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Publishable executive summary 
 
Health monitoring of aircraft by Nonlinear Elastic Wave Spectroscopy 
(AERONEWS) 
 
Acronym:  AERONEWS 
Contract Nr.: AST-CT-2003-502927 
 
Total Cost:  4.874.745 € 
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Organisation:  Katholieke Universiteit Leuven 
Leuven Research and Development 
Groot begijnhof 58/59 
3000 Leuven 

 
Contact:  Prof. Koen Van Den Abeele 

 Tel:    +32 56 246 256 
 Fax:    +32 56 246 999 
 E-mail:   koen.vandenabeele@kuleuven-kortrijk.be 
 
EC Officer:    Hans von den Driesch 

Tel:    +32/2/296.06.09  
Fax:    +32/2/296.67.57  
E-mail:   hans-jozef.von-den-driesch@cec.eu.int 

 
Partners: 
Katholieke Universiteit Leuven        BE 
Vrije Universiteit Brussel         BE 
N.V. ASCO Industries         BE 
Zemedelske druzstvo Rpety se sidlem ve Rpetec      CR 
Institute of Thermo-mechanics of the Academy of Sciences of Czech Republic  CR 
Vyzkumny a zkusebni letecky ustav, a.s.       CR 
Groupement D'interet Public "Ultrasons"       FR 
NDT Expert           FR 
Fraunhofer Gesellschaft zur Förderung der angewandten Forschung e.V.  DE 
Politecnico di Torino          IT 
Università di Napoli “Federico II” – Dipartimento di Progettazione Aeronautica  IT 
Consejo Superior De Investigaciones Científicas      SP 
Boeing Research & Technology Europe       SP 
Bodycote Materials Testing AB (ex CSM)       SW 
The University of Exeter         UK 
The University of Bristol         UK 
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Background and Project Objectives 
Recent advances in aeronautics require the development of non-destructive evaluation (NDE) 
techniques that allow the quantification of microstructural damage in a wide variety of materials 
during their manufacture and life cycle, ensuring both their quality and durability. Traditional NDE 
techniques such as high quality linear acoustic, electromagnetic and visual inspection methods are 
not sufficiently sensitive to the presence and development of domains of incipient and progressive 
damage. For this purpose, we are proposing the development and validation of an innovative 
microdamage inspection system based on Nonlinear Elastic Wave Spectroscopy (NEWS). 
 
The primary objective of this project is to enhance and implement new experimental and simulation 
tools necessary to measure, characterize, predict, quantify, and locate early stage damage in 
aircraft components and structures, based on the nonlinear response of the material. Nonlinear 
Elastic Wave Spectroscopy (NEWS) has proven to be very sensitive and effective in detecting 
micro-damage in materials at early stages of failure, and long before linear acoustic properties 
show signs of material degradation. The focus will be on the expansion of the present knowledge 
of the nonlinear behaviour of progressive fatigue damage in aircraft parts and structures (WP1-
WP2), on the development of explicit sensor systems and advanced self-monitoring components 
(WP3), on the formulation of an integrated design for a testing procedure and a unique engineered 
monitoring system for microdamage inspection (WP4), including remote control and 
communication tools, and on the validation of the applicability of the system to real time in-situ 
inspection of a full-scale model on the ground (WP5). 
 
Description of work 
The academic capabilities and usefulness of NEWS techniques will be extended in five ways.  
• Validate and certify the use of NEWS in aeronautics by extending the application of NEWS 

methods on materials and objects for which there is a pronounced need in aeronautics (WP1) 
and by formulating recommendations for the selection between different NEWS techniques 
with respect to materials, structures and experimental situation. 

• Propose and develop the methodology for a NEWS technology-based imaging system 
(NEWIMAGE) through intensive NEWS modelling and enhanced numerical support for 
nonlinear acoustic imaging techniques of damage (localization) (WP2).  

• Design smart transducer/sensing systems by developing innovative transducer-receiver 
systems for embedded instrumentation and advanced NDE (WP3), along with comprehensive 
data recording and analysis tools (WP4).  

• Prepare the necessary grounds for the development of a test device measurement system by 
combining the NEWS ideas with advanced transducer solutions (WP3), wireless and remote 
communication capabilities and a user-friendly Graphic Interface (WP4) to develop an efficient, 
semi-automatic and reliable package for monitoring and identification of microdamage. 

• Verification of the capabilities of the health monitoring system by integrating the measurement 
system as a portable or permanent damage diagnostic tool on selected key aircraft parts of a 
full scale model on the ground (WP5). 

 
Expected Results 
The development and preliminary verification of an innovative NEWS-based NDT technology and 
its engineering applications in aeronautics envisaged in this project, will result in an enhanced, 
reliable and integrated prototype measurement system and protocol for microcrack diagnostics of 
selected aircraft components and structures. Due to the increased sensitivity of the technology, we 
expect this development to result in a significant increase in aircraft and passenger safety while 
contributing to a substantial cost savings through a decrease in maintenance and operating times. 
The long term goals are the engineering of a standard measurement system based on NEWS for 
continuous health monitoring and early stage damage diagnosis. 
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Summary of the work performed in the AERONEWS project (March 1, 2004 – Feb. 29, 
2008) 
 
As a first task within the project, the partners of AERONEWS and the user group have concentrated 
on selecting critical parts and structures of interest to aeronautics NDT and on identifying several 
most common failure scenarios. This work led to an extensive database of available testing material, 
with representative samples ranging from steels to CFRP, honeycombs, and glass. Also, the type of 
damage (failure scenarios) is quite extensive, from weak bonding to single cracks, localized and 
extended microcracked regions, and corrosion. All suppliers have prepared an identification 
certificate for each sample or group of samples, stating the dimensions, composition, loading history 
(strength/tolerance of the material, fatigue/damage process: high cycle fatigue, low cycle fatigue, 
impact) and the results of (traditional) NDT experiments (x-ray, UT, etc). Along with the sample 
database, a list has been made for the organisation of the distribution of the samples among the 
partners involved with experimentation (WP1/D1-D2 + WP1/M1). The diversity of the samples 
provided an excellent basis for investigating a wide range of experimental techniques. The sample 
list and distribution schedule have been constantly updated during the project. 

Following the selection and distribution of the samples, the AERONEWS activity has mostly 
concerned with the description and critical evaluation of NEWS techniques for quality control of 
basic aeronautical components (composites, layered materials and metals) and with their comparison 
with competing methods. At first, experimental investigations of NEWS techniques were performed 
on a range of simple components including various metals, polymers, welded joints, adhesive bonds, 
and composite laminates with various kinds of defects such as corrosion, fatigue cracks, impact 
damage, thermal damage, etc. (WP1/D3). The NEWS procedures that were focused on, include 
nonlinear ultrasonic transmission and reflection comprising higher harmonic generation of a 
narrowband excitation, ultrasonic wave mixing and bispectral analysis of two independent ultrasonic 
signals, nonlinear reverberation spectroscopy, nonlinear time reversal acoustics, high frequency 
multi-sine broadband excitation, contact phase modulation in bi-layered solids, frequency response 
function technique using arrays of actuators and sensors to determine a damage index by 
recognition-based neural network learning, 3rd order parametric excitation profiting by the strong 
dispersive character of flexural waves, and phase-coded pulse sequence technique. Several of these 
techniques have shown sensitive signatures of the defects and have been optimized for the first 
implementation and testing session on real aeronautical structures during the technical workshop in 
Prague (May 2006). 

In the second and third year the WP1 work concentrated mainly on the feasibility of the NEWS 
techniques by their application to thin extended structures and components of complex geometries 
(WP1/D4). It has provided an important feedback to the limitations and potentials of the NEWS 
techniques (WP1/D5 + WP1/M2) and to the objectives of WP5. 

To achieve the goals of WP1 (experiments) and WP5 (application), the aeronautical partners 
provided several models of extended aircraft structures: a part of a fuselage, a wing lower surface 
test panel, and a Clevis Attachment with two and three lugs. A first special hands-on workshop (the 
Prague experimental week I) devoted to NEWS tests on the latter two samples took place at VZLU 
on 22nd – 26th May 2006 in the presence of 26 participants. During this workshop a preliminary 
attempt was made to extend the NEWS techniques originally developed for simple structures to 
complex structures. Each participant/partner was responsible for his/her experimental set-up and 
prepared and organized his/her own measurements. VZLU performed fatigue tests of the wing test 
panel and on the clevis attachment and provided AERONEWS participants with information 
regarding fatigue testing for the evaluation of their own measurements. The crack opening and 
closing was constantly monitored by acoustic emission (Dakel), visual inspection (VZLU), and 
Guided Plate mode ultrasound (VUB). In between, several partners made NEWS measurements to 
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assess the damage. The conclusion of the first ‘Prague experimental week” (described in the “Prague 
experimental week activity report” which has been submitted together with the 30m intermediate 
report and is also part of the deliverable WP1/D4) was that, although the various techniques were not 
yet optimized for the use on extended and complex samples, results were overall positive and 
provided useful guidance as to how the technique can be improved. These conclusions have also 
guided the selection of the testing objects for the final validation in WP5 (WP5/D17). Besides the 
tests that occurred at the occasion of the Prague Experimental week, other efforts focused on the 
optimization of the frequency-response-function analysis for defect localization, with reference to 
the actuators, the sensors, and the signal processing tools. Among other samples, an MD11 part of a 
fuselage reinforced panel has been extensively investigated and used as “test field” for comparison 
of different approaches to the problem. 

After the first Prague meeting it was decided to focus on a steering actuator bracket and a fork leg 
from a nose landing gear (chosen object for validation testing in WP5/D17). In preparation of the 
validation tests, the partners have been able to test an intact and a fatigued bracket, and two intact 
fork legs in their laboratories, and a special common experimental session has been organized at 
Exeter University in January 2007 with special focus on the integration of devices for the prototype 
development (WP4). The techniques included nonlinear wave propagation, nonlinear wave 
modulation, impact modulation, and nonlinear reverberation spectroscopy. The results were 
promising, showing both global and local signatures of damage. To prove the increased sensitivity of 
nonlinear techniques in NDT evaluations, an extensive monitoring experiment was planned and 
executed as part of WP5 in May 2007 in Prague. 

In the final stages of the project, WP1 continued to operate as a support for the work that was 
planned in WP5 on the implementation of the NEWS techniques and the validation of the results. 
Part of this considered the comparison of the sensitivity of the results to traditional inspection 
techniques. Apart from the NEWS techniques developed as part of WP1, the consortium members 
provided Eddy Current testing, Rayleigh Surface Acoustic Wave inspection and Phased Array 
inspection. The different NEWS techniques have been constantly updated based on the experience 
gained within the project during the fatigue testing of the steering bracket. Most of the techniques 
that had been applied to single components were attempted on extended structures and complex 
geometries with varying degrees of success. Based on the experience of all partners using NEWS 
techniques, a database of the most important characteristics, requirements and limitations of the 
various techniques has been produced. Because of the need to deal with different component types 
and damages as well as to provide both global coverage and localization and in order to be able to 
compare the sensitivity of NEWS with traditional methods in more detail, the consortium decided 
that the validation testing envisaged in WP5 was going to be performed by a selection of NEWS 
techniques rather than just a single one as indicated in the description of work. The techniques have 
been grouped according to the component type under investigation (Deliverable WP1/D5 and 
Milestone WP1/M2). 

In the domain of numerical modeling (WP2), the main goals are to provide numerical support for the 
experiments performed in WP1 and to develop the methodology for a NEWS technology-based 
imaging system (NEWIMAGE) through intensive NEWS modeling. With this aim, the 
AERONEWS partners involved in WP2 have modified their initial models and codes to enable the 
simulation of real experimental conditions by extending their nonlinear multi-scale models to two 
and three dimensional numerical problems. 

On one hand, these codes/models were used to provide support to the development and improvement 
of NEWS techniques for damage diagnostics in aeronautical applications, as for example in the case 
of frequency modulation experiments on 2D laminate structures, 2D nonlinear Rayleigh wave 
propagation experiments, phase modulation analysis, nonlinear reverberation and resonance 
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experiments, and bi-spectral analysis. Details on the results of the interaction of WP1 and WP2 in 
terms of modelling support for experiments can be found in the internal report WP2/D6. 

On the other hand, based on the numerical modeling, two methodologies for damage localization 
were proposed. 

- The main interest of the partners has been on the use of Time Reversed (TR) acoustics and its 
modification in order to exploit the potential and sensitivity of NEWS techniques. A nonlinearity 
based version of TR was developed and the methodology was tested by means of real and 
numerical experiments with interesting and encouraging results regarding damage localization. 
NEWS-TR can be operated in either harmonic filtering mode or using the Phase Coded Pulse 
Sequence filtering (also known as Pulse Inversion Method). An alternative version consists of 
using TR to focus energy on certain spots (surfaces) and to exploit and investigate the local 
nonlinear effects that way (TR-NEWS). Details can be found in WP2/D7 and WP2/D9. 

- The second NEWS based imaging technique which is proposed is called MUMONRAS (Multi 
Mode Nonlinear Resonance Acoustic Spectroscopy). The methodology is based on the 
interpretation of the amplitude dependent resonance frequency shift for different resonance 
modes of a given object in terms of the corresponding stress field of the resonance mode. The 
results suggest an alternative procedure for imaging micro-scale damage with high sensitivity. 
The methodology and some results are also reported in the internal report WP2/D7. 

Multi-dimensional extensions of NEWS based TR techniques and the development of (pseudo 
spectral, finite difference, and finite element) codes for parallel computing in order to meet the 
demands of complex 3D models have led to a number of simulations of 2D and 3D cases for wave 
propagation and the discrimination of damage zones in complex media with linear scatterers, such as 
corners, voids, and impedance barriers (WP2/D10). To focus the wave energy on the damage areas, 
different filtering techniques have been investigated. The sensitivity obtained in the NEWS based 
TR simulations in such cases tells us that it is feasible to apply the technique in real situations. As 
part of WP2, the simulations also concerned an optimisation study regarding the critical position of 
the receivers, the number/extent of receiver arrays, the robustness of the technique, the influence of 
experimental system noise on the treated signals, the discrimination of several sources of 
nonlinearity by iteration, etc. This work has supported the development of NEWIMAGE techniques 
for practical applications (WP2/D8). 

Further developments are situated on the level of source identification and the description of 
arbitrary geometry objects using Finite element techniques. This was done in many cases with very 
good results and gain from the experimental point of view, e.g. using SSR-TRA. A refined finite 
element (FE) model of the steering actuator bracket has been built and successfully tested in NEWS-
TR simulations. Promising results were obtained with synthetic forward-propagation data. 
Complementing the localization technique using NEWS based time reversal, an extension of the 
NEWS methods to nonlinear tomographic techniques has been proposed. This new technique is 
extremely appealing in terms of structural health monitoring using a sparse array device and NEWS 
based analysis coupled to numerical simulations. Furthermore, new interesting methods regarding 
signal processing have been investigated in order to improve the information retained during a 
filtering process. This is considered to be of high interest in real experiments, due to the easiness of 
the technique proposed, and from a theoretical point of view it can be exploited for the development 
of new NEWS-imaging techniques. 

The main conclusion of this WP is that the numerical simulations have indeed supported the 
developments on the experimental level for NEWS based imaging techniques of micro-damage The 
techniques NEWS-TR and TR-NEWS with their added features such as advanced filtering have been 
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implemented as a result in the full scale testing in WP5 after the robustness and effectiveness of the 
methods has been studied numerically. 

The work planned in relation to the design of smart transducer/sensing systems by developing 
innovative transducer-receiver systems for embedded instrumentation and advanced NDE has led in 
the first place to a survey on current and emerging sensor and transducer technologies and a mapping 
of these technologies to the specific demands of NEWS and NEWIMAGE (WP3/D11). The 
complete report of this survey contains an overview of NEWS techniques, contact transducers, 
optical and air-coupled transducers, and of the current state of the art embedded transducer 
possibilities. The report is a high level document for each experimentalist using NEWS and forms 
the basis in the currently ongoing development of excitation and sensing system(s) envisaged in the 
practical implementation/demonstration of the AERONEWS project. 

In WP3, the main efforts were dedicated to the development of new transducers and to the adaption 
of existing ones according to the specific requirements of NEWS techniques. Various transducer and 
exciter configurations strategies have been studied in close collaboration with the techniques 
developed under WP1. The conclusion of this study made clear early during the project that no 
single transducer/sensor would be the answer for all techniques since the techniques themselves are 
different in nature and have different requirements. The focus was given to develop 
transducers/sensors for families of techniques and identify the selection criteria to allow fast 
identification of the appropriate device. In connection with this, the milestone M4 reports that the 
decision on which transducers should be used for which techniques should be taken in conjunction 
with milestone M2 according to the frequency-power-sensitivity demands which are summarized in 
two very important graphs. 

The main achievements by the AERONEWS partners participating in this workpackage were (see 
WP3/D12 + WP3/M4 for details): 

- Development of paired piezoelectric ceramic elements for selectively receiving specific 
harmonics of a given excitation frequency. 

- Development of Cheap Optical Transducers which use lasers for excitation and detection of 
ultrasound. 

- Experiments with dual ultrasonic sources (Low Frequency and High Frequency) using surface 
acoustic waves and laser excitation for the high frequency. 

- Development of transducers with low higher harmonic output, i.e. extremely narrowband 
transducers, using piezoelectric single crystal materials such as ZnO, LiNbO3, PMN-PT. 

- Development of high-frequency wideband and air-coupled piezoelectric transducers (0.75MHz 
center frequency, planar or focused) operating in pulse-echo mode for surface vibration 
measurements of the sample. 

- Investigation of the nonlinearity of transducers showing the influence of the spot position on the 
emitting surface of the transducer and the influence of the mechanical load on the second 
harmonic quantity generated. 

- Optimization of excitation applied to the NL-TRA experiments with the application of the 
classical pulse inversion method and with the development of an advanced pulse inversion 
method. 

- Investigation of piezoelectric actuators and sensors integration and testing of technologies for 
bonding and/or embedding of devices in fiber-glass panels using piezoelectric and Bragg Grant 
devices leading to the realization of “smart” components with self diagnostic features with a 
relative low number of actuating/sensing devices. 
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- Design and construction of smart surface contact transducers and systems with an integrated pre-

amplifier and power amplifier to work with wide band PZT/Composite transducers for 
incorporation into a NEWS inspection system (developed under WP4). 

- Design and testing of system concepts using SAW for specific alloy air plane components (slat 
tracks) with limited available space on fully equipped slat tracks. 

The constant interaction between WP3 and the other workpackages (especially WP1, WP4, and 
WP5) provided valuable information especially for the selection and optimization methodology 
related to the position, mode, and frequency content of the transducers and sensors. This was one of 
the main purposes for the Prague experimental week where many of the sensors/exciters developed 
within this workpackage were tested in the practical implementation of the different techniques 
under realistic conditions. The final result of this workpackage provided a methodology for 
sensor/transducer selection and placement together with a standardized set of sensors for NEWS 
techniques. This also encompassed fabricating and embedding transducers to make smart 
aeronautical structures for on-ground health monitoring and the use of external sensors/transducers 
to precise defect localization and smart NDE, taking into account feedback from all the other 
workpackages. Optimization of transducer and sensor requirements were conducted for the novel 
devices developed (for details see WP3/D13). The development of low temperature plasma 
deposition of piezoelectric PZT layers on thin metallic substrates (self polarization technology) has 
been realized. Exigent optimization of deposition procedure (composition, high purity of material 
constituents, and preparing conditions) resulted in manufacturing of several functional PZT patches 
on steel foil substrates. PZT patches allow transducer "embedding" on the surface of selected aircraft 
parts, especially with curved surfaces. In the very final stages of the project, the PZT sprayed 
patches have been applied on wing panels and on slat tracks of Airbus A320 and A380 in order to 
validate their possible use for on-line damage monitoring. In addition, integration of the transducers 
into aircraft components (embedding) was evaluated, for instance in composite plates. Many of the 
developed devices were used during the final trial stage of the project on the chosen test 
components. 

The initial work in WP4 concerned the inventory of details to enable a hardware and software 
requirements specification to be made, based on the interaction between WP1-2 and WP3. From the 
analysis of excitation and sensing systems, together with current experimental tests and 
mathematical modeling of acoustic properties within damaged materials, a hardware and software 
specification for an integrated NEWS analysis system has been made (WP4/D14). The specification 
considered operational frequencies up to 10 MHz. Some initial prototype electronics, called 
‘NBOX’, were developed during the first year of operation, following these hard- and software 
requirements, and were tested to evaluate the enabling technology. 

The requirement identification (resulting from WP1 and 2) and the preliminary design of an 
advanced smart transducer package for implementation in the complete inspection system, satisfying 
the NEWS application demands (main objective of WP3), was taken as input in WP4 for the further 
development of the first prototype NEWS measurement systems. These prototypes have been used in 
a series of experimental tests on various aircraft components in Prague and in Exeter. The initial 
findings resulted in an analysis of the data flow rates required for the three principle methods of 
NEWS testing (harmonics, intermodulation, and time reversal NEWS). The evaluation and the 
review of the specifications has lead to the construction of a new type of NBOX and a continuous 
monitoring system, which is running in parallel with the development of the NBOX’s (see 
deliverable WP4/D14). Concerning the hardware improvement on the controller and communication 
board, the continued development of the (controller) firmware, the continued development of the 
new advanced (Linux 2.6) driver, and the development of the prototype of the relay switching 
between the analog input and output signal paths were optimized. Finally, the ARM7 micro 
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controller based integrated system has been investigated to provide hand held monitoring and 
display of the data provided by the NBOX’s, as well as the use of the zigbee radio networking 
system. 

The followed design concept has proven to be very useful as each module was used and assessed in 
experimental programs with design modifications and developments resulting at each stage. The 
development will finally lead to commercial exploitation (WP6). The test device based upon this 
technology now consists of many interconnected and compatible devices developed in an iterative 
design process and brought together to perform a series of tests on aircraft components using most of 
the NEWS principles. (Details can be found in WP4/D15.) The pilot test devices were used during 
the experiments performed at VZLU in Prague (May-June 2007) and have been adjusted based on 
the results obtained during the last year. Members of the AERONEWS consortium and the user 
group can possibly create their own particular measuring and testing systems for specific 
applications from these basic modules. 

Also considered within WP4 was how such NEWS systems may be configured and integrated into 
existing airport monitoring systems. The consortium analyzed and studied wireless airport 
communication systems, which include the inventory of existing wireless systems, an investigation 
of the user requirements and spectrum issues, and a synthesis of data link airport services. Details 
concerning the radio regulations and standards have been provided to see if this affects the final 
design. Any software being developed by the AERONEWS project with the aim of being installed in 
an airborne system must comply with the standard RTCA-DO 178B “Software considerations in 
airborne systems and equipment certification”. 

The deliverable WP4/D16 has not been fully concluded as expected, that is by providing a complete 
remote controlled system. However the work undertaken has provided information on the technical 
routes to such a system and the obstacles that will prevent its immediate practical implementation. 
The work also provided an analysis of the bandwidths and data flow requirements of a NEWS 
system, this proved valuable in determining which technology to select. The investigations and 
demonstrations have shown that remote command instructions can be delivered over various types of 
radio devices and via a Local Area Network connection (LAN). The possibility of integrating NEWS 
systems into existing monitoring systems already implemented in aircraft has been investigated. 
Currently used engine monitoring systems report directly from the aircraft to the ground where 
specific software aids to interpret the data so that the needed maintenance actions are organised 
when the plane has landed. In principle, it is suggested to use the same platform for NEWS methods. 

WP5 started off at month 18 with subtask WP5.1 “Choice of an appropriate site and testing object” 
for validation of the efficiency of the proposed NEWS system. At an early stage in the project, the 
decision was made to use the facilities of VZLU in Prague for the ultimate full scale tests. With 
respect to the test preparation and assembly task of WP5, a first test week has been organized at the 
VZLU facilities for conducting the preliminary experimental investigations by various AERONEWS 
partners of the feasibility to apply the NEWS technique on specific structural components (May 22-
26 2006). For the partners the purpose of this week was to work on realistic samples that are subject 
to progressively increased damage. This has served as a stage in-between pure laboratory tests and 
the final full scale tests. Several samples were available for inspection of fatigue damage (aluminum 
wing like structure), impact damage (monolithic CFRP), and heat damage (monolithic CFRP). The 
potential NEWS procedures for damage detection considered in WP1 were identified together with 
their requirements on devices and transducers, their advantages and disadvantages. 

After the first Prague meeting, the consortium decided to concentrate on a nose landing gear (with 
different structural elements such as the steering actuator bracket and the fork leg) as the final testing 
object (see Deliverable WP5/D17, submitted together with the 30m report). In addition, a plan was 
agreed containing the future steps (timing and personnel) in the WP5 activities to ensure a complete 
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achievement of the deliverables. As part of the plan, a series of development tests were performed at 
individual universities and institutes on the intact and a fatigued steering actuator bracket (WP5.2, 
WP5.3). The second development tests were held in Exeter University, January 2007. The third 
measurement session dealing with an extensive monitoring of fatigue process on different structural 
elements of a nose landing gear, the steering actuator bracket and the fork leg, was again held in 
Prague (VZLU facilities) from May 28 till June 1, 2007. Ten different partners tested conventional 
and NEWS based techniques on gradually fatigued components to validate the sensitivity of each 
technique with regards to the detection of early micro-damage. During the experimental week the 
fatigue loading (0-20000 cycles in steps of roughly 5000 cycles) was not enough to create noticeable 
micro-damage, even though AE monitoring and some of the NEWS based techniques gave an 
indication of incipient damage during the last stage of fatiguing. High frequency and high amplitude 
nonlinear techniques such as NEWS-TR and impact-modulation gave a slight indication of some 
damage whereas no linear technique could detect the miniature cracks. Additional fatiguing and 
NEWS testing have been continued over the last 6 months as part of the final validation of the 
techniques. The subsequent testing was performed at the individual laboratories of the partners 
involved in WP5. At the final stage (123000 cycles) a 2mm crack was observed near one of the 
corners of the sample. It was detected by eddy current, by the linear Rayleigh wave technique, and 
by the high frequency nonlinear techniques. This proves our initial hypothesis that the nonlinearity 
based techniques are more sensitive than the linear techniques. Details can be found in WP5/D18-
D19. 

The experimental results obtained in WP1 and WP5 gave a good foundation to analyze the possible 
applicability of nonlinear methods in the aeronautical industry as a tool for non destructive testing 
(WP5.3). As part of WP5, recommendations were specified for follow-up NEWS technology 
standardization and maturation in view of the implementation of the system on aircrafts. Details can 
be found in WP5/D20-D21. 

Achievements regarding dissemination (WP6/D22) over the four years include the implementation 
of a dedicated web-based portal for communication and file exchange between AERONEWS 
partners, the organisation of more than 25 special sessions at several international conferences, the 
publication of about 50 scientific papers in international reviewed journals, and the advertisement of 
the project and project results through magazine publications, folders, brochures, and posters. 
Extensive details can be found in the ‘ANNEX Plan for using and disseminating the knowledge’. As 
a summary of the scientific work we also provided an overview of the necessary initial steps towards 
standardisation of the methods (WP6/D23). However, the most imperative activity in WP6 
concerned the decisions for patent proposals on the technological developments that have resulted 
from the AERONEWS project. Three partners have initiated the submission of a patent for their 
developments on NBOX technology (EXETER), CHOT technology (UNOTT) and MV-2/NDT 
(Uni-Na). 

On the management level, the main achievements have been the organisation of the 6-monthly 
general assembly meetings, including the kick-off meeting in Brussels, the mid-term meeting in 
Ghent (at 30m), which was considered to be a great success, and the final meeting (at 48m) in 
Toulouse. The meetings were all organized as a two days topical meeting reviewing the progress of 
the various workpackages and a general assembly dealing with consortium and management issues 
at the third day. All partners have experienced these meetings as being very fruitful and they have 
stimulated them in the further collaboration during the rest of the project. 

Apart from these meetings, several other topical meetings have been organized. Especially the 
meetings in Prague were challenging since they involved also the movement of experimental 
equipment. 
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Other consortium/management tasks: In the last year of operation, the consortium agreed on a 
redistribution of the requested EC contribution among certain partners. 

The coordinator also presented the AERONEWS project at the AERONAUTICS Days in Vienna, 
prepared advertisement of the project through different media (web-magazine-newspaper) and 
started collaboration with other EU funded projects on structural health modelling for the EU-FP7 
call. 

 
 
Summary of the Plan for using and disseminating the knowledge 
 
Based on the technological development within AERONEWS in relation to the design of sensors 
and transducers, two patent applications are pending: one on NBOX technology (EXETER 
University) and one on CHOT’s (University of NOTTINGHAM). These applications are in the first 
stages of the process. 
The exploitable product fits is the domain of Ultrasonic Non destructive testing equipment. The 
sector(s) of application are Aeronautical & Civil engineering; Marine & Rail transport; Materials' 
Manufacturing; Inspection Pharmaceuticals; Food Industry. The Timetable for commercial use is 
2008. 
The University of Naples is currently taking the necessary preparations to apply for a patent for 
their development of the MV-2/NDT, a distributed DT inspection system based on MV-2 platforms 
and modified NDT-FRF algorithms. 
 
Several more than 50 peer-reviewed international publications have appeared or are in press on 
research work performed in the four years of the project. All the publications make appropriate 
acknowledgement to the AERONEWS project and the FP7 program. The consortium has also been 
represented by its partners in more than 70 international conferences and exhibitions, giving close to 
200 lectures about the NEWS applications in the field of microdamage assessment and aeronautics. In 
the past and over the next years, several partners have been/are responsible for the organization of 
about 20 special sessions on NEWS applications at international conferences. The consortium also 
organizes university courses for undergraduate, graduate, PhD and research students. 
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Section 1 – Project objectives and major achievements during the 
entire project 
 
Ç General project objectives of the project, and objectives of the final report 
 
The primary general objective of this project is to enhance and implement new experimental and 
simulation tools necessary to measure, characterize, predict, quantify, and locate early stage damage 
in aircraft components and structures, based on the nonlinear response of the material. Nonlinear 
Elastic Wave Spectroscopy (NEWS) has proven to be very sensitive and effective in detecting 
micro-damage in materials at early stages of failure, and long before linear acoustic properties show 
signs of material degradation. The focus will be on the expansion of the present knowledge of the 
nonlinear behaviour of progressive fatigue damage in aircraft parts and structures (WP1-2), on the 
development of explicit sensor systems and advanced self-monitoring components (WP3), on the 
formulation of an integrated design for a testing procedure and a unique engineered monitoring 
system for microdamage inspection (WP4), including remote control and communication tools, and 
on the validation of the applicability of the system to real time in-situ inspection of a full-scale 
model on the ground (WP5). 
 
