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AbstrACt
The master's thesis deals with a design of a bodywork of a Formula Student vehicle. 
The vehicles of every participating student team are taking part in an annual series of 
international events. Quality of the design is tested by both dynamic and static events.
The thesis describes a process of the design of three concepts along with a further 
development of a final variant for a production stage. In addition it presents a concept 
with an aerodynamic package that could show a possible development of the design 
of the vehicle.

keywords
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AbstrAkt
Diplomová práce pojednává o návrhu kapotáže vozidla Formula Student. Vozy této 
kategorie se každoročně učástní série mezinárodních závodů všech zůčastněných stu-
dentských týmů. Úroveň návrhu se posuzuje jak v dynamických tak ve statických 
disciplínách.
Tato práce popisuje proces návrhu tří koncepčních variant společně s rozpracováním 
finální varianty pro fázi výroby. Navíc je zde prezentován koncept obsahující aerody-
namický paket, který slouží jako výhledová studie možného vývoje vozidla.
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pREFacE

Every year as many as 4,000 students from all over the world enter the Formula SAE 
competition organized by the Society of Automotive Engineers. Their task is to design 
and manufacture a vehicle of given attributes. And it is up to them whether the car suc-
ceeds in a variety of disciplines - both static and dynamic.
This thesis deals with the FSAE/FS vehicle from a perspective of a designer - stylist. 
Such an object offers a true challenge. Designing a body for a car with unique propor-
tions - not close to any other category - is a demanding task. In addition the aerody-
namic devices such as inverted wings and diffusers can make such a small car look 
very unbalanced.
The scope of this thesis is to find the delicate balance between the aesthetics and 
the functionality of the Formula SAE vehicle. It is intended that the car has to have 
a unique look with the possibility of incorporating aerodynamic devices. The function-
ality also includes ergonomic design of the cockpit that is quite specific for this kind of 
race car. All this must be compatible with the official rules of the competition.
The result complying with such conditions is highly likely to be brought into the im-
plementation process.

Preface
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1 ovERvIEW oF thE cuRREnt statE oF KnoWlEDGE 
 

1.1 Evolutional analysis
The history of the Formula SAE is quite short and does not offer a sufficient amount of 
data therefore I shall explore briefly the history of Formula One as well. The technol-
ogy and design of F1 single-seaters inspires many students in their work. As it inspires 
me.

 “Being second is to be the first of the ones who lose.”
       Ayrton Senna [1]

It is said that the history of the auto racing began when two cars met on the road. To 
be more accurate it was in 1887 in Paris where a 2 km long race was organized by M. 
Fossier, the chief editor of Le Vélocipède magazine. It wasn‘t an actual competition as 
there was only one contestant. [2]

1.1.1 history of Formula one
Despite the fact that many races took place in the beginning of the twentieth century, 
the birth of Formula One is associated with the year 1946 when the Fédération Inter-
nationale de l‘Automobile (FIA) established the definition for a single-seater racing 
category.
The first F1 championship was held in 1950 at Silverstone and the first decade of 
Formula One racing was under the domination of Juan Manuel Fangio who won five 
World Championships.
The famous name of Sir Stirling Moss is also connected with this era as he was the 
biggest Fangio‘s rival, a skilled driver but unfortunately he never won a championship. 
Both Fangio and Moss were driving the impressing Mercedes-Benz W196 (Figs. 1-1 
and 1-2). With this masterpiece Mercedes-Benz withdrew from Formula One for al-
most four decades.

1.1.1

1.1

1

Fig. 1-1 Mercedes-Benz W196 - open wheel version
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Moss was the predecessor of the British Era of F1 which began in 1958. The British 
racing green became the official color of Formula One throughout the second decade 
of the competition‘s history.
In 1961 new engine specification for F1 was introduced which limited teams to use 
engines with displacement not exceeding 1500cc. Lotus answered with a first-ever 
monocoque design in Formula One. Lotus 25 (1962) used aluminum body panels as 
structural elements of the chassis with integrated fuel tanks on either side of the driver. 
Jim Clark won seven out of ten races during 1963 championship in this car. 
Two major changes were made to Formula One vehicles during seventies. First, it was 
the Lotus 49 that emphasized the importance of the body as an advertising space when 
during the 1968 season they ran in the colors of the team main sponsor. The second 
change was connected with an aerodynamic revolution - the first use of inverted wings 
and spoilers (Fig. 1-3).
In the 1980s Formula One technology introduced ground effects. It was most evident 
on the Lotus 78 that were using movable rubber skirts to seal the gap beneath the car. 
By 1982 ground effects were popular with the most of the F1 teams. Gordon Murray, 
the lead engineer of Brabham team, was experimenting with ground effects in a differ-
ent way. He designed a car, the Brabham BT46B (Fig. 1-4), that used a fan mounted 

Fig. 1-3 Lotus 49 - the first car with inverted wings

Fig. 1-2 Mercedes-Benz W196 - streamlined bodywork version 
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behind the rear axle to extract air from the bottom of the car. In many cases ground 
effects made the car unstable which was the reason why they were banned in 1983.
Performance of the cars has been greatly improved since 1977 when Michelin intro-
duced the first radial tires for F1 cars. At the same time Renault re-entered the competi-
tion with the first car powered by a turbocharged engine which was a prelude to an era 

of domination of turbocharged vehicles.
In 1981, the world of Formula One saw the first race car with a carbon composite 
monocoque structure. It was the McLaren MP4/1 (Fig. 1-5) and it revolutionized F1 
car design. 
In 1987 the Team Lotus introduced another technical advancement, namely the com-
puter controlled hydraulic suspension.
FIA banned turbochargers for F1 engines in 1989, arguing that turbos were making the 
sport expensive and hazardous.

Fig. 1-4 Brabham BT46B - ‘The Fan Car‘

Fig. 1-5 McLaren MP4\1 Carbon Monocoque
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The Williams FW14 debuted in 1991 and was aero-efficient with the most powerful 
V-10 engine made by Renault. In spite of its technological advance the car was very 
unreliable due to FW14‘s only potential weak spot - a semi-automatic gearbox.
In 1999 FIA prohibited driving with slick tires, ordering the use of grooves on all tires. 
The irony was that the grooves extended braking and made the cars more prone to 
spinning, hence reduced the safety. [3]
The beginning of new millennium belonged to Scuderia Ferrari. It is quite surprising 
that Ferrari had to wait 21 years for another Drivers‘ Championship trophy. Michael 
Schumacher was the man who put an end to their misery.
The McLaren MP4-23 (Fig. 1-6), built for 2008 season, is an aerodynamic master-
piece, an example of devotion to detail. The sophisticated shape did not impress FIA 
though because a year later the rules were changed to outlaw minor aerodynamic de-
vices in the name of cost reduction.
It is getting harder and harder for FIA to control the competition in the sense of fair-
play and compliance. The teams are able to quickly react on a change of rules and 
sometimes to out-think the old ones. FIA‘s intensions are pure because they are putting 
driver safety in the first place. But such disobedience can in some cases bring a true 
technological breakthrough. [4-5]

1.1.2 history of Formula saE
The origin of the international student competition dates back to 1978 when Dr. Kurt 
M. Marshek of the University of Houston contacted SAE with the idea of organizing 
a new event. With the help of the Mini Baja concept (Fig. 1-7) a variant event called 
the Mini Indy was founded.
Three students at The University of Texas at Austin came up with an idea to cre-
ate a new category of the Mini Indy - more challenging with less restrictive rules. 
The Mini Baja allowed students to be creative in chassis design but they were not so 
boundless in the case of the engine. Therefore new rules were set, which allowed any 

Fig. 1-6 McLaren MP4-23
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four stroke engine with a 25.4 mm intake restrictor to be considered. The new name of 
Formula SAE was adopted.
First year of Formula SAE - 1981 - four universities participated. Companies such as 
General Motors, Ford and Southwest Research Institute had their part in the competi-
tion. 

