FEBRUARY 2014

THE AVL MAGAZINE FOR
POWERTRAIN DEVELOPMENT,
TESTING AND SIMULATION

.10 Innovative Solutions for Integrated
Tractor-Implement Systems

.18 Owverall Powertrain Galibration from
a Single Source

KIYOSHI FUJIWARA, MANAGING EXECUTIVE OFFICER , ,
IN CHARGE OF BUSINESS STRATEGY: .22 Simulations and Test Beds for the

PRODUCT, DESIGN AND COST INNOVATION AT MAZDA new Formula One

L e eowa A A AEEEEEEu



Battery

AVL Powertrain World App

AVL§ new Powertrain Worlgl app for t.he.flrs.,t time prQV|des . ST T Lﬂ'nln
engineers across the auto industry with insight and information -
into the latest innovation, wherever they are. Powertrain World

is a content-based app for smartphones and tablet devices
like the iPad that delivers exactly what it promises — compre-

Available

8 Google play D App St0|:e

[=]

hensive information on everything to do with the very latest on The unique new app for auto
powertrains. The content is a combination of different types of engineers to keep in touch with
articles, images and videos, as well as information on events industry innovation.

and products, intelligently categorized and tagged so that the
app is easily navigable.

www.avl.com, info@avl.com



Interview with Kiyoshi Fujiwara, Managing Executive Officer in charge of
Business Strategy; Product, Design and Cost Innovation at Mazda

.10__POWERTRAIN ENGINEERING

By establishing its new Commercial Driveline & Tractor Engineering business

unit, AVL has substantially expanded its scope

Interview about the future of powertrain development with Kai Uwe Voigt,
Executive Vice President ITS and Mario Walenta, Vice President Sales ITS

.22__AVL RACING

AVL RACING simulations and test systems allow you to test the entire

powertrain of F1 racecars, including all of the new electrification components

SECTIONS:

09_ Around the World: AVL is connected with universities all over the world

14 _ Expertise: AVL offers its customers a comprehensive scope of calibration
services; MoBEO — Model-based Engine Calibration on the virtual test bed

26 _ Chronicle: Official opening ceremony of the AVL Créche/AVL Kindergarten;

Lovie Award for Helmut List Halle app

27 _ Events: AVL Conference “Engine & Environment” — Engine 2020: Spark versus
Compression Ignition Engine; AVL Large Engines TechDays: ,Gas and Dual Fuel”
29_ Products: AVL XIL.STATION — virtual test bed for model-based development

and calibration; The new version of the all-in-one calibration tool AVL CAMEO
32_ AVL Cultural Foundation: Arts & Science — Process and Result as a Source

of Inspiration
34 _ Large Engines: Large Gas and Dual Fuel Engines

Editor and media owner: AVL (TM, RM) List GmbH, Hans-List-Platz 1, "‘
A-8020 Graz, Tel.: +43 316 787-0, www.avl.com SEFC
Publisher and producer: SCOOP & SPOON GmbH, Breite Gasse 4, s 3922

A-1070 Wien, Tel.: +43 1 623 4088 150, www.scoopandspoon.com

PEFC zertifiziort

Dieses Produkt stammt aus
nachhaltig bewirtschafteten

Waldern und kontrollerten Quellen

www.pefe.at

editorial HIII

>

Prof,
Helmut List
Chairman
and

CEO AVL

The automotive industry is increas-
ingly faced with the challenge of
having to reduce development costs
and time, despite the growing com-
plexity of drive systems and the
rising number of variants. Here,
model-based development meth-
ods can make a valuable contribu-
tion: Already at a very early stage,
optimizations are performed in a
purely virtual — and thus more cost-
efficient — test environment based on
models of the internal combustion
engine and the entire powertrain.
Particularly where complex, elec-
trified drive systems are being
developed, and fuel consumption
and emission limits need to be met in
real driving operation, model-based
development helps significantly to
enhance efficiency in the develop-
ment process.

Its wide-ranging capabilities and
many years of experience in the de-
velopment, testing and simulation
of modern drive systems have made
AVL one of the world’s leading com-
panies in the field of model-based
development. Our engineers are
already utilizing this new methodol-
ogy intensively to achieve efficient
vehicle drive optimization. For our
customers, virtual test systems are
a forward-looking addition to their
development and testing capacities.

It is essential for us to reach one goal
together: to develop environmentally
sound drive systems that are as appeal-

ing as they are affordable to buyers.

Helmut List
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Interview with Kiyoshi Fujiwara, Managing Executive Officer in charge of
Business Strategy; Product, Design and Cost Innovation at Mazda.
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» F>: With its SKYACTIV die-
sel and gasoline engines, Mazda has
some very advanced engines with
a lot of high-tech elements. Could
you give us an overview of the new
technology used in these engines?

<Fujiwara>: There may be a trend to-
ward engine downsizing, but Mazda
is different. We believe in what we
call rightsizing. This means that we
primarily want to improve the in-
ternal combustion engine, the com-
bustion chamber per se. With our
SKYACTIV engines, we have man-
aged very well to accomplish this.
The engines have an outstanding
compression ratio of 14:1, which is
very high for the gasoline engine and
very low for the diesel. This means
we are optimizing performance and
torque curve while, at the same time,
reducing fuel consumption and, of
course, emissions by as much as 20
percent. Mazda solves any issues re-
sulting from the 14:1 compression
ratio by using technical tricks. For
example: The high compression ra-
tio in the gasoline engine increas-
es the probability of knocking — an
issue we can get under control with
the 4-2-1 exhaust system. With the
diesel engine, on the other hand, the
low compression ratio could cause
trouble at low temperatures. We
handle this by raising the exhaust
gas temperature inside the combus-
tion chamber.

: The SKYACTIV diesel engine
complies with EURO 6 without
having an expensive NO_ after-
treatment system. Will that fact
contribute to an even greater
number of cars sold with diesel en-
gines in Europe? And are you plan-
ning to sell cars with diesel engines
in Japan and the U.S. too, where
Mazda even runs a diesel racecar?

>

The Mazda Skyactiv Diesel engine with its unusually low 14:1 compression ratio enhances the
efficiency while reducing harmful emissions, especially of nitrogen oxides (NOx).

<Fujiwara>: The demand has al-
ready risen — especially in Japan.
Apart from that, we added the U.S.
and Canada as new diesel mar-
kets for Mazda in 2013. The fact
that we managed to win the title
in the American Grand-Am GX
Championship this year with our
SKYACTIV diesel is the best ad-
vertisement ever. Right now, we are
considering whether there might
be worthwhile potential for the
SKYACTIV diesel in Russia or vari-
ous other Asian countries. We have
certainly already exceeded our orig-
inal production capacity. In view of
gasoline and diesel engines put to-
gether, we are now raising the an-
nual quantity from 800,000 to one

million. In addition, we are making
production more flexible, improv-
ing our ability to respond to peaks
in demand at short notice.

<t What is your opinion on us-
ing new technologies, like energy
regeneration systems or sub-com-
ponent electrification (e.g. water
and oil pump), to further reduce
CO, emissions of the internal com-
bustion engine?

<Fujiwara>: To Mazda, both of these
options are fundamental to paving
the way to lower emissions — pro-
viding you have the right basis. After
all, the internal combustion engine
still remains the prevailing pro-
pulsion system. With regard to its

5 FOCUS
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In the American Grand-Am GX Championship, Mazda successfully runs a racecar with the SKYAVTIV 2.2-litre diesel engine.

SKYACTIV engines, Mazda first
laid the basic foundations; in oth-
er words, it made the engines clean-
er and more economical. Electrical
components, like the start-stop tech-
nology and the brake energy regen-
eration system, were the next step.
i-Stop and i-ELOOP combined are
able to lower fuel consumption by
another 5 to 10 percent. Not least

6 FOCUS

with the help of its electrical compo-
nents, Mazda is on the right track to
reach the sustainability target —i.e.
to lower fleet fuel consumption by
30 percent and fleet emissions by 23
percent from 2008 to 2015.

>t Mazda has a rich tradition in
the field of rotary engines. Are you

planning to offer cars with rotary
engines again anytime soon? Is it
likely that the rotary engine will
celebrate its comeback as a hydro-
gen-fueled engine?

<Fujiwara: Mazda won the Le Mans
race with a Wankel-type rotary en-
gine. At least since then it has been
clear to us that we are never going




The Mazda2 EV is available in a small for lease’ series, especially for urban use.

to give up. Even if there is currently
no series production, Mazda is still
putting rotary engines to use in its
test vehicles. In Japan there is a leas-
ing fleet of Mazda5 Hydrogen RE
Hybrid vehicles. In these, the rota-
ry engine is powered by hydrogen
to produce electricity for the elec-
tric drivetrain.

: In some of the world markets,
hybrid vehicles are a great success.
Are you planning to sell hybrid
vehicles in the near future?

<Fujiwara: At the 2013 Tokyo Mo-
tor Show, we’ll be unveiling our all-
new Mazda3 with hybrid drive that
pairs a 2-1 SKYACTIV gasoline en-
gine with an electric motor. Its sale
will start in Japan because we expect
the country to have the highest de-
mand for this type of vehicle. We are
indeed thinking about launching it in
other countries.

