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Dear Readers,
Few topics are discussed more nowadays 
than the future of mobility. Visitors at this 
year’s IAA in September were able to ap-
praise the OEM visions for future vehicle 
concepts. Of course, many of the studies 
presented are not yet in serial produc-
tion, but they clearly show the direction in 
which mobility is developing. At the same 
time, they highlight the multitude of tasks 
and opportunities for all those involved. 

In this issue of our customer magazine 
"SPECTRUM," under the title "Future  
Vehicle Concepts," we provide you with 
an overview of our range of offers and 
discuss, among other things, the advan-
tages of different approaches for the au-
tomation of SAE level 5. Furthermore, we 
present our latest smart vehicle fleet, with 
which we have built a high-performance 
development, validation, and benchmark-
ing tool. 

"Future Vehicle Concepts" also means that 
the vehicle as it is has to be completely 
rethought. We assist our clients with these 
challenges not only with our engineering 
expertise regarding the complete vehicle; 
with the Imperia FlexBody, we also offer 
an innovative body construction kit for 
e-vehicle production in small to medium 
quantities. 

Still focusing on e-mobility, we present 
selected solutions: for instance, our PREX3 
full-hybrid planetary transmission with 
need-based actuation mainly addresses 
the three biggest loss sources of automatic 
transmissions – oil supply, drag torque, 
and energy loss during crawling/starting. 
Furthermore, with the integration of EVA 
Fahrzeugtechnik GmbH in mid-Septem-
ber, we have not only gained additional 
expertise in high-voltage vehicle battery 
development, we are also able to optimize 
the entire electrified system. We are giving 
you a preview with our contribution to the 
solar charging of e-vehicles.  

We hope you enjoy reading our  
SPECTRUM. Feel free to follow us on social 
media to receive the latest updates on FEV.

Dr.-Ing. Norbert W. Alt
Chairman of the Executive Board 

FEV Europe GmbH
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FEV-SMART VEHICLE-DEMONSTRATOR

FEV SMART VEHICLE FLEET HEADING TOWARD 
SAE LEVEL 5 AUTOMATED DRIVING
FEV AUTOMATES DEMONSTRATION VEHICLE AS TECHNOLOGY PLATFORM AND 
DEVELOPMENT PLATFORM.

For OEM, suppliers and developers, automation of vehicles brings with it a wealth of new tasks. At the same time, the 
classic functions and purchasing criteria fall ever further into the background. As a service provider, FEV supports its 
clients from the initial concept to start of production in its decision processes associated with these new subjects. 

Since 2016, FEV has been bundling all of the steps associated with advanced, fully connected, automated vehicles in 
its "Smart Vehicle" Center of Excellence. Smart Vehicle includes all sorts of development fields in a rapidly-changing, 
highly complex environment – from sensor technologies to software algorithms all the way to electrical/electronic 
architectures and connectivity. 

For example, FEV is developing innovative solutions in forward-looking operating strategies, connectivity and 
cybersecurity in addition to infotainment and driver-vehicle interaction. 

The experts have now taken an important demonstration and development vehicle onto the road. Sébastien 
Christiaens, department manager at FEV, has been keeping track of this project from the Aachen location and he 
discussed the background with SPECTRUM. 
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the vehicle’s network connection. In the 
process, the vehicle sends data to the 
cloud. The Aldenhoven Testing Center, 
where the demonstrator is headed, offers 
ideal conditions for doing that. At present, 
an urban testing area is being set up for 
mobility research. Thanks to the Voda-
fone-5G Mobility Lab that is also included, 
this area also has a high-performance 
network. That is needed to process the 
large amounts of data. 
 

For example, what are the sen-
sors integrated in the vehicle?

We have integrated extensive sensors, 
including radar, GPS, different types 
of cameras as well as differential GPS 
and LIDAR and a vehicle-2-network con-
nection. Thanks to these sensors and 
interfaces, we are able to perceive the 
immediate environment of the vehicle as 
well as to anticipate the oncoming road 
and traffic conditions on a longer range. 
Using intentional redundancies in varying 
technologies, we can thus eliminate the 
shortcomings of one type of sensor by 
enriching and comparing the results using 

now putting together in one vehicle. The 
smart vehicles thus form the first auto-
matic FEV fleet that we created without 
any customer orders. 

It's possible to take a look 
at the vehicle driving at this 
year's Aachen Colloquium Au-
tomobile and Engine Technol-
ogy. What is to see there?

Right now, the vehicle can safely travel 
without a driver on a given stretch and the 
vehicle can suitably react to any events. 
Thanks to the object recognition imple-
mented, traffic signs are recognized, as 
are things and people, and appropriate 
driving maneuvers are started. 
At the Aachen Colloquium, we are stream-
ing the trip to our exhibition stand. The 
streaming will be done strictly through 

FEV-SMART VEHICLE-DEMONSTRATOR
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OUR GOAL WAS TO DEVELOP STANDARD-
IZED INTERFACES AND USE THEM TO 
OBTAIN A MODULAR, STATE-OF-THE-ART 
DEVELOPMENT PLATFORM

Mr. Christiaens, for a few 
weeks an automated demon-
strator vehicle from FEV has 
been driving on the roads or 
on stretches of road for which 
authorization has been given. 
What is the background of this 
demonstration vehicle? 

To be accurate, there are three such 
vehicles driving in the world. The auto-
mated smart vehicles are part of an FEV 
project that we are conducting with our 
colleagues in the US, Poland, Turkey and 
our company headquarters in Aachen. Our 
goal in doing so is to bundle our global 
expertise and allow others to experience it 
in a fully automatic development vehicle 
as a basis for further development, but 
also for benchmarking. The vehicles show 
the current status quo that we worked out 
in recent years in various projects and are 
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Communication between the vehicle and 
its environment is mandatory for automat-
ed vehicles. Even today, the vehicles al-
ready have a Vehicle-to-Everything („V2X“) 
connection. The intelligent connection unit 
– abbreviated as iCU – is based on micros-
ervice architecture and processes data and 
information from all sorts of control units 
and sensors. The FEV iCU is in a position to 
process data from vehicle-to-vehicle („V2V“) 
communication via DSRC. Thanks to the 
microservice architecture, integration of 
corresponding 5G standards („C-V2X“) will 
be possible directly, as soon as they are 
available. Intermediate data aggregation 
and data conversion services harmonize 
the data sets and formats, which often 
differ a lot from each other. 
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those from other systems. This intelligent 
combination of the different sensor infor-
mation, referred to as sensor fusion, is a 
key element in the vehicle environment 
detection and localization process. Anoth-
er of our goals was to develop standard-
ized interfaces and use them to obtain a 
modular, state-of-the-art development 
platform. Thus, individual sensors can 
be swapped out with as little effort as 
possible in later benchmarking activities. 

What is the basis for issuing 
driving commands? 

The driving commands themselves are 
managed using a "decision making al-
gorithm" we developed ourselves. This 
algorithm has three main parts: percep-
tion, planning and decision/action. 
This  algorithm ensures that the vehi-
cle moves safely. In doing so, we draw 
amongst other on the expertise of our 
American colleagues, who already suc-

cessfully completed automation projects 
in the past. As a modular development 
platform, the vehicle is actually equipped 
with two types of powerful embedded 
controller hardware. This allows us to test 
and compare different types of control 
algorithms, for example a rule based ap-
proach and a machine learning/artificial 
intelligence approach.

If sensors collect environ-
mental data, communication 
between the vehicle and this 
environment is surely just an 
additional logistics step. To 
what extent have you already 
planned this aspect? 

How are you handling cyber- 
security when you do this?

Cybersecurity in vehicles is actually one 
of the greatest challenges. As long as the 
vehicle lacks a vehicle-2-X connection, the 
number of ports for attack is still relatively 
easy to look at. The biggest danger comes 
from the OBD interface but also from the 
infotainment system. As soon as the ve-
hicle starts working within a network, the 
sources of danger grow exponentially. 
With our Cyber Security Gateway, we offer 
an important tool to prevent cyberattacks. 
The cybersecurity gateway is linked with 
the vehicle’s communications bus in order 
to detect and prevent malicious attacks. 
It can also be used as a firewall between 
external interfaces and the vehicle bus. 

WITH OUR CYBER SECURITY 
GATEWAY, WE OFFER AN IM-
PORTANT TOOL TO PREVENT 
CYBERATTACKS
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Interview with
Sébastien Christiaens
christiaens@fev.com

 IN PERSPECTIVE, WE WILL 
USE THE SMART VEHICLE 
FLEET NOT JUST TO DO FUR-
THER DEVELOPMENT OF THE 
INDIVIDUAL SYSTEMS, BUT 
ALSO AS AN IMPORTANT TEST-
ING TOOL FOR LEVEL 4 AND 
LEVEL 5 FUNCTIONS

In addition, FEV works with leading world 
manufacturers to implement so called 
Hardware Security Module –HSM- and 
TPM technologies, known as Trusted 
Platform Modules, for the automotive 
industry for secure booting and secure 
over the air (OTA) software updates to 
name a few applications.

