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FEV has developed a Selective Catalyst 
Reduction (SCR) package that will 
further improve diesel engine fuel 
economy as well as meet stringent 

emissions requirements that have 
been proposed. High-speed diesel en-

gines represent an attractive powertrain for 
modern passenger cars because of their high fuel 

economy, process efficiency and torque characteristics. 
High Speed Direct Injection (HSDI) diesel engines can 
contribute substantially to the decrease of fleet fuel con-
sumption, while improving driving dynamics and acous-
tics. The HSDI-engine achieves these performance levels 
while still adhering to stringent emission requirements. 
Thus, achieving the target area for fulfilling the ambitious 
European Automobile Manufacturers Association (ACEA) 
values for the end of the decade appears to be realistic. 
Additionally, drastic NOx-reductions will be required in 
the future to meet stringent NOx-legislation, a goal which 
likely contradicts the ACEA-promised CO2-emission goals 
of 140 g/km by 2008 and / or 120 g/km by 2012. The 
expected increase in the price of fuel is likely to make 
fuel consumption with further improved driving perfor-
mance an even more important aspect of the customer’s 
purchase decision.

Based on current knowledge, substantial NOx-engine-out 
emission reduction for the diesel engine is counterpro-
ductive with regard to the engine’s fuel consumption. 

http://www.fev.com32

Technology Highl ights  and R & D Act iv i t ies at  FEV

Issue  32,  May 2006

SUMMARY

Page 1 Applying SCR to Improve    
 Diesel Fuel Economy

Page 4   Low Noise Engine / Benchmark   
 as key for Product Quality 

Page 5 Developing and Packaging of   
 Advanced Charging Systems 

Page 6 CAE Validation and Troubleshooting

Page 8 Ethanol, a Fuel for the Future

Page 8 Multi-hole Injection Nozzles

 http://ww.fev-events.com

2nd International Automotive 

Workshop „Design for Calibration 

- from Concept to SOP“

June 22./23. 2006, Spa, Belgium

Applying SCR to Improve 
Diesel Fuel Economy



2

Figure 1: NOx-reduction <-> fuel consumption tradeoff

Investigations at FEV (s. fig. 1) have revealed that 
strict NOx-emission legislation leads to a deteriora-
tion of engine efficiency in the range of three to six 
percent, if one considers engine technologies that will 
be available in the short-and mid-term.

 Although emission values have been 
 significantly reduced, FEV is trying to implement  
 additional consumption reduction potentials  
 using various approaches and scenarios:
 ■  Mechanical optimizations to reduce friction
 ■  Further process optimizations
 ■  Combination of diesel engines with hybrid  
  technology
 ■  Downsizing in combination with SCR   
  technology 
 

Figure 2:  Fuel consumption improvement potential 
 with SCR and downsizing concept

The last point, above, suggests the implementation 
of “downsizing” (s. fig. 2) by reducing the engine’s 
capacity.  This strategy offers a substantial potential 
for reducing fuel consumption. The figure above 
presents a comparison of different approaches that 
emphasizes the parameters of the combustion system 
and exhaust aftertreatment. The illustration indicates 
that future NOx-emission values can be achieved th-
rough a combination of internal engine measures and 
application of a Diesel Particulate Filter (DPF). In the 

FEV SPECTRUM

Dear Readers,

As a result of the worldwide networking 
of the marketplace, globalization of 
the automotive industry has long 
since become a reality. Globally, both 
economic and technical development 
progress is now linked to market 
dynamics. Excess production capacity 
and price pressure has led to cost-
cutting programs. Simultaneously, 
extensive development efforts are 
required to satisfy the end-customer’s 
demands for greater quality and the 

necessity of conserving the environment and 
general resources. The automotive drivetrain 
stands at the center of the development effort, 
and FEV has been challenged with preparing 
demanding solutions for a wide variety of these 
applications. Some of the solutions we have 
developed will be presented in this issue of 
Spectrum. 

