
The development of advanced drive 
system assemblies often requires 
achieving sophisticated and some-
times conflicting objectives in a 

short amount of time. It is vital that 
iterative loops be prevented, particularly 

when trying to meet reduced development 
time frames.

Recently, methods have been developed and success-
fully used to achieve an efficient design process. In the 
process, testing and application problems have benefited 
from model-based methods. Simulation models are ca-
pable of significantly improving almost any development 
phase, which can be achieved by adapting the detailed 
model to the particular problem. Moreover, standardi-
zed application procedures and automated test benches 
are assisting the application engineer to achieve a more 
efficient development process.

FEV applies unique methods to support application 
problems, as a part of the entire development process. 
These application methods are based on three specific 
foundations that are summarized under the term TOP-
expert and serve to standardize test bench and vehicle 
strategies as well as their accompanying processes. 
The first foundation is represented by standards that 
define simple procedures and in particular, constraints 
for application problems.  Observing these standards is 
mandatory at FEV for all projects – unless the customer 
explicitly calls for a different approach. This method 
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ensures quality, reproducibility and creates a well-
structured knowledge base.

The second foundation represents the more complex 
application problems that are, for the most part, 
covered by model-based methods. The areas where 
an application can be improved are revealed though 
statistical test planning, Design of Experiments (DOE) 
and a model-based analysis of the product’s perfor-
mance potential. The quality of the models is ensured 
through validation, while the qualities of the identified 
optimums are ensured through a robustness check.
The amount of work involved to develop the input 
data for a gasoline engine with intake manifold fu-
el injection can be significantly reduced through a 
combination of statistical test planning, automatic 
ignition angle loops and subsequent model-based 
optimization. 

Figure 1:  Model-based Optimization for Map Calibration

This approach covers a wide portion of the stoichi-
ometric operating range. The target values in the 
optimization can be both freely selected as well as 
combined in a weighted manner. In addition, the 
input data can represent a compromise between fuel 
consumption and emissions.

The application problem, using both of these approa-
ches, is decoupled as much as possible from the test 
bench or the test vehicles.  Tools must be available 
for the application methods to support all of the 
major steps of the project. These tools are available 
for the application problems at the test bench and in 
the vehicle. The third foundation uses vehicle tools 
to support the application engineer’s daily work and 
ensures that standards are observed. These vehicle 
tools are developed by FEV and are marketed under 
the name TOPexpert Vehicle Suite. The traditional ap-
plication process (Figure 2) has been characterized 
by high development costs, due to the large number 
of project vehicles and multiple, time-consuming 
application loops that were required. Converting to 
application process-based software tools (Figure 3) 
was unavoidable. Once the measurements are taken, 
the data is then imported into the vehicle tool and 
evaluated in terms of usefulness.
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Gary W. Rogers
Dr. Markus Schwaderlapp

Dear readers,

In recent years, FEV’s development was heavily 
influenced by globalization: In addition to the 
expansion of our facilities in Europe and the US, 
new subsidiaries were founded in China, Japan, 
Korea, Poland, India, and other countries. 

As of July 1, we reorganized the responsibilities 
of the Executive Board in order to continue 
improving our international customer relations 
among other reasons.

Responsibility for the regions will lie with one 
Chief Executive Officer each, who, in addition 
to fostering business relations, will be in 
charge of the local Engineering Centers: North 
America - Gary W. Rogers; Europe - Dr. Markus 
Schwaderlapp; Asia/East - Dr. Ernst Scheid. Dr. 
Scheid will also oversee Measuring and Test 
Engineering world-wide. Mr. Rainer Paulsen will 
support FEV’s organization by managing finance, 
the central company divisions, and electronics. 
Professor Dr. Stefan Pischinger will be head of 
the Executive Board and directly responsible for 
internal Research and Development.

The former Chief Executives Prof. Dr. Franz 
Pischinger and Dr. Manfred Schaffrath will change 
over to the Advisory Board, Franz Pischinger will 
act as the Chairman of the Advisory Board. Both 
gentlemen – together with Prof. Peter Walzer 
– will continue to provide FEV with their experi-
ence as well as help and advice.

Our goal is to also be close to you, our customer, 
in cultural aspects, and to combine this effort 
with the advancement of our global competence. 
Moreover, new opportunities are opening up in 
developmental work: We are working on global 
projects 24 hours a day at the various locations.