The objective of this final activity report is to inform the EU-office on the activities of the partners 
within the individual workpackages during the entire duration of the project operation. This mainly 
concerns the experimental and numerical work within WP1 and 2, the advances in transducer 
development and integration, the integration of hardware electronics and considerations about data 
handling, the preparation and implementation of a full scale test and validation, the drawing of 
recommendations and the initiation of standardisation efforts. 
 
The final report focuses on following aspects of the planned work: 
• The preparation of samples, and failure scenarios, and the development and improvement of 

NEWS techniques (WP1) for testing simple, complex and extended components, and the 
feedback on the NEWS techniques in view of the validation experiments envisaged in WP5. 
Details can be found in D1-D5 and M1, M2. 

• The development of the new modelling efforts concerning wave propagation and wave 
resonance phenomena in microdamaged materials for the development of innovative and 
sensitive NEWS based imaging techniques NEWIMAGE (WP2). Details can be found in D6-
D10 and M3. 

• The development, adjustment and testing of various transducer configurations and excitation 
strategies in terms of optimum defect detection for relevant structures, and the development and 
manufacturing of smart exciting transducers and sensors to be integrated into the aircraft 
component inspection system (WP3). An overview of the requirements, and of suitable 
transducer packages for different applications can be found in D11-D13 and M4. 

• The identification of the requirements, the development of the prototype electronics for NEWS 
based experimental methodology and the work undertaken in terms of remote controlling and 
communicating with the system (D14-D15-D16 + M5). 

• The preparation, organisation and execution of various stages towards a full scale testing at the 
facilities of VZLU, Prague (D17-D18-D19 + M6 + M7), and the evaluation of the tests leading 
to recommendations and suggestions for the practical implementation of the individual NEWS 
technology based methods (summarized in D20-D21). 

• The initial steps for standardization of the NEWS methodology (D23) 
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• An overview of the consortium management tasks (D24-29) and of the dissemination activities 

(D22). The latter can be found in the final ANNEX for using and disseminating of the 
knowledge. 

 
The final status of the project with respect to the objectives and deliverables is in accordance with 
the GANT chart that was planned initially. 
 
All Deliverables and milestones within WP1 (D1-D5 and M1, M2) had been completed at month 
36, with D1-D2 and M1 at the end of the first year. The activity within WP1 in year 4 mainly 
concentrated on the guidance for WP5. An update of the deliverables D3, D4, and D5 can be found 
as appendices to the P4 report.  
The Deliverables D6, D7, D9, D10 (all in WP2, modeling support), together with Milestone M2, 
were submitted together with the third year activity report. An update, together with D8 which is 
due at 48 months, has been submitted joint to the P4 report.  
D11 of WP3 was delivered during the first year of operation. A detailed write-up on deliverable 
D12 (WP3), together with a formulation of Milestone M4, was delivered together with the 42m 
report. D13 has been submitted at 48 months.  
D14 (WP4, integration) was also submitted at the end of year 2, as was deliverable D17 within 
WP5. Preliminary reports on Deliverable D15 (WP4) and D18-D19 (WP5) have been submitted as 
annexes to the 42m intermediate activity report. A final update for D15, D18-D19 is attached to the 
4th periodic activity report. The other deliverables within WP4, D16, and WP5, D20-D21, were due 
at 48 months, and their reports are also enclosed with the P4 report. 
A valuable document about the initial steps towards standardisation of the NEWS methods (as part 
of WP6) is produced in D23. The other dissemination activities are summarized in D22, which 
corresponds to the annex of dissemination of knowledge.  
The management deliverables were also completed as scheduled, including the kick-off, Mid-term 
evaluation, final meeting, and 6 monthly steering committee meetings (General assembly). 
 
The partners in the individual workpackages are confident that all deliverables have been completed 
to a satisfying extent within the project duration. 
 
 
Ç Summary of the main achievements:  
 
As a first task within the project, the partners of AERONEWS and the user group have concentrated 
on selecting critical parts and structures of interest to aeronautics NDT and on identifying several 
most common failure scenarios. This work led to an extensive database of available testing material, 
with representative samples ranging from steels to CFRP, honeycombs, and glass. Also, the type of 
damage (failure scenarios) is quite extensive, from weak bonding to single cracks, localized and 
extended microcracked regions, and corrosion. All suppliers have prepared an identification 
certificate for each sample or group of samples, stating the dimensions, composition, loading history 
(strength/tolerance of the material, fatigue/damage process: high cycle fatigue, low cycle fatigue, 
impact) and the results of (traditional) NDT experiments (x-ray, UT, etc). Along with the sample 
database, a list has been made for the organisation of the distribution of the samples among the 
partners involved with experimentation (WP1/D1-D2 + WP1/M1). The diversity of the samples 
provided an excellent basis for investigating a wide range of experimental techniques. The sample 
list and distribution schedule have been constantly updated during the project. 

Following the selection and distribution of the samples, the AERONEWS activity has mostly 
concerned with the description and critical evaluation of NEWS techniques for quality control of 
basic aeronautical components (composites, layered materials and metals) and with their comparison 
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with competing methods. At first, experimental investigations of NEWS techniques were performed 
on a range of simple components including various metals, polymers, welded joints, adhesive bonds, 
and composite laminates with various kinds of defects such as corrosion, fatigue cracks, impact 
damage, thermal damage, etc. (WP1/D3). The NEWS procedures that were focused on, include 
nonlinear ultrasonic transmission and reflection comprising higher harmonic generation of a 
narrowband excitation, ultrasonic wave mixing and bispectral analysis of two independent ultrasonic 
signals, nonlinear reverberation spectroscopy, nonlinear time reversal acoustics, high frequency 
multi-sine broadband excitation, contact phase modulation in bi-layered solids, frequency response 
function technique using arrays of actuators and sensors to determine a damage index by 
recognition-based neural network learning, 3rd order parametric excitation profiting by the strong 
dispersive character of flexural waves, and phase-coded pulse sequence technique. Several of these 
techniques have shown sensitive signatures of the defects and have been optimized for the first 
implementation and testing session on real aeronautical structures during the technical workshop in 
Prague (May 2006). 

In the second and third year the WP1 work concentrated mainly on the feasibility of the NEWS 
techniques by their application to thin extended structures and components of complex geometries 
(WP1/D4). It has provided an important feedback to the limitations and potentials of the NEWS 
techniques (WP1/D5 + WP1/M2) and to the objectives of WP5. 

To achieve the goals of WP1 (experiments) and WP5 (application), the aeronautical partners 
provided several models of extended aircraft structures: a part of a fuselage, a wing lower surface 
test panel, and a Clevis Attachment with two and three lugs. A first special hands-on workshop (the 
Prague experimental week I) devoted to NEWS tests on the latter two samples took place at VZLU 
on 22nd – 26th May 2006 in the presence of 26 participants. During this workshop a preliminary 
attempt was made to extend the NEWS techniques originally developed for simple structures to 
complex structures. Each participant/partner was responsible for his/her experimental set-up and 
prepared and organized his/her own measurements. VZLU performed fatigue tests of the wing test 
panel and on the clevis attachment and provided AERONEWS participants with information 
regarding fatigue testing for the evaluation of their own measurements. The crack opening and 
closing was constantly monitored by acoustic emission (Dakel), visual inspection (VZLU), and 
Guided Plate mode ultrasound (VUB). In between, several partners made NEWS measurements to 
assess the damage. The conclusion of the first ‘Prague experimental week” (described in the “Prague 
experimental week activity report” which has been submitted together with the 30m intermediate 
report and is also part of the deliverable WP1/D4) was that, although the various techniques were not 
yet optimized for the use on extended and complex samples, results were overall positive and 
provided useful guidance as to how the technique can be improved. These conclusions have also 
guided the selection of the testing objects for the final validation in WP5 (WP5/D17). Besides the 
tests that occurred at the occasion of the Prague Experimental week, other efforts focused on the 
optimization of the frequency-response-function analysis for defect localization, with reference to 
the actuators, the sensors, and the signal processing tools. Among other samples, an MD11 part of a 
fuselage reinforced panel has been extensively investigated and used as “test field” for comparison 
of different approaches to the problem. 

After the first Prague meeting it was decided to focus on a steering actuator bracket and a fork leg 
from a nose landing gear (chosen object for validation testing in WP5/D17). In preparation of the 
validation tests, the partners have been able to test an intact and a fatigued bracket, and two intact 
fork legs in their laboratories, and a special common experimental session has been organized at 
Exeter University in January 2007 with special focus on the integration of devices for the prototype 
development (WP4). The techniques included nonlinear wave propagation, nonlinear wave 
modulation, impact modulation, and nonlinear reverberation spectroscopy. The results were 
promising, showing both global and local signatures of damage. To prove the increased sensitivity of 
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nonlinear techniques in NDT evaluations, an extensive monitoring experiment was planned and 
executed as part of WP5 in May 2007 in Prague. 

In the final stages of the project, WP1 continued to operate as a support for the work that was 
planned in WP5 on the implementation of the NEWS techniques and the validation of the results. 
Part of this considered the comparison of the sensitivity of the results to traditional inspection 
techniques. Apart from the NEWS techniques developed as part of WP1, the consortium members 
provided Eddy Current testing, Rayleigh Surface Acoustic Wave inspection and Phased Array 
inspection. The different NEWS techniques have been constantly updated based on the experience 
gained within the project during the fatigue testing of the steering bracket. Most of the techniques 
that had been applied to single components were attempted on extended structures and complex 
geometries with varying degrees of success. Based on the experience of all partners using NEWS 
techniques, a database of the most important characteristics, requirements and limitations of the 
various techniques has been produced. Because of the need to deal with different component types 
and damages as well as to provide both global coverage and localization and in order to be able to 
compare the sensitivity of NEWS with traditional methods in more detail, the consortium decided 
that the validation testing envisaged in WP5 was going to be performed by a selection of NEWS 
techniques rather than just a single one as indicated in the description of work. The techniques have 
been grouped according to the component type under investigation (Deliverable WP1/D5 and 
Milestone WP1/M2). 

In the domain of numerical modeling (WP2), the main goals are to provide numerical support for the 
experiments performed in WP1 and to develop the methodology for a NEWS technology-based 
imaging system (NEWIMAGE) through intensive NEWS modeling. With this aim, the 
AERONEWS partners involved in WP2 have modified their initial models and codes to enable the 
simulation of real experimental conditions by extending their nonlinear multi-scale models to two 
and three dimensional numerical problems. 

On one hand, these codes/models were used to provide support to the development and improvement 
of NEWS techniques for damage diagnostics in aeronautical applications, as for example in the case 
of frequency modulation experiments on 2D laminate structures, 2D nonlinear Rayleigh wave 
propagation experiments, phase modulation analysis, nonlinear reverberation and resonance 
experiments, and bi-spectral analysis. Details on the results of the interaction of WP1 and WP2 in 
terms of modelling support for experiments can be found in the internal report WP2/D6. 

On the other hand, based on the numerical modeling, two methodologies for damage localization 
were proposed. 

- The main interest of the partners has been on the use of Time Reversed (TR) acoustics and its 
modification in order to exploit the potential and sensitivity of NEWS techniques. A nonlinearity 
based version of TR was developed and the methodology was tested by means of real and 
numerical experiments with interesting and encouraging results regarding damage localization. 
NEWS-TR can be operated in either harmonic filtering mode or using the Phase Coded Pulse 
Sequence filtering (also known as Pulse Inversion Method). An alternative version consists of 
using TR to focus energy on certain spots (surfaces) and to exploit and investigate the local 
nonlinear effects that way (TR-NEWS). Details can be found in WP2/D7 and WP2/D9. 

- The second NEWS based imaging technique which is proposed is called MUMONRAS (Multi 
Mode Nonlinear Resonance Acoustic Spectroscopy). The methodology is based on the 
interpretation of the amplitude dependent resonance frequency shift for different resonance 
modes of a given object in terms of the corresponding stress field of the resonance mode. The 
results suggest an alternative procedure for imaging micro-scale damage with high sensitivity. 
The methodology and some results are also reported in the internal report WP2/D7. 
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Multi-dimensional extensions of NEWS based TR techniques and the development of (pseudo 
spectral, finite difference, and finite element) codes for parallel computing in order to meet the 
demands of complex 3D models have led to a number of simulations of 2D and 3D cases for wave 
propagation and the discrimination of damage zones in complex media with linear scatterers, such as 
corners, voids, and impedance barriers (WP2/D10). To focus the wave energy on the damage areas, 
different filtering techniques have been investigated. The sensitivity obtained in the NEWS based 
TR simulations in such cases tells us that it is feasible to apply the technique in real situations. As 
part of WP2, the simulations also concerned an optimisation study regarding the critical position of 
the receivers, the number/extent of receiver arrays, the robustness of the technique, the influence of 
experimental system noise on the treated signals, the discrimination of several sources of 
nonlinearity by iteration, etc. This work has supported the development of NEWIMAGE techniques 
for practical applications (WP2/D8). 

Further developments are situated on the level of source identification and the description of 
arbitrary geometry objects using Finite element techniques. This was done in many cases with very 
good results and gain from the experimental point of view, e.g. using SSR-TRA. A refined finite 
element (FE) model of the steering actuator bracket has been built and successfully tested in NEWS-
TR simulations. Promising results were obtained with synthetic forward-propagation data. 
Complementing the localization technique using NEWS based time reversal, an extension of the 
NEWS methods to nonlinear tomographic techniques has been proposed. This new technique is 
extremely appealing in terms of structural health monitoring using a sparse array device and NEWS 
based analysis coupled to numerical simulations. Furthermore, new interesting methods regarding 
signal processing have been investigated in order to improve the information retained during a 
filtering process. This is considered to be of high interest in real experiments, due to the easiness of 
the technique proposed, and from a theoretical point of view it can be exploited for the development 
of new NEWS-imaging techniques. 

The main conclusion of this WP is that the numerical simulations have indeed supported the 
developments on the experimental level for NEWS based imaging techniques of micro-damage The 
techniques NEWS-TR and TR-NEWS with their added features such as advanced filtering have been 
implemented as a result in the full scale testing in WP5 after the robustness and effectiveness of the 
methods has been studied numerically. 

The work planned in relation to the design of smart transducer/sensing systems by developing 
innovative transducer-receiver systems for embedded instrumentation and advanced NDE has led in 
the first place to a survey on current and emerging sensor and transducer technologies and a mapping 
of these technologies to the specific demands of NEWS and NEWIMAGE (WP3/D11). The 
complete report of this survey contains an overview of NEWS techniques, contact transducers, 
optical and air-coupled transducers, and of the current state of the art embedded transducer 
possibilities. The report is a high level document for each experimentalist using NEWS and forms 
the basis in the currently ongoing development of excitation and sensing system(s) envisaged in the 
practical implementation/demonstration of the AERONEWS project. 

In WP3, the main efforts were dedicated to the development of new transducers and to the adaption 
of existing ones according to the specific requirements of NEWS techniques. Various transducer and 
exciter configurations strategies have been studied in close collaboration with the techniques 
developed under WP1. The conclusion of this study made clear early during the project that no 
single transducer/sensor would be the answer for all techniques since the techniques themselves are 
different in nature and have different requirements. The focus was given to develop 
transducers/sensors for families of techniques and identify the selection criteria to allow fast 
identification of the appropriate device. In connection with this, the milestone M4 reports that the 
decision on which transducers should be used for which techniques should be taken in conjunction 
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with milestone M2 according to the frequency-power-sensitivity demands which are summarized in 
two very important graphs. 

The main achievements by the AERONEWS partners participating in this workpackage were (see 
WP3/D12 + WP3/M4 for details): 

- Development of paired piezoelectric ceramic elements for selectively receiving specific 
harmonics of a given excitation frequency. 

- Development of Cheap Optical Transducers which use lasers for excitation and detection of 
ultrasound. 

- Experiments with dual ultrasonic sources (Low Frequency and High Frequency) using surface 
acoustic waves and laser excitation for the high frequency. 

- Development of transducers with low higher harmonic output, i.e. extremely narrowband 
transducers, using piezoelectric single crystal materials such as ZnO, LiNbO3, PMN-PT. 

- Development of high-frequency wideband and air-coupled piezoelectric transducers (0.75MHz 
center frequency, planar or focused) operating in pulse-echo mode for surface vibration 
measurements of the sample. 

- Investigation of the nonlinearity of transducers showing the influence of the spot position on the 
emitting surface of the transducer and the influence of the mechanical load on the second 
harmonic quantity generated. 

- Optimization of excitation applied to the NL-TRA experiments with the application of the 
classical pulse inversion method and with the development of an advanced pulse inversion 
method. 

- Investigation of piezoelectric actuators and sensors integration and testing of technologies for 
bonding and/or embedding of devices in fiber-glass panels using piezoelectric and Bragg Grant 
devices leading to the realization of “smart” components with self diagnostic features with a 
relative low number of actuating/sensing devices. 

- Design and construction of smart surface contact transducers and systems with an integrated pre-
amplifier and power amplifier to work with wide band PZT/Composite transducers for 
incorporation into a NEWS inspection system (developed under WP4). 

- Design and testing of system concepts using SAW for specific alloy air plane components (slat 
tracks) with limited available space on fully equipped slat tracks. 

The constant interaction between WP3 and the other workpackages (especially WP1, WP4, and 
WP5) provided valuable information especially for the selection and optimization methodology 
related to the position, mode, and frequency content of the transducers and sensors. This was one of 
the main purposes for the Prague experimental week where many of the sensors/exciters developed 
within this workpackage were tested in the practical implementation of the different techniques 
under realistic conditions. The final result of this workpackage provided a methodology for 
sensor/transducer selection and placement together with a standardized set of sensors for NEWS 
techniques. This also encompassed fabricating and embedding transducers to make smart 
aeronautical structures for on-ground health monitoring and the use of external sensors/transducers 
to precise defect localization and smart NDE, taking into account feedback from all the other 
workpackages. Optimization of transducer and sensor requirements were conducted for the novel 
devices developed (for details see WP3/D13). The development of low temperature plasma 
deposition of piezoelectric PZT layers on thin metallic substrates (self polarization technology) has 
been realized. Exigent optimization of deposition procedure (composition, high purity of material 
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constituents, and preparing conditions) resulted in manufacturing of several functional PZT patches 
on steel foil substrates. PZT patches allow transducer "embedding" on the surface of selected aircraft 
parts, especially with curved surfaces. In the very final stages of the project, the PZT sprayed 
patches have been applied on wing panels and on slat tracks of Airbus A320 and A380 in order to 
validate their possible use for on-line damage monitoring. In addition, integration of the transducers 
into aircraft components (embedding) was evaluated, for instance in composite plates. Many of the 
developed devices were used during the final trial stage of the project on the chosen test 
components. 

The initial work in WP4 concerned the inventory of details to enable a hardware and software 
requirements specification to be made, based on the interaction between WP1-2 and WP3. From the 
analysis of excitation and sensing systems, together with current experimental tests and 
mathematical modeling of acoustic properties within damaged materials, a hardware and software 
specification for an integrated NEWS analysis system has been made (WP4/D14). The specification 
considered operational frequencies up to 10 MHz. Some initial prototype electronics, called 
‘NBOX’, were developed during the first year of operation, following these hard- and software 
requirements, and were tested to evaluate the enabling technology. 

The requirement identification (resulting from WP1 and 2) and the preliminary design of an 
advanced smart transducer package for implementation in the complete inspection system, satisfying 
the NEWS application demands (main objective of WP3), was taken as input in WP4 for the further 
development of the first prototype NEWS measurement systems. These prototypes have been used in 
a series of experimental tests on various aircraft components in Prague and in Exeter. The initial 
findings resulted in an analysis of the data flow rates required for the three principle methods of 
NEWS testing (harmonics, intermodulation, and time reversal NEWS). The evaluation and the 
review of the specifications has lead to the construction of a new type of NBOX and a continuous 
monitoring system, which is running in parallel with the development of the NBOX’s (see 
deliverable WP4/D14). Concerning the hardware improvement on the controller and communication 
board, the continued development of the (controller) firmware, the continued development of the 
new advanced (Linux 2.6) driver, and the development of the prototype of the relay switching 
between the analog input and output signal paths were optimized. Finally, the ARM7 micro 
controller based integrated system has been investigated to provide hand held monitoring and 
display of the data provided by the NBOX’s, as well as the use of the zigbee radio networking 
system. 

The followed design concept has proven to be very useful as each module was used and assessed in 
experimental programs with design modifications and developments resulting at each stage. The 
development will finally lead to commercial exploitation (WP6). The test device based upon this 
technology now consists of many interconnected and compatible devices developed in an iterative 
design process and brought together to perform a series of tests on aircraft components using most of 
the NEWS principles. (Details can be found in WP4/D15.) The pilot test devices were used during 
the experiments performed at VZLU in Prague (May-June 2007) and have been adjusted based on 
the results obtained during the last year. Members of the AERONEWS consortium and the user 
group can possibly create their own particular measuring and testing systems for specific 
applications from these basic modules. 

Also considered within WP4 was how such NEWS systems may be configured and integrated into 
existing airport monitoring systems. The consortium analyzed and studied wireless airport 
communication systems, which include the inventory of existing wireless systems, an investigation 
of the user requirements and spectrum issues, and a synthesis of data link airport services. Details 
concerning the radio regulations and standards have been provided to see if this affects the final 
design. Any software being developed by the AERONEWS project with the aim of being installed in 
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an airborne system must comply with the standard RTCA-DO 178B “Software considerations in 
airborne systems and equipment certification”. 

The deliverable WP4/D16 has not been fully concluded as expected, that is by providing a complete 
remote controlled system. However the work undertaken has provided information on the technical 
routes to such a system and the obstacles that will prevent its immediate practical implementation. 
The work also provided an analysis of the bandwidths and data flow requirements of a NEWS 
system, this proved valuable in determining which technology to select. The investigations and 
demonstrations have shown that remote command instructions can be delivered over various types of 
radio devices and via a Local Area Network connection (LAN). The possibility of integrating NEWS 
systems into existing monitoring systems already implemented in aircraft has been investigated. 
Currently used engine monitoring systems report directly from the aircraft to the ground where 
specific software aids to interpret the data so that the needed maintenance actions are organised 
when the plane has landed. In principle, it is suggested to use the same platform for NEWS methods. 

WP5 started off at month 18 with subtask WP5.1 “Choice of an appropriate site and testing object” 
for validation of the efficiency of the proposed NEWS system. At an early stage in the project, the 
decision was made to use the facilities of VZLU in Prague for the ultimate full scale tests. With 
respect to the test preparation and assembly task of WP5, a first test week has been organized at the 
VZLU facilities for conducting the preliminary experimental investigations by various AERONEWS 
partners of the feasibility to apply the NEWS technique on specific structural components (May 22-
26 2006). For the partners the purpose of this week was to work on realistic samples that are subject 
to progressively increased damage. This has served as a stage in-between pure laboratory tests and 
the final full scale tests. Several samples were available for inspection of fatigue damage (aluminum 
wing like structure), impact damage (monolithic CFRP), and heat damage (monolithic CFRP). The 
potential NEWS procedures for damage detection considered in WP1 were identified together with 
their requirements on devices and transducers, their advantages and disadvantages. 

After the first Prague meeting, the consortium decided to concentrate on a nose landing gear (with 
different structural elements such as the steering actuator bracket and the fork leg) as the final testing 
object (see Deliverable WP5/D17, submitted together with the 30m report). In addition, a plan was 
agreed containing the future steps (timing and personnel) in the WP5 activities to ensure a complete 
achievement of the deliverables. As part of the plan, a series of development tests were performed at 
individual universities and institutes on the intact and a fatigued steering actuator bracket (WP5.2, 
WP5.3). The second development tests were held in Exeter University, January 2007. The third 
measurement session dealing with an extensive monitoring of fatigue process on different structural 
elements of a nose landing gear, the steering actuator bracket and the fork leg, was again held in 
Prague (VZLU facilities) from May 28 till June 1, 2007. Ten different partners tested conventional 
and NEWS based techniques on gradually fatigued components to validate the sensitivity of each 
technique with regards to the detection of early micro-damage. During the experimental week the 
fatigue loading (0-20000 cycles in steps of roughly 5000 cycles) was not enough to create noticeable 
micro-damage, even though AE monitoring and some of the NEWS based techniques gave an 
indication of incipient damage during the last stage of fatiguing. High frequency and high amplitude 
nonlinear techniques such as NEWS-TR and impact-modulation gave a slight indication of some 
damage whereas no linear technique could detect the miniature cracks. Additional fatiguing and 
NEWS testing have been continued over the last 6 months as part of the final validation of the 
techniques. The subsequent testing was performed at the individual laboratories of the partners 
involved in WP5. At the final stage (123000 cycles) a 2mm crack was observed near one of the 
corners of the sample. It was detected by eddy current, by the linear Rayleigh wave technique, and 
by the high frequency nonlinear techniques. This proves our initial hypothesis that the nonlinearity 
based techniques are more sensitive than the linear techniques. Details can be found in WP5/D18-
D19. 
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The experimental results obtained in WP1 and WP5 gave a good foundation to analyze the possible 
applicability of nonlinear methods in the aeronautical industry as a tool for non destructive testing 
(WP5.3). As part of WP5, recommendations were specified for follow-up NEWS technology 
standardization and maturation in view of the implementation of the system on aircrafts. Details can 
be found in WP5/D20-D21. 

Achievements regarding dissemination (WP6/D22) over the four years include the implementation 
of a dedicated web-based portal for communication and file exchange between AERONEWS 
partners, the organisation of more than 25 special sessions at several international conferences, the 
publication of about 50 scientific papers in international reviewed journals, and the advertisement of 
the project and project results through magazine publications, folders, brochures, and posters. 
Extensive details can be found in the ‘ANNEX Plan for using and disseminating the knowledge’. As 
a summary of the scientific work we also provided an overview of the necessary initial steps towards 
standardisation of the methods (WP6/D23). However, the most imperative activity in WP6 
concerned the decisions for patent proposals on the technological developments that have resulted 
from the AERONEWS project. Three partners have initiated the submission of a patent for their 
developments on NBOX technology (EXETER), CHOT technology (UNOTT) and MV-2/NDT 
(Uni-Na). 

On the management level, the main achievements have been the organisation of the 6-monthly 
general assembly meetings, including the kick-off meeting in Brussels, the mid-term meeting in 
Ghent (at 30m), which was considered to be a great success, and the final meeting (at 48m) in 
Toulouse. The meetings were all organized as a two days topical meeting reviewing the progress of 
the various workpackages and a general assembly dealing with consortium and management issues 
at the third day. All partners have experienced these meetings as being very fruitful and they have 
stimulated them in the further collaboration during the rest of the project. 

Apart from these meetings, several other topical meetings have been organized. Especially the 
meetings in Prague were challenging since they involved also the movement of experimental 
equipment. 

Other consortium/management tasks: In the last year of operation, the consortium agreed on a 
redistribution of the requested EC contribution among certain partners. 

The coordinator also presented the AERONEWS project at the AERONAUTICS Days in Vienna, 
prepared advertisement of the project through different media (web-magazine-newspaper) and 
started collaboration with other EU funded projects on structural health modelling for the EU-FP7 
call. 
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Ç Most important problems during the project including the corrective actions undertaken 
 
There were no major problems encountered and no corrective actions taken on the scientific level.  
Some minor problems are listed in the workpackage progress of the individual workpackages in 
section 2. 
 
There were no major difficulties encountered at either co-ordination or management levels. 
A few minor difficulties and changes were encountered: 

□ The partners would have appreciated a faster return time for financial matters and are 
willing to cooperate in achieving this. 

□ On the consortium level, one partner (CSM) has been taken over by a larger 
company (BodyCote), but without any changes in initially planned responsibilities. 
Other changes are related to name changes. 

□ The consortium has filed an amendment for redistribution of the allocated budget 
over the partners (see section 3.2 for some details) 
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Section 2 – Workpackage summary of the entire period 
 
As indicated in the description of work, this project contains 5 major scientific WorkPackages. In 
this section we give an overview of the results obtained within each WP for the entire project. 
 
WP1: Optimization of NEWS techniques to detect micro-scale damage in 
aircraft components and structures  
 
Workpackage Leaders:  Fraunhofer Inst. for Nondestructive Testing, Germany (IZFP),  
    University of Bristol, UK (UNIVBRIS) 
Partners:   KULeuven, VUB, ASCO, ITASCR, VZLU, GIP-U, NDTE, UNI-Na,  

CSIC, BR&TE, BODYCOTE, CU 
 
2.1.1 Objectives 
 
Workpackage 1 was the largest workpackage in the project and involved experimental investigation 
of appropriate non-linear elastic wave spectroscopy techniques and their optimisation for the 
detection of damage in parts of interest in aeronautics. This workpackage included the experimental 
basics of the project and, along with the supporting modelling work of WP2, was aimed at 
providing the techniques that would be implemented and validated in workpackage 5 using 
technology and equipment developed in workpackages 3 and 4. 
 
The objectives of this workpackage were defined in the description of work as: 
 

• Extend and prove the use of NEWS methods on various materials and structures in 
aeronautics with focus on detecting resident delaminations and weak bonds in composites 
and microcracks in alloy parts and on the assessment of early stage damage due to external 
loading mechanism.  

• Determine and define methodological approaches and limitations of the NEWS techniques 
applied to different materials, parts and structures.  

• Prove the efficiency and the advantages of NEWS compared to traditional testing (NDT) 
methods for monitoring and imaging microscale induced damage and fatigue of airframe 
parts.  

• Supply feedback in terms of resolution and experimental demands of NEWS techniques for 
different types of tested objects. 

