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In modern gasoline passenger car engines, engine 
friction accounts for as much as 20 % of the fuel con-

sumption in the New European Driving Cycle 
(NEDC). In the case of fuel consumpti-
on, utilizing an optimised combustion 
process (e.g. GDI), this share is even 

higher. Studies have shown that within 
the next ten years this potential can be par-

tially taken advantage of and that fuel savings 
of over 10 % can be achieved through the application 
of these design measures. To address this potential, 
various mechanical development projects have been 
conducted, which are aimed at reducing engine fric-
tion and thereby reducing fuel consumption. 

Three promising strategies for reducing engine friction 
are discussed below.

The aim of thermo management is a reduction of the 
warm-up time of the engine and an increase in engine 
temperature during partial load conditions through 
cooling system modifications. The modifications 
enable the engine to be operated at a favorable fricti-
on level. A design method for reducing the warm-up 
time is the split cooling concept. The engine block 
and cylinder head, using this concept, have totally 
separated coolant flows. A longitudinal coolant flow 
design is utilized in the engine block and cylinder he-
ad. Coolant flow can be suppressed through the block 
by a second wax thermostat and through the cylinder 
head by using a cylinder head gasket with no coolant 
passages. Simulation tools are used to create a layout 
of the system. The simulation will show the transient 
warm-up behaviour of the engine and link correspon-
ding friction maps depending on the temperature. Si-
gnificant benefits can also be achieved for steady state 
operation by using a mapped thermostat. In addition, 
detailed measures concerning oil warm up can reduce 
fuel consumption by 3.8 %.

http://www.fev.com
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The tribological system of the piston/cylinder repre-
sents the largest single share of engine friction. It is 
possible to reduce the total engine friction by 10 % 
by optimising the piston skirt geometry, piston rings 
and cylinder coatings and thus reduce the fuel con-
sumption by up to 2.4 %. 

The development of such techniques within FEV is 
aided by the measuring system “PIFFO”, which allows 
a precise analysis of the frictional behaviour of an 
operated engine. The detailed friction results provided 
by the PIFFO system are also the basis for the deve-
lopment of software codes that describe the piston 
motion and friction. Accounting for the hydrodynamic 
forces in regards to the piston secondary motion and 
piston friction, will result in optimised piston skirt 
geometry. The Figure shows the result of such a lay-
out and the comparison of the calculated values with 
those measured on a motored engine.

The optimization shows good predictability of friction 
trends. The calculated improvements are verified by 
the measurements. Piston simulation is an important 
tool for improving the frictional behaviour of existing 
engines. 

In addition to the tribological system of the piston/
cylinder, the crankshaft is another major contributor 
to engine friction. The next Figure shows the friction 
scatter band of present crankshafts versus the bea-
ring diameter. The Figure illustrates a large spread in 
the scatter band. The scatter band in this instance is 
the effect of varying bearing clearances, which results 
from different crankcase materials and of the bearing 
design. All of the crankshafts with a favourable fricti-
on behaviour can run at operating temperatures with 
a large bearing clearance in either aluminium or cast 
iron engines. However, large bearing clearances lead 
to high oil flow rates through the bearings. This in turn 
has a negative effect on the oil pump displacement,  
which then leads to increased friction in the oil pump. 
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Executive Management 
Succession at FEV

Effective April 1, 2003, Prof. Stefan Pischinger is 
assuming the position of President and CEO of 
FEV Motorentechnik in succession from Prof. Franz 
Pischinger, founder of the company, who will 
continue as Executive Vice President and Principal 
Shareholder.

Stefan Pischinger, age 41, studied Mechanical 
Engineering at the Aachen University of 
Technology (RWTH), Germany and went on to 
receive his PhD at the Massachusetts Institute of 
Technology (MIT) in Cambridge, USA, where his 
thesis focused on lean engine concepts. 

In 1989, he began his professional career at 
Daimler-Benz AG where he worked in the engine 
design department on the development of four-
valve prechamber diesel engines, before becoming 
team manager. He later transferred to the research 
department where he became project manager 
for the development of future gasoline engines. 
In 1994, he was named Manager of the Advanced 
Diesel Engines Department where he directed the 
development of new common rail diesel engines. 
He ultimately assumed responsibility for mass 
production development of the Mercedes 4.0L V8 
diesel engine. 

