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Dear readers,
Future-oriented developments: This 
has been FEV’s purpose for decades. 
This issue of our customer magazine 
SPECTRUM puts a special focus on 
the developments and concepts 
that will help car manufacturers 
achieve future market requirements.

FEV’s many years of expertise in the 
realization of diff erent battery con-
cepts is already being used in vari-
ous series applications. Our propri-
etary battery management system 
(BMS) represents an important tool 
for the safe and eff icient realization 
of battery projects.

Together with our partners and 
customers, we develop important 
results and future-oriented con-
cepts. As an example, FEV and Valeo 
have jointly evaluated the potential 
of mild hybridization using a 48-V 
E-Charger and, in cooperation with 
the Hyundai Motor Company, a com-
bined NOX aft ertreatment system 
has been created that sustainably 
reduces NOX emissions from diesel 
engines.

Increasingly, comfort functions are 
being integrated in all vehicle seg-
ments: the FEV Telematics System 

Tester (FEV TST) represents an eff ec-
tive tool for automated validation 
of telematics systems. In addition, 
there is a rising demand for cost-eff i-
cient solutions which now make for-
mer premium segment technologies 
also available in the A-segment. As 
an example, in this issue we present 
a compact dual clutch transmission 
(5DCT130) that, thanks to targeted 
use of series components, allows 
cost-eff ective and future-proof op-
timization of A-segment vehicles.

I hope this issue of SPECTRUM off ers 
you many interesting insights and 
look forward to having a personal 
discussion with you at the Aachen 
Colloquium Automobile and Engine 
Technology, which is happening for 
the 24th time this year.

Dr.-Ing. Ralf Marquard 
Executive Vice President 
and COO of FEV Group 
Holding GmbH
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FEV BATTERY FOR PLUG-IN HYBRID VEHICLE 
GOES INTO SERIES PRODUCTION

BATTERY DEVELOPMENT

Dr. Stapelbroek, which role did 
FEV play during the development 
process of the Asian plug-in hy-
brid vehicle? 

FEV was responsible as a turn-key partner 
for the development of the battery hard-
ware and soft ware, throughout the devel-
opment of the overall concept, as well as 
for testing and validation. Future produc-
tion will be undertaken by suppliers in the 
Asian market. We intentionally combined 
FEV‘s own developments with existing 
technologies of renowned tier 1 suppliers. 
Thanks to decades of experience and 
a comprehensive benchmark database 
we were able to develop a needs-based 
technology pack with excellent series 
production readiness. 

What qualifies FEV as a compe-
tent development partner for 
alternative powertrain concepts?

FEV has been operating its own electric 
vehicle fleet since 2010. The experience 
with this fleet and the comprehensive 
vehicle and battery measurement data 
which is continuously sent to an FEV 
server via mobile communication still 
represent a key element that is used in 
today’s development of alternative drives. 
In addition to about 65 electrified pow-
ertrain development projects, FEV has 
successfully completed about 20 battery 
projects over the past few years. In these 

DR. MICHAEL STAPELBROEK TALKS ABOUT BATTERY DEVELOPMENTS AT FEV

FEV has demonstrated competence in the development of alternative drive concepts for almost twenty years. Most 
recently, yet another plug-in hybrid vehicle from an Asian manufacturer has gone into series production with FEV 
technology. In addition to using an innovative transmission concept which is based on a FEV patent, FEV also devel-
oped the battery technology of the plug-in hybrid vehicle to series production readiness. Dr. Michael Stapelbroek, 
Department Manager Hybrid and E-Mobility, explains some details of the development. This cost-e� ective and 
reliable battery pack o� ers a capacity of 10 kWh and yields a pure- electric range of about 50 kilometres (30 miles).  

projects, batteries were developed for 
nearly any kind of drive: whether it be 
water-cooled high performance plug-in 
hybrid battery or passively cooled pack 
for pure electric vehicles. Our spectrum 
of competence consists of every phase 
of development, from the concept work 
and development of modules and battery 
packs to the manufacturing and testing of 
the battery and, eventually, the integration 
and certification for series production. 

How do you assure a constantly 
high degree of quality?