The primary goal for the development of diesel 
engines is limiting emissions. Selective Catalyst 
Reduction (SCR) technology provides effective 
reduction of Nitrogen Oxide (NOx) emissions.  
Improving fuel economy is the main challenge 
faced with the development of gasoline engines. 
This challenge can be met by using supercharging 
techniques and alternative fuels, such as ethanol. 
FEV’s tools have enabled drivetrain development 
itself to become more efficient. For example, 
special measurement techniques have been 
created that provide an important contribution 
to mechanical testing and simulation. Moreover, 
the general impression of quality of the vehicle 
that is produced is in large part determined by 
the NVH-behavior of the drivetrain. Consistent 
NVH-optimization during the design process is a 
prerequisite for achieving a top ranking!

We would look forward to the opportunity to have 
our experts support your development efforts!

Sincerely yours,

Dr. -Ing. Markus Schwaderlapp
Executive Vice President

Preface
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cycle-relevant engine operating range, this leads to 
an increase in fuel consumption of between two and 
eight percent. Competing with this approach is a tech-
nology package that consists of a capacity-reduced, 
high performance diesel engine, a DPF and a SCR 
system. This competing approach offers a potential 
to reduce fuel consumption by approximately four to 
eight percent, compared to modern state-of-the-art 
diesel engines, while using approximately 1.0L of 
liquid urea agent per 1000 km.

The design of this drive unit presents different chal-
lenges that must be overcome to scale a powertrain 
down to smaller displacements. First, the specific 
power and torque output need to be increased, to 
provide the same power output and driving dynamics 
as the engine it replaces. The following illustration 
highlights the results of the comparison.

Figure 3: Impact of downsizing on full load performance  
  and emission relevant operating range

However, reducing engine capacity in combination 
with an increase in specific power output means ne-
gative effects on the gas exchange devices (s. fig. 3), 
requires a more powerful cooling system and unfavo-
rably affects combustion (smaller free jet length and 
higher relative dead volume). FEV has developed a 
number of attractive solutions, which provide downsi-
zing concepts with high power density. This potential 
solution combines design features capable of coping 
with the thermal load with optimized gas exchange 
devices and an optimized combustion system.

The higher specific power can be realized with a mo-
re powerful boosting system. This usually requires a 
larger compressor, which is detrimental to the low-
end torque characteristics. Suitable combinations of 
different boosting devices or an additional electric 
motor (hybrid concept) can compensate for the lack 
of low-end torque.

The downsizing concept also leads to an increase in 
the emission-relevant load area. Therefore, this situa-
tion makes adherence to the nitrogen oxide emission 
limits a greater challenge. Achieving future emission 

levels, particularly with regard to reducing nitrogen 
oxide, requires the use of a diesel particulate filter and 
an efficient DeNOx system.  

Studies conducted with the combination of a DPF, 
SCR and downsizing an engine from 1.9L to 1.6L 
have resulted in a reduction in fuel consumption of 
approximately seven per cent while still providing 
emissions results that suggest compliance with the 
most stringent standards that have thus far been 
discussed [Euro 5 NOx limits (0.08 g/km)].

Figure 4: Exemplary NOx reduction with SCR in NEDC cycle

NOx reduction efficiencies (s. fig. 4) can be realized 
by either using a production liquid urea system for 
truck engines (AdBlueTM) or solid urea concepts. 
This technology package offers an attractive solution 
to improve the trade-off between lowest pollutant 
emission values and a simultaneous reduction in 
fuel consumption. This package will adequately fulfill 
the challenging ACEA CO2-values. 

In addition to FEV’s broadly acknowledged experience 
in developing alternative, compact SCR-systems, 
we also offer broad experience in the application 
of liquid SCR-technology. FEV has also developed 
liquid SCR technology, which extents to conceptual 
layout, tuning and calibration, including new control 
algorithms. FEV´s development of SCR-technology 
also includes a detailed characterization of SCR-ca-
talysts and calibration of heating strategies. These 
heating strategies are indispensable for cold start or 
low-temperature operating profiles. Different SCR- 
technologies have been successfully demonstrated 
in several vehicles and FEV is currently involved in 
SCR-development programs targeted for market 
introduction in the United States and Europe.

koerfer@fev.de
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 Low Noise Engine /
 Benchmark as key for
 Product Quality

Today, more than ever, the purchase decision 
for a vehicle is affected by sales price and fuel 
consumption. However, driving pleasure and 
comfort are gaining considerable consideration in 
the purchase decision. The last two criteria cannot 
be clearly separated. However, a distinctive sound 
clearly contributes to the perception and addresses 
an individual’s emotions. 