 
These objectives were to be achieved through 4 sub-workpackages. WP1.1: gathering and critically 
assessing information on aerospace structures identifying, in detail, critical parts and structural 
components and driving failure scenarios. Following this, experimental assessment of two broad 
classes of components and structures would be undertaken. WP1.2 aimed at single parts (including 
composites, layered media and metallic parts) and WP1.3 directed at the testing of complex 
structures. For each sub-workpackage (WP1.2 and WP1.3) the objectives were: 
A. Characterization of parameters.  
B. Experimental design and set-up.  
C. Performing of experiments.  
D. Data analysis.  
E. Determination of suitable nonlinear techniques and signatures for damage detection.  
F. Comparison of results with other methods and/or numerical modelling.  
G. Evaluation and recommendation of test procedures summarized in a report. 
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Finally WP1.4 required the evaluation of the NEWS techniques for continuous structural health 
monitoring and comparison with more traditional inspection techniques. 
 
 
2.1.2. WP1 Results (month 0-48) 
 
WP1.1: Identifying, in detail, critical parts and structural components and driving failure 
scenarios. 
 
This section of the workpackage was an important initial stage that provided the information and 
test samples on which the remainder of the workpackage was based. As a result it was completed 
early in the project (after six months) so as to inform later work in this workpackage and others. 
Materials of interest included metals (primarily aluminium and steel), carbon-fibre-reinforced 
plastics and adhesives. Damage types included weak bonds (in adhesive joints), delaminations (in 
composites), microcracks (composites and metals), single cracks (metals), porosity(bonds and 
composites), corrosion (metals) and wear (metals). Samples were provided to cover all appropriate 
combinations of component and damage and a system for exchanging samples between partners 
organized. These were described in detail in appendix A of the six month report. 
 
WP1.2 Testing of single parts: Composites, layered media, and metallic parts. 
 
Having determined the parts to be tested groups involved in WP1 set about applying non-linear 
techniques to simple parts in order to assess their applicability and optimise them for application to 
aeronautic parts. A range of techniques were chosen for assessment on single samples in order to 
extend and prove their use in the field of aeronautics: 
 
Higher harmonic generation of narrowband ultrasonic excitation. 
 
This technique excited the sample with a single narrowband excitation. Linear systems would be 
expected to respond with vibration at only the excitation frequency. Non-linear systems respond in 
a more complicated manner and their spectrum includes components at integer multiples of the 
excitation. This allows the non-linearity in a system to be measured and so provides a measure of 
the degree of damage. This approach was applied to detect weak adhesive bonds, and pre-
delamination micro damage in carbon-fibre/epoxy laminates. In both cases, it was successfully 
applied. Using pulses allowed localisation of the excitation and so gave local information about the 
sample damage state.  
 
Ultrasonic Wave-mixing  
 
Similar in principle to higher harmonic generation this technique excited the sample with two 
narrowband signals. As with higher harmonic generation a perfectly linear system responds at only 
the excitation frequencies. A non-linear system, in addition to producing harmonics, responds at 
frequencies given by the sum and the difference of the excitation frequencies. By measuring these 
intermodulation frequencies it was possible to measure the non-linearity and so the damage. In 
contrast to the higher harmonic generation methods, this technique was applied using continuous 
excitation, flooding the specimen and proving global detection of damage, without localisation of 
the damage. This technique was initially demonstrated on steel blocks with fatigue cracks and then 
to more complicated geometry samples including a steering actuator bracket. It was successful in 
detecting damage in these low attenuation samples. 
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Nonlinear impact modulation spectroscopy  
 
An alternative method looking at the intermodulation resulting from non-linearity, nonlinear impact 
modulation spectroscopy excites the sample at an ultrasonic frequency and then with a tap from a 
hammer. The hammer blow results in low frequency vibration of the sample. Where there is 
nonlinearity, intermodulation occurs and again the signals at the difference and sum can be 
measured. Because the vibration from the hammer decays with time it is possible to look at the 
variation of the intermodulation as a function of amplitude and use this to distinguish damaged 
samples. This technique has the further advantage that the excitation methods are fundamentally 
different greatly reducing problems of instrument non-linearity. This technique was applied to the 
steering actuator bracket. 
 
Nonlinear reverberation spectroscopy 
 
For a linear sample the frequency at which a sample resonates is independent of the amplitude of 
the vibration. For nonlinear systems the frequency varies with amplitude. Nonlinear reverberation 
spectroscopy exploits this by exciting the sample at (or very near) a resonance and then removing 
the excitation and measuring the frequency of the resonance as the vibration of the sample decays. 
This gives the frequency of resonance as a function of amplitude, non-zero gradient in this 
relationship indicate non-linearity and so can be used to test for damage. This technique was 
successful in detecting distributed thermal damage in CFRP samples, fatigue damage in titanium 
samples and also detected the fatigue crack in the steering actuator bracket. An alternative method 
of probing the shape of resonances, using wide band excitation at a number of amplitudes, was 
applied to thin aluminium plates with some success. 
 
Contact Phase Modulation 
 
A technique applicable to layered samples such as composites or adhesive bonds, this method 
excites from one side of the sample with a high frequency and from the other a low frequency with 
the phase modulation of one by the other acting as a measure of non-linearity. A self calibrating 
form of this approach was developed early in the project for the inspection of layered materials, but 
was not continued. 
 
Time reversal acoustics 
 
A great deal of work was undertaken, both in WP 1 and WP2, to develop nonlinear techniques 
making use of time reversal acoustics. Time reversal acoustics makes use of the time reversal 
invariance of waves propagating in linear media. In practice this means that if a signal is injected in 
to a linear sample propagates and is then detected, reversing the signal and reapplying it at the point 
where it was detected results in a wave that follows exactly the opposite path to the original and 
refocuses on the original transmitter. Two broad strategies were taken in the development of time 
reversal techniques for probing non-linear properties. In the first (referred to as NEWS-TR)  time 
reversal is used to determine the source of a nonlinear signal: an excitation is applied to a system 
containing a non-linear region, that region produces a signal with some nonlinear signature (higher 
harmonics for example) and the response of the system is detected at a number of positions. The 
part of the signal is then filtered to remove the linear part, leaving only the nonlinear part and then 
reversed and returned to the sample (at the ‘receivers’). This signal should then retrace its original 
path and refocus on its source. This refocusing stage can be done physically in an experiment and 
the peak due to the focussing measured (with a scanning laser vibrometer for example) or in a 
model (such as those developed in WP2) in order to produce an image of the location of the 
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damage. This approach was successfully demonstrated on PMMA glass.  
 
A second use of time reversal (referred to as TR-NEWS) was to use it as a method of focussing 
energy in a region of the sample and then measuring the nonlinear response of the sample (using for 
example ultrasonic intermodulation). This approach was used to image a fatigue crack in an 
aluminium fatigue sample and cracked steel samples. 
 
High frequency multi-sine broadband excitation 
 
This technique represents an extreme of the intermodulation type experiments with a high 
frequency modulated by a very low frequency; in fact, the fatigue load that is causing the damage is 
used as the low frequency modulation. A high frequency signal is transmitted between two 
relatively close points, between which the crack is expected to appear. When there is no damage the 
transmission of the signal remains independent of the low frequency load. When a crack the high 
frequency signal is less efficiently transmitted when the crack is open than when it is closed leading 
a variation in the received signal that indicates that damage has occurred. That this technique allows 
for straightforward monitoring of the crack during fatigue. It was demonstrated on a slat track to 
detect fatigue cracks at known critical points. 
 
Frequency Response Function Technique 
 
Previously described techniques have attempted to identify particular signatures of non-linearity in 
the response of the system to an excitation. An alternative method is to measure some overall 
change in the frequency response of the system using either a damage index or artificial neural 
networks. This method does not distinguish between different nonlinear signatures or indeed 
between changes in nonlinear behaviour and changes in linear behaviour it looks at the global 
overall change to the response. This technique was applied to aluminium fatigue samples and 
successfully detected cracks grown from a central hole. 
 
WP1.3 Testing of complex structures. 
 
This sub workpackage was focussed largely on thin extended structures used in aircraft 
construction. These geometries presented their own particular challenges to the application. The 
first experimental week in Prague offered the opportunity to test techniques on an aluminium wing 
panel undergoing fatigue testing. Of the techniques that had been applied to single components 
(including some of complex geometry) most were attempted on extended structures with varying 
degrees of success. 
 
Ultrasonic Wave-mixing  
 
Methods that attempted to excite the entire sample using high frequencies, such as the ultrasonic 
mixing methods as applied to single low attenuation sample, struggled to inject sufficient energy in 
to extended thin structures to detect non-linearity due to anything but very large damage.  
 
Lower frequency excitation in ultrasonic wave mixing can excite relatively large structures, while 
higher frequency of above 150 kHz is attenuated with growing distance. Consequently, the 
nonlinear mixing products (side-bands) are not detectable far from higher frequency transmitter. To 
overcome these restrictions, an number of receivers was appropriately dislocated on extended real 
structures with fatigue cracks (wing panel, landing gear fork leg and steering actuator bracket), and 
then, individual receiving piezoelectric transducers are subsequently switched by a high-voltage 
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multiplexer into high frequency transmitting. Based on a comparison of mixing products detected 
by receiving array, it is possible to locate defective zones, and roughly localize defects. Lower 
frequency excitation could be used for more precise defective zone location. 
 
Time reversal acoustics 
 
Time reversal acoustics, and a particularly TR-NEWS, allows energy to be concentrated at in the 
region of interest. This ensured good excitation of the crack, by scanning the focal point and 
measuring the response with a laser vibrometer it was possible to use the intermodulation of two 
signals to image a crack grown at a rivet in the model wing panel. 
 
Time reversal methodology has also been applied using a suitable arrangement of piezoelectric 
transducer array on a structure and multiplexing transmitters / receivers. The technique used is 
similar to ultrasonic tomography with more complex channel switching. The panel is excited  and 
all direct and corresponding received and time reversed signals are transmitted back to original 
transmitters and back-received signal spectra dependent on growing primary excitation amplitude 
are analysed for the presence of nonlinearity. Relatively large structures and inaccessible regions 
can be monitored in this way without dismounting. Phase shifts and/or filters can be applied to 
direct and time reversed signals.  
 
Multiplexed time reversal acoustics was successfully applied to reveal and approximately localize 
fatigue cracks in the wing panel and two other tested aircraft landing gear parts (the fork leg and 
steering actuator bracket).  
 
High frequency multi-sine broadband excitation 
 
High frequency multi-sine broadband excitation was well suited to the detection of cracks in thin 
structures and was used to monitor the growth of the fatigue crack in the model wing panel during 
the fatigue process. 
 
Frequency Response Function Technique 
 
This technique was applied to a number of thin extended structures, including part of an aircraft in 
situ. It was successful in detecting several types of damage including cracks, corrosion and rivet 
defects. Some localisation was also possible.  
 
WP1.4: Formulate feedback and provide guidance for the implementation of particular NEWS 
methods 
 
Feedback and guidance was provided in a continuous process through the reporting of the project 
(and particularly the deliverable reports), culminating in the recommendation of techniques for 
application in WP5 (milestone 2). 
 
During WP1.2 and 1.3 various conventional techniques were used alongside the non-linear 
techniques for comparison including, conventional pulse-echo ultrasound, ultrasound phased arrays, 
x-rays, eddy currents and ultrasound transmission measurements. 
 
In summary, a variety of component types and damages, relevant to aeronautical engineering were 
identified and samples prepared(WP1.1). A number of NEWS techniques were applied to suitable 
single samples, initially simple and later of substantial complexity (WP1.2) and then to thin 
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extended samples (WP1.3). As a result suitable feedback on which techniques were suitable and 
guidance in their application to single components and/or thin extended structures were produced 
(WP1.4). 
 
 
2.1.3. WP1 Deviations and Corrections 
 
Due to the need to deal with different component types and damages, as well as provide both global 
coverage and localisation it was decided that milestone 2 would entail selecting a group of 
techniques to apply in WP5 rather than just the one as indicated in the description of work. 
 
 
2.1.4. List of WP1 Deliverables 
 
Deliverables 1 and 2 were completed at month 12 comprising milestone 1 at month 6. The second 
year of the project has mostly concerned Deliverable 3 and started with the work resulting in 
Deliverable 4. An extra report on D3 was accomplished in June 2006, updated and finalised in 
October 2006. The report on D4 was substantially completed in the third year. As foreseen in the 
DOW, there was a further update of deliverable D3 in combination with D4 since the work is 
rapidly evolving, and the experimental efforts were continued focusing on the proposed NEWS-
IMAGE methodologies and their optimization. Additionally, the D3 report was extended by the 
description of eddy current and linear ultrasonic inspections of the aluminium samples with cracks 
from partner BR&TE and the comparison to NEWS results. The D4 report underwent a final editing 
and in addition was extended by the description of NEWS results on the fork leg and the wing 
panel, which were inspected during the Prague experimental weeks (see also the WP5 reports). 
Deliverables 4 and 5 result in Milestone 2. A preliminary report on D5 including M2 was drafted in 
the third year and finalised in parallel with the fourth annual report. The updated D3, D4 and D5 
reports are submitted as an attachment to the fourth year report. 
 
 
Del.  
no. 

Deliverable name Work-
package 
no. 

Date due Actual/ 
Forecast 
delivery date 

Estimated 
indicative 
person-
months 

Used 
indicative 
person-
months 

Lead 
contractor 

D1 

Identification of 
critical parts and 
structures of interest to 
aeronautics NDT 
 

1.1 3-6 Accomplished 
Oct 2004 (6m) 8.7 12 IZFP 

D2 

Identification of most 
common failure 
scenarios 
 

1.1 6-12 Accomplished 
Oct 2004 (6m) 3.3 6 IZFP 

D3 

Description and 
critical evaluation of 
the methodology and 
results from 
application of NEWS 
for quality control of 
composites, layered 
materials and metals 
and their comparison 
with competing 
methods 

1.2 12-24 

Accomplished 
Oct, 2006 

(30m) 
+ updated 

(48m) 

72.25 118.3 
IZFP/ 
UNIV-
BRIS 
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D4 

Feasibility test of 
several NEWS 
techniques on thin 
extended structures, 
complex geometries 
and rotating parts 

1.3 30-36 

Accomplished 
Oct, 2007 

(42m) 
+ updated 

(48m) 

68.75 54 
IZFP/ 
UNIV-
BRIS 

D5 

Feedback of the 
observations toward 
the technological 
development of a test 
device inspection 
system 

1 36 

Accomplished 
Oct, 2007 

(42m) 
+ updated 

(48m) 

18.5 20.12 
IZFP/ 
UNIV-
BRIS 

 
 
2.1.5. List of WP1 Milestones 
 
Milestone M1 has been accomplished at month 6. The report on Deliverables 1 and 2 was 
completed at month 12 comprising the report on M1. The list and the rotation schedule for samples 
were continuously updated within the consortium. 
M2 has been accomplished as foreseen. The deliverables D3, D4 and D5 listed above all concur to 
the achievement of this milestone. It has been revised at the end of the project and is submitted in an 
updated report together with Deliverable D5 at month 48. 
 
Milestone 
no. 

Milestone name Workpackage 
no. 

Date 
due 

Actual/Forecast 
delivery date 

Lead 
contractor 

1 List of critical parts and failure 
scenarios to be considered 1.1 6 Accomplished  

Oct 2004 (6m) IZFP 

2 
Decision on the experimental NEWS 
method to be implemented in the full 
scale validation model 

1 36 Accomplished  
Mar 2008 (48m) 

IZFP-
UNIVBRIS 
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WP2: Simulation support of nonlinear behaviour in micro-damaged 
structures and extension to early damage localization methods based 
on NEWS 
 
Workpackage Leaders:  Politecnico di Torino, Italy (POLITO), Cranfield University (CU) 
Partners:   KULeuven, GIP-U, IZFP, BR&TE, UNIVBRIS 
 
2.2.1 Objectives 
 
The Workpackage 2 (WP2) was devoted to supporting, in terms of numerical simulations and 
theoretical calculations, the development and the application of nonlinear techniques able to detect 
and locate (micro-)damages in aeronautical structures. 
 
For more clarity we distinguish two sub-packages with their relative objectives: 
 
WP2.1 Modeling the influence of microscopic damage features 

o Improvement and/or development of numerical techniques including damage and material 
models to simulate the presence of various type of damage identified in WP1  

o Development of Finite Element Models and other numerical techniques (e.g. Local 
Interaction Simulation Approach, LISA) for simulations of nonlinear NDT techniques 
(nonlinear modal analysis and nonlinear wave propagation) in media with various levels of 
damage.  

o Model verification, updating and validation supported by experimental results (WP1) and 
numerical methods comparison  

o Numerical exploration of the theoretical resolution of NEWS techniques for damage 
detection in various conditions and structures  

o Performance of simulations which provide guidance for designing the optimal experimental 
set-up of emitters and sensors (WP3)  

o Numerical study of the feasibility to inspect the behavior of distinct regions of larger 
objects, with feedback to the experimental methods (WP1) and technological development 
(WP3). 

 
WP2.2. Damage localization procedure and NEWIMAGE. 

o Development of damage localization methodologies with inverse and direct modeling 
techniques  

o Development of a NEWS based procedure to determine exact locations of damaged regions 
and weak spots by space and frequency nonlinear tomography.  

o Design of a one- two- and three-dimensional damage imaging technique called 
NEWIMAGE.  

o Verification and validation of the localization procedures on samples with known (e.g. 
visible laser induced) internal cracks and comparison with other methods.  

o Support and guidance for experimental procedures and methodology in terms of method 
selection, sensor placement and data acquisition (WP1, WP3, WP4). 

All these tasks have been accomplished by the Partners and presented in the Deliverables D6, 
D7, D8, D9 and D10. A brief summary of the work conducted is included below. 
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2.2.2. WP2 Results (month 0-48) 
 
WP2.1 Modeling the influence of microscopic damage features 
The main task of  WP2.1 was to develop a model able to reproduce the majority of the 
phenomenology observed in the nonlinear measurements. The first part of the Project was devoted 
to the comparison and the analysis of the already existing models, belonging to each partner. By the 
analysis of the phenomenology commonly described and also observed within WP1, it was decided 
to focus on the description and modeling of wave propagation phenomena in composites and metals 
containing a localized zone of microdamage. Indeed, the damage can be in the form of a 
concentration of microcracks and/or defective adhesive surfaces. 

An essential feature required by the models used by the partners was identified as the 
capability to describe the nonlinear hysteretic response of the model to a mechanical stress 
excitation. To include this ingredient and to describe the macroscopic effects of microdamage on 
the propagation of waves in objects of finite geometry, multiscale models were developed. 

Indeed all the models used have, as an essential element, a bistable unit representing the 
micro-crack. This unit react in different way to an induced stress, depending on the state. 
Additionally, each unit is characterized by two (opening and closing) pressures at which the unit 
passes from one state to the other, that are different for increasing and decreasing external pressure. 
This is the basic mechanism responsible for the hysteresis. We upscale the hysteretic microscopic 
state relation to the mesoscopic level by means of a scalar Preisach approach. This is a statistical 
ensemble of a large number of bistable features with differing opening and closing pressures that 
form the so called Preisach-Mayergoitz (PM) space. 

The resulting models/codes (at a one-dimensional stage, at the beginning of the Project) were 
then tested by reproducing some experiment already performed or planned within WP1, with the 
aim to point out the features and the novelty of the NEWS techniques (major topic in D6). 

(a) Phase modulation:  
(b) Nonlinear reverberation:  
(c) Nonlinear Rayleigh wave propagation 
(d) Frequency modulation 
(e) Longitudinal resonance 
(f) Bispectral analysis 
 
All these virtual experiments have proven the reliability of the developed models/codes. This 

first part of the Project was particularly important in order to confirm the possibility to use the 
numerical codes to foresee the response of a material to a mechanical excitation in order to verify 
its integrity. This is of particular importance because doing virtual experiments it is possible to 
control undesired effects, such as noise or nonlinearity due to imperfect contact between the 
transducers and the material, which in real experiments may affect the results of the experiment or 
mask some important effect/result. In particular, knowing “a-priori” the position of the defects, it 
was possible to test the theoretical resolution of NEWS techniques in various experimental/set-up 
conditions. 

The codes were then developed to simulate and test objects with higher dimensionality (two 
and three), with the intention to perform simulations as realistic as possible. In some cases the 
numerical calculations became so huge that it was necessary to implement codes able to run in 
parallel on multiple CPU’s.   

 Another (minor) goal of the Project was to link the model to the micro-physics of the 
problem and to establish a connection of the macroscopic model parameters (and/or of the 
experimentally observed damage indicators) to mesoscopic/microscopic features directly indicating 
the structural integrity of the specimen under investigation. To this end, a small part of the Project 
was devoted to develop a physics based model of the nonlinear hysteresis (see Deliverable D6). 
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WP2.2. Damage localization procedure and NEWIMAGE. 

The most innovative part of the WP2 was developed within this sub-workpackage. Once the 
models/codes were tested and developed to include all the required features envisaged in WP2.1, 
they have been used, as mentioned before, to perform more controlled and safe virtual experiments. 
Improvement of NEWS techniques have lead to a significant breakthrough in the development of a 
new reliable and robust damage imaging system. 

The sensitivity of NEWS methods to the detection of microscale features is far greater than 
what can be obtained with linear acoustical methods. However, most of the currently used 
experimental NEWS methods are based on a generalized interrogation of objects, for which the 
exact location of the defect domain structures is unknown (e.g. resonance, reverberation, etc.). At 
present most NEWS methods only specify whether the objects contain damage or not, and can be 
introduced in simple “fail-pass” quality control systems. In some cases this is sufficient, but there 
certainly exist additional demands for a system, which could promptly map the distribution of 
defects in a monitored structure. 

During the first years of the Project the Partners have developed different techniques for 
damage localization and imaging. But particular interest have encountered the following two 
NEWIMAGE technique: 
 
(a) MuMoNRAS: MultiMode Nonlinear Resonant Ultrasound Spectroscopy (1D) 
(b) NEWS based TR: Time Reversed elasticity based on Nonlinear Elastic Wave Spectroscopy 

(2D-3D) 
 

MuMoNRAS: The methodology is based on the interpretation of the resonance frequency shift 
for different resonance modes of a given object in terms of the corresponding stress field of the 
resonance mode. If the system contains microdamage (nonlinearity), either globally or localized, we 
can examine the nonlinear resonance response of the object near several of its resonance 
frequencies. We expect that, by increasing the forcing amplitude, the resonance frequency peak 
exhibits a down-shift. The same is true for the higher modes of resonance that, however, have the 
maximum strain amplitude located in different positions. The resonance shift is different for the 
various modes, being much larger when the defect is located in a zone where the strain is greater. 
Exploiting this property it was possible to define a function that, taking into account a variable 
number of resonance modes, displays a maximum in correspondence of the centre of the defect  
position (see D7 for details). Several cases of study were analyzed with successful results.    
 

NEWS based Time Reversal: This task have been of particular interest for the Partners, due to 
the very promising  results obtained both from a numerical and an experimental point of view. 

Several types of acoustic and ultrasonic mapping systems for ‘linear’ scatterers already exist. 
Most of them are based on ray tracing or tomographic principles, or on the principle of time reversal 
invariance. The latter technique has been used for many years by seismologists in the petroleum 
exploration community. A classical experiment of Time Reversal (TR) consists of a forward 
propagation step and a backward propagation step. In the forward propagation step, a source emits 
waves that travel through a medium, which are then detected by one or more receivers. The signals 
detected at each receiver are then reversed-in-time and rebroadcast from their respective receiver 
positions. The wave paths that were traversed in the forward propagation are also traversed in the 
backward propagation. The back-propagating waves simultaneously arrive at the original source 
location in phase, producing a time reversed focus, which is a reconstruction of the original source, 
albeit reversed in time. 

Starting from these considerations, we have modified the classical TR technique in order to 
enhance its sensitivity, being able to detect much smaller and earlier defects. Cracks can be the 
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source of significant elastic nonlinearity, generating wave distortion in the form of harmonics, sum 
and difference frequencies (intermodulation distortion) in the presence of relatively large amplitude 
elastic waves. In this method, the initial source signal(s) propagate to a crack in a sample, where 
new frequencies are produced (e.g., harmonics/sidebands). The crack acts as a nonlinear scattering 
source. The combined signals (linear and nonlinear) are detected and recorded by the receivers. 
Before performing TR one filters the signals, leaving only the nonlinear frequency content of the 
wave. The filtered signals are time reversed and rebroadcast from the receivers (now used as 
emitters). These signals then focus back only on the nonlinear scattering source, i.e., the crack. In 
this manner, one can isolate the nonlinear scatterer from the background and operate selectively in 
the defective zone. This technique was called NEWS-TR. Another procedure is also possible and 
described in deliverable D7 (TR-NEWS). 

By performing NEWS-TR virtual experiments in simple structures (two- or three-dimensional), 
we have demonstrated the robustness of the technique. The following factors were studied: (see 
Deliverables D7, D9 and D10): 

• the influence of the number of the receivers (D7); 
• the effect of an additive random noise to the signals (D7); 
• the influence of a diffuse presence of nonlinearity inside the specimen (D7); 
• the effect of an impedance barrier or a void on the intensity of the retrofocalisation peak 

(D9-D10); 
• the influence of the completeness of the returned information (e.g. rebroadcast in the 

backward propagation only one of the two component of a signal recorded by the 
transducers) (D10); 

• influence of the dimension of the receivers and of the length of the signals (D10); 
 

The conclusion of the numerical results is that NEWS-TR, at least when performed with an 
extensive receiver zone, is a very robust technique, well over the commonly used classical 
techniques (some comparison with classical TR experiment was performed). 

To support the WP1 and WP3 work, we have extensively studied, by means of the definition of 
a quantitative parameter, the influence of the location of the transducers with respect to the 
source/damage location (D10). This study resulted in some prescriptions on the transducers 
placement to perform NEWS-TR experiments. The same was done by studying the influence of the 
different filtering techniques on the defect localization. Some recommendations were given on the 
use of filtering techniques, i.e. the phase-coded pulse sequence (or pulse inversion method) is better 
for the defect detection near the edge of the sample, while harmonic filtering (band pass filters) is 
more precise when the defect is between the emitter and the receivers (D7). 

Another problem that has been encountered performing this kind of experiments, is the fact that 
defects with an higher degree of nonlinearity (e.g. larger extension of the defect) may mask, in a TR 
process, smaller sources of nonlinearity that, in some case,  due to their critical position, may 
produce dramatic effects such as the failure of the structure. To overcome this problem, it was 
developed a technique (Selective Sources Reduction) that allows to selectively “illuminate” all the 
nonlinear sources present in the sample (see D9).  

Pre-processing and post processing techniques applied to NEWS-TR were also analyzed within 
WP2. For example, because we noted that the transducers far from the defects received only a small 
part of the energy produced by the nonlinearity, we proposed to normalize all the signals to their 
maximum amplitude, in order to give a greater weight to the far receivers and retain information 
from all the used receivers (D7). Moreover, because of the importance of the filtering technique 
within NEWS measurements (and in particular for the NEWS-TR), we have proposed two 
innovative techniques, that display several advantage with respect to the traditional band-pass 
filters: Phase-coded pulse sequence and Scaling Subtraction method (see Deliverable D6). 
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(a) (b) 

Figure WP2.1: The steering actuator bracket (a) and its respective finite element model (b). 
 
All these preliminary studies were done with the ultimate intention to apply this TR procedure 

on more complex structures, where the signals are much more complicated by the geometry. The 
idea was to develop a reliable material model in order to do hybrid real/numerical experiments. 
Indeed in real experiments the TR procedure has the disadvantage to need a very fine scanning of 
the surface of the sample in order to exactly locate the defect. Moreover, it seems difficult to locate 
damage in the bulk structure. If one can generate a synthetic model of the structure considered and 
do the forward propagation problem on the real structure, recording the signals at a certain number 
of receivers, and then invert in time these signals and rebroadcast them into the synthetic sample, all 
the problems mentioned before would be overcome. This is a very challenging. However, the 
simulated backward propagation will only be accurate if both the geometry and the material 
properties of the medium are modelled accurately.  

This procedure was tried on the nose gear steering actuator bracket chosen in Work Package 1 
(see Fig.WP2.1).  A multiscale model implemented in DYNA3D (an explicit finite element code) 
was used. Several simulations were perfomed, investigating the various types of NEWS signal 
analysis both in pre and post-processing. See Deliverable D9 for details. Even if some interesting 
indication was obtained (i.e. a stress concentration near the holes where the clamping rig was 
attached during fatigue loading, see Fig. WP2.2), however it was impossible to give a unique and 
definitive interpretation of the integrity of this sample.  

 

 
Figure WP2.2: Contours of maximum pressure during backward propagation for the Phase-Coded Pulse Sequence 

(PCPS), or ‘pulse inversion’ method. 
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Indeed, there are several ‘variables’ that together will determine the effectiveness of a NEWS-
TR imaging method, which should be investigated separately in the future. The present work 
focused mainly on the influence of nonlinear signal processing, and has shown that all of the 
options investigated here can be effectively applied to a real structural component. However, other 
variables not investigated include the effect of different boundary conditions applied to the object, 
excitation strategies (the choice of frequencies, chirp-coded analysis), the number and location of 
the several transducers, the length of the time window adopted, and others. 
 
 
2.2.3. WP2 Deviations and Corrections 
 
No major deviations or corrections have been necessary. The focus of the activity within WP2 has 
been slightly redirected towards promising visualization methodologies for applications within 
WP1. As a consequence, special attention has been devoted to simulations of TR-techniques. 
 
 
2.2.4. List of WP2 Deliverables 
 
Preliminary reports on Deliverables D6, D7, D9 and D10 were submitted at 24m.  At the end of the 
project, we accomplished updates on Deliverables D6, D7, D9 and D10 as foreseen. These updates 
are submitted as appendices to the 48m periodic activity report. Deliverable D8 on the description 
of how to provide 3D imaging of damaged regions in aircraft objects using NEW, and with due date 
of 48m is accomplished and its write-up is submitted together with the same report. 
 
Del.  
no. 

Deliverable name Work-
package 
no. 

Date due Actual/ 
Forecast 
delivery date 

Estimated 
indicative 
person-
months *) 

Used 
indicative 
person-
months *) 

Lead 
contractor 

D6 

Support in terms of 
simulation models for 
the experimental 
optimisation study 
envisaged in WP1. 

