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PREFACE 
This master thesis is carried out by a industrial design student from 
Luleå University of Technology, at Tsui Design and Research in 
Emeryville, California. Exterior design for a future green car started 
in September 2005 and finished in the beginning of February 2006, 
all together 20 weeks, as it is a 20 points thesis. It has been five 
very interesting months and it has definitely taught me a lot how the 
product design process works in an architecture company. I want to 
thank all the people that helped me through the project, to start with 
Eugene Tsui, I also want to thank all the people who welcomed me 
on the Thursday industrial design meetings and helped me 
brainstorm. I also want to thank Anders Berglund at Luleå University 
of technology for all the support during the Theses. 



SAMMANFATTNING 
Examensarbete om Green-Go är utfört i samarbete med Eugene Tsui 
i Emeryville, Kalifornien. Arbetet sträckte sig från soliga dagar i 
september 2005 till regniga dagar i februari 2006. Målet var att 
genomföra undersökningar inom existerande elbilar, hybrider och 
utveckla ett kombinationskoncept av elbil som tar hänsyn till 
konsumenternas krav och även tillfredsställer Eugene Tsuis design 
filosofi. 

Idag är det ett väldigt fåtal företag som har utvecklat en helt och 
hållet elbil som kan köras på motorvägar. Det flesta existerande är så 
kallade golfbilar eller inte klassade för stora vägar. Sedan finns det 
flera alternativ i form av hybrid bilar. Det är kombination av bensin- 
och elmotor eller diesel- och elmotor. 

I trafiken finns det flera olika alternativ av elbilar. De flesta är 
omgjorda bensinbilar, med extra batterier och elmotor. Dess problem 
anses vara att de är byggda på karossen som inte uppfyller 
aerodynamiska krav från uppdragsgivare. 

Kundundersökning var specificerad till befolkning som kan tänka sig 
att köpa en eldriven bil. Många bilägare tyckte att de skulle 
fortvarande behöva en till bil i familjen för längre resor eller för att 
kunna transportera större gods. 

Genom benchmarking kunde det konstateras att ingen av de 
potentiella konkurrenterna erbjuder en total elbil, med 
aerodynamiskt chassie, i dagens läge. Vilket betyder mer 
nyhetsvärde och frihet i formgivning. 

Framtaget koncept består av utvändig design, med hänsyn till 
aerodynamik och energiekonomi. Ur aerodynamisk synpunkt har 
konceptet ett lågt antal utstickande delar och hög grad av nyhets 
nivå. Solcellerna laddar batterier under körning samt undviker total 
urladdning av batterier.  



ABSTRACT 
The Master Thesis about Green-Go is done in corporation with 
Eugene Tsui in Emeryville, California. The project duration was from 
sunny days in September of 2005 until rainy days in February of 
2006. The goal of the theses has been to investigate existing electric 
cars, hybrids and develop a concept combination of electric car with 
all concerns on customer demands and to follow Eugene Tsui’s 
design. 

There are very few of the car companies producing totally electric 
cars, no companies producing aerodynamic electric cars for 
highways. Most of the produced electric cars are golf cars, or not 
classified for driving on highway. Several alternative hybrid cars are 
on the market, in a combination of gas- and electric engine or diesel- 
and electric engine. 

In traffic you will find all kinds of alternative electric cars. Most of 
them are rebuild cars with extra battery packs and electric engines. 
The problem with these electric cars is that they are not as 
aerodynamic as goal is for this project. 

A survey was composed for people who intend to buy an electric car. 
Many survey answers said, that they will need to have a second car 
for longer trips and also for transportation of large goods.  

The benchmark showed that none of the car producers offer totally 
electric car today. That means more news value and freedom in 
terms of overall shape. 

The concept car’s exterior design concerns aerodynamics and energy 
efficiency. From the aerodynamic point of view the concept keeps 
low profile on outgoing parts and keeps high profile on being a new 
car design. Solar cells charges batteries all the time to prevent total 
discharged batteries.  



Table of content 
1 INTRODUCTION ........................................................................................- 8 - 

1.1 Background....................................................................................- 8 - 
1.1.1 Alternative fuel cars ..............................................................- 8 - 
1.1.2 Hydrogen cars........................................................................- 9 - 
1.1.3 Solar powered cars ...............................................................- 9 - 
1.1.4 Existing electric cars ...........................................................- 11 - 

1.2 Purpose ........................................................................................- 12 - 
1.3 Aim................................................................................................- 12 - 
1.4 Assumptions and constraints ....................................................- 12 - 

2 THEORY .................................................................................................- 13 - 
2.1 Aerodynamics ..............................................................................- 13 - 

2.1.1 Airflow between underside and ground...........................- 15 - 
2.1.2 Internal airflow ....................................................................- 15 - 
2.1.3 Styling streamlined back ....................................................- 16 - 
2.1.4 Covers over the rear wheels..............................................- 17 - 
2.1.5 Aerodynamic lift...................................................................- 17 - 
2.1.6 Reducing lift by styling .......................................................- 18 - 
2.1.7 Spoilers and negative lift devices .....................................- 18 - 
2.1.8 Important issues to remember about aerodynamics.....- 19 - 

2.2 Solar power..................................................................................- 20 - 
2.2.1 The Solar array design .......................................................- 20 - 
2.2.2 Coating of solar array .........................................................- 21 - 
2.2.3 Shading of the array ...........................................................- 21 - 
2.2.4 Matching array voltage with battery voltage ..................- 21 - 
2.2.5 Running solar car ................................................................- 22 - 
2.2.6 Electric system.....................................................................- 22 - 

2.3 Wind power..................................................................................- 24 - 
2.3.1 Magnus effect ......................................................................- 24 - 
2.3.2 Windmills ..............................................................................- 25 - 

2.4 Batteries .......................................................................................- 27 - 
2.4.1 Silver-zinc Batteries ............................................................- 27 - 
2.4.2 Nickel Cadmium...................................................................- 28 - 
2.4.3 Nickel-Metal-Hydride...........................................................- 29 - 
2.4.4 Lead-Acid..............................................................................- 29 - 
2.4.5 Lithium ion ...........................................................................- 30 - 
2.4.6 Preventing Electrolysis........................................................- 30 - 
2.4.7 The Rechargeable Hybrid Car Battery .............................- 30 - 

2.5 Chassis .........................................................................................- 31 - 
2.5.1 Composites...........................................................................- 31 - 
2.5.2 Titanium................................................................................- 32 - 
2.5.3 Aluminum .............................................................................- 32 - 
2.5.4 Steel ......................................................................................- 32 - 

2.6 Regenerative brakes ..................................................................- 32 - 
2.7 Tire................................................................................................- 33 - 

2.7.1 Combination of three or four wheels ...............................- 34 - 
3 METHOD ................................................................................................- 36 - 



3.1 Gathering information................................................................- 36 - 
3.1.1 Study of literature ...............................................................- 36 - 
3.1.2 Benchmark ...........................................................................- 36 - 
3.1.3 Talking to experts ...............................................................- 37 - 
3.1.4 Interviews and inquiries .....................................................- 37 - 

3.2 Clarifying the task.......................................................................- 38 - 
3.3 Idea generation ..........................................................................- 40 - 
3.4 Brainstorming ..............................................................................- 40 - 
3.5 Idea evaluation ...........................................................................- 40 - 

3.5.1 Evaluation and excluding ideas.........................................- 40 - 
3.5.2 Value Analysis ......................................................................- 41 - 
3.5.3 Evaluation Chart ..................................................................- 42 - 
3.5.4 Final Design..........................................................................- 43 - 
3.5.5 Documentation and Presentation .....................................- 43 - 

4 PROJECT ACCOMPLISHMENT..................................................................- 45 - 
4.1 Information gathering................................................................- 45 - 

4.1.1 Benchmark ...........................................................................- 45 - 
4.1.1.1 Small cars ............................................................................- 46 - 
4.1.1.2 Concept cars ........................................................................- 46 - 
4.1.1.3 Solar cars .............................................................................- 47 - 
4.1.1.4 Wind powered car................................................................- 48 - 
4.1.1.5 Electric cars .........................................................................- 48 - 
4.1.1.5 Hybrids ................................................................................- 49 - 
4.1.1.6 Three-wheelers ....................................................................- 49 - 
4.1.2 Interviews.............................................................................- 51 - 
4.1.2.1 Green festival.......................................................................- 51 - 
4.1.2.2 Professor in fluid mechanics................................................- 51 - 
4.1.2.3 Auto show............................................................................- 52 - 
4.1.3 Driving electric car ..............................................................- 53 - 
4.1.4 Car size .................................................................................- 54 - 
4.1.5 Laws ......................................................................................- 54 - 
4.1.6 Survey ...................................................................................- 54 - 

4.2 Clarifying the task.......................................................................- 55 - 
4.2.1 Problem elucidation ............................................................- 55 - 
4.2.2 List of requirements............................................................- 57 - 
4.2.3 Abstraction ...........................................................................- 57 - 

4.3 Idea generation and evaluation ...............................................- 57 - 
4.3.1 Brainstorm ............................................................................- 57 - 
4.3.2 Evaluation of main shape...................................................- 59 - 
4.3.3 Doors.....................................................................................- 60 - 
4.3.4 Lamps....................................................................................- 63 - 

5 RESULT..................................................................................................- 66 - 
5.1 Solar panels .................................................................................- 66 - 
5.2 Wind power .................................................................................- 66 - 
5.3 Batteries .......................................................................................- 66 - 
5.4 Material ........................................................................................- 67 - 
5.5 Wheels and tires .........................................................................- 67 - 



5.6 Exterior design of the car ..........................................................- 67 - 
6.1 Information gathering................................................................- 69 - 

6.1.1 Study of Literature ..............................................................- 69 - 
6.1.2 Benchmark ...........................................................................- 69 - 
6.1.3 Interviews and Inquires .....................................................- 69 - 

6.2 Clarifying the Task......................................................................- 70 - 
6.3 Idea Generation ..........................................................................- 70 - 
6.4 Idea Evaluation ...........................................................................- 70 - 
6.5 Result............................................................................................- 71 - 

6.5.1 Testing the product ............................................................- 71 - 
6.5.2 Concerns...............................................................................- 71 - 
6.5.3 Batteries................................................................................- 72 - 

6.6 Recommendations ......................................................................- 72 - 
References..............................................................................................- 74 - 

Books...............................................................................................- 74 - 
Reports............................................................................................- 74 - 
Scientific newspapers magazines................................................- 74 - 
Personal contacts ..........................................................................- 74 - 
World-Wide-Web ...........................................................................- 75 - 
Introduction....................................................................................- 75 - 
Aerodynamics.................................................................................- 75 - 
Solar car..........................................................................................- 76 - 
Magnus effect ................................................................................- 76 - 
Batteries..........................................................................................- 76 - 
Chassis ............................................................................................- 77 - 
Regenerative braking....................................................................- 77 - 
Tire ..................................................................................................- 77 - 
Project accomplishment ...............................................................- 77 - 
Solar cars ........................................................................................- 77 - 
Electric cars ....................................................................................- 77 - 
Three wheelers ..............................................................................- 78 - 
Concept cars...................................................................................- 78 - 
Interview.........................................................................................- 79 - 
Appendix 1 - Eugene Tsui biography .........................................- 80 - 
Appendix 2- Aerodynamics ..........................................................- 84 - 
Appendix 3 - Solar car specifications .........................................- 85 - 
Appendix 4 - batteries ..................................................................- 90 - 
Appendix 5 - Project plan and timeline......................................- 92 - 
Appendix 6 – Benchmark, three wheelers.................................- 96 - 
Appendix 6 – Auto Show ............................................................- 101 - 
Appendix 7 – Car sizes ...............................................................- 109 - 
Appendix 8 – Survey ...................................................................- 110 - 
Appendix 9 - List of requirements ............................................- 114 - 
Appendix 10 – Brainstorm solar cells .......................................- 116 - 
Appendix 11 – Brainstorm session............................................- 117 - 



  



 - 8 -

1 INTRODUCTION 

The Master Theses on the concept car development was carried out 
in Tsui Design & Research in Emeryville California, between 
September 2005 and February 2006. It is the final part of the MSc 
Program in Ergonomic design with masters in Industrial Design at 
Luleå University of Technology. 

1.1 Background 

Eugene Tsui Design and Research center is Eugene Tsui by himself 
and students joining learning by doing. All of his products, buildings, 
clothing, and interior design have connection to the nature and basic 
needs, comfort. They also speak about our closeness to the nature 
and us being a part of nature. The priority is to work on drawing 
buildings in many different kinds, all from family houses to huge 
buildings for cultural and touristy purpose. He is also working on 
clothing, painting china, writing poems and songs, playing guitar and 
drums.  
He has been dreaming for a long time of building a self-sufficient car 
that is not using our priceless nature recourses. More information 
and Eugene Tsui can be found in appendix 1.  

1.1.1 Alternative fuel cars 

Today’s alternative fuel cars are all based on one type of alternative 
fuel per car, if they are not hybrid. Because the hybrid cars still use 
gas at the same time with electricity, they still pollute environment.  

Why are today’s cars running on fuel? That’s because the largest 
amount of money is made on selling oil. If there weren’t any need 
for oil for powering cars, then many oil companies would loose their 
business. Also lots of gas stations would be just recharging places or 
parking lots. Less manpower is involved. At a personal level it is all 
bad, because lots of people would loose their job and businesses - 
their money. Environmental issues would be solved in large scale. 
Ideal solution would be cars powered by something else than fossil 
fuel and non pollution production of energy. Hybrid cars are one 
solution, but still not good enough.  

In 1769 self-propelled car was built by Nicolas-Joseph Cugnot seen 
on the figure 1 below. 



 - 9 -

 

Figure 1 first wind powered vehicle (http://en.wikipedia.org ) 

1.1.2 Hydrogen cars 

Some hydrogen cars currently exist, and a significant amount of 
research is underway to make the technology more viable. 

One primary area of research is hydrogen storage, to try to increase 
the range of hydrogen vehicles while reducing the weight, energy 
consumption, and complexity of the storage systems. Two primary 
methods of storage are metal hydrides and compression.  Some of 
the high speed cars, buses, submarines, and space rockets already 
run on hydrogen, in various forms. There is even a working toy 
model car that runs on solar power, using a reversible fuel cell to 
store energy in the form of hydrogen and oxygen gas. It can then 
convert the fuel back into water to release the solar energy. 
Information about hydrogen cars is from www.wikipedia.org. 

Below is a figure of today’s hydrogen car. See figure 2 

 

Figure 2, hydrogen car, photo from http://www.everytimeyoubuygas.com 

1.1.3 Solar powered cars 

A solar car is an electric vehicle powered by solar energy obtained 
from solar panels on the car. Solar cars are not currently a practical 

http://en.wikipedia.org
http://www.wikipedia.org
http://www.everytimeyoubuygas.com
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form of transportation as they can only operate during the day and 
can only carry one or two passengers. However, they are raced in 
competitions such as the World Solar Challenge and the American 
Solar Challenge. These events are often sponsored by Government 
agencies such as the United States Department of Energy keen to 
promote the development of alternative energy technology such as 
solar cells. Such challenges are often entered by universities to 
develop their students engineering and technological skills as well as 
motor vehicle manufacturers such as GM and Honda. (Brief history 
from www.wikipedia.org/wiki/Solar_car, see solar cars on figure 3-5 
below. 

 

Figure 3, solar car from http://www.bath.ac.uk/~en2rdb/solar%20car.jpg 
 

 

Figure 4, solar car from http://www.eco.utexas.edu 

 

Figure 5 solar car from http://me.calpoly.edu/Images2/SolarCar.jpg 

http://www.wikipedia.org/wiki/Solar_car
http://www.bath.ac.uk/~en2rdb/solar%20car.jpg
http://www.eco.utexas.edu
http://me.calpoly.edu/Images2/SolarCar.jpg
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1.1.4 Existing electric cars 

An electric vehicle is a vehicle whose motion is provided by electric 
motors. The motion may be provided either by wheels or propellers 
driven by rotary motors, or in the case of tracked vehicles, by linear 
motors. Some electric cars can be seen on figure 6 and 7. 

The reasons electric motors are used to drive vehicles are their fine 
control, high efficiency and simple mechanical construction. Electric 
motors often achieve 90% conversion efficiency over the full range 
of speeds and power output and can be precisely controlled. Electric 
motors can provide torque whilst not moving, unlike internal 
combustion engines, and do not need gears to match power curves. 
This removes the need for gearboxes, torque converters and 
differentials. Electric motors also have the unusual ability to convert 
movement energy back into electricity, through regenerative braking. 
This can be used to reduce the wear on brake systems, and reduce 
the total energy requirement of a journey. Information about electric 
cars was found from www.wikipedia.org/wiki/Electric_cars. 

 

Figure 6 Three wheeled electric car, from www.frisons.com 

 

 Figure 7 rebuilt gas car, photo taken by author of the theses. 

http://www.wikipedia.org/wiki/Electric_cars
http://www.frisons.com
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1.2 Purpose 

Anyone thinking about nature and the future understands why 
electric cars are attractive and compatible. With all concerns on 
heavy taxes on fuel, particularly in Europe, and the possibility of 
further restrictions on greenhouse gas emissions, work on alternative 
power systems for vehicles is very important. 