The first step in generating this distinctive sound 
is to minimize any disturbing noise shares. This is 
a valid step for the entire vehicle as well as for the 
powertrain.

At the start of each powertrain development program, 
specifications and targets are established.  Engine 
noise behavior targets are defined as an integral 
part of the general goal setting for the powertrain. 
Occasionally, these development targets oppose one 
another, such as those concerning costs, weight and 
NVH. The targets have to be formulated as clearly as 
possible and adapted according to the market they 
are trying to reach.

The generally accepted procedure for defining target 
values is to base them on benchmarking data. The 
key to developing criterion such as NVH is to divide 
the final target into smaller partial targets early in the 
process, which then combine to reflect the vehicle’s 
final quality. The partial targets must be given 
an appropriate work scope to be verified during 
the early stages of the program.  This will allow 
countermeasures to be initiated if the partial targets 
cannot be verified. FEV has created a procedure, 
called FEV-CSL-Benchmark (s. fig. 1) for the field 

of NVH (noise level and sound quality) to develop 
partial targets. This procedure enables the necessary 
division of the targets and helps to guarantee the 
final product quality, which should lead to success 
in the marketplace. The crucial step in the procedure 
is the separation of relevant noise shares from the 
excitation and attenuation path. Based on this noise 
dismantling process, it is possible to compare the 
current status with the partial development target in 
the early stages of development.

The next step towards developing the product is 
through reassessment of the acoustic test bench 
results. Apart from the appropriate application of 
the often used A-weighting of the airborne noise 
level and psychoacoustic parameters, FEV has also 
introduced a new rating system. The dB (VINS) [VINS 
– Vehicle Interior Noise Simulation] evaluation by FEV 
combines the noise and vibrations measurements 
as a characteristic for the interior noise relevance. 
The interaction of the individual noise paths and 
excitations (airborne and structure borne) in the 
powertrain which sum up to the vehicle interior 
noise, are, therefore, already considered by FEV on 
the acoustic test bench. 

This procedure is a consistent continuation of the 
FEV-VINS process, which was previously developed 
by FEV. The individual noise paths and excitations 
are evaluated and the vehicle’s interior noise weak 
points are detected. The procedure results in setting 
the targets for the individual noise shares in the 
vehicle.  A comparison of the results from the dif-
ferent approaches (dB(A)/dB(VINS)) is shown in fig. 
2. The largest differences can be seen in the lower 
and middle engine speed ranges which, in particular, 
represent the main operating area for high-torque en-
gines. During the development process, the product 
quality is examined in detail and it is checked through 
the procedure described above.4

FEV SPECTRUM

Figure 2: dB(VINS) the new way of NVH test bench 
 results interpretation 

Figure 1: Target Definition 
for each individual Noise 
Share, (path/attenuation 

and excitation) 
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Figure 3: Target Definition by using FEV-CSL 
 Benchmarking plus Database 

Therefore, the development of the factors for NVH 
begins at FEV long before the first prototypes are 
available.  The process starts before vehicle tests are 
conducted and places the partial targets in relation to 
the pre-defined requirement profile (s. fig. 3).

The FEV-CSL-Benchmarking process provides the key 
to ensuring the availability of  NVH product quality.

alt@fev.de
sonntag@fev.de

 Developing and
 Packaging of Advanced
 Charging Systems

Based on over 20 years experience in the field of 
boosted engines, FEV has established a large know-
ledge base. Over this period, FEV has developed a 
large number of turbocharged diesel, Spark Igniti-
on (SI) and supercharged engines for production. 
These engines range in size from smaller passenger 
car applications to heavy-duty diesels for railway 
applications.