What steps are now coming up 
with the smart vehicle fleet? 

As a powerful tool to address important 
challenges such as integration of new 
functions, interfaces, and components, 
these vehicles offer a broad range of 
possibilities for FEV as well as for our 
partners and customers. 

At first, they have an important role in the 
development and improvement of our 
control algorithm as they offer a flexible 
platform for our engineers to make their 
innovations in ADAS and automated 
driving features more tangible. This flex-
ible platform can 
obviously also be 
offered to our part-
ners and customers 
as basis for com-
monly developed 
“Proof of Concepts” 
to demonstrate 
new technologies 
or features for ex-
ample.
As already men-
tioned above, our 
automated vehicle fleet is heavily in-
volved in our benchmarking activities. 
Both for sensor benchmarking as well 
as for system and overall vehicle bench-
marking.

For benchmarking, the most important 
part is reproducibility of results and test 
runs, and automation is very important 
for that. In this case, our smart vehicle 
is not the technology platform for the 
test vehicle but is acting as the testing 
tool. Driving maneuvers of the target 
vehicle can be automated and done 
reproducibly and it can be verified that 
the test object operates reliably. 

Finally yet importantly, the vehicles are 
also supporting the overall calibration, 
testing and validation activities we offer 
for ADAS and AD development. For exam-
ple, we are working on integrating these 
vehicles into our virtual testing tool chain 
and environment, among other things 
as vehicle in the loop platform. FEV also 
uses these vehicles as a means to develop 
its Big Data tools and services through 
extensive data collection and analysis
In general, our vehicle fleet will constantly 
evolve, helping us to accelerate the de-
livery of innovative solutions for our cus-
tomers. The fact that we are developing 
these vehicles worldwide definitely helps 
to provide a global answer to questions 
related to largescale deployment of this 
technology.

Mr. Christiaens, thank you for 
the interview!
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AUTOMATED DRIVING 1

EVOLUTION OR REVOLUTION? 
FEV IS SETTING CUSTOMERS ON THE RIGHT COURSE TO AUTOMATED DRIVING

The coming years will see arguably the most radical changes in motorized, individual mobility: the acronym CASE 
– Connected, Autonomous, Shared, Electric – includes trends that will change, or even turn on their heads, many 
core aspects of the automobile, from the powertrain to usage and the business model.

In this regard, autonomous or fully automated driving particularly begs the question of the right path for automotive 
manufacturers. Is an evolutionary or a revolutionary start the best solution? The answer to this question depends 
on the individual constraints of the company. Thanks to interdisciplinary skills and an agile consulting team, FEV 
helps its customers find the suitable path.

8
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The search for the right path 
must begin with consideration 
of the individual starting point. 
Ten years ago, one thought ex-

clusively of established OEMs or Tier 
1 suppliers. This has changed to the 
extent that, in the meantime, IT com-
panies (Apple, Google/Alphabet) and 
mobility service providers (Uber) have 
become central to the development of 
autonomous driving. In addition, new 
OEMs in traditional industrial nations 
or in BRIC countries have emerged that 
are muscling their way into the market 
without having previously completed 
the ADAS levels 0 to 2.
Along with the actual autonomous driv-
ing systems, the matters of connectivity 
and usage models have to be taken into 
account here; last but not least, so do the 
elements of classic vehicle construction, 
including the (increasingly electrified) 
powertrain, the bodywork, the driver 
workspace, and the chassis.

Step by Step:  
The Path of Evolution

Current vehicles have already achieved 
level 2 SAE classification in all areas. 
While the vehicle steers, brakes, and ac-
celerates by itself, the driver is always 
required to monitor the situation and 
the surroundings.
Even on the evo-
lutionary path, the 
achievement of lev-
el 3 – "Hands Off," 
which is expected 
to take place in 
2018/19, will lead 
to a revolutionary 
paradigm shift; on 
the one hand, as of 
level 3, the sover-
eignty for monitoring surroundings in the 
covered use case will no longer lie with 
the driver, but will be assumed by the 
system. On the other hand, the duration 

of the handover, during which the driver 
takes over control of the vehicle, is be-
tween 10 and 60 seconds. Consequently, 
this increases the requirements for sensor 
equipment, surroundings detection, and 
redundancy and reliability.
The sensor equipment and surroundings 
detection aspects have already been suc-

cessfully covered as 
part of the FEV Cen-
ter of Excellence 
"Smart Vehicle" – in 
customer projects, 
benchmarking, as 
well as in the de-
velopment and test 
strategies for sensor 
and surroundings 
detection systems. 
The redundancy ini-

tially presents challenges for the system 
architecture and energy supply, and is 
closely connected to functional security 
(FuSi). In addition to years of established 

SAE LEVEL

5: Full
Automation 

4: High
Automation 

3: Conditional 
Automation

2: Partial 
Automation

YEAR2017 2030

EVOLUTION

REVOLUTION

9

Gradual automation or direct start at SAE level 5: When choosing the right path, the individual starting point of the  
company must be taken into consideration. 

THE DIRECT 
START AT SAE LEVEL 
5 COMPLETELY 
SHIFTS THE NECES-
SARY VALIDATION 
AND PROTECTION 
TO THE FIRST 
IMPLEMENTATION
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experience, FEV specifically 
strengthened itself in this focus area 

of autonomous driving with the acqui-
sition of the FuSi specialist Etamax in 
January 2017.

SAE Level 5: The 
"Revolutionary Evolution"

The next "revolutionary evolution" will 
come with the achievement of level 5: 
for the first time, the automobile does 
not require a driver workspace for any 
traffic situation. The automobile can drive 
fully autonomously in any situation, even 
without a driver or passengers.
Interestingly, this most visible change from 
the perspective of the (now former) driver 
does not lead to further radical steps in 
the electric/electronic/software systems 

environment. Even though the re-
quirements for the sensors, the software 
functions, the availability and, last but not 
least, the functional security increase quan-
titatively, there are no further qualitative 
changes to the architecture, unlike during 
the change to level 3. On the contrary, some 
requirements no longer even apply: an 

obvious example are all hard requirements 
with regard to a secure and immediate 
takeover by the driver, which will remain 
in place up to and including level 4.
There are also optional changes in the 
overall vehicle concept: the elimination of 
a mandatory driver workspace, especially 
the steering, offers entirely new levels of 
freedom. Using these in a customer-effec-
tive manner requires innovative bodywork 
concepts.
FEV has recently reinforced the Vehicle 
business unit in a targeted way with the 
integration of the lightweight construction 

specialist Imperia, as well as the STEA de-
sign and packaging experts. This means 

that FEV can now also offer its cus-
tomers interior and exterior design 
solutions from a single source and 
present itself as a global vehicle 
developer for current and future 
vehicle concepts. 

From Naught to Sixty: 
The Fully Autonomous 
Start

A revolutionary start in the world of 
autonomous vehicles actually requires 
starting with level 5: this is the only way 
to avoid short-term double development 
and to fully exploit the degree of freedom 
in design of fully autonomous vehicles 
without inherited problems.
The time and effort for the innovative 
ADAS/AD basic functions from level 3 – 
especially the surroundings modeling 
and the decision-making – as well as the 
time and effort for redundant architec-
tures and the related functional security 
concepts remain comparable to the evo-
lutionary path. Therefore, the time and 
effort for fully autonomous vehicles with 
regard to the autonomous functionality 
on the revolutionary path is mainly re-
duced to the application and integration 
in the generations with levels 3 and 4.
However, there is a lack of opportunity 
to gain experience with these; the direct 
start at SAE level 5 completely shifts the 
necessary validation and protection to 
the first implementation. This means 
that, under certain circumstances, sys-
tems with insufficient maturity are first 
used in vehicles in which the driver is 
completely excluded from the control 
loop; this prevents the driver from being 
able to take control in critical situations. 
Accordingly, a special focus is placed 
on an efficient and security-based test 
strategy.

As part of automation and connection, the vehicle 
interior is transforming from the classic vehicle 
cabin into a full-fledged living space.

FOR NEW PROVIDERS OF INDIVIDUAL 
MOBILITY CONCEPTS – ESPECIALLY 
THOSE FROM THE "NEW ECONOMY" 
FIELD – THE START ON THE MARKET  
WITH FULLY AUTONOMOUS VEHICLES 
IS RECOMMENDED
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In the field of software and testing solu-
tions, FEV can look back on extensive 
experience in the validation and testing of 
software-based, security-critical systems, 
up to successful series release. In this con-
text, FEV uses standardized methods and 
tools – already common practice in the 
development of powertrains and vehicles 
– in order to guarantee rapid development 
results as well as a high degree of valida-
tion. This process includes simulation and 
modeling tools, hardware-in-the-loop 
solutions, and automated testing.

