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Mobility in the digitized World

Data availability and data processing will change transportation
and the automotive industry
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Challenges in Transportation

REDUCE GHG
Emissions (CO,)

IMPROVE Local Air Quality

KEEP
Mobility Affordable

REDUCE Noise Emissions

Prof. Dr. Uwe Dieter Grebe | | 22 58 2018 | 3




Powertrain Competition
Hurdles for individual Technologies

to the future is open
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Impacts on Global Technology Shares
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(

ICE 1.0

Affordable
& Reliable

\

-

ICE 2.0

Emission
Compliant &
Convenient

Compliant &
Fuel Efficient

= “Fully Flexible
ICE"”

>“Fully Flexible

. J

Powertrain”

- J
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----------------------------

Hybridized & |
Connected

= "“Fully Flexible
Powertrain”
\_
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From "Fully Flexible Combustion Engine”

Combustion Engine

Hybridized &
Connected

q

="“Fully Flexible
Powertrain”

. _J
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From "Fully Flexible Combustion Engine”
to "Fully Flexible Powertrain"

Combustion Engine

Con nected [

=>"Fully Flexible
Powertrain”

< Functionality Powertrain \- /
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Miller, Atkinson

VCR, HCCI, UHP, .....
Extended Miller,
Advanced Boosting

Mild Hybrid SI
e.g. extended 48V systems (20 = 30 kW)
as enabler for low emission & CO

HCCI: Homogeneous Charge Compression Ignition. VCR: Variable Compression Ratio. UHP: Ultra High Injection Pressure
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Trade-off between Max. Efficiency and Max.
Specific Performance - Short Term
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Maximum Thermal Efficiency - %

TGDI Miller + ext. cooled EGR + SC-TC - 42 % efficiency & >90 kW/I
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Trade-off between Max. Efficiency and Max.
Specific Performance - Long Term

High Ultra High
Performance Performance
200 - Engines Engines
2017 Mid Term

—————
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Maximum Efficiency - % 45 50 55

Different development directions: high performance + moderate efficiency,
moderate performance + high efficiency

Prof. Dr. Uwe Dieter Grebe | | 22 58 2018 | 12




Modular Gasoline Powertrain Family
(ICE only)

BMEP - bar

32
o | | |
28 N

\115 kW/I ‘ ‘ ‘
26

’ \
24 N
X A \\ | I I
3 \ & |
18 N 100 kw/1-

\\\ - - -
| | |
. 80 kwy/!1 ! ! !
12 e 70 kw/1— | | |

// \\l i
10/ 55 kw/I—
8

1000 2000 3000 4000 5000 6000 7600 8600 9000
Engine Speed - rpm

*) optional

Prof. Dr. Uwe Dieter Grebe | | 22 58 2018 | 13




Modular Gasoline Powertrain Family
Mild Hybrid (48V)

BMEP - bar

= JCEonly === ICE+e-Motor
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BMEP - bar

Modular Gasoline Powertrain Family

(High Voltage Hybrid)
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Technology Roadmap Gasoline Engine

KnOCk B ::
Charge Inhibition oy
ivanced Dilution —
yosting T

Muvstage
expansion

Vehicle
Efficiency
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Environmental
Impact

Conversion

Management  Zero Impac
Emission

Current Mid Term Long Term
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Water Injection + steam
Process

. gaae High CR + . Exhaust Energy
~ compression 4 High boost 4 recuperation Miller
__intercooled pressure | F Etturbo

Mild

bridization
Engine

High CR +
boost
pressure

Power Unit Effficiency 45 % 50 % 55 %
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Technology Trends — Diesel Engines

Today

S
., Lean NOX
(Y Trap + SCR

Mild Hybrid CI

e.g. extended 48V systems (20 = 30 kW)
as enabler for low emission & CO,

Tomorrow

)
Advanced EAS &
Temperature Management,

Refined Operation
Strategies

Refined temperature management of the exhaust aftertreatment and
electrification are key enablers for lowest emission with Diesel Engines
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Diesel emission compliance

