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Titel

Conceptual Layout and Planning of Sustainable Test System 
Solutions for Future Test Requirements

The industry is seeing a fundamental change in propul-
sion system development trends. In addition to the devel-
opment of a variety of conventional internal combustion 
engine concepts, the trend to utilize electrified or com-
bined (hybrid) systems is increasing.  This trend is being 
driven by the requirement to meet future global emission 
regulations, the cost of fuel, and changes in customer 
behavior and is creating a need for highly efficient testing 
facilities. Due to the significant increase in investment 
costs for these testing facilities, it is increasingly crucial 
to carefully specify upgrades and expansions with special 
attention the specific tasks and functionality prior to real-
ization, particularly with respect to future requirements. 
The following two examples explain this in further detail:

1. Test equipment for electrified propulsion systems:
One of the main components in an electrified power sys-
tem, one that presents the highest demand for develop-
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Preface

Dear Readers,

From road to rig, the variety of the drive variants 
under development requires investment in new 
and existing test facilities. 

Whether your company needs to build new 
facilities or modernize existing infrastructure, 
FEV provides support to plan test benchs or 
test bays from the very start of the process. Our 
planning team creates detailed concepts, rang-
ing from individual test cells to a complete test 
center, compiling the necessary documentation 
or advising you on approval procedures.

For more than 20 years, FEV has developed turnkey test 
facilities using state-of-the-art project and risk manage-
ment tools.  We aim for the highest possible quality and 
customer satisfaction.  Based on more than 30 years of 
engineering experience with our own test facilities, we 
offer a wide range of solutions from a simple component 
test bench to a complex powertrain test bay for develop-
ment, durability or quality testing. 

FEV continues to expand its development teams and fo-
cus on the latest development and validation techniques, 
a motivation that is inspired and driven by the expanding 
requirements for functionality, reliability, operability and 
economy in state-of-the-art measurement products. 

Visit FEV at our stand at this year’sTesting Expo from 
June 12-14, 2012). We will be happy to demonstrate 
our latest product portfolio or advise you on one of your 
future projects.

Sincerely

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

Fig. 1: Combined 
Shaker –Climate 

Test Chamber for 
Battery Systems

responding application to the vehicle power electron-
ics. Several new battery testing facilities are currently 
being set up, some of them built from a clean sheet 
of paper, and others executed as container-based 
solutions, or as a conversion from existing test or 
laboratory facilities.

Figure 1 illustrates an example of the integration of 
a combined shaker climate test chamber for battery 
cells and modules in a typical combustion engine test 
bench. An efficient solution was developed through 
the skillful adaptation of existing test bench instal-
lations.

2. Design of a large bore single-cylinder test bench:
High-performance large bore engines are increas-
ingly used for marine propulsion systems and energy 
power plants (e.g. CHP). The development of these 
engines is driven by a number of specific require-
ments, including mechanical component develop-
ment and combustion process design, among others. 
One of the most important development tools used 
for this work is the high-performance single-cylinder 
test engine.  These engines reduce the very complex 
and costly development work to a single-cylinder unit 
before sophisticated technical solutions are applied to 
full-scale, multi-cylinder engines. Figure 2 illustrates 
a concept for a modern single-cylinder test bench 
solution in a stand-alone layout that will satisfy the re-
quirements of current and future development testing.

kruska@fev.com; stommel@fev.com

Fig. 2:  Conceptual Layout for a 
Large Bore Single Cylinder 
Engine Test Cell
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Since fuel consumption optimization is required to 
reduce CO2 emissions, friction evaluation of com-
bustion engines and their components is becoming 
increasingly important. However, determining the 
influences of the various engine components is quite 
complex, since it is necessary to not only analyzing 
a variety of components (e.g., valve train/camshaft, 
cylinder friction, crankshaft bearing, major auxiliary 
assembly, etc.) but because, in performing that analy-
sis, the parameters of interest in each case require 
high-precision measurements. The parameters are 
also strongly temperature-dependent, requiring par-
ticular attention to precise reproduction of the bound-
ary conditions for the test. 
FEV’s friction test benches meet all of the require-
ments that are needed to ensure precise evaluations. 
Depending on the measurement task, test beds for 
multi-cylinder engines and/or component tests can be 
equipped with a wide variety of components that have 
been especially developed for friction evaluations.  
The FEV PIFFO single-cylinder engine is especially 
valuable for these tests, as it is fitted with a floating 
liner and allows for the analysis of different mate-
rial and surface pairings under many different engine 
operating modes.
Motored engines and/or engine components are 
driven by means of asynchronous motors with high-
precision torque measurement. An extremely stiff 
engine frame prevents lateral forces from impacting 

