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Over the last six months, INMAR was quite
The INMAR Female active in finishing its successful second year.
Network 1 Following the baseline analysis of considered
applications, solutions are currently designed
INMAR Present at showing the feasibility of an active noise
Conferences 2 reduction in all transport related applications.

Besides, more and more enabling technologies

What are Intelligent Material are provided allowing the commercial

Systems and Adaptive

implementation of active systems. Many InMAR

Systems? 2 partners were also quite active in presenting
their results at European and international
. . conferences. This second issue of IhnMAR’s
Adaptlve Noise Control 3 Newsletter gives an update on the progress
and informs you on the latest news regarding
Selected Results 3 INMAR.

Research Training Network on
a Computer Aided Engineering
Approach to Smart Structures
Design

Out of the InMAR consortium, a research
training network (RTN) on smart structures has
been proposed under MarieCurie and finally ap-
proved earlier this year. This RTN network is com-
plementing the RTD activities performed in
INMAR and aims at further extending, inte-gra-
ting and consolidating the knowledge in the diffe-
rent research fields of InMAR by a struc-tured
research training program,
with a main focus on integra-
ting the research results in|
sys-tem-level solutions. The
overall objective of the RTN |
network is to develop an|
educational and
framework for

macro-scale noise
applications based on inte
ligent material systems. The
scientific and technological
objective of the network is
to ad-vance the state-of-the-
art in smart materials rese-
arch to the level of system
integration and industrial ap-
plicability, with a specific fo-
cus on solutions for noise
and vibration reduction and
for vibration-based damage

detection. This requires that the involved rese-
arch teams not only focus on the development
and use of novel materials and control algo-
rithms, but that they explicitly address the in-
tegration into sensor/actuator material systems
and even further into application-level solutions.
The study will include not only the target per-
formance of the solutions, but also their
constraints with respect to system reliability and
cost. In this process, particular attention is paid
to modelling aspects on the different scales:
models for the intelli-gent materials and material
systems, for the sensors and actuators, for the
integrated control systems and the system-level
applications.

The RTN will start in January 2007 but is alrea-
dy open for applications of Early Stage Re-sear-
cher. Young researchers interested in a position
within the RTN may contact the RTN coordinator
Wim Desmet (wim.desmet@mech.kuleuven.be)
or the INMAR secretariat for further information.

The INMAR Female Network

The Female Network initiated within InMAR as
one of the key gender related activities has now
been established with its first meeting held May
3rd in Berlin. The Female Network is aimed at
being a platform to discuss gender aspects in
professional life and to promote female resear-
chers. At the meeting, an action plan was
discussed and agreed upon. Among others, the
focus will be on recruiting more women for en-
gineering-related topics starting already at
elementary and high-school level, to provide
monitoring and coaching programs and to raise
the awareness of existing differences in

professional life of women and men. It is of great
importance for the network that it does not end
with InMAR. So everyone in the European Rese-
arch Area interested in this network is very wel-
come to take part. Detail information can be
obtained from the IP secretariat.

Participants of the 15t INMAR Female Network workshop
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Commissioner Potocnik, Minister Frankenberg (Baden-Wirrtemberg), Prof. Bullinger (FhG Board member)
and Dr. Bein discussing active noise reduction at the Fraunhofer Day in Brussels

INMAR Present at Conferences

Many InMAR partners were participating at various conferences
world-wide presenting their results obtained within InMAR. Over
the last two years about 70 publications were made of which
some can be found on InMAR’s homepage. Highlights were the
Forum Acousticum 2005 in Budapest and the Euronoise 2006 in
Tampere, both coordinated by INMAR partners with sessions dedi-
cated to InMAR. In addition, general overviews on InMAR were
and will be presented at major conferences on noise and
transport issues. This year, InMAR will be presented e.g. at the
Transport Research Arena 2006 in Goteborg and the TRANS-
FAC 2006 in San Sebastian. Another highlight was the Fraunho-
fer Day in Brussels where InMAR was presented to
Commissioner Potocnik.

What are Intelligent Material Systems and
Adaptive Systems?

The constantly growing demands on modern structure systems
today increasingly cause conventional passive as well as active
mechatronic approaches to reach their technical and economic
feasibility limits. Adaptive structure technology (smart structures)
based on intelligent material systems is an innovative, new cross
sectional technology for the optimization of structure systems. It
is based on the integration of additional functionality by com-
bining conventional structures with intelligent material systems,
which extend the classic function of load-bearing and form-de-
fining structure to sensing and acting capabilities. In connection
with suitable adaptive controller systems, adaptive structure sys-
tems can optimally adapt

to their respective ope-
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By using this approach, modern structures can be implemented
easily and compactly as well as with low-vibration and low-noise
and/or as dimensionally stable as well as with the potential for

structure integrated monitoring. This leads to the
protection of raw materials, lower environmental
stress resulting from noise and emissions, lower
system and operating costs and higher functio-
nality and efficiency of systems.

While mechatronics extends the functionality of
the existing structure system pertaining to a
design point mainly by adding components, the
core goals of adaptive structure technology
consist

* in the continuous interference into the struc-
ture-mechanical, mostly structure dynamic,
characteristic of the overall system and

* in the optimization of the structure system by
replacing structure components with intelligent
material systems (effective in the sensor-ac-
tuator sense) to save mass and designed
space

Adaptive or intelligent solutions are thus characte-
rized by a function integration and a certain mea-
sure of function consolidation, i.e. a structure
conformed integration of the sensor characteri-
stics and actuator components, and an active system interventi-
on while assuming mechanically load-bearing characteristics in
the overall structure. They fundamentally expand the structure
characteristics and permit the fight against structure disturban-
ces at their source, in the transmission paths and/or in sensitive
areas of the system. Adaptive structure technology can be un-
derstood as a logical consequence of mechatronics, which does
not lose their importance, however.
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The goal of adaptive structure technology is to influence struc-
tures. By so doing, a new technology is made available to the
user to optimize his/her products. The main focus is in particular
the vibration reduction, noise reduction and the structure in-
tegrated damage monitoring. Likewise of importance are shape
control and the fine positioning. At the same time, further appli-
cations can be derived from the partial competences.