In 1997, he was appointed Chair of the Institute 
for Internal Combustion Engines (VKA) at 
the RWTH Aachen and in parallel, became 
Executive Vice President and Shareholder of FEV 
Motorentechnik GmbH.
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In addition, the diameter and the initial tension 
of the radial shaft seal influence the friction 
level of the crankshaft. The lower part of the 
figure also details the friction rate of the radial 
shaft seals.

A high frictional benefit potential can also be 
reached by substituting the plain bearings 
with roller bearings. The depicted potential of 
app. 55 % at 90 °C has been verified by speci-
fic measurements. Improvements made using 
roller bearings are important, because the oil 
flow can be reduced by more than 40 %. 
The friction portion of the oil pump is also reduced 
as well. Roller bearings can also be added to the 
connecting rod and the crankshaft.  

Adding the roller bearing to the connecting rod and 
crankshaft and adjusting the oil pump capacity will lead 
to a reduction in engine friction of up to 24 % based 
on a partial load condition at 2000 rpm and 90°C. 
This results in 5 % lower fuel consumption in the 
NEDC, which has been validated in a vehicle.

The cumulative effect of all of these measures results 
in a fuel consumption reduction of nearly 11 %. Con-
servative measurements of the thermo-management 
and piston/cylinder optimization conversely provide a 
respectable improvement in the fuel cycle consump-
tion of 6.2 %.

The costs associated with the needed changes (se-
cond thermostat, piston optimization, etc.) are mostly 
in the single digit Euro range. The addition of roller 
bearings would not substantially exceed this range.
The cost/benefit analysis shows that there is no com-
petition for the effectiveness of mechanical measures 
to achieve fuel savings. 

Consequently, mechanical development has the 
highest priority for new engine development and 
redesign. Some of these measures can be directly 
implemented as production-ready solutions; others 
need an advanced development process to be prepa-
red for production readiness. Currently at FEV, more 
than 20 engineers in the fields of CAE, Benchmarking 
and special measurement techniques are working on 
these topics.

Dohmen@fev.de
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New Acoustic Testing 
Facility at FEV

For many years, IC engines and powertrains have 
been successfully investigated at FEV‘s acoustic test 
facility on Neuenhofstrasse with the goal of improving 
their noise and vibration behavior. The testing facility 
comprises semi-anechoic engine test benches whose 
lower frequency cutoff limit of 100 Hz is a prerequisi-
te for many kinds of engine measurements. Recently, 
a decision was made by FEV to completely re-design 
the testing facility. Although acoustic specifications 
of the testing facility were still good the original lining 
with conventional mineral wool absorbers had started 
to show some visual signs of aging. The following is 
a report of the improvements that were implemented.  
As part of the re-design process, FEV has also intro-
duced some innovative technology regarding strate-
gy, methodology, and tools used for the development 
of acoustic improvement measures.

Acoustic Testing Facilities for Powertrain and 
Vehicles

The acoustic test benches have their own operating 
hallway from where airborne and structure-borne 
noise measurements as well as a multitude of additi-
onal measurements (such as high- and low-pressure 
indication) are controlled.

After thorough consideration, the panel absorbers 
by Faist were favored over classic noise-absorbing 
wedges. 

By making this decision, FEV is in good company with 
many acoustic engineering experts in the automobile 
industry who have already been working successfully 
with this new concept.

With the new compact broad-band absorber paneling, 
approximately 0.5 m additional space at the walls and 
ceiling was gained. The floor plan of the test bench 
is rectangular. To obstruct standing waves in the test 
cell, one corner was cut away by a wall positioned at 
45°. Situated behind this wall is the operating room 
for the dynamometer and motoring drive as well as 
the auxiliaries (for instance, thermostatic control of 
oil and cooling water). The engine, pre-assembled 
on a standard pallet, is mounted on a vibration iso-
lated foundation. A long shaft connects the engine 
to the dynamometer. Microphones are precisely and 
quickly positioned around the engine by means of a 
crossbeam mount.