In order to attract more teams a second category for cars powered by Briggs & Strat-
ton engines was established in 1982. That year brought a significant change of rules. 
From that time forward, a four-wheel suspension was required. The B & S category 
was eliminated the next year.
The year 1987 was the milestone in the skid-pad event - time run on a track shaped like 
an 8 made of constant-radius turns. It was the first time someone exceeded 1.0 g. The 
University of Texas at Arlington reached the value of 1.09 and Cornell 1.04. This year 
is also connected with the first use of fuel injection.
The star of the year 1990 was Cornell University whose students managed to reinvent 
Jim Hall‘s 1970 Chaparral 2J CanAm car with the powered ground effect - Fig. 1-7. 
The formula with a device emitting a huge amount of downforce thanks to the rotating 
fan pulled a record 1.32g on the skid-pad of the 1990 event. SAE‘s answer to this step 
was immediate change of the rules which banned such active devices.
The Formula SAE 1991 competition was truly unforgettable. Two universities intro-
duced car equipped with an inverted wing. The large wing positioned above the driver 
forced SAE to restrict aerodynamic devices in its dimensions and placement.
In 1995 the event included 84 entries with actual number of cars equal to 71. Al-
though majority of the field was using 600-cm3 engines the winner from UT Ar-
lington did not. They took advantage of the smaller engine but due to the in-
take restriction they used pretty much the same power as teams with 600s. 
1998 gave rise to the European branch of the international Formula SAE competition 
with the name of Formula Student.
The 2003 FSAE event saw the break in the 66 seconds best in Autocross by University 
of Missouri-Columbia and University of Texas-Arlington Wing Car.
2004 was the year of Cornell University again. Impressing the judges with the com-
posite monocoque chassis and tubrocharged Honda engine controlled by a self-made 

Fig. 1-7 Mini Baja
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Engine Control Unit (ECU) gave them the best position to start off a reclaiming of 
their eighth title in the history of FSAE.
In 2007 Formula Student UK moved to Silverstone, the mecca of all F1 fans. 
A new category of Formula Hybrid was formed with the initial location in Loudon, 
New Hampshire and the Class category 1A with focus on low fuel consumption and 
favorable CO2 emission rates was introduced during 2008 UK competition.[6]

The first Czech contestant in the history of the event, CTU Cartech from Prague, par-
ticipated in Formula Student Germany 2009. Nowadays, CTU Cartech is the most 
prosperous Czech FS team. [7]
The 2011 Formula Student event held in Silverstone was the premiere for the local 
team TU Brno Racing - Fig. 1-9. The team was racing with its first car called Dragon 
One but did not make it to the dynamic disciplines due to a crippling failure of the 
gearbox.
Conversely, year 2012 was quite successful for the team. TU Brno Racing participated 
in three events. The first was the Formula Student UK, where a broken front hub did 
not allowed the Dragon 2 car to fully accomplish the competition. The next event in 
Hungary was accompanied by problems with an intake chamber that again was DNF 

Fig. 1-8 Cornell University - ‘The Fan Car‘

Fig. 1-9 TU Brno Racing - Silverstone 2011
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for the team. The last event of the season in Italy set the best score for TU Brno Rac-
ing - 12th place overall. [8]

1.1.3 Future of Motorsports
What is the main purpose of motorsports? Entertaining people? Sure, but not everyone 
see the rest of the story. Thanks to establishments such as Formula One the car industry 
has adopted technologies that it never would without them.
It is obvious that technology plays a vital role in such competitions. In addition to 
driver skills, technological advancement has always been the factor that predicted the 
success.
Many automotive visionaries see the future in electric vehicles. Because of the shrink-
ing oil supplies, the car industry places its hopes in such technology. FIA responded to 
their suggestions by putting‚ the green technology concept into Formula One series. 
Systems such as KERS (Kinetic Energy Recovery System) and DRS (Drag Reduction 
System) has emerged. Hybrid technologies are benefial for both race and custom cars. 
As they bring better fuel economy which means money savings for ordinary drivers 
and less pit stops for racecar pilots (in case of LeMans, refueling in F1 is banned due 
to the 2010 rules update).
Not always has FIA such matured decisions, many driver aid systems - brake anti-
lock, traction control - which could contribute to safety of car driving were outlawed 
because of that they could replace the driver skills. Apparently, it would not be fun 
without drivers making mistakes. Overtaking and collisions are the most exciting part 
of Formula One (for spectators, of course).
In conclusion, we see that motorsport teams are huge money-consuming R&D facili-
ties. Time pressure caused by sudden change of rules makes team engineers to come 
up with innovative ideas that in most cases are then transferred to mass production. 
[9-10]

1.1.3
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1.2 tEchnIcal analYsIs

Although Formula SAE is a student project, vehicles built by university teams do have 
a lot in common with actual Formula One single-seaters. In many cases project budget 
allows them to use advanced technologies and high-tech materials.
This section deals with basic structure of the Formula SAE/FS competition as well as 
with characteristics of a typical FSAE/FS vehicle. Technical level requirements are the 
core of the FSAE/FS Rules.

1.2.1 competition
The competition structure consists of Static and Dynamic Events. 
The objective of static events is to evaluate technical, economical and management 
quality of the project. First the team has to pass the technical inspection which deter-
mines if the vehicle meets regulations and restrictions presented in the FSAE Rules 
document. Following with the Cost and Manufacturing Event the students have to pre-
pare a report describing a hypothetical case of a production of a thousand cars per year. 
In the next part of Static Events called the Presentation, the students present their work 
to judges who play the role of executives of a corporation. The last event, Design, 
evaluates the engineering level of the vehicle and how it meets the market demand.
Dynamic Events make the major part of the competition which is also supported by the 
total amount of points scored for the disciplines.
The first event is aimed at the car’s straight line speed and acceleration. The second 
event called the Skid-Pad measures the cornering ability of the car on the track shaped 
like an 8 made of constant-radius turns. Autocross (sometimes called Sprint) is an 
event that tests braking, cornering and acceleration of the vehicle on a course of length 
specified by the competition organizers. The last event consists of two parts: Endur-
ance and Efficiency. The Endurance Event tests the overall performance of the car 
along with its durability and reliability.
The total maximum score for Dynamic Events is 675 points with major portion of 400 
given by the last event.
The total score for both Static and Dynamic Events is 1000 points. The best teams win 
with roughly 900 points. [11]

1.2.2 vehicle
In this section key elements of the Formula SAE car will be discussed from the techni-
cal perspective.
Generally the vehicle has to be open-wheeled and open-cockpit with formula type 
body built on independently suspended four wheel chassis. Upper halves (top 180 
degrees) of the wheels must not be obstructed in the space formed by the two parallel 
planes, the first one is determined by the tops of the front and rear tires, the second 
one is offset by 68.6 mm above. In the same time the circle which is 68.6mm larger 
radially than the outside diameter of the wheel that is steered straight ahead and loaded 
with a 77kg driver defines the zone from the side view. Figures 1-10 and 1-11 might 
be helpful.[11]
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Frame
The frame is a structural component which supports other functional systems of the 
car. Its design is vital for the driver safety, total weight and torsional stiffness.
There are basically two concepts of frame design in Formula SAE: the tubular space 
frame (Fig. 1-12) and the monocoque body (Fig. 1-13). Each type is strictly bounded 
by the rules in terms of material and element size as well as the properties that have to 
be proven by a structural analysis. [11]
Early Formula One cars were built on the ladder frames which were the evolution-
al precursors of tubular structures. Racecar dynamics causing significant loads soon 
overcame the capacity of these simple beam structures therefore the space frames took 
their place in motorsports. Properly designed tubular frames transmit bending mo-
ments as tension and compression loads. Mainly consisting of welded steel tube struc-
ture, the tubular frames are heavy for motorsports applications in particular. Although 
carbon fiber tubes are an option, it is difficult to connect them into the spatial structure.
The introduction of composite materials was a milestone which enabled a more effi-
cient incorporation of monocoque structures. The monocoque frame does not consist 
of elements such as tubes, but it is a body itself which supports structural loads.
Composite materials enable manufacturing of complex shape monocoque frames gen-
erated by the aerodynamic design process. [5]
Two main structural elements must be included in both tubular and monocoque frame 
design. The Front and Main Hoops secure the pilot in case the car flips over - Fig. 1-14. 
They must extent from the lowest frame member on one side over the top to the lowest 
member on the other side. The roll hoops must be constructed of a closed section steel 
tubing even when the monocoque frame is taken into the consideration.[11]

powertrain
Formula SAE cars are allowed to use conventional piston four-stroke internal combus-
tion engine(s) with (total) displacement not exceeding 610 cc per cycle. To limit the 

