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EDITORIAL

2

Dear readers,
This issue of SPECTRUM focuses 
on the diverse – and o� en com-
peting – requirements of today’s 
development processes. Whether 
we’re searching for the right com-
promise between acoustic behavior 
and comfort with the powertrain 
mounting, the development of 
modular commercial vehicle engine 
concepts for various markets and 
standards, or safeguarding of gas 
engines: The goal is always to find 
the optimal compromise early in 
the development phase - if possible, 
before the time-intensive and costly 
production of prototypes.

Compromises in drive comfort are 
to be expected with the extensive 
downsizing of gasoline engines. Us-
ing the example of an AMG A45, we’ll 
show you how the strategic use of a 
48 volt turbocharger enables addi-
tional flexibility in the development 
process – without a cost-intensive 
re-development of the powertrain. 

But, FEV makes no compromises 
when it comes to the benchmark 
analysis of vehicles and combustion 

engines or our company standards 
for finding the best solutions for our 
customers. 

The recently-passed RDE legislation 
pursues the goal of a more realisti-
cally emissions standard than pre-
viously. However, its challenge to 
developers when validating their 
technologies is to reliably simulate 
the diverse influential factors of 
real-life street tra� ic. One way to 
integrate all of these parameters into 
an early development stage and to 
reliably cover even the worst-case 
scenario is the FEV-RDE simulation, 
which we will present to you in this 
issue of SPECTRUM. It enables valid 
development decisions in terms of 
pollutant emissions, even early in 
the powertrain design phase.

Come see us at one of the trade 
shows this year, or at our FEV con-
ferences and Tech Days in Germany, 
Europe, Asia and the U.S. We look 
forward to sharing news and views 
with you, and will be happy to assist 
with your needs. 

Dr.-Ing. Dipl.-Wirt.-Ing. Jens 
Ludmann, Chairman of the 
Excecutive Board of FEV GmbH
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01 RESEARCH AND DEVELOPMENT
REAL DRIVING EMISSIONS

FEV BRINGS THE ROAD INTO THE LABORATORY 

REAL DRIVING EMISSIONS

SIMULATION-BASED DEVELOPMENT METHODOLOGY FOR FUTURE RDE LEGISLATION

Increasing development e� orts are anticipated to meet legislation targets, especially concerning the Euro 6d-TEMP 
particle number (PN) and nitrogen oxide (NOX) emission limits for DI gasoline engines under consideration of the 
upcoming real driving emissions (RDE) legislation. Vehicle manufacturers and developers primarily use so-called 
RDE cycles for emission quantification under real driving conditions. These cycles follow real driving situations 
and can o� en be considered representative of these. However, they do not o� er the confidence of representing the 
“maximum” emission case for each vehicle-powertrain combination during the real driving operation. Therefore, 
their use is meaningful, but still insu� icient with respect to a targeted and e� icient emission development. FEV 
has addressed the issue of emission quantification under real driving conditions in the course of its continuous 
enhancement of the development process. The new methodology is capable of deriving the most challenging 
scenario regarding PN or NOX for any given vehicle-powertrain combination – the so called RDE Lead Scenarios.

4
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REAL DRIVING EMISSIONS

In the face of the future tightening of the emission and CO2 

legislation with simultaneously shortened development times 
and a high vehicle type variance, the methodology represents an 
essential building block for a targeted, e� icient development. It 
o� ers a manageable, e� icient procedure for the engineer at an 
early development stage which allows the optimization of the 
technology pack and ensures the compliance with the exhaust 
gas and CO2 emissions limits.

Modeling at an Early stage of 
Development

FEV’s RDE simulation supports development decisions in an 
early stage to ensure compliance with emission legislation limits. 
It is divided in four central segments, namely; (1.) definition of 
powertrain hardware including XCU strategies, (2.) emission mod-

elling, (3.) parametric description of driver behavior and driving 
route and (4.) identification of the vehicle-powertrain-specific 
RDE Lead Scenario. This methodology is already applied at the 
beginning of the powertrain design process, and therefore o� ers 
a new decision making confidence through the quantification 
of vehicle emissions under real driving conditions during the 
development. The emission modelling is based on pollutant 
emission maps. This map-based approach is already known 

from CO2 emission modelling and considered being state of the 
art in this context. New raw emission models and exhaust gas 
a� ertreatment models have been developed and implemented 
to facilitate the transfer of this concept to the highly complex 
pollutant emission modelling.

THE QUANTIFICATION OF VEHICLE EMISSIONS DURING THE 
DEVELOPMENT OFFERS A NEW DECISION MAKING CONFIDENCE

Overview of the four central segments of the FEV RDE Simulation
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Unlimited Parameterization

Real driving conditions have a very high variance compared 
to fixed driving cycles as NEDC or WLTC due to varying driver 
behavior, driving routes and ambient boundary conditions as 
tra� ic and weather. FEV has realized an abstraction of real driving 
conditions with the goal of the controllability of this high variance 
in terms of a time and cost e� icient development. The result 
of this work is a derivation of a concise number of parameters. 
This parameterization is essentially unlimited in its capacity. 
Optionally, it can be limited to RDE legislation, but it can also 
represent completely free driving situations.

During the identification of the vehicle-powertrain-specific 
RDE Lead Scenario, the parametric description of real driving 
situations allows the derivation of a multidimensional simula-
tion space using DoE consisting of parametric combinations of 
driving scenarios and driving behavior (order of magnitude 1,000 
scenarios) which covers all emission relevant driving situations 
which can occur in real operation. 

REAL DRIVING EMISSIONS

FOR UNFAVORABLE COMBINATIONS, PN EMISSIONS ARE 
 INCREASED BY A FACTOR OF 5 TO 10 COMPARED TO KNOWN 
CYCLES SUCH AS NEDC OR WLTC

Parametrization has been derived for:

  Speed limitation

  Route profile

  Stopping times and intervals

   Individual driver behavior (acceleration and deceleration 
behavior)

  Driver tolerance with regards to exceeding or falling below the 
speed limit

  Driver behavior at constant speed (so-called ‘wobbling’)

  Tra� ic (vehicle-vehicle interaction as following and congestion)

  Wind and ambient temperature

  Slope profiles

FEV RDE Simulation Put into Practice 

FEV has used the described and validated development meth-
odology during the development of a modern, turbocharged 
gasoline engine with direct injection that is used in a C segment 
vehicle. 