<F: With the Mazda2 EV you al-
ready have an all-electric vehi-
cle in your portfolio. How do you
rate the prospects of the all-electric
drive concept?

Fujiwara: Well, our Electric Mazda2,
which has a range of 200 km, is at
least on the road and used for urban
commuting. It is available in a small
“for lease’ series, especially for urban
use. We are certainly technologically
capable of delivering an electric car
ready for serial production — if there
is a market for it.

>t What factor do you think is
most important for selling more
EVs to customers? Is it a techni-
cal element like, say, batteries with
higher capacity or improvements

1 FOCUS
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The world's most successful sportscar: the Mazda MX-5.

to the availability of charging sys-
tems?

Fujiwara>: Greater ranges, uniform
plugs and charging standards or low-
er acquisition costs in general — these
are all factors that help electric cars
catch on on a wider scale.

F: Do you think that alternative
fuels or CNG will play a significant
role in certain markets?

<Fujiwara: One thing’s for certain:
there is definitely a market for gas-
powered vehicles. In addition to the
hybrid version, the Mazda3 CNG
made its premiere at the 2013 Tokyo
Motor Show too, which we would
like to offer customers as an attrac-
tive alternative. Mazda alone is un-
able to say from what sources the fu-
el is derived. In the case of biofuel,
for example, it is, not least, also an
ethical question.

&: Advanced in-car electronics,
like car-to-smartphone connec-
tions for using social networks, are
becoming more and more impor-
tant, especially with young peo-
ple. What features do you think
will be most important for future
car buyers?

<Fujiwara: The Connect system in
the new Mazda3 demonstrates our
strategy. The concept places the
highest priority on making access to
web content as safe and as intuitive
as it can be. Our solution is a heads-
up display and a large central display
sitting atop the dashboard, along
with a command controller based
on a turn-and-push button concept
within comfortable reach in the cen-
ter floor console. With regard to web
content, we try to satisfy a variety
of customer demands: private driv-
ers get internet radio or Facebook
and Twitter features while business
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customers, for example, get location-
based services like live weather re-
ports or restaurant tips while they
navigate.

F: Mazda has the world’s most
successful sportscar - the MX-5 -
in its lineup. Do you think a car’s
emotional component will remain
an important factor in the future?

<Fujiwara: The MX-5 would nev-
er have sold a million times with-
out its emotional component.
Mazda is a relatively small manu-
facturer which owes its existence
to always being slightly different
from the mainstream. The philoso-
phy we live and work by is to defy
conventions — whether it is with the
MX-5, the Wankel-type rotary en-
gine or SKYACTIV rightsizing in-
stead of downsizing. And the emo-
tional component of a car and a
brand is more likely to become more
important in the future. <
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» AVL AST has been successful-
ly collaborating with leading uni-
versities from all over the world
for several years. With the intro-
duction of the University Partner-
ship Program (UPP) in 2008, AVL
has further intensified its co-oper-
ations with academic institutions.
Within the context of the UPP, AVL
provides universities and technical
academies with free licenses of the
AST Software Tools AVL BOOST,
AVL CRUISE, AVL EXCITE and
AVL FIRE. It means that universi-
ties have the opportunity to use the
latest simulation technology of the
world’s largest independent compa-
ny for the development, simulation
and testing of powertrain systems
for scientific research and teach-
ing activities. AVL’s state of the art
products enable universities to ed-
ucate their students at the highest
possible standards and use the best
possible simulation tools for their
research activities.

AVL has more than 200 active UPP
partners spread all over the world
— mainly in Europe and the Unit-
ed States. But AVL is also well con-
nected with universities in Japan, In-
dia and South East Asia. The first
contacts between AVL AST and in-
ternational universities are usually
established at academic conferenc-
es and fairs but the personal recom-
mendations of professors, lecturers
and other university officials are al-
so an important trigger for future
co-operations. “Based on the results
achieved with AVL AST Software
Tools, AVL is mentioned in more
than 400 academic publications so
far. And more and more professors
recommend their colleagues to col-
laborate with AVL on a profession-

-...__/.

around the world 1III

CONNECTED WITH
UNIVERSITIES ALL OVER

THE WORLD

“With the University Partnership Program, AVL Advanced
Simulation Technologies (AST) has established a worldwide
network of long-term co-operations with universities and
technical academies,” explains Reinhard Tatschl, Research
and Technology Manager at AVL.

al basis. Our University Partnership
Program and its benefits for univer-
sities are already well known to the
community by now; indeed it has
become a great success for us”, says
Tatschl.

Thanks to the UPP partners’ inten-
sive use of AVL’s simulation tech-
nology all over the world, AVL
AST receives valuable feedback on

the software tools” functional range

and applicability, as well as essen-
tial input on future demands on its
software. In addition, numerous suc-
cessful co-operations and projects
have already emerged from these
collaborations, explains Reinhard
Tatschl: “The intensive collabora-
tion with universities and technical
academies is an important source
of latest scientific results and hence
serves as a sound basis for future
innovations in our software
products.” <

9 FoCUs



HIH powertrain engineering

INNOVATIVE SOLUTIONS
FOR INTEGRATED TRACTOR-

IMPLEMENT SYSTEMS

AVL has been successfully involved in powertrain
development for agricultural machinery for quite some time.
By establishing its new Commercial Driveline & Tractor
Engineering business unit, AVL has substantially expanded
its scope of agricultural engineering products and services,
which now ranges from market analysis and product
management through to integrated tractor-implement
system development.

>

At AVL, the role of model-based development is gaining
significance in the field of agricultural engineering.

10 Focus

» “It is our clear intention to
win over customers with AVL’s
overall system capability in the
field of agricultural engineering. By
‘overall system’ we mean the tractor,
but also the combination of the trac-
tor and the implement — because the
way the two machines interact is be-
coming more and more important,”
says Udo Kneitz, Managing Direc-
tor of the newly founded AVL busi-
ness unit Commercial Driveline &
Tractor Engineering, based in Steyr,
Upper Austria, adding “Acting as a
kind of neutral link between trac-
tor and implement, we can help
both parties to optimize their sys-
tems and components, or define in-
terfaces without giving priority to
any one of the two sides.”

LEAN AGRICULTURE

Farming worldwide is undergo-
ing radical change. It is therefore
all the more important to identify
global trends early on and provide
suitable technological solutions. “A
sharp rise is being seen in the need
for agricultural commodities, for ex-
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AVL employs a tire model that simulates the interaction between tire and road surface — as well as the classical powertrain elements of combustion
engine, transmission and axle — for increasingly precise integrated-vehicle models.

ample cereal. Reasons for this trend
are the rise in the world population
and changing eating habits, such as
the increased consumption of meat
in the emerging markets. The Lean
Agriculture approach can help to
solve this problem. Lean agricul-
ture refers to a combination of the
already familiar Precision Farm-
ing process and the right kind of
technologies, in other words the
right kind of mechanization in the
background,” says Udo Kneitz,
describing the ideal level of inter-
action between processes and tools,
specifically between agricultur-
al processing methods and the as-
sociated technology on the side of
the tractor and the implement. “To
be able to give our customers the
right recommendations, it is neces-

sary to identify future agricultural
trends at an early stage. Our glob-
al presence in markets all over the
world allows us to pass on this kind
of knowledge to our customers in
the context of market and compe-
tition analyses which, in combina-
tion with our knowledge of future
technology trends, result in the re-
quirements for production specifi-
cation and, consequently, for our
customer’s product portfolio and
product management. Against the
background of increasing profes-
sionalization in farming, such in-
formation is extremely valuable,
both for globally established OEMs
and for new companies wishing to
expand into markets they are not yet
familiar with.”

AVL can also support and advise
its customers worldwide on all as-
pects of agricultural equipment ho-
mologation. A design approval in
Europe, for example, requires that
hundreds of legal framework condi-
tions be met. These include matters
like whether a tractor is roadwor-
thy or whether it satisfies the rel-
evant requirements of the EC Ma-
chinery Directive or the respective
emission limits. AVL creates all doc-
uments and either runs the tests itself
or initiates and supervises any tests
that are needed to be awarded the
European homologation. At their
customer’s request, AVL special-
ists can additionally ensure compli-
ance with the latest applicable emis-
sion legislation (Tier 4 Final, Stage 4,
etc.) before starting the homologa-
tion process.

11 Focus



HIH powertrain engineering

AMPLE OPPORTUNITY FOR INNOVATION

With regard to the now globally
established technology for meet-
ing the stringent emission limits,
Udo Kneitz sees ample opportu-
nity for innovation for agricultur-
al machinery manufacturers in the
near future: “Over the past 10 to
15 years, most of the financial and
human resources were tied to ex-
haust-gas issues. Now that the de-
velopment work to ensure com-
pliance with the emission limits
is complete, agricultural machin-
ery manufacturers are offered a
wide scope for implementing novel
technologies and solutions. Starting
with improving the level of com-
fort at the workplace by optimiz-
ing the man-machine interface, for
example, or developing new solutions
or upgrading existing ones for the
autonomous use of tractors, there is
a tremendously wide scope of for-
ward-looking development themes
to which AVL can make an active
and efficient contribution — thanks
to its comprehensive system capa-
bilities.”

