
Mobility is an essential factor for economic development. 
Now more than ever before, the automotive industry is 

confronted with the challenge of making mobility globally 
sustainable, affordable and environmentally safe. Com-
petition between the various powertrain concepts is at an 
all-time high, due to the turmoil caused by global climate 
change, the world financial crisis and their impending im-
pact on the world economy.

It is one of FEV’s prime objectives to support our cus-
tomers in the development of these future-oriented tech-
nologies. It is likely the vast number of differing require-
ments will give rise to an equally vast number of individual 
technical solutions. One example of this can be found in 
the development of hybrid drivetrains, where technical 
solutions range from simple start/stop systems to power-
branched full hybrids, with variable transmission ratios. 
Some of these systems have already been launched in 
the marketplace or already represent the state of the art in 
hybrid technology.

Recent discussions on the use of electricity as a secondary 
power source have arisen, not only because of the CO2 
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debate, but also because of a complete view of energy 
management in the mobility sector. The development 
of e-traction could bring about convergence between 
the two worlds of energy supply for stationary users 
(electricity and gas) and that for mobile users (petro-
leum-based fuels). The plug-in hybrids are set to play 
a particularly important part in changing mobility. The 
term ‘plug-in hybrid’ is used to refer to vehicles fitted 
with a battery that can be charged from an external 
source and have both an electrically-operated drive 
system and a combustion engine. The developmental 
goal of these plug-in hybrids is to leverage advantages 
in terms of the well-to-wheel CO2 balance and the di-
versification of the primary energy source, which are 
two aspects that promote or rather secure the future 
of independent mobility.

Battery technology plays a key role in the develop-
ment of these hybrid vehicles. Due to its limited energy 
density, the NiMH technology that was introduced to 
the automotive market is not a model for the future. 
Lithium ion batteries provide a much more promising 
technology for the future. Great efforts are currently 
being made to develop battery systems that are suita-
ble for motor vehicles. As specialists in vehicle integra-
tion, with expertise in the areas of design, packaging, 
high-voltage and functional safety, cooling and battery 
management systems, FEV is rising to this challenge. 
In particular, FEV assists its customers with the devel-
opment of production-ready lithium ion batteries. The 
‘LiionMan’ battery management system developed by 
FEV (s. Fig. 1) combines all of the required functional-
ity with maximum flexibility. 

However, as the current state of battery technology 
pushes its limits, it creates problems that may not be 
possible to solve in the short term, but will need to 
be skillfully addressed and controlled. This includes 
ensuring that the battery retains the ability to store a 
certain charge or supply a certain amount of energy for 
driving and heating the passenger compartment, even 
under extreme ambient temperatures.

A cost-effective solution for dealing with operational 
limits of this nature can be made available in the form 
of a range extender module. Range extender modules 
are small generators operated by a combustion engine, 
which operates only when needed. The specifications 
of these modules are adapted to the specific operating 
conditions, e.g. by means of higher NVH demands, less 
critical requirements in terms of start-up and response 
time, reduced life expectancy, etc. This solution pro-
duces a number of advantages and is the reason why 
such potential technologies as external combustion or 
low-vibration space-saving rotary piston engines are 
currently being considered.

As a result of this complete evaluation of the system, 
FEV is developing a plug-in hybrid range extender ve-

2

Dear Readers

The international financial markets, espe-
cially those in the US, are facing a period 
of historic volatility and uncertainty. The 
defaulting mortgage sector, combined with 
the tightening of credit and unstable energy 
costs, has influenced all business sectors, 
with the automotive and transportation-
related industries experiencing likewise 
historic declines.

During uncertain times, flexibility and 
diversity of business markets is critical to 

a company’s ability to weather such an economic 
storm. These characteristics have been an integral 
part of FEV’s strategic planning, such that today, 
we can respond to almost any of our customer’s 
requests for product development support. Our 
proven technical capabilities range from next gen-
eration passenger vehicle powertrains, full vehicle 
integration services, and electronics and controls, 
to heavy-duty emissions calibration and aftertreat-
ment system development, specialty vehicle or ma-
rine applications. As a result, flexibility and diversity 
are central to our business culture and are a critical 
factor in our continued strength.