As I have worked on the road for five years and seen that most cars 
only travel with one or two person in it, no matter how small or big 
the car is. They are the people, who could save the world by driving 
a better car. 

1.3 Aim 

The goal of this project is to develop a concept car on three wheels 
and is as aerodynamic as possible, with the coefficient of drag under 
1.0. Ambition is to create as self-sufficient car as possible that 
doesn’t damage nature or the atmosphere. One part of the project 
will include research of how the Magnus effect could be used in car 
design. To be able to use solar power is one of the most important 
elements for this concept, so it will be researched and well studied. 
The reasons to create a car on alternative number of wheels than 
four: are reducing car weight, reducing friction and different design 
for better aerodynamics. There are also other kinds of steering 
systems that can be considered by having only three wheels.  

1.4 Assumptions and constraints 

This Master thesis will to handle the above mentioned theories and it 
will be used for the external car design. External design is largely 
depending on how all the energy sources can be combined. 
Systematic problem solving system that has been well-informed 
about during the four years in LTU will be used as much as possible 
for better result and also to facilitate product development process. 
All the other components of the car will not be included in this 
report. Choice of the material for chassis is shortly going to be 
discussed. As all the parts of the concept car will not be handled, is 
costs plan considered not to be appropriate to present. As Eugene 
Tsui is not considering safety issues at all, they will not be part of the 
thesis either. 

Rendering of the model will be in form of hand-drawings. Modeling 
will be done in 3-D program Maya by the author of these theses. 
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2 THEORY 

2.1 Aerodynamics 

Low aerodynamic (definition of aerodynamics in appendix 2) drag on 
land vehicles has been under development almost as long as 
automobiles have graced our roads. Reducing aerodynamic drag is 
vital for improved fuel economy and higher top speeds, for a given 
power. There are usually two ways to approach aerodynamic drag 
reduction for land vehicles 

The ground-up approach, where the main body is shaped for low 
drag and then non-aerodynamic elements are designed within the 
body constrains 

The improvement approach, where the designer starts with a vehicle 
that already satisfies the non-aerodynamic constrains and finesses 
the details to lower the drag as much as practical. 

  

Figure 8, ground clearance 

The first known streamlined land vehicle was developed by Jaray and 
Klemperer in 1920. Jaray and Klemperer discovered that, though an 
axisymmetric teardrop body has the lowest drag in free air, when 
that body is brought close to the ground, the drag increases 
dramatically. For example, in the ground clearances found in 
automobiles, the drag of a torpedo shape can increase 50% (ground 
clearance is seen on the figure 8 above). If the ground clearance 
nears zero, the drag can increase as much as 500%. To preserve the 
low drag characteristics of a torpedo body and ensure handling 
robustness, Jaray and Klemperer invented the solution: cambering 
the body. To camber the body, the belly can be flattened or the 
topside of the body can be arched higher. 

A four wheeled version of the 1920 Jaray-Klemperer cambered body 
was constructed in the 1950s by Konig-Fachsenfeld. It was found to 
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have a drag coefficient (based on frontal area) of only 0.15, about a 
third to half of today’s passenger cars.  

In the late 1970s to mid 1980s, Professor A. Morelli of the Turin 
Technical University (Italy) investigated whether it was possible for a 
basic body, near the ground, to have a drag equivalent to 
streamlined body in free air. The Morelli body achieved a minimum 
drag coefficient, based on frontal area of under 0.05, matching that 
streamlined bodies in free air. 

Version of Morellis design is shown on the figure 9 below. 

 

Figure 9, Morelli’s streamlined car. 

For a non-steady-state driving schedule, the energy consumption 
attributable to vehicle mass strongly outweighs the energy needed to 
overcome aerodynamic drag. Including the effects of acceleration 
and rolling resistance, about 80% of the energy expended during a 
city–driving schedule is mass related. 

Since the base area is usually close in magnitude to the frontal area, 
we can conclude that the drag of a bluff body is proportional to its 
frontal area. The trick is to base the reference area on an area 
dimension of the body to which the drag is proportional. (The leading 
Edge, Goro Tamai, 1999) 

Aerodynamic problems can also be classified in external and internal 
aerodynamic. External aerodynamics is the study of flow around solid 
objects of various shapes. Evaluating the lift and drag on an airplane, 
the shock waves that form in front of the nose of a rocket or the flow 
of air over a hard drive head are examples of external aerodynamics. 
Internal aerodynamics is the study of flow through passages in solid 
objects. For instance, internal aerodynamics encompasses the study 
of the airflow through a jet engine or through an air conditioning 
pipe. (Information about aerodynamics classification found at 
http://encyclopedia.thefreedictionary.com/aerodynamics) 

http://encyclopedia.thefreedictionary.com/aerodynamics
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2.1.1 Airflow between underside and ground 

The motion of the car on the ground introduces problems which 
differ greatly from those of an aircraft, primarily because of 
interference with the airflow between the car underside and the 
ground. That is because the car moves very closely to the ground 
this interference is one of the most important features of the airflow 
pattern around it. 

In many cars the underneath of the engine compartment is open to 
the ground to improve the cooling of the engine’s crankcase. Thus 
cavity is formed full of structural or suspension members which may 
produce flow separation just behind the front bumper. Air inside this 
cavity is usually affected by the front grille and the high dynamic 
pressure region in front of the vehicle. This helps to create an 
additional aerodynamic lift force.  

Biggest problem with many cars on the road today is that most of 
them have very rough undersides (only a few cars have an underside 
panel) due of course to the presence of exhaust pipes and silencers, 
overhung petrol tanks, wheel axels, differentials, suspensions, shock 
absorbers, brake cables and wheel cavities, etc. 

The average roughness is ± 15 cm (or 6 inches) considered from a 
main surface level. Airflow between the underside and the ground is 
therefore affected by: 

• The distance between the underside and the ground  
• The width, length and height ratio of the vehicle and the styling 
of the body shape 
• The roughness of the underside 
• The lengthwise and crosswise curvature of the underside panel 
(Road vehicle aerodynamics. A.J. Scibor-Rylski,) 

2.1.2 Internal airflow 

Analyses of car aerodynamics cannot avoid the problem of the 
internal airflow. In fact the car engine, and sometimes the brakes, 
requires a quite considerable mass of air to be drawn through the 
inside of the car. This mass of air is taken from the outside flow and 
induced to pass through a system of internal ducts and cavities. This 
airflow is either assisted by a fan operating within the internal duct, 
or it utilizes the external pressure differences between the inlet and 
the outlet of the internal duct. The internal airflow has a two-fold 
effect on the external airflow pattern. 

At present, in average saloon cars, the proportion of the total 
aerodynamic drag due to the internal flow drag is about 13%. By the 
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redesigning the internal flow ducts in accordance with the general 
principles mentioned above it is possible to reduce the internal drag 
to about 10% of the total drag of the vehicle, i.e by about 3%. 

2.1.3 Styling streamlined back 

When discussing the general airflow pattern over the car in order to 
reduce the intensity of turbulence and the size of the wake behind 
the car, called “bobtailing”. It is better to style the rear surface so 
that it slopes gently backwards to avoid premature flow separation. 
At a line at which the separation would be inevitable due to viscous 
friction the shape is cut, or “bobtailed”. Se figure 10 below. 

Information about external airflow is from (Road vehicle 
aerodynamics, A.J. Scibor-Rylski, 1978) 

 

 

Figure 10, Drawing of the new airliner car, from 
www.brianstratford.com 

http://www.brianstratford.com
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2.1.4 Covers over the rear wheels 

The hybrid car guide claims that because the rear wheels don't do 
any steering, they don't need to be exposed, no matter how much 
people love those shiny rims. Covering them reduces turbulence 
ordinarily created by the rotation of the wheels. Next, much of the 
underside of the car is covered by flat sheets which streamline 
airflow beneath the car. Finally, there is the shape of the body, 
which mimics a falling teardrop. When a droplet of water falls, air 
and gravity mould it into the most aerodynamic shape, a teardrop. 
For the Insight (figure 11), it was Honda's engineers, not air and 
gravity, that made the body wider in the front and narrower in the 
back - just like a falling teardrop.  

These advanced design features give the Insight the lowest drag 
coefficient of any mass produced vehicle. More information about 
hybrid cars on www.hybridcarguide.com 

 

Figure 11, Honda Insight - with covered rare wheels, from www.km77.com 

2.1.5 Aerodynamic lift 

The aerodynamic lift acts, by definition, into the direction normal to 
the direction of motion, thus in the case of a car it acts normally to 
the ground. It is accepted as a universal sign convention that the lift 
is positive when it acts upwards, away from the ground, and it is 
negative when it presses the vehicle to the ground. 

Positive lift reduces the tire load on the road and substantially 
lessens the grip. 

Many researchers estimate that the aerodynamic force generated 
could easily reach about 250lbf (1112N), 20 to 25% of the car 
weight pressing the wheels on to the road. The aerodynamic lift 
acting on the rear axel of the same vehicle could be of the order of 
150lbf (667 N) 

http://www.hybridcarguide.com
http://www.km77.com
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2.1.6 Reducing lift by styling 

The reduction of the aerodynamic lift, from the safety aspect, is 
probably more important than the reduction of the aerodynamic 
drag, which influences car performance and economy. It is therefore 
useful to examine the factors which determine the aerodynamic lift 
and the relationship between the choices of particular styling 
features and resultant lift characteristics. 

Opening the underside region to the wake helps to lower the 
pressure underneath and produces a negative lift which prevails over 
the positive lift created by the flow over the upper surface 

2.1.7 Spoilers and negative lift devices 

Spoilers, affecting the airflow pattern, are reducing the lift by 
modifying the flow over the upper surface. 

Negative lift wings, mounted above the vehicle and generating 
negative aerodynamic lift, directed downwards 

The role of the spoiler is to break-up this smooth , fast flow by 
slowing down the airflow over the upper surface thus increasing the 
pressure and consequently decreasing the lift. See for some 
examples in figure 12 below. 

 

Figure 12, alternative spoilers 
1. www.spoilersmax.co.uk 
2. www.canadianautoreview.com 
3. www.proparss.de 
4. www.seriouswheels.com 

http://www.spoilersmax.co.uk
http://www.canadianautoreview.com
http://www.proparss.de
http://www.seriouswheels.com
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2.1.8 Important issues to remember about aerodynamics 

It is important to understand what can be done to minimize the 
aerodynamic drag on the car, and what drag reduction is necessary. 
The aerodynamic drag for the car can come from five sources. 

1. Flow separation. For relatively un-aerodynamically shaped buff 
bodies like automobiles, the flow will separate from the body near 
the sharp corners in the body shape and create spinning vortices of 
turbulence. Flow separation causes a high drag force on the body, 
and is to be avoided. Streamlined bodies like solar cars have very 
little flow separation. 

2. Skin friction. As the air flows over a streamlined body, there is 
friction between the air and the body, which causes a drag force on 
the body. Skin friction is the dominant drag force for streamlined 
bodies like solar cars. Skin friction drag will be proportional to the 
total surface area of the car, so reducing surface area will tend to 
reduce the skin friction drag. 

3. Boundary Layer pressure loss. As the air flows over the body, a 
boundary layer develops. The boundary layer is a layer of air flowing 
over the body, between the body and the free-stream flow. Air 
outside the boundary layer is flowing undisturbed, that is, flowing at 
the free-steam velocity. The boundary layer gets thicker as it 
progresses from the front of the car to the rear. The thick boundary 
layer at the rear of the car makes the rear stagnation pressure less 
than the front stagnation pressure, so there is an effective pressure 
drop along the length of the body, which causes a drag force on the 
body. Thicker bodies have a larger pressure drop, so making the 
body thin reduces the drag because of boundary layer pressure loss. 
For a streamlined body this term is less significant than skin friction 
drag, but is not insignificant. 

4. Induce drag. All streamlined bodies are capable of generating lift if 
they are given an angle attack relative to the airstreams. The drag 
on the body increases as the lift (up or down) increases. Minimum 
drag occurs when the body has zero lift, and so the angle of attack 
of the car should be adjusted to zero lift. 

5. Interference drag. This is drag because of imperfections in the 
body such as joints or steams, and drag because of the mating of 
the canopy or fairings to the body. 

(Facts from The Winning Solar Car, Douglas R. Carroll, 2003 
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2.2 Solar power 

2.2.1 The Solar array design 

The power that the solar array produces is one of the most important 
factors in the performance of the car, and it is important to get as 
much power as possible. The solar array is also the most expensive 
component of the car. There is almost no limit on how much money 
can be spent on solar cells. The least expensive option is 
polycrystalline silicon cells, which can be 12 to 13 % efficient at 
converting sunlight to electricity. It would cost about $5000 U.S in 
2003, to buy enough cells to cover a solar car. Single crystal silicon 
cells are 14.5-15% efficient and cost about $7000 U.S. The single-
crystal silicon cells are the most commonly used solar cells for solar 
cars. There are also space-grade silicon cells that are above 20% 
efficiency, and cost much more than the terrestrial-grade silicon 
cells. Several companies make gallium arsenide (GaAs) cells that are 
from 18-28% efficient, and cost from $25,000 to millions of U.S. 
dollars depending on the efficiency. All things equal, 15,5 efficient 
cells will produce 25% more power than 12% efficient cells. (The 
Winning Solar Car, Douglas R. Carroll, 2003) 

The typical solar panels for a car are made of four inch wide discs of 
silicone that are only a few thousands of an inch thick. More effective 
cells are high-purity space-grade silicon or gallium arsenide cells. 
They were originally designed for satellites, but at a tenfold price 
increase. On the figure 13 below can solar car charging be seen. 

 

Figure 13, Sunraycer charging her batteries  

Besides solar input, the only way to charge batteries is to tap 
momentum built up on the road when it comes time to slow down, it 
is called regenerative braking. It means that the brake pedal will 
activate the regenerative system on the first inch or so of travel, and 
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only when pressed further will the brakes take over. (Popular Science 
1990). More about the Sunraycer can be read from appendix 3. 

2.2.2 Coating of solar array 

Coating the solar array must be coated to keep it from shorting out 
when it gets wet. A major disadvantage of a coating is that it 
insulates the cells and makes them hotter and less efficient. 
However, to be able to spray water on the array and cool it or drive 
in the rain, the array must have a waterproof coating.  

Stationary arrays such as those used on the roofs of buildings 
commonly use a glass coating because the glass is more scratch 
resistant than polymer coatings. However, glass is too heavy. 
Polymer coating are always used on solar cars, and it is important to 
be careful when cleaning the car so that the coating is not scratched. 
Tedlar, Tefzel, Lexan and Epoxy have all been used successfully. The 
primary goal is to provide a thin coating that allows the light through 
and protects the cells from water. 

The Winning Solar Car, Douglas R. Carroll, 2003 

2.2.3 Shading of the array 

If one cell in a string is shaded, then its illumination level current will 
be drastically reduced. The one shaded cell will have a greatly 
reduced short circuit and power point current, and will limit the 
current in other cells in the string. If the cell is completely shaded 
and receives no solar energy, then the cell will act as a diode 
blocking the current and the string of cells will pass essentially zero 
current. The power output of the entire string will be zero. Bypass 
diodes are incorporated into the array wiring to bypass weak or 
damaged string, but it does not take much shading to dramatically 
lower the power output of the array, even with the bypass diodes. 

The Winning Solar Car, Douglas R. Carroll, 2003 

2.2.4 Matching array voltage with battery voltage 

The array voltage must be matched with the battery voltage and the 
power point trackers. Most arrays use step-down transformer in the 
power point trackers, so the array voltage must be higher than the 
battery voltage, or the step-down transformers will not work. When 
the voltage produced by the array is less than the battery voltage, 
then the power point trackers will think the batteries are charged 
and shut down. If the car uses eight 12 –V lead acid batteries in 
series, then at full charge each battery will produce about 14 V. That 
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is, it will take 14 V to drive any current into them as they approach 
full charge. So the array must produce a minimum of 112V. In 
designing the array it must be decided where the low-light cut-off 
should be. This will determine the number of cells required for each 
sub array. Information above is from The Winning Solar Car, Douglas 
R. Carroll, 2003 

2.2.5 Running solar car 

The solar panels on the M-Pulse (see on the figure 14 below) 
generated enough power to charge the M-Pulse's batteries even 
when the car was running at 88 km/h . Under normal conditions, the 
cell's electrical output was about 1,200 watts, but sometimes the 
cells were able to generate as much as 1,600 watts under some 
cloud conditions. This extra power was generated when the cells 
received additional solar energy reflected off the clouds. According to 
some team members, the solar cells worked so well that in varying 
sunlight the driver actually had to back off of the accelerator, so that 
the car wouldn't go over the maximum speed limit on the highway. 
Facts about M-Pulse found at www.boeing.com 

 

Figure 14, Spectrolab solar car M-Pulse 

2.2.6 Electric system 

The electrical system is the most important part of the car's systems 
as it controls all of the power that comes into and leaves the system. 
Power electronics monitor and regulate the car's electricity. 
Components of the power electronics include the peak power 
trackers, the motor controller and the data acquisition system. 

http://www.boeing.com
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The peak power trackers manage the power coming from the solar 
array to maximize the power and either delivers it to be stored in the 
battery or used in the motor. They also protect the batteries from 
overcharging. The motor controller manages the electricity flowing to 
the motor according to signals flowing from the accelerator. 

