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Natural gas is gaining renewed interest as an alterna-
tive fuel in the automotive sector. The driving force 

for conversion of vehicles to run on natural 
gas is the lower cost to the consumer, 
compared to gasoline or diesel fuels.  
The fuel price of natural gas consumed 

per kilometer in Germany is only about 
40% of that consumed by a comparable 

gasoline-fueled vehicle.

A tax reduction in Germany for gaseous fuels, which is 
in effect until 2020, is intended to increase the market 
share of natural gas vehicles. 

Natural gas suppliers and the oil industry have already 
begun a program for the construction of 1.000 additional
Compressed Natural Gas (CNG) filling stations.

One major advantage of natural gas is the potential for
low exhaust emissions. Due to the high methane content
of the fuel, the hydrocarbon emissions of the engine are 
more than 90% methane, which is relatively harmless.
In addition, the exhaust emissions of a natural gas vehicle
show a lower level of carbon monoxide and oxides of 
nitrogen than vehicles equipped with gasoline engines.  
Natural gas also demonstrates the potential to reduce 
carbon dioxide emissions by approximately 23%, even 
before optimizing the engine. The reduced carbon dio-
xide emissions are due to the higher hydrogen content 
in the fuel, which leads to a higher water content as a 
byproduct of the combustion process.

With over 25 years of experience in gaseous-fueled 
engines, FEV is supporting the automotive industry in 
the development of bi-fuel vehicles. These vehicles are 
capable of using either gasoline or natural gas without 
compromising passenger comfort, performance, dri-
vability or vehicle use. In addition to the assessment 

http://www.fev.com
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25 YEARS FEV

Dear Readers,

25 years ago, in a small Aachen office, FEV Motoren-
technik GmbH was born through a handful of emp-
loyees who began analyzing and designing engines.   
Under the guidance of Prof. Dr. Franz F. Pischinger and 
Dr. Manfred Schaffrath as Managing Directors, these
engineers formed the beginning of an enterprise that 
pursued a vision to become „A driving force in engine 
technology, worldwide.“ 

Two years later, in 1980, engine test benches, work-
shops and laboratories were erected on the former Faf-
nir manufacturing site in Aachen. Additional capacity
was added, soon after, utilzing self-developed, trans-
portable, containerized test cells. In 1990, the first 
office building and test facility were erected on the 
FEV-owned Neuenhofstraße site, which, today houses 
the company‘s International Headquarters. 

FEV‘s expanding activities in the field of powertrain inte-
gration and vehicle calibration resulted in the joint 
construction of a Powertrain Application Center toge-
ther with GIF GmbH, in 1997. Since then, further ex-
pansion has supported strong growth of the company 
to accommodate over 1000 employees, worldwide.

The expansion of FEV’s representation beyond Europe
occurred in 1985 with the foundation of a U.S. sub-
sidiary. 

Yours

Prof. Dr.-Ing. Stefan Pischinger
President and CEO

This operation has also experienced significant growth,
resulting in the construction of a North American 
Technical Center in 1997. In addition to in ternational 
re pre sen  tatives around the world, new subsidiaries, 
with on-site engineering capability were recently 
founded in Korea and Poland. 

These modern facilities, combined with highly quali-
fied and experienced personnel allow FEV, today, to
conduct a wide range of research, design and develop-
 ment programs, from complete engine design and 
production development, to vehicle integration, calib-
ration and certification. FEV’s diversified customer base 
ranges from small industrial engine manu facturers, to
those of passenger cars, light- and heavy-duty truck 
engines, and large engine suppliers for loco motives, 
ships and power stations. Additional diversification 
is gained through the planning, design, manufacture,
installation and commissioning of powertrain test 
equipment and complete turnkey test facilities.

In April of this year, Prof. Stefan Pischinger, son of the
founder, Prof. Franz F. Pischinger, assumed chair-
manship of the five-member Board of Directors. Prof. 
Franz F. Pischinger’s continued membership in the 
Board ensures a gradual and effective transition of 
the executive management structure, thereby safe-
guarding FEV’s future.

During the next 25 years and beyond, further world-
wide expansion and business growth is expected.  
This will be supported by growing opportunities in
complete powertrain development and vehicular inter -
face, powertrain systems integration including cont-
rols and power electronics, and increased business in 
the design, supply and integration of powertrain tes-
ting and automation systems. The recent incorporation
of FEV Test Systems, Inc. in the U.S.exemplifies this 
vision and commitment.

