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The IAV magazine about the future of mobility

Interview

What security risks
does Al pose and
what does it take to
trust it? One of our
experts answers
these questions.

Smart change for
good cooling

Effective heat dissi-
pation in the electric
drive.

Skid marks in

— the air
e n s I o n New test center for
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Dear Readers,

Public acceptance of e-mobility depends to a large extent on
further progress in battery development, especially in terms of

“\/\/e d eve | O p S u S /1 costs, range and charging times. At IAV, we built up in-depth ex-

pertise in the key technology for e-vehicles at an early stage and

. g will continue to play a key role in shaping further developments
tainable mobility
fO r O u r C u StO m e I’S Want some examples? At our Smart Test Factory in Stollberg, we

have set up a new test center where HV batteries can be tested
. in a cost- and energy-saving manner. Before we start develop-
A m IX Of S m a rt ing a battery, we carry out a comprehensive life cycle analysis
with precise evaluation and subsequent recommendation to the

| | OEM ( 25).
drive, vehicle and
i Not only the battery, but the entire drive system of an e-bike
| I I O b | | Ity C O n C e ptS developed by IAV benefits from innovative phase-change cooling

(page 30). We round off the topic of e-mobility with further inter-

i S n e e d e d tO m a X_ esting articles on thermal management (page 20), NVH (page 34)

and a "health check” for fuel cells (page 44).

i m Ize O u r C O n t rl 7 The potential of artificial intelligence is currently being evaluated

and tested across all industries. At 1AV, Al is now firmly estab-

b u ti O n tO C | i m ate lished in development and customer projects. To read about the

risks of Al and what it takes to trust it — see the exciting interview

0 " with one of our Al experts (page 8).
protection.

Last but not least, this issue also contains exciting articles on
topics such as virtual chassis development, a new test center
for brake emissions and alternative fuels.

| wish you an inspiring read!

Thomas Muller
Executive Vice President Powertrain Systems
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A matter of cooperation
How do you bring smart concepts from science directly
into the vehicle? The collaboration from IAV together with
Technical University Darmstadt, a research institute and
its technology consultant provides the answer - based on
of two brand new chassis components.
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Impulses
In advance & brief.

Interview

What is the security situation with
Al? An |AV expert explains the risks
and more.

A matter of cooperation

How is knowledge transferred from
university directly to application in
the vehicle?

Big leap in riding comfort
A new method for optimizing dog
clutches.

Cool Tech: Well-tempered and
balanced

Smart thermal management is
becoming ever more important,
especially in e-cars.
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Big leap in riding
comfort

They are better than
their reputation: to-
gether with Hyundai
Motor Europe Tech-
nical Center, IAV has
developed a method
that optimizes jaw
clutches to such

an extent that gear
changes are barely
perceptible.
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This battery thinks of everything
A comprehensive LCA as a basis for
development.

Smart change for good cooling
Effective heat dissipation in the
e-drive thanks to innovative PCC.

Always under full load
An e-drive in the bike wins attention.

Sound of silence

With simulation methods towards
noise- and vibration-reduced
e-drives.

"Our approach was absolutely right”
Together with Poppe + Potthoff to-
wards a new class of hydrogen tank
pressure regulators.
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Large engines almost
emission-free?

Methanol as a sustainable solution
for shipping and industry.

True beauty comes from within
Using models for alternative fuels to
benefit engine development.

Fitness check for fuel cells
A new software function prevents
fuel cells from ageing.

Skid marks in the air
New test center for brake emissions

—in line with Euro 7.

Imprint

This battery thinks of everything
High energy density, short charg-
ing time, low power loss in cold
conditions. In addition, cheap and
available raw materials, a sustain-
able design and a small ecological
footprint. How does this work?
With the “Twin Battery” concept
from IAV!

25

44

Fitness check for fuel cells

A software-based function monitors
the health status of fuel cells and thus
prevents power losses in the system.
As a result, the operating strategy can
be improved and costs saved.
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For more safety in truck-based freight transport:
IAV and TU Berlin have developed a method

that allows heavy commercial vehicles to brake
even more safely by evaluating weather data and
existing sensors on board.

Impulses

In two years of research work, both partners have
developed the technical basis for a new driver
assistance system as part of a research project.

This allows the transmittable force between the
tire and the road to be evaluated during driv-
ing and the driver to be warned of a reduced
coefficient of friction. The highlight here is that
Nno more sensors are required than are already
on board. Only weather data is brought into the
vehicle and evaluated via software.

IAV and TU Berlin have built up an extensive da-
tabase on a wide range of brake tests and have
also considered data from over 8,000 braking
maneuvers. If developed further, this method
could be used in highly automated commercial
vehicles.

—ome S':rgigh
‘eacnec

At the end of last year, the most important EU bodies agreed on
the framework for the new Euro 7 emissions standard. However,
the details and implementation regulations for some of the top-
ics, such as on-board monitoring (OBM) for monitoring exhaust
emissions or manipulation protection, have yet to be defined.

Contact
hubertus.ullmer@iav.de

Nevertheless, even if much about Euro 7 is still up in the air,
IAV as a development partner is prepared for all innovations.

Whether OBM, upper limits for particles from tire and brake H It h h = I fl t ,
abrasion, durability of traction batteries or tamper protection ea y ve I c e e e s |

for vehicle components — |AV has built up in-depth technologi-

cal and methodological expertise in all relevant areas. Car manufacturers want to assess the condition of their car fleets in the field to be able to esti-
mate failure risks. The advantages are manifold — maintenance can be carried out in line with de-
We are ready to play a key role in shaping the further mand, the stocking of spare parts can be better planned, and quality cost forecasts can be made
development of these topics in the future and to develop more precisely. IAV has demonstrated in two applications how system failures can be predicted
Euro 7-compliant solutions. Please contact us if you are using probabilistic models.
interested!