Next Step in Emission red

Invalid — low
dynamic

Valid RDE cycle
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smooth

Straight route

low load cycle

NOX target (55mg/km)

(€]
RDE moderate

Driving influence

External conditions

RDE max and
160km/h

uction

Invalid RDE cycle
high dynamic & speed

High
Dynamic, Speed

Curvy route

Challenges

U Temperature management in low load
city operations

L Aggressive driving style

0 Too high temperature and space
velocity for aftertreatement due to
» Heavy weight, small engine
(big SUV, Van, LCV)
» Long time high speed driving
e.g. German Highway

=>» Areas outside RDE legal boundaries to
be considered

Emission improvements need to focus on the extremes of very low and very
high dynamic operation
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Low Emission Diesel
Extended RDE emission compliance

Example: PC 2.0L Diesel, HP EGR, LNT + SDPF, CW 1700kg

IC@ DIESEL —Walk towards CF<<1
0

25 ICE only
: ~0.7
R Slteelelelubutebebat bnbiei 5 gt 1 5 ® HP-EGR
g o4 > HP-/LP /-EGR
\51 5 _______________ C_F-zgz_o_'l_&_)_ 4 'S . 48V With 4kW Ecat
S 1.44 3 48V with 4kW Ecat and
L 0.98 1.1 2 e-Motor Boost / Recuperation
S 1 ' 6 &
S 0.71 63 ©
% . 0.63 049 o o Reduction of Fuel Consumption &
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EU6d final compliance achieveable with standard technology
NEXT STEP: Over-fulfillment of legal requirements
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Main Elements towards EU7 / SULEV20

EU6d temp EU6d Final

%—';Nf‘ inPFrjr-— PSCR |-+
—fuur fpsope(—

| UREA

— o —}

Integra ’id Family Concept

Dedlcated ICE
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Technology Trends Electrification

XEV Systems

High Power
48V Hybrid

Integrated Electric
Axles & SiC Inverter

Dedicated Hybrid
Transmission Family

Energy
Storage &
Thermal
System

High Energy Density
(1000V Ready) Conditioning

Systems

800V /
Fast Charging

Medium size PEM SOFC as Range
with Plug-In Extender with Fast
Battery System Starting Time
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Technology Trends Electrification

AVL Integrated
Power Module_

XEV Systems

High Power
48V Hybrid

" AVL Modular
Inverter

48 Volt:
>30kW Peak Power
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Transmission Trends

Hybrid Transmissions

Conventional
Transmissions

e-Drive Units ]

Transmission technology transitions towards electrification -
Co-existence of all transmission types
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Technology Trends Electrification

XEV Systems Integrated
Electric Axles

& SiC
Inverter

Highly Integrated
Electric Axles
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Technology Highlights

Full EMC

optimized design

Full integrated
power inverter

- SiC - further
W e 1 potential for
. — - efficiency &
integration

High efficient oil
stator cooling

PSM - high speed
concept with
20.000rpm and
NVH optimization

passive

Lay shaft with J
lubrication

Full integrated E-axle for best EV range @ affordable cost
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Technology Trends Electrification

4 ICE/PH 6 ICE/PH+Rev.

> BV > BV 6 ICE +Rev.
1 eCVT 1 eCVT

2 Charge Standstill 3 Charge Standstill

48V

6 ICE/PH+Rev.
2 EV
3 Charge Standstill

Dedicated Hybrid
Transmission Family

Conventional Automatic Transmission, 48V and high voltage
Dedicated Hybrid Transmission within one production line
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Technology Trends Electrification

Energy
Storage &
Thermal High Energy

(1000V

Ready)

High Energy
Density Battery
Significantly better than state of art
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Technology Trends Electrification

Energy
Storage &
Thermal

System Low Height

Battery

Low height Battery: 80mm

« ~10% weight saving
~60kg weight saving @ 96kWh
~50/ package density increase
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Technology Trends Electrification

Energy
Storage &
Thermal Advanced

System Conditioning
Systems

Optimize the use of energy
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Technology Trends Electrification

1AW

800V /
Fast Charging

1afieyn pidey ﬁ,uug_-f:

