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The excitement that accompanies the concept of pure 
electric driving begins to deteriorate when the discus-
sion turns towards the relative driving range. Although 
recently, significant steps have been achieved to improve 
the driving range, the current state of battery technology 
is a limiting factor. This problem significantly limits the 
customer’s motivation to purchase an electric vehicle. 
When FEV started its current E-drive initiative in 2008, 
this concern became a primary focus of our investiga-
tions, and the first full-electric LiionDrive prototype, 
that FEV presented at the 17th Aachen Colloquium, was 
equipped with a range extender system from the outset, 
addressing this concern. The range extender enables 
practically unlimited mobility over a vehicle’s typical daily 
driving range, without losing the ability to run in pure 
electric mode using the on-board battery pack.

FEV has continuously worked to refine this concept. The 
development of the Fiat 500 -based prototype, with a 
single-cylinder Wankel range extender, delivered valuable 
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experience and stimulated important innovations. 
These innovations led to further development of our 
E-drive programs. FEV, Inc., our North American 
entity, provided input with another demonstration 
vehicle, a mid-size segment Dodge Caliber, driven 
by a battery-electric powertrain and a range extender 
derived from a 3-cylinder SI engine with an output of 
52 kW (Figure 1).

Based on the early results, FEV engineers realized 
that the acoustic performance of the combustion en-
gine, which is utilized as power source for the range 
extender module, is crucial for customer acceptance. 

Dear Spectrum Readers!

Economic evolution requires mobility. Today, 
more than ever before, the automotive industry 
faces the challenge of delivering this mobility 
sustainably, affordably and in an environmentally 
friendly manner. 

While the market share of the electrified power 
train will increase in the coming years, the state 
of battery technology is limiting the realization of 
the purely battery-powered electric car. Vehicle 
sales in this segment are being limited by high 

vehicle cost, low range and insufficient heating and air 
conditioning capacities.

The Range Extender, as a modular component of a serial 
hybrid drive concept, offers the technical potential to pave 
the way as a bridging technology for electromobility. It 
compensates the known deficiencies of battery-powered 
propulsion, lowers the drive cost, effectively limits CO2 
emissions and does not considerably affect the positive 
comsumer’s impression of the low-noise electric drive. 
The Range Extender developed by KSPG and FEV is 
characterized by unique noise reduction measures. For 
the first time, the roll moment compensation system 
developed by FEV, called FEVcom, has been employed to 
minimize the noise excitation of the vehicle’s structure.

Please visit our exhibit at the 21st Aachen Colloquium 
(8-10 October, 2012). We will be ready to show you our 
latest ideas and look forward to assisting you with one
of your future projects.

Sincerely,

Prof. Dr.-Ing. Stefan Pischinger

President and CEO

Fig. 1:  FEV Range Extender Vehicle with a 40 Mile Electric 
Driving Range

In range extender applications, without mechanical 
power take-off to the wheels, the forces at the power-
train mounts are influenced by the following:
•	 	Static	loads	resulting	from	the	powertrain	gravity	

force
•	 	Quasi-static	loads	such	as	inertia	forces,	 

(during cornering maneuvers)
•	 Dynamic	loads	resulting	from	free	mass	forces
•	 	Dynamic	loads	resulting	from	non-uniform	engine	

torque (torque fluctuations)

The dynamic loads are the source of undesired vibra-
tions transferred into the vehicle body structure and 
thus represent an important set value for the NVH 
behavior of the vehicle. The engine, which operates 
only occasionally, in addition to the nearly silent elec-
tric drivetrain, is cranked automatically without driver 
intervention. Depending on the noise and vibration 
signature, its operation could be seen as bothersome 
and, potentially, even irritating. This is precisely why 
FEV’s engineers were searching for new approaches 
to overcome this obstacle.

The real breakthrough was accomplished with FEV’s 
invention of its patent pending FEVcom system. 
The name „FEVcom“ was derived from its intended  
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purpose and is a short form for Full Engine Vibration 
compensation. The concept consists of an arrange-
ment of two flywheels rotating in opposite directions. 
This system utilizes the inner roll moment effects of 
the oscillating rotational speed, which is typical for 
small combustion engines (Figure 2). In 2011, du-
ring the 20th Aachen Colloquium, FEV presented this 
technology in a scientific publication and was able 
to show the first functional exhibit to the automotive 
community.

Fig. 3: Integration Study of the KSPG Range Extender in a Compact Class Vehicle

Fig. 2: FEVcom Roll Moment Compensation on a V2 Engine

 
The electric drivetrain already contributes to a con-
siderable percentage of the overall vehicle produc-
tion cost. The challenge is to find an overall solution 
for the range extender, which combines premium 
acoustic performance and low system costs into 
a single design. FEV’s engineered solution is a V2 
combustion engine design, which integrates the ge-
nerators and the FEVcom mechanical system into 
one compact and easy to manufacture device. In 
2011, FEV conducted an integration study, which 
was presented by our client KSPG, and gained a 
great deal of attention at the Frankfurt motor show 
(IAA). This exhibit impressively demonstrated the 
compact design, which can be integrated into the 
spare tire recess of a compact car (see Figure 3). 