FEV has several cell and 
battery test benches 
worldwide for the testing 
and validation of devel-
oped battery packs as 
well as experience with 
series production testing 
for several well-known 
manufacturers, allowing 
FEV to be recognized as 
an internationally-oper-
ating engineering com-
pany that can guarantee 
a high degree of quality and series pro-
duction readiness in its engineering de-
velopments. Our additional test benches 
for hybrid powertrains are important tools 
for not only powertrain development, but 
also for the evaluation of battery perfor-
mance in the overall drive system. 

Which parameters are relevant for  
battery development?  

The quality of battery management sys-
tem algorithms has as much influence on 
performance as the selection of suitable 
battery cells and an optimized layout of 
the overall battery. The core system for the 
battery development is our own mature 
battery management system – BMS – 
now in its third generation, that together 
with optimized algorithms allows a very 
reliable and stable control of the battery. 
Thanks to its use in a variety of projects, 
the system is highly mature and very flex-
ible with the capability to accommodate 
any battery concept. 

What makes the battery manage-
ment system special?

The BMS consists of a central control 
system, a master circuit board, one de-
centralized measurement unit for each 
battery module, and the slave circuit 
board. Furthermore, the BMS itself can 
comply with the safety standard ASIL-D 
as specified in ISO26262. The BMS was 
developed according to all of the current 
and common automotive standards e.g., 
AUTOSAR and CMMI, and is well cost-op-
timized, particularly with regard to future 
series production applications.

The FEV battery management system (BMS)

Dr. Michael Stapelbroek explains the basics of battery development at FEV

Contact:
Dr. Michael Stapelbroek

stapelbroek@fev.com
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ELECTRIC BOOSTING

48 VOLT ARCHITECTURE

Vehicle electrification is a key to compli-
ance with future emission and CO2 limits. 
Aside from conventional 12V systems and 
full hybrid powertrain architectures, 48V 
architectures off er fuel economy potential 
and advanced emissions control without 
the need for a complete powertrain rede-
sign. A particularly interesting technology 
within a 48V electrical system is the appli-
cation of an electric charger (E-Charger). 

Strategies for an E-Charger

The 48V E-Charger can be used across 
a wide range of diff erent control strate-
gies. For example, it can be activated only 
during transients as a means of compen-
sating turbo lag, enabling engine exhaust 
soot and NOX emissions to be kept at near-
ly steady-state values. Another option is 
the application of transient overboosting 
as a means of supporting Exhaust Gas 
Recirculation (EGR). With this strategy, the 
NOX emissions can be significantly reduced 
even under more severe accelerations 
during on-road cycles. 

Further advantages

In addition to advantages in engine ex-
haust emissions, there are some benefits 
related to CO2 reduction. “Although it’s the 
smallest part among these benefits, the 
direct eff ect on the pumping work of the 
engine under transient conditions is none-
theless far from negligible in real-world 
driving”, explained Jürgen Ogrzewalla, 
Director Hybrid Development at FEV. 

MILD HYBRIDIZATION AND ELECTRIC BOOSTING: IMPROVING DIESEL EMISSIONS 
AND FUEL EFFICIENCY WITH PREMIUM PERFORMANCE

A second important feature is an addition-
al degree of freedom in the base turbo-
charger layout, which can be optimized 
for higher eff iciency. The resulting com-
promises in inertia and, therefore, tran-
sient response are compensated by the 
E-Charger. A base turbocharger layout that 
targets increased full-load performance 
(this is especially relevant for downsized 
engines) also becomes feasible, because 
the low-end torque can be addressed by 
the E-Charger.  

Since the response time of the 48V E-Char-
ger to rated speed is only about 250 ms, 
very good torque response is possible, 
even at very low engine speeds. This 
allows “Downspeeding” to be adapted 
much more aggressively than for standard 
one-stage or even two-stage turbocharger 
layouts.

System Simulation Results

To quantify the benefits in terms of CO2/
NOX/soot emissions, a selected series of 
load steps were evaluated on the engine 

Diesel engines are facing various challenges related to further improvements in fuel e� iciency and reduction of NOX 

emissions in the same time. FEV and Valeo have been running a joint program for several years now, investigating 
the potential of mild hybridization and electrical boosting for a downsized passenger car diesel engine.

Air path layout with E-Charger

*: The RDE cycle considered in this study is in line with current RDE boundary conditions but does not represent a worst case scenario.