In the first case, the course of a health indicator was predicted with a view to the remaining service
i life; in the second case, component failures were predicted based on observed failure data. The
torsten genz@iavde second application in particular enables OEMs to identify the risks of certain components and act.
olafmagnor@iavde The core of IAV's patented process is the use of probabilistic models that combine the advantag-
es of machine learning and statistics. Both methods have been implemented as a cloud service
so that simple, scaled use is also possible for non-experts.

Contact
wolf.baumann@iav.de
dominik.guetermann@iav.de
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How safe is
artificial intelligence?

Dr. Mirko Knaak, Senior Technical Consultant for Artificial
Intelligence at AV, talks about the risks of artificial intelligence
and explains what it takes to trust it.

Can artificial intelligence (Al) manipu-
late people and technology?

An Al has no free will. That is why it cannot manipulate humans or
technology on its own. Of course, humans can use them to ma-
nipulate, but such Als will be banned in Europe as soon as the EU
Artificial Intelligence Act comes into force.

Nevertheless, the fear remains that the
Al in the autonomous vehicle has been
manipulated and the car will become
uncontrollable. Is that realistic?

The fact that an Al can be manipulated is a well-known and now
well-documented phenomenon in research. Manipulation can
succeed in object recognition for autonomous driving, for example,
if someone sticks specially designed stickers on road signs that
humans cannot distinguish from conventional stickers. As a result,
the Al can get confused and do exactly the opposite of what it is
supposed to do. This is because the stickers create very specific
patterns and exploit the Al's weakness. This is what happens with
adversarial attacks.
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In which situations is it problematic
that an Al cannot read the context
and reproduces a distorted image?

An Al only learns by memory what the data records contain and
tries to recognize patterns in the data. This can quickly become
problematic. Let's say | want to write a CV for the engineering
profession and train the Al with the data of all employees of an
engineering service provider. Without intending to do so, this
results in a bias. The bias occurs because in many companies
there are significantly more men than women working in the
engineering profession. The system then learns that being male
is a criterion for getting a job.

010 1010
01010101010 010101010
001010 010010 10001 100010

010 010010010001001 01001001001000 010
107 010 010000101010 100 01010100 010 010
100 01010100001010101 10100101010000101 010
100 01010101001010101 01010101010100101 010

If IAV comes across data that could be discriminatory, we are
naturally very attentive. For example, one of our engineers
noticed that restraint systems in the vehicle are geared towards
a standard man. He wanted to change this and initiated a project
to achieve the safety of all occupants in the vehicle. Interior
cameras and Al estimate gender and age to adapt the restraint
systems accordingly.

So, can we trust the judgments

of an Al?

Trust is difficult, we should not do this unconditionally. In many
cases, we already trust an Al today. Who takes a map with them
when a navigation system is available? However, as soon as life
and limb are at stake or other risks emanate from Al - which, as
we have seen above, can easily happen - we developers and the
providers of Al must safeguard them. This is also a central point
at |AV. This is not a sure-fire success. We can only trust an Al if
we have taken certain measures.
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How can developers avoid the ethical
bias in the example?

As an Al developer, | must always assume that such ethical issues
will arise and actively counteract them. There is now research

and measures that document how to work specifically and con-
sciously against this.

How does this happen at IAV?

This is less important for IAV and our fields of activity because
we use Al in many cases to assess the service life of parts. We
examine the failure probabilities of various components and try
to detect anomalies in the data. As a rule, no ethical bias arises

in the process.

00001001010101001010100

What measures is 1AV taking in this
regard?

We addressed the challenges and opportunities arising from
the use of Al technologies at an early stage. As early as the last
Alhype in the 2010s, IAV initiated various research projects with
renowned university and Fraunhofer institutes to investigate
the security and explainability methods of Al systems. We were
able to draw on many years of expertise in functional safety and
advise companies in this field. This experience has helped us to
develop a validation process and a toolbox that are consistently
used in projects and are also available to customers.

10010010101

010001007001001001000100101 (11
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What does IAV's own hedging
process involve?

We start the safeguarding process as early as the requirements

elicitation stage. We consider not only the requirements of

the overall system, but also specific risks of the Al for specific
situations. We set requirements for the data, as the Al can only

do what was contained in its training data. We also set requ
ments for the Al itself, such as self-monitoring or the use of
an emergency solution in unexpected situations. Environme

ire-

ntal

components and the use of the Al also have corresponding
requirements. The IAV Toolbox enables us to check this process

in a highly automated manner.

What does IAV do in terms of stand-

ardization?

We are very active in various standardization committees in
Germany and are working with many employees to make Al

safe.

For example, there is the DIN initiative, the German Al standardi-

zation roadmap. |AV is working on various ISO standards he

re.

Can IAV succeed in making an Al safe

all by itself?

No, nobody can do it alone. It can only be achieved by working

together. That is why we have created a Safe and Secure Com-
munity to bring together the needs of stakeholders, regulators,
industry and users. If we proceed in this way, we can build an Al

that we can trust very well in certain use cases.

Contact
mirko.knaak@iav.de
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Big leap

In riding
comfort

18

Dog clutches have a bad reputation when it comes to driving comfort.
Wrongly so, as a joint project by IAV and Hyundai Motor Europe Technical
Center shows. Using a new method, they can be optimized so that gear
changes are barely noticeable.

They are simple in design, lightweight and
inexpensive, and can be easily synchro-

nized with an electric motor: dog clutches.

For that reason, they would be an attrac-
tive option for use in e-vehicles, but they
are considered to be prejudiced regarding
the driving experience.

“With every gearshift, there is a brief

interruption in tractive force and often a
synchronous impact, which the pas-
sengers perceive as a jerking or clicking
noise”, reports Felix Matthies, Team
Leader Modeling & Simulation Systems
at IAV. "Together with Hyundai Motor Eu-
rope Technical Center, we have therefore
developed a method to optimize dog
clutches in terms of drivability at an early
stage of development.”

