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Agenda

Introduction
Design of Electric Drivetrain
Modularization of Electric Propulsion Systems

Volkswagen’s Modular Design

SR

Summary

Abb. 1:  Agenda

Mega-Trends

Climatic Change and Sustainability

Finite Resources

Unrestricted Mobility

City Development and Mega Cities
Globalization and Individualization
Demographic Change
Health and Safety

20

= Multi-level Requirements towards Vehicle Development

Abb. 2:  Mega-Trends
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Fuel- and Drivetrain Strategy

blue-e-motion®
e-tron®

Electric Energy
(Battery/Hydrogen)

Renewable
TwinDrive

®

SunFuel® BlueMotion®

DSG®

TSI®/ TFSI®

TDI®

= Multilevel Approach towards Sustainable Moblllty

Abb. 3:  Fuel- and Drivestrain Strategy

Vehicle Concepts
History

‘ Chico Hybrid Boru SUVA Hybrld

HEVs

GolfIIl Hybnd

Electro Van

Typ2 Electric

EVs

>
2010

Cars on

Market Golf | GitySTROMer
1970 1980 1990 2000
‘ = Volkswagen has a Long History in Hybrid and Electric Vehicle Development

Abb. 4:  Vehicle Concepts
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Market Forecast
Electric Vehicle (Market dependent / EVs & PHEVs)

A
Market o Roland Berger [D /EV & PHEV) EV: Electric Vehicle
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Bain & Company (World / EV & PHEV) PHEV: Plug—ln—Hybrid
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@ CAR(EU /EV & PHEV) e
McKinsey (World / EV & PHEV) . ?gﬁdE‘\j“;:;g\T}'“"'”‘”m
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5% @
Bosch & ° — Bosch (World / EV)
(World fb\‘ Oliver Wyman e Boston Consulting Group (EU, USA, Japan, China / EV)
® /ey % "
2015 2020 2025 2030 Year

=» Market Forecast still has large uncertainty
= Market Success depends on marketability of the concepts

Abb. 5:  Market Forecast

Design of Electric Drivetrain

Type Internal Micro-Hybrid | Mild-Hybrid | Full Hybrid |Plug-in Hybrid,| Battery-,
Combustion Range Fuel-Cell-,
Engine Extender | Electr. Vehicle
Function : : :
Driver
Decrease of CO,-Emissions (Consumption)
and Focus 2

Energy
Diversification
Europe and USA
CO,-Legislative
USA (CA),
ZEV-Legislative

Abb. 6:  Design of Electric Drivetrain



19. Aachener Kolloquium Fahrzeug- und Motorentechnik 2010

Design of Electric Drivetrain

Type Internal Micro-Hybrid | Mild-Hybrid Full Hybrid |Plug-in Hybrid, Battery-,

Combustion Range Fuel-Cell-,

Engine Extender | Electr. Vehicle

Function

Elect. Power

Volfage 12V <60V

| Disc-shaped PSM
Compact-shaped FSM, ASM, PSM

Abb. 7:  Design of Electric Drivetrain

Hybrid Electric Vehicle
Touareg Hybrid

Vehicle Concept
Full-Hybrid Vehicle

Parallel Concept with Disconnecting Clutch

Key Components

Gasoline Combustion 245kW 440Nm

Abb. 8:  Hybrid Electric Vehicle

Engine

Automatic Transmission |8-Speed
E-Motor 34kW 300Nm
Battery NiMH 288V 6Ah
Consumption 8,21/ 100 km
Speed max. 240 km/h
0...100 km/h 6,5 sec
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Hybrid Electric Vehicle

Touareg Hybrid

/
[
ilr SPIEGEL ONLINE

»Was wirklich drinsteckt, Vel Rihersgiura
macht jedoch der méchtige
Schub klar, wenn TSI und E-
Motor sich vereinen, um das

Auto mit Nachdruck
anzuschieben”

Griiner wird's nicht

»Dank elektrischer
Unterstittzung bietet der
VW Touareg Hybrid
Achtzylinder-Leistung bei
Sechszylinder-Verbrauch”

¥W Touareg Hybrid im Fahrbericht
Der Maxi-SUV mit Oko-Herz

www.autobild.de

Abb. 9:  Hybrid Electric Vehicle

Hybrid Electric Vehicle
Volkswagen L1, 1-Liter-Study

Vehicle Concept

Full-Hybrid Vehicle with carbon fiber laminate,
Curb Weight 380kg

Key Components

Combustion Engine 0,8L TDI
Modes ECO / Sport 20kW / 29kW
Hybrid Assistance E-Motor
Transmission 7-Gang DSG

Body Weight 124kg
Aerodynamic, ¢ W 0,195

Performance

Consumption 1,38 I/100km

CO,-Emissions 36 g/km

Speed max. 160 km/h

Abb. 10: Hybrid Electric Vehicle
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Electric Vehicle
Volkswagen E-Up!