A practical example shows the complexity and variety of an RDE 
test cycle and underlines the need for parameters which repre-
sent reality as good as possible. “The four parameters ‘vehicle 
speed’, ‘individual driver behavior’, ‘ambient temperature’ and 
‘average distance between two stops’ selected from a total of 
more than 10 parameters already have a significant influence on 
the PN emission in an RDE scenario,” explained Dr.-Ing Henning 
Baumgarten, Vice President Gasoline Engines. “For unfavorable 
combinations, PN emissions are increased by a factor of 5 to 10 
compared to known cycles such as NEDC or WLTC.”

Correlation between selected scenario characteristics (DoE 
parameters) and PN emission: Average Vehicle Speed, 
Individual Driver Behavior, Ambient Temperature and 

Average Distance Between Two Stops
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REAL DRIVING EMISSIONS

Targeted Optimization

Appropriate measures regarding injection system and engine 
control strategies can reduce the PN emissions in the most 
challenging scenario in this case by 91 %. 

“In this specific case, a late end of the last injection at engine 
start in the base configuration lead to a spontaneous run-up 
of the engine, but also to piston and wall wetting and a low 
mixture homogenization with local rich zones in the combus-
tion chamber with corresponding high particulate formation”, 
explained Dr.-Ing. Matthias Thewes, Manager Thermodynamics 
Gasoline Engines. 

The mixture could be prepared in a much more homogeneous 
way by using a new distribution for the injection quantities and 
optimizing the individual injection times. The PN emission are 
reduced considerably. The emission results however show that 
the calibration measure in itself is insu� icient to comply with 
the Not-To-Exceed Limit (Assumption: Euro 6d TEMP with CF = 
2.1). In this example, a new layout of the injection system was 
examined as an additional measure. The combination of an 
optimized injection strategy with an enhanced injection system 
improved the mixture preparation and reduced the piston and 
wall wetting with fuel dramatically.

Great Potential

The Euro 6d-TEMP particulate limit is met without the use of a 
GPF. This is ensured by the use of the parameter combination 
with maximized PN emissions. However, since the PN result in 
the determined RDE Lead Scenario is in the range of the limit, a 
design protection for a GPF is recommended. The mirroring of 
ECU dataset adaptations, component selection and decisions 
on exhaust gas a� ertreatment technologies with the help of 
the RDE Lead Scenario therefore o� ers the combination of 
confidence in the design during an early stage of development 
and a strong limitation of the variation space.

Quantification of the influence of an optimized injec-
tion strategy on PN emissions

Influence of a new injection system with optimized 
injection strategy on PN emissions

Written by
Dr. Johannes Scharf

scharf@fev.com
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01 RESEARCH AND DEVELOPMENT
BENCHMARKING

THE ULTIMATE ANALYSIS

BENCHMARKING

FEV BENCHMARKING EXPERTISE FOR VEHICLES 
AND COMBUSTION ENGINES 

The analysis of competitor vehicles is part of the new vehicle development process for all vehicle manufacturers; it 
provides valuable data to classify one’s own product against the competition. Benchmarking can provide further 
insight regarding the design criteria used by competitors in the development of their own vehicles. FEV is a long-
term automotive industry partner regarding the benchmarking of vehicles and combustion engines. 

8
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BENCHMARKING

Over the last 25 years, standardized pro-
cesses have been developed for the meas-
urement of various assessment criteria for 
both complete vehicles and individual 
components, allowing FEV to compare 
client products to those of the competitors 
under the same boundary conditions and 
to classify them with regard to a wide 
range of assessment criteria. For example, 
standards for measuring a fuel consump-
tion map for an engine on the test bench 

can be precisely defined and scatterbands 
can be developed for assessment.

Individual Analyses

The measurement technology equipment 
of vehicles and components is very di� er-
ent in the various disciplines and adapted 
to the requirements of the particular pro-
ject. This ranges from the simple meas-
urement of relevant temperatures and 
pressures to complex energy manage-
ment analyses in complete vehicles. This 
analysis includes, for example, complete 
cylinder pressure indication, torque and 
speed measurement at the transmission 
inlet and outlet, detection of mass flows 
of all relevant media, and the electrical 
energy flows in the electrical system.

OUR CURRENT BENCHMARK ANALYSIS OF AN AUDI A4 2.0 TFSI 
ULTRA WITH THE NEW MILLER CYCLE COMBUSTION PROCESS 
CAN CURRENTLY BE OFFERED, DUE TO THE APPLIED SYNERGY 
EFFECTS, WELL BELOW THE CURRENT MARKET PRICE  

Evaluation with the Help of 
Scatterbands

At FEV, scatterbands are used in the 
evaluation of vehicles and engines in 
all areas of benchmarking.  This ranges 
from the simple assessment of fuel con-
sumption as a function of vehicle mass in 
both certification and real driving cycles 
through friction scatterbands for individ-
ual components such as the valve train 

or oil pump.  Also design parameters of 
components which have been measured 
in the parts analysis can be classified with 
respect to the competition. These are, for 
example, bearing diameter or the stroke 
/ bore ratio.  

Synergy and Cost-E� icient 
Collaborations

At FEV GmbH, benchmark testing can be 
carried out either as specific projects for 
individual clients or summarized in the 
form of programs that involve several cli-
ents, in order to reduce cost and share the 
collected measurement data. “Therefore, 
it is o� en possible to buy individual meas-
urement data from completed benchmark 

testing or to participate in ongoing testing 
in order to keep the costs reasonable 
for all involved parties,” explains Peter 
Schmitt, Project Manager Benchmarking 
at FEV. “One example of this is our most 
recent benchmark analysis of an Audi A4 
2.0 TFSI Ultra with the new Miller cycle 
combustion process.”