Fig. 1-12 Typical FSAE space steel tubular frame

Fig. 1-10 Definition of “Open-wheel” - side view

Fig. 1-13 Monocoque structure developped by 
Rennteam Uni Stuttgart

Fig. 1-11 Definition of “Open-wheel” - top view
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engine power capabilities, a circular restrictor must be a part of the intake system. For 
the gasoline fueled car, diameter of such a device is 20 mm. There is a possibility to 
fuel the car with E-85. Such vehicles are limited to use a 19 mm circular intake restric-
tor. The engine is located behind the cockpit separated by the firewall that protects the 
driver in case of an accident. [11]
The Dragon 2 is powered by Husaberg (KTM division) FE 570, a single cylinder en-
gine with 42 kW (at 8800 rpm). [8]
Transmission is not restricted by the rules so basically any one can be used, but as the 
transmission is a built-in part of the engine (motorbike engine), it would be unwise to 
design and manufacture a new one.
The torque created by the engine is transmitted through a chain (a belt is possible as 
well) to a differential which distributes the rotation on the both wheels. Four-wheel 
drive is not allowed. [11]

suspension
Formula SAE car uses an independent double A-arm suspension with either the pull-
rod or push-rod configuration. The A-arm suspension is a quite complex system due 
to a high number of elements, but at the same time it offers a possibility of precise 
tuning. [12]
Dragon 2 has the front pull-rod/rear push-rod setup using Öhlins TTX 25 FSAE shock 
absorbers. [8]
The braking system consists of two independent hydraulic circuits working on the front 
and rear axle. The disc brakes must be able to block all four wheels during a brake test. 
Some teams use the single disc brake acting on the rear axle. In this case only the slip-
limited differential is acceptable. [11]

1.2.3 Regulations
There are some safety regulations that have to be met in case of a hypothetical contact 
with pedestrian. The bodywork must be closed from the front of the vehicle back to the 
main roll hoop or the firewall with only minimal openings around the front suspension 
components.

Fig. 1-14 Front and Main Hoop - 50 mm helmet 
clearance should prevent driver’s head from contacting 
the ground



Overview of the current state of knowledge  

page
25

Since in the case of an accident the car could impact people, all sharp edges on the for-
ward facing bodywork or protruding parts are prohibited. Every edge of the nose must 
have the minimum radius of 38 mm. This value applies to each edge lying within the 
space defined by an angle of at least forty-five degrees relative to the forward direction.
Every body panel must be fitted properly otherwise in case of compromising vehicle 
integrity or surface of the track by dragging bodywork, the car can be excluded from 
the competition until the problem is resolved.
In addition there are rules that apply on the aerodynamic deivces. These all have to be 
located in a rectangle that has a plan view of the width given by the outside of the front 
or rear tire whichever is wider. The length of the rectangular equals to the distance 
between the fronts of the front tires plus 762 mm and the rears of the rear tires plus 
305 mm. No aerodynamic device (wings, diffusers, splitters) may cross the boundaries 
given by the rectangle.
And again all devices that could hurt a pedestrian must have minimum radii of 1.5 
mm. This applies to all devices (wings, Gurney flaps, splitters) and also none of these 
devices should get in the way during the egress so that the pilot would have to move or 
remove some of these. In the case of an accident, the wings should not deform in such 
a way to obstruct the driver’s egress.
Powered ground effected devices are banned. The only fans that are allowed are these 
designed exclusively for cooling.
Movable devices are not allowed (this applies for sliding skirts, adjustable wings etc.).
[11]
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1.3 DEsIGn analYsIs

Many teams take the exterior of the car as a minor aspect of the development and it 
can be said that these teams spent only minimum effort on the design and manufacture. 
Still there are some bright exceptions this section will deal with.
The TU Graz Racing Team was established at the University of Technology in Graz 
in 2003 and today it is one of the top teams to compete in the contest. Their vehicles 
excel in both design and execution.
Tankia 2010 (Fig. 1-15), TU Graz’s seventh vehicle, lies within the field of interest 
of this section. This formula was awarded both the Porsche and Lamborghini Design 
Award. The chassis of the car has a strong visual character defined by the line which is 
supported by the color gradient. This dynamic curve emerges from the nose cone by-
passing the driver’s cell where it defines the shape of the sidepod and then fades away 
in the aft section behind the roll bar support. The nose of the race car is pointing down-
ward helping to evoke the sense of speed and airflow. The sidepod section is described 
by the surface intersection which aptly lightens the massive central proportion of the 
car. After lowering in this section, the character line goes up defining the position of 
air vents. These are elegantly incorporated into the main upper face of the bodywork.
The color scheme makes use of the unique pattern of the carbon weave. In combina-
tion with red and blue gradients it practically imitates the actual Formula One single-
seater of the Red Bull Racing team. The relation is even more evident due to the 
picture of the attacking red bull on the nose. The surface finish and the quality of the 
carbon manufactory is astonishing. The whole car is a piece of perfection and it re-
ally does leave a good lasting impression not only because of its design but technical 
advancement as well.[13]

Another team that respect aesthetics as a part of the development is the Rennteam 
whose members are students at the University of Stuttgart. This team also has a long 
history (compared to other European FSAE teams).
The F0711-5 - Fig. 1-17, as the name might suggest, is the fifth car made by the team. 
In general this car looks quite good, major proportions are well tuned. But still there 
are things that lower the level of the design. Unlike the previous car in this case the 
sidepod section is very distinctive and it does not fit in the overall plan. The box-shaped 
sidepods seem to be ‘glued’ to the main body of the formula. There are no intensions 

Fig. 1-15 TU Graz Tankia 2010
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to make the sidepod blend into the driver’s cell section. The shock-absorbers are lo-
cated above, suspended on the points ahead of the front hoop. Their position damages 
the upper line of the side view and the surfaces located near the shock-absorbers tend 
to collapse to make enough space for the stroke of the absorber. This breakpoint is 
disturbing and it implies that a wrong surface treatment was applied. The rear section 
shows that the function is the main aspect of this monocoque chassis. The box layout 
allows other components to be attached easily.[14]

Hawks Racing is also a German FSAE team, formed at Hamburg University of Ap-
plied Sciences. This team is one of a few that managed to build a good looking aero-
dynamically efficient car. It is called the H08 (Fig. 1-17) and even though it uses large 
inverted wings to generate a sufficient amount of the downforce there are only a few 
people who would not consider this car beautiful. Its aesthetics is not affected by the 
size of the aerodynamic elements and all of it works together just fine. The V-shaped 
edge of the sidepod is supported by the solid white line that runs throughout the side of 
the vehicle. The shape language of the H08 is rather sharp, which is given by the fact 
that there are some triangular sections.

Fig. 1-16 Rennteam F0711-5

Fig. 1-17 Hawks Racing H08
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The color scheme is characterized by the dark tint of the blue color highlighted by the 
line. Although this line gives it strong character, the dark color obscures the shape of 
the car.[15]
Formula SAE is a popular project among Czech technical universities as well. Czech 
Technical University in Prague was the first among homegrown teams that entered the 
competition.
The first car, FS.01 (Fig. 1-18), that rolled out in 2009 was designed by Karel Linhart, 
student of famous Václav Král. It has very simple shape, consisting of single curved 
surfaces. The side view defined by a rising curve is very dynamic but the nose shape 
is quite old fashioned.
The graphic scheme of the body goes with the combination of red and silver. These 
colors are well suited for the race car application but their tones could be somewhat 
different.
The second car, FS.02 (Fig. 1-19), designed by the same author is a big step forward. 
Its shape has a much stronger character and one can feel that this concept is very dy-
namic. Sharp edges uniquely support the aggressive performance of the car.
Colors go along with the dynamic nature of the design. In this case red has a stronger 
hue with a black color for inside panels. It makes an ideal combination for speed and 
ferocity of the formula.