The dog clutch model developed by IAV is
very detailed yet can be calculated quick-
ly —and is therefore suitable for the many

millions of iterations required for optimiza-

Tooth Designs

tion. Itis integrated into IPG Automotive's
CarMaker simulation environment so that
developers can realistically simulate not
only the behavior of the clutch but also
that of the vehicle. “The INCA Flow TDT
(Transmission Driveability Toolbox) devel-
oped by IAV is used to evaluate the riding
comfort of each simulated clutch variant”,
explains Matthies. “It provides us with

key figures by which we can objectively
evaluate riding comfort.”

Parallel develop-
ment of hardware
and software

During the methodology project with
Hyundai Motor Europe Technical Center,
experts from IAV simulated millions of
clutch variants and continuously refined
the contours of the teeth. At the same

time, software and hardware were precisely

Initial Lowest noise jerk

coordinated. The result was a dog clutch
in which the interruptions in tractive force
were barely noticeable — thanks to the
perfected hardware in combination with
software that had also been optimized.

The dog clutch was produced as a
prototype and has sufficiently proven its
roadworthiness on the test bench and
thus, the efficiency of the virtual develop-
ment method. The best prerequisites for
changing the image of dog clutches soon.

Contact
felix.matthies@iav.de

Evolution in the project:
refining the tooth contours
to achieve the perfect dog

clutches

Fastest Final
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Cool technology:
Well-balanced at the
right temperature

Short charging times at the charging station and long ranges on the

road: this is what advanced thermal management can do. Four thermal
management experts from IAV know how the technology optimizes the
temperature of the battery and ensures that the car is pleasantly warm.
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Why do we need
thermal management
in vehicles?

Vehicles require thermal management systems in order to oper-
ate components within their optimum temperature range. If these
systems did not exist, they would overheat and eventually stop
working. For this reason, we need to cool and condition them.
Conditioning means getting the components to their operating
temperature as quickly as possible and then keeping them there.

Where exactly does  Atlow temperatures, for example, it is necessary to bring the
Y

thermal management  High Voltage (HV) battery into its comfort zone. Thermal

take place in the car? management also has the task of keeping the vehicle cabin at

What are the
challenges of
conditioning
electric vehicles?

the right temperature. As the technology keeps the windows
free of ice and fogging, it is also relevant to safety.

Vehicles with classic combustion engines use the waste heat to
heat the interior. The electric drivetrain cannot do this — due to
its high efficiency. Electric vehicles draw their energy from the
battery, which competes with the drive and range of the vehicle.
Compared to combustion engines, the range of electric vehicles
is generally shorter anyway, which is why it is even more impor-
tant to optimize battery efficiency in order to achieve maximum
performance and range. In addition to the vehicle cabin and the
electric drive, the electric axle and future ADAS systems must
also be conditioned in the electric vehicle. The target tempera-
tures of the components differ significantly in some cases.

What influence does Thermal management has a direct and indirect influence on the
thermal management  energy consumption of an electric vehicle. The direct influence
have on the range of arises, as described, through the vehicle's own consumption

electric vehicles?
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in competition with the drive energy. Indirectly, thermal manage-
ment influences the temperature control of the components

in order to improve drive efficiency. In the long term, this also
minimizes battery ageing and thus the loss of range.

First of all, the cost-intensive traction battery in electric vehicles
requires careful treatment. In winter, too low a battery tempera-
ture can lead to reduced performance and even ageing, so fast
and even temperature control is important. During fast charging
in summer, the thermal management system must ensure that
the heat is efficiently dissipated from the cells to the cooling

Thermal management
is a challenge in both
summer and winter.
How can the battery
withstand extreme

medium. A sophisticated operating strategy enables heat to be temperatures?
absorbed and released as required so that both normal opera-
tion and extreme loads can be managed in an energy-efficient
and component-friendly manner.
We develop partial or complete systems for vehicle power- What does IAV offer
trains and interiors that need to be heated or cooled. We try to customers in thermal

design the best thermal management system for the customer's  management?

specific needs. This requires testing of the entire refrigeration
and cooling system as well as the individual components to
ensure efficient cooperation. We also use tools and methods to
harmonize the multitude of thermal systems in a vehicle-specific
manner. In the concept phase, the tool can support the design
of the thermal management system by generating the optimum
system using a genetic algorithm. In addition, we use physical
simulation environments to evaluate the various systems.

Autonomous driving poses new challenges for thermal manage-
ment, as the decelerated driving style influences the temperature
control of the components. At the same time, the higher com-
puting power of the system requires more cooling, which can be
achieved through systemic or component adaptations. We can
achieve further efficiency benefits through predictive control of
the climate control and targeted use of interactions between the
drive and thermal management. Another factor is the external
sensors, which can become dirty or iced up. We are working on
addressing these issues as part of a project.

What changes can be
expected in thermal
management as a
result of autonomous
driving?
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Sensor cleaning, that  In this project, we are developing a sensor cleaning system for
sounds exciting. What lidar and radar sensors as well as for cameras in order to ensure
exactly is it about? unrestricted sensor use in an autonomous vehicle. We are also
working on how to keep sensors free of dirt, ice and snow. In this
way, we contribute to the functionality of the vehicle as a whole.

What challenges Itis becoming apparent that refrigerants based on perfluorinat-
do you still face in  ed and polyfluorinated alkyl compounds (PFAS) will be banned
the future? throughout the EU. This is a major challenge for OEMs because
they will have to fall back on natural refrigerants as alternatives.
In all likelihood, these will be CO, (R744) and propane (R290) as
refrigerants. The former refrigerant circuits are characterized
by a significantly higher pressure level, while the higher safety
requirements for the latter lead to increasing system complex-
ity. We have already received many inquiries and initial projects
for new developments and are working on solutions ready for
series production. This will be a strong focus in thermal man-
agement at IAV over the next few years.