Written by
Andreas Balazs

balazs@fev.com

Overview of available vehicle/
engine data

  BMW X1 28i: 2.0l 4-cyl. N20B20, 
8-speed Automatic Transmission 

  BMW Mini Cooper: 3-cyl. B38, 
6-speed Manual Transmission

  Mercedes E250: 2.0l 4-cyl. M274, 
7-speed Automatic Transmission

   Audi A4 TFSI Ultra: 2.0l 4-cyl. EA 888 
Gen 3B, 6-speed Manual Transmission

  Ford Fiesta: 1.0l 3-cyl. Ecoboost, 
5-speed Manual Transmission 

  Toyota Aygo: 1.0l 3-cyl. 1KR-FE ESTEC, 
5-speed Manual Transmission 

  Tesla S85: 85 kWh-Battery, 285 kW 
motor power

FEV’s Benchmarking Methodology 
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48 VOLT E-CHARGING

FAREWELL TURBO LAG

48 VOLT E-CHARGING

FEV EXPERTS DISCUSS INCREASED DRIVING THRILLS AND LOWER EMISSIONS 
THANKS TO 48 VOLT E-CHARGING

Vehicle electrification is an essential element in meeting future legislation regarding gasoline and Diesel engine 
pollutant and CO2 emissions. In this context, 48 volt architectures show particular potential since – in contrast to 
complex, full-hybrid systems with combinations of electric and conventional combustion engines – they do not involve 
the complete redevelopment of the entire powertrain. A particularly interesting piece of technology within a 48 volt 
electric system is an electrically driven compressor (E-Charger). FEV has used the AMG A45 to demonstrate what a 
series-compatible solution might look by advantageously integrating an additional 48 volt E-Charger into the A45. 
SPECTRUM sat down with FEV experts to discuss the project and the diverse potential that lies in the electrification.

10

01 RESEARCH AND DEVELOPMENT
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48 VOLT E-CHARGING

Dr. Thewes, as the Manager for Thermodynamics, 
you played a decisive role in the project. Why did you 
choose the A45 AMG as the demonstration vehicle? 

Thewes: The AMG A45 is a vehicle that compellingly shows 
the successes that can be achieved through uncompromised 
downsizing. The specific power output of 140 kW/l remains 
unmatched in this segment. At the same time, we are seeing 
a clear development trend toward even higher specific power 
outputs approaching 200 kW/l. To date, such a turbocharged 
engine has represented a compromise: the turbo lag of the 
engine is relatively pronounced. For everyday use – particularly 
when operated in a sporty driving style – this is not a significant 
factor and is e�ectively compensated for, thanks to an excellent 
transmission concept. However, we see considerable potential to 
comprehensively counteract this disadvantage through engine 
optimization and to further improve driving dynamics.

Could you briefly explain the basic principle of 48 
volt E-Charging? 

Thewes: When integrating a 48 volt E-Charger, an additional 
electrically-operated charger is integrated on the fresh air side. 
Due to the knocking tendency of the gasoline engine, integration 
in front of the intercooler is the preferred method. Although the 
E-Charger itself can be installed in front of or behind the exhaust 
turbocharger, the position chosen here is more favorable from 
a thermodynamic point of view for the design of the exhaust 
turbocharger compressor. The E-Charger supports the existing 

turbocharger for spontaneous load requirements. As soon as 
the desired load requirement is set through the turbocharger 
or when the E-Charger cannot provide an additional positive 
pressure ratio to achieve the load requirement – for instance, 
with high rpm – the E-Charger is circumvented through a bypass 
valve in order to minimize pressure loss.  

What are the advantages realized at the AMG A45?

Thewes: The additional electrically-operated assembly supports 
the twin-scroll turbocharger optimized for maximum perfor-
mance at low rpm and highly dynamic load-cycle changes. As 
a result, the maximum torque of 450 Nm is already available 
at 1,600 rpm, 650 rpm earlier than in the production version. 
In this way, the elasticity and the responsiveness increase and 
the number of gear changes can be minimized. For instance, 
the acceleration from 80 to 120 km/h improves – depending 
on the selected gear – by up to 54 percent.

Could these advantages not be achieved through 
a bi-turbo engine, two-stage charging, or variable  
turbine geometry?  

Thewes: All those technologies are based on exhaust tur-
bochargers and are, therefore, still dependent on available 
exhaust energy. The turbine power, which is converted into 
charge pressure via the sha� and the compressor, consists 
of exhaust mass flow and temperature. Both are o�en not  
su�iciently available at the low load operating points from which 
one accelerates. Here, electric or mechanical chargers have a 
clear advantage. FEV will be making some innovative proposals 
in the future for two-stage charging, as well. The important thing 
is that good solutions are found to securely and holistically 
comply with the world’s most stringent emission thresholds, 
despite the increase in the number of exhaust turbochargers 
and the consequent increase in thermal inertia in the exhaust 
system upstream of the catalyst. This is a clear advantage for a 
solution with an E-Charger.

IN THE AMG A45, THE ACCELERATION FROM 80 TO 120 KM/H 
IMPROVES – DEPENDING ON THE SELECTED GEAR – BY UP TO 54 
PERCENT

Dr. Thomas Hülshorst,  
Vice President  

Electronics  and Electrification 
FEV GmbH

Thomas Körfer 
Group Vice President  

Light-Duty Diesel 
FEV Group Holding GmbH

Dr. Matthias Thewes 
Manager Thermodynamics 

Gasoline Engines  
FEV GmbH
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Mr. Körfer, electric charging – as well as the use of 
a turbocharger – are topics that don’t only apply to 
gasoline engines. What is your experience with 48 
volt chargers in Diesel powertrains?

Körfer: We have already carried out partial electrification of the 
powertrain with the help of a 48 volt E-Charger in various appli-
cations and intensively examined and assessed the additional 
potential and expanded degrees of freedom. The improvements 
that can be achieved strongly depend on the existing underlying 
application. Ultimately, a unique compromise can be reached 
between reduced CO2 and pollutant emissions, on the one hand, 
and increased driving dynamics and performance behavior, on 
the other hand, for all the applications. The optimizations range 
from about 15% for the reduction of CO2 emissions to about 30% 
for the increase in driving performance, both with adequate 
powertrain adjustments. The “increase in comfort” factor also 
describes another important parameter, certainly in the luxury 
vehicle category. 48 volt technologies o� er further potential 
especially in combination with modern automatic transmis-
sions. Thanks to a significantly increased low-end torque and 
the resulting improvements in engine response, downspeeding 
can be realized by use of a wide gear ratio. This improves fuel 
consumption and driving pleasure – especially under real life 
driving conditions. To this end, the FEV Group has developed a 
new and innovative DCT transmission family which combines 
high robustness and ride comfort with extremely good trans-
mission e� iciency, thus enabling very attractive configuration 
of the whole system.

