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Solar Vehicle ProjectSolar Vehicle Project

The previous 2003 Borealis II vehicle serves 
as both an inspiration and challenge to 

the 2005 team, having accomplished the 
following record:
• 2003 Formula Sun Grand Prix 1st Place
• 2003 American Solar Challenge 2nd Place
• 2004 Formula Sun Grand Prix 2nd Place

Formula Sun is an annual three-day, closed-
course event held at the Heartland Park 
Raceway in Topeka, KS.  In odd-numbered 
years, it is also used as a Qualifying Event 
for the biennial cross-country American 
Solar Challenge (ASC), which in 2003, ran 
2,300 miles on Route 66 from Chicago, IL to 
Claremont, CA.

Shaping up the New Team for 2005

Spring 2005Spring 2005
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Solar Vehicle ProjectSolar Vehicle Project

During the fall 2003 semester, Prof. 
Starr with alumni from the Borealis 

II team offered the weekly solar vehicle 
seminars to recruit a new team and to 
introduce the technology and design 
issues of solar vehicles.  It was open to 
anyone interested, and initial sessions 
were attended by over 100 students.  In 
the 10th week, participants formed into 
Design Teams, each focusing upon a 
major vehicle system:  the Array Team 
- responsible for solar array; the Aero 
Team - responsible for the vehicle body 
shell; the Electrical Team - responsible 
for the batteries, controls and motor, and 
the Mechanical Team - responsible for 
the chassis, suspension, and steering.  
Students generally joined the Design Team 
that was affi liated with their college major.  

In addition to Professor Starr, the team is 
advised by recent alumni who are working 
in industry:  Jason Halpern (BAE – formerly 
United Defense LP, Design Engineer) 
- Borealis I Mechanical Team, Borealis II 
Mechanical Co-Leader; Travis Lee (IDEO, 
Engineering) - Borealis II Project Manager 
and Mechanical Co-Leader; and Mike 
Jensen (ULTEIG Engineers) - Borealis 
II Electrical Team Co-Leader.  Also, Mr. 

Jim Murray, (Project Manager at St. Jude 
Medical and ME Alumni) assists with 
project management and team dynamics.  

To accelerate technology transfer and gain 
hands-on experience, team members 
dismantled the Borealis II vehicle.  
Various components were weighed, 
suspension members were subjected 
to non-destructive testing, electrical 
components were tested and circuits 
traced, minor body damage was repaired 
and array panels tested.  In addition, 
Design Teams were required to present 
“nominal specifi cations” for the new car 
at an all-team meeting in February 2004, 
which forced a quick study of solar vehicle 
technology and emphasized that the 

project is a serious design exercise.  Since 
then, the new team has nearly 50 active 
members, who have already distinguished 
themselves in performance and design. 

In performance, The Borealis II vehicle was 
reassembled, road tested and entered 
into the 2004 Formula Sun event last May.  
Twenty-eight team members attended the 
event, experiencing Technical Inspection, 
where they were quizzed by race 
offi cials regarding vehicle features and 
conformance to the rules.  They managed 
race operations, which included periods 
of heavy winds and rain, and after a few 
unplanned pit stops, they fi nished second 
overall and gained valuable lessons to 
incorporate into the 2005 effort.

Thank You Sponsors!
A sincere thank you to the Corporate, 
University and private individuals who 
provided the fi nancial and in-kind 
donations that supported the Borealis II 
effort in these economically challenging 
times.  Your support is an endorsement 
of the value of this hands-on design 
education. 

Borealis II Winning Success



In July 2004, fi fteen team members participated 
in a “Trial Drive” of the proposed route for the 2005 NASC, 
from Austin, TX to Calgary, Alberta.  The organizers invited 
experienced teams to submit a proposal to run the route, and our 
team was selected.  The 2003 vehicle was used, but some new 
technology was tested:  our new U of M designed brushless D.C. 
motor, controller, battery protection circuitry, and some damaged 
solar panels were replaced.  Four new members gained on-the-
road experience as solar car drivers, and all participants gained 
experience in caravan driving consisting of a “lead van,” solar 
vehicle and “chase van,” all in close but safe proximity, and in 
radio contact.

Shaping up New Team for 2005 (cont.)

Borealis III Design Achievments

The following describes the accomplishments of each 2005 
Borealis III Design Team as the vehicle construction is nearing 

completion.