>

Modern automated transmissions can
contribute to the optimization of the
powertrain in tractors.

12 FoCus
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UDO KNEITZ,
Managing Director, Commercial Driveline &
Tractor Engineering

» ACTING AS A KIND
OF NEUTRAL LINK
BETWEEN TRACTOR
AND IMPLEMENT,

WE CAN HELP BOTH
PARTIES TO OPTIMIZE
THEIR SYSTEMS AND
COMPONENTS. «

Another very attractive field of de-
velopment is also electrification and
thus the further optimization of the
tractor/implement interface. Where
electrification is concerned, it is not
the tractor that the expert regards as
the driver, but the implement. The
reason for this is that electrification
on the side of the implement can
unleash its full potential. “Many
manufacturers of implements have
already got electrified prototypes
up and running. These work with
much higher precision and efficien-
cy if electric and electronic com-
ponents are used effectively. A hay
tedder that has electric drive mo-
tors and therefore can do without
any mechanical power transfer, for
example, not only achieves higher
efficiency, it also offers advantag-
es in road transport due to having
space-saving and easily retractable
arms,” points out Udo Kneitz.

Central to electrification is the
definition of a uniform and open
interface between the tractor and
the implement. In this respect,
AVL can play a decisive role due
to its expertise and its position as
a neutral link. AVL is a member of
the VDMA (the German Engineer-
ing Federation) and the AEF (the
Agricultural Industry Electronics
Foundation) where such standards
are defined. This makes us the per-
fect partner for either side — manu-
facturers of implements and tractors
- and excellently capable of imple-
menting whatever ideas you may
have,” adds the agricultural engi-
neering expert.

In future, tractors will consequently
have an electric generator, which on
no account will be a simple add-on.
Instead, solutions have to be high-
ly integrated: “An example for uti-




lizing the generator potential wise-
ly would be to apply downsizing
or perhaps phlegmatization of the
engine, which would make it pos-
sible to replace complex and expen-
sive charging technologies, such as
twin-chargers or VGTs, with much
simpler turbochargers. In addition,
elements like starters or dynamos
will no longer be needed if the gen-
erator is integrated into the pow-
ertrain. The general goal is to raise
the efficiency of the overall system
by electrification — which could ide-
ally be done at no extra cost.”

GROWING SIGNIFICANCE OF
MODEL-BASED DEVELOPMENT

Following the example of the auto-
motive industry, the role of model-
based development is also gaining
significance in the field of agricul-
tural engineering. Due to the com-
paratively small quantities pro-
duced, this type of development
method can be employed with par-
ticular efficiency. This is because
model-based development allows
comparing a multitude of variants
and concepts with relatively mini-
mal effort. Based on these findings,
it becomes possible to concentrate
on the most promising variants in
the further course of the develop-
ment.

For the increasingly precise inte-
grated-vehicle models, AVL not
only uses the classical powertrain
elements combustion engine, trans-
mission and axle. It also employs a
tire model that simulates the inter-
action between tire and road sur-
face. This kind of interaction —
friction, slip, interlocking, etc. — is
of crucial significance in off-road

applications, as it can cause up to 10
percent deviation in efficiency. An-
other special feature of AVL’s inte-
grated vehicle model is its real-time
capability, which enables its use in
test bed and hardware-in-the-loop
testing too. To begin with, it is im-
portant to model as many sub-ele-
ments as possible virtually and then
test the way they interact within the
overall system. In the course of the
development process, virtual func-
tions can successively be replaced
by hardware components — rang-
ing from individual control units to
complete powertrain components.

PARTIAL SOLUTIONS WITH
A SYSTEM VIEW

“With our broad scope of agricultur-
al engineering products and services,
which encompass all of AVLs global
capabilities, we are able to provide
support both to established play-
ers in the agricultural engineering
sector at a superior technical lev-
el and to newcomers. Our capa-
bility to design an overall vehicle
also makes us the ideal partner for
the development of individual com-
ponents. Given today’s ever-increas-
ing complexity and interaction, even

On the test bed the results of the virtual development are verified. The values measured on the
test bed are additionally fed back into the virtual model to improve it further.

Virtual models also play an impor-
tant role in the final tests on the
vehicle test bed, where the vehicles
go through exactly the same cycle
as they did previously at the vir-
tual development stations, ensur-
ing good comparability. The values
measured on the vehicle test bed are
additionally fed back into the virtu-
al model to improve it further.

the development of individual ele-
ments requires in-depth knowledge
of the overall system — and that is
exactly what we can offer our cus-
tomers all over the world,” says the
Managing Director of the AVL busi-
ness unit Commercial Driveline &
Tractor Engineering. <«
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OVERALL POWERTRAIN
CALIBRATION FROM A
SINGLE SOURCE

AVL offers its customers a comprehensive scope of calibration
services ranging from gasoline and diesel engines through
to transmission and all elements belonging to the electrified
powertrain. By combining great expertise, innovative methods
and state-of-the-art tools, AVL is also the perfect partner for
overall drivetrain system calibration.

» AVL not only calibrates entire
powertrains — it also takes care of
the individual powertrain elements,
both in passenger cars and commer-
cial vehicles. “Having AVL calibrate
their entire system gives customers
loads of benefits. There is no need
for them to communicate with dif-
ferent engineering partners or coor-
dinate activities with several teams.
Apart from that, fewer prototypes
are needed and for a much short-
er time. The multitude of syner-
gies that AVL can provide general-

14 FOCUS

ly allows you to reduce development
time and cost very considerably,”
Gerhard Kokalj, Head of Transmis-
sion, Hybrid and e-Vehicle Calibra-
tion at AVL, tells Focus. Besides sup-
plying comprehensive calibration
solutions from a single source, AVL
also performs calibrations of indi-
vidual powertrain elements — from
gasoline and diesel engines to the
transmission and all electrification
elements, including the operating
strategy for the entire system. These

calibration services are offered for
both light-duty and on- and off-road
heavy-duty applications.

Where internal combustion en-
gine calibration is concerned, AVL
has been an established engineering
partner all over the world for quite
some time. By employing new and
model-based development meth-
ods, diesel and gasoline engine cal-
ibrations are now conducted with
much higher precision and efficien-
cy than they were before (read more
about this on the following double-
page spread). According to Gerhard
Kokalj, automatic-transmission cal-
ibration is assuming increasing im-
portance in the optimization of the
classic powertrain: “The trend in the
automotive industry is towards try-
ing to keep the drive hardware the
same within the context of the plat-
form strategy. The vehicle character-
istics are increasingly being defined
by adjusting or calibrating the soft-
ware. In this respect, the automat-
ic transmission, which is increas-
ingly being employed in passenger
cars, is becoming more and more im-
portant. Furthermore, reduced fu-
el consumption and CO, emissions
can only be achieved by optimizing
the overall system — in other words
engine and transmission combined.”

HYBRID AND ELECTRIC
VEHICLE CALIBRATION

As for the hybrid drive, the central
focus is on the harmonious inter-
action of all powertrain elements.
Calibration here is even more criti-
cal — both where the individual com-
ponents are concerned and the over-
all system. And this, says the expert,
is exactly where AVL can play out
its strengths: “The more complex a




» THE COMBINATION
OF OUR EXPERTISE
AND AVLS INNQVATIVE
METHODS AND

TOOLS ARE OUR

REAL STRENGTHS

IN POWERTRAIN
CALIBRATION. «

GERHARD KOKALJ

drive is, the more important it is to
have overall knowledge at the level
of the powertrain and the vehicle.
AVL has this knowledge. We cali-
brate both, the entire hybrid system
— in other words the hybrid control
unit (HCU) - and all the other in-
dividual components too, ranging
from the internal combustion en-
gine through to the transmission, the
electric motor and the decoupler. A
further major area is variant calibra-
tion for hybrid vehicles, which AVL
carries out for OEMs.”

Besides hybrid calibration, AVL also
calibrates vehicles powered purely
by electricity. Here, the main prior-
ities are extending the battery range

by pursuing an intelligent operating
strategy and diagnostics calibration
which ensures safety and reliability
in electric cars. Drivability tuning is
also central, which is applied to give
the electric vehicle a very comfort-
able or perhaps a decidedly sporty
driving behavior. As the brand-spe-
cific character should be maintained,
also in electric vehicles, this aspect of
calibration is assuming an increas-
ingly important role.