To what extent do the possibilities that apply to Diesel 
engines di� er from those that apply to gasoline engines? 

Körfer: The application for the gasoline engine is mainly geared 
toward supporting the fundamental downsizing trend and 
enables the improvement of driving performance in di� erent 
vehicle classes under the premise of minimized CO2 values. 
The advantage of a 48 volt E-Charger for the diesel engine is 

its wide range of applications with positive e� ects on various 
requirement characteristics. Based on our impression of the 
recently-formulated RDE requirements, we initially expect the 
usage to be mainly for emission reduction, combined with 
moderate consumption improvements in the certification cy-
cles. The new, highly-dynamic operating conditions require 
adequate air management by the engine in order to achieve 
harmonized engine emission behavior and enable optimized 
conversion rates of the DeNOX catalysts. In this context, the 48 
volt E-Charger, combined with innovative model- and rule-based 
function algorithms, o� ers a very strong potential.

What are the main di� erences of the integration of a 
48 volt charger in a gasoline or a Diesel engine?   

Körfer: For the integration of a 48 volt E-Charger in a modern 
Diesel engine, the first di� erence would surely be the diesel 
engine’s complex air system with high- and low-pressure EGR. 
This leads to increased demands for control quality as well as 
for the related complex modeling of the cylinder filling model. 
In addition, the component loading is increased due to the 
recirculated exhaust gas, which contains a high proportion of 
water and corrosive particles that inevitably lead to a significantly 
increased material stress. There is still a lot of work to be done 
in order to achieve a robust, production-capable application 
that makes optimal use of its versatile potential.

Dr. Hülshorst, as FEV Vice President for Electronics & 
Electrification, could you briefly outline possible sce-
narios for the E-integration of a 48 volt E-Charger?

Hülshorst: Generally speaking, in addition to the coexistence 
of 12 volt and 48 volt subnets, a conversion of the entire vehicle 

electrical system to 48 volts is conceivable. Suppliers now o� er 
a wide range of 48 volt auxiliary equipment. From our point of 
view, however, the realistic solution is two parallel wiring sys-
tems. The high current load, such as air conditioning, heated 
catalysts, or steering and stability control, are operated with 
the powertrain in the 48 volt subnet. Given that higher voltage 
is synonymous with decreased current, it is possible to lay out 
wire gauges, electric motors, transistors, and circuit breakers 
more e� iciently or to make them smaller, which saves space 
and weight.

FOR DIESEL ENGINES, THE OPTIMIZATIONS RANGE FROM 
ABOUT 15% FOR THE REDUCTION OF CO2 EMISSIONS TO 
ABOUT 30% FOR THE INCREASE IN DRIVING PERFORMANCE

FEV HECS (High E� iciency Combustion System) Diesel engine 
with E-Charger 

48 VOLT E-CHARGING
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In contrast, simple, low power and especially established com-
ponents continue to be operated with 12 volts. Here, the 12 volt 
network is fed by a DC-DC converter, which provides the 12 volt 
lead battery with energy.

Other than flagship projects such as the AMG 
A45, which is anything but a conventional 
vehicle, where do you see the future poten-
tial of electric charging?

Thewes: In the case of gasoline engines, the 
use of an additional 48 volt E-Charger promises 
– especially for luxury vehicles, which are increas-
ingly equipped with four or six-cylinder engines – 
increased ride comfort. The compromises that 
result from the downsizing and – similar to our AMG 
example – must be compensated by the transmission 
concept, negatively impact ride comfort and background noise. 
An additional boost with the 48 volt E-Charger can help in this 
case, which is an important aspect for premium class vehicle 
buyers. Furthermore, the E-Charger can be used in concepts 
with specific powers lower than 140 kW/l to implement, for 
example, comprehensive Miller cycle processes in combination 
with externally-cooled EGR to achieve very fuel-e� icient gasoline 
engine concepts. We have already discussed this option for 
three-cylinder gasoline engines; for smaller engines, a 12 volt 
E-Charger may even be su� icient.

Körfer: For Diesel engines as well, we currently see the main 
introduction starting at the upper middle class, meaning the 
D/E segment. The primary reason is the overall cost situation. In 
addition, there will probably be a few applications in the heavy 
C segment, meaning SUVs and MPVs. While in the case of the 
latter applications, the emission-related aspects are supported, 
the performance and comfort attributes also play a greater role 
in premium applications.

Hülshorst: In addition to electrified turbochargers, the layout 
of future vehicle electrical power network structures will be 
defined by future legislative provisions and consumer comfort 
expectations. These include, for instance, expanded start-stop, 
a sail function, safety-related assistance systems, pedestrian 
protection, or a defrosting front windshield. These features will 
require increasing electrification which, in turn, increases the 

IN ADDITION TO ELECTRIFIED TURBOCHARGERS, THE LAYOUT 
OF FUTURE VEHICLE ELECTRICAL POWER NETWORK 
STRUCTURES WILL BE DEFINED BY FUTURE LEGISLATIVE 
PROVISIONS AND CONSUMER COMFORT EXPECTATIONS

electrical need of the electrical network, since many functions 
must be maintained during motor idling, such as the electric 
steering, the electric brake system, air conditioning, or the 
vehicle distance radar. In short, dual on-board power networks 
will become standard in the upper and middle vehicle classes. 
The electrically-supported turbocharger will then just be one of 
several components to be powered by the high-voltage network, 
and, therefore, will not represent a special requirement for the 
future electrical system. Beyond that, a sensible final develop-
ment stage is the targeted recuperation of energy. 
In our experience, when using technologies such as belt-driven 
starter generators, we can aim for up to ¼ of driving performance 
in sailing mode — and accordingly achieve better fuel-e� iciency.