Many solar cars have complex data acquisition systems that monitor 
the whole electrical system while even the most basic cars have 
systems that provide information on battery voltage and current to 
the driver. One such system utilizes Controller Area Network. Electric 
system is form www.wikipedia.org and www.css.tayloru.edu 

http://www.wikipedia.org
http://www.css.tayloru.edu
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2.3 Wind power 

2.3.1 Magnus effect 

Flettner's idea was to harness the power of the Magnus Effect to 
make a ship move. He bought a schooner called Bruckau and 
mounted two 50-foot cylinders onto it. The cylinders were powered 
by electricity, and when they started to rotate, they pushed the ship 
forward like powerful sails. The rotor ship could sail into the wind at 
about 20 to 30 degrees, see figure 15 and 16.  

After several tests in Europe in various kinds of weather, Flettner's 
rotor-ship, now renamed Baden-Baden, made a successful voyage 
across the Atlantic, arriving in New York on May 9, 1926. The ship 
was greeted warmly, and many curious people came aboard to 
examine it. 

Although Flettner proved that the Magnus Effect could move a ship, 
his cylinders were still less efficient than conventional engines. After 
a while, Flettner moved on to other projects and the cylinders were 
dismantled. In 1931, Baden-Baden was destroyed in a storm in the 
Caribbean. 

The rotor-ship idea was reborn in the 1980s under a new name -- 
"turbosail" -- as part of a propulsion system designed by Jacques 
Cousteau and his colleagues to save fuel and cut pollution. It was 
never widely adopted. 

 

Figure 15, basic drawing on how Magnus Effect functions, from 
www.geocities.com 

http://www.geocities.com
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Figure 16, photo of Flettner rotor ship from www.tecsoc.org/pubs/  
 

2.3.2 Windmills 

It is in the nature of large machinery, like windmills (figure 17), that 
the larger they are the slower they should turn. Huge windmills that 
produce electricity for California, for example, lumber along at 20 to 
50 RPM (I'm estimating from having seen them in action). The speed 
of the tips of the windmill blades should be about 5 times the speed 
of the wind. For a 10 m/s wind (about 32 km/h, more or less), the 
tips move at 50 m/s. If the windmill has a large diameter, then 20 
RPM is adequate, but if the diameter is small, a high RPM is required. 
If you want more power, you either gets lots of the smaller units or 
you use a larger diameter. But the larger diameter will imply a slower 
rotation rate, so you have to gear up the speed with some kind of 
transmission.  It is easier to use gears to increase the RPM of the 
generator than to build the generator with so many poles that it can 
generate electricity efficiently at (say) 1 or 2 RPM. From 
www.energyadvocate.com/fw90.htm 

http://www.tecsoc.org/pubs
http://www.energyadvocate.com/fw90.htm
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Figure17, windmills from http://bill.ps.uci.edu/ 
 

The new aeroturbine (figure 18) is very effective in highly turbulent 
and gusting winds. In addition, aerotecture aeroturbines: 

• Inherently self-regulate, 

cannot run away 

• Works in both vertical and 

horizontal axis (See 

illustration A) 

• Operate as well as noise- and 

vibration-free 

• Are low RPM and bird-safe 

• Come safely enclosed in 

protective frameworks 

• Are propeller-free . no 

blades to throw 

• Require no special code 

exemptions or insurance 

• Set a new standard of wind 

generator beauty. 

  

Figure 18, aeroturbine from www.illinoissolar.org/ 

http://bill.ps.uci.edu
http://www.illinoissolar.org
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2.4 Batteries 

The battery pack plays the same role in a solar- and electric car as 
petrol tank plays in a normal car in storing power for future use. 
There is a huge range of batteries including lead-acid batteries, 
nickel-metal hydride batteries (NiMH), Nickel-Cadmium batteries 
(NiCd), Silver-Zinc, Lithium ion batteries or Lithium polymer 
batteries, which can be used. Lead-acid batteries are less expensive 
and easier to work with, but have less power to weight ratio. 
Typically, solar cars use voltages between 84 and 170 volts. (Popular 
Science, 1990 and http://en.wikipedia.org/wiki/Solar_car ) 

Battery subsystems are most efficient if all the batteries are the 
same temperature, and it is good practice to locate all the batteries 
in the same box. (The Winning Solar Car, Douglas R. Carroll, 2003 
and www.corrosion-doctors.org/Secondaries/silver.htm) 

No one can predict exactly how long the hybrid batteries will last, the 
manufacturers stand behind their products. For example, on hybrid 
components, Honda provides a 8 year/80,000 mile warranty; Toyota 
provides an 8 year/100,000 mile warranty.  Information about 
battery duration was from www.hybridcars.com. More about battery 
systems is found in appendix 4. 

2.4.1 Silver-zinc Batteries 

The Zn/AgO cell gives perhaps the highest energy and power 
densities of any aqueous rechargeable battery. Because of the cost 
of silver, its use has been limited to military and space applications 
as well as to portable electronic equipment. One good example of 
such an application is the Mars Pathfinder Lander Battery. 

The chemistry of the silver-zinc rechargeable battery is little different 
from that of the primary silver battery. It offers a high energy 
density and high discharge rate capability but is costly and has a 
poor cycle life - typically only 5 to 50 cycles for high rate cells. The 
performance deteriorates badly below about 10oC. Normally stored 
without its electrolyte, it has a life of only 2 to 18 months once filled, 
depending on operating conditions. The main application is for 
electric powered torpedoes but they have been used in submarine 
vehicles, satellite and space probes, missiles, communications 
equipment, portable TV cameras, vehicle motive power, and other 
applications, which require a rechargeable battery of high energy 
density, and where cost is no object. The batteries cost about 3 
times more than comparable nickel cadmium batteries. 
(www.extremetech.com) 

http://en.wikipedia.org/wiki/Solar_car
http://www.corrosion-doctors.org/Secondaries/silver.htm
http://www.hybridcars.com
http://www.extremetech.com
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2.4.2 Nickel Cadmium  

In consumer electronic equipment, the most popular 
rechargeable/storage batteries are nickel-cadmium cells, often called 
NiCads. These batteries use cathodes made from nickel and anodes 
from cadmium, as the name implies. Their most endearing 
characteristic is the capacity to resist a huge number of full charge 
and discharge cycles, in the range of 500 to 1000, without 
deteriorating past the point of usefulness. NiCads are also relatively 
lightweight, have a good energy storage density, and tolerate trickle 
charging (when properly designed). On the downside, cadmium is 
toxic thus the warning labels that implore you to be cautious with 
them and properly dispose of them. 

The output voltage of most chemical cells declines as the cell 
discharges because the reactions within the cell increase its internal 
resistance. NiCads have a very low internal resistance − meaning 
they can create high currents − which changes little as the cell 
discharges. Consequently, the NiCad cell produces a nearly constant 
voltage until it becomes almost completely discharged, at which 
point its output voltage falls precipitously. 

This constant voltage is an advantage to the circuit designer because 
fewer allowances need to be made for voltage variations. However, 
the constant voltage also makes determining the state of a NiCad's 
charge nearly impossible. As a result, most battery-powered 
computers deduce the battery power they have remaining from the 
time they have been operating and known battery capacity rather 
than by actually checking the battery state. 

When some NiCads are partly discharged, then later recharged, they 
may lose capacity. Chemically, recharging NiCads before they are 
fully discharged often results in the development of cadmium crystals 
on the anodes of the cell. The full capacity of the cell can only be 
recovered by nudging the cell past this second discharge state. This 
will erase the memory and restores full cell capacity. 

As a practical matter, the cure for the memory problem is deep 
discharge − discharging the battery to its minimum working level 
and then charging the battery again. Deep discharge does not mean 
totally discharging the battery, however. Draining nearly any storage 
battery absolutely dry will damage it and shorten its life.. 

In any case, to get the longest life from NiCads the best strategy is 
to operate them between extremes − operate the battery through its 
complete cycle. Charge the batteries fully; run it until it is normally 
discharged; then fully charge it again. 
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2.4.3 Nickel-Metal-Hydride  

(NiMH) is being used for hybrid batteries instead of lead acid to 
reduce the weight and deliver more energy from a smaller package. 
Because a hybrid also uses a gas engine, the size of the battery is 
not as large as a pure EV – electric vehicle, battery. On vehicles such 
as the Honda Civic and Insight, and the Toyota Prius, the hybrid 
battery voltages are 300 volts or greater. Where the starter battery 
in a typical car was measured by cranking amps, hybrid batteries are 
measured by kilowatt-amp-hours. Life cycle of NiMH battery seen on 
figure 19. More about covering batteries can be found in Appendix4 
(www.hybridcars.com) 

 

 

Figure 19, NiMH battery life cycle, from www.hybridcars.com 

2.4.4 Lead-Acid  

Most car batteries are lead-acid batteries. Car batteries are 
sometimes referred to as 12-volt batteries. This is inaccurate as 
other battery types can produce 12-volts, though they are the most 
common. The lead acid battery is made up of plates, lead, and lead 
oxide (various other elements are used to change density, hardness, 
porosity, etc.) with a 35% sulfuric acid and 65% water solution. This 
solution is called electrolyte which causes a chemical reaction that 
releases electrons, allowing them to flow through conductors thus 
producing electricity. When you test a battery with a hydrometer you 
are measuring the amount of sulfuric acid in the electrolyte. If your 
reading is low, that means the chemistry that makes electrons is 
lacking, which means the sulfur is stuck to the battery plates. When 
you recharge the battery, the sulfur returns to the electrolyte. 
As a lead acid battery discharges, the lead plate gets thinner. When 
it is recharged, the lead is redeposited on the plates. The starting 
battery is designed to deliver quick bursts of energy (such as starting 
engines) and have a greater plate count, which gives a larger surface 

http://www.hybridcars.com
http://www.hybridcars.com
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area. The plates will also be thinner and have somewhat different 
material composition. 
 (http://en.wikipedia.org/wiki/Car_battery) 

2.4.5 Lithium ion 

The lithium-ion rechargeable cell (Li-ion) refers to a cell whose 
negative active material is carbon to which lithium cations are 
intercalated or deintercalated during the charge-discharge process.  
Li-ion is one of the newer rechargeable battery technologies. These 
batteries can deliver 40% more capacity than comparably sized NiCd 
batteries and are one of the lightest rechargeable batteries available 
today. Li-ion batteries are the batteries of choice in notebook 
computers, wireless telephones and many camcorder models. They 
are also one of the more expensive rechargeable technologies. Li-ion 
battery packs provide the highest power density for a given weight 
of any commercial technology. Information about Li-ion battery from 
http://lithium-batteries.globalspec.com/ and www.ocean-server.com 

2.4.6 Preventing Electrolysis 

As with lead-acid batteries, nickel-cadmium cells are also prone to 
electrolysis breaking down water in the electrolyte into potentially 
explosive hydrogen and oxygen. Battery makers take great steps to 
reduce this effect. Commercially available Ni-Cads are sealed to 
prevent leakage. They are also designed so that they produce 
oxygen before hydrogen, which reacts internally to shutdown the 
electrolysis reaction. 

To prevent sealed cells from exploding should gas somehow build up 
inside them, their designs usually include reseal-able vents. You risk 
the chance of explosion if you encase a NiCad cell in such a way it 
cannot vent. The vents are tiny and usually go unnoticed. They 
operate automatically. The warning against blocking the vents 
applies mostly to equipment makers. Standard battery holders won't 
block the vents, but encapsulating the battery pack epoxy to make a 
solid power module certainly will. 

(www.hybridcars.com)  

2.4.7 The Rechargeable Hybrid Car Battery 

A hybrid car uses a conventional lead acid battery for all the same 
reasons that a conventional car uses one. But a hybrid car also has a 
rechargeable battery, which is constructed quite differently. It is 
what is called a deep cycle battery. The internal construction of the 

http://en.wikipedia.org/wiki/Car_battery
http://lithium-batteries.globalspec.com
http://www.ocean-server.com
http://www.hybridcars.com
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battery allows it to be fully discharged and recharged over and over 
again. It is very similar to a battery used in electric vehicles such as 
GM’s EV1 or a golf cart or new-fangled electric personal scooters. 
The difference is that electric vehicles need a lot of stored energy, 
since the stored electrical energy is the only fuel the vehicle has to 
make it move down the road. 

2.5 Chassis 

To start with solar cars are the most lightweight cars built, they have 
used several different materials, lightweight aluminum honeycomb 
sandwiched by sheets of carbon-fiber fabric also all different kinds of 
fiber-plastic combinations. These materials have resulted with that 
the car with driver weights only 450 pounds and that is also the 
lowest weight car of all of the solar cars. (Popular Science, 1990) 

Development in this area has gone on for at least 100 years and all 
kinds of materials are tested from wood to fabric to different metals. 
Audi was given us an idea to use magnesium as a material, 
aluminum has long time been recognized as a lightweight alternative 

Steel has been here for a long time and although plastic is here to 
stay. Lightweight and greater freedoms conflicting with 
environmental requirements are considered as main issues with 
plastics. (Materials for Automobile Bodies, 2003 and 2005-12-05 
http://www.rmi.org/sitepages/pid386.php) 

2.5.1 Composites 

Composites can theoretically yield the lightest-weight chassis, but it 
is difficult to optimize the design when using them. The strength of 
composite materials is highly dependent on the process used with 
composites are required to take full advantage of their strength. In 
structural analysis the designer must know the reliable strength of 
the material. Finite element analysis is meaningless unless the 
strength of the material is known. 

The result is a composite structure that is heavier than a steel or 
aluminum tubular truss frame design. A major advantage of the 
composite chassis is that it is easy to build. Composite panels are cut 
up and glued together to make a box type chassis design. Hard 
mount point sare made of aluminum, steel or titanium for the 
suspension mounts. A disadvantage of the composite chassis is that 
it is not as stiff as the other designs, and the lower stiffness probably 
increases rolling resistance. (Materials for Automobile Bodies, 2003) 

http://www.rmi.org/sitepages/pid386.php
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2.5.2 Titanium 

Welded titanium tube truss-frame structures have been used 
successfully. Titanium is expensive and difficult to weld, but if the 
resources and technology I available, it is probably the best choice. 
Titanium will provide the lightest weight metal chassis. The 
disadvantage of using titanium is that it is difficult to repair or modify 
the chassis because of the difficulty involved in welding titanium. 
(Materials for Automobile Bodies, 2003) 

2.5.3 Aluminum 

An Aluminum chassis is only slightly heavier than a titanium chassis. 
It is much less expensive and easier to weld than titanium. A good 
weldable aluminum alloy is 6106-T6. A tungsten-inert gas (TIG) 
welder is required to get good welds with aluminum. An unfortunate 
attribute with aluminum is that it cracks in service. The chassis must 
be inspected regularly for cracks, and the cracks must be welded up. 
(Materials for Automobile Bodies, 2003) 

2.5.4 Steel 

Steel chassis have been widely used in solar cars. For example the 
4130 steel, this is also used in race cars. Chassis of steel is heavier 
than one made of titanium or aluminum, but has the advantage of 
steel is that it is easier to weld and steel is more resistant to 
cracking. The disadvantage of steel is compared to aluminum, is that 
it rusts over time. (Materials for Automobile Bodies, 2003) 

2.6 Regenerative brakes  

Regenerative brakes are most commonly seen in electric or hybrid 
vehicles. Electric regenerative brakes descended from dynamic 
brakes, which have been used on electric and diesel-electric 
locomotives and streetcars since the mid-20th century. In both 
systems, braking is accomplished by switching motors to act as 
generators that convert motion into electricity instead of electricity 
into motion. Traditional friction-based brakes must also be provided 
to be used when rapid, powerful braking is required. 

Like conventional brakes, dynamic brakes convert energy to heat, 
but this is accomplished by passing the generated current through 
large banks of resistors that dissipate the energy. If designed 
appropriately, this heat can be used to warm the vehicle interior. 
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When the energy is meant to be dissipated externally, large radiator-
like cowls can be employed to house the resistor banks. 

Road vehicles store for re-acceleration using flywheels, batteries, or 
capacitors. It is estimated that regenerative braking systems 
currently see 31.3% efficiency; however, the actual efficiency 
depends on numerous factors, such as the state of charge of the 
battery, how many wheels are equipped to use the regenerative 
braking system, and whether the topology used is parallel or serial in 
nature. 