As the transportation industry worldwide embraces 
new energy efficient, technologies, especially plug-
in hybrids, FEV is strongly positioned to support 
our customers in an increasingly wide range of 
products and services. In North America, FEV con-
tinues to grow and can supplement project staffing, 
assume complete product design and development 
responsibility, or transfer technology to organiza-
tions burdened with increasing technical challenges 
and reduced engineering headcount.

The challenges ahead are daunting, but FEV’s 
technical competence, flexibility and its diverse 
customer base assure our ability to weather this 
storm and support our industry partners as they 
chart their course for the future.

Yours faithfully

Gary Rogers

Preface
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Executive Vice President, FEV Motorentechnik GmbH 
President & CEO, FEV, Inc.



at FEV. Work has already started on assembling all 
the test equipment required, including suitable bat-
tery testing stations. Therefore, FEV can offer to set 
up small fleets of trial vehicles or to retrofit production 
cars to show that the concept is ready for large-scale 
implementation.

FEV is a highly competent partner in the automotive 
industry, with the ability to put future concepts on the 
road in a professional manner and in an extremely 
short period of time. If you would like to take a major 
step toward the future of developing automotive con-
cepts, please contact us.

kemper@fev.de
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Fig. 1: FEV LiionDrive – Underfloor View, Component Placement

Fig. 2:  Comparison of the Characteristics of Different 
Range Extender Modules

hicle specifically for urban driving, to be called the ‘FEV 
LiionDrive’. The vehicle is equipped with a 12 kWh bat-
tery mounted underfloor (s. Fig. 1, center), which gives 
a purely electrical range of 100 km for urban driving. 
A greater range can be achieved by using the built-
in (20 kW) range extender module (s. Fig. 3, right). 
A rotary engine is used to improve acoustics and re-
duce the amount of space required for the module. 
This provides an unlimited range (through refueling) 
at a reduced top speed. The other performance pa-
rameters are better than those of the baseline vehi-
cle. The electrical drive motor has an output of 45 kW  
(s. Fig. 1, left). The high-performance electronics, bat-
tery charger and other elements are fitted above the 
power unit inside the engine compartment (s. Fig. 3).
The presentation of a production-ready plug-in hybrid 
of this type is currently a major focus of development 
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FEV Master Program

Driven by new markets and vehicle applications, the 
range of engine variants and areas of application is 
constantly increasing. This makes the task of devel-
oping a combustion engine and its variants to the 
stage of volume production more and more complex. 
Each variation involves complex tests to demonstrate 
the reliability of an engine with regard to its theoreti-
cal lifespan. This fights against the current trend of 
reducing development time and containing costs. To 
maintain this trend, while at the same time ensuring 
that a suitable service life is attained for the different 
engine variants, FEV has developed a program named 
“MASTER” (MASTER = Map for Synchronized Test-
ing, Engineering and Engine Reliability).

FEV MASTER has three main components: motor test 
analysis, synthesis and validation. The relationships 
and interconnections are shown in Figure 1 on the 
basis of a V cycle representation. It is immediately 
evident that the process is characterized by deep in-
tegration, which is a synthesis of all the information 
on the engine that is relevant to the analysis. These 
insights are used to develop detailed analysis test ma-
trices and test cycles, together with a validation plan. 
During the trial phase, the test plans are constantly 
verified with regard to attaining their goals for engine 
life, cost and time. This applies to the baseline engine 
and to each of its components.

