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Validation of AE-signalsrecorded with conventional Equipment using
3D-Scanning-L aser-Vibrometer

Albert ALBERS, Jochen SCHELL, Markus DICKERHOF*, Benjamin HESSENAUER,
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Abstract:

The work presented in this paper focuses on interpretation and explanation of AE
Signals recorded by means of piezoelectric AE Sensors. It isawell known fact that
AE signals are changing on their way from the source to the sensor. Especially the
spectral contents of the recorded signal and the source-signal are generally not the
same. Among the main influencing factors are the mechanical characteristics of the
solids the (ultra)sound waves travel through, of the sensor connection (coupling)
and of the sensor itself as a somewhat resonant system. For a better understanding
of the impact of these factors on arecorded signal a Polytec 3-D Scanning
Vibrometer for non-contact and non-reactive acquisition of three dimensional
vibration and surface wave data has been used on a geometrically simple structure
(steel cuboid) in combination with conventional AE measurement equipment (i.e. a
piezoel ectric sensor). The simple geometry of the chosen structure also alows for a
relatively reliable numerical calculation of its natural frequencies - at least in

the lower frequency spectrum - by means of amodal analysis using Finite Element
Methods. The paper contains comparisons of the recorded spectra and the cal culated
natural frequencies regarding emissions generated by "artificial” sources
(piezoelectric actuator) and "natural™ sources (friction generated by files).

Keywords: Acoustic Emission (AE), Modeling and Simulation, wave propagation,
practical applications, Tribological examinations
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Acoustic Emission Source Location in Plate-Like Structuresusing a
closely arranged Triangular Sensor Array

Dirk ALJETS*, Alex CHONG, Steve WILCOX,

* Department of Engineering, University of Glamorgan, CF37 1DL Pontypridd, United
Kingdom

e-mail: daljets@glam.ac.uk, phone: +44 (0)1443 483372

Abstract:

In order to identify the location of Acoustic Emission (AE) sourcesin large
plate-like structures it typically requires the use of at least three widely spaced
sensors. The distance between these sensors is defined by, for example, expected AE
intensity and attenuation of the signals. Thiswork will present a novel

configuration of the three sensors, which are installed in a closely arranged
triangular array with the sensorsjust afew centimetres apart. The algorithm

locates AE sources by determining the direction from which the wave is approaching
the array using the time of arrival and the distance the wave has travelled using

the wave mode separation. Tests were conducted on a composite (CFRP) plate with
anisotropic lay-up. In thiswork it is shown that the technique is able to

accurately identify the source location. The technique is particularly suitable for
Non-Destructive Testing (NDT) and Structural Health Monitoring (SHM) applications
where the close positioning of the sensors alows the array to be installed in one
housing to simplify mounting and wiring. It is expected that this sensor arrangement
could reduce the number of sensors needed to monitor large plate-like structures
compared to more conventional AE source location methods.

Keywords: Acoustic Emission (AE), structural health monitoring (SHM), localisation
of damage, composite materials
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I nfluence of specimen geometry on acoustic emission signalsin fiber
reinforced composites: FEM-simulations and experiments

Markus SAUSE*, Siegfried HORN,

*|nstitute for Physics, Experimental physik 11, University of Augsburg, D-86159
Augsburg, Germany

e-mail: markus.sause@physik.uni-augsburg.de, phone: +49821-5983238, fax:
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Abstract:

Acoustic emission signals recorded during failure of fiber reinforced composite
materials were investigated with pattern recognition techniques to obtain classes of
signals each with similar characteristics. Pattern recognition techniques in
combination with cluster validity indices allow afast and valid separation into
distinct types of signal classes. A valid correlation of these classes with failure
mechanismsin the material is amore difficult task. Thisis due to the complex
formation process of the acoustic emission signal, the dispersive propagation of the
excited elastic waves, reflections at the specimen boundaries and to the detection
process using a multi-resonant sensor. All these processes alter the inherent
acoustic emission signal characteristics associated with afailure mechanism and
have to be included in the signal analysis. To better understand the modifications
of the acoustic emission signals during propagation and detection we present a
finite element simulation approach for three experimental setups used for mechanical
testing of fiber reinforced composites. The simulation includes a micromechanical
model of the acoustic emission source, an anisotropic propagation medium and a model
of atypical broadband acoustic emission sensor. We discuss the influence of the
sensors aperture and the changesin its frequency sensitivity. The latter depends on
the elastic properties of the material the sensor isin contact with. Further we
compare simulations of typical failure mechanisms for geometries of flexural
testing, tensile testing and Gl c-testing with the respective acoustic emission

signals obtained in the experiment. In all three specimen geometries the inherent
characteristics of the source mechanism are distinguishable by characteristic
frequency parameters and can be used to identify the failure type.

Keywords: Acoustic Emission (AE), Modeling and Simulation, pattern recognition,
materials characterization, finite element simulation, fiber reinforced composites
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Acoustic Emission on-line I nspection of Rail Wheels

Athanasios ANASTASOPOULOS*, Konstantinos BOLLAS, Dimitrios PAPASALOUROS,

Dimitrios KOUROUSIS,
*Envirocoustics SA, 14452 Metamorphosis Athens, Greece
e-mail: nassos@envirocoustics.gr, phone: +30 210 2846 801-4

Abstract:
The ever-increasing demand for safer, faster and cleaner surface transportation such

asrailway, imposes heavy usage and loads on train axes and wheels. Such components,

during usage, are subjected to complex, fatigue loading, shock |oads, impacts,
bending, etc. and/or combinations of the above. Train wheel and axle failures while
train isin operation occasionally lead to catastrophic failures, possibly with

human victims. Within the scopes of an R&D project, aiming to develop novel
methodol ogies and techniques for the inspection of wheel sets, extensive Acoustic
Emission measurements have been performed on various trains and trams. In this set
up, AE sensors were mounted on the rail aiming to diagnose wheel problems by
monitoring the AE transferred through the rail in real-time and while the vehicles
were moving. The purpose of the trials was to investigate the usage of AE for
on-line detection of defects on wheels such as flats, bearing failures and possibly
significant cracks, and to establish optimum setup parametersin thisrespect. The
present paper presents the raw data and evaluation results from AE experiments on
train and tram wheels, (both healthy ones or containing known defects). During
measurements different AE sensors were placed the on the side of the rails while the
railcars or trams were passing at different speeds. The effect of sensors

frequencies and placement were investigated All different AE monitoring techniques
i.e. Time Driven Data, Hit Driven Data as well aslong (>10 sec.) waveforms were
acquired simultaneously. Data analysis involved both traditional AE features, source
location and digital signal processing of acquired waveforms. The Initial results
presented herein highlight the different AE behaviour for defected and non-defected
wheels, and indicate clearly the potential of AE as diagnostic tool. Furthermore
results shows that the availability of acquired long, continuous waveforms
significantly enhanced analysis capabilities, when combined with advanced AE DSP
software and pattern recognition analysis.

Keywords: Acoustic Emission (AE), pattern recognition, signal processing, railway,
quality control, software, Rail Axes Monitoring, AE Long Waveforms, Train Wheels
Inspection
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The use of acoustic emission testing on long term monitoring of
damaged component

Claudio ALLEVATO*,
* Stress Engineering Services, Inc., 77041 Houston, USA
e-mail: ca@stress.com, phone: 001 281 682 4682, fax: 001 281 955 2638

Abstract:

Conventional acoustic emission (AE) commercia applicationsin the USA focus on
assessing the structural integrity of pressure vessels and tanks. Even though there
isawide variety of newly developed advanced non-destructive techniques supporting
these assessments as an aternative to AE, the variety of situations under which AE
can be helpful continue to expand. This presentation aims at illustrating some new
applications of AE on our historically pressure vessel oriented focus.

Keywords: conventional AE, pressure vessels, monitoring, long term, damage, AE,
Cracks, aternative techniques
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Cost effective corrosion and fatigue monitoring (CORFAT)

Peter TSCHELIESNIG*, )
*Institute for Technical Physics, TUV AUSTRIA SERVICES GMBH, 1230 Vienna, Austria
e-mail: tsc@tuv.at, phone: 01610916671, fax: 01610916635

Abstract:

Corrosion damages and fatigue cracks are the main causes for structural failures of

all surface transport products like ships, road tankers and railway tank cars.

Examples are catastrophic ship accidents with a tremendous pollution of the maritime
environment or fatal explosions during the use of transport vehicles. Although
evolving defects have to be identified in time to enable appropriate repair,

preventive maintenance activities are usually carried out on time driven basis. As
example transport products for cargo like crude oil and pressurised gases have to be
taken out of service for visual inspection and sub-sequent non-destructive tests
(NDT). Findings have to be repaired later on. This procedure is time consuming and
expensive, especially the lost service time decreases the competitiveness of the
European transport industry. Despite this high effort the risk of not detecting the
onset of adefect is still implied in this maintenance process and thus failure

within the next service period may occur.  Within the presented EC-funded project
(SCP7-GA-2008-218637) a prospective overall strategy for the maintenance and
inspection, which is based on the results of AE-monitoring, and the necessary
AE-equipment for the different transport products will be developed. The partners of
this funded project represent many leading companies on their specific field of
expertise (NDT, AT, Inspection, Classification, Research (Universities and Public
Institutes, Maintenance, ship-yard). The partnersare: TUV AUSTRIA SERVICES
(Austria), Vallen Systeme (Germany), ABS Europe (United Kingdoms), BAM Berlin (D),
University of Thessaloniki (Greece), University of Gdansk (Poland) 1SQ (Portugal),
University of Krakow (Poland), Nuclear NDT (Romania), Reneko (Estonia) and Naval
Ship Yard Gdansk (Poland). The presentation shall point out the basic research and
developments, which were performed during the 1st part of the project. Within this
work the ability of AT for monitoring and different follow-up NDT methods were
proofed. The next steps for the adaptation of the methodology and their possible
implementation in the normal maintenance process will be declared.

Keywords: Acoustic Emission (AE), transport products, AE monitoring, condition
driven maintenance
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Online Monitoring of Hot Die Forging Processes Using Acoustic
Emission (Part-11)

Islam EL-GALY*, Bernd-Arno BEHRENS,

*|nstitute for Metal Forming and Metal Forming Machines (IFUM), Leibniz Universitéat
Hannover, 30823 Garbsen, Germany

e-mail: elgaly@ifum.uni-hannover.de, phone: +49 511 762 2427, fax: +49 511 762
3007

Abstract:

In part-1, the feasibility of using AE as an online monitoring technique for

industrial forging processes has been investigated. The investigation considered
monitoring the upsetting process of axis-symmetric specimens using a self-built data
acquisition and analysis system up to 500 kHz. Two magnesium alloys and an aluminium
alloy with three different geometries were used during these investigations. The
experiments were performed under different thermomechanical loading conditions
(temperatures, strains and strain rates). In addition, influences from machine

noise, sensor positioning was also investigated and the achieved results were
analysed. Inthissecond part, the investigation was performed in the range
400-1600 kHz using the high-end professional acoustic emission system AMSY-5 (Vallen
Systeme, Germany). In this second series of experiments, specimens of the same
geometries but of larger size have been used in order to allow more flexibility in

the loading scheme, assure minimum temperature drop during the test, facilitate both
macro and microstructure analysis and most important to deliver more AE energy to
improve the signal to noiseratio. Thefirst part of this paper is devoted to

describe the methodol ogy used to reduce the hydraulic machine noise and discusses
the different aspects considered during the choice of the front filters, adjusting

the acquisition parameters and setting up signal-selection / rejection criteria.
Thiswill be followed by the main results achieved during the upsetting of the Al

and Mg alloys specimens. Further, the methodology applied to correlate the obtained
AE patterns to the test parameters is introduced.

Keywords: Acoustic Emission (AE), Online Monitoring, Hot Die Forging, Mg Alloys,
High Strain Rate

NDT.net - www.ndt.net

Page 7



EWGAE 2010
29th European Conference on Acoustic Emission Testing 2010
Vienna, Austria, September 8-10, 2010

2010-09-08 15:15 Room: Wilhelm Neusser Room
Session: AE Methods and their Practical Applications 1

I nspection of the pressure vessel used in petrochemical with AE
examination

Victor GOMERA*, V. L. SOKOLOV, V. P. FEDORQOV, A.A. OKHOTNIKQOV, M.S. SAYKOVA,
*Kirishinefteorgsintez Ltd, 187110 Kirishi, Russia
e-mail: Gomera V_P@kinef.ru, phone: 78136897117, fax: 78136891289

Abstract:

Results of two pressure vessels AE tests done with 5 yearsinterval are discussed in
the paper. This experience shows the capabilities of condition monitoring of large
integral industrial object with time evolving metal structure defects. This approach
allows to define the main trends in defect devel opment process and to make a
decision about what kind of inspection should be done while object is under
exploitation or exploitation should be stopped.In paper is shown that AE testing is
able to determine the main factors of technological processing that cause the vessel
metal condition change.lt is presented that AE testing as an optimal inspection
method from point of time saving in getting information about large-size vessels
status. There are shown the results of same type defects development on the later
stages of the other vessels.

