
The reduction of CO2 emissions represents one of the 
biggest challenges to the automotive and equipment 
manufacturing industry and will be the focal point of de-
velopment effort for many years to come. The proposed 
EU fleet target for passenger cars with a vehicle weight of 
1372 kg will be 95 g CO2/km by the year 2020, reducing 
fleet emissions by approximately 25%.

The measures that are required for the development of 
conventional powertrains are now being broadened with 
a trend towards plug-in hybrids composed of a variety of 
transmission-, electric machine-, and battery concepts. 
The parallel existence of diverse powertrains suggests 
modularity and poses the question of which engine is 
the right concept.
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Dear Readers,

The often misquoted statement by Charles 
Darwin concerning ʺsurvival of the fittestʺ really 
focuses on the ability of an organism to adapt 
to its environment in order to grow and pro-
sper.  At FEV, our engineers have embraced this 
core value in the way we conduct our business, 
creating a unique FEV Group strategy that adapts 
to the ever-broadening needs of our customers. 
We are finding new ways to work with our 
clients that create more seamless, efficient and 
productive outcomes.

We will, of course, continue to advance the core tech-
nologies in transportation and energy for which we are 
known. Several of the articles in this issue of SPECTRUM 
(downsizing, off-highway engines, and transmission 
development) highlight our commitment to technology 
advancement. However, FEV is adapting to customer 
needs in many other ways.

We are bringing our engineering specialists as close to 
the customer as possible, to improve technology transfer 
without diluting quality or know-how. More than ever 
before, FEV engineers are working on-site with our custo-
mers and being fully integrated into their program teams. 
To accomplish this, we have expanded our technical 
centers in Aachen, Detroit, Dalian China and Pune India 
and added regional engineering offices in Stuttgart, Mu-
nich, Paris, London, Turin, Moscow, Cracow, Shanghai, 
Sao Paulo, Istanbul, and others. We made a significant 
investment in a large powertrain durability test center in 
Brehna, Germany to support one customer, while working 
with others to construct modern development and end-of-
line test systems at their own facilities.

As the FEV Group grows and prospers, we will continue 
to seek out new business models that add value for our 
clients so that they, too, remain on the ʺfittestʺ side of 
Darwin’s theory. 

Sincerely,

Gary Rogers

Executive Vice President,
FEV GmbH 
President & CEO, FEV, Inc.
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Downsizing and lower engine operating speeds 
(down-speeding), when used in conjunction with 
boosting, represent the one of the most attractive 
measures to significantly reduce fuel consumpti-
on. In addition, there is a trend towards reducing 
the number of cylinders among all engine classes, 
as seen in the A segment with a reduction to two 
cylinders.

Systematic downsizing combined with an increase 
in specific power and the best possible engine re-
sponse requires integration of the boosting system 
as a fundamental part of the engine concept. The 
challenge of optimizing complex boosting systems 
can be overcome through the development of appro-
priate processes for measuring and simulating twin-
flow turbines (Fig. 2). As a result, the number of 
prototypes, and the turbocharger test bench times, 
that are required are significantly reduced.

A major risk factor in downsizing modern gasoline 
engines is the occurrence of irregular combustion in 
the form of pre-ignition, resulting in potential engine 
damage. Explainable interactions for the emergence 
of pre-ignition can be better understood through 
investigations of these events in combination with 
engine testing, optical diagnostics (Fig. 3), and CFD 
for various injection systems and fuels in a highly 
boosted test engine. Subsequently, the necessary 
adjustments to the combustion system can be im-
plemented.
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Fig. 4: 2-stage variable compression ratio conrod

One example for an engine development program that 
systematically follows a downsizing approach is the 
Ford 3-cylinder EcoBoost engine (Fig. 1 cover page). 
FEV substantially participated in the development of 
this engine.

•  Technical highlights and data of the vehicle and/or 
engine

 •  Inline-3 Gasoline engine with 92 kW / 170 Nm 
@ 1.300 – 4.500  rpm/ overboost 200 Nm

 •  109 g CO2 / km
 •  Direct injection, variable camshaft timing
 •  Integrated exhaust manifold
 •  Oiled belt for timing drive and oil pump drive
 •  Split cooling
 •  Variable flow oil pump

•  FEV’s project involvement
 •  Design and CAE for Pre-XO
 •  Procurement and QS 1
 •  Engine build, commissioning, run-in and sign-

off for 36 engines
 •  Combustion development for Stage 1

Engine downsizing shifts the operational points into 
more fuel-efficient areas of the engine map. Increa-
sing the effective compression (Miller) and variab-
le compression (VCR) can be applied to optimize 
the fuel consumption across broader areas of the 
map.  VCR can also be used to meet the demand for 
global applications under a variety of fuel qualities 
and to possibly reduce full load enrichment. Conse-
quently, FEV has developed continuously adjustable 
and two-stage switchable VCR systems. The latter  
(Fig. 4) enables increased fuel savings at low cost 
and requires minimal modification to the base en-
gine. Following the successful implementation and 

optimization, the next phase addresses efforts for 
production together with Tier-1 suppliers.

