archives-ouvertes

A Signal Processing Method for Hits Detection and
Separation in High AE Activity Systems: Application to
Composite Materials under Fatigue Tests.
Mohamed Kharrat, Emmanuel Ramasso, Vincent Placet, Mohamed Lamine
Boubakar

» To cite this version:

Mohamed Kharrat, Emmanuel Ramasso, Vincent Placet, Mohamed Lamine Boubakar. A Signal
Processing Method for Hits Detection and Separation in High AE Activity Systems: Application to
Composite Materials under Fatigue Tests.. Le Cam, Vincent and Mevel, Laurent and Schoefs, Franck.
EWSHM - 7th European Workshop on Structural Health Monitoring, Jul 2014, Nantes, France. 2014.
<hal-01022993>

HAL Id: hal-01022993
https://hal.inria.fr/hal-01022993
Submitted on 11 Jul 2014

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci- destinée au dépot et a la difusion de documents

entifc research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

scientifques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche frangais ou étrangers, des laboratoires
publics ou privés.


https://hal.inria.fr/hal-01022993
https://hal.archives-ouvertes.fr

7th European Workshop on Structural Health Monitoring
July 8-11, 2014. La Cité, Nantes, France

A SIGNAL PROCESSING METHOD FOR HITS DETECTION AND
SEPARATION IN HIGH AE ACTIVITY SYSTEMS . APPLICATION TO
COMPOSITE MATERIALS UNDER FATIGUE TESTS .

M. Kharrat 1, E. Ramassé?, V. Placet, L. Boubakar?

1 Department of Applied Mechanics
2 Department of Automatic Control and Micro-Mechatronic Systems
FEMTO-ST Institute — UMR CNRS 6174 — UFC / ENSMM / UTBM, 25000, Besafrance

mohamed.kharrat@femto-st.fr

ABSTRACT

Acoustic Emission (AE) signals can be classi ed into three types of transibntsts,
continuous and mixed. Continuous signals consist of multiple overlappingi¢rga
emitted from different emission sources among which noise could be folimd.noise
might sometimes bury relevant information about the integrity of the monitoredistesc
The threshold-based technique, employed by most of the commercial pardvased AE
systems for hit detection, uses a de ned threshold in order to detect thasththe end
of the hits. When dealing with continuous emission, the threshold-baseddeetis not
suitable as the burst never drop below the threshold. In this case, thgstdarsis obliged
to force the end of the hit after a de ned maximum duration. This issue isuerteced
in complex systems such as in Organic Matrix Composites (OMC) fatigue tests whe
high AE activity is observed, especially when the loading frequencypagses few hertz.
In this case, continuous signals can be generated by the backgraseand rubbing, as
well as by both cumulated damage (friction of crack surfaces) and dagnagéh.
This paper deals with continuous AE signals obtained from experimentaldasted
on Carbon Fiber Reinforced Plastics specimens. A numerical routine wésnmapted
allowing the treatment of these signals. As the size of each acquisition is laege the
sampling rate (generally from 2 to 5 MS/s), the signal was divided into Stegrihents.
The Discrete Wavelet Transform (DWT) was used for signal denoidileg adapting a
certain number of parameters. Hit detection and determination was theafigmed
in order to localize potential hits contained in each signal segment. Convanf@nh
features were then calculated. By comparing the obtained results to thosevehtional
threshold-based techniques, we remark that the problem of errohdsus overcome.
AE information that was hidden by the effect of the noise is now revealedialipa
further interpretation of damage mechanisms in the composite.

KEYWORDS : Continuous AE signals, Carbon Fiber Reinforced Plastics, Fatigue tests,
Wavelet denoising, Hit detection and determination.

INTRODUCTION

Organic Matrix Composites (OMC) and especially Carbon Fiber ReinfoRtastics (CFRP) have
seen an increased use in several elds such as aerospace, aueoaraticivil engineering, due to
their high material properties. In numerous applications, metals are beilagedpby CFRP compos-
ites, whose mechanical properties are increasingly improved (high stremgveight ratio, corrosion
and heat resistance ...). Acoustic Emission (AE) technique has been wislyduring these re-
cent decades for inspection of CFRP composite structures due to itsrefycte detect and localize
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damages [1-3]. AE is dependent on some basic deformation and damdgniseats. In CFRP com-
posites, major damage mechanisms are delamination, matrix cracking, dehobelirggacking, and
ber pull-out [4].