the torque measurements and thus ensures consis-
tent, high accuracy measurements. These friction 
test beds have proven their worth over many years 
of operating experience in FEV’s own engine test 
facilities.
Media conditioning has been further refined for the 
friction test beds and makes it possible to comply 
with very strict boundary conditions in tests involv-
ing oil and coolant. The temperature for the oil can 
be adjusted in a range of 20 - 150 °C and for coolant 
in a range of 20 - 120 °C, with a control accuracy 
of < ±0.5 °C.  Cold start tests can be performed at 
temperatures of -30 °C, with the help of an additional 
cooling unit.
The test beds are controlled and regulated by FEV’s 
test automation and data acquisition system called 
Test Cell Manager (TCM), ,  which is also used to 
record and save data. High speed data are recorded 
using the FEVIS combustion engine analysis system. 
Different tools can be used to evaluate the tests and 
– to ensure efficiency – direct support is also avail-
able from FEV’s engineers, who offer a vast array of 
experience. FEV can support all aspects of test facil-
ity design and implementation, starting with the de-
sign of the test facility, to the equipment, and finally 
to the finished test record – all aspects of friction 
evaluation from one single test systems provider. 

grundner@fev.com; geilenkirchen@fev.com

Test Systems for Friction Evaluations

Valvetrain test bed for friction evaluations (including cold start at -30°C)
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The test automation system, particularly the soft-
ware represents a crucial interface between the op-
erator, the test object and the test bench. In order 
to ensure both the efficient routine operation of test 
benches or entire test fields, the software must be 
secure and guarantee streamlined exchange of data 
between these three critical components. The FEV 
TxM product line allows them to communicate se-
curely and rapidly with one another. TxM represents 
a modern software product family of modular soft-
ware and hardware architectures that uses standard 
protocols such as Ethernet, CANbus/CANopen and 
Ethercat. Depending on the application and the de-
mands on the respective test benches, tasks can be 
divided or shifted between the various components 
in order to optimize system loads or to avoid over-
loads. This allows an opportunity to build specific 
and highly scalable applications, ensuring the invest-
ment from obsolescence, through the simple exten-
sion and use of standard components. The same 
basic ideas and operating components can be found 
on all systems, which results in quick onboarding 
and high working efficiency.
FEV’s software for test bench measurement tech-
nology and automation offers a flexible, practice-
orientated concept, with a hierarchical organization 

and modularity. At every level, only those compo-
nents that are actually necessary are installed and 
visible. Closely intermeshed systems completely 
manage your test field (Test Field Manager - TFM) 
from the test bench’s specific automation system 
(Test Cell Manager - TCM) to the test object control-
ler (Test Object Manager - TOM). The components 
work independently of one another to the greatest 
extent possible, so that in the event of a failure of 
individual system components, all remaining units 
will retain full functionality to guarantee maximum 
security. The integration of simulation is used to 
significantly reduce development time during the 
initial phases of development. Real time simulation 
is seamlessly integrated into all of the systems of 
our product portfolio. Many successful implementa-
tion examples exist, from complex vehicle models 
involving battery simulations up to the integration 
of complex closed loop controllers (e.g. based on 
NOx- or center of combustion), which replace miss-
ing xCU functionalities. This technology allows ef-
ficient execution of DOE’s and has demonstrated 
the strength and opportunities of FEV’s automation 
product family.

schnitzler@fev.com

Solutions of Automated Testing

TxM Product Family Solutions

High 
end

Mid
range

Base
system

Entry
system

•	Real time combination
 of several test benches
•	e.g. powertrain, 
 hybrid + transmission

•	Powertrain
• Hybrid/Battery+

• Simulation

•	Engine development
• Battery testing
• End of line
•	Durability testing

•	Component testing
• Injector, transmission

Process + Control + Cross linking

Visualization Process TestObject Control

Visualization Process TestObject Control

Visualization +
Process +
TestObject Control

+SIM



5

FEV SPECTRUM

Test Result Analysis FEVALYS

FEV’s FEVALYS is paving the way for future test 
evaluations. Since 2009, FEV has used FEVALYS as 
a windows-based tool for analysis and visualization of 
data measured or calculated from engine and vehicle 
development projects. It has been used to analyze 
mapping results, EGR-variations and variations of 
the ignition angle, and is also routinely used to in-
vestigate reference points. FEV engineers participate 
in a continuous improvement program that has led to 
significant increases in user efficiency.
FEVALYS closes the gap between data acquisition 
and the presentation of test results using an inte-
grated approach for browsing, calculation and report 
generation. The question with FEVALYS is no longer 
where to find the data, but rather what insight can 
be drawn from the test results. The concentration on 
user workflow and a consequent support for stan-
dardization makes this possible and leads to higher 
quality reports. The advantages of FEVALYS include 
amongst others:

•	 	Support	of	standardization	by	addressing	com-
pany-wide data structures, data formats and 
namespaces

•	 	Building	of	custom	evaluation	templates	and	in-
tegrates calculation and layout templates, using 
manual or automated techniques, either online or 
offline

