The Steam Engine - Status of
Development and Market Potential

By Gerhard Buschmann, Herbert Clemens,
Michael Hoetger and Bertold Mayr

In 2000 the company IAV GmbH, Ingenieurgesellschaft Auto und Ver-
kehr, reported on initial developments achieved with a steam engine.
As of early 2001, AV has almost completed the Zero Emission Engine
(ZEE) project. The present report will describe the research results
achieved, using the example of the three-cylinder engine as a SULEV
power plant for a medium-sized car. This report will also provide an
outlook as to how the results of this project could be further exploited.

| Point of Departure

In1994 the company IAV began with devel-
opment of an advanced steam engine. The
objective of this development was to
achieve exhaust-gas emission values
which were significantly less than given
limits, with any of a variety of different fu-
els, and without the use of a catalytic con-
verter. The initiative for the ideas leading to
this development were pioneering break-
throughs in the development of stationary
burners that enabled nearly zero-emission
combustion.

For the following reasons, IAV selected a

reciprocating engine with a closed steam

cycle for application of the external com-
bustion process:

- In the 1960s, steam power plants
achieved a highly promising status of
development in comparison to Wankel,
Stirling, and gas-turbine engines [1-34].

— Since the 1990s dramatic progress has
taken place in the areas of tribology, ma-
terials technology, automotive electron-
ics, and burner technology.

- The steam engine may be considered as
a power plant not only for motor vehi-
cles, but also for applications in power
plants for co-generation of heating and
power (CHP), and for auxiliary power
units (APU).

The first report of our findings was pub-

lished in MTZ 5/2000. The following now

presents a description of test-bench results
obtained with a 3-cylinder car steam en-
gine. The results are highly promising. This
steam engine is capable of competing with
the fuel cell with respect to fuel consump-
tion, exhaust-gas emissions, driveability,
and capability of installation in conven-
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tional vehicles. Crucial advantages of the
steam engine are its relatively low produc-
tion costs, and its ability to burn a variety of
fuels.

Development of steam engines is not part
of the core business of IAV as a production-
vehicle engineering company.IAV has nev-
ertheless found a concept which enables
the further exploitation of the findings
from the basic development achieved in
the supported project. The founding of the
company enginion AG by the primary
developers of the ZEE is the response to this
positive development. This company will
undertake further development and mar-
keting of auxiliary power units (APUs),
based on the Ezee-Technology for steam en-
gines.

With the APU as initial implementation, it
will be possible to achieve rapid access to
the markets, especially since a number of
details for the ZEE which will require fur-
ther development, will not prove of signifi-
cance for an APU. Cold starts and control
quality for dynamic operations, for exam-
ple, are not essential for an APU. Applica-
tions will prove possible on a relatively
rapid basis for the Ezee-APU as a power
generator for houses and buildings, for the
leisure market, and in motor vehicles and
boats.

Whereas the company enginion AG will
undertake direct marketing of the ZEE in a
number of different products, IAV will ex-
ploit the results from steam-engine devel-
opment. Work by IAV will, for example, fea-
ture the application of new tribology sys-
tems. This approach will enable positive de-
velopments for wear, friction, and exhaust-
gas emission of the engine —as well as new

developments in lubrication systems.

2 The ZEEO3

The ZEEO3 is the first multi-cylinder steam
engine. It represents a research engine
which will enable clarification of the re-
quirements associated with application of
a steam engine for automobile use, Table.

With the aid of this prototype, it was possi-

ble to estimate the potential results with

respect to output, dynamic behaviour, fuel
consumption, and exhaust-gas emission.

Investigation of two concepts took place:

- A so-called low-pressure variation, with
rated steam pressure of 50 bar, and with
engine control by means of hydraulical-
ly activated poppet valves

- Ahigh-pressure variation for operation
at 500 bar, with a high-pressure injector
system.