The main disadvantage of regenerative brakes when compared with 
dynamic brakes is the need to closely match the electricity generated 
with the supply. With DC supplies this requires the voltage to be 
closely controlled and it is only with the development of power 
electronics that it has been possible with AC supplies where the 
supply frequency must also be matched (this mainly applies to 
locomotives where an AC supply is rectified for DC motors). 
(www.wikipedia.org)  

There are some limitations that will always affect even the best 
regenerative braking systems. First of all, it only acts on the driven 
wheels, so it will always have to be coupled with ABS. So far its use 
is limited to electric or hybrid-electric vehicles, where its real 
contribution is to extend the life of the battery pack rather than save 
fuel. (www.motorage.com) 

2.7 Tire 

Gas mileage is affected by more than just the size and weight of the 
tire. Rolling resistance of the tire has a larger effect.  

Harder tires = lower rolling resistance. If the tire is too hard or too 
round, then the tire-patch (which is the area of tire that is in contact 
with the ground) will be too small to grip the road surface effectively. 
This in turn will allow the wheel to skid easier when trying to stop or 
allow the wheel to slip and spin when trying to roll out from a light.  

The same holds true for tread designs and patterns. The more 
detailed the tread design, the more likely it will grip the road better—
but also create the opportunity to trap air in each of the pockets it 
generates when touching the road surface. When trapping the 
air/water/dirt/snow in these pockets, the tire is compressing the 
material that is in the pocket. Therefore, the engine has to do more 
work to compress these pockets. This makes the tire less efficient to 
turn, and thereby reduces the mileage of the vehicle. 

Most of the hybrid vehicles use some sort of low rolling resistance 
tire. Sometimes these tires are called “low mu.” “Mu” is the Greek 

http://www.wikipedia.org
http://www.motorage.com
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letter (used by engineers) as the symbol for “tire friction to the road 
surface.” 

While the low resistance tires will help with mileage, there have been 
some complaints from hybrid owners that they did not like the way 
the tires handle on the road. As a result, Toyota has backed off from 
using the lower resistance tires and has settled with a better 
handling tire. 

It boils down to personal preference. If you drive aggressively, you 
might want to use a softer tire with better road adhesion. If you’re a 
fanatic for mileage and a very mellow driver, then you probably 
should get the lowest resistance tire you can find on the market. 

(www.hybridcars.com) 

In a well-designed car approximately 35% of all the energy used at 
90 km/h will go toward overcoming rolling resistance. The 
percentage is even higher for slower speeds. If the car is traveling at 
45 km/h, the rolling resistance may consume 70% of all the energy 
used. (The Winning Solar Car, Douglas R. Carroll, 2003) 

2.7.1 Combination of three or four wheels 

Chassis configuration of three-wheelers and four-wheeler 

There are numerous ways to arrange the three or four wheels of a 
vehicle. The design and handling dynamics of these configurations 
are discussed. Every following alternative is seen on the figure 20 
below. 

a) Two front wheels, with the single rear wheel along the 

longitudinal centerline of the body. The arrangement can be reversed 

so that there is a single front wheel. 

b) Tandem wheels on one side of the body, with the other wheel 

outrigger on the other side. Again this arrangement can be reversed. 

c) Conventional four-wheeler, with the rear wheels in line with the 

front wheels of equal track width. 

d) Conventional four wheeler but with the rear track width different 

enough that in front view, all four wheels are visible. 

e) Four-wheeler in a tree-wheeler configuration. Two rear wheels 

are mounted on a common rear axel, and both rear wheels can 

usually be enclosed in a single rear fairing. 

http://www.hybridcars.com
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f) Two front wheels, with tandem rear wheels along the longitudinal 

centerline of the vehicle. The author is not aware of any vehicle that 

has been built to this geometry. The kinematics of the suspension 

system may be tricky. 

g) Two front wheels, with staggered rear wheels. 

h) Four-wheeler with its wheels in a diamond formation. 

(The Leading Edge) 

  
Figure 20, different wheel positions (The Leading Edge) 

Concerns with three wheels 

Check that the wheels are properly aligned and the tires are properly 
inflated. Given that all the three wheels have the same tires, each 
front tire should have slightly more weight on it than each rear tire. 
If the rear tire is a more flexible model, the inflation pressure should 
be increased or be laden with less weight. (The Leading Edge and 
www.baaction.org) 

http://www.baaction.org
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3 METHOD 

To make sure that nothing important is left out from the product 
development process the systematic problem solving method can be 
used as a guideline. 

3.1 Gathering information 

Launching a product development process always includes 
information gathering. This can be information concerning a specific 
product or customer, background information and theories or 
information concerning methods that will be used during the project. 
In the beginning of the project, wide-ranging information that gives 
an overview of background to the problem is most useful. Later on, 
when the problem is better known, more detailed and profound 
information is needed. Information gathering is going on paralell 
throughout the whole development process. 

3.1.1 Study of literature 

To read all kind of published material is one of the most common 
ways to get adequate information. Literature includes books, 
lexicons, research papers, magazines, theses, articles from 
newspaper, code books and internet. Information that is read can be 
printed or electrical. To choose the relevant information for specific 
project includes being really objective and critical, about what is 
important.  

In order to find appropriate books, theses and scientific reports the 
library is the best place for information gathering. To find news and 
up to date research on particular product - magazines, newspapers 
and internet are places to look for. 

On the internet search on Google, Allthewebb, Wikipedia, MSN can 
be used. Hereby is needed to mark that looking on the internet 
needs very clear and critical mind, cause everything is not true 
online, or not proved. 

3.1.2 Benchmark 

Benchmarking is carried out to investigate the current situation on 
the market the meaning of it is to find out which commodities are 
available, and also to study the trends. It is valuable to walk trough 
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design show, design stores, any possible places that have to do with 
the product. It is basically looking at the producers and talking to 
suppliers as well looking at the other products in the same subject 
matter or purpose. 

3.1.3 Talking to experts 

People who work with the current product or with nearby areas have 
a lot of experience. Knowledge from professional people is therefore 
important resources in the product development process. They can 
be found through personal contacts, organizations or internet. 

3.1.4 Interviews and inquiries 

Central aspect of the product development process is the customer 
opinions of the product. If the aim of the development is to improve 
an already existing product, then the customers are useful resources. 
The customer’s opinion can be useful with the aid of inquires or 
interviews. If new product is developed it is important to see what 
requirements have to be considered and see how the product will 
cover up the target group expectations. 

In an inquiry people are usually asked to answer a questionnaire 
containing a set of standardized questions. The respondent can be 
asked to choose the answer from a set of presented alternatives. 
These types of questions are easy to compile but they contain a 
restricted amount of information. Questions, which require complex 
answers or where it is hard to expect what will be answered the 
respondent, can be asked to express the answer freely. These types 
of answers are more difficult to compile, compared to answer with 
present alternatives, but they usually contain more information. The 
answers can also be given by estimating values on a scale. This type 
of answers is common when the respondent is asked to evaluate 
something. A questionnaire is often quite straightforward to hand out 
to several people at the same time. However, it is hard to write 
questions and instructions in a way that avoids misunderstanding. If 
the respondent can express the answers freely it might sometimes 
be hard to deduce the answers correctly. 

An interview differs from an inquiry by being an interaction between 
two people, the interviewer and the respondent. The questions can 
be of all types used in a questionnaire, however it is usually more 
common with open answers. During an interview there is a possibility 
to follow up the answers if there are any uncertainties or interesting 
new aspects. It might also be easier for the respondent to give a 
satisfying answer; some people find it hard to express themselves in 
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writing. On the other hand interviews are time demanding, since the 
interviewer only can talk to one person at the time. 

A population is the whole number of individuals studied in a 
statistical investigation. In the beginning of a statistical study it is 
important to define the population of that specific inquiry. Are all 
individuals of interest or just those of certain age, origin or gender? 
The population is usually too big to study all individuals and 
therefore a sample has to be picked out. There are several kinds of 
samples: 

 Representative sample- should correspond to the population 
 Random sample- the individuals are chosen randomly 
 Convenient sample- available individuals are studied 

(Trost, 2001) 

When looking at a statistical study it is important to know its 
steadfastness, which is a measurement of how consistently a study 
measures similar kinds of things. To obtain high reliability the 
following aspects must be taken into consideration: 

 Congruity- having resemblance between questions that intend to 
measure the same thing 

 Precision- how the interviewer or the respondent register the 
answer 

 Objectivity- how different interviewers register the answer 
 Constancy- how the attitude or phenomena changes over time 
 Validity - how well a measuring instrument measures what it is 

supposed to measure. If all aspects listed above are high then the 
reliability will also be high. 

When preparing a study it is important to keep these aspects in mind 
and consider them when framing the questions and writing the 
instructions. (Trost, 2001) 

3.2 Clarifying the task 

The purpose of clarifying the task is to make a clear, concise and 
solution neutral problem statement. To do this the problem must be 
thoroughly examined. This can be done through a variety of 
methods. The method, developed by Pahl and Beitz (Pahl,G., Beitz 
W. (2001) Engineering Design – A systematical Approach. 3rd 
printing. London: Springer - Verlag), described below uses three 
steps to clarify the task. 

In the first step a problem elucidation, is done by answering the set 
of questions listed below: what is the problem really about? 

 Which implicit wishes and expectations are involved? 
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 Which task should the product be able to handle? 
 Which qualities must the product possess? 
 Are there any pre-fixed conditions in the task? 
 Which qualities can the product not possess? 
 Current technical situation? 
 Legal demands? Standards 
 Technical trends, design trends, potential development? 
 Requests, desires concerning possibilities of changing 

performance and appearance? 

The answers are interpreted into a list of requirements or design 
specification. The list contains a number of main headings, which are 
chosen to suit the product under development. Under each headline 
a number of requirements that the product should fulfill are listed. 
For each requirement is stated whether it is a demand (D), i.e. must 
be fulfilled, or a wish (W), i.e. is preferable if it is fulfilled. If possible 
the functions should be given a limit or target, e.g. weight- less than 
2 kg. Table 1 shows an example of a list of requirements. 

 

Table 1. Example of a list of requirements 

By studying the list of requirements a neutral problem formulation, 
an abstraction, is formulated. An abstraction is done to shut out 
special cases and bring forward what is essential and universal for all 
solutions. The abstraction is drawn up in five steps: 

 Eliminate personal preferences 
 Omit requirements that have no direct bearing in the function and 

the essential constraints. 
 Transform quantitative data into qualitative data and reduce them 

to essential statements. 
 Generalize the results of the previous step. That is to say rewrite 

to a few effective sentences.  
 Formulate the problem in solution neutral terms. 

After the task has been clarified a more profound understanding of 
the problem is reached, which will ease the search for suitable 
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solutions. The problem has also been summarized in a few solution-
neutral sentences that will serve as a base for the next step in the 
development process, the idea generation. 

3.3 Idea generation 

To come up with ideas is one of the major steps in the process of 
searching for solution to a problem. By generating ideas that 
gradually are improved a feasible solution can be found. To facilitate 
the idea generation several methods can be used. 

3.4 Brainstorming 

In the beginning Brainstorming was a method preformed by a group 
of seven people during exactly 45 minutes. Nowadays the name 
signifies idea generation methods where the thoughts flow freely. It 
is suitable to have brainstorming sessions in a group of five to 15 
people with one leader. The goal is to produce as many ideas as 
possible without criticizing them. The quantity of ideas by looking at 
the ones already devised. 

There are four principal rules which apply to brainstorming: 

 Criticism is not allowed 
 Aim at quantity 
 Step outside the box 
 Combine ideas 

(Hamrin,Å., Nyberg M. (1994) Produktutformning. Luleå: HLu) 

3.5 Idea evaluation 

3.5.1 Evaluation and excluding ideas 

After a satisfying number of ideas have been generated these have 
to be evaluated to exclude unsuitable solutions. In the first step 
common sense can be used to exclude “crazy ideas”. These are ideas 
that are completely unsuitable or infeasible, for example if they 
require non-existing technology, or are unreasonably expensive for 
current product. 

The remaining ideas have to be examined to see if they fulfill the 
requirements for a start it can be hard to make sure that all demands 
are fulfilled. Also some assumptions might have to be made. If many 
ideas still remain this could be done through discussion. When the 
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ideas have been reduced to a more manageable number more 
profound analysis can be done to assure that all demands are met. 
During this process ideas can also be combined and altered if this 
leads to a better solution to the problem. 

When a few satisfying ideas remain it is time to evaluate which on of 
them that best meets the requirements. This can be done through 
value analysis and evaluation charts. 

3.5.2 Value Analysis 

In a value analysis the importance of the criteria in the requirement 
list are decided. If the requirement list contains many criteria the 
most important can be picked out. It is possible to do the value 
analysis only for the wishes if it can be assumed that all solutions 
meet the demands equally. If there is a great difference in how well 
some demands are fulfilled these should be included. When it is 
chosen which criteria should be part of the value analysis each 
criteria is assigned a letter. Then they are compared two by two 
according to the following method: See table 2. 

1. If A is more important than B two points are given in square A–B.  

If A and B is of equal importance, one point is given in square A–B.  

If B is more important than A, zero points are given in square A–B. 

2. Evaluate all criteria in this manner. 

3. Add vertically and put a minus sign in front of all sums. 

4. Add horizontally with regard to the signs of the numbers and the 
correction term. 

The correction factor is made up of a series of uneven numbers i.e. 
1, 3, 5, 7… 

5. Check that Σ pi = n2, where n = number of criteria 

6. Calculate the importance factor ki = pi/Σ pi and check that Σ ki = 
1.00. 
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Table 2 . Example of a table for value analysis (Hamrin and Nyberg 1993) 

The result of the value analysis shows the importance factor of each 
criterion, in its corresponding row. (Hamrin and Nyberg 1993) 

3.5.3 Evaluation Chart 

In an evaluation chart the solutions are compared to see which of 
them that best meet the requirements. Each idea is judged on each 
of the criteria and a value (Val.) is assigned that shows how well the 
criterion is fulfilled. The value is then multiplied with the importance 
factor (Imp. factor) to give a weighted value (Wt. val.). The total 
score for each idea is given by adding all its weighted values. The 
ideas are then ranked with the one having the highest score as being 
the best. Table 3 below. 

 
Table 3, Example of an evaluation chart (Pahl and Beitz 2001) 
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To know what value to give a use-value analysis scale that range 
from 0 to 10 is used. (Pahl and Beitz, 2001) 

 

 Table 4, Use-value analysis scale (Pahl and Beitz) 

3.5.4 Final Design 

After a suitable concept has been chosen it is time to transform it 
into a functioning product. All details must be thought out. In this 
phase the work is mainly concentrated to the components of the 
product. Different variants are investigated to make sure they are 
functional and compatible with each other.  

To aid in the final design different simulation methods like 
CAD/CAID-modeling, FEM analysis or ergonomic simulation can be 
used to see that the product is functioning satisfactory. It is also 
common to make prototypes that give a more realistic image of the 
product. 

3.5.5 Documentation and Presentation 

During the whole product development process the work should be 
documented. Depending on the product this can be done through 
drawings, photographs, prototypes and written reports.  

The written report should present the projects background, relevant 
theories and methods. Realization of the project and the result 
should also be part of the final report. Finally there should be a 
discussion of the methods used, the result and a recommendation 
for further work.  

Oral presentations are often held to show the result to the clients 
who have ordered the project. Small presentations can also be held 
during the development process to make sure that the designers and 
the clients are on the same track. It is important to create an 



 - 44 -

informative and interesting presentation since it influences the 
audience image of the product. To make a presentation interesting 
different audio-visual aids can be used, e.g. sketches, rendered 
figures, photographs and animations. Power Point is a computer 
based visualization tool, which provides structure and helps the 
audience to follow the presentation. 
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4 PROJECT ACCOMPLISHMENT 

All started with making appropriate project plan and timeline, which 
can be seen in appendix 5.  

The project was carried out with help from systematic problem 
solving method. Entire project was based on following steps: 
information gathering, clarifying the task, idea generation, idea 
evaluation and final design. Some of the decisions turned out to be 
easier and quicker to decide without any specific method than 
common sense and just following project assigner’s wishes. 

4.1 Information gathering 

The wide range of theory that was researched made it hard to come 
to an end with information gathering. As two universities close by 
San Francisco has built solar cars, there was huge amount of books 
available to borrow from the Berkeley university library. All books 
were from mechanical engineering library, more specific in subjects 
like aerodynamics, solar cars, chasses design and materials. 

Solar panes and solar power information was found from solar car 
books and from several websites. Green Festival (2005-10-10) in San 
Francisco turned out to be a good place to find people selling and 
installing solar panel, they hade answers to some of the most 
important issues concerning solar panels, solar cells installation. 
Information about wind power that could be useful in the car was 
mostly reading from old magazines about Flettner rotor ship and that 
trying to see if that can be adjusted in a car.  