WP2.1 24-36-48 
Accomplished  
at 24m with 

update at 48 m 
45 54.5 CU/POLITO 

D7 

A new theoretical 
approach and a 
methodology on how 
to locate/image 
defects or damaged 
regions using NEWS 
techniques in simple 
objects, including 
preliminary tests of 
the imaging approach 
to specially 
manufactured samples 

WP2.2 24-36-48 
Accomplished  
at 24m with 

update at 48 m 
38.5 59 CU/POLITO 

D8 Description of how to 
provide 3D imaging 
of damaged regions in 
aircraft objects using 
NEWS, including an 
estimate of the 
experimental 
accuracy. 

WP2.2 48 Accomplished 
at 48 m 10 19 CU/POLITO 
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D9 

A simulation based 
method for damage 
zone discrimination in 
parts of tested object 
and recognition of its 
limitations and 
influencing factors 

2.2 24-36-48 
Accomplished  
at 24m with 

update at 48 m 
28 45.4 CU/POLITO 

D10 

Support and guidance 
for experimental 
procedures and 
methodology in terms  
of method selection, 
sensor and actuator 
placement and data 
acquisition (WP1, 
WP3, WP4). 

WP2.2 24-36-48 

Accomplished  
at 24m with 
update at 48 
m, joint with 

M3 

5 12.77 CU/POLITO 

 
 
2.2.5. List of WP2 Milestones 
 
M3 has been accomplished as foreseen. The deliverables listed above all concur to the achievement 
of this milestone. A report is submitted in the form of a report overlapping with D10 together with 
the 48m periodic activity report. 
 
Milestone 
no. 

Milestone name Workpackage 
no. 

Date 
due 

Actual/Forecast 
delivery date 

Lead 
contractor 

3 
Feasibility test of the defects 
localization and imaging 
methodology  

2 36 
Accomplished at 24 m 
and updated at 48m, 

joint with D10 
CU/POLITO 
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WP3: Adoption of smart transducers and sensors for NEWS 
 
Workpackage Leaders:  University of Nottingham, UK (UNOTT), ZD Rpety (DAKEL) 
Partners:   VUB, ASCO, GIP-U, NDTE, IZFP, UNI-Na, CSIC, BR&TE, 
    UNEXE, UNIVBRIS, CU 
 
Workpackage Leaders:  University of Nottingham, UK (UNOTT), ZD Rpety (DAKEL) 
Partners:   VUB, ASCO, GIP-U, NDTE, IZFP, UNI-Na, CSIC, BR&TE, 
    UNEXE, UNIVBRIS, CU 
 
2.3.1 Objectives 
 
The main goal of WP3 was the development of smart sensors and exciting transducers for NEWS. 
To facilitate this task, WP3 has been divided into 3 sub-packages: Market analysis (WP3.1), design 
and manufacturing (WP3.2), and development optimisation (WP3.3). The objectives for each sub-
package are described below: 

WP3.1: Analysis of existing transducers. Choice of new excitation and sensing devices. 

o Market mapping and analysis of existing smart transducer devices suitable for sensing 
and excitation in different environments and test conditions. 

o Consulting on exciter/sensor devices and supervision on their optimal choice with 
respect to test conditions and costs. 

o Verification of available smart system concepts. 

o Specify the choice of the smart transducer system and identifying the necessary 
adaptation and/or new design. 

WP3.2:Design of transducer systems and manufacturing of smart aircraft components 

o Objective 1: Thorough analysis of the chosen smart exciter-sensor system and 
implementation of the modifications and/or new design for integration in the inspection 
system (WP4). 

o Objective 2: Test various transducer configurations and excitation strategies in terms of 
optimum defect detection for relevant structures. 

o Objective 3: Development and manufacturing of smart exciting transducers and sensors 
to be integrated into the aircraft component inspection system. 

o Objective 4: Strategy for manufacturing aircraft components (composites, metals, 
sandwich plates etc.) with integrated (e.g. embedded) transducer and sensing systems. 

o Objective 5: Adjustment of NEWS equipment to the choice of the transducers and vice 
versa (WP1) 

WP3.3 Development optimisation of the designed transducer system. 

o Concept verification with feedback from WP4. 
o Optimise the transducers system design and adjust the NEWS equipment to various 

conditions using novel experimental procedures. 
o Optimise the transducer and sensor requirements and placement in connection with 

recommendations from WP2. 

- 37 of 73 - 



Aeronautics and Space   AST3-CT-2003-502927 AERO-NEWS 
FINAL Activity report 

 
 

o Development and produce new types of transducers for common AERONEWS 
measuring weeks in Prague 

o Development and verification of permanent transducers, connected with real parts of 
aircraft 

2.3.2. WP3 Results (month 0-48) 
 

WP3.1: Analysis of existing transducers. Choice of new excitation and sensing devices. 

The objectives of this sub-package have been accomplished (as described in detail in the 6 
month activity report) and the work has resulted in Deliverable 11. Following a survey among the 
partners in the consortium, GIP-U has prepared a report containing an overview of different 
experimental NEWS techniques used within the  consortium and abroad. The most critical remark is 
that the interpretation of second order  effects such as the generation of harmonics etc. is only 
possible if system nonlinearities are  suppressed if it is technically possible. On the other hand, 
experiments will be conducted in order to cancel their effects by choosing specific configuration. 
One of the system nonlinearities which is hard to control is the coupling between  excitation system 
and sample or between sensors and sample. This may be the most  challenging aspect in the 
practical use of NEWS techniques. UNEXE has organized a survey for major aircraft industries. 
One outcome of the above survey was that the aviation quality control industries are using only 
classical equipment for (linear) UT flaw detection. Currently only one “nonlinear” UT system is 
commercially available (Ritec), but apparently the use of the system is limited because of system 
shortcomings (amplifier harmonic generation). The survey also showed that there are no specific 
standards at all for aircraft monitoring using nonlinear UT. UNEXE also prepared a well-structured 
overview of the current market in contacting transducer systems and sensors. UNOTT, has 
organized a survey regarding the use of Laser excitation and/or Laser detection systems, and of air-
coupled transducers used or developed within the consortium and abroad. With respect to the 
potential of using embedded transducers, Petr Bohac from IPASCR (subcontractor of ITASCR) has 
written a report which gives an overview of the innovative technology of self-polarized PZT 
actuators and sensors produced by low temperature plasma sputtering.  

After the completion of D11, it was very clear to the partners that WP3 would not result in the 
choice of a single transducer for NEWS applications but rather “families” of transducers and 
techniques for both generation and detection would have to be developed. This confirms the fact 
that excitation strategies are also needed for sensors devoted to NEWS applications. These sensors 
would cover a wide range of frequencies together with well defined selection criteria which would 
allow NEWS techniques to be applied quickly and reliably to any component. 

WP3.2:Design of transducer systems and manufacturing of smart aircraft components 

The present report includes a brief summary of the work conducted with respect to the 
workpackage objectives: 

Objective 1 has been addressed by all the partners as was evident from the discussions during 
the meetings. In the first annual meeting (12 month report) ASCO brought a slat track to 
demonstrate the difficulty of the problem of mounting sensors on real components in relation to the 
limited access and space that is provided when testing such components. The same problem was 
also stressed by NDTE. In addition, GIP-U have repeatedly stressed that the interpretation of second 
order effects and their quantitative evaluation such as the generation of harmonics is only possible if 
system nonlinearities are suppressed which is intrinsically difficult with single channel excitation 
device. For this reason they undertook a study on the nonlinearity of the most popular transducers 
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on the market with a special focus onto the ones used by the partners for their experiments in the 
consortium. 

Objective 2 has been addressed by DAKEL,UNOTT, CSIC, GIP-U, UNIVBRIS,CU. 

DAKEL has addressed this objective by providing transducers according to specifications and 
through collaboration with ITASKR, Bodycote, KU Leuven, and  UNEXE involved in WP1. 

UNOTT have realised experiments with frequency mixing using non-contact, couplant free 
CHeap Optical Transducers (CHOTs) and surface waves. Results show measured changes in 
ultrasonic velocity corresponding to different stress states of the sample. In all cases, phase 
modulations in the high frequency signal were observed. This modulation is dependant on the 
degree of stress that the low frequency is putting on the sample. Thus, it is expect to associate the 
observed phase modulation with the stress that the low frequency transducer is putting on the 
sample and ultimately this method can be used to monitor the progression of fatigue and stress of 
components. 

CSIC have been optimising the exciter configuration for the Boeing samples (for third order 
parametric excitation, within the frame of WP1) and samples provided by VZLU. They performed 
vibrations measurements using air-coupled ultrasonic transducers: 

Two main configurations were proposed: a) time domain measurements for low vibration 
velocities, and b) frequency-domain measurements (Doppler Effect) for high vibration velocities. 

Two exciter configurations for the excitation of plate samples provided by WP 1 partners 
were also investigated. a) A wide band configuration based on thin piezoelectric plates poled in the 
thickness direction, glued onto the sample surface and driven out of resonance. It was proved that 
several resonances of the plate samples can be excited with vibration amplitudes up to 0.9 m/s. b) 
Narrow-band high power transducers were also developed to obtain higher displacements. In 
particular a 24 kHz Langevin type transducer was designed, constructed and characterized. 
Displacements as high as 10 microns have been obtained under linear conditions. 

GIP-U have been experimenting in finding the appropriate configuration relative to the Pulse 
Inversion (PI) technique. Some theoretical approaches were necessary for optisation of the 
excitation using symmetries associated to the response of a nonlinear system. This approach was 
conducted to the implementation of the Nonlinear Time Reversal (TR) approach coupled to PI and 
more recently to TR with correlation using chirp-frequency analysis. Practically, PI filtering 
technique suppress the complete linear response, even if the excitation is broadband. In connection 
with their task in WP1, multifrequency and multisensors excitation are required for Time Reversal 
(TR-NEWS and NEWS-TR) experiments. Laser detection is also needed in order to guarantee 
calibration of local measurements (quantitative evaluation of local nonlinearity). Several 
experimental tests on various samples with various sensors have been conducted keeping in mind 
the objective of calibrated measurements. In practice, optical laser interferometry was used at the 
beginning of the project and for the calibration of contact transducers, multi-elements array NDT 
sensor. After the experimental tests of most sensors coming from partners (narrow-band LiNb03 
from IZFP, laser probe from UNOTT, bi-frequency from DAKEL), excitation strategies were 
developed by GIP-U which have contributed to WP5 involvement. 

UNIVBRIS have developed the ultrasonic inter-modulation technique (ultrasonic acoustic 
modulation - UAM) for application to complex components. UAM has been applied to the bracket 
with three different transducers (piezo-disks, Dakel IDK09 and the UNEXE developed transducers). 
Estimates of the non-linear behaviour of their excitation system indicate that amplification of the 
excitation signal is the primary source of spurious non-linearity. UAM was successfully applied to 

- 39 of 73 - 



Aeronautics and Space   AST3-CT-2003-502927 AERO-NEWS 
FINAL Activity report 

 
 
the steering actuator bracket using DAKEL transducers in addition to the piezo-disks previously 
used. The UNEXE transducers gave also promising results. Finally, the use of their piezoceramic 
transducers has been improved using smaller disks with wrap-around electrodes to improve their 
reliability and safety. 

CU have been experiment with different transducers and configurations especially in relation 
to their ultrasonic wave mixing technique in connection with WP1. They have carried out 
experiments on a sandwich plate, used on a A330 Trent engine and used piezoelectric sensors and a 
linear measurement of group velocity was initially performed in three directions (0o, 90 o, 45 o) to be 
used to compare linear damage detection methods with NEWS methods. CU's attention was focused 
on typical damage caused by low velocity impacts and NEWS techniques were tested to show their 
capability to detect impact damage. 

Objective 3 has been addressed by IZFP, DAKEL,UNOTT, CSIC, UNEXE, GIP-U 

DAKEL has manufactured piezoceramic units. Several of these have been  manufactured 
according to specifications by other partners such as Bodycote who wanted double frequency 
resonant unit for their experiments in WP1 and IZFP for their experiments with higher harmonic 
generation of a narrowband ultrasonic excitation but also for ultrasonic mixing experiments. Many 
partners have also used Dakel transducers during the two experimental weeks in Prague. 

UNOTT have been developing the CHOTs: optical transducers activated by lasers which offer 
low cost, remote operation and reliable results. CHOTs are an innovative ultrasonic transducer 
system developed by UNOTT which are optically activated both for generation (g-CHOT) and 
detection (d-CHOT). Lasers are used as actuators providing remote and couplant free operation. 
One of their many advantages is that they are low profile (minimal weight and size <1cm2) allowing 
minimal impact to the inspected sample. They can be permanently attached to the sample to provide 
reliable and repeatable measurements. In addition, they have the potential of becoming very cheap. 

IZFP have developed high power narrowband probes, especially demanded for the higher 
harmonic generation of narrowband ultrasonic excitation experiments (WP1). The experiments on 
higher harmonics generation and evaluation of ultrasonic transmission measurements carried out at 
IZFP (contribution to WP1) require an extremely linear behavior of the complete measurement 
equipment and therewith extremely narrowband sending probes of high transmitting amplitudes. 
Hence, the contribution of IZFP to WP3 is the development and design of new probes in order to 
optimise the excitation signal in their experiments. Specially fabricated transducers with different 
single crystal transducer materials were manufactured and investigations were focused on 
electrically adapted LiNbO3 transducers (see 24 months report, IZFP contribution to WP3) and 
PMN-PT probes. Transmitting amplitude and inherent nonlinearity of a LiNb03 probe were 
compared to the corresponding values of a conventional Panametrics A 133 transducer. The results 
show that for high amplitude excitation the LiNb03 probe contains much less higher harmonic 
generation while, with convenient electrical matching, higher amplitudes of the transmitted 
fundamental wave can be obtained than with the conventional Panametrics A 133 transducer. As the 
results of the measurements can be heavily influenced by the nonlinearities of the transducers and 
the amplifiers, special care has been given so that the manufactured transducers have a very low 
distortion factor compared to commercially available ones. IZFP have tried their transducers with 
samples in this project with good results. As well as characterising their specially designed and 
fabricated narrowband LiNb03 and PMN-PT probes, IZFP have also performed characterisation of 
broadband probes designed and fabricated by DAKEL. 

CSIC have been developing high frequency wideband and air coupled transducers (plane and 
focused).They have used them for their experiments within WP1 and also  have adapted them to 
samples provided by BR&TE and VZLU in relation to WP1  and WP5. For this reason they have 
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developed thin piezoelectric plates for wideband configuration and narrow-band high power 
transducers (eg: a 24 kHz Langevin type transducer). 

UNEXE have fabricated special wideband dry contact transducers for use in their experiments 
and the NBOX series of SMART transducers. The transducers have been used with NEWS 
techniques developed in WP1 and at the evaluation stage within WP5 (see table7.2.1 of D12). 

GIP-U : multi-element array NDT probe and dual frequency transducers. Dual frequency 
transducers (2-6MHz) made by Dakel were tested under high voltage excitation level. As a result, 
the distortion rate measured in the displacement field at sum frequency cannot be explained by 
nonlinearity from the sample, but rather from coupling between the transducer piezo-elements. Such 
studies were also conducted for commercially available monoelements probe and lead to general 
recommendation to avoid spurious nonlinearity: use of independent channels (electrical + 
transducers/piezo patches) for multifrequency excitations. 

Objective 4 has been addressed by UNINA, BR&TE, UNEXE 

UNINA has been focused on piezoelectric actuators and sensors integration studies; 
technologies for device’s bonding and/or embedding have been investigated and partially tested and 
compared. In particular, the work has been focused on piezoelectric and Bragg Grant devices, that 
are widely used within the proposed FRF technique (see D3), but which have many possibilities to 
be used in the NEWS approach. Fibre glass panels have been realized with embedded (or bonded) 
piezoceramic patches, for relative comparison on damage detection properties. 

BR&TE’s task has been to provide technical assessment of the transducers and sensors in 
relation to their integration in the final inspection prototype and in connection with WP4. BR&TE 
contribute to the final version of D12 related to the requirement identification, adaptation and 
development of smart transducer system satisfying NEWS demands. BR&TE focused on finding 
the present regulations that could affect the installation of new sensors in an aircraft. BR&TE also 
analysed the main requirement that a sensor system would have to comply in terms of reliability or 
maintenance. This was an important factor to take into account since, up to the moment, there are 
no specific regulations for Structural Health Monitoring systems. Until those new regulations are 
put in place, any new device to be permanently installed in an aircraft would have to follow the 
existing rules for on-board systems. 

Objective 5 has been addressed by all of the partners participating in this workpackage 
throughout the project who have been adapting their equipment to  fit their experimental needs in 
close interaction with WP1, WP2, WP4 and WP5 as mentioned before. For example, DAKEL has 
asked all partners to give specifications for their transducers and CSIC has also been working with 
BR&TE and also VZLU in order to improve their actuators and adapt them to the new samlpes in 
connection with WP1. GIP-U have done adjustments to NEWS methods which have been 
successfully applied to many transducer proposed by partners (DAKEL IDK and bi-frequency 
sensors, IZFP narrow-band LiNb03 sensor, UNOTT laser sensor). Contact phase modulation 
NEWS technique can be realized with optical and Langevin sensors as demonstrated during 
common experiments. TR-NEWS and NEWS-TR methods initially developed with Panametrics 
sensors have been successfully adapted on KULAK, ITASCR and GIP-U experimental set-up. 
Finally, adjustment of the choice of transducers has been adapted to the NEWS equipment with TR-
NEWS and NEWS-TR analysis with the use of the 16 channel multi-element NDT probe, and 
reverberant transducers used on various preliminary tests and on the final experimental week in 
Prague (WP5). 
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WP3.3 Development optimisation of the designed transducer system. 

UNOTT's task was to find a suitable strategy for integrating their optical transducers 
(CHOTs) onto aerospace components. At the moment laser etching and photo-lithography have 
been tested for this reason with success. Photo-lithography has given better results but the technique 
is not suitable for large scale components. This is why they have set up a laser marking station that 
can “draw” structures with a resolution of 40μm. With this system they were able to produce g-
CHOTs on aluminium samples. 

UNIVBRIS have realised experiments looking at the factors affecting the efficiency of the 
ultrasonic inter-modulation technique for crack detection. The understanding of these factors gained 
will inform the placement of the sensors and the requirements with regards their frequency and 
power characteristics. 

UNINA's studies have been devote to piezoelectric actuators and sensors integration studies; 
technologies for device’s bonding and/or embedding have been investigated and partially tested and 
compared. In particular, the work has been focused on piezoelectric and Bragg Grant devices, that 
are widely used within the proposed FRF technique (see D3), but which have many possibilities to 
be used in the NEWS approach. In particular, fibre glass panels have been realized with embedded 
(or bonded) piezoceramic patches, for relative comparison on damage detection properties. It has to 
be noted that the double effect of the piezo (direct and reverse) allows to use the patches both as 
actuators and sensors, in a sort of “net configuration”. This circumstance makes possible the 
realisation of “smart” components with self diagnostic peculiarities with a relative low number of 
actuating/sensing devices. The performance of the embedding technology was tested by the 
comparison of transfer function of the same structure with “bonded” and “embedded” devices. 

CSIC work has been focused on the optimization of actuators configuration. They have 
designed actuators to be used in the extended structure provided by Boeing. Several configurations 
have being considered: i) Test of Langevin transducers on the extended structure provided by 
Boeing. ii) Test of piezoelectric patches with Boeing extended samples: damaged and undamaged. 
iii) Modelling of the piezoelectric patch actuator (bimorph exciter). Both analytical and numerical. 
iv) Validation of the exciter model (simple geometry). v) Test of the exciter response on damaged 
plates (Boeing extended structure). 

UNEXE have constructed prototype electronics for a wide range of transducer types: i) 
Improvements to the developed wide band transducers. ii) Investigation of the impulse response of 
a range of transducers available within the partnership. iii) Integration of DAKEL and other 
transducers into the NBOX modules that are being developed under WP4. Transducers provided by 
DAKEL were assembled into a spring-loaded carrier and included into two NBOX modules. These 
modules were successfully tested during the last experiments in Prague. A second batch of 
EXETER transducers were fabricated and tested for frequency versus impedance and frequency 
versus amplitude response using better equipment. Under WP4 some more NBOX’s were 
developed for the specific application of measuring resonant frequency shift, these contained the 
following new transducer devices: i) Laser Interferometer (optically coupled sensor) ii) 
Loudspeaker (air coupled actuator) iii) Electret microphone (air coupled sensor) 

GIP-U : Piezoelectric disks furnished by Dakel have been embedded into composite plate 
structures. made of glass fiber tissue (300 g/m2) and phenolic resin. Samples have been done 
manually layer by layer (1/4 mm each) at ambient temperature so as not to depolarize the ceramics. 
Significant differences between electrical impedances measured before and after embedding, show 
that the contact between the piezoelectric disks and the composite plate was well ensured. Further, 
the ability to generate and to receive Lamb waves was verified, highlighting that large propagation 
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distances can be reached using the lowest radial vibration modes of the disk in the operating 
frequency range (< 300kHz). 

DAKEL has been involved in the development and production of sensors and exciters for 
AERONEWS partners: i) IDK09 – small insulated transducers 20kHz-800kHz, ii) Langevine 
armature unit 25kHz, Langevine armature unit 50 kHz , iii) Self-holding magnetic sensor and 
exciter MDK13a, iv) Self-holding magnetic sensor and exciter MDK17a, v) Double-frequency unit 
1 and 3 MHz, 2 and 6 MHz.  

They have also developed and prepared the self-holding sensor and exciter, developed and prepared 
the set of exciters and sensors MDKR xx (contact  cylindrical plate with diam. xx = 50mm, 65mm, 
67mm, 95mm), measured and compared transmission parameters of IDK09,MDK13a, MDK17a in 
case of measuring of the steering actuator bracket, measured and compared the transmission 
parameters of MDKR xx and MDK17a with attachment adapter in case of measuring of the fork 
leg, prepared sensors and exciters IDK 09 ax (i.e. IDK09 with axial coaxial cable output), 
developed and prepared a set of thin flat detachable exciters and sensors (TFD), developed and 
prepared a set of thin semi-rigid detachable exciters and sensors (TSD), developed and prepared a 
set of thin built-in exciters and sensors (TBI), measured and compared transmission parameters of 
TFD, TSD, MDK17a in case of measuring of the calibration steel block in the frequency range of 
20kHz – 800 kHz and measured and compared transmission parameters of TBI and MDK17a in 
case of measuring the fork leg and in case of measuring the part of wing in the frequency range 
20kHz – 800 kHz 

 
 
2.3.3. WP3 Deviations and Corrections 
 
Overall the partners have mentioned no deviations from the project.  
 
 
2.3.4. List of WP3 Deliverables 
 
D11 has been accomplished at the end of the second year of operation. 
Deliverable D12 was accomplished in the course of the third year, but the write-up was delayed 
slightly and has been submitted in October 2007 (42m) in the form of a report overlapping with M4. 
Deliverable D13 has been accomplished and is submitted together with the activity report at month 
48. 
 
Del.  
no. 

Deliverable name Work-
package 
no. 

Date due Actual/ 
Forecast 
delivery date 

Estimated 
indicative 
person-
months 

Used 
indicative 
person-
months 

Lead 
contractor 

D11 

Description, critical 
evaluation and 
adaption of available 
smart transducers on 
the market. 

WP3.1 6 Accomplished 
Oct 2004 (6m) 26 24.5 UNOTT/ 

DAKEL 
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D12 

Requirement 
identification, 
adaptation and 
development of an 
advanced smart 
transducer package 
for implementation in 
the complete 
inspection system, 
satisfying the NEWS 
application demands 

WP3.2 36 

Accomplished 
Oct 2007 
(42m). 

joint with M4 

70.8 84.2 UNOTT/ 
DAKEL 

D13 

Design and 
manufacturing of 
advanced smart 
aircraft components 
with integrated 
transducer and 
sensing systems, 
satisfying NEWS 
applications and 
demands 

WP3.3 36-48 
Accomplished 

Mar 2008 
(48m) 

49 53.28 UNOTT/ 
DAKEL 

 
2.3.5. List of WP3 Milestones 
 
M4 has been accomplished, but the write-up was delayed slightly. A first version has been 
submitted in October 2007 in the form of a report overlapping with D12, and an updated version is 
submitted together with the 48m periodic activity report. 
 
Milestone 
no. 

Milestone name Workpackage 
no. 

Date 
due 

Actual/Forecast 
delivery date 

Lead 
contractor 

4 
Decision on the most appropriate 
sensor technology including smart 
sensor design 

3 36 Accomplished 
Joint with D12 at 48m 

UNOTT-
DAKEL 

- 44 of 73 - 



Aeronautics and Space   AST3-CT-2003-502927 AERO-NEWS 
FINAL Activity report 

 
 

WP4: Integrated design of measurement and control system for NEWS 
techniques 
 
Workpackage Leader:  University of Exeter, Devon, UK (UNEXE) 
Partners:   KULeuven, VUB, DAKEL, ITASCR, UNI-Na, BRTC, UNOTT, CU 
 
2.4.1 Objectives 
 
Summary of the requirements within this work package:- 
 
4.1 Hardware and software requirements of NEWS measurement systems. 
 

o Formulation of the hardware requirements for measurement systems suitable for realization 
of various NEWS techniques (excitation, sensing and data transfer) in cooperation with 
WP3. 

o Design of data analysis procedures and software development for particularly designed 
NEWS measurement systems, in cooperation with WP1. 

o Design of a user-friendly interface for the device control. 
o Recording of data flows and through-put testing of the NEWS systems. 

 
4.2 Development and assembly of the NEWS measurement system prototype  
 

o Survey and critical evaluation of existing technologies and devices available for the NEWS 
technology application (interaction with WP1, WP3), 

o Adaptation of measurement devices to fit them into a complete inspection system satisfying 
specific requirements, 

o Recording of data flows and through-put testing of the NEWS systems. 
 
4.3 Remote system control and wireless communication. 
 

o Survey of existing network communication technologies and their matching for the project 
purpose, given certain constraints about communication possibilities for in-flight operation. 

o Development of the wireless communication and control system prototype and development 
of a special user-friendly graphics interface. 

o Evaluation of ETHERNET network data transfer in the measurement device 
o Analysis of remote control possibilities given certain constraints about communication 

possibilities for in-flight operation. 
o Adaptation of the control and communication technologies for the measurement device to fit 

into the complete inspection system. 
 
 
2.4.2. WP4 Results (month 0-48) 
 
It was decided that three types of system will be required to fulfill the objectives of a NEWS 
measurement system for use in aircraft testing.The DAKEL continuous testing system comprising 

multi-channel data acquisition units for in-flight and fixed ground testing applications. 
Primarily intended for use with embedded sensors and actuators. 
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2) The NBOX modular system comprising of a series of application specific modules. The 
modules share a common bus and each is given a unique address code. Primarily intended 
for mobile ground testing of aircraft components and structures. Operation of the modules 
is usually by a standard PC. 

 
3) The system being developed by University of Naples called the MV2-terminal provides an 

alternative to the standard PC that interfaces to the NBOX series of modules. It is 
particularly useful if the NBOX technology is to be used in permanently fitted embedded 
systems for in flight health monitoring. The role of the MV2-terminal is to act as a stand 
alone controller and data logger for a range of sensors and the NBOX units.  

 
These have been developed independently but brought together for some experimental field trails 
performed in Prague. This approach to the development of a practical NEWS system was 
introduced for a number of reasons.  
 

1) In order to limit the risk in the development program, should one type of system fail then we 
have back up. The whole project does not “fall over”.  

2) To make the management of developing the NEWS systems easier. 
3) To encourage the evolution of existing technology that the main participants have 

developed. 
4) To avoid conflicts of interest in Intellectual Property issues. 

 
All this work is now concluded and deliverables D14, D15 and D16 completed to the best of our 
abilities, thereby reaching Milestone 5. This final requirement being the delivery of a complete 
NEWS testing system with remote control (radio) and interface to provide distant communication. 
 
The deliverable D14: Description of hardware and software requirements for NEWS measurement 
system. This was concluded prior to month 36 and was a result of all the partners inputting their 
desired design requirements which was based from experimental work started at the beginning of 
the project. 
 
The deliverable D15: A prototype of NEWS measurement and control-communication system 
supplied with appropriate software. This has been provided but not in the form originally conceived, 
that is as a single instrument, but that of an instrument made up from a selection of SMART 
modules that interconnect and intercommunicate. Many of these devices have been tested and used 
in a series of experiments, thereby proving their suitability in the formation of a NEWS 
measurement system. 
It is anticipated that members of the user group will wish to create their own particular measuring 
and testing systems for specific applications from these basic modules. 
 
The deliverable D16; has not been fully concluded as expected, that is by providing a complete 
remote controlled system. However the work undertaken has provided information on the technical 
routes to such a system and the obstacles that will prevent its immediate practical implementation.  
The work also provided an analysis of the bandwidths and data flow requirements of a NEWS 
system, this proved valuable in determining which technology to select. 
The investigations and demonstrations have shown that remote command instructions can be 
delivered over various types of radio devices, and via a Local Area Network connection (LAN). 
The LAN tests were proven on a test box emulating sensors and actuators. Finally to complement 
this work the partner Boeing Research & Technology Europe investigated the possibility of 
integrating NEWS into existing monitoring systems already implemented in aircraft. Manufactures 
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have created systems to monitor the engines. Engine reports include warning and fault messages. 
They are directly transmitted from the aircraft to the ground where specific software aids to 
interpret the data so the needed maintenance actions are organised when the plane has landed. In 
principle it is suggested that the same platform be used for NEWS methods. Details of this are given 
in deliverable D16. 
 
 
2.4.3. WP4 Deviations and Corrections 
 
Originally the NEWS system was envisaged as a single testing system. It soon became apparent that 
there was a requirement to test and monitor the health of an aircraft in two main situations, either 
whilst in flight or on the ground. Another requirement was that different components of the aircraft 
needed to be tested and this resulted in different types of testing methods being applied. There is no 
single universal testing solution that could be applied in all situations. As a result of this three types 
of electronic systems were developed concurrently within this project. There is some cross 
application between these developments and in many cases they complement each other. The 
transducer development is less effected by these varied situations and applications and these 
continued as expected. 
 