Table: The parameters engineered during the
project for the ZEEO3

Number of cylinders: 3
Displacement: 992 cm?3
Bore: 90 mm
Stroke: 52 mm
Max. burner output

— Burner A: 3 x 36 kW: 108 kW
— Burner B: 3 x 36 kW: 108 kW
Rated output: 50 kW
Rated speed: 2 000 rpm
Maximum speed: 2 500 rpm
Rated torque: 300 Nm
Maximum torque

(overload operation): 500 Nm
Speed range for the rated

torque: 200 ...1500 rpm

You will find the figures mentioned in
this article in the German issue of
MTZ 5/2001 beginning on page xxx.




This second version existed as a component
test bench with burner, steam generator,
high-pressure feed water pump, and injec-
tor —and not as a complete engine. Results
obtained from the second version were
mathematically combined with power-
plant data obtained from the low-pressure
concept: this made possible an overall eval-
uation of the injector system.

2.1 General Design

Figure 1 shows a schematic representation
of the design of the ZEEO3. This engine fea-
tures modular design with six identical
burners. Each cylinder can operate sepa-
rately from the others. It is likewise possi-
ble to regulate the status of the live steam,
as well as the superheater temperature, in-
dependently of each other. Each cylinder
has one exhaust-steam and one exhaust-
gas heat exchanger, which enable exploita-
tion of residual heat.

The following is a brief description of the
feed-water cycle: A high-pressure pump
raises the system pressure to 50 bar. The
water first flows through the exhaust-
steam heat exchanger, in which the flashed
steam transfers its residual heat. Further
heating of the water takes place in the ex-
haust-gas heat exchanger. The steam gen-
erator raises the temperature to the rated
steam temperature of approx. 500 °C. The
superheated steam finally passes to a vari-
able intake system, from which it moves
into the superheater. The steam reaches a
temperature of up to 900 °C here, depend-
ing on the set superheater temperature, the
engine load, and engine speed.

2.2 The Burner

As already implemented in the ZEEO2 engine
version, the burner consists of thermal reac-
tors in which the combustion process takes
places inside a porous matrix [35-39]. With
this design, it is possible to achieve flame
stabilisation with extremely homogeneous
temperature distribution — a feature which
enables a whole series of advantages over
burners with open flames. Noteworthy in
this context are the following benefits: ex-
tremely low emissions (5 ... 10 ppm NO,),
great output modulation possibilities (infi-
nitely variable from 15 to 36 kW) with ex-
tremely compact installation size, greater di-
versity of possible form, as well as possibili-
ty of burning a variety of fuels.

It is possible to design the distribution of
pore sizes inside the burner in such a man-
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ner that one single burner can employ a
great spectrum of fuels: e.g., natural gas,
hydrogen, propane, butane, and all conven-
tionally available automobile fuels. With
use of liquid fuels, it is necessary only to in-
stall a vaporiser unit upstream.

2.3 The Steam Generator

The majority of the heat contained in the hot
gases of combustion passes to the working
medium inside the steam generator. As for
the burners and the heat exchangers, IAV
decided on modular design for the steam
generator as well. As a result, a separate
steam generator feeds into each cylinder
unit of the 3-cylinder engine. A compact heat
exchanger was developed for the individual
cylinder units; this exchanger supplies the
required steam qualities - at constantly high
efficiency - throughout the entire output
range of the engine. The requirements
placed by the dynamics of a motor vehicle
dictate that a minimum of water or steam
volume respectively is highly essential: ap-
prox. 250 cm3 per cylinder unit.

In the steam generators of the ZEEO3, the
working medium flows through a series of
parallel tubes. These tubes, which consist of
heat-resistant alloys, feature a convolution
design that ensures uniform flow with a
maximum of heat-transfer area, and with
only moderate pressure losses.

2.4 The Superheater

The superheater unit is located between
the expansion chamber and the intake ele-
ment; the superheater comprises the cylin-
der head. The most essential element of the
superheater is a bundle of tubes, which is
heated by the exhaust gas from burner A.
This bundle of tubes superheats the intake
steam, on its way from the intake element
to the cylinder. The exhaust gas produced
by the burner has a temperature of approx.
1300 °C; the gas flows around the tubes and
causes the temperature of the steam to rise
by up to 400 °C.