Contact
michael.brieskorn@iav.de
thomas.einzinger@iav.de
ronny.mehnert@iav.de

The questions were answered by:

Michael Brieskorn, Department Manager Climate System Development,
Thomas Einzinger, Department Manager Thermal System Development,

Dr. Matthias Steinstrater, Project Manager Thermal System Development, and
Ronny Mehnert, Head of Department Energy Management Powertrain.
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[ nis battery thinks

of everything

Ecological and economic efficiency is a decisive factor in battery
development. IAV demonstrates the implementation of a system-
atic life cycle analysis (LCA) as an effective tool for assessing the
potential environmental impact of a new product in a structured
and qualified manner right from the start.
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When developing new vehicle batteries, various requirements
must be reconciled. Besides their performance — in other words
technical parameters such as power, storage capacity or charg-
ing time — sustainability also plays a key role. Thus, IAV carries out
comprehensive life cycle assessments (LCA) before the start of
development work.

“For us, sustainability has two dimensions —an ecological and

an economic one,” says Panagiotis Grigoriadis, Team Leader
Sustainable Solutions at IAV." In the ecological assessment, we
examine factors such as greenhouse gas, acidification and abiot-
ic resource depletion potential as well as toxicity for humans and
the environment. In the economic assessment, we look at pos-
sible risks such as the origin of raw materials and their availability,
as well as the costs of implementing sustainable solutions.”

Lithium-lon Battery

Chemistry Graphite anode/NMC811 cathode
Energy density 265 Wh/kg

(cell level) 800 Wh/I

System voltage 800V

Architecture 6 modules, 100 cells per module

Uniform pack housing (~ 1.85/1.35/0.13m)

Energy (net) 79 kKWh
~ 13 kWh per module
Mass Battery: ~ 450 kg/Single cell: ~530g

Cell geometry
characteristics

Cylindrical (H: 100 mm, D: 46 mm)

In steps to the LCA

The first step in a life cycle analysis is to define the scope of the
study. Key points are the definition of the system boundary and
the functional unit. The product system to be examined (HV
battery system) is defined and described in more detail, followed
by the life cycle inventory. Here, IAV experts collect and calculate
the inputs and outputs of the system.

“Inputs are, for example, energy as well as raw and auxiliary

materials for the production of batteries. Outputs include cells,
the emissions generated during the manufacturing processes or
complete battery systems”, explains Manfred Prlger, LCA expert
at |AV. “The challenge in this step is to find valid data for these
inputs and outputs.” For this, IAV partly uses its own databases,
which rest on simulations using electro-physicochemical models
of the battery cells. Other data comes from external sources.

Twin Battery

SIB: HC anode/PBA cathode
SSB: Lithium metal anode / LFP cathode

220 Wh'/kg
500 Wh/I

800 V (800 V SIB and 400-V SSB with DC/DC converter)
8 SSB modules, 30 cells per module
2 SIB modules, 250 cells per module

Uniform pack housing

79 kWh total
~29 kWh SIB and ~ 50 kWh LFP SSB

Battery: ~ 600 kg

SIB: Cylindrical (H: 120 mm, D: 46 mm)
SSB: Pouch (L: 600 mm, W: 115 mm)

This is followed by the impact assessment, for which, for exam-
ple, the greenhouse gas emissions during battery production
are calculated on the basis of the underlying electricity mix. The
final step is an evaluation and recommendation to the OEM as to
which battery technology is the optimum solution for a particular
vehicle from a technical and sustainability perspective.

Innovative “Twin Battery

In a contribution to the Vienna Motor Symposium 2023, IAV
showed what this could look like in concrete terms. The aim was
to determine the optimum battery technology for a mid-range
vehicle —whereby, in addition to high energy density, short char-
ging times and low power loss in cold conditions, the use of
inexpensive and readily available raw materials, a recycling- and
repair-friendly design and the smallest possible ecological foot-
print during production were also required.

Three technologies were compared for this purpose: lithium-ion,
sodium-ion and solid-state cells. The technical investigations
and life cycle analyses ultimately led to the innovative concept
of a "twin battery”, which combines sodium-ion and solid-state
modules and can therefore combine the best of both worlds: the
high energy density of solid-state batteries and the benefits of
sodium-ion batteries, such as fast-charging capability and low
power loss in cold conditions.

Equally innovative is the thermal management concept in ques-
tion, which uses the waste heat from the sodium-ion cells to
bring the solid-state cells up to operating temperature. "But the
Twin Battery is also the winner in terms of environmental impact,”
says Alexander Fandakov, head of the Twin Battery pre-develop-
ment project. “Although its greenhouse gas and abiotic resource
depletion potential is slightly higher than that of lithium-ion
batteries, it performs significantly better in all other categories.”

According to the experts, such life cycle analyses should always
be carried out at the beginning of battery development. AV of-
fers its customers a comprehensive service — because besides
exclusive databases and in-depth battery expertise, the compa-
ny can also support its customers in the development of a new
battery system once an LCA has been completed.

Contact
panagiotis.grigoriadis@iav.de
manfred.prueger@iav.de
alexander.fandakov@iav.de
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Smart
change
for good
cooling

Reduce costs for electric drives and
improve their eco-balance? IAV has
developed an innovative cooling
process that reduces the installation
space and mass of the electric motor
as well as the use of permanent mag-
nets - while maintaining efficiency
and performance.

E-machine concepts usually rely on a
cooling jacket with water flowing through
it, which surrounds the stator of the
electric motor. However, due to constantly
increasing motor performance, it is no
longer possible to dissipate all of the
machine's waste heat in this way — new
cooling concepts are required.

At last year's "Aachen Colloquium Sustain-
able Mobility”, IAV outlined what the cool-
ing technology of the next generation of
electric vehicles could look like. With the
target vision of a sustainable and holistic
vehicle concept, IAV presented the design
for a significantly cost-reduced e-drive unit
(EDU) with high efficiency and sustainability.

Phase-change cooling
is key

The core of the fully tested and functional
concept is the innovative application of
phase-change cooling (PCC) in e-traction.

