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Technology Highl ights and R & D Activi t ies at FEV

Issue 35, September 2007

As a result of strong demand for engine and powertrain 
endurance testing, FEV has established a new facility in 
Brehna near Leipzig in Germany. Called the FEV Dauer-
laufprüfzentrum GmbH (DLP), this test center is being 
constructed to allow FEV to conduct special test requests 
and comprehensive endurance test programs for its cu-
stomers. The test center covers an area of approximately 
60,000 m2 and offers direct access to the German auto-
bahn and the nearby airport.

From an economic standpoint, efficient process sequen-
cing and high plant availability are key factors for success 
in the construction of such a test facility. The DLP will 
be equipped with advanced testing technology that will 
support endurance testing of future engine generations.  
FEV DLP has attached special importance to a sophisti-
cated logistical concept as well as to the definition and 
organization of effective processes in the workshops and 
in test rig operations. All of the features of the building, 
the mechanical building services and the test rig techno-
logy were optimized for high plant availability, including 
the necessary redundancies. DLP will feature highly-
standardized test rigs that can be operated dynamically; 
the facility will also feature a largely modular design to 
accommodate conditioning units. These facility features 
are prerequisites for flexible test rig assignment and will 
support quick startup of the test cycles. 

The test facility is configured into several intercon-
nected wings, with a usable floor space of approximately 
9,000 m2.
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Fig. 1:  Layout of the Building and Main Workflow 
  for the Test Preparation Task

The initial stages of construction will include:

■ 22 engine test rigs (s. fig. 4)    
 with a performance of up to 600 kW
■ 4 powertrain test rigs (s. fig. 3)    
 for two- and four-wheel drive
■ 5 motoring test rigs
■ Commissioning test rigs
■ Assembly/operating shops, laboratories   
 and offices

The generous dimensions of the test rigs (s. fig. 2) 
allow the use of unmodified vehicle exhaust gas sy-
stems, which can be included in the endurance tests. 
This also enables recording of possible retroactive 
effects of the exhaust gas system on the unit. The 
engine test rig complement also includes five special 
cryogenic test rigs that are equipped with conditio-
ning devices for thermal shock tests and cryogenic 
units. The selection and dimensions of the measu-
ring instruments, with regard to type and number of 
channels, takes the increasing complexity of modern 
engines into account. 

An organizational structure (s. fig. 1) that is similar 
to factory planning, will ensure continuous operation 
of the plant, 24 hours a day / 365 days a year, with 
clearly defined responsibilities and work processes. 
Since being able to react to individual testing requi-
rements and test events is so important, continuous 
communication will be coordinated with DLP’s custo-
mers and an intensive exchange will be maintained on 
a technical level to ensure flexibility, and a resulting 
advantage to FEV’s customers.

Test operations will start in mid-2008. The building 
layout is designed for expandability and allows for 
the addition of further test rigs. The property pro-
vides sufficient space for building expansion or the 
construction of a second test center (DLP II). 

The DLP test rigs in Brehna will be laid out with ad-
vanced strategies for endurance testing of engines2

Dear Readers,

Higher expectations for quality as 
well as stringent requirements for 
maintaining specifications throughout 
a vehicle’s service life are driving the 
need for increasingly sophisticated test 
bench technology. This need exists 
throughout the development 
and productionization process, both 
for emission measurements as well 
as in the development and verification 
of mechanical endurance. 

FEV is addressing these requirements with the 
construction of a new, state-of-the-art endurance 
test field with 31 engine, transmission, and 
components test cells. The new facility is located 
in Brehna near Leipzig, Germany. Efficiency and 
profitability stand in the forefront of the plan-
ning effort for this new facility, next to achieving 
aggressive technical requirements. State-of-the-
art test and instrumentation equipment is being 
planned and constructed for this futuristic test 
engineering facility by FEV’s in-house test and 
instrumentation department. In planning this new 
facility, FEV has blended many years of experience 
in durability and endurance development with its 
unique vision into the future to ensure that we will 
continue to meet the highest expectations of our 
customers. By mid-2008, the facility will com-
mence operations and be available as a resource 
to our customers. During the construction of 
FEV’s new endurance test field, we would be 
pleased to discuss the capabilities and advantages 
that it offers as well as how this new facility can 
support future cooperation with our customers. 

