
Sales figures of Hybrid Electric Vehicles 
(HEV) indicate a significant growth 
of this market segment, especially in 
the U.S. and Japan. Series produc-

tion developments are taking place 
even in Korea and China. For the conti-

nent of Europe, the general trend towards 
developing these new vehicles is about to begin.

The key motivations for developing these HEV applicati-
ons are fuel economy, greenhouse gas emissions (CO2),
driving comfort and dynamics as well as ultra-low emis-
sions under urban driving conditions. It is also important 
to the automotive manufacturers that this new technology 
can be added to existing powertrain products.

The related development and manufacturing efforts are 
primarily dependent upon the level of hybridization. Ac-
cording to respective development targets, micro, mild 
and full hybrids all represent attractive concepts. Micro 
hybrids utilize the benefits of start-stop operation, which 
can easily be achieved by a belt-driven starter/alternator 
system. Mild hybrid concepts take advantage of the 
contributions made by partial brake energy recuperation 
and technical efforts. The highest fuel economy poten-
tial is achieved with full hybrids equipped with a power 
split gears. Vehicle concepts that use all electric driving 
require the appropriate battery capacity, which result 
in some additional vehicle weight and cost. Actually, 
there is no uniform trend in terms of the technology 
used for all markets and automotive manufacturers. 



The figure, HEV Powertrain Concepts – Benefits ver-
sus Costs, illustrates the trade-off of CO2-reduction
potential as opposed to the manufacturing cost. The 
estimated costs provided are related to a finished 
production ramp-up process. 

FEV Motorentechnik has been working on numerous 
HEV concepts for both gasoline and diesel engine 
applications for a number of years. FEV’s range of 
experience and expertise comprises different con-
ditions, arising from various markets and vehicle 
requirements.

The development process starts from a concept, 
which is deeply supported by specific analytical 
software tools for powertrain simulation. This pro-
vides a valuable prediction of driving performance, 
fuel economy, emissions and drivability. The refined 
powertrain model that results is used to develop 
operational strategies and illustrate the interaction 
between the internal combustion engine and the 
electric motor. In addition to providing a thorough 
analysis of potential fuel economy, the process 
delivers important data about battery charging and 
discharging cycles that have a significant impact on 
the overall efficiency, performance and durability of 
the powertrain.

FEV, through the intensive application of standard 
practices for all development programs, uses simul-
taneous engineering through the integration of CAD 
and CAE tools to assist in the adaptation of engine 
designs to the specific vehicle requirements.

Concepts are relatively free of any limitations; howe-
ver, the client’s requirements are strictly considered 
with the following question: Is the powertrain being 
developed completely new or is it an evolution based 
on already existing components? This determines 
the potential application of additional enhancements, 
such as downsizing. In this context, HEV technology 

    Dear Reader,

    Quality is an attribute that all  
    OEMs and suppliers covet; so  
    much so, it is highlighted in  
    most corporate mission state 
    ments. 

    Over the last decade, quality im- 
    provement has been a priority 
for U.S. manufacturers, with significant gains. 
However as market competition and regulatory 
pressures require new technology introductions, 
the challenge of continuous quality improvement 
will become increasingly difficult.

Although quality is a stated priority, unit cost, 
manufacturing variability, supplier process capa-
bility and warranty periods are parameters that 
compromise the practical level of quality that can 
be achieved. To best understand the quantitative 
effects of these trade-offs and the relationship 
between production cost and desired quality, 
deterministic statistical methods, such as Design 
for Six Sigma (DFSS) are necessary.

FEV recently coauthored a paper with General 
Electric Transportation Systems, which highlights 
such an approach to a complete engine deve-
lopment program for the recently launched GE 
Evolution Series Locomotive.  The tremendous 
success of this process in quantifying the trade-
offs between performance, reliability, emissions 
and production cost has convinced FEV to adopt 
DFSS as its preferred design and development 
methodology.

We look forward to applying this proven methodo-
logy to future customer programs, where quality 
is a priority, but where costs associated with 
quality improvement can be defined and practical 
trade-offs assessed.

Sincerely yours

Gary Rogers
President and CEO, FEV Engine Technology, Inc.



can be utilized to compensate for the lack of low end 
torque with downsized engines through the appropri-
ate architecture of the installed electrical power.

Powertrain hybridization significantly changes torque 
characteristics. Applications that will use a conventio-
nal transmission require adaptation of the gear ratios 
and gear shift strategies, in order to take advantage 
of the added benefits. Moreover, the substitution of 
a conventional transmission with an advanced HEV 
concept is also possible. Based on the latest experi-
ence from series production transmission projects, 
FEV also offers this engineering service.

Sophisticated recuperation of brake energy represents 
another increase in level of complexity and requires 
a profound understanding of the entire vehicle as an 
integrated system. This technology is also achieved 
by simultaneous engineering activities, initiated at 
the beginning of the concept phase all the way to the 
Start of Production (SOP).

