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Abstract

This study explores the potential for automated detection of incipient faults in rotating machinery
under different operating speeds based on few vibration signals and advanced Statistical Time Series (STS)
methods. The considered faults cause no obvious effects on the time domain signals and their
characteristics (e.g., rms, variance), while their effects on the vibration signals power spectral density are
completely masked by the effects due to the different operating speeds, thus making their detection
highly challenging. Despite the importance to the machinery maintenance organization and reduced cost,
as well as the increased safety, such problems have received limited attention in the pertinent literature.
To this end, three powerful STS methods are employed in this study, the Functional Model Based Method
(FMBM), a Multiple Model (MM) based method, and a PCA based one, while just a single accelerometer
is used on the considered machinery, which consists of two electric motors coupled via a claw clutch (jaw
coupling). The methods’ experimental performance assessment is based on thousands of inspection
(unknown) test cases with the healthy machinery, as well as with three incipient faults, the first and
second corresponding to the reduction of the tightening torque on one of the machinery’s mounting bolts,
and the third to slight wear in the claw clutch's elastic element (spider), while the machinery operates
under 21 distinct speeds. The results indicate remarkable detection performance via the FMBM and the
MM based methods, with the FMBM also offering an accurate estimate of the machinery rotation speed.
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EUpwotn aviyvevon evapktriplwyv BAaBwv o nePLOTPEPOUEVO UNXOVIOUO UTO
pHeTaBaAAOpEeVn TOXUTNTO AELTOUPYLOG HEGW ONUATWY TAAAVTWONG KOL TTPONYHEVWV
OTOTLOTIKWV HEOOSWV XpovooELpwv

MnoUp8&aAog AnUATELOG

MepiAnyn

TNV mopouoa SIMAWUATLKA epyacia Slepguvdtal N SUVATOTNTA AUTOUATONOLNUEVNG avixveuong
evapKTNpLwV BAoBwV o€ eplotpedOUEVOUG UNXAVIOMOUC UTIO HeTaBaAAOEVN TaxUTNTA AELTOUpYiag, Le
Bdon onuota TAAAVTIWOoNG Kal TPONYHEVES OTATIOTIKEG HeBOSoug xpovooelpwv. Ot e€etalopueves PAGPEG
Sev mpokahoUv sudaveic embpdoelg ota TAAAVIWTIKA orpato oto nediou tou Xpdvou oUTE Kal oTa
XOPAKTNPLOTIKA TOug (T.X. rms, Sloomopd), evw oL eMSPACEL TOUC OTA GACUATA TWV CNUATWV
KoAUTtovtal oxe66v MANPWE Ao Ti¢ eMIEPACELC TwV SLAPOPETIKWY TAXUTATWY AsLToupyiag, KabLlotwvtag
£T0L TNV avixveuor] toug Wolaitepa amattntikr. To edikd mpoPAnua mou e€etaletal Sev €xel StepeuvnBel
EMAPKWE cUpPwva pe T Stebvr) BLBAloypadia, Tapd TNV CNUAVIIKOTNTA TOU WG MPOG TNV HElwon Tou
KOOTOUG ouvTNPNoNG, KaBwg kat tnv avg¢non TG acPalelac. ITnv mopouoa HLEAETN VLA TNV AVILUETWTILON
TOU XPNOLUOTIOLOUVTOL TPELC LOXUPEC OTOTLOTIKEG MEBOoSOL xpovooelpwv. H mpwtn Paociletal os
ouvaptnolakad povtéha (Functional Models), n §g0tepn og moAAamAd povtéda (Multiple Models, MM) kait
n Teitn og avaiuon KUpLwv cuvioTwowv (Principal Component Analysis, PCA). Ta TAAQVIWTIKA orApoTa
OUAAEyovTOL HECW EVOG aoBNTNpiou amod tov eEeTAlOUEVO EPYACTNPLOKO TIEPLOTPOPLKO UNXAVIOUO, O
omolog amoteAeital and SUo NAeKTPLKOUG KIvNTAPEC ouvdebepévouc péow KOUTAEp. H afloAdynon tng
amnodoonc twv UeBOdwV TpayuaTonoleital HEOW XIALAOWY TIEPUTTWOEWV EAEYXOU, TOCO HE TOV UYL
MNXOVLIOUO, 600 KOl e TPELG EVAPKTNPLEG PAABEC, uTO 21 SladopeTIKES TaXUTNTEG tepLoTpodnG. H mpwtn
kot n &evutepn PAGPN Snuloupyouvtal HECW HELWONG TNG porg cuodLENG SUo KOXALWV OTAPLENG TOu
KWVNTAPQ, EVW N TPitN pHéow emipavelakng ¢pBopdg oto eAaotiko otolyelo (spider) tou koumAep. Téoo n
HEB0SOG TwWV cuvaptTnolakwy HovieAwy (FM) 6oo katl twv moAAamAwy povtéAwv (MM) emituyydvouy
oAU vPnAd mocootd avixveuong, oe avtibeon pe tnv péBodo PCA. Télog, n HEBoSOC cuvapTNOLAKWY
HOVTEAWY, TipodEPEL eTUMPOGOeTa aKPLP EKTiHNON TNG TaXUTNTAS TEPLOTPOPNG, OTNV TTEPIMTWON TOU O
UNXOVLIOUOC XOPAKTNPLOTEL UYLAC.
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