The third concept (Fig. 1-20) is even more aggressive and ressembles a motorbike 
body. A key element is the bare frame with carbon panels in the front section of the 
vehicle. This adds a specific character to the exterior. The color scheme of the FS.03 
is perhaps the most adequate for a race car. The combination of black, red and white 
color supports the character of the car indicating its strength and fierceness.
The FS.04 uses the previous design. The only change is the painting. The portion of the 
black color was raised due to the fact that the whole body is made of carbon weave fin-
ished with clear coat. Several sections are painted ultramarine. Because of its unique 
appearance, the car earned a nickname: ‘the Black Mamba’.[7]
Rebels Racing is also a team from Prague. It was established at the Czech University 
of Life Sciences, but the team presents itself as purely student organization and it in-
corporates students from many other universities. The Rebels team is a rookie in the 
Formula SAE project and they have managed to build one car so far. SATURN 6 (Fig. 
1-21), even though the rendered pictures may state differently, is not a car with sweetly 
styled bodywork. It is obvious that the looks of it was out of the table and therefore 
SATURN 6 has different strengths.[16]

Fig. 1-18 FS.01 Fig. 1-19 FS.02
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Racing Team Pilsen consists of students from the University of West Bohemia. The 
team raced with two cars already. Both of them share some features such as sharp 
styled body painted in national colors. Evo2009 (Fig. 1-22) presented a proportionally 
balanced car with an interesting nose-sidepod transition. The bodywork is divided into 
six parts each of which is quite sculpted, making the laminate stiff.
Evo2010 builds upon the previous prototype and it does not offer anything extra ex-
cept for the color scheme using the Czech national flag as a palette. [17]

Dragon 1 (Fig. 1-23) is the first car made and raced by TU Brno Racing, the local 
FSAE team. The tubular space frame is covered with a glass/epoxy bodywork consist-
ing of five panels. The front section is formed by a long smooth nose cone. The inside 
panels follow the lower curve of the nose that defines the division of the body. The 
panels also serve as supportive elements for the sidepods incorporating heat exchang-
ers. The car has a simple and sleek silhouette. There are some elements that harm the 
overall quality of the design. For example the transition between the nose and the side-
pod is too abrupt. The car itself has a very weak character. There is no dynamic curve 
to be seen from any angle of view. Given the fact that the subject is considered to be 
a race car, its body is quite static and visually slows the car down.
In conclusion, the Dragon 1 bodywork has a quite well-balanced shape that respects 
the technological aspects of the design but gives no strong impression.

Fig. 1-20 FS.03

Fig. 1-21 Rebels Racing - SATURN 6 Fig. 1-22 UWB Racing - Evo2009
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The colors are derived from the palette being used by the general partner of the project. 
The combination of red and gunmetal gray is desirable and makes a good background 
layer for decals.[8]

As was said before, many teams see the shape of the body of the formula as a minor 
detail and they do not feel stretched to design a visually appealing bodywork which 
does not support the car’s performance anyway. In their defense, the beauty of the 
formula is not what wins the competition. Nevertheless, as the project is aimed at hy-
pothetical mass production, the design of the bodywork should be among the aspects 
that are included.

Fig. 1-23 TU Brno Racing - Dragon 1



Problem analysis and thesis objectives

page
31

2 pRoBlEM analYsIs anD thEsIs oBjEctIvEs

The Formula SAE is a unique motorsport category. Dimensions of a typical FSAE/FS 
vehicle are not close to any other class. These vehicles are powered mostly by factory 
motorcycle engines which can accelerate them up to 120 - 150 km/h. Aerodynamics 
may play a vital role in the resulting vehicle performance therefore a full aerodynamic 
package - a front wing, a rear wing and a diffuser - should be taken into consideration 
during the design process.
As any other racing vehicle, Formula SAE/FS car must respect the rules given by the 
organizer. Majority of the rules are connected with a driver’s safety and ergonomics. 
Fulfilling these rules should be the focal point of an ergonomic design of the vehicle. 
There are also some rules directly related to the bodywork design. 
The cooperation with the local FS team TU Brno Racing can result in a full scale body-
work manufacture which means that the transfer from the conceptual model to the data 
useful for an actual production should be as smooth as possible.
In summary the design I intend to create should offer an innovative view on the body-
work of the Formula SAE/FS vehicle, it should comply with the rules and reflect the 
function of the racing vehicle. One variant should be applicable for the local FS team 
and  the other should display the possibility of a combination with an aerodynamic 
package. The last variant should offer an experimental view on the topic of the design 
of the FSAE/FS vehicle bodywork, which should bring some new thoughts and apply 
interesting technical solutions.

2
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3 DEsIGn vaRIants

The initial step of the design process is a creation of alternative variants. Each of these 
variants embodies a certain idea which helps to sculpt the shape of the concept.
Although the basic shape of the bodywork is predetermined both by the open-wheel 
configuration and the typical proportions of the student formula I intended to create 
three distinct variants of the bodywork design.
The methodology and the work flow along with the idea that formed each concept will 
be described in this section.

3.1 Methodology
The process of designing begins with an inspiration and a concept creation. Each vari-
ant is supported by an idea. This idea strongly affects the appearance of the concept.
A concept sketch is what follows. The sketch should apply the idea presented in the 
beginning of the process. Both handmade and digital sketches were created. Using 
pencil is much more effective and supports the dynamic process of ideation. Whereas 
the digital sketch is a convenient tool for the conceptual CAD modeling. Such a sketch 
can be inserted as a background image to trace over the main lines of the design. Many 
CAD softwares include basic sketching module which makes the whole process inte-
grated and more effective.
The next step brings basic proportions of the sketch into the three dimensional digital 
model. Autodesk Alias Automotive was used as the main CAD tool for two reasons. 
First, it offers a comprehensive functionality for the surface creation and modification 
and second, the student license is available for free. In addition, Autodesk Alias is 
professional software widely used as a Computer Aided Styling tool in every industry 
and its experienced users are very welcome in many companies dealing with industrial 
design.
The main intension was to design three unique concepts each of which should explore 
different approaches - either conventional or experimental.

Fig. 3-1 Conceptual sketching
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3.2 1D concept
The first concept is the most conventional one. The structure of the vehicle is defined 
by a steel tubular space frame which supports composite body panels. This represents 
the most common solution for novice participants.
The shape language of the concept is angular with the emphasis on the distinctiveness 
of the look. The rear part of the vehicle contains main functional components which 
- quite often - need to be serviced. Therefore I sought not to hide the engine compart-
ment of the car. Rather than that I designed a simple and easily detachable part that vi-
sually balances the optical mass of the front portion. This layout of ‘naked motorcycle’ 
also adds to the overall aggressive look of the vehicle which I tried to obtain.
The shape of the large cooling inlet is broken down by a reinforcing strut which sup-
ports the front part both visually and structurally.
In order to meet the requirement of the shielded driver compartment both sides of the 
frame are covered with the stretched sheet (one possibility is a PVC foil called the 
Barrisol).
The 1D Concept presents rather conventional solution with the possibility of relatively 
smooth transfer to a production phase. The reference CAD data of the tubular frame, 
inner components and suspension geometry was obtained from the local Formula Stu-
dent team TU Brno Racing and represents actual parts of the Dragon 3 generation.

Fig. 3-2 1D Concept - conceptual sketch

Fig. 3-3 1D Concept - digital model

3.2
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3.3 2D concept
2D is built partially on a monocoque structure which defines the middle section of the 
car. The front part of the frame is made of a steel tube truss that includes attach points 
for the front wheel suspension and the front bulkhead with the impact attenuator. The 
rear section is made of a closed profile steel structure that holds the engine along with 
other parts of the powertrain as well as the rear suspension.
The main source of inspiration in this particular case was the Synergy aircraft that uses 
something called ‘closed wing configuration’ to provide more room for the cockpit and 
improve stability of the airplane.
There are many advantages claimed for the joined wing but mainly it lowers induced 
drag along with lift improvement and enhances aircraft’s stability and maneuverabil-
ity. [18]
2D Concept exploits this feature to generate downforce through the sidepod structures. 
It is beneficial to put aerodynamic devices in the vicinity of the center of gravity (less 
pitching).

Fig. 3-4 2D Concept - conceptual sketch

Fig. 3-5 2D Concept - digital model
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Other features of the body that are inspired by an aviation technology are the upper 
side of the sidepod. This consists of many airfoils that form a superstructure similar 
to the so called ‘wing-grid’. This device significantly increases the lift-to-drag ratio. 
Nevertheless, its contribution to the performance of this particular concept is contro-
versal since the wing-grid serves as a device attached to the wing tip to generate less 
disturbed vortex field. But the idea present in this variant was that these wings should 
also serve as heat exchanger pipes.
In contrast to the previous concept 2D is formed by a strongly experimental approach 
associated with prototype aerodynamic devices. It is considered to be a forward-look-
ing variant.

