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Problems from Automobiles

Nl de Industey andly <Automobile Related Issues
Technology Developments in

the 20t Century
O

'Sharp Increase on Fossil
Fuel Consumption

-Population Growth

-Vehicle Population
Growth |

Increase on CO2 emission
Global Warmin

Air Pollution (Nitrogen oxides,
Particulates, Ozone)

Increase on Traffic Accidents



Automobile Revolution in New Century

A Energy: Efficient, Alternative Fuels.
A Environment: Minimal Emissions.
A Safety and Intelligent.

A Powertrain: Electrification and hybridization
A Alternative Fuels

A Control: New Control Theory and Algorithm,
Computerization and Digitalization

A Future Vehicle: 4 wheels +computer



Fuetand Powertrain Strategy
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Success of EV/PHEVGoodness Factor

Good Products:
Good Infrastructure:
Good Business Model.

EV
M ar ket
sSuccess




Good Products:
High Performance @ Reasonable Cost

I: Integration of Automotive Technology and Electrical Technology
A: Alliance among Auto Makers and Key Component Suppliers

Powertrain
Technology

Energy Storage
Technology

Chasis &
Body
Technology



Hybrid and Electric Vehicle Powertrain Integratic

Today'’s hybrids use distributed components, creating vehicle performance, cost &
packaging challenges
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Converter
" Inverter

TODAY: Complex....

FUTURE: Simplified.... ..Lower Cost, Compact, Robust

Delphi’s power electronics building blocks enable up-integration for lower cost,
improved packaging, robustness & fuel economy
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Battery Pack w/ Integrated 3 = = = 10 12-Volt
Power Electronics & Control : Vehicle Loads




Good Infrastructure: Efficient & Convenience

AT HOME PUBLIC AREA WORK PLACE

& -~
Ty g
4@— 9 Down town
ivi > Supermarkets
Town living oY)
Suburban Er@o'/ .

oy Gasoline A1
liing station "> Public parking
I area

Parking 14 hrs per day 2 hrs per day 7 hrs per day
Durations
Charging 1 charging point per < 0.5 charging point per vehicle 1 charging point per
Points vehicle vehicle
Power & Low power and High power and quick charging Low power and
Charing time | normal charging (e.g. 22 kKW, 2 hrs) normal charging
Requirements | (e.9. 3kW, 10 hrs) (e.g. 3kW, 7 hrs)




Swapping, [hteligerkChaliging; and bnergyergy
Storage Charging;




Comparison of Gas Station & Storage Quick Char

Advanced Battery Pack Electric
Storage Banks

| Available for Peak Load Demand
Using Renewable and/or Off Peak
Power

Traditional Petroleum
Underground Storage Tanks




Innovative Business Model

OEM & Key
Component
Suppliers

Energy
Suppliers



Innovative Business Model
EV Industry Is Disruptive Industry
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By 2020, EVs would be aboutl2% of total volumes
China may reach 20%
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2008 2009 2010 2011 2012 2013 2014 2015
2020
Scenario's 2008 2009 2015 (% of total car
sales)
Optimistic Scenario 5,103 17,475 2,266,450 12%
F&S Scenario 5,103 8,911 1,226,607 7%

Conservative Scenario 5,103 7,550 520,953 4%




Two routes to millions of EVs?

Sophisticated consumerg
High precision manufacture
Specialist technology

100, 0006s of EVs

\ um'pe, Japan,

=k

? millions of
EVs

Today :
Collaborations

? millions of

100 million EVs

e-bikes

China, Indig

New consumers

Access to material ? millions of e-4 wheelers



Electric Vehicle Roadmap

2010 2012 2016 2020

Walals 0
100s of EVs—> | 100,000+ vehicle fldets > 7?7100 15%
new vehicle sal

1st models 2nd Gen EVs
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Public familiarity and acceptance: Formula 3
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Maintain current momentum
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Worldwide comparison of well to wheel C{&missions per
km driven with a BEV (15 kWh or 25 kWh/100 km) and I
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Core Technology: Energy Storage & Propulsior

8

Power control unit (PCU)

Controls precisely the distribution B —

of electric power of the fuel cell g e,
and secondary battery. ol BB T ONCK

oLlores ie regererduve
electric power and assists
output of the fuel cell at
acceleration.

High-pressure hyd
Stores the hydrogen supplied to the Toyota FC Stack.