The Right Path

For established automotive OEMs and  
Tier 1s, the evolutionary path from level 2 
to 3 and 4 up to fully autonomous vehicles 
enables a short-term market entry as a 
leader or early follower. The establishment 
of entirely new vehicle concepts from 
Level 5 is not an obstacle to this, since 
the current concepts are typically already 
mature and their further development to 
market-ready, fully autonomous vehicles 
is possible with little time and effort.
With regard to the development of com-
plex deep learning systems, new types of 
sensor concepts, and redundant system 
architectures, FEV is your qualified partner 
in areas that previously did not have this 
focus in the automotive world.
For new providers of individual mobility 
concepts, especially from the "new econ-
omy" field, the situation is different: the 
initial time and effort for developing a 
"traditional automobile" doesn’t seem 
justifiable in light of the expected mar-
ket-readiness of fully autonomous vehicles 
as of 2026; the start on the market with ful-
ly autonomous vehicles is recommended.
Providers with core skills lying mainly 

Written by:
Rainer Straschill

straschill@fev.com

FEV uses standardized methods and tools 
in order to guarantee rapid development 
results as well as a high degree of validation.

in the field of software-based systems, 
especially artificial intelligence systems, 
will find FEV to be an expert partner for 
different aspects of the vehicle – from the 
chassis and bodywork to the powertrain 
and interior.
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AUTOMATED DRIVING AS A  
REAL-WORLD ENERGY CONSUMPTION  
REDUCTION MEASURE 
FEV HAS CALCULATED THE IMPACT OF ENHANCED DRIVING STRATEGIES AND 
USE-CASE-SPECIFIC POWERTRAIN OPTIMIZATION ON ENERGY CONSUMPTION  
ENABLED BY HIGHLY AUTOMATED VEHICLES

Further potential for reducing real-world consumption can also be found in heavily electrified or even all-electric vehicles. 
High levels of automation have proven to be an attractive solution. FEV has therefore drawn up this comprehensive 
study which quantifies the saving potentials for different vehicle concepts and describes possible implementation 
strategies in cooperation with AImotive.

AUTOMATED DRIVING 2

01 SMART VEHICLE AND SMART MOBILITY
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Today, various solutions are al-
ready being implemented to 
achieve consumption savings in 
real-world operation. For exam-

ple, Eco-Drive systems instruct the driver 
on how to drive more efficiently or current 
traffic and route information is utilized to 
streamline the route and optimize the 
powertrain's operation strategy. 

The rising degree of automation and 
connectivity will increasingly take the 
driver out of the control-loop, improving 
predictability and therefore the energy 
saving potential in real-world operation. 
This potential consists out of two core 
elements: 

1Use-case optimized powertrain 
hardware enabled by highly au-
tomated vehicle concepts   

2Optimized driving strategies result-
ing from automation; i.e., adapting 
the driving profile and optimizing 

the underlying powertrain operation 
strategy  

Potentials in the 
powertrain and 
component configuration 
through use-case-specific 
vehicle concepts
A recent survey conducted by FEV has 
shown that for highly automated vehicles 
the relevance of performance-oriented 
features such as engine power or accel-
eration capability are fading. However, 
the importance of ride-comfort is rising 
due to changing use-cases and activities 
of vehicle occupants. 
As a result the powertrain can be opti-
mized to meet these emerging require-
ments, resulting in potential energy con-
sumption benefits. 

Predicted energy 
saving potentials in real 
operation

As part of the study, FEV has quantified 
saving potentials for three different vehicle 
concepts. These included one ‘allround-
er’ car (concept 1) and one dedicated 
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‘city’ car (concept 2). Both feature SAE 
Level 4 automation, which means that 
they are assumed to be predominately 
operated in auton-
omous drive mode. 
The third vehicle 
concept (concept 3) 
was equipped with a 
SAE Level 3 Highway 
Chauffeur function. 
Concepts 1 and 3 are 
based on a plug-in 
hybrid powertrain, 
while concept 2 is 
a battery-electric 
vehicle. Based on 
a statistical analy-
sis involving 12,000 
real-world drive cycles, representative 
driving profiles were modified approxi-
mating the behavior of highly automated 
vehicles. This simulation was based on 
the following premises:

 �  Stop times can be reduced using 
V2X connectivity  
 �  Predicting traffic flows using 
sensors and real-time mapping 
data smooths the speed profile 
and reduces peak acceleration and 
speeds  

For the allrounder PHEV concept 2 ve-
hicle, modifications to the powertrain 
components (including the battery) 
were made and the driving strategies 
were optimized. The combined power 
output was reduced by roughly 20 kW 
and the battery capacity was increased 
by 40 percent. 

Classification of the vehicle concepts analyzed

SAE 
Level

Requirement profile Optimization potential

Allround City Highway Powertrain Driving  
strategies

2

3 Concept 3
PHEV +

4 Concept 1
PHEV

Concept 2
BEV + ++

5 ++ ++

BEV: Battery Electric Vehicle, 
PHEV: Plug-In Hybrid Electric Vehicle

No significant effect

Significant effect+
Very significant effect++

These measures reduced fuel consump-
tion, taking a shift in utility-factor into 
consideration, by about 43 percent while 

the electricity con-
sumption simulta-
neously increased 
by 12 percent. The 
energy savings are 
generated in equal 
parts by drive strat-
egy and powertrain 
optimization.

In comparison, fuel 
savings of about 7 
percent and electric 
energy savings of 3 
percent were real-

ized in the Highway Chauffeur concept 
3 vehicle. The lower potential of concept 
3 compared to the concept 1 vehicle 
can be traced back to two factors. First-
ly, the driving strategy optimization in 
the Highway Chauffeur function only 
occurs in a limited vehicle speed range. 
Secondly, the powertrain in concepts 
with lower automation levels cannot 
be modified because of the remaining 
customer requirement for performance 
during non-automated operation.

The city car (concept 2) showed energy 
savings of more than 10 percent. In this 
case, the lower savings result from the 
comparatively low weight of the smaller 
vehicle and the lower degrees of freedom in 
operation strategy of the all-electric drive-
train (compared to hybrids) which therefore 
decreases the optimization potential.

SUPPLIERS HAVE 
THE OPPORTUNITY 
TO POSITION THEM-
SELVES AS INNOVA-
TIVE SYSTEM  
SUPPLIERS AND 
INTEGRATION 
PARTNERS FOR 
AUTOMATION 
SOLUTIONS
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Required hardware 
and software to realize 
consumption potentials 

The considered vehicle concepts require 
extensive, comprehensive hardware and 
software solutions. A scalable and cost-ef-
ficient approach for environmental mod-
eling consists of combining image-based 
detection methods with additional radar 
sensors. Addition-
ally, V2X connec-
tivity is required 
in order to pro-
vide information 
on traffic flow and 
to expand the pre-
diction horizon by 
connecting the ve-
hicle with its environment.  

High definition (HD) maps are a require-
ment for locating the vehicle and further 
optimization of the driving strategy. While 
previous generations of highly automated 
vehicles mainly used LIDAR based HD 
maps, current preferences evolved to-
wards conventional maps enhanced with 
meta-info (lane markings, traffic signs 
etc.) and landmarks (characteristic way-
points). This shift is enabled by significant 
improvements in visual-based object de-
tection and reduces the amount of data 
needed for storage. In the upcoming years 
it is expected that improved algorithms 
will decrease the data size further which 
will therefore likewise reduce the required 

bandwidth for HD map updates. However, 
this will also increase the required on-
board computing capabilities.

Highly automated vehicles must addi-
tionally have the ability to make real-time 
decisions. Current software kits, such as 
those provided by AImotive, make driving 
decisions in a so-called “Motion Engine”. 
It consists of different modules, including 

motion tracking and prediction, trajectory 
planning and action-specific decision 
making. 

Object tracking and prediction is done 
by detection, identifying locations and 
tracking across multiple time intervals 
together with different traditional statis-
tical methods and artificial intelligence. 
Because the accuracy of the prediction 
has a direct impact on motion planning, 
the calibration of these parameters has 
a large impact on the potential energy 
savings. At the trajectory planning, the 
current scenario is dynamically adapted 
using heuristic and pre-defined rules. 
Functions which increase efficiency can 
also be embedded on this level, which 

leads to optimized speed, acceleration 
and steering profiles for specific ma-
neuvers. As a consequence of optimized 
neural networks (NN), this also covers 
trajectory smoothing.

Essential training for the “Motion Engine” 
is done in a simulation environment which 
is based on a vehicle model and real-world 
physical dynamics. The neural network in 

the Motion Engine 
can be optimized by 
adapting the model 
for specific vehicles, 
powertrains and 
functions. For exam-
ple, existing operat-
ing strategies can 
even be embedded 

directly in artificial intelligence through 
relatively simple adaptation.

Automated driving 
increases the energy 
demand from the vehicle 
electrical system
As the use of sensors and data processing 
increases, so does energy consumption 
in the vehicle. The load on the vehicle 
electrical system can increase by up to 1 
kW and more if numerous cameras and 
LIDAR sensors are used. In the future it is 
expected that new advanced chip archi-
tectures will significantly reduce energy 
consumption.