Simulation results for a D-segment vehicle: CO2 emissions and 
acceleration performance

Engine Configuration 

2.0-liter  

1.6-liter   

1.6-liter + larger TC

1.6-litre + larger TC + 
48V-E-Charger

CO2 Emissions

NEDC  WLTP RDE*

g/km  g/km g/km

103  116 107

101  111 103

98.3  110 102

94.3  103 94.9

Acceleration 
 50-100 km/h

s

13.6

15.8

15.9

11.1

Written by:
Joschka Schaub

schaub@fev.com

test bench. The results were then used to 
calibrate an engine model including the 
E-Charger and a 48V belt starter genera-
tor (BSG). Based on this engine model, 
a downsizing scenario was investigated 
in which a 2.0-liter diesel engine was re-
placed with a smaller 1.6-liter version 
which was derived from the well-known 
FEV-HECS (High Eff iciency Combustion 
System) engine concept. The E-Charger 
was activated in areas of the engine map 
where the base turbocharger was not able 
to achieve the desired boost pressure. The 
electrical energy required for the opera-
tion of the E-Charger was generated during 
overrun and braking phases. When the 
recuperated energy exceeded the energy 
demand, the excess energy was used to 
provide boost via a belt-driven starter 
generator. The simulation results demon-
strated that the use of a 48V E-Charger in 
combination with the 48V BSG not only 
improves the driving dynamics, perfor-
mance and comfort, but also significantly 
reduces fuel consumption and hence CO2 
emissions (11 percent along the WLTP).
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EFFECTIVE COMBINATION

NOX AFTERTREATMENT SYSTEM 

A� er-treatment System 
and Demonstrator Vehicle

The aft er-treatment system that was inves-
tigated within this study consisted of a NOX 
Storage Catalyst (NSC) that was directly 
connected to the turbocharger, followed 
by an SCR-coated Diesel Particulate Filter 
(SDPF) catalyst. A water-cooled AdBlue® 
injector with a peak dosing pressure of 50 
bar was mounted between the NSC and 
the SDPF and a mixer unit was located at 
the front cone of the SDPF converter. An 
additional SCR catalyst was installed in 

an underfloor position to prevent NH3 slip.
The aft er-treatment system was installed 
in a Hyundai Santa Fe SUV with a 2.2-liter 
diesel engine and a 6-speed automatic 
transmission. The engine is equipped 
with cooled, high-pressure Exhaust Gas 
Recirculation (EGR) including an EGR 
cooler bypass, an intake throttle, and a 
single stage variable-geometry turbo-
charger (VGT). 

Control Logic

In order to control the interaction between 
the NSC and SCR components, new af-
ter-treatment soft ware functions were 
developed. The main modifications in 
the control logic consist of a slice model 
for the NSC, an ammonia (NH3) model to 

COMBINING THE NOX STORAGE CATALYST AND AN SCR SYSTEM IN DIESEL 
PASSENGER CARS TO FULFILL THE MOST STRINGENT EU EMISSION LIMITS

predict the NH3 mass flow downstream of 
the NSC and the provision of NSC control 
logic for the regeneration events including 
an integrated state coordinator for the 
combined NSC and SCR aft er-treatment 
system.

RDE Measurements

In a first step, the system performance 
was validated on the chassis dynamom-
eter over various cycles such as WLTC, 
RTS95, FTP-75, and HWFET. The NOX tail-
pipe emissions were kept safely below 
the EU6-limit in the WLTC and even in 
the highly dynamic RTS95. The results 
in the FTP-75 and HWFET showed very 
low tailpipe emissions as well, such that 
even SULEV30 emission targets would 

The upcoming EU emission legislation will challenge engineers to keep the NOX emissions of diesel-powered pas-
senger cars at a very low level under various boundary conditions. A key element to achieving this is the availabi-
lity of highly e� icient  NOX a� ertreatment technologies. Hyundai Motor Company (HMC) and FEV investigated the 
performance of a combined  NOX  a� ertreatment system.

be fulfilled with some further refinement 
of the DeNOX strategy. Additional Real 
Driving Emissions (RDE) investigations 
were carried out on a street route with an 
installed Portable Emission Measurement 
System (PEMS). Under smooth driving 
conditions very low NOX conformity factors 
between 0.38 and 0.69 were obtained. 
Additional tests with dynamic acceler-
ations showed, however, how sensitive 
the NOX emissions are to the traff ic and 
driving conditions, clearly indicating that 
a thorough definition of the boundary 
conditions under which a certain emis-
sion compliance should be fulfilled is a 
requirement. “The results of this study 
are very promising and show that modern 
high-eff iciency diesel engines and highly 
sophisticated combined aft er-treatment 
systems have the potential to reach very 
low NOX tailpipe emissions even under real 
driving conditions,” concludes Joschka 
Schaub, Technical Specialist for diesel 
powered passenger cars at FEV. 
As a major advantage of the combined 
aft er-treatment with NSC and SCR, a 
comparatively low AdBlue® consump-
tion between 0.2 and 0.5 l/1000 km was 
observed. These values would avoid the 
requirement for a refill by the customer.