One of the main corrections we had to apply was to adapt our technology to fall in line with the 
operating rules and regulations of the aircraft industry, particularly that concerning the use of radio 
equipment in and near aircraft. As a result we changed the emphasis on the use of such devices, 
concentrating more on local computer control, data recording and processing. However ground 
work has been undertaken should these restrictions be removed at a later time. 
 
No further deviations or corrections 
 
 
2.4.4. List of WP4 Deliverables 
 
Deliverable D14 has been submitted together with the 24m activity report.  
Deliverable D15 has been delayed a few months due to the introduction of additional complexity 
that is linked to the requirement for the system to perform time reversal and pulse inversion 
techniques.  Its write-up has been submitted together with the 48 m report. 
D16 has been accomplished at month 48 as scheduled, but has severe restrictions due to the 
problems of using radio equipment near and on aircraft. The analysis is submitted together with the 
48 m report. 
 
Del.  
no. 

Deliverable name Work-
package 
no. 

Date due Actual / 
 Forecast 
delivery date 

Estimated 
indicative 
person-
months 

Used 
indicative 
person-
months 

Lead 
contractor 

D14 

Description of 
hardware and 
software requirements 
for NEWS 
measurement systems. 

WP4.1 24 
Accomplished 

Mar, 2006 
(24m) 

20 18.15 UNEXE 
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D15 

A test device for 
NEWS measurement 
and control-
communication 
system supplied with 
appropriate software 

WP4.2 36 

Accomplished 
Mar, 2008 

(48m), joint 
with M5 

46 38.55 UNEXE 

D16 An add-on for remote 
control and distant 
communication to be 
integrated in the 
NEWS device 
including a friendly 
Graphic User 
Interface. 

WP4.3 40-48 
Accomplished 

Mar, 2008 
(48m) 

16.5 8 UNEXE 

 
 
2.4.5. List of WP4 Milestones 
 
M5 was slightly delayed. A report on M5 is submitted overlapping with D15 at 48m.  
 
Milestone 
no. 

Milestone name Workpackage 
no. 

Date 
due 

Actual/Forecast delivery 
date 

Lead 
contractor 

5 Test device design based on 
NEWS technology 4 36 Accomplished at 48 months, 

joint with D15 UNEXE 
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WP5: Implementation and demonstration of the complete system on a 
full scale model 
 
Workpackage Leader:  Vyzkumny a zkusebni letecky ustav - VZLU 
Partners:   KULeuven, DAKEL, ITASCR, NDTE, BR&TE, BODYCOTE, 
    UNIVBRIS, GIP-U. 
 
2.5.1 Objectives 
 
The main goal of the Work Package 5 within AERONEWS project was the implementation and 
validation of the complete NEWS system on a full-scale model of the chosen aircraft structure 
during its fatigue loading. The following general objectives have been defined for WP5: 
 

1. Installation and testing of a complete inspection system at a testing site. 
2. Validation of the efficiency of the NEWS inspection method in operational conditions. 
3. Defining requirements for operating the NEWS inspection method in particular 

environments. 
4. Formulation of recommendation for the implementation of NEWS for on-ground and in –

flight non-destructive testing 
 
2.5.2. WP5 Results (month 0-48) 
 
The initial 2.5.1.1 Objective within the WP5 was related to Deliverable D17 and D18. WP5 was 
scheduled to start at month 18 with subtasks WP_5_1 and WP_5_2. Subtask WP_5_1 was “Choice 
of an appropriate site and testing object” for validation of the efficiency of the proposed NEWS 
system. This included Deliverable 17 which resulted in Milestone 6 at month 30. Subtask WP_5_2, 
“Assembling of the complete inspection system on a full-scale model at the testing site“, was 
devoted to preparation of full-scale fatigue test, and the validation of the NEWS systems and 
inspection methods. However, the lead partner (VZLU) in this WP decided that it is better to plan 
the actual validation well in advance. For the scientific and technological support of WP5 issues a 
special Topical Workshop was organized. The AERONEWS Topical Workshop on “Preparing of 
full-scale NEWS testing of aircraft parts” was organized by ITASCR, VZLU and DAKEL in 
Prague on November 18-19, 2005 under presence of 32 participants. The Workshop was devoted to 
preparation of NEWS tests as a part of WP1 and WP5. 
Participants of the General Assembly held in Tenerife on 10th March 2006 decided to organize 
special meeting at the VZLU facilities in Prague. The meeting was called Prague experimental 
week and was devoted to preparing validation of the complete inspection system on a full-scale real 
aircraft parts in WP5 as a preliminary attempt to apply NEWS techniques developed on models of 
aircraft structures. The Prague experimental week was organized by BODYCOTE, ITASCR, VZLU 
and DAKEL and took place at VZLU on 22nd – 26th May 2006 with 26 participants. Each 
participant/partner was responsible for his own experimental set-up, prepared and organized his 
own measurements. Three test objects and two laboratories were available for the week. VZLU 
prepared a wing-lower-surface test panel and a model of attachment lugs. BODYCOTE provided 
CFRP single-skin samples. This plate was used for detection of impact damage. The first 
laboratory, equipped with Schenck 250 kN load frame, was designated for the tests of the wing 
panel and the second, equipped with MTS 250 kN load frame, was intended for the tests of the 
attachment lugs. A Drop Weight Impact Tester was used for damaging in the composite plate by 
impacts of defined impact energies. The NEWS investigations were supported by equipments from 
Katholieke Universiteit Levuen, Vrije Universiteit Brussel, The University of Exeter, The 
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University of Bristol, BODYCOTE Material Testing AB, GIP Ultrasons, Institute of 
Thermomechanics ASCR, DAKEL Diagnostic Centre and VZLU in the course of the Prague 
experimental week. Partners’ equipments were used for following investigate methods: Acoustic 
emission, Time reversal acoustics, Transmission monitoring, Frequency modulation, Pulse 
inversion scanning, Intermodulation scanning (performed on the wing panel), Acoustic emission, 
Pulse inversion, Frequency modulation (performed on the attachment lugs) and Harmonics that was 
performed on the CFRP plate. The first prototype AERONEWS Smart sensor electronics built by 
The University of Exeter was used during these experiments. The experiments and measurements 
are described in the Report on the goals and results of the Prague Experimental Week (22-
26/05/2006) as Activity Report (at month 30). 
On the bases of these mutual experiments of AERONEWS partners involved in WP1 and WP5, the 
research laboratory of VZLU was chosen as the appropriate site for validation. A Steering Actuator 
Bracket and a Fork Leg of Nose Landing Gear of a commuter (see figure) were chosen as testing 
objects for fatigue loading during validation of the efficiency of the proposed NEWS systems. It 
was confirmed by AERONEWS consortium at the General Assembly held in Ghent on 15th 
September 2006. In this way Deliverable 17 and Milestone 6 were accomplished. The Activity 
Report (at month 30) confirms that Deliverable D18 was accomplished from preparation of 
validation point of view. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Nose Landing Gear Fork Leg 

Steering Actuator Bracket 

Nose Landing Gear parts used for validation procedures. 
 
The 2.5.1.2 Objective was related to Deliverable D19. Subtask WP_5_3, “Test and evaluation at 
the validation site”, was devoted to executing full-scale tests and validation using NEWS methods 
on chosen test objects and evaluating performance of the complete NEWS systems. Problems of 
WP_5_2 Subtask were solved with respect to validation and its proper preparation. The following 
WP_5_2 and WP_5_3 tasks were completed: 
o WP5 Working Flow-diagram providing more detail plan for continuing the validation; 
o The validation included activity as follows: 

- 1st developmental tests – preliminary testing on the steering actuator bracket at partners’ 
laboratories;  
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- 2nd developmental tests – testing during the Exeter experimental week on the actuator 
bracket and the fork leg; 

- 3rd developmental tests – mutual testing during the Prague experimental week II on  the 
actuator bracket and the fork leg; 

- Final validation tests – continuation of the 3rd developmental tests at the individual partners’ 
laboratories. 

The participants at the AERONEWS General Assembly in Linköping on 23rd February 2006 
decided to organize a special meeting at VZLU after preliminary testing on the steering actuator 
bracket and the fork leg. This meeting was called the “Prague experimental week II” and was 
devoted to NEWS tests and traditional NDT of aircraft structural components, chosen for validation 
of NEWS inspection methods and systems, as a part of WP5 tasks. The Prague experimental 
week II took place at VZLU from 28th May to 1st June 2007 with of 24 participants. These 
experiments followed the 2nd developmental tests at Exeter University laboratories and 1st 

developmental tests at partners’ laboratories. According to the WP5 Working Flow-diagram the 
experimental work was called the 3rd developmental tests. The NEWS investigations have been 
supported by NDT equipment from Katholieke Universiteit Levuen, Vrije Universiteit Brussel, 
University of Exeter, University of Bristol, BODYCOTE Material Testing AB, and GIP Ultrasons, 
Fraunhofer Institut für zerstörungsfreie Prüfverfahren, NDT Expert, Institute of Thermomechanics 
ASCR, DAKEL Diagnostic Centre and VZLU. Each participating partner was responsible for its 
experimental set-up and measurement. 
The Prague experimental weeks have been a good opportunity for the integration and verification of 
the research and development performed by all attending partners. This event allowed for the first 
time an effective comparison of different NEWS methods and procedures used for progressively 
growing crack detection. The common availability of different equipment and measurement 
systems, and the technical background which is considered in various Workpackages, all directed 
towards the joined effort in the development of a NEWS system was a very useful. 
The test objects intended for validation were initially intact. The actuator bracket was subjected by 
fatigue loading without detectable fatigue damage in the course of the Prague Experimental 
Week II. After this common experimental week, fatigue loading of this test object continued in two 
stages at VZLU until fatigue crack was detected in the critical point of the bracket. After each stage 
the bracket circulated around the participants. The fatigue crack in the fork leg occurred during the 
Prague Experimental Week II and all measures on this object were performed at that time.  
After the developmental tests the final phase of the validation had begun at participants’ 
laboratories. For this phase of validation the chosen testing object for validation circulated among 
participants. The same traditional NDT and NEWS technique as during the 3rd developmental tests 
were applied. 
The final part of the validation procedures was completed after all measurements at participants’ 
laboratories. 
The validation of NEWS method application is based on evaluation of the measurement results 
obtained from experiments that were performed on chosen full scale models of aircraft structures. 
Using traditional inspection techniques on the bracket, visual inspection (VZLU), eddy current 
(VZLU, BODYCOTE), linear ultrasonic Rayleigh wave (IZFP), linear phased array ultrasonic 
(NDTE) and acoustic emission monitoring (DAKEL) a fatigue crack approximately 2 – 3 mm in 
length at the edge of the bracket critical point was detected. Penetrant testing (NDTE) and magnetic 
particle inspection (NDTE) were also tested on the bracket without detecting the damage. Two 
cracks of about 1-mm length, growing from corners of the artificial cut were, detected by visual and 
eddy current inspection in the critical point of the fork leg. 
During the validation process these nonlinear techniques have been tested: 
o Nonlinear reverberation spectroscopy (KULAK) 
o Nonlinear impact modulation spectroscopy (KULAK) 
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o NEWS-Time Reversal (KULAK, GIP-U) 
o Time Reversal NEWS with chirp (or sweep)-frequency excitation (GIP-U) 
o Ultrasonic intermodulation using bispectral analysis and Multiple-mode ultrasonic 

 intermodulation (UNIBRIS) 
o Single frequency sine burst (harmonic generation), Continuous dual frequency 

 transmission (harmonics and sidebands), Frequency sweep (chirp frequency content), Pulse 
 inversion and Resonant frequency deviation (UNEXE) 
o Nonlinear frequency mixing and Multiplexed Time Reversal (ITASCR). 

Several prototypes of AERONEWS smart sensor electronic systems from the University of Exeter 
were tested. The NBOX module philosophy proved to be viable for different NEWS testing and for 
objects of different sizes, material and shapes. 
The participants at the last AERONEWS General Assembly in Toulouse on 13th-15th February 2008 
decided that due to the related activities for the WP_5_2 and WP_5_3 a single report would be 
prepared as Deliverables D18 and D19. 
Details of the experimental weeks and the final validation phase are revealed in the Deliverable 
D18-D19 reports: Report on the goals and results of the Prague Experimental Week II (28/05-01/06, 
2007), as preliminary Deliverable D18-D19 reports and Report on the validation of the NEWS 
systems on chosen full scale models. These reports contain a summary of a series of experiments 
performed by the AERONEWS participants at VZLU in Prague, in the course of the Prague 
Experimental Week II and the final validation process. It contains background information on the 
implementation of the experiments, and validation for the NEWS techniques among each other and 
in comparison with traditional inspection systems. The following two figures were chosen as 
examples of many experimental arrangement and test results of the validation. 
 
 
 

 
Experimental arrangement for test of the Steering actuator bracket (NBOX SMART transducer 

module, UNEXE). 
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NEWS-TR results for intact, failed and fatigued (20000 cycles) bracket. 

Fatigued Bracket No 3 Failed Bracket No 1 Intact Bracket No 2 

 
The outcome of WP_5_2 and WP_5_3 resulted in Deliverables D18 and D19. Milestone 7 was 
accomplished because D19 leads to this milestone. 
 
The 2.5.1.3 and 2.5.1.4 Objectives were related to Deliverable D20 and D21 respective. These 
objectives represent final tasks of the validation process in WP_5_3. In the last General Assembly 
held in Toulouse on 13th- 15th February 2008, it was agreed that due to the similar contents of these 
two Work Packages a single document that includes both D20 and D21 would be prepared. BR&TE 
participant was task leader to coordinate the report preparation and solve the problems related to 
these objectives. Within AERONEWS project a large variety of methods, materials, aircraft parts 
and type of damages were examined. These experimental results give a good foundation to analyze 
the possible applicability of nonlinear methods in the aeronautical industry as a tool for non 
destructive testing. In addition, recommendations were specified for follow-up NEWS technology 
standardization and maturation with a view to implementation of the system on aircrafts.  
The recommendations and suggestions for every investigated NEWS method are based in the 
following aspects: 
 

o The part or material to be tested: 
o The nature of the failure to be detected 
o Excitation strategy 
o Threshold of detectability 
o Requirements of the equipment needed 
o Sensor placements 
o Variables that can affect the measurement 
o Calibration techniques 
o Measurement conditions 
o Analysis of results 
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The development stage differs from method to method; however, the general degree of maturity of 
NEWS systems is sufficient to start focusing on how to implement all these innovative concepts as 
testing tools in operational conditions. In the D20 document is also described the way how 
technologies like the ones studied under the scope of AERONEWS can be followed up and 
transferred from laboratory tests to real implementation inside an aircraft.  
At the last AERONEWS General Assembly was also agreed that it was still early to establish 
specific and well defined standards. More tests would still be needed. However, the experience 
acquired during the development of AERONEWS project and the results achieved until this 
moment, allow defining the frame of those future standards based on NEWS methods. The main 
lines concerning the definition of standards have been described in D23. 
 
Deliverable 20-21 is submitted with the contribution of all partners as part of the 48th Month 
Reports: Deliverables 20 and 21. 
 
2.5.3. WP5 Deviations and Corrections 
 
There are no deviations or corrections for WP5, except that the GIP-U was involved as new partner 
in WP5 tasks by 4 person months. As a consequence there has been a redistribution of money to 
allow their participation. IZFP and UNEXE partners collaborated on WP5 tasks as a fruitful 
consequence of their activity in WP1 and WP4. 
 
2.5.4. List of WP5 Deliverables 
 
Two main critical parts of the commuter nose landing gear had been chosen as testing models for 
NEWS validation tests, according to the WP5 Deliverable D17 report on the test object and test site. 
The subtasks related to Deliverable D17 have been met. 
The Working Flow-diagram (table 5.1) provided a plan for the NEWS system validation. 
Deliverable D18 – D19 confirm that these deliverables have been accomplished. These deliverables 
give an overview of the experimental tools and results used and obtained during the second Prague 
experimental week and the subsequent validation tests at the individual laboratories of the partners. 
The D20 and D21 reports have been accomplished too. In a joint report the recommendations and 
suggestions for the use of NEWS methods for non destructive testing are defined taking into 
account the structure or parts to be tested, the material and the technique and devices to be used. 
 
Del.  
no. 

Deliverable name Work-
package 
no. 

Date due Actual/ 
Forecast 
delivery date 

Estimated 
indicative 
person-
months 

Used 
indicative 
person-
months 

Lead 
contractor 

D17 
Choice of test objects 
and industrial test 
site.. 

WP5.1 30 

Accomplished 
Oct 2006 

(30m), joint 
with M6 

5.5 5.8 VZLU 

D18 Installation of the 
inspection system test 
device in operation 
conditions. 

WP5.2 40 

Accomplished 
Oct 2007 

Updated Mar 
2008, joint with 

D19 and M7 

11 18 VZLU 
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D19 

 

Validation of NEWS 
method application on 
a full scale model, and 
evaluation of the test 
results including 
performance 
evaluation of 
transducer, 
communication and 
NEWS systems. 

WP5.3 46 

Accomplished 
Oct 2007 

Updated Mar 
2008, joint with 

D19 and M7 

21.5 32.6 VZLU 

D20 Recommendation 
regarding the use of 
NEWS method for 
non-destructive 
testing in aeronautics. 

WP5.3 48 
Accomplished 
Mar 2008, joint 

with D21 
4.5 5.6 VZLU 

D21 Suggestions 
for standards in terms 
of test conditions, 
device requirements, 
sensor placements and 
calibration techniques. 

WP5.3 48 
Accomplished 
Mar 2008, joint 

with D20 
6 7 VZLU 

 
 
2.5.5. List of WP5 Milestones 
 
The first Milestone of WP5, Milestone M6, was accomplished. It has been submitted in the form of 
a report overlapping with D17 together with the intermediate progress report at month 30. 
The second Milestone of WP5, Milestone 7, was accomplished in the form of joint D18-D19 
Report. 
 
Milestone 
no. 

Milestone name Workpackage 
no. 

Date 
due 

Actual/Forecast 
delivery date 

Lead 
contractor 

6 decision on the choice of the full 
scale testing object and testing site 5.1 30 

Accomplished 
Oct 2006 (30m), joint 

with D17 
VZLU 

7 
implementation and evaluation 
report of the preliminary device 
test 

5.3 46-48 
Accomplished 

Mar 2008 (48m) joint 
with D18-D19 

VZLU 
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Section 3 – Consortium management 
 
3.1 Consortium management tasks and their achievement, information on co-
ordination activities, such as communication between partners, project meetings, 
possible co-operation with other projects/programmes etc. 
 
The consortium management activities were mainly related to the establishing of a flexible 
communication and information platform, to the coordination and organization of topical and 
general assembly meetings, to the preparation of minutes and reports, and to the dissemination of 
project knowledge and results at international, European and national congresses as well as at 
specialized university course level. 
 
Consortium Management:  
 
In the first year, the consortium activities were initially related to Kick-off activities (including 
administrative, legal and financial concerns). 
 

o Kick-off meeting or 1st General Assembly: March 15-16, 2004, Brussels, Belgium. 
Organization K. Van Den Abeele, K.U.Leuven. and distribution of the Minutes of the Kick-
off meeting (April 2004). The minutes are available on the project website (documents page 
on www.kulak.ac.be/AERONEWS).  

This fulfils deliverable D24. 
 

o A full version of the contract and its annexes has been sent to all partners in the week 
following the kick-off meeting. 

o The “Consortium Agreement” has been finalized (March 2004). A full version of the 
agreement has been sent to all partners in the month following the kick-off meeting. 

 
Several technical meetings were organized for the discussion of the work to be done and for the 
evaluation of the results in the different workpackages. When possible these meetings were 
organized jointly with conferences or with the 6-monthly General Assembly meetings of the 
Steering Committee.  

o Technical Workshop WP2, organized by Politecnico di Torino, May 17, 2004. 
o Technical Workshops WP1-5 and 2nd General Assembly meeting (GA2): September 13-15, 

2004, Naples, Italy. Organisation M. Viscardi, L. Lecce, Uni-Na. 
o Technical Workshop WP2, organized by K.U.Leuven Campus Kortrijk, November 15-17, 

2004. 
o Technical Workshops WP1-5 and 3rd General Assembly meeting (GA3): February 23-25, 

2005, Blois, France. Organisation GIP UltrasonsS. Dos santos. 
o Technical Workshop WP2, organized by IZFP Dresden, in collaboration with KULeuven, 

June 8-10, 2004. 
o Technical Workshops WP1-5 and 4th General Assembly meeting: September 21-23, 2005, 

Bristol, UK. Organization by the University of Bristol. 
o Technical Workshop WP2, November 2005, Prague, CR, organized by ITASCR, VZLU and 

DAKEL. 
o Technical Workshop WP2, Torino, Italy, organized by Politecnico di Torino (POLITO), 

January 26-27, 2006. 
o Technical Workshops WP1-5 and 5th General Assembly meeting: February, 2006, Puerto de 

la Cruz, Spain. Organization by Boeing Research and Technology Europe. 
o Technical Workshop WP5, May 2006, Prague, CR, organized by VZLU. 
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o Technical Workshops WP1-5 and 6th General Assembly meeting: September 13-15, 2006, 
Ghent, Belgium. Organization by KULeuven. 

o Technical Workshops WP1-5 and 7th General Assembly meeting: February 21-2, 2007, 
Linköping, Sweden. Organization by BodyCote CSM. 

o Technical Workshop WP5, May-June 2007, Prague, CR, organized by VZLU. 
o Technical Workshops WP1-5 and 8th General Assembly meeting: September 7-9, 2007, 

Madrid, Spain. Organization by CSIC, KULeuven. 
o Technical Workshops WP1-5 and 9th General Assembly meeting: February 13-15, 2008, 

Toulouse, France. Organization by NDTE, KULeuven. 
 
The agenda and the minutes of these meetings have been available on the aeronews website (see 
later). In addition four periodic activity and management reports have been prepared. These are also 
available on the aeronews portal. 

o Submission of the first year Periodic Activity Report, and of the first year Financial 
Management Reports (April, 2005) 

o Submission of the second year Periodic Activity Report, and of the second year Financial 
Management Reports (April, 2006) 

o Submission of the third year Periodic Activity Report, and of the third year Financial 
Management Reports (April, 2007) 

o Submission of the fourth year Periodic Activity Report, and of the fourth year Financial 
Management Reports (April, 2008) 

o Submission of the Final Activity Report, and of the Final Financial Management Reports 
(April, 2008) 

 
This fulfills deliverables D25-D29 of WP7 for what concerns their tasks pertinent to the successive 
year of the project. The general meeting at Ghent was organized by the coordinator and took on the 
form of a Mid-term assessment. A presentation was given by all WP leaders, specifying the status 
of the work, the progress towards the objectives, and the future goals of each WP. Apart from the 
EU-officers, the consortium also invited the members of the users-group and of other related EU-
funded projects in structural health monitoring to participate at this public presentation. The 
evaluation was positive over the entire line. 
 
The general meeting at Madrid was organized as an annex to the International Congress on 
Acoustics (organized by J. Gallego Juarez, partner CSIC), where several AERONEWS partners 
participated in a morning session on the use of Nonlinear Elastic Wave  Spectroscopy for the 
detection of microdamage in materials (chaired by K. Van Den Abeele, partner K.U.Leuven). 
 
During the general meeting in Toulouse, the content for the 48m and Final reports were outlined. 
The consortium also visited the grounds of the A380 assembly hall at Airbus Toulouse. Information 
was given regarding the next call within the AAT theme of FP7.  
 
The coordinator distributed the pre-financing and subsequent installments of the EC in four steps. 
An overview of the distribution of money is submitted together with the final financial report: 

o The prefinancing from the EU has been forwarded by the financial department of 
KULeuven in April 2004 to all partners according to the following table which corresponds 
to the involvement of each partner in the project: 

 
1st payments 

KULeuven 171136.88
VUB 121873.00
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ASCO 89703.90
Dakel 47052.18
ITASCR 59729.08
VZLU 30708.80
GIP-U 79494.98
NDTE 21825.45
IZFP 83858.88
POLITO 56597.25
UNI-NA 117976.60
CSIC 65334.83
Boeing 38659.70
CSM 32155.93
Exeter 93151.50
Bristol 86092.25
Unott 101133.00
CU 147883.00
TOTAL 1444367.18

 
o The second installment from the EU, based on the cost statements and the audits of year 1, 

has been forwarded by the financial department of KULeuven in January 2006 to all 
partners according to the following table (which corresponds to the involvement of each 
partner in the project, corrected for the leftover budget of last year): 

 
2nd Installment 

KULeuven 60103.61
VUB 16334.12
ASCO 0.00
Dakel 22094.91
ITASCR 23669.03
VZLU 25582.42
GIP-U 50218.51
NDTE 22830.93
IZFP 75508.28
POLITO 32151.11
UNI-NA 39293.99
CSIC 27882.68
Boeing 12454.77
CSM 20379.11
Exeter 106585.49
Bristol 22980.15
Unott 35447.38
CU 11183.14
TOTAL 604699.62

 
 

o The third installment from the EU, based on the cost statements of year 2, has been 
forwarded by the financial department of KULeuven in May 2007 to all partners according 
to the following table (which corresponds to the involvement of each partner in the project, 
corrected for the leftover budget of last year).  
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3rd Installment 

KULeuven 30691.08
VUB 0.00
ASCO 0.00
Dakel 42585.34
ITASCR 22246.37
VZLU 48246.01
GIP-U 24482.62
NDTE 49247.22
IZFP 44943.20
POLITO 29154.95
UNI-NA 36479.51
CSIC 27654.79
Boeing 63610.99
BODYCOTE 44572.27
Exeter 48914.78
Bristol 53755.43
Unott 27795.63
CU 31894.54
TOTAL 626274.73

 
o The fourth installment (just received in the beginning of April 2008) from the EU, based on 

the cost statements of year 3, will be forwarded by the financial department of KULeuven in 
May 2008 to all partners according to the following table (which corresponds to the 
involvement of each partner in the project). 

 
4th Installment 

KULeuven 103,400.84
VUB 28,206.29
ASCO 0
Dakel 6,882.40
ITASCR 12,063.29
VZLU 24,108.71
GIP-U 10,292.70
NDTE 0
IZFP 13,855.92
POLITO 13,038.41
UNI-NA 41,894.30
CSIC 8,640.36
Boeing 5,807.58
CSM 0
Exeter 7,192.69
Bristol 27,238.38
Unott 27,677.09
CU 79,231.14
TOTAL 409530.11
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Overview of the WP7 deliverables: 
 
Del.  
no. 

Deliverable name Workpackage 
no. 

Date due Actual/Fo
recast 
delivery 
date 

Estimated 
indicative 
person-
months 

Used 
indicative 
person-
months 

Lead 
contractor 

D24 Kick-off meeting and 
report WP7 0 

Accom-
plished at 
0month 

5.025 5.6 KULeuven 

D25 Steering committee 
meetings and minutes WP7 6 monthly 6 monthly 6.21 4.6 KULeuven 

D26 Minutes of Technical 
workshops WP7 On need 

Accom-
plished as 
scheduled 

6.21 3 KULeuven 

D27 Intermediate progress 
reports WP7 6 monthly 6 monthly 3.105 6.8 KULeuven 

D28 Mid term meeting and 
report WP7 30 month 

Accom-
plished at 
30month 

5.725 5 KULeuven 

D29 Completion of the 
project and Final 
report 

7 48 
Accom-

plished at 
48month 

6.5 5.24 KULeuven 
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Dissemination activities  
 
In terms of the dissemination activities of the consortium (grouped in WP6), there has been a 
significant contribution to D22 which runs during the entire project. D23 includes the 
recommendations for standardisation of the developed and tested techniques, and can be found in 
the deliverable report D23, which has been submitted together with the 48m periodic activity report 
 
Del.  
no. 

Deliverable 
name 

Work-
package 
no. 

Date due Actual/Forecast 
delivery date 

Estimated 
indicative 
person-
months 

Used 
indicative 
person-
months 

Lead 
contractor 

D22 

Leaflet, papers, 
webpage, 
conference 
contributions, 
workshops, 
promotion 
folders, 
Educational 
courses and Users 
Manual for 
NEWS 
application 

WP6 1-12-24-
36-48 

Regularly updated 
as scheduled, see 

ANNEX 
35.95 23.2 ITASCR 

D23 Preparation of 
standardisation WP6 48 

Accomplished, 
submitted at 48m 
together with the 

P4 report 

4.2 3.12 ITASCR 

 
On the dissemination level, following activities were completed during this four year project.. 

o More than 70 international conferences and exhibitions related to microdamage 
diagnosis and aircraft structural health monitoring have been attended by at least one 
representative of the AERONEWS consortium, both actively (with presentations) and 
passively (Contribution to WP6.1, D22). Close to 200 conference talks and posters have 
been presented at these meetings, all acknowledging the AERONEWS project. 

The list can be found in the Annex “plan for using and disseminating the knowledge”. 
 
o About 25 special sessions on NEWS techniques, microdamage NDE and modelling 

have been organised at international conferences, seminars, short visits (Contribution 
to WP6.2, D22). 

The list can be found in the Annex “plan for using and disseminating the knowledge”. 
 
o More than 50 Publications of papers (or accepted for publication) acknowledging the 

AERONEWS project (Contribution to WP6.3, D22) 
The list can be found in the Annex “plan for using and disseminating the knowledge”. 
Several other contributions were published in Conference proceedings 
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o Design of an information leaflets, Maintaining of a web-page with project objectives 
and achievements, and Installment of communication tools (Contribution to WP6.4, 
D22)  
□ A logo has been proposed by the coordinator, and accepted by the consortium.  
 