The need for inno-
vative adaptive
measures is frising
for many fields of
application.

A need for solu-
tions usually exists
in the vibration
and noise reducti-
on, shape control
and the Structural
Health Monitoring.
By  implementing
adaptive structural
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measures, functionality, life span, comfort, security, production ef-
ficiency and quality are to be increased and stresses, weight and
costs reduced.

Adaptive Noise Control

Contrary to passive structural measures of noise reduction that
concentrate on the strong increase of structure mechanical impe-
dance and structure damping by adding material, adaptive noise
reduction is based on the principle of replacing passive structure
components with active, multi-functional components, to control
these adequately and thus counteract the spreading structure-bor-
ne sound and the propagation of interference energy and not on-
ly the consequences of the interference.
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This means that ideally the sound energy's interfering radiation
is not only reduced by active countermeasures, but rather pre-
vent such noise disturbance. This approach of active structure in-
fluence is summarized under the term of the Active Structural
Acoustic Control (ASAC).

In contrast, the manipulation of active noise according to the well-
known principle of Active Noise Control (ANC) pursues the goal
of weakening primary acoustic sources and their emitted sound
by superimposing artificially produced sound fields and destruc-
tive interference. To accomplish this, secondary sources (loud-
speakers) are electronically controlled.

Selected Results
Noise Reduction by Tunnels and Bridges

The work area aims at developing active solutions for noise reduc-
tion of steel bridges and reduction of squeal noise in tunnels.
The effort spent so far has been focused on different activities
such as investigation on bridge noise and squeal noise, conceptu-
al design of noise reduction solutions, selection of actuator con-
cepts and extensive numerical and experimental study. Based
on these outcomes and requirements, the design of the active
systems will be reviewed and optimized with special attention to
noise reduction performance, actuator design and integration,
control strategy, and feasibility considerations.

Regarding bridges it was shown that the bottom plates of the rail-
way bridge, due to their large radiating areas, are the main con-
tributors to the far field pass-by noise levels. It was further
concluded that using Active Damping Devices (ADD) to reduce

structural resonances of the lateral steel plates of the bridge
would not be effective in reducing the far field noise. According
to these results, it has been necessary to envisage the wide-
band control of the bottom plates of the steel bridges. This can
be done with the ADD providing that actuator is stiffened to al-
low for vertical operation and that the analog control board is re-
placed by a digital one. The latter would allow implementing
either (i) wide-band feedback controllers, (ii) noise-cancellation
feed forward controllers or (iii) local active damping controllers,
as the analog version, but with a higher degree of flexibility.
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Fig. 3 Performance of the active damping device (Source D2S)
Noise Reduction by Power Trains and Bogies

The work area “Power Train and Bogies” considers the propulsi-
on system, i.e. powertrain (diesel engine and gearbox) and the
bogie as the main issue, especially in the case of diesel
propelled vehicles. Background is a Diesel Multiple Unit vehicle
by Bombardier, developed to the state of the art with passive
Noise Vibration and Harshness (NVH) technologies. Three ma-
jor operating areas were pre-selected so far, decoupling, shell
noise and encapsulation. Whereas in total four ANR applications
are actually under investigation:

* Diesel engine encapsulation by active shielding
* Active in-duct valve system in exhaust system
* Active vertical damper in secondary bogie suspension

* Active vibration control in second suspension stage of Diesel
engine
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Fig. 2 Correlation Mount Vibration / Cabin Noise (Source FEV)

Two major noise and vibration test campaigns were carried out
to provide baseline data for the AGC train. In parallel, a vibro-
acoustic model of the train engine in view of active control
design was established including an experimental study of the
noise components and building an experimental and a numeri-
cal boundary element model to derive surface-level source de-
scriptions. Based on these models, a coupled vibro-acoustic
model of an encapsulated engine was derived and validated
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with experimental data. This model was then used as the basis
for building models including active noise control which can be
used in optimization algorithms for position and strength of ac-
tive monopole sources. With respect to structure-borne noise
and vibration from diesel engines, an FEM model of the DMU
(Diesel Multiple Unit: engine and generator) was set-up and first
simulations with regard to power train vibration excitation and the
related power train vibration natural vibration modes were per-
formed (Fig 2). The environment for a smart interface to reduce
the power train vibration transmission via the sub frame moun-
tings into the train chassis (car body) and the active device me-
chanical characteristics required were assessed based upon
experimental data. A piezoceramic-technology based interface
seems to represent the technical solution able to cover the desi-
red frequency range and to provide the necessary displacement
/ force profile.

Any Questions?
Please contact us!

IP Secretariat

Suzanne Kritzer

TU Darmstadt

System Reliability and Machine
Acoustics (SzM)

Magdalenenstr. 4

64286 Darmstadt, Germany
Phone: +49-(0)6151-16-6924

Fax: +49-(0)6151-16-6928

Mail: kritzer@szm.tu-darmstadt.de
InMAR Homepage: www.inmar.info

If you do not wish to receive
our newsletter, please send
an e-mail to our IP secretariat.
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