We look forward to a successful cooperation with 
you!

Prof. Dr. Stefan Pischinger
Rainer Paulsen
Dr. Ernst Scheid

Preface



3

Figure 2: Traditional Calibration Process: Multiple iterati- 
  ons have to be done through the whole loop

Figure 3: Tool-aided Calibration Process with TOPexpert  
  Vehicle Suite: Most of the calibration work is  
  done at the desktop

Validated measurements are then used as a basis for 
the offline simulation of the modified application. ECU 
characteristics and performance maps are adapted 
and the effects on the output signals are directly ana-
lyzed. When the results for the application problem 
are optimized, they can be validated under real world 
driving conditions.

FEV provides a variety of tools that are embedded 
in the TOPexpert Vehicle Suite.  The following three 
tools represent just a portion of the capability of the 
TOPexpert Vehicle Suite.

ECU models are used for exhaust gas aftertreatment 
evaluations to predict the load of diesel particulate 
filters. The Particle Filter Load vehicle tool simulates 
the conduct of the ECU functions offline to enable an 
adjustment to their performance maps to precisely 
reflect the actual behavior due to saturation of the 
diesel particulate filter. As a result, the number of load 
trips are reduced, which then saves valuable resour-
ces and time (including those for processing data). 
The measured load curve for a load trip of six days is 
shown in Figure 4 as a comparison to the load curve 
that was optimized offline. This measured load curve 
was created solely by simulation, using the Particle 
Filter Load vehicle tool. ECUs have short-term and 
long-term functions to compensate for wall-applied 
film effects. A combination of both functions is the

only way to achieve a satisfactory transition, making 
it difficult to input the data into the ECU. The Statio-
nary AFR Compensation tool assists the application 
engineer in this task by graphically processing the 
measurement data and converting it into suitable au-
xiliary variables. The tool also features the option of 
editing different ECU characteristics and performance 
maps as well as simulating its functions until the op-
timum data input has been achieved. The Vehicle 
Speed Tracer is used for the real time visualization of 
individually configurable vehicle profiles. Most statu-
tory test cycles are already included in the tool. The 
current speed and the tolerance band for a selected 
driving cycle are represented during the test drive, 
potentially together with notes on gear changes. A 
substantial amount of chassis dynamometer time and 
capacity to test items such as emissions can be saved 
with the Vehicle Speed Tracer, since the test runs can 
be performed on the road.

There are a variety of other vehicle tools for gasoline 
and diesel engine applications that are also a part of 
the TOPexpert Vehicle Suite.  A great deal of synergy 
can be achieved by simultaneously processing diffe-
rent application tasks because these tools are embed-
ded in the TOPexpert Vehicle Suite.  FEV application 
engineers have been using the TOPexpert vehicle 
tools for over two years, but other engineers within 
the automotive industry have now begun using them 
successfully as well.  Existing tools and simulation 
models are individually adapted by FEV and the cus-
tomer according to customer-specific requirements. 
FEV is continuing to develop other vehicle tools for 
this development package, as well.

calibrationmethods@fev.de
dachwitz@fev.de, linssen@fev.de
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Figure 5: 
Screenshot 
of the Vehicle 
Speed Tracer

Figure 4: 
Screenshot of the
Tool Particle Filter
Load
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 Procurement – Supplier 
 – Quality Engineering (PSQE) 

FEV’s Procurement–Supplier–Quality Engineering 
(PSQE) team has developed a successful process 
that reduces time and expense when developing new 
combustion engines. 

Current customer requirements demand the si-
multaneous use of high quality, low cost, and time 
saving processes. Those processes must be applied 
beginning with project planning, continue through 
the design and engine test phases, and culminate 
with approval for production. To meet the automo-
tive industry’s demands, it is becoming increasingly 
important to select suppliers who can support this 
type of development process. Supplier selection and 
parts procurement play a vital role in the planning and 
execution of engine test runs and in the development 
of the components for production readiness. 

Figure 1:  Task and International / External Interfaces 
  of PSQE

The PSQE’s process takes all of those requirements 
into account. At FEV, the PSQE team (Fig. 1) repre-
sents a centralized internal and external development 
interface between design engineering, testing, sup-
pliers and the customer.

