logistics Engineer 

 

This team is responsible for the 

overall cost, schedules, public rela-

tions, vehicle performance, and gen-

eral team integration.  

 

Project Engineer: Responsible for 

producing the budget, team cost re-

port, fund raising, media, marketing, 

unveiling, and the overall digital 

solid model of the entire race car. 

This role can be seen as the team 

captain or the student manager, en-

suring proper team cohesion and in-

tegration.  

 

The project engineer will also have a 

technical task on top of the previous 

listed duties; good examples include 

optimising ergonomics or race car 

tire alignments.  

 

 

 

 

Finances are a crucial part of all pro-

jects, engineering or otherwise. To 

ensure that resources are properly 

allocated and guarantee maximum 

cost effectiveness, a team budget is 

constructed and approved by the pro-

ject manager (the professor supervis-

ing the project).  

 

Each team member submits a cost 

report for their respective parts/

materials to the project engineer, 

where he/she will then compile them 

to produce an overall team budget 

and cost report to present to the rest 

of the team, lead engineers, and the 

project manager. The purpose of the 

cost reports is to justify expense and 

ensures that the project design solu-

tions are the best combination of 

functionally and cost.  

The project engineer is tasked with 

organizing the number of public 

events that Ravens Racing partici-

pates in. More details concerning 

media, marketing, and team public 

relations are provided in the 

ñSponsorshipò section of this pack-

age.      

 

Each team member is responsible for 

a particular part of the car that fall 

into the sub groups mentioned previ-

ously. These parts, such as brakes, 

the frame, etc, must all be digitally 

modeled with computer aided design 

(CAD) software. Each part is sub-

mitted to the project engineer where 

he or she digitally assembles the ve-

hicle.    

Data logger, used for on board data acqui-

sition (DAQ). 
Computer numerical control (CNC) machine 

for precision machining. 

TEAM CLASSIFICATION  
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Manufacturing Engineer:  Tasked 

with overseeing the ñbirthò of the 

vehicle, the manufacturing engi-

neer is accountable for fasteners, 

vehicle integration, quality, fit and 

finish, contractor management, 

build control, and the weight 

budget. 

  

Each team member is responsible 

for manufacturing their respective 

components after they have been 

designed with CAD. The manufac-

turing engineer produces a build 

schedule and allocates shop use in 

order to ensure a smooth build 

process. This way, there will be 

minimal conflicts between sub 

groups with regards to shop/lab use 

and component deliverables. 

 

Unfortunately, once components 

are manufactured they will not as-

semble like Lego to form a car. 

Therefore proper fasteners need to 

be considered during the design 

and build process. Most of the fas-

teners used on the current vehicle 

are #10-32 NAS1103 (about 1/4 

inch). This translates to several car 

components being maintained or 

adjusted with far less tools. 

In order to maximize vehicle per-

formance, the weight of the car must 

be kept to a minimum in order to 

improve power to weight ratio. The 

weight of every component, fas-

tener, and assembly is recorded and 

constantly scrutinized. Like the fi-

nancial budget, the manufacturing 

engineer compiles a weight budget 

with all the recorded part weights 

which is used as a tool to see where 

weight can be saved.  

 

The vast majority of the vehicle is 

manufactured in-house by students 

and boasts many custom made fea-

tures and designs. However, there 

are some aspects of the car that can-

not be produced at Carleton Univer-

sity, such as the engine or frame. 

Therefore, the manufacturing engi-

neer collaborates with external com-

panies for assistance, many of whom 

become sponsors.     

 

Testing/Logistics Engineer:    

Responsible for organizing and de-

signing performance tests, data col-

lection and analysis, and logistics.  
 

This role selects and installs all the 

sensors located through the car. Data 

acquisition (DAQ) is an extremely 

important tool in making and sup-

porting key decisions regarding ve-

hicle setup and performance. Data is 

gathered through a variety of sen-

sors installed on the car and saved 

onto a data storage device. Some of 

the parameters that are being re-

corded are: lateral and longitudinal 

acceleration, speed, throttle position, 

steering angle, engine RPM, and 

suspension movement. Although 

these are the most critical parame-

ters to be monitored, the possibilities 

are limitless. 

 

Data analysis involves taking the 

data and transforming it into useful 

information in order to make critical 

decisions. Most of analysis is com-

parative analysis that monitors how 

changes in car setup, track condi-

tions and driving style affect the 

carôs behaviour. This step closes the 

loop on the design process by an-

swering question such as: Does the 

car behave in the way we designed 

it? Were the changes we made bene-

ficial? 