 
 
 
 
 
 
□ Project coordinator K. Van Den Abeele has designed and maintains a Webpage with 

public information about the project and a download site for more confidential 
documents which are only accessible for partners within the consortium 
(www.kuleuven-kortrijk.be/AERONEWS). The initial website was later redesigned into 
a functional portal format which allows a much more flexible platform for 
communication and file exchange. Apart from the publicly accessible information about 
the project, visitors who have registered and have received authorisation from the 
coordinator can edit, delete, post, and download files and share information on more 
confidential documents. The webaddress is www.kuleuven-kortrijk.be/aeronews 

 

 
 
□ The Coordinator created mailing lists for internal information interchange between all 

project partners with archiving service for each wokpackage to enhance and track the 
communication between the partners (aeronews@info.kuleuven-kortrijk.be, aeronews-
wp1@info.kuleuven-kortrijk.be, aeronews-wp2@info.kuleuven-kortrijk.be, aeronews-
wp3@info.kuleuven-kortrijk.be, aeronews-wp4@info.kuleuven-kortrijk.be, aeronews-
wp5@info.kuleuven-kortrijk.be). General Information about the mailing list is at the 
web address: https://info.kuleuven-kortrijk.be/mailman/listinfo/aeronews 

 
□ An Information leaflet has been designed by KULeuven (K. Van Den Abeele) and 

istributed via e-mail and in printed version among the AERONEWS participants. (Also 
available on the web page, see documents page on www.kuleuven-
kortrijk.be/AERONEWS). The leaflet has been distributed at the annual AEROSPACE 
TESTING EXPO 2004 in Hamburg, at special workshops, exhibitions and at 
international conferences 
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□ Realisation of a uniform title page for reporting activities within the AERONEWS 

consortium (see documents page on www.kulak.ac.be/AERONEWS)  
 
□ At the mid term, the coordinator designed a brochure with preliminary results of the 

project for distribution among aircraft industries and affiliated institutes, and of an A0 
poster to be used on poster presentation on international conferences, exhibitions and 
workshops. The new Brochure for AERONEWS and an A0-size Poster have been sent 
around to all partners who will display them at exhibitions, international conferences, 
and workshops. The brochure and poster has also been distributed among aircraft 
industries and affiliated institutes. 

 
o Several initiatives have been undertaken regarding specialized university 

classes/seminars and preparation of the implementation of NEWS methodology to 
NDT personnel education and qualification courses (including the participation of PhD 
students) (Contribution to WP6.5 and 6.6, D22) 

The list can be found in the Annex “plan for using and disseminating the knowledge”. 
 

o The AERONEWS project has been promoted in European widespread magazines 
(Contribution to WP6.7, D22) 
□ The coordinator presented –in the name of the entire consortium- the goals and results of 

the AERONEWS project at the Aeronautics Days in Vienna, 19-21 June 2006.  
□ Website article on the EU-Aeronautics website  - ‘AERONEWS’ – good news for early 

detection of microdamage  
(http://ec.europa.eu/research/aeronautics/info/news/article_4321_en.html) 

□ AERONEWS advertisement in "The Parliament Magazine, Focus on Aeronautics” (12 
Feb 2007, Issue 239)  

□ AERONEWS advertisement in "The Parliament Magazine, Focus on FP7” (March 2007, 
Issue 1)  

□ „Aircracft safety inspection to reach new heights“ eStrategies-eProjects publication 
(British Publishers), October 2007. 

 
o The AERONEWS project has resulted in the application of several patents as a result 

of its technological development  (Contribution to WP6.7, D22) 
Based on the development work of NBOX technology, Exeter University has decided to 
file a patent application (GB0723622.7 filed 4th Dec2007). The University of Exeter is 
undertaking a review of the potential knowledge transfer routes which include, amongst 
others, licensing, assignment and SPV.  
 
UNott (University of Nottingham) decided to file a patent on CHOTs (Cheap Optical 
Transducers) - New ultrasonic sensor and actuator designs for specific (NEWS) and general 
NDT. (international publication number:WO 2007/003952). The exploitable product fits is 
the domain of Ultrasonic Non destructive testing equipment. The sector(s) of application are 
Aeronautical & Civil engineering; Marine & Rail transport; Materials' Manufacturing; 
Inspection Pharmaceuticals; Food Industry. The Timetable for commercial use is 2008 
 
UNI-Na is currently taking the necessary preparations to apply for a patent for their 
development of the MV-2/NDT, a distributed DT inspection system based on MV-2 
platforms and modified NDT-FRF algorithms. The system consists of a multi-input 
acquisition board with advanced wireless communication media, which can be used in 
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aeronautical and civil engineering, marine & rail transport. The timescale for commercial 
use is 2008. 
 
The consortium has recommended all partners to disclose their IP to the consortium and to 
ensure (if needs be, there are mutually beneficial licenses, etc) the dissemination and 
commercial exploitation of the IP in compliance with the terms of the Consortium 
Agreement. 

 
o The AERONEWS project has also prepared a document in preparation of 

standardisation of the Nonlinear Elastic Wave Spectroscopy techniques (Contribution 
to WP6.8, D23) 
The consortium agreed that it was still early to establish specific and well defined standards. 
More tests would still be needed. However, the experience acquired during the development 
of this Project and the results achieved until this moment, allowed the consortium to define 
the frame of those future standards based on NEWS methods. The recommendations for 
standardisation of the developed and tested techniques can be found in the deliverable D23, 
which is submitted together with the P4 report. 

 
 
Cooperation with other EU projects. 
 

o The coordinator presented –in the name of the entire consortium- the goals and results of the 
AERONEWS project at the Aeronautics Days held in Vienna, 19-21 June 2006. This created 
a valuable link with other EU-funded projects on structural health monitoring and 
encouraged the interaction. 

o Several initiatives have been undertaken to start new collaborations for participation in FP7. 
o The coordinator was invited and attended the open (final) meeting of the EC funded project 

AISHA, June 2007, Leuven, Belgium. 
o Participation of the coordinator at the ‘FP7 Information Days on Aeronautics and Aircraft 

transport’, Brussels, Feb 06, 2007 
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3.2 Contractors: Comments regarding contributions, changes in responsibilities 
and changes to consortium itself, if any 
 
There were no major changes in responsibilities, nor to the consortium itself. 
 
CSM Materialteknik AB, a contractor in the project, was owned by Saab until august 2005 when it 
was aquired by the Bodycote group, business unit Materials Testing. CSM Materialteknik changed 
name to Bodycote CSM but maintained the same company registration number. 
In January 2006, the structure of the swedish companies in Bodycote Materials Testing was 
changed, all 3 companies (of which Bodycote CSM was one) were merged to one, with the new 
name Bodycote Materials Testing AB. For CSM this also meant that the company registration 
number changed. 
A "request letter" for a contract modification and a form B together with the swedish company 
registration certificate has been addressed to the EU-officer. The amendment has been approved 
 
With the practical applications in sight, a redistribution of some of the allocated money of certain 
partners to others was approved by the steering committee. For the practical applications in WP4-5, 
a small amount of the budget originally allocated to WP1 and 2 will be shifted towards WP4 and 
WP5. This will have no impact on the deliverables. All deliverables will be met on schedule. In 
concreto, 50k€ from ASCO will be redistributed over other partners. An amendment was sent to the 
commission, and was approved. Details about the redistribution can be found below. 
 
The consortium has received the pre-financing at the beginning of the project in due time. The 
second installment (following the P1 report) and the third installment (following the P2 report) were 
received with a delay of about one year after the delivery of the respective financial reports. The 4th 
installment (following the P3 report) has just now (beginning of April 2008) been received and will 
be distributed in May 2008. The partners would have appreciated a faster return time for financial 
matters in the future. They have done everything to cooperate in achieving this. 
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Redistribution of the money during year 4: 
 

    old new 

No.  short name
Cost 
model   

RTD Management Total RTD Management Total 
transfer 

(+/-) 

1 K.U.Leuven AC direct costs 316,329.00 22,100.00 338,429.00 320,495.83 22,100.00  342.595,83   
   subcontr.              
   indirect costs 63,266.00 4,420.00 67,686.00 64,099.17 4,420.00  68.519,17   

   
total eligible 
costs 379,595.00 26,520.00 406,115.00 384,595.00 26,520.00  411.115,00   

      
requested EC-
contribution 379,595.00 26,520.00 406,115.00 384,595.00 26,520.00 411,115.00 5,000.00

3 ASCO FCF direct costs 261,760.00 8,600.00 270,360.00 178,426.67 8,600.00 187,026.67   
   subcontr.              
   indirect costs 52,352.00 1,720.00 54,072.00 35,685.33 1,720.00 37,405.33   

   
total eligible 
costs 314,112.00 10,320.00 324,432.00 214,112.00 10,320.00 224,432.00   

      
requested EC-
contribution 157,056.00 10,320.00 167,376.00 107,056.00 10,320.00 117,376.00 -50,000.00

4 Dakel FC  direct costs 156,060.00 5,560.00 161,620.00 166,061.33 5,560.00 171,621.33   
  50% subcontr.              
   indirect costs 78,030.00 2,780.00 80,810.00 83,030.67 2,780.00 85,810.67   

   
total eligible 
costs 234,090.00 8,340.00 242,430.00 249,092.00 8,340.00 257,432.00   

      
requested EC-
contribution 117,046.00 8,340.00 125,386.00 124,546.00 8,340.00 132,886.00 7,500.00

5 ITASCR AC direct costs 101,175.00 7,510.00 108,685.00 105,341.67 7,510.00 112,851.67   
   subcontr. 7,155.00   7,155.00 7,155.00   7,155.00   
   indirect costs 18,804.00 1,502.00 20,306.00 19,637.33 1,502.00 21,139.33   

   
total eligible 
costs 119,979.00 9,012.00 128,991.00 124,979.00 9,012.00 133,991.00   

      
requested EC-
contribution 119,979.00 9,012.00 128,991.00 124,979.00 9,012.00 133,991.00 5,000.00
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6 VZLU FC direct costs 112,475.00 20,705.00 133,180.00 119,989.00 20,705.00  140,694.00   
  100% subcontr.             
   indirect costs 112,500.00 18,000.00 130,500.00 119,.989.00 18,000.00  137,989.00   

   
total eligible 
costs 224,975.00 38,705.00 263,680.00 239,978.00 38,705.00  278,.683.00   

      
requested EC-
contribution 112,489.00 24,135.00 136,624.00 119,989.00 24,135.00 144,124.00 7,500.00

7 GIP-U FCF direct costs 263,285.00 9,575.00 272,860.00 288,280.00 9,575.00 297,855.00   
   subcontr.              
   indirect costs 52,657.00 1,915.00 54,572.00 57,656.00 1,915.00 59,571.00   

   
total eligible 
costs 315,942.00 11,490.00 327,432.00 345,936.00 11,490.00 357,426.00   

      
requested EC-
contribution 157,968.00 11,490.00 169,458.00 172,968.00 11,490.00 184,458.00 15,000.00

10 POLITO AC direct costs 109,800.00 8,280.00 118,080.00 113,966.67 8,280.00  122.246,67   
   subcontr.              
   indirect costs 21,960.00 1,656.00 23,616.00 22,793.33 1,656.00  24.449,33   

   
total eligible 
costs 131,760.00 9,936.00 141,696.00 136,760.00 9,936.00  146.696,00   

      
requested EC-
contribution 131,760.00 9,936.00 141,696.00 136,760.00 9,936.00 146,696.00 5,000.00

12 Csic FC direct costs 149,347.00 4,028.00 153,375.00 154,971.91 4,028.00  158.999,91   
   subcontr.              
   indirect costs 116,490.00 3,142.00 119,632.00 120,878.09 3,142.00  124.020,09   

   
total eligible 
costs 265,837.00 7,170.00 273,007.00 275,850.00 7,170.00  283.020,00   

   
requested EC-
contribution 132,925.00 7,170.00 140,095.00 137,925.00 7,170.00 145,095.00 5,000.00
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3.3 Project timetable and status 
 
Planned activity is indicated by the following symbols:     Mayor activity    Minor activity 
The first year activities are indicated by the green shading, the second year activities by the blue shading, and the current status of the project is 
indicated in yellow. 
 

Year 1 Year 2 Year 3 Year 4 
WP No. Description 

0-3 3-6 6-9 9-12 0-3 3-6 6-9 9-12 0-3 3-6 6-9 9-12 0-3 3-6 6-9 9-12 

1.1 Identification 
of critical 
aeronautical  
parts, structural 
components, 
defects  and 
driving failure 
scenarios. 

 

  

 

 

           

1.2 Development 
of NEWS 
techniques for 
single aeronautical 
parts: Composites, 
layered media, and 
metallic parts 

 

    

 

 

  

 

 

     

1.3 
of

Development 
 NEWS 

techniques for 
complex 
aeronautical 
structures 

 

 

         

 

 

 

  

1. 
Optimisation 
study of NEWS 
techniques to 
detect micro-
scale damage 
in aircraft 
components 
and structures 

1.4 Formulation of 
feedback and 
guidance for the 
implementation of 
particular NEWS 
methods 

     

 

     

 

 

 

  

Accomplished 

Accomplished 

Accomplished 

Accomplished 

Accomplished 
M2

D5 

D3 Accomplished 

Accomplished D4 

D1 

D2 

D3 

M1
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2.1 Modelling the 
influence of 

roscopic 
damage feature in 
imple and 

complex structures 

mic

s

 

      

 

   

  

   

2. Simulations 
support of 
nonlinear 
behaviour in 
micro-
damaged 
structures and 
extension to 
early damage 
localization 
methods based 
on NEWS 

2.2 Damage 
localization 
procedure and 
NEWIMAGE 

 

          

 

  

  

3.1Analysis of 
existing 
transducers. 
Choice of new 
excitation and 
sensing devices 

  

 

 

 

 

     

 

    

3.2 Design of 
transducer systems 

d manufacturing 
of smart aircraft 
components 

an

 

        

 

 

 

   

 

3. Adaption of 
smart 
transducers 
and sensors 
for NEWS 
 

3.3 Development 
optimisation of the 
designed 
transducer system. 

    

 

   

 

      

 

D11 

M4

D6-7-9-10 

D8 

D6-7-9-10 

D6-7-9-10 D6-7-9-10 D6-7-9-10 

D12 

Accomplished 

Accomplished 
D13 

D11 
Accomplished 

M3

Accomplished 

Accomplished 

Accomplished 

D6-7-9-10 
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4.1 Identification 
of Hardware and 
software 
requirements of 
NEWS 

urement 
systems 
meas

 

 

     

  

  

 

   

 

4.
and

2 Development 
 assembly of 

the NEWS 
measurement 
system test device 

 

 

         

 

    

4. Integrated 
design of 
measurement 
and control 
system for 
NEWS 
techniques 
 

4.3 Remote system 
control and 
wireless 
communication 

         

 

     

 

5.1 Choice of 
appropriate testing 
object and 

tation 
ite for validation 

implemen
s

      

 

   

 

  

 

  

5

inspe

.2 On site 
Assembly of the 

ction system 
          

 
    

 

5. 
Implementatio
n and 
Validation of 
the complete 
system on a 
full scale 
model 
 

5.3 On site testing 
and evaluation            

 
   

 

Accomplished

D20-D21 

D14 Accomplished 

M5

D15 

D16 

Accomplished 
Accomplished M6

D17 
D18-D19 

M7

Accomplished 

Accomplished
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6. 
Dissemination 
and Training 
activities 

Dissemination, 
personnel training, 
University and 
NDT courses, 
preparation for 
standardisation 

 

  

 

 

 

 

 

   

 

  

  

Accomplished Accomplished Accomplished 

D22-23 D22 D22 D22 D22 

7 Project 
Management 

Project 
management, 
workpackage 
leadership, 
Reporting, etc 

D25-26-27 

Accomplished 
D28 

D25-26-27 D25-26-27 

Accomplished 

D24 

Accomplished 
D28 

D29 
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3.4 Difficulties encountered and corrective actions taken at the consortium 
level 
 
There were no major difficulties encountered at either co-ordination or management levels. 
 
At the request of the EU, NDT-Expert and CSIC have revised their distribution of direct and 
indirect costs. The adjustments have been communicated to the EU and filed with the 
contract. This change has no implications for the other partners. 
 
Boeing Research and Technology Center (BR&TC) has changed its name to Boeing Research 
and Technology Europe (BR&TE) 
 
BR&TE has asked the coordinator if they can set aside a certain amount of money (order 
20000€) for a subcontractor in order to prepare progressively damaged samples for WP1.3. 
The subcontracting cost was not specified in the original budget of Boeing, but Boeing will 
rearrange its cost allocation internally such that the new cost has no implications for other 
partners. The consortium agreed with this change during the general meeting in Naples 
(September 2004). Following the Naples meeting, the EU-officer has also given his 
permission, and this information has been communicated to Boeing by way of the 
coordinator. 
 
CSM Materialteknik AB, a contractor in the project, was owned by Saab until august 2005 
when it was aquired by the Bodycote group, business unit Materials Testing. CSM 
Materialteknik changed name to Bodycote CSM but maintained the same company 
registration number. 
In January 2006, the structure of the swedish companies in Bodycote Materials Testing was 
changed, all 3 companies (of which Bodycote CSM was one) were merged to one, with the 
new name Bodycote Materials Testing AB. For CSM this also meant that the company 
registration number changed. 
A "request letter" for a contract modification and a form B together with the swedish 
company registration certificate has been addressed to the EU-officer. The amendment has 
been approved 
 
ITASCR has experienced a change of name during the third year of operation. According to 
the Act of the Czech Parliament No. 341-2005 and Governmental Regulation 342-2005 of the 
Czech government, all research institutes of the Czech Academy of Sciences changed since 
January 1, 2007 their legal status from the direct Organizational body of the state to the Public 
Research Institution (in the Czech language abbreviated as v.v.i.). This means that Academy 
Institutes are more independent institutions established by the Czech Academy of Sciences as 
a founder. This has been communicated to the EU office. 
 
UniNa has also experienced a name change. Dipartimento di Progettazione Aeronatautica - 
UNINA-DPA has become part of the newly established Dipartemento di Ingegneria 
Aerospaziale (Dept. of Aerospace Engineering). Prof Francesco Marulo has been established 
as the Head of Department of the new Dipartemento di Ingegneria Aerospaziale. This has 
been communicated to the EU office. 
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The only corrective action taken was a redistribution of the allocated budget between partners 
due to a higher involvement of some of the partners in WP4 and 5.  
The redistribution has been approved by the steering committee in September 2007 during the 
Madrid General Assembly. For the practical applications in WP4-5, a small amount of the 
budget originally allocated to WP1 and 2 has been shifted towards WP4 and WP5. This had 
no impact on the deliverables. All deliverables were met on schedule. In concreto, 50k€ from 
ASCO has been redistributed over other partners. Accordingly, the requested EC contribution 
of the following partners was adjusted as indicated in the table below. The net requested EC 
contribution remains the same. 
 

KULeuven +5000€ 
ASCO -50000€ 
DAKEL +7500€ 
ITASCR +5000€ 
VZLU +7500€ 
GIP-U +15000€ 
Polito +5000€ 
CSIC +5000€ 

 
The redistribution was communicated by mean of an amendment to the contract to the EC. It 
was approved by the EC. 
 
The consortium has received the pre-financing at the beginning of the project in due time. The 
second installment (following the P1 report) and the third installment (following the P2 
report) were received with a delay of about one year after the delivery of the respective 
financial reports. The 4th installment (following the P3 report) has just now (beginning of 
April 2008) been received and will be distributed in May 2008. The partners would have 
appreciated a faster return time for financial matters in the future. They have done everything 
to cooperate in achieving this. 
 
 
Section 4 – Other issues  
 
There are no other issues 
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2006 Z. Prevorovsky, S. Dos 
Santos,  "Nonlinear 
Ultrasonic Spectroscopy 
Used To Crack Detection 
In Aircraft Wing Panel”, 
NDT Welding Bulletin, 
Vol.16, No. 3,  ISSN 
1213-3825, p 25-32, 
(2006) 

Research world Infinity ITASCR 
GIP-U 

2007 Z. Prevorovsky, M, 
Chlada, J. Vodicka: 
Inverse Problem Solution 
in Acoustic Emission 
Source Analysis - 
Classical and Artificial 
Neural Network 
Approach, in "The 
universality of 
nonclassical nonlinearity, 
with applications to NDE 
and Ultrasonics", Ed. P.P. 
Delsanto, Springer, 
,NewYork, Chapter 32, 
pp. 515-530 (2007) 

Research world Infinity ITASCR 

2007 V. Aleshin en K. Van Den 
Abeele, “Microcontact 
based theory for acoustics 
in microdamaged 
materials“, J. Mechanics 
and Physics of Solids 
55(2), 366-390 (2007). 

Research world Infinity KULeuven 

2007 S. Vanaverbeke and K. 
Van Den Abeele, 2D 
modeling of wave 
propagation in materials 
with hysteretic 
nonlinearity, J. Acoust. 
Soc. Am., 122, 58-72, 
2007. 

Research world Infinity KULeuven 

2007 Van Den Abeele K., 
Multi-Mode Nonlinear 
Resonance Ultrasound 
Spectroscopy for defect 
imaging: an analytical 
approach, J. Acoust. Soc. 
Am., 122, 73-90, 2007. 

Research world Infinity KULeuven 

2007 Stratoudaki T. Hernandez 
J.A., Clark M. and 
Somekh M.G. (2007) 
Cheap Optical  
Transducers for 
narrowband ultrasonic 
applications, Meas. Sc. 
Technol.,  
vol.18, pp. 843-851. 

Research world Infinity UNott 
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2007 V. Aleshin and K. Van 

Den Abeele, Friction in 
unconforming grain 
contacts as a mechanism 
for tensorial stress-strain 
hysteresis, J. Mechanics 
and Physics of Solids, 55, 
765-787, 2007 

Research world Infinity KULeuven 

2007 V. Aleshin, W. 
Desadeleer, M. Wevers, 
K. Van Den Abeele, 
“Characterization of 
hysteretic stress-strain 
behavior using the 
integrated Preisach 
density“,J. Nonlinear 
Mechanics, 43, 151-163, 
2008. 

Research world Infinity KULeuven 

2007 T. Goursolle, S. Callé, S. 
Dos Santos, and O. Bou 
Matar. A two-dimensional 
pseudospectral model for 
time reversal and 
nonlinear elastic wave 
spectroscopy. J. Acoust. 
Soc. Am., 122 (6), 3220-
3229, (2007)  

Research world Infinity GIP-U 

2007 Collison I.J., Stratoudaki 
T., Clark M., Somekh 
M.G. (2007) 
Measurement oe elastic 
nonlinearity using remote 
laser ultrasonics and 
CHeap Optical 
Transducers and dual 
frequency surface 
acoustic waves., 
Ultrasonics, in press. 

Research world Infinity UNott 

2008 C.R.P.Courtney, 
B.W.Drinkwater, S.A. 
Neild and P. D. Wilcox, ” 
Factors affecting the 
ultrasonic 
intermodulation crack 
detection technique 
using bispectral analysis”, 
Nondestructive Testing 
and Evaluation 
International, NDT&E 
International 41 (2008) 
223–234 

Research world Infinity UNIVBRIS 
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2007 C. Vanhille and C. 

Campos-Pozuelo, 
“Numerical Analysis of 
Strongly Nonlinear 
Extensional Vibrations in 
Elastic Rods” IEEE 
Transactions on 
Ultrasonics, 
Ferroelectrics, and 
Frequency Control. Vol. 
54, Enero 2007, pp. 96-
106 

    Research World 

2007 J. Behal, J. Vrhel 
Organization of Mutual 
Experiments in the 
International Research 
and Innovation projects, 
TRANSFER, 
No.:6 / 2007, 
 ISSN 1801-9315  

Research world Infinity VZLU 

2007 D. Rupp, U. Rabe, S. 
Hirsekorn, and W. 
Arnold, "Nonlinear 
contact resonance 
spectroscopy in atomic 
force microscopy", 
Journal of Physics D: 
Applied Physics 40, 
(2007) 7136-7145. 

Research world Infinity IZFP 

2008 T. Goursolle, S. Dos 
Santos, O. Bou Matar and 
S. Calle, NonLinear Time 
Reversal Acoustic : 
Simulations and 
Experiment,  International 
Journal of Non-Linear 
Mechanics, 43, 170-177, 
(2008) 

Research world Infinity GIP-U 

2008 S. Dos Santos et C. Plag, 
Excitation Symmetry 
Analysis Method (ESAM) 
for Calculation of Higher 
Order Nonlinearities, 
International Journal of 
Non-Linear Mechanics, 
43 164–169, (2008) 

Research world Research GIP-U 

2008 M.Scalerandi, A.S. 
Gliozzi, C.L.E. Bruno, D. 
Masera, P. Bocca, A 
scaling method to 
enhance detection of a 
nonlinear elastic response, 
Appl. Phys. Lett. 92, 
101912 (2008) 

Research world Infinity POLITO 

http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6TJ2-4RKMB5C-1-C&_cdi=5298&_user=535448&_orig=search&_coverDate=01%2F15%2F2008&_sk=999999999&view=c&wchp=dGLzVlz-zSkzk&md5=7d302e0ec2ab7483312aa593307389ba&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6TJ2-4RKMB5C-1-C&_cdi=5298&_user=535448&_orig=search&_coverDate=01%2F15%2F2008&_sk=999999999&view=c&wchp=dGLzVlz-zSkzk&md5=7d302e0ec2ab7483312aa593307389ba&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6TJ2-4RKMB5C-1-C&_cdi=5298&_user=535448&_orig=search&_coverDate=01%2F15%2F2008&_sk=999999999&view=c&wchp=dGLzVlz-zSkzk&md5=7d302e0ec2ab7483312aa593307389ba&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6TJ2-4RKMB5C-1-C&_cdi=5298&_user=535448&_orig=search&_coverDate=01%2F15%2F2008&_sk=999999999&view=c&wchp=dGLzVlz-zSkzk&md5=7d302e0ec2ab7483312aa593307389ba&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6TJ2-4RFSD0P-3-7&_cdi=5298&_user=535448&_orig=search&_coverDate=12%2F28%2F2007&_sk=999999999&view=c&wchp=dGLzVlz-zSkzk&md5=bc700bfead18baaefbe1576860b05523&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6TJ2-4RFSD0P-3-7&_cdi=5298&_user=535448&_orig=search&_coverDate=12%2F28%2F2007&_sk=999999999&view=c&wchp=dGLzVlz-zSkzk&md5=bc700bfead18baaefbe1576860b05523&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6TJ2-4RFSD0P-3-7&_cdi=5298&_user=535448&_orig=search&_coverDate=12%2F28%2F2007&_sk=999999999&view=c&wchp=dGLzVlz-zSkzk&md5=bc700bfead18baaefbe1576860b05523&ie=/sdarticle.pdf
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6TJ2-4RFSD0P-3-7&_cdi=5298&_user=535448&_orig=search&_coverDate=12%2F28%2F2007&_sk=999999999&view=c&wchp=dGLzVlz-zSkzk&md5=bc700bfead18baaefbe1576860b05523&ie=/sdarticle.pdf
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2008 Z. Prevorovsky, M. 

Blahacek, J. Krofta, M. 
Chlada, " Effective 
methods of damage 
detection in aerial 
structures", NDT 
Welding Bulletin, Vol.17, 
No. 4/2007,  ISSN 1213-
3825, p 12-21, (Feb.2008) 

Research world Infinity ITASCR 

 
A list of proceedings papers can be found at the end.



Confidential 

Aeronautics and Space  AST3-CT-2003-502927 AERO-NEWS 
 Annex: Plan for Using and Disseminating the Knowledge, Final 

 

p.27/42 

 
Planned
/actual 
Dates  

 
Type 

 
Type of audience 

 
Countries 
addressed 

Size of 
audience 

Partner 
responsible 
/involved 

University Seminars and Courses 

09-
12/2004 

University seminars on 
modeling and 
experimental techniques 
using NEWS. 

KULeuven PhD 
students and 
researchers 

Belgium 10 KULeuven 

09-
12/2004 

University Master Course 
running at the Faculty of 
Nuclear and Physical 
Engineering of the Czech 
Technical University in 
Prague (winter semester, 
13 lectures, practical 
demonstration, October 
2004 - January 2005) 

Master students CR 20 ITASCR 

11/2004 University invited 
seminar: Méthodes 
algébriques pour un 
traitement du signal 
adapté à l'accoustique non 
linéaire: application au 
contrôle non destructif en 
aéronautique » by Serge 
Dos Santos, invited 
seminar  at Laboratoire de 
Mathématique et 
Physique Théorique at 
Tours University. 
 

Researchers France 10 GIP-U 

Oct-
Nov/2004 

University Master Course 
running at School of 
Engineering (EIVL)  
Non destructive Testing 

Master students France 50 GIP-U 

Oct-
Nov/2004 

University Master Course 
started at School of 
Engineering (EIVL): 
Nonlinear and Complex 
Systems 

Master Students France 15 GIP-U 

2005-
2006 

University Master Course 
proposed at Institute of 
Technology (IUT Blois): 
Nondestructive Testing 

B. Eng. Students France 30 GIP-U 

02-
05/2005 

Post-graduate Course 
containing 10 session on 
NDE and applications. 
One session was entirely 
devoted to nonlinear 
acoustics 

Post Graduate 
Researchers and 
Engineers 

Belgium 12 KULeuven 

6-8/2005 3-months Training Course 
Erasmus-Socrates (stay of 
French student in 
ITASCR Prague) 

Graduate student B. 
Maugerarg 

CR, France 1 ITASCR 
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05/2005 University seminars 

« Caractérisation Non 
Linéaire des Matériaux 
Dégradés : Modélisation 
des Non-linéarités « Non 
classiques » (PM space), 
Traitement du Système 
par « Analyse des 
Symétries », et 
Expérimentation 
Ultrasonore par 
Retournement Temporel » 
by Serge Dos Santos,  
seminar  at Laboratoire 
Ultrasons Signaux et 
Instrumentation (LUSSI 
CNRS) at Tours 
University 

   GIP-U 

09/2005 University invited 
seminars « Contact Pulse-
Echo Method for 
Nonlinearity 
Measurements of Solids 
via Phase Modulation 
Method : Calibration, 
Limitation and Future 
Trends» by Serge Dos 
Santos, invited seminar  at 
School of Electrical and 
Electronic Engineering, 
University of Nottingham 

   GIP-U 
UNOTT 

07/2005 
10/2005 
12/2005 

Acoustic Seminars in 
collaboration between 
KULeuven and IEMN, 
Lille 

Researchers and 
Engineers 

Belgium 
France 

15 KULeuven 
GIP-U 

11/2005 Res Metallica, Leuven, 
Belgium 

Researchers and 
Engineers 

Belgium 60 KULeuven 

01/2006 University Seminar, 
school of engineering, 
computer science and 
mathematics “Exeter 
Advanced Technologies 
current and future 
research” 

Researchers and 
Engineers + Industry 

Advanced  
technologies 

research 
institute 
(ATRI), 

Exeter, UK 

40 Exeter 

03/2006 University Seminar 
University of Nottigham 
(Applied Optics ans 
Ultrasonics Research 
Seminars) "CHeap 
Optical Transducers: 
Stripes will make your 
frequency spectrum 
look...thinner!"  