habermann@fev.com

Fig. 3:  Application of the triple-
image-endoscope to a 
multi-cylinder engine



Fig. 1:  Technology tool sets for reducing emissions and fuel consumption
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The increasingly stringent legislative emission requi-
rements have forced engine developers to develop 
new solutions. This is true for on-road as well as for 
off-road applications, which are certified under dif-
ferent regulations. On-road engines will be certified 
in the future for Euro VI / EPA 10 regulations, while 
off-road engines have to meet Tier 4f / Stage IV  
limits. The goal of the engine developer is to cover all 
applications with a single base engine. The require-
ments for different applications, such as locomotive, 
construction, agricultural, gen-set or marine, necessi-
tate customized solutions. These solutions include all 
of the relevant components, selection of an optimized 
emission reduction concept and includ including the 
right exhaust aftertreatment system.

Apart from fulfilling current emissions legislation, 
future CO2 reduction regulations are steadily gaining 
importance. To reach these targets, a holistic view of 
the engine’s thermodynamics, exhaust aftertreatment, 
design, and base engine mechanics is necessary.  
Figure 1 illustrates the various measures and tech-
nologies, which are currently available to cope with 
these future requirements. 

Increasing the injection pressure to 3,000 bar signi-
ficantly improves the fuel atomization and air utili-
zation. This leads to an enhanced NOx to soot (PM) 

trade-off, with a simultaneous decrease in fuel con-
sumption (~1%) at full load (Fig. 2 top). The investi-
gations were conducted using a static leakage-free 
injection system.

Increasing the maximum cylinder peak firing pressu-
re by 15 bar can be used to further reduce the CO2 
emissions 2% (Fig. 2 middle). This is achieved by 
advancing the center of combustion at full load where 
cylinder peak firing pressure is limited.

Further reductions in CO2 emissions may be materi-
alized through a variable compression ratio system 
(Fig. 2 bottom). Over the majority of the engine map, 
the standard optimized compression ratio of 17.5 can 
be used. At full load, the compression ratio can then 
be lowered to 13.8, allowing higher boost pressures 
to be applied. The fuel consumption benefit is larger 
due to the resulting higher air-fuel ratios and can be 
improved by about 2% at full load with a constant cy-
linder peak firing pressure. At FEV, several solutions 
are available to realize variable compression ratio. The 
simple and cost-effective 2-stage system has been 
well-proven in heavy-duty engine tests. 

In the future, emissions as well as fuel consumpti-
on can be considerably improved through optimized 
combustion systems and engine calibration. In addi-



tion, improvements in the base engine design must 
also happen, including changes to allow higher peak 
firing pressure capability. 

For on-road as well as off-road applications, the lay-
out of the base engine still provides significant poten-
tial for future development. In addition to emission 
aftertreatment concepts, injection and charging tech-
nologies are key development areas, and FEV offers 
experience in all of these areas. New technologies 
must provide cost advantages for the end customer 
with regard to both investment and operating costs, 
and they are absolutely essential in achieving the le-
gislative emission and/or fuel consumption targets. 
FEV stands ready to help you solve these future deve-
lopment needs for your on- and off-road heavy duty 
engines. 

hamm@fev.com; rosefort@fev.com

Fig. 2:  CO2 potential of injection pressure, cylinder 
peak firing pressure and variable compression 
ratio at rated power

Technical competence, know-how, readily available 
resources as well as good communication with project 
partners are foundations for successful development 
work and collaboration. Intense efficiency is required 
during customer communications 
due to shrinking development 
cycles, increasing complexities 
in engineering technologies, limi-
ted access to prototypes and test 
facilities and the linking of work 
processes. With shorter commu-
nication pathways and closer cu-
stomer proximity, these demands 
can now be met. FEV has recogni-
zed the advantages of developing 
close business relationships with a 
strong customer presence. The ex-
pansion of FEV’s locations makes it 
easier to integrate customers into 
the early phase of business deve-
lopment.

These new locations guarantee a close connection 
to FEV’s development centers and allow us to offer 
services onsite and the ability to host acquisition and 
technology events to increase knowledge transfer and 
communication exchange.