Figure 1 shows a simplified extract from a test pro-
gram, which FEV developed, successfully implement-
ed and evaluated. The evaluation based on test runs 
according customer driving cycles, which are high-
lighted in yellow. Furthermore, a variety of test cell 
and vehicle test runs are listed with the correspon-
ding number of test hours/kilometers. The test hours 
are then converted into ‘real’ equivalent kilometers. 
Upon completion of the tests, the ‘real’ equivalent 
values in kilometers are entered into an additional 
table and combined with the results and data on wear 
to calculate the numbers of ‘predicted’ equivalent kil-
ometers. This value is extrapolated for the baseline 
engine, for its components and its variant parts. The 
estimated data is processed with the aid of further 
Weibull analysis software and used to establish the 
theoretical lifespan of the engine, for example ac-
cording to B10.

By using synergies during the testing of the different 
engine variants, FEV MASTER is able to generate a 
standard development program that is so lean that 
the corresponding theoretical lifespan can be attained 
and documented, while at the same time reducing 
both costs and development time.

kuesters@fev.de, maassen@fev.de, 
brueggemann@fev.de

Fig. 1: V-Cyclus for Testing-Definition – Excecution – Tracking
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Piston:
■ Temperatures
■ Movement
■ Strains/Stresses
■ Pin Movement (Rot ./Ax.)
■ Friction (Piffo)

Crankshaft:
■ Stresses
■ Movement
■ Forces/Loads
■ Bearing Oil Supply 
  Pressure/Temp.

Connecting Rod:
■ Tension/Compression
■ Torsion/Bending
■ Critical Stresses

Valvetrain:
■ Valve Movement/Lash
■ Valve Temperature
■ Valvetrain Forces

Auxiliary Drives:
■ Drive Torques
■ Oscillations

Crankcase:
■ Liner Deformation
■ Lube/Ventilation 
  System
■ Temperatures

Cylinder Head:
■ High Cycle Stresses
■ Low Cycle Fatigue 
  Stresses
■ Temperatures

Connecting Rod:
■ Oscillations
■ Forces/Torques

Special Measurement 
Techniques

-Engine Mechanics-

Special Measurement 
Techniques in the Area of 
Mechanical Development 

The mechanical development and engine testing pro-
cess focuses on the continuously increasing require-
ments for the development of production engines. 
Engineering trends, such as powertrain downsizing, 
frequent requirements to increase cylinder peak pres-
sures and advancements in friction reduction in parallel 
with lightweight designs are examples of trends that 
increase engine component loading. However, these 
design features cannot be allowed to have a negative 
affect on the engine’s lifetime or service intervals. 
This can only be achieved through the steady im-
provements in the methods and processes used in 
engine mechanical development. The basis for the 
discovery and understanding of loads as well as dy-
namic effects that, based on current requirements, 
lead to unknown problems and failures lies in ad-
vanced measurement techniques. A detailed technical 
analysis of these effects is necessary with complete 
consideration of the real operating conditions. Apart 
from its use for classical troubleshooting, which leads 
to individual concept improvements, the field of spe-
cial measurement techniques simultaneously forms 
both a basis for development as well as a calibration 
tool for state-of-the-art simulation techniques. This, 
in turn, enables consideration of effects within the 
concept phase that are currently neglected. To sup-
port this complex theme, FEV offers a wide variety of 

special measurement techniques, which offer largely 
modular characteristics. 

■  On one hand, a large number of application meth-
ods exist for various sensors, all of which are op-
timized for use under the most adverse environ-
mental conditions that are typically encountered 
in developmental engines. Many of the methods 
have been proven in engines at speeds approach-
ing 20,000 rpm. This allows the carry-over of these 
methods into other drivetrain analysis fields.

■  On the other hand, many different data transmis-
sion methods are available to support the measure-
ment needs of practically all engine components, 
ensuring secure transfer of the data to data logging 
devices. 