We sincerely thank our valued customers and look 
forward to continued dedication, commitment and 
the high quality of engineering services and products 
that are the trademarks of FEV as our organization 
pursues its future growth.

Yours

Prof. Dr. Techn. Dr. e. h. Franz F. Pischinger
Chairman of the Board
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Continued from Page 1

and application of fuel injection systems, optimizing 
engine performance of bi-fuel engines was a major 
accomplishment to minimize the torque loss that 
results from the lower volumetric heating value of 
the air-fuel-mixture.

FEV has focused on two major strategies to utilize the 
advantages of natural gas:

1. Highly Boosted, Downsized, 
Stoichiometric Combustion

The high knock resistance of natural gas allows hig-
her boosting in combination with engine downsizing. 
To demonstrate this approach, a 1.8 L turbocharged
vehicle was converted to natural gas, with stoichio-
metric lambda control chosen as a solution to assure
compliance with future emission standards.

Aftertreatment is a critical point for natural gas vehi-
cles in Europe with Hydrocarbon emission standards 
including methane. The stable character of methane 
molecules results in a lower conversion rate, a reduced
lambda window as well as higher light-off tempera-
tures. Nevertheless, the emission levels of the demon-
strator vehicle comply with the Euro 4 standards.
This was achieved through optimization of the lambda 
control parameters and a modified catalyst heating 
strategy to shorten the catalyst light-off time, thereby 
reducing emissions. Special attention was given to the
stability of emissions over the life of the vehicle, the 
gas-specific function development of the engine con-
trol system and the performance increase due to the 
improved knocking resistance of methane.

The illustration shows the full load potential compared
to current production gasoline turbocharged engines. 
Mean effective pressures of more than 20 bars and spe-
cific power of more than 80 kW/L with low fuel consump-
tion can be achieved with natural gas engines. The me-
chanical resistance of the engine, the layout of the tur-
bocharger and the maximum flow of the injector are 
the factors that limit the performance of the engine.
Due to stoichiometric operation up to full load, with opti-
mum spark timing, natural gas engines also have low 
fuel consumption under practical driving conditions.
With all these factors taken into consideration, the CO2

reduction potential under the New European Driving 
Cycle (NEDC) and in practical driving can reach 50%.

2. Highly Boosted, Lean Burn, 
High Turbulence Combustion

A second strategy that FEV employs to further utilize 
the potential of natural gas, is lean burn natural gas 
engines. In order to take full advantage of the im-
proved ignition characteristic under lean operation, 
concepts were examined with an increased cylinder 
charge motion.

An Advanced Turbulence Assisted Combustion 
(ATAC) system, was employed wherein high intake 
swirl initiated by the intake port is further intensified 
by the design of the combustion chamber. 

Stable, lean combustion up to full load is reached with 
a mean effective pressure of 20 bars. The equivalent 
fuel consumption that results is below the level of a 
typical diesel engine.

ruetten@fev.de
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View of New 
Test Cell Building

Chassis Dynamometer En-
vironmental Chamber with
SULEV Emissions Capability

FEV has a new resource at its disposal with the con-
struction of a chassis dynamometer environmental 
chamber with exhaust gas measurements.  The environ-
mental chassis dyno represents a noticeable extension
of FEV’s previous testing capabilities. The new equip-
ment was commissioned in response to mandated re-
ductions in vehicle emission levels, which require not 
only significantly lower emission detection limits, but 
also consideration of the vehicle construction.  When 
measuring certain contaminant types, such as hydro-
carbons, expensive measurement equipment with the 
capability to continuously record background emis-
sions is required. In addition, appropriate planning of 
the building design and even the choice of materials 
are critical.

Therefore, from initial planning, the building was de-
signed to keep the sources of outside contaminants as 
low as possible. The measurement and conditioning
rooms have their own supply systems, which guara-
ntee the appropriate regulation of temperature and
humidity. The measurement room itself is designed
so that it does not exchange air with the outside am-
bient conditions. Only the quan-
tity of air that is vented either di-
rectly, via the vehicle exhaust 
gas system or indirectly via the
exhaust gas measurement sys-
tem must be replenished by the
air conditioning system. A con-
stant temperature is maintained
through the heat exchanger lo-
cated in the measurement room.
The primary advantage of this
somewhat unconventional so-
lution is that by avoiding air as 
an intermediate carrier, a unique 
temperature control method in-

side the test cell is possible, which is far better than the
certification requirements (i.e.. +/- 2.8°C in the FTP 
cold test).