 

 

A digital solid model of the Ravens 

Racing 2010 contender without 

bodywork. 



11 

 

 

Structures 

The structures group usually con-

sists of three or four students, each 

with very different roles. Each role 

is responsible for one the following 

aspects of the car: 

Ý Vehicle frame 

Ý Control arms/ Pushrods 

Ý Monocoque design  

 

Vehicle Frame: The core of the 

vehicle, the frame provides mount-

ing points for all vehicle subsys-

tems, such as suspension, engine, 

seat, and/or fuel tank. 

Constructed from 1020 steel, the 

frame forms a tubular space frame 

chassis. The frame must be strong 

enough to support the entire weight 

of the car and driver without yield 

in case of roll over. 

The main goal is to always im-

prove on previous yearôs designs 

by attempting to reduce the overall 

weight of the space frame while 

maintaining stiffness, and to sim-

plify the structure for ease of 

manufacturing. 

Control arms/ Pushrods: Control 

Arms are structural members joining 

the wheels to the frame.  They carry 

the longitudinal and lateral loads 

which the vehicle is subjected to.  

The control arms consist of carbon 

fibre pultruded rods with carbon-

kevlar woven biaxial sleeves to pro-

vide strength in the longitudinal and 

transverse directions. 
 

Pushrods provide a force carrying 

link between the lower control arm 

and the bell crank. They withstand 

compressive loads caused by brak-

ing, steering, and bumps in the road.  

The pushrods consist of carbon fibre 

pultruded rods with threaded rod 

ends. 

Structural legend of the RR10 Frame 

TEAM CLASSIFICATION  
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Composite crash structure 

Suspension mount covered 

 

Monocoque design: The Modern 

race cars are made as light as possi-

ble to stay competitive in a con-

stantly evolving sport. Ravens Rac-

ing, is constantly trying to reduce the 

weight of our race car to remain a 

top team at competition. 

was able to evolve the frame to a 

lighter and stronger competitive ver-

sion. 

 

In years past, the team has chosen a 

conventional tubular steel chassis for 

its proven reliability as a race carôs 

basic structure. Finite element analy-

sis (FEA) was performed on previ-

ous yearsô chassis design, as seen in 

Figure 1, in order to determine the 

stress concentrations, deflection an-

gles and torsion stiffness of conven-

tional metal frames. With this analy-

sis Ravens Racing was able to 

evolve the frame to a lighter and 

stronger competitive version.  

 

Ravens racing is developing a semi-

monocoque carbon fibre chassis for 

its beneficial weight savings and 

strengthening engineering properties. 

This chassis will be developed and 

manufactured using industry stan-

dard computer design software as 

well as a unique and innovative resin 

infusion method.  

 

A ½ scale proof-of-concept semi-

monocoque chassis has been manu-

factured, as a step closer to incorpo-

rating this design. These design 

changes will surely help propel 

Carleton University to the top of the 

FSAE leader board at competition. 

Controls arms mounted to the carbon 

portion of the semi-monocoque.  

Semi-monocoque chassis with 

steel engine sub frame, roll bar, 

and carbon fibre tub. 

Top and bottom halves of 

semi monocoque  
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Dynamics & 

Suspension 

Power is nothing without control. 

Consisting of three students, the 

dynamics group focuses on three 

keys areas: 

Ý Wheels and tires 

Ý Suspension geometry 

Ý Springs, shocks, sway bars 

Ý Steering 

 

The dynamics group is responsible 

for optimizing the handling of the 

car during operation (acceleration, 

braking, and corning). Specifi-

cally, they try to increase corning 

speed, achieve neutral steering, 

reduce body roll, and make the car 

as predictable as possible.  

 

Wheels and tires: Tires are a key 

feature to the success of any racing 

team; they are the only interface 

between the car and the road. That 

being said the design and imple-

mentation of the wheel package is 

critical. 

The same tires have been chosen 

for the past two years. There are 

several reasons for this; the critical 

reason being that the DAQ indi-

cates that this compound and size 

is one of the top performing tires 

available. The manufacturer is 

Hoosier and the sizes chosen are 

13 X 6.0ò X 20.5 for the slicks and 

13ò X 6.5ò X 20.5 for the wet tires. 

 

Contrary to popular belief, a wider 

tire is not always better. Narrow 

tires will always warm up faster 

during use, enlarging its contact 

patch with the track and thus im-

proving cornering. Finding the op-

timal tire width is just one of the 

many parameters in finding the 

best possible tire configuration.    

Suspension Geometry: Once the 

best tire and wheel configuration is 

selected, control arms and pushrods 

are adjusted to obtain the best sus-

pension setup for the dynamic events 

at competition. 