The superheater consists of a bundle of 44
tubes and is enclosed by a housing. This
housing, bolted to the cylinder flange, con-
tains insulating, fibre-ceramic components
for purposes of guiding the passage of ex-
haust gas. This housing is flange-connected
on one side to burner A, and on the other
side to the mixing chamber.

The superheater tubes represent a limita-
tion for the heat-transfer properties of the
superheater. In order that a maximum

amount of heat passes into the intake
steam, it is necessary to heat the super-
heater tubes to the maximum possible ex-
tent. Although the tubes consist of a nickel-
based alloy which has great heat-resistance
properties, these tubes reach their strength
limit at temperatures over 1000 °C. In addi-
tion, the material of which these tubes is
made exhibits great thermal-expansion
properties and only poor thermal-conduc-
tion characteristics. For future versions, it is
planned to use high-performance ceramics
with constant strength characteristics,
great thermal conductivity, and slight ther-
mal expansion: e.g., carbon-fibre-reinforced
silicon carbide (C/SiC). The use of such ce-
ramic materials permits raising the tem-
perature level, and enables further en-
hancement of superheater efficiency.

2.5 Tribology

Work with the properties of the materials
used here, and the interactions of contact-
ing surfaces which move in relation to each
other, requires fundamental development
efforts.

Figure 2 shows the possibilities which result
from systematic work on the tribology of
such a system. This figure shows the surfaces
involved in various tribology samples that
were selected and tested in the course of the
past years. The illustration also provides data
on the coefficient of friction and on wear.

The depicted samples slide across each oth-
er in steam atmospheres at high tempera-
tures. Initial results originated from combi-
nations which functioned significantly
worse than oil-lubricated pairs. The most
recent stages of testing, however, have pro-
vided results for wear and friction which
are considerably superior to data for con-
ventional solutions. Figure 3 shows the
classical case of application: piston against
cylinder liner, with components which
were in use for approx. 50 hours. Owing to
load pressure, they demonstrate a mirrored
surface, but no wear.

2.6 Electronic Control Unit

The electronic control unit (ECU) is an IAV
development on the basis of a 16-bit micro-
processor platform. Since the conditions
and requirements of a steam engine are
fundamentally different from those of con-
ventional engines, it was necessary to de-
velop completely new software.

The purpose of the ECU is to implement en-
gine and process management. This system
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transforms the wishes of the driver with re-
spect to engine torque and engine speed,
into the required valve positions in the
steam cycle, the intake control times for the
cylinders, burner performance, and speed
of the feed-water pump. Several closed con-
trol loops are required to ensure satisfacto-
ry steam quality under conditions of fluctu-
ating torque requests. Figure 4 gives an
overview of process control in engine oper-
ation. The control system allows a certain
quantity of steam to enter the cylinder, in
accordance with torque requests. As a re-
sult, pressure and temperature in the
steam cycle will change under conditions
of dynamic processes. It is necessary to cor-
rect these variables in accordance with
their required values. The ECU must also
perform additional functions: e.g., monitor-
ing and fault diagnosis, initiation of re-
sponses to safety scenarios, automatic
runup and rundown of the steam processes
after activation of the ignition switch, and
(not least) communication in the ECU net-
work.

In this project IAV developed a differential-
equation model of the ZEEO3. The thermo-
dynamic part is presented in [40]. This mod-
el was physically parameterised and was
calibrated with test-bench data. Together
with a longitudinal-dynamics model of a
passenger car, it is possible to investigate
the dynamic behaviour of the ZEEO3 with-
out the presence of an actual test vehicle.
The results section will discuss the behav-
iour for cases of two sudden load variations.

A separate technical paper will present an
extensive representation of the engineer-
ing requirements presented by the closed-
loop control system of a dynamic steam en-
gine.

3 Results

3.1 Fundamentals

The ZEEO2 concept with a heated cylinder

liner provided the necessary basic verifica-

tion of thermodynamic functionality. The
superheater concept of the ZEEO3, however,
is better suited for a vehicle power plant.