SCR

SDPF
AdBlue® doser

NSC

Demonstrator a� ertreatment system 

Comparison of four di� erent RDE tests

NOX TAILPIPE EMISSIONS KEPT SAFELY BELOW THE 
EU6-LIMIT – IN WLTC AND EVEN IN THE HIGHLY DYNAMIC RTS95

Written by:
Joschka Schaub

schaub@fev.com
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ECONOMIC AND FORWARD-LOOKING

AUTOMATIC TRANSMISSION FOR A-SEGMENT VEHICLES

FEV DEVELOPS A COMPACT AND COST-EFFECTIVE AUTOMATIC TRANSMISSION FOR 
CITY CARS

An automatic transmission is particularly useful in A-segment city cars, especially 
with a view toward future functions. The automatic transmission adjusts to the 
city driving profile by enhancing comfort during the numerous gear changes 
and start-stop events. Worldwide, there was a volume of 5.2 million vehicles in 
2014 with a predicted annual growth of two percent. This seemingly justifies 
the development of a dedicated dual clutch transmission (DCT) for this vehicle 
class as an alternative to the automated manual transmission (AMT). 
Given this background, FEV is developing a cost-e� ective and compact dual 
clutch transmission for a torque range up to 130 Nm – the 5DCT130 transmission. 

Today, cost-intensive comfort functions and high-end technol-
ogies are oft en foregone in A-segment vehicles. The majority 
of these vehicles are therefore equipped with a conventional 
powertrain consisting of a naturally aspirated engine equipped 
with intake manifold fuel injection and a 5-speed manual trans-
mission. In Japan the continuously variable transmission (CVT) is 
also predominant in this vehicle class while in India, customers 
are increasingly demanding automated manual transmissions.

Series components as the key to economy

From the perspective of product cost, the AMT has clear benefits 
compared to a DCT but, because of its design it presents the 
disadvantage of rough gear shift s caused by the traction interrup-
tion. To address this, it’s necessary to compare the cost benefit 
of the AMT with the potential advantages of the soft er power 
shift s off ered by the DCT. The cost disadvantage of the DCT can 
only be compensated by the re-use of high-volume production 
components. FEV has followed this approach in developing the 
5DCT130 dual-clutch transmission, which relies on off -the-shelf 
parts for most of its components. It also fits within the spatial 
envelop of a narrow transmission for this vehicle segment, since 
it only has one output shaft . 
Dual clutch transmissions generally feature normally-open 
clutches for safety reasons. “To transmit the power, a clutch 
constantly has to be actively engaged  based on the torque re-
quirement.  This causes a permanent energy demand,“ explains 
Dr. Ralf Marquard, COO of the FEV Group. “For a permanent 
energy demand it is more useful to minimize the number of 
energy conversions, since each individual conversion comes 
with an associated energy loss.“ For this reason, FEV’s experts 
selected a combustion engine-powered pump to realize clutch 
control and cooling, which also has the advantage of a compact 
arrangement. The solenoids of the compact hydraulic system  
have been carried-over from the BorgWarner product portfolio.

E� ective combination of leading 
suppliers‘ technologies

The gear actuator in a dual clutch transmission is only operated 
sporadically. For this function, a power-on-demand gear actuator 
in the form of an electro-mechanic off -the-shelf system from 
LuK was well-suited. This system off ered the added advantage 
of cost-eff ective introduction of a park-by-wire function. Three 
shift  forks actuate the sliding sleeves to achieve the six speeds, 
accordingly. The park lock is actuated via a fourth shift  fork. This 
actuator is already being applied in series production. Apart 
from the gear actuator, series synchronization assemblies from 
Hoerbiger Antriebstechnik, a BorgWarner standard wet dual 
clutch, a standard diff erential from GKN as well as only off -the-
shelf bearings have been used.  Thus, the concept which meets 
the individual demands of the A-segment in combination with a 
pool of competent partners establish a good basis for successful 
series development including short time-to-market. 