INNOVATIVE METHODS AND
STATE-OF-THE-ART T0OLS

At AVL, only the most advanced
calibration methods and tools are
used. Kokalj: “The virtual world is
becoming more and more important
in calibration. With AVL’s MoBEO
tool, model-based engine optimiza-
tion has already found its way into
the engine world. And there are now
some very promising approaches in
this direction in transmission cali-
bration, which are increasingly being
incorporated into our projects.” An-
other AVL innovation is a method-
ology for the objective assessment of
the gear shifting strategy. “The chal-
lenge we faced here was to assess the
gear shift points based on physical
measuring quantities ensuring the
greatest objectivity possible. The re-
sult are various criteria at which the
gear shift should ideally take place
according to the driver’s wishes. This
kind of objectified gear shift point
assessment is currently only possi-
ble here at AVL. Apart from that,
an AVL tool has now made it pos-
sible to optimize the driving strate-
gy offline — a task which previously
exclusively took place on the prov-
ing ground. The concluding valida-
tion stage takes place in the vehicle.”

For hybrid calibration, AVL ap-
plies its internally developed
HyHab methodology which has a
number of advantages. “A large part
of the base calibration of the oper-
ating strategy, which is then incor-
porated into the hybrid control unit
(HCU), is a result of simulation with
AVL CRUISE. In future, the share
of simulation in the operating strat-
egy is expected to grow even fur-
ther,” stresses Kokalj. After that, the
powertrain and — in case it is already
finished — the entire hybrid vehicle
is tested on the powertrain or chas-
sis dynamometer. Using the driv-
er simulation system AVL DriCon,
an event is automatically initiated
from an extensive test application.
The effects the event has on driv-
ability are measured using the AVL
DRIVE tool. After the test runs are
complete, AVL CAMEO is used
to perform the calibration on the
Office desktop, saving both time and
cost. The HyHab methodology is al-
so employed for drivability coordi-
nation in electric vehicles.

A STRONG COMBINATION

“The combination of our calibration
engineers’ extensive breadth of ex-
pertise and AVL’s innovative meth-
ods and tools are our real strengths
in powertrain calibration. Added to
this is the advantage of our global
presence: in our 32 Tech Centers
around the globe we can meet the
specific local requirements on site
and cater to our customers’ special
wishes very effectively — and always
with the support of our headquar-
ters and competence center in Graz,
whenever we need it,” says Gerhard
Kokalj, summing up the advantages
of having AVL as your established
engineering partner for all areas of
Powertrain Calibration. <
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MODEL-BASED ENGINE CALIBRATION

ON THE VIRTUAL TEST BED

AVL's MoBEO method (model-based engine optimization) enables you to optimize gasoline
and diesel engines, mc\udlng exhaust gas aftertreatment systems, on the virtual test bed
at a very early stage of the development process under (simulated) real world conditions,

PLER
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The virtual test bed for model-based engine optimization AVL XIL.STATION.

» The main goal of AVL
MoBEO (model-based engine op-
timization) is to shift major parts
of engine development from the
real to the virtual test bed. According
to Michael Kordon, Manager Meth-
odology for Development, Cali-
bration and Testing, high-precision
engine models are fundamental to
the process: “Our engine models are
a combination of physical and em-
pirical models. This helps us take ad-
vantage of both approaches and sat-
isfy the high model standards which
calibration requires — both in view of
quality and calculation speed.”

The empirical part of the models is
based on the AVL engineers’ many
years of experience and the evalua-
tion of huge volumes of measuring

16 FoCus

data. The empirical parts of the com-
bustion models are based on around
10 000 operating points from nine
different engines (with a displace-
ment of 0.5 to 2.5 liters per cylinder).
“What is so special about our empir-
ical models is that the coefficients
are constant. This makes it very easy
to make adaptions to a certain en-
gine. Only a few parameters need to
be set. Very roughly speaking, the
physical models are used first, but
if the calculation time has a limit-
ing effect, the highly complex parts
are substituted by empirical mod-
els, so that the engine model is real-
time capable and can be used on the
virtual test bed,” Michael Kordon
explains.

EXHAUST GAS AFTERTREATMENT
MODELS PLAY AN IMPORTANT ROLE

According to Martin Schiissler,
Manager Development Aftertreat-
ment Systems, not only engine mod-
els, but also exhaust gas aftertreat-
ment models play an important
role in calibration on the virtual
XIL.STATION test bed (see also
page 29): “Compared to the engine,
significant phenomena inside a cata-
lytic converter are on a slower time
scale. Yet the reaction equations typ-
ically are highly complex. Similar to
the engine model, semi-empirical ap-
proaches are used to keep param-
eterization workload and calcula-
tion time within a reasonable range.
To provide exhaust gas systems in
time with project schedules, AVL
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By using high-quality real-time simulation models, MoBEO enables calibration engineers to carry out major development steps, such as function
pre-calibration, function tests and OBD calibration tasks, at a very early stage in a virtual development environment

has developed an integrated meth-
odology that includes measurement
(on the synthesis gas and engine test
bed), evaluation and even parameter
identification.”

TRANSIENT TESTING ALREADY
IN THE CONCEPT PHASE

Based on simulation models, tran-
sient engine testing can already start
in the concept phase. In parallel to
basic development, the virtual test
bed can be used, for example, to sim-
ulate the engine’s emission behavior
under real driving conditions, which
is not only a huge advantage with
regard to assessing and calibrating
the powertrain in view of its com-
pliance with new emission legis-
lation — key word “Real Driving

Emissions” (RDE) — it also proves
worthwhile when it comes to spec-
ification of the exhaust gas after-
treatment components. It addition-
ally leads to significantly enhanced
efficiency in the calibration of engine
protection functions: The virtual test
bed also allows data records to be re-
viewed under extreme ambient con-
ditions (temperature, sea level, etc.)
and with different component tol-
erances in varying operating states.
As a result, the limits of vehicle op-
erating conditions can be taken in-
to account at a very early stage in
development under cost-optimized
conditions.

By using high-quality real-time sim-
ulation models, MoBEO enables
calibration engineers to carry out

major development steps, such as
function pre-calibration, function
tests and OBD calibration tasks, at
a very early stage in a virtual devel-
opment environment. This leads to
tremendous reductions in develop-
ment time and costs while improv-
ing quality at the same time. “One
can basically say that the higher the
system’s complexity and number of
engine variants, the more savings po-
tential can be achieved — ideally, no
more than the final validation of da-
ta will be necessary in the real ve-
hicle. The outstanding ease of use
is another major factor: Due to the
huge experience the AVL engineers
have who have developed this meth-
odology, the MoBEO method satis-
fies the exact requirements of the de-
velopers who use it,” says Michael
Kordon. <«
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Interview about the future of powertrain development

Kai Uwe Voigt, Executive Vice President Instrumentation & Test Systems, and Mario
Walenta, Vice President Sales Instrumentation & Test Systems, on new trends

in simulation and test systems for powertrain development, and the way in which
AVL is taking on these challenges.

» F>: Vehicle drivetrains are
becoming progressively more com-
plex. At the same time, they have to
be developed efficiently and to the
highest quality. How does AVL, as
a manufacturer of highly advanced
simulation and test solutions,
respond to these new challenges?

Voigv: To satisfy these diverging re-
quirements, development tasks need
to be shifted to earlier phases of the
development process. It is crucial
that the different powertrain com-
ponents are continuously integrated
into the overall system. This means
that virtual prototypes need to be
combined with real, existing com-

ponents and tested within the in-
tegrated system, so that their func-
tionalities and performance can be
evaluated. Based on the strategy of
its Integrated Open Development
Platform (IODP), AVL provides
its customers with a platform that
combines different development
environments in a manner which is
perfect to enable agile and parallel
development activities.

One very central aspect of system
integration is collaboration. On the
one hand, this refers to the way de-
signer teams working at different lo-
cations cooperate, but, much more
importantly, this concerns the way

specialists interact across different
disciplines. In this respect, it is cru-
cial for these people to network,
to make knowledge accessible and
comprehensible and to piece it all
together in a meaningful way.

<Walenta>: Distributed develop-
ment requires uniform process-
es that achieve comparable results.
The tools of the IODP deliver the
infrastructure for different kinds of
users to collaborate productively at
different locations along a defined
process. We at AVL make intensive
use of methods, processes and tools
at our own Tech Centers around

the globe. No matter in which AVL
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Intuitive operation of software tools, as well as faster and easier access to information, will shape the powertrain development for the future.

Tech Center the tests are run, our
high standards demand that the re-
sults must always have the same su-
perior quality and be reproducible
everywhere.

&: How can the AVL tool chain
be expanded or redesigned to even
further optimize collaboration in

powertrain development across
different locations and cultures?

<Walenta>: For us, the next step is to
significantly simplify the access to
our tools and enable a more intui-
tive use. The main focus is on solv-
ing a specific development task —
the tool itself must offer engineers

optimal support in doing so. This
is why software tools have to get
smarter and smarter and integrate
an ever increasing level of applica-
tion knowledge. This gives users
information — and not just a mere
view of data that first requires a lot
of hard work before they can be in-
terpreted. An intuitive approach
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will bring on a sharp rise in devel-
opment efficiency.

<B: What role does intuitive oper-
ation have in the high-tech envi-
ronment in which AVL is active?

