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NepiAnyn

H napoloa gpyacia otoxelel otnv diayvwaon BAaBwv mephapfavovtag tnv aviyveuaon, tov kaboplopo
B£on¢ kot pey£Boug, oe €éva TANBUGO OVOUAOTIKA OOLWY SOKWV Ao cUVOETA UALKA LECW TIPONYHUEVWY
OTOXQOTIKWV PHEBOSWY avaAuong onuAtwy TaAaviwonc. Na Tov oKomd auTo, Ta XapaKTNPLOTIKA KABs
SokoU (yewpetpla, UALKA) n omola TUTILKA QVTUTPOCWIEVEL TUALO AEPOKATACKEUNG, TIPOCOLOLWVOVTAL
UE TNV XPHon &vOC LOVIEAOU TETEPACUEVWY OTOLXElwV, OTOo Aoyloplkd ANSYS. H KATAOKEUQOTIKN
afeBatotnta efaltiog TNG XPNong CUVOETWY UALKWY TIPOCOMOLWVETOL YEWUETPIKA, UE METAPOAN TOU
miayouc tng 6okouL (20% €VpPog LeTABOANG ATTO TO OVOUAOTIKO TTAXOC) EVW OL cUVONKEG AetToupyiag Katd
TNV TTAON TPooopolwvovtal He SlEyepon TUTou TUPPNG mepllapBavovtag kal tnv emidpacn tng
Sléyepong mou mpokUTtel g€attiog TePLOTpePOUEVWY TUNUATWY. Ot e€etalopeveg PAAPeg TUMOU
Stapmepolg pwyung mhatoug 1 mm, uhomotouvtal os SU0 SladopeTikég BEaelg yewpetpika (adaipean
UALKOU) evw yla kaBe Béon efetalovratl 3 Siadopetikd peyedn (0.6%, 2%, 3.3% tou upnkoug). Ta
OCUYKEKPLUEVA LEYEDN BAABNG eMLdEPOUV PLKPECG LETABOAEG OTA UYL SUVALKA XOPAKTNPLOTIKA, OL OTIOLEG
ETUKAAUTITOVTOL CNUAVTIKA, OTaV e€€TAlOVTAL UTIO TNV KOTOOKEUAOTLKA 0BERALOTNTA TTOU TPOKUTITEL OTAL
SUVOLKA XOPAKTNPLOTIKA Tou e€eTalopevou MANBUoUoU, BE€TovTog we POKANGN TV eUpwWoTn SLayvwon
TOUG OTnv Tapouca epyoocia. EmumpooBeta, ol ouvbnkeg Sléyepong Bswpolvtol UN-UETPACLUES
06 NywVTaG 0TNV AMOKAELOTLKN XPrON ONUATWY OMOKPLONG YLa TNV eKTiNON TNG Zuvaptnong Metadoong
(Transmittance Function), n omoia XpnGLUOTIOLELTOL WG XAPAKTNPLOTIKI) TTOCOTNTO KOTA TV SLdyvwaon, Ue
OKOTIO TNV €€AAeln TG eMibpaong TNG SLEYEPONG. ZUYKEKPLUEVA N EKTILNON KOL N SUVALLKT avayvwpeLon
TPAYHOTOTOLOUVTOL HE pn-TiapapeTpikad (Welch) kat moapapetpikd poviéAa (ARX-OLS, IV). Ta mAnpn 1
MEWWHEVA, HEoWw TNG AvaAuong Kiplwv Zuvictwowv (PCA), Sltaviopata Twv TAPAPETPIKWY HLOVTEAWY
Xpnollomnolouvtal Katd thv dldyvwon o mAaiclo gpyaciag tumou MoAharmiwv Movtédwv (Multiple
Models), to omoilo e€aodalilel tnv eupwotia otnv Kataokevaotikn afeBatdtnta. H afloAdynon kat
oUYKpLON TwV SU0 EKTLUNTPLWV WC TPOC TNV Sldyvwaon, Tpaypatonoleital péow 114 Monte-Carlo
TIPOCOUOLWOEWY KOl QPKETEG TIEPLOTPOEG (rotations) Tou oet ekmaideuong yla tnv e€acddaiion g
OTATLOTIKAG A€LOTILOTIOG TWV EUPNUATWY. TEAOC TA AMOTEAECUATA TN AVIXVELONG TIOPOUGCLATOVTAL LE TNV
xpnon kapmulwv ROC emibetkvuovtag s€atpetikn amddoon Kat yio tig dvo ektipntpteg (100% emituxng
aviyveuon yla OAeg tig BAaBec oe 0% nmooootd Pevdoouvayepuwyv). Ta anoteAéopata tou kabBoplopol

™¢ O€onc kot Tou peyéBoug mapouatalovtal pe tnv xprion Confusion Matrices ta omola kpivovtat moAU




KaAq, o eninedo akpifelag, otov kaboplopd tng Oong (82.9% yia tnv ARX-OLS, 82.5% yia tnv IV) éoo
KalL yLa Tov KaBopLlopo tou peyéBoug (72.6% yia tnv ARX-0LS, 73.8% yia tnv IV) tng BAaBwv.
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Abstract

[Damage detection in a population of similar composite beams using
stochastic methods]

[Stephanopoulos Apollonas]

The present work aims at damage diagnosis including the detection, location and size characterization, in
a population of nominally identical beams made of composite materials through advanced vibration-
based stochastic methods. For this purpose, the characteristics of each beam (geometry, materials), which
typically represents a part of an aircraft structure, are simulated using a finite element model in ANSYS
software. The manufacturing uncertainty due to the use of composite materials is geometrically simulated
by varying the beam thickness (+20% range of variation from the nominal thickness), while the operating
conditions during flight are simulated by turbulence-like excitation, including the effects of excitation
arising from rotating components. The examined damages of through-the-thickness cracks with a width
of 1 mm are geometrically (material removal) implemented in two different positions, and for each
location, three different sizes are considered (0.6%, 2%, 3.3% of length). These specific damage sizes result
in small variations in the healthy dynamic characteristics, which are significantly overlapped when
examined under the manufacturing uncertainty present in the dynamic characteristics of the examined
population, posing a challenge for their robust diagnosis in this work. Additionally, the excitation
conditions are considered non-measurable, leading to the exclusive use of response signals for estimating
the Transmittance Function, which is used as a characteristic quantity in diagnosis to eliminate the effects
of the excitation. Specifically, the estimation and dynamic identification are carried out with non-
parametric (Welch) and parametric models (ARX-OLS, 1V). The full or reduced, via Principal Component
Analysis (PCA), model parameter vectors are used in diagnosis within a Multiple Models framework, which
ensures robustness to manufacturing uncertainty. The evaluation and comparison of the two estimators
regarding diagnosis are performed through 114 Monte Carlo simulations and several rotations of the
training set to ensure the statistical reliability of the findings. Finally, the detection results are presented
using ROC curves, demonstrating excellent performance for both estimators (100% correct detection rate
for all damages at 0% false alarms rate). The results of location and size classification are presented using
Confusion Matrices, which are judged very well in terms of accuracy, for both location (82.9% for ARX-
OLS, 82.5% for 1V) and size (72.6% for ARX-OLS, 73.8% for 1V) classification of the damages.
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