The Array Team consists of nine (9) members and is led by 
Shauna Casey, majoring in Chemical Engineering.  The Array 
Team is responsible for researching available high effi ciency 
solar cells, obtaining samples, testing the cells, evaluating 
their performance, recommending those to be acquired and 
negotiating a discount from the supplier.  In addition, the team is 
responsible for the layout, the soldering, the encapsulation, and 
the installation and wiring of the nearly 3000 cells to form the 
array on the vehicle.

Obtaining high (23%) effi cient aerospace quality cells at a 
reasonable price is a major issue.  The retail cost of such cells, say 
to NASA, is about $200 per cell.  For 3000 cells, the cost would 
be an outrageous $600,000, which we would simply not do.  The 
educational benefi t per dollar would not be worth it.  Fortunately, 
the cell manufacturing process produces “seconds”, which do 
not pass required tests for expected long term performance in 
outer space, but work just fi ne for our purposes.  These are made 
available for $20-$30 each, but are of limited supply.  For the 
previous Borealis II vehicle, these high effi ciency cells were not 
available when we had the funding to place an order, so we had 
to settle for what was available, resulting in two-thirds of Borealis 
II being covered with 16.8% effi cient cells.  Fortunately, due to our 
outstanding 2nd place fi nish in the 2005 ASC, where the winner 
and many of the solar cars behind us had higher effi ciency cells, 
a manufacturer offered to hold a batch of the 23% cells for our 
2005 effort.

Obtaining the cells is one issue, but then building a world class 
array is another, and our 2005 Array Team is up to the task.  
Many teams outsource this task, but at the U of M, we start 
with the bare cells, attach leads and solder them into strings, 
then strings into panels of various sizes and then for 2005, 
laminate the panels, top and bottom, with carefully selected 
materials that have desired optical and, thermal properties.  Array 
Team members, working with Mechanical and Electrical teams, 
designed, built and tested a vacuum laminator with a controller 
that manages the desired temperature-time profi le.  After testing 
with low effi ciency cells donated by the manufacturer, the 
laminator was judged ready for production, and is now being 
used to encapsulate 84 solar panels for Borealis III.  Initial tests 

of some encapsulated panels indicate at least a 30% increase in 
power over the 2003 Borealis II array.

The integration of the solar array layout with the shape of the 
upper body surface began early in the design process, and 
required regular and often spirited communication between the 
Array and Aero team.   Placing rectangular panels of solar cells 
on a curvy, aerodynamic shape to maximize the number of cells 
facing a similar direction, and still have a shape that allows room 
for the driver, roll cage, and suspension movement, required 
continual adjustments of array layouts and body shape, with 
the attendant understanding of each team’s concerns, until the 
layout and shape was fi nalized.  The result is the best array-body 
shape integration of any U of M solar vehicle. 

The Aero Team has ten (10) members including co-leaders Aaron 
Westman and Scott Schollmeyer, both majoring in Aerospace 
Engineering.  The Aero Team is responsible for the design and 
construction of an aerodynamically effi cient and lightweight 
vehicle body.  Students became familiar with a Computational 
Fluid Dynamics (CFD) software package that was used to simulate 
wind tunnel experiments on various body shapes.  Extensive 
discussions with the Array and Mechanical Teams led to a shape 
that has an excellent combination of low aerodynamic drag, large 
array area and adequate internal space.  Team members were 
very successful in obtaining most of the composite materials 
to construct the body as in-kind sponsorships, including two 
tons of high density foam for body molds from General Plastics.  
Female upper and lower body shapes were milled into the foam 
by PAR Systems, and students did the composite lay-ups and 
autoclave operations at Northwest Airlines Composite shop.  
After assembling the upper and lower body pieces and installing 
an interlocking bulkhead structure for stiffness, Creative Auto 
Service, professionally painted the body complete with fl ames, 
as an in-kind sponsorship.  It is the best-fi nished U of M solar 
vehicle, and we expect the performance to match the fi nish! 