FEV integrated a 48 volt 
E-Charger from BorgWarner 

in a Mercedes A45 AMG

48 VOLT E-CHARGING
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01 RESEARCH AND DEVELOPMENT
DIESEL ENGINES

REALISTIC MODELING

DIESEL ENGINES

INFLUENCES AND REQUIREMENTS FOR MONITORING OF DIESEL 
PARTICULATE FILTERS WITHOUT PARTICLE SENSORS

On-Board Diagnosis (OBD) is tasked with detecting and reporting increased pollutant emissions 
caused by defective parts in the interest of a clean environment. This also applies to Diesel 
Particle Filters (DPF). Today, the primary information used for soot load control is DPF backpres-
sure data. OBD also uses this information to monitor the condition of the DPF by analyzing the 
deviation between the current value and a model value. However, constant tightening of the 
legislative limits requires improved selectivity of the diagnoses, so that false failure detection 
can be excluded under all foreseeable conditions. Therefore, it’s important to examine whether 
the backpressure strategy can still be robustly implemented in light of the upcoming, much 
stricter OBD particle limits. 

14
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DIESEL ENGINES

The goal, here, is to avoid an additional particle sensor, since 
this would involve additional costs and, therefore, be unat-
tractive option. FEV has studied this issue over an extensive 
series of measurements and sees continued potential for the 
backpressure strategy, provided that a few boundary conditions 
can be fulfilled. 

Modeled Comparison Value 

“Assuming that an error has to be detected when emissions 
exceed 12 mg/km in the test cycle, this means that, for raw par-
ticulate emissions of 40 mg/km, a reduction in e� iciency under 
70% has to be detected,” explains Markus Netterscheid, devel-
opment engineer at FEV. Experts have calculated this modeled 
comparison value on the basis of characteristic DPF features, 
including mass flow, pressure, and temperature, for various 
volume flows. Since all of the involved sensors and models are 
not perfect in reality, real measurements may deviate from the 
correct values. In unfavorable combinations, these deviations 
may trigger a false failure detection.

AS A RESULT OF AN EXTENSIVE SERIES OF MEASUREMENTS 
FEV SEES CONTINUED POTENTIAL FOR THE BACKPRESSURE 
STRATEGY, TO ASSURE ROBUST MONITORING OF THE DPF 
WITHOUT AN ADDITIONAL PARTICLE SENSOR

Written by
Dr. Holger Pieta
pieta@fev.com

Robust Diagnosis

Monte Carlo methods enable to determine the influence of these 
deviations on the diagnosis. To this end, FEV has developed 
an evaluation process that uses a simplified diagnostic model 
on real vehicle data or generated data that has been assigned 
random deviations. This process takes into account tolerances 
in backpressure, ambient pressure, mass flow, temperature, 
and shortcomings of the model. The necessary robustness is 
defined through the di� erence between the average and the 
error threshold, which can be expressed in standard deviations 
(σ). The di� erence necessary for a robust diagnosis results from 
the requirements and the boundary conditions of the diagnosis. 
Here, a false failure rate of one misdetection per 10,000 vehicles 
is acceptable.

The results of the study are promising, indicating that robust 
monitoring of the DPF is possible without additional particle 
sensors, provided the tolerances are with the defined limits. In 
this context, it is important that the defined driving conditions 
be su� iciently frequent.

Distribution of the simulated diagnosis results

Deviation limits for a robust diagnosis
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01 RESEARCH AND DEVELOPMENT
NOISE-VIBRATION-HARSHNESS

STEP BY STEP TO THE RIGHT POWERTRAIN 
MOUNTING SYSTEM

NOISE-VIBRATION-HARSHNESS

FEV DEVELOPMENT PROCESS FOR NVH-RELATED POWERTRAIN MOUNT DESIGN

Passenger car powertrain mounts must meet many requirements and, therefore, always represent a compromise 
between various objectives such as durability, drivability, package, weight, costs, and the desired vibro-acoustic 
behavior. Particularly in light of current development trends such as downsizing and cylinder deactivation, the 
mount design is a challenging task. The boundary conditions for mount design are also becoming increasingly 
complex due to the growing space requirements for the installation of alternative drive concepts. On the one hand, 
the small installation space requirements and the desire for agile handling require a sti�  mount concept. On the 
other hand, so�  powertrain mounts with low damping are necessary in order to achieve high vibration isolation. 
In this context, a well-designed development process and smart development tools are absolutely indispensable. 

16
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NOISE-VIBRATION-HARSHNESS

THE POWERTRAIN MOUNT DEVELOPMENT PROCESS AT FEV

Development Process

The definition phase represents the first 
phase of a NVH-related development 
process for the powertrain mount. Here, 
target values are defined and technical 
specifications are set based on global 
vehicle parameters. FEV’s comprehen-

sive data base which contains the results 
of many diverse benchmark tests is the 
basis for this process. These global target 
values are then broken down into com-
ponent-specific target values, from which 
the individual desired mount parameters 
can be derived.

Simulation and Early 
Prototype Parts

The second step is the conceptual de-
sign of the mount system. To support the 
design, FEV provides various simulation 
development tools that, among others, 
include the use of the “Powertrain Mount 
Designer” – an interactive tool for concept 

AS A DEVELOPMENT SERVICE PROVIDER, FEV PROVIDES 
SUPPORT DURING EVERY DEVELOPMENT STAGE WITH ITS OWN  
SOFTWARE TOOLS, TESTS, AND BENCHMARK DATA BASES

design. This tool provides immediate in-
formation on the influence of modified 
mount parameters, such as position or 
sti� ness. In doing so, the “Powertrain 
Mount Designer” covers various stand-
ard analyses, including kinetic energy 
distribution, mode distribution and sep-
aration, and interior vehicle noise. This 

enables rapid determination of many 
mount characteristics, which are used as 
the basis for the manufacturing of initial 
prototype parts by the mount manufac-
turer. The progressive detailing of the 
mount concept results in refined mul-
ti-body simulation models that are then 
used in the “FEV Virtual Engine” so� ware. 
This is usually an important element of 
the prototype phase, during which the 
definition of the final specifications takes 
place. The highest simulation precision is 
required here.

From Validation to Series 
Manufacturing

The last step is the validation of the 
prototype parts with regard to drivabil-
ity, package requirements, and acoustic 
behavior. This validation is done on a 
vehicle on a 4-post installation or on a 

rough road circuit, for instance. Series 
manufacturing is prepared through the 
switch from the one-caliber tool to the 
multi-caliber series tool.
The overall activity shows the necessity of 
a comprehensive collaboration between 
the OEM and the mount manufacturer. As 
a development service provider for the 
automotive industry, FEV provides support 
for every development stage with a variety 
of so� ware tools, tests, and benchmark 
data bases.