AUTOMATION AND CONNECTIVITY IN-
CREASE THE PREDICTABILITY AND THERE-
FORE THE EXPECTED ENERGY SAVINGS OF 
HIGHLY AUTOMATED VEHICLES IN RE-
AL-WORLD OPERATION

Optimized driving profiles for the allrounder SAE level 4 concept and the concept  
with SAE level 3 Highway Chauffeur function 
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to be considered which have to be covered 
by suitable security mechanisms. 

For suppliers this represents an opportunity 
to identify these trends early and to accord-
ingly position themselves as innovative 
system suppliers and integration partners 
for automation solutions. By combining 
software and hardware, new systematic 
solutions emerge which will reduce com-
plexity in development projects and create 
synergies in the validation process.

Written by:
Denis Heckmann (FEV Consulting),

heckmann@fev.com
 

S. Tarnutzer (FEV North America)
starnutzer@fev.com

 
A. Takacs (AImotive)

Overview of simulation results (left) and distribution of the saving potentials for the allrounder PHEV concept
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Functional description of the AImotive Software Kit (© AImotive)

Sensor Data Fusion
Object Detection &  
Identification

RECOGNITION
ENGINE

LOCATION 
ENGINE

MOTION  
ENGINE

CONTROLL  
ENGINE

Map & Landmark Integration
High-Level Route Planning

Object Motion Tracking &  
Prediction
Drivable Road Calculation
Immediate Driving Path Plan
Decision of Action

Vehicle Actuator Commands
Auxiliary Function Commands

Challenges and 
opportunities for OEMs 
and suppliers 

For automotive manufacturers, the chal-
lenge lies in selecting appropriate technol-
ogies and in the large number potential 
cases to be tested in order to develop an ef-
ficient hard- and software basis. Yet another 
challenge involves verifying the functional 
safety of self-learning automated systems. 
With increasing degrees of connectivity, 
additional attack vectors emerge and need 
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ADAS-DEVELOPMENT AND TESTING

FEV OFFERS ADAS DEVELOPMENT, TESTING, 
AND VALIDATION FROM A SINGLE SOURCE
From hands-off to driver-off, from LIDAR sensor to camera system – the interdisciplinary issues surrounding develop-
ment of advanced driver assistance systems (ADAS) are reflected in the broad spectrum offered by FEV. For instance, 
the experts are increasingly providing turnkey, end-to-end solutions reaching from initial system architecture draw-
ings to validation for series production. During the validation process, FEV uses the latest measurement equipment, 
including driving robots and high-precision positioning systems as well as a variety of test dummies and platforms 
for testing how self-driving vehicles interact with their environment. This ensures that ADAS components and the 
system as a whole work smoothly.

16
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“Besides electrical architecture and software development performed by our elec-
tronics specialists, our vehicle engineers offer a complete testing program based on 
globally established standards – such as Euro NCAP, the European New Car Assess-
ment Program,” explains Dr. Thomas Hülshorst, Group Vice President of Electronics 
& Electrification at FEV. “That has recently enabled us to carry out and successfully 
complete different projects for OEMs and Tier 1 suppliers.” 

Development and Testing 

With the increasing scope of performance of Advanced Driver Assistance 
Systems (ADAS), different kinds of environmental sensors are being 
built into vehicles. Besides ultrasonic and radar, LIDAR and camera 
systems need to be installed, demanding additional expertise in the 

areas of integration, control, and validation. FEV develops, tests, and validates hard-
ware components and control software for smart cars at the request of its customers. 

Validation takes place as part of a testing program that adheres to standards that 
apply worldwide. “For these types of tests, FEV is able to use various test centers and 
tracks on a global basis” says Hülshorst. 

For questions about ADAS development and testing related topics, please contact 
Stephan Tarnutzer, Vice President Electronics and responsible for FEV’s Global Center 
of Excellence Smart Vehicle, at starnutzer@fev.com.
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VEHICLE-2-X-COMMUNICATION

OPENING OF THE VODAFONE 5G MOBILITY LAB 
IN ALDENHOVEN: FEV VEHICLES COMMUNICATE 
WITH EACH OTHER AND WITH THE CLOUD 
FEV E-HORIZON OFFERS RANGE FORECASTS FOR ELECTRIC VEHICLES

At the Aldenhoven Testing Center (ATC), an urban testing ground is currently being created for mobility research. 
As part of the August 30, 2017 opening of the "5G Mobility Lab” at this location (created under the leadership of 
Vodafone), the Aachen engineering service provider FEV presented connectivity solutions for future vehicle concepts. 

18
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With e-Horizon, FEV present-
ed a self-adapting, serv-
er-based range forecast 
for electric vehicles. The 

system uses Vehicle-2-Cloud communica-
tion to connect ambient data – including 

weather conditions, current traffic 
conditions, and height profile of 

the road network – with vehicle 
data such as battery charge, 

driving behavior, and en-
ergy consumption. This 

considerably improves 
range forecasts, as 
the accuracy of the 
system is signifi-
cantly less than 50 
meters. In addition, 
the cloud connec-
tion also provides 
important data for 

operators of city in-

frastructure, for which the electric vehicles 
act as mobile sensors; current traffic data, 
information on road conditions, as well 
as weather data, provide insight into the 
traffic situation and obstacles – e.g., road 
construction – thereby benefiting drivers 
and planners. Furthermore, energy pro-
viders receive information on expected 
load cycles and can react flexibly to local 
peak loads. 

"The Vehicle-2-Network technology, along 
with Car-2-Car communication, will define 
the mobility of tomorrow. The vehicle 
itself will merely be a mobile sender and 
receiver in a fully connected environment," 
explains Dr. Thomas Hülshorst, Group 
Vice President of Electronics & Electrifi-
cation. Especially in fleet management 
and operation process harmonization, the 
collected data enables rational planning 
and the optimal availability of resources."

Car-2-Car Hazard Warning 
System 

FEV also presented a solution for a hazard 
warning system in Aldenhoven: identified 
hazardous locations, such as black ice, 
unsecured accident locations, or road 
damage, are communicated to vehicles 
in the region via Car-2-Car communica-
tion. An intelligent algorithm assesses 
the relevance of an event based on the 
current vehicle position and displays the 
relevant messages as desktop messages 
on the HMI, and as flag symbols on the 
digital road map.

"The e-Horizon and danger warning sys-
tem solutions presented today are only 
two of countless Vehicle-2-X commu-
nication applications, which show the 
enormous potential of the technology. 
Fundamental to such communication 
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The communication paths of FEV’s solution: Data is transferred directly from vehicle to vehicle 
and supplemented by cloud data.

20
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is a rapid data connection to send and 
receive the incoming data quantities in 
real time," explains Dr. Dirk Macke, Senior 
Technical Specialist Smart-Mobility at FEV. 
"5G technology plays a key role, and the 
test center in Aldenhoven offers us ideal 
conditions for testing future technologies." 

Potential of Vehicle-2-
Cloud Communication

Depending on the type of cloud data being 
processed, a wide variety of applications 
can be implemented; for instance, driv-
ing comfort and driving safety can be 
improved or the traffic flow predicted 
and optimized. The use of "swarm data" 
from various vehicles enables further 
services – such as for service planning 
or accident prevention. Fleet operators 
particularly also benefit from improved 
diagnostic capabilities on their electric 
vehicles; the operator doesn’t only gain 
insight into vehicle parameters such as 
position, operating condition and battery 
or charging state – even error codes can 
be read via the cloud. Safe and limited 
access to such sensitive data improves 
the coordination options for maintenance 
schedules and allows for preliminary di-
agnosis by authorized parties.

Technical Implementation

A core element of Vehicle-2-X applications 
is the intelligent connection unit (ICU) that 
gathers and processes relevant data and 
information from various control units and 
sensors inside the vehicle. In addition, the 
ICU developed by FEV is capable of pro-
cessing data, which was already analyzed 
in the vehicle via Dedicated Short Range 
Communication (DSRC) and mobile data 
services (3G, 4G, 5G) to the relevant ser-
vices. The challenge was combining data 
from a multitude of completely different 
electric vehicles and a number of data 
entry systems that were incompatible with 
each other. This task was solved through 
the interconnection of data aggregation 
and data conversion services for the har-
monization of the data sets forwarded to 
the actual service.

Contact:
Dr. Dirk Macke

macke@fev.com
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TAILOR-MADE VEHICLES FROM  
ONE SINGLE SOURCE 
FEV VEHICLE DEVELOPMENT FROM CONCEPT TO SOP

Terrestrial vehicles—and passenger cars, in particular—are among the most complex products to be developed, 
validated, certified, and serviced. This combination of different factors makes vehicle development and validation a 
challenging business. Often, many different companies, large teams of experts, expensive equipment, and complex 
methodologies are involved in the process. 