Measurement of the room acoustics for the new 
testing facility yielded the highest acoustic quality 
(Class 1). Subsequent measurements of the same 
engine in the old and the new test facility showed a 
very good agreement between the waterfall plots. This 
is all the more important, as it means the existing 
comprehensive engine noise database remains valid 
and can be seamlessly expanded. This, together with 
the large hall for acoustic vehicle testing in Alsdorf 
(see picture), the acoustic engineers of FEV now ha-
ve testing facilities at their disposal that meet all the 
requirements of practical testing.

Basic equipment of each test facility includes 6 air-
borne noise measuring channels, 24 structure-borne 
noise measuring channels, crank angle pulse genera-
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tors as well as indication sensors. Compatibility of the 
basic equipment of the boxes reduces modification 
expenses and considerably facilitates operation. Si-
gnal acquisition as well as on-site analysis is mainly 
conducted with systems such as PAK (Müller BBM), 
ArtemiS (Head Acoustics) und Cada-X (LMS). When 
required, additional measuring equipment can be 
applied.

Innovative Technologies

Isolated acoustic investigations on engines and 
powertrains used to be very common. In more re-
cent years, it has become apparent, however, that 
a holistic view of the vehicle as a system is much 
more efficient in finding solutions to interior as well 
exterior noise and vibration problems. By now, this 
approach to the task has become standard procedure. 
To reflect this change, the division in charge of NVH 
is now called Vehicle Physics/Acoustics. The depart-
ment TAV is responsible for vehicle related utilization 
and realization of engine-acoustic results and insights 
derived empirically or by CAE-methods. This includes 
level and sound optimization of intake and exhaust 
systems by means of GT Power as well as body and 
drivetrains vibration analysis.

The highly reliable FEV VINS method for Simulation 
of Vehicle Interior Noise is particularly innovative 
with shares such as engine noise, vibration excitati-
on of the powertrain and drivetrain as well as orifice 
noise taken into consideration. Experiments as well 
as CAE based data can be used with the FEV VINS 
methodology. 

In addition to objective documentation of the current 
noise and vibration state (for instance by means of 
color spectrograms), this method facilitates the ge-
neration of audible noises already at an early stage of 
engine and vehicle development. This methodology 
allows FEV engineers to design intended sound cha-
racteristics and eliminate annoying noise shares in 
the interior of the vehicle.  This method is currently 
being extended to also fulfill the ambitious demands 
of exterior noise prediction.

The department TAP uses the newly developed FEV 
CSL method for optimization of combustion noise. 
Unlike the traditional method of cylinder-pressure 
based prediction of direct combustion noise, FEV 
CSL predicts the overall engine noise based on 
thermodynamic data. Completely in the spirit of an 
integrated approach, a new path is being pursued 
to define powertrain noise and vibration targets: 
Inverse Target Setting Process. With this method, 
vehicle noise targets can be precisely defined – neit-
her too strict nor too loose, but consistent with the 
customer’s needs.

The department TAA is responsible for powertrain 
design with regard to NVH issues. To be fully ac-
countable for concept evaluation and acoustic opti-
mization, CAE analyses such as FEA and MBA as well 

as experimental analyses on the powertrain acoustic 
test bench are conducted by the same department. 
Hybrid methods, that is the direct combination of CAE 
and experiment, are also increasingly implemented.

Proper testing facilities, powerful computer systems, 
tried and tested computer codes as well as modern 
measurement and evaluation technology combined 
with experienced personnel ensure continuing suc-
cessful cooperation with our clients. 

Alt@fev.de
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CAE – Port Layout  
and Optimization

Current combustion concepts for gasoline as well as 
for diesel engines are closely related to port and cy-
linder head design. Engine thermodynamic behavior 
concerning performance, fuel consumption, emissi-
ons or acoustics depend in most cases more or less 
directly on the realized level of volumetric efficiency 
and in-cylinder flow motion. In many of the common 
applications, the primary target is to maximize both 
properties, despite the fact that they are opposed to 
each other. The technical problem in many applica-
tions is finding the best possible trade-off between 
these two properties. 