Written by
Dr. Christoph Ste� ens

ste� ens@fev.com

Dipl.-Ing. Johan Van Keymeulen
keymeulen@fev.com
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01 RESEARCH AND DEVELOPMENT
PREDICTIVE DRIVING

ANTICIPATED DRIVING 2.0

PREDICTIVE DRIVING

DENSO AND FEV DEVELOP A PREDICTIVE OPERATING STRATEGY

Many of today’s powertrain improvements target to improve the vehicle’s operation strategy in terms of drivability, 
fuel consumption, emissions and NVH. These strategies are o� en rule-based and non-predictive using only current 
locally available parameters for situation interpretation and vehicle operation controls. These parameters include 
current driver’s request, vehicle velocity, battery state of charge, etc. So far, computation does not consider informa-
tion about future road profile, tra� ic and infrastructure as well as future driver’s request to optimally control vehicle 
operations. This implies that pre-defined driving cycles are used to calibrate a set of operation rules by which the 
vehicle and powertrain is controlled. As a result, the vehicle controllers are in optimal state only, when the driving 
profile is very similar to the pre-defined driving cycles. An “electronic horizon” can be setup to predict the state of 
the vehicle for a specific future time span. Adapting the controllers based on predictive parameters enables vehicle 
operation in a quasi-global optimized status.

18
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PREDICTIVE DRIVING

DENSO and FEV are currently developing a predictive operating 
strategy including an electronic horizon that not only achieves 
additional fuel consumption savings in the real driving scenarios, 
but also increases the drivability of the vehicle. The strategy 
is based on using a-priori knowledge of the road ahead from 
vehicle’s navigation system in combination with data about 
provided street topography and tra�ic information, speed limits 
and tra�ic lights status by car-2-x technology. Utilizing this data, 
an optimized operating strategy for the powertrain as well as for 
the HVAC system is determined for a predicted period of time.

Predictive Hybrid Operation Strategy

“With the prediction of upcoming driving scenarios, the suitable 
parameters are pre-selected and applied to the hybrid control-
lers”, explained Max Nakagawa, President and CTO at Denso 
International Europe. “The target is to achieve quasi-global 
optima within the predicted horizon.” To investigate the improve-
ment in drivability and fuel consumption through predictive 
operating strategies, a 3D vehicle simulation environment with 
real-world driving situations and tra�ic scenarios was setup for 
multiple test cases. 

Predictive Cabin Thermal Management

Especially less powerful vehicles are prone to a deterioration 
of both drivability and fuel consumption caused by the energy 
consumption of the Air Conditioning (AC). This e�ect is even 
stronger in particularly demanding driving cycles or extreme hot 
weather conditions. Using an advanced and predictive thermal 
management system in combination with a thermal storage 
device enables to optimally schedule the additional load from 
the AC compressor. This reduces the fuel consumption while 
the cabin temperature is kept within the comfortable zone. 

Result and Outlook

According to simulation results, the predictive hybrid operational 
strategy and predictive HCAV not only decrease fuel consumption 
and CO2 emission, but also improve drivability of the vehicle. 
Since these predictive strategies are based on already existing 
vehicle and hardware, applying them will reduce the fuel con-
sumption and improve drivability of the vehicle with nearly 
zero additional cost. Therefore, these strategies are promising 
candidates for implementation in future advanced powertrains.

To exploit all the potentials of predictive strategies, DENSO and 
FEV will continue the development and setup demonstrator 
vehicles for road testing

Ichiro Yamauchi
Director  
DENSO AUTOMOTIVE Deutschland

Kenzo Yano
Head of EU Engineering
DENSO INTERNATIONAL EUROPE

Masato (Max) Nakagawa
President and CTO  
DENSO INTERNATIONAL EUROPE

Simulation  
environment for 
predictive strategy

Three questions to  
Masato (Max) Nakagawa,  
President and CTO at 
DENSO INTERNATIONAL EUROPE

What is DENSO’s strategy and 
vision for the EU market? 

DENSO is a leading supplier of ad-
vanced automotive technology, systems and components  for 
major automakers in Europe. The predictive operating strategy 
will improve the values of our products at any challenging areas.

What is City-e’s role and why is it key to implement 
predictive strategies?

DENSO has advocated a new concept of City-e (Connected 
Intelligence for Mobility and Society in Europe) with FEV since 
2013. It is very important to show new concepts and discuss 
them with European parties in order to address social issues 
such as CO2 reduction of road transportation in the real driving 
circumstances etc.

Why did DENSO choose FEV and FEV Consulting as 
partners?

FEV and FEV Consulting are professional automotive R&D partners 
of the automotive industry. FEV can provide turn-key solution 
from the trend analysis to evaluation and verification with actual 
vehicles. DENSO and FEV have monthly steering meetings, and 
specific technical meetings are held in a timely manner. DENSO 
is confident that we can work with FEV to develop ideas shaping 
our future society. 

Contact
Patrick Will

will@fev.com

Written by:

Spectrum_58_EN.indd   19 08.04.2016   16:38:35



20

COMMERCIAL VEHICLE

COMMERCIAL VEHICLE ENGINES: 
READY FOR 2020
VEHICLE AND ENGINE OPTIMIZATIONS FOR FUTURE COMMERCIAL VEHICLES

Emissions legislation, CO2 thresholds for the reduction of fuel consumption, reduced operating costs, and modular 
engine families for di� erent markets and applications – these are the four most important factors influencing the 
continuous development of commercial vehicle concepts and engines. While the emissions thresholds are likely 
to be tightened only marginally in the future, CO2 reduction is increasingly becoming the focus of regulation and 
development.

