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FEV has more than 30 years of experience in the use 
and production of combustion analysis systems. With 
the release of the latest generation of hardware called 
FEVIS, FEV now offers an extremely compact combustion 
analyzer, equipped with the well known, comprehensive 

FEV-CAS functionality and real-time capability, for re-
search, development, and standard monitoring tasks. 
An important feature of the FEVIS system is that the pa-
rameters are calculated using a real-time system and are 
made available to the user after each cycle. The flexible 
and feature rich FEVIS system makes it practical to use 
this device on a wide range of applications from large 
car engines and commercial vehicle applications to high-
speed 2-stroke engines and race engines. 

The completely redesigned FEVIS real-time hardware 
system consists of multiple standard PXI components 
including a system controller board, one or more fast 
analog input boards, and a multifunction board provid-
ing fast digital inputs as well as slow digital inputs and 
analog inputs and outputs. 

The system controller board is loaded with the FEVIS 
real-time software which is processed on a dedicated 
real-time operating system. FEVIS is available in two 
standard configurations: A 1 HU, 8-channel system FEVIS 
Compact and a 2 HU standard system with 8 to 32 fast 
input channels. 
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Dear Spectrum reader,

the worldwide decline in automotive sales 
has caused the automotive industry to 
dramatically reduce their budgets. In-
vestments in new technologies have been 
placed on hold and efforts to maintain 
vehicle programs must be minimized. 
Therefore, the necessary changes must 
be made utilizing the available resources. 
Meeting the market short term demand 
for such technology as electrified power-
trains while spending a limited amount 
of money turns out to be a tremendous 
challenge for automotive engineers. 

Do you have sufficient testing capacities for hybrid 
powertrains?

Almost all existing engine and powertrain test 
benches are missing specific features, which are 
necessary to develop this new technology. The 
solution to this problem may be much easier than 
simply investing in completely new facilities. In 
many cases, a tailored upgrade of your equipment 
leads to the desired result, without a tremendous 
increase in expenses. FEV has developed modular 
components to meet your specific requirements 
and boundary conditions for all related testing 
activities. 

For further details on how we can help maximize 
your powertrain solutions, ask us either at our 
Testing Expo booth or contact us directly. 

Yours faithfully

Dr. Ernst Scheid, Executive Vice President

Preface  Both FEVIS standard packages have a compact size 
of 330 mm x 340 mm (wide x depth).

Memory allocation for measurement results and 
raw data is allocated automatically by the system. 
With the optional mounting kit, both FEVIS chas-
sis are available for standard 19" rack installation. 
The basic 8-channel 2 HU standard system can be 
extended by adding up to three additional fast analog 
input boards and a multifunction board. Memory is 
expandable as well from 16 MSamples up to 128 or 
256 MSamples based on customer requirements. 
As in the FEV-CAS system, adding extensions in-
to the new FEVIS system are easily implemented. 

The current version of the operating software au-
tomatically detects whether a FEVIS or FEV-CAS 
real-time system is attached, providing users who 
are familiar with the FEV-CAS system the same in-
tuitive user interface regardless of which system 
is being used. Besides the well known FEV-CAS 
functions, such as crank angle and time based da-
ta acquisition, real-time calculation and real-time 
knock analysis with the combustion noise analysis, 
individual channel and sampling rates per chan-
nel recording window and the automatic sensor 
recognition (TEDS), additional functionality has 
been included. Designed for flexibility, FEVIS and 
FEV-CAS can interface with automation systems 
for easy deployment in most test environments. 

