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’ QUEEN’S FUEL CELL TEAM

HYDROGEN-POWERED SNOWMOBILE
TECHNICAL OVERVIEW




| ENGINE CHOICE

DIC TUNDRA LT

PACKAGE HIGHLIGHTS
e REV-XU™ platform

» SC™5U articulating rear suspension
e 16 x 154 x 1.5-inch track

 Lynx Telescopic front suspension
 Pilot™ 6.9 skis

 Electric start

» Analog gauge with display

e NEW REV-XP™ 2-up seat with strap
e 480-mm / 19-inch windshield

* Mountain strap

» (argo rack

e HPG™ rear shock

« Hitch

EXTRA HIGHLIGHTS
600 ACE

o NEW Rotax® 600 ACE (Advanced Comb
with 650W of magneto power

 High windshield

 Engine oil cooler

k.

| Engine

Rotax 600 ACE

Rotax 550F

e Air radiator with fan
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MULTI-FACETED DESIGN—

Mechanical Systems

Stack (Fuel Cell) Systems

Electrical Systems
Control Systems




OFCT .

g GUEEN'S FUEL CELL TEAW
MECHANICAE OVERVIEW

Motor Selection, Mounting
Transmission, Belt Drives
Mounting Components
Suspension

Improving Handling

Space Issues

FMEA (Failure Analysis)
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Power Calculations.xls [Compatibility Mode] - Microsoft Excel
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l Al o I J Front Area (m*2)
A B C D E F G H J 'g’
12 Speed km/h 5.00 10.00 15.00 20.00 32.00 40.00 50.00 |
13 Speed m/s 1.39 278 417 5.56 8.89 1.1 13.89
14
15 Forces
16 Air Resistance (N) 0.31 1.23 277 492 12.59 19.67 30.73
17 Rolling Resistance (N) 1,191.21 1,191.21 1,191.21 1,191.21 1,191.21 1,191.21 1,191.21
18 Incline
19 P
20 Total Drag (N) 1,191.52 1,192.44 1,193.98 1,196.13 1,203.80 1,210.88 1,221.95
21
Power to Maintain
22 Speed (W) 1,654.89 3,312.34 4,974.91 6,645.17 10,700.45 13,454.24 16,971.47
23 hp 222 444 6.67 8.91 14.35 18.04 22.76
24 L
time to accelerate to
25 speed 2.00 4.00 6.00 8.00 5.00 16.00 20.00
26 Energy to Accelerate (J) 310.98 1.243.90 2,798.78 4,975.62 12,737.58 19,902 47 31,097.61
Power to accelerate
27 to speed (W) 155.49 310.98 466.46 621.95 2,547.52 1,243.90 1,554.88
28 hp 021 042 0.63 0.83 342 1.67 2.09 3
29
30
Total Power
Requirement at Drive
31 Sprocket (Track) (W) 1,810.38 3,623.32 5,441.38 7,267.12 13,247.97 14,698.15 18,526.35
32 lhp 243 4.86 7.30 9.75 17.77 19.711 2484
33
W4 » W] Power Sled Options  Basic Calculation . AC20-1 | AC35-1 /AC50 / Perm-1 /MES-1 / Wamp-1 . PMAC Il m
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e Queens
The Electric Mo

AC31-01-1
3/8-16 THREAD ——— 1/2-13 THREAD ——
8.400" B.C. \
REGISTER @ 4.000 — \\

7.250" B.C. \

|
REGISTER @ 8.500 —\
MOTOR OD ¢ 8.980

DRIVE END
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Adjustable?
Fixed?
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Transmission Rede

Queens

Pitch(circular)

Tensile member /

(glass or aramid fibers)

Neoprene teeth

Neoprene backing

Nylon facing

QUEEN’S FUEL CELL TEAM




sSuspension —

(SAE regulations)
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’ QUEEN'’S FUEL CELL TEAM
Stack (FUEL GELL) OVERVIEW

Selection

Auxiliary Systems
Hydrogen Tanks
Thermal Regulation




Operational Princi

+ Hydrogen
&% & Proton
\ ' Electron
J s Oxygen
feuxm

Anode f

Electrolyte
Membrane
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In Practice =

» Simple concept that requires a lot of support!