Researchers and 
Engineers 

School of 
Electrical 

and 
Electronic 

Engineering 
of the 

University 
of 

Nottingham, 
UK 

40 Unott 

10/2005 - 
1/2006 

Special lectures during 
the university course 
"Diagnostics of materials 
and structures" at FNSPE 
CTU Prague 

Graduate and 
postgraduate students 

CR 7 ITASCR 
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2006-
2007 

Special Master course Air 
and Space, VUB Brussels, 
"Structural Testing and 
Health Monitoring of 
Aerospace Structures" 

Graduate and 
postgraduate students 

BE  VUB 

10/2006- 
1/2007 

Special lectures during 
the university course 
"Diagnostics of materials 
and structures" at FNSPE 
CTU Prague 

Graduate and 
postgraduate students 

CR 6 ITASCR 

12/2006 T. Stratoudaki, invited 
seminar  at Laboratoire 
UltrasSons Signaux et  
Instrumentation, 
Universite Francois 
Rabelais, Tour-
France.«CHOTs: Stripes 
will make your frequency 
spectrum look... thinner»  

Graduate and 
postgraduate students 

FR  GIPU, UNOTT 

12/2006 Seminar at CENS (Center 
for Nonlinear Studies) 
“Symmetry Analysis and 
its Applications for 
Imaging the Elastic 
Nonlinear Behavior of 
Complex Materials” 

Researchers and 
Engineers 

ESTONIA 20 GIP-U 

03/2007 Contribution to Ultrasonic 
NDT course for Eng. D. 
Students 

Research Students UK 10 UNIVBRIS 

05/2007 "Advanced Lecture Series 
on Structural Health 
Monitoring" at ETSI 
Aeronauticos, 
Universidad Politecnica 
de Madrid 

 Sp  BR&TE 

06/2007 Summer-school: 
Acoustique et ondes en 
regime non linéaire. 
applications a l'imagerie, 
la thérapie et 
l'environnement, Oléron, 
France, 4-9 june, 2007 

Research Students Fr 10 K.U.Leuven, 
GIP-U 

Oct 2007 University Master Course 
running at School of 
Engineering (ENIVL)  
Nonlinear Acoustics for 
Non destructive Testing 

Master students France 6 GIP-U 

Nov 2007 “ Complexity of Material 
Explored with Nonlinear 
Tools : from Physical 
Concepts to Image 
Processing “, master 
courses, Prague, Czech 
Republic, 

Researchers and 
students 

Czech 
republic 

15 GIP-U 
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9 Oct 
2007 

Conference for the “Fete 
de la Science” by Léandre 
Pourcelot, Marielle 
Defontaine and Serge Dos 
Santos : La Santé des 
Astronautes et des 
Matériaux Aéronautiques 
Surveillée par Ultrasons, 
Lycée Descartes, Tours 

Public France 50 GIP-U 

Feb 2008 University seminars on 
modeling and 
experimental techniques 
using NEWS. 

KULeuven PhD 
students and 
researchers 

Belgium 15 KULeuven 

03/2007 Presentation at RCNDE 
Early Stage Researchers 
Seminar (at Nottingham) 

Early Stage 
Researchers 

UK 15 UNIVBRIS, 
UNOTT 

03/2007 Contribution to Ultrasonic 
NDT course for Eng. D. 
Students at Bristol 

Research Students UK 10 UNIVBRIS 

10/2007- 
1/2008 

University course 
"Diagnostics of materials 
and structures" at FNSPE 
CTU Prague 

Graduate and 
postgraduate students 

CR 10 ITASCR 
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Cumulative List of oral and poster contributions by AERONEWS partners at listed 
conferences 
1- KULeuven 
× International Congress on Acoustics, ICA 2004, Kyoto, Japan, April 5-9, 2004:  

2 persons attending, 2 talks of which 1 invited, both talks published on CD) 
Ç Imaging of Microdamage using Non-linear Resonance Ultrasound Spectroscop,. K. Van Den Abeele 

and F. Windels 
Ç Micro-potential model for acoustical hysteresis, V. Aleshin, K. Van Den Abeele 

× 9th International Workshop on Nonlinear Elasticity in Materials (9IWNEM), Karlskrona,  Sweden, May 31- 
June 4, 2004 
3 persons of KULeuven attending, 3 talks, no publication, only abstract 
Ç Micro-potential models for stress-strain hysteresis of microcracked media, V. Aleshin, K. Van Den 

Abeele 
Ç Nondestructive static stress-strain and dynamic nonlinear acoustic measurements on  natural building 

stones, K. Van Den Abeele and N. Wilkie-Chancellier 
Ç Nonlinear Hysteretic Multiscale Elasticity model K. Van Den Abeele and S. Vanaverbeke 

× 31st Annual Review of Progress in Quantitative Nondestructive Evaluation (QNDE), Golden, Colorado, 
USA, July 26-30, 2004 
2 persons attending, 2 invited talks 
Ç K. Van Den Abeele and S. Vanaverbeke, “Simulation of microdamage depth profiling using nonlinear 

Rayleigh wave propagation in media with stratified hysteretic nonlinearity”, in: “Review of Progress in 
Quantitative NonDestructive Evaluation”, (Eds. D.O. Thomson, D.E. Chimenti, Golden, CO, July 
2004), Vol. 24, pp. 353-360, 2005.  

Ç N. Wilkie-Chancellier, and K. Van Den Abeele, “Experimental detection of structural damage in natural 
building stones using nonlinear wave spectroscopy”, in: “Review of Progress in Quantitative 
NonDestructive Evaluation”, (Eds. D.O. Thomson, D.E. Chimenti, Golden, CO, July 2004), Vol. 24, 
pp. 361-368, 2005.  

× Workshop on ADVANCED ULTRASONIC METHODS FOR STUDIES OF MATERIALS, May 16-18, 
2005, Bydgoszcz, Poland 
Ç K. Van Den Abeele, Nonlinear Elastic Wave Spectroscopy (NEWS): Innovative techniques for 

microdamage diagnostics, Invited lecture, workshop on ADVANCED ULTRASONIC METHODS 
FOR STUDIES OF MATERIALS, May 16–18, 2005, Bydgoszcz, Poland 

Ç K. Van Den Abeele, S. Vanaverbeke, V. Aleshin, NEWS Nonlinear Elastic Wave Spectroscopy: 
Modeling nonlinear and hysteretic constitutive material behavior and nonlinear wave dynamics, Invited 
lecture, workshop on ADVANCED ULTRASONIC METHODS FOR STUDIES OF MATERIALS, 
May 16-18, 2005, Bydgoszcz, Poland 

× 12th International Congress on Sound and Vibration, July 11-14, 2005, Lisbon, Portugal 
Ç Koen Van Den Abeele, Tomasz Katkowski and Christophe Mattei, Feasibility study for the use of 

nonlinear acoustic techniques on Composite laminates with heat damage, 12th International Congress 
on Sound and Vibration, July 11-14, 2005, Lisbon, Portugal, Paper 801, 8 pages on CD.  

Ç Sigfried Vanaverbeke and Koen Van Den Abeele, Two Dimensional Modeling Of Nonlinear Wave 
Propagation In Microdamaged Materials, 12th International Congress on Sound and Vibration, July 11-
14, 2005, Lisbon, Portugal, Paper 803, 8 pages on CD.  

Ç Wendy Desadeleer, Koen Van Den Abeele and Martine Wevers, Dynamic Analysis and online 
monitoring of Concrete Curing Processes using Acoustic Emission (AE) and Nonlinear Elastic Wave 
Spectroscopy (NEWS), 12th International Congress on Sound and Vibration, July 11-14, 2005, Lisbon, 
Portugal, Paper 805, 8 pages on CD.  

Ç Vladislav Aleshin and Koen Van Den Abeele, Micro-level based constitutive equations in elasticity and 
acoustics of materials with internal contacts, 12th International Congress on Sound and Vibration, July 
11-14, 2005, Lisbon, Portugal, Paper 812, 8 pages on CD.  

× 17th International Symposium on Nonlinear Acoustics, State College, PA 
Ç Sigfried Vanaverbeke and Koen Van Den Abeele, Multiscale Approach For Simulating Nonlinear 

Wave Propagation In Materials with Localized Microdamage, in ‘Innovations in Nonlinear Acoustics’ 
Eds A.A. Atchley, V.W. Sparrow, and R.M. Keolian, AIP Conference Proc 838, pp. 91-94. 

Ç Koen Van Den Abeele, Tomasz Katkowskia, and Christophe Mattei, Nonlinear Acoustic and Ultrasonic 
NDT of Aeronautical Components, in ‘Innovations in Nonlinear Acoustics’ Eds A.A. Atchley, V.W. 
Sparrow, and R.M. Keolian, AIP Conference Proc 838, pp. 75-78. 

Ç Vladislav Aleshin, Koen Van Den Abeele, Physical Constitutive Equations for Nonlinear Acoustics of 
Materials with Internal Contacts, in ‘Innovations in Nonlinear Acoustics’ Eds A.A. Atchley, V.W. 
Sparrow, and R.M. Keolian, AIP Conference Proc 838, pp. 104-108. 
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× 10th International workshop on nonlinear elasticity in materials (X-IWNEM), 23-29 Aug. 2005, Taormina, 
Italy.  
Ç S. Vanaverbeke and K. Van Den Abeele, Mutiscale model for Hysteretic Wave propagation in 2D: 

direct modelling and TRA imaging, 10th International workshop on nonlinear elasticity in materials (X-
IWNEM), 23-29 Aug. 2005, Taormina, Italy.  

Ç T. Katkowski and K. Van Den Abeele, Time domain SIMONRUS and SD on fatigue and temperature-
loaded CFRP, 10th International workshop on nonlinear elasticity in materials (X-IWNEM), 23-29 
Aug. 2005, Taormina, Italy.  

Ç V. Aleshin and K. Van Den Abeele, Microcontact-based theory for acoustics in microdamaged 
materials, 10th International workshop on nonlinear elasticity in materials (X-IWNEM), 23-29 Aug. 
2005, Taormina, Italy.  

Ç V. Aleshin, W. Desadeleer, M. Wevers and K. Van Den Abeele, Integrated Preisach Density as a 
characterisation for rocks, 10th International workshop on nonlinear elasticity in materials (X-
IWNEM), 23-29 Aug. 2005, Taormina, Italy. 

× 11th International workshop on nonlinear elasticity in materials (XI-IWNEM), 23-29 June 2006, Sorrento, 
Italy.  
Ç K. Van Den Abeele, PY Le Bas, S. Vanaverbeke, Numerical and experimental studies in preparation of 

a damage localisation technique using Nonlinear Time Reversal Acoustics, 11th International 
workshop on nonlinear elasticity in materials (11IWNEM), 05-09 june 2006, Sorrento, Italy 

Ç K. Van Den Abeele, B. Van Damme, T. Katkowski, Inferring the elementary hysteresis properties of 
CFRP beams with thermal and fatigue damage from nonlinear reverberation spectroscopy 
measurement in flexural mode, 11th International workshop on nonlinear elasticity in materials 
(11IWNEM), 05-09 june 2006, Sorrento, Italy 

Ç V. Aleshin and K. Van Den Abeele, Physical friction-based model for a tensorial description of stress-
strain hysteresis in materials with internal contacts, 11th International workshop on nonlinear elasticity 
in materials (11IWNEM), 05-09 june 2006, Sorrento, Italy 

× 9th European Conference on NDT "ECNDT 2006", Berlin, Germany,  September 25-29, 2006 
Ç O. Bou Matar, S. Dos Santos, S. Calle, T. Goursolle, S. Vanaverbeke and K. Van Den Abeele, 

Simulations of Nonlinear Time Reversal Imaging of Damaged Materials, Proceedings of the European 
Congress on NDT, Berlin, September 2006. 

Ç P.Y. Le Bas, K. Van Den Abeele, S. Dos Santos, T. Goursolle, And O. Bou Matar, Experimental 
Analysis for Nonlinear Time Reversal Imaging of Damaged Materials, Proceedings of the European 
Congress on NDT, Berlin, September 2006. 

× 8th French Congress of Acoustics CFA, Tours, France, April 2006 
Ç Koen Van Den Abeele, Pierre-Yves Le Bas, Sigfried Vanaverbeke, Tomasz Katkowski, and Wendy 

Desadeleer, Nonlinear Elastic Wave Spectroscopy (NEWS): a Diagnostic Tool to detect Microdamage 
with high potential for Nondestructive Testing, Proceedings of the 8e Congres Francais d’Acoustique 
(plenary session) , Tours, France, 24-27 April, 2006, pp. 167-174 

Ç Vladislav Aleshin and Koen Van Den Abeele, Adhesion Hysteresis Mechanism for Nonlinear Acoustics 
of Solids with Internal Contacts, Proceedings of the 8e Congres Francais d’Acoustique (plenary 
session) , Tours, France, 24-27 April, 2006, pp. 517-520. 

× Quatrièmes Journées du GDR ULTRASONS, Giens, 2006 
Ç Vladislav Aleshin and Koen Van Den Abeele, Physical stress-strain constitutive equations for materials 

with internal contacts, Proceedings of the “Quatrièmes Journées du GDR ULTRASONS”, Giens, 14-19 
May 2006 

× Aeronautics Days, Vienna, June 2006 
Ç K. Van Den Abeele, Health monitoring of aircraft by Nonlinear Elastic Wave Spectroscopy (FP6 

project AERONEWS AST3-CT-2003-502927), AERONAUTICS DAYS, 19-21 june 2006, Vienna, 
Austria 

× ICU, Vienna, Austria, 9-12 Apil 2007 
Ç Koen Van Den Abeele, Sigfried Vanaverbeke, Pierre-Yves Le Bas, Combining Nonlinear Elastic Wave 

Spectroscopy with Time Reversal techniques for microdamage imaging 
Ç Koen Van Den Abeele, Pierre-Yves Le Bas, Bart Van Damme,  Nonlinear acoustic signature in relation 

to crack density for thermally shocked CFRP 
× 12th International workshop on nonlinear elasticity in materials (XII-IWNEM), 04-08 June 2007, Ajaccio, 

France.  
Ç PY Le Bas, K. Van Den Abeele, Damage localisation technique using Nonlinear Time Reversal 

Acoustics, 12th International workshop on nonlinear elasticity in materials (12IWNEM), 04-08 june 
2007, Ajaccio, France 

× Int. Congress on Acoustics, Madrid, Spain, 2-7 September 2007 
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Ç Nonlinearity based diagnosis and localisation techniques for microdamage detection, K. Van Den 
Abeele, P.Y. Le Bas and B. Van Damme 

× 3rd Airport Seminar, Dresden on Structural Health Monitoring, 7 November 2007 
Ç Nonlinear Elastic Wave Spectroscoy (NEWS): Increasing the sensitivity of Ultrasonic NDT., K. Van 

Den Abeele 
× NDT-in-progress, Prague, 5-7 November 2007 

Ç Good NEWS for early detection of microdamage, K.Van Den Abeele 
 
2- VUB 
× Journées ultrasons-lasers (February 18, 2005, KULeuven, Belgium) 

1 person attending, 1 presentation 
Ç A nonlinear ultrasonic method for the detection of fatigue cracks in metallic parts, S. Vanlanduit, P. 

Guillaume, J. Vermeulen, K. Harri 
× DAMAS 2005 (6th International Conference on Damage Assessment of Structures, 4th to 6th July 2005, 

Gdansk, Poland) 
1 person attending, 1 presentation 
Ç Tracking of cracks in airplane components using nonlinear surface wave propagation techniques, S. 

Vanlanduit, P. Guillaume, J. Vermeulen, K. Harri 
× 7th National Congress on Theoretical and Applied Mechanics NCTAM 2006, Mons, Belgium, May 29th 

and 30th, 2006 
Ç Detection of Cracks Using the Variability in Transmission of Multisine, Kristof Harri, Patrick 

Guillaume and Steve Vanlanduit 
× 9th European Conference on NDT "ECNDT 2006", Berlin, Germany,  September 25-29, 2006 

Ç On-line monitoring of cracks using ultrasonic "multisine" surface waves, Kristof Harri, Patrick 
Guillaume and Steve Vanlanduit 

× 7th Intl conference on vibration measurements by laser techniques, Ancona, Italy, 20-22 June 2006 
Ç Laser vibrometer measurements of SAWs for non-destructive testing, Roberto Longo, Steve Vanlanduit 

and Patrick Guillaume 
× 4th Intl conference on emerging technologies in non-destructive testing (ETNDT 4), Stuttgard, Germany, 2-

4 April 2007 
Ç Crack sizing using laser vibrometer measurements of surface acoustic waves, Roberto Longo, Steve 

Vanlanduit and Patrick Guillaume 
 
5- ITASCR 
× 16th WCNDT 2004 (World Conference on NDT organized by ICNDT and CINDE), Montreal, Canada, 

August 30 - September 3, 2004,  
1 person attending , 1 Oral presentation TS2.24.2, 16th WCNDT Book of Abstracts, p.42 
Ç Nonlinear Elastic Wave Spectroscopy of Polymer Samples With Laser Induced Cracks, Z. Prevorovsky, 

K. Van Den Abeele 
× 34th Internat. Conf. on NDT "DEFEKTOSKOPIE 2004", Spindlerův Mlyn, 3-5 November 2004, 3 oral 

presentations,  Proc. ed. by P.Mazal, CNDT 2004, ISBN 80-214-2749-3 
Ç Correction of AE signal parameters by neural networks, Chlada M., Prevorovsky Z., Vodicka J., 

pp.339-346 
Ç Calibration samples for nonlinear ultrasonic spectroscopy, Z.Prevorovsky, K. Van Den Abeele (Invited 

paper), pp.347-349 
Ç Wavelet transform utilization in dispersive laser-generated ultrasound signals processing, Blahacek M., 

Prevorovsky Z., Landa M., pp. 19-26 
× 26th European Conference on Acoustic Emission Testing "EWGAE 2004", Berlin, September 15-17, 2004, 

DGZfP-Proceedings BB 90-CD, ISBN: 3-931381-57-9, Lecture 66, pp. 645 - 654 
Ç Processing of AE signals in dispersive media,. M. Blahacek, Z. Prevorovsky, M. Landa 

× 35th  Internat. Conf. on NDT "DEFEKTOSKOPIE 2005",Znojmo,CR, November 8-10, 2005, 3 participants, 
3 oral papers, Proc. ed. by P. Mazal, ISBN 80-214-3053-2 
Ç AE source location in complex aircraft structure, Blahceek M., Chlada M., Prevorovsky Z., pp. 17-24 
Ç AE Source Localization and Emission Parameters Correction Using Neural Networks, Chlada M., 

Blaháček M., Převorovský Z., pp. 81-88 
Ç Effects of wave dispersion and attenuation in ultrasonic diagnostics of thin-wall aircraft structures, Z. 

Prevorovsky (Invited paper), pp.267-274 
× 3rd Internat. Workshop "NDT in Progress", Prague, October 10-12, 2005, 3 participants, 1 oral lecture, 2 

posters, Proc. ed. by P. Mazal 
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Ç Ultrasonic Signal Transfer in Thin Extended Aircraft Parts - Experiments and Modeling, Z. 
Prevorovsky (Invited paper), pp.332-339 

Ç Neural Network AE Source Location Based on Extracted Signal Features, Chlada M., Blaháček M., 
Převorovský Z., pp.55-62 

Ç Elastic wave propagation in complex aircraft structure, M. Blahacek, Z. Prevorovsky, M. Chlada, 
pp.47-54 

× 10th  IWNEM, Internat. Workshop on Nonlinear Elasticity of Materials, Taormina, Italy,  July 24 -30, 2005, 
1 participant, 1 oral paper 
Ç MD modeling of amplitude dependent spectral changes of elastic waves, T. Pour, Z. Prevorovsky, oral 

presentation by T. Pour 
× NATEMIS Topical Workshop on "Modeling Non-Classical Nonlinearity as Numerical support for Damage   
       Imaging Techniques in 2D", Dresden, Germany, June 9-10, 2005, 2 participants, 2 oral presentations 

Ç Molecular dynamics simulations of nonlinear effects caused by crack in pulse-loaded nanocrystal, Z. 
Prevorovsky, T. Pour 

× Internal Reports of ITASCR 
Ç M. Blahacek, Z. Prevorovsky, "Acoustic properties of aircraft structures", Research Report No. Z-

1356/05, ITASCR, Prague, January 2005 
Ç AE source location in aeronautical structures by using artificial neural networks, Blahacek M., Chlada 

M., Prevorovsky Z., Research Report No. Z-1374/05, ITASCR, Prague, December 2005 
Ç Stress wave propagation in aeronautical structures, Blahacek M., Chlada M., Prevorovsky Z., Research 

Report No. Z-1375/05, ITASCR, Prague, December 2005 
Ç Numerical simulations of elastic wave propagation in structural parts, Z. Prevorovsky, T. Pour, 

Research Report No.  Z-1376/05, ITASCR, Prague, December 2005 
Ç Construction of holder for piezoelectric pulser, B. Maugerard, Z. Prevorovsky, Report on 3-months 

Training Course Erasmus-Socrates, IT AS CR, Prague, UFC Besançon, August 2005 
× 9th European Conference on NDT "ECNDT 2006", Berlin, Germany,  September 25-29, 2006 

Ç Z.Prevorovsky. S. Dos Santos, Nonlinear Ultrasonic Spectroscopy Used to Crack Detection in Aircraft 
Wing Panel, Key Note Presentation and Abstract in  Book of Abstracts of the 9th ECNDT, Berlin, 
September 24-29, 2006. Full text in : NDT-Welding Bulletin,16(2), 2006 

× 27th  European Conf. on Acoustic Emission Testig "EWGAE 2006", 20-22 Sept. 2006,Cardiff, UK 
Ç M. Blahacek, M. Chlada, Z. Prevorovsky, AE Source Location Based on Signal Features, Proc. of the 

EWGAE 2006, ed. by R. Pullin et al, Trans Tech. Pub.l Ltd.,Cardiff,UK,  Sept.2006,  pp.77-82 
× 36th Internat. Conf. "DEFEKTOSKOPIE 2006", Tábor, CR 

Ç Z. Prevorovsky, Time reversal acoustics used to defect detection in structures, Proc of the 36th Internat. 
Conf. "DEFEKTOSKOPIE 2006", Tabor, November 7-9, 2006, pp. 327-329 

Ç Kvita P., Převorovský Z., The use of frequency mixing method for defect detection in aircraft parts, Proc 
of the 36th Internat. Conf. "DEFEKTOSKOPIE 2006", Tabor, November 7-9, 2006, pp. 299-306 

Ç Chlada M.: Experí detection of AE signal arrival,  AE, Proc. of the 36th Internat. Conf. on NDT 
"DEFEKTOSKOPIE 2006", Tabor, 7-9 November 2006, pp.91-100  

× XII International Workshop on Nonlinear Elasticity of Materials "IWNEM 2007", Ajaccio, France, June 2-
9, 2007 
Ç Localization of defects in complex structures by nonlinear wave modulation and time reversal., 

Prevorovsky Z. 
× 4th Internat. Workshop "NDT in Progress", Prague, November 5-7, 2007, 4 participants, 3 oral lecture, 1 

posters, Proc. ed. by P. Mazal, ISBN 978-80-214-3505-6 
Ç Nonlinear time reversal ultrasonic pseudo-tomography., Prevorovsky Z., Krofta J., Prevorovsky D., 

pp.128-134 
Ç Time differences uncertainty influence on AE source location accuracy, Blahacek M., 15-22 
Ç Expert AE signal arrival detection, Chlada M., pp.81-88 
Ç Numerical simulation of ultrasonic time reversal mirror in a plate with defect, Krofta J.,Prevorovsky Z., 

pp.259-264 
× 37th  Internat. Conf. "DEFEKTOSKOPIE 2007", Prague, November 7-9, 2007 

Ç Neural network architecture optimization for AE source recognition,  Chlada M., Blahacek M., 
Prevorovsky Z, pp. 297-304  

× Internat. Conf. NDE for Safety, Prague, Nov. 7-9, 2007 
Ç Nonlinear elastic wave spectroscopy as an effective tool for NDE of aeronautical structures, 

Prevorovsky Z.,  p.328 
 
6- VZLU 
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× AEROSPACE TESTING EXPO 2004 in Hamburg. AERONEWS leaflets were presented on the VZLU 
booth and distributed to interested research centers. 2 persons attending  

× AEROSPACE TESTING EXPO 2005 Europe, 5 - 7 April 2005, Hamburg. AERONEWS leaflets and other 
information were presented at the VZLU booth and distributed to interested visitors. 2 persons attending  

× 7th International Fracture Conference at Kocaeli University, Turkey. 
The AERONEWS leaflets was distributed to interested contacts on the occasion of the conference 

× 3rd Workshop "NDT in Progress  
J. Vrhel, Czech partners contribution to the AERONEWS EU Project; 3rd Workshop "NDT in Progress", 
Prague, Czech Republic, Oct. 10-12, 2005 

× 9th European Conference on NDT "ECNDT 2006", Berlin, Germany,  September 25-29, 2006 
Ç Detection of Inner Defects[Delaminating] in Composite Structures Using Ultrasonic Method, [UT] 

V. Horak, V Makarov 
Ç Advanced Integration of Non-destructive Testing During Laboratory Fatigue Test of Airframe Metal 

Parts, J. Behal, J. Vrhel    
 
7- GIP-U 
× 7th Joint Congress CFA-DAGA, Strasbourg, France, 22-25 Mars 2004 : 1 participant    with 2 oral 

presentations with proceedings:  
Ç Symmetry of Nonlinear Acoustics Equations Using Group Theoretic Methods: a Signal Processing Tool 

for Extracting Judicious Physical Variables, Serge Dos Santos, in Proc. Of the 7th Joint Congress 
CFA-DAGA, Strasbourg,   France, p. 549 

Ç Nonlinear Elastic Wave Spectroscopy (NEWS) Measurements of the NonlinearAcoustic Parameter: 
Applications in Quenched Metallic Samples, S. Dos Santos, F. Vander Meulen, L. Haumesser, M. Vila, 
J. Fortineau,  and O. Bou  Matar, in Proc. Of the 7th Joint Congress CFA-DAGA, Strasbourg,  France, 
p. 723 

× 9th International Workshop on Nonlinear Elasticity in Materials (9IWNEM), Karlskrona, Sweden, May 31- 
June 4, 2004 : 2 participants and 2 oral presentations without proceedings, only abstracts 
Ç Symmetry of Nonlinear Acoustics Equations Using Group Theoretic Methods: applications on 

Khokhlov-Zabolotskaya and Hysteretic Equations, Serge Dos Santos and Olivier Bou Matar 
Ç Phase Modulation in Nonlinear Elastic Medium, O. Bou Matar, S. Dos Santos, L. Haumesser and  F. 