The performance features for the overall system 
include:

  Conditioning range of the roller room: 
-30°C to +50°C

  Separate conditioning stalls for -7°C (3 vehicles) 
and at the normal soak (6 vehicles)

  A 48 inch single roller to allow a maximum 
speed of 250 km/h and very high accuracy

  SULEV exhaust gas measurement equipment 
with 4-line exhaust gas measuring system, CVS 
system with 4-way venturi system and a particle 
collector for measuring conformity with the 
certification requirements

  Detection limits 6-8 ppb for the analysers, with 
the shortest possible response time due to the 
unique arrangement

  Complies with all world-wide certification test 
procedures, plus freely programmable test cycles

  Constant quality control by cross-comparisons 
with other sites

In addition, the special exhaust gas measurement 
equipment and secondary exhaust gas treatment me-
thods available in-house extends the scope of use.

In summary, this newly commissioned chassis dy-
namometer environmental chamber with extremely 
low exhaust emissions measurement capability repre-
sents an extraordinary resource with forward-looking 
features for both developmental and certification 
purposes.

umierski@vka.rwth-aachen.de
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Catalyst Aging Method for 
NOx-Adsorber Catalysts

With increasing emphasis on improved fuel economy, 
especially in Europe, direct injection gasoline engines 
have become a focus for automotive research and 
development. However, along with this new combus-
tion technology came the need for advanced  exhaust 
emission reduction concepts. To compliment a  three-
way-catalyst for reducing the carbon monoxide and 
hydrocarbon emissions associated with stratified 
concepts, a secondary converter with a NOx trap is 
implemented. In addition to added three-way functio-
nality, this secondary catalyst can store the emitted 
nitrogen oxide emissions during stratified operation 
and reduce them to N2 under homogenous condi-
tions while using CO and HC. In addition, NOx-traps 
are used for oxidation of the so-called HC and CO slip 
from the close-coupled catalyst.

During the calibration of a vehicle with a NOx adsor-
bing catalyst, a major focus centers on the influence 
of the aging process on exhaust emissions and fuel 
consumption. Therefore it is necessary to use com-
ponents with different degrees of aging during  the 
calibration process.

The FEV catalyst aging method offers the opportunity 
to produce NOx traps with varying aging levels. The 
strategy can age systems, which use NOx sensors to 
initiate controlled regeneration cycles, to varying levels 
such that the frequency  of  necessary  regeneration 
cycles can be used as a measure  to gauge the effect 
on emissions and fuel consumption. 

Due to the increasing number of required regenerati-
on cycles as the NOx trap ages, the advantage in fuel 
consumption will be diminished, compared to a λ=1 

engine. In such cases, 
the stratified mode is
replaced by homogenous 
operation, thereby nega-
ting the fuel consumption  
benefits.

An added benefit of the 
FEV aging method for 
NOx traps is the ability to 
generate OBD threshold 
catalysts. After calibrating 
the regeneration strategy 
with respect to exhaust 
emissions and fuel con-
sumption, the evaluation 
of an aged catalyst sys-
tem while approaching 
the OBD emission limit 
for HC and NOx can be 
performed.

Consideration is currently being given to European 
Union legislation which introduces EUV for model
year 2007/2008. Under the proposed reduction in  
the NOx threshold, the FEV aging method represents 
a useful tool  in developing calibrations of NOx traps, 
which must trade off exhaust emissions, fuel con-
sumption  and OBD-related detection.

werner_s@fev.de
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FEV DynaCraft 
Asynchronous Drive

Complex dynamic and transient tests must be perfor-
med during the engine development process. Accor-
dingly, asynchronous drive systems, consisting of an 
asynchronous motor, frequency converter and con-
troller module, are becoming central components in 
state-of-the-art test bench environments.

The FEV DynaCraft series represents just such a highly
developed asynchronous drive system for modern 
test cell operation.

Asynchrounous Motor
Designed as a foot mounted drive, the FEV DynaCraft 
series offers test cell operators a compact, structural-
ly-stiff, highly dynamic asynchronous unit. The broad 
power range of the FEV DynaCraft spans the entire 
range of passenger car powertrains, utilizing 2-pole 
drives (high-speed runner) and also of heavy-duty 
engines, through the use of 4-pole drives.

The following table shows the broad torque and 
power ranges of the FEV DynaCraft standard drives. 
Customized units can also  supplied with optimized 
electromagnetic design.