The Electrical Team consists of twelve (12) members and is led 
by Chris Olson, a veteran of the Borealis II team who is majoring 
in Electrical and Computer Engineering.  The team is responsible 
for researching the available lithium-polymer batteries, obtaining 
samples, testing and recommending purchase.  In addition, the 
2005 team is developing the next generation of many advanced 
custom electronic components including:  Peak Power Trackers 
(PPT) which fi t between groups of array panels 



and the batteries, and automatically adjust circuit impedance to 
maintain maximum array output as the solar radiation changes; 
Brushless D.C. Electric In-Wheel Motor, that was designed with 
the assistance of Mr. Erland Persson and constructed using 
many donated materials and services and assembled and 
tested by team members; Battery Protection Circuitry which 
senses voltage levels in groups of batteries and controls the 
ability to further charge or discharge so as to not damage the 
battery pack; Digital Based Control of all on-board electrical 
systems, incorporating many microprocessors programmed 
to manage the fl ow of information signals, which reduces 
power use, wiring and interference.  In addition, Electrical Team 
members developed the temperature controller for the vacuum 
laminator for the solar panels, and developed a curve tracer to 
automatically determine the characteristic amps-voltage curve 
of solar cells.  Team members utilize state of the art CAD/CAM 
tools to design, simulate, prototype and direct the manufacture of 
circuit boards.  No competitor’s solar vehicle team develops this 
range of electrical components.

The Mechanical Team consists of fourteen (14) members, 
including co-leaders Mitch Horn-Wyffels and Al Majkrzak, both 
veterans of the Borealis II team and majoring in Mechanical 
Engineering.  The Mechanical Team is responsible for the design 
and construction of a strong, light weight chassis, along with the 
suspension, steering, brakes and driver protection.  The chassis 
is a monocque structure, comprised of carbon fi ber faced 
honeycomb panels, and is a further evolution of the design that 
our U of M team pioneered in 1995.  Team members developed 
new manufacturing and alignment procedures, so the fi t and 
fi nish is the best we have produced.  Also, innovative fi xtures 
have insured that the suspension and steering are installed so the 
designed-in zero-scrub and zero bump steer are actually achieved.  
Two options are being developed for the rear suspension swing 
arm, which holds the single rear wheel and motor:  a lightweight 
alloy steel version and an even lighter weight carbon fi ber version.  
The steel version will be used initially, and then as back-up while 
the carbon fi ber arm is being tested.  A double hoop roll cage 
was designed to meet new race regulations for improving 
safety and also augments chassis stiffness.  Mechanical Team 
members also developed components for the custom brushless 
D.C. motor and the vacuum laminator for the solar panels.  Most 
of these activities involved the use of modern CAD/CAM tools, 
including soliciting in-kind sponsorships for machining services.

The Management Team is led by Trevre Andrews, a veteran of the 
2003 team and a major in Geophysics.  The team is comprised 
of Design Team leaders and a few others, and meets weekly with 
a detailed agenda, focusing upon team interactions, schedule 
development and adherence, and resolving short term problems.  
The efforts for the 2004-05 project cycle of this dedicated, 
interdisciplinary solar vehicle team will sum to over 43,000 
volunteer hours of skilled research, design and fabrication activity 
and represents a unique strength of the University.  



Greetings from the U of M Solar Vehicle Project (UMSVP)!  We 
are at it again in a big way.  A new team was recruited in Fall 

2003 to design a new vehicle for the 2005 North American Solar 
Challenge, which will run from Austin, TX to Calgary, Alberta in 
July 2005.  A few veterans from the 2003 team remained with the 
project and four are in leadership positions, providing experienced 
guidance for the team.  Construction of the new vehicle, called 
Borealis III is being completed and drive testing has begun.  As 
we embark on the testing and racing season, it is useful to recall 
WHY we do this project at the U of M.  The reason is that it meets 
real EDUCATIONAL NEEDS.

Not many years ago, engineering students entered the University 
with much informal knowledge of how things worked and how 
things were made, gained from tinkering with automobiles, 
electronic devices, farm equipment, and other consumer 
products.  This informal knowledge served as a common base of 
experience that could be referenced when introducing principles 
of physics, interpreting math models, and discussing design 
decisions.  Few of today’s generation of students have this 
informal knowledge.  Furthermore, today’s setting for professional 
activity is now the “project,” where design takes place within an 
interdisciplinary environment and where a person must have the 
ability to quickly gain and apply knowledge of new technologies 
and function in a team.

The Solar Vehicle Project addresses these needs.  The context 
may be a vehicle, but the educational experience integrates 
hands-on and classroom activities while developing professional 
skills.  The project duration is nearly two years.  Self-selected 
team members show up at no-credit introductory seminars, 
form design teams and demonstrate their willingness to learn 
and the dedication to get things done.  Leaders emerge, tasks 
are defi ned, resources are sought, expertise is developed, and 
the product is delivered.  The project holds a hard deadline and 
excuses are not in the team’s vocabulary.  The vehicle has to 
be completed on time and must work reliably.  This is hands-on 
training in the complete Product Development Process, and it is 
simply not available in any classroom.