INFO

Future requirements for segment A vehicles

  Additional comfort and safety functions such as hill start assist, 
braking assist, lane assist and parking assist systems

  Further cross-linking such as Car2X communication (connected 
vehicles)

  Further requirements in active and passive safety

  Option of a battery-electric vehicle variant, using same vehicle 
platform

  Sailing operation and autonomous driving in the final develop-
ment stage

  Extension of the warranty period to at least five years from 
vehicle registration

AUTOMATIC TRANSMISSION FOR A-SEGMENT VEHICLES

5DCT130 mechanic, electro-mechanic sub-systems and dual 
clutch: Allmost all components consist of o� -the-shelf parts 
from leading suppliers.

Contact:
Dr. Ingo Steinberg

steinberg@fev.com

Dan Freiholtz
freiholtz@fev.com

Transmission characteristics

Number of Speeds  5 forward speeds plus 1 reverse speed

Shortest 1st speed  16.1

Longest 5th speed  2.8

Maximum ratio spread 5.8

Center distance between  183 mm or 170 mm
crank-shaft  axis and 
diff erential axis

Dual clutch type  Nested clutches arrangement, wet type

Dual clutch control and  Hydraulic, lower pressure
lubrication

Gear shift  actuation  Electro-mechanic

1110

An automatic transmission is particularly useful in A-segment city cars, especially 
with a view toward future functions. The automatic transmission adjusts to the 
city driving profile by enhancing comfort during the numerous gear changes 
and start-stop events. Worldwide, there was a volume of 5.2 million vehicles in 
2014 with a predicted annual growth of two percent. This seemingly justifies 
the development of a dedicated dual clutch transmission (DCT) for this vehicle 
class as an alternative to the automated manual transmission (AMT). 
Given this background, FEV is developing a cost-e� ective and compact dual 
clutch transmission for a torque range up to 130 Nm – the 5DCT130 transmission. 
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TELEMATICS-SYSTEM-TESTER

TELEMATICS VALIDATION 2.0

TELEMATICS-SYSTEM-TESTER

Internet radio, GPS, vehicle apps, smartphone 
connections to the vehicle: Networking of vehicles 
is no longer a vision but has become reality. As 
a leading development services provider, FEV 
has supported these developments from their 
formative stages and has developed unique 
expertise from both the development and the 
implementation standpoint. We have developed 
the “Telematics System Tester” (FEV TST) which 
has become an important tool for integrating 
and validating increasingly complex telemat-
ics systems, even when used in the very early 
development stages. This test system enables 
the simulation of relevant signals and data in 
a controlled environment as well as the ability 
to replay recorded scenarios. A� er successfully 
completing several series-production validation 
projects with connected vehicles, the project 
results indicate that the FEV TST is able to reduce 
time and e� ort by up to 30 percent, which is 
especially relevant in the context of shortening 
innovation cycles.

“In today’s networked vehicle and certain-
ly tomorrow’s vehicles, the Internet, or the 
Internet of Things  and the car will be one 
and will off er a wide range of additional 
applications for the driver and the vehicle 
manufacturers,” explained Dr. Thomas 
Hülshorst, Vice President Electronics und 
Electrification at FEV. “Various consumer 
electronics products and information from 
various sources both inside and outside 
are used in this context.” For this reason, 
telematics systems need to be validat-
ed on an “end-to-end” basis, where the 

vehicle is only one part of the system. In 
addition to the “standard or traditional” 
vehicle functions, all of the other services 
and communication structures must 
also be considered during the validation 
phase. “A system validation that meets 
all these demands can only be tackled 
successfully through the use of automated 
test systems,” resumed Hülshorst.

  

Complex telematics 
systems 

The FEV test system makes it possible 
to simulate relevant signals and data in 
a controlled environment or to replay 
recorded scenarios. These signals include 
the cellular network, GPS, Bluetooth, and 
WiFi and the simulation of Smartphone 
apps as well as connection to the Internet 
for backend services, which are neces-
sary in order to develop the required use 
cases for the telematics system and used 

for end-to-end testing. In addition, the 
FEV TST can simulate diff erent scenari-
os for mobile network and GPS signals. 
For example, the influence of weak or 
bounced satellite signals can already be 
assessed in the laboratory. “With FEV TST 
the telematics system under test can be 
validated easily and in a short amount of 
time against hundreds of diff erent scenari-
os and evaluated,” outlined Hülshorst. “An 
additional back-off ice application maps 
a simulated chain of information – for 
example, the data flow of a door opening 
command from the smartphone, over the 

back-end, to the vehicle’s telematics unit 
and the vehicle’s CAN bus.”