Depending upon the requirements, data transfer has 
shifted to a predominantly telemetric approach, but 
direct cable connections are still used, for example 
between the piston and engine block via a special 
high speed linkage device (to engine speeds well 
above 7000 rpm). Such special measurement sys-
tems can be designed and integrated as requested if 
the number of channels or the sensor type requires 
such solutions. From this modular toolbox, highly 
individual measurement requirements can be met in a 
short period of time. Examples of analyses conducted 
by FEV are shown in Figure 1. FEV looks forward to 
working with you to solve your special measurement 
needs.

orlowsky@fev.de
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Fig. 1: Examples of Special Measurement Techniques



New Test Cell for Aging  
Catalytic Converters

In addition to reducing statutory cycle emission values, 
attention is increasingly being paid to documenting 
greater durability in exhaust aftertreatment systems. In 
Europe, EURO V calls for the use of On-Board Diagnos-
tics (OBD) to ensure compliance with the prescribed 
emission limits beyond 160,000 km and also to identify 
when NMHC and NOx limits are exceeded. Reducing 
the limit values through OBD systems narrows the gap 
between the quality of exhaust gas aftertreatment that 
is currently acceptable and that of defective systems. 
This means that there is an increased demand for 
specifically aged exhaust aftertreatment systems for 
development purposes.

FEV has developed a process for the targeted produc-
tion of aged catalytic converters on the basis of ther-
mal aging, a process which offers decisive advantages 
over alternative methods, such as engine test cells or 
furnace aging. The process is characterized by short 
preparation and aging times of the catalytic converter, 
flexible mapping of customized and statutory continu-
ous cycles and high reproducibility. It avoids any im-
pact on the catalytic converter through the effects of 
uncontrolled chemical aging or surface wear as a result 
of abrasion. Aging is achieved in a realistic way using 
selectively adjustable temperature loads.

The new burner technology developed for this purpose 
uses a virtually sootless process to simulate stoichio-
metric rich and lean engine operation between lambda 
0.7 to over 2, using optimized process control, vari-
able mixtures and regulated flame control. Since the 
system is controlled by exhaust emission recirculation, 
temperature changes can quickly be effected in order 
to simulate changes in load and account for all com-
mercially available fuels. Certification by a number of 

different customers has been carried out on the basis 
of cycles such as the statutory Standard Bench Cycle 
(SBC) and the ZDAKW cycle of the German automo-
tive industry. In particular, it is possible to generate a 
high exhaust temperature of 1,250°C upstream of the 
catalytic converter in order to produce “limit” catalytic 
converters, which represent the OBD limit values. The 
FEV aging process produces very stable catalytic con-
verters, without the familiar change that occurs during 
the service life of aged catalysts produced by engine 
exposure or through furnace methods.

The new burner test cell expands previous capacity by 
adding a dual burner unit with an output of 2 x 100 kW 
which can simultaneously age four catalytic convert-
ers. In addition, a dual burner control system has been 
developed and connected to the test cell automation 
system (Test Cell Manager) in order to enable differ-
ent test cycles to be run in parallel. Similarly, a new 
monitoring concept has been developed for automated 
24-hour continuous operation.

Advantages of burner aging:  
■  Low fuel consumption 
■  Realistic thermal aging
■  High reproducibility as a result of stable burner 

operation
■  Great flexibility in exhaust emission settings, with  
λ=0.7... 2 and temperatures of up to 1,250°C 

■  Short setting-up times, long service intervals and 
in some cases faster aging as a result of high aging 
temperature

ruetten@fev.de
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Fig. 1:  
New Catalytic Converter Test Cell with User Interface
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Fig. 1: 
VCR Demonstration Vehicle

Fig. 2: 
VCR Map – Compression 
Ratio for Gasoline and 
E85

FlexFuel Demonstration  
Vehicle with Variable  
Compression Ratio (VCR)
Alternative fuels have a major part to play in replacing 
oil-based fuels and reducing greenhouse gases. The 
use of ethanol in the production of second genera-
tion fuels enables a CO2 reduction of up to 80% to 
be achieved, well-to-wheel. In order to demonstrate 
the potential for CO2 emission reduction through a 
combination of downsizing and alternative fuels, FEV 
has adapted an existing turbocharged VCR demon-
stration vehicle (s. Fig. 1) to operate using fuel with 
an ethanol content ranging from 0% to 100%.