FULL VEHICLE DEVELOPMENT

Innovation Benchmarking & 
Target Setting

Styling & 
Concept Design

Detailed Design & 
CAE Validation



FULL VEHICLE DEVELOpMENT

Main challenges in 
vehicle development : 

 �  High product complexity, with  
more than 3,000 parts and  
suppliers
 �  Differing legal requirements 
 �  Wide range of technical 
requirements, including  
demands for performance, 
durability, reliability
 �  Differing aesthetic requirements
 �  Competition (high pressure  
for costs and product life-cycle, 
multinational OEMs and parts 
suppliers)
 �  Mass-production volumes 
(automated manufacturing, 
extensive service network)
 �  Product variety (from simple city car 
to sophisticated luxury  
sedan to hyper-sporty models) 

Efficient Support to Create 
Real Value 

FEV offers its worldwide customers “turn-
key” vehicle development from one single 
source. This turnkey service is based on 
FEV’s capabilities in the development of 
powertrains, as well as other complex 

systems, such as chassis, electrical 
engineering, body in white (BIW) — 
and the ability to integrate them at 

the full-vehicle level. At the same 
time, we have developed a sig-
nificant network of partners in 
different market areas (Europe, 
USA, and Asia). 

“Tight interaction with the most 
important universities and re-

search centers in the world, to-
gether with a strong team of talented 

engineers, elevates FEV to the top in 
the international rankings for innova-
tion,” explains Bernd Kircher, General 
Manager at FEV Automotive Service 
GmbH. New technologies and product 
solutions are regularly defined within 
international research programs and/
or directly within clients’ projects. As a 
result, FEV is the right partner for OEM 
customers during all phases of vehicle 
development & validation. “As an en-
gineering service provider, we offer an 
extensive range of expertise, capabilities, 
and methods—from the concept phase 
to series production support,” explains 
Michael Hog, group vice president vehicle 
development at FEV. 

Testing and Validation

With more than 4,000 engineers work-
ing in proximity to our customer’s sites, 
FEV’s global footprint and multi-cultural 
organization allows us to provide efficient 
support to every OEM. With its extensive 
competence and experience, FEV’s Soft-
ware & Testing Solutions business unit 
provides a full spectrum of expertise in 
the development, build, installation, and 
maintenance of fully customized test 
benches, as well as an extensive set of 
virtual and experimental vehicle testing 
capabilities. In addition, more than 180 

existing test benches, including climatic 
chambers, vehicle dynos, semi-anechoic 
chambers, and powertrain testing fa-
cilities serve as a solid foundation for 
successful development programs. 

FEV can also offer access to the Alden-
hoven test center, a proving ground locat-
ed close to our headquarters in Aachen, 
as well as various other certified RDE test 
tracks around the world. This unique test-
ing ground offers ideal conditions for test-
ing of advanced driver assistance systems 
and automated driving of all SAE levels. 
Vehicle facilities for prototype assembly, 
modification and instrumentation, as 
well as a full complement of the instru-
ments and tools required, are available 
at FEV to assure project outcomes that 
are best-in-class.

Contact: 
Frank Ehrlich

ehrlich@fev.com

Vehicle development and validation process

Styling & 
Concept Design

Detailed Design & 
CAE Validation

Prototyping, Exp. Validation & 
Design refinement

Pre-Series & 
Production ramp-up
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FLEXBODY

FLEXBODY: FLEXIBLE CAR BODY 
CONSTRUCTION KIT FOR ELECTRIC  
VEHICLES OF THE FUTURE
Launching a new electric vehicle (EV) on the market presents a multitude of challenges, especially for new OEMs. 
One of the biggest challenges is the development and production of the car body. The FlexBody, designed and 
developed by FEV and Imperia, is a construction kit for low and medium vehicle production volumes that enables 
the OEM to produce, in the shortest possible development time and in line with target costs, a lightweight car body 
construction consisting of a profile-heavy design for its individual target vehicle. 

24
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can be subsequently used to start virtu-
al validation. This method considerably 
shortens the development process com-
pared to traditional series development.

Technology Mix

In addition to traditional manufacturing 
processes that are used for profiles and 
nodes, new manufacturing processes 
such as “industrial origami” and hybrid 
casting have been developed for use in 
the FlexBody. 
Industrial origami is a sheet metal con-
struction method that is used to pro-
duce comparatively complex geometric 

shapes for creating profiles and nodes. 
Following the Asian paper-folding tech-
nique and using lasers for blank cutting 
and the joining processes, structures 
are generated from a mix of folding and 
simple, individual metal sheets based on 
the required geometry and the different 
wall thicknesses. Moreover, high-strength 
to ultra-high strength steel grades are 
used that can only be found in large-scale 
production due to lack of availability. 
Origami configurations in aluminum are 
also possible.

Hybrid casting is an innovative proce-
dure for producing the nodes. The profiles 
made of different materials to be joined 
are cast and then accordingly joined di-
rectly to the highly integrative structural 
cast nodes.

Compared to a self-supporting car body as well as the traditional space frame, FlexBody is impressive due to its very low invest-
ment costs and is particularly attractive for an annual production volume of under 10,000 units.

car body as well as the traditional space 
frame, FlexBody is impressive due to its 
very low investment costs and is particu-
larly attractive for an annual production 
volume of under 10,000 units.

The Principle of FlexBody

A FlexBody car body structure is particular-
ly suitable for the so-called multi-material 
bodies, or car bodies that are developed 
in a multi-material, mixed construction 
approach. It consists of profiles that are 
joined with the help of structural “nodes” 
using a suitable joining procedure.
To quickly find an optimal combination 

of materials and construction methods 
based on the cost/benefit ratio, a com-
prehensive knowledge base regarding 
unit-dependent costs for the individu-
al production technologies is stored in 

FlexBody. Only those production pro-
cesses are taken into account that 

generate low investment costs. 
This is accompanied by an 

analytical preliminary es-
timate of the occurring 

loads, e.g. regarding 
crash performance 

and stiffnesses. This 
means that the initial 

draft of the structure 
possesses a high degree 

of maturity and that it 

For so-called purpose electric vehi-
cles, it is not economically viable  
to produce conventional, self-sup-
porting car bodies made of steel 

or aluminum sheet metal due to the very 
high preliminary investment costs. Also, 
the development process leading up to 
series production is usually time con-
suming, which means a long wait until 
market launch.

FlexBody is a flexibly configurable struc-
tural car body kit that was developed 
by Imperia together with partners from 
research and production. The idea behind 
it is to develop and produce car bodies at 

a technologically high level at an afford-
able price. Compared to a self-supporting 
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 THE FLEXBODY PRODUCTION  
CONCEPT IS COMPLETELY DESIGNED 
FOR LOWER TO MEDIUM PRODUCTION 
QUANTITIES

Aided by an intelligent multi-material construction approach, functional and lightweight construction requirements can be 
met for vehicles produced in low and medium unit numbers.

Drafts
Body Concept

MKPB/FlexBody Modular
Body Concept

Virtual
Validation

Part
Manufacturing

Assembly

Divided into 
profiles 

and nodes

Production processes 
suitable for low pro-

duction volumes

A considerably shorter development process compared to traditional series development 
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Production Concept

The production concept is also completely 
designed for lower to medium production 
quantities. Instead of the conventional 
KTL coating process used in large-scale 
production of the overall car body, tar-
geted component coatings save time and 
money.

Instead of many individual assembly 
groups (ZSBs) each with the necessary 
assembly equipment, the profiles and 
nodes are completely assembled in the 
“singleshot fixture.” A special tolerance 
concept is included in the assembly 
process. Using just the one “singleshot 
fixture” and based on 3-shift operation, 
up to approx. 7,000 car bodies can be 
produced annually. At the same time, this 
production concept is easily scalable by 
operating several fixtures simultaneously 
to increase the production volume.
The components can be joined preferably  
using injection adhesives. This process 
involves injecting the cold- or hot-cur-

ing structural adhesive into dedicated 
spaces between the profiles and nodes 
inserted into one another. The empty 
space between the inserted components 
forms a sort of cavity that absorbs the 
adhesive. Aside from the multi-material 
mix, this process also creates tolerance 
compensation. The singleshot fixture 
ensures the positions of the parts in the 
specified tolerances. Special equipment 
and a constructive knowledge base en-
sure the adhesive seal in the inner and 
outer transition points.

Summary

The FlexBody car body construction kit 
is a new product which covers the whole 
process from development to series 
production of e-vehicle light-weight 
bodies for lower to medium production 
quantities. Special highlights include 
the methods, construction and produc-
tion technologies developed in-house 
that stand out considerably from con-
ventional construction methods.

Written by:
Gregor Müller

mueller@imperia.info

INNOFIX SINGLESHOT
FIXTURE

Assembly of all parts 
in one device

FINISHED BODY STRUCTURE



The “Innofix Singleshot Fixture” allows the complete car body structure to be assembled in one step

In addition to traditional approaches, new manufacturing processes such as “industrial origami” (left) and hybrid casting have 
been developed for use in the FlexBody. The injection of adhesive (right)allows for material mix and tolerance compensation.