This solution entails greater constructional

expense, but combines the following bene-

fits:

- During the intake operation and up un-
til the initial phase of expansion, the su-
perheater feeds considerable amounts
of heat into the process steam. This pro-
cedure extensively eliminates the need
for the isothermal process of continued
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input of heat, and relieves the cylinder
liner from exposure to high tempera-
tures otherwise necessary (up to 800 °C).
Throughout the movement range of the
piston rings, the temperature of the
cylinder liner in the ZEEO3 reaches tem-
peratures not exceeding 550 °C. Opera-
tions on the test bench have disclosed
that it is possible to manage these tem-
peratures with the material pairing so-
lutions developed for this project.

- The process steam need not reach its fi-
nal temperature in the steam generator,
with the result that the steam generator
and the intake components will be sub-
jected to moderate temperatures of only
500 °C. This benefit serves to increase
the expected component service life. In
addition, it is possible to use relatively
inexpensive materials for the steam
generator and the intake components.

It is difficult by means of measurement-
technology to determine exactly what
share of the process heat passes in steam
through the superheater unit. In this con-
text, computer-aided process design is
more effective which, in addition, fulfils
two supplementary tasks: thermodynamic
design of further concepts, and the calcula-
tion of potentials which measuring sys-
tems alone cannot (or cannot exactly) deal
with.

The measured data obtained, Figure 5, en-
able calibration of this computer-aided
process design. This technique offers in-
sights into the variables depicting the sta-
tus of the engine-cycle process: especially
momentary values for the steam state in
the cylinder, for mass flow, and for heat
flow.

3.2 Torque and Output

Restriction of the superheater temperature
to 900 °C (owing to the characteristics of
the materials used) signifies restrictions in
the maximum output of the ZEE03. Since,
therefore, burner A cannot operate with its
maximum thermal output, the engine out-
put shown here is lower than predicted. In-
creasing the superheater temperature, or
the output of burner B, enables engine out-
put to reach the target of 50 kW without
difficulty — and the plot of the achieved
torque would likewise reach the predicted
value of 300 Nm within the range of 200 ...
1500 rpm.

The torque characteristics of the steam en-
gine in Figure 6 are unmistakeable: it calls
to mind the plots for an electrical vehicle

power plant. The engine achieves a maxi-
mum output of 32 kW at 1800 rpm. The
maximum torque is 350 Nm at 200 rpm.
The control timing of the hydraulic valve-
train assembly causes restriction in maxi-
mum torque within a range up to 600 rpm,
and the burner system restricts the devel-
opment of torque at speeds above 600 rpm.

3.3 Fuel Consumption and
Exhaust-Gas Emission

Figure 7 shows the efficiency map of the
ZEEO03. This map is based on fuel mass flow
as measured, as well as on use of a cylinder-
pressure indicator technique. Owing to a
number of auxiliaries which have not yet
been optimised with respect to tribological
aspects —such as the hydraulic pump of the
valve-train assembly and the feed-water
pump, the friction losses of an advanced 4-
cylinder DI diesel engine have been sub-
tracted from the indicated output.

The extreme flatness of the plot of the effi-
ciency map is highly obvious here: as was
also the case during basic research carried
out on the ZEE02 [39]. Owing to the greater
variability of intake control in comparison
to the mechanical control system imple-
mented in the ZEEO2 — and because of the
uniformity of heat input via the super-
heater — the ZEEO3 map demonstrates sig-
nificantly enhanced efficiency at low en-
gine speeds. Although the ZEEO3 exhibits
range of best efficiency of barely 24 %,
these results nevertheless support predic-
tion of outstanding fuel-consumption char-
acteristics for mixed-cycle operations fea-
turing routine test cycles. Comparison of a
medium-sized car (1250 kg) in a US FTP 75
cycle -already used for the ZEEO2 - has also
been used for this work with the ZEEO3 to
emphasize the fuel-consumption poten-
tials, Figure 8. In this context, the fuel-con-
sumption data for the ZEE versions are re-
sults calculated from stationary maps: as is
the case with classical diesel and spark-ig-
nition engines. The values for spark-igni-
tion and diesel engines were given a 10 %
increment for dynamics, and the calculated
values for the ZEEs received an increment
of 15 %. This procedure was followed be-
cause the effects of the dynamic control
system for the ZEE on fuel consumption are
not yet exactly known.

