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International Competition
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SAE International 5] Tasyen scmooL of
Sormah, s 2
¥ IEEE @ AT DARTMOUTH R S Y BN D



competition

Tues May 1

8:00
9:00
10:00
Tech. Design/ Marketing
Inspection  Engineering Event
11:00 . . Center Garage Event Jack Ratta
Registration |nspection Bgy Center Garages Media Center
12:00
Educational
I Program
1:00 Center Garages
2:00 Tech. Design/ Marketing

Inspection  Engineering Event

Center Garage Event Jack Ratta
Inspection Bay Center Garages Media Center

Subject to change—watch for postings.

Wed May 2

Drivers Meeting
Jack Ratta Media Center

Acceleration Runs
NASCAR oval - Main Straight

Lunch Break

Autocross
‘M’ Lot

Group Photo
NASCAR Oval - Main Straight

Barbeque
Center Garages

m— Thur May 3 =

Welcome to the first-ever
Formula Hybrid International Competition!

We are thrilled to have nine cars competing in this inaugural event.

The competition is the result of the hard work of many people at Dartmouth and
beyond. We are grateful to all our sponsors, judges, event volunteers, and supporters.
Most of all, we are indebted to the enthusiasm of all the students who have taken

up the Formula Hybrid challenge. We are delighted that they are directing their
ingenuity and creativity to advancing hybrid technologies, as we believe that ideas

developed for competitions today may lead to everyday applications tomorrow.

This event is the beginning of ongoing annual Formula Hybrid competitions—and a

growing movement to engineer new automotive solutions.

We are already planning the 2008 Formula Hybrid Competition. We look forward to

seeing you there.

N B frocer ™ Obiitlee.

Doug Fraser Wynne Washburn
douglas.fraser@formula-hybrid.org wynne.washburn@formula-hybrid.org

Formula Hybrid International Competition Organizers

Thayer School of Engineering - Dartmouth College - Hanover, NH 03755
603.646.6580 - www.formula-hybrid.org




What is Formula Hybrid?

The Formula Hybrid™ International Competition challenges
undergraduate and graduate students to design and build hybrid
racecars and compete in a multi-event program. The open-wheel,
single-seat cars must conform to a set of rules—formulas—that
emphasize, encourage, and promote drivetrain innovation and

fuel efficiency.

Organized by Thayer School of Engineering at Dartmouth College,
Formula Hybrid carries the endorsement of the Society of
Automotive Engineers, Inc. (SAE) and the Institute of Electrical

and Electronics Engineers, Inc. (IEEE).

The Formula Hybrid competition builds on the highly successful
Formula SAE program by adding a new layer of complexity. Like
Formula SAE events, the Hybrid competition includes autocross,
endurance events, an acceleration test, and judging of car design
and marketing presentations. But in addition, Formula Hybrid
demands completion of all events on a fixed amount of fuel—

a challenge that proves difficult to master. The competition gives
teams the opportunity to demonstrate and test their solutions and

glean new ideas for the future.

For over a decade, Dartmouth engineering students have
participated in the annual Formula SAE competition. In 2003 a
team of engineering students decided to test their knowledge of
electric motors and the role they could play in formula racecars. The
team reasoned that because electric motors deliver higher torque
at low speeds than do internal combustion engines, a hybrid could

offer advantages in a few of the Formula SAE events.

The Dartmouth team converted a former Formula SAE car with a
traditional combustion engine into a hybrid vehicle, overcoming
numerous technical challenges along the way. One of the most
difficult aspects was making all the pieces fit. Despite the smaller
size of the hybrid gasoline engine, there are more components

to a hybrid drivetrain, including the electric motor, motor controller,
energy storage system (accumulator), various high-power voltage
converters, and computerized control systems. But the greatest
obstacle of all was that hybrid cars could not meet newly revised
Formula SAE regulations. So the Dartmouth team decided to create

a whole new competition: Formula Hybrid.

Under the leadership of Doug Fraser, director of the Formula
Hybrid Project at Dartmouth, Formula Hybrid took shape with

SAE and IEEE endorsements. In 2006 Formula Hybrid enthusiasts
convened at Dartmouth to develop competition rules and regulations.
The wheels were set in motion for today’s event, the first-ever

Formula Hybrid International Competition.
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Specifications

11 Car Number 12 13 Car Number 16

Embry-Riddle School lllinois Institute of Technology Colorado State University School McGill University
Aeronautical University Team Name ACE Team at lllinois Tech Ram Racing Team Name McGill Hybrid Racing Team
ERAU Racing Car Name ACE 1 The Tortoise Car Name TBD

Trybrid R-7 Advisor Dr. Ali Emadi Dr. Patrick Fitzhorn Advisor Peter Radziszewski

Darris White, PhD, Prof. J.E. McKisson

Team Contact

Sanjaka Wirasingha

Benjamin Biehl

Team Contact

Marianne Chagnon

Craig Czlapinski Web Site formulahybrid.iit.edu welcome.colostate.edu Web Site www.mcgill.ca

www.erau.edu

11 CAR NUMBER 12 13 CAR NUMBER 16

Fiberglass BODYWORK Aluminum Carbon fiber monocoque with rear BODYWORK Fiberglass nose and sidepods