3.4 3D concept
The last concept embodies the coexistence of the aesthetics and a function. The third 
car uses a conventional formula vehicle layout equipped with an aerodynamic kit. 
This solution is used by experienced FSAE/FS teams with an thorough knowledge of 
monocoque structural design and aerodynamic design.
It is beyond my capabilities to design aerodynamic devices that would actually im-
prove the performance of the car but this topic is not within the scope of the thesis. 
The main intention was to design a concept that includes basic aerodynamic devices 
- downforce wings and a diffuser. Detailed design of these devices could be a subject 
of another final project.
The overall shape language of this concept was created in order to strictly evoke a con-
nection with race cars. The first step was to find a strong dynamic character line which 
defines the side view. The line is composed of several segments: in the front section 
it is made by the edge of pillars beneath which is the front wing suspended. The mid 
section of the curve defines the upper edge of the silhouette which then becomes a side 
edge of the cockpit.

Structurally, the design incorporates a main central monocoque frame which carries 
an engine, transmission, drivetrain and other components of the FSAE/FS vehicle. 
The heat exchanger located on the side is covered with a bodywork panel that forms 

Fig. 3-6 3D Concept - conceptual sketch

3.4
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the sidepod tunnel. The rear wing is attached to the central part of the vehicle through 
shaped struts. The flat floor with venturi tunnels is also a part of this variant.
Although this concept is also experimental theoretically it could be of some use in 
the future since the monocoque technology and aerodynamic devices are possible in 
FSAE/FS category.

Fig. 3-7 3D Concept - digital model

Fig. 3-8 3D Concept - side view
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From the concepts presented above two were chosen for a futher development. The 
first concept represents the bodywork design for the third generation of a FS vehicle 
developed and built by the local university team with a potential of an actual realiza-
tion. This is also the concept presented with a scale model.
The third concept utilizes advanced technological features such as monocoque struc-
tures, venturi tunnels and downforce wings. This concept shows a possible future de-
velopment of the Dragon FS vehicle. The third concept will be presented only by 
rendered pictures of the concept digital model.
Since both of these concepts have a real value for the team I decided to work on both 
of them.

Fig. 3-9 1D & 2D Concept
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4 shapE, coMposItIon, coloR anD GRaphIc solutIon
 

4.1 Dragon 3 concept
The Dragon 3 Concept is a result of cooperation with TU Brno Racing team. It repre-
sents a concept closest to a common solution of the bodywork design of this particular 
category. Throughout the whole design process I tried to incorporate all the techno-
logical and functional requirements so that I could provide the data robust enough for 
a full-scale production.

4.1.1 shape and composition
The basic proportions of the bodywork are determined by the supporting frame struc-
ture which also influences - to some extent - the shape language of the concept. Uti-
lizing experience from the past project I decided to use more complex-shaped details 
that would join the bodywork structure in a rigid shape. The main feature of the form 
is a D-shaped strut which defines the flowing side line (Fig. 4-1). It also stiffens the 
part of the bodywork responsible for supporting the main portion of the sidepod panel 
weight. The arge openings on the side allow air to flow through the radiators located 
next to the driver compartment. The front frame structure is covered by foils made of 
a single layer carbon fiber composite.
The nose of the formula respects the shape of the frame located beneath. As it can be 
seen from the picture above the nose is elevating towards the front end of the vehicle. 
This is given by two reasons. When breaking the car can experience large amounts of 
pitching which could lead to a grinding of the bodywork panels, which is of course an 

undesired effect. Also this elevation enables air to flow under the body where in nar-
rowed section can cause the pressure to drop which may add up to the total downforce 
coefficient (or lower the lift coefficient) of the body. Shape of the nosetip with the front 
edge filleted to meet the safety requirements (in case of hitting a pedestrian) provides 
enough space for the impact attenuator. The upper edge of the nose is wrapped to form 
a cockpit rim (see Fig. 4-4) and also to tightly define the position of the nose cone. The 
purpose of the rim is to give the driver enough support during a hasty egress - which 

Fig. 4-1 Dragon 3 Concept - character red side line - photograph
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is also time-limited by the rules. The rim edge is descending towards the rear end. 
Driver’s shoulders should not be obstructed by any part of the bodywork.

The proportions of the central part are quite generous to provide enough space for the 
driver compartment as well as the engine cooling radiators. Openings at the bottom of 
the sidepod are designated to provide cooling air for the exhaust system. Their outside 
curve tendency is contrasting with diverging lines of the side view. The opening is 

reinforced with a crossbeam located in the middle. Edges of the sidepod surrounding 
the rear wheel are designed to respect the side view layout and to provide enough room 
to meet the requirements for an open-wheel vehicle configuration given by the rules.
The rear part optically compensates for the weight of the front bodywork volume. It 
also completes the set of bodywork parts and bears a break light (Fig. 4-5). The break 
light is customized to meet relevant requirements for an area and a location of the light. 
Louvres that are imitating cooling air outlets also support the integrity of the part. The 
rear part should imitate the shape of an airfoil which is often connected with the racing 
industry.

Fig. 4-2 Dragon 3 Concept - perspective view - photograph

Fig. 4-3 Dragon 3 Concept - perspective view - photograph
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4.1.2 color and Graphic solution
The color palette presented on the vehicle is derived from the traditional TU Brno Rac-
ing color layout which is related to the main sponsor of the project. Black-red-white 
tricolor also invokes sense of strength and ferocity which could fit the application of 
the racing vehicle.
The majority of black - all the functional elements (frame, suspension, wheels, etc.) 
are painted in black - calls for a greater use of bright colors. That is the reason why 
glossy red and pearl white where chosen as complementary colors.
The major portion of the sidepod is colored white to provide a contrasting background 
for a car number. The flowing side line driven mainly by the stiffening strut is empha-
sized with red which gives the palette a color accent. The red stripe is bent in the front 
to follow the surface tendency of the nose cone. This also gives rise to a white stripe 

which defines the cockpit rim in the central part of the bodywork and then ends on the 
rear edge of the sidepod.
One thing that can damage the color scheme is the aplication of sponsor logos on the 
bodywork. These are nevertheless an integral part of the graphic solution. In this par-

Fig. 4-4 Dragon 3 Concept - detailed view on the cockpit rim and the dashboard

Fig. 4-5 Dragon 3 Concept - brake light with engraved logo
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ticular case I decided to unite the color style of the logos and use either white or black 
color depending on background color to stick with the described color palette. More-
over this color combination ensures the legibility of the logotypes. The logos of major 
project partners and stickers obtained during the competition are colored
Alternative graphic solutions take advantage of an interesting carbon fiber texture 
which is combined with a partial red-white painting. This quite impressive solution 
is nevertheless hard to obtain because of technological demands. Manufacturing of 
a carbon fiber panel with a good surface finish calls for an elaborate surface finish of 
the mold.

Fig. 4-6 Dragon 3 Concept - the first alternative graphic solution, the cockpit rim is 
highlighted by the color red

Fig. 4-7 Dragon 3 Concept - the second alternative graphic solution
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4.2 Dragon D concept
D Concept displays a possible future of Dragon tier vehicle design. It requires certain 
advanced technical features that are difficult to incorporate but are manageable for 
more experienced FSAE/FS teams. The level of the detail is still quite low therefore 
this concept serves only as a preview of the potential development of design.