Data provided on pollutant emissions are
restricted to figures for NO, emissions,
since uncombusted hydrocarbons have not
been able to be detected. The same applies
to CO emissions. Since a stationary burner
of the design used here does not require dy-
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namic enrichment, calculation operations
are justified here that are analogous to
those applied for determining fuel con-
sumption. Figure 9 shows the results ob-
tained for the various ZEE versions. In the
case of the ZEEO3, the SULEV results fell
more than 75 % below specified limit value:
and this result was achieved without ex-
ploiting the potentials offered, for example,
by exhaust-gas recirculation systems.

3.4 Assessment of Potentials

Figure 10 shows an energy-flow analysis
for the range of best efficiency.

Especially evident here is the large share of
surface losses: for the optimal point of the
engine as considered here, this admittedly
amounts to approx. 15 % of the input burner
energy, ie, just under 4 kW in this case.
These results consequently emphasise the
importance of effective thermal insulation
for the engine.

Exhaust-gas losses (here, approx. 5 %) may
likewise be reduced by recirculating part of
the air of combustion: i.e., up to one-third of
the total exhaust-gas flow volume. This
measure represents a highly effective mea-
sure for pre-heating the air. It furthermore
reduces —as preliminary tests have verified
— the share of nitrogen oxides in the ex-
haust gas toless than 4 ppm.

As mentioned earlier here, the influence of
the superheater can be even more signifi-
cantly enhanced if it is possible to consider-
ably raise the operational temperature of
this component. Figure 11 clearly shows that
the superheater temperature plays a domi-
nant role in efficiency as compared to steam
temperature before injection. Whereas in-
creased steam temperature is associated at
the same time with greater surface losses in
the steam-generator system — which signi-
fies no real benefit — a superheater tempera-
ture of approx. 1100 °C offers the possibility
of raising the optimal point of the engine to
27 %. A concept with a material demonstrat-
ing high-temperature resistance would also
offer additional benefits, since implementa-
tion with such material would render it no
longer necessary to divide the thermal ener-
gy into two burner units. One single, high-
performance burner installed where burner
A is not located would make the entire de-
sign considerably more simple and compact.
It would also eliminate burner B and the
mixing chamber.

Further measures for optimisation of de-
tails would enable a not-insignificant po-
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tential for enhancement of engine efficien-
cy. These measures would include shorten-
ing of steam lines, enlargement of flow
cross-sections, reduction of friction in the
power train, and inclusion of power from
the auxiliaries analogous to current devel-
opments in design of classical internal-
combustion engines.

The limit for steam pressure of 50 bar, as
stipulated for purposes of working with
this concept, do not in actual fact represent
a real upper limit. During the concept
phase and during test operations, the set-
ting of this limit represented the most
favourable compromise. As Figure 11
shows, increase of the steam pressure with
application of hydraulic intake control does
not afford major benefits. If one followed
other concept approaches and employed
the high-pressure injector that has been ap-
plied in component tests under actual con-
ditions, then an optimal point between 27
% and 32 % is even possible, depending on
superheater temperature. The basis for
such enhancement lies first in the thermo-
dynamically more demanding, but more ef-
ficient steam-cycle process, Figure 12. Sec-
ondly, this solution enables benefits of-
fered by the engine cycle process for ap-
proximation to the constant-volume cycle,
by virtue of the great density of the live
steam, and the associated great mass flow
during injection.