“We bring the fluid in the e-machine and in
the inverter circuit to boiling point and use
the evaporation energy very effectively
for cooling”, says Dr. Christoph Danzer,
Head of E-Axle Concepts & Design at IAV.
“The phase change allows us to dissipate
significantly more heat than with normal
liquid cooling without phase change.”

Thanks to active use of the technical pos-
sibilities of the PCC, possible overheating
of relevant components can be avoided,
and the installed power and torque of the
electric motor can be called up in full —a
first for the e-drive to date.

“In this way, e-drives that are designed
for continuous performance can be built
more compactly for the same perfor-
mance”, says Danzer. "Because the drive
is better utilized thermally, the electric
motor can be made smaller for the same
torque and the inverter also requires less
power for the same performance over
the long term.”

Savings in costs, weight
and CO,

IAV's concept enables a cost-effective
and sustainable e-drive system with high
system efficiency for a mid-range SUV.
The size of the electric motor can be re-
duced by 30 percent and its CO, footprint
by 11 percent, resulting in cost savings of
81to 10 percent.

For the application of PCC, IAV has inves-
tigated various technologies, for example
aluminum windings and alternative mag-
nets such as ferrites, to determine which
materials harmonize best with PCC. The
PCC-based process promises great

potential especially for commercial vehi-
cles and sports cars where more efficient
cooling yields a decisive advantage for
drives operating close to full load.

“We want to further strengthen e-mobility
and contribute to making e-drives even
more efficient, cost-effective and sus-
tainable”, says Danzer. "We are not only
interested in applications and engineer-
ing, but also in preliminary developments
for future generations of e-cars.”

Contact
christoph.danzer@iav.de
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Always under

full load

30

An e-bike from IAV regularly outperforms conventionally
powered machines at racing events. Part of the recipe for
success is its innovative phase-change cooling system.
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Thomas Arnold has been competing in motocross and Enduro
races in his spare time for many years. The great thing is that the
IAV Team Leader Engine Concepts & Mechanics has recently
been on the podium much more often than before. Besides his
riding sKills, it is his bike that makes the difference: Arnold has
been racing for around two years on an e-bike that regularly
makes his rivals look old.

The electric motorcycle is based on a Honda chassis for which
Arnold has developed a customized drive system. The high-volt-
age battery made from cylindrical lithium-ion cells supplies 370
volts and has a capacity of five kilowatt hours. It provides sufficient
energy for short races of 30 minutes. For longer distances, the
battery can be replaced with another in just a few simple steps.

Highly integrated electric powertrain

Infineon IGBT Modul

Interface electronics
to motor

Stator

Chain sprocket
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The electric motor, which was also developed in-house, delivers
54 hp and a maximum torque of 55 Newton meters from O to
7,500 revolutions per minute. “The e-bike also has no gearbox,
so there are no shifting times,” explains Arnold. “Hence, there is
constant tension on the chain.” This is how the system engineer
manages to leave even better riders behind in races time and
time again.

Phase-change cooling
in the electric drive

The technical highlight of the e-bike is the innovative phase-
change cooling of the electric motor, power electronics and bat-

tery. The cooling medium extracts heat from the hot components
through evaporation, which is then released into the environment

via condensation. Due to the large temperature difference to the
ambient air, the radiator could be designed smaller.

HV plug

VCU

DC-link

Transmission (no shiftable
gears but wet clutch

Insulation supervisor

Cover of insulation supervisor

Above all, however, Arnold can operate the electric motor con-
tinuously at full load thanks to good cooling —instead of only at
around half its maximum power, as is usually the case. The con-
cise formula for this is “peak power = continuous power”. “With
conventional cooling, | would have needed a 100 hp motor for
the same performance,” reports Arnold. “This would have signifi-
cantly increased the weight and the required installation space.”

The innovative e-bike is already proving itself in its second sea-
son and has around 300 hours of racing behind it. “The technol-
ogy has delivered a convincing performance in real life — in other
words, off-road and not just on the test bench”, says Matthias
Krause, Department Manager Future ICE at IAV. For him, the elec-
tric motorcycle is also a good opportunity to present innovative
technologies that IAV otherwise focuses less on.

“You get to know your
limits better through
sport.”

Three questions for Thomas Arnold, motorsport
amateur and IAV team manager

“This applies in particular to the possibilities of phase-change

cooling, which we have been working on intensively over the last
few years,” says Krause. Thanks to Thomas Arnold's racing suc-
cesses and the numerous trade fair appearances of his e-bike,
their level of awareness should soon increase significantly.

Contact
matthias.krause@iav.de
thomas.arnold@iav.de

How and when did you
getintoracing?

“I've been racing motorcycles since

1999. | got into it through my father and
grandfather. We live in the Erzgebirge in

a region that was already very strongly
associated with enduro racing in the GDR
era and still is. The MZ Zschopau mo-
torcycle factory is only 20 minutes away
from my hometown. A lot of people are
involved in racing here —it's simply part of
this region.”

How do you incorporate your racing
experience into your work at IAV?

"As an ambitious amateur athlete with

a healthy attitude to challenges and
self-reflection, you can also achieve a lot
in your job. Through sport, you get to know
your personal limits much better and find
out what you can't do. In competition, it
ultimately comes down to you —you can't
blame anyone else for your mistakes.
Things like self-reflection and planning are
trained over the years — which of course
also helps enormously in working life.”

What other goals do you
have in racing?

“This year | want to become German

Ccross-country champion on my motor-
cycle. This is a series of races throughout
Germany. | took part in two of these races
last year and was right at the front. That
would be a nice addition to my past activ-
ities. In 2009, | took part in the “Six Days”
in Portugal for Team Germany, plus four or
five times in Romania at the biggest and
longest “Hard Enduro Rally” in the world,
twice at the "Erzbergrodeo” and at many
other events, for example in Italy and the
Czech Republic.”




