Avvapiki avaAuon Ko avixvevon anAwv kot StmAwv BAaBwv os S0KO anod
oUvOeta VAWKA oupaiou SUTARG ATPAKTOU N EMOVOPWHEVOU AEPOOKAPOUG

NMANATIQTHZ BAAXOMNOYAOZ
MNeplAndin

To avTlKelpevo TN¢ mapouoag epyaciag sivat n Suvapkn avaluon Kot n aviyveuon amiwv kot SutAwv BAaBwv os §0k0,
oo oUVOETA UAKA TIPAYHOTLIKAG KALpaKAG, N omola amoteAel HEPOG TOU oupaiou TUAMOATOCG EVOG LN EMAVOPWUEVOU
0EPOOKAPOUC, LECW OTOXOOTIKWY ONUATWY TOAAVTWONG KL OTATLOTIKWY LEBOSWV xpovooelpwv. Ot peAetwpeveg BAABeC
glval MTPpWLHOU oTadlou Kol TPOCOUOLWVOVTAL LE TNV XPNOoN UIKpwV palwv Alywv ypoupoplwy oL omoieg mpookoAAwvTaL
oe SUo emipaveleg TNG SokoL SNULOUPYWVTAG TOTILKEG SUuoKaUY ieg. ApXLKA TOOBeTOUVTOL KATA UNKOG KABE emidavelag
™G 60KOU HOVEC LATEG KaL 0T cuVEXeLa OAoL ol Suvatol cuvduacuol Leuyaplwy Twv palwv autwyv. H Suvauikn availuon
NG KATAOKEUNG BacilleTal apXLKA O€ pn MAPAUETPIKA LOVTEAQ, OMwG To Ddopa loxVog (PSD) kal n Zuvaptnon Metadoong
(TF), evw OTn OUVEXELA EKTIMATOL €va TIOPOUETPLKO HOVTEAO automaAlvdpounong pe efwyevr Peudo-eloodo tng
ouvaptnong petadoong (TF-ARX). H avixveuon BAaBwv tng nmpaypatonoteital péow dvo pebddwv mou Bacifovtal oto
Qdopa loyvog kat otn Zuvaptnon Metadoong avadepopeves wg PSD kat TF, katl tecodpwv pebddwv mou Bacifovtal oto
TIAPAUETPLKO LovTEAO TF-ARX ovopalopeves we HEB0SOC TWV MAPAUETPWY TOU HOoVTEAOU (parameter based method),
HEB0SOG TG Slaomopds Twv umoloinwv (residual variance), péBodog tng cuvaptnong mbavodavelog Twv UmoAoinwy
(residual likelihood function based method) kat péBodog tng autocuppetafAnToTNTAG TWV UToAoinwv (residual
uncorrelatedness based method) Tou ektiunBévTtog mapapeTpikol HoviéAou. TeAlka poodlopilovtal KATAAMNAeG BEoeLg
TWV TPLWV aLoBNTNPLWY KOL ETLTUYXAVETOL N aviXveuon OAwv Twv BAABWV, amAwv Kot SMAWV. H pn mapapetpiky pEBodog
ME Ta KaAUTepa anmoteAéopata eivat n pEBodog tng cuvdaptnong petadoong (98.2% avixveuon BAaBwyv yla éva {elyog
alobntnpiwv). OLmapapETPLIKEG LEBOSOL TTOU EMITUYXAVOUV TO KAAUTEPQ amOTEAECHATA elval N LEBOSOC TWV MAPAUETPWY
ToU povTtélou (100% avixveuon BAaBwv yla 0Aa ta {elyn alobntnpiwv) Katl n pEBodog TnG Slakuavong Twv UTtIoAoimwy
(99.83% aviyveuon BAafwv yla €va {evyog aoOntnpiwv). Qaivetal 0tL 6U0 POVO aLeBNTAPLA APKOUV YLA TNV SUVALLKN
ovayvwpLon TN¢ KATAOKEUNG KaL TNV aviyveuon OAwv TwV Ayvwotwy oevaplwy, emBewpnong. TEAog eTuAéyetal To {eUyog
alobntnpiwv mou eixe tnv KaAltepn amodoon Katd tnv Sldpkela Tng mapovoag Slepelivnong, To omoio pmopel va
XpnotuomnolnBel yla LeAAOVTIKNA £PELVA, OTIWG YLOL TOV TTPOGSLOPLOKO TNG aKpLBoU¢ TonoBeoiag Twv BAaBwv.
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[Avvauikn avayvwption kat mapokoAoudnon tng SOUIKNC AKEPALOTNTAC KATAOKEUWY, aAVAAUON THAQVTWOEWVY, SUVALLKNA
avaldvon, aviyvevon moAdanAwv BAaBwv, 5oko¢ ano ocuvIeta UAIKA, N EMAVOPWUEVO DEPOTKAPOC, LUN-TIAPAUETPLKY KOiL
TTAPAUETPLKN avaAvon bebouévwy, ouvaptnon HETAd00ong, HUOVTEAX auTomaAtvépounonc, avaAuon LE OTOTIOTIKEC
Uedobdoug ypovooelpwv].



Dynamic analysis and detection of single and double-site damages to the
composite girder of a twin-boom unmanned aerial vehicle
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Abstract

The objective of the present study is the dynamic analysis and detection of single- and double-site damages to the
composite, real scale, girder of an unmanned aerial vehicle twin-boom, via Stochastic Vibration Signals and Statistical Time
Series Analysis. Early stage damages are simulated, using small masses which are placed on two surfaces of the beam
causing local stiffness to emerge. Initially, single site damages are placed along the two surfaces of the beam and secondly
multi-site damages (double). For dynamic analysis, non-parametric methods such as the Power Spectral Density (PSD) and
the Transmittance Function (TF) are employed and a parametric Transmittance Function AutoRegressive model with
eXogenous excitation (TF-ARX) is estimated. Damage detection is achieved based on two methods based the Power
Spectral Density and the Transmittance Function, designated as PSD and TF, and on four methods based on the parametric
TF-ARX model such as the parameter-based method, the residual variance based method, the residual likelihood function
based method and the residual uncorrelatedness based method. Finally proper sites, for three sensors, are identified and
damage detection is achieved for all single- and multi-site damages. The non-parametric method showing the best results
is the Transmittance Function method (98.2% damage detection for a pair of sensors). The parametric methods with the
best results are the parameter-based method (100% damage detection for all pairs of sensors) and the residual variance
method (99.83% damage detection for a pair of sensors). It appears that just one pair of sensors is sufficient for dynamic
analysis and damage detection of all unknown, inspection, damage scenarios. Last the pair of sensors that demonstrated
the best performance throughout the present inquiry, is determined and may be used for future investigation of problems
such as precise damage localization.
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