Acoustic Emission signals can be classi ed into three types of transientstsbaontinuous and
mixed [5, 6]. Bursts are generally short time-signals induced by the emergs defects according
to one or more of the damage modes. Continuous signals consist of multipleppieg transients
emitted from different emission sources among which noise could be foMiixkd transients include
both bursts and continuous signals and are generated by both acamedel (friction of crack sur-
faces) and damage growth and, in many cases, superimposed with anaiserdamd rubbing [7]. This
kind of transients is frequently encountered in CFRP composites underdatgting during which
the specimen can be simultaneously submitted to various solicitations (tensiorressiap, torsion,
and shear) [8]. In addition, the composite inhomogeneity resulting fromiffexeshce in material
properties of the bers and matrices will engenders an anisotropy in toeityeof the propagating
waves [9].

In fatigue tests, most of the used machines (uni-axial or multi-axial loadmgyvarking with
hydraulic energy to apply desired motions. Such tests can last a long timsi-&atic loadings),
which makes the hydraulic uid hotter. In this environment, a lot of noise isrofenerated. In fact,
uneven ow characteristics and pressure waves are created asditgad through the uid. This is
known as uidborne noisewhose the pressure wave uctuations create in turn correspondicg for
uctuations. Consequently, this results in a vibration also knowstasctureborne noisewhich is
transmitted through the structure [10]. The AE signals received by théudistd sensors are affected
by this noise. However, most of the commercial parameter-based AE systephsy the conventional
technique based on both threshold and timing parameters for hit detectiookc&lled 'Maximum
Duration' of each detected hit is de ned in the system con guration in otdestop recording of long
signals. When dealing with continuous emission, the threshold is permaneodigded, so the AE
signal is recorded entirely as the burst never drop below this threshdlds, the conventional AE
technique is not suitable, as it is, when dealing with continuous signals.

One of the powerful methods of signal denoising is Wavelet Transfavif)([11]. Among the
applications of the WT theory is the Wavelet denoise method. The WT hasusedrin many stud-
ies [12, 13] related to the Structural Health Monitoring eld dealing with awtéction problems.
The Wavelet denoise method has shown a good signal-to-noise ratio immovenuch better than
obtained through some designed lIters, and an important ability in procesgingls for detecting
multiple fault signatures [14, 15]. Particularly, some studies have reportede AE signal denois-
ing based on the WT. Feng ¥t al. [16] have studied the denoising problem of AE signal to detect
bearing defect on a rotating machine by using Discrete Wavelet Tram$ffimesholding methods. Sa-
tour A. et al. [17] have developed a continuous wavelet denoising technique anigédygpon AE
signals obtained from cross-ply composite specimens.

This work deals with continuous acoustic emission in an in-service like emaigah For that
purpose, a signal processing method is developed for the purposeadifioning continuous signals
caused mainly by ambient noise encountered in fatigue test machines. Thégimals are streamed
during the test for each sensor. The implemented method uses the waves&irtrato denoise the
affected signals after determining optimal denoising parameters that suits writhiooking condi-
tions. Once the entire signal is denoised, the hit determination is carrieciogt the conventional
threshold method. Practically, a Pencil Lead Break (PLB), Hsw&Nielsersource, is performed on
the surface of the composite under low and high noise levels. Indeed @&Rin aid to simulate an
acoustic emission event using the fracture of a brittle graphite lead. Trdk gemerates an intense
acoustic signal, quite similar to a natural AE source, that the sensors dstacstrong burst [18].
The effectiveness of the implemented method is assessed thereafter bgricmgome determined
features to those obtained by a commercial AE system.
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In this paper, the rst section gives an overview of the adopted methggi@ad the used pro-
cessing techniques. In the second section, the experimental studyesseldir It includes the manip-
ulations performed on a composite ring using a PLB under different naistsle

1. AE DATA PROCESSING
1.1 The signal processing method

The proposed method is schematized in Figure 1. It consists in sevemlstghich the continuous
emission signal is post-treated after being recorded continuously with disgmate of 2 MS/s.
Firstly, the signal is loaded. Two possible ways are considered: eithentire signal is processed
one shot, or it is partitioned into equal time segments. The second way is ddepésn dealing
with massive data signals due to a high sampling rate and a long acquisition timsigihgakis then
denoised using the Wavelet Transform. Afterward, the signal or sege®mept in order to determine
potential hits. Using the separated hits, AE features are thereafter cahgndestored.