4.2.1 shape and composition
The main layout is divided into several parts indicating their function. The first part is 
a floor with two venturi tunnels. This device enhances aerodynamic performance of 
the car. Main supporting part is the central monocoque structure providing room for 
the driver’s cockpit and components of a vehicle powertrain. The central frame is car-
rying both wings and the sidepod tunnels protecting cooling radiators are attached to it.
The original front wing configuration can be seen on the Figs. 4-8 and 4-9.
Basic curves of the concept were changed during the process in order to shorten the 
vehicle which should improve its dynamics. The front wing was moved closer to the 
front wheel axle therefore the shape of the nose cone was altered. The pillars carrying 
the front wing enabled the nose to be elevated. This configuration is better for the front 
wing aerodynamic performance and also allows feeding the diffusers with enough air. 
It also offers an innovative view on shape of the FSAE/FS vehicle. [19]
The front wing endplates are shaped to follow the tendecy of the main body curves. 
Their size is crucial for the front wing proper functioning but also might be a disturb-
ing element from the aesthetical point of view. Therefore the rear wing endplates that 
are in fact even bigger are made of transparent PMMA which should lighten the mass 
of the rear part.
The front wing plan shape is arched to smoothly correspond with the rest of the planar 
shape, while the rear wing is rectangular. This shape properly encloses the plan form 
and is better manageable.
The character line of this concept is formed in the front as a part of the front wing pil-
lar. In the middle section the line transforms into a support flange of the sidepod panel. 
The rear part of the line is defined by undercut faces of the central frame. The shape 
and thickness of the character line is emphasized by the color red.
My intension during the design process was to keep the shape as narrow as possible 
in order to enhance the vehicle’s aerodynamic efficiency. Therefore the mid section 
proportions are chosen to accommodate space just for the driver seat (optimal dimen-
sions are given by the rules) plus the cooling radiator on each side of the central frame.
All the tubular elements that are exposed to the airflow are streamlined. This also 
strengthens the relationship between function and shape. The main roll-hoop is defined 
as a profile surface with a section given by the shape of an airfoil. This shape mini-
mizes the drag and cleans the airflow aiming for the rear wing. Same approach was 
used shaping the suspension arms and rods.
The dashboard and steering wheel are protected by a wind deflector which directs the 
airflow around and above the driver’s helmet. Its central part is made of polycarbonate 
to ensure the clear view on the steering wheel.
The wheel rim shape should create a sense of rotating wheels. I chose three spoke 
wheel configuration which should suffice from the mechanical point of view and also 
leaves enough room for cooling air.
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Fig. 4-9 Dragon D Concept - possible front wing configurations applied on the 
conceptual digital model

Fig. 4-8 Dragon D Concept - possible front wing configurations
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The front axle utilizes the concept of hubless wheels which are successfully incorpo-
rated by several FSAE/FS teams. These also add a ring of unconventionality to the 
overall looks of the vehicle.

Fig. 4-10 Dragon D - after reshaping - multi-elemental wings and diffusers are incorporated
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4.2.2 color and Graphic solution
The chosen color palette consists of the same colors as the palette of the previous con-
cept for the same reasons. Again, red and white colors are used to pinpoint character 
lines and important elements of the design.

Each design presented in this section represents a completely different approach. Both 
of them correspond to the two fundamental concepts occurring in this category. Nov-
ice teams usually design a car without a complete aerodynamic package. These teams 
tend to perfect their design and then take advantage of acquired experiences when de-
signing technologically more demanding concepts using monocoque structures or an 
aerodynamic package. Such a process can be seen in TU Brno Racing or CTU Cartech.

Fig. 4-11 Dragon D - a possible graphic layout

4.2.2
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5 stRuctuRal, tEchnoloGIcal anD ERGonoMIc 
solutIon

5.1 Dragon 3
Structurally, the vehicle is defined by the space frame constisting of thin-walled steel 
tubes with diameter of 25,4 mm. The frame is carrying all the functional elements of 
the vehicle.
Component layout is - with small differences - the same as the most of the vehicles of 
this category and it was superficially described in the first section of this thesis.
The powertrain of the formula includes a single-cylinder internal combustion engine 
with displacement of 570 cc. Motorcycle engines tend to share its casting with the 
gearbox components. Husaberg FE 570 is not an exception. Some FSAE/FS team 
designs their own transmission or changes gear ratios of the included one. The torque 
produced by the engine is transmitted through a limited-slip differential to the rear 
driveshaft. All these components are located behind the driver separated by an alumi-
num sheet firewall.

The fuel tank made of aluminum sheets welded together is located under the seat along 
with the battery powering the main circuit.
Dynamics of the vehicle is determined, among other things, by the type of chassis. In 
the case of Dragon 3 the double A-arm independent suspension was used. The shape 
of the fairing was designed in a manner not to obstruct the suspension system. Minor 
holes for suspension arms attachment points had to be cut.
In the front section attached directly to the frame is the impact attenuator. It is made 
of polymer foam which gives the best results for the tests required by the rules while 
maintaining relatively low weight.

Fig. 5-1 Rear view - engine compartment: 1 - engine, 2 - exhaust system, 3 - 
differential, 4 - shock absorbers, 5 - aluminum sheet firewall 
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Pedal box located behind the bulkhead (foremost part of the frame consisting of square 
section tubes) is not adjustable, which would be better, but in this case, drivers with the 
same or similar height and weight are being picked.
In the driver’s compartment there is located a seat with safety belts attached to the 
main roll hoop including the head restraint.
The bodywork itself is divided into six parts. The biggest part is the nose that covers 
the front part of the frame including driver’s legs. It is followed on both sides by ‘in-
side’ panels with the reinforcing strut. These panels are permanently attached to the 
frame to increase sturdiness of the bodywork. Inside panels contain tabs for fixing the 
position of both the floor and the sidepod tunnel. These are attached by quick release 
fasteners. The same system is used for fixation of the rear part.
The brake light - located in the rearmost part of the bodywork - consists of two printed 
circuit boards fitted with LED diodes. The boards are placed in a carbon fiber holder 
glued to the wrapped rear edge. The light is covered with a piece of acrylic glass hot 
bended to follow the shape of the part.

Fig. 5-2 Impact attenuator and pedal box 

Fig. 5-3 Quick release fasteners - the spring steel clip (right) 
is snapped either into the laminate or into a holder welded to 
the frame 
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5.1.1 Manufacturing process
The fairings were produced using the technology of wet lay-up with an extension 
of vacuum bagging. Most parts are made of epoxy reinforced by a combination of 
glass and carbon fiber fabric. Glass fabric is a low-cost versatile material for compos-
ite manufacturing. Carbon fiber offers much better mechanical properties of resulting 
composite but also with much higher cost. Therefore a combination of both materials 
is preferred.
The first step in the process was a production of molds. A digital model created in Au-
todesk Alias was used as an input data. Since this object has dimensions of the order of 

Fig. 5-4 Quick release fasteners - the rear hood mounting 

Fig. 5-5 Detailed view of the front wheel suspension
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several meters there are strict requirements on the quality of the input model. Certain 
tolerances of position and tangency alignment have to be met and Alias is that kind of 
surface modelling software that offers tools tailored to these purposes.
The models were then used for NC codes generation for a CNC milling robot. The 
polyurethane tooling boards were glued together to form a semi-finished mold.
Surface of the molds is not sufficiently smooth after milling therefore an additional 
surface treatment is required. The process of wet lay-up laminate manufacturing is 
successful only if the molds have a good quality surface finish. A set of putties, fillers 
and primer surfacers was used for this particular task.
After a required surface separation the wet lay-up process started with laying the first 
woven glass fabric. Glass fiber composite sheets may be very pliable which can result 
in adverse effects of fluttering or vibrating. Adding more layers of fabric saturated 

Fig. 5-6 Manufacturing process - a demolding of the inside panel 

Fig. 5-7 All the detachable parts of the bodywork - the insides are firmly 
bolted to the frame 
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with the epoxy resin could substantially increase the weight of the bodywork. Such 
laminate structures are therefore reinforced with core materials - honeycombs or poly-
urethane foam pieces. These are light but can considerably stiffen the laminate at the 
same time. After the lay-up phase the molds are sealed within an airtight envelope. 
Using a vacuum pump to evacuate air from the envelope causes pressure to drop and 
pressure difference compresses the laminate making the excess epoxy to be absorbed 
by the breather material. Vacuum bagging is quite advanced technology for fabrication 
of high-performance composites. After the process of fabrication the surface finishing 
is what follows. It is practically the same procedure with the difference of resulting 
undercoat quality. Laminate fairings are going to be painted therefore their surface 
should reflect thorough surface finishing.

5.1.2 Ergonomics
Ergonomics of Dragon 3 is partly determined by the rules and also by the geometry 
of the frame. Positions of control devices - steering wheel and pedal box - are tailored 
for selected drivers. The Formula Student is a very dynamic machine and it requires 
a concentrated performance from the driver. Its control is directly linked to human. 
These facts determine that the vehicle falls into the I ergonomic category.
The main element of the ergonomics of the cockpit is a laminated seat. A seating angle 
was chosen to be 40 degrees relative to the vertical. This angle ensures compliance of 
the rules and offers a relatively comfortable seating position. The seat is fitted with 
side bolsters to support the driver during cornering. The bottom edge of the seat sup-
ports thighs of the driver in a comfortable pedal operating position.
The seat is made of carbon fiber due to its advantageous mechanical properties. More-
over the technology of wet lay-up is ideal for organically shaped objects. In addition 
the unstressed surfaces of the seat were cut open in order to reduce its weight. The 
edges of the cut laminate are covered with rubber sleeves to prevent the driver from 
injuring. The seat is also equipped with a 6 point harness system - safety first.