Minimize recharging time
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Technology Trends Electrification

Medium size
PEM with Plug-
In Battery
System

Polymer Electrolyte
Fuel Cell (PEMFC)
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Technology Trends Electrification

Fuel Cell &

Charging Medium size
PEM with Plug-

In Battery
System

SOFC as Range Extender
with Fast Starting Time
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Seeing the World Differently

T O\ 3 | ®. Energy Layer
| () Mechanical Layer

“““
\\\\\
e

Leveraging technologies in the vehicle and in the connected world
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Predictive Functions
smart & intelligent Vehicle Management \0

Predictive Energy Management :
° e . Traffic Light Assistant
&Q .)) e o'.. '. ...
A Tl et N °. Predictive Engine Start Stop
g . ) el Y (Transmission Neutral Idle function

Predictive Adaptive Cruise Control

Predictive Transmission Shift Schedule
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AVL Development Approach

objective assessment of driver feeling

Perform test drives
with a multiple of

experienced drivers convenient

acceptable
almost acceptable

: !\\  disturbing

very disturbing

Selection of sensors \y Xq A . ~— Correlation of human
and measurement perception and sensor
method signals / physics

almost unacceptable
unacceptable
fail
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Development Applications
with objective assessment technology e, il

\  Cloud Lab

High level ADAS/AV

= High number test cases
» Different lead variants &
derivatives

0

@

Requirements Functlon & Controls m:q"’:;
Engineering e Embedded trajectories A
e Competitors definitions o
. a3

LORDATISTR e Testing of functions

e Targets setting in lab %

variant #1 variant #2 variant ...
Lim FWD/7AT/120hp Lim 4WD/8AT/220hp Wagon/6MT/120hp

e Use cases, test
cases

Fully automated assessment of driver feeling plus powerful simulation
as enabler for virtual validation & optimization
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Development Applications
with objective assessment technology

Requirements Functlon & Calibration/
Engineering Controls Application 3
e Competitors e Embedded e Optimization of g
comparison trajectories comfort &
« Targets setting definitions pefrctelved
e Testing of satety

e Use cases, test
cases

functions in lab e Issues resolution

All sub-criteria including physical measurements available for quality
optimization & fast issues resolution
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Traffic scenarios

e.g. critical near crash
situations with passengers or
heavy traffic

Parameter/vehicle

config changes

e.g. speed, accelerations,
payload, distances, sensor &
vehicle configurations

HMI, human &
s : machine take over
SAFE AND REPRODUCIBLE TESTING maneuver

OF CRITICAL NEAR-CRASH SITUATIONS IN THE LAB

k - . =T
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Summary

The ICE 4.0 has “zero impact emission” potential.

Electrification helps the ICE to overcome shortfalls regarding emissions.

— U U

Weight, range, costs and charging time of the BEV are being improved.

Connected functions will increase the powertrain efficiency. )
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Thank You

AVL 3

www.avl.com




Brake Mean Effective Pressure - bar
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Trade-off between Filter Efficiency and Exhaust
Back Pressure with Different Soot Loadings

100.0% O Dy
90.0% e

80.0% &=
70.0% -
60.0%
50.0%
40.0%
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20.0% |
10.0%

0.0% R -
0.0 mbar 300.0 mbar . 600.0 mb 900.0 mbar

- Pressure drop in

000g/l ©1.0g/ ®3.0g/l

Filtration efficiency in %
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Charging
Overview Of Standards and Technology

Charge Power

Slow chargingc
350kW =

250kW =+ E
E g Ch in
E arging
150KW = ----- - e R —— e - Em common
€ n today
£ =
5.7 £ €
5 ~ N | e B
S0kW - E =
44kW = : =

22KW = -+ g5 g ---mm--ooe - oo - -

11kW = *18 kWh/100km

3,3kwW— R
IC-CPD inductive Wallbox Type 2 Type2 Combo 2  TESLA Combo2  Combo2 Combo2
32A 63A 500V, 50kW Super 450V 800V 1000V
IEC 61851 IEC 15118 charger 350A 350A 350A
IEC 61851
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