4.1.1 Benchmark 

The benchmark from the very beginning contained almost all cars 
from two person cars to family cars. Also unusual cars was a 
category of its own, unusual here means one of the kind cars, 
homemade. Once it was more defined how big the car should be and 
how many wheels it is going to roll on, smaller amount of different 
car types were investigated. Few of all the investigated car models 
are seen, on figures 21-40, in divided groups below.  
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4.1.1.1 Small cars 

 Figure 21, Mini Cooper 

            

Figure 22, Zap   Figure 23, BMW I-Setta 

4.1.1.2 Concept cars 

     

Figure 24, Audi  Figure 25, Toyota 

        

Figure 26, Toyota  Figure 27, Mercedes-Benz 

    

Figure 28, Zap   Figure 29, Aptera 
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Figure 30,    Figure 31, Seat 

     

Figure 32, Lexus  Figure 33, BMW 

4.1.1.3 Solar cars 

      

Figure 34, Nuna3  Figure 35, Cal Solar 

     

Figure 36 Honda  Figure 37, Sunracer 

   

Figure 38, Solar car  Figure 39, Censolar 
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4.1.1.4 Wind powered car 

 

Figure 40, combined wind- and solar power 

4.1.1.5 Electric cars 

As it is not possible yet to buy a highway car running only on 
electricity, figures below show some of the concept cars coming out 
in couple of years from now. Also there are photos of cars which 
have been rebuilt from regular car chassis to an electric car, by their 
owners. It is harder to build a car from ground up, because of all the 
safety regulations, as already produced car is accepted it is 
reasonable just rebuild it, for both money and safety reasons. (Figure 
41- 46) 

 

Figure 41, rebuilt gas car 

 

Figure 43, Eliica 

 

Figure 45, Fetish 

 

Figure 42, Tango 

 

Figure 44, Volvo 3CC 

 

Figure 46, rebuilt gas car and Hybrid 
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4.1.1.5 Hybrids 

Most of the car companies are planning to produce or already 
produce hybrid, half electric half gas fuel cars. The most popular 
hybrid car in USA and Europe is Toyota Prius (figure 49), for more 
Hybrid cars on figures 47-53 below.  

 

Figure 47, Honda 

 

Figure 49, Toyota 

 

Figure 51, Audi 

 

Figure 53, Lexus 

 

Figure 48, Lexus 

 

Figure 50, Toyota 

 

Figure 52, Toyota 

 

4.1.1.6 Three-wheelers 

Three wheelers have been on the road for a while, but never really 
attractive enough to win over four wheelers. Yellow cars below are 
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concept cars and the rest of them are existing cars. See figures 54-
62. 

 

Figure 54, Peugeot 

 

Figure 56, Concept car 

 

Figure 58 

 

Figure 60 

 

Figure 55, Peugeot 

 

Figure 57, Dymaxion 

 Figure 59, Dymaxion 

 

Figure 61 

 
Figure 62
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4.1.2 Interviews 

4.1.2.1 Green festival 

Despite the fact that all of the exhibiters were mostly selling and 
installing on bigger surface areas like factories and family houses, 
there was basic information about solar panels available. They 
informed about some other companies which could be in point of 
interest. Also found out new smaller products with solar panes, like 
back bag which can be used for recharging phone, camera or 
notepad. From all the seen products there was found very flexible 
solar stickers. Solar sticker can be seen on the Figure 63 below. 

  

Figure 63, Solar sticker on bags www.voltaicsystems.com 

4.1.2.2 Professor in fluid mechanics 

Interview with Stephen Morris, he is doing research in fluid 
mechanics, instabilities in two-fluid flows, low Reynolds number 
convection. 

The big question to him was if there is any way to use wind power in 
the car? Can Magnus effect be redesigned and pick up wind from any 
angle? If windmill on the car is not that good idea is there another 
way to catch up wind and recharge the car? 

Use of Magnus effect cylinder sounded like imaginary idea, but 
knowing that the wind needs to come in with an angle about 20-30 
degrees it makes it impossible for a car. Cylinders need to be very 
tall too so you couldn’t possible have them high up all the time, if 
you would have them somehow hidden in the car, if would take lots 
of space, and one time or another one will definitely forget about it 
and drive in to the parking lot and brake the car. Also there is a 
reason why it is not used now on boats or any other kind of vehicle, 
the reason is that they are not effective enough. Even worse in the 
aerodynamic point of view it is very bad. 

If wind power is couth with some kind of windmill it could be placed 
in front of the car, but that will cause more drag than, it will ever 
produce energy. Size of the windmill matters too, and it is not 

http://www.voltaicsystems.com
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comparable to make several small windmills. Windmills would also 
add dramatically weight, and in terms of how much drag they cause 
and how much more energy is needed to carry extra weight of 
windmills, it is questionable if it will make difference. 

As he is also working with fluid mechanics I also asked his opinion 
about dimpled chassis? Idea comes from a golf ball and it makes 
sense in terms of how big the golf ball is and the velocity it is flying. 
The dimples are designed to break the air flow and make it fly 
further and more straight. If that car body would be dimpled it won’t 
become to make any difference before very high speeds and if the 
car is most of the time for city driving and won’t go far on high 
speeds it is not necessary for the extra work and cost that would be 
included for doing dimpled metal for the car. And also series 
calculations should be done to make sure where and how big and 
how many dimples are needed.  

4.1.2.3 Auto show 

One day visit was done to the Auto show in San Francisco. Goal with 
the show was to see new concept cars, read out the new lines in car 
design. Also interior design was a part of the study, but will not be 
discussed here. All appealing car models were saved in form of 
digital photos. Some of the most attractive cars are seen on the 
photos below here. (See figure 64-66) 

 

Figure 64, Lexus LS-C 

 

 

Figure 65, BMW M-Roadster 

Figure 66, Lexus LS-C 

It was very exciting to see all the people at the fair and even some 
contacts with electric car owners were made. Also one rebuild Toyota 
Hybrid was examined, there were some extra batteries added and it 
resulted with 20 more miles without using gas. Extra batteries in that 
particular Prius are seen on the figure 67 below. It actually fits well 
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in the trunk space and still there is some free space left. More photos 
from the Auto Show are in appendix 6. 

 

Figure 67, Rebuild Toyota Prius, seen on Auto Show in San Francisco 2005 

4.1.3 Driving electric car 

As part of the meeting with electric car owners in Alameida County in 
San Francisco area, there was a possibility to drive electric car. First 
experience was to ride in Toyota RAV4EV, 2002. These models were 
produced in only 1500 of them and couple of years after 
manufacturing EV’s (electric vehicles) they bought back as many as 
possible and destroyed them.  They were destroyed because there 
was no possibilities for service fore these cars and the requirement 
of producing certain percentage green cars seized. Car was running 
extremely quiet and smooth. It hade a Palm installed so there was 
always possibility to read information of energy level, how much is 
used and how much is produced by regenerative braking. That 
program was developed and installed by third part, not by Toyota. 
Also information brochure about this specific EV was handed out to 
us.  

Second electric car that was driven that day was Sparrow (see figure 
68), three- wheeler. As this was new experience, it can be said that 
this car felt very small from inside. Once inside and turned on electric 
engine it was just to take off and drive. As there is no gearbox on 
electric cars it was not difficult to drive.   

         

Figure 68, test driving sparrow 
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4.1.4 Car size 

As the size of the car was not decided in the beginning of the project 
some available cars were measured. Compared cars are seen below 
on the figure 69. 

 

Figure 69, the smallest and largest person car on American market December 
2005. Measures can be seen in appendix 7. 

4.1.5 Laws 

As this car is not going to be a neighborhood car and is going to run 
on highways, rules and regulations were necessary to look up. There 
was found that all vehicles which weight less than 1500 pounds and 
have maximum three wheels in contact with ground are categorized 
as motorcycles. That is according to Vehicle code book of California 
2005. 

4.1.6 Survey 

The questionnaire was first thought to lend out to people in age 
range 20- 40 but, then it was clear that people who are older could 
be interested of this car as well. It is a car for people young in their 
soul, interested of having a different design. The first car owner 
would be someone else than a young student. 

Survey was answered by 12 different nationalities in age range of 
21-50, which makes it widely spread in age and by cultur.  

99 % of asked persons already owned a car. More than half of them 
are considering buying a smaller kind of electric car, for saving 
nature, not polluting and even because they usually don’t drive more 
than 15 miles per day. They even find that it is more reasonable to 
drive a smaller car because they don’t have more than 2 passengers 
at the same time. Almost 40 % of the people hade more then one 
car and the reason was that, they either need more than one car 
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because they are a family or couple that work at different places or 
they have the second car for family trips, with kids and pets.  

If they would buy an electric car and consider having a second car as 
well, they would use the second car for long distance driving, off 
road driving, driving on difficult weather conditions or transporting 
big and heavy things.  

To make a car more fun and enjoyable it should unquestionably 
include some of the following elements: GPS, comfortable seats, seat 
heating, seat regulation, audio control on the steering wheel, CD 
player, DVD player, excellent sound system. 

Specifically about the car performance, it is wish that it has good 
handling, fast, good acceleration, goes about 250 miles before it 
needs to be recharged. 

Most important design issue is that it needs to be designed so the 
car is practical, and looks good then if the performance is shown in 
design doesn’t matter as much. See survey and the survey result 
table on appendix 8. 

4.2 Clarifying the task 

The concept car is for people traveling with maximum two 
passengers, so total is no more than three persons. It is for the 
group of people that buy a car with new technology and different 
look. It is a car to live everyday life, with not having a need to rent a 
car for couple o longer trips per month. With making a smaller car, 
the car weight can be kept lower and less energy will be used buy 
driving.  The car must be practical, attractive and easy to use by the 
owners. Even if you are second owner of the car you love it for its 
look and its features. It will clearly express purpose and ecology 
friendliness. 

4.2.1 Problem elucidation 

In the problem elucidation, a series of questions were answered to 
gain a better knowledge of the project as of the problems. Following 
questions has been discussed during the developing process. 

Who is this car for? 

It is a car for people traveling with one to two passengers 

Why is there a need for this car? 



 - 56 -

There is a need for a car that is not polluting or using the precious 
nature to get around, using something that always will be available. 

What kind of expression is expected?  

It should look cool and attractive for people in the target group. 
Simple, future design is going to be done by combining the unusual 
details in one car. 

What is going to be the special feature in the exterior design? 

The very special feature in exterior design is going to be a nice 
combination with solar panels, which integrates with the exterior 
form. 

What is going to make people buy this car? 

The car is practical, not using fossil fuel. 

How is it going to be different from today’s electric cars? 

The biggest difference from today’s electric cars will be that it will 
not use any of gas fuel at all, lighter because of taking of the second 
engine’s weight and runs on three wheels, small smooth and 
spacious. 

All wheel drive? 

It has to be all wheel drive if it is going to be used all year around, 
especially if it is powerful enough to take longer distance trips, like 
300 miles between recharging. 

Why go Electric? 

 Electric Vehicles, or EVs, are 97% cleaner than gas-powered cars. 
This includes the emissions from the electric power plant.  

 EVs fill a perfect niche in the urban commute car market, where 
the range is short and the need for non-polluting cars is the 
greatest.  

 EVs require less maintenance than gas powered cars.  
 EVs are quiet, minimizing sound pollution.  
 EVs will help reduce our dependence on foreign oil.  
 The California Air Resource Board has passed a mandate that 

says that 10% of all cars sold in the state in 2003 must be zero- 
emission vehicles.  
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4.2.2 List of requirements 

The car is one big product with many different parts and exterior 
design in this project includes lamps and doors.  

Requirements list for each group was completed and can be seen in 
appendix 9. 

4.2.3 Abstraction 

Theses are about the exterior design. For better aerodynamics of the 
car there are some parts that will not be necessary to develop- like 
handles, mirrors and antenna, because of the demands is that there 
are no outgoing part on the car, that will cause extra drag. 

Thing that will be developed are the whole car body, how doors is 
going to be used, how engine and luggage can be reached. 

Things that will be included in design are: lights, doors, opening for 
engine, opening for luggage, bumpers, cover for back wheels, 
windows.  

4.3 Idea generation and evaluation 

4.3.1 Brainstorm 

Brainstorming started with some idea drawing on teardrop shaped 
vehicles and developed in all directions (see figure 70). Combining 
solar cells in car design were kept in mind all the time. Sketches can 
be seen in appendix 10. 

 
 
 

 

 

 
Figure 70, brainstorm 
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Once concept of the car was clear and it was possible to explain all 
criterions to people, a bigger brainstorming meeting took place. It 
was a regular Thursday product design meeting and they helped out 
with brainstorming for the concept car. Meeting took place at 
Architecture Models office in Emeryville, list of all people joining the 
meeting is in Appendix 11. Documentation of that meeting is in form 
of photos and sketches seen below. 

  

Figure 71, brainstorming   Figure 72, brainstorming 

 

Figure 73, brainstorm session 
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Figure 74, brainstorm session 

4.3.2 Evaluation of main shape 

The goal of the project is something different, special and 
aerodynamic shape is goal for the project. It was found that some of 
the round shapes are too high and don’t function aerodynamically. 
Some of the shapes were considered to o much a like regular car. 
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4.3.3 Doors 

Some sketches of ideas were done and discussed. On the figures 75 
- 78 below are all the alternative door openings seen.  

 

Figure 75, regular and reverse door opening 

1. Regular door 

+ well proved 

+ no problem with mass production 

- risk for hitting a biker 

- risk for damaging other cars, in garage or parking lot 

- risk for getting hit by passing car 

2. Reversed regular door 

+ easier to get in to the car, for disabled people 

+ less insures involved if the door hits biker, because it will be 
closing instead of opening 

- same as regular door 

- bad ergonomics, while closing the door 
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Figure 76, doors opening upwards and two for one 

3. Uppwards 

+ very few cars have it now 

+ Already developed mechanism 

- needs a lot of space upwards 

- needs a lot of space sideways 

- clumsy 

4. Two for one 

+ need less space for opening than regular door 

+ haven’t been used in this scale 

- more complicated than regular door 

- not attractive as  car door 

- adds weight 
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Figure 77, sliding and folding doors 

5. Sliding door 

+takes minimum space for opening 

+no danger caused by opening car door on the street 

+ no risk for damaging of other cars on the parking lot 

+ already existing technology and proved alternative 

- can be difficult to adapt the idea to a smaller car 

- depending on car side design 

6. Folding door 

+ Same as alternative 4 

+ interesting alternative as car door 

+ has been used in busses and communal transport 

- less practical in smaller scale as cars 
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Figure 78, one door on the front and one door on the roof. 

7. One door 

+ less doors, less weight 

+ no problems with bikers 

- everyone needs to enter the car door same door 

- no easy way to get out quick 

- could become to hard to open it manually 

8. One roof door 

+ Has been produced before 

- takes lot of space for opening 

4.3.4 Lamps 

Inspiration for new form of lamps was from existing car lamps, 
symbols from everyday life and existing lights. As lamps are one part 
of the whole car body a research of regulations for lamps was never 
handled.  For lamp alternative design see figure 79-83. 

 

 

Figure 79, Eyes 

 

Figure 80, Different 
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Figure 81, Curves 

 

Figure 83, Lines 

 

Figure 82, Round 

 

Valuation of ideas was not an easy process. To be able to decide 
which alternative is going to be developed for this specific car was 
done with help of the value analysis and evaluation chart. 
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  A B C D E F G H − Pi Ki 
A 0 2 2 0 2 0 2 0 1 9 0,14
 B -2 1 0 1 1 1 0 3 5 0,08
  C -3 0 0 2 1 1 5 6 0,09
   D 0 2 1 1 0 7 11 0,17
    E -5 1 1 0 9 6 0,09
     F -5 0 0 11 6 0,09
      G -6 0 13 7 0,11
       H -1 15 14 0,22
        Sum   64 1

Table 5, Criteria listing 
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Imp. 
Factor 0,22   0,17   0,14       
Idea                 
Eyes 1,76 8 1,19 7 0,98 7 3,93 3 
Different 1,54 7 1,19 7 0,98 7 3,71 4 
Curves 1,76 8 1,53 9 0,98 7 4,27 2 
Spirals 1,76 8 1,02 6 0,98 7 3,76 5 
Lines 0,22 1 0,68 4 0,98 7 1,88 6 
Round 1,98 9 1,53 9 0,98 7 4,49 1 

Table 6, Evaluation chart 

The evaluation chart shows clearly that last alternative, the round 
category is solution to work on. As first alternative has newest look, 
it will be the one on the concept car. 
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5 RESULT 
5.1 Solar panels 

This concept car is going to be running on only an electric engine 
and needs to be recharged. Today’s electric cars are plug-in cars, 
which mean that there has to be a place to plug the car in to. As 
most of the parking lots can’t offer it today in California, there has to 
be alternative way to recharge the car. Solar cells are a solution for 
that problem and type of solar cells which will be used are high-
purity space-grade silicon or gallium arsenide cells. They were 
originally designed for satellites, so their efficiency and quality is well 
tested. Area for the solar panels is going to depend on how much 
voltage there is necessary to be produced by cells, as project hasn’t 
been decided that far the area is not known jet. 

5.2 Wind power 

The only way to use wind power for recharging the car, would be 
windmill built in to the trunk space, it could be pulled out when the 
car is parked.  It won’t work for two reasons; first it would increase 
weight dramatically and second windmill in reasonable size for car 
design is not effective enough in terms of how much it can produce, 
what is lost in transforming energy and how much extra weight it is 
to carry.  