28

STRUCTOCAST
02 VEHICLE DEVELOPMENT 

STRUCTOCAST

ALUMINUM MATERIALS: THE MAJOR WINNER IN 
COMPETITIVE LIGHTWEIGHT CONSTRUCTION
STRUCTOCAST: INTEGRATED DEVELOPMENT SERVICES FOR MANUFACTURERS OF 
STRUCTURAL CAST COMPONENTS

The issue of lightweight construction is becoming more important in all areas of the automobile industry. In future 
car body construction, aluminum materials are going to be the major winner in competitive lightweight construc-
tion. According to current studies, the percentage of aluminum materials in car body construction will more than 
triple by 2025 and cover almost 20% of the average body shell weight. In higher-quality SUVs and in the premium 
vehicle class, more than 30% – roughly 100 kg to 130 kg – of the body shell will be made of aluminum. In principle, 
it follows that the smaller and more inexpensive the vehicle class is, the lower the percentage of aluminum in the 
car shell of the future. In very inexpensive vehicles, aluminum will continue to be of little significance. However, in 
sports cars and especially in electric cars (EV), the percentage of aluminum is considerably higher and frequently 
covers up to 100% of the material added value. 
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On the one hand, the folding 
process (especially hoods and 
doors) will soon be used in 
aluminum sheet metal shell 

construction; on the other, highly inte-
grative structural cast components will 
soon dominate in mass-produced vehicles 
where once mostly steel construction 
approaches prevailed. 

Structural Casting Gains 
Ground

The production of structural cast com-
ponents is expected to triple by 2025. 
Structural casting is used increasingly 
in strut supports, as well as in heavily 
integrated node areas of car bodies. This 
development is creating a major challenge 
for the casting industry in meeting the 
heavily rising demand for “crash-suitable,”  

highly complex and 
joinable (welding, 
punch riveting, 
etc.) cast structures. 
Especially ven if the 
powertrain is hea-
vily electrified, Tier1 
suppliers, who have 
thus far been pro-
ducing combustion 
engine components, 
must now expand 
their product port-
folios and areas of 
expertise to be able 
to participate in this 
high-growth market. In addition, OEMs are 
increasingly expected to have more com-
prehensive expertise in order to minimize 
interfaces in the development process and 
to cover new developments from a single 

source. The creation 
of high performance, 
economical structu-
ral cast components 
requires an in-depth 
understanding of 
vehicle function 
development, ma-
terials potential, all 
process parameters 
during the casting 
process, as well as 
the downstream 
production steps. 
Today, the ability to 
understand the very 

complex interdependencies of these dis-
ciplines represents a major challenge.

Structrocast: Competent 
Development Portfolio for 
Tier1 Suppliers and OEMs

The joint venture company “Structocast” 
offers a solution to this by delivering a 
competent development portfolio for 
Tier1 suppliers as well as internal OEM 
casting companies. As needed, its support 
covers the entire process chain seam-
lessly – from the first concept drawings 
and the entire component configuration 
throughout the overall vehicle to casting 
process simulations and the production 
of test-ready prototypes in representative 
prototype processes, i.e. those transfer-
able for serial validation in low-pressure 
casting. Current and future processes and 
developments in all sectors will be ade-
quately represented. 
Structocast is a joint venture between 
several companies that have strong ex-
pertise in complementary industries that 
support structural casting. Companies in-
volved in this joint venture include Imperia 
GmbH (car body concepts and structural 
design), Magma GmbH (casting process 
simulation), Grunewald GmbH & Co. KG 
(prototypes and tool manufacturing) and 
the Gießerei-Institut der RWTH Aachen 
[Foundry Institute at RWTH Aachen]  (met-
allurgical testing and future trends). 
The casting expertise covers all relevant 
aspects of the process for car body design 
and construction. 

 ESPECIALLY IF 
THE POWERTRAIN 
IS INCREASINGLY 
ELECTRIFIED, TIER1 
SUPPLIERS HAVE 
TO EXPAND THEIR 
PRODUCT PORTFO-
LIOS AND THEIR 
EXPERTISE IN 
STRUCTURAL 
CASTING
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Imperia's Areas  
of Competence 

Imperia plays a critical role in concept 
development all the way up to the finished 
functional configuration of the structur-
al casting compo-
nents. Backed by 
a complete under-
standing of the en-
tire car body devel-
opment process, the 
specialist company 
is able to identify the 
perfect application 
areas and require-
ments for structural 
casting and to work 
efficiently with the 
partners specified 
to develop a pow-
erful, lightweight 
structure that is 
casting-friendly. Ef-
ficient development 
always involves the timely consideration 
of process-related restrictions and pro-

duction-end influences on manufactur-
ability and component performance. This 
includes taking into account the unavoid-
able formation of casting inhomogeneities 
as well as process-related influences on 
the material properties that can impact 

fracture elongation 
and resistance in the 
crash and resistance 
simulation. 
Simulating the cast-
ing process as well 
as component func-
tion is becoming 
more important for 
two reasons: First, 
aluminum casting 
is a very complex 
process in which the 
structural properties 
are influenced by a 
multitude of fac-
tors. Secondly, the 
requirements for the 
forecasting quality 

for crash and resistance-related structural 
areas of a car body are increasing. 

Another important area of competence is 
the simulation of mass-produced struc-
tural cast components produced in a vac-
uum-supported pressure casting system. 
To increase efficiency, a technical test 
validation is performed using inexpensive, 
quickly produced sand casting prototypes. 
All this has to be represented in a closed 
numeric process chain in order to meet 
the increasingly shorter development 
cycles. 

Ensuring Decisive Market 
Advantages

In principle, it has been determined that 
development time and effort is concen-
trated in the early development phases. 
At the same time, development and op-
timization loops must be considerably 
reduced in the later course of the project. 
This is the only way to ultimately reduce 
development time and costs sustainably 
and to ensure that excess weight is re-
moved from areas of the structure where it 
is not needed according to the mechanical 
requirements. 

 THE TIME AND 
EFFORT IS CONCEN-
TRATED IN THE EAR-
LY DEVELOPMENT 
PHASES. AT THE 
SAME TIME, DEVEL-
OPMENT AND 
OPTIMIZATION 
LOOPS MUST BE 
CONSIDERABLY 
REDUCED IN THE 
LATER COURSE OF  
A PROJECT

PROTOTYPES & TOOLSMETALLURGY

PRODUCT DEVELOPMENTSIMULATION
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Casting customers can opt for a “one-stop 
shop” solution for the entire configura-
tion of a structural  casting component 
or, instead, selectively, for services from 
the individual Structocast partners. 
Either way, the customer can assume 
that the team has understood the com-
plex requirements of structural casting 
production and will deliver services to 
its decisive market advantage. For all 
developments of this kind, Structocast 
is the perfect partner not only for current 

project business, but also for developing 
new competencies with high-level and 
comprehensive expertise.

Written by:
Christian Kürten

kuerten@imperia.info

MAGMA
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Simultaneous Input

FE-Simulation
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(CAD)
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Customer 
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Design
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and Drawings

Sim. Results o.k.

Transfer
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LOOKING AT E-MOBILITY FROM THE OTHER 
END OF THE SPECTRUM 
SOLAR-CHARGING OF ELECTRIC CARS

The environmental benefits of electric cars have been constantly criticized, whether it’s talk 
of notional charging using CO2-intensive brown-coal power or battery manufacturing which 
consumes a great deal of energy and raw materials. If the battery is charged solely from the 
German public grid, then its benefits over gasoline or diesel vehicles are minimal across 
the life cycle of a vehic- le, taking into account battery manufacturing. However, the picture 
brightens if electric cars can be charged using renewable energies. The following discloses 
how solar power is beco- ming less and less expensive and how higher home consumption will 
improve the profitability of the photovoltaic system and what all this has to do with charging an 
electric car.

SOLAR-CHARgINg
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Annual Power 
Consumption

According to statistics, a one-person 
household in Germany consumes 2,050 
kWh electricity annually. Due to their 
lower range and typical drive profile, 
electric vehicles are more likely to re-
place gasoline-powered cars than diesel 
cars because diesel engines have higher 
annual mileage and are operated for 
longer single trips per day. The average 
mileage for gasoline-powered vehicles 

is 11,000 km per year. In practice, con-
sumption in an average electric car can 
be presumed to be 18 kWh/100 km. Over 
the year, that means 1,980 kWh for one 
electric car, which corresponds roughly 
to a one-person household.

Adjustment of the Electric 
Car’s Charging Capacity to 
the Solar Power Generated

There is a broad range of possible 
technical solutions for charging an 

Average PV price for one watt (peak) in conjunction with installed PV output.

Comparison of the cost trends between household electricity prices and the EEG com-
pensation for PV systems with an installed output of less than 10 kW.

 AN ELECTRIC VEHICLE CONSUMES 
ALMOST AS MUCH POWER ANNUALLY 
AS A ONE-PERSON HOUSEHOLD
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With the introduction of the 
Renewable Energy Law 
(EEG) in Germany in 2000, 
all solar power generated 

was fed into the public grid because the 
compensation was considerably higher 
than the price for household electricity. 
Since 2013, however, the point has been 
reached, for the first time, when it is more 
economic to cover home consumption 
with solar power and only feed excess 
solar power into the public grid (grid 
parity). Now, the higher the price for 
household electricity climbs in the future 

(and solar power continues to drop), the 
higher the cost benefits will be, due to the 
home consumption of the self-produced 
solar power.