Supplier selection

In addition to engineering services, it is particularly 
important that components are assessed in terms of 
design quality and their contribution to the overall 
success of the development process. The compe-
tence of the suppliers with respect to certain key 
attributes is particularly important.

 The selection should depend on:

  Quality management (certification)
  Production and quality check   
  processes 
  Quality of staff (experience)
  Production technology 
  Development capacity / competence
  Innovative edge 

The current trend in development is increasingly 
toward the creation of modules. The number of 
components is reduced by integrating several engine 
functions into one, which also improves cost and 
ease of assembly. One example of FEV’s application 
of this is an integrated oil cooler / oil filter / water 
pump module (Fig. 2), which was recently developed 
in close cooperation with Hengst.

Figure 2:  Joint Development from Prototype to
  Mass Production

Procurement

Currently, a multitude of suppliers exist for prototype 
and production components. They use a variety of 
production processes such as rapid prototyping and, 
in some cases, they can even make components for 
testing with preproduction tools. FEV has registered 
more than 1,100 major suppliers in our in-house 
supplier database and have achieved a high quality 
standard as a result of a long-lasting and continuous 
cooperation with our reliable partners.

Quality

It is essential that component quality be ensured early 
in the prototype phase. PSQE has accomplished this 
by developing an internal and external process (Fig. 
3) that begins when a component order is placed and 
continues from its incoming inspection to the project-

Oil Filter Module including Oil Filter, 
Oil Cooler, Water Pump

 Reduced number of components
 Reduced work cycles at engine assembly
 Reduced number of interfaces / possible leakages / failures
 Reduced expense for procurement, controlling, purchasing, 
 quality Insurance, production
 Simplified communication: only 1 system supplier
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Figure 3: Product / Component Flow Chart

oriented use. The quality check documentation is al-
ready being requested from selected suppliers. FEV 
takes random samples to confirm the accuracy of the 
measurements. Measurements taken within FEV are
prompted by the QSV (individual responsible for qua-
lity assurance), who is a member of the PSQE team. 
These specified measurement conditions and scopes 
of testing can be carried out in FEV’s measurement 
laboratory. In the event special tests are required, 
such as X-ray or CTG,  competent external laborato-
ries are utilized. 

Moreover, the close partnership FEV has with the 
Technical University of Aachen permits FEV to 
conduct quality measurements, such as material 
inspections, micrographs, hardness tests, strength 
inspections, as well as measurements of crankshafts 
and other more complex components. 

Supplier cooperation and product capability is as-
sessed from the beginning through the use of score 
cards. 

roland.thiel@fev.de
degives@fev.de

 FEV India Private 
  
 Limited – Opening the 
 India Subcontinent

India is taking enormous steps as a developing coun-
try towards being an industrial nation. Both politicians 
and corporate managers are carefully observing the 
economic and market development in China as a mo-
del for achieving more wealth and a better standard 
of living for its 1.3 billion inhabitants. The automotive 
sector will play a key role in the industrialization pro-
cess. Improving individual mobility by enhancing the 
transportation sector will be a key factor.

Recently, FEV opened two new subsidiaries in India. 
Delhi and Pune were selected as locations for new 
FEV development and service centers. FEV is provi-
ding its entire scope of services in India including 
engine and transmission development, chassis opti-
mization, vehicle electronics, production engineering, 
and test systems for engine and vehicle testing.

India’s automotive industry is geographically dis-
persed throughout the country. FEV is adapting to 
this decentralization by adding two locations. Dr. 
Ernst Scheid, who is responsible for the eastern he-
misphere at FEV’s headquarters in Aachen recently 
stated: “We decided to establish two locations in 
parallel. The capital city of Delhi has been selected as 
FEV’s primary location in India. Around Delhi, many 
automotive companies have  facilities. Pune is the 
southern focus of FEV India, which provides access 
to many engine manufacturers in this area. Close 
proximity to our clients is one of our key targets, 
and is especially important for FEV Test Systems 
servicing.”