Keywords: Acoustic Emission (AE), complex parameter, pressure vessel, blistering,
lamination
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A Study on Failure behavior of CFRP Bolted Jointswith Cone Washers
by Using AE Monitoring.

Tsukasa KATSUMATA*, Y oshihiro MIZUTANI, Akira TODOROKI, Ryosuke MATSUZAKI,
*Tokyo Institute of Technology, 1528552 Tokyo, Japan

e-mail: tkatsuma@ginza.mes.titech.ac.jp, phone: +81-3-5734-3178, fax:

+81-3-5734-3178

Abstract:

Bolted joints are one of the common assembling methods for carbon fiber reinforced
plastic (CFRP) members. During bolt tightening of CFRP members, cracks or plastic
deformation likely occur around bolt holes when employing high fastening forces. To
prevent these kinds of damages, the fastening force is controlled in low level. When
an external joint load is applied to CFRP bolted joints, most of the external 1oad
istransmitted viaabolt. As aresult, CFRP failure around bolt holes occurs by

stress concentration, and the strength of a CFRP joint isreduced. To addressthis
problem, we have tried to gain friction force between CFRP members by increasing a
friction coefficient and a bolt-fastening force. To increase afriction coefficient,

we have inserted a thin sheet having a high friction coefficient between CFRP
members. On the other hand, to increase a bolt-fastening force without cause
damages, cone washer which was proposed in previous paper was utilized. In this
study, the joint strength and the failure behaviour of conventional and proposed

joint were examined by finite element method analyses with degradation rules. The
results show that the joint strength of the proposed joint was higher than that of
conventional joint and the failure behaviour was different from that of the
conventional joint. To investigate the joint strength and the failure behaviour of

the actual proposed joint, the single-lap joint tensile tests with AE monitoring

were conducted. The failure strengths of CFRP bolted joints with high-friction
sheets and cone washers were higher than those of conventional CFRP bolted joints.
Cumulative AE energy shows that the failure initiation load of the proposed joint
was higher than that of the conventional joint, and the failure behaviour of the
proposed joint was different from that of the conventional joint just like the

finite element method analyses.

Keywords: Acoustic Emission (AE), Composite, Bolted joint, Failure behavior
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AE monitoring in surfacetreatment of materials

Manabu ENOKI*,
*The University of Tokyo, 113 Tokyo, Japan
e-mail: enoki @rme.mm.t.u-tokyo.ac.jp, phone: +81-3-5841-7126, fax: +81-3-5841-7181

Abstract:

Ceramic thermal barrier coatings (TBCs) by atmospheric plasma spraying (APS) process
have been widely used to add good heat resistance to metal base materials. It is

well known that horizontal delamination cracks and vertical segmentation cracks
occur in the coating during the APS process and these cracks affect the reliability

of the coating. However, health monitoring of the APS processitself isvery

difficult because spraying machine emits large noise and high heat. In this study, a
new AE system was developed to detect the cracks during the APS process. This system
realized noncontact and noise resistance by utilization of laser interferometer and

our original continuous waveform measurement and analysis equipment. All AE signal
was continuously sampled and stored during the whole APS processing time. After
that, several types of noise were cut and both delamination and segmentation cracks
were detected from the continuous waveform by software signal processing.Shot
peening is also one of the surface treatment methods to improve the materials
properties such as fatigue strength by shooting of balls on the surface of products

in order to generate a compressive stress. However, there are afew researches on
guantitative evaluation between shot conditions and mechanical properties of

products, and the optimal shot conditions are determined through atry and error
process. In thisstudy, acoustic emission (AE) signals were measured during shot
peening and impact energy was evaluated in various shot conditions. AE source
location technique was very useful to estimate the impact location of shot balls and
also the number of impact was constituent with the detected number of AE signals.
The theoretical equation of energy dissipation ratio could predict the relationship
between impact velocity and detected AE amplitude. Quantitative source model for
impact was proposed and the energy balance for each impact was analyzed using the
inverse analysis of AE signals and experimental results of coefficient of

restitution.

Keywords: Acoustic Emission (AE), Shot peening, process monitoring, Thermal spray
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Correlation of Acoustic Emission And Fractographic Characteristics
During Fatigue Crack Development

Aleksandr URBAH, Andrew SHANIAV SKY, Sergef DOROSHK O*, Muharbij BANQV,
*|nstitute of Transport Machine Technologies (ITMT), Riga Technical University

(RTU), LV-1658 Riga, Latvia

e-mail: sergegjs.dorosko@rtu.lv, phone: (+371)-67089979, fax: (+371)-67089968

Abstract:

Traditional methods of non-destructive testing (NDT) are used to check the growth of
fatigue cracks on the final stages of their development, but in some cases they do

not ensure necessary safety level in the process of dangerous object operation. The
early detection of fatigue cracks may be performed by method of acoustic emission
(AE).Thisresearch was carried out for an aircraft undercarriage leg where afatigue
crack was grown from an artificial stress concentrator during cyclic loading. In the
process of testing, the AE signals were continuously recorded. After disruption, the
leg break was exposed to fractal analysis.The analysis showed that the crack was
growing irregularly. Particularly, its development practically stopped for several
times, which was related to the initial growth of multiple microcracks and their
consecutive amalgamation. Then all microcracks merged into asingle main crack.It
was observed that the total AE reflects the main stages of fatigue crack

development. Particularly, depending on the number of loading cycles, there have
been revealed several stagesthat differed by various velocities of AE accumulation.
AE velocity changes may be used to check failure initiation and main crack growth.
It is also shown that during the stages of quick crack development, AE signalsin

the loading cycle gradually become regular, which may be used to check the dangerous
growth of the main crack.On the final stage of testing, aresidual strength test was
carried out. It is shown that the measurement of AE activity makesit possible to
observe the crack development when the object of research is exposed to step-by-step
loading, besides it can be used to prevent bench overload during object disruption.

Keywords: Acoustic Emission (AE), fractographic analysis, acoustic emission, fatigue
crack
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Health monitoring of reinforced concrete slabs during seismic tests
using acoustic emission

Antolino GALLEGO*, Amadeo BENAVENT-CLIMENT, Juan M. VICO, Cristobal INFANTES,

Enrique CASTRO,
*University of Granada, 18071 Granada, Spain
e-mail: antolino@ugr.es, phone: +34 958249508

Abstract:

Under low-to-moderate intensity earthquakes, which are expected to occur several
times during the lifetime of abuilding located in an earthquake-prone region, the
reinforced concrete (RC) structures are designed to behave basically within the
elastic range. Y et concrete cracking is certain to occur, since the tensile strength

of this material islimited, and the cyclic reversals induced by the seismic action
cause deterioration of the bond between concrete and reinforcing steel, leading to
the dlip of the reinforcement. Techniques that can alert as to the state of damage

of a structure (concrete cracking and reinforcement slippage) without requiring
regular and costly uncovering work are highly advisable. This paper describes the
applicability of the AE (acoustic emission) technique for damage assessment of RC
flat slabs subjected to seismic loads. It presents and discusses the AE recorded
during a series of dynamic tests conducted with a 3x3 MTS shaking table installed at
the University of Granada. The specimen represents, at the 1/3 scale, aflat dab
supported on four box-type steel columns, and it was subjected to a simulation of
the Campano-L ucano earthquake recorded at Calitri (Italy). The correlation between
structural damage, expressed in terms of hysteretic strain energy, and the AE energy
isdiscussed; and finally, some bases for developing formulae to evaluate the level
of damage from AE measurements are suggested.

Keywords: Acoustic Emission (AE), Seismic Loads, Slab, Reinforced concrete, Damage

evaluation
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Fatigue Damage Analysis of Pultruded Glass Fiber Reinforced Materials
with Acoustic Emission M ethods

Mario GUAGLIANO*, Davide CRIVELLI, Daniele MARANGONI, Alberto MONICI,
* Dipartimento di Meccanica, Politecnico di Milano, 20158 Milano, Italy

e-mail: mario.guagliano@mecc.polimi.it, phone: (+39) 02 2399 8206, fax: (+39) 02
2399 8202

Abstract:

Pultrusion is a process for manufacturing constant-section composite profiles. This
technology allows to make parts through a matrix extrusion process, where the fibers
are pulled; this alows a good alignment of the fiber before the matrix polymerizes.
It is also a cost-effective and highly automated process. The material also alowsa
good rigidity/weight and strength/weight ratio. These features allowed to extend the
field of use of these materials also to civil structures, as bridges, industrial

sheds and anti-noise panels. However, the proliferation of these applicationsis
delayed by the limited knowledge on fatigue strength and damage modes of these
materials.For these reasons, an experimental study on pultruded materials has been
developed. A traditional fatigue testing plan was supported by acoustic emission
testing. Each specimen was monitored through all the test, recording acoustic
emission events. It was also possible to localize events and to predict failure
position thanks to the use of multiple sensors. Based on localization, it was

possible to follow the damage evolution and to appreciate the accuracy of the
measurements carried out by AE. A 3D atomography of a part of the damaged specimen
was made, making possible to correlate acoustic emission features (such as energy
and amplitude) to damage modes (fiber or matrix failure, fiber slipping and
delamination).Some structural monitoring criteria based on acoustic emission are
also proposed. This allows to perform field tests and to reduce non-operative times
due to inspectionsif afailure is detected: the localization methods may allow to

use more precise testing methods in the possible area of failure.

Keywords: Acoustic Emission (AE), acoustic emission, damage, fatigue, pultruded
materials
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Effects of Material Structure of Concrete on Acoustic Emission Signal
Parameters

Marta KORENSKA*, MonikaMANY CHOVA, Lubos PAZDERA,

*Faculty of Civil Engineering Physics Department, Brno University of Technology, 602
Brno, Czech Republic

e-mail: Korenskam@fce.vutbr.cz, phone: +420 541147657, fax: +420 541147666

Abstract:

The paper deals with the effect of matter structure of concrete on the behaviour of
acoustic emission. Concrete specimens made of several types of concrete structure
maodifications, having been prepared in compliance with the most frequent
requirements of building industry practice, made the subject of our experiments. The
specimens were subjected to flexural bending tensile load. The acoustic emission
method has been applied to study acoustic phenomena arising in the material under
test as a concomitant to the generation of micro-defects, which in turn results from
the application of an external load.Both intact specimens and specimens which had
been subjected to two different freeze-and-thaw degradation cycles were tested. The
frequency of the acoustic emission overshoots, as recorded in the course of the
measurements, has been processed using the cumulative curve method. Moreover, the
Kaiser effect and the Felicity effect have been analyzed and evaluated. Analyses of
our experiments furnish evidence for the acoustic emission signalsto be able to
reflect quite truly the degradation-induced crack generation and development
processes.Another parameter to follow up was the frequency spectrum of the different
acoustic emission events. It has been examined whether or not the frequency
components which are typical of corroded-armature specimens occur also in our
specimens. Frequency components which are significant for the armature corrosion and
its consequences have not appeared in frequency spectra of plain concrete
specimens.To verify the existence of correlation, if any, between the acoustic
emission parameter changes and the specimen structure integrity deterioration,
additional methods have been applied to the test specimens. Among them have been
both non-destructive methods (change in the ultrasonic impul se propagation velocity,
change in the dynamic modulus magnitude) and destructive methods (change in the
flexural tensile strength, change in the compression strength). Our check-out
measurements furnish evidence for the structure integrity deterioration to result

from mechanical and thermal stressing and confirm the acoustic emission parameters
to correlate with the material structure defect occurrence.

Keywords: Acoustic Emission (AE), frequency analysis, AE overshoot counts, flexural
tensile stress, Concrete beams
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Acoustic emission during three-point bending test of corroded
galvanized steel

Antolino GALLEGO*, Elisabet SUAREZ, Juan M. VICO, Cristobal INFANTES, Rosa

PIOTRKOWSKI,
*University of Granada, 18071 Granada, Spain
e-mail: antolino@ugr.es, phone: +34 958249508

Abstract:

The present paper addresses to a specific important technological topic like the
identification and evaluation of damage in corroded and not corroded galvanized
steel, analyzing particularly the effect of corrosion on this kind of coatings. With
this purpose, the behavior of hot dipped galvanized samples with different sizes and
submitted to three-point bending tests was studied. Acoustic emission was measured
with piezoelectric 150 kHz resonant sensors. After the tests, the AE signals were
analyzed by considering the AE classical features and applying the Ib-value index.

It was observed that just when the plastification of the samples occurs, the minimum
Ib-value is obtained. The study compares galvanized and black steel, and galvanized
steel with and without corrosion. The present paper is part of a program designed to
evaluate the adherence of commercia galvanized coatings obtained under different
conditions and then submitted to various corrosion processes, in order to understand
coating features related to adherence and to establish criteria for improving the
manufacturing process.