I
Motor

Toyota FC Swaun
Generates the driving force of the vehicle.

Unit (fuel cell) that generates electric power
from the hydrogen and oxygen in the air.



Technology Roadmap

Two Way Powertrain Roadmap

Topics
- Single Cylinder Displacement > 400 ccm
- Optimized Combustion (CCS®/GCl)

Zero lmpact - Optimized Fuels XTL
- Total Emission Reduction

agJ Powertrain - High Charging, Friction Reduction

DC_} - Fully Variability (Air/Fuel)

- - E-Technology-Integration in

,g Integrated Powertrain . . . Jopics

3 Hybrid - High Power Battery - Single Cylinder Displacement < 250 ccm
o) - Combustion Optimization for high Load
z (no HCC)

O . . - Emission Reduction at Full load

o Full-ybrid Plug-in-Hybrid - High Charging, Friction Reduction
8 - High Power Electric Motor

2 Electrical - High Energy Battery

- 40-50 kW -FC-Stack

. Powertrain with
__Range Extender

Oofoo

Combustion
Engine

5 E[e:tr ical o Long Distance

owertrain wi : -
Electrical Powertrain

Focus: Electric Power C-Range Extenderg P




Application of Electric Vehicles

FCV
Stopand—io

EREV

BEV E

City Intra-Urban  HighwayCycle Highway

Drive Cycle l

Continuous

Light Load

BEY 1 1 Battery Electric Vehicles
E REV 1 Range Extender & Hybrid Electric Vehicles
FCY 1 Fuel Cell Electric Vehicles



Hybrid Engineering Philosophy{+1>2
Hybrld I\/Iule Hors_g( Mother) +‘ Moke (Father)

.j-’i-; o

Mule is the hybrid of horse and moke, mule takes the best DNA of
horse and moke, hence more powerful and endurance.

HEV should have added value gained from the integration of engine
propulsion and motor propulsion, fully sizes the intelligent electrical
electronic and control technologies



FUEL
ECONOMY

Functionality

|ICE Power

Start-Stop

w Engine start
stop at idle

wW+2-4%

Mild Hybrid

w Engine off on
deceleration

w Mild regenerative
braking

w Electric power assist

w+1020%

Full Hybrid

w Full regenerative
braking

w Engine cycle
optimization

w Electric launch

w Limited pure electric
drive

w Engine downsize

w+3050% Cars
w+2040% Trucks

Electric Power

Plugin Hybrid Plugin Range
Extender EY
wPlugin wFulkunction

rechargeable electric drive
wMore electric driveolnitial pure electric

during charge range

depletion wSignificantly
wReduced refueling reduced refueling

w+100% in charge w Electricity only in EV

depletion/100% rangd EV
wsame as full hybrid  wsame as full hybrid
afterward afterward

Electric Vehiclé

wPlugin recharge
only

w100% pure electric
range100%

wNo refueling

wElectricity only



Hybrid Vehicle Architecture
RAMHEREREL

BB ) BRIk

& it

(1) H ¥k (serial) (2) FHEk (parallel)

(3) JREX X (serioparallel) 4) 5 & X (parallel serial)

FEAFEEARBBRARAMERIESIE
P s 3 SAIC MOTOR New Energy Vehicle Division



R Trans.

S " mechanicalink
B clectricallink

Fig. 1; Series-parallel hybrid Vehicle using a planetary gear unit

Trans.

Fig. 2; Series hybrid Vehicle

VSI1 EM1
BAT Fuel ICE Trans.
VSI2 EM2

Fig. 4; ICE Vehicle

Fig. 1a; Planetary gear unit

VSI1 EM1
@ Fuel ICE Trans.
EM2

VSI2

Fig. 3; Parallel hybrid Vehicle

VSI1 EM1 Trans.
(BAT ) Fuel ICE
EM2

VSI2

Fig. 5; Battery powered Electric Vehicle



Motor Technology :
Two Types of Configurations

2 Design Platforms with Scalable Products
250 or 400mm Diameter motors
Variable length; Scalable torque and output

IPM or AG Induction oplion

g TR
@

HVH Platform

High Voltage Hairpin Design
*High Output Traction Motor and Generator
Maximum Power Density
- Radial space constrained applications
+ Series hybrid archilecture