Sincerely,

Dipl.-Ing. Rainer Paulsen
Executive Vice President

Preface

FEV SPECTRUM



Fig. 2:  Floor Plan of an Engine Test Bench, Variable 
  for Longitudinal and Transversal Installation

and powertrains. They contain a comprehensive test 
program for validation and release for SOP and, at the 
same time, minimize the number of individual test cy-
cles. In addition to FEV’s own test catalog, customer-
specific test programs are also conducted.

Test programs in Brehna are conducted on fully au-
tomated test rigs, based on the latest state of the art, 
which includes:

■ Automatic safety monitoring    
 of defined shut-off limits
■ Large number of measuring channels
■ Potential for data pick-up from the Engine  
 Control Unit (ECU)
■ Possibility for loading auxiliary units
■ Configuration of the original exhaust gas   
 system, including aftertreatment systems
■ Possibility for analyzing the raw exhaust   
 gas concentrations during the test cycle
■ Availability of independent cooling systems  
 (hot/cold) for fast thermal cycles
■ Analysis of all operating liquids    
 (< 24 hours response time),
■ Use of conventional fuels or special fuels
■ Extensive ratings for all tested engine parts,  
 including photographic documentation
■ Comprehensive reporting on progress and  
 failures, if applicable

The heart of the test center in Brehna is a control 
room where all parameters of the test specimen, the 
test rig instruments and the central technical equip-
ment converge. From this location, all of the test rigs 
in the endurance test cycle can be monitored and 
controlled. The control room is connected with its 

electronic counterpart – a virtual control room – at 
FEV in Aachen, Germany, so that all operating and test 
specimen data are immediately available for discus-
sion and assessment in the development departments 
at FEV’s headquarters, whenever needed. If required, 
such a virtual control room can also be installed at 
the customer’s site, so that they can observe their 
own test runs on the test rigs and quickly initiate any 
required changes.

Fig. 3: 3D-View of an Engine Test Bench

Fig. 4: 3D-View of a Powertrain Test Bench

trampert@fev.com
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Hybrid Powertrain
Test Cell Capabilities

FEV recently completed an expansion of its North 
American Headquarters. This expansion included the 
addition of four hybrid powertrain test sites, which 
are believed to be one of the only non-OEM, emission 
compliant, hybrid powertrain test cells in the United 
States. In total, FEV’s North American Technical Cen-
ter can now support its customers with six hybrid 
powertrain test sites (s. fig. 1). FEV offers hybrid 
development, testing and optimization services to 
OEMs, battery suppliers and hybrid electric motor 
suppliers that need to develop hybrid powertrains in 
a technologically advanced environment dedicated to 
sustained mobility through hybrid applications. 

All hybrid powertrain test sites (s. fig. 2) are fully tran-
sient capable. Full hybrid powertrain test cells differ 
from conventional powertrain test cells based mainly 
on dynamometer capability and battery emulation/

Fig. 1: Hybrid Test Cell Controlling

simulation. The transient dynamometers used in 
FEV’s new cells satisfy hybrid development needs 
for operating a powertrain at rated torque with 0 rpm 
while still being able to achieve high output speeds of 
up to 8,000 rpm. Each test site also utilizes a battery 
emulation system (ABC 150), which replaces the hy-
brid vehicle battery with a high-voltage source. The 
cells have the capability to run with battery simulator, 
with the high voltage battery, or use the unit to charge 
the high voltage battery.

In addition to the battery emulation system, FEV has 
developed a Restbus Simulation system, which simu-
lates output signals that would exist from various ve-
hicle systems. These signals are relayed to the Engine 
and Hybrid Control Units so that the systems func-
tion properly. The Restbus Simulator was developed 

as a communication system to operate the battery 
emulator, which can command particular voltages, 
as required by specific testing conditions. 

Hybrid test cells also require many safety features 
due to the high voltage environment. Features have 
been added, such as component isolation and electri-
cal indicators (lights and buzzers) to alert the test cell 
technicians when high voltage is present. 