Keywords: Acoustic Emission (AE), Coatings, Galvanized steel, Corrosion, Bending
test
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Acoustic emission technique for delamination detection in CFRP
laminated materials

Antolino GALLEGO*, José MARTINEZ-JEQUIER, Angel VALEA, Francisco Javier JUANES,

Cristobal INFANTES,
*University of Granada, 18071 Granada, Spain
e-mail: antolino@ugr.es, phone: +34 958249508

Abstract:

Because of the wide application of composites in aerospace, civil engineering,

vehicle industries, and other mechanical structural components, the online damage
detection (Structural Health Monitoring) is necessary for safety. In particular,
fiber-reinforced laminate are the most used composites in this kind of applications.
The main goal of thiswork is the automatic detection of delaminations in carbon
fiber-reinforced polymer (CFRP) laminate composite materials, by means the acoustic
emission (AE) technique. Delamination between layers of alaminateis atypical and
important defect of the CFRP structures, usually produced by impacts. This paper
shows the results obtained in three points flexural tests carried out on samples of
31-layer carbon fiber-reinforced epoxi plates. Some samples were meaningfully
delaminated at a specific position by inserting a teflon film between two layers

during its preparation procedure before the curing in autoclave. Moreover, for
comparison reasons, samples made only with epoxi resine and a bundle of carbon
fibers were tested. Three kinds of AE sensors were tested: 150 kHz resonant,
multiresonant, and wideband sensors with avery flat response. The results show a
clear difference between the AE pattern of non-delaminated and delaminated samples.
Moreover, some AE features were tested during the AE analysis procedure, in order to
identify the AE signals produced by the delamination. The CFRP laminated were
fabricated in the factory of EADS-CASA from "Puerto de Santa Maria" (Spain).

Keywords: Acoustic Emission (AE), delamination detection, CFRP materials, Composites
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Diagnostics of high-voltage varistors by acoustic emission

Lech HASSE*, Leszek KACZMAREK, Janusz SMULKO,

*Faculty of Electronics, Telecommunications and Informatics, Department of
Optoelectronics and Electronic Systems, Gdansk University of Technology, PL 80-233
Gdansk, Poland

e-mail: lhasse@pg.gda.pl, phone: +48 58 347 1884, fax: +48 58 341 6132

Abstract:

Varistors are usually produced from ZnO cylindrically-shaped structures and their
quality depends on technological conditions at stages of their shape forming and
firing. Therefore according to the industry standards they should be tested at the
final stage of production measuring their leakage current at sufficiently high

voltage. These tests are expensive and time consuming. A new method of
non-destructive varistor testing before contact metallization is strongly needed. We
have tried to use an Acoustic Emission (AE) phenomenon for this purpose.ln the
experimental phase some pieces of varistor structures before metallization for 280
V, 440V and 660 V have been accurately selected from two sets of samples: good
quality and produced with defected structure ones. They had each other quite
different alternative parameters and characteristics (nonlinearity index, structure
parameter tested by resonant ultrasound spectroscopy, granulation observed by Atomic
Force Microscope)) deciding on their quality. The samples was measured using
specially prepared system with linearly varied in time mechanical stress enabling to
register the ultrasonic signals emitted during pressing the ZnO sample and detected
by piezoelectric sensor and Vallen AMSY -5 recorder. The system registered in
parallel the signal from the extensometer circuit proportional to the value of
comprehensive stress. The measuring system will be described in detail in the
paper.The characteristic AE signals as harmonic oscillations modulated in amplitude
had local maximain power spectral density about 300 and 500 kHz. Samples with good
quality emitted ultrasonic signals with energy more linearly dependent on load than
items having defected structure. Detailed, extensive results of AE measurements and
compared with other methods results will be presented in the paper.

Keywords: Acoustic Emission (AE), high-voltage varistor, diagnostics
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High temperature pressur e vessels monitoring by acoustic emission
technique

Catherine HERV é*, Fethi DAHMENE, Abdelouahed LAKSIMI, Said HARIRI, Lionel
JAUBERT, Mohammed CHERFAQUI,

* Département Equipements sous pression et Ingénierie de I’ Instrumentation, Centre
Technique des Industries Mécaniques (CETIM), 60304 SENLIS, France

e-mail: Catherine.herve@cetim.fr, phone: +33 344 67 34 58, fax: + 33 344 67 33

52

Abstract:

The acoustic emission monitoring of pressure equipment operating at high
temperature, presents areal challenge, given the complexity of interpreting the
signals emitted by the structure and cost of implementation. The high temperature
sensors are much less sensitive than standard sensors and their cost is very high.
The use of waveguides, which allows the use of standard sensors, is an alternative
to high temperatures sensors.The acoustic emission monitoring of this equipment
requires firstly a good understanding of damage mechanisms involved and their mode
of evolution and secondly, the knowledge of temperature effect on the propagation of
acoustic wavesin materials, in order to properly correlate the acoustic emission
data with the defects actually detected in the structure.In the first part of the

study, the temperature effect on Lamb waves propagation on two different materials
(carbon steel and stainless steel) has been studied by using wave guide for the
coupling of the sensor on the material. The correlation between experimental results
and theoretical values calculated from dispersion curves of Lamb waves according
temperature are showed.In the second part, mechanical tensile tests have been
performed at different temperatures, for the two materials, in order to identify and
characterise by acoustic emission the specific mechanisms occurring at different
temperature stage.Cracking tests hel ped to identify the manifestation of the
phenomenon of Portevin-Le Chatelier "PLC" in certain temperature ranges, for both
materials studied, leading to a propagation of the crack by 'burst’. The analysis of
acoustic activity in terms of rate, energy and also in terms of cumulative number of
counts, are an effective way to detect the phase of damage and its advanced stage.
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Monitoring of acoustic emission SIGNAL of loaded axial bearings

Filip HORT*, Pavel MAZAL, FrantiSek VLASIC,

*Faculty of Mechanical Engineering, Institute of Machine and Industrial Design, Brno
University of Technology, CZ 616 69 Brno, Czech Republic

e-mail: yhortfOO@stud.fme.vutbr.cz, phone: +420 777 583 037, fax: +420 541 143 240

Abstract:

The disclosure of initial stadium of contact fatigue of rotating machinesis very
difficult. At present, some methods which are suitable for diagnosis exist, such as
vibration method, shock pulse method, acoustic emission and others. The article
describes laboratory tests with axial bearings which are monitored by acoustic
emission method.In the article the experimental stands, measuring devices and chosen
types of axial bearings are presented. The exploitation of acoustic emission signal

for the lifetime evaluation of selected bearings is shown with the characteristics

as number of counts, rise time, maximal amplitude or duration of event. The bearing
lifetime is separated to three stages and a representative sample in its time and
frequency domain for each of them is chosen. Final failures of the bearings are

shown too. The paper is focused also on examples of results obtained with continuous
AE signal sensing.

Keywords: Acoustic Emission (AE), frequency domain, time domain, rise time, axial
bearing, acoustic emission
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Study of metal hydride electrodesfor Ni-MH batteries by acoustic
emission

Hassane IDRISSI*, Aurelien ETIEMBLE, Lionel ROUE,

*Laboratory MATEIS - Team Ri2S, INSA-Lyon, 69621 Villeurbanne, France
e-mail: hassane.idrissi @insa-lyon.fr, phone: +33 4 72 43 89 20, fax: +334 72 43
87 15

Abstract:

The study of the pulverization of metal hydride (MH) electrodesis essential for
optimizing their performance in Ni-MH batteries. In this context, in-situ monitoring
of the pulverization of MgNi and LaNi5-based alloys have been studied during their
charge by coupling acoustic emission and electrochemical measurements. In both
alloys, two populations of acoustic signals were detected during their charge: (i) a
P1 population related to the MH particle cracking and characterized by short rise
time (

Keywords: Acoustic Emission (AE), Hydride materials, acoustic emission, hydrogen
embrittlement, batteries Ni-MH
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Introduction to the mechanical characterization of reinforced plastic
materials using the Acoustic Emission Technique

Francisco Javier JUANES*, Angel VALEA, Antolino GALLEGO, José MARTINEZ-JEQUIER,
M. L. GONZALEZ,

*The University of the Basque Country (UPV/EHU), 48012 BILBAO, Spain

e-mail: javier.juanes@ehu.es, phone: 946014342, fax: 946014300

Abstract:

Fiber-reinforced composites are extensively used as components in the manufacturing
of various structures such as high-pressure-vessel s, aerospace structures, marine
vessels, transmission shafts in automobiles, support structures, etc. The aim of
thiswork isto study the application of the Acoustic Emission (AE) technique when
isused in the laboratory to characterize the mechanical behaviour of areinforced
composite material. Composite materials can produce different kind of acoustic
emission when they are stressed. In the case of organic composite materials the
specific mechanisms that can produce this emission are the fracture of the fiber,

the interfacial delamination of the fiber, the plastic deformation of the matrix and

the interlaminar delamination. In thiswork a mechanical test, using tensile

loading, was performed in order to establish any reasonable relationship between the
failure mechanisms and the AE. The analyzed specimens were obtained mixing an epoxy
resin (DGEBA) with a diamine and some specimens were reinforced with glass fiber.
All of them were postcured at high temperature in order to obtain a highly rigid
material.In thiswork we will analyze different combination of some acoustic
parameters in order to interpret the obtained results and to characterize the
(micro)mechanical eventsinto the composite. It is expected that polymeric materials
emit sounds with lower amplitude and longer duration than the inorganic fibers used
as reinforcement. More over, in the case of the energy, the sounds emitted in the
process of cracking of the matrix is hoped to give lower energy values than the

fiber ones. We will study the distribution of AE results when they are showed in
different combination of parameters (Amplitude, Duration, Energy, frequency, etc).

Keywords: Acoustic Emission (AE), fiber, epoxy, mechanical characterization,
Acoustic emission
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Ultrasonic C-Scan I maging of Porcelain Tiles

SemraKURAMAY*, Elif EREN,

* Department of Materials Science and Engineering, Anadolu University, 26555
Eskisehir, Turkey

e-mail: skurama@anadolu.edu.tr, phone: 00 90 222 323 95 01

Abstract:

Traditional methods of quality control are difficult to use when many affective
factorsin the event of defect evolution. Ultrasonic testing is one of the most

widely used NDT techniques for quality control because of its relatively inexpensive
cost and appropriate data for decision. Ultrasonic material analysisis based on a
simple principle of physics: the motion of any wave will be affected by the medium
through which it travels. It would be advantageous to detect defectsin short time
and nondestructively. In this paper, C-scan ultrasound was employed to detect
defects of porcelain tiles. To this purpose, different size and sort defects were
imbedded in standard porcelain tile granules before pressing. After sintered at
1200°C, tiles were inspected with ultrasonic C-scan system which provides
two-dimensional presentation of defect-distribution. An immersion and 6-12 MHz
frequency focused transducer was used to differentiate defects. Place of different
sized duminum foils, paper, different shaped plasticsin tiles were determined and
their sizes were measured.

Keywords: Acoustic Emission (AE), Ultrasonic, C-scan, defect detection, porcelain
tile, quality control
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Analysis of fractureresistance of tool steels by means of Acoustic
Emission

EvaMARTINEZ*, Ingrid PICAS, Daniel CASELLAS, Jordi ROMEU,
*Laboratori d’ Enginyeria Mecanica (LEAM), Universitat Politécnica de Catalunya
(UPC), 08036 Barcelona, Spain

e-mail: evamartinez@leam.upc.edu, phone: 0034 934 137 347

Abstract:

The usage of advanced high strength steels (AHSS) in structural automotive
components has been broadened in the past few years to satisfy the strict
specifications of the automotive industry. Besides showing excellent strength to
eight rations, AHSS have severa limitations due to the high loads required in cold
forming and cutting tools, which decrease considerably the tooling performances.
Therefore, these important forces of impact provoke unforeseen breakage of the
dies.The aim of thisresearch isto study the micromechanical behavior and fracture
mechanisms (nucleation and crack propagation) during fracture of tool steels using
the acoustic emission (EA) technique. To do that, bending testing specimens of
different tool steels were monitored in order to establish a relationship between AE
signals and their mechanical behavior (carbide breakage, cracks emanating from them
and crack propagation through the metallic matrix).

Keywords: Acoustic Emission (AE), pattern recognition, automotive, materials
characterization,
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Acoustic and electromagnetic methods for wood

Markku TIITTA*, Jelle VAN DER BEEK, Reijo LAPPALAINEN, Laura TOMPPO,
*Dept. of Physics and Mathematics, University of Eastern Finland, 70210 Kuopio,
Finland

e-mail: markku.tiitta@uef .fi, phone: +358 40 3552 077, fax: +358 17 162 585

Abstract:

The basis of our work was to examine the relations between the wood properties and
the responses of non-destructive methods with emphasis on spectroscopic analyses of
distributions and gradients. The main goals were to develop improved methods and
equipment for monitoring and characterisation of the internal properties of

wood. Acoustic emission technique has been studied especially for monitoring wood
drying. Electromagnetic spectral techniques have been studied including frequencies
from mHz to GHz region. Electrical impedance spectroscopy (EIS) based methods have
been studied using electrical model analyses for evaluation of moisture content and
moisture gradient. Novel electrical models and techniques were studied and portable
El'S equipment was developed for moisture gradient analysis. Combination of acoustic
and EIS method has been studied for monitoring drying of wood including different
types of heat modifications. A new method and a prototype have been developed. The
method is based on using electrical method for moisture gradient monitoring and
acoustic emission method for detection of micro-cracking during wood drying. In the
method, electrodes are used to create electric field in drying wood and measure the
electric complex spectrum using the impedance spectroscopy method while at the same
time measuring acoustic emissions from drying wood. When the responses are
determined at the same time, it is possible to estimate both the main reason for the
drying stresses (moisture gradient) and the outcome (micro- and macro-cracking).