<Walenta>: Usability improved this
way plays a huge role, and particu-
larly so for the new generation of de-
signers who have only just left uni-
versity. These young engineers use
novel tools at a very advanced level
and are very quick to achieve results
with them. These users, however, give
very little thought to the deeper pro-
cesses behind applications. This, of
course, raises demands on the man-
ufacturers of development tools: the
specialized knowledge made available
by such tools has to be validated in
the best possible way, because engi-
neers no longer have the wish or even
the time to question the underlying
methodology or calculations. All the
tool is required to do is be stable and
deliver the required results quickly.

<F>: How, specifically, does AVL
adopt this intuitive approach in
its products?

Voigt: We consider it essential to
give our products a uniform look
& feel, because an individual user
usually has to operate an entire set
of integrated tools at once. We also
attach great importance to ensur-
ing ease of use in our products: In
special usability labs, we run thor-
ough tests — both with experienced
and inexperienced users — to see
just how usable our products real-
ly are. One of the latest examples is
the new version of AVL CAMEO,
our established all-in-one calibra-
tion tool, which has a remarkably
advanced and clearly structured
graphical user interface that helps
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users perform their work in a very

effective way.

But now we are taking usability one
big step further: User experience’ to-
day is an essential feature of products
and systems. So our ambition now is
to make sure that users of our solu-
tions truly experience the consisten-
cy of our tools. This requires that the
same functions are implemented in
a consistently identical way in all of
our products. To be able to master
the resulting complex interdependen-

cies, we employ advanced system en-
gineering approaches to develop our
products. To model our systems, for
example, we use SysML.

: How can these new products
help to make knowledge avail-
able in one organization accessi-
ble to others in a fast and conve-
nient way?

<Walenta>: The focus here must be
on integration. The system inte-
grates and concentrates data from
a broad variety of sources. In a




second step, these data need to
be consolidated - i.e. the data

relevant for the specific applica-
tion are sought and any other are
no longer needed. In a third step,
the accumulated information must
be turned into aggregated informa-
tion, which is eventually present-
ed to the user. The goal is now to
use this selected and simplified in-
formation to derive conclusions or
make decisions on possible direc-
tions the development is to take.

Voigt: The buzzword here 1s Big

Data — it is all about extracting in-
formation from a tremendous vari-
ety of data. For example, you can
generate very valuable information
from the data collected in our cal-
ibration database AVL CRETA,
which were obtained from a large
number of calibration projects.
Based on this, you can apply sta-
tistical methods to create prelim-
inary calibrations or decide at an
early stage which parameters need
to be manipulated or changed if any.

A second major field involves mak-
ing processes visible and measur-
able. This includes, for example,
determining and displaying perfor-
mance indicators based on an anal-
ysis of usage behavior in the pow-
ertrain test field. This is then used
to derive measures for continuous
efficiency enhancement.

<F>: AVL has assumed world-
wide leadership where this kind of
development is concerned. What
is the motivation behind this
commitment?

<Voigt: AVL has extensive pow-
ertrain development expertise and is
just as competent when it comes to
integrating development tools into
our customers’ processes. By com-
bining the comprehensive capabil-
ities we have in the area of simu-
lation and test systems with our
wide-ranging application know-
ledge in powertrain engineering,
our 6,200 employees all over the
world — the majority of these are
engineers — constantly strive to
develop efficiency-enhancing
methodologies and make them
available to our customers in our
products. It is this globally unique
combination that continues to drive
our methodology and product
development forward.

Walenta>: AVL sees itself as a pow-
erful innovator in this area. It is
AVDL’s vision to ensure mobility
that is both clean and affordable.
Our claim to never stop question-
ing the status quo, a decent portion
of pioneering spirit and our intense
research in the area of technology
and trends enable us to continu-
ously develop our solutions fur-
ther, thus ensuring their long-term
feasibility. <
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THE ACTUAL
RACE STARTS

VIRTUALLY

The 2014 racing season sees electrification in Formula One
becoming more relevant than ever before. This means that
simulation is increasingly important for making the most of

the new powertrain.

» Simulation is getting more
and more important in internation-
al motorsports. In Formula One
racing preparations, it is nowadays
just as much standard practice to
cover as many as 50,000 virtual laps
on a PC as it is to run tests on test
beds, where different kinds of sim-
ulations provide for realistic testing
conditions. For more than ten years,
it has not been possible to imagine
global motorsports without the AVL
Vehicle Simulation Model (VSM), a
tool that was designed specifically
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for these testing tasks. “We intro-
duced VSM to the Formula One
back in 2001, together with Ferrari,
in an effort to tune the then-new
traction control technology on the
test bed at an early stage in devel-
opment,” Peter Schoggl, Head of
Business Field Racing, Powertrain
Engineering, told Focus. “Today,
with our VSM, we are market lead-
ers in a large number of international
racing series. VSM is developed fur-
ther on a continual basis, with new

Peter Schoggl, Head of Business
Field Racing, Powertrain Engineering

functions and models regularly be-
ing added to fit the changing rules
and regulations. For quite some
time now, this has empowered us —
and our customers — to test and op-
timize the new electrified F1 pow-
ertrain both purely virtually and on
a highly dynamic engine, transmis-
sion and powertrain test bed.“ (Read
more about this in our double-page
feature.)

HIGH-PRECISION MODELS

For racecars to be optimized virtu-
ally, multiple different simulation
models are required. The scope
ranges from “driver models”, which
are capable of moving the vehicle
realistically at its limits, and mod-
els of the individual elements of the
powertrain (engine, electrical ma-
chines, battery) through to high-
ly accurate digital representations
of racing circuits from all over the
world. More than 70 of these tracks
can be found in AVL’s comprehen-
sive virtual library. Among myri-
ad other features, these include the
exact properties of the asphalt sur-
face, any occurring bumps and even
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the infrastructure along the track,
giving drivers in the driving simu-
lator an idea of their braking points.

To enable simulation, the chassis,
the racecar’s aerodynamics and its
suspension have to be represent-
ed as models too. “The data relat-
ing to the spring suspension and
damping system are supplied by
other simulation models or special
test beds, and are imported directly
into the VSM. The principle of
using measured data for the mod-
els is applied very frequently — for
creating the model in the first place
and also for refining it later. Where
this is concerned, values which our
engineers measured on site at the
racing circuit also play a key role,”
points out Peter Schoggl. The im-
portant thing is always to make sure
that the processes are executed fast.

One of AVLs outstanding develop-
ments is its high-precision tire mod-
el. “The high aerodynamic down-
force helps to push the racecar’s hot
tires deep into the pores of the as-
phalt. Using the asphalt-surface mi-
cro-roughness data for the respective
racing circuit, we are able to simu-
late the way the tire rubber reacts
with the racing track and incorpo-
rate such data into the overall vehi-
cle model, which increases its quality
very significantly,” Schoggl explains.

1.6-L-TURBO ENGINE AND NEW
ELECTRIFICATION COMPONENTS

An essential new feature of the
2014 F1 regulations is the 1.6-liter,
six-cylinder, turbocharged engine,
for which AVL has developed an
engine model. Despite being
extremely powerful, the model is
also real-time capable. “Using our
many years of experience with

direct-injection turbocharged en-
gines,” says the expert, “we managed
to develop an extremely high-per-
forming transient model of the new
F1 engine, including a combustion
model. Particular attention was al-
so given to fuel consumption, which,
according to the 2014 F1 specifica-
tions, will now be restricted both
in view of the total amount of fuel
allowed in a race (100 kg) and fuel
flow rate per hour (100 kg/h).”

One of the really tough challeng-
es the AVL simulation experts had

to deal with was posed by the new
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F1 electrification components: the
electrical machine MGU-H (Mo-
tor Generator Unit — Heat) cou-
pled with the turbocharger - its
rotational speed must not exceed
125,000 rpm - and the MGU-K
(Motor Generator Unit — Kinetic)
which is deployed as a means of
propulsion and energy recovery.

Peter Schoggl: “The MGU-H, in
particular, opens up a vast num-
ber of novel ways to develop the
operating strategy. The energy, for
example, can be fed straight into the
MGU-K and used for propulsion,
which, according to the regulations,
is possible without limitation. Or
you can store the generated electric-
ity in the battery to use it later as an
extra boost. Another option would

T h ik

be to power the turbocharger elec-
trically, which would firstly remove
lag and, eventually, lead on to the
development of a new generation
of turbochargers with an even bet-
ter level of efficiency.” According to
the expert, this Formula 1 innova-
tion might soon even be applied in
series-production sports cars, tak-
ing the form of new and electrical-
ly powered turbochargers.

Especially the increased level of
electrification has caused a sharp
rise in the number of parameters
available for fine-tuning a Formu-

Simulation of the
turbo charger map
with the AVL Vehicle
Simulation Model

4 s Tl B S V)

N VT N e

Lo -

la One powertrain. “Particularly in
view of optimizing the interaction
between the 1.6-liter turbo engine
and the new electrification compo-
nents, we at AVL have clear techno-
logical edge over our competitors.
This is down to the fact that our
engine model is also capable of
representing the feedback effects
which the electrification tech-
nique has on the combustion
engine. But even where perfor-
mance optimization of the over-
all vehicle is concerned, the Vehi-
cle Simulation Model is a superior
tool, a fact clearly reflected in the
AVL VSM’s great success in in-
ternational motorsports. In 2013
VSM customers won as many as ten
national and international cham-
pionships,” adds Peter Schoggl. <
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ELECTRIFIED FORMULA ONE
ON THE TEST BED

AVL test systems allow you to test the entire powertrain of F1 racecars —
including all of the new electrification components.