Depending on the extent of hybridization, the elec-
trification of accessories must also be considered. 
For example, an all-electric vehicle requires that the 
power steering system must be energized without the 
support of an Internal Combustion Engine (ICE). The 
effect of crash safety, due to the high voltage on-
board, must be considered in close cooperation with 
the safety and vehicle development teams.

Concurrent with the concept task and subsequent 
detailing work, the key suppliers must be integrated 
into the development team. Then, the HEV power-
train is interfaced with a dedicated HEV test bench 
and evaluated according to an HEV test catalog with 
specific test specifications defined by FEV. Typically, 
within nine months after the project starts, the initial 
operation of the first prototype is attempted. HEV 
components for Hardware in the Loop (HIL) testing 
are already available at an earlier stage of the concept 
phase.

Diesel engines are also an option to be considered for 
HEV powertrain applications, as they offer significant 
advantages and economic benefits. This trend is es-
pecially noticeable for large vehicle applications like 
SUVs. The latest results of FEV’s project work exhibit 
a potential fuel savings of greater than 25% under the 
New European Driving Cycle (NEDC). 

kemper@fev.de



The mechanical testing segment of an engine de-
velopment program accounts for a significant por-
tion of time and cost. Effective mechanical testing 
requires the optimization of various test bed tasks 
and the additionally planning of an intelligent test 
sequence. The time schedule for the test program 
should be flexible enough so that alterations and 
additions can be made to react to any unforesee-
able results. Therefore, possible weak points can be 
detected at an early stage and counteractions taken.

The FEV test catalog is the basis for planning an 
individual test program for mechanical develop-
ment, which can be adapted to the corresponding 
engine development. The catalog contains all of 
the test descriptions that are necessary to validate 
the entire engine and its individual components. 
Each test description contains all the informa-
tion required to conduct the test, such as test bed 
setup, measuring points and their application, and 
evaluation criteria. The test descriptions are based 
on experience gained conducting numerous develop-
ment projects over the past few years (i.e. they are 
updated if necessary to meet the new requirements).

The standard mechanical development tests can be 
divided into functional, component and durability ar-
eas. Besides verifying system stability, early specific 
validations of simulation results of the concept phase 
are obtained during the functional tests. 

When the component tests are conducted, the load 
capacities of the individual components are checked. 
Durability tests are a major part of mechanical de-
velopment; whereas, the individual requirements 
for engine use are accounted for by their respective 
cycle profiles. A visual assessment of all engine 
components as well as a rating marks the end of all 
durability tests. The wear is assessed according to a 
previously defined scale and is later used for a service 
life statement for the component. Apart from test bed 
investigations, vehicle tests are used to check specific 
functionalities during (e.g. summer and winter) road 
tests as well as providing the final validation of engine 
clearance.

Intelligent mechanical development also means 
reacting to unforeseeable events using the appro-
priate measures. These include various simulation 
possibilities and the use of special measuring equip-
ment. Gauging the dynamic oil pressure in the oil 
supply drilling of the connecting rod and the cylinder 
deformation occurring during fired operation are just 
two measurements used in mechanical development. 
These special measurement techniques are not only 
helpful in mechanical development projects; they also 
offer interesting analysis possibilities when used as 
troubleshooting tools for series production problems. 
The combination of measurement results with high-
end CAE (e.g. MBS/FEM) tools for calculating stress 



or piston secondary motion, including the piston ring 
dynamics, completes the analysis possibilities.

The combination of the flexible configuration of indi-
vidual mechanical testing programs with integrated 
special measurement techniques and CAE tools, al-
lows the customer to benefit from FEV’s experience 
and have their own development targets considered. 
To meet these demands, FEV employs more than 60 
engineers to work in the field of mechanical develop-
ment. The extensive equipment offered by our fa-
cilities, the branched logistics of our assembly halls 
and the modern infrastructure of our durability center 
guarantee quick and reliable completion of projects.

dohmen@fev.de
maassen@fev.de

Modern engine development time can be effectively 
reduced using CAE methodologies. Particularly in the 
concept and design phase, CAE methodologies enable 
the achievement of a pre-optimized state, which helps 
to avoid large time-consuming modifications to the 
detail of the design.

The intake and exhaust port design significantly af-
fects the performance of the combustion system. 
Thermodynamic properties of the engine, such as 
power output, fuel consumption, emissions and 
acoustic behavior are directly influenced by the 

In order to fulfill these targets, the intake port has 
to be appropriately designed to achieve both the re-
quired charge motion and a high flow performance. 

FEV has developed an efficient CAE-based develop-
ment tool for this purpose. The core of this tool is the 
interconnection of the parametric 3D-design (CAD) 
and numerical flow simulation (CFD).