Thus the results may be used to advantage in controlling drying in order to achieve
wood products of high quality.

Keywords: Acoustic Emission (AE), electrical impedance spectroscopy, drying, Wood
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Comparison of Acoustic Emission Signal and X-Ray Diffraction at
Initial Stages of Fatigue Damage

Frantisek VLASIC*, Pavel MAZAL, Filip HORT,

*Faculty of Mechanical Engineering, Brno University of Technology, CZ 616 69 Brno,
Czech Republic

e-mail: yvlas01@stud.fme.vutbr.cz, phone: +420 541 143 240, fax: +420 541 143 231

Abstract:

This paper deals with evaluation of degradation processes, which occur at cyclic
loading of samples of Al alloy EN AW-2017. Two basic NDT procedures - acoustic
emission method and X-ray diffraction topography were used for detection of
microstructure changes during stages of fatigue damage cummulation and microcracks
initialization. These measurements were completed with analysis of loading frequency
changes of the fatigue test device. AE signal records obtained with use of the newly
developed AE analyser with continual recording of signal are commented in detail.
Compared to the up to date commonly used AE analyser devices, the major advantage of
thistype of analyser isthat it is capable of continually sampling and storing the

whole AE signal for aslong as there is space to store it. The acoustic emission

method identifies changes passing in the material during the damage accumulation
period. Here the main problem isto define the type of changes, of course. When
identifying these sources of acoustic emission, monitoring the structure by means of
X-ray diffraction is avery significant source of information. The results of

presented experiments indicate the connections between changes of acoustic emission
signal and changes of so called mosaic blocks of the crystal structure identified by
means of X-rays.

Keywords: Acoustic Emission (AE), auminum alloy, X-ray diffraction, fatigue bend
test
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Damage detection in a multilayer composite tube by guided waves
ultrasonic testing

Slah YAACOUBI, Salah RAMADAN?*, Daniel CHAUVEAU,

*|nstitut de Soudure Enseignement et Recherche, 57970 Y utz, France

e-mail: sramadan@institutdesoudure.com, phone: +33 3 8288 7952, fax: + 33 3 8259
8645

Abstract:

The tubes are used in several application areas. They are found in petroleum,
chemical, nuclear ... These tubes, usually metal, are heavy to carry. In addition,

they are subject to damage primarily related to the development of the genera
corrosion in their surfaces. The Multilayer Composite Tube (MCT) is always seen as
the best substitute. Despite these qualities well recognized, it does not escape the
rules and standards of quality and safety. The Nondestructive Testing (NDT) of these
structures is of prime necessity in order to ensure their functionality and

durability in service. The Guided Wave Ultrasonic Testing (GWUT) iswell suited
technical for the health monitoring to this type of geometry structures. These
performances of GWUT are relatively limited especially when the structureislarge
and/or very thick. In the present work, we succeeded with this technique to detect

an artificial damage induced in aMCT (10mm section thickness). Promising results
for inspection of thicker structures will be exposed

Keywords: quality control, localisation of damage, damage detection, Guided Wave
Ultrasonic Testing
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Acoustic Emission method as a Compar ative Tool for Results Obtained
Using Impedance Spectroscopy - Applied for Cementing Compound
Specimenswith Various Capillary Porosity L evels

Lubos PAZDERA*, Ivo KUSAK, Miroslav LUN&K,

*Fac. Of Civil Eng., Dept. of Physics, Brno University of Technology, 602 Brno,
Czech Republic

e-mail: Pazdera L @fce.vutbr.cz, phone: +420 541147657, fax: +420 541147666

Abstract:

The paper deals with an application of the acoustic emission method to cementing
compound specimens featuring different capillary porosity levels. The experiment has
been intended to contribute another method of checking the impedance-spectroscopy
method results. The different capillary porosity levels of the cementing compound
have been confirmed and distinguished successfully

Keywords: Acoustic Emission (AE), Polarization Losses, Loss Factor, Conductivity
L osses, Dielectric Losses, Impedance Spectroscopy, Acoustic Emission
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Use of advanced signal processing technique for analyzing the
Acoustic Emission signatur es from mechanical transmissions

Babak EFTEKHARNEJAD*, David MBA,
*School of Engineering, Cranfield University, MK43 Bedford, United Kingdom
e-mail: b.eftekharnejad@cranfield.ac.uk, phone: +44 (0) 1234 754681

Abstract:

The application of Acoustic Emission (AE) in condition monitoring of rotating
machines has been well documented. The majority of research works in thisfield has
involved the use of conventional time domain analysis for processing the AE signals
from the machines and there has been little attention given to application of more
advanced signal processing methods. This research presents the several case studied
in which some advanced signal processing techniques such as Wavelet and Spectral
Kurtosis (SK) has been applied to offer improved diagnosis.

Keywords: Acoustic Emission (AE), wavelet, signal processing, fatigue damage,
structural health monitoring (SHM), Condition Monitoring, Acoustic Emission, Gear,
Bearing
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Use of AE monitoringin laser cutting and resistance spot welding

Janez GRUM*, Tomaz KEK,

*Faculty of Mechanical Engineering, University of Ljubljana, 1000 Ljubljana,
Slovenia

e-mail: janez.grum@fs.uni-lj.si, phone: +386 1477 12 03, fax: +386 1 477 12 25

Abstract:

Laser cutting and resistance spot welding are frequently used of techniquesin
automotive industry and production of white goods. The paper describes possibilities
monitoring process quality of laser cutting and resistance spot welding based on
measured AE signals. The results of AE signals measured during and after laser

cutting are shown. The measured results confirm that laser cut quality based on
measured AE signals could be predicted. It is shown that different conditionsin

laser cutting front influence the laser cut quality and consequently measured AE
signals. Also continuous AE signals during current flow in RSW are analyzed.

Selected welding parameters often cause excessive energy input which leads to
excessive heating of welded material that can cause unwanted expulsions and

electrode tips damages. Thisiswhy users want different sensor why systems to

monitor and control the welding process to attain optimal conditions. In the paper
continuous AE signal during current flow were analyzed in time and frequency domain.
AE waveform during current flow at RSW with expulsion of material and simultaneous
changes of electrical parameters that characterize the welding process was studied.

Keywords: Acoustic Emission (AE), RSW, burst emission, continuous emission, |aser
cutting, PZT sensor, dross
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Propagation of Acoustic Emission and Acousto-ultrasonic Wavesin Wood
Materials

Sumire KAWAMOTO*, Makoto KIGUCHI, Y utaka KATAOKA, Masahiro MATSUNAGA, Masahiko
KOBAYASHI, Sabine ROSNER, Shogo OKUMURA,

*Forestry & Forest Products Research Institute, 3058687 Ibaraki, Japan

e-mail: sumire@affrc.go.jp, phone: +81-298733211 , fax: +81-298743720

Abstract:

Acoustic emission (AE) and acousto-ultrasonic (AU) signal waves depend on the
character of the wave source where a deformation or crack is generated and

properties of the material through which the wave propagates. In wood, the species,
anisotropy, moisture content, and natural variability affect attenuation of AE/AU
waves. Differencesin AU propagation properties in wood were observed in Japanese
larch (Larix leptolepis Gord.) and red lauan (Shorea sp.). Breaking of pencil lead

was used as an artificial AE source and broadband (0.1 — 1 MHz) AE transducers were
used to measure one-dimensional AU wave propagation. For observing two-dimensional
propagation, resonant AE transducers, a 150-kHz transmitter, and a 150-kHz receiver
were used. Longitudinal components of AU waves arrived first, followed by
transverse-wave components. These components were distinguished clearly only in
longitudinal propagation. Attenuation was greater for transverse waves than for
longitudinal waves. The features of AU wave forms that traveled the same distance in
the same specimen differed with the alignment of the AE transducers. The attenuation
of AE/AU waves as they propagated through wood was illustrated by schematic contour
maps of AU signal amplitudes. In Japanese larch, AU waves propagated along the
grain, primarily through the latewood. The longitudinal attenuation of AU waves was
affected by wood density, primarily by microfibril angle. Attenuation of AU waves
was greater in red lauan than in Japanese larch because of the absence of latewood.
Attenuation was also greater in water-soaked red lauan.

Keywords: attenuation, acousto-ultrasonics (AU), wood drying
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Application of acoustic emission method for brickwork diagnostics

Alexander SAGAIDAK*, S. V. ELISAROQV,

* Research and Development Institute for Concrete and Reinforced Concrete, 109428
Moscow, Russia

e-mail: Sagaidak-niizhb@mail.ru, phone: +7-499-174-74-07, fax: +7-499-174-74-07

Abstract:

Acoustic emission (AE) method becomes more and more widespread in construction
industry. Also it is necessary to develop and standardize new methods of
non-destructive testing which enables evaluation tests for anchorsfixed in
brickwork. This paper describes practical application of the acoustic emission and
cyclic loading method to evaluate |oad-carrying capacity of an anchor fixed in the
brickwork.

Keywords: Acoustic Emission (AE), anchoring binding, cyclic loading, destruction, AE
emission, brickwork diagnostics
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Quality Prediction of Foil Capacitorsby Acoustic Emission Signals

Janusz SMULKO*, K. J6ZWIAK, M. OLESZ, Lech HASSE,

*Faculty of electronics, Telecommunications and Informatics, Department of
Optoelectronics and Electronics Systems, Gdansk University of Technology, 80 Gdansk,
Poland

e-mail: jsmulko@seti.pg.gda.pl, phone: +48 58 348 6095, +48 665 026 144, fax: +48

58 341 6132

Abstract:

Quality and endurance of foil capacitors is determined by their working conditions
and potential failures made at various production stages. New, cheap and fast
methods of element quality prediction are strongly recommended. The paper presents
the measurement results of an acoustic emission signal induced by mechanical stress
of capacitor wound foil as aquality indicator. A modified method of capacitors
quality is presented. The method allows to detect whether the metalized foil is not
properly adjusted to the sprayed metalized contact heads. A tested capacitor is
polarized by electric pulses having a repetition frequency about tens of kHz.
Vibrations are caused by electrostriction within continuously depolarized dielectric
layers of the wound foil and can be measured by an acoustic sensor attached slightly
to the capacitor enclosure.

Keywords: Acoustic Emission (AE), quality control,
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Characteristics of Acoustic Emission from Impact-Damaged CFRP
Pressure Vessel during Pressurization Test

Sota SUGIMOTO*, Y oshihiro MIZUTANI, Akira TODOROKI, Ryosuke MATSUZAKI,
*Tokyo Institute of Technology, 1528552 Tokyo, Japan

e-mail: ssugimot@ginza.mes.titech.ac.jp, phone: +81-3-5734-3178, fax:
+81-3-5734-3178

Abstract:

This study examined the applicability of acoustic emission method for the impact
damage evaluation of CFRP pressure vessels. AE signals were detected during pressure
proof tests of a CFRP pressure vessel before and after the impact test. The impact

test was conducted by using a drop-weight impact tester. After the impact test, AE
event rate during pressurization and pressure-holding period became higher compared
to those detected before the impact test. Frequency components of AE signals were
also changed after the impact test. From these results, it is assumed that AE method

can be used for the impact damage detection of CFRP pressure vessels. Furthermore,
location of impact damage might be estimated by AE method since most AE signals were
first detected by the AE sensor near the impact damage.

Keywords: Acoustic Emission (AE), non-destructive evaluation, CFRP, impact damage,
pressure vessel

NDT.net - www.ndt.net

Page 33



EWGAE 2010
29th European Conference on Acoustic Emission Testing 2010
Vienna, Austria, September 8-10, 2010

2010-09-09 11:30 Room: Wilhelm Neusser Room
Session: AE Methods and their Practical Applications 2

Monitoring the Thermowood process by means of Acoustic Emission
technology

Jelle VAN DER BEEK*, Markku TIITTA,

*Dept. of Physics & Mathematics, University of Eastern Finland, FI-70211 Kuopio,
Finland

e-mail: jelle.vanderbeek @uef .fi, phone: +358 44 559 1981

Abstract:

Thermowood is produced by heating timber at 212 °C for several hourswhileit is
shielded from oxygen to prevent pyrolysis. In thisway, material properties like
biological durability and dimensional stability are improved, yet unwanted

side-effects like the loss of strength and the formation of internal cracks are also
observed. During this research, the Thermowood process was monitored using
acoustic emission (AE) technology, so asto reveal which wood properties and which
phases of the process are most critical with regards to crack formation. Acoustic
emissions were measured on 300 mm long timber samples using piezo-electric sensors,
which were connected to amplifiers and a computer outside the treatment kiln. Using
two parallel measurement channels, one flawless wood sample could be compared to a
sample with different material properties with regardsto e.g. knottiness, initial
moisture content or thickness. Apparent emission trends could be observed
throughout the process, whereby material properties like the presence of knots and
initial moisture content were found to affect the emission patterns significantly.