3.5 Dynamic Tests

Figure 13 shows initial results for the dy-
namic behaviour of the ZEE03, with consid-
eration taken of the vehicle mass with two
consecutive sudden load variations. The
plots of torque show the stipulated sudden
variations. The figure further shows the ac-
tual course of torque at the crankshaft, as
well as an engine speed plot. This speed
plot results when the process model is com-
bined with the mechanical balance equa-
tions for a longitudinal-dynamics model,
without a transmission system, on a level
roadway. A vehicle of the compact class
was assumed for purposes of calculations,
with further assumption of engine output
of 32 kW (vehicle mass = 1150 kg; overall
multiplication factor = ig - iy = 1.35). The
following curves show the reactions in the
steam quality with respect to temperature
and pressure. The actual values fall with re-
spect to the fixed specified values during
the acceleration phase, but increase during
deceleration.

Conclusion: the vehicle accelerates from 80
t0 120 km per hour in 22 s, without shifting

gears. These initial assessments for future
potentials support the conclusion that the
controllers for pressure and temperature al-
low additional leeway for significant im-
provements. In addition to non-linear and
predictive control concepts, work is contin-
uing on the implementation of process
maps. These maps allow on the one hand
various damp qualities for various output
stages, and on the other monitor the dri-
ver's torque requests.

4 Summary

The attempt will be made here to summa-
rize the status of work, at this point in time
approx. 6 years after beginning of the ZEE
project. The following is possible in sum-
mary:

- Although the stage of basic research is
not complete in the ZEE project, it has
proved possible to gain a comprehensive
overview of the potentials of a fully new
technology in vehicle power-plant engi-
neering.

- During the course of these years it has
become increasingly apparent that an
advanced steam engine is capable of
solving the goal conflicts of future pow-
er-plant concepts as they arise between
environmental friendliness and cost-ef-
fectiveness. The steam engine offers fur-
ther advantages owing to its capability
of burning many different kinds of fuel,
as well as to the elimination of strict re-
quirements for fuel quality.

— Systematically consistent further devel-
opment of ZEEs is capable of implement-
ing vehicle performance and comfort as-
pects in advanced power plants as they
are known to present drivers, with two
exceptions: the peak efficiency of an ad-
vanced diesel engine cannot be
achieved, and it will take at least 10 ... 20
seconds for an engine to start and be-
come ready for operation (depending on
ambient conditions).

— It was not possible to treat a number of
topics in detail during this project. Con-
cepts or specifications have been pre-
pared for such topics: e.g., for frost pro-
tection and treatment of feed water.

- Work has also taken place on a series of
interesting basic aspects that would
prove of interest as spin-off in other ar-
eas of power-plant development. Exam-
ples here include the technology of high-
temperature-capable, dry-operation tri-
bological pairing with extremely low
friction and minimal wear. Also includ-
ed here are water-based operational flu-
ids for hydraulic applications and for
power-plant lubrication.
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s A business areas. Today IAV is the
automotive industry’s leading
engineering firm. Our quality of
work is proven in several million

OUR COMMITMENT

IAV’s goal is an unmatched technological and qualitative superiority in its business
areas. We employ a highly qualified workforce and provide them with extensive
facilities in which to complete their work. By performing projects in-house we are vehicles around the globe.
able to combine all of our resources to develop an optimal, cost effective solution for

our clients. This approach allows AV to ensure that our levels of quality are

maintained through a unique training and mentorship program. As a result 1AV has

the industry’s lowest employee turn-over. We earned our client’s trust by delivering

our services on time while meeting their specified objectives and keeping strict

confidentiality. At project completion we submit a comprehensive documentation of

all performed work including results.

SERVICE PROFILES OF IAV’S BUSINESS AREAS:

VEHICLE DEVELOPMENT

The expertise of our vehicle development division lies in its innovative solutions for
detail orientated problems as well as complex modules in the fields of bodywork,
equipment, electrical systems and electronics. Whether it is the optimization of a
heating system, a new cockpit design or even an entire vehicle, IAV is the right
partner for you. After establishing a basic outline proposal, developments are carried
out in close cooperation with the client until the product is ready for production.
Extensive simulation and testing of all body and interior parts up to physical vehicle
crash tests in our own facilities round out our portfolio. The key goal is the highest
quality of the vehicle as a whole.