Similar to conventional powertrain development test 
cells, each of the new hybrid cells are utilized for:

■  powertrain and controller development
■   calibration
■   benchmarking
■  validation and durability testing 

Fig. 2: Hybrid Test Cell

These cells, combined with FEV’s experienced hybrid 
staff, provide our customers with the flexibility and 
technology to develop a wide range of current and 
future hybrid systems, which can reduce the ove-
rall development time by optimizing the integration 
process earlier in the vehicle development cycle and 
can aid in generating a faster time to market based 
on industry demand.

heidt@fev-et.com
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Mechanical Testing

During the last few decades, the use of computers 
in the engine development process has been firmly 
established. Engine mechanical design, especially 
for subsystems, is now typically completed through 
simulations. During this phase, Computational Fluid 
Dynamics (CFD), Finite Element Method (FEM) as well 
as Multi-Body Systems (MBS) analysis are applied.  

The desire for a more detailed optimization has not 
yet eliminated the need for testing and safety runs. 
For the foreseeable future this will remain the case. 
Nonetheless, cost-intensive test benches and vehicle 
tests will always remain conflict with the desire for 
low-cost development efforts.

Modern mechanical development strategies are cha-
racterized by intensive model-based optimization 
of a virtual prototype that is followed by validation 
testing on high-level physical prototypes. It is only 
through this approach that modern engines can be 
brought closer and closer to the limits of their me-
chanical design. To further improve the established 
Computer-Aided Engineering (CAE) methods, FEV 
created the “FEV Test Catalog”. Based on extensive 
project experience, FEV collected and established a 
comprehensive database of test procedures, process 
guidance and benchmark data to achieve a more ef-
fective and goal-oriented mechanical development 
process (s. fig. 1). This test catalog has now been 
successfully applied to numerous mass production 
development programs. 

FEV offers a wide range of mechanical testing activi-
ties, which are based on available technologies and 
are divided into three main categories:

Suitable component testing provides a cost-effective 
verification of simulation results and a validation of 
the engine subsystems that are affected. Component 
investigations contribute to reducing development 
time, because they can be performed before the com-
pleted engine stages are available. FEV distinguishes 
between static component testing, pulse testing and 
dynamic rig testing.

Despite the high standards achieved by modern com-
ponent testing, especially with regard to the transfera-
bility of test results to a complete engine, functional 
testing under fired conditions is still indispensable. 
According to the specific project requirements, a 
test program is selected from the “FEV Test Catalog” 
(such as a piston scuff test, engine inclination test, oil 
dilution test, over-speed test or deep thermo-shock 
test). In addition, FEV is also experienced in carrying 
out customer-specific test programs. 

Fig. 1: Mechanical Testing

Durability Testing is obligatory to verify the engine’s 
life span before its release for Start of Production 
(SOP). Test bench durability runs have the advantage 
of allowing very high reproducibility as they enable a 
controlled adjustment of the boundary conditions. 
The driver and environmental factors do not affect 
test results; therefore, test bench investigations are 
especially suitable for statistical analyses. Typical of 
the modeling phase, test cell runs imperfectly recreate 
real world driving conditions. Nevertheless, these ar-
tificial conditions can be used advantageously for the 
acceleration of deterioration or damage processes. 
Those tests are performed in all of the FEV mecha-
nical test centers on automated state-of-the-art test 
benches, 24 hours a day and seven days a week.

A variety of durability tests are typically performed on 
combustion engines; however, in-vehicle endurance 
tests come closest to reproducing real driving con-
ditions for the application. These realistic in-vehicle 
endurance tests require long run times and high levels 
of personnel expenditure. Conversely, these vehicle 
tests deliver results for other disciplines almost as a 
by-product, including data concerning the chassis, 
the vehicle body or the drivetrain. The vehicle test 
programs, like design programs, focus on the testing 
of worst case scenarios that are defined under such 
conditions as highway (  full load) or racetrack, or 
represent driving cycles such as taxi, low load or a 
test run according to the client’s specification. The 
program selection is made with regard to the cha-
racteristics of the target vehicle and its potential dri-
ving profile.

maassen@fev.com
dohmen@fev.com
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Fleet Testing

Fleet testing is a simultaneous assessment of robust-
ness, emission system deterioration, and a represen-
tation of real life mileage accumulation.