During most runs, the highest AE count rates and amplitudes were observed during the
final conditioning phase and it is hypothesized that this phase is most critical

with regards to crack formation.

Keywords: Acoustic Emission (AE), materials characterization, Acoustic emission,
wood, thermal modification, thermowood
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Fatigue Testing of Ship Building Material with Acoustic Emission

Ireneusz BARAN*, Marek NOWAK, Jerzy SCHMIDT,

*Laboratory of Applied Research, Cracow University of Technology, Faculty of
Mechanical Engineering,Institute of Production Engineering, 31-864 Krakéw, Poland
e-mail: i.baran@arlab.com.pl, phone: +48 12 374 37 45, fax: +48 12 374 32 02

Abstract:

Corrosion damages and fatigue cracks are the main causes of structural failuresin

all surface transport products like ships, road tankers and railway tank cars. Both

types of degradation, i.e. the degradation of material and structure, are the

subject of investigations carried out within the framework of a collaborative

project of the 7th Framework Programme (Transport) entitled “ Cost effective
corrosion and fatigue monitoring for transport products’. In this paper, the first
fatigue tests using acoustic emission (AE) performed on ship building materials have
been demonstrated. AE enables us to monitor the crack propagation during low fatigue
tests performed on specimens under asymmetric three-point bending loading. It was
ex-pected that fracture behaviour would move from Maode | to Mixed-Modes I/11, which
would be closer to reality. For reference, tests were also made in liquid to obtain

and evaluate the differ-ences in AE signal propagation in liquid and in material
directly contacting this liquid. The data obtained during fatigue tests will be

included in a database used in pattern recognition analysis to separate the signals

due to fatigue crack propagation and corrosion damages from background noise.

Keywords: Acoustic Emission (AE), pattern recognition, railway, corrosion testing,
fatigue damage, wave propagation, localisation of damage, crack propagation,
transport products, Fatigue test, AE monitoring
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A case study for crack detection within a gas cylinder using acoustic
emission testing

Gerald LACKNER*, Rene DUSEK,
*|nstitute for Technical Physics, TUV AUSTRIA SERVICES GMBH, 1230 Vienna, Austria
e-mail: lag@tuv.at, phone: +43 161091 66 38, fax: +43 1 610 91 66 35

Abstract:

Requalification tests of gas cylinders with acoustic emission testing are applied
since many years. The most advantageous way to do so is pneumatic testing. Asfor
every application the measurement is exploited twofold: 1.to ensure safe
pressurisation and 2.to analyse found indications after the test in more

detail. Messer Austria operates at Herzogenburg site a semi-automatic testing rig
for cylinder requalification. At the EWGAE conference held in Cracow two years ago
several examples of rejected cylinders from this site have been shown. Acoustic
emission data was given as well as results of follow-up for comparison. The content
of this contribution shows one further example where the test has proven to be best
choice. Follow-up revealed that awell developed crack filled with corrosion product
has been detected. Details regarding detection and follow-up activities are

presented in this new case study.

Keywords: Acoustic Emission (AE), corrosion testing, fatigue damage, structural
health testing
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Examination and Generation Condition of Screech Tone Detected during
Gas L eakage on Pipe Using Acoustic Emission Technology

Kenichi YOSHIDA*, Rem Nunez LAODENO, Hideo NISHINO,

*|nstitute of Technology and Science, The University of Tokushima, 770

Tokushima-city, Japan

e-mail: yoshida@me.tokushima-u.ac.jp, phone: +81-88-656-7358, fax: +81-88-656-9082

Abstract:

Acoustic emission (AE) technology has been applied in monitoring and inspection of
flaws specifically on gas leakage from pipeline install ations through research in

the field and laboratory. We have chosen four types of artificial defects such as
straight-, stepwise-, truncated cone- and dlit-type pinholes to quantify the

smallest possible defect from the material flaw that could be emanated in actual

pipe installations. One of the advantages in this research study is the possibility

to characterize the different AE signals generated during gas leakage and eventually
enhance the accuracy in the analysis of defect development during actual monitoring
and inspection of pipelines. The purpose of this study is to characterize and

analyze the generated AE signals during gas |eakage on pipe with these artificial
defects. The main objective is to examine and make clear the generation condition of
the screech tone that is characterized as the feedback loops driven by large-scale
instability of waves of gas flow near the outlet. When this gas pressure is reached

at the critical level of 220 kPa based on the assumption that the gas flow velocity
reached to its sound velocity, the shock cell is developed in which the screech tone
simultaneously takes place. In the case of the only straight- and dlit-type

pinholes, the AE signals showed a decreasing peak frequency after reaching the
critical gas pressure. The pressure where the screech tone occurred depended on the
pinhole shapes. In the case of the truncated cone-type pinhole, the screech tone did
not occur because of stability of gas flow through the defect. The characteristics

of the screech tone have been discussed in detail.

Keywords: Acoustic Emission (AE), Leak Testing (LT), FFT, Gas Leakage, Screech tone
and pipes
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L ow-cost USB acoustic emission system for damage monitoringin fibre
reinforced composite materials

Jonathan BURNS*, Tim BRADSHAW, Phil COLE, Athanasios ANASTASOPOULOS,
*Physical Acoustics Ltd, CB24 5QE Cambridgeshire, United Kingdom
e-mail: jonathan.burns@pacuk.co.uk, phone: +44 (0) 1954 231612

Abstract:

Anincreased utilisation of fibre reinforced composite (FRC) materias as structural
components in aerospace and automotive applications has been observed in recent
decades; thisis primarily due to their excellent stiffness- and strength-to-weight
ratios. However, barely visible damage in the form of matrix cracks, delamination
and fibre fracture can dramatically reduce the load-bearing capacity of these
components. As such, the requirement for low-cost online monitoring technologiesis
of paramount importance in order to infer damage in real-time. Thefirst part of

this paper discusses the feasibility of using alow-cost USB acoustic emission (AE)
system for online monitoring of damage development in fibre reinforced composite
(FRC) materials; conventional piezoelectric sensors were surface-mounted to woven
carbon fibre/aluminium specimens. The FRC/aluminium specimens were evaluated using
aquasi-static tensile test procedure. Samples were loaded until failure and AE was
acquired continuously. The system demonstrated successful detection of AE signals
corresponding to damage initiation and final failure. Initial signal processing was
carried out using AEwin™ software. A simple method of locating acoustic emissions
using two USB nodes/sensors was applied and is also discussed. The second part of
this paper reports on the use of advanced signal processing for analysis of the data
acquired from the composite mechanical tests in order to identify and separate
composite failure mechanisms as a function of applied load. Thiswas achieved
through analysis of signal frequency content using wavelet transforms. Furthermore
supervised and unsupervised pattern recognition schemes were also applied to the
test data with the aim of further discriminating failure mechanismsin FRC's. The
possibility of using Noesis signal processing software for semi real time source
classification in composites is discussed.

Keywords: Acoustic Emission (AE), emission, fibre-reinforced composite, damage,
pattern recognition
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Reinfor cement effect on the ultrasonic pulse velocity in concr ete,
depending on the sounding method and measuring device

Uldis LENCIS*, Aigars UDRIS, Aleksandrs KORJAKINS,
*Riga Technical University, LV-1658 Riga, Latvia
e-mail: uldis.lencis@inbox.lv, phone: +37167089138, fax: +37167089138

Abstract:

In practice it is often required to determine the technical condition and the load
carrying capacity of reinforced concrete. The quality of the constructionsis also
characterized by the structural properties of the concrete. However, sometimes the
obtaining of the full value concrete specimens from such structures is problematic

to carry out further researches with the material destructive test methods. It is

known that physical and mechanical properties of concrete are best characterized by
the density, porosity and strength of the structure. The integrity of such

properties can be assessed by using material nondestructive test method & #8213; by
applying the ultrasonic pulse velocity measuring devices. At the sametime, it is

also known that there are several factors that influence the ultrasonic pulse
propagation velocity in the concrete and the reinforced concrete structures. The
earlier performed investigations have established that presence of the reinforcement
located close to the surface of the tested concrete increases the ultrasonic pulse
velocity. Reinforcement effect is also described in the notes to various standards.

In practice the concrete structures of many different building objects have been
tested with specific ultrasonic devices, and obtained results leads to the doubts

about the relevance of reinforcement effects. To explore this question, 5 model
specimens were manufactured with different diameter of reinforcement rebars.
Diameters of the rebars used for specimens &#8213; 6; 8; 12; 16 and 22 mm. For
reinforced concrete structures, which are necessary to test in alarger area,
reinforcement diameter normally does not exceed the greater of the above mentioned
size. Furthermore, determining of the rebars dislocation in large areasis very
time-consuming process, even if for this purpose corresponding device has been used
before ultrasonic velocity measurements. In present research performing measurements
in the zones direct over the rebars and in the rebar-free zones (in plain concrete),
different ultrasonic measuring devices show a comparatively different results. It is
concluded that the reinforcement effect on the ultrasonic pulse velocity in concrete
depends on both sounding methods and technical parameters of the measuring device.

Keywords: Acoustic Emission (AE), ultrasonic pulse velocity measurements,
nondestructive test method, concrete structures, effect of reinforcement
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Acoustic Emission Monitoring of the Expansion of Fatigue Cracksin
The Rolling Mill

Evgeny NEFEDY EV*, Alexander SUDAKOV,
*Central Boiler and Turbine Institute (CKTI), 191167 St.-Petersburg, Russia
e-mail: ne246@ya.ru, phone: (812)-578-88-04, fax: (812)-271-12-04

Abstract:

An acoustic emission (AE) method has been developed for monitoring of the expansion
of fatigue cracks on the 08BGDNFL steel. The method is based on the fracture
mechanics, raster electronic microscopy, quantitative fractography and mathematical
statistics. In the course of research seminatural patterns of 6T-CT type and 150 mm
thickness were used. A connection between the AE signals and the parameters of the
expansion of fatigue cracks has been found out.The present method allowed to conduct
monitoring of the expansion of fatigue cracks on the rolling mill "5000" with the

help of multi-channel AE system within the period of eight years. Findings of the AE
monitoring have been justified by the results of periodical ultrasonic tests.

Keywords: Acoustic Emission (AE), fatigue damage, localisation of damage, fracture
mechanics, rolling mill, monitoring, fatigue destruction, microcrack, crack,

Acoustic emission, raster electronic microscopy, quantitative fractography and
mathematical statistics
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AE-SIGMA Analysisin Brazilian Test and Accelerated Corrosion Test

Masayasu OHTSU*, Yuma KAWASAKI,

*Graduate School of Science and Technology, Kumamoto University, 860 Kumamoto, Japan

e-mail: ohtsu@kumamoto-u.ac.jp, phone: +81-96-342-3542, fax: +81-96-342-3507

Abstract:
The moment tensor analysis of AE waveforms detected for one AE sourceis available
to identify cracking kinematics of alocation, a crack-type and a crack orientation.

The procedure has been implemented as the SGMA (Simplified Green’s functions for
Moment tensor Analysis) analysis. Thus, mechanisms of cracking in concrete can be
visualy and quantitatively investigated. The procedureis applied to the
Brazilian test of concrete, since the tensile strength of concrete is normally
evaluated by thistest. In order to clarify generating mechanisms of macro-scale
tensile failure in concrete, crack nucleation in the meso-scale is quantitatively
studied by the SGMA analysis. Then, the generating mechanisms of corrosion-induced
cracks are studied in reinforced concrete. Because high AE activities are observed
twice during the corrosion process at the onset of corrosion in rebar and the
nucleation of cracking in concrete, the SGMA analysisis applied to an accelerated
corrosion test of areinforced concrete beam to clarify kinematics of
corrosion-induced cracksin the second high AE activity.

Keywords: Acoustic Emission (AE), SGMA analysis, Concrete, Brazilian test,
Corrosion in reinforced concrete
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Inclusion Fracturein Model Aluminium Alloy Characterized by Acoustic
Emission and X-Ray Tomography

Joél COURBON*, Vincent CARMONA, Eric MAIRE,
*INSA de Lyon, laboratoire MATEIS, 69621 Villeurbanne, France
e-mail: joel.courbon@insa-lyon.fr, phone: 33+4 72 43 82 99, fax: 33+4 72 43 85 28

Abstract:

Coarse spherical zirconia particles were incorporated into an age-hardenable 2124
aluminium alloy by powder metallurgy methods in order to obtain a model material for
the study of inclusion fracture by both means of acoustic emission and X-ray
tomography. Tensile samples were strained in situ at the European Synchrotron
Radiation Facility in Grenable, ID19 line, while the Mistras device of EPA was used
to monitor and localise the AE bursts. X-ray tomography enabled to discriminate
between metal, zirconia and void and therefore characterize damage at a voxel scale
of 2.83 um3, providing a very accurate description of particle cracking.
Experimentally, damage occured by multiple fracture of the coarse particules, with
high-energy AE eventsfor the first fracture (largest rel eased elastic energy) and

softer further events that could be discriminated by classifiers (k-means method). A
good match between the location of fractured particles and the AE events was
evidenced. Furthermore, the release of elastic energy was computed by finite
elements and found fairly proportional to the AE burst energy. A better macroscopic
match occured between the cumulated AE energy and the cumulated fractured surface
perpendicular to the stress axis. Finally, the distribution of AE event energies was
found to follow a power law, with an unusual exponent of 1.We wish that these
experimental results will contribute to the acoustic modelling of the recording

chain.

