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1 effort. The challenge is to reach the
lowest possible cost/benefit ratio for
every development process. Further-
more, compliance with emission legis-
lations is mandatory for product com-
petitiveness and marketability.

In developing truck engines, careful
consideration must be given to strin-
gent ecological and economic bound-
ary conditions. The development pro-
cess must follow a clearly organized
path from the very beginning to the
final product.

For FEV, this process begins with an
intensive dialogue between FEV, as the
development partner, and our client, to
define the engine concept and the per-
formance specifications.

Due to economic globalization and in-
creasing e-commerce, the volume of
transportation will increase dramatically
in the future. However, the potential to
increase transport capacity, especially
in central Europe, is limited. Conse-
quently, better utilization of the com-
mercial motor vehicles will be indis-
pensable in the future. Apart from
intelligent logistics concepts, optimi-
zation of the vehicle itself is an in-
dispensable prerequisite to for-
mulating an ecologically justi-
fiable and economically ef-
ficient long-term transpor-
tation plan.

or future heavy-duty motor vehi-
cles, this means an enlargement

of the loading volume as well as addi-
tional loading potential. Since an in-
crease in the admissible total weight
of the vehicles is rather improbable,
due to legislative restrictions, the vehi-
cle weight must be reduced to offset
the additional loading volume.

The engine is a key factor in this opti-
mization process since the weight-to-
power ratio (kg/kW), the specific dis-
placement (m3/kW) and the absolute
power have a major impact on the trans-
port vehicle  performance. Durability
and future potential market possibilities
are the significant benefits while the
cost related factors include base price,
fuel consumption, and the maintenance
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produce such a pressure level in a
single stage process, two-stage charg-
ing may become interesting in order
to improve transient response. Two-
stage intercooling, although expen-
sive, can improve the engine behavior
further. With respect to cost, a combi-
nation of a f ixed-geometry and a
waste-gate charger should be compa-
rable to a VNT charger. To support the
complex interaction between the en-
gine and the turbocharger(s), FEV is

A predictive assessment of future de-
velopment trends is necessary to estab-
lish the performance specifications.
FEV uses ”road maps” for this purpose.
The figure on the next page shows this
type of road map for an European long
haul truck.

Common Rail (CR) injection systems
will also play a dominant role in the
future for truck engine applications.
These systems of fer  the highest
amount of flexibility, with continually
increasing performance. Injection
technology is one of FEV’s traditional
playgrounds. An example is the piezo-
electrically driven fuel injection sys-
tem. The following figure on page 4
shows a CR system for passenger car
application and the variety of possibili-
ties this system offers due to the high
velocity and accuracy of the piezo-
actuated valve. FEV is also working
on a new CR Injector for heavy duty
applications.

To meet future stringent emission leg-
islation in mass production, the use
of integrated emission control systems
appears inevitable. Nevertheless, some
open questions remain to be answered
before introduction into mass produc-
tion can be considered. These include
the assessment of: fuel sulfur content,
ash content and OBD. FEV has exten-
sive experience in the systems devel-
opment and integration of emission
control systems for both particulate
filters and advanced NOx reduction
systems.

There is a trend toward clear and sim-
ple base engine concepts followed by
the provision of highly integrated,
multi-functional add-on modules. This
results in advantages in production
manufacturing and maintenance. The
future standard, even for higher power
outputs, will be the in-line 6-cylinder
engine due to inherent structural ben-
efits compared to V-engines. These
benefits are increasingly important
with higher peak pressures. For an
engine with a swept volume of about
12L specific power outputs above 30

Globalization - may we accompany
you?

Globalization is the name of the game:
Markets grow together, and car man-
ufacturers are looking for synergies
through strategic alliances. As a result
of local legislation, tastes and bound-
ary conditions, more product versions
are on the market. Development time
is consistently reduced as a result of
the high level of competition in the
automotive market.

Following an integration wave of rig-
idly centralized organizational struc-
tures, a change in course is now being
recognized: centralized management
dictates corporate strategy and func-
tionality but local organizations re-
ceive larger responsibility for the op-
erational side of the business. With
respect to product development, this
means that local organizations are be-
coming more self-sufficient and have
autonomy to modify products for the
needs of their respective markets.
We understand, that the car industry

kW/L are possible, allowing engine
outputs greater than 500 hp. This al-
lows greater market possibilities for
larger line-haul truck applications.
BMEP levels of 20 bar at rated power
and 25 bar at maximum torque must
be obtained. Supercharging plays a
major role in reaching these values.
Charge air pressures above 3 bar are
a precondition to achieve a low soot
level on for established combustion
systems. Although VNT chargers can

is continuously faced with new chal-
lenges and support our customers
by:

• providing local personnel and fa-
cilities to develop products to meet
local boundary conditions,

• providing vehicle application serv-
ices necessary for more vehicle 
versions than ever before,

• providing instrumentation for local
facilities,

• providing advanced end-of-line 
testing for engine production 
plants all over the world, and by

• providing assistance to suppliers
as they enter foreign markets.