Next generation combustion analyzer FEVIS pro-
vides development engineers with a powerful tool 
to successfully handle a wide range of current and 
future challenges in combustion analysis testing- 
from mobile in vehicle testing to stationary test-
ing in chassis dynamometer test environments.

 grundner@fev.de

Your benefits:

■ Attractive price
■ Compact design
■  State-of-the-Art and future expandable 

hardware
■  2.5 MHz sampling rate each channel at  

14 bit accuracy
■ Full flexible data memory
■ Qualified for vehicle applications

mailto:grunder@fev.de?subject=Spectrum 41 Article: Reader Request - FEVIS
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In the race to reduce CO2 emissions, the optimiza-
tion of fuel conditions and the precise measurement 
of fuel during engine development are becoming  
increasingly important. To meet these ever increas-
ing challenges, FEV has significantly improved the 
well established fuel-conditioning and consump-
tion measurement system, FuelCon and FuelRate, 
by simplifying the overall design and modularizing 
the entire system. For example, the basic FuelCon 
module can be customized by integrating feed and 
return pressure control. FuelRate can also be added 
to provide continuous, direct fuel measurement.  
FuelCon / FuelRate design simplification and modu-
larity make the new systems highly scalable and  
a safe investment.

Even with precise regulation of the fuel temperature, 
the smallest temperature variations lead to density 
changes of the fuel thereby influencing fuel measure-
ment. By simplifying the design of the FuelCon / Fuel-
Rate system, a significant reduction of the volume of 
fuel present in the system during operation has been 
achieved. Reducing the volume of the fuel system 
has lead to a significantly improved response time 
in the control of temperature during changing engine 
conditions. To ensure system compatibility for special 
fuels, the entire FuelCon / FuelRate fuel circuit has 
been constructed free of non-ferrous materials.

Options for pressure regulation for fuel feed and 
return lines in the range of -0.3 bar vacuum to  
8 bar pressure make precise fuel pressure regula-
tion for almost all combustion engines possible. 
With strong heat transfer capabilities in the return 
fuel circuit, the integrated return fuel cooling func-
tionality of the FuelCon provides optimal accuracy. 

The system control and regulation is performed by 
a cabinet mounted onboard controller. The com-
munication with the test computer, using common 
interfaces, is accomplished via Ethernet over TCP / IP 
protocol, making it possible to communicate with 
automation systems. An available hybrid interface 
also allows easy communication with the system via 
analog and digital signals.

 grundner@fev.de

FuelCon / FuelRate –  
Dynamic Fuel Consumption Measurement

Your benefits:

■  Excellent temperature control
■  Fuel circuit free of non-ferrous metal; useable 

for gasoline, Diesel, Biodiesel B5-B100, Ethanol 
E5-E100, Methanol

■  Future expandable by modular design and system 
scalability

■  Easy to maintain, lean layout
■  Excellent price performance ratio

mailto:grunder@fev.de?subject=Spectrum 41 Article: Reader Request - FuelCon/FuelRate
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With more than 50 installations to date, the first gen-
eration of the 2006 released emission analyzer FEVER 
has successfully passed field testing. The basis of 
FEVER development, besides the current and future 
demands for emissions analysis, was more than 20 
years of experience from the operation of its own 
emission analyzers in FEV test cells. In cooperation 
with our customer, Deutz AG, FEVER has been ad-
justed for a variety of applications. Deutz AG currently 
uses 20 FEVER emission analyzers in different varia-
tions: 1-Line, 2-lines, and FTIR.

With its excellent serviceability feature (all system 
components are accessible from the front), the sys-
tem design of FEVER has been configured for the 
highest possible flexibility. The fully modular design 
allows FEVER to be easily reconfigured to accommo-
date measurements in areas of development, certifi-
cation, and quality assurance.

FEVER is a system with one or two emission lines 
and up to ten individual analyzer channels. In addi-
tion to systems for measuring the standard exhaust 
components THC, NO / NO2 / NOx, CO2, CO and O2, 
additional analyzers can be integrated on request. 
Moreover, FEVER FTIR, as a fully integrated sys-
tem, is currently available. The schematic layout of a  
FEVER system with two measurement lines and EGR 
is shown in Figure 1.

