
FEV was contracted by Ford 
to support the integration of 
an automatic transmission 
teamed with a diesel engine 
in a light truck product for 

markets in Europe, Asia, Africa, 
and Australia.  FEV helped deve-

lop the concept for the powertrain and

 participated in a larger overall development program for 
an updated version of the Ford Ranger and Ford Everest 
vehicles. The vehicle is now in regular production in a 
Ford-Mazda joint venture assembly plant in Thailand, 
where it is exported to over 100 countries.  

FEV’s primary responsibility was matching an existing 
Ford 5-speed automatic transmission, used worldwide 
in various Ford products, to the Mazda W-series diesel 
engines used exclusively in this light truck product.  

 FEV’s primary development 
 responsibilities included:

 ■ Concept definition, competitor
  benchmarking, and target setting
 ■ Design and release of unique content for   
  the automatic transmission powertrain
 ■ Packaging the unique powertrain content   
  in the vehicle
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Dear Readers, 

continued volatility in oil prices and recent 
realization that European auto makers will not 
reach their voluntary CO2 emissions goal has 
reignited discussion of fuel consumption or 
CO2 mandates. Current EC discussions, which 
range from 130 g/km to 120 g/km when com-
pensating for increased use of renewable fuels, 
would require significant powertrain innovation 
to be realized.

In the US, continued fuel price uncertainty has precluded 
any rebounding sales of high-profit light trucks and SUV’s.   
Furthermore, the shift of power in the US Congress has 
raised new calls for higher CAFE standards, while continu-
ing to comply with increasingly stringent exhaust emission 
standards. The renewed interest in renewable fuels is gene-
rating increasing levels of complexity in research, advanced 
development and production planning of passenger cars.  
Growing interest in hybrid vehicles, the quest for US light-
duty, emission compliant diesels and corporate mandates 
to reduce R&D budgets and production costs adds more 
variables that must be addressed. There is no doubt that 
powertrain development will require innovative solutions 
for many years to come.

In response to these challenges, we are sponsoring the FEV 
Powertrain Innovation Forum at the 2007 SAE International 
Congress and Exposition in Detroit.  Highly topical issues 
including light-duty diesel penetration in the US market, 
expanded introduction of hybrid technology, future gasoline 
engine technologies and the growing aftermarket influence 
on new product introductions will be presented. A short 
time later, FEV will present its innovative technologies and 
development methods through technical presentations and 
our exhibit at the 28th International Vienna Motor Sympo-
sium.

In both venues, FEV will showcase its latest technology 
introductions in production DI gasoline engines, light-duty 
diesel and hybrid powertrain development.  We invite you 
to attend and give us your thoughts on the need for future 
powertrain innovation. 

Sincerely,

Gary W. Rogers
Executive Vice President, FEV Motorentechnik GmbH
President and CEO, FEV Engine Technology, Inc.
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 ■ Building and maintaining the prototype  
  vehicle fleet
 ■ Integration of the powertrain electronic  
  control system 
 ■ Emissions and engine calibration
 ■ Powertrain system development testing
 ■ Powertrain NVH integration
 ■ Program management

FEV worked together with Ford to develop a team 
organization that could implement the development 
concept that the powertrain planners envisioned. The 
FEV team organization had to be formed in conjunc-
tion with the Ford and Mazda resources that were 
already part of the larger development program. The 
organization had to interface with two geographically 
separate and distinct business cultures on different 
continents in different time zones. In addition, utili-
zation of Ford global development facilities in their 
Southeast Michigan campus greatly improved the 
affordability of the development program. The Ford 
team was structured with a base vehicle engineering 
team co-located with Mazda in Hiroshima, Japan, 
the Ford automatic transmission engineering team 
located in Southeast Michigan, and a Ford program 
management team located in the Ford world head-
quarters building in Dearborn, Michigan. The FEV 
team structure included development personnel at 
FEV facilities in Michigan and Germany and a design 
team co-located with Ford inside the Mazda office 
in Hiroshima. Overall, the global organization also 
included the Ford transmission assembly plant in 
Bordeaux, France and FEV’s use of Ford information 
technology resources in Bangalore, India through 
a sub-contractor. A weekly automatic transmission 
powertrain team meeting illustrates the complexity 
of the organization. Participants were from Michigan, 
U.S.A.; Aachen, Germany; Bordeaux, France; Rayong, 
Thailand; Hiroshima, Japan; and occasionally, Pune, 
India.  

