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For Engineers it means
INNOVATE and IMPLEMENT.



Parker Mitchell George Roter






2010 FIFA World Cup Anthem
Wavin’ Flag

“When | get older | will be stronger
They'll call me freedom, just like a wavin' flag...”



Just Prior to EWB

« Energy Conversion (ME459)
« Solar Water Purifier (OEC)
» Desire to ‘bend’ the official curriculum

WWW.ewb.ca
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<% Engineering communicat
< Innovative Design
< Parliamentary Debates
< Consulting Engineering
< Junior Design
¢ Senior Design
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Many Many Si ms

<Solar Car
Mini Baja
Formula SAE
UWAFT
WARG
Free-flight Glider
UW Rocket Team
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www.uwaft.com






the goal...

at least part of it...




The architecture...
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One of many problems...
DC/DC Operation

Switch Point

4 ms; 0 amps

Battery Upper
Voltage Limit
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Battery Lower - Fuel Call

Voltage Limit == HV Battery (SOC=5%,T=25C)
m HV Battery (SOC =100 %, T=55C)

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000

Discharge Power [W]




Design to b




A aanger controlled ....

315A fuse

recessed termin!!s

Incidental contact
protection

Ground fault indicator

Manual safety disconnect HV terminals protected
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re on this track,
some of them traveling at
high speed
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The entrance. Allthe
adminstrative buildings and
personell are here.
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RfckWagoner
(past) Chairman & CEO of General Motors

Public Relations and QOutreach ...
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What is lec
Head fake — What

e Batteries

e Fuel cells

e Hybrid controls
e Vehicle design
e Modeling

e Integration

. ¢ Logistics

e Team Management
e Sponsorship

e Media/PR

e Border Crossing

e Motivation/Passion




Chris Lawrence

Electrical lead
Hybrid Vehicle Engineer @ GM

Joining Waterloo's Alt. Fuels Team to participatein
ChallengeXwas one of the best decisions |

ever made. it wasthe learning experience of
a lifetime

ChallengeXwas the reason I'm now working for

GM on its Hybrid vehicle projects. Master’s

Electrical Engineering



Chris Haliburton

team captain & controls lead
Hybrid Vehicle Engineer @ GM

Working with Challenge X | was able to take my skills
and apply them to problems that | felt would

IMProVve and maintainthe eNVironment for

future generations.

| just graduated from Mechanical Engineering with an

optionin Mechatronics from Waterloo, but it might

be more fitting that | graduated from Challenge X with
a degree in hybrid engineering

Bachelor’s
Mechanical Engineering




Chris Mendes

team captain & mechanical lead

Co-Founderand Partner @ CrossChasm

..workingwith the incredible group of

organizers and SPONSOIS waswhat made
Challenge X as enriching as it was.

...itis because of Challenge X and the skills that it

allowed me to develop thati feel ready to
start my own company. Master’s

Mechanical Engineering



Co-Founderand Partner @ CrossChasm

Matthew Stevens

team captain & controls lead

...Challenge X has been a truly inspiring experience
for me. Havingthe chance to work with so many

dedicated and passionate people
in this importantarea of work has been a privilege.

Itis a, incredible example of what government,
industry, and academia can achieve through

collaboration.

PhD
Chemical Engineering



Jennifer Bauman

electrical lead

CrossChasm Newest Team Member

..1am so grateful to have had the Opportunity
to participatein Challenge X.

| learned more about vehicle design, power electronics,

teamwo rk, and project management than | could
have ever hoped to while at university. | will alwaysbe

thankful for this life-cha ngl NE opportunity.