The system functionality is controlled on an integrat-
ed Compact-PCI system (Windows XP ™ operating 
system), where all functions can be accessed either 
by the integrated touch-screen at the front door or 
remotely, for example, from the FEV test automation 
system TCM (Test Cell Manager) using a standardized 
AK protocol. In existing automation systems, integra-
tion using a TCP / IP interface is offered.

The media supply (electricity, calibration, zero and 
span gases) and the connection for the heated lines 
can be physically connected to the top or bottom 
of the FEVER cabinet. For maximum flexibility, the 
system is completely mobile. Another feature of the 
FEVER system is that it is designed for operation with 
a simple gas changeover system which conveniently 
allows the use of a FEVER system at several test cells 
when required. The gas changeover systems can also 
be connected in different configurations so that FE-
VER fulfils a variety of measurement requirements.

FEVER was initially introduced as a measurement 
system for undiluted engine exhaust gas. Currently 
in development, the FEVER system will soon have 
diluted gases capability. A launch date for this FEVER 
system is scheduled for 2010.

 grundner@fev.de

Your benefits:

■  Modular, flexible design
■  Extendable electronic table
■  Complete component access from the front 
■  Gas connection selectable from the top  

or base
■  Optional temperature conditioning
■  Integrated module for gas transport and 

conditioning
■  Standardized communication
■ Touch screen for all functionalities
■  Optional: Fully integrated FTIR-Modulel

Fig. 1:  Schematic layout of 2-Line-FEVER-System with  
integrated EGR channel

FEVER and FEVER FTIR – Raw Gas Analysis System

mailto:grunder@fev.de?subject=Spectrum 41 Article: Reader Request - FEVER/FEVER FTIR
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Fig. 2:  Friction  
Reduction by 
Simulation and 
Measurement

Reducing engine friction offers great potential for 
reducing fuel consumption and supports the efforts 
required to achieve a reduction in CO2. Therefore, it is 
essential to have techniques in place, which can sup-
port the design even during the crucial early phases 
of the project. FEV Motorentechnik uses numerous 
commercial and internally-developed tools, which can 
be used in both complete engine development pro-
grams and detailed design improvement projects.

Every concept phase begins with an estimation of the 
friction of every relevant engine component using the 
geometric data of the engine and empirical equations. 
These equations are derived from the world’s largest 
friction database, currently containing motored fric-
tion investigations from approximately 480 engines. 
The results can be directly compared with existing 
benchmark scatterbands offering an immediate indi-
cation of the potential for design changes.

The dimensioning of the oil and coolant pump is 
carried out with standard software, such as FLOW-
MASTER or GT COOL. Simultaneously, the dimen-
sioning of the cranktrain components is completed 
with FEV Virtual Engine. Special attention is paid to 
the precise dimensioning of components according 
to their requirements. However, this goal can only 
be reached by expanding the standard capabilities 

of the software with programmed extension subrou-
tines. The continuous expansion of the coolant circuit 
model using a lubrication, friction and vehicle map 
allows for later simulation of thermal management 
measures or a pre-layout of vehicle tests conducted 
under extreme conditions.

In addition to the standard techniques mentioned, 
specialized techniques are also available, such as the 
simulation of axial ventilation losses in GT POWER 
or the simulation of piston friction with FEV’s own 
code, known as PRIDE. All of these techniques can 
contribute to friction loss reduction.

In addition to both motored and fired friction inves-
tigations, special measurement techniques are avail-
able, such as the piston friction force measurement 
system known as PIFFO. PIFFO is based on the float-
ing liner principle and is capable of measuring the 
friction force between the piston, piston rings and 
the cylinder liner in a crank angle domain within one 
degree of resolution.