Recently, FEV completed the initial test bench and 
on-road investigations of the KSPG range extender. 
During the 21st Aachen Colloquium, which will take 
place from October 6th – 8th, this concept will be on 
display. Please stop by and visit with us in Aachen as 
we share our findings. Experts from KSPG and FEV 
will publish their paper “Engine Test Bench and Ve-
hicle Testing of KSPG Range Extender with FEVcom 
Full Engine Vibration Compensation” and be on-hand 
to discuss this interesting technology.

andert@fev.com
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Fig. 1: Conflict of Development Targets

Fig. 2:  Influence of Pilot Injection on Characteristic Com-
bustion Parameters

Combustion without Pilot Injection (Rail Pressure = 900 bar)
Combustion with Single Pilot Injection (Rail Pressure = 900 bar)
Combustion with Double Pilot Injection (Rail Pressure = 900 bar)

Indicated Mean Effective Pressure pmi = 6.8 bar
Engine Speed n = 1500 min-1

NOx -Level NXPI = 0.4 g/kWh
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FEV SPECTRUM

Globally, continuous efforts to reduce CO2-emis-
sions are creating stronger interest in the develop-
ment of the modern diesel engine, because of its 
inherently high energy efficiency. A contemporary 
comparison between conventional passenger car 
gasoline engines and the modern contemporary 
diesel engine, illustrates benefits within many 
relevant parameters, such as fuel consumption/
CO2-emissions as well as outstanding driving per-
formance and power output. In contrast, there so-
me deficits in the areas of comfort and acoustics 
(Figure 1).
Based on the results from numerous benchmar-
king investigations, FEV has established comfort-
oriented insights that have contributed to the de-
velopment of a comprehensive approach toward 
a new generation of quiet and comfort-optimized 
passenger car diesel engines. The first features 
from these findings, considering current trends 
in development, have been implemented in a 2nd 
generation prototype engine which is called HECS 
(High Efficient Combustion System).
From an acoustical point of view, combustion noise 
optimization is currently the highest priority. In 
addition to the intelligent use of new possibilities 
to improve fuel-injection system hydraulics, the 
transition from a 1-dimensional control (combu-

stion center of gravity) to an n-dimensional con-
trol (center of gravity + number and timing of pilot 
injection) allows for a significant improvement in 
combustion noise, while simultaneously reducing 
emission values (Figure 2). Investigations have 
shown that control of the entire combustion pro-
cess (with the help of multiple injections/rate sha-
ping) is technically possible and offers additional 
potential for improvement.
Future work scopes will include optimization of the 
mechanical excitation mechanisms and improving 
the structural transfer behavior. In addition, other 
methods to optimize the engine characteristics will 
be considered, such as increasing the dynamic 
stiffness with the help of compact, stiff structures 
(bedplate), decoupled excitation paths (separate 
valvetrain carrier without connection to side walls), 
minimize radiating surfaces (flat cylinder head) as 
well as the substitution of metallic material with a 
highly-damped material (plastic valve cover and oil 
pan). Additional benefits may be obtained through 
the accessory electrification, due to stoppage of 
the mechanical drive, and optimization of the acou-
stically critical pulley. These features, combined 
with certain additional measures, will be implemen-
ted to develop a diesel demonstrator engine with 
excellent acoustical behavior that is optimized with 
regard to CO2 and emissions.

steffens@fev.com

Improving the Comfort Attributes of Modern,  
Efficiency-Optimized Passenger Car Diesel Engines
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Purpose of a Single Cylinder Research Engine
Large bore Single Cylinder Engines (SCE) support 
the combustion development and mechanical testing 
process, and present an option to reduce the effort 
during the engine development stage by avoiding 
costly and time-consuming multi-cylinder produc-
tion engine prototypes. As a result of this time and 
cost reduction potential, sales of large bore SCEs to 
a global complement of engine developers is incre-
asing. The primary focus of an SCE is to replicate 
the combustion process, including the combustion 
chamber geometry gas exchange, fuel injection and 
in-cylinder com-bustion phenomena. The SCE also 
allows mechanical testing of prototype hardware that 
is intended for future production engines. 
To avoid a completely new single cylinder engine lay-
out and design for each spe-cific production engine 

The FEV Single Cylinder Engine –  
A Tool for the Development of Large Bore Engines

Fig. 2: General Engine Architecture

Fig. 1: SCE families and main features

The design of the single cylinder engine design was 
driven by a target to realize a robust tool that could be 
used for development work under severe conditions. 
Future requirements were considered in the design, 
such as the need to attain peak firing pressures of 
300 bar.