Keywords: Acoustic Emission (AE), strain damage, metal matrix composites, inclusion
fracture, material behaviour
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Isit Possibleto Applied Acoustic Emission Method during Concrete
Hardening?

Lubos PAZDERA*, Libor TOPOLAR, Jaroslav SMUTNY, Vlastimil BILEK, Marta
KORENSKA,

*Fac. Of Civil Eng., Dept. of Physics, Brno University of Technology, 602 Brno,
Czech Republic

e-mail: Pazdera.L @fce.vutbr.cz, phone: +420 541147657, fax: +420 541147666

Abstract:

Concrete is essential material for civil engineering. It isthe most used material

in the world. Its properties depend on mixture components (cement, sand, water,
chemical admixtures and etc.) and its curing. Physical and chemical processes
(guided heat release) proceed into concrete during hydration and hardening, at which
concrete obtains mechanical strength and hardiness and creates chemical stability in
material. Cracks risein concrete over itslifetime especialy ininitial stage.
Temperature and structural changes are sources for crack initiation. These changes
can locate by help acoustic emission method. However set up the method is not
easy.The article will describe experiments on concrete samples 10 cm width 10 cm
high and 40 cm longer. Acoustic emission system LOCAN 320 uses four acoustic
emission sensors to indicate acoustic emission hits - two on a sample.
Simultaneously these sensors serve as guard. Acoustic emission sensitivity is
obliged to be set high but so that acoustic emission hits are alittle above noise.

Temperature into samples was measured too. Two samples ware measured simultaneously.

Article describes some result from chosen measurement.

Keywords: Acoustic Emission (AE), civil engineering, materials characterization,
concrete
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Electromagnetic and Acoustic Emission in PEEK/Carbon Nanotube
Composites

Petr SEDLAK*, Manabu ENOKI, Toshio OGASAWARA, Josef SIKULA,

* Department of physics, FEEC, Brno University of Technology, 616 Brno, Czech
Republic

e-mail: sedlakp@feec.vutbr.cz, phone: +420 541 143 208, fax: +420 541 143 133

Abstract:

Besides acoustic emission phenomenon, the creation of cracks is accompanied by
electric charge redistribution due to loosened chemical bounds. Electric charge on a
crack wall creates dipole or quadrupole moments. Vibrations of crack walls produce
time-dependent dipole moments and, consequently, electric and magnetic fields are
generated. This phenomenon is called electromagnetic emission (EME). In last
decades, great attention has been paid to the application of EME from rocks and
minerals being exposed to mechanical stress, both in connection with earthquake and
volcanic activity prediction and in rock mechanics. Whereas, the application of EME
to study the behavior of a polymer-based material exposed to mechanical stress has
been very rarely covered in the literature recently, although thisis an advanced
structural material, featuring a high application potential in mechanical

engineering. Our research deals with experimental study of the electromagnetic and
acoustic emission signals in non-conductive PEEK/carbon nanotube composites.
Experimental setup has been assembled to suppress effects of external
electromagnetic and acoustic fields in order to amplify extremely low
electromagnetic signals during the crack formation. The experiment was carried out
on tensile specimen.

Keywords: Acoustic Emission (AE), electromagnetic emission, acoustic emission,
polymer composite
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Identification of The Early M echanisms Damages Of M ultilayer
Composite Materials By The Mean of The Acoustic Emission Testing

Salah RAMADAN*, Slah YAACOUBI, Daniel CHAUVEAU,

*|nstitut de Soudure Enseignement et Recherche, 57970 Y utz, France

e-mail: sramadan@institutdesoudure.com, phone: +33 3 8288 7952, fax: + 33 3 8259
8645

Abstract:

Composite materials have important assets compared to traditional metallic

materials. They have many functional advantages and enhanced mechanical properties
(e.0. lightness, high ultimate tensile strength, high flexural modulus, as well as

great temperature resistance). These materials develop today practically in al the
fields and are in the origin of significant challenges particularly in aerospace,
aeronautical and transports industries. However, the structural health of these
materials must be controlled and monitored in order to insure their durability and
functionality. Nevertheless, specific problems affect composites health during
manufacture process or in service for example porosity, discontinuity of carbon
fibres, fibers pull-out, matrix cracking, carbon fibers rupture, Shock, impact or
delamination.In service, the assessment of the defectsis the control key point of

the composites durability and reliability. Accordingly, identification of the

various early damages mechanisms by a Non destructive testing (NDT) proves a great
importance in order to guarantee in service the safety and the use of these
materials.To resolve this problematic, the NDT by the Acoustic Emission (EA) was
proved to be well adapted. Encouraging results treating the application of this
technique for defects control and for the identification of early damages indicators

of composite under various experimental conditions (tension failures, shock, impact
and repeated cyclic stresses) will be presented.

Keywords: Acoustic Emission (AE), Composites materials, Damage prediction
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Acoustic emission of conifer sapwood becomes weaker after each
dehydration-rewetting cycle

Sabine ROSNER*, Sumire KAWAMOTO,
*BOKU Vienna, 1180 Vienna, Austria
e-mail: Sabine.rosner@boku.ac.at, phone: 01 47654 3177, fax: 01 47654 3180

Abstract:

Acoustic emission (AE) during dehydration at ambient temperature was compared
between fully saturated fresh Norway spruce (Picea abies (L. Karst.)) sapwood and
sapwood exposed to two dehydration-rewetting cyclesin order to get information

about the differences in dehydration stress. AE testing was performed within a
frequency range of 35-100 kHz (R6) and 100-1000 kHz (WD). Total numbers of AE became
lower and mean AE energies weaker after each dehydration-rewetting cycle. During the
first dehydration run, highest mean AE energies were detected at the beginning of
dehydration. In rewetted wood, highest mean AE energies were however detected
towards the end of dehydration. AE of rewetted wood was also characterized by a
higher percent of AE with frequencies >70 kHz and 100-175 kHz, as detected by R6 and
WD transducers, respectively. It isconcluded that fresh never-dried sapwood is

more prone to dehydration stresses than pre-dried sapwood. Differencesin AE number
and AE features might be due to micro-mechanical failure that decreased after each
dehydration-rewetting run. Dehydration stress might al so decrease because the
membrane of bordered pits, which acts as a valve to avoid the breakage of the water
columns inside the conduits, becomes weakened after each dehydration-rewetting run.

Keywords: Acoustic Emission (AE), average frequency, peak amplitude, wood drying,
dehydration stress
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Non- Destructive Acoustic Test (NDAT) to deter mine elastic modulus of
polymeric composites

Mohammad Mehdi JALILI*, Amir Soheil PIRAYESHFAR, Seyyed Yahya MOUSAVI,
*Engineering and Technical , IsSlamic Azad university-Science and research branch,
1476764831 Tehran, Iran

e-mail: m.jalili@srbiau.ac.ir, phone: +982144427553, fax: +982144580122

Abstract:

Today acoustic has awide field of activitiesin scientific and technological
experiments and services such as medicine, medico assessment equipments, etc.
Similarly, we investigated the use of acoustic in determination of physical and
mechanical properties of polymeric materials. For this purpose three different fiber
polyester composites (carbon fiber, glass fiber and hemp fiber) were separately
prepared via pultrusion methods. Then, a Non Destructive Acoustic Test (NDAT) based
on longitudinal free vibration was utilized to measure viscoel astic properties of
resultant composites. This method as explained as bellow, have no damage and
undesirable effects on the test specimen; moreover, the viscoel astic properties of
sample specimen could be determined with high accuracy and precision in a short
time. Asshown in Fig. 1, first each test specimen was held from its center by a
holder, and it was hit by awooden hammer at the end of specimen. A microphone in
the other side of the specimen receives the sound which created by vibrating the
specimen after hitting. This sound including loudness, frequency and time was
recorded by Audacity software as a wave-format file. At last, the recorded sounds
were analyzed by the means of Fast Fourier Transform (FFT) and therefore the sound
loudness vs. frequency was depicted for each sound in a separate figure. Finally, by
the aid of these figures, elastic modulus of each composite was calculated. The

results showed a tremendous agreement between destructive mechanical methods and
NDAT method based on longitudinal free vibration. Furthermore, this method revealed
an excellent repeatability.

Keywords: Acoustic Emission (AE), Elastic modulus, Fast Fourier Transform (FFT), Non
Destructive Acoustic Test (NDAT), Polymeric materials, Fiber composites
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Buckling detection within subsea pipeline laying using Acoustic
Emission technique

Mohamed SHEHADEH*, M. Abdel GELIEL, A. EL-ARABY,

*Marine Engineering, Arab Academy for Science, Technology and Maritime Transport,

POB 1029 Alexandria, Egypt
e-mail: ezzfahmy@aast.edu, phone: 0020106156000, fax: 002035610950

Abstract:

Pipes are of major importance for transport of liquids and gas mainly for natural
gas and oil either in shore or offshore. In sub marine pipeline assembly islaid
from avessel into abody of water by passing the pipeline through the water in a
substantially vertical path for a substantial portion of its descending travel. In
installation the most critical factor in the operation is control of stresses (e.g.
buckling, bending, fatigue) in pipeline asit travels from the pipeline laying barge
to the ocean floor. Hence, online monitoring for pipeline laying is an important
task for early detection for abnormal situation that may lead to catastrophic
accident. The source of the acoustic emission energy isthe elastic stress field
in the material. Without stress, there is no emission. Therefore, an acoustic
emission (AE) inspection is usually carried out during a controlled loading of the
structure. This can be a proof load before service, a controlled variation of load
while the structure isin service, afatigue test, a buckling test, or a complex
loading program. AE inspection is used because it gives valuable additional
information about the performance of the structure under load. Other times, AE
inspection is selected for reasons of economy or safety, and a specia loading
procedure is arranged to meet the needs of the AE test.  This paper focuses on
early detection of buckling stresses produced by the subsea pipeline at the laying
operation using AE technique. The sensing configurations and signal analysis will be
carried experimentally into a pipeline system in the lab. The conclusion and
suggestion will be illustrated.

Keywords: Acoustic Emission (AE), signal processing, structural health monitoring
(SHM), Critical loads, Signal Conditioning, Pipeline deformation, Buckling
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The use of Acoustic Emission method for detection and location
corrosion damages on railway steel bridges

Marek NOWAK?*, Ireneusz BARAN, Jerzy SCHMIDT,

*Laboratory of Applied Research, Cracow University of Technology, 31 Krakow, Poland

e-mail: nowak@me6.mech.pk.edu.pl, phone: +48 12 374 3745, fax: +48 12 374 3745

Abstract:

Therailway steel bridges are very often the objects with large lengths, and

currently in Poland alot of exploiting objectsis after long time exploitation and

the condition of them is bad. These objects require the appropriate diagnostics.

Mostly the visual diagnosticsis used, and in exceptional cases in some places of
objects the other nondestructive testing are performed. Therefore the opinion about
condition of bridge isinexact and it is necessary to study the effective method,

which will enable on more exact diagnostics of steel bridges. The Laboratory of
Applied Research which isthe part of Cracow University of Technology together with
Kielce University of Technology and Warsaw University of Technology realized the
project funded by Polish Ministry of Science and Higher Education for the work out
of diagnostic method the steel railway bridges with use of acoustic emission method
(AE). During realization of this project the investigations with AE method for
study of AE procedures detection and location of fatigue cracks as well as

detection, location and evaluation of degree of corrosive degradation material was
performed. The Laboratory of Applied Research of Cracow University of Technology
realized the works for solution of corrosive damages problem. In article there

will be presented the results of |aboratory tests with AE method on elements (truss
joint) from railway steel bridge. These investigations were performed both on
elements without and with loading in corrosive environment. The AE signals from
corrosive damages acquired during performed tests were used to build the preliminary
classifier in VisualClass application. Thefirst tests carried out with applying

of the classifier on real object for checking the correctness of received measuring
methodology will be also presented.

Keywords: Acoustic Emission (AE), railway, corrosion testing, bridges

NDT.net - www.ndt.net

Page 49



EWGAE 2010
29th European Conference on Acoustic Emission Testing 2010
Vienna, Austria, September 8-10, 2010

2010-09-10 09:50 Room: Wilhelm Neusser Room
Session: AE Methods and their Practical Applications 4

Acoustic emission analysis used to investigate the spalling effect of
concreteunder fireload

Christian GROSSE*, Ronald RICHTER, Josko OZBOLT,

* Fachgebiet Zerstorungsfreie Werkstoffprifung (Zentrum Baustoffe und

Materia prifung), Technische Universitdt Minchen, D-81245 Minchen, Germany
e-mail: grosse@tum.de, phone: +498928927221, fax: +498928927222

Abstract:

High performance concrete (HPC) is often used as a material for tunnel walls.
However, it shows usually an unfavourable behaviour being exposed to fire due to
explosion like spalling effects. In experiments using standard temperature gradients
similar to those in case of tunnel fires the cracking behavior of HPC and standard
concrete is monitored by acoustic emission (AE) technigques. By the use of AE
techniques damage processes in concrete can be observed during the entire fire
history, detecting the initial spalling. Thiswill enable to locate and characterize

the micro-cracking behavior. The paper will describe the concept and first results
of the experiments.