FEV looks forward to assisting you with any challenge 
to reduce the friction of your engine!

 dohmen@fev.de

Engine Development Techniques for Reducing Friction 

mailto:dohmen@fev.de?subject=Spectrum 41 Article: Reader Request - Reducing Friction
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In the compact vehicle segment, three-cylinder en-
gines are becoming increasingly more common. As 
engine swept volumes continue to decrease, the 
question will eventually arise, whether cylinder dis-
placement should be further reduced or if the intro-
duction of 2-cylinder engines makes more sense.

A simulation of the NEDC shows that for a typi-
cal base vehicle using an SI engine (3-cylinder, 
VH = 1.1 L, 44 kW, 5 MT, 1130 kg), for a variety of dif-
ferent engine displacements, a range of variants re-
garding the number of cylinders, and charged versus 
naturally aspirated versions, a CO2 advantage from 
4-6 % can be realized with downsizing [Figure 3]. 
Thermodynamically, the two-cylinder versions have 
a relative advantage of approximately 1.6 %, com-
pared to the three-cylinder variants, because the 
specific cylinder volume is more favorable. 

Achieving equivalent vehicle performance requires a 
change to 4-valve technology and variable valve tim-
ing for the downsized, naturally aspirated variants; 
2-valve technology is appropriate for the charged 
versions. The CO2-reduction potential of the charged 
concepts is greater because of their inherently bet-
ter downsizing potential, as well as the possibility 
of reducing the rated speed in combination with an 
appropriate optimization of the gear ratios.

Conversely, the air charged versions, especially the 
two-cylinder variant, are at a disadvantage in terms 
of dynamic behavior compared to the naturally aspi-
rated versions. As a result, a charged version of the 
two-cylinder engine with a small swept volume is not 
a viable option. In addition, the increased expense of 
the charging system is a reason to avoid charging in 
this price-sensitive vehicle segment.

The naturally aspirated variants [Fig 4] do not pres-
ent any significant advantages or disadvantages. The 
three-cylinder naturally aspirated engine has advan-
tages in terms of noise character and a comparable 
absolute NVH level. However, the naturally aspirated 
two-cylinder is more attractive in terms of cost and 
offers a higher potential for CO2-reduction. Both of 
the naturally aspirated versions must be equipped 
with variable cam timing and a variable intake sys-
tem to compensate for the required range of vehicle 
performance. The two-cylinder engine could also 
be a good solution as a base engine for a “Range 
Extender” in a future electrically-driven vehicle.

The determination of which downsized version is 
most appropriate also has to consider criteria such 
as integration into an engine family or the potential 
for variants with increased performance. Evalua-
tions of the potential for further CO2-reduction in the 
compact vehicle segment, using measures such as 
optimization of tire rolling resistance or a start / stop 
system, suggest that it is possible to realize NEDC 
CO2-levels of about 100 g/km with conventional 
gasoline engines. weinowski@fev.de

SI Engine Downsizing – The Potential and Limitations  
for Two- and Three-Cylinder Concepts

Fig. 4: Overall Evaluation of 2- and 3-Cylinder Concepts

Fig. 3:  CO2 Emission Reduction in NEDC – Charged and N.A. Variants

mailto:weinowski@fev.de?subject=Spectrum 41 Article: Reader Request - SI Engine Downsizing
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VCR – Variable Compression Ratio

Modern combustion engines are characterized by 
an increasing level of variability. By variation of the 
compression ratio the fuel consumption of high 
boosted gasoline engines can be reduced, due to 
operating with higher compression ratios at low 
load compared to an engine with fixed compres-
sion ratio. With heavy duty diesel engines lowering 
the compression ratio at high loads high EGR-rates 
can be realized while maintaining the air fuel ratio. 
In this manner the peak firing pressure load does 
not increase significantly, so that no strengthening 
measures would be necessary.

Already with a two-stage VCR-system a big part 
of the fuel saving potential of a fully variable solu-
tion can be exploited and this generally with less 
modifications to be done to an existing engine. FEV 
has evaluated several existing and new solutions for 
two-stage VCR-systems.