Electrical Engineering
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Experience




Experience

Innovative Des. ation

TEST, TEST,

One cannot skip RE-Design
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<In my opinion, from
perspective, and a
perspective, it is imperative that IIT
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perspective, and an »
perspective, it is imperative that IIT

Rajasthan work hard towards a

100 % inventor / 0 % university
IP Ownership Rule
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Software-in-the-Loop (SIL)

E PSAT v6.0 - Powertrain System Analysis Toolkit @@g
Fle Simulation Setup  PSAT-PRO Units  Help

9 Simulation ]|mport Data | Deta Analysis | Matiab | BR -~
= [ VYehicleFile: Configuration: fuelcell_4wd p3

@ 1. *ehicle |2. Sitnulation Setup ] 3. Run Simulstions ]

@ 1. Drivetrain Configuration ]2. Drivetrain Components ] 3. Controller § Strateoy | 4. Simolstion Output ]

Configuration Configuration List Description
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Haradware-in-the-Loop (HIL)

MotoTron
Controller

Dr. Fraser, Mech Eng
Dr. Fowler, Chem Eng

plete Vehicle Wiring
ness and Connections

National
Instruments
PXI 43



1 kW Component-/ -the-Loop (CIL)




Battery CIL Testing




What Contributes to Batt

Total Power Primary
Provided Power Source

Power (kW)
Power (kW)

Non-Hybrid

d50RN200 150 200
Time (s) Time (s)

Hybrid
Load

Power (kW)
Power (kW)

Leveling

150 200 150 200
Time (s) Time (s)

Hybrid
Load
Following

Power (kW)
Power (kW)

150 200 150 200
Time (s) Time (s)

Power (kw)

Power (kW)

gradation?

Secondary
Power Source

150 200
Time (s)

150 200
Time (s)




Battery R

PHEV / BEV Utility Integration
Li-Ion Thermal Control
Li-Ion Degradation Modelling
Second Use / Recycling



Hybrid Eneri S

Resear

Fuel Cell Hybrid Electric Vehicles (FC-HEVS)
Plug-in Hybrid Electric Vehicles (PHEVS)
PHEV / BEV Utility Integration
Hydrogen Highway
Mission 2050



Fuel Cell Testing
Facilities
e Fuel cell test stations:
7 units
3 System integration
platforms

=1 ¢ High-frequency AC

' impedance
measurement units
1 o 3 reactors for

\/_ examination of
\\ 4. i reforming catalyst
¢ N materials

| « Access to Scanning
electron microscope,
<= and wide range of

”> materials testing

" equipment

S




Integrated renewable system —
Hydrogen Highway

Ref: G Rambach, DRI, Nevada

Wind
turbineg

Power
Grid Also supplied with

Hydroelectricity, Nuclear Power

(_
Electricity

|

Electrolygégr

Hydrogen

Solar PV arrays o

B

Hydrogen ICE/ ™

electrical generator/

fuel cell
\
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Local dispensing
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a Hydrogen Retail Station
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Mission
An Integrated Vision o rch
< Univ. of Guelph & Uni 00

< Qperating Farm (70 s, 5000
swine, 20,000 poultry)

One objective Is to demonstrate the ability
of the facility to be an Energy Producer.
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LEGEND

CO-PRODUCT RESEARCH

[l Public Circulation

[ Staff Ciruclation

[ | Bio Secure Road

"] Non-Bio Secure Road

I Tire Bath Security Gate

I Eco-dome Production
Greenhouse

I Processing Facility

/
N

\ SWINE

\ \
FACILITY  \ \¢

SWINE FACILITIES 77677 SQ FT
[] Office/Labs & Shower In/Out
[[ ] Breed & Gestation/Farrowing
[ Swine Facility
Il Feed Area & Storage
[ ] Finishing Nursery
I Metabolic Rooms
DAIRY FACILITIES 198988 SQ FT
I shower In/Out
[""] Parlour & Nucleus
[_] Feed Area & Storage
[__1 Dairy Housing Facility
[__] Transgenic Facilities
I Bio-Dome Facility
1 Milk Processing
B Cheese Processing
I Dairy Labs/Offices