Vehicle Concept

Electric Vehicle with Li-lon-Battery,
Curb Weight 1085kg

Key Components

Drivetrain E-Motor
Peakpower 60 kW 210Nm
cont. Power 40 kW
Package Compact,

Integrated

Battery Li-lon

Capacity 18kWh

Range 130 km
Speed max. 135 km/h
0...100 km/h 11,3 sec

Abb. 11: Electric Vehicle

Electric Vehicle

Volkswagen Golf blue-e-motion

e Auros

»,Uber den Berg:
E-Auto-Rallye im
Silvretta®

a ugf »Das Auto fahrt
motor sich grandios*
~“Sport

»Das Aggregat seinerseits
unterhdlt dagegen die Insassen "M
mit der fir Elektroautos
typischen stiirmischen !
Leistungsentfaltung.,, | Fazit: Ich will SpaR,

ich geb'... Strom! ,,

Abb. 12: Electric Vehicle
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Customer Requirements

=> Concepts to consider all requirements
= Essential: Successful Integration of the Key Components

Abb. 13: Costumer Requirements

Electric Propulsion System
Design Criteria
Torque
Dynamic, Mass,
Volume, Package

Costs Power
Market Acceptance, Performance,
Materials Efficiency,
High Temperature
Functions Life
Drive Control, Thermal and Mechanical
Safety Strategy Conditions, Reliability

Abb. 14: Electric Propulsion System
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Competitive Comparison: Specific Performance

Specific Peak

Competitor 1 Power [kW/liter]

Specific Peak
Torque [1ONm/liter]

Competitor 2

i‘; c

v
<2
£
Touareg E 2
Hybrid <3
238
- £

5 10

=> Limited Space in Full Hybrids requires high specific volume
=> Lifetime Reliability and all Functionality need to be met
= Main Challenge: Cost Reduction

Abb. 15: Competitive Comparison: Specific Performance

EV Traction Motor: Specific Perfformance

"/ eUp! (Series) - Specific Continuous

1-Speed . Power [kW /kg]

- Specific Continuous

Torque [Nm/kg]

201 3 Gen. 3
1-Speed
(today)

Gen. 2
1-Speed

City-Stromer
(Series)
5-Speed

= EV requires high Specific Mass
= Main Challenge: Cost Reduction

Abb. 16: EV Traction Motor: Specific Performance
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EV Traction Motor: Optimization of Efficiency

[ H ﬂlﬁ
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i [ ]
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=>» Evaluation using Drive Cycles is a long established Technique
=> Efficiency increases with each Generation

Abb. 17: EV Traction Motor: Optimization of Efficeny

EV Traction Motor: Optimization of Acoustics

First Alternative, Second Alternative,
without Acoustic Optimization with Acoustic Optimization

noise level —»

noise level —»
frequency —»

frequency —»

) time — time —»

acceleration const. speed  braking acceleration const. speed  braking

Dramatic Change of the Acoustic Behavior of Electric Drives through the Choice of Magnetic

Design and Optimization of Transfer Paths and Damping Measures.

=>» Reduction of Noise is one important Example for high Customer Acceptance
= Market Success depends on marketability of the concepts

Abb. 18: EV Traction Motor: Optimization of Acoustics
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Aspects of Costs

Individual Costs

'60515 %  Battery h Eosts % E-motor

lectrodes Laminations

Copper

- Separator

Electrolytes
€l \agnets
Cell Housing

| Cell Assembly

Production
Misc.

“U8 Battery System

R 60513% Power

Electronics

Semiconductor

- Condensators

Abb. 19: Aspects of Costs

Electric Powertain Components

Copper Prices raise Factor 6

&

Accurate Costs Analysis is
fundamental for Technology
Evaluation

source; Handelsblan, freedomCar, SAFT, misc. batery supplier

Losses, Heating

Control, CAN

Voltage & Current

Voltage
&

' Current '

Temperature
Sensor

Position Sensor

| Stator

| Rotor | | (Clutch)
e

Iy

Mech. =

Vibrations,

Cooling Structure / Air Born Noise Torque

- Complex System with Multiple Interfaces

Abb. 20: Electric Powertrain Components



12

19. Aachener Kolloquium Fahrzeug- und Motorentechnik 2010

Modularization: Industry Inverter

Classification of Inverter
— Power Class

— Voltage Class (Low, Medium, High)
— Protection Class (e.g. IP20, P21, IP54)
— Power Supply (1-Ph., 3-Ph., DC)

Options of Configuration

— Chopper Function
— Communication Interface

— Filter, Inductor

Power Class

M
E 100k
=10k
e 1k
n%_ 100
10
typ. Models
Protection Class
IP20 P21 IP54
0 )
i B

Abb. 21:  Modularization: Industry Inverter

Modularization: Automotive Inverter

Power Class

Leistung in W

Abb. 22: Modularization: Automotive Inverter
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Modularization: Industry E-Motor

Classification of E-Motors
— Type (PSM, FSM, GM, ASM) Shaft Height

— Shaft Height
(e.g. 180, 200, 220mm) @ Q 14
— Efficiency Class :