Aside from our headquarters in Aachen and durability 
test center in Brehna, FEV’s location in Munich is the 
largest location in Europe and represents the complete 
bandwidth of FEV services, including drive develop-
ment of combustion engines, transmission-to-hybrid 
drive, e-mobility, vehicle integration and consulting. On 
November 8, 2012, at our offices on the Maria-Probst-
Straße, a customer-oriented Technology Day was held. 
Attendees were given an exhibition and a discussion 
forum was conducted that was represented by all FEV 
Business Units.  Additionally, a ride and drive event 
with nine demonstration and developmental vehicles 
was held. The demonstration vehicles included an 
electronic vehicle with the KSPG V2 range extender 
and FEVcom system, a vehicle with a VCR combustion 
engine (Variable Compression Ratio realized via the 
connecting rod) and an FEV application tools vehicle.  

Discussion topics included e-mobility, drive con-
cepts, future roadmap for engine technology as well 
as worldwide testing development. This discussion 
was provided to a diverse customer audience, which 
initiated an engaging and sustained debate

fahl_e@fev.com
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Fig. 1: Methodology for the development of a stable SW architecture

Control Software (SW) development for automotive 
powertrain applications is facing three key challenges: 
•  New drive components and functions increase the 

control complexity
•  International and individualized markets require 

quick and efficient availability of different variants
• Safety/security features result in a high quality  
 assurance effort

Manufacturers and suppliers are responding with 
increasing standardization of SW structures and de-
velopment processes for cross-vendor SW replace-
ment. However, this has not yet been realized. The 
standard AUTOSAR only prescribes basic functions, 
while a uniform quality assessment and SW-release 
has not been established.

For a number of years, FEV has been providing 
model-based SW development and generating fully-
automated production code to achieve effective de-
ployment of customer-specific functions.  

Under the name PERSIST (Powertrain software 
Enabling Reusable Software for Intelligent System 
Tailoring), this experience has been bundled into a 
development framework, as a means of coping with 
the challenges mentioned above and allowing a way 
to manage functional competence in stable struc-
tures.

The basis of this framework is an architecture, based 
on the point of view of the entire drive system, that 
allows control of the individual SW-components in 
a disassembled state and, thereby, enables a red-

uction in the control complexity as well as a stable 
framework for the development, maintenance and re-
lease of SW models. The central approach is to define 
the structure along the physical drivetrain topology,  
with building blocks that are defined as SW building 
blocks (components).

When adding new SW functions to the architecture, 
the powertrain physics are analyzed first before de-
fining SW components. Control functions are then 
assigned to these components, and SW interfaces are 
specified according to the AUTOSAR standard (ver-
sion 4.0). Based on this formal specification, empty 
model frames are generated for all hierarchy elements 
down to the atomic function level where unit tests are 
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Fig. 2:  Continuous Quality 
Assurance of the SW 
function library

performed. After adding functionality to these frames, 
various unit model tests can be automatically perfor-
med (Fig. 1). Functions are tested offline and can be 
validated in the vehicle.

This leads to a development methodology as shown 
in Figure 2. Based on the project-specific SW requi-
rements, new functions are implemented and confi-
gured for automated quality assurance. This is accom-
plished through the application of agile development 
methods, with each SW unit being tested daily. De-
pending on the desired maturity level, this includes 
static verification (guideline checks, metric evalu-
ation) and dynamic tests (unit tests). Additionally, 
work products such as production and binary code 
are generated. To allow the reuse of SW functions 
in different projects, a Software Design Description 
document including a calibration guideline is automa-
tically created. In combination with the generated test 
reports, the models are released for further (re-)use.

To prove the feasibility of this approach, engine 
control SW has been developed for a two-stage tur-
bocharged gasoline engine and is currently running 
in FEV’s ʺGT2ʺ demonstrator vehicle. Currently, the 
PERSIST functions are being expanded and optimized 
in a second phase by extending the controls to diesel 
engines.

PERSIST combines a scalable framework architecture 
with the efficiency potential of agile SW development 
and allows continuous specification and optimiza-
tion of reusable function models. The configurable 
development framework can be applied to prototype 
development as well as large-scale production pro-
jects. The PERSIST framework is another example 
of how FEV is prepared to support your SW control 
challenges!

richenhagen@fev.com

This edition of the SPECTRUM is the 50th in the se-
ries. The first edition in 1994 was fully focused on 
engine technology. Over the last 20 years, the scope 
of the SPECTRUM has been expanded to address 
a wide range of topics and powertrain technology 
challenges. SPECTRUM continues to discuss topics 
like the reduction of harmful emissions, control of po-
tential greenhouse gases like CO2, increasing power 
density, as well as cost-efficient design solutions and 
development methodologies. More than 250 articles 
have been presented in the SPECTRUM which, as it 
always has, delivers practical solutions and answers 
to current powertrain development topics.