  
 FEV was responsible for design and release of  
 the unique content for this powertrain version.   
 New content included:

 ■ Automatic transmission
 ■ 4x4 transfer case
 ■ Shifter system
 ■ Powertrain Mounts
 ■ Driveshafts
 ■ Transmission and Transfer Case   
  Electronic Control Units
 ■ Exhaust System
 ■ Powertrain Cooling System



Through the assembly plant and established Ford 
supplier interfaces, FEV worked closely with the exis-
ting supply base to design and develop content that 
could be affordably procured in Thailand. Where the 
local supplier community did not have the capability, 
or more often when the part was carried over from 
another production application, parts were sourced 
internationally from Germany, France, India, and the 
United States. FEV’s support of the process started 
from the initial design concept and was sustained 
until after the regular production launch. FEV worked 
within the global Ford quality system, preparing and 
continuously updating key documentation required 
for major program milestones. 

FEV assembled and maintained the fleet of prototype 
vehicles assigned to the United States for develop-
ment tasks. Most of the early prototype vehicles 
were initially assembled with manual transmission 
powertrains, which preceded the automatic trans-
mission to production by a few months. The vehicles 
were completely re-built with automatic transmission 
powertrain content, which began with stripping the 
vehicle’s interior in order to completely fit the new 
wiring harnesses.

FEV led the integration of the powertrain electronic 
control system architecture. The integrated system 
utilized an existing Ford transmission control unit 
interfaced to the diesel engine control unit via a CAN 
bus with the adaptation of unique powertrain content.  
The first prototype vehicle used a laptop PC to trans-
late CAN messages from one control unit to another, 
allowing the first prototype vehicle to be driven.

In addition to supporting the unique interface to the 
automatic transmission in the engine control unit, 
FEV was responsible for adapting the engine cali-
bration for the automatic transmission powertrain.  
Calibration of the common rail diesel fuel injection 
system was optimized for the unique operating region 
of the engine. Vehicle-level calibration for drivability 
was optimized through regular Ford evaluations.

Together as a team, the complete development test 
and validation plan was developed using input from 
various experiences. Vehicle level durability testing 
was conducted in the United States. Ford proving 
ground facilities in Arizona were used to conduct the 
tests. High ambient temperature development and va-
lidation was conducted in Ford climate wind tunnel 
facilities with confirmation being performed using 
test vehicles. FEV conducted design verification and 
system durability tests on the automatic transmission 
shifter. Fuel economy and performance tests were 
conducted at the Ford Proving Grounds in Michigan.  
Cold climate and altitude evaluations were conducted 
in test cells with confirmation tests using vehicles on 
public roads in the United States.

Powertrain NVH was continuously evaluated during 
the development program, using mainly prototype 
vehicles. NVH guidance for the design of unique 
powertrain content was a continuous objective. The 
different engine operating regions were compared to 
manual transmission variants of the same vehicle, 
which led to different design solutions. For example, 
these solutions included different air cleaner mounts 
for the automatic transmission powertrain to reduce 
structure-borne content in very sensitive engine 
speed ranges.

Ford requested certification tests to support homolo-
gation of the vehicles in several countries, including 
Australia and Europe. FEV prepared the vehicles and 
managed the certification tests for emissions and fu-
el economy, pass-by noise, speedometer accuracy, 
gradeability, and EMC.