20

01 RESEARCH AND DEVELOPMENT
COMMERCIAL VEHICLE 
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Various Approaches 

In Europe, a CO2 reduction of approximately 20% is currently being discussed for the year 2020, compared to model year 2012. In the US, 
where CO2 legislation has already been introduced, there is discussion about a further reduction of CO2 emissions ranging between 9% and 
23% compared to the model year 2010. All of the measures for complying with these thresholds must also realize the goal of minimizing 
operating costs. Studies and practical development projects at FEV have shown that, through vehicle optimization – including drive 
e� iciency, hybridization, vehicle-to-vehicle communication, and predictive drivetrain control – fuel consumption can be reduced by 
up to 15%. Depending on the starting situation, through various engine measures, fuel consumption can be further reduced by up to 
11%. These measures include, for instance, downspeeding, reduction of engine friction, waste heat recovery, increased peak cylinder 
pressure, and injection pressure. Improvements in the engine and a� ertreatment control concepts, as well as the use of new catalyst 
materials, can also have a positive impact on fuel consumption. 

Targeted Interaction

In the future, among other things, the electrification of the drive train will be implemented more intensively in commercial vehicles 
as well,” states Dr. Martin Müther, Director Engine and Vehicle Application
Commercial Engines. “The interaction of all these measures in every single development step must also be taken into account. 
For instance, the integration of a waste heat recovery system can have a considerable influence on the e� iciency of the exhaust 
a� ertreatment.”

Engine measures to reach emission and fuel consumption legislation

COMMERCIAL VEHICLE

Written by
Olaf Brüning

bruening@fev.com

Christoph Lau
lau@fev.com

 
Dr. Vinod Karthik Rajamani

rajamani@fev.com
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01 RESEARCH AND DEVELOPMENT
NATURAL GAS ENGINES 

COMMERCIAL VEHICLES ARE STEPPING 
ON THE GAS 

NATURAL GAS ENGINES 

SAFEGUARDING THE RELIABILITY OF NATURAL GAS ENGINES FOR COMMERCIAL VEHICLES

Vehicles running on natural gas are also becoming increasingly attractive in the commer-cial vehicle sector. This 
is due to the high availability of the primary energy source, its suitability for the SI combustion process, and the 
favorable H/C ratio with regard to CO2 emissions. For years, FEV has been working on the development of gas en-
gines for commercial vehicles and industrial applications, covering the entire spectrum of the development process 
for various emission scenarios. In doing so, particular attention has been given to validating the reliability of the 
engines. FEV has established processes and internally developed tools for this purpose.

22
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NATURAL GAS ENGINES 

Complex Development 
Process 

The development process gives rise to 
many challenges – especially with regard 
to the derivation of a natural gas variant 
of a basic diesel engine, which is common 
in the commercial vehicle sector. The use 
of gas as a fuel requires modifications 
of the engine hardware to achieve the 
desired gas flow, ignition, and exhaust 
a� ertreatment. Secondly, the unit must 
be adapted to the modified combustion 
process.

The partially new engine configuration is 
designed and tested with regard to me-
chanical reliability. Adjustments are made 
to the engine management system for 
control of the gas combustion process; 
modifications are also made regarding 
safety functions, component protection, 
and changing boundary conditions such 
as gas quality, climate conditions, etc.

Practical Example

The most important parameters to en-
sure the reliability of a natural gas engine 
variant can be illustrated in the case of a 
turbo-charged natural gas engine with a 
stoichiometric combustion process. The 
derivative was adapted from an existing 

diesel engine and has an external, cooled 
Exhaust Gas Recirculation (EGR) and a 
three-way catalyst. Such configurations 
have increasingly been used for commer-
cial vehicles since the introduction of the 
EURO VI emission standard and therefore 
represent the current state-of-the art.
The aim of the concept design is to mini-
mize the thermal and mechanical loads. 
Due to the modified combustion process, 
these may be higher in certain operational 
areas than in the base engine. At the same 
time, high combustion e� iciency levels 
are desired. The externally cooled EGR 

is used to reduce the knocking tendency 
and, in parallel, lower the combustion and 
exhaust temperatures. An adaptive knock 
control and various engine protection 
functions, including exhaust temperature 
limitation, misfire detection, and more are 
used for safeguarding.

Additional Adjustments 

Despite all of these minimization meas-
ures, the increased thermal stress in gas 
engines cannot be fully compensated. 
Furthermore, natural gas as a fuel causes 
other wear-critical e� ects that have to be 
counteracted by an adjustment of the 
components. To protect the engine in 
continuous operation, additional testing 

Written by
José Geiger

geiger_j@fev.com

steps are necessary which FEV includes 
in the development process. 

Opportunities and Risks

From a technical point of view, this means 
there are no obstacles to the widespread 
introduction of natural gas engines, despite 
the complex development process. Thanks 
to targeted development, the engines 
meet all statutory regulations and limits. 
Depending on the country-specific fuel 
prices, the operating costs of a natural gas 
engine can be significantly reduced com-

pared to a similar diesel version.  However, 
the insu� iciency of the current natural gas 
infrastructure remains an obstacle.

Overview of the most important parameters for safeguarding the reliability of a natural gas version

DESPITE ALL MEASURES THE INCREASED THERMAL STRESS 
ON GAS ENGINES CANNOT BE FULLY COMPENSATED
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01 RESEARCH AND DEVELOPMENT
COMMECIAL ENGINES

FUTURE-PROOF AND FLEXIBLE

COMMECIAL ENGINES

FEV DEVELOPS NON-ROAD ENGINE FAMILY FOR EMERGING MARKETS

The sales of construction and other non-road machinery has constantly increased over the past few years and will 
continue to expand in future. In particular, emerging markets are primarily responsible for this development; these 
markets require cost-e� icient and robust engines that guarantee high reliability, even under di� icult environmental 
or maintenance conditions. FEV has developed a non-road engine family that takes these challenges into account 
and considers the broad range of potential engine applications. Thanks to forward-looking design features, which 
constitute an ideal basis for a compact, cost-e� icient, and friction-optimized base engine, the engine family o� ers 
the very best conditions for successful and future-proof use – globally and especially in emerging markets. 

24
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COMMECIAL ENGINES

Base Engine and Future 
Development Stages  

The new engine family includes an inline 
six-cylinder engine with a displacement of 
7.3 liters and a four-cylinder engine deriv-
ative. While the base engine is equipped 
with single-stage turbocharging, uprated 
versions can be realized in the future with 
two-stage turbocharging or increased 
stroke. This variability has already been 
taken into account in the design to pro-
vide problem-free coverage of the broad 
power and application spectrum within 
the engine family.