5.3 Batteries 

As battery kit is one of the things in the car that weights most it has 
to be considered and investigated in terms of weight and also 
effectiveness. There are several alternatives for green-go concept 
car. First alternative is the best alternative on the market no in terms 
of effective, low weight and recharging prospective and that would 
be lithium-ion batteries. Second alternative is much less expensive, 
heavier and also less efficient but widely used in today’s electric cars, 
which are lead-acid batteries.  

It is going to be some extra batteries for extra miles. They will not 
be connected all the time, but in case of running out of power they 
can be connected. 
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5.4 Material 

To be able to choose the chassis material, different materials were 
researched and also compared to each other.  

Research on material resulted with - that the best material for the 
car body will be aluminum. That is because it has reasonable price, 
there is always possibility to repair the car in case of car accident. 
Also it is light weight material and handling and forming aluminum is 
relatively easy. Material can be recycled, which is an important factor 
in terms of creating a “green car”.  

5.5 Wheels and tires 

Brief theory about wheel position and number lead to a conclusion - 
three wheels in form of two in the front and one rear is the best 
alternative for aerodynamic car body. What concerns tires it is 
important to keep in mind some points: 

 All three wheels have same tires, each front tire should have 
slightly more weight on it than rear tire. 

 They have to be properly inflated and aligned 

5.6 Exterior design of the car 

Concept car Green-Go is the product of the Theses. It is a car that 
will be built one day by Eugene Tsui and some future contact 
persons, who will work for him; if the prototype will be successful 
there will be possibility to sell the concept to a Car Company.  

Most of the car concepts sketched seemed too much a like regular 
car or too retro looking. The one that was chosen as final concept 
was inspired of solar car and considering the best alternative in 
terms of aerodynamics. The final concept can be seen in figure 84 
below.  

As the final design concept doesn’t look like any car on the street 
today I am proud of the result and specially want to point on its 
economics. The smooth shape of the car body makes it cut the wind 
and almost no turbulence, therefore low costs on producing and 
driving it. Even though I hade no time to prove the theory, during 
my time in California, a new car was released just after I decided for 
the final concept and it looks just a like my concept for more 
information of that car look the second concept car reference. 
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Figure 84, Rendering of the concept car 
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6 DISCUSSION 

6.1 Information gathering 

6.1.1 Study of Literature 

Because of the wideness of this project it took more time to figure 
out what should be part of the project theory, than actually finding 
all necessary material. All the substance was found from the World 
Wide Webb, books, theses, magazines, reports. Theses on product 
design turned about to be very captivating and supporting reading. 
More specific information of actually building an electric-, solar car 
was found from books for solar car teams. 

6.1.2 Benchmark 

It was one of the most interesting parts of the thesis. Several well 
known car company homepages were visited throughout the whole 
project, just to keep updated with news. All kinds of concept cars 
were looked up until the very end of the project. For better 
understanding of introducing a new car model for public, an Auto 
show was visited. It turned out not as beneficial as expected, but 
ensured that there is much to do before the concept could be 
presented. Several new concept cars were seen, that was the most 
exiting part, that these were cars public haven’t got a chance to see 
yet. The show gave some ideas on about interaction with new 
technique.  

Benchmark on electric cars was based on existing rebuilt regular 
cars, produced neighborhood cars and golf cars.  

It was quite difficult to find information about combined cars with 
solar and wind power. Most of the information found was not specific 
enough to use more than photo of it.  Also people this fanatic about 
building their own car is hard to find, most of the time they don’t 
have their own homepage or show their vehicle more than in couple 
of public events and keep their car close to themselves.  

6.1.3 Interviews and Inquires  

Interviewing professors and electric car owners gave an idea of what 
is realistic and what is not. It was also a good way to make sure that 
we are not spending too much time on solving problems that are 
already solved by someone. It was especially interesting to talks to 
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fluid mechanics professor Morris, as industrial design student it was 
more about confirming my ideas of basic mechanic, facts of energy 
loss, and windmill as part of a moving car causing more drag than it 
will produce to carry extra weight of having windmill like energy 
source.  

On the subject of making sure that customer needs are considered, a 
short and simple survey was formed and handed out. As target 
group was couples or small families. Result was not that surprising, 
most of the people who answered prefer to have small, practical and 
efficient car. As today’s electric cars are not running more than just 
20 miles on one charge, no one assumed that more could be 
expected and they need another car for longer trips. Thus, in this 
way would be at least one thing that could be changed with this 
thesis.  

6.2 Clarifying the Task 

This was probably on of the most difficult part of this thesis. Because 
the project couldn’t start at planned time and needed amount of 
people who weren’t available. Goal of the project wasn’t clear at all 
at the start point. After research on given subjects, it was necessary 
to make it more clear what is a part of the theses and what is not. As 
car is a big and complicated product, author of this thesis found that 
only exterior design could be handled, with some theory about 
alternative energy sources. 

6.3 Idea Generation 

Idea generation continued throughout the whole project, just from 
basic drawings in the beginning to more concept ideas in the end of 
the project. By drawing out all the ideas on the paper, it all started 
to look more and more complex problem. Since project was 
introduced to some of the Academy of Art students in industrial 
design department, it all started to be more organized, creative 
brainstorming. Result of the idea generation process with other 
designer students and designers was very satisfying.  

6.4 Idea Evaluation 

All the project assigner ideas reached me in the very end of the 
project, so all the brainstorming that could have been a part of the 
project in earlier stage was kind of missed out. As only some of 
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thesis authors ideas were presented, there was not too much to talk 
about. Also as the goal of the project was never specified to very 
narrow list, there was only list of pros and cons created for every 
concept and part concepts. 

6.5 Result 

Final proposal of the concept car is chosen based on Eugene Tsui’s 
former design characteristics. Most of the other concepts were too 
usual looking, too much like a regular car, too much retro looking or 
to furious looking. By the time final concept was chosen a new 
concept car was released by a company in San Diego, California, 
which hade mainly same exterior shape and idea of being as 
aerodynamic as possible. Reaction to that car was confusion, 
because they look very similar. On the other hand they have done 
lots of testing and calculations on that, so it shows that final concept 
for expectations is good. Even though there was neither time nor 
possibilities for drag or efficiency testing. 

6.5.1 Testing the product 

As a project team was never composed as planned, there was no 
time nor capability to build a prototype and do wind tunnel testing.  

6.5.2 Concerns 

The solar array must be coated to keep it from shorting out when it 
gets wet. A major disadvantage of a coating is that it insulates the 
cells and makes them hotter and less efficient. However, to be able 
to spray water on the array and cool it or drive in the rain, the array 
must have a waterproof coating.  

Stationary arrays such as those used on the roofs of buildings 
commonly use a glass coating because the glass is more scratch 
resistant than polymer coatings. However, glass is too heavy. 
Polymer coating are always used on solar cars, and it is important to 
be careful when cleaning the car so that the coating is not scratched. 
Tedlar, Tefzel, Lexan and Epoxy have all been used successfully in 
solar cars. The primary goal is to provide a thin coating that allows 
the light through and protects the cells from water.  

Ideally the array voltage should be slightly higher than the battery 
system voltage. This allows for the use of a step-down transformer, 
which is more efficient than a step-up transformer. 
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The one shaded cell will have a greatly reduced short circuit and 
power point current, and will limit the current in other cells in the 
string. If the cell is completely shaded and receives no solar energy, 
then the cell will act as a diode blocking the current and the string of 
cells will pass essentially zero current. 

6.5.3 Batteries 

Range of batteries differed much by price, weight and effectiveness. 
As usual the most effective ones are most expensive and most of the 
time not even available for everyone walking in regular retail store. 
As battery development is ongoing process right now, there will be 
new and better batteries out on the market by couple of years from 
now.  

6.6 Recommendations 

For any following work on this project it should be considered to take 
care of the financial part of it and also all practical issues, which 
were not included in this report.  Further work has to be corporation 
with professional people within car building and engineering. To 
make sure that no unpleasant surprise will come up when it is not 
too late. Concerning the fact “too late”, I suggest that Eugene Tsui 
will learn from this project that timelines and project plans are usable 
tools, you can make them work. You will have deadlines and make 
things happen till that day. When working with the timeline “as soon 
as possible” it is hard to tell if things ever will be completed. 

If I would do this car, I would think about more giving an impression 
of curves and forms in form of painting, than actually doing the form, 
which is just to be able to play with the form more for less money, 
but more fantasy. 

I don’t know if not showing the work that has been done on the car 
project was meant that way or not, but I think that this project 
would have had another direction if information and sketches of 
former brainstorming would have been to my knowledge before the 
last three weeks. 

The amount of batteries couldn’t be calculated because of the 
technical issues were never solved during this project. But the idea is 
that the new battery which is developed in Sacramento is going to be 
light weight and the relative size of the batteries is small. That will 
give a possibility to have extra batteries in the car so it can go longer 
distance and don’t need to be recharged as often as today’s electric 
cars.  
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With solar cells it will also be charging while driving and storing 
energy in batteries. Most of the solar cells have problem with curved 
surfaces and if cells are connected to each other as rows and one in 
the row is shaded, then it turns the whole row of. To solve the 
problem, cells has to be integrated on as flat surface as possible, 
placed on the rooftop of the car. Setback was also that it is simple to 
have them at one spot not in several places, because of all wiring.  

As you will se on the photo of the prototype there are no visible 
handles or mirrors on the car. That is because of the amount of 
saved aerodynamic by not having any parts sticking out from the car 
body. Goal was also to make the look simple, attractive and sporty.  

Chassis is going to be out of aluminum. There was discussed to do 
the car in fiber plastic , which would have given more flexibility to 
form the body but it has also a very important negative side, it is 
almost impossible to fix the car after a car crash or any kind of 
accident. So the metal will work better and is also recyclable.  

The fact that the car doesn’t have any exterior mirrors is all relying 
on the Lexus new concept car, because it is a big company we never 
started research on our own how the cameras are actually working in 
the car.  

The person I worked for never followed up or cared about the 
project plan or what could be done, until the very end of the project. 
That could be seen as a positive thing too, that I was totally trusted 
to do everything on my own. 
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http://www.jls.palo-alto.ca.us/electives/voced/indtech/electric_cars_to_race.htm
http://www.jls.palo-alto.ca.us/electives/voced/indtech/electric_cars_to_race.htm
http://www.nesea.org/greencarclub/links/customcars.html
http://www.ineed2know.org/hybrid_cars.htm?referrer=adwords&kw
http://www.electrathonamerica.org
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http://www.baaction.org/ev_project/index.html (accessed 2006-01-
10) 

Three wheelers 

http://www.thirteen.org/bucky/car.html (accessed 2005-12-17) 

http://www.treehugger.com/(accessed 2005-12-17) 

http://www.3wheelers.com/projgal4.html(accessed 2005-12-17) 

http://www.3wheelers.com/embassy.html(accessed 2005-12-17) 

http://hometown.aol.co.uk/adequinney/myhomepage/classiccars.htm
(accessed 2005-12-19) 

http://deed.ryerson.ca/me8101/2002/P/3vs4wheel.htm(accessed 
2005-12-18) 

http://forums.vwvortex.com/zerothread?id=2157795(accessed 2005-
12-15) 

http://pages.zoom.co.uk/elvis/history.html(accessed 2005-12-17) 

http://www.promotex.ca/articles/cawthon/2004/2004-10-
01_article.html(accessed 2005-12-19) 

Concept cars 

http://www.mcarsweb.com/mitsubishi/eclipseconcepte.htm(accessed 
2005-12-20) 

http://www.greencarcongress.com/2006/01/startup_introdu.html(acc
essed 2005-12-22) 

http://www.aftonbladet.se/vss/bil/story/0,2789,766952,00.html(acce
ssed 2005-12-23) 

http://images.google.se/imgres?imgurl=http://hugh.powersite.co.nz/
blog/top_gear/b_81b383_390_250.jpg&imgrefurl=http://hugh.power
site.co.nz/blog/top_gear/&h=250&w=390&sz=9&tbnid=U-
v3DJCA_sjJrM:&tbnh=76&tbnw=120&hl=sv&start=16&prev=/images
%3Fq%3Dtop%252Bgear%2527%26svnum%3D10%26hl%3Dsv%2
6lr%3Dlang_en%7Clang_sv(accessed 2006-01-19) 

http://images.google.se/imgres?imgurl=http://www.arielmotor.co.uk
/04/press/web_clarkson.jpg&imgrefurl=http://www.arielmotor.co.uk/
04/press.htm&h=690&w=1000&sz=69&tbnid=mYLjzu8NMWqnKM:&t
bnh=102&tbnw=149&hl=sv&start=39&prev=/images%3Fq%3Dtop
%252Bgear%2527%26start%3D20%26svnum%3D10%26hl%3Dsv
%26lr%3Dlang_en%7Clang_sv%26sa%3DN(accessed 2006-01-19) 

http://www.baaction.org/ev_project/index.html
http://www.thirteen.org/bucky/car.html
http://www.treehugger.com
http://www.3wheelers.com/projgal4.html
http://www.3wheelers.com/embassy.html
http://hometown.aol.co.uk/adequinney/myhomepage/classiccars.htm
http://deed.ryerson.ca/me8101/2002/P/3vs4wheel.htm
http://forums.vwvortex.com/zerothread?id=2157795
http://pages.zoom.co.uk/elvis/history.html
http://www.promotex.ca/articles/cawthon/2004/2004-10-01_article.html
http://www.promotex.ca/articles/cawthon/2004/2004-10-01_article.html
http://www.mcarsweb.com/mitsubishi/eclipseconcepte.htm
http://www.greencarcongress.com/2006/01/startup_introdu.html
http://www.aftonbladet.se/vss/bil/story/0,2789,766952,00.html
http://www.aftonbladet.se/vss/bil/story/0,2789,766952,00.html
http://images.google.se/imgres?imgurl=hugh.powersite.co.nz
http://hugh.power
http://hugh.power
http://images.google.se/imgres?imgurl=www.arielmotor.co.uk
http://www.arielmotor.co.uk
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http://www.aftonbladet.se/vss/bil/story/0,2789,766952,00.html(acce
ssed 2006-01-24) 

www.toyota.com(accessed 2006-01-20) 

www.honda.com(accessed 2006-01-20) 

www.hunday.com(accessed 2006-01-20) 

www.volvo.com(accessed 2006-01-20) 

Interview 

http://www.voltaicsystems.com/ (2006-01-16) 

http://greenfestivals.com(accessed 2005-12-03) 

http://www.aftonbladet.se/vss/bil/story/0,2789,766952,00.html
http://www.toyota.com
http://www.honda.com
http://www.hunday.com
http://www.volvo.com
http://www.voltaicsystems.com
http://greenfestivals.com
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Appendix 1 - Eugene Tsui biography 

www.tdrinc.com 

EUGENE TSUI BIOGRAPHY 2005 

August 26, 2005 

Born, Cleveland, Ohio, USA, 1954, and moved to Minneapolis, Minnesota, 
USA, in 1956 until the age of 17. Eugene Tsui studied at University 
Elementary and High School of the University of Minnesota and at the 
Minneapolis Institute for Talented Youth in music performance and 
composition. At 6 years of age studied concert piano with Dame Tabuteau, 
Grand Prize winner of the Paris Conservatory of Music. Self taught in drums 
and began to play professionally at 13 years of age. He studied music 
composition at the West Bank School of Music until 17 years old. He 
studied various martial arts eventually earning a black sash in Praying 
Mantis Kung Fu. Was principal male dancer of the Minneapolis Flamenco 
Dance Troup and taught and performed Flamenco dance in Montreal, 
Canada and Tyler, Texas. Competitive swimmer becoming City Champion 
and State finalist while in high school. 

At 11 years old designs his first building, a school on the moon receiving 
several school awards for this work. At 17 years of age enters a national 
architecture design competition sponsored by the American Institute of 
Architects. He wins an Honorable Mention for “Most exciting design”. Won 
a Gold Medal from the Craftsman Guild of America for inventing a foot 
tunable Conga drum in which multiple drum pitches can be combined and 
controlled in a single drum during playing. Moves to Montreal, Canada and 
begins his professional career in architecture as a junior draftsman at the 
age of 19 years. One year later he becomes the youngest member of the 
Organizing Committee of the 1976 Montreal Summer Olympics working as 
Assistant to the Senior Coordinator being directly involved in the design of 
the Olympic Stadium, the Olympic Village, the Velodrome, the master plan 
of the site, signage, furnishings and the medals design for athletes. 