New developments for gasoline and diesel engines con-
sider increasingly complex air management systems. 
The main focus of these new air management systems 
is the (s. fig. 1+2) integration of turbines into the 
exhaust manifold and the application of two-stage tur-
bocharger (s. fig. 3) systems for improved performance. 
These systems face big challenges regarding compact 
packaging and integration of the switching devices. 

 FEV design engineers have considerable 
 experience in this area and offer complete 
 engineering support to our clients, particularly  
 in the following areas:
 ■ Concept and design of compact air 
  management systems to provide superior  
  packaging dimensions
 ■ Integrated exhaust manifold modules with  
  a reduction in the number of  gaskets and  
  bolts
 ■ Design of weight-optimized components
 ■ Concept and detailing of switching devices
 ■ Thermodynamics and structural analysis

Using advanced simulation tools, different charging 
concepts (e.g. exhaust manifold integrated T/C, 
hybrid charging concepts (s. fig. 4), 2-stage T/C con-
cepts) have been evaluated in numerous projects. A 

Figure 2: 
Engine with Integra-
ted Turbo Charger 
Concept Installed

Figure 1: 
Integrated 
Turbo Charger Con-
cept

Figure 3: 
Concept of Two  
Stage Turbo 
Charging
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database of T/C and S/C data helps setting up simu-
lation models very quickly.

With the high specific engine power output the ex-
haust manifold becomes a high loaded part caused by 
exhaust gas temperatures of more than 1000°C. The 
resulting high material temperatures which, in combi-
nation with restraint expansion capability, lead to the 
main fatigue mechanism for exhaust manifolds-TMF 
(Thermo-Mechanical-Fatigue). In combination with 
computerised structural optimization we earn further 
potential for reduced development time by eliminating 
classic “handmade” iteration loops.

Figure 4:  Vehicle installation of combined 
  boosting systems Roots + Turbo

Using its knowledge from conducted development 
work in combination with these simulation and 
measurement technologies FEV provides the know-
how for any specific development of advanced 
charging systems. For further information please 
contact:

lang@fev.de, maassen@fev.de
bick@fev.de, thiel_r@fev.de

CAE Validation and   
 Troubleshooting

„CAE and testing go hand in hand.”  This is one of 
the basic rules for conducting a cost- and time-effec-
tive mechanical development program for high quality 
mass production engines. Modern development stra-
tegies are characterized by an intensive model-based 
optimization of a virtual prototype. The optimization 
is followed by validation testing performed on high-
level prototypes. 

FEV has accumulated vast experience in the applica-
tion of state-of-the-art analytical tools such as FEA, 
MBS, EHD or CFD. Our mechanical testing specia-
lists have comprehensive knowledge of advanced 
product life-related test procedures and measuring 
techniques. The efficient solution and, often, the key 
to success for non-standard development issues, in 
terms of troubleshooting projects, can be provided 
through a “marriage” of simulation and measure-
ment. 

 FEV’s expertise in CAE validation and 
 troubleshooting includes:

 ■ Liner bore distortion (in fired mode)
 ■ Thermal strain development (TMF)
 ■ Thermal scans (exhaust track)
 ■ Piston secondary motion
 ■ Dynamic friction of piston group (PIFFO)
 ■ Crankshaft fillet stress
 ■ Dynamic chain forces
 ■ High speed telemetric investigations
 ■ Journal bearing orbit determination
 ■ Valvetrain dynamics behavior
 ■ Oil pressure dynamics / cavitation
 ■ Oil aeration analysis / visualization
 ■ Coolant flow analysis / visualization

FEV has successfully performed the challenging 
experimental analysis of Thermo-mechanical Fatigue 
through a strain gage application on component sur-
faces exposed to the combustion flame (cylinder head 
flame deck or piston top land). FEV has also perfor-
med numerous flame deck measurements to identify 
elastic-plastic strain within the valve bridges, under a 
fired engine operational mode (TMF-behavior). 