Vander Meulen 
× IEEE International Ultrasonics, Ferroelectrics, and Frequency Control 50th Anniversary Joint Conference, 

24-27 August, 2004, Montréal, Canada :2 participants and 1 oral presentation with proceedings, p.930-933 
(2004) 
Ç Optimized Excitation Sources and Velocity Exact Solutions for Ultrasonic Field Propagation in a  

Nonlinear Medium With Hysteretic Behavior, S. Dos Santos, V. Gusev, L. Haumesser, F. Van der 
Meulen and O. Bou Matar 

× 3rd Workshop "NDT in Progress", Prague, Czech Republic, Oct. 10-12, 2005 
Ç T. Goursolle, S. Dos Santos, F. Vander Meulen and L. Haumesser,  « Contact Phase Modulation 

Measurements In Bilayer Solids Using Nonlinear Means », in Proc. of the 3rd Workshop NDT in 
Progress, edited by Pavel Mazal, ISBN 80-214-2996-8, p. 93-102 (2005), Invited paper  

× 17th International Symposium on Nonlinear Acoustics, State College, PA 
Ç O. Bou Matar, S. Dos Santos, J. Fortineau, T. Goursolle, L. Haumesser, F. Vander Meulen, 

“Pseudospectral simulation of elastic waves propagation in heterogeneous nonlinear hysteretic 
medium”, Proceedings of the 17th International Symposium on Nonlinear Acoustics, State College, PA, 
July 2005, in press 

Ç O. Bou Matar, M. Vila, F. Vander Meulen, L. Haumesser , J. Fortineau, T. Goursolle , S. Dos Santos, 
“Nonlinear Parameter Measurement for Nondestructive Evaluation of Solids : Calibrated Phase 
Modulation Method”, Proceedings of the 17th International Symposium on Nonlinear Acoustics, State 
College, PA, July 2005, in press 

× Joint Workshop of Russian Acoustical Society (RAS) and French Acoustical Society (SFA) in 
Moscow, Russia, Nov 13-18 2005 
Ç T. Goursolle, S. Dos Santos, F. Vander Meulen, L. Haumesser and O. Bou Matar. « Ultrasonic 

parametric imaging of metallic samples using nonlinear acoustic measurements », Proc. of  the Joint 
Workshop of SFA-SRA in Moscow, Russia, ISBN 5-89118-383-8, p : 120-128 (see announcement in J. 
Acoust. Soc. Am. 119 (2), p 678, 2006) (2005), Invited paper 

Ç L. Haumesser, O. Bou Matar, S. Dos Santos, F. Vander Meulen « Transmission through and reflection 
from a fluid elastic layer : quasi-linear », Proc. of  the Joint Workshop of SFA-SRA, Moscou (2005), , 
ISBN 5-89118-383-8, pp 75-80 (see announcement in J. Acoust. Soc. Am. 119 (2), p 678, 2006), 
Invited paper 
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× 8th French Congress of Acoustics CFA, Tours, France, April 2006 
Ç  T. Goursolle et S. Dos Santos, Modulation de phase dans les solides bi-couches : extension de la 

méthode autocalibrée de mesure du paramètre non linéaire, Actes du Congrès CFA, pp. 203-206 
(2006) 

Ç  O. Bou Matar, S. Callé, S. Dos Santos, T. Goursolle, P. Pernod et V. Preobrazhensky, Rétro 
focalisation d’ondes conjuguées en phase sur un objet présentant un fort contraste de non linéarité. 
Application au CND, Actes du Congrès CFA, pp. 355-358. (2006) 

Ç  S. Dos Santos, B.K. Choi, A. Sutin et A. Sarvazyan, Nonlinear Imaging based on Time Reversal 
Acoustic Focusing, Actes du Congrès CFA, pp. 359-362. (2006) 

Ç  S. Dos Santos et C. Plag, Analyse des symétries des Systèmes Non Linéaires : simplification des 
équations de propagation ; traitement du signal et méthode d'inversion de pulse à l'ordre 3, Actes du 
Congrès CFA, pp. 455-458. (2006) 

Ç F. Vander Meulen, L. Haumesser, S. Dos Santos, T. Goursolle, J. Fortineau et L.-P. Tran-Huu-Hue, 
Méthode expérimentale de caractérisation des non-linéarités d’un transducteur ultrasonore, Actes du 
Congrès CFA, pp. 505-508. (2006) 

Ç L. Haumesser, F. Vander Meulen, P. Maréchal, S. Dos Santos et O. Bou Matar, Etude théorique et 
expérimentale de la génération du deuxième harmonique à travers une plaque immergée, Actes du 
Congrès CFA, pp. 509-512. (2006) 

Ç S. Dos Santos et T. Goursolle, Analyse des Matériaux Fissurés par Focalisation Ultrasonore et 
Retournement Temporel Acoustique Non Linéaire, Actes du Congrès CFA, pp. 633-636. (2006) 

× 11th International Workshop on Nonlinear Elasticity in Materials (11st IWNEM), Sorrento, Italy, June 2006: 
2 participants with 2 oral presentations 
Ç Serge Dos Santos and Camille Plag,  Symmetry Analysis : a way to find how to excite and analyze a 

complex system. Applications for Imaging the Elastic Nonlinear Behavior of Solids  
Ç Serge Dos Santos, Thomas Goursolle, Samuel Callé, Olivier Bou Matar, Nonlinear Time Reversal 

Acoustics : Experiments and Simulations  
× IEEE Ultrasonics Symposium, Vancouver, Canada, October 2006 

Ç Thomas Goursolle, Samuel Callé, Olivier Bou Matar and Serge Dos Santos, Nonlinear Time Reversal 
Acoustics for Defect Localization: Numerical Study of Retrofocusing Properties 

Ç L. Haumesser, F. Vander Meulen, P. Maréchal and O. Bou Matar, Second harmonic generation through 
a plate immersed in water: theory and experiment 

Ç J. Fortineau, F. Vander Meulen, T. Goursolle and L. Haumesser, Experimental study of the nonlinearity 
from ultrasonic transducers 

× European Conference on Non-Destructive Testing, Berlin, ECNDT, october 2006 
Ç Z. Prevorovsky, S. Dos Santos, « Nonlinear Ultrasonic Spectroscopy Used To Crack Detection In 

Aircraft Wing Panel », keynote paper 
Ç O. Bou Matar, S. Dos Santos, S. Callé, T. Goursolle, S. Vanaverbeke, K. Van Den Abeele, Simulations 

of Nonlinearity Based Time Reversal Imaging of Damaged Materials 
Ç P.-Y. Le Bas, K. Van Den Abeele, S. Dos Santos, T. Goursolle, O. Bou Matar, Experimental Analysis 

for Nonlinear Time Reversal Imaging of Damaged Materials 
× ICU, Vienna, Austria, 9-12 Apil 2007 

Ç T. Goursolle, J. Fortineau, S. Callé, S. Dos Santos, Localized Ultrasonic Parametric Interaction near 
Cracked area in thin samples with Nonlinear Elastic Wave Spectroscopy-based Time Reversal 

Ç O. Bou Matar, S. Callé, T. Goursolle, S. Dos Santos, 3D Simulations of Nonlinearity based Time 
Reversal Imaging of Damaged Materials 

× 12th International workshop on nonlinear elasticity in materials (XII-IWNEM), 04-08 June 2007, Ajaccio, 
France.  
Ç T. Goursolle, J. Fortineau, S. Callé, O. Bou Matar,  S. Dos Santos,  “Improvement of Nonlinear Elastic 

Wave Spectroscopy with Time Reversal Acoustics: Numerical and experimental approache” 
× Int. Congress on Acoustics, Madrid, Spain, 2-7 September 2007 
× S. Dos Santos, P-Y Le Bas, K. Van Den Abeele, T. Goursolle,, O. Bou Matar,, M. Domenjoud,  TR-NEWS 

and NEWS-TR experiments for an imaging of the local nonlinearity in damaged aeronautic complex 
structures IEEE Ultrasonic Symposium  
Ç T. Goursolle, S. Dos Santos, S. Callé, and O. Bou Matar, 3D PSTD Simulations of NEWS-TR and TR-

NEWS Methods: Application to Nonclassical Nonlinearity Ultrasonic Imaging, in proc. of the IEEE 
Ultrasonic Symposium, New York, (2007) 

× NDT-in-progress, Prague, 5-7 November 2007 
Ç “ TR-NEWS and NEWS-TR: Imaging of Elastic Nonlinearity in Complex Structure Using Time Reversal 

Invariance “,S Dos Santos 
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8-  NDTExpert 
× AEROSPACE TESTING EXPO 2004 in Hamburg (30th of March to 1st of April) – the AERONEWS leaflet 

was presented on the NDTE booth and distributed to their industrial contacts (airlines, NDT laboratories and 
expertise centers, aircraft part  manufacturer) 

× AFRICA AEROSPACE AND DEFENCE 2004 in Pretoria -South Africa (21st to 25th  of September). 
AERONEWS leaflet was presented on the African NDT Center booth. 

 
9- IZFP 
× DGZfP Dach-Jahrestagung, Salzburg, Österreich, 17.-19.5.2004.  

Ç Ultraschall-Detektion von Klebeverbindungsfehlern und deren Auswirkungen auf die 
Beanspruchbarkeit der Verbindung, A. Koka, S. Hirsekorn, W. Arnold, J. Häberle, R. Hunke, M. 
Schlimmer 

× 7th European Adhesion Conference EURADH 2004, Freiburg, Germany, 5.-9.9.2004.  
Ç Calibration and Evaluation of  Nonlinear Ultrasonic Transmission Measurements on Thin Bonded 

Interfaces, S. Hirsekorn, A. Koka, S. Kurzenhäuser, W. Arnold, in "Adhesion – Current Research and 
Applications", Ed. Wulff Possart, WILEY-VCH, Weinheim, Berlin, 2005, 403-419. 

Ç Ultrasonic Detection of Adhesive Bonding Defects and their Influence on their Integrity upon Loading, 
A. Koka, S. Hirsekorn, S. Kurzenhäuser, J. Häberle, R. Hunke, M. Schlimmer and W. Arnold 

× 11th International Conference on Composites and Nano Engineering (ICCE-11), Hilton-Head Island, South 
Carolina, USA, Aug. 8-14, 2004.  
Ç Quantitative Nano-Scale Imaging of Elastic, Piezoelectric, and Frictional Materials Properties by 

Ultrasonic Modes of an Atomic Force Microscope, S. Hirsekorn, U. Rabe, M. Reinstädtler, K. 
Reinstädtler, M. Kopycinska-Müller, A. Caron, and W. Arnold 

× 9th International Workshop on Nonlinear Elasticity in Materials (9IWNEM), Karlskrona,  Sweden, May 31- 
June 4, 2004 
Ç Investigation of the Interaction Forces in Thin Bonded Interfaces by Nonlinear Ultrasonic 

Transmission, S. Hirsekorn, A. Koka, S. Kurzenhäuser, W. Arnold  
Ç Calibrated Measurements of Nonlinear Ultrasonic Transmission through Thin Bonded Interfaces, S. 

Kurzenhäuser, A. Koka, S. Hirsekorn, W. Arnold 
× 5. Kolloquium in der Klebetechnik, DVS, Düsseldorf, 15.-16.02.2005 

Ç US-Detektion von Klebverbindungen und deren Auswirkungen auf die Beanspruchbarkeit der 
Verbindung bei statischer und schwingender Beanspruchung, W. Arnold, A. Koka, S. Hirsekorn, M. 
Schlimmer, R. Hunke 

× 3rd Workshop "NDT in Progress", Prague, Czech Republic, Oct. 10-12, 2005 
Ç S. Hirsekorn, R. Haffner, W. Gebhardt, and W. Arnold, "Measurement and Evaluation of Nonlinear 

Ultrasonic Transmission on Adhesive Bonds", 3rd Workshop "NDT in Progress", Prague, Czech 
Republic, Oct. 10-12, 2005, Proceedings, ISBN 80-214-2996-8, 111-119. 

Ç P.P. Delsanto, S.Hirsekorn, and F. Pastrone, "The universality of nonclassical nonlinearity and 
applications to NDE", 3rd Workshop "NDT in Progress", Prague, Czech Republic, Oct. 10-12, 2005, 
Proceedings, ISBN 80-214-2996-8, 318. 

× Twelfth International Congress on Sound and Vibration (ICSV12), Lisbon (Portugal), 11-14 July 2005 
Ç Koka, S. Hirsekorn, S. Kurzenhäuser, R. Hunke, M. Schlimmer, and W.Arnold, "Detection of defects in 

adhesive bonds under static and dynamic loading using different ultrasonic methods", Twelfth 
International Congress on Sound and Vibration (ICSV12), Lisbon (Portugal), 11-14 July 2005.  

Ç S. Hirsekorn, S. Kurzenhäuser, A. Koka, and W. Arnold, "Nonlinear Ultrasonic Transmission 
Measurements and Destructive Tensile Tests on Thin Adhesive Bonds", Twelfth International Congress 
on Sound and Vibration (ICSV12), Lisbon (Portugal), 11-14 July 2005.  

× Internal Report 
Ç M. Schlimmer, W. Arnold, S. Hirsekorn, A. Koka, R. Hunke, "Zerstörungsfreie Detektion von 

Klebverbindungsfehlern mit Ultraschall und Untersuchung der Auswirkungen dieser Fehler auf die 
mechanische Beanspruchbarkeit der Verbindung", Schriftenreihe des Instituts für Werkstofftechnik der 
Universität Kassel, Hrsg.: M. Schlimmer, Forschungsbericht 1-2004, Shaker Verlag Aachen (2004).  

Ç S. Kurzenhäuser, "Prüfung der Haftfestigkeit von gefügten Aluminiumplatten mittels nichtlinearem 
Ultraschall und Vergleich mit zerstörender Prüfung im Zugversuch", Diploma Thesis, 
Naturwissenschaftlich-Technische Fakultät III, University of Saarland, Germany, and IZFP report Nr. 
040126-TW (2005).  

Ç R. Haffner, "Charakterisierung geklebter Bauteile durch nichtlineare Ultraschallübertragung", Diploma 
Thesis, Naturwissenschaftlich-Technische Fakultät III, University of Saarland, Germany, and IZFP 
report Nr. 050146-TW (2006).  
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Ç S. Tendayoudabany, "Charakterisierung geschädigter Bauteile durch nichtlineare 
Ultraschallübertragung", Project alfa core, Naturwissenschaftlich-Technische Fakultät III, University of 
Saarland, Germany, ongoing work (2006). 

× ECNDT, Berlin, 25.-29.09.2006 
Ç S. Hirsekorn, U. Rabe, and W. Arnold, "Characterization and Evaluation of Composite Laminates by 

Nonlinear Ultrasonic Transmission Measurements", ECNDT, Berlin, 25.-29.09.2006.  
× International Congerss on Ultrasonics ICU'07, April 9-12 2007, Vienna, Austria 

Ç S. Hirsekorn, U. Rabe, D. Rupp, and W. Arnold, "Linear and Nonlinear Contact Resonance 
Spectroscopy in Atomic Force Acoustic Microscopy", ICU'07, April 9-12 2007, Vienna, Austria 

Ç S. Hirsekorn, U. Rabe, and W. Arnold, "Characterization and Evaluation of Composite Materials by 
Nonlinear Ultrasonic Transmission Measurements", ICU'07, Vienna, Austria, April 9-12 2007. 

× 4th Workshop "NDT in Progress", Prague, Czech Republic, Nov. 05-08, 2007 
Ç S. Hirsekorn, U. Rabe, D. Rupp, W. Arnold, "Linear and Nonlinear Contact Resonance Spectroscopy 

in Atomic Force Microscopy", 4th Workshop "NDT in Progress", Prague, Czech Republic, Nov. 05-08 
2007. 

× Südwestdeutsches Mechanik-Kolloquium, Universität des Saarlandes, Saarbrücken, 24.11.2007 
Ç S. Hirsekorn, U. Rabe, D. Rupp, W. Arnold, Lineare und nichtlineare Kontaktresonanzspektroskopie 

mit dem Kraftmikroskop", Südwestdeutsches Mechanik-Kolloquium, Universität des Saarlandes, 
Saarbrücken, 24.11.2007. 

 
10- POLITO 
× 9th International Workshop on Nonlinear Elasticity in Materials (9IWNEM), Karlskrona, Sweden, May 31- 

June 4, 2004, 1 talk, only abstract 
Ç The Universality of Nonclassical Nonlinearity with application to material characterisation, P.P. 

Delsanto 
× Seminar: IZFP, Saarbrucken,  

Ç 2D model of the wave propagation in nonclassical nonlinear material specimens and application to 
NDE, P.P. Delsanto 

× 3rd Workshop "NDT in Progress", Prague, Czech Republic, Oct. 10-12, 2005 
Ç P.P. Delsanto, S.Hirsekorn, and F. Pastrone, "The universality of nonclassical nonlinearity and 

applications to NDE", 3rd Workshop "NDT in Progress", Prague, Czech Republic, Oct. 10-12, 2005.  
Ç A.S.Gliozzi “2D-Nonlinear models and simulations as  a tool for NDE in AERONEWS”, 3rd 

Workshop "NDT in Progress", Prague, Czech Republic, Oct. 10-12, 2005.  
× Twelfth International Congress on Sound and Vibration (ICSV12), Lisbon (Portugal), 11-14 July 2005 

Ç M. Nobili, F. Bosia, A. Gliozzi, M.Griffa, M. Scalerandi “Acoustic emission and nonlinear elasticity in 
fatigue induced damage”, Twelfth International Congress on Sound and Vibration (ICSV12), Lisbon 
(Portugal), 11-14 July 2005.  

Ç M. Nobili, A.Gliozzi, M. Hirsekorn, P.P.Delsanto “A 2D extension of the Spring model for the 
propagation in nonlinear hysteretic media”, Twelfth International Congress on Sound and Vibration 
(ICSV12), Lisbon (Portugal), 11-14 July 2005.  

Ç M. Hirsekorn, P.P.Delsanto, A.C. Leung, P. Matic “Modal Analysis and Wave Propagation Simulations 
in Locally Resonant Sonic Materials”, Twelfth International Congress on Sound and Vibration 
(ICSV12), Lisbon (Portugal), 11-14 July 2005.  

Ç F. Bosia, A. Gliozzi, M.Griffa, M. Nobili, M. Scalerandi, Acoustic emission and nonlinear hysteretic 
elasticity: a combined model, Twelfth International Congress on Sound and Vibration (ICSV12), 
Lisbon (Portugal), 11-14 July 2005.  

× 17th French Congres of Mechanics, August 28th - September 2nd 2005 
Ç M. Bentahar, R. El Guerjouma, M. Griffa, M. Scalerandi, “Méthodes émergentes en acoustique non-

linéaire pour le controle non destructif et le controle de santé des matériaux”, Proceedings of the 17th 
French Congres of Mechanics, August 28th - September 2nd 2005.  

 
11- UNINA 
× AIVELA 11-12 November 2004 - Napoli 

Ç  Impiego di tecniche di vibrometria laser nel campo dell’Health Monitoring con applicazione ad un 
pannello in materiale composito, I.Bovio, M. Della Ragione, L. Lecce 

× IEEE Aeroconf 2005 5-12 marzo Big Sky (Montana - U.S.A.) 
Ç Health Monitoring: new techniques based on vibrations measurements and identification algorithms, I. 

Bovio, L. Lecce   
× DAMAS 2005 4-6 July 2005  Poland  
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Ç Health Monitoring: new techniques based on vibrations measurements and identification algorithms on 
an aeronautical composite panel,    I.Bovio, M. Della Ragione, L.Lecce   

× EUCASS  2005  4- 7 July Russia 
Ç Health Monitoring of Aeronautical Structures based on Vibrations Measurements,  I. Bovio, L. Lecce 

× First World Congress on Corrosion in the Military (2005) 
Ç Bovio, L. Lecce, Health Monitoring of Aeronautical Structures based upon Vibration Measurements 

and Identification Algorithms, “First World Congress on Corrosion in the Military” (2005)  
× Congresso Nazionale AIDAA (2005) 

Ç Bovio, L. Lecce, Structural Health Monitoring (SHM): nuove procedure basate sull’utilizzo del 
vibrometro laser a scansione, Atti XVIII° “Congresso Nazionale AIDAA” (2005)  

× 7th Symposium on High Speed Marine Vehicle (HSMV)  2005 21-23 september  Naples (Italy)  
Ç Bovio, L. Lecce, Damage Identification and Health Monitoring of Composite Structures Using 

Vibrations Measurements and Piezoelectric Devices, 2005 HSMV Conference  
× 4th IEEE Conference on Sensors (2005) 

Ç P. Capoluongo, C. Ambrosino, S. Campopiano, A. Cusano, A. Cutolo, M. Giordano, I. Bovio, L. Lecce, 
Modal analysis and damage detection by Fiber Bragg grating sensors, 4th IEEE Conference on Sensors 
(2005)  

× KEM – Key Engineering Material   ISSN: 1013-9826, Damage Assessment of Structures  (Vol. 293-294) 
(2005).  
Ç Health Monitoring: new techniques based on vibrations measurements and identification algorithms on 

an aeronautical composite panel, I. Bovio, M. Della Ragione, L. Lecce 
× 2005 IEEE Aerospace Conference Proceedings ISSN: 1095-323X 

Ç Health Monitoring: new techniques based on vibrations measurements and identification algorithms. I. 
Bovio, L. Lecce 

× Smart Structures and Materials / NDE for Health Monitoring and Diagnostics SPIE 2006 Conference 
Proceedings 
Ç Health Monitoring of aeronautical structures based on vibrations measurements. I. Bovio, L. Lecce 

× XXIV IMAC Congress 2006 
Ç Impact Damage Monitoring in a Stiffened Composite Plate. Sauvik Banerjee, Fabrizio Ricci, Ernesto 

Monaco and Ajit Mal 
× SPIE 13th Annual Symposium on Smart Structures and Materials, March 2006 

Ç Autonomous Health Monitoring of a Stiffened Composite Plate. A. K. Mal, F. Ricci, S. Banerjee, E. 
Monaco, and L. Lecce 

× Adaptronic Congress 2006 
Ç Implementation of an Experimental System for Structural Health Monitoring in a Turboprop 

Commercial Aircraft using Piezoceramic Actuators and Sensors-  I. Bovio, G. Vannucchi, L. Lecce 
× 9th European Conference on Non-Destructive Testing (ECNDT 2006)  

Ç Innovative Method for Damage Identification and Structural Health Monitoring Based on Vibration 
Measurements - I. Bovio, M. Viscardi, L. Lecce 

× ICU, Vienna, Austria, 9-12 Apil 2007 
Ç ANN identification algorithms for structural health monitoring : system design and experimental  

experiences - I. Bovio, M. Viscardi, L. Lecce 
 
12- CSIC 
× 12th International Congress on Sound and Vibration (ICSV12), Lisbon  

Ç Campos-Pozuelo, I. Tinao and T.E. Gomez, Nonlinear effects in high-frequency fatigued metals, 12th 
International Congress on Sound and Vibration (ICSV12), Lisbon 11-14 July 05 

Ç Vanhille and C. Campos-Pozuelo, Strongly nonlinear elastic waves in metallic rods: a numerical study, 
12th International Congress on Sound and Vibration ( ICSV12 ), Lisbon 11-14 July 05 

× NATEMIS Topical Workshop on " Modelling Non-Classical Nonlinearity as Numerical Support for 
Damage Imaging Techniques in 2D", Dresden, Germany  
Ç Campos-Pozuelo,C.Vanhille and J.A. Gallego-Juarez, Hysteretical model for anomalous distortion in 

fatigued metals, NATEMIS Topical Workshop on " Modelling Non-Classical Nonlinearity as 
Numerical Support for Damage Imaging Techniques in 2D", Dresden, Germany 

× International Congress on Ultrasonics (ICU), Vienna, 9-13 Abril, 2007 
Ç I. Tinao,  C. Campos-Pozuelo, “Characterization of the nonlinear material behaviour of thin plates: 

Parametric resonance excitation in flexural vibrations” 
× 19th International Congress on Acoustics, ICA 2007, 3-7 September, Madrid-Spain  
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Ç "Experimental study of the influence of corrosion on the nonlinear elastic properties of metals" 
Ignacio Tinao Perez-Miravete, R. Rodríguez-Montejano,. C. Campos-Pozuelo. Proceedings of the 
International Congress on Acoustics 2007. CD-Rom, NLA-06-009-IP 

 
13- BR&TE 
× 6th International Conference on VIBRATION MEASUREMENTS by LASER TECHNIQUES. Organized 

by A.I.V.E.L.A. (Asoociazione Italiana Velocimetria Laser) at the Faculty of Engineering, Dipartimento di 
Meccanica, Universitè degli Studi di Ancona (ITALY) date: 21-25th June 2004, 1 participant from BR&TE, 
Passive attendance 

× Aerospace Testing Expo 2005, Europe, 5 - 7 April 2005, Hamburg.. 1 person of BR&TE attending  
× Attendance to the course: "Advanced Lecture Series on Structural Health Monitoring" at ETSI 

Aeronauticos, Universidad Politecnica de Madrid, 7-11 May, 2007 
× International Congress on Acoustics, ICA 2007, 3-7 September, Madrid-Spain  

Ç "Experimental study of the influence of corrosion on the nonlinear elastic properties of metals" 
Ignacio Tinao Perez-Miravete, R. Rodríguez-Montejano,. C. Campos-Pozuelo. International Congress 
on Acoustics, ICA 2007, 3-7 September, Madrid-Spain 

 
14- CSM and BodyCote 
× AEROSPACE TESTING EXPO 2004 in Hamburg (CSM - Exhibitor). AERONEWS leaflets were presented 

on CSM Materialteknik AB booth and distributed to their industrial contacts 
× Workshop “Swedish Research in Composite Materials”, SICOMP, Västervik, Sweden. May 4, 2004, 1 

presentation. 
Ç Potentials of Nonlinear Ultrasonic based technique for Inspection of Composite Structural Materials, 

Christophe Mattei 
× 9th International Workshop on Nonlinear Elasticity in Materials (9IWNEM), Karlskrona, Sweden, May 31- 

June 4, 2004, 1 person attending 
 
16- UNIVBRIS 
× 31st Annual Review of Progress in Quantitative Nondestructive Evaluation (QNDE), Golden, Colorado, 

USA, July 26-30, 2004 
Ç A.J. Hillis, S.A. Neild, B.W. Drinkwater and P.D. Wilcox, “Bispectral analysis of ultrasonic inter-

modulation data for improved defect detection”, “Review of Progress in Quantitative NonDestructive 
Evaluation”, (Eds. D.O. Thomson, D.E. Chimenti, Brunswick, MA, USA, July 2005), Vol.25, in press, 
2005/6.  

× 3rd European Workshop on Structural Health Monitoring (EWSHM), Granada, Spain, July 5th-7th,2006. 
C.R.P.Courtney, B.W Drinkwater, S.A. Neild and P.D. Wilcox, “Global Crack Detection for Aircraft 
Monitoring using Bispectral Analysis”. 

× 33rd Annual Review of Progress in Quantitative Nondestructive Evaluation (QNDE), Portland, Oregon, 
USA, July 3th-August 4th 2006. 

C.R.P.Courtney, B.W. Drinkwater, S.A.Neild and P.D. Wilcox, “The Factors Affecting the Sensitivity of 
the Ultrasonic Inter-modulation Technique“. 

× 9th European Conference on Non-Destructive Testing (ECNDT), Berlin, Germany, 25th-29th August, 2006. 
C.R.P.Courtney, B.W. Drinkwater, S.A.Neild and P.D. Wilcox, “Global Crack Detection using 
Bispectral Analysis”. 

× ICU, Vienna, Austria, 9-12 April 2007. 
C.R.P.Courtney, B.W. Drinkwater, S.A.Neild and P.D. Wilcox, “Ultrasonic Inter-Modulation Using 
Bispectral Analysis: Towards a Robust Practical Technique” 

× 19th International Congress on Acoustics, Madrid, Spain, 2-7 September 2007. 
C.R.P.Courtney, B.W. Drinkwater, S.A.Neild and P.D. Wilcox, “ Ultrasonic inter-modulation for 
global non-destructive testing ” 

 
17- UNOTT 
× Anglo-French Physical Acoustics Conference 2005, Le Havre, 19-20 January 2005, Passive attendance.  
× ECNDT2006, Berlin, 25.-29.09.2006 

T. Stratoudaki, M. Clark, and M.G. Somekh, "Novel Optical Transducers for Non-Linear Ultrasonic 
Applications", ECNDT, Berlin, 25.-29.09.2006. 

× Anglo-French Physical Acoustics Conference (2007), Frejus, France 
Collison I., Clark M., Somekh M.G. (2007) Investigating material nonlinearity using parametric 
interaction 
Stratoudaki T. X. Chen, Clark M. and Somekh M.G. (2007) CHeap Optical Transducers 
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× International Congress on Ultrasonics  2007, Vienna, 9-12 April 2007 
Collison I.J., Stratoudaki T., Clark M., Somekh M.G , “Measurement of elastic nonlinearity using 
remote laser ultrasonics with CHeap Optical Transducers and dual frequency Surface Acoustic Waves”  

Ç RCNDE Early Stage Researchers Meeting (2008), University of Nottingham, UK 
Stratoudaki T., Chen X., Clark M., Somekh M.G. (2008)  CHOTs: CHeap Optical Transducers 

 
18- CU 
× ICCST-5, Fifth International conference on composite science and technology, February1-3, 2005 Sharjah, 

United Arab Emirates, 1 persons attending, 1 talk published on CD 
Ç  Impact Damage identification on sandwich plates through Nonlinear Elastic Wave Spectroscopy, M. 

Meo, G. Zumpano, 
× II ECCOMAS Thematic Conference on smart structures and materials, Lisbon, Portugal, July 18-21, 2005 

Ç G. Zumpano,  M. Meo, ‘Damage detection in an aircraft foam sandwich panel using nonlinear elastic 
wave spectroscopy’ ,  

× Twelfth International Congress on Sound and Vibration, Lisbon, Portugal, 11-14 July, 2005 
Ç M. Meo, G. Zumpano, ‘Impact Damage monitoring in a sandwich panel through nonlinear elastic wave 

spectroscopy’ 
× First World Congress on Corrosion Monitoring, 6-8 June 2005, Sorrento, Italy 

Ç M. Meo, G. Zumpano, U. Polimeno, ‘Corrosion identification on an aluminium plate-like structure by 
monitoring the wave propagation phenomena’ 

× 10th International workshop on nonlinear elasticity in materials (X-IWNEM), 23-29 Jul. 2005, Taormina, 
Italy 
Ç Michele Meo, G. Zumpano, U. Polimeno, ‘On the effect of low-velocity impact induced damage on the 

non-linear elastic wave propagation phenomena in a composite panel.’ 
× 2nd World Congress on Engineering Asset Management and 4th International Conference on Condition 

Monitoring (WCEAM/CM), 11-14 June 2007, Harrogate UK. 
Ç Invited Lecture: R. Vignjevic, L.F. Kawashita, ‘Nonlinear ultrasonics in non-destructive evaluation and 

health monitoring of aircraft’. 
 
 
Several partners have the intention to participate in the following conferences in 2008-
2009: 
 
Ç Joint Meeting European Acoustical Association (EAA) and Acoustical Society of America (ASA), Paris, 

June 30- July 4, 2008 
Ç 13th IWNEM, 23-27 June 2008 
Ç 18th Int. Symp on Nonlinear Acoustics, Stockholm, 7-10 July 2008. 
Ç QNDE 2008, July-August 2008 
Ç 17th World  Conf. on NDT (17 WCNDT), Hong Kong, August 27-30, 2008 
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Section 3 - Publishable results 
 
Based on the technological development within AERONEWS in relation to the design of 
sensors and transducers, two patent applications are pending: one on NBOX technology 
(EXETER University) and one on CHOT’s (University of NOTTINGHAM). These 
applications are in the first stages of the process. 
The exploitable product fits is the domain of Ultrasonic Non destructive testing equipment. 
The sector(s) of application are Aeronautical & Civil engineering; Marine & Rail transport; 
Materials' Manufacturing; Inspection Pharmaceuticals; Food Industry. The Timetable for 
commercial use is 2008. 
The University of Naples is currently taking the necessary preparations to apply for a patent 
for their development of the MV-2/NDT, a distributed DT inspection system based on MV-2 
platforms and modified NDT-FRF algorithms. 
 
Several more than 50 peer-reviewed international publications have appeared or are in press on 
research work performed in the four years of the project. All the publications make appropriate 
acknowledgement to the AERONEWS project and the FP7 program. The consortium has also 
been represented by its partners in more than 70 international conferences and exhibitions, giving 
close to 200 lectures about the NEWS applications in the field of microdamage assessment and 
aeronautics. In the past and over the next years, several partners have been/are responsible for 
the organization of about 20 special sessions on NEWS applications at international conferences. 
The consortium also organizes university courses for undergraduate, graduate, PhD and research 
students. 
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