 

The geometry of the control arms 

and pushrods manipulate many pa-

rameters involving the tires. Specifi-

cally, the geometry controls three 

major tire angles that greatly influ-

ence vehicle handling. These angles 

are camber, caster, and toe.  

 

Using advanced computer simulation 

and real world testing, geometry and 

tire angles are tuned until the optimal 

configuration for each dynamic event 

is found. A computer model of the 

vehicle performs the dynamic events 

to proof any angle calculations made 

previously are beneficial or not. Re-

sults are plotted and the best configu-

ration can be chosen.  

Shock spring  

assembly used on the RR10.  

TEAM CLASSIFICATION  
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Shocks, springs, and sway bars: 

These three components influence 

how the car oscillates and rolls un-

der operation. The goal of these 

components is minimize body pitch 

and roll, stiffening the car as much 

as possible to improve drivability 

and responsiveness.  

 

Shocks utilize suspension geome-

try to ensure that all four tires are 

in contact with the road at all 

times, and distribute the weight of 

the car evenly during cornering. 

They absorb the kinetic energy 

transmitted by the springs from 

vertical movement of the car, and 

convert it into thermal energy in-

side the shock body. This is 

achieved by utilizing the oilôs vis-

cosity by forcing it through care-

fully designed orifices.     

 

Ravens Racing have made great 

strides in learning and implement-

ing in house shock rebuild and tun-

ing. 

Shocks function with the sway bar, 

located at the front and rear of the 

car, to limit body roll of the car dur-

ing cornering.  Both components are 

fully adjustable, allowing the team 

to achieve the perfect suspension 

tuning for every competition event.   

Stiffening the sway bar reduces body 

roll, however, an over stiff sway bar 

will impose undesirable effects on 

other suspension components and 

worsen drivability.  
 

Steering: The steering assembly 

incorporates linkage geometry that 

provides an optimization of steer-

ing control and vehicle response.  

It is crucial for the steering assem-

bly to not create unwanted effects 

for the driver, which could cause 

driver fatigue.  Carleton FSAE 

cars have employed lower steering 

assemblies due to the ease of inte-

grating them into the car frame and 

design templates.   

 

Although research is underway for 

designing a multi bar linkage that 

will locate the steering assembly in 

the upper portion of the frame and 

consequently allowing the drag-

links to connect to an upper mount 

on the uprights.  This new design 

of steering will give much better 

driver feedback due to the geome-

try.   
 

Dynamic and suspension 

components incorporated 

into the vehicle frame. 

Steering assembly on the RR10   
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Engine & Drivetrain  

The heart of any race car is its en-

gine. The engine and drivetrain 

team constantly try to squeeze 

every bit of power and reliability 

out of the given power plant. Each 

student is tasked with one of the 

following assemblies: 

Ý Engine electrical systems 

and dynamometer tests 

Ý Engine intake, exhaust, 

and chassis integration 

Ý Driveshaft, axles, and dif-

ferential  

 

Engine electrical systems: The 

vast majority of FSAE teams use 

motorcycle engines due to their 

high power to weight ratio. How-

ever, most of those engines use 

carburetors, a poor and inefficient 

fuel delivery system. To maximize 

power, Ravens Racing employs 

custom electric fuel injection that 

is programmed using the MoTeC 

M 4 8 

The MoTeC unit works in con-

junction with almost all the sen-

sors onboard the vehicle to con-

trol; fuel timing, amount of fuel 

needed, and spark ignition timing. 

Getting these variables to work in 

harmony is known as engine map-

ping.    

 

The MoTeC canôt program itself, it 

is just a tool used to achieve har-

monious operation between all en-

gine subsystems. The student 

tasked with this role is also respon-

sible for the engine development 

via dynamometer tests, and all 

other electrical systems found on 

the car. The more dynamometer 

tests are performed, the faster and 

more reliable the engine will per-

form. 

Engine intake, exhaust, and 

chassis integration: The air enter-

ing and exiting the engine needs to 

be properly managed once it has 

been mapped.  

 

The intake system consists of an 

air filter, throttle body, plenum 

(intake manifold), and injector 

body. Its purpose is to optimize the 

air flowing into the engine by giv-

ing the air a path of least resis-

tance.   

 

SAE rules dictate that all the air 

entering the engine must pass 

through a 20mm restrictor, which 

is never present on stock engines.  

Therefore, apart from the air filter, 

every part of the intake system is 

custom made in house.  

 

The throttle body is personally ma-

chined from a small block of alu-

minum, the plenum is hand crafted 

using carbon fibre, and the injector 

body is three dimensionally 

printed out of duraform, a type of 

nylon. The custom exhaust is 

stainless steel.   