When run on gasoline, the 1.8L turbocharged four-cyl-
inder engine achieves a maximum output of 160 kW 
and a maximum torque of 300 Nm. The VCR unit 
provides a continuously variable compression ratio 
between ɛ=8 to 16. The ratio is controlled with an 
adjustable, eccentrically supported crankshaft driven 
by an electric motor.

Variable compression is the key to a higher level of 
downsizing with turbocharged engines. Variability 
offers greater compression with ratios of up to ɛ=16 
at partial load operation with an associated improve-
ment in efficiency and reduction in CO2 emissions. 
In addition, a higher rate of exhaust gas recirculation 
is obtained through improved ignition conditions. A 
lower compression ratio of ɛ=8 or less reduces knock 
sensitivity in the presence of high pressures inside 
the cylinder (s. Fig. 2). 

Ethanol is especially suitable for downsizing applica-
tions with variable compression ratios, because of its 
higher octane rating of approximately 110 RON and 
the combined powerful cooling effect of an enthalpy 
of evaporation that is three times higher than that of 
gasoline. Consistent optimization provides a decrease 
in fuel consumption for medium and high loads and 
in areas affecting exhaust emissions.

Figure 2 shows the compression map of the VCR 
demonstration vehicle for gasoline and ethanol fuels 
(E85). In order to demonstrate these advantages, the 
fuel system of the VCR demonstration vehicle was 
converted to a flexfuel system with ethanol-compati-
ble fuel injectors, fuel rail and feed pipes. An alcohol 
sensor, developed by FEV, was used to determine the 
alcohol content by measuring the relative permittivity.  
Additionally, the changes in the engine control system 
were made with a Rapid Prototyping System and in-
corporate new maps for ethanol operation. 

It is widely-known that the combination of high heat 
loss from evaporation, high evaporation pressure and 
a low stoichiometric air ratio makes cold-starting with 
ethanol problematic. Apart from preheating for flex-
fuel operation, compression optimization can improve 
drivability during start and normal operation and re-
duce HC emissions.

■  VCR provides a high compression ratio under full 
load with E85

■  Reduces excessive fuel consumption under real 
driving conditions

■  Low compression ratio during catalyst heating re-
duces HC emissions and thereby largely offsets the 
disadvantages of E85

ruetten@fev.de



Improving Efficiency 
through Test Process  
Organization

In order to continue to meet future customer re-
quirements in the face of increasingly complex vehi-
cle and engine development technology and thereby 
retain a competitive edge, innovative approaches 
are required to promote closer and more targeted 
collaboration between the individual divisions of 
the company.

An important step in this direction has been achieved 
by the creation of a team of employees at the level 
of senior management whose responsibility lies in 
the areas of the FEV test facility and test process. 
The team consists of members of the test facility, 
the technical divisions and the test system division. 
The name assigned to this team is the Test Proc-
ess Organization (TPO). Specifically, this means that 
its task is a strategic one involving the initiation and 
monitoring of internal improvement projects in the 
organization, test facility, test process and data man-
agement. In addition, the need for operative action is 
accommodated by addressing appropriate short-term 
improvement measures.

Initial results can already be seen in FEV’s Neuenhof-
strasse location in the form of our Customer Support 
Center, in which Operations employees are working 
even more closely than before with Test and Instru-

mentation Technology staff. The driving force behind 
this step was the need to integrate the experience of 
the operations staff as an internal customer of the 
Test and Instrumentation Technology group into the 
ongoing process of systems development. 

Further strategic projects involve modernizing the 
test facility and optimizing the handling of trial and 
test data through the expansion or further develop-
ment of suitable database systems and visualization 
of results. 

The team reports regularly to management through a 
steering committee. However, the process also entails 
collecting feedback from the staff directly involved 
in operations processes and providing appropriate 
feedback to them in return. For this purpose a special 
forum has been set up to handle the flow of questions 
and feedback to and from the team. This means that 
any questions raised are not only heard, but can be 
addressed by initiating suitable measures.

TPO@fev.de
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Fig. 1: Newly Constructed Customer Support Center

Fig. 2: TPO Organizational Structure
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