Eugene Tsui enters Columbia University Graduate School of design. He 
joins the office of Bruce Goff with the recommendation of Columbia 
University professors. Due to changing architectural license laws enrolls at 
the University of Oregon completing a 5 year professional degree in 31/2 
years simultaneously working with Bruce Goff summers and winters and 
returning to the office full time until Bruce Goff’s death in 1982. Tsui 
studies the Flamenco guitar with David Tamarin, senior student of one of 
Flamenco’s great guitarists, Mario Escudero. Designs and builds his first 
building published in Space Design magazine in Tokyo, Japan. Wins a 
professional research grant from the National Endowment For The Arts to 
study lightweight tensile structures. Also wins a grant to travel to Stuttgart, 
Germany to study with Dr. Frei Otto, architect of the 1972 Munich Olympics 
and pioneer of tension cable structures. 
He enters the University of California, Berkeley’s School of Architecture and 
School of City and Regional Planning to receive a Master’s degree in 

http://www.tdrinc.com
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Architecture, City and Regional Planning and an Interdisciplinary doctorate 
in Architecture and Education. Dr. Tsui wins a professional research grant 
from the Graham Foundation in Chicago, Illinois, to study natural animal 
habitat structures as a basis for architectural design. He lectures and 
establishes an exhibition at the Graham Foundation. Works with the 
planning firm of People For Open Space to develop ten year plans for the 
expansion of the San Francisco Bay area. First public building designed and 
built, a 20,000 square foot, four story high, tension cable membrane 
structure deemed, The Butterfly Pavillion, for an international exposition in 
San Francisco, California. Develops designs for the tallest building ever 
conceived, the two-mile high, one mile wide, Ultima Tower/Sky City 
structure and the largest floating city concept, Nexus Mobile Floating Sea 
City, both using all renewable energy power systems, passive solar and air 
updraft systems and ecological technologies for water use, raw sewage 
treatment and Tsunami wave dissipation. 

1990, establishes his own office, Tsui Design and Research, Inc., a 
research and design laboratory in Emeryville, California next to Berkeley. 
The office also serves as a educative facility where students from around 
the world come to study in a learning-by-doing environment. The first of 
many television features begins and by 2005 Eugene Tsui is featured 
annually on world wide television including National Geographic, the 
Discovery Channel, the Learning Channel, the History Channel, the 
McNeil/Lehrer report, Home and Garden television, the Opray Winfrey 
Show, the BBC, NBC, CNN News, China television, India Television and 
many more. From 1995 through 2002, he is the four-time Master’s 
Olympics Gymnastics All Around Champion and eight-time Presidential 
Sports Award Winner conferred by US Presidents, Bill Clinton and George 
W. Bush. 

In 1999 Eugene Tsui invited to China to teach architecture and to engage 
in projects by the Chinese government. He is also invited to give music 
performances on concert piano, Flamenco guitar and on drums in a five 
piece band to celebrate the new millennium in China. He was a key note 
speaker at the Union of International Architects gathering in Beijing, China 
to speak about his nature-based designs. That same year his first book, 
Evolutionary Architecture: Nature As A Basis For Design, was published 
world wide by Wiley and Sons publishers, New York.  The following year a 
second publication, the special issue of the World Architecture Review 
Magazine, was published which Dr. Tsui authored. In 2001, a third book, 
The Shenzhen Ecological Park Concept Book was published by Shenzhen 
University Press. In 2002, a fourth book, The Urgency Of Change, was 
published by The China Architecture and Building Press which featured Dr. 
Tsui’s then current writings and projects in full color photos, text in English 
and Chinese. He remains in China until late 2002 and returns to the USA. 

2003 and 2004, Eugene Tsui’s work featured, with architects Frank Gehry 
and Santiago Calatrava, in an architectural exhibition at the Victoria and 
Albert Museum in London, England.  Tsui also develops the world’s largest 
ecological project, The Floating Bridge of the Strait Of Gibraltar, linking the 
continents of Africa and Europe providing wind and water current based 
renewable energy to power the entire country of Morocco and part of 
Spain.  In 2004 and 2005 he designs the tallest renewable energy/tourist 
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tower in the world, The Eye-In-The-Sky Look Out Tower, for Oakland, 
California. In 2005, becomes the 2005 World Boxing Champion in the Super 
Middleweight, 48 years old and over division, in amateur boxing, and 
studies Wing Chun Kung Fu.  
Currently, he and his assistants are working on various private residences, 
public projects and community developments including homes in the USA 
and Europe, a performing arts theatre stage, community developments in 
the USA and Spain, the master plan for Telos, his own experimental design 
community and campus in Mount Shasta, California and patenting a new 
kind of furniture design based upon the tensegrity component system. Dr. 
Tsui is setting about to write his fifth book, Freedom From The Known, 
which will link ecology, biology, social behavior, education and design into 
a unified solution to problems that have plagued human kind for 
centuries—problems such as over population, pollution, culturally driven 
consumerism, the destructive effects of organized religion, war, and the 
acquisitive, image-driven way of life. He is also preparing to design and 
construct a revolutionary new kind of solar and wind powered automobile. 
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Appendix 2 - Sunraycer 
http://www.speedace.info/sunraycer_general_motors.htm 
(20/10/2005) 

In 1987, General Motors won the first World Solar Challenge in 
Australia. Its record-setting car, Sunraycer, finished the race more 
than two days ahead (600+ miles) of its closest competitor. Today, 
Sunraycer continues to take center stage, at the Smithsonian 
Institution's Museum of American History in Washington, D.C. Now, it 
lends its name to the largest U.S. competition for solar-powered 
vehicles - Sunrayce. 

GM's Sunraycer won the Australian with 2½ days before the second 
place racer. So it heavily inspired the EV1 that is currently available. 
Twelve prototypes and 23 new patents later, the first EV1 rolled of 
the assembly line at the Lansing Craft Centre in November of 1996. 
The car featured a 0.19 drag coefficient making it one of the slickest 
cars ever, which can out run the Mazda Miata. Both the charging 
system and car carry the Underwriters Laboratories. 

The last EV1 was made in 2000. The more recent development of 
hybrid electric and fuel in cars probably brought the production to a 
halt. The cheaper cost of these alternatives and the much longer 
range makes them much more attractive to buyers. 

http://www.speedace.info/sunraycer_general_motors.htm
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Appendix 2- Aerodynamics 

2005-11-28 

Aerodynamics is a branch of fluid dynamics concerned with the study of 
gas flows, first analysed by George Cayley in the 1800s. The solution of an 
aerodynamic problem normally involves calculating for various properties of 
the flow, such as velocity, density, and temperature, as a function of space 
and time. Understanding the flow pattern makes it possible to calculate or 
approximate the forces and moments acting on bodies in the flow. This 
mathematical analysis and empirical approximation form the scientific basis 
for heavier-than-air flight. 

The ratio of the problem's characteristic flow speed to the speed of sound 
comprises a second classification of aerodynamic problems. A problem is 
called subsonic if all the speeds in the problem are less than the speed of 
sound, transonic if speeds both below and above the speed of sound are 
present (normally when the characteristic speed is approximately the speed 
of sound), supersonic when the characteristic flow speed is greater than 
the speed of sound, and hypersonic for hypersonic flow range from 3 to 12. 
Most aerodynamicists use numbers between 5 and 8.  

The influence of viscosity in the flow dictates a third classification. Some 
problems involve only negligible viscous effects on the solution, in which 
case viscosity can be considered to be nonexistent. The approximations to 
these problems are called inviscid flows. Flows for which viscosity cannot 
be neglected are called viscous flows. 

Summary of aerodynamics is from  

http://encyclopedia.thefreedictionary.com/aerodynamics 

(2005-11-07) 

Air flow 

Particles of air when it contact with the surface of a body are arrested by it 
and the relative velocity at the surface comes zero.  The layers of air 
nearest to the surface are then slowed down by the viscous friction and 
their velocity relative to the surface varies with the distance from it. As the 
distance increases the particles of air are progressively less affected by the 
viscosity , they move relatively faster until at a certain distance from the 
surface they move almost freely, practically unaffected by the  viscosity.  

http://encyclopedia.thefreedictionary.com/aerodynamics
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Appendix 3 - Solar car specifications 

 Vehicle Specifications 

 Car Weight (w/o driver): 740 lb 
Mechanical 
  Body: Carbon fiber 
  Chassis: Space frame, chrome-moly tubing 
  Front Suspension: Double A-arm 
  Brakes: Redundant front disc brakes  
  Number of wheels: 3 (2 front, 1 rear)  
  Weight distribution: 60% front, 40% rear  
  Dimensions 
   Wheelbase: 3.17 meters 
   Car Height: 1.04 meters 
   Ground Clearance: 0.35 meters  

Electrical 
  Solar Array 
    Solar Cells: RWE Solar 16% efficient Silicon 
single-crystalline  
    Number of solar cells: 729 cells 
    Solar Array Power: ~800 W  
  Motor  
    Motor: New Generation Motors 8 hp DC brushless 
motor with 96 V controller 
    Nominal Power Consumption: ~1300W  
    Regenerative Braking: Hand controlled 
potentiometer  
  Batteries 
    Batteries: Concord PVX-490T sealed deep-cycle 
lead-acid 
    Batteries: 8 12V deep cycle lead acid batteries (40 
lbs. each) 
    Battery capacity: 43Ah, 4.3KWh 
    Battery pack construction: 8 batteries in series: 2 
Packs; 4 batteries per pack  
    Battery p ack voltage: 96V 
  Peripheral 
    User Interface: LCD display, switches, foot 
controlled throttle 
    12V System: Vicor DC-DC converter 100V(IN)-
12V(OUT) 
    Ventilation Fans 
    5V System: Data Acquisition, Speed Control 
Electronics 

 http://www.cpsolarcar.com/vehicleSpecs.html 2005-11-25 

http://www.cpsolarcar.com/vehicleSpecs.html
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http://www.cdu.edu.au/solarcar/specifications.html 2005-11-25 

 

http://www.cdu.edu.au/solarcar/specifications.html
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http://www.ee.vt.edu/~solarcar/specs.html 2005-11-25 

 
Solar Car Specifications  

There's nothing like Turbulence, the University of Arizona solar car, 

available from an auto dealership, but if there were, this is what the 

vehicle spec sheet might look like: 

 

Vehicle Specifications: 

 
Turbulence is powered by an 8-horsepower DC brushless motor that is direct 
drive to the wheel. Here, you can see the motor attached directly to the rear 
drive wheel. 

http://www.ee.vt.edu/~solarcar/specs.html
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Power train  

• 8-horsepower DC brushless motor. Direct drive, no transmission. 

 

• 110-square-foot solar cell array made up of 660 gallium arsenide solar 

cells, and 556 monocrystalline silicon solar cells. The array generates 

1,300 watts of power. This is approximately equivalent to the amount of 

power consumed by a hair drier. 

 

Batteries 

• 27 Lithium Ion batteries 

 

Vehicle weight  
• 450 pounds 

 

Suspension 

• Front A-arm suspension 

• Rear Trailing A-arm suspension 

 

 
The car features an A-arm front suspension designed 
by the solar car team. 

 
The car's cockpit is shown here with the canopy 
removed. There are no doors, and drivers must be no 
taller than 5'11" and no heavier than 180 pounds. 
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Wheels  

• Three wheels — two front wheels that steer the car and one, center-

mounted rear drive wheel. 

• Michelin Solar Car Tires  

• 16-inch custom billet aluminum wheels (4.7 lbs each) 

Brakes 

• Dual redundant front disk brakes  

• Regenerative motor brake 

Frame 

• Carbon fiber/ aluminum honeycomb / carbon fiber composite sandwich 

Reinforced with carbon fiber tubing 

Body 

• Vacuum molded carbon fiber/ Nomex Honeycomb composite sandwich 

Comfort, Convenience  

• Single-seat cockpit with bubble canopy. No doors 

• Driver size limited to 5’11” and 180 lbs 

• Simpson 5-point harness seatbelt 

• Handheld radio for communication with the chase car 

• Rear-View Camera and LCD Screen 

 

Peformance 

• Top Speed: 112 km/h 

• Average speed 72 km/h  

http://www.engr.arizona.edu/newsletters/carspecs/specsasc 
2005-11-25 

http://www.engr.arizona.edu/newsletters/carspecs/specsasc
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Appendix 4 - batteries 

http://www.peve.panasonic.co.jp/catalog/e_kaku.html 
2005-11-10 

High power plastic case 

prismatic module 

Based on the technology we 
accumulated during the 
development of HEV batteries, 
we started mass production of 
plastic case prismatic Ni-MH 
battery with new structure. 
Specific power of this new 
battery module is 1300W/kg (1.3
times higher than our 
conventional prismatic battery), 
and energy density is 46Wh/kg. 
By adopting new electrode 
materials and newly developed 
cell connection structure, internal
resistance were reduced, and 
reliabilities, such as battery life, 
were improved due to the 
improvements of cell stack 
structure etc. Thanks to simple 
and compact pack module 
structure with much higher 
battery power, number of battery
module per pack were drastically 
reduced, and it realized 15% less
volume and approximately 25% 
lighter weight compared with our 
conventional prismatic pack.  
 
 

 
1300W/kg specific power 

Much internal resistance reduction with new electrode materials 

and newly developed cell connection structure. 

Much improvements on reliabilities for long life due to cell stack 

construction etc. 

Realize 15% reduction in pack volume and approximately 25% 

reduction in pack weight(comparing with conventional prismatic 

pack) thanks to simple and compact pack module structure with 

much higher battery power. 

http://www.peve.panasonic.co.jp/catalog/e_kaku.html
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(www.hybridcars.com)  
Energy density 
The amount of energy the battery will store, per weight of the battery 
(watt-hour pre kilogram). A high density is desirable 
Amp-Hour Capacity 
The total amount of charge the batteries can hold (1amp hour= 3600 
coulombs). The amp-hour capacity is a function of the rate of charge and 
discharge for all battery system. A well designed battery will be at least 
90% efficient as far as amp-hour capacity. That is, if 100 A-h of charge is 
put into the batteries, it should be possible to draw at least 90 A-H from 
the battery. 
Watt-hour capacity 
The total amount of energy the battery can hold ( 1 W-h= 3600J). The 
usable energy in the batteries is sensitive to the charge and discharge rates 
for all battery systems. Charging and discharging at high currents reduces 
the watt-hour capacity of the battery system, because a higher percentage 
of the energy is converted to heat. 
Charge efficiency  
The fraction of charge (amp hour) that will be returned after charging. 
Batteries that have poor charge efficiency are not acceptable for a car.  For 
batteries with water based electrolyse (lead-aced, nickel metal hybrid, 
nickel-cadium, and silver-zink) some of the charge is always lost in the 
electrolysis of water. Batteries with an organic or polymer-based electrolyte 
tend to have nearer 100% charge efficiency. 
Energy efficiency 
Batteries are charged up along one voltage curve and discharged along 
different curve. If the battery charges efficiency of 100%, the efficiency 
would be the ratio of the average discharging to charging voltages. 
Accounting for the charge efficiency shows the definition of the energy 
efficiency of the batteries. (300) 
All research concludes that the lithium-ion and lithium-polymer batteries 
are the best choice. NiCD or NMH batteries have a significantly higher 
energy density than lead-acid batteries, but they have a lower energy 
efficiency. (The winning solar car) 

http://www.hybridcars.com
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Appendix 5 - Project plan and timeline 

Proposal for project plan 

Background 

Master theses is going to take place in Tsui Design & Research in 
Emeryville in California. 

The company is Eugene Tsui by himself and students from all over 
the world joining learning by doing. All of his products, buildings, 
clothing, and interior design bond to the nature and basic needs, 
comfort. They also speak about our closeness to the nature and us 
being a part of the nature. He is mainly working on drawing buildings 
in many different kinds, all from family houses to huge buildings for 
cultural and touristy purpose. He is also working on clothing, painting 
china, writing poems and songs, playing guitar, drums just to 
mention a few. He has been dreaming for a long time to build a self-
sufficient car that is not using our priceless nature recourses. 

Formulation of the problem 

Is it possible to combine solar-, wind power energy and even use 
electrical engine to design the most aerodynamically car for better 
future and reduced destruction of nature. 

Goal 

The goal of this project is to develop a concept car on three wheels 
and as aerodynamic as Sunraycer with the coefficient of drag under 
1.0. one part of the project will include research of how Magnus 
effect could be used in car design. Magnus effect was used in ship 
design in the beginning of 1900 by Anton Flettner and Loyd Bergson. 
To be able to use solar power is one of the most important elements 
for this concept, so it will be researched and well studied. Ambition is 
to create as self-sufficient car as possible that doesn’t damage nature 
or the atmosphere. The reasons to create a car on three wheels are 
reducing car weight, and alternative design for better aerodynamics. 
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There are also other kinds of steering systems that can be 
considered by having only three wheels. Key consideration will be to 
keep the total weight as low as possible. 

Method and material 

Theoretical parts will be researched on Internet, books, interview 
with persons who already have tried to build a similar car on their 
own, interview with Eugene Tsui. Material for model building has 
already be introduced during the first few weeks at the office by 
building different kind of models and building at the kitchen that is 
ongoing project at the time, even some materials that hasn’t been 
introduced in LTU has been introduced: such as papier-mâché, 
cardboard covered by structuralite. 

Master theses are going to handle the above mentioned theories and 
it will be used for the external car design. External design is largely 
depending on how all the energy sources can be combined. 
Systematic problem solving system that has been well-informed 
about during the four years in LTU will be used as much as possible 
for better result and also to facilitate product development process. 
All the other components of the car will not be included in this 
report. 