U of M Teams has been successful in intercollegiate competitions!  
Since 1993, teams have created six vehicles and compiled an 
impressive record, entering, 13 events and earning fi rst or second 
in seven events.  In sports jargon, our teams fi nished in the “fi nal 
two” in 7 of 13 starts.  Through media coverage of the races, the 
project has struck a harmonious chord with the larger community, 
and now the U of M solar vehicles are widely recognized as rolling 
demonstrations of the potential of renewable energy technologies 
and expressions of the creativity of our U of M students.  The 
2005 team is continuing this tradition.  The Borealis III vehicle will 
be the lightest, most powerful and best aerodynamically fi nished 
solar vehicle that U of M teams have produced.

As you know there is no University budget for the project.  Not 
only is a new team recruited every two years, but fi nancial and 
in-kind sponsors must be sought every two years.  We are most 
grateful to the many generous companies, University units and 
individuals that support this hands-on, interdisciplinary design 
experience.  As of this date we are still short of the fi nancial needs 
and continue to seek sponsors.  If you or your organization has 
contributed to the 2004-05 effort, we are most grateful.  If you 
have not, please consider becoming a supporting member of 
this successful, highly visible partnership between Industry and 
the University.  Contact me at pjstarr@me.umn.edu  or 612-625-
2315 to receive a formal request for sponsorship.

Professor Patrick J. Starr
Solar Vehicle Project Faculty Advisor

The “big event” is the 2,500 mile North American Solar 
Challenge (NASC) which will run from Austin, TX to Calgary, 

Alberta in July, and will pass along the western border of 
Minnesota.  The scheduled events are:

• May 6 — Unveiling of Borealis III, 1:30 pm
Walter Library, U of M Campus

• May 15-20 — Formula Sun 2005, Topeka, KS, 
1st NASC Qualifi er www.formulasun.org

• July 10-15 — Formula Sun 2005, Austin TX, 
2nd NASC Qualifi er

• July 17-27 — North American Solar Challenge 2005
www.americansolarchallenge.org

Advisor’s Corner

Borealis III 2005 Events

Aurora 3, the UMNSVP 1997 
car is on display for the spring 

semester in the Walter Library, 
2nd fl oor.  For directions and 
library information go to: http:
//sciweb.lib.umn.edu/general/
exhibits.html  Aurora 3 entered 
Sunrayce 97, a precursor to the American Solar Challenge 
races, as well as the World Solar Rally in Akita, Japan.  For facts 
about all of the cars produced by the UMNSVP since its fi rst car, 
Aurora I, rolled out onto the Indianapolis Speedway in 1993, go 
to www.umn.edu/umnsvp/ and select the “history” page tab.

Solar Car on Exhibit

As mentioned in the Advisor’s Corner, a manufacturer of 
solar cells has agreed to hold a batch of high effi ciency 

cells for our 2005 team.  Since it requires time to solder the 
3000 cells into 84 panels and then encapsulate them with 
the vacuum laminator, we have ordered and received the 
cells and are now engaged in producing the array.  However 
“ordering” and “receiving” requires “paying”!  The Mechanical 
Engineering Department has allowed us to briefl y operate in 
the red while the fundraising efforts catch up with the solar 
cell purchase.  This is where you come in.   We are asking 
all friends of the team to become fi nancial supporters by 
participation in the Adopt-A-Cell program.  You will be 
acknowledged on our website and later receive a photo of 
the new Borealis III.  The cells are $30 each, and can be 
“adopted” using the attached form.  Please assist our 2005 
team and tell your colleagues about it! 

Adopt-a-Cell

The University of Minnesota Solar Vehicle Project Adopt-a-Cell Program

Name 

Address

Phone       Email

Number of Cells                @ $30.00 ea.

Mail to: U of M Solar Vehicle Project, c/o U of M Mechanical Engineering Dept., 1100 Mechanical Engineering, 111 Church St. SE, Minneapolis, Minnesota 55455. 
Make checks payable to: University of Minnesota Foundation with memo to: Solar Vehicle Project. Your gift is tax deductible; for more information call 612.626.2315.

Number of Cells                @ $30.00 ea.