The The hybrid bearings with lifetime lubrication pro-
vide a low-vibration, low-noise operating environ-
ment. This assures long operational life, even under 
harsh test cell conditions. The modular structure, 
using common parts to minimize spare parts inven-
tories, offers a maintenance-friendly design.

Frequency Converter
State-of-the-art power electronics utilize semiconduc-
tor modules, called  insulated gate bipolar transistors 
(IGBT’s). Due to its modularity, FEV incorporates 
IGBT’s to offer a wide range of applications for engine 
test cells with a  large choice  in desired performance 
characteristics. The power supply is supplemented 
with a frequency converter within the main supply 
and regeneration units.

Key features of the frequency converter are:

 Compact design
  Inverter cabinet with integrated regeneration 

unit and advanced line filter
 Reactive power compensation
  2 IGBT bridges with integrated intelligent 

energy modules
  Rotor flux vector control 
 Extremely short torque rise time 

Controller module: 
FEV Test-Object-Manager (TOM)
The FEV Test-Object-Manager(TOM), is a universal 
control and regulation unit, installed on compact PCI 
base, designed for 19“ rack integration. The TOM
provides simple operating point regulation, a manual 
operational mode (potentiometers) if desired, limit 
value monitoring and a failure report of the test 
object.

The TOM contains specialized control modes, depen-
ding upon the type of test object. It is characterized 
by distinctly assigned control structures, which 
allow optimal regulation of the test object operating 
conditions. In addition it provides specialized safety 
monitoring functios that protect the test objects and 
the test cell equipment.

Asynchron-
ous Motor 

2-Pole Drive

Technical data  2-pole drive  4-pole drive

Maximum Speed  12.000 rpm  6.500 rpm

Rated Power  435 kW   500 kW

Rated Tourque 1.000 Nm  3.500 Nm

Speed Gradient  18.000 rpm/s  15.000 rpm/s 

Inertia   1.02 kgm2 at 435 kW   7 kgm2 at 500 kW

Range of DynaCraft 
Standard Drives
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Diesel Cold Start Noise
During cold start and warm-up, many diesel engines 
radiate an unpleasantly loud combustion knocking 
sound. To address this problem, FEV has developed a
unique procedure for the reduction and optimization of
diesel knock that utilizes Design of Experiments (DoE),
FEV CSL (a combustion noise prediction method
developed by FEV) together with new engine and
vehicle climate-controlled test cells equipped with 
noise and vibration measuring devices.

Investigations conducted at FEV showed that  „acous-
tic-related“ modifications to the engine calibration 
could significantly improve interior and exterior noise, 
even at low ambient temperatures. This improvement 
can be achieved without disadvantages in starting, 
combustion stability, black or white smoke, or MVEG 
cycle emissions during warm-up from 20°C.

Combustion noise is excited by rises in cylinder pres-
sure that are characterized by fuel injection para-
meters, combustion chamber wall temperatures, 
intake air temperature, exhaust gas recirculation
rate and boost pressure. The influence of these para-
meters on combustion noise was quantified for a
common rail diesel engine installed in a tempera-
ture-controlled engine test bench. Pre-injection, which
 was activated under all operating conditions, was an 
important test feature. 

Coolant and oil temperatures were adjusted from 0°C 
to 90°C, intake air intake temperature was varied from 
-15°C to +60°C and boost pressure was increased 
from ambient  to a maximum of 400 mbar. Raw ex-
haust emissions (HC, CO, NOx and soot) were recor-
ded and cylinder pressure curves were analyzed.

For these analyses, FEV’s Combustion Sound Level 
code (FEV CSL), was indispensable in its ability to 
predict engine noise while differentiating between 
direct and indirect combustion-induced noise, as 
well as flow and mechanically-induced noise related 
to thermodynamic factors.

The TOM supports all known test cell operational 
control modes. With smooth changeover between 
the individual modes. An interface between the test 
cell automation system and the TOM allows desired 
value for speed, torque and throttle actuator angle 
to be directly transferred to the test cell automation 
system. Furthermore, unique configurations can be 
stored in the TOM or on the network for later recall.

The controller frequency of 1000 Hz allows appli-
cation of the system modularly for road-load and 
driver/vehicle simulations.

In accordance with FEV’s modular test philosophy, 
the Test-Object-Manager hardware configuration 
can also be integrated into the TCM (FEV test cell 
automation system) as a software module. As such, 
the operator observes the same user interface in both 
applications.