As all the parts of the concept car will not be handled is costs plan 
considered to not be appropriate to present. Choice of the material 
for chassis is shortly going to be discussed. 

Disposition 

Following Chapter will be part of the paper: 

Introduction with information about the company and background for 
the product development 

Research on theory (Internet, books, interview) 

Theory (solar power, Magnus effect, solar power, aerodynamic for 
cars) 

Material for chassis 
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Method: Establishing target specification, investigation of the 
problem, generating ideas choice of the concept car 

Result, presentation of the result 

Discussion 

References and appendixes 

Basic timeline for product development 

1 Introduction 10 days      12sept - 23sept 

Starting with company presentation and se how they are working, to 
get to know goals of all different projects 

2 Collecting information 10 days   26sept - 7 oct 

Collecting information about Magnus Effect, solar power, 
aerodynamics, electric engine in cars. Interview with people who has 
rebuild a car by their own. It will also include information from World 
Wide Webb, books, reference books 

3 Establishing Target Specifications 10 days       10 oct - 21 oct 

Deciding which elements and what is relevant to develop and what 
parts should be left out 

4 Generate Product Concepts 20 days  24 oct - 18 nov 

Brainstorming with the whole development group verbally and by 
drawings. Using Osborn’s method /grater, smaller, replacing, 
transfer, do the opposite, combine, work up modify) think extreme 
cheapest, the most expensive, ugliest, the most beautiful… What 
about the name of the car??? 

5 Select Product Concepts 10 days  21 nov - 1 dec 

To establish the final design of the concept car design, all the 
alternatives will be compared and graded and se how well they fulfill 
target specification 

6 Model building   

7 Test Product Concepts 10 days    5dec - 16 dec 

If the model is ready for testing, we will do that at this point 
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8 Set Final Specifications 15 days    19 dec - 20 jan 

After testing the model, pros and cans will be found and the final 
design can be decided 

9 Documentation  10 days    23 jan – 3 feb  

10 Presentation 

Contact to adviser at LTU 

Contact to adviser at LTU will be in form of photos, e-mails in the 
end of each week, he is also welcome to come and have a look by 
himself 

 

Elle Kalm 
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Appendix 6 – Benchmark, three wheelers 

http://encyclopedia.thefreedictionary.com/Dymaxion+car 

(2005-11-07) 

Dymaxion 3 

The Dymaxion car was a concept car built in 1933 and designed by Buckminster 
Fuller. The car was a high efficiency vehicle with a then-unheard of fuel 
efficiency of 30 miles per US gallon (7.8 L/100 km) and it could move 11 
passengers along at 120 miles per hour (193 km/h).  
The car was exceptionally large, 20 feet (6 metres) in length, but could do a U-
turn in its own length. This turning ability was due to the fact that it turned via a 
single rear wheel. Drive power was provided by the front wheels, which were 
mounted on a 1933 Ford roadster rear wheel axle, flipped over to provide proper 
rotation. Henry Ford had given Buckminster Fuller the V-8 engine to experiment 
with.  
This configuration unfortunately made the car somewhat counterintuitive to 
operate, especially in crosswind situations. The unusual steering ultimately led to 
the invention's demise when an accident at the 1933 Chicago world's fair, likely 
caused by the driver of another vehicle, prompted investors to abandon the project, 
blaming the accident on deficiencies in the vehicle's unusual steering.  
However, according to Art Kleiner in his book The Age of Heretics, the real reason 
why Chrysler refused to produce the car was because the bankers threatened to 
recall their loans as they felt the car would destroy sales for both vehicles already 
in the distribution channels and second-hand cars.  
Looked at historically, the Dymaxion Cars (which could seat up to 11 passengers) 
were prototypes of a "micro-bus" or "mini-bus" (terms often applied to the that was 
designed in the '40s by Ben Pon and which Volkswagen began to produce in 1950). 
The Dymaxion Car was thus one forerunner of the various minibuses and vans, 
produced by many companies, with which we have become familiar in recent 
decades.  

http://deed.ryerson.ca/me8101/2002/P/3vs4wheel.htm 

(2005-11-07) 

 
Pros Cons 
Considered a motorcycle Stability Issues 

http://encyclopedia.thefreedictionary.com/Dymaxion+car
http://deed.ryerson.ca/me8101/2002/P/3vs4wheel.htm
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Therefore comes under same safety 
constrains 

Tendency to 
overturn 

Lower Manufacturing Cost   
Lighter   
Polar Moment Inertia1 

30 % Less compared to a standard 4 wheeler 

  

Mechanically simplified chassis    
4 Wheel Cars 

 

Pros Cons 
Inherently stable Weight and cost increase for an extra 

wheel 
No preconceive notions Categorized under cars Looses 

motorcycle advantage1 
More interior room Requires more power 
4-wheel drive appeals to concerns of 
security and safety2 

  

http://pages.zoom.co.uk/elvis/history.html (2005-11-07) 

http://www.infoplease.com/ipa/A0922086.html 

2005-11-30 

They label them "motorcycles," allow reduced license fees and taxes, and require 
fewer safety and emission-control features that add cost and weight. 

Even if I assume that engineers of 3-wheel automobiles would optimize the 
overturn design limits, I still need to know how their stability and handling 
compare. I will ignore the myriad ways of analyzing stability (static, dynamic, 
transient, steady-state, oscillatory, divergent, covergent) and just consider 
oversteer/ understeer. Most car enthusiasts have an intuitive feel for these terms 
and respect for the potential dangers of unexpected oversteer at the limit. 

http://pages.zoom.co.uk/elvis/history.html
http://www.infoplease.com/ipa/A0922086.html
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As it turns out, there was a strong distinction between 4-wheel cars and single-
front-wheel cars but not single-rear-wheel cars. Although the sample was 
admittedly small, the inescapable conclusion is that all single-front wheel 3-
wheelers will oversteer at their limit of adhesion. Conversely, all single-rear-wheel 
cars had strong understeer at the limit. And in neither case could the opposite effect 
be created, in spite of all the chassis tuning. 

An accompanying graph shows how all three groups of cars compare in steer 
angle versus lateral acceleration on the skidpad. Conventional 4-wheelers have a 
constantly increasing steer angle as speed or g-forces increase. The same is try (to a 
potentially greater degree) with single-rear 3-wheelers. But the steering on single-
front 3-wheelers levels off and then decreases with increasing g's, requiring 
counter-steering to avoid a spin.  

 

 

 

If these results were difficult to predict, they are easy to explain after the fact. 
Oversteer/understeer is a result of  many vehicle dynamics factors, such as tire size, 
type and pressure, suspension characteristics, steering compliance, weight 
distribution and roll resistance distribution. With all other factors being roughly 
equal, the end of the car with the greatest weight and greatest roll resistance 
(springs or anti-roll bar) will have the lower limit of adhesion. Put another way, a 
nose-heavy car or one with lots of its roll resistance up front will understeer, and 
vice versa for rear/oversteer. The implications are obvious. With a single front 
wheel, most of the weight is at the rear, not to mention all of the roll resistance.  

On some of these 3-wheelers, extremes of state-of-the-art chassis tuning tricks 
were attempted, with negligible effect. Regardless of large tire and pressure 
differences, camber changes and changes in weight distribution that were 
reasonable from an overturn standpoint, they still oversteered. But again, is 
oversteer unacceptable? There are a lot of naive folks driving around out there in 
oversteering production sedans (because of low tire pressures) who will never 
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encounter that limit even in an emergency. The fact of oversteer is easy to obtain; 
the implications are more than a little speculative.  

So overturn can be avoided, and single-rear 3-wheelers have a comfortable degree 
of understeer. But what about handling -- how do they feel? Professional 
researchers resist being quoted on subjective impressions, but at least here they 
report a numerical value for handling response. These yaw response times 
represent the time required for a car to reach a steady cornering condition after a 
quick steering wheel input. Ordinary 4-wheelers range form perhaps 0.30 seconds 
for a large car with soft tires, to 0.15 sec for sports cars. All of the 3-wheelers were 
below 0.20 sec, to as low as 0.10 sec. and that is quick.  

The answer is not in the number of wheels, or their location, but in mass, tires and 
polar movement. The effect of polar movement has been considered for years, but 
this is the first report I have seen with actual figures. The 3-wheelers had, on the 
average, about 30 percent less polar movement (normalized for weight) than 4-
wheelers, because of centralized masses and less overhang. And the ones with the 
lowest figures and best tires had the quickest response. Van Valkenburgh says that 
some of the 3-wheelers had yaw characteristics akin to those of formula cars. 

All of the rest of the tests showed no measurable difference between 3- and 4-
wheelers. The testers subjected the cars to crosswinds, bumps in turns, braking in 
turns, free steering return, lane changes and off-camber turns, and although there 
were many vehicle-specific problems (as you would expect with one-off 
prototypes) the number of wheels was unimportant.  

However, all this research, original as it was, had a relatively narrow orientation. 
There is more to a practical automobile than handling and braking. Although most 
design factors, such as quality, esthetics, value, reliability, comfort, etc. are 
unrelated to the number of wheels, there are still a few other important 
considerations.  

It was assumed that a 3-wheeler could be inherently more aerodynamic than a 4-
wheeler. As a part of this research, two of the more complete 3-whllers were coast-
down tested for aerodynamic drag. In both cases, the product of the frontal area and 
drag coefficient (A x Cd) was about 8.0, as compared to 8.4 for a Plymouth 
Horizon or 8.8 for a Honda sedan or Ford Fiesta. Certainly this is an improvement, 
but not as good as the 6.5-7.0 for comparable low-drag prototype 4-wheelers. This 
peculiarity partly results from the necessary increase in frontal area on a wider-
track 3-wheeler will not automatically be less.  

Another theoretical justification for a 3-wheel chassis is that it can be lighter 
because it requires no torsional resistance as one wheel  rises and falls. In fact, 
however, one builder reported that he had a torsional stiffness problem on one of 
his 3-wheelers. While the single rear suspension was strong enough to resist the 
camber forces in hard cornering, the frame was not and it not only flexed in 
torsion, but allowed disturbing vibrations.  

Ride quality can be a problem as well, not in vertical ride rate which is 
independent of the number of wheels, but in 1-wheel rates. Because the 2-wheel 
end of the car must resist all roll, roll resistance requires more stiffness than 
necessary for a soft ride. And, as Van Valkenburgh discovered, roll damping 
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suddenly becomes an important consideration when all of it has to be handled at 
one end. 

Finally, all this research ignores the question of impact protection, and rightly so, 
because it's hard to imagine the number of wheels being a factor. However, the 
intent of a 3-wheeler is to have reduced mass, and a side effect of three wheels is a 
"motorcycle" classification, which means that federal impact regulations do not 
apply. Again, it's a philosophical question. Is a lightweight 3-wheeler a safer 
motorcycle, or a less save automobile? NHTSA is currently struggling with 
the problem. Subjectively speaking, I can't see why a front-engine front-wheel-
drive 3-wheeler is inherently any less safe in frontal impact than a comparable 4-
wheeler, although crush space or diagonal impacts on a corner with no wheels 
could be a problem. 

Now that fwd subcompacts are flourishing, it would seem natural to adapt them to 
three wheels, either in original design or aftermarket kits. The technical problems 
involved in producing a practical 3-wheel car do not appear to be overwhelming. 
And the potential benefits of cost and fuel conservation would seem to make it 
worthwhile. As Van Valkenburgh succinctly put it, "a properly engineered 3-wheel 
car can be made as stable as a properly-engineered 4-wheel car." But recall your 
initial reaction to the questions of stability and handling. The big problem is 
psychological -- market acceptance of a radical change. Even if the 3-wheel layout 
were twice as good, I wouldn't speculate about its future. One of the most powerful 
forces on earth is the inertia of an existing idea. But if 3-wheelers ever have a 
chance to  make it, their time is now. 
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Appendix 6 – Auto Show 

 
Mini cooper interior 

 
Lexus interior 

 
Lexus lamp for LF-X concept 
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Hummer H2 

 
Saab 92 X AWD 
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Lexus LS 430 

 
Lexus concept car LF-C 
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Lexus concept car LF-C 

 
Lexus concept car LF-C 



 - 105 -

 
Porsche Carrera GT 
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Concept car 

 
Merzedes Bens 
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Mercedes R-class 

 
Chrysler 

 
Extra battery pack in Toyota Prius 
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Greenest vehicles MPG:
city 

MPG:
hwy. 

Green1 
score 

 1. Honda Civic GX 30 34 57 

 2. Honda Insight 57 56 56 

 3. Toyota Prius 60 51 53 

 4. Honda Civic Hybrid 47 48 51 

 5. Toyota Corolla 32 41 44 

 6. Toyota Echo 35 42 43 

 7. Nissan Sentra 28 35 42 

 8. Honda Civic HX 36 44 42 

 9. Pontiac Vibe/Toyota Matrix 30 36 41 

10. Mazda 3 28 35 41 

11. Ford Escape Hybrid 36 31 40 

12. Ford Focus/Focus Wagon 26 35 40 

Meanest vehicles MPG:
city 

MPG:
hwy. 

Green1 
score 

 1. Dodge Ram SRT10 9 12 11 

 2. Ford Excursion 13 17 13 

 3. Hummer H2 13 17 13 

 4. Mercedes-Benz G55 AMG 12 14 13 

 5. Lamborghini Murciélago 9 13 14 

 6. GMC Yukon XL K2500 13 17 14 

 7. Chevrolet Suburban K2500 14 17 14 

 8. Land Rover Range Rover 12 16 14 

 9. Bentley Arnage 10 14 14 

10. Mercedes-Benz G500 13 14 15 

11. Lamborghini Gallardo 9 15 15 

12. Dodge Ram 1500 Pickup 12 16 15 

NOTE: MPG = miles per gallon. 1. The green score runs on a scale from 0 to 100. 
The top vehicle this year scored a 57, the average was 27, and the worst gas-
guzzler scored 11. The score is based on automakers' test results for fuel economy 
and emissions as reported to the EPA, as well as an estimate of pollution from 
vehicle manufacturing, from the production and distribution of fuel, and from 
vehicle tailpipes. It also factors in air pollution. Source: American Council for an 
Energy-Efficient Economy (ACEEE). Web: www.greener.com . 

http://www.infoplease.com/ipa/A0004695.html 2005-11-30 

http://www.greener.com
http://www.infoplease.com/ipa/A0004695.html
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Appendix 7 – Car sizes 
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Appendix 8 – Survey 

This questionnaire is for people who intend to buy or already own an electric car 
 

Occupation  Male  Income  
Nationality  Female  

Age  Single  Married  Family  
1. How many and what kind of car do you own now? 
 

2. If electric car is not (will not be) your only vehicle, what would you use the secondary car for? 
 

3. What makes your car a fun car, if your car isn’t a fun car, what would a fun car be like? 

 

4. What price is most attractive to you for an electrical car? 

 $ 10 000- 15 000  $15 000- 20 000   

 $20 000- 25 000  Doesn’t matter 

5. Is the exterior design a major factor for deciding on a car model? 

 Yes  No 

6. What do you think are the main issues that the car should be designed for? 

 Looks  practical  
 
performance       

7. Could you think of having a car that is not using a fuel but needs to be recharged every day? 

 Yes  No 
 
Maybe 

8. How many passengers do you usually have in your car?  

 0  1  2 
 
More 

9. How far do you drive an average day? ( 1 mile=1.61 km) 

 0-15 miles  15-25 miles 25- 35 miles  
 
More 

10. What is the farthest you would expect to drive in an electric car? 

 
Thank you very much, for taking your time!      
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Appendix 9 - List of requirements 

Size 

For 2- to 3 passenger 

Able to park in regular parking lot (bumper height 8”-11”) 

Small but spacious 

Physical 

Light weight 

Able to drive long distance 

Easy to take care 

Place for extra equipment 

Minimized parts that cause drag 

“Trunk” space 

Driving assistance 

Able to see ahead 

Able to see on the side 

Able to see back 

All wheel drive 

Security 

Bumpers 

Lights 

Construction 

Light material 

Recyclable material 

Overall 

Demand for new look 

Not too unusual (it won’t be reason to drive of the road or not concentrating on 
your own driving) 

Minimum 2 doors 
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Functions 

Main function 

Travel from A to B 

Part function 

Protect from bad weather 

Protect from car accidents 

Allow mass production 

Allow alternative models 

Disclose luggage 

Allow driving on today’s road 

Allow entrance  

Allow exit 

Lighten up the road 

Prevent accidents 

Enable access to the engine 

Enable access to luggage 

Facilitate safe drive 

Show the purpose 

Enable trailer 

Express new technique 
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Appendix 10 – Brainstorm solar cells 
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Appendix 11 – Brainstorm session 

People who attended brainstorm 

name occupation 
Ryan Brauenstein student, design 
Kyle Wolfe student, design 
Yoan Gilad student  
Joe Luttwah designer 
Jeremey Chipman designer 
Dino Rossi student 
Michelle Steed student 
Jane Rabanal student  
Charles Floyd student 
Olivier Bock designer 
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