Increase in Home 
Consumption Due to 
Stationary Power Stores

In private households, the individual 
load profile of home appliances cannot 
be shifted to a preferred area with more 
sunshine. That is why limited home 
consumption is an issue. However, if, 
in addition to the PV system, a station-

ary power storage system is used, 
self-consumption can be increased 

because now solar power can be 
stored even when the sun is not 

shining.

When the sun is shining 
at its peak, the bat-

tery is initially fully 
charged and 

the excess PV 
power is fed 

into the 
public 

g r i d . 
In the 

evening hours, if the PV 
system’s power declines, the 

necessary household elec-
tricity is drawn from the bat-
tery. If the battery is empty, 
electricity is drawn from the 
public grid.
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electric car with solar power. Energy 
management systems frequently come 
with remote-controlled sockets that 
can easily switch the electric car on or 
off like a home appliance, depending 
on the solar in-feed. This often causes 
error messages in the vehicle and there 
is no option to obtain a flexible charge 
capacity. A better and nevertheless sim-
ple solution consists of a small solar cell 
with an adjustable voltage divider that 
delivers 0–10 V as a direct current input 
signal for a charge box (in cable control 
box = ICCB). The charging capacity can 
be gradually increased or decreased 
by modulating the pulse width in the 
square wave voltage (PWM signal) and 
can therefore easily track solar radia-
tion. Through the charge box with type 
2 output, both vehicles that have a type 
1 as well as a type 2 connection can be 
charged using solar power. There is of-
ten a simple switch next to the wall box 
that can be used to switch between 
charging the vehicle with excess solar 
power and immediate charging.

More precise – but often more expen-
sive – are the home automation systems 
that can, for example, route the ongoing 
solar power generated, the power from 
the grid, or the power in-feed to the bus 
and generate direct current for the char-
ger via an actuator. In addition, there are 
also complete systems that cover the 
entire product range, from the PV mod-

ule and energy storage to inverter and 
the wall box in the garage. Smartphones 
and tablets can often be integrated 
for display and operational purposes. 
Weather forecasts are sometimes in-
corporated and the home energy man-
agement system can also be optimized 
according to certain parameters and, in 
part, on a self-learning basis.

Highly regulated solar in-
feed according to EEG

Since the EEG 2012 was amended, the 
output of a PV system can be reduced 

or even shut off. That’s why it is neces-
sary to procure a shut-down device. For 
small systems, this is unduly expensive. 
If you want to circumvent this, you have 
to limit the in-feed power to 70% of the 
maximum possible output right from 
the start.

While limiting output on east/
west-facing roofs does not present a 
problem because both roof surfaces 
cannot simultaneously yield the same 
high performance, for south-facing 
roofs, it is important to promote high 
home consumption in the afternoon 
using an intelligent control system 
and connectible consumers so that 
the solar revenues above the 70% lim-
it are not lost.

Aside from the technical limitations, 
there are several bureaucratic require-
ments. A PV system must be reported 
to the Federal Network Agency. If you 
want the tax authorities to reimburse 
you for the sales tax and you have 
waived the small business regulation, 
then you are further required to sub-
mit an advance sales tax notification 
monthly. In the process, the power 
consumed in the home is balanced 
and the sales tax recovered. For small 
PV systems, this time and effort is not 
to be underestimated.

Characteristic performance curve of the operation of a typical combined PV-storage 
system over one day.

Typical (not optimized for the grid) performance curve from a PV system with energy 
storage
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Performace curve of PV system with energy storage and operations management 
optimized for the grid

Increase in “Solar 
Guerrilla” Solar Power 
Systems

A new movement called the solar guer-
rilla movement refers to the installation 
of single or numerous solar modules 
with micro-inverters on balconies, for 
example, and feeds the solar power 
backwards into the home grid through 
the outdoor sockets. There are already 
turnkey systems equipped with shock-
proof plugs that can be purchased in 
order to give renters without access to a 
roof, for example, the option of operat-
ing a solar power system with little or no 
installation time or effort. The purchase 
pays off due to a lower electricity bill 
over a period of eight to twelve years. 
Officially, a PV system must be reported 
to the Federal Network Agency and the 
utility company must also be informed. 
So that the old electricity meter does 
not move backward in extreme cases 

(more PV power generated than used in 
the home) and users are not prosecut-
ed, the electricity counter has to be re-
placed by one that has a backstop.

Summary

In addition to selecting suitable cables 
and a wall box that is compatible with 
the electric car, there is an increasing 
demand from customers to generate 
their own electricity for charging the 
electric cars. Selecting suitable compo-
nents (PV module, energy storage sys-
tem, inverter, and intelligent wall box) is 
a very complex process and frequently 
pushes handymen and general contrac-
tors to their limits. The more previous 
knowledge that private or commercial 
customers have, the more the finished 
product will meet their needs and re-
ward them with the satisfaction of pro-
ducing their own power to meet their 
mobility needs.

ENERGY MANAGEMENT SYSTEMS FRE-
QUENTLY COME WITH REMOTE- CON-
TROLLED SOCKETS THAT CAN EASILY 
SWITCH THE ELECTRIC CAR ON OR OFF 
LIKE A HOME APPLIANCE, DEPENDING ON 
THE SOLAR IN-FEED

Written by:
Dr. Jürgen Kölch

juergen.koelch@evafahrzeugtechnik.de

SOLAR-CHARgINg
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EFFICIENT HYBRID TRANSMISSION

FEV'S NEWEST MEMBER OF  
THE PREX TRANSMISSION FAMILY
FULL HYBRID PLANETARY TRANSMISSION WITH ON-DEMAND ACTUATION

Today’s state-of-the-art, automated gear set synthesis for planetary structures showed solutions with which big 
leaps forward in terms of effort vs. degree of functionality in gear set utilization are achieved. Future dedicated 
hybrid powertrains (DHT) require all hybrid functionalities within a compact gearbox structure. FEV has extend-
ed its planetary gear set synthesis by considering two inputs on one planetary gear set, while considering other 
constraints, such as protection for on-demand, actuation-friendly structures. This design philosophy was further 
elaborated by FEV´s well-known ePGS structure for efficient launch with a single E-Motor.  
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By considering total system require-
ments in the very first phase of 
gear set synthesis, new planetary 
structures can be found which can 

significantly reduce all main energy losses 
in a modern automatic transmission (clutch 
losses, actuation losses, creep and launch).
PREX3 is an example of one such solution, 
setting new benchmarks in terms of both 
energy consumption and gear set utilization 
and truly integrating the powertrain electri-
fication with a 48V hybrid or, optionally, an 
HV hybrid solution in the same transmission.

FEV’s Impressive Track 
Record

In 2003, FEV presented the world´s first diesel 
hybrid vehicle. This vehicle already had a highly 
integrated, oil-cooled E-Machine in the trans-
mission and used ePGS as a launch device. 
In the next few years, many hybrid programs 
based on the ePGS-principle followed, and in 
2010, FEV presented a seven-speed, planetary 
hybrid transmission with electromechani-
cal, on-demand actuation. In 2016, the first 
mass production application using ePGS was 
launched in the Chery Arrizo7e PHEV vehicle.

Gear Set Synthesis

Analyses of current, state-of-the-art transmis-
sions show that, for over 80%, today’s losses 
in automatic transmissions come from three 
sources: hydraulic oil supply, drag torque and 
energy loss during creeping. For the develop-
ment of the PREX3 FEV engineers successfully 
addressed all three items.
Development of the conventional planetary 
gear set structure was conducted by abstract-
ing the PGS to a lever diagram and combining 
these levers. This is a largely graphical meth-
od, which requires high levels of expertise and 
abstraction. Good solutions must then be de-
tailed using stick diagrams to show realization 
friendliness in hardware. Newer methods use 
CAE programs, which basically scan through 
the entire theoretical/mathematical solution 
room, thus analyzing billions of solutions. 
This requires smart methods of accepting or 
rejecting solutions, which include the risk that 
the optimal solution was found mathemati-
cally but rejected by the automated analysis. 
These programs are typically designed for one 
input and one output.

FOR OVER 80 %, TODAY’S 
LOSSES IN AUTOMATIC TRANSMIS-
SIONS COME FROM THREE SOURC-
ES: HYDRAULIC OIL SUPPLY, DRAG 
TORQUE AND ENERGY LOSS 
DURING CREEP/LAUNCH. 
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FEV combined these methods using a graphical screening to 
narrow down the solution matrix, which was then followed by 
automated calculation. With the graphical part, further con-
straints, such as considering two inputs or rejecting structures 
which are not realization friendly, were also implemented. FEV 
developed constraints to ensure that the gear set found could 
be actuated on demand – for example, allowing only one clutch 
to be nested in-between the planetary gears. This is visible on 
the stick diagram level, and was converted from the lever dia-
gram level. A first result of this synthesis is FEV PREX 3, which is 
described in more detail in the following pages.