Early development

Current telematics systems usually consist 
of between three and ten diff erent com-
ponents, usually from diff erent suppliers.  
Frequently, not all of these components 
are available at the same time during the 
development phase for integration and 
validation testing. The FEV TST can be in-
cluded from the beginning in the process 
to support the development eff ort as well 

as test and validation. The FEV TST can 
be configured so that it closely simulates 
the real system.

01 RESEARCH AND DEVELOPMENT
TELEMATICS-SYSTEM-TESTER

Written by:
Dr. Axel Schloßer

schlosser@fev.com

MODERN VEHICLES WITH UP TO 100 CONTROL UNITS HAVE 
COMBINED SOFTWARE WITH OVER 100 MILLION LINES OF CODE

FEV TST: EARLY VALIDATION OF 
TELEMATICS SYSTEMS
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RIGHT-SIZING RATHER 
THAN DOWNSIZING
REDUCING THE NUMBER OF CYLINDERS 
OF COMMERCIAL ENGINES

Downsizing is an e� ective measure to reduce fuel consumption 
in passenger car engines. However, this trend cannot be readily 
transferred from passenger cars to commercial vehicles. Here the 
focus is on “rightsizing” with the aim to better adapt the displace-
ment of the engines to the power target. Savings – particularly in 
view of the cost of production – can also be achieved by reducing 
the number of cylinders at constant displacement, as FEV studies 
have shown. 

14

COMMERCIAL ENGINES: NUMBER OF CYLINDERS
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COMMERCIAL ENGINES: NUMBER OF CYLINDERS

MD and HD Engine Family

Number of Cylinders  4 4 6 6

Bore /mm         130  130 130 130

Stroke/mm  142 166 142 166

Displacement per cylinder /l 1.88 2.20 1.88 2.20

Displacement /l  7.54 8.81 11.31 13.22

Commercial vehicle engines must comply with harsh exhaust 
emission limits even under full load. In addition, a comparatively 
low nominal speed and high expectations for the durability 
of the maximum specific power represent limitations. While 
automotive engines already reach values of more than 70 kW 
per liter, heavy commercial vehicle engines have not yet gone 
beyond a maximum of about 35 kW per liter. 

Decreased number of cylinders, identical 
power, equivalent displacement

“A trend is developing with regard to rightsizing in commercial 
vehicle applications,” explains Dr. Peter Heuser, Group Vice 
President, Commercial Vehicles, Industrial and Heavy-Duty 
Engines. “In recent years, all of the major commercial vehicle 
manufacturers engines have introduced 10L class engines into 
the market and, thus, the gap between the conventional 7L 
medium-duty and the 12L heavy-duty engine has been closed.”

Investigations by FEV indicate that the production cost of an 
engine with a predetermined performance can be eff ectively 
reduced by reducing the number of cylinders and then increas-
ing the displacement of the remaining cylinders, accordingly. 

This can be achieved by replacing a six cylinder engine with a 
four-cylinder engine that has a 1.5 times larger single-cylinder 

displacement.  In addition to the reduced cost, the required 
installation space and the weight can be reduced while, at the 
same time, achieving higher eff iciency. The deterioration of 
NVH performance due to the greater ignition interval and the 
free second order inertia forces can be almost fully off set with a 
dual-mass flywheel and mass balancing shaft s. These additional 
components were included in the review in terms of cost, size, 
weight and fuel consumption.

Cost savings through modularity 

Four-cylinder engines with a cylinder displacement of about two 
liters, which is standard for heavy-duty-engines open up more 
than just the potential cost savings of reducing the number of 
cylinders. The fact that a larger power range can be covered 
with a common cylinder diameter allows modularity and parts 
commonality that leads to improvements across the entire 
engine family.

