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MepiAnyn

H mapouoa epyacia anookomnei otnv Suvaulkn avayvwplon kot avixveuon BAaBwv oe epyaoctnplakr doko amo
OUVOETA UAIKA PEOW TNG AVAAUCNG OTOXOOTIKWY CNUATWY TOAAVIWONG KOL TTPONYUEVWVY OTATLOTIKWY HEBOSwWVY
XPOVOOEWPWY. To OAUATA TIOU XPNOLUOTIOOUVTIAL OTNV  OVAAUCH TIPOEPXOVTIAL Qo TEPAUATA  TIOU
ipaypatonolnonkav o epyaoctnplako meplBaAlov. JuyKekpLuéva n avixvevon yivetal yio d0o texvntég BAaBeg, ot
omole¢ mpooopolwvovtal He TNV Xpron mpocBstwv poalwv. Emiong, xpnouylomololvial eVIOXUUEVEG UE TIAEYUA
KOANTIKEG TaVieg, Pe TIG omoleg mpootiBevtal emimAéov afeBaldTNTEG OTNV UYL KATOOKEUN], TIPOCOMOLWVOVTAG
TUOAVEG KOTOOKEUAOTIKEC aPePALOTNTEG AOYW TNG XPHONG cUVOETWY UALKWY. Kotd TNV SLAPKELD TWV MELPAUATWY
petaBaletal n pomn cUodLENG oTo £va Gkpo tng Sokol, evw TauToxpova He TtV xprnon Puyeiov petafarAetal n
Bepuokpacia. Tuvenwg, n Suvaulkn avayvwplon kKat n avixveuon BAaBwv mpaypatomnoleital umo tnv enidpaocn
aBePalotATwy oTa SUVOULKA XOPAKTNPLOTIKA TNG UYLOUC KOTOOKEUNC, OL OTIOLEG TIPOKAAOUV onUavTIKA emikaAudn,
™G emnibpaong ota SUVAULKA XOPOKTNPLOTIKA, Twv efetalopevwv PAaBwv. H kataokeun Sleyeipetal pe éva
NAEKTPOUAYVNTIKO SleyEépPTn mou aokel Suvapn Aeukol BopUPou, evw TOUTOXPOVA CUVSEOVTAL TAVW OTNV CUVOETN
S0K0 Tpla emitayuvolOpeTpa yio tnv AQPn onudtwy amdkplong. H duvautkn avayvwplon mepAapBAavel tThv un-
TIOPAETPLKN, HECW Welch, kal Tnv mapapeTpLkn, LOVTEAOTIOINGN LE TNV XPHON OTOXAOTIKWY HOVIEAWY 2SLS-ARMA,
TF-ARX-OLS kat TF-IV. Enetta n aviyveuon PAAPNG emMITUYXAVETAL HUE TNV XPNON tTNG HEBOSOU Twv TMOANATAWY
HOVTEAWV, N omola XPNOLOTOLEL WG XAPAKTNPLOTLKI) TTOGOTNTA TLG TOPOUETPOUG TOU EKACTOTE OTOXAOTLKOU LOVTEAOU
TIOU QVATIOPLOTA TOL UYL SUVAULKA XOPOKTNPLOTIKA. TEAOC afloloyeital n anodoon Twv PeBodwv yla kabéva and ta
OTOXOOTLKA HOVTEAD pe TNV Xprion kapmuAwv ROC (Receiver Operating Characteristic curves) pe 1o povtéAo TF-ARX-
OLS va emtuyyavel tv uPnAotepn anddoaon ntot 100% emituyng avixveuon o€ mocooto Peudoouvayepuwy (0o Pe
0%.
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Abstract

This study aims at the dynamic identification and detection of damages in a laboratory beam made of composite materials
using the analysis of stochastic vibration signals and advanced statistical time series methods. The vibration signals
employed in the analysis are obtained from experiments conducted in a laboratory environment. Specifically, detection is
performed for two artificial damages simulated using additional masses. Additionally, grid-reinforced adhesive tapes are
used to introduce additional uncertainties into the healthy structure, simulating possible manufacturing uncertainties due
to the use of composite materials. During the experiments, the clamping torque at one end of the beam is altered, while
simultaneously, the temperature varies as the experiments are conducted inside a freezer. Therefore, dynamic
identification and damage detection are carried out under the effects of uncertainties in the dynamic characteristics of
the healthy structure, causing significant overlaps with the effects caused by the investigated damages. The structure is
excited by an electromagnetic exciter applying white noise force, while three accelerometers are attached to the
composite beam to capture the response signals. Dynamic identification includes non-parametric modelling using Welch's
method and parametric modeling using stochastic models such as 2SLS-ARMA, TF-ARX-OLS, and TF-IV. Subsequently,
defect detection is achieved using the multiple models method, employing the parameters of the stochastic model
representing the healthy dynamics as the characteristic quantity. Finally, the performance of the methods is assessed
using Receiver Operating Characteristic (ROC) curves, achieving exceptional results with the parametric model TF-ARX-
OLS receiving the optimal results that is 100% true detection rate against a false alarm rate of 0%.
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