The powertrain was successfully launched on sche-
dule for regular production.

case@fev-et.com
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 Fleet Testing Worldwide

Securing the highest quality in the development 
process of modern vehicles and engines is of 
primary importance to automotive manufactu-
rers. Hence, failure statistics are currently used as 
the basis to validate the customer’s product is of
the highest quality. With manufacturer’s technology 
and the sensors and actuators becoming more com-
plex in conjunction with increasingly stringent emis-
sion legislation, driven by the US EPA, California ARB, 
European Union there are increasing demands placed 
on the test vehicle during the endurance runs. Based 
on the need for increased globalization, the specific 
demands of each market should be adequately ana-
lyzed and then the robustness of the systems needs 
to be validated under customer-relevant boundary 
conditions.

Aspects such as driver impact, fuel quality, geogra-
phic and temperature-sensitive correlations must 
be taken into account as part of these robustness 
checks. These factors must be considered and

analyzed as a part of the vehicle development pha-
se during the test trips and their robustness must 
be verified by meaningful vehicle fleet tests by the 
end of a development project that considers quality 
standards. FEV has accumulated a wide spectrum of 
expertise, providing engineering services for custo-
mers around the world for decades, which can be 
effectively applied to plan and conduct vehicle fleet
testing. A substantiated and continuously expanding 
knowledge of the specific features of the individual 

markets has been established during the cou
extensive vehicle calibration experience for wo
production applications.

Basic routes which account for customer-re
subjects, such as driver impact, hot and cold
tions, high altitude and different fuel quality ex
the United States, European and Chinese m
(see Figure 1 for the United States).

The routes can be adapted to particular custom
mands, such as the verification of OBD robu
and emission compliance, considering com
aging and the combustion process. FEV has 
to drivers that are familiar with the local cond
prototype-safe emission dynamometers and work-
shops in the respective countries to meet these 
requirements. Fuel and oil samples can be extracted 
on a regular basis and analyzed on site in order to 
maximize the value of the vehicle fleet. Additionally, 
wear and tear on engine components, to the point of 
borescoping the combustion chamber and intake and 
exhaust system can be documented upon customer’s 
request. The vehicles are being equipped with drive 
recorders and the error memory is downloaded a 

Fig. 1: FEV‘s Ressources for Fleet Testing in the USA

minimum of twice daily to analyze ECU parameters, 
which can provide valuable information in terms of 
the adaptation behavior of sensors and actuators. 
The data is systematically documented and analyzed 
by FEV and summarized in weekly reports for the 
customer. FEV can provide assistance and on-site 
support in case of technical issues upon customer’s 
request. Furthermore, FEV guarantees permanent and 
worldwide contact with the customer in the national 
language through a hotline network.
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Fig. 1: HiL-System

© Google Earth Pro

 In summary, the benefits of vehicle fleet 
 testing conducted by FEV can be summarized  
 as follows:

 ■ Worldwide development centers
 ■ Extensive experience in the field of   
  powertrain application
 ■ Endurance testing and application   
  expertise in one team
 ■ Direct access to workshop and   
  engineering services
 ■ Worldwide cooperation with laboratories  
  to measure emissions and analyze fuel  
  and lubricants
 ■ Substantiated knowledge of the nation-
  wide significant regions, e.g. climatic
  conditions, drive cycles and fuel quality etc.

werner_s@fev.com

 Electrical/Electronics
 Integration

In addition to developing electronic and mechatronic 
systems, FEV expanded its experience in the integra-
tion of drive electronics to become an important fo-
cal point for services in the electrical/electronic (E/E) 
sector. This experience ranges from demonstration 
vehicles to turnkey production vehicles with any kind 
of variants. Frequently working on multi-national ve-
hicle integration projects, our E/E engineers work in 
close cooperation with engine experts and users of 
the application in interdisciplinary teams. This is typi-
cally done directly on location at the customer site.

To integrate a drivetrain, the engine controls must 
be adapted to the complex electronic environment of 
the new vehicle. The work of the E/E engineers starts 
with the specification of the control unit, the required 
sensors and actuators, and the wiring harness. FEV 
experts define the requirements for each individual 
component in so-called “cost packs”. These are the 
basis for inquiries from external suppliers. This pro-
cess is followed by a verification of all components 
that are offered with respect to packaging, functio-
nality, performance, service life, and costs. Our engi-
neers take charge of the entire supplier management 
process throughout all of the development stages of 
components from prototype to production. In additi-
on to specifying the wiring assembly, creating sample 
wiring harnesses for the initial startup of the drives at 
the test bench as well as for the setup of prototypes 
is also part of FEV’s expertise.