» 2014 sees the introduction
of new rules and regulations, whe-
re electrification takes on a who-
le new level of significance: The
power of the electric drive motor
(MGU-K for Motor Generator
Unit — Kinetic) increases from 60
to 120 kW, and, at the same time,
the additional electrical energy may
be used for more than 30 seconds
each lap (previously 6.6 seconds).
The amount of energy stored in
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the battery is ten times that allo-
wed previously. There is also a
totally new electrification com-
ponent in the 2014 Formula One
season, as Volker Niemeyer,
Director of Electrification & Racing
Test Systems, points out, “The se-
cond electrical machine, which
is referred to as MGU-H (Motor
Generator Unit — Heat), is me-
chanically directly coupled to the

compressor side of the turbochar-
ger. The MGU-H has two func-
tions: firstly, it is used as a gene-
rator to produce electricity, and,
secondly, it can electrically power
the turbo at low engine speeds, im-
proving the engine’s torque beha-
vior at low speed levels. In short,
the engine management system in
a F1 racecar gets lots of additional
degrees of freedom that need to be
controlled.”




For these degrees of freedom to be
managed, extensive testing is re-
quired — both in the context of sim-
ulation during the concept phase and
by running tests on special AVL test
beds, where simulations also play a
major role.

TWIN E-MOTOR TEST BED

Testing and calibrating all electri-
fication components - MGU-K
and MGU-H, battery, inverter
and the ECU - of a Formula One
powertrain requires the use of the
AVL twin electric motor test bed.
“As the MGU-H reaches 120,000
rpm and the MGU-K reaches up
to 50,000 rpm, the electrical ma-
chines are coupled to the dynos us-
ing a transmission. Especially where
the MGU-H is concerned, torque
measurement is necessary, which
is not an easy matter to deal with.
The entire high-speed drive has to
be precisely aligned to the engine
mount, down to a hundredth of a
millimeter,” says Volker Niemeyer,
describing the tough challenge in
testing. In addition, the test bed is
designed to allow you to connect
the two electrical machines on the
test bed to the inverter using ex-
actly the same cable harness that is
used in the racecar. Having the pos-
sibility to install the identical cable
harness from the vehicle offers cus-
tomers the advantage of being able
to transfer the entire power unit
straight from the car to the test sys-
tem. This can be useful later on, for
example, for troubleshooting. Both
for cooling the electric motors and
the inverter, the test bed has spe-
cial conditioning systems that are
able to reproduce thermal loads like
those in the vehicle.

The energy supply for the two
electrical machines is ensured by
the AVL E-Storage System with
Battery Emulation, which repro-
duces the exact behavior of a For-
mula One battery. “We have three
kinds of battery emulation: The
most simplistic model simply in-
volves reproducing the battery’s in-
ternal resistance. The second vari-
ant is a closed AVL battery model
that offers our customers param-
eterization options. The third
and most sophisticated model is a
Matlab/Simulink environment,
where customers can replace the
battery model supplied by AVL

with one of their own.

The other elements of the power-
train can be represented by mod-
els, too, giving actually exist-
ing, real components — like
the MGU-K and the MGU-H
— the “feeling’ as if they were
already inside the vehicle and on the
track,” explains the expert. “This
way, even powertrain vibration can
be emulated, which allows design-
ers to develop and tune the strategy
for damping the powertrain vibra-
tion with the existing electric motor
early on in the frontloading proce-
dure on the test bed.”

OPTIMIZATION ON THE
POWERTRAIN TEST BED

Once all elements of the F1 power-
train are available as hardware, the
tests are continued on the pow-
ertrain test bed. The real internal
combustion engine, however, is not
absolutely necessary for these tests.
It can be replaced by the AVL F1
Prime Mover dyno, which can re-
produce the main orders of the re-

al engine. “With the AVL F1 Prime

The MGU-H and MGU-K can be tested with
the AVL Twin E-Motor Testbed.

Mover, designer teams can test the
MGU-K or the transmission with
the complete powertrain with-
out the need for the real engine,
which frequently isn’t available to
all teams for testing purposes. Even
the operating strategy can be opti-
mized on the powertrain test bed,
using high-precision tire and track

»

models,” says Volker Niemeyer.
As well as for Formula One, this test
and optimization method is also em-
ployed for the electrified racecars of
the WEC series, and even for road

vehicles.

“We offer our customers an in-
tegrated tool chain for testing
the electrified powertrain — from
virtual frontloading to test beds for
individual components and test sys-
tems for the complete powertrain.
At the same time, we combine high-
ly dynamic test engineering with
state-of-the-art simulation tech-
nologies, creating testing environ-
ments which are as close as possible
to real driving on the racing track.
This empowers our customers to
get maximum performance from
their racecars in this brand new
era of motorsports,” says Volker
Niemeyer, summing up the advan-

tages of AVL RACING. <«
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THE MINIATURE WORLD OF AVL

Opening ceremony of the AVL Creche/AVL Kindergarten in the AVL headquarters in Graz.

» “There‘s no nicer way to
start a day.” These were the words
of CEO Helmut List when he con-
gratulated the children on their

welcoming performance at the of-
ficial opening ceremony of the
AVL Creche/AVL Kindergarten
in the AVL headquarters in Graz.

>

At the successful opening, CEO Helmut List
and Provincial Govemnor Franz Voves presented
a framed logo of the AVL Creche/AVL Kinder-
garten to the children.

Around 50 children from ten dif-
ferent nations, along with their
parents, will benefit from the lo-
ving care provided by the childcare
facility close to their workplace.
The AVL facility for child educa-
tion and care operates according
to a well-thought-out pedagogical
concept which encourages child-
ren to explore, sparks their curi-
osity and promotes intercultural
understanding. <

Kathryn List, founder and chairwoman of the AVL

Cultural Foundation, and Michael Ksela, CEO
of SCOOP & SPOON, at the awards ceremony.

LOVIE-AWARD
FOR HELMUT
LIST HALLE APP

The prestigious award for
digital projects was
presented in London.

» Art and creativity is an es-

sential part of AVL's corporate
culture. Impressive art-and-culture
achievements at AVL include the
founding of the AVL Cultural Foun-
dation and the establishment of the
Helmut List Halle with its inter-
nationally acclaimed acoustic sys-
tem and much more. And here‘s the
latest highlight of the company*s

>

Helmut and
Kathryn List

were delighted by
the Lovie Award
for the Helmut List
Halle app. The
Lovie Awards are
known as the
highest award for
digital projects
made by European
organizations and
institutions.

intensive cultural commitment:
the app for the Helmut List Halle
has won the Lovie Award and
the People‘s Lovie Award in the
category Mobile and Applications —
Entertainment!

The app, which was created and
designed by SCOOP & SPOON,
proved successful against close to 70
competitors in the same category. <
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The Trend Conference in Graz

26" International AVL Conference “Engine & Environment”

ENGINE 2020 — SPARK VERSUS COMPRESSION

IGNITION IN A NEW ENVIRONMENT

events 11

The 26" International AVL Conference “Engine & Environment” will take place in the Helmut
List Halle in Graz, Austria, on the 11" and 12" of September, 2014.

» Further optimization of the
combustion engine is an essential
key for achieving the CO, ambi-
tions. During this conference the
potentials of diesel and spark igni-
tion engines will be compared and
discussed. The impact of hybridiza-
tion and connectivity on the design
and configuration of combustion en-
gines is another focal topic.

How shall the combustion engine,
within the increasingly sophisticat-
ed powertrain systems, be designed
to meet the future market require-

ENGINE & ENVIRONMENT

Scan QR code and access the app.

ments efficiently? How does the
engine change in an environment of
increasing electrification? In which
markets and vehicle segments will
the spark ignition or the diesel en-
gine win or lose? Which role will
alternative fuels take on in the
future?

These and many more questions
will be examined by international
experts at the AVL conference.
Information, registration and app-
download at: www.avl.com/engine-
environment-2014; event@avl.com <

6™ AVL LARGE ENGINES TECHDAYS

‘Gas & Dual Fuel” will be the main topic of the
international AVL conference on 6" — 7" May 2014
in the Helmut List Halle in Graz, Austria.

» AVL has selected “Gas & Dual
Fuel” as the main theme of the 2014
AVL Large Engines TechDays due
to the increasing relevance of gas to

the Large Engine Industry.

Large engine OEMs are, more and
more, challenged by end users to in-
troduce large gas and dual fuel en-
gines to the marketplace as versatile,
efficient fuel-to-mechanical ener-
gy convertors. The task is complex
and challenging, driven by new gas
and dual fuel gas engine applications
in areas such as locomotive, mining
and oil fields. There is also a need for
speedy delivery of the introduction of
new products and new technologies
that allow diesel and gas operation in

the same engine at low future exhaust
emission regulation levels.