The variable length conrod realized by an eccentri-
cally mounted piston pin can be considered superior 
with regard to integrability and production costs. 
The conrod length variation is realized by means of 
a rotation of an eccentric bearing in the conrod small 
end. The moment acting on the eccentric, resulting 
from superimposed gas and inertia forces, is used 

to adjust the conrod length. This is the key feature to 
meet a cost effective VCR solution, because no ex-
pensive and power consuming actuators are needed 
and all functional elements are concentrated into 
only one component, the conrod.

At first the functionality of this VCR-principle was 
investigated and successfully verified with a proto-
type for gasoline applications by means of motored 
engine tests. Based on the positive results a VCR-
conrod for a heavy duty diesel engine was designed 
and realized in a prototype. By means of fired engine 
tests ε-switchover sequences were performed in 
the entire map. The switchover times from ε=14 to 
ε=17 and vice versa were in between 1 to 2 seconds 
and have shown a reproducible behavior. Within the 
performed tests (appr. 6.000 ε-transitions) no sig-
nificant signs of wear could be detected.

The results can be seen as promising steps toward 
a VCR production engine. In view of the pressing 
concern for a reduction of carbon dioxide emissions 
especially, within the downsizing trend, this repre-
sents a further important entity of the FEV technol-
ogy portfolio.

 wittek@fev.de

Fig. 5:  Realised design of a VCR-conrod 
for a heavy duty diesel applicati-
on and prototype

mailto:wittek@fev.de?subject=Spectrum 41 Article: Reader Request - VCR
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CONTACTS

SHORT NEWS

FEV Transmission
The overall optimization of a powertrain, with regard 
to CO2 emissions and drivability, can be accomplished 
through new gearbox solutions that have been recent-
ly developed by FEV. This fast growing business area 
is the subject of a special edition of our SPECTRUM, 
which is going to be released soon. 

Please read FEV’s Spectrum to find out more about 
the transmission concepts, including special solu-
tions for hybrid powertrains and additional informa-

tion about FEV‘s development 
methodology. 

Although the distribution of 
this special edition will be 
limited, you can easily down-
load it from our homepage:

www.fev.com/spectrum

This year, FEV assumed responsibility for the devel-
opment, service and marketing of the engine-related 
applications of the ADAMS ™ multi-body analysis 
software suite. This software has been branded as 
FEV Virtual Engine. 

For our customers this means an even better synergy 
and utilization of our development resources, which 
are continuously being derived from FEV‘s engineering 
work, and our own application experience with Virtual 
Engine. Our customers also benefit from FEV‘s internal 

research and development activities, which provide an 
ongoing improvement in the methods, templates and 
sub-routines for future Virtual Engine releases.

The well known template-based architecture, flexible 
modeling structure and high level of modularity are 
all key assets of the Virtual Engine software. Virtual 
Engine is also fully compatibility with other leading 
CAE tools, such as the vehicle dynamics simulation 
software ADAMS/Car ™ whose vision is “The virtual 
engine in the virtual car.”

 
 
FEV’s new Engineering Center in Pune, India is about 
to begin operating. The official inauguration will 
take place on July 2, 2009. Initially, the facilities will 
include 750 square meters (~ 8,000 sq. ft.) of of-
fice area and a test lab area of 1,500 square meters 
(~16,000 sq. ft.). The test lab will start with four fully 
equipped engine test benches. The 20,000 square 
meter (5 acres) site provides space for significant 
growth in the future.

This investment is expected to strengthen FEV’s po-
sition in this emerging market and to improve the 
global cost structure of our worldwide FEV Group. 

Although the activities in Pune are currently domi-
nated by the final construction activities of FEV’s fifth 
Engineering Center, a team of highly motivated Indian 
and European Engineers will soon be working on our 
customers’ projects.

New Product – Proven Technology

FEV India Ready to Ramp-Up

http://www.fev.com/spectrum
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