Modular Design, Friction 
Optimization, and Low 
Costs

In order to cover the large number of po-
tential application versions with di� erent 
flywheel sizes and PTO (Power Take O� ) 
positions, modular design of the engine 
block was selected. For this purpose, the 
gear drive housing was realized as a sep-
arate component between the crankcase 
and flywheel housing. The flexibility that 
this achieves enables the adaptation of 
the engine to challenging installation con-
ditions in various vehicles or machinery. 

In order to optimize friction, various meas-
ures such as a cost-neutral crank o� -set  
were integrated into the design. 

THE MODULAR DESIGN ENABLES 
MAXIMUM FLEXIBILITY FOR DIFFERENT 
APPLICATIONS

Due to the particular cost pressure in 
this engine segment, the crankcase is 
designed with integrated cylinder liners 
(“parent bore”). This solution is in-
expensive and presents addi-
tional advantages in terms of 
size and weight. Another cost 
optimization was achieved 
through the use of stand-
ard gray cast iron 
(GJL) for the crank-
case and the cylinder 
head while simulta-
neously ensuring 
the required high 
peak firing pres-
sure capability. 
Comprehensive 
FE calculations 
in accordance 
with the proven 
FEV methodology 
contributed to the 
positive result.

Customized 
Emissions Concept

The emission concept of the new engine 
family incorporates a combination of SCR 
and uncooled EGR. This combination 
is relatively inexpensive and durable. A 
common rail injection system enables the 
realization of flexible injection timing and 

quantity. Emissions, fuel consumption, 
and thermal management can thus be 

made possible. 
Good matching of combus-

tion chamber geometry, valve timing, in-
jection nozzle geometry, and swirl provide 
the basis for an optimized combustion 
process.

Written by
Thomas Hamm

hamm@fev.com
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FEV EXPANDS

02 WORLD OF FEV
FEV EXPANDS

FEV GMBH EXPANDS IN SOUTHERN GERMANY
FEV BROADENS ITS ENGINEERING SERVICES WITH NEW COMPANY PREMISES IN 
STUTTGART

The global growth plans of FEV are now also taking shape in the automotive region of Stuttgart. FEV moved into 
a new building at Erich-Herion-Straße 6 in Fellbach on February 18, 2016, since the former headquarters of our 
Stuttgart branch no longer met the Company’s needs. In the future, this approximately 6,000-square-meter building 
will contain o� ice and workshop space for up to 250 employees. 
“At the heart of our strategy for the future is close proximity to our customers in their local markets,” explained 
Professor Stefan Pischinger, President and CEO of the FEV Group. “To better meet rising demand in the Stuttgart 
automotive region, it’s only logical that we would continue to expand our capacity there.”

“Our new location allows us to expand our 
service portfolio in Stuttgart to include 
engine assembly, installation and testing 
of prototype vehicles including measure-
ment technology, vehicle endurance, and 
production support,” explains Andreas 
Witt, FEV’s site manager in Stuttgart. “We 
also o� er our customers services relating 
to transmission and vehicle electronics, 
so� ware development and validation, as 
well as the integration and validation of 
telematics/connectivity systems.”

Test Capacity and 
Extended Service Portfolio 

For extensive testing and turnkey pow-
ertrain projects, FEV has a range of test 
systems and testing capacity at the Stutt-
gart location -- including vehicle chassis 
dynamometers, engine test benches and 
a private hardware-in-the-loop test field. 
There is also a nearby driving route to 
measure Real Driving Emissions (RDE) 
during normal road use. This allows our 
experienced development teams to han-
dle customer projects — such as diesel 
and gasoline engine applications, trans-
mission development, powertrain integra-
tion, electrical and electronics activities, 
and motorcycle development — locally 
and nearby our customers. 

FEV in Stuttgart

Since 2004, FEV GmbH has had a subsidiary in Fellbach, near Stuttgart. In the last 10 years, 
the development services provider has continually expanded its range of engineering 
services for the Stuttgart region and currently employs a sta�  of about 100 employees. 
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UPCOMMING EVENTS
MAY 

25.05.-27.05.2016

31.05.-02.06.2016

JSAE Automotive Engineering Exposition 2016

Automotive Testing Expo 2016

Yokohama, Japan

Stuttgart, Germany

JUNE 

01.06.2016

01.06.-02.06.2016

06.06.-10.06.2016

08.06.2016

14.06.-15.06.2016

17.06.2016

21.06.-22.06.2016

21.06.-23.06.2016

29.06.2016

29.06-01.07.2016

FEV Virtual Engine Day China 2016

SIA Powertrain - Rouen 2016

28th CIMAC World Congress 2016

MSC So� ware 2016 Users Conference

FEV-Conference: Diesel Powertrains 3.0

FEV Tech Day Stuttgart

International VDI Congress Drivetrain for Vehicles

4. TMFB International Conference 2016 
(Tailormade Fuels From Biomass)

FEV Day of Powertrain China 2016

JSAE Automotive Engineering Exposition 2016 Nagoya

Shanghai, China

Rouen, France

Helsinki, Finnland

Tokyo, Japan

Leipzig, Germany

Stuttgart, Germany

Friedrichshafen, Germany

Aachen, Germany

Yanjiao, Beijing, China

Nagoya, Japan
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READER SERVICE

DIESEL 
POWERTRAINS 3.0

14 & 15 JUNE 2016 
RADISSON BLU HOTEL, LEIPZIG

JOIN OUR UPCOMING CONFERENCE

On June 14 – 15, 2016 “Diesel Powertrains 3.0”, FEV’s major exchange platform for Diesel Experts will take place in Leipzig, 
Germany. By providing in-depth topics illuminated by international industry pears the conference will give insights into 
the future of modern Diesel powertrain development.
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Auburn Hills,  
MI 48326-1766 ∙ USA
 
Tel. +1 248 373-6000
Fax +1 248 373-8084 
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FEV China Co., Ltd.
No. 35 Xinda Street Qixianling
High Tech Zone ∙ 116023 
Dalian ∙ China
 
Tel. +86 411 8482-1688
Fax +86 411 8482-1600

fev-china@fev.com
www.fev.com

FEV India Pvt, Ltd.
Technical Center India
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410 507 ∙ India
 
Tel. +91 2114 666 - 000
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