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In the past couple of months, 
the Formula Hybrid chassis has 
really come together. The team 
finished all necessary chassis 
modifications from the former 
2008 Formula SAE layout. This 
included removing tubes of 
incorrect thickness, opening 
up the back end to fit the new 
powertrain, and satisfying 
all safety rules. To select the 
appropriate tubing thickness, 
the team used ANSYS, a finite 
element analysis program, to 
help determine the maximum 
stress on each beam with 
approximately a 700 ft-lb 
moment across the front end of 
the chassis. ANSYS was also 
used to determine the torsional 
rigidity of the chassis after all 
modifications were made. Using 
4130 Chromoly Tubing from 
Wick’s Aircraft Supply, kindly 
discounted by 20%, the team 
was able to calculate a torsional 
rigidity of 1276 ft-lb/deg and a 
max stress of 10,250 psi, which 
leaves us with a factor of safety 
of around 6.

After completing the chassis 
modifications, the team began 

mounting multiple powertrain 
and suspension components. 
It was determined that the 
Briggs & Stratton Animal engine 
should sit at a 15O angle to help 
lower the volume of oil required 
to lubricate the engine. After 
shaping a few tubes, an engine 
mount was constructed that 
can easily disconnect from 
the main chassis, allowing for 
easy maintenance. Next, the 
team mounted and aligned the 
Yaskawa servo motor, serving 
as the electrical generator. With 
the engine and generator both 
installed, the team mounted 
the rear suspension shocks, 
fortunately maintaining their 
original positions determined by 
the 2008 FSAE team. Finally, we 
cleaned the steering, differential, 
and braking systems, making 
repairs and replacing worn 
components as required. With 
three weeks to competition 
the Formula Hybrid vehicle 
mechanical systems are nearly 
complete and intergration of 
the electronic components is 
underway.

The 2010 Formula Hybrid vehicle taking shape on the frame table
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The students of the University 
of Illinois Formula Hybrid Team 
were delighted to receive an 
A1000 Motor Drive and SGMGV 
AC Servo Motor from Yaskawa 
Electric.  These two devices are 
critical components in the team’s 
series hybrid system.  The servo 

motor will be coupled to the 
internal combustion engine as 
a 3 phase AC generator which 
charges batteries on the fly.  At 
the same time, the A1000 motor 
drive takes energy out of the 
battery pack and powers the 
drive motor.

As if providing the motor 
drive and servo motor wasn’t 
enough, Rafi Wilkinson was kind 
enough to personally deliver the 

components, take the team out 
to lunch at Papa Del’s, and give 
a tutorial on the A1000.  As one 
of Yaskawa’s veteran engineers, 
Rafi has been an enormous 
supporter of the team.  Special 
thanks to Rafi Wilkinson and 
Yaskawa Electric for accelerating 
the production of this year’s car 
with their generous contributions.
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After substantial research 
into available electric motors, 
the team began working very 
closely with AOSmith to attain 
the ideal motor for our car. With 
concerns about packaging and 
performance, an AOSmith E317 
motor was selected as the base 
for our design.  This motor exhibits 

excellent torque characteristics, 
which are taken full advantage 
of when paired with the Yaskawa 
A1000 motor drive. AOSmith is 
modifying the motor base to fit 
our tight packaging requirements 
and winding to allow for higher 
rotational speed operation. The 
E317 is being rewound for lower 

voltage operation and having 
its bearings replaced by high 
efficiency bearings graciously 
donated by SKF. The motor is 
expected to output about 80 HP 
at 8000 RPM. We are anxiously 
anticipating the arrival of the 
motor. until competition day!

weeks!3

Rafi Wilkinson from Yaskawa Electric gives the team key on-site advice



In the past several weeks, the team has 
been conducting numerous tests to ensure 
that we use the best batteries available for our 
application.  Despite the variety of batteries, 
there are only a handful that 
meet the heavily taxing current 
draw required by our car while 
meeting necessary weight 
requirements. This requisite 
pushed us to forego our initial 
selections and turn to a more 
potent battery made by A123 Systems.  These 
batteries (ANR26650M1A) are well known for 
their high power and long life cycle abilities, 
making them ideal for our application.