Integrating the electronic drive control into the com-
plex controller network of the vehicle requires the 
communication matrix to be adapted. The electronics 
engineers at FEV make the appropriate changes to 
the specification and completely revise the data bus 
communication (e.g. CAN, FlexRay or LIN). This is 
normally completed on the Hardware-in-the-Loop test 
bench (HiL) or directly in the vehicle. In the bench 
process, FEV-internal HiL-systems can be used in 
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combination with a vehicle-specific rest bus simula-
tion. To ensure proper communication, all messages 
on the bus and any associated labels in the control 
unit are checked and validated. Additional tasks of the 
E/E engineers include coordinating the control unit 
interfaces as well as checking gateway functionalities 
between a vehicle’s multiple data buses

Diagnostic functions monitor the sensors and actu-
ators, which detect inputs that have a short circuit 
or are open, and verify the plausibility of the input 
signals. As part of the vehicle integration, these dia-
gnostics must be adapted and checked with regard to 
plausible signal ranges of the sensors that are being 
used. Faults are simulated to accomplish this and the 
corresponding fault entries are checked. 

Additionally, the E/E engineers have to ensure 
communication between the control units and the 
diagnostic testers is complete, which are used in 
the service area to query fault entries. This type of 
communication must be adapted and tested, both 
for service diagnostics and for legislative OBD dia-
gnostics.

Great importance is placed on the safety concept, 
which ensures that the integrated drive electronics 
will only generate as much torque as is requested by 
the driver and that the vehicle will not inadvertently 
accelerate in the event of a fault. The safety concept 
has 3 levels; whereby, the top level is in line with the 
torque structure of the control unit. The second level 
is another simplified version of the first level and can 
thus detect faults made during torque calculations. 

Whenever there is a change to the torque structure, 
the second level must be corrected accordingly. FEV 
has developed a tool for this purpose, which permits 
the automatic transfer of data set changes to the se-
cond level of the safety concept. Moreover, FEV has 
developed its own vehicle reaction tests to check on 
and validate the safety concept.

Fig. 2: Safety Concept

Electronics are a central part of vehicle integration 
concepts. Our E/E experts have gained competence 
through a wide range of experience from many years 
of working in numerous production projects and are 
familiar with the processes of our customers.

electronics@fev.com
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 400th Engine FEV‘s 
 Friction Database

Today, FEV’s friction database can be considered 
the largest in the world, with results from FEV’s own 
(in-house) investigations reflecting more than 400 
internal combustion engines, with more than 600 in-
vestigations that included engine variations available 
at the end of 2006.

Most of the recorded data is acquired during motored 
friction measurements conducted according to the 
“strip method”. During this time period, the engine 
is dismantled step-by-step to separate the effects of 
friction on the individual engine components. Excep-
tional accuracy has been achieved by measurement 
methods developed by FEV, which includes custom 
built test benches and sophisticated measurement 
techniques geared to the specific need of friction 
benchmarking.

FEV’s friction data base was initiated in 1994 to hand-
le the growing data flow, which has increased steadily 
since 1991. From 1987 to 1991, seventeen engines 
were measured at FEV at a rate of approximately four 
(4) engines per year. In 1992, engine benchmar-
king was introduced and the number of measured 
engines increased to ten (10) per year. A total of 43 
investigations were carried out in 2006. Today, the 
standard measurement duration for a passenger car 
engine ranges from 10 to 20 test bench days (2 shifts 
per day).

 Database statistics:
 ■ 51% production engines, with the balance  
  being prototype engines.
 ■ 76% SI-engines, with the balance   
  being diesel engines.
 ■ 59% 4 cylinder engines, with the rest being  
  3, 5, 6, 8, 10 and 12 cylinder engines.