 

 Vehicle electrical box. Its battery pro-

vides power to systems, such as lights, 

fuel pump, and the ECU      
Engine control unit (ECU)  
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One of the two 

drive axles found 

on the RR10. 

 

 

 

 

 

 

 

RR10 differential 

assembly located 

between the two 

drive axles. 

The student responsible for the 

drivetrain must ensure that the 

drivetrain is lightweight but strong 

enough to withstand the power pro-

duced by the engine, and must mini-

mize the power loss between the en-

gine itself and the rear wheels. This 

can be achieved by reducing friction 

between components, via proper lu-

brication, and by reducing the size 

and weight of all rotating parts.  

 

A great deal of computational fluid 

dynamics (CFD) is used to model 

and control air flow entering and 

exiting the engine. The goal is to 

increase the pressure difference be-

tween the intake, engine, and ex-

haust so that air flows through the 

engine as fast as possible, thus pro-

ducing more power.  

 

Driveshaft, axles, and differential: 

The purpose of these components, 

which make up the drivetrain, is to 

transmit the power generated by the 

engine, optimized by the two previ-

ous roles, into fast forward motion. 

The transmission is integrated with 

the engine within the same housing 

and there are many rules restricting 

its modification.  

 

Unlike most roads car that are shaft 

driven, the RR10 is chain driven. 

The chain links with a sprocket 

which transmits power to the rear 

wheels via drive axles. 90% of all 

drivetrain components are designed 

and manufactured in house.  

Computer simulation is used to 

accurately predict the stresses ex-

perienced by each part that make 

up the drivetrain.  
 

 

KTM 525cc engine used 

on the RR10. SAE  rules 

state a 600cc (cubic cen-

timetre) limit.      
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Support Systems 

Support systems consist of the fol-

lowing subsystems: 

Ý Vehicle hydraulics 

Ý Brake system and pedal 

assembly 

Ý Uprights and spindles 

 

Vehicle hydraulics: Responsible 

for the fuel storage and delivery 

system, engine cooling, and brake 

lines, this role referred to as the 

ñHydraulics Engineerò. 

 

The fuel tank and delivery system 

are hand crafted specifically for 

the RR10 out several different lay-

ers of composite materials to re-

duce overall weight. The tank is 

manufactured, via vacuum assisted 

resin transfer molding, with an in-

tegrated fuel pump, which pumps 

fuel to the fuel rail/injector assem-

bly located within the injector 

body.       

 

Competition rules state that only 

pure water can be used as a cool-

ant. To compensate for this, a 

more innovative cooling system is 

needed. The RR10 boosts forged 

aluminum cooling lines as oppose 

regular plastic hoses. This grants 

two major advantages, far less 

weight and better heat transfer be-

tween the lines and the environ-

ment.  

 

The forged lines are connected to 

the radiators located at both sides 

of the vehicle. Surrounded by 

body panels to channel more air, 

the radiators dramatically in-

creases the rate of hear transfer, 

resulting in cooler water within the 

aluminum lines.  

 

Similar to a road car, the brakes on 

the RR10 are hydraulically actu-

ated. Front and rear brake bias can 

be adjusted via the brake master 

cylinder. To reduce the amount of 

brake fluid used, and thus the 

overall weight, brakes need to be 

methodically placed to minimize 

their length.  

Brake system and pedal assem-

bly: Accountable for a crucial sys-

tem, brakes must be the most reli-

able component of the car. Before 

any team is allowed to compete at 

competition, the brakes must be 

able to lock up all four wheels si-

multaneously during a standard 

brake test. Failure to do so will re-

sult in disqualification.  

 

The brakes are activated by the 

brake pedal which actuates the mas-

ter cylinders and pressurizes the 

brake lines. This pressure is trans-

mitted to pistons in the calipers 

which pushes against the brake pads 

and locks the brake rotors and 

wheels in place.  

AP Racing CP2623  

Master Cylinder 
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The RR10 uses a dual master cylin-

der arrangement to pressurize the 

system.  The two separate systems 

allow the front and rear brakes to 

functions independently of each 

other. The current master cylinders 

are manufactured by AP Racing and 

have bore sizes of 0.551ò and 

0.812ò which supply the required 

pressures of 1000 psi and 500 psi 

for the front and rear respectively.  

 

The calipers used are Wilwood PS-

1. They are the lightest and most 

cost effective on the market. The 

brake pads used are manufacture by 

Satisfied Brakes. The rotors are 

manufactured in-house out of duc-

tile cast iron supplied by Dura-Bar. 