The conference will open with key-
notes of leaders and opinion-mak-
ers from the large engines industry
who will share their views on fu-
ture trends and upcoming challenges
around gas and dual fuel. To comple-
ment these perspectives and to help
us see the bigger picture on the con-
ference topic, the program will al-
so include “impulse speeches” by
renowned personalities from outside
the industry.

For more information see:
avl.com/large-engines-techdays2014;
email: event@avl.com <«
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» In previous years, develop-
ment trends and strategies have
been affected by the exaggeration
of actual and perceived possibili-
ties for electrification in the auto-
motive and component industries,
but the picture of what is feasible
and what is affordable has recently
begun to sharpen. Consequently, a
meaningful and realistic coexistence,
free of contradictions, between com-
bustion engines and electric motors
has emerged. Thus, hybrid solutions
now have greater potential to offer
new possibilities of meeting existing

and future challenges in the reduc-
tion of CO, emissions and pollutants.
The variety of different technologi-
cal approaches will increase accord-
ingly, depending on whether cus-
tomers demand mobility in urban
areas or cross-country handling. In
addition to the existing dynamom-
eter test cycles, plans are in place to
include legislative requirements for
real road drive cycles with contin-
uous emissions monitoring, which
will present a whole new challenge
for which convincing solutions must
be supplied.

8™ INTERNATIONAL EXHAUST GAS
AND PARTICULATE EMISSIONS FORUM

1stand 2™ of April 2014, Forum am Schlosspark, Ludwigsburg, Germany

The focus of the 8% International
Exhaust Gas and Particulate Emis-
sions Forum is on issues related to
the development of petrol and die-
sel combustion including hybrid so-
lutions and the use of conventional
and alternative fuels. Requirements
of ,Real Driving Emission“ and the
increase of efficiency and robustness
of exhaust after-treatment systems
also play a role, as does the tech-
nology of recording even the low-
est emissions at transient operation.
Information and registration:
www.forum-emissions.com <

L

| INTERNATIONAL SYMPOSIUM
> ON COMBUSTION DIAGNOSTICS

Combustion Analysis — Visualisation — Simulation,

1stand 2 of July 2014, Baden-Baden Kurhaus, Germany

» The number of electric vehi-
cles introduced to the market in re-
cent times has increased significant-
ly, and there are no longer ‘rebuilds
of an existing solution’. As such, a
shift to greener transport solutions
are actively supported, though there
still remain applications where a
combustion engine cannot be re-
placed or where both drive systems
complement each other perfectly.

Out of this fact, the efficiency of
electric energy conversion will re-
ceive greater focus in research and
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development. The results of these
measurements and measurement
techniques, which we in this Sym-
posium will again devote ourselves
to, will be presented and discussed.
The complement of indicated results
with visual data, together with the
link to simulated results, will remain
the focus of these lectures.

To satisfy the high investments in
modern drive systems that couple
combustion engines with electric

mobility, the utilisation of econo-
mies of scale is necessary. Here the
same combustion engine, even when
used in different applications, will
share a high proportion of identical
parts. To control this development
effort effectively, the simultaneous
measurement of combustion char-
acteristics and control variables be-
comes necessary, which demands an
expansion of the classical approach.

Information and registration:
www.combustion-diagnostics.com <
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VIRTUAL TEST BED FOR MODEL-BASED
DEVELOPMENT AND CALIBRATION

Based on simulation models of the combustion engine and the exhaust gas aftertreatment
system, the AVL XIL.STATION enables to perform key development steps in a virtual testing
environment. Ensuring ease of use and a high level of acceptance, the test system'’s user
interface and calibration tools are identical to those on the real engine test bed.

» The AVL XIL.STATION is a
virtual test system where all ele-
ments of the test bed are simulated.
Based on real-time models of the
internal combustion engine and the
exhaust gas aftertreatment system
(see page 16), the system allows
you to develop or calibrate control
devices, even under extreme ambi-
ent conditions such as heat or cold
- conditions which real engine test
beds frequently cannot represent
at all, or can do so only with ext-
reme effort. Besides reducing time
and cost of development, this ap-
proach also leads to a significant
gain in calibration quality. This is
because, right from the start, the
system works with a high level of
data quality. Under ideal circum-
stances, the concluding validation
in the vehicle will merely require
minor changes to the data status.

To make work with the new system
as convenient as possible, develo-
pers will discover that the opera-
tor interface on the XIL.STATION
is exactly the same as they find
it on their engine test bed. The
applications used are identical
too: for calibration purposes, AVL
CAMEO is deployed; test run
automation takes place with

PUMA Open. Where required it

>

The AVL XIL.STATION for model-based
development and calibration.

is possible to simulate the overall
vehicle using AVL CRUISE.
Maneuver simulations can be inte-
grated with AVL InMotion. Calib-
ration data management and result
post-processing on XIL.STATION
are performed with the proven AVL
tools CRETA or CONCERTO,
respectively.

Adding the engine control unit
(ECU) to the integrated HiL sys-
tem is accomplished quickly and
easily via a load-unit drawers
and a standard cable harness. The

system’s open architecture also
enables the integration of HiL sys-
tems from various makers. In addi-
tion simulation models created by
the customer or other suppliers can

be integrated on XIL.STATION.

Gerald Hochmann, Application
Manager Engine Testing, Ins-
trumentation & Test Systems,
sums up the key advantages of
XIL.STATION: “Unlike con-
ventional HiL systems which ve-
ry often can only be operated by
specialists XIL.STATION is ext-
remely easy to work with due to
the smart way an in-the-loop fron-
tend, models, calibration tools and
test automation system are integra-
ted into an overall system. Added
to this is the fact that developers
can operate in their usual working
environment with tools they are
already familiar with. This redu-
ces training requirements for the
test facility operators considerab-
ly. Integrating XIL.STATION in-
to an existing test environment is
possible without any difficulty
with regard to data management,
data usage, parameters and results
and is a fundamental requirement
for reaching development goals
faster at higher quality.” <
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AVL CAMED: ALL-IN-ONE
POWERTRAIN CALIBRATION

To meet strict emission legislation and increased market
expectations, AVL CAMEQO has become even faster and
even better — from measurement data to the optimized map.

» With the growing challenge of
increasing development efficiency,
powertrain calibration is becoming
more and more important. For more
than 15 years AVL CAMEO deliv-
ered sophisticated methodologies in
a practical tool, enabling engineers
to deliver real-world improvements
in calibration quality. Calibrators all
over the world use CAMEO as their
tool of choice, which is shown by
the large number of sold licenses.

30 Focus

As calibration is becoming increas-
ingly complex and the expectations
of the marketplace greater and great-
er, AVL decided to meet these var-
ious challenges — such as the trend
towards greater diversity of variants
— which has made calibration such a
tough job.

THE NEW CAMEO 2013 R2

Intense discussions with calibration
engineers at major OEMs all over

the world, inspired AVL to design
the new CAMEO 2013 R2. “Our
well established all-in-one pow-
ertrain calibration tool has now
a much fresher, cleaner and more
focused user interface. Engineers
can focus on the task and still have
all relevant information available
without distraction. This philoso-
phy of CAMEO helps to dramat-
ically reduce ramp-up time from
weeks to single days — and to save
valuable time every day of use”, says
Alexander Heindl, product manager
for AVL CAMEO.

NEW ONLINE INTERFACES

CAMEO addresses both the needs of
the calibrator as well as the engineer
who operates at a test bed. Wherever
engineers want to work, they can
do so with the same familiar tool.
To supercharge the development
cycle, CAMEO has been designed
with new online interfaces into the
virtual world of IPG CarMaker
software — an industry first. AVL’s
leading advanced simulation tools
like BOOST, EXCITE, FIRE and
CRUISE are closely integrated as
well — facilitating the use of ad-
vanced design-of-experiment and
modeling methods within frontload-
ed development applications, as well
as system design.

Starting with the raw data the whole
workflow process of the calibration
task has been optimized in the new
CAMEO - quick analysis of this
data, with respect to the modeling
task, is an essential component in
an efficient process. Poor quality
data means low quality models un-
suitable for optimization and map
generation. With advanced statisti-




COMPONENT
DEVELOPMENT

o

HIGH QuaLITY
END PRODUCT

SYSTEM
INTEGRATION

VALIDATION

FAST MODEL-BASED
DEVELOPMENT

>

CAMEO can operate in several stages of the V-process and increases efficiency in calibration
by using standardized workflows, in combination with excellent usability.

cal methods and built-in powertrain
knowledge, CAMEO automatical-
ly checks the quality and plausibil-
ity of measurement data in a mini-
mum of time.

INNOVATIVE MODELING TYPE

INN2 is an innovative modeling
type that is pushing the boundaries
of DoE even further. “We are proud
that our INN2 has been proven to be
the best in class model by indepen-
dent DoE experts. The patent pro-
tected algorithm is capable of repre-
senting the most complex of surfaces
and design spaces”, says Alexander

Heindl.