75-kW Fuel Cell System for prototype Mercedes Benz,
Ballard Power Systems
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Perlpheral Systems— e

=] T [+] ' IrCREF

Fuel Cell
irc A Controller e

Hydrogen | ¢
' Fuel Cell Stack s

Tank

Hydrogen
Heat Exchanger Purge

TUULr

Water Pump

Air
Exhaust

FIGURE 3 - Simplified diagram of the PEMFC system. Vg, Igc, and /gcgee are the FC voltage,
current, and current demand, respectively.
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Power Characteris

Theoretical EMF or Ideal Voltage
By

Region of Activation Polarization
/ (Reaction Rate Loss)

Total Loss

-d
o
|

Region of
Concentration Polarization
(Gas Transport Loss)

Cell Voltage

Region of Ohmic Polarization
- (Resistance Loss)

o
o
|

Operation Voltage, V, Curve

0
Current Density (mA/cm2)




Hydrogen Storage—

* Consider capacity, dimensions, weight, placement
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’ QUEEN’'’S FUEL CELL TEAM

ELECTRICAL OVERVIEW
Energy Storage

Manganese lithium-ion batteries box

Battery Management
Accessories and Readout
Robust Wiring

Battery Housing




Why Batteries?

Nagative _ I —g° = Discharge—p Positive
* Electrode

Aluminum positive
current collector

Copper negative
current collector

ee O (Oxygen)
o Co (Cobalt)

o C (Carbon)
o LI (Li-ion)

charge
LiCo0z2 + Cs — Li1-xCo0: + LixCs
Discharge

Lithium Ion

Queens

Gelled porous polymer
electrolyte memberane

Transition interface

Forous polymer membrane

Tramsition interface

Gelled porous polymer
glectrolyte membrane

Lithium Polymer

QUEEN’S FUEL CELL TEAM
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AIR EXCHANGE AND CIRCULATION

TEMPERATURE Leerny’s
CONTROLLER UNIVERSITY

A
THERMAL CURRENT q
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AC-50 DRIVE
L eENe Y SYSTEM
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WIRING
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CONTROLLER Siic . DC/dc
CONVERTER
STEP
up B
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{ DOWN |
dc/DC } |
CONVERTER

TO LOW-VOLTAGE
LOADS AND

FUEL CELL
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Modified Configur:

Due to advances in Fuel Cell Capabilities
Still being revised...

1
| |
1 I
| |
1
I 1
! Thermal i Waste heat
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| processor H, i
Fuel ) i DC-DC i
T i Inverter Motor Transmission
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1
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! i Battery
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1
i Air ;
! management | Y
| Sensors, I
| manzll-uilment i Control electronics Vehicle
1 .
! a%d ! for DC-DC converter, inverter |-
| electronic | E - and motor control
| controls !
1
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" OFCT
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ery Managem

Vehicle Energy Management

Battery Management System

Generic diagram - not specific to our vehicle



Battery Containme
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€= Early Ideas

Dimensions await
battery selection.

s % Must Consider:

Insulation
Thermal Regulation

SAFETY
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’ QUEEN'’S FUEL CELL TEAM
CONTROL SYSTEMS OVERVIEW

Battery Management
(Already Discussed)

Motor Controller

User interface and readout

Thermal regulation
(batteries and stack)

Safety cut-offs, contactors,
warning systems




EXample of a Contreller

Encoder/
- Resolver

CAN BUS
20B

option

_ Battery
.......... | . management
............ system

"4 Instrumentation
panel

battery
Cro P~

Water ™
Cooling
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Interface & Safety —

* Display panel

* Emergency Shutoffs

* Temperature Warnings
® Current Warnings

* Lock on Battery Cabinet

* Adjustable vents/fans for
thermal regulation




Microcontrollers,

MADI
ITALY

P-2A0836
T2 'lh‘h%

=

= GND
W

)

i‘i

Thermocouple Interface

Cold Jusction
Tempemiwe

v our

Type K Copper
Thermocouple
Copper
Cold Junction

Reference

Queens

Ay = 200
Full Scale ~ 500°C
M
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