> Content

34

35



> Content

36

Together with Poppe + Potthoff, IAV has devel-
oped a High-Pressure Regulation Unit (HPRU)
for hydrogen engines and fuel cells. In this
interview, Christian Willem (Head of Strategy
and Innovation at Poppe + Potthoff) and Steven
Schulz (Project Manager Fuel Systems at I1AV)
look back on the collaboration.

“Our approach
was absolutely

right”

Why did Poppe + Potthoff
decide to develop a new HPRU
together with IAV?

Christian Willem: The starting point for
our considerations was the megatrend
of "decarbonization”. It was clear to us
that the business with components

for diesel engines would decline in the
future. In our search for new markets,
we asked ourselves: What innovative
products can we offer with our expertise
and existing production facilities? That's
how we came up with the High-Pressure
Regulation Unit — because it bridges the
gap between two systems: the hydrogen
engine or fuel cell on the one hand and
the high-pressure hydrogen tank on the
other. The HPRU reduces the pressure
of 700 bar in the tank depending on the
current requirements of the hydrogen
engine or fuel cell. Thus, itis crucial for
the performance of the overall system.
Thanks to our extensive expertise in
common rail injection systems for diesel
engines, we were confident that we could
tackle the issue successfully and take a
leap in innovation in this area.

How did the collaboration with
IAV come about?

Steven Schulz: With this project, you
always have to bear in mind that the
HPRU is not an entirely trivial component.
Although Poppe + Potthoff did indeed
contribute a great deal of expertise from
the diesel sector to our collaboration,
handling hydrogen requires special knowl-
edge, which we were able to contribute.
IAV has been working with gas systems
for more than 20 years, and we have
been transferring our know-how from the
development of diesel injection systems
to this area for a long time. This makes

s0 much sense because diesel injection
systems have always operated at the
limits of what is technically feasible and
have used the best materials available.

We were able to use this experience in the
development of the HPRU to overcome
the hydrogen-specific challenges.use
this experience in the development of the
HPRU to overcome the hydrogen-specific
challenges.

Willem: At the beginning, there was

an orientation phase during which we
discussed our assessments of market de-
velopments. From this, we derived ideas
for promising products. We came to the
conclusion that the market for HPRUs is
thin on the ground and that we could take
the lead with an innovative product.

What exactly is the innovation in
the HPRU?

Schulz: We have developed a completely
new class of HPRUs for the hydrogen
sector - moving away from an electro-
mechanical and towards an electronically
controlled solution. The starting point was
the realization that the existing pressure
regulators were not powerful enough for
use in the hydrogen sector. Our aim with
the new HPRU was to be able to satisfy
not only current but also future market
requirements. We have achieved this: the
new HPRU can be used universally and is
easy to adapt to most future applications.

Willem: It is important that the HPRU has

a high control quality in both static and
dynamic cases and therefore always pro-
vides the hydrogen combustion engine or
fuel cell with the optimum pressure - even
if the load requirements change and the
tank empties over time. This is because, in
contrast to the familiar mechanically oper-
ated pressure regulators, we can actively
regulate to the respective load case. How-
ever, a distinction must be made between
two cases here: The fuel cell prefers a
constant pressure. A hydrogen combus-
tion engine with intake manifold injection,
on the other hand, requires between 3
and 15 bar, depending on the load case,
and the variant with direct injection even
requires between 25 and 40 bar. However,
the new HPRU could also supply even
higher pressures and is therefore also
prepared for future developments.

How do you achieve the high
dynamic control quality of the
HPRU?

Schulz: By recognizing a step on the
accelerator pedal and then immediately
implementing a pilot control. We then
know that a load demand is about to oc-
cur and can therefore increase the pres-
sure quickly. This allows us to adapt very
precisely to the engine’s requirements.
A passive pressure regulator cannot do
this - it has to wait until the pressure on
the motor side drops before it can react.
It therefore regulates afterwards, while we
are able to act with foresight. In addition,
the reaction of the HPRU is independent
of the current pressure in the tank, which
is why the control quality remains con-
stantly high while driving.

What is the current status?

And what is your conclusion of
the project?

Schulz: We are currently investigating
the A-pattern. The concept works as we
expected. Our next step is to build the
B-pattern, which will bring us one step
closer to series production.

Willem: Our collaboration is not over yet.
But as an interim conclusion, we can say
that after two and a half years, we have
achieved our goals and have been able to
establish that our approach was absolute-
ly right —as shown by the many customer
inquiries for the HPRU from various sec-
tors such as commercial vehicles or sta-
tionary applications. The market obviously
wants a pressure control unit that works
precisely and quickly. This is exactly what
we can offer now. The always collegial and
transparent cooperation between IAV and
Poppe + Potthoff has made a decisive
contribution to this success.

Contact
christianwillem@poppe-potthoff.com
steven.schulz@iav.de
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Large engines almost
emission-free?

Alternative fuels are also becoming increasingly important in ship-
ping and industry to reduce CO, emissions from large engines and
promote climate protection. IAV is working intensively on solu-
tions for the use of sustainable fuels — also for non-automotive
applications - with a focus on methanol.

The focus is on large engines for propulsion solutions in maritime
and inland shipping as well as related industrial engines. Metha-
nolis a practical and sustainable fuel solution for these areas of
application, both in terms of production and use.

"Compared to bio-diesel fuels, methanol can be produced using

a much wider range of manufacturing processes based on both
biomass and green electricity”, says Prof. Dr. Wolfram Gottschalk,
Senior Technical Consultant in the Powertrain Calibration and
Technology department at IAV. "At the same time, methanol ena-
bles largely particle-free combustion and offers a high nitrogen
oxide reduction potential.”

Automotive know-how

Because the use of methanol in the three application areas re-
sults in local CO, emissions, the overall climate-neutral balance
of the energy source is particularly important.

“That's why IAV is also working on energy technology methods and

the production side of methanol and hydrogen, for example”, says
Gottschalk. “This closes the circle between production and use.”