Keywords: Acoustic Emission (AE), Concrete, micro-cracking, fire
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Velocity senditivity calibration of AE sensors using the through wave
method and laser interferometry

Pete THEOBALD*, Rob POCKLINGTON,
*National Physical Laboratory, TW11 OLW Teddington, United Kingdom
e-mail: pete.theobald@npl.co.uk, phone: +44 20 8943 6888, fax: +44 20 8943 6217

Abstract:

Acoustic emission sensors are generally designed to respond to motion normal to the
surface and are predominantly manufactured as resonant devices to increase
sengitivity around afrequency range of particular interest. The resonant design is
usually assumed to provide a resistance controlled velocity response, particularly
around resonance. This simple approximation is usualy fairly accurate and is
adopted when stating sensitivities, with resonant sensors having their sensitivity
stated in terms of voltage output per unit velocity, whilst broadband, mass

controlled (damped) sensors are usually stated in terms of voltage output per unit
displacement. Although it is possible to calibrate a sensor for its displacement
sensitivity, given the popularity of resonant type sensors this paper considers a
method for the calibration of AE sensorsfor their velocity response, using a
through-calibration (or P-wave) method. In the method, a broadband transducer is
coupled to alarge test block, and used to excite a plane wave pulse on the opposite
face of the block, which is then directly referenced to velocity using a heterodyne
laser interferometer. This paper demonstrates the through-calibration method, and
shows velocity sensitivity calibration results on an AE sensor between 100 and 1.4 M
Hz, along with discussion about the sources of uncertainty. The method discussed
will form the standard method adopted by the UK’ s National Physical Laboratory.

Keywords: Acoustic Emission (AE), AE sensor, calibration, sensitivity
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New developmentsin thefield of AE systems, sensors & software

Hartmut VALLEN*, Jochen VALLEN, Thomas THENIKL,
*Valen Systeme GmbH, 82057 Icking, Germany
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Abstract:

This presentation will give an overview about the completion of developments
presented in 2008 and 2006 as well as ongoing devel opments and planned achievements
till 2011

Keywords: Acoustic Emission (AE), Embedded Code Processor, AE Software, AE Sensors,
AE Systems, Linear 3D
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Bar-Wave Calibration of Practical AE Sensors

Kanji ONO*, Hideo CHO, Takuma MATSUA,
*University of California, 90095-1595 Los Angeles, USA
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Abstract:

We will report on experiment on calibrating AE sensors commonly available and
utilized. Many AE applications need to detect plate waves, but no calibration scheme
for these waves is available. We developed a new device where bar waves are utilized
with along metal bar. The bar waves are excited using a transmitter (an ultrasonic
transducer, AET FC500) attached on one end of the bar with a short pulse of high
voltage. Displacements at different positions are characterized with alaser
interferometer. Displacement signals lasting over several hundred us are generated

at 50 to 65 cm away from the transmitter, where the uniformity across the width is
good (1 dB). Main parts of the bar waves at the position of sensor calibration
correspond to plate waves for the bar thickness/width. Since the ultrasonic

transducer used has alow-frequency resonance, strong sub-100 kHz components are
present. Segments at 100 kHz to 1 MHz show systematic variations in intensity, but
the changes are smooth enough for calibration purpose. However, signals above 1 MHz
are too weak; a different combination of pulser/transducer is needed above 1 MHz.
Signal processing for sensor characterization used FFT, WT and deconvolution
procedures. In our calibration setup, sensor response signals can last nearly 2 ms,
even low-frequency sensors can be characterized. Different manners of sensor
response reporting will be discussed as power spectral density alone is inadequate

to describe the properties of a sensor.

Keywords: Acoustic Emission (AE), deconvolution, laser interferometer, sensor
characterization, bar waves
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Characterization of Broadband Acoustic Emission Sensors

Gerd MANTHEI*,

* Fachhochschule Gief3en-Friedberg, University of Applied Sciences, 35390 Giefien,
Germany
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+49(0)641.3092911

Abstract:

To deduce a physical description of AE sources from recorded waveforms, awell
characterized AE sensor isrequired. A sensor converts elastic wavesinto electrical
signals. The electrical output signal depends on the sensitivity, directivity, and
frequency response of the sensor. Anideal AE sensor should be able to measure over
the full frequency bandwidth of the signals. The majority of sensorsused in AE
measurements are made of piezoelectric materials such as PZT ceramic. Thiskind of
sensor is resonant and therefore very sensitive at its resonant frequency. Broadband
sensors used in AE of capacitive type or laser interferometers, are not sensitive
enough. In our AE measurements, we have made a compromise between bandwidth and
sensitivity. The sensor (type Pz35-D7-TH5) uses a piezoelectric disk of a
|ead-metaniobate ceramic with an aperture of 7 mm and athickness of 5 mm. In
comparison with PZT ceramic, the element has alow mechanical quality factor, alow
dielectric constant, no planar coupling factor, and lower sensitivity. The transient
response of the sensor is evaluated in thiswork. The low mechanical quality factor
causes high internal damping of elastic wavesin the piezoelectric material and a
broad resonance peak. The material is primarily used where a clear impul se response
isrequired and the amplitude of AE eventsisrelatively large, which is true with

e.g. rock materials.

Keywords: Acoustic Emission (AE), physical quantity, moment tensor, transfer
function, AE sensor, capillary fracture
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L atest improvements on Freeware AGU-Vallen-Wavelet

Jochen VALLEN*, Hartmut VALLEN,
*Valen Systeme GmbH, 82057 Icking, Germany
e-mail: jochen@vallen.de, phone: +49 (8178) 9674 400

Abstract:

AGU-Valen Wavelet is afree of cost tool available to everybody to analyze AE
waveform data using wavelet analysis. The presentation starts with a general
overview, compares different time-frequency transforms and finally discusses how to
use Choi-Williams Transform to improve results in time and frequency domain.

Keywords: Acoustic Emission (AE), wavelet, Modeling and Simulation, signal
processing, software,
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Acoustic Emission Monitoring of Tensile Testson Welded Wood-Joints

Andreas J. BRUNNER*, Thomas TANNERT, Till VALLEE,
*Laboratory for Mechanical Systems Engineering, EMPA, CH-8600 Dubendorf, Switzerland
e-mail: andreas.brunner@empa.ch, phone: +41 44 823 44 93, fax: +41 44 82340 11

Abstract:

Wood welding is arelatively recent procedure for preparing joints between pieces of
wood that shows promising potential for avoiding some of the problems related to
conventional adhesive jointing of wood. Tensile testing on selected specimens has
indicated capacities of welded wood joints to reach 10 kN. Even though thisis lower
than the capacity achieved of similar joints with adhesive bonding, wood welding may
be useful in specific applications. As afirst step towards more extensive
characterization of their damage behaviour and of the failure mechanisms, tensile
tests on welded wood joints have been monitored with acoustic emission (AE). The AE
and mechanical properties are compared to those obtained from adhesively bonded
wood-joints made from the same type of wood. First results are presented and
discussed in this comparative case study.

Keywords: Acoustic Emission (AE), Welded wood, failure mechanisms, tensile test,
strength
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AE Analysis of Damage Processin Thin Film Solar Cellsunder
Mechanical Strain

Shuichi WAKAYAMA*, Y oshihiro MIZUTANI,
* Department of Mechanical Engineering, Tokyo Metropolitan University, 192 Tokyo,
an

e-mail: wakayama@tmu.ac.jp, phone: +81-(0)42-677-2714, fax: +81-(0)42-677-2701

Abstract:

In order to develop more flexible and durable solar cells, it isimportant to

understand their failure mechanism and its impact on the performance of solar cells
under mechanical strain. Response of thin film solar cell to flexural loading has

been reported. However concrete conclusion explaining degradation mechanism of
flexible solar cells was not obtained. The purposes of the present work are to

develop the technique for monitoring the mechanical damage accumulation AE
measurement and to understand the relationship between AE signals, mechanical
failures and their effects on the electrical performance of the flexible solar cells

in order to clarify the degradation mechanism.Tensile tests of commercially

available a-Si:H flexible solar cells (structure; PET film (~125 um)/Polyimide
substrate (~10 um)/Al back electrode/a-Si:H/TCO/Grid electrode/PET film, dimension;
112x14x0.3 mm) were carried out under Xe-lamp irradiation and mechanical damage
accumulation was evaluated by AE technique. Simultaneously, open circuit voltage
(Voc) was measured during the test. The specimens were observed during and after the
tests by a digital microscope and a scanning electron microscope, respectively. AE
signals were classified by their frequency ranges based on projected wavel et

transform analysis so that AE signals corresponding to each failure modes could be
identified. Onset of the degradation of the Voc was observed at strain of ~0.9%

and at the same time cumulative AE energy with frequency range of 600-800 kHz began
to increase. In addition, it was observed that back electrode-TCO through-wall

cracks perpendicular to loading direction took place. Astensile strain increased to

11 %, Voc decreased to ~0 % and cumulative AE energy especially with frequency range

of 800-1000 kHz increased. Simultaneously, cracks perpendicular to loading direction
in the grid electrode were observed. Mechanical damage accumulation in a-Si:H
solar cells under tensile strain was successfully monitored by AE technique and
corresponding damages were observed. Consequently, fundamental and critical
implications for the characterization of flexibility of aSi:H solar cells were

obtained in the present work.

Keywords: Acoustic Emission (AE), Damage Accumulation, AE Wavelet Analysis, Thin

Film Solar Cell, Flexibility, Amorphous Silicon
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Acoustic Emission for monitoring two-phase flow

David MBA*, Shuib HUSIN, A. ADDALI,

*School of Engineering, Cranfield University, M43 OAL Bedfordshire, United Kingdom
e-mail: D.Mba@cranfield.ac.uk, phone: +44 (0) 1234 754681, fax: +44 (0) 1234
751566

Abstract:

This paper presents an investigation into single bubble dynamics detection in a
liquid-filled column with AE, and, correlations of Gas Void Fractionsin two phase
gas-liquid flow with Acoustic Emission (AE). Furthermore, this paper demonstrates
the feasibility of employing AE technology as on-line process monitoring tool for
bubble detection in two phase gas-liquid flow.

Keywords: gas bubble activities, gas bubble, cavitation, Acoustic Emission (AE)
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M easur ement of Mixture Mass Ratio by Acoustic Emission Method

Miroslav UHER*, Petr BENES,

*Faculty of Electrical Engineering and Communication, Department of Control and
Instrumentation, Brno University of Technology, 612 Brno, Czech Republic

e-mail: xuherm02@stud.feec.vutbr.cz, phone: +420 541 141 122, fax: +420 541 141
123

Abstract:

The article deals with solid particle flow measurement by acoustic emission method
(AE). The particle, that impacts a waveguide, generates impulse AE. AE signdl,
measured by a piezoel ectric wide-band sensor mounted at the end of the waveguide,
carries information about parameters of impacting particles (specific mass,

velocity, dimensions). The articleis afollow-up to formerly performed measurements
that were focused on aresearch of a correlation between input particle parameters

and measured frequency spectrum of AE signal. The article expands this problematic
by a study of measured frequency spectrum of two-component mixture, which consists
of materials with a different mass ratio. On basics obvious theoretical presumption,

it is possible to obtain information about mutual mass ratio from measured signal by
statistic analysis. Practical experiments were completed to prove these theoretical
presumptions. In the first part of performed experiments, two materials with

different granularity were poured from a hopper placed on laboratory stand to a
suitably shaped waveguide. Materials with different granularity (diameter) had the
same specific mass and were impacted on the waveguide with the same velocity. In the
second part of the measurement, five different mixtures consisted of particles of

the same granularities asin the first part were created and possibility of

obtaining of information about mix composition was examined from frequency spectrum
of measured AE signal. The presumption that it is possible to differentiate between
created mixtures was confirmed by performed measurements. In case that all the
defined conditions will be fulfilled, this method could be used in practice as a
simplification of measurement of particle size distribution.