Another highlight of our expertise is the highly re-
liable FEV Telemetric Data Transfer System, used 
for piston temperature mapping or dynamic strain 
measurements. In addition to the standard approa-
ches, this system offers continuous long-distance 
data transfer at the highest engine speeds and an 
intermittent power supply with a robust capacitor 
energy storage component. 

We look forward to supporting your mechanical de-
velopment programs. Please contact us for additional 
information and ask for copies of our detailed Tec- 
Info service overviews. 

maassen@fev.de
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FEV China Co., Ltd.
No. 35 Xinda Street Qixianling
High Tech Zone ∙ 116023 Dalian ∙ China
Phone +86 (0) 411/84 82 - 16 88
Fax +86 (0) 411/84 82 - 16 00
E-Mail fev-china@fev.com
Internet http://www.fev.com

CONTACTS
FEV Motorentechnik GmbH
Neuenhofstraße 181
52078 Aachen ∙ Germany
Phone  +49 (0) 241/56 89 - 0
Fax   +49 (0) 241/ 56 89 -119
E-Mail  marketing@fev.com
Internet http://www.fev.com

FEV Engine Technology, Inc.
4554 Glenmeade Lane
Auburn Hills, MI 48326-1766 ∙ USA
Phone  +1 (0) 248 / 373- 60 00
Fax   +1 (0) 248 / 373- 80 84
E-Mail  marketing@fev-et.com
Internet http://www.fev.com
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Ethanol, a Fuel for the Future

Ethanol is currently the most promising biofuel, based 
on rapid renewal of the bio-feedstock that provides 
this fuel. The potential to reduce CO2 is approximately. 
70% when calculating the complete energy conversi-
on chain from fuel production to the conversion into 
wheel torque. This value includes the CO2-reduction 
by using a renewable natural resource.

FEV could demonstrate an additional 10% increase in 
efficiency and torque through engine optimization and 
a substantial reduction in hydrocarbon emissions. 
Further potential can be achieved through increased 
lean burn limits combined with direct injection.

The key to successfully introducing ethanol into 
production vehicles lies in the flexibility of being able 
to use blends with different percentages of ethanol. 
FEV has developed an alcohol sensor (s. fig. 1) that 
can detect the fuel quality in terms of ethanol content. 
Achieving the required emission standards and safe 
cold start and warm-up requires heating measures 
and extended algorithms with corrections based on 
vapour pressure. 

You can find additional information about flex-fuel 
and related activities at FEV in our Flexfuel Tec-Info.  

Figure 1: Alcohol sensor for detection of alcohol content

weinowski@fev.de
ruetten@fev.de

Multi-hole Injection Nozzles

Governments around the world continue to lower al-
lowable emission limits, which results in a demand to 
significantly reduce engine-out NOx-emissions. The 
greatest engine-side potential to reduce NOx-emis-
sions has proven to be Exhaust Gas Recirculation 
(EGR). Increasing EGR-rates, without providing sup-
porting measures for boost pressure, charge air or 
EGR-cooling, can cause distinctively reduced air/fuel 
ratios. Therefore, optimized combustion processes 
with improved air utilization are required to ensure 
stable engine operation with low soot emissions. A 
promising approach for current combustion develop-
ment is the application of injection nozzles with an 
increased number of holes and modified spray hole 
patterns, positioned in multiple rows. Compared to 
conventional nozzle layouts, this configuration offers 
much higher flexibility to vary parameters. Therefore, 
a purely experimental / empirical optimization pro-
cess is not feasible. FEV uses the Computational Fluid 
Dynamics (CFD) code KIVA, with internally developed 
extensions, to layout and evaluate advanced nozzle 
configurations. This tool allows an analysis of the 
spray-spray and spray-wall interactions. Characteri-
stic data (s. fig. 1) for air utilization, spray momentum 
and turbulence are used to assess and improve the 
mixture formation within the combustion chamber.

Initial results show the potential for significantly in-
creased air utilization in extensive areas of the opera-
ting map, with positive effects on soot emissions and 
fuel consumption. These results have been confirmed 
on the test bench.

Figure 1: Development of Multi Hole Nozzle Concepts 

ruhkamp@fev.de, rohs@fev.de


