




ÓIn the near future we will carry
out fairly intensive HIL simula-
tions before building the Þrst proto-
type,Ó predicts Hermann-Josef
Risse. ÒThe simulation results and
the Þne tuning are checked on real
prototypes, for example with test
drives in winter and summer.Ó

Risse and his colleague, engineer
Joseph Urhahne, are working as
vehicle dynamics developers at
Ford in Cologne. In their interdisci-
plinary team they use a HIL tool
chain by IPG GmbH Karlsruhe to
optimize the chassis components
and their electronic control sys-
tems, such as ESP.
Both of them strive for the long-
term goal of creating a network of
all important components, such as
the brakes, steering, axle and wheel
suspension, in order to avoid com-
plicated co-ordination procedures,
and facilitate the development of
an optimized overall system. The
developers are already using the
HIL system in the ESPÕs adaptation
to the new Mondeo.

Deeper knowledge of
details

ÓSimulation with HIL broadens
and deepens clearly our knowledge
of complex systems such as ESP.
Furthermore the vehicle manufac-
turer has to ensure that he still has
sufÞcient know-how in all areas.
This particularly applies to ESP,
which has a strong impact on vehi-

cle dynamics and thus on a carÕs
character,Ó says Joseph Urhahne.
ÓOur deeper understanding of the
system makes the co-ordination of
details during the application phase
and communication with our sup-
plier Ð in this case Bosch - much
easier and more efÞcient,Ó he con-
tinues.

Whether through sensor signals or
through communication on the data
bus Ð all important data and infor-
mation is visualized on the HIL test
bench screen. The developers can
provoke a sensor failure for a cer-
tain time or even for an unlimited
period, and even block a back
wheel. To analyse the failure, all
the important data can be shown as
graphs or in columns of Þgures.

The computer with the IPG pro-
gram package takes on the func-
tions of the vehicle, the driver, and
the road. The ESP control device is
the only actual piece of vehicle
hardware. The computer processes
signals from the control device in
real time and calculates the behav-
ior of the virtual car within a milli-
second. The model scenario then
generates new signals which are
fed once again into the control
device. This closes the loop - the
hardware is within the simulation
cycle. A high-performance PC cal-
culates the vehicle and driver mod-
els, electronic I/O cards generate
the wheel speed, a second com-
puter visualizes simulation results.

For each purpose the right
model

Chassis specialists use a patchwork
made up of several simulation
models. Joseph Urhahne says:
ÓThe central vehicle model ÓIPG-
CarÓ is complemented by the
closed tool chain of the driver
model ÒIPG-DriverÓ and the three-
dimensional road model ÓIPG-
RoadÓ to make up the complete
HIL system.

Furthermore hardware and soft-
ware are organized in a strictly
modular way: should one of the
patchwork pieces not meet the indi-
vidual demands, it may then be
replaced with a different program.
In addition, the systems are com-
patible with existing simulation
systems- this was a Ford require-
ment. According to Dr. Risse, cou-
pling them with ÒAdamsÓ by
Mechanical Dynamics (MDI), the
program which Ford uses as a stan-
dard for chassis applications, posed
no problems.

The HIL test bench was then vali-
dated with AdamsÕ data and the
simulation in real time was carried
out, using the data from driving
maneuvers such as a steady-state
turn, which was later submitted to a
real driving test on the Ford test
site in Lommel/Belgium.

The virtual driver is some-
times too good

ÓIPG-DriverÓ is a virtual driver
which controls the vehicle in any
driving situation Ð be it ISO lane
changes or the infamous Nuerbur-
gring North Loop. The programÕs
simulation kernel imitates a real
driverÕs skills and reactions in

Black Ice in the Summer

Only a few years ago, the use of vehicle simulation in the
development of control devices was the exception to the rule.
Today more and more engineers resort to hardware-in-the-
loop (HIL) before the actual driving tests. The test bench
always simulates the ÒrightÓ weather and thus allows a faster
and more efÞcient development.



many possibilities of variation.
FordÕs engineers may thus deÞne
various driver types dynamic or
careful who would choose com-
pletely different speeds depending
on the road characteristics.

Dr. Risse comments: The ÓDriverÓ
is extremely well modeled. For
example as user I may adapt and
modify the parameters such as
those for longitudinal and lateral
dynamics, but, because the virtual
driver does not Óbreak into sweatÓ
in critical situations, it is some-
times almost too good at driving in
comparison with a real person.Ó
By offering the possibility to carry
out test series during the night or
over the week-end the driving
maneuvers can clearly be repro-
duced. Furthermore driving
maneuvers on a HIL test bench can
be pushed to the limits of what is
physically possible without carry-
ing a risk for a test driver. Another
advantage the system offers is the
saving of time and money which
Dr. Risse estimates to 25 to 30 per-
cent. Furthermore the weather is
always ÓrightÓ: snow, black ice, or
rain. The road is always in the con-
dition it should be in for the test, at
any time of day or year.
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The best things come in small packages
IPG from Karlsruhe has been known as a pioneer in vehicle
dynamics simulation for hardware-in-the-loop (HIL) systems
for more than ten years. The company was founded in 1984
under the name of ÓIngenieurgemeinschaft Professor Gna-
dlerÓ (IPG), which was later changed to IPG Automotive
Engineering Software+Consulting GmbH. Initially, the main
activity was the development of tailored vehicle dynamics
simulation packages, later the focus shifted to standardized
software modules. With the new HIL product generation IPG
wants over the next two years to double its sales Þgures and
to offer work to more than the present 20 employees.