POULTRY FACILITIES 72684 SQFT
Il Shower In/Out

Offices

[ ] Labs

[ Transgenic Room

[ SPF Room

I Mechanical/Electrical Room
B Environmental Room

[ Hatchery

Processing

I shipping/Maintenance

I Feed Room

[ Layer Barn

I Broiler Barn

[ Pullets

B Chicken & Turkey Commercial
[Z] Chicken & Turkey Research
[ Special Needs

[ Shaver

[ Rain Cistern

[_] Energy Park Facilities

[ Pedestrian Walkway

I Mechanical/Electrical Room

ENERGY PARK
FACILITY

<~
O
EXISTING ROADWAY
| ey | S
_ FEED CENTRE
(GRAVEL ROAD) 0 50 100 200 300 ft




We've talked about accessing
more energy:
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Also need to talk about reaucing
energy needs..... conservation






INUKSHUK ¥



-- Joanne






amic
n &

Complex Therm
Systems Optim
Decision Making

Thermoacoustic Refrigeration
Eco/Urban-system Integrity Monitoring
Resourse Sustainability / Waste Impact

Exergy — It's a Decision Making Tool



Solar Driven Thermoacoustic
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Heat Driven Refrigerator
Thermagoustics



TIMS SURFACE TEMPERATURE oC
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Urban System Remote Monitoring

for Heat Is/and/Energ y C onsump tlon/_/'ntegr/zfy
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Agriculture Prediction and
Fertilizer Optimization

Harvested September, 1998 June 26, 1998

Thermal Band correlation > (.86

[ Rickmoan, ot al_ 19940



How rﬁgﬂque greenness
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Q:

of water at 60 °C, to a 100 °C boil?

A: It takes a factor of 3.0 less natural gas
to bring the -20 °C ice to a boil!

Theoretically, the -20 °C ice can be
heated to 88 °C with no natural gas.



Rem

¢ Intuition is a poor
physics of thermo

< Intuition can seriously limit one’s ability
to conceive of alternative system
improvements/modifications.






Thermodynamics is ﬂ%x&ience
But Thermodynamic Innovation
Requires Thinking Outside the Box

~ BLACK BOX

(as that is where the action and
decision making constraints exist)









The Solar Exergy
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Sustainable Energy
Research & Teaching

Stories of Innovation and Entrepreneurship
at Waterloo

IIT Rajasthan Workshop

Roydon A. Fraser
Mechanical & Mechatronics Engineering
Nov. 25 2010









Architecture
Control Strategy
~ HIL Development
(Plant Modelling

~ Test Development
-Ench Setup

< Detect Faults tléamtaly/ eaqg

< Remove all single point faults
£ Add redundancy

< If testing with single point faul e
< E-stop last resort (will not disable 1246+

% EPS/ABS still alive |

gl
| .

L l or -
Spurious controller -Ij
signal torque
reg est

A

Torque
request

OOR_High_Flag
APS[Volts] I

QCR_Low_Flag

3 '
APS1 Out Of Range Checks , , Enable
Physically in S
drive rd
- signal
Trigger
I Flag
Reset
CAN_PeriodTime_Faultlnidicator

High voltage
enabled

High voltage
enable

Erroneous
pedal signal

signal
signal

15 [‘— =1
HVIL closed @ 12 V power

T







C-DC

__Year 2 integrat




Motohawk

ECU565-128

Vrehic/e Ove

k.‘ '  A

High and Low Power
DC/DC Converters &
Front Motor

Fuel cell
Modules

Rear Motor




How did modadelling help

e Software (PSAT§/ WA énT

questions quickly (2 days of

48
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465
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Motor Power (KWV)

79



ehicle Simul

Vehicle Mileage as a Function otor Power

60

20

Motor Power (kW) Fuel Cell Power (kW)
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< Key messages
1. IP
< 2. Design involves iteratio

3. competition critical for achievement
and #'s involved

<4, Be flexible in definition of design
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The results...

Erik Wilhelm

team captain/hydrogen lead
PhD Student @ ETH Zurich

| watched as itshaped the lives and

careers of more than 200 young Waterloo
engineeringstudents....

...carried a lot of Significance for me and

those involved.

\WER T
Chemical Engineering




..Challenge X opened My eyes to many

novel and ground breaking technologiesthat | would
not have been otherwise exposed.

..the SOft skills developed during my

tenure with UWAFT have been proven to be
invaluable...