•	 	Editing	and	adaptation	of	diagrams	on	all	pages	of	
a large report into one

FEVALYS is based on National Instruments Diadem 
and is compatible with its latest version.  
The analysis functions permit 2D and 3D curve opera-
tions, statistics and filtering. Thus FEVALYS profits 

from the innovations in Diadem 2011, which include 
interactive scaling of diagrams, introduction of curve 
coordinates in the report and improved performance. 
The continuous development of FEVALYS will enable 
additional uses. New features support the synchro-
nization and analysis of dynamically surveyed data 
from automation, combustion analysis and applica-
tion systems, including the field of emission cycle 
evaluation. Reports can be customized to address 
corporate identity or requirements for projects. Also, 
an earlier review of recently measured data from an 
ongoing test run will be possible with FEVALYS.
FEVALYS is ready for stationary and dynamic testing 
challenges and will open up additional applications in 
the future with new evaluation templates. Join us in 
looking forward to the future of test data evaluation. 

salmen@fev.com
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Graphic-
Template

Measuring Data Reports

Key Features of FEVALYS

	 	File-based data structure: 
Import measured and 
descriptive meta data via a 
user-specific plugin

	 	OpenMDM and ASAM-
ODS data base: Simple 
customization on a user-
specific data model

	 	User definable channel 
names for measured data 
and calculation results

	 	Predefined FEV formula 
catalogs for the analysis of 
calculation results

	 	Calculation templates for 
fast selection of task-
related calculations

	 	DIAdem analysis functions  
(2D and 3D, statistics, 
filtering)

	 	Individual graphic layouts; 
predefined through the 
FEV catalog

	 	Graphic data inspection to 
drill down from test series 
data to raw data

	 	Project navigator for 
quick access to previously 
conducted evalutaions

	 	Pack and Go: Easy 
exchange of evalutations 
with other FEVALYS users

From Measuring to Report by an Automated Workflow
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Contacts
FEV GmbH
Neuenhofstraße 181 
52078	Aachen	∙	Germany
Telefon +49 241 5689-0
Fax +49 241 5689-119 
E-Mail marketing@fev.com

FEV, Inc.
4554 Glenmeade Lane  
Auburn	Hills,	MI	48326-1766	∙	USA
Telefon +1 248 373-6000
Fax +1 248 373-8084 
E-Mail marketing@fev-et.com

FEV China Co., Ltd.
No. 35 Xinda Street Qixianling
High Tech Zone ∙	116023 
Dalian ∙	China
Telefon +86 411 8482-1688
Fax +86 411 8482-1600
E-Mail fev-china@fev.com

FEV India Pvt, Ldt.
Technical Center India
A-21, Talegaon MIDC
Tal	Maval	District	∙	Pune-
410	507	∙	India
Telefon +91 2114 666 - 000
E-Mail fev-india@fev.com

Powertrain Testing

The combination of combustion engines, transmis-
sion types, vehicle platforms and, more recently, the 
electrification of the powertrain have greatly increa-
sed the range of variants in drivetrain development. 
The number of available prototype vehicles cannot 
possibly keep up with these requirements. In ad-
dition, vehicle testing is also impacted by weather 
conditions, which further reduces the availability of 
in-vehicle prototype testing.

Full Powertrain test benches offer the solution to 
this problem:
On the powertrain test bench, the transmission and, 
potentially, the electric drive can be added. The driven 
rear axle is already integrated into a modular rear axle 
support before it is installed in the test bench. Using 
the original drive and driven shafts allows use of the 
vehicle-specific layout of the exhaust system for eve-
ry drive configuration. Hence, the complete vehicle 
configuration can be integrated into the powertrain 
test bench with the same flexibility that is well-known 
from engine test benches.
Sufficient cooling capacity and demand-oriented coo-
ling air flow ensures high run times for the gearbox, 
transfer case, axle drives, as well as the joints in the 
drive shafts. Liquid-cooled oil heat exchangers can 
also be used. The gas and surface temperatures in 
the exhaust system are measured with thermocoup-
les. Controlled medium-pressure blowers allow for 
the adjustment of the desired temperature profile at 
specified measurement locations.

The SIM software that is integrated into the FEV TOM 
multiple machine controller simulates the longitudinal 
dynamics of the vehicle. Cycles are time- and track-
guided, and then modularly set up with conditional 
forward switching into the next program module. The 
distance driven is calculated online, so that braking 
points, stopping points and route-dependent velocity 
profiles can be mapped with excellent consistency to 
match the on-road driving cycle. Gear shift robots are 
available for manual transmission shifting. Actuated 
manual gears and modern automatic gears are ser-
ved via shift-by-wire. The desired driver behavior is 
mapped in the automation system and subjected to 
numerous safety and plausibility checks.

A residual bus simulation integrates static and dy-
namic vehicle signals into the test procedure.  At the 
same time, approximately 200 parameters are read 
out from the engine and transmission control units 
and are logged with further measurements.

The FEV powertrain test bench offers modern and 
efficient road-to-rig simulation for the testing of 
the complete powertrain, early in the development 
process. The intense driving profile achieves up to 
a 5,000 km driving distance during a 24 hour period 
of operation on the FEV powertrain test bench. This 
avoids the construction and operation of expensive 
vehicle prototypes.

trampert@fev.de

FEV 4WD powertrain test cell
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