Liner housing
containing liner,
piston and con rod

development program, FEV has developed standar-
dized SCE families, which can be easily modified to 
meet the requirements of a particular application. 
FEV’s SCE families are shown in Figure 1. 

Engine Architecture 
The FEV Single Cylinder Engine families offer modular 
design, permitting a variety of engine configurations. 
The general engine architecture is shown in Figure 2. 
They feature a high degree of flexibility to meet va-
rious customer demands and de-velopment require-
ments. Each engine is based on FEV’s basic module 
consisting of the Crank Balancer Unit (CBU), liner 
housing, crankshaft, geartrain, balancer shafts and 
flywheel. The design of the top end components can 
be determined by the customer’s specific power unit 
application. 

Realized Single Cylinder Engines
FEV’s SCE families offer a useful tool set for major 
engine development tasks relat-ed to combustion, 
mechanical testing, and simulation. The modular 
engine design is offered in three different sizes. The 
smallest size covers bores from 140 mm to 200 mm, 
the middle size works across a bore range between 
200 mm and 380 mm and the large size accommo-
dates bores from 380 mm to 510 mm. An example of 
one such engine is shown in Figure 3. The FEV SCE 
is now available for new develop-ment programs and 
for updating existing engines. 

hamm@fev.com

Fig. 3: Realized Engine

Bore [mm]

Displacement [L]

PFP [bar]

105-135 140-200 200-380 380-510

0.7 - 2.7 2.5 - 7.3 7.3 - 56 56 - 166

300 bar 300 bar 300 bar 300 bar



Fig. 2:  Technology 
roadmapping: 
A key method  
to structure 
the „fuzzy 
front-end“
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Off-highway engines are used in a wide variety of ap-
plications and engine configurations, including con-
struction equipment, agriculture machinery, material 
handling and generator sets. The diversity of products 
and technologies increases with the range of fuels, 
engine operating conditions and the global demands 
presented by different emission regulations.
Since the introduction of Tier 1 in 1996, manufac-
turers have faced the challenge of meeting the de-
mands of increasingly stringent emission regulations 
to reduce the levels of NOx and PM to almost zero, 
starting in 2014 with Tier 4 Final and EU Stage IV.
The long term trends in engine design beyond 2014 
will place even greater demands upon engineering 
and product planning along with additional business 
risks. All of the major building blocks of a long term 
engine technology strategy need to be determined to 

Long-Term Trends for Off-Highway Engines –  
Beyond EPA Tier 4 Final and EU Stage IV 

Fig. 1: FEV Consulting‘s technology roadmapping process

address those issues. It is crucial to put processes 
in place to identify, evaluate and provide the tech-
nologies that will secure future products and enable 
profitable business growth.
To achieve this, a sophisticated and systematic ap-
proach to technology design and development has 
been successfully established and employed by FEV 
Consulting. The approach combines a proven techno-
logy roadmapping process (technology push) with an 
analysis of markets, customers and regulations (market 
pull) in order to find the right answers for the develop-
ment of the next generation off-highway engines.
Beyond the industry’s focus on compliance with upco-
ming emission regulations, we predict that the follo-
wing major topics will keep R&D organizations busy:
•	 Adapt engines to future emission regulations, 

which will likely be a number count-based particle 
standard, CO2 regulation and full On-Board Dia-
gnostics (OBD)

•	 Improve the engine‘s Total Cost of Ownership 
(TCO), primarily reducing fuel consumption e.g. 
by engine „rightsizing“

•	 Introduce new hybrid solutions for selected ap-
plications to achieve CO2 targets and reduce TCO

•	 Develop modular design solutions for engines and 
Emissions Aftertreatment Systems (EATS) in order 
to decrease product cost and allow engine adapta-
tion for a variety of applications

•	 Apply new processes such as model-based simula-
tion and calibration to achieve and maintain emis-
sion standards along with lowest fuel consumption 
for complex future system concepts.