Thresholding Timing
Wavelet Level N  rules Threshold  parameters

S B l |

Signal denoising by Hit Feature AE hit
the Wavelet Transform determination extraction feature

—>

Continuous +
emission

Signal
segmentation

f

Segment
duration

—>

Figure 1 : Principle of the AE signal processing method.

1.2 Wavelet signal denoising

The typical procedure of signal denoising using the wavelet theorjMesohree steps. This procedure
is used in this work and it includes:

1. Decomposition: after selecting a wavelet, the signal is decomposed byatedeitransform at
a chosen decomposition level N.

2. Thresholding: after obtaining the detail coef cients, a thresholdingpdied to these signal
details for each level from 1 to N. Various threshold selection rules existl form, Stein's
Unbiased Risk Estimate principle...) and either a soft or hard thresholdingecapplied to the
signal [19, 20]. A basic model of the noise has to be taken into accoutiédathresholding
strategy.

3. Reconstruction: computing the reconstructed signal using the origipabximation coef -
cients of level N and the modi ed detail coef cients of levels from 1 to N.

1.3 Hit determination

The hits detection technique used by most of the commercial parameterAasystems involves
comparing the signal to a de ned threshold. This latter is typically set justealite noise and is
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maintained xed during the test, or sometimes oating within a de ned intervalamcbnditions
of high and varying background noise. If the signal surpasses tbsthibid, a hit is detected and this
instantis retained. After detecting the hit, the timing parameters (PDT, HDT Bhgatie usually used
in the conventional method in order to determine the hit, i.e. isolate and sepdrate the acquired
waveform. Once the hit has been determined, AE hit based feature® @a@fcbhilated. Conventional
features include Amplitude, Duration, Energy, Counts, Counts-to-pediR&se time [21]. Moreover,
some frequency features exist such as Average Frequencygr®qglentroid and Peak Frequency.

2. EXPERIMENTAL APPLICATIONS

Senso Clamping
jaws
Composite
ring

Figure 2 : Test con guration.

In this section, two test con gurations are performed using simple expetah&g& signals with
different noise levels created by the hydraulic system of a tensile machime setup is designed in
order to simulate an in-service like condition. In both con gurations, a simpléiist is generated
using a PLB on the outward surface of an intact specimen. The rst@oration is performed under a
low noise level, while the second one is done under a high noise level. TirspeEsmen is a 1.5 mm
thick CFRP composite ring with an outer diameter of 124 mm and a width of abootmi6 It is
mounted on a tensile testing machine using two clamping jaws (two half-cylindei)istrated in
Figure 2. These two jaws are not in contact, so the wave propagation edgoiidly by the composite
ring. Four wide-band AE sensor#iicro80' - Mistras Group Ltd) with an operating frequency range
of [200 — 900] kHz and a resonant frequency of 325 kHz are emgloykey are equidistributed and
xed directly on the jaws in this manner: Sensors 1 and 4 are on the upffecytiader, whereas
sensors 2 and 3 are on the lower half-cylinder. It should be mentiontthéhhydraulic system is lo-
cated at the bottom of the machine and is in direct contact with the lower Halfiey. Consequently,
sensors 2 and 3 are intended to be more affected by the generatedTadikel regroups the major
AE system settings.

Table 1 : AE system setup parameters.

Threshold| Pre-Ampli. | Analog Filter | S. Rate| PDT | HDT HLT | Max. Dur.
40 dB 20dB 20kHz—1MHz| 2MS=s | 608 | 120n8 | 3008 | 200mMs

2.1 A PLB under alow noise level

The rst con guration consists in performing a PLB on the outward scefaf the composite near the
sensom 1. This PLB is done just after the machine is started, so that the hydraul@sysnot yet
producing a lot ofuidborne noise This test is considered as having a low noise level. Figure 3 shows
the Duration-Amplitude graphs of the hits detected by the AE system for thecF@nnels. First of

all, after a veri cation of the waveforms obtained from this test, it should baetoeed that the PLB

hit is the point having the maximum amplitude in the graphs. In the case of dsahaad 4, some
hits other than those corresponding to the PLB are detected. Howeaanedk 2 and 3 detect a lot of
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