The FEV R&D centers in Germany
and the United States as well as its
subsidiaries and agents in Japan,
China, Korea, Taiwan, India, Thai-
land, Malaysia and other regions are
standing by to support you.

For us, development partnership in-
cludes our efforts to accompany you
on your way to new international
cooperations.

Yours sincerely

Dr. Ernst Scheid
Vice President

Preface
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currently working on model-based in-
telligent control strategies, which will
contribute to further optimization of
dynamic charging behavior.

Noise Vibration and Harshness has
become a major issue due to more
stringent legislation and increased
customer demands in this area. Be-
cause  NVH op t imi za t ion  as  an
”aftertreatment” is always difficult and
expensive it is important to take NVH
performance into consideration early
in the design phase. Modern simula-
tion tools can be utilized to predict
and modify the acoustic behavior of
the entire powertrain. Combined with
mounts and defined transfer functions,
it is possible to tailor the cabin noise
and, thus, the driver’s perception.

In the design process, state-of-the-art
tools are appropriately used to com-
pliment our clients’ standards. 

In addition to standard applications
including Catia, I-DEAS, ProEngineer,
Star CD and GT-Suite, to mention only
a few, FEV also uses internally devel-
oped codes representing nearly all
disciplines. FEV also cooperates with
software suppliers, e.g. ADAMS. In
combination with powerful hardware
and experienced specialists, this re-
sults in a network of support ensuring

development tasks, including mechan-
ical or combustion development, are
topics traditionally covered by FEV. In
these areas, the company has demon-
strated long-term experience and
state-of-the-art equipment. The com-
bination of these tools ensures that
projects will be conducted with a tar-
get-oriented approach.

highly efficient development from the
ver y  beg inn ing  o f  the  process .
By cooperating with highly specialized
companies in the area of ”rapid proto-
typing” the future product can be de-
veloped up to prototype status. FEV’s
own prototype workshop can assemble
up to 200 engines per year, based on
single shift operation. The associated
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Professional project management is a
key element in FEV’s strategic approach
to its partnerships with the automotive
industry. The highly effective and ap-
plication-oriented project management
system at FEV was developed on the
basis of a critical analysis of well-
established methods within the auto-
motive industry, combined with the
cumulative experience of many engine
development programs.

his general approach represents
a general FEV guideline that is adap-

ted to the specific requirements present-
ed by a particular customer and project.

Smooth-running projects are enabled
through the establishment of project
centers which bring together key project
participants.

The primary elements in FEV’s project
management system include:

• Qualified project managers
• Tight integration of the customer in

decision making and project planning
• Presentations and discussion to 

support decision making which 
consider relevant aspects (including
costs, etc.)

• Concentration of decision makers in
a project center

• Use of a matrix structure for the 
project team to guarantee the best 
possible integration of all of the tech-
nical experts

• Extensive application of Simultane-
ous Engineering

• Consideration of series production-
 related aspects early in the process,

beginning with the concept stage 
and the first prototypes.

A robust project management system
must be able to adapt to an ever-changing

Project-
management

If desired, the client can also be as-
sisted in the f ields of production
planning and the start of production.

FEV’s demonstrated abilities cover
the spectrum of engineering services
and thus can act  as a competent

partner throughout the entire de-
velopment process of new genera-
tions of engines. FEV looks forward
to working with you to demonstrate
our capabilities as your development
partner.

◆  Dr. Hans-Peter Frisse
◆ Helmut Pleimling 

T
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situation once the project begins, con-
sidering new insights and input from
all of the functional groups involved in
the project. This change of outlook
needs to be constantly updated, includ-
ing a ”buy-in” by all of the partners,
involved in the project.

Clearly, efficient project management
is not necessarily effected by rigidly
following a set of established rules but,
rather, relies on the definition of prin-
cipal ”milestones,” where past experi-
ence is drawn upon to assist in the
fundamental decision-making process.
In this article, selected aspects of FEV’s
well-established project management
system are illustrated.