IAV not only works for engine manufacturers and ship operators,
but also deals with retrofit-in-service for marine and industrial
engines. IAV has directly and successfully transferred its many
years of method and process expertise from the automotive
sector to new fields of activity.

Numerous projects with
OEMs

The projects are diverse. For example, AV is currently working
with the Australian company Gane Energy to develop a monofuel
methanol diesel combustion process suitable for on-and-off-
highway engines. In another case, a 1.8 MW maritime medi-
um-speed engine is being developed, where AV is taking on a
wide range of topics for the customer, from systems engineering
to type approval, such as complete development responsibility
and management of the partner network.

Or a pre-development project that IAV carried out for an Asian
manufacturer of maritime high-speed and medium-speed ves-
sels, in which it analyzed the strengths and weaknesses of the
methanol dual-fuel process for a concept decision.
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Mechanics as a lever for
sustainability

Whether for maritime or industrial applications — as a mecha-
tronic system, a large engine must complete the start-up phase,
including the run-up, absolutely smoothly and offer optimum per-
formance in terms of both thermodynamics and mechanics.

"At 1AV, we carry out this development work with engine manu-
facturers even under extreme conditions”, says Ronny Mehnert,
head of the Powertrain & E-Traction Simulation department at
IAV. "We also support the topics of emissions and oil consump-
tion and develop new ideas to make engine starting processes
more stable.”

The challenges in the application of new fuels are manifold, for
example their incorporation into materials with a direct influence
on mechanics, lubrication and heat transfer behavior or valve
control. IAV cooperates with large engine manufacturers in the
development of valve train systems to ensure an optimum ther-
modynamic process while at the same time guaranteeing the
functional safety of the mechanical systems.

"A functioning mechanism also ensures that components can
be removed and recycled in the interests of sustainability,” says
Mehnert.

Contact
wolfram.gottschalk@iav.de
ronny.mehnert@iav.de

‘ue beauty comes
‘om within

Climate-neutral fuels such as hydrogen, methanol or ammonia make
combustion engines more environmentally friendly. IAV translates
the relevant combustion processes into its own models to design
the units at an early stage and assess their performance promptly.

)
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This may involve commercial vehicles such as heavy-duty trans-
porters, ships or industrial applications such as forklift trucks,
where alternative fuels such as methanol (CHs OH), ammonia
(NHaz) or hydrogen (H,) are used in combustion engines. IAV sup-
ports its customers in the development of these engines, with
the modeling of combustion processes in the cylinder at the
very beginning of the development process.

"We use our own, very efficient 1D models for this. They are
characterized by short computing times, but still reproduce the
chemical processes precisely”, says Michael Riess, Team Leader
Hybrid ICE & Low Carbon Fuels at IAV. “They serve as a basis for
the design and development of the engines.”
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Timely insights into engine
characteristics

Among other things, the models developed by IAV calculate the
laminar flame speed and can thus predict the propagation of

the primary flame front for a wide range of fuels and boundary
conditions. They also provide information on ignition delay times
and thus on knocking. “With the results of our combustion mod-
els, we can determine the engine characteristics at a very early
stage,” says Riess. “For example, they provide us with information
on combustion duration, knocking tendency, performance and,
in some cases, emissions.”

About five years ago, IAV began working with models developed
in-house because commercially available tools for calculating
combustion processes sometimes delivered implausible results.
“Our first object of investigation was hydrogen. Validation on the
test bench showed that our models come very close to reality”,
reports Riess.

Modeling of dual fuel engines

His team is currently investigating the combustion of methanol
using the same approach. The modeling of ammonia combus-
tion has recently been started. In the next step, the experts want
to tackle a much more complex process: dual fuel combustion.

"So far, we have only modeled the combustion of a single fuel in

petrol engines,” explains Riess. "However, engines in which, for
example, hydrogen is ignited by pilot injection of diesel or DME
are also interesting.” For this, however, the combustion of both
fuels must be simulated in a single model.

For IAV customers, this means that regardless of whether they
want to develop an engine with mono-fuel and gasoline combus-
tion or a dual-fuel engine with compression ignition, IAV models
can be used to reliably determine the key engine characteristics
at an early stage of development. Following on from this, IAV
experts can also use 3D CFD simulations to calculate spatial com-
bustion phenomena such as homogenization and mixture forma-
tion to obtain information on emissions or efficiency, for example.

Contact
michael.riess@iav.de
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Fitness check
for fuel cells
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Preventing the
ageing of fuel cells
with permanent
monitoring: a soft-
ware-based func-
tion developed by
|AV prevents power
losses in the fuel
cell system and
thus enables valua-
ble cost savings.

Electric drives with fuel cells are a particularly promising option

for commercial vehicles — after all, the hydrogen required as fuel
can be refilled quickly and long ranges be achieved. "That's why
many manufacturers are currently looking at fuel cells”, says Ralf
Wascheck, Director Fuel Cell & Hydrogen in the Powertrain Cali-
bration & Technology department at IAV. "However, ageing is still
a problem: a car has around 8,000 operating hours, while a truck
has around 30,000 hours. Despite high mileage, the fuel cellin a

commercial vehicle must not age too much. The aim is to achieve

a power loss of around ten percent at the end of the service life.
Today we are seeing figures of 15 to 20 percent.”

A significant ageing effect is platinum degradation of the cathode.
It reduces the surface area available for electrochemical process-
es and thus leads to a continuous drop in system performance
as well as a deterioration in efficiency. As a countermeasure, fuel
cell systems are often oversized, but this again results in high-

er costs and challenges for the package in the vehicle. Other
ageing effects such as corrosion of the carbon carrier, hydrogen
depletion at the anode and thinning of the membrane must also
be considered.
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Aligning operating

Vo

strategy with health status

Ageing can be counteracted by using an electronic control sys-
tem to permanently monitor the state of health (SoH) of the fuel
cell. This provides a parameter that can be used to optimize the
operating strategy. "“One possibility is to shift more of the dynam-
ics from the fuel cell to the battery”, says Wascheck. "Because
this causes the battery to age more quickly, you have to find an
optimum for the overall system.”