The SPECTRUM also reflects FEV’s development as 
an engineering service supplier. FEV is an ongoing 
development story in its own right, whether conside-
ring the growth of the FEV Group’s global operations 
(with locations in Germany, USA, China, India, Japan, 
Korea, Turkey, Poland, Brazil, UK, France, Italy and 
Sweden) or the expansion and growth of our service 
offerings from an engine expert company to a full-
service powertrain development partner.

The SPECTRUM always focusses on the delivery 
of valuable technological news, and represents a 
high quality media channel that, we hope, is highly 
esteemed by our customers and business partners. 
It is our commitment to keep this intention as a first 
priority.

wolters@fev.com
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FEV, Inc.
4554 Glenmeade Lane  
Auburn Hills, MI 48326-1766 ∙ USA
phone +1 248 373-6000
fax +1 248 373-8084 
e-mail marketing@fev-et.com

FEV GmbH
Neuenhofstraße 181 
52078 Aachen ∙ Germany
phone +49 241 5689-0
fax +49 241 5689-119 
e-mail marketing@fev.com

FEV China Co., Ltd.
No. 35 Xinda Street Qixianling
High Tech Zone ∙ 116023 Dalian ∙ China
phone +86 411 8482-1688
fax +86 411 8482-1600
e-mail fev-china@fev.com

FEV India Pvt, Ltd.
Technical Center India
A-21, Talegaon MIDC
Tal Maval District ∙ Pune-410 507 ∙ India
phone +91 2114 666 - 000
e-mail fev-india@fev.com
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In the search for new solutions to decrease CO2 emis-
sions with a simultaneous increase in performance, 
reliability in the field is essential to a product’s success 
and the manufacturer’s reputation.

FEV offers endurance test programs that link a scien-
tific and statistical methodology directly to practical 
applications. This way, starting from the first kilometer, 
it is possible to detect drift in the adapted values, as 
well as mechanical and software parameters. FEV’s 
software experts provide endurance test and applica-
tion engineers with the ʺTopExpertʺ measurement and 
evaluation tool which offers an on-line possibility - al-
most on the fly – to graphically represent the maturity 
level of the endurance tests and predicts the further 
development. With the help of the classifications made 
possible by the FEV tool chain, the endurance test not 
only becomes chronologically visible, but the results 
become directly visible, both quantitatively and quali-
tatively. Using the output of OBD diagnoses, the appli-
cation engineer can, for example, monitor and control 
the In-Use Performance Ratios (IUPR) illustrated in the 
scatter band during the running test.

To support the performance of global endurance te-
sting, FEV has developed a sophisticated system that 
also allows testing in challenging environments.  In 
addition, FEV also offers worldwide support facilities 
in the form of Emissions test cells, resources, work-
shops, and laboratories. We feel that it is important to 
network our customers with FEV’s engineers on-site 
as well as in Aachen, and to enable a permanent 24x7 
technical exchange. This allows the developers to di-
rectly influence tests from (for example) anywhere in 
the USA, Brazil , Russia, India, the UAE (Dubai), China 

and even to high-altitude tests in Tibet at a height of 
more than 5,200 meters.

Testing can cover a broad bandwidth from the compa-
tibility of low-quality fuel, an adaptation for alternative 
fuel, and mechanical as well as loading requirements 
in extreme geographical areas.  In any case, at the end 
of the testing, a resilient statement can be made about 
the reliability of the vehicle and driveline concept for the 
desired target market. FEV starts by using a ʺFuelmapʺ 
that shows the fuel quality deviations in individual 
countries, while indicating potential influences on en-
gine mechanics and exhaust aftertreatment systems.  
In the high-profile passenger car market, reliability is 
very important, and European legislators are calling for 
a minimal effectiveness of the exhaust aftertreatment 
systems of over 160,000 km. The commercial vehicle 
sector, however, with its high mileage accumulations, 
has a significantly higher reliability requirement.

A truck needs to be low-maintenance and guarantee its 
operator error-free operation of often well over a million 
kilometers. It is here that the FEV concept sets bench-
marks through the interplay of statistical methodology 
and worst-case testing standards. Equipped with data 
loggers and interlinked with the FEV analysis routine, 
commercial vehicles are run on the established Euro-
pean ʺD-BeNeLuxʺ world-wide routes. These routes 
cross four country borders within one shift. The varying 
fuel qualities, the dynamic elevations, and the higher 
allowed loads result in a maximum test compression 
factor. The resources of FEV’s vehicle competence cen-
ter in Aachen allow it to cope with all of the required ve-
hicle integration measures, measuring techniques, mo-
difications and analysis, as required. Our professional 
team looks back on more than 50 million world-wide 
testing kilometers and is ready to meet your challenges.
In the end, a product will be measured by its reliability.

alexander.juelich@fev.com