6 - Cylinder

Comparison of a 4-cylinder engine with a 
6-cylinder with equal displacement

4 - Cylinder

Geometry 0/+ 0/+

+ +

NVH

Performance Cost

  Height

  Width

  Length

  Weight

  Airborne Path

  Structure-Borne

  Prim. Speed Fluct.

  Sec. Speed Fluct.

  Power/ Torque

  Fuel Consumption

  Production Costs

+5%

+8%

-18%

-12%

+/-0%

-3%

+4%

+/-0%

+/-0%

-6%

-13%

Written by:
Michael Neitz

neitz@fev.com 

Peter Methfessel
methfessel@vka.rwth-aachen.de

IF YOU REPLACE A 6-CYLINDER ENGINE WITH A 4-CYLINDER 
THAT HAS 1.5-TIMES LARGER INDIVIDUAL CYLINDER DISPLA-
CEMENT, COST OF PRODUCTION, INSTALLATION SPACE AND 
WEIGHT CAN BE REDUCED WHILE, EFFICIENCY IS IMPROVED
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FEV CONSULTING: ICE CONCEPTS BEYOND 2025

BENCHMARKING FOR COMPETING 
TECHNOLOGY STRATEGIES

FEV CONSULTING: ICE CONCEPTS BEYOND 2025

POWERTRAIN STRATEGIES FOR CO2 EMISSION REDUCTION

The continuous tightening in the regulations and the resulting CO2 emission targets represent a particular challenge 
for automobile manufacturers in the 2025 timeframe and beyond. While addressing these challenges, carmakers 
will still need to find cost-e� icient technical approaches that don’t compromise customer expectations. In over-
coming this trade-o� , it is useful to identify the promising concepts and then analyze their relative sensitivity to 
changing boundary conditions. Typically, more than one “optimum” solution exists. FEV Consulting has developed 
a comprehensive, structured toolkit to analyze competing technology strategies in terms of CO2 savings potential 
and cost e� ects.

02 FEV CONSULTING
FEV CONSULTING: ICE CONCEPTS BEYOND 2025

Powertrain Technology Strategy – 
Finding the Optimum Solution

The powertrain is characterized by the attributes of its main 
components, the internal combustion engine (ICE) and trans-
mission. With hybridization concepts, this scope is extended by 
the powertrain topology and additional electrical components. 
Powertrain eff iciency is the primary factor influencing CO2 emis-
sions, along with the driver behavior and vehicle character-
istics. This suggests the existence of multiple paths for 
compliance with tightened CO2 emission targets. 
“Identifying the most advantageous path highly 
depends on the carmaker‘s existing technology 
portfolio and competencies,” explains Dr. Michael 
Wittler, Manager at FEV Consulting.

FEV Consulting uses an approach that leads to robust 
powertrain and electrification strategies, considering the 
individual and regional boundary conditions. The modeling 
of manufacturer-specific vehicle fleet CO2 emissions makes 
possible the identification of target values for vehicle segments 
and drive types. The resulting technology packages are described 
in detail and assessed with respect to their benefit in terms of 
the CO2 reduction vs. additional cost trade-off .

An integrated approach is applied for the evaluation of ICE 
technologies, transmissions and vehicles. Expert knowledge 
is leveraged within an automated and intuitive procedural 
approach. New technologies are continually implemented and 
evaluated. The results of this process support identification of 
the most beneficial automaker-specific technology configura-
tions. In addition, this method allows analysis and comparison 
of technology trends and helps to find answers to challenging 
questions. For example, will downsizing be the right approach 
if the EU implements the WLTP as the standard drive cycle, 
replacing the NEDC?

CO2 Emission Fleet Strategy – Understand-
ing the Industry Dynamics

FEV Consulting has developed a comprehensive method for esti-
mating and modelling OEM-specific future strategies to support 
achieving their individual targets by 2025. The vehicle segment 
portfolios for each automaker are described on the basis of the 
type of powertrain, considering the specific type of fuel (e.g., 
gasoline, diesel), the type of hybridization (e.g., mild hybrid, 
plug-in hybrid), or the vehicle’s market share in that segment in 
the case of pure electric vehicles. Based on the latest registration 
data, the future vehicle segment portfolio and powertrain type 

distribution are forecast for each auto-maker. Improvements in 
eff iciency are applied to the powertrain types in each specific 
segment, including the transmission. The improvements gained 
by vehicle measures are also considered. The results take all 
regionally-specific legislation into account, e.g., for counting 
super credits or eco innovations. “Finally, various scenarios can 
be simulated and the resulting strategy analysis identifies how 
eff iciency technologies can best be leveraged with regard to the 
targeted achievements,” concludes Dr. Wittler.