ENGINES/DRIVES

In our business area Engines/Drives we are experienced in all aspects of modern
engine and drive development. Our project scopes cover the entire spectrum from
clean sheet design up to full-scale, production ready integration into new vehicle
concepts and their variations. The optimization of base engine technology,
combustion processes and calibrations in accordance with customer demands as
well as emissions regulations and exceptionally low fuel consumption are important
elements of this work. Digital mock-up is performed using the latest technology;
even the crash behavior of the package is simulated and tested in-house. Services
related to the engine management are performed in close cooperation with our
powertrain control division. With modern equipment and top of the line test
dynamometers we develop tomorrow’s drive technology.

Berlin - Gifhorn - Chemnitz (Germany) - Miskolc (Hungary) - Ann Arbor (USA) www.iavinc.com



Excellence in Automotive Research & Development

AUTOMOTIVE ELECTRONICS Outsource your Engineering

We will help you shorten your

Powertrain & Body Electronics development cycles, cut costs and
IAV develops and adapts both complete powertrain control systems as well as increase the productivity of your own
individual algorithms and control structures for pre-production and production resources. With our support you can
applications. We are proud of our more than 10 years of experience in the focus on the objectives of your
development and calibration of torque based and electronic throttle controlled projects. IAV will provide a turn-key
systems (ETC). We use the latest modeling, simulation and hardware-in-the-loop solution to nearly all your engineering
technology in our own labs. Calibrations are expertly performed by the world’s needs.

largest powertrain calibration group. Here we follow written, very rigid guidelines. IAV  \vg are using unique, ISO-certified

is the leader in the exploration and application of rapid calibration technology such methods to perform your projects,
as DOE and auto-calibration. For the growing demands on diagnostic systems, in which are constantly monitored and
particular OBDII and EOBD, we develop new procedures and techniques. We offer improved. They result in an efficiency
hardware and software development support for the entire body and powertrain that can not be matched by any
electrical system as well. competitor or contract labor firm.
Telematics Customers

Telematics is the basis for the mobility of the future. IAV has been developing
powerful solutions for commercial fleets as well as private users and public
transportation. We design traffic guidance strategies and products as well as
complete intelligent driver assistance systems for a wide variety of customers. This
also includes passenger information services and strategies for reducing traffic loads
and protecting the environment. Furthermore, we focus on in-vehicle networks,
mobile internet and multimedia applications, which will play an increasingly important ~Audi, BMW, Bosch, DAF (Paccar),

Proof of our work can be seen on the
roads every day. Nearly all automotive
manufacturers and their system
suppliers are among our worldwide
customers. Here are a few examples:

role in the vehicles of the future. IAV's services range from the development of DaimlerChrysler, Detroit Diesel,
individual hardware and software components to the planning and realization of Deutz, General Motors, Dynamit
complex end products and integrated solutions. Nobel, Fiat, Ford, Freudenberg,
GEP/GEPDA, Meritor, Opel,
22001\ 2100 Renault, Rolls-Royce, Seat,

expected

Siemens, Skoda, Sommer Allibert,
Temic, Volvo, Volkswagen, and
many more.
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IAV RESEARCH

In order to maintain our excellent reputation and strong market position, intensive SIEMENS Ef%
research is carried out in-house - frequently this is also done in cooperation with our Aue| N,
clients, industry partners and international universities. Here we are working on the

implementation of new technologies and problem-solving methods into the

development of tomorrow’s vehicles. One of the latest results of our activities is the

development of the world’s first Zero Emission Combustion Engine (ZEE) without
employing any exhaust after-treatments.

Europe: contact@iav.de - +49 (30) 3 99 78-0 @)
USA: info@iavinc.com - +1 (7 34) 9 71-10 70
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Tel. (0 30) 399 78-0
Fax (0 30) 3 99 78-97 90
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Tel. (053 71) 8 05-0
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Tel. (03 71) 23 73-0
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IAV Kft.
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Tel. +36 (46) 5 60-7 00
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IAV Automotive Engineering Inc.
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Ann Arbor, Michigan 48108
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