Fig. 5-8 Nose - an example of the laminate structure - black areas 
indicates local reinforcement by a carbon fibre, the central section shows 
an aramid honeycomb, the rest is made of glass fiber
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A position of the driver’s head is defined by the head restraint which supports the head 
- with a helmet - in a proper position (see Fig. 1-14). A thin tube connecting main hoop 

bracing holds the restraint.
In case of a side impact polyurethane foam padding on the main roll hoop slows down 
the impinging head.
The pedal box consists of three pedals - the accelerator, the break pedal and the clutch. 

The clutch is used only when starting off the vehicle. It is not required for shifting dur-
ing the ride. The vehicle has sequential shifting operated pneumatically and controlled 
by an ECU located along within the dashboard. An actual shifting order is given by the 

Fig. 5-9 Dragon 3 - ergonomic layout - the blue stroke is a 95th percentile male manikin, the red 
one means a 5th percentile female, the brown curves show a template required by the rules, angle of 
inclination is set to 45°, other dimensions are in milimeters

Fig. 5-10 Dragon 3 cockpit: 1 - main display, 2 - RPM indicator, 3 - shift 
light, 4 - gear indicator, 5 - paddle shifters, 6 - cockpit main switch
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driver using carbon paddle shifters located just behind the steering wheel. The wheel 
itself contains traction control and displayed information selection buttons. All the im-
portant controllers are located within the reach of the driver’s hand which allows him 
to swiftly respond to circumstances on the track. 
The main display is located in the center of the dashboard in the vicinity of the driv-
er’s line of sight. It is completed with an alphanumeric display device showing the 
currently engaged gear. The dashboard is bolted to the front roll hoop. It contains the 
second master switch of the main power circuit - the first one is located behind the 
driver beyond his reach. This location is required by the rules. To help the driver to 
sync with an optimal shifting interval the dashboard is fitted with a red shifting light in 

Fig. 5-11 Glowing brake light - LED diodes pattern is obvious 

Fig. 5-12 Dragon 3 - basic views and dimensions - in mm
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the right upper corner. The level of engine RPM is shown graphically through a LED 
stripe located at the top of the dashboard.
The seating position of the driver is relatively low with a significant angle of inclina-
tion. Such position is not comfortable for a long period of time but in motorsport the 
second is what matters.

5.2 Dragon D
Main frame structure of Dragon D concept is the central fully stressed monocoque 
chassis. Monocoque structures offers better torsional-stiffness-to-weight ratio but on 
the other hand requires high-end technologies that builds on a thorough design of the 
shell. Carbon fiber prepregs and autoclave curing are relatively close to the Formula 
One technological background. Fabrication of the monocoque frames requires metal 
or laminated molds that can withstand the pressure and temperatures recommended for 
a prepreg curing. Designing a monocoque also requires the knowledge of composite 
material mechanics and every design should be proven through a numerical model 
based on valuable input data. These data are obtained from a properly executed experi-
ment.
The front wing assembly carried by front pillars is detachable. The front wing pillars 
make a single part with the nose tip of the vehicle. The composite boards are used to 
make front wing endplates. These are also fitted with dive plates to enhance their aero-
dynamic performance.
The rear wing is attached to the chassis by two carbon struts. In addition it is also se-
cured by tensile cables mounted to the main roll hoop and the chassis. The composite 
end plates are covered with large plates made of PMMA.
Manufacture of downforce wings is not complicated although it is better when it takes 
place under the supervision of an experienced person. Inner structure of the wing is 
composed of airfoil sections defining an aerodynamic shape of the wing and stringers 
or stiffeners that are responsible for transferring the aerodynamic loads acting on the 
skin of the wing.
The third downforce generating device is a floor with venturi tunnels. The floor forms 
a separate removable part. It is firmly attached to the chassis via screw joints. The tun-
nels are fitted with vortex generators and turning vanes for better control of the airflow 
beneath the car. The protruding tunnels are connected with a close profile in the rear 
end of the floor. This is also an attachment point for the push bar which is a device used 
for manipulating the vehicle around the event site. 
I used information presented in [20-21] to create a simple aerodynamic design having 
in mind especially area and airfoil geometry of the front and rear wing. A viable aero-
dynamic concept would probably need more time, cooperation with vehicle dynamics 
specialists and experimental or (at least) numerical verification. Nevertheless this is 
only a concept, merely a draft offering a possible preview of the future of the Dragon 
vehicle development. No profound calculations are expected.
There are many front wing configurations (some of them I have been choosing from 
can be seen of Fig. 4-8) but according to [19] the wing should be mounted on the high 
pressure side which is less sensitive to disturbances that can cause flow separation. The 
best performance of the rear wing is achieved by mounting the wing by its endplates. 
Unfortunately open wheel configuration of the FSAE/FS vehicle does not allow that. 
Therefore thin carbon fiber plates were used for as a rear wing attachment.

5.2
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The engine compartment is completely closed which is quite typical for formulas us-
ing monocoque chassis. Another possibility is the one presented in 2D concept which 
combines both types of frame structures.
The engine with relative systems is located behind the driver covered with a rear hood 
panel. The panel is perforated letting the engine cooling air to pass through.
The incorporating wings and diffusers results in larger dimensions of the car. Its 
wheelbase and track size are significantly bigger compared to Dragon 3. Aerodynamic 
devices generate downforce but drag at the same time, single-cylinder engine could be 
an insufficient power unit for the Dragon D concept. Three or four-cylinder engines 
provide much more power at the cost of extra weight.

Fig. 5-13 Dragon D - rear view shows the protruding venturi tunnels

Fig. 5-14 Dragon D - simple technical diagram: 1 - engine, 2 - intake chamber, 3 - air filter, 
4 - exhaust, 5 - differential, 6 - impact attenuator
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The engine cooling system utilizes the smallest cooling radiators produced - to keep 
the profile as narrow as possible. They are located on each side of the frame covered 
with sidepod panel. The smallest applicable radiators have dimensions 135 × 290 × 
35 mm.
The suspension of the wheels shares the same configuration with the D3 vehicle with 
a single difference - that monocoque structures take advantages of inserted rod end 
bearings.
Amberg university proves that centreless wheels are possible in Formula Student cat-
egory. I utilized this concept on the front wheels of Dragon D. Hubless wheels have 
larger moment of inertia with less unsprung mass. Better cooling of brake disks is also 
manageable. Nevertheless this solution is rather exotic and quite complex given the 
fact that bearings of the wheels are custom made.
Rear wheels cannot utilize the same concept. Drive shafts could not be possibly con-
nected through conventional CV joints. The wheel rims are custom made of carbon 
fiber.
The braking system of the formula is inherited from motorcycles - twin-piston float-
ing-caliper brakes with stainless steel discs.

5.2.1 Ergonomics
When designing ergonomics of the Dragon D concept I drew information from [22]. 
Finding the best driver seating position on a adjustable apparatus simulating condi-
tions in the real Formula SAE cockpit is a goal this article is aiming for. From the data 
collected during the tests cockpit dimensions that would fit most of the tested subjects 
were obtained. I used some of them to set an ideal - for this application - driving posi-
tion.
The seat back angle was set to 50 degrees and the head is positioned within the main 
roll hoop structure. This should ensure that the rules dictating the position and dimen-
sions of the roll hoops are met. To enable the driver a clear view ahead of the vehicle, 
the steering wheel and dashboard are relatively low. The wind deflector covering the 
dashboard is dismountable - in case the vehicle needs servicing.

Fig. 5-15 Dragon D - ergonomic layout with a 95th percentile manikin

5.2.1
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Main information is given to the driver via a see-through screen located on the hel-
met visor. This solution is inspired by HUD displays of an aircraft. It is quite unique 
but see-through screens are available technology. HUD lets the driver to permanently 
focus on the road while allowing him to use his peripheral vision to read information 
about engine RPM and shifted gear. The display is communicating via a wireless trans-
mitter in the helmet. Driver can specify what kind of information should be displayed 
thanks to the control buttons located on the steering wheel.
The pedal box is adjustable to meet the needs of the particular driver. The cockpit 
should comply with dimensions of both 50 and 95 percentile manikin. Shifting of the 
vehicle is controlled by carbon paddle shifters behind the steering wheel - same solu-
tion D3 uses.