The number of different geometric parameters, 
which have an effect on flow, is extensive. The fluid 
dynamic dependencies are often not proportional. 
In addition, boundaries coming from the designer 
regarding valve train design or for the cooling jacket 
have to be considered as well as the demand of the 
thermodynamics for special in-cylinder flow such as 
tumble or swirl motion. Traditionally an experimental 
approach is used to achieve the best result, but this 
strategy is often intensive and therefore combined 
with high development costs. Sometimes a result 
of the experience based optimization process is that 
only a local optimum is reached. 

Today’s CAE methods are better suited to provide an 
alternative for this kind of optimization. Parametric 
CAD models have to be connected with the three-
dimensional nu merical flow simulation CFD method 
and combined with fully automated control software 
including an efficient optimization algorithm.

Due to the variety of different port concepts the de-
grees of freedom are unmanageable and therefore a 
CAE based optimization in reality is not efficient. It is 
necessary to reduce the number of optimization para-
meters significantly. FEV classifies the whole variety 
into a few characteristic port layouts like tumble, swirl 
or tangential ports. 

Port classifications for these pre-designed CAD 
models exist in so called CAD templates. Each CAD 
template concentrates on the essential free geometric 
parameters of its classification. In addition, the range 
of these parameters should be reasonably limited just 
as any correlation between the different parameters 
has to be provided carefully to minimize the duration 
of optimization.

On the other hand, the numerical model has to be 
updated for every new CAD model. Hence, similar to 
the CAD world, different numerical mesh templates 
underlying this procedure are remapped to the new 
design surface and finally smoothed on the interior.  
Automated quality checks ensure the required mesh 
quality.  

The following calculation run, in particular the num-
ber of cells the mesh consists of, affects the time 
required for the optimization process as well as the 
number of parameters. A significant speed up of the 
process depends on the CPU development. At the 
end of the flow simulation, many detailed analyses 
assess the current design and result in characteristic 
values.

A software controlled optimization, using genetic 
algorithms, can be started based on the geometrical 
input parameters and their corresponding flow re-
sults. Similar to natural evolution, flow properties 
are rated and bequeathed to the next generation.  

In addition, extraordinary mutations are considered. 
Before genetic algorithms are created, an initial 
population should be provided with different pro-
perties. Therefore, the Design of Experiments (DoE) 
method can be used for this process.

Weng@fev.de
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Cold Start and Warm-Up 
Phase Simulation

The performing of cold start and warm-up testing is 
a time critical and expensive process. During the long  
waiting periods between starting experiments, in which 
the test object is conditioned again to the desired 
starting temperature, the test vehicle and expensive 
measuring equipment are not available for other in- 
vestigations. Using a com- 
 puter mod-
el, which accurately 
represents the en gine be- 

havior during the cold 
s t a r t 

 and warm-
u p 
phase, 

 a virtual 
 test vehi-
cle could 

be set or 
re-

set to 
the desired start-
ing conditions ‘by 
mouse click’. Thus, 
the duration between 
consecutive tests 
would be saved.

FEV has gained com-
prehensive experience 
on cold start and warm- 
up simulations using  de   tailed physically based 
models. Due to the com plexity of these models, a 
simulation such as this consumes computing time 
comparable to the cooling time required between cold 
start ex periments. Therefore, time saving is not very 
likely if the calculations take place only in the same 
time period as the testing. However, well directed 
engine process calculations integrated into the early 
phases of a program provide a valuable contribution 
to the design of engine management system func-
tions. In the later phases these calculations provide 
valuable support by allowing adjustments on real 
time models while tests are conducted on the test 
vehicle.

The accuracy of today’s real time models in Hard- 
ware-In-the-Loop (HIL) Simulators is well-suited for 
functional tests of the engine management systems. 
The current de velop ment of a real time model for a mo- 
del-based cold start calibration is more demanding [1]. 
Using this new model on a HIL-Simulator, different 
datasets of the engine management system can be 

tested at diffe rent temperatures. The tests can be made 
in quick succession, which results in saved time. 