The tightening of European emission control legisla-
tion to meet the 160,000 km mileage requirements 
demands a high-quality and well-structured check 
of conformity with real life vehicle durability testing. 
The key to success with this issue is providing a close 
collaboration between the durability team and the 
technical specialists.

Fig. 1: Fleet Testing Europe

FEV has been successfully performing vehicle durabi-
lity projects (s. fig. 1) for nearly all of the worldwide 
OEMs for more than 11 years, which provides our 
customers with a level of confidence that their goals 
will be achieved. FEV provides a specially trained and 
experienced driver pool that has operated test vehicles 
for more than 22 million accident-free kilometers. The 
members of this team follow a driver’s profile, which 
was specially developed for these tasks. The profiles 
are specific with regard to the handling of experi-
mental vehicles as well as all technology and safety 
aspects. Testing programs are conducted using a 
managed fleet involving vehicle operation on a group 
of defined worldwide test routes, ensuring statistical-
ly valid durability results. FEV drivers operate these 
managed fleet vehicles through Scandinavian win-
ters, into the heights of the Sierra Nevada Mountains, 

through heat of South Africa as well as directly to 
the locations of our customers. FEV also offers the 
possibility of direct collaboration in durability testing 
using customer-approved test routes for specific 
programs.

FEV drivers operate vehicles around-the-clock. We 
provide on-call technicians and engineers to support 
the activities. The scope of service includes schedu-
ling, management, evaluation, accompanying docu-
mentation, troubleshooting and analysis as well as 
providing inputs to the development process in the 
form of suggestions for improvement. The integration 
of the durability team into the FEV vehicle application 
competence center ensures the availability of expert 

knowledge to the vehicle program and enables FEV 
to provide a complete set of services for durability 
testing. This all-inclusive durability testing package 
also includes an emission dynamometer to complete 
cyclic emission tests (SULEV standard); a chemistry 
laboratory, as well as a large workshop and highly-
skilled workforce.

juelich@fev.de

* In addition, view the report in Spectrum No. 34  
 (Application in USA and China)

FEV SPECTRUM
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FEV Test & Instrumentation
Systems Worldwide -
Global as our customers

During the past several years FEV has continu-
ed to establish itself as an increasingly 
mainstream supplier of test and 
Instrumentation systems. It 
started with the develop-
ment and manufacture 
of individual test cell 
components which, at 
the time, were inten-
ded to meet our own 
requirements.

Today however, our 
business activities 
have greatly expan-
ded to cover more 
than just first class 
quality and reliability. 
In addition to test and 
instrumentation equipment, 
we also offer the engineering 
services that are necessary to cre-
ate complete, ready-to-use test cells. The 
range of services extends from a single component 
or endurance test site up to complete research and 
development test centers and (more specific to engi-
ne manufacturers): hot test cells.

We give special attention to the realization custom 
solutions that are both technically and cost-effectively 
superior, while satisfying all of our customer’s requi-
rements.

The demands placed upon the true “Global Players” in 
this business have increased substantially beyond the 
pure technical and commercial knowledge aspects. 
Success in this field requires a global presence, 
combined with rather precise knowledge of different 
local market conditions and the logistical ability to 
take full advantage of the location. Our customers 
are conducting planning in Europe, Asia and/or North 
America while, in some cases, developing, producing 
and testing in other parts of the world.

Successful development and the establishment of 
new locations in foreign countries not only poses a 
challenge to the company’s professional competence, 
but also requires great efforts to consider local laws, 
rules and conventions and to convert them into an 
advantage for each individual project. Knowledge of 
supplier and service provider safety regulations and 

acceptance specifications support the handling of 
local subcontractor conditions. Even compliance with 
simple transportation and import regulations requires 
a high degree of native country-specific knowledge 
and experience. 

Facilities intended for the same testing demands 
could be in fact very different regarding the utilization 
of local resources, but they always have the following 

three criteria in common: Quality, invest-
ment and realization schedule.