Our greatest challenge in finding suitable 
batteries was the high cost.  Because of the high 

demand and low supply of high power batteries, 
it is extremely hard to find a willing sponsor for 
donation.  However, we discovered that a DeWalt 

battery pack (DC9360) contains 
10 cells of the A123 batteries, 
allowing us to purchase these 
and extract the batteries, while 
staying within our $6,000 
competition mandatory limit.  

The batteries were also available 
direct from China for about half the cost, but the 
team felt that making a purchase from overseas 
this late in the design process would pose an 
unacceptable risk.  In total, we will use 360 cells, 
120 in series and 3 parallel, to reach our desired 
peak voltage and current needs, 400V and 150A, 
respectively.  The batteries weighting 57 lbs in 

total.  We are excited to see the potential that 
these batteries have for our hybrid electric race 
car.
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DeWalt battery pack containing 10 A123 cells

The Briggs & Stratton 206cc Animal Engine has been 
fully mounted in the chassis as well as mated to the 
newly arrived Yaskawa generator.  The engine will require 
some minor float calibration and tuning due to the 15 
degree incline at which the mount sits, but the engine is 
largely ready to perform.  The proposed fuel tank design 
will require the use of two 64 ounce 304 stainless steel 
canisters. They will likely be mounted on either side of 

the engine allowing for easy filling and draining.  The 
canisters will need to have barbs welded into them for 
a sight gauge, drain point, and pickup point.  Once the 
layout is finalized, we will weld a RLV supplied exhaust 
together and mount to the engine.  We will soon bench 
test our motor generator system and tune for maximum 
efficiency. Thank you to Briggs & Stratton for their valued 
support of the University of Illinois Formula Hybrid Team.

Bus Management 
provided by Enerpro

Enerpro will be donating a 
FCOVF6100 SCR firing board and 
a ISOVLCL-3 regulator board to 
provide the AC/DC conversion from 
the AC generator to the DC bus. The 
FCOVF6100 board is great for this 
application because of its ability to 
fire SCRs under variable frequency 
conditions. Since our generator is 
not grid-tied, Enerpro has modified 
the board to work at frequencies 
between 266-400 Hz to match our 
generator speed and pole count. The 
ISOVLCL-3 will provide current and 
voltage regulation to ensure rapid 
battery charging and protection. 
We are excited to soon receive and 
integrate these boards.

Another Visit from National Instruments
In late February Andrew Watchorn from National 

Instruments paid the Formula Hybrid team another 
visit to check on our progress and answer questions. 
He helped explain the different types of code 
execution the Compact RIO had to offer and what 
systems run best on each.  He also helped us by 
providing examples and information on the Compact 
RIO that were applicable to our application.  After 
discussing out intended use, he also brought to our 
attention some items we had overlooked: including 
fault tolerance, accelerator/braking failures, and 

general sensor failure.  We would like to thank Andrew 
and National Instruments for their continued support 
and interest in the University of Illinois Formula Hybrid 
Racing team.
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Building the Battery Pack

Proud Orange and Blue Partner 
of Illini Hybrid Racing

Left:
Team member Cyrus 
Manjooran examines 
the Yaskawa A1000 
Motor Drive

Right:
SGMGV AC Servo 
Motor donated by 
Yaskawa Electric

Engineering Design Council, SORF, Aerospace Engineering, Manifesto, 
iFoundry and HP Help The Team Make It To Competition

While businesses have been exceptionally kind 
in providing the necessary components to see the 
2010 Formula Hybrid vehicle complete, attaining the 
required monetary funds has been very difficult.  We 
are excited to report that the Engineering Design 
Council has pledged to provide another $5,000 in 
funds on top of the $7,000 already provided earlier 
this year. We cannot thank the Design Council 
enough for this last minute increase in our funding.  
The University of Illinois SORF board has also 
pledged up to $6,800 in reimbursements for fixed 
equipment, travel costs, and competition fees.  We 

would like to also thank the Aerospace Engineering 
department for their generous support of $500. 
Furthermore we wish to thank Manifesto for its 
$1,000 in charitable support. Finally, the team greatly 
appreciates iFoundry and HP’s valuable donation 
of two HP EliteBook 2730p laptops and a projector 
for the Engineering Student Project Laboratory. With 
very careful spending, equipment loans from the 
University of Illinois Formula SAE team and a few final 
contributions expected in the next couple weeks, the 
team finally looks in good fiscal condition to make 
competition.  