 ■ Displacement range: 
  Passenger cars:
  ■ SI-engines: 0.6L – 6L, 3 to 12 cylinder
  ■ Diesel engines: 1.1L – 4L, 3 to 8 cylinder
   Truck engines:
  ■ 9 production engines: 3L to 16L, 4 and  
   6 cylinder; with an additional 37 engines  
   having geometric data
  Motorcycles:
  ■ 5 production engines: 125 cc to 650 cc

hermsen@fev.com
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 Objectives when using the FEV friction database include: 
 ■ Generation of scatter bands: Every year, the scatter bands  
  are refreshed to allow for a representative comparison of  
  friction values of the components. As a rule, these scatter  
  bands contain measurement data recorded at a temperature  
  of 90°C under strict boundary conditions over the last   
  5-6 years. 
 ■ Friction analysis: Exposure of components with favorable  
  or unfavorable friction levels and distinctive technical features 
  are compared to current production engines, including an  
  analysis of design parameters and engine design.
 ■ Friction studies: Presentation of development trends and  
  technology trends. The friction values of the engines, 
  engine components and accessories are plotted graphically  
  (e.g. comparing model year, engine displacement volume and  
  engine speed). All of the graphs are made anonymous, so that  
  an identification of individual engines is not possible by  
  geometrical engine data.
 ■ Program for the estimation of friction: Empirical equations and  
  simplified mathematical approaches were derived in combination  
  with geometrical component data of the engine components,  
  to develop a program for friction estimation. The friction losses  
  are determined for all friction relevant engine components.



in the automotive industry. Customer demands can 
be easily realized using these tools.

The data acquisition and automation system is a key 
device in the test cell environment. FEV’s TestCellMa-
nager fulfills the necessary tasks to link and interface 
the variable control units for the engine, gearbox and 
electrical management. 

The certified ASAM-ACI interface provides a seamless 
communication to read and write for the purposes of 
calibration.

Thus, FEV is not only a reliable partner for the deve-
lopment of hybrid concepts by providing simulation 
tools, test cell capacity and vehicle integration, but 
also supplies flexible turnkey test cell solutions.

biermann@fev.com
bender@fev.com

Hybrid vehicles have become an increasingly pro-
mising concept, offering significant potential for 
reducing fuel consumption and consequently CO2 
– emissions depending upon the driving cycle. Since 
the 1990’s, FEV has followed these concepts with 
benchmarking and conducting detailed concept de-
velopment. These activities continue to be broadened 
and expanded. Today, FEV covers this field with its 
own competence center, running several hybrid test 
cells. Additionally, such test cell solutions are desig-
ned and constructed for external customers. 

In principle the main parts of a 
hybrid drivetrain consists of the 
combustion engine, electrical 
load unit, gearbox, differential 
gear and tires (Figure 1). A 
corresponding dynamometer 
is integrated into the drivetrain 
for a test bench application. In 
most cases an electrical motor 
is selected to be able to cover 
the various situations of a drive 
cycle. A high capability for these 
machines is required in terms 
of power, torque and speed. 
Especially the dynamic machine 
control in combination with the 
gearbox and the electrical load 
unit is essential to simulate the 
vehicle on the test bench. Based 
on the successful standard Dy-

naCraft model line, FEV offers a range of specialized 
solutions for hybrid applications. Figure 2 shows 
such a machine and its torque / speed diagram. Dri-
ver-vehicle simulation is already a standard capability 
of FEV, as vehicle-related test cycles are an essential 
part of concept development. In addition to normal 
powertrain applications, the coupling of an electrical 
load results in enhanced demands. Significantly more 
complex control strategies have to be realized. The 
FEV TestObjectManager offers the capability to cope 
with these tasks. For modeling new control structu-
res, FEV uses Matlab-Simulink, a well established tool 
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Fig. 1: Principle 
Set-up of Hybrid 
Powertrain
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Fig. 2: AC Machine for Hybrid Application
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