nase@fev.com, wiartalla@fev.com 



Fig. 2:  FEV’s 7-xDCT Concept shown with LuK Dry 
Dual Clutch 
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Dual Clutch Transmissions (DCT) combine the effici-
ency of manual transmissions with the comfort of 
conventional automatic transmissions. To address 
the needs of highly cost-sensitive markets, such as 
China and India, future DCTs will need to be smaller, 
with reduced cost and weight, while still satisfying the 
efficiency and comfort targets. Conventional produc-
tion DCT layouts use at least three main shafts and 
four shift sleeves to provide a maximum of seven 
speeds. Decreasing the number of gear wheels, shift 
sleeves and shafts results in a reduction in the num-
ber of speeds, which is not desirable with respect to 
both launch behavior and fuel efficiency.
FEV has developed the “xDCT” family to address this 
issue. The xDCT family is a series of DCT concepts 
for front wheel drive (FWD) applications that effec-
tively minimize mechanical complexity for any given 
number of gears by combining two innovative ideas: 
“gear generation” and “supported shifts” (Figure 1). 
In order to “generate gears,” a switchable connec-
tion between the two input shafts has been adapted 
so that all of the transmission’s gears can be used 
with both clutches. The remaining challenge is then 
to effectively use the large number of theoretically 
available gear ratios in a shift schedule without torque 
interruption. The solution introduced by FEV for the 
“xDCT” concept is to incorporate “supported shifts” 
for up to two shifts within the shift schedule. During 
these shifts, torque fill-in for an “AMT-like” (automa-
ted manual transmission) gear shift is provided by 
the next higher gear. All other shifts are conventional 
clutch-to-clutch DCT shifts. The combination of these 
two ideas allows effective use of all of the theoretical-
ly available gears.

FEV’s xDCT Family – Extremely Compact 7-  
and 10-Speed DCTs

At the 21st Aachen Colloquium, FEV will present the 
7-xDCT concept, which features seven well-stepped 
forward gears that are achieved using only three shift 
sleeves and a total of 14 spur gears. FEV engineers 
conducted a detailed 3D concept study that resulting 
in a transmission layout that is designed for an input 
torque of 280 Nm (Figure 2). It features a launch ratio 
of greater than 16, a ratio spread of approximately 7.5 
and maintains a compact axial length of only 361 mm, 
including a dry dual clutch system and dual mass fly-
wheel. A nested wet dual clutch with hydraulic actuati-
on system will reduce the axial length to ±329 mm. All 
three shift sleeves and the park lock are actuated by a 
single shift drum that is driven by one electric motor. 
The resulting design offers low complexity and a low 
cost actuation system without utilizing hydraulics. 
FEV’s xDCT provides an innovative solution for mee-
ting future demands. By following a “less is more” 
approach, FEV engineers are putting things together 
in a smart way and creating more than just the sum 
of just the parts!

hellenbroich@fev.com

Fig. 1: FEV’s xDCT Concept Approach 
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Recently, FEV re-launched its 
website featuring a completely 
new look and feel, a fundamen-
tally improved menu structure 
and updated contents in all of our areas of expertise.
Our website delivers a detailed look into FEV’s broad 
scope of competencies, and offers numerous docu-
ments related to our engineering services and the 
technical solutions we offer.. What has not changed 
is FEV’s focus on providing valuable information to its 
customers on technical topics as well as case study 
information presenting FEV-developed engineering 
solutions. The “What we do” tab opens an overview of 
the engineering services we offer, as well as informa-
tion about our methods, tools, products and software. 
We also try to provide answers to the real challenges 
that you face as an automotive powertrain developer.
The Resource Center contains a large collection of 
specific FEV expertise, including FEV’s newsletter, 
SPECTRUM; as well as detailed “Tech Infos,” that 
present information on a variety of technologies and 
engineered solutions. Moving forward, we will also 
offer FEV-authored SAE technical papers for review 
on the site.
Visit our homepage at fev.com and learn about our 
the vast array of FEV’s engineering activities, beco-
me aware of our competencies and solutions, and 
let us share our thoughts about future propulsion 
technologies.

wolters@fev.com

Aachen is one of 
the most impor-
tant centers for de-
velopment and research in automotive acoustics in the 
world. This was demonstrated by the participation of 
over 200 experts in the 2011 Aachen Acoustics Colloqui-
um. The Colloquium takes place once a year and specifi-
cally addresses both industry and university experts. It is 
jointly organized by FEV GmbH, Forschungsgesellschaft 
Kraftfahrwesen mbH in Aachen, HEAD acoustics GmbH, 
and the Institute of Technical Acoustics at the RWTH 
Aachen University. Twenty-four (24) presentations on 
innovative methods and technologies in the field of 
acoustics as well as powertrain and vehicle vibrations 
will be presented and discussed. The primary topics that 
will be covered include: 
•	 Sound	Quality,	Troubleshooting,	Sound	Design
•	 	NVH	Measurement,	Analysis,	Measurement	Tech-

nology
•	 Acoustics	of	Engine,	Powertrain,	and	Gearbox
•	 Tire-Road	Noise
•	 	Numerical	Methods,	Simulation,	and	Virtual	Reality
•	 Acoustics	of	Alternative	Drives
•	 Multi-Modality	–	Noise	and	Vibration
In addition to the technical presentations at the Aa-
chen Acoustics Colloquium, an interesting technical 
exhibition will also be held. We look forward to mee-
ting you at the Aachen Acoustics Colloquium from 
November 19th through 21st, 2012. 

eisele@fev.com

AACH EN COLLOQUIUM  A COUSTICS
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