(e.g. Eff1, Eff2, Eff3)

v

— Cooling, Protection Class

Efficiency Class: IEC 60034-30

Protection Class eta |
%) 95 | e
5 T T {TITERF 3T
P23 IP55 IP65 &5 | : £xt o
] : L 11

,; ‘ I
Chih ||
01 1 10 100 1000

Nl
ZIIN

P
{kw)

Abb. 23: Modularization: Industry E-Motor

Modularization: Automotive E-Motor

Outer Diameter of Stator

ElClo)

Operating Points Analysis

Abb. 24: Modularization: Automotive E-Motor

13



14 19. Aachener Kolloguium Fahrzeug- und Motorentechnik 2010

Modularization of Interfaces: Industry and Automotive

High Voltage Connectors

Terminal Block Plug

B

Options Position Sensors
— Shaft Seadl
— Air Filter Encoder Resolver
— Color

Abb. 25: Modularization of Interfaces: Industry and Automotive

Modularization Strategy E-Drive

Industry

— Wide Range of Operation in Different Environmental Conditions

— Many Standards help to determine the Modularization

Abb. 26: Modularization Strategy E-Drive
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Volkswagen Propulsion System Modules

Powertrain with E-Machine

Electric
Traction

Gasoline
Engines

Diese} Engines

Bio Fuels h

e

S

Abb. 27: Volkswagen Propulsion System Modules

Modularization, Cost Reduction and Variety

The builders of the Chinese TerraCotta-Army already knew:

Standardized Pieces »  Product Variety

8 Types of Beards with Individual Finish of the Face
24 Types of Torsos

see

Abb. 28: Modularization, Cost Reduction and Variety
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Modularization of Power Electronics

Power Electronics Power Electronics

HEV BEV

Engine Control Unit

Fuel Cell
Electr. Veh.
(FCEV)

sl Full-Hybrid

Range
Extender

+
'\ / g
+ F
I

Hybrid/
Start Stop

(HEV)

L
‘ A +
A
XA

Abb. 29: Modularization of Power Electronics

Modularization — Assembly Variants

Controller Driver

AN
AR
o 6\‘9‘\0
\\J

Abb. 30: Modularization — Assembly Variants
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Modularization — Assembly Variants

Product Specific Technologies

Current Sensor Capacitor Semiconductor Bus Bar

 Lam.com, $

Current Class Voltage Class Voltage Class Current Class
Accuracy Current Ripple Current Class Geometry

Source: Infi

Abb. 31: Modularization — Assembly Variants

Modularization — Assembly Variants

Basic Technologies

Set of Project Comprehensive Standard Technologies

Product Specific Technologies
* Adaptation of Different Package Situations

* Diversification

» Individualization“ of Drivetrain for Product Variety

Products

Abb. 32: Modularization — Assembly Variants
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Modularization of E-Motor

Power Electronics Power Electronics
HEV BEV

Engine Control Unit

Fuel Cell
Electr. Veh.
(FCEV)

Micro-
Hybrid/
Start Stop

Full-Hybrid Range

Extender

+
'\ / g
+ F
I

Abb. 33: Modularizationof E-Motor

Modularization — Assembly Variants

Basic Technologies: High Torque Basic Technologies: High Speed

! 4 _?“\'11‘.]
; _

Quelle: Sumida, Statomat, div. OEM

Abb. 34: Modularization — Assembly Variants
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Modularization — Assembly Variants

Product Specific Technologies

KELENEIYS I  Example: Touareg Hybrid Integration of
Connection Rotor

Laminations

Integration of the ; -
Electric Motor - ‘ \ . RS Cooling Concept

Stator Mounting

and Enclosure
Rotor Bearings

Abb. 35: Modularization — Assembly Variants

Modularization — Assembly Variants

Basic Technologies: Basic Technologies:
High Torque High Speed

Product Specific Technologies
* Adaptation of Different Package Situations
« Diversification

+ Individualization” of Drivetrain for Product Variety

Products

Abb. 36: Modularization — Assembly Variants



20 19. Aachener Kolloquium Fahrzeug- und Motorentechnik 2010

Summary

— VW has a long experience in Hybridization und Electrification

— Goal: Affordable and Sustainable Mobility

— Continuous Improvement of Conventional and Alternative Powertrain Components
— Various Differences between Industrial and Vehicle Drive Components are obvious

— Introduction of a Modularization Concept for Power Electronics and E-Motors

Abb. 37: Summary

Specials

We want you! Get your EV-driving
P experience here!

Take a Test Drive during
the 19 Aachener Colloquium!

Wir suchen Menschen, die mit uns
die Welt elektrisieren.

Wir suchen Ingenieure (m/w) im Bereich Elekiromobilitét.

 diesich for neve

Menschen zughnglich 7u machen,

Sie sich unter

Test Track of IKA

Abb. 38: Specials
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Vielen Dank

Abb. 39: Vielen Dank