Blue, yellow, silver COLORS Silver and red tube frame COLORS TBD

Wilwood master cylinders, Wilwood BRAKES AP Racing calipers and rotors, TBD BRAKES Wilwood master cylinders, calipers

front calipers, Polaris rear caliper
N/A

REGEN BRAKING

Wilwood master cylinders
Front wheels, progressive left pedal

Hayes brake calipers, girling master
brake cylinders

REGEN BRAKING

(front), and brake pedal
N/A

Mixed hybrid, continuously variable actuated Rear wheels, progressive left pedal DRIVE Parallel electric motors coupled to CVTs
transmission DRIVE Parallel system, torque-coupled actuated ENGINE Subaru Robin EX21, 211 cc

Kawasaki Ninja, 250 cc ENGINE Yamaha YZF250 cc sP;(r)z(i)lllel system, coupled by custom rear FUEL TYPE el

93 Octane FUEL TYPE Gasoline Kawasaki Ninja, 250 cc ENGINE POWER 7 Hp @ 4000 RPM*

36 Hp @ 12,000 RPM* ENGINE POWER 40 Hp @ 12,000 RPM Cacoling : CENERATOR TBD

Drive motor also serves as the generator GENERATOR N/A 38 Hp @ 12,000 RPM DRIVE MOTOR Perm Motor, PMG 132

General Electric D1134 DRIVE MOTOR Azure Dynamics / AC24 : DRIVE MOTOR POWER 7.22 kW @ 3480 RPM*

Utilize drive motor in reverse

12 Hp continuous, 36 Hp peak* DRIVE MOTOR POWER 40 Hp @ 4,000 RPM*

MOTOR CONTROLLER Alltrax AXE 7245

None required
100 Maxwell Ultracaps, 1500 F, 2.7 V
1018 DOM steel space frame

Dual unequal-length A-arm, Weldment
steel uprights, pushrod-actuated Penske
monoshock

52 in (1321 mm)
47.8 in (1214 mm)
114 in (2896 mm)
58 in (1473 mm)

Satchel 4-link, pushrod-actuated
Penske monoshock

48 in (1219 mm)
18x10x6 Hoosier (dry), Goodyear (wet)

Power splitting through dual CVT
configuration, mixed hybrid operation
throughout CVT range, mechanical
backup system, electronically actuated
CVT with extended gear ratio range

830 Ibs (3680 N)*
45/55 (front/rear)*
71 in (1803 mm)

MOTOR CONTROLLER

ACCUMULATOR
FRAME

FRONT SUSPENSION

FRONT TRACK
OVERALL HEIGHT
OVERALL LENGTH
OVERALL WIDTH
REAR SUSPENSION
REAR TRACK
TIRES

UNIQUE FEATURES
WEIGHT

Azure Dynamics / DMOC445

2 Honda Civic 144 V NiMH battery packs
Chromoly and mild steel space frame
Risse dampers

TBD

TBD

96 in

29in

Risse dampers

44.5 in (1130 mm)

Hoosier

TBA

940 Ibs*

WEIGHT DISTRIBUTION 45/55 (front/rear)*

WHEELBASE

65 in (1651 mm)

UNIQ (UQM) Brushless DC Motor

20.4 Hp @ 8000 RPM

UNIQ motor controller

Nilar Bipolar NiMH battery packs, 120 V
Chromoly and mild steel space frame

Dual equal-length A-arm, fabricated
steel uprights, pushrod-actuated
Carrera Racing dampers

58.5 in (1486 mm)
49 in (1245 mm)
98 in (2489 mm)
62 in (1575 mm)

Dual equal-length A-arm, fabricated
steel uprights, pushrod-actuated
Carrera Racing dampers

62 in (1575 mm)
TBD

N/A

700 Ibs (3,114 N)*
35/65 (front/rear)*
75 in (1905 mm)

ACCUMULATOR

FRAME

FRONT SUSPENSION

FRONT TRACK
OVERALL HEIGHT
OVERALL LENGTH
OVERALL WIDTH
REAR SUSPENSION

REAR TRACK
TIRES

UNIQUE FEATURES
WEIGHT

20 Lithium Technology Corporation
7.5 Ah UHP-341450, 3.6 V

Mild steel space frame

Dual unequal-length A-arm,
fabricated aluminum uprights,
pushrod-actuated Risse Racing dampers

46.7 in (1186.2 mm)
43 in (1092.2 mm)

111 in (2819.4 mm)
44.8 in (1137.9 mm)

Dual unequal-length A-arm,
fabricated aluminum uprights,
pushrod-actuated Risse Racing dampers

46.7 in (1186.2 mm)
Goodyear 20x13x6.5*
N/A

645 Ibs (2869.1 N)

WEIGHT DISTRIBUTION 12/10 (front/rear)

WHEELBASE

70.8 in (1798.3 mm)

* Estimated Value