Briggs & Stratton Engine Update
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Why you should support Formula Hybrid
The automotive industry has sought after 

students participating in Formula SAE since its 
conception in 1978.  Qualifying for an internship at 
Ford Motor Company and Honda Motor Company 
specifically requires Formula SAE involvement.  The 
competition has acknowledged educational value.

With an annual budget in excess of $65,000, the 
Illini Hybrid Racing Team at the University of Illinois 
seeks out funding from a variety of resources in 

order to keep the team rolling.  Monetary and in-
kind donations made by our corporate sponsors 
are often matched by either the University of Illinois 
College of Engineering or College of Engineering 
departments.  The donations that our sponsors 
provide are essential to the team’s success.  The 
team expresses deep gratitude to our sponsors for 
making the whole project possible.

2010 Team Partners

Current
$50,000

➨Minimum $55,000 needed to compete 

Joe Loesche

Joe Loesche

Joe Loesche is a text book case of a student with 
obsessive engineering disorder (OED).  When he’s not 
working on school work, or the Formula Hybrid car, or the 
hybrid truck conversion class he’s taking this semester, 
he takes time off to go home to Freeburg and work on 
restoring his dad’s old motor boat.  He simply can’t stay 
away from hands-on engineering projects.

Not only is Joe hopelessly addicted to his projects, 
he’s also very good at leading them.  Joe evaluates 
progress made on the manufacturing team and 
ensures that his subsystem leaders are bringing him 

the deliverables agreed upon at the weekly general 
meetings.  Also, as chassis subsystem leader, Joe used 
finite element modeling with ANSYS to analyze the 
chassis modifications that would enable the new hybrid 
power train to fit.  After the design was completed, he 
lead the chassis alteration process and continues to help 
with the mounting of the power train systems.

In short, Joe is a devoted member of the team who 
has been a key player in the successes thus far.  Keep 
up the great work Joe!

★

Interested? Contact us 
today for more information
Postal address:
Gabriel Benavides
University of Illinois at 
Urbana-Champaign
Department of Aerospace Engineering
306 Talbot Lab
104 South Wright Street
Urbana, IL 61801

Email: 
benavids@illinois.edu

ALL DONATIONS ARE
FULLY TAX DEDUCTIBLE

MechSE at Illinois

College of Engineering 
Design Council

ECE Annual Fund

Special thanks to the University of Illinois at Urbana-Champaign Formula SAE
and Baja SAE teams for their invaluable contributions to Illini Hybrid Racing

High Voltage Component Sponsors
Due to generous donations from Tyco 

Electronics, Bender Corporation, Graybar 
Electric and Omron Corporation the Illini Hybrid 
Racing team is a few steps closer to completing 
a competitive vehicle.  The valuable components, 
that each of these companies has donated, play 
integral parts in our high voltage system. 

A special thanks to Earle Alldredge over 
at Tyco Electric for donating DC contactors 
(EV200s and LEV200s) that will help us regulate 
the high voltage supply from the lithium-ion 
batteries. For the substantial power rating, the 

contactors are both small in size and weight, 
critical qualities for any vehicle design.

Bender Corporation, a company known for 
its advanced ground fault equipment, was kind 
enough to donate our team an IR155-2 Ground 
Fault Monitor.  Torsten Gruhn from Bender was 
very helpful in attaining this vital component for 
our high voltage circuit.

Kent Duran from Graybar Electric provided 
the conduit for the high voltage system.  The 
conduit form Graybar will help protect our high 
voltage wiring in extreme conditions and improve 

the safety of the vehicle.
Finally, David Kaley from Omron Electronics 

provided the team with push buttons that will 
be used to shutdown the high power systems 
manually in case of emergencies.

A big thank you to all these individuals and 
the companies they represent for supporting Illini 
Hybrid Racing. Their donations help enhance the 
high voltage system and help Illini Hybrid Racing 
in achieving its goal.

GOAL
$65,000

Student Organization 
Resource Fee (SORF)

Department of 
Aerospace Engineering

Team position: Chief Manufacturing Lead
Major: General Engineering
Graduation Date: May 2011
Hometown: Freeburg, Illinois