FEV’s clients in India include not only the local 
companies, but also joint ventures and international 
groups. Sushil Berry, the Managing Director of FEV 
India comments: “We are on-site with our specia-
lists to support our clients and to match the rapid 
changes, which are required for the development 
of modern technology and maintaining low product 
cost. Fortunately, our strong production engineering 
team is able to assist our designers, enabling very 
efficient production.”

scheid@fev.de
berry@fev.com
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Non-linear Automatic 
Structural Optimization 
of Engine Components

Detailed components that are under complex ther-
momechanical stress are often optimized by applying 
a conventional iterative method, which uses a large 
number of extensive development loops. A charac-
teristic of thermomechanically stressed components 
is that a geometric modification at a point that is 
seemingly far away from locally critical points with 
regard to durability, can positively influence this cri-
tical point by modifying the expansion restriction. As 
a result, the optimization of components under such 
a complex state of stress has traditionally been a ti-
me and resource-consuming task when conventional 
methods are used to find solutions.

Simulation time (real time):
Thermal FEA:   ~ 2h30min 
Mech. FEA:      ~ 4h40min
Durability:         ~ 6min
Shape-opt.:       ~ 2 min
… per optimization loop:   ~ 7h

Cast parts, such as the cylinder head, crankcase 
and exhaust manifold, that have correspondin-
gly complicated geometries are predestined for 
automatic structural optimization. The basis for 
non-linear shape-optimizations are the superim-
posed stresses of all relevant load cases for the 
manufacture (internal stress), assembly and engi-
ne operation (temperature, gas pressure, bearing 
forces) as well as a damage-based evaluation of 
the component. Damage is evaluated using the 
classic High Cycle Fatigue (HCF), Thermomecha-
nical Fatigue (TMF/LCF) or through a combination 
of both fatigue types. In this respect, boundary 
conditions, such as remolding, can be defined. 

FEV has integrated the damage-based, non-linear sha-
pe optimization into our virtual engine development 
process.  This results in significantly reduced deve-
lopment times and provides additional design free-
dom. Complex component geometries that would be 
hardly conceivable using conventional development 
processes are allowed using this methodology. Asym-
metric-complex exhaust manifolds developed by FEV 
provide an excellent example of the results, which not 
only predict sufficient durability, but also satisfy the 
restrictive integration conditions (turbocharger arran-
gement) and thermodynamic requirements (Fig. 1).

The characteristics of the automatic structural opti-
mization of a cylinder head are illustrated in Figure 
2. The left side of the figure shows the optimization 
freedom available for the area where the highest 
concentration of HCF-critical points exist in the water 
cooling jacket. After passing through the individual 
analysis steps, the finite element mesh is modified, 
within the area where design freedom exists, and the 
modified structure is then reanalyzed. The total time 
for an optimization loop in the current example is ap-
proximately seven (7) hours. After conducting about 
five (5) loops, an increase from 1.35 to 1.56 in the 
minimum safety factor was observed and could be 
achieved without any manual interference.

trampert@fev.de

Figure 2: Automatic Optimization Process 
   of a Cylinder Head

Figure 1: 
Non-linear Automatic 
Shape Optimization 
of an Exhaust Mani-
fold (Turbocharged 
Engine)
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NEDC

Virtual Development of
Cooling Systems

Figure 1: Virtual Coolant System Development Process

The cooling systems of today’s engines must meet 
engine-related requirements for fuel consumption 
and efficiency optimization as well as increasingly 
stringent emission regulations. Simultaneously, 
there are opposing demands placed on the cooling 
system in the form of anticipated warm-up behavior 
and heating performance. Despite these aspects, the 
primary function of the cooling system, which is the 
control of fluid and material temperatures, must still 
be ensured.

There is a clear trend for today’s engines to be inte-
grated into a variety of vehicle types, with different 
external cooling systems. The consequent complexity 
of the cooling system development process requires 
an extended testing phase all the way to vehicle 
production. Achieving high efficiency and a zero 
defect rate requires an interface that accounts for the 
demands of both development processes throughout 
the entire development stage.

To address these aspects, FEV has created a virtual 
development process (Fig. 1) based on a combinati-
on of one-dimensional layouts and CFD simulations. 
Cooling system development, starting with the initial 
internal flow concept up to the design of the com-
plete vehicle cooling system, requires the following 
investigations that can be conducted through a virtual 
simulation model:

   1-D layout of the internal flow concept and  
  verification by means of 3-D CFD
   1-D layout of the external cooling   
  system design
   3-D CFD simulation of the under hood flow
   Analysis of the vehicle cooling system  
  through a thermal 1-D simulation of:
   Climatic-chamber testing as well   
   as summer and winter testing
   Thermal management measures 

Engine component and fluid temperatures as well as 
fuel consumption values during various driving cycles 
can be determined with a high degree of accuracy, 
using the vehicle cooling system simulation. The mo-
del structure facilitates the development of cooling 
systems for passenger cars, commercial vehicles and 
hybrid vehicles.