Parametric CAD models enable a fast and flexible 
layout for the preliminary shape of the intake port. 
Subsequently, the port layout is analyzed by 3D CFD 
calculations to identify weak points and optimize the 



flow behavior. Geometric optimization of the port 
shape is performed using the parametric CAD models 
and directly assessed by CFD analysis, to prove the 
degree of improvement. This CAE optimization loop 
is completely closed and thus can be controlled by a 
genetic optimization algorithm. The genetic optimiza-
tion determines not only the optimized intake port 
geometry, but also provides functional dependencies 
between the geometric parameters and the resulting 
flow performance. This functional knowledge base can 
be used for efficient port modification during com-
bustion system development on an engine test bench.

Target for the port development and optimization 
is to gain a sufficient trade-off between charge mo-
tion intensity and flow performance. CThe classical 
port development procedure, based on flow-box 
manufacturing and flow test rig investigation, uses 
an assessment of the port performance by the char-
acteristic numbers for the flow coefficient, tumble 
and swirlnumber In contrast to this, the CAE-based 
methodology provides additional value by determin-
ing the relevant combustion system criteria. The 
relevant in-cylinder flow data for the combustion 

system can already be assessed by CFD in the con-
cept phase, without the necessity of hardware. The 
in-cylinder CFD calculations are performed with full 
mesh motion, including piston and valves. Character-
istic quantities calculated and assessedin SI engines 
are flow homogeneity and turbulence, , whereas  in 
diesel engines flow characteristics of the in-bowl 
swirl are assessed.

The CAE-methodology enables us to perform an 
optimization of the intake ports during the concept 
phase.  Utilizing CAE-methodology allows emphasis 
to be placed on port flow optimization with respect to 
the combustion system requirements.

adomeit@fev.de
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Oil dilution can be a major factor causing increased 
wear in current diesel engines, let alone new engines 
with various proposed Diesel Particulate Filter (DPF)/
NOx Adsorber Catalyst (NAC) strategies. 

The convenience of longer maintenance intervals and 
an increased lifespan of the engine and its components 
were primary goals in FEV’s latest study on oil dilution. 
During engine operation, the fuel spray from the 
injectors can impinge on the cylinder walls and 
mix with the oil film to dilute it or even wash it off, 
potentially resulting in increased cylinder wear.  The 
mixture bypasses the piston and enters the oil pan, 
reducing the ability of the oil to properly lubricate the 
engine and causes the increased wear.

A single post injection of fuel can result in overspray 
across the top of the piston and a corresponding 
wetting of the cylinder wall. A double post injection 
minimizes the chances that the fuel will reach the 
cylinder wall, by creating a thermal screen. 

The first spray partially vaporizes and burns prior to 
a second post injection of fuel. The thermal screen 
prevents the main portion of the second injection of 
fuel from reaching the cylinder wall.

In order to achieve higher temperatures, which 
are desired for regeneration, the injection timing is 
usually retarded. An optimized calibration strategy 
for DPF-regeneration, using double post injection, 
yields a significantly lower dilution percentage.

The multi-post injection concept favors the thermal 
screening process. Thus, relatively retarded injection 
timings with minimized influence on dilution are 
possible.

A wider cone angle has a greater chance of having 
the fuel spray reach the cylinder walls. Therefore, a 
narrow cone angle is more beneficial. Dilution is also 
reduced by the piston’s combustion bowl in conjunc-
tion with the thermal screen to contain the air/fuel 
mixture in the form of a mechanical screen, which 
prevents fuel from spraying on the cylinder wall.

So far, the recovery effects were used only passively 
and further work is required to learn more about it. 
FEV is examining these factors to reduce dilution th-
rough simulation, test cell investigations and potenti-
ally in a test vehicle. The primary benefit of this strat-
egy is reduced fuel consumption, since dilution of the 
oil with fuel represents a waste of energy. Some ad-
ditional benefits of reducing oil dilution are, extended 
engine life through reduced wear, longer component 
service life, longer oil change intervals and ultimately 
greater convenience for the customer.

tomazic@fev-et.com
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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

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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FEV production engineering provides the link con-
necting product development and transfer to serial 
production. Due to the early integration of potential 
components and plant facility suppliers, synergies are 
used to realize solutions optimized in quality, time and 
cost. Production engines can be optimized realistically 
and oriented practically, utilizing this approach.

FEV China, on May 12 - 13, 2005, is organizing the 
first Production Engineering Congress in the newly 
built development center in Dalian. The aim of the 
congress will be to intensify the exchange of expe-
rience between international automotive and engine 
manufacturers, Chinese OEMs, equipment suppliers 
and manufacturers of engine components.

■ Production life cycle
■ A new product – integration or 

  a new production line
■ Quality assurance

■ Increased production efficiency
■ Introduction of new engines into 

  existing production lines

tang@fev.com
stoeck@fev.com


