Elektrik/Elektronik

Der virtuelle Mondeo bei einem
Spurwechselmandver.
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Im Sommer

Noch vor wenigen Jahren war
die Fahrzeug-Simulation bei der
Entwicklung von Steuergeraten
die Ausnahme. Heute greifen
immer mehr Ingenieure noch
vor den realen Fahrversuchen zu
Hardware in the Loop. Der
Priifstand simuliert immer das
«richtige” Wetter und beschleu-
nigt dadurch die Entwicklung.
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.In naher Zukunft werden wir intensive
Hardware in the Loop (HIL)-Simulationen
durchfiihren, noch ehe der erste Prototyp
gebaut ist", prophezeit Dr. Hermann-Jo-
sef Risse. ,Mit den realen Versuchstrégern
tiberpriifen wir die Ergebnisse der Simu-
lation und fiihren das Feintuning durch,
beispielsweise mit Erprobungsfahrten im
Sommer und Winter."

Risse und sein Ingenieurskollege Joseph
Urhahne sind bei Ford in Kéln in der Fahr-
dynamik-Entwicklung tatig. Sie arbeiten
in einem interdisziplinar besetzten Team
mit der HIL-Toolkette des Karlsruher Un-
ternehmens IPG an der Optimierung von
Fahrwerkskomponenten und deren elek-
tronischen Regelsystemen wie ESP.
Langfristig wollen die beiden alle wichti-
gen Komponenten vernetzen wie Bremse,
Lenkung sowie Achsen und Radaufhén-
gung. So vermeidet man aufwindige Ein-
zelabstimmungen und kann ein opti-
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Seit mehr als zehn Jahren ist die
IPG aus Karlsruhe als Pionier fiir
Fahrdynamik-Simulation bei Hard-
ware in the Loop (HIL)-Systemen
bekannt. Griindungsjahr der ,In-
genieurgemeinschaft Professor
Gnadler” (IPG) war 1984, spiter
erfolgte die Umbenennung in IPG
Automotive Engineering Software
+ Consulting GmbH. Anfangs ent-
wickelte der Dienstleister vorwie-
gend individuelle Fahrdynamik-
Simulationspakete, spater lag der
Schwerpunkt auf standardisierten
Software-Bausteinen. Mit einer
neuen HIL-Produktgeneration will
IPG in den nichsten beiden Jahren
den Umsatz verdoppeln und deut-
lich mehr als die derzeit 20 Mitar-
beiter beschiftigen.

miertes Gesamtsystem entwickeln. Bei
der Anpassung des ESP an den neuen
Ford Mondeo setzten die Entwickler das
HIL-System bereits ein.

Tieferes Detailwissen
JUnser Wissen iiber ein komplexes Sy-
stem wie ESP wird durch die Simulation
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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 OrightO weather and thus allows a faster
and more efbcient development.

For each purpose the right
model

Chassis specialists use a patchwork
made up of several simulation
models. Joseph Urhahne says:
OThe central vehicle model OIPG-

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

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 ESPOs adaptatiorhardware. The computer processe

to the new Mondeo.

Deeper knowledge of
details

OSimulation 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
sufpcient know-how in all areas.
This particularly applies to ESP,
which has a strong impact on vehi-

CarO is complemented by the
closed tool chain of the driver
model OIPG-DriverO and the three-
dimensional road model OIPG-
RoadO to make up the complete
HIL system.

cle dynamics and thus on a carOs
character,0 says Joseph Urhahne.
OOur deeper understanding of the
system makes the co-ordination of
details during the application phase Furthermore hardware and soft-

and communication with our sup- Ware are organized in a strictly
plier B in this case Bosch - much modular way: should one of the

easier and more efbcient O he Con_patchwork pieces not meet the indi-
tinues. vidual demands, it may then be

replaced with a different program.

Whether through sensor signals or !N 2ddition, the systems are com-

through communication on the data Patible with existing simulation
bus B all important data and infor- SYStéms- this was a Ford require-
mation is visualized on the HIL test Ment. According to Dr. Risse, cou-

bench screen. The developers can Pling them with OAdamsO by
provoke a sensor failure for a cer- Mechanical Dynamics (MDI), the

tain time or even for an unlimited Program which Ford uses as a stan-
period, and even block a back dard for chassis applications, posed

wheel. To analyse the failure, all "0 problems.
the important data can be shown as

graphs or in columns of Pgures. The HIL test bench was then vali-

dated with AdamsO 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
SSite in Lommel/Belgium.

The computer with the IPG pro-
gram package takes on the func-
tions of the vehicle, the driver, an
the road. The ESP control device is
the only actual piece of vehicle

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 _ o

generates new signals which are  The virtual driver is some-

fed once again into the control times too good

device. This closes the loop - the i

hardware is within the simulation OIPG-DriverO is a virtual driver

cycle. A high-performance PC cal- which controls the vehicle in any

culates the vehicle and driver mod- driving situation b be it ISO lane

els, electronic 1/O cards generate changes or the infamous Nuerbur-

the wheel speed, a second com-  gring North Loop. The programOs

puter visualizes simulation results. simuIaNtion kernel imitates a real
driverOs skills and reactions in



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

Dr. Risse comments: The ODriverO
is extremely well modeled. For
example as user | may adapt and
modify the parameters such as
those for longitudinal and lateral
dynamics, but, because the virtual
driver does not Obreak into sweatO
in critical situations, it is some-
times almost too good at driving in
comparison with a real person.O
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 OrightO: 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.

All lllustrations: Ford Werke AG

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 Olngenieurgemeinschaft Professor Gna-
dlerO (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 bgures and
to offer work to more than the present 20 employees.