ISG Platform

Integrated Starter/Generator
*High torgue launch assist motor
« Starter/Alternator replacement
= Axial space constraints — narrow package
« Lower cost, ideal for entry level Hybrid
» Parallel hybrid architecture




Motor : PM Motor or Induction Motor

Motor (Power unit)

B Torque Performance B Performance Comparison
High !
i-Gasoline(T)
Max. power 47KW

(N-m) Ma. torue o0 N
i-Gasoline Max. rpm 7500rpm
(Turbo)

Low . Type 4 cycle

Low Engine rpm High



Straight Type and Mype IPM Rotor




Torque [Nm]

Efficiency Counters
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Temperature Monitoring, Cooling, Fault Tolerance
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/ K‘ :' p*-n dlode
' Collect:or short I - :

Features

» Sensors for both the IGBT and anti-
parallel rectifier

« Sensors can be used for voltage or
temperature sensing, besides current
sensing

16 June 2009 1=t Int'l Electric Machine Systems Seminar, Beijing




Filament

altle Electrical
winding

steel sheet

Civic Hybnd Accord Hybrnid
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fuel economy
power
- Stator

Flat wire coil = Enhanced space factor, enabling both a higher
torque constant and a reduction in copper loss

Previous

Comparison of coil specifications

Round wire
Previous New
Wire size $1.6 2.21X0.95
New Number of turns 54T 96T
Flat wire
« Rotor -High magnetic flux magnets (Nd-Fe-B)
(+9% compared to the previous type)
*IPM Rotor
Commutation sensor  Adoption of Resolver
25

20108 A 218
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Wheel-motor layout

201048 A21H

TM4

Drive system layout

m 2

34



EVT 1T Electric Variable Transmission
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Specific Power (W/kg)

S

Energy Sources Comparison

Ultracapacitor

o ShortPeriod

=\ Energy Source

sare) 9y w Q4 Long Period
o

Flywheel Energy Source

-y
pg

Fuel Cell
Non N |
Rechargeable |
T T TR S R SN S A
5 10 20 50 100 200 500 1000,

-Specific Energy (Wh/kg)

Gasoline + ICE

—Electrochemical :

| Batteries RN

_ -
Rechargeable




Requirements for lithium fon batleries

[ Durability ‘ y

Cycle Life > 2000

Cost < RMB 3000 (USD 375)/kWh

Reliability: Volume of million vehicles
Mileage of 150000 km



Materials used in current Li-ion batteries (10-20 um)
(Intercalation compounds)

LiNi,Co, ,Mn O, LiMn,O,,

/a) (>160 mAh/qg)

140 mAh
Mgt

......
..............
.......
''''''''''''''
-------

......
......
------
......
..............
llllll

.......
''''''''''''''
: 3 .
...............
‘‘‘‘‘‘

v : ' Disordered carbon
iIFePO Graphite
(1 IéIO ?nAh‘}_q) (370 mAh/q) (200-500 mAh/qg)



Comparison of Various Batteries

Feature

Specific Energy (Wh/Kg)
Wh/Kg — Cold (<0°C)
Wh/Kg — Hot (>65°C)

Lead Acid

Wh/Kg - High Rate (>6C)

Cycle Life @ 100% Discharge
(Typical Rate)

50 -180

NiCd
40+

25

300-600]|300-5001500-750) 25,0

NiMH
60

35

Li lon

160

70 - 90

00

(4 to 12 hrs)|(2 to 4 hrs)|(2 to 4 hrs)|(1 to 4 hrs)| (6 minutes)

Safety (Fire Hazard) Moderate Safest
Charge Time (0 - >95%) 1- 2 Hours |1 - 2 Hours|1-2 Hours | 6 Minutes
Operating Temp Range -10° to 60°C| 0° to 50°C | 0° to 40°C | 0° to 40°C }|-40° to 70°C
Environmental Impac’f Low Minimal Minimal
Pulse Power Utilization Moderate | Moderate | Broadest
Range

Leakage (Dissipation) Lowest Low Low
Memory Effect Very Low Moderate None None
Power Delivery Good Moderate | Moderate | Moderate High
Manufacturability Easy Adequate | Adequate Easy Easy
Maintenance Moderate | Moderate None None
Market Position High Volume Modest Good Rising
Cost Cheap Tied to Ni | Tied to Ni | Moderate | Moderate
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