CAMEO offers a number of ad-
vanced modeling methods to suit
applications like base calibration,
emission calibration, transmission
calibration and others — under-
standing that there is no single al-
gorithm that is optimal for all use
cases. What makes it unique is the
fact that CAMEO can automatically
determine the most suitable model
algorithm and intelligently tune

model type parameters to help en-
neers to quickly get first results.

“Emissions Legislation is one of
the most challenging parts of mod-
ern powertrain calibration”, states
Alexander Heindl: “That’s why spe-

car emission cycles. This enables
the engineer to optimise on its fa-
miliar cycle based g/km target in
a simple and easy way, benefiting
from CAMEOQ’s proven process-
ing speed.” Another feature that
supports the calibration engineer is
the new combined optimisation al-
gorithm which ensures reliable and
consistent results. Engineers can
concentrate working on the results
without hassling with algorithm se-
lection. In this spirit, all optimiza-
tion results are automatically dis-
played in the familiar map view.

New map data can be downloaded
online to the control units, stored
directly in calibration data manage-
ment systems (e. g. AVL CRETA)
or exported as DCM-files.

Finally, it is the collectivity of the
advancements in functionality and

usability that make AVL CAMEO

T

8

Verification data proof best result of the automatic model selection.

cial attention has been put to the op-
timisation module. CAMEO now
understands all relevant passenger

the tool of choice for boosting re-
al world productivity in powertrain
calibration — from measurement data
to the optimized map. <
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M ARTS & SCIENCE — PROCESS

AND RESULT AS A SOURCE OF
INSPIRATION

With its Arts & Science communication platform, the AVL Cultural Foundation encourages
creativity and innovation, placing its main focus on the interface between science and the arts.

» The process leading up to the
implementation of projects, the cen-
tral theme of which is the bridge be-
tween the arts, culture and technol-
ogy, 1s an essential part of the way
creative development is perceived.
To help observers and participators
relate to this process, the AVL Cul-
tural Foundation has set up the Arts
& Science platform. The projects in
their entirety — and not just their fi-
nal result — become a source of in-
spiration. The purpose of the Arts
& Science platform is to enable cre-

32 Focus

ative and innovative processes and to
help people develop their potential
to be passionate inventors, explor-
ers or thinkers.

Artists and scientists are offered the
opportunity to address all sorts of
different project themes, commis-
sioned by the AVL Cultural Foun-
dation. These may range from set-
ting up art projects inspired by
scientific or technical problems or
technology to collaboration be-

tween artists and scientists on joint
initiatives. The principle of cooper-
ation and networking is the founda-
tion upon which the AVL Cultural
Foundation builds the contents of
its Arts & Science focus.

ART IN SCIENCE,
SCIENCE IN ART

Creativity is not confined to artistic
activities; it also leads to forward-
looking developments and innova-
tive solutions in science and tech-
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nology. Decisive in Arts & Science
projects is not the strict categoriza-
tion of the disciplines — Art, Culture,
Science and Technology — it is rath-
er more the demonstration of the
effects they have on each other by
interaction and the development of
parallels and contrasts. Step by step,

ects as is the unrestrained play with
visions. By dealing with each proj-
ect, creators and spectators alike can
draw conclusions and gain insights
and perspectives for their own work.

To launch the Arts & Science plat-
form, the AVL Cultural Founda-

Scan QR co
access the app.

>

Mobile insights into complex projects: The AVL Cultural Foundation Arts & Science app.

the Arts & Science platform seeks to
outline the project process through-
out the different development phas-
es. The object is to create a dynamic
and open dialog between the arts and
science, because reflection as a criti-
cal process within the scope of cre-
ative work and theoretical discourse
is just as much a part of these proj-

tion explores the topics of Sound
and Complexity and discusses
how far these central buzzwords
reach into different areas of so-
ciety, as well as arts and science
disciplines. Within the context of

Arts & Science, Peter Oswald,
cultural theorist who specializes
in New Music and is an Austri-
an cultural and music manager, fo-
cuses on the subject “From Chaos
Theory to Beethoven: Complexity
in Art and Science.” Cellist Fried-
rich Kleinhapl explores the topic of
“The Miracle of the Ear.” Thanks
to the multimedia content available
on the Arts & Science platform,
anyone interested can gain fas-
cinating insights into each of the
projects.

DIGITAL REFLECTION

These outstanding projects are
central to the Arts & Science app.
Updates on the process steps allow
users to keep track of the develop-
ment on their mobile devices. The
Arts & Science app and the website
are linked to each other, so that the
log-in function can add a bookmark
to an article in the app, which you
can later read on your laptop.

The design of both digital commu-
nication tools reflects the Cultur-
al Foundation‘s rich diversity of
activities in a subtle and very con-
temporary way. The AVL Cul-
tural Foundation‘s new website
(www.avlcf.com) is very clearly laid
out and offers its visitors profound
insights into its projects and coop-
eration initiatives, past and present.

To further deepen the understand-
ing of the AVL Cultural Founda-
tion‘s work, which primarily seeks
to bridge the gap between art and
science, multimedia contents have
been included, such as event record-
ings, detailed project descriptions
and interviews with artists. ¢
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LARGE GAS AND
DUAL FUEL ENGINES

As the cost of gas comes down, especially in the United
States, there is more and more demand for gas and dual
fuel engines in a variety of existing and new applications.
Andrei Ludu, Deputy Vice President of Large Engines at AVL,
spoke to Focus about how AVL is working closely with
customers to develop innovative new engines at high speed.

» The background to recent
high demand for large gas and dual
fuel engines is the increased avail-
ability of gas in North America and
the consequent reduction in price.
But as well as cost there are also a
number of other benefits.

“Gas creates far fewer emissions,”
says Ludu, “and almost no partic-
ulate emissions. And the technolo-
gy needed to have low emission gas
engines is less complex than that
needed for Diesel engines.”

Gas engines have historically been
used at gas power plants. Then, in
the past decade, gas became a more
common form of power generation.
And Liquid Natural Gas (LNG)
is being used more and more for
marine applications, especially by
LNG carriers.

But Ludu says that there is a revo-
lution taking place in large gas and
dual fuel engines. “The end users
are requesting our customers (en-
gine OEMs) to create gas or dual
fuel solutions in applications that
would not have been thought of be-
fore e.g. locomotives, driving pumps
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in an oilfields or large mining trucks.
This is a game changer!”

And according to Ludu, AVL is well
placed to deliver exactly the kind of
solutions that both OEMs and end
users are after.

“The gas engine is a very specific
animal. You can be a very good
Diesel development engineer and
still in some aspects be a beginner
in gas engine development. You need
dedicated expertise. AVL has that.

The company started working in-
tensively on large gas engines in the
1990s, making it one of the most ex-
perienced companies in the world in
the technology.

“We are one of the pioneers for some
elements of the gas engine,” says
Ludu, “like Diesel-Fuel-Ignited gas
combustion, laser ignition systems,
Dual-Fuel engine design, increased
efficiency and emission control.”

“And we invested our R&D mon-
ey wisely to understand the specif-
ics of gas combustion in order to

>

Andrei Ludu, Deputy Vice President
of Large Engines at AVL

have the gas and Dual-Fuel engine
performance as close as possible to
Diesel engine performance. What
our customer ideally wants is
to convert from Diesel to gas or
Dual-Fuel without any handicap
from making that choice.”

As the world moves towards more
gas engines, the winners will be the
people who have the best existing
expertise, create new technology
fast, e.g. Tier4 emissions solutions
for Dual-Fuel engines and are able
to materialize all of this into indus-
try projects.

According to Andrei Ludu, AVL are
well-equipped in all departments,
having years of experience, dedi-
cated in-house R&D programs and
industry projects know-how and
references.

“We feel comfortable and strong
in that we understand holistical-
ly what needs to be changed on a
diesel engine in order to make it a
gas or a Dual-Fuel engine. We now
need to continue to market our
expertise and services fast because
the opportunity is now.” <




CAMEO
o4 All-In-One Powertrain Calibration

TRUE EFFICIENCY IN WORKFLOW AND PROCESS, FROM
THE MEASUREMENT DATA TO THE OPTIMIZED MAP.

See what the new CAMEO can do for you!
www.avl.com/cameo
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§ /f WITH POWER BRAINS

AVL Connected Powertrain™

POWERTRAIN OPTIMIZATION IN A NETWORKED WORLD

Vehicles already communicate with each other and with the infrastructure around them. In the
future, the powertrain will also be connected. Linking the powertrain to the vehicle’s environment
creates new possibilities for optimizing fuel consumption and reducing emissions in real-world
driving conditions by enabling the optimal interaction of all powertrain components. It also offers
new possibilities for performance, driving pleasure and safety for classical as well as hybridized and
electric powertrains. AVLs Connected Powertrain™ service portfolio supports OEMs by solving
increasingly complex tasks in powertrain optimization while considering connections with infra-
structure.

AVL Powertrains with Power Brains. Managing connectivity and complexity.

www.avl.com, info@avl.com
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