To extend the service life of fuel cells, IAV has developed the AO
model of a function that monitors the fuel cell and calculates its
SoH parameter. A physicochemical model of the fuel cell system
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was used for this purpose, which calculates the ageing on the
basis of corresponding load profiles and was implemented as a
SoH function on the “IAV Dragoon” control unit platform. This is
suitable for prototypes and small series.

“|AV has implemented the Matlab-based model in a re-
al-time-capable function using our function development
process for series solutions”, explains Sebastian Elgeti, head of
the Commercial Vehicle Electronics department at IAV.

“Using the hardware-in-the-loop approach, we optimized the
function and ultimately achieved a result that is already very
close to series production”, says Daniel Volquard, Head of
Software Powertrain at IAV. “For use by the customer, we would
only have to adapt our solution to the desired target hardware.”

IAV Dragoon is also ideal for this: “The control unit is slightly larger
than a pack of cigarettes, has CE certification and can be used in

projects relevant to functional safety and security”, says Stephan

Baumgarten, Head of Vehicle Software Solutions at IAV. “The SoH
function can be based directly on this. IAV Dragoon is the perfect
solution for a small series.”

At the start of customer development, IAV experts must measure
the cells used in the fuel cell on the test bench or the customer
must provide the necessary data. Series development could then
start immediately based on the A0 sample.

Varied
expertise

The know-how on electrochemistry, fuel cells and ageing
processes that IAV has acquired in numerous internal projects
in recent years has been incorporated into the development.
For example, the underlying models have been adapted to the
respective fuel cell systems through measurements on the
company's own cell test bench. However, other domains such
as function and software development also contributed to the
development of the AO model.

.The development of this function is just one facet of our
wide-ranging expertise in fuel cell drives”, says Wascheck. ,For
example, we can also develop subsystems such as the hydro-
gen tank system and balance-of-plant components as well as
integrate fuel cell systems into the overall vehicle. With the AO
prototype of the SoH function, we want to help ensure that the
climate-friendly fuel cell will soon be used in series production,
especially in commercial vehicles.”

Contact
ralfwascheck@iav.de
sebastian.elgeti@iav.de
danielvolquard@iav.de
stephan.baumgarten@iav.de
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Skid mar
N the

In future, harmful substances such as particulate matter
produced by brakes are to be regulated in the EU. AV is
meeting the growing need for testing with a hybrid de-
velopment approach comprising a test bench and virtual
development —and with a new test center.

At the Gifhorn site, the number, mass, and size of fine dust par-
ticles can be precisely evaluated. In addition to measuring and
investigating the emissions of the friction partners, IAV also uses
CFD analyses and experiments to evaluate particle dispersion at
the new test center for brakes.

The range of services also includes leveraging the potential to
reduce and avoid non-exhaust emissions, for example by using
alternative materials for brake discs and pads as well as inno-
vative brake concepts —and in the future also issuing approval
certificates for OEMs.

Euro 7 as a driver

"We have a lot to offer here, both in terms of testing and virtual-
ly —it's about a holistic hybrid approach to calculations and test
runs”, says Ronny Mehnert, head of the Powertrain Simulation
department at IAV. "We use our broad expertise in the field of
thermal and fluid mechanics as well as in the generation, separa-
tion and transport of particulate emissions.”

The background to this is the legislation on the planned "Euro
7" emissions standard, which provides for limit values for brake
emissions. In the context of passenger cars and light commer-
cial vehicles, this involves particle mass limits of 3 mg/km for
battery-only vehicles and 7 mg/km for all other drive types.

In future, vehicle manufacturers will have to carry out a large
number of tests to verify brake dust emissions for each model
variant. To limit costs and time in view of the variety of models
and tests, AV is increasingly relying on simulative approaches.
IAV is in dialog with OEMs and is building up qualified meth-
odological expertise together with customers, for example on
projections of crack formation or wear of brake discs and other
components.

New fields of activity
for IAV

"This is where new fields of activity are emerging for IAV, but also
new challenges for customers because they have to make more
and more inroads into development, forecasting and data stor-
age”, says Dr. Toni FeiBel, Systems Engineer in the Foundation
Brake team at IAV.

“In a few years' time, we will be able to dispense with real tests
altogether”, says Mirko Leesch, Head of Powertrain Systems

at IAV. "From the amount of test results that will be available by
then, we will be able to derive simulation models that are a good
representation of reality.”

49



> Content

IAV's simulation models already achieve accuracy values of over
70 percent compared to results from real tests. This applies to
relevant topics such as flow simulation (CFD) for evaluating par-
ticle injection and for the dispersion and separation of particles.

|AV is also developing a digital Twin, where real driving data and
emissions measured on a test bench basis are combined with
physical models. With the Trinity approach, IAV aims to make
development sustainable and shorten development cycles.

Challenge for e-vehicles

Regulating non-exhaust emissions is particularly challenging for
electric vehicles. Because of the battery, electric cars are heavier
than combustion engine vehicles, cause more tire abrasion and
produce more particulate emissions. In contrast, battery electric
vehicles perform better in terms of brake particles because they
achieve a large part of their deceleration via regenerative braking
(recuperation).

IAV is adapting its capacities in Gifhorn in line with the growing
demand for testing. Three test benches for brake particles are al-
ready available there and IAV's largest development center offers
further opportunities to carry out measurements and investiga-
tions of so-called "non-exhaust emissions”.

Contact
mirko.leesch@iav.de
ronny.mehnert@iav.de
toni.feissel@iav.de

Curious?

You can find more exciting topics on
our website iav.com.
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“We are experts In all key fu-
ture fields. And the customer
decides which technology
he needs. So no matter what
the decision is made - we are
prepared.”

Thomas Mliller, Executive Vice President Powertrain Systems