Manufacturing laminate bodywork is a quite demanding and very much time con-
suming task. The first concept that was chosen for further development already exists 
therefore a manufacturing process can be described in detail. Dragon D concept needs 
a bit more attention when planning its manufacture. Furthermore the design process 
should be carried out in cooperation with someone experienced in monocoque frame 
design. Therefore the Dragon D should be considered as a ‘sketch’.

Fig. 5-16 Dragon D - basic views and dimensions - in mm
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6 DIscussIon

Other aspects of the created design - psychological, economical and social - are dis-
cussed briefly in the last section. In the following paragraphs the result will be criti-
cally evaluated in relation to the stated problems and thesis objectives.

Searching for the link between the design of the formula bodywork and psychology 
of a man is quite a vague task but in my opinion the designed shape and composition 
should be able to communicate with an observer. It should carry information about the 
author’s inspiration and give away the feelings the creator invested in the design.
My deepest intensions were to design the bodywork which will correspond to the main 
purpose of the vehicle - racing. To fulfill them I decided to use more aggressive shape 
language. Dragon 3 should resemble a motorcycle since a big percentage of the frame 
structure was left uncovered. Colors also support this impression - red is said to be 
the color of the winners so I had to include it. The nose cone of the vehicle is the first 
part struck by the airflow and with the pedestrian safety rules applied it should be as 
smooth as possible. This might create a contradiction between the angular shaping of 
the middle section. Therefore a strut defining side character line was added to unite the 
shape language.
Whereas Dragon D should unambiguously state that what you are looking at is a thor-
oughbred racing car. The large downforce wings combined with the carbon texture of 
the side plates should not mean anything else. Not to mention the large carbon rims.

The main task of the Formula SAE project is to design a race car for a non-professional 
weekend autocross racer. A part of the assignment is also to prepare a business plan 
with cost tables reflecting a hypothetical car built for production at the annual volume 
of 1000 units per year.
To speak about numbers relative to the production of Dragon 3 bodywork I will make 
few estimates. It is difficult to talk about exact numbers because almost every item 
is a sponsor gift. Probably the most expensive piece when using the technology de-
scribed in the previous section is manufacturing of molds. Material required for the 
semi-finished molds costs about 100 000 CZK per cubic meter. The material is high-
density polyurethane foam for tooling purposes. The entire volume of the molds need 
not necessarily be made   of this expensive material therefore expanded polystyrene was 
used as supporting material which substantially reduced the cost of the semi-finished 
molds. The most probable cost of the molds material is about half a million crowns. 
The next step in the process is the CNC milling. Its cost depends on the type of mill-
ing, the material of molds which defines the feed rate and therefore total time and the 
shape complexity. My guess is that the milling of D3 bodywork molds would cost 
hundreds of thousands of crowns - most likely 400000–600000 CZK. Production of 
laminates including surface finishing is at the lowest cost. 200000 CZK should cover 
the purchase of fabrics and resins, fillers and paint job.
In case of Dragon D concept the price could rise up to two or three times the price 
of the D3 bodywork. The reason is because the technology and materials used for 
manufacturing of monocoque structures is much less affordable. Carbon prepregs cost 
1000 CZK per m2 whereas glass fiber cloth of the same grammage can cost ten times 
less. Downforce wings are also very expensive to manufacture. Skin of the wing can 

6
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be made of low-cost glass laminate but internal structure requires stronger materials - 
either carbon or steel.
The above mentioned prices are quite high but one must remember that the technolo-
gies included in the manufacture of the bodywork are designated for a prototype pro-
duction. With mass production most of the costs would be reduced.

Target audience of my design can be a hypothetical non-professional weekend racer 
or more realistically any person involved in this project. Undeniable advantage of my 
thesis is that the design I created was actually of some use. Dragon 3 concept presented 
in the previous sections was made in collaboration with the local student team and 
then it was applied on the actual vehicle developed and built by the team. Therefore 
I assume that this project is as socially helpful as it can be. Aesthetic quality of the car 
can also win some extra points during static events of the competition. Main objectives 
of the project includes hypothetical mass production and good design sells - which in 
English means a lot more than a good-looking streamlined body.
With Dragon D the situation is a bit different. This concept was created to show a pos-
sible way the Dragon vehicle can go (or ride). No production-quality data has been 
released and therefore the purpose of this concept might be doubted. I intentionally 
created this variant as a clue for future generation of designers. If there is a chance in 
the future to manufacture such a technologically advanced vehicle, this design could 
be applied. Appealing exterior in combination with high-end technologies can be very 
impressive and also I have not seen yet a team that would create such a uniformly-
looking design.
The main purpose of the racing industry is to entertain people. But is it? Not always, 
if not Formula One the automobile industry would lose a lot of technological break-
throughs - take composite materials or disc brakes. Racing is definitely not an envi-
ronmentally friendly sport. Nevertheless polluting fumes given off by racing vehicles 
are fractional amounts compared to those created by us - common everyday car users. 
Moreover the harm done by polluting air is very much balanced by advances in the 
field of efficiency of the combustion engine. Any way of progress, even in the wrong 
direction, is beneficial.

The main objectives of my thesis were described in the second section. I responded 
to them by creating three different variants of the design. One that is usable for the 
local FS team - concept built on steel tube space frame without aerodynamic package. 
Another, which, in turn, contains a full aerodynamic package and the last that utilizes 
some technological features I found particularly interesting during my survey.
Two of the variants were used for further development. Dragon 3 should be regarded 
as the final variant because its design is developed further and it also includes all the 
technological requirements. No wonder it does, I myself prepared the data for the 
production and with kind help of my team colleagues manufacture the bodywork. 
The design has several innovative elements. The first that also defines main side view 
character is the D-shaped strut which stiffens the inside part of the bodywork. This in 
combination with a proper layer composition and orientation makes the part very firm. 
The inside panel therefore can become a stressed element because it supports a signifi-
cant part of the weight of the sidepod panel and very accurately defines its position. 
Hence the strut can robustly defend its position in the design.
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The second innovative element is the break light located in the rear part of the body-
work. I personally have not seen this solution on the physical car only as a concept 
rendering. That is why I consider this concept of the break light as an original feature 
of my design.
The main objective of Dragon D concept was to create a synthesis of function and 
aesthetics. All the shape defining objects of the vehicle are instigated by its function 
- front pillars that build up the shape of the nose cone are enhancing the aerodynamic 
performance of the front wing, massive diffuser outlets add up to the total downforce 
of the vehicle, wing endplates improve the airflow at wingtips. This concept definitely 
requires additional development nevertheless the present stage is sufficiently informa-
tive about the shape possibilities of the vehicle.

Formula Student is a vastly complex project and I am pretty sure that a lot of potential 
objectives were neglected. Despite that I hereby state that all the essential goals my 
design had to reach are included in my work. I am not that kind of person that would 
stubbornly defend the quality of my solution. Evaluating it is a very subjective task 
and it is not excluded that some might not consider my design faultlessly sophisticated 
but it must be remembered that during the process I had to respond to many problems 
and settle with limitations. Nevertheless this is an inseparable part of the design pro-
cess that actually shapes the final form of the product as well.
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conclusIon

The task of my thesis was to design the bodywork of a small, formula style vehicle. 
The beginning of this report declares main objectives of the thesis. During the process 
I tried to create an object that would incorporate all the functional, technological and 
aesthetical requirements of the project.
Three distinct variants were developed each emphasizing different essence of the de-
sign. The first concept represents a technologically feasible shape built on a steel tube 
space frame. The second variant shows an experimental approach with inspiration 
from aerospace industry utilizing unconventional features affecting the aerodynamic 
performance of the car. The last concept is the most technically advanced. It introduces 
stressed monocoque chassis and downforce wings.
The first concept was processed into the existing bodywork of the Dragon 3 - the third 
vehicle developed by the local FS team TU Brno Racing. The fairings were manufac-
tured by a wet lay-up technology. The resulting glass/epoxy panels are attached to the 
tubular space frame via quick release fasteners. Graphic layout is based on a traditional 
color palette of the team and it emphasizes main features of the design.
The third variant was worked into a conceptual stage of a possible future Dragon ve-
hicle. This concept requires advanced technologies to be incorporated. With growing 
experience of the team such technologies could be available soon. By the time needed 
for obtaining these, the concept can be elaborated and chiseled to an aesthetic perfec-
tion.
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