Kick-Off Meeting

At the initiation of a new project, FEV and
its customer make several key decisions:

• Assignment of tasks and responsibilities
• Project organization
• Time schedule, definition of 

”milestones”
• Reports on project progress
• Exchange of information
• Documentation and reporting

The following tools are essential to
ensuring a smooth-running project.

• Mutual Action Item Lists (”To-Do-
List”).

the life of the project.  When necessary,
adjustments are made.

Extensive Application of Simultaneous
Engineering

Since it is typical in this industry for
development work packages (e.g. a first
prototype) to be handled on a fixed
price basis, it is essential that technical
risks are minimized while retaining the
focus on outstanding engine character-
istics.

In order to design a new engine with
the best possible characteristics, it is
important for all of the technical groups
that are involved in the project to con-
tinuously review and understand the
current state-of-the-art.  This is espe-
cially true during the concept phase
where the boundary conditions for at-
taining the desired engine properties
are documented and will serve as the
basis for each department’s desired
feature set. These feature set lists are
considered in combination with addi-
tional boundary conditions such as
customer preferences, packaging re-
strictions, existing production lines,
benchmarking, etc., and the basic en-
gine specifications are defined and in-
itial sketches are made. At this stage,
important engine characteristics are
predicted and compared with the state-
of-the-art (i.e. "Best in Class" engines).
Possible deviations from these predic-
tions that might come up during the
subsequent specification and design
stages will be called to the team's at-
tention. It is FEV’s goal that the first
prototype demonstrates the predicted
characteristics.

General development trends will also
be taken into account and factor into
FEV's recommendations regarding
evolutionary steps and potential vari-
ants that should be considered for the
engine concept. This methodology en-
sures the engine's future competitive-
ness. Thorough application of CAE is
the most important measure to reduce
technical risk. Today, to realize a first
prototype, CAE and CAD capacities are

These define responsibilities and 
priorities as well as the project 
time schedule. This list will be con-
stantly checked to identify and coun-
teract potential delays early in the 
project.

• Regular updating and exchange of 
the current time schedule including
documentation of the project 
progress.
This tool is a mechanism for an-
nouncement of potential omis-
sions or the identification of inci-
dents that might endanger timely 
project completion. Regular agree-
ment on project status and confirma-
tion of attained milestones.

• Application of ”technical risk man-
agement”, so that technical problems
can be detected and mitigated ac-
cordingly.

• Definition of ”escalation paths”. Here
measures are defined in the event

that significant problems arise, i.e.
technical or organizational problems
that could endanger the progress of
the entire project.

All of the elements that have been iden-
tified above, are addressed at a project
”Kick-Off” meeting. During this meet-
ing, FEV’s suggestions are discussed
with its engineering partners and – after
potential modifications – agreements
made. The continuing adequacy of these
tools will be routinely questioned over
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at the production
stage. Based on the
initial engine concept
studies, the suppliers
and designers will
exchange specifica-
tions and boundary
conditions. The sup-
pliers design the
modules, drawing on
exper ience  whi le
considering issues
related to the use of
existing production
equipment. Tightly
integrated communi-
cations between all
involved parties is

essential during the design phase, since
all of the engine parts are subject to
continual modification. Optimized data
exchange systems featuring broad and
high speed CAE/CAD data access is nec-
essary to facilitate communication be-
tween all members of the project team.
Before the finished module design can
be confirmed for prototype production, it
will be extensively quality-checked by
FEV.  Once the quality approved parts are
delivered, the initial engine durability test
runs can be conducted. Subsequently, all
of the components will be handed over
to the suppliers for further examination.

Production and Assembly Considera-
tions During the Concept and Prototype
Stage

If production and assembly-related
aspects are considered early on, both

used nearly equivalently. It is important
that the CAE experts show an interest in
a detailed comparison of calculation re-
sults with later empirical measurements,
since this allows a constant refinement
of the simulation tools that are being
utilized and minimizes technical risk. FEV
further recommends that design modifi-
cations be simultaneously examined via
CAE modeling so that support can be
provided for potential problems occurring
during the development phase or in series
production.

Early integration of eventual production
suppliers is very important. Ideally, all of
the major suppliers should already be
determined at the end of the concept
phase when modules are being designed
in close cooperation with system sup-
pliers.  These modules will then be deliv-
ered pre-assembled and quality-checked

development costs and future unit costs
for the engine can be substantially re-
duced. This will minimize the number of
design changes required later in the de-
velopment process, and ensure appropri-
ate concept decisions with regard to series
production issues.