Keywords: Acoustic Emission (AE), particle size distribution, frequency spectrum,
acoustic emission, Solid particle flow
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Observation for Proportion of Super-elastic Martensitic
Transformation in Cu-Al-Ni Shape Memory Alloy with AE Simulation

Takeshi YASUDA*, Takuo NAGAMACHI, Hideo NISHINO, Baojun PANG, Kenichi YOSHIDA,

*Graduate School of Advanced Technology and Science, The University of Tokushima,
770-8506 Tokushima, Japan
e-mail: takeshi83man@gmail.com, phone: +81-88-656-7358, fax: +81-88-656-9082

Abstract:

AE analysis has the possibility to conduct the dynamic monitoring of material
behaviors such as martensitic transformation, micro cracking or some kinds of
phenomenon. We aim the extension of AE method for certain and qualitative analysis
that can adapt to materials research field. The martensitic transformation in

Cu-Al-Ni shape memory alloy shows bulky and stable AE signal that is appropriate to
the experimental study for material behavior with AE method. In this study, we
prepared three shapes of Cu-Al-Ni shape memory alloy single crystal specimens that
will show the proportion differences of martensitic transformation in growth. They
are the arc-narrowed shape with thickness t=0.6 mm, the arc-narrowed shape with
t=1.8 mm and the notch-narrowed shape with t=1.8 mm that generates super-€lastic
martansitic transformation, B1-B1' phase transformation, during tensile deformation.
The nucleating proportions of super-elastic martensitic transformation in Cu-Al-Ni
shape memory aloy single crystal was tried to estimate by the acoustic emission

(AE) method utilizing numerical simulation in finite element method (FEM). The AE
source location was estimated clearly from the distribution of stress calculated by
static implicit FEM. And the AE waveform was simulated by dynamic explicit FEM to
decide the AE parameter related to AE source proportion. From the AE waveform
simulation, it was confirmed that the wavelet coefficient of the early AE waveform

at specific frequency includes only zeroth-order S mode Lamb wave, and shows 14 %
differences aslargest value by changing of AE source location along in-plate of 1.8
mm thickness in notch-narrowed shape specimen. The effects due to AE source
conditions such as the behavior of rise time and the peak force were also considered
by the AE waveform simulation. Reviewing the AE signals from actual super-elastic
martensitic transformation in Cu-Al-Ni shape memory alloy single crystal with the
threshold provided with consideration by above FEM simulation, the similar tendency
was shown in three shapes of specimen with differences of the thickness or the

stress concentration. As aresult, it was estimated that there is not relationship
between the proportion of martensitic nucleation and stress concentration or large
areafor martensitic transformation. It estimated that there is one nature of

nucleation of the super-elastic martensitic transformation.

Keywords: Acoustic Emission (AE), materials characterization, finite element method,
super-elastic martensitic transformation, Cu-Al-Ni shape memory alloy
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Comparison of acoustic emission behavior of various oxide and fiber
composite ceramic systems

Athanasios D. PAPARGYRIS*, SA. PAPARGY RI-MPENI, Dimitrios PAPARGYRIS,

*General Department of Applied Science, Materials Technology Laboratory,
Technological Educational Institute, Larissa, 41110 Larissa, Greece
e-mail: papargyr@teilar.gr, phone: +30-2410-684333, fax: 30-2410-610803

Abstract:

AE can be used in characterization of oxide ceramic and ceramic matrix fiber
composites. In oxide systems the acoustic activity was influenced by chemical
composition, sintering temperature and structure development. AE activity was
increased from kaolin to pottery mixture as aresult of the developing a stronger
structure with incorporation of a second phase in the matrix, while decreased in fly
ash composites due to weakening of the structure and formation of cracks. In kaolin
ceramics, there was a clear Kaiser effect, while pottery mixture and the kaolin—fly
ash and brick clay composites were acoustically active during the second loading. AE
examination in cement composites showed that increase of fly ash addition increases
acoustic activity probably as aresult of sub-critical crack growth due to fly ash
particles. Fibre ceramic matrix composites indicated that fibre composites present
higher AE activity since, matrix sub-critical events, fracture of the fibres,
fibre-debonding or fibre pull out from the matrix may produce a comparatively large
amount of AE events. Increase of sintering temperature produced composites with
higher AE activity for similar reasons to that of powder ceramics. Increase of the
volume fraction of fibresincreased the AE activity. In these systems the Kaiser
effect was observed in al composite ceramics irrespective of the kind of the

fibres, afact which indicates that the sub-critical activity during loading is not
areversible process. AE examination under loading could give useful information
about the strength, structure and the sintering techniques used during manufacturing
of ceramic systems.

Keywords: Acoustic Emission (AE), oxide ceramics, bricks, cement, fiber composites
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Intelligent AE signal filtering methods

VeraBARAT?*, Yrij BORODIN, Alexey KUZMIN,
*INTERUNIS, 101000 Moscow, Russia
e-mail: BaratVA@interunis.ru, phone: +7(495) 623-67-05, fax: +7(495) 621-35-19

Abstract:

One problem of the acoustic emission testing is a great number of noises affecting
the diagnosis results. Electric noises, el ectromagnetic interference, background
acoustic noise, rubbing noises are far from the full list of noises present under
measurements. At the high level of noises the operator has to increase the recording
threshold of the acoustic emission impulses through reducing the testing

sensitivity. False determination of AE parameters can result in wrong location and
false determination of the AE source danger level. To improve the noise immunity of
the acoustic emission system, the data filtering algorithms are to be used.

Keywords: Acoustic Emission (AE), signal processing, AE noise control, AE signal
processing, AE datafiltering
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Evaluation of Increasing Damage Severity In Concrete Structures by
Cluster Analysis of Acoustic Emission Signals

Giuseppe CAMPANELLA*, Luigi CALABRESE, Edoardo PROVERBIO,

*Dept. Industrial Chemistry and Material Engineering, University of Messina, 98166
Messing, Italy

e-mail: placido.campanella@tin.it, fax: +390903977464

Abstract:

AE technique gained increasing interest in the last decade as a monitoring
methodology and as an assessment tool for safety and reliability evaluation of
reinforced concrete structures, historic and masonry buildings. There are several
established statistical methods (z, RA, b and b value) which can be used in
analysing AE data with the aim to evaluate damage status of a structure subjected to
aparticular loading condition. Artificial neural networks (ANN) has recently
applied as atool to reduce data redundancy and to optimize feature set of AE
signals. Inthis paper cluster analysis to separate set of parameters into several
classes reflecting internal condition was adopted to analyse acoustic emission data
obtained during 4-points bending tests on concrete beams, under cycling and constant
load condition, at increasing loads. Two kinds of unsupervised clustering methods
were used: the principal component analysis (PCA) and the self organized map
(Kohonen map). Combining the results of these techniques, it has been possible to
guantify the damage severity occurred to study the evolution of the damage itself
during the test.

Keywords: Acoustic Emission (AE), civil engineering, damage, concrete, Kohonen map,
principal component analysis
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Discrimination of Acoustic Emission hits from dynamic tests of a
reinfor ced concrete slab

Enrique CASTRO*, Rosa PIOTRKOWSKI, Antolino GALLEGO, Amadeo Benavent CLIMENT,

* Politechnic University of Cartagena, 30203 Cartagena, Spain
e-mail: enrique.castro@upct.es, phone: 0034 868071105

Abstract:

In the evaluation with Acoustic Emission (AE) of the damage and state of a concrete

structure under a dynamic force, the most relevant information come from the AE hits
produced by cracking processes. But, unfortunately, there are other sources of AE

which are not related with the damage state of the specimen, as the closing of

cracks, friction between different elements, or noise from the testing equipment.

So, the discrimination between AE hits from cracking processes and the other sources
isvery useful in order to have an accurate evaluation.In this paper the

classification of AE hits with several signal processing techniquesis investigated.
Several dynamic test were carried out with areinforced concrete slab attached to a

3’3 MTS shaking table, and during these experiments the AE hits were recorded. The

specimen represents, at the 1/3 scale, aflat slab supported on four box-type steel

columns, and it was subjected to a simulation of the Campano-L ucano earthquake
recorded at Calitri (Italy). After the test, the AE transients were extracted and

classified according with several signal parameters. For each AE temporal signal it

was calculated its autocorrelation, wavelet power, kurtosis, RMS in different parts

of the signal and the aproximate entropy. A comparison and evaluation of the

different classifications according each parameter is presented in the paper.

Keywords: Acoustic Emission (AE), localisation of damage, transient classification,
concrete structures, AE signal detection and processing, dynamic test.
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Neural Network AE Source Location Apart from Structure Size and
Material

Milan CHLADA*, Zdenek PREVOROVSKY, Michal BLAHACEK,
* | nstitute of Thermomechanics ASCR, v. v. i., 8 Prague, Czech Republic
e-mail: chlada@it.cas.cz, phone: +420266053144, fax: +420286584695

Abstract:

AE localization procedures using artificial neural networks (ANN) represent
extremely effective alternative to classical triangulation methods. Neverthel ess,
their application always requires full-scale, time consuming ANN training on each
specific structure. Disadvantage for particularly trained ANN agorithm isits

non-transferability to any other object. A new ANN-based AE source location approach

is proposed in this paper to overcome such limitation. The method replaces standard
arrival time differences at the ANN inputs by so called signal arrival time

profiles, independent on material and scale changes. The ANN training can be also
performed theoretically on geometrical models (i.e. without any experimental errors)
and learned ANN is then applied on real structures with different dimensions and
materials. Such approach enables considerable extension of ANN application
possibilities. The use of new AE source location method isillustrated on
experimental data obtained during aircraft structure part testing.

Keywords: Acoustic Emission (AE), structural health monitoring (SHM), localisation

of damage, AE source location, Artificial neural networks, Arrival time profiles
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Frequenciesand Amplitudes of AE Signalsin a Plate asa Function of
SourceRise Time

Marvin HAMSTAD*,

* Department of Mechanical and Materials Engineering, University of Denver, 80208
Denver, USA

e-mail: mhamstad@du.edu, phone: 001-303-871-3191, fax: 001-303-871-4450

Abstract:

Based on some preliminary studies that showed a potentially strong dependence of AE
signal peak amplitudes on the source rise time, a detailed study was undertaken. The
study used a validated finite element code to model the source operation and
subsequent wave propagation up to a distance of 480 mm in a4.7 mm thick plate with
large transverse dimensions. To obtain the large propagation distances with

sufficient transverse dimensions so that plate edge reflections did not arrive

during the direct AE signal, it was necessary to use an axi-symmetric code. The
buried dipole AE sources were located at three different depths (0.243, 1.32 and

2.35 mm) below the top surface of the plate, where the pseudo AE sensors were
located. These sensors provided the out-of-plane displacement as a function of time.
Therise times for the different finite element runs varied from 0.5 pusto 15 us.

The resulting data was high-pass filtered at 40 kHz and resampled with atime step

of 0.1 ys. The peak amplitude dependence was determined as a function of the source
rise time for the three different source depths. Also, the attenuation of the signal

peak amplitude (due to geometric spreading and dispersion) as a function of distance
was determined as well. In addition, the Fast Fourier Transform was calculated for
the signals. An exponential increase in peak amplitude was found as the source rise
time decreased from 2.3 usto 0.5 ps. As expected, the higher frequencies were not
present in the AE signals as the source rise time increased. There were also

relatively large losses in peak signal amplitude over the propagation from 60 mm to
480 mm.

Keywords: Acoustic Emission (AE), Source rise time, Plate, Frequency, Amplitude
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Using PCA in Acoustic Emission Condition Monitoring to Detect Faults
in an Automobile Engine

Peyman KABIRI*, Amir MAKINEZHAD,

* Computer Engineering School, Iran University of Science and Technology, 16846
Tehran, Iran

e-mail: Peyman.Kabiri@iust.ac.ir, phone: +98 (21) 77240540 to 50 Ext.3341, fax:
+98 (21) 73223341

Abstract:

Automoabile industry is an important industry in many countries. Monitoring the
operating conditions in automobilesis a big challenge not only when the product
leaves the factory but also during the after sale maintenance programs. This paper
proposes a new approach in acoustic emission based condition monitoring and fault
detection that uses wavelet method. The fault that was investigated in this study is
related to ignition system of the automobile, more specifically speaking the
operation of the sparks. The sampled dataset includes sound samples collected in
repair shops. Noise was a major problem for this work. Recording the sound signals
in repair shop will include unwanted noise. Human voice, sound of the wind and the
sound made by other operating automobile engines are also recorded in the sampled
sound record, where, some of them may include arbitrary and random noise. Energy,
RMS, Kurtosis, Skewness, Marse, Crest Factor, Zero count Minimum count and Maximum
count features are cal culated from recorded sound signals. Principal Component
Analysis (PCA) is used for dimension reduction. These new orthogonal features are
used for classifying recorded data. As a proof for generalization capability of the
method, 10% of the dataset was uniformly selected for the training dataset and the
remaining 90% are used for the test. 150 sampled records from the acoustic emissions
out of similar models of acar (KiaMotors under license products) were recorded;
one sample record for the healthy engine and one sample for the faulty engine (300
sampled recordsin total). Accuracy of the proposed method is above 70% percent.

Keywords: Acoustic Emission (AE), PCA, Wavelet, Fault Diagnosis, Acoustic Emission
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Identifying Acoustic Emission Eventswith Similar Transfer Functions
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Abstract:

A special similarity measurement for acoustic emission events based on sampled
signals from multiple channels was developed. Data from pairs of channelsis
processed in away that events with different source functions, but the same source
mechanism and transfer functions show large correlation. The evaluated
X22-correlation can be used for clustering and sub-clustering. Additionally, a
double time difference is evaluated, which can be used for double difference
location also called relative location. An additional application of this similarity
measurement is the comparison of measured signals to the ones calculated by
simulations.

Keywords: Acoustic Emission (AE), cross-correlation, clustering, relative location,
double difference location
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