Bachelor’s
Chemical Engineering




Dave Shilling

controlslead

Lead Engineer @ Turnkey Solutions

...the opportunity to meet and learn from

industry leaders

...not have been possible without the tremendous

support of the sponsors

..could NOT have been taught in the classroom...

Bachelor’s
Mechanical Engineering




Charles Hua

team captain & hydrogen lead

Offered Hybrid Vehicle Engineer @ GM

... was definitely an opportunity of a lifetime.

What | was able to take away from beinginvolved
in this competition were skills that | normally

wouldn’t have had the chance to
develop in any other situation.

\ER T
Chemical Engineering




Taylor Mali

businessdirector

!

Systems Design Engineering @ AECL

...Challenge X confirmed by desire to pursue a careerin

theadvancement of energy technology.

The real success of Challenge X is of course the
developmentof engineers to pursue the future of

sustainable technology in the automotive

industryand beyond. | certainly have benefited from

the Challenge X experience and will carry these skills Master’s

with me throughout my entire career. Chemical Engineering




Alex Koch

team captain

Master’s
Mechanical Engineering



ural Economic Incubator

Economic, Social & Environmental Sustainabilit

Environmental & Resource Conservation
Emission Monitoring & Sequesterization
Integrated Renewable Energy Systems

Vlanagement Systems
alidation
vironment for Achievement

‘Plug & Play’ Research Infrastructure
Biological Sensorics ~ Measurement
Energy & Operational Efficiency Optimized E
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linary Research

ISCIp

Multi

DAIR

SWINE

POULTR

—
=
Ll

CO

2050




Animal Research

MISSION 2050




Co-Products from Organics'
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Emission Research,
S jigation

EMISSION
MONITORING

BSION MICRO
TURBINE




Simp ruction

More relia Dle

USENRSIRGASES or air as working fluids
Less noise and vibration

Low grade energy input

Low relative efficiency
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Driver

Acoustic
driver
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1 -u-----7 esonant chamber
Stack

Fluid

Stack X

_~Heat exchanger
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Resonant chamber

Acoustic
Rigid wall driver end

end

L Analytical domain
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Crarcns, mat Evorcvs AnneAan—h

L AAAAAAAAA
lce or Water

Energy approach requires
*Q less Natural Gas

n to heat 60 °C water
% to 100 °C.

l (

)




Cwviorcns, N nnekan—h

Ice to Water

Environment
20%C —~20°C . 20°C

Reversible Work
Storage Reservoir

Water .
Environment

20°C = Tmax 20°C




Cwvionrens, ANnneaa~h CantiniianA)

Natural Gas
Combustion

Environment

Reversible
Heat
Pump




Rem

< It is not about entro|
< Do not ignore the envi

< Exergy destruction necessitates that
one deals with the environment.



Learning From L Other

= Story of an Engineer andNEcologist
discovering newsscience
and understanding.

4 The Engineer $The Ecologist
discovering discovering
ecological concepts engineering clarity
with new and to 2nd Law concepts

exciting engineering applied to living
applications. systems.



Conclusi
<-Until Ecolog*
Economics inclu he

Second Law of
thermodynamics, complex
system models are just
wishful thinking.



BLACK BOX
Principle



Operating Temperature 408 T~
Range (40 to +50 °C) 1 2088 T~ i - Specific Energy-C/3
i ' z (150 Wh/kg)

T \
Production Price B s -—>- Power Densi

D10k/yr ($150/kWh) X (460 Wiliter)

“Energy Density-C/3

Calendar Life (10 years) (230 Whiliter)

Cycle Life-80% DOD (1,000 cycles)

| = SABC EV Goals -8~ |ithium lon




Y1
Competition

Y2
Competition

Y3
Competition

*Jehlik, 2008

CAD - Component

CAD — Routing
and Integrafions

Vehicle
Modification

Component
Integration

Aero, Light weighting,
Ride and Handling
and N\VH

June 2010

June 2011




Chall ‘

Year 1: rapid protyping of
green technology using
advanced software
simulations

Year 2: implementation of
design into 2005 Equinox

Year 3 : optimization of design
meeting original stock
performance

Year 4: Competition Finale