As a result of the interdisciplinary cooperation bet-
ween the various calculation departments at FEV 
and the engine and vehicle testing departments, it 
is possible to reduce the development time and cost 
and to considerably improve the quality of the cooling 
system layout.

dohmen@fev.de
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FEV DynaCraft – 
AC Drives for Dynamic 
Engine Testing

FEV introduces the next generation DynaCraft AC 
drives to the international market (Fig. 1).

FEV’s next generation DynaCraft AC drives include 
a number of enhancements to the entire system.  
The drives offer a variety of technical advances and 
economic considerations that can assist OEM’s and 
suppliers in reducing direct and indirect costs as a 
part of the Total Cost of Ownership (TCO).

    The use of AC drives during  
    engine testing guarantees that,  
    by realizing well-defined cont- 
    rol strategies, test runs can be  
    reproduced within a very nar- 
    row range of to lerance, leading  
    to highly reliable, measurable  
    results.  

    To achieve these advantages, 
    on l y  componen ts  mee t i ng   
    stringent FEV quality standards  
    are used. Furthermore, these  
    s tandards are  consistent ly   
    applied during production, where 
     by great care is taken to ensure 
optimum balancing and run-out tolerance. Hybrid 
bearings are utilized, which require very little mainte-
nance and provide reliable operation. This attention 
to quality leads to very low vibration within the AC 
dynamometer. All of these features contribute to the 
drive’s capability of achieving speed gradients up 
to 20,000 rpm.

The standard products range from 50 to 700 kW and 
are divided into two series, which cover all applicati-
ons of engine testing. The HS-series has a maximum 
speed of 10,000 rpm and is generally used for pas-
senger car applications. Whereas, the LS-series is 
used for heavy-duty engine applications and realizes 
maximum torque values up to 5,000 Nm.

FEV utilizes 460 to 480 volts to supply power between 
the electric motor and frequency converter. The use 
of higher voltages enable the use of lower currents, 
which allow thinner power cables to be used. Conse-
quently, the size of components and cabinets can also 
be reduced. Transient times below one (1) ms for the 
power electronics enable the system to be used for 
highly dynamic applications.

Utilization of smart cards allows configurations to be 
cloned and copied to identical systems, significantly 
reducing the time required for the commissioning 
and ramp-up phases, due to defined data reuse. The 
global availability of spare parts and the use of smart 
cards drastically reduce down time in the unlikely 
event of a defect.

Among the numerous product benefits of the FEV Dy-
naCraft system, there is an operational benefit when 
using an AC dynamometer in terms of power gene-
ration. Unlike the typical eddy current dynamometer 
absorber, which generates heat that is subsequently 
dissipated into its cooling water and lost, the braking 
power of the FEV DynaCraft can be fed back into an 
internal power network or to the electricity supplier. 
The high quality demands of the electricity suppliers 
can easily be met with the AC drive. The Fourier 
transformation of the feed-back current shows a 
ripple below 0.5 % at higher orders.

FEV TestObjectManager (TOM) is the control unit that 
harmonizes the entire system into a well-defined unit. 
All standard control algorithms for engine testing are 
established inside the TOM. For special applications, 
the required algorithms can be adapted through a 
well-defined interface to Matlab-Simulink. The TOM 
can also be supplied with drive-by-wire functionality, 
if it is required.

The FEV DynaCraft system supports the drivetrain 
and model engineering manager’s efforts to reduce 
resources. Engine tests can be performed that allow 
the prediction of behavior for an engine in combina-
tion with a gearbox or a complete vehicle. FEV uses 
its driver and vehicle simulation package called SIM 
to complete this evaluation. The specifications for 
vehicle development can also be defined using the 
FEV DynaCraft drives, based on the test results of an 
existing engine.

biermann@fev.de

Figure 1: 
FEV DynaCraft
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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
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