A COMPREHENSIVE METHOD TO ESTIMATE AND MODEL 
CARMAKERS‘ SPECIFIC FUTURE STRATEGIES TO ACHIEVE THEIR 
INDIVIDUAL TARGETS UNTIL 2025

Written by:
Dr. Michael Wittler

wittler@fev.com

Contact:
Patrick Glusk

glusk@fev.com
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INFO

Benefits for your Business

  Objective analysis of competing powertrain concepts

  Powertrain concept impact on vehicle fleet CO2 emission

  Analysis of carmaker-specific CO2 emission-reduction strategies

  Identification of the most cost-eff icient pathways
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DECEMBER 

OCTOBER 

NOVEMBER 

12.10. - 14.10.2015

20.10. - 21.10.2015 

20.10. - 22.10.2015

27.10. - 29.10.2015

27.10. - 28.10.2015

f-cell + BATTERY+STORAGE, 
International trade fair for battery and energy storage 

8th MTZ-Fachtagung, 
"Ladungswechsel im Verbrennungsmotor"

Automotive Testing Expo North America, 

SAE-China Congress & Exhibition 

SAE 2015 Transmission & Driveline Technologies 
Symposium

Stuttgart, Germany

Stuttgart, Germany

Novi, Michigan, USA

Shanghai, China

Plymouth, Michigan, USA

04.11. - 06.11.2015

09.11. - 13.11.2015 

12.11.2015

17.11 - 19.11.2015

24.11. - 25.11.2015 

23.11. - 25.11.2015 

5th Aachen Colloquium, China

Telematics Munich 

FEV Day of Powertrain, Turkey 2015

Aerospace Testing

10th International MTZ Conference "Heavy Duty On and 
Off -Highway Engines"

Aachen Acoustics Colloquium

Beijing, China

Munich, Germany

Istanbul, Turkey

Bremen, Germany

Speyer, Germany  

Aachen, Germany

01.12. - 04.12.2015

07.12. - 10.12.2015

Marintec China

14th International CTI Symposium – 
Automotive Transmissions, HEV and EV Drives 

Shanghai, China

Berlin, Germany
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03 WORLD OF FEV

85 YEARS PROFESSOR FRANZ PISCHINGER

FEV CELEBRATES

TWO GOOD REASONS TO CELEBRATE

Over 35 years ago, Prof. Dr. techn. Dr. e.h. Franz Pischinger laid the foundation for FEV’s success story. During his ongoing commit-
ment he concentrated his eff orts not only on growth of the well-known Aachen development service provider but also on research 
work in his role as the Director of the Institute of Applied Thermodynamics at the RWTH Aachen University. 
Together with approx. 600 guests, Professor Franz Pischinger celebrated his 85th birthday, as well as the news that he was awarded 
the 2nd Aachen Engineering Award on September 11. This award is jointly presented by the RWTH Aachen University and the City 
of Aachen and recognizes Professor Pischinger’s lifetime achievements, which have made a significant and beneficial contribution 
to the perception and development of the engineering field. 

In commemoration of both happenings, FEV hosted a symposium with speakers from the research field, the automotive industry 
and political dignitaries as well as a festive evening event. Here are some impressions of both events. 

Martin Schulz, President of the European Parliament, 
personally addressed Professor Franz Pischinger

(from le�  to right) Awarding ceremony with Professor Ernst Schmachtenberg 
(RWTH), Hubert Herpers (Sparkasse Aachen), Professor Udo Ungeheuer (VDI - the 
Association of German Engineers) und Marcel Philipp (mayor of the city of Aachen) 

History meets modernism: 
le� : FEV‘s  Fafnir 472 which was built in Aachen in 1919 
right: FEV “Breeze“ demonstrator vehicle featuring a fuel cell range extender

The high performance level and e� iciency of today’s 
combustion engines could be named as one of Profes-
sor Pischinger’s achievements, said Professor Hermann 
Scholl, honorary chairman of the Bosch Group during his 
laudation

FEV congratulates and wishes all the best!

Dr. Heinz-Jakob Neußer, member of the Volkswagen Board 
of Management, spoke on “The future of the car – techno-
logical challenges for research and development”
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