During the concept phase, the potential
use of existing facilities as well as pro-
spective processing and assembly con-
cepts (e.g. sequential vs. agile production
lines) should be agreed on. To achieve
the best possible results in this important
”simultaneous engine-ering” aspect, FEV
cooperates closely with a consultant spe-
cialized in production planning and value
analysis. This consulting firm, Platos,
has more than 15 years of experience in
planning and optimization of engine pro-
duction and assembly. The close co-
operation between FEV and Platos has
been successfully demonstrated in nu-
merous engine development programs.

Due to the consistent application of Si-
multaneous Engineering, including early
consideration of production and assembly
issues, one full prototype stage can be
essentially omitted from the engine de-
velopment program. FEV is capable of
detecting potential weaknesses at the very
first prototype stage and implements any
necessary countermeasures. For the sec-
ond prototype, detailed production plan-
ning is considered, enabling a second
prototype that is near series production
quality.  This second prototype can then
be used to begin with series calibration.

  ◆  Dr. Michael Houben
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We are also prepared to conduct certi-
fication tests in support of the start of
engine production. Field testing can
also be supported and evaluated by
FEV.

Application engineering is also provid-
ed within the scope of FEV’s engineer-
ing services, covering a diverse group
of applications such as ship propulsion,
power plants or locomotives.

All work is executed in very close co-
operation with the customer and its

and CAE tools. Consequently, in most
cases, we are able to support our cus-
tomers in their native CAD platforms.

At FEV, process Development (injection,
combustion and turbocharging) is a
core engine development technology.

At FEV, mechanical development in-
cludes functional testing as well as
endurance testing of individual compo-
nents and full fired engines. Depending
on the power and size of the engines,
tests with multi-cylinder engines can
be performed at FEV or within the cus-
tomers facilities. These decisions are
primarily made on the basis of the re-
quired investment and program cost.

FEV has developed a special single
cylinder research engine that is adapt-
able to different engine configurations
(e.g. bore and stroke). The engine can
be operated with distillate fuel as well
as heavy fuel oil and gases.

FEV offers a full range of engineering
services for Large Bore Engines, similar
to its offerings for automotive engines.
These services include component de-
velopment as well as complete devel-
opment support for a new engine from
the concept phase through the start of
serial production. All of the state-of-
the-art tools that are necessary to cope
with the varied demands of Large Bore
Engine development are available
at FEV.

n the conduct of a project, FEV 
offers a full range of services in-

cluding market studies and benchmark-
ing. Concept studies can be per-
formed for particular project
components or for the
complete project. FEV
compiles and summa-
rizes the results of the
study in a bound doc-
ument that serves as the
foundation for the devel-
opment program to follow.
The most modern tools and metho-
dologies are employed for analysis,
simulation and in design. Structural
analyses for the optimization of com-
ponents regarding mechanical and ther-
mal load, deformation, etc. support the
design work from the beginning. The
approach represents a significant time
and cost savings since a considerable
part of typical experimental mechanical
development testing can be avoided.
FEV maintains a wide range of CAD

Large Bore
Engines

I
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Structural Analysis on Large Bore Engines
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In a survey conducted by the magazine
‘Automotive Engineering Partners’, 200
leading personalities in the automotive
business were asked to vote for the
most innovative development partner.

n the service sector ranking, FEV
scored first place.

FEV is an independent service provider
with worldwide business centres. In the
past 22 years, FEV has initiated the
latest trends in automotive engineering,
proved out the prototypes on test
benches which as fully matured gaso-
line or Diesel engines validate them-
selves every day in series production
vehicles.

(Source: Automot ive Engineer ing
Partners 5/00)
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component suppliers. Moreover, to en-
sure close cooperation, the members
of a project team can be located in a

project center that is isolated from other
project teams to ensure confidendiality.

FEV is also prepared to take complete
project management responsibility,

when desired by our customers, includ-
ing quality management. FEV is expe-
rienced in employing all of the classic

quality methodologies including the
Six Sigma quality methods. The partic-
ular methods to be applied are generally
selected by the customer.

        ◆  Helmut Pleimling

Large Bore Single Cylinder Engine

Bore: 240-320 mm
Stroke: 300-450 mm
Displacement: 13-36 Liter
BMEP: 35 bar
Power: 400-600 kW
Speed (nom.): 600-1200 rpm

Speed (min): 250 rpm
Firing Pressure: 250 bar
Fuel: Destillates, Gases,

Heavy Fuel Oil

Supercharging: External 5 bar
Cooling System: External
Lube Oil System: External

Large Bore
Single Cylinder
Engine on Test
Bench

α  1° aTDC

α  7° aTDC

α  11° aTDC

α  15° aTDC
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