The PREX3 Gear Set

The latest member in FEV’s hybrid transmission family is the 
PREX3, the structure of which was specifically optimized for mild 
hybrid solutions. By using three planetary gears and six shift 
elements – in total, six forward gears for the combustion engine 
and three forward/reverse gears for the E-Motor – a mechanical 
reverse gear and ePGS vehicle launch were realized. By the gear 
set constraints this system could be further optimized. 

In the gear set synthesis phase, constraints were introduced to 
ensure that only one clutch is located between the planetary 
gear sets (CL3). This clutch can be actuated through the center of 
the gear set by a pull actuator. Furthermore, two shift elements 
are never used at the same time AND have a gear in between 
them in which they are free (B1 and B2). This allows a reduction 
in friction elements by replacing the two brakes with one brake, 
combined with a dual-dog clutch. Furthermore, the shift element 
B3 is only used in the 1 and R gears. In these gears, only limited 
coasting capability is required, since a torque converter trans-
mission also never locks up in R and 1st gear coast. Hence, this 

active element can be replaced with a passive, one-way clutch. 
In the rare event where coast is required in first or reverse gear it 
can still be realized using the E-Motor. With an optimized clutch 
arrangement, the number of friction elements can be further 
reduced to only four elements , thus setting a new benchmark in 
planetary gear set structured transmissions.  Coast functionality 
is now limited to E-motor torque, which is more than enough 
in these low gears.

R

1

2

3

4

5

6

E1

E2

E3

Direct shift 
Double direct shift 
Triple direct shift
Direct Mode Change 
Direct AMT shift

Clutch Losses in the PREX3

As indicated earlier, one of the three main energy losses in 
an automatic transmission are drag losses caused by open 
shift elements. Here, the non-optimized PREX3 is on par with 
“normal” planetary structures, which do not allow two power 
sources. Hybridizing those systems means adding at least one 
more shift element. With the optimized clutch arrangement 
as described above, the number of open friction elements is 
drastically reduced to half, compared to today´s state of the art.

On-Demand Actuation

The second main source of energy losses is hydraulic oil supply 
for clutch actuation. PREX only has five connections that need 
to be controlled. Two of those are realized as brakes at the end 
of the gear set, and can thus be actuated with existing electro-
hydraulic or electromechanical systems. Two further elements 
are clutches connecting the input. Here, existing actuation 
technology can also be used. The only remaining clutch in the 
gear set is actuated by a pull lever through the center shaft and 
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an actuation piston in the back of the transmission housing. With this architecture, all 
shift elements can be actuated by a leakage-free, on-demand system. For lube and 
EM cooling, a small centrifugal pump is used which is driven by a BLDC motor and 
can also be controlled on demand.

ePGS as a Launch Device

The last big energy loss in an automatic transmission is the launch device. In the launch 
device, energy is dissipated into heat by the clutch or torque converter during creep 
and launch of the vehicle. Here, PREX3 uses the well-known “FEV ePGS” principle, 
thus eliminating the energy losses in torque converter or launch clutch. During the 
first phase of launch, the E-motor is in generator mode, producing electricity instead 
of dissipating the clutch slip into heat. In the second phase of launch, the generated 
energy is sent back into the system as a boost, thus maintaining a virtual “torque 
converter amplification” all the way up to the synchro point, at which the system 
transitions to conventional parallel mode. With the chosen lever ratio, the energy 
generated in the first phase of launch is slightly higher than the energy needed to 
boost in the second phase of launch, thus resulting in a positive charge balance after 
launching the vehicle.

Relative delta speed of open friction elements per revolution input 

Written by:
Peter Janssen

janssen_p@fev.com
 

Yi Zhang
zhang_yi@fev.com
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ZERO CO2 MOBILITY
INTERNATIONAL FEV CONFERENCE | 9 -10 NOVEMBER 2017

FEV’s new international conference on “Zero CO2 Mobility” offers a highly focused platform for strategic discussion 
on the potential and performance of various zero emission strategies ranging from battery technologies to fuel 
cells and e-fuels.
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Dr. Martin Lange
Federal Environment Agency, Pollution reduction and energy saving in traffic

“Greenhouse gas-neutral transport on the streets - as will be necessary by 2050 at the latest to meet the in-
ternationally agreed climate criteria - is only possible with a significant part of directly used electric power. 
The direct use in electric cars and, for example, in trolley trucks is significantly more energy and cost-efficient 
compared to other climatic alternatives. For the aviation and maritime transport as well as parts of the road 
freight transport, greenhouse gas-neutral e-fuels will still be needed in large quantities in the future.”

Margriet van Schijndel-de Nooij
EARPA Secretary General

 
“For passenger transport and urban goods delivery electric vehicles currently seem the most energy-effi-

cient means to bring sustainable energy to the wheels. Long distance freight transport can be decarbonized 
using energy-efficient vehicles and vessels with combustion engines running on sustainable produced (bio)

fuels. The possibly significant role of hydrogen and power-to-gas or power-to-liquid fuels will depend on 
developments with respect to costs and chain efficiencies, as well as on the future needs for energy storage 
to balance intermittent renewable energy production with the demand in different sectors. Optimizing and 

integrating solutions should be done from a wider system perspective, aiming at a lower total cost of opera-
tion, the use of synergies and avoidance of trade-offs.”

Dr.-Ing. Andreas Wilde 
Head of Powertrain Concepts, Architecture, Concept prototypes, BMW

“Let’s be real: The introduction of pure electric mobility will not be as fast as the introduction of smartphones. 
The life cycles of vehicles are too long and the infrastructure is not sufficiently developed. That is why we need 
efficient powertrain and vehicle offerings in many areas: including the full spectrum, from the electric vehicles 
over plug-in hybrids to the gasoline and diesel engine. I am against a  political directive  for a technical solution.”

Ralf Weber 
Head of Environment and Technology, VW

 
“I believe that there will be several solutions for future CO2 -free mobility. There will be a coexistence of 

battery-powered drives and combustion engines that are operated with CO2-neutral PtX fuels. Until these 
solutions are available, plug-in hybrids and gas-powered vehicles can significantly reduce CO2 emissions in 

traffic.”

Dr. Thomas Hülshorst
Group Vice President Electronics & Electrification

“A broad range of technologies will be used to achieve the required fleet consumption targets. In addition to 
the further optimization of conventional drives, electrification will play a very important role. In the long term, 
pure electric mobility will gain importance with increasing advances in battery technology. In order to achieve 
significant improvements in the short and medium term, a broad use of hybrid powertrains is required, with 
the entire range of low-voltage technologies including 48V systems as well as plug-in hybrids with electrical 
ranges of more than 50km. This electrification trend will also increasingly affect the commercial vehicle sector. 
The solution is an optimal combination of existing and new technologies in order to allow cost-effective, and 
by that attractive and affordable mobility for the end users.”
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IN OUR INTERNATIONAL  

ENGINEERING AND SERVICE CENTERS



43

OCTOBER
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(APAC) and SAE-China Congress & Exhibition 2017  
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Bonn, Germany 

Beijing, China 

Shanghai, China
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12th International MTZ Conference

Istanbul, Turkey

Beijing, China

Aachen, Germany

Augsburg, Germany

02.11.2017
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27.11.-29.11.2017
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16th International Congress and Expo - CTI Symposium - 
Automotive Transmissions, HEV and EV Drives

Marintec China 2017

IMechE – Internal Combustion Engines

Berlin, Germany 

Shanghai, China

London, United Kingdom

04.12.-07.12.2017 

05.12.-08.12.2017

06.12.-07.12.2017

UPCOMING EVENTS

MEET MORE THAN 4,500 FEV EXPERTS  
IN OUR INTERNATIONAL  

ENGINEERING AND SERVICE CENTERS

For more information please visit: fev-events.com

Translations
EVS Translations

IMPRINT

Spectrum
issue 03/2017 (Number: 63)

Editorial
Patrick Gälweiler, 
FEV Europe GmbH

Layout
Michael Heinrichs,  
FEV Europe GmbH
Emrach Achmetoglou, 
FEV Consulting

Has your address changed? Do you know a colleague who would also like to receive future issues of the SPECTRUM? 
Send the name of your company, person’s name, and complete mailing address by email to: spectrum@fev.com

READER SERVICE



CONTACT

FEV Europe GmbH
Neuenhofstraße 181
52078 Aachen
Germany 

Phone +49 241 5689-0
Fax +49 241 5689-119
 
marketing@fev.com

www.fev.com

FEV North America, Inc.
4554 Glenmeade Lane  
Auburn Hills,  
MI 48326-1766 ∙ USA
 
Phone +1 248 373-6000
Fax +1 248 373-8084 

marketing@fev-et.com

FEV India Pvt, Ltd.
Technical Center India
A-21, Talegaon MIDC
Tal Maval District ∙ Pune-
410 507 ∙ India
 
Phone +91 2114 666 - 000
 
fev-india@fev.com

FEV Beijing Vehicle  
Development Center
168 Huada Road,  
Yanjiao High-Tech Zone
065201 Sanhe City  
Langfang Hebei Province ∙
China
 
Phone +86 10 80 84 11 68
fev-china@fev.com