The front and rear rotors are 0.125ò 

thick and are 7.25ò and 6.50ò in di-

ameter respectively. For the brake 

pads, a carbon metallic compound 

was chosen due to light weight and 

a high fade temperature. 

 

The pedal assembly consists of the 

throttle, brake, and clutch pedals, 

the brake and clutch master cylin-

ders and the frame mount that re-

tains all the parts together. The 

clutch pedal activates the clutch 

master, and engages the clutch. The 

brake pedal actuates the brake mas-

ter cylinders as well as the brake 

light as soon as brake pedal pushed. 

The throttle pedal (or gas pedal) 

connected to the throttle body and 

allows the car to accelerate. The 

pedal assembly is manufactured in 

house with the help of Sentry Preci-

sion to laser cut the pedals and 

frame mounts. 

 

Uprights and spindles: The pur-

pose of a spindle is to provide 

mounting for the wheels onto the 

car. This method had been intro-

duced to the 2007 Carleton FSAE 

car and has proven to be very satis-

factory. Spindles have proven to 

ease the mounting and removing of 

the wheel with the help of the stud 

pins and wheel nut.  

The spindle also provides mount-

ing for the brake rotor. Due to the 

attachment of brake rotors and the 

wheel, the spindle encounters 

many loads for which FEA is per-

formed as a precaution.  

 

The geometry of the uprights is 

primarily dependant on the loca-

tion of suspension points set out 

by the suspension designer. As 

well as the location of the brake 

caliper set by the brake designer. 

Currently the design is made of 

6061-T6 aluminum for its strength. 

Future goals for the uprights are 

sheet metal uprights, as this would 

provide weight saving which is the 

Handmade composite fuel tank.        

Willwood PS ï 1 caliper  

Caliper 

Brake Rotor 

Upright  

Spindle 

Wheel Rim 
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Aerodynamics 

 

Once the RR10 is fully manufac-

tured and assembled, the aerody-

namics group is responsible for 

clothing the car with a composite 

suit. This serves two purposes:  

Ý To aesthetically reduce the 

overall drag of the car,  

Ý To improve car safety with 

a front nose crash structure, 

similar to a front bumper.  

 

Bodywork and cladding: The 

body is designed with the synergy 

of engineering and industrial de-

sign students to develop a body 

that represents a blend of the Ra-

vens Racing race philosophy and 

modern style, while developing 

manufacturing techniques to de-

cease drawing to product manufac-

turing time and costs. This is done 

to allow the car to be marketable 

to the weekend racer, for which 

the vehicle is designed. 

 

The Ravens Racing knowledge of 

composite materials and manufac-

turing techniques allows the entire 

design and build of the body to be 

carried out in-house. With the help 

of computer aided design and com-

putational fluid dynamics (CFD) 

software, the body is designed to be 

optimized for both vehicle perform-

ance and manufacturing efficiency. 

 

 

The CFD software has also been 

used to develop aerodynamic ef-

fectors such as undertrays and 

wings to help increase the dynamic 

performance of the vehicle. The 

CFD software has allowed for effi-

cient development of the aerody-

namics components but is vali-

dated with experiments to close 

the "engineering design loop". 

 

A clay model to manipulate and sculpt the bodywork of the RR10.    
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A major part of automobile racing 

is safety and FSAE is no excep-

tion.  In order to ensure the safety 

of all participants there are many 

structural requirements which need 

to be met, including a frontal crash 

structure.  The purpose of the 

crash structure or impact attenu-

ator is to absorb energy and decel-

erate the race car in the event of a 

head on collision. 

 

In Carleton Universityôs effort to 

be cutting edge, using the most 

advanced technologies available, a 

composite crash structure is to be 

implemented.  

 

Advanced composites are becom-

ing more and more popular for 

high performance applications and 

are proving to be highly capable. 
 

The design for Carleton FSAE is 

capable of absorbing enough energy 

and proper deceleration to ensure 

that in the event of a fontal collision 

the driver will not endure any seri-

ous injury.  The crash structure is 

able to do this through progressive 

crushing of a carbon fibre rein-

forced epoxy shape which absorbs 

increasing amounts energy as it is 

A proposed digital model of the 

RR10 with semi-monocoque and  

bodywork.   

The design of the impact attenuator 

must also be visually appealing and 

aerodynamic on top of providing 

energy absorption.  The design is a 

40cm rounded cone in order to im-

prove the aerodynamics along with 

having a total weight of less than 2 

pounds to help keep the weight of 

the car as low as possible.  The 

manufacturing procedure includes 