Catch a glimpse at your advantages:

 Long lifetime ensured by ultra-low vibration
  Reduced maintenance and spare parts inventory 

through modular design of the drive motor 
and frequency converter

  Low noise radiation through compact design, 
high switching frequency, multiple fan 
technology and unique sound cover

  Worldwide uniform electrical application
possible through Advanced Line Filter (ALF)

  Supports steady-state, transient and other 
highly dynamic testing

  Standard overload capacity factor of 1.3 for 
excellent dynamics

  Reliable customized solution through strong 
CAE support and production engine develop-
ment testing experience

kasper@fev.de; biermann@fev.de
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The parameter most influencing combustion noise 
excitation is the amount of fuel that is sufficiently 
mixed with air at the time the main injection begins 
to combust. Among other parameters, this is signi-
ficantly influenced by the so-called ignition delay, 
defined as the elapsed time between the beginning 
of injection and onset of heat release or combustion. 
However, the absolute noise reduction potential must 
be compromised between other process parameters 
such as light-off, combustion stability, and others.

Investigations conducted on 
the temperature-controlled 
test bench showed that, in 
the presence of pre-injection,
other measures such as in-
creased boost pressure and
higher intake air temperatures 
have a lower, but measura-
ble influence on combustion
noise. However, these mea-
sures can have a positive in-
fluence on raw exhaust gas
emissions (HC and CO). There-
fore, the justification for in-
corporation for emission re-
duction purposes allows ad-
ditional measures to reduce 
combustion-induced noise.

Accordingly, the fuel injec-
tion parameters can be ad-
justed in such a way as to gain
part or all of the emissions
reduction potential, in combi -
nation with lower noise. The
black arrows in the Figure
outline this procedure, in-
cluding the potential of sup-
plemental measures. 

The yellow arrow represents the reduced potential
of NVH-related engine calibration in the absence 
of such supplemental measures. The results indi-
cate that the optimization of injection-related para-
meters has the highest potential for combustion-in-
duced noise reduction.

In essence, significant level improvements with re-
gard to interior and exterior noise can be achieved 

through NVH-optimized calibration, with or without 
supplemental measures. However, the improvement 
in noise quality related to diesel knock is significantly 
greater, as shown in the next Figure. 

A modulation analysis clearly shows reduced amplitudes
(especially the 2nd engine order, depicted on the far right
in the figure) in a frequency range between 1–3 kHz that
is characteristic of diesel knock.

In the future, further reduction of diesel cold start 
noise will be possible because the emissions reduc-
tion benefits of improved exhaust gas aftertreatment 
systems and alternative pre-heating and boosting 
concepts will allow greater latitude in NVH-related 
calibrations of fuel injection parameters while comp-
lying with future emissions regulations. 

The methodology developed by FEV and presented 
herein represents a significant step forward in the 
potential to optimize the NVH characteristics of die-
sel engines. Additional information concerning this 
new method will be presented at the 2003 Aachen 
Colloquium.

heuer@fev.de; nehl@fev.de; alt@fev.de
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Baseline vs. 
Optimized Calibration: 

Interior Noise 
Modulation Analysis
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INTERNOISE 2003
- Noise & Vibration Control for Human and Environment -

During this international congress, recently held in During this international congress, recently held in 
Jeju, South Korea, in August 2003, traditionally a Jeju, South Korea, in August 2003, traditionally a 
wide spectrum of acoustic topics is presented. Mo-wide spectrum of acoustic topics is presented. Mo-
re and more the focus is put on automotive NVH re and more the focus is put on automotive NVH 
subjects; this year especially Sound Design and subjects; this year especially Sound Design and 
Noise Simulation. FEV represented by Dr. NorbertNoise Simulation. FEV represented by Dr. Norbert
Alt, assisted to this successful congress as chair-Alt, assisted to this successful congress as chair-
man for two automotive sessions as well as by man for two automotive sessions as well as by 
presenting two papers:

  Sound Design under the Aspects Sound Design under the Aspects 
of Harmonic Theory

 Vehicle Interior Noise Simulation/Vehicle Interior Noise Simulation/
Integration of CAE

Please contact us for a wider overwiew of the con-Please contact us for a wider overwiew of the con-
gress and about FEV‘s capabilities for Noise &gress and about FEV‘s capabilities for Noise &
Vibration optimization. Next year Internoise willVibration optimization. Next year Internoise will
be held in Prague/Czech Republic.be held in Prague/Czech Republic.