The combination of 
the physically mo-
tivated model 
structure along 
with fast neu-

ral approximators 
provides a suffi-

ciently large range of 
vali dity as well as high 

computing speed. 
The training and 

validation data for 
the neural net is de- 
termined by engine and 
 vehicle experiments and supple mented with re-
sults from process calcu lations using GT-Power.

The versatile measuring data obtained prior to 
the calibration task is utilized for an early gen-

eration of models. The early model generation 
permits possible pre-calibration of the engine 
management system. The use of the inevitable 
duration between starts for model-supported 
optimization right from the beginning, leads to 
a more efficient calibration of the cold start and 
warm-up phase.

Schernus@fev.de 
Luetkemeyer@fev.de

[1]  S. Pischinger, H. Theuerkauf et al.: 
Erforschung eines Motormodells  
zur Applikationshilfe am Beispiel des 
Kaltstart- und Warmlauf ver haltens 
Interim Report, FVV Heft R517, 2002
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New Temperature-Controlled Emission Dyno (-22°F  – +95°F)
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With the new temperature controlled 
emission dynamometer facilities of the 
Institute for Internal Com bustion Engines 
Aachen (VKA), FEV now has a state-of-
the-art resource for vehicle emission 
development at its disposal. 
The temperature control and emission 
analysis tech no logy of the new construc-

tion meets all current and future demands on a 
development resource for dif fe rent engine types, 
testing procedures and country-specific emission 
legislation.
All development tasks, such as EU4–EU5–SULEV or 
the regeneration of particulate filters, are effectively 
supported in a temperature range between -30°C/ 
-22°F up to +35°C/95°F.

ADAMS/Engine  
powered by FEV

ADAMS/Engine powered by FEV is a soft ware tool 
that allows the user to simulate the mechanics of 
combustion engines. The product’s template based 
architecture combines the user friendliness of a single 
purpose tool with the openness and extendibility of 
the multi-body simulation product, MSC.ADAMS. The 
simulation tool has a proven track record in the past 
in other application areas such as vehicle dynamics.
The size of the models that can be investigated is fully 
flexible. It can be a single component, a mechanical 
subsystem or even the complete engine mechanics.  
The connection between the functional subsystems 
is defined, using communicators. This ensures, that 
each technically meaningful combination of subsys-
tems can easily be assembled by the user. Utilizing 
this strategy, combined simulations of the crank train, 
timing mechanism and valve train based on existing 
subsystem models are possible without significant 
extra modeling effort.

Additionally, the user can choose between different 
refinement levels for most components and functional 
details to adjust the model to the task at hand. As an 
example, the engine’s bearings may either be mo-
deled as simple constraints without any clearance, 
linear elastic, or based on a hydrodynamic approach.  
Another example for multiple refinement modeling is 
the crankshaft object. The crankshaft may either be 
considered as rigid (torsion flexible) or as fully flexible 
(torsion and bending, or a beam approach). The pos-
sibility of combining different subsystems in conjunc-
tion with different available refinement levels leads to 
an application area. It is the application area 

that allows the support of the entire engine develop-
ment process, starting with the first rough concept 
and ending with the design details of different com-
ponents. Traditional applications, such as standard 
torsion vibration analyses, are easily achieved as 
well as the simulation of unknown effects that may 
occur unexpectedly during the development process 
(troubleshooting).

ADAMS/Engine powered by FEV is a joint develop-
ment of FEV and MSC.Software. In this cooperative 
atmosphere, MSC’s expertise in developing professio-
nal simulation software is combined perfectly with 
FEV’s long term engineering experience with power-
trains. Car and engine manufacturers as well as sup-
pliers took part in the early stages of the software 
development by providing specifications. The parti-
cipation of the manufacturers and suppliers ensured 
that the development of the software would be as 
close as possible to the requirements of the modern 
engine development process. The development of 
ADAMS/Engine powered by FEV is a significant mile- 
 stone towards virtual product development of com-
bustion engines.

Rebbert@fev.de
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