FEV has always had the 
ambition to be as close to 

its customers as possi-
ble. We pursue global 

expansion with deve-
lopment and pro-
duction locations 
near our custo-
mers. Currently, we 
are located in more 
than 30 countries, 

including Germany 
(s. fig. 1), China and 

in the United States 
and we have ready-to-

use systems placed around 
the world. Our project teams 

are composed of employees from 
many different continents and we are 

able to offer competent contact personnel to our 
customers at all locations.

Fig. 1: FEV World Headquarters, Aachen, Germany 

Consideration of local conditions as well as technical 
and regulatory demands represents a main part of 
our service package. 

grundner@fev.com

FEV SPECTRUM

7



8

3rd Day of the Powertrain
at FEV China

China, with its fast growing population, is increa-
singly becoming a significant part of the global dis-
cussion concerning CO2 reduction. “Mobility and CO2

Reduction” is also the focus of the “3rd Day of the 
Powertrain,” which is being organized by FEV China 
and will be held on September 18, 2007 in Dalian, 
China. During this one-day event, experts from the 
automotive industry, international mineral oil indus-
try, international suppliers, Tsinghua University and 
FEV will present and discuss ideas and solutions for 
CO2 reduction. The conference will be conducted in 
both English and Chinese. FEV China will also provide 
translation services.

FEV China Co., Ltd. was founded in 2004 in the nor-
theastern Chinese high-tech metropolis of Dalian to 
provide powertrain engineering services and test sy-
stems to the booming Chinese and neighboring Asian 
automotive markets.

FEV China is serving its Chinese and international 
clientele with powertrain and test and instrumentati-
on projects, sourcing support, supply base develop-
ment, as well as with feature-rich test systems for 
both powertrain development and quality assurance 
for production. FEV China’s service specialists offer 
quick response times as well as after-sales and ser-
vice support for almost 100 test bench installations 
across China.

To obtain the conference program please contact:
E-mail:  zhou.dan@fev.com, 
Fax:   +86.411.8482.1600 
Internet: http//www.fev-academy.org

3rd International
Automotive Workshop -
„Direct Injection for
Gasoline Engines“
September 17th/18th 2007,
Spa, Belgium

The potential of gasoline direct injection with regard 
to power, torque, and fuel economy makes it a key 
technology for future gasoline engines.

Recent advances in fuel injection equipment com-
bined with new combustion system processes, air 
charging techniques, and exhaust aftertreatment, 
enable better exploitation of the fuel economy poten-
tial, while still meeting customer demands for more 
power and torque. Demonstrating these complex sy-
stems requires the development and application of 
new development methodologies.

Robustness plays a decisive role throughout the enti-
re development process. To achieve this, progressive 
application methodologies are necessary to realize 
the potential of DI gasoline operation as a perceivable 
customer benefits in daily driving conditions.

Experts from the automotive and supplier industry 
will clarify the development challenges and discuss 
their conversion into production, with a focus on:

■ Component Technology
■ Development Methodology
■ Combustion Systems
■ Vehicle Calibration

The workshop provides ample space for individual 
discussions and the plenary discussions. The com-
plete workshop program can be found in www.fev-
events.com.

FEV SPECTRUM
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FEV China Co., Ltd.
No. 35 Xinda Street Qixianling
High Tech Zone  116023 Dalian  China
Phone +86 (0) 411/84 82 - 16 88
Fax +86 (0) 411/84 82 - 16 00
E-Mail fev-china@fev.com
Internet http://www.fev.com

CONTACTS
FEV Motorentechnik GmbH
Neuenhofstraße 181
52078 Aachen  Germany
Phone  +49 (0) 241/56 89 - 0
Fax   +49 (0) 241/56 89 -119
E-Mail  marketing@fev.com
Internet http://www.fev.com

FEV Engine Technology, Inc.
4554 Glenmeade Lane
Auburn Hills, MI 48326-1766  USA
Phone  +1 (0) 248 /373- 60 00
Fax   +1 (0) 248 /373- 80 84
E-Mail  marketing@fev-et.com
Internet http://www.fev.com


