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O@a riBeAa va euyapioTriow Bepud Tov KabnynTii Lou K. Xdpn [avte yia Tnv unoderyuariki kaboonynon
Kar Trv angpiopioTn BoriBeia rnou Lou napeye kab’ oAn tnv didpkeia ¢ onAwparikiig Lou pyaoiag. H
napovoia Tou rirav n PeATIoTn duvarri, OIvovTdg Lou navra 1o KIVITPo Kal Ta arndpaitnra epooia yia
TNV QVTIUETWITION TWV MEOBANUGTWVY 10U NPoEKUYav Kard Tnv IGPKEIA TG Epyaciac ov. H
npoBuuia, To 1rj6og kai 1 EUTICTOOUVI] 10U LIOU EOEIEE TOV KaBIOTOUV rpoTurno OaoKaAou.

Eniong, £va peyalo euxapioraw opeirw kar orov AinAwarouyo lToArmiko Mnyaviko E.M.11. k. HAia
Bavdoouda. H BoriBera riou ou ripooEPEPE Kai 0 Xpovog rou rnpoBuua apiepwoe riTav kaBopioTiKiG
onuaociag yia Tnv OIEKNEPAlwOT TIE E0yaoiag [Iou.

OgAw va uyapioriiow v AinAwparouyo loAiriko Mnyaviko E.M.11. Aikarepivn Nraiparn, n
OIMAWUaTIKI} Epyaocia ¢ oroiag aroTeAEoe Trv Ldorn Tr¢ Epyaoiag Lou.

TEAOg Ba rjBeAa va exkppdow Ti¢ EUXYAPIOTIEG LIOU OTOV CULIQOITITIT Kai iAo tou Mwpic. H napouvoia
TOU OTIV QOITNTIKI] IOV (Wi} LIOU XGPIOE QVEKTIUNTES OTIYLIES.
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NEPIAHWH

AVTIKEIJEVO TNnG napoucag OJINAWMATIKAG €pyaciag e€ival n  afloAdynon €VAAMAKTIKWV  TPOMnwv
OUYKOAANONG O€ OUVOECEIC AMOKATAOTACNG OUVEXEIAC TOU OWANVWTOU MEPIBANMATOC  MIAC
QVELOYEVVNTPIAC YIa KATanovnon ano Qoptia konwong. Or und PeAETN evaAAakTIKOi TpOMol oUVOEDNC
gival o1: GAAvTLa e OPICUEVEG ENIPAVEIEG ENAPNG, PAAVTIa NPOCUYKOANONG, PAAVTIa WE NPOEKTACN
kal @Aavtla eEwpaengc, yia ouvdeon oTo 0,85 Tou UWOUG TOU NUAWVA HIAS TUMIKAG AVEUOYEVVITPRIAC
opIZovTIou G&ova, ovopacoTIKAG IoxUog 1,5mW kai Uyoug nuAwva 80m.

MNa Tnv a§loAdynon TnG CUMNEPIPOPAG KABE evaAAaKTIKOU TPOMOU OUVOECNG MPOCOHOIWVETAl £va
KOMMATI TNG ouvdeanc Bpaxeog L pe TpiodidoTaTa aToixeia oykou, To onoio nepiAauBavel évav koxAia,
TIG ouvdeOpeveG dakTUNIOEIDEIG AAVTIEG Kal €va KOUKATI TOU EAAOUATOG TOU NUAwva. Ta apiBunTika
NMPOCOUOIWKATA, TA Oroia avTIOTOIXOUV OTOV MAEOV EQPEAKUOMEVO KOXAiQ, OEXOVTAl E€PEAKUOTIKN
Ouvapun nepi Ta 100kN. MpaypatonoloUvTal PN YPAPKIKEG avalUoEIG XpnolHonoIwvTacg To npdypauya
nenepaopevwv  otoixeiov ADINA v9.0.0, oI Onoieg €MIKEVTPWVOVTAl OTOV MPOCdIOPIoUO  TNG
OUMMEPIPOPAG TWV PAPWV GTOUG BIAPOPOUG EVAMAKTIKOUG TPOMOUG OUYKOAANGNG. ZTIG avaAUoelg dev
Aappaveral unown n WPn YPAuMIKOTNTA Tou UAIKoU, dedolevou OTI N aoToxia OTIC eV AOYw OUVOEDEIG
avapeveTal va npoéABel HECW KOMWONG, N ornoia NPAayuaTonolsiTal Pe TIG TAOEIC va NApauévouv oTnv
€AAOTIKN NEPIOYN.

Ma kdBe evaAAakTIKO TPOMO OUYKOANONG Yyivovrar avaAuoelic yia dU0 OUCTAMATA CUVOPIaKWV
ouvlnkawv. To NpwTo nepIAauUBavel NnakTwon oTnv Bacn Tou koyxAia kai oTnv KATw @QAAvtia kai
Ogoueuon TG WETakivnong katd Tnv epanTopevikn OlelBuvon oTov agova OUMPETpIac. To deUTepo
nepIAapBaver TIG i0IEC OUVOPIAKEC OUVONKEC HE TO MPWTO KAl €XEl OV EMINPOOOETN Ouvelnkn Tnv
O€oMeUOn TNG METAKIVONG KATA TNV €panTtopevikn OleUBuUvon OTIC AaKPAIEC MAPEIEG TOU
NMPOCOHOIMKUATOG, NMPOTOMOIWVOVTAG £TOI KAAUTEPA TNV CUVEXEIQ TOU UAIKOU OTO (PUOIKO NpoBAnua.

Ma kGO evaAakTIkd TPOMNo ouykOAANGNG napouaialeTal n KATavoun Twv TAOEWV G auTh o€ 01agopa
oTadia eniBoAng Tou @opTiou. MEow Tou TPICOIAOTATOU MPOCOUOIMKUATOG EMITUYXAVETAI I ANEIKOVION
TNG KATAVOMNG TWV TACEWV PE PEYAAN akpiBeia. AuTO Exel oav anoTEAEOUa Tov NPoodIopIouO o€ kaBe
OUYKOAANON Twv MEPIOXWV MOU NAPAMUEVOUV OXETIKA MO AVEVEPYEC KAl TWV MEPIOXWV MOU
napoucialouv UYNAEG OUYKEVTPWOEIG TACEwv. TENOG, Yiveral oUykpIon Twv TEOOAPWY aUTWV
€VAAAKTIKWV TPONWV oUVOEDNG,
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ABSTRACT

The present diploma thesis deals with the evaluation of alternative welding details for splicing
connections of the tubular body of wind turbines under fatigue loads due to wind. The alternative
connections discussed are: flange with defined contact area, pre-welding flange, flange with extension
and external stitching flange, for a connection at 85% of the total height of the tower of a typical
horizontal axis wind turbine, with rated power 1.5mW and total tower height of 80m.

For the evaluation of the behaviour of every alternative connection technique, a typical L-stub
connection is simulated, using 3D solid elements, which includes a bolt, the ring-like connecting
flanges and a part of the tower’s shell. The numerical models are subjected to a tensile force of
approximately 100kN. Non linear analysis is performed using the finite element program ADINA
v9.0.0, focusing on the welding’s behavior for each different solution. Material non linearities are not
taken into consideration as failure of the particular connections is expected to be due to fatique, which
takes place with the stresses remaining in the elastic area.

For each alternative welding detail, analyses are carried out for two sets of boundary conditions. The
first includes fixing for x, y and z translation at the base of the bolt and the lower flange and of
translation in the tangential direction of all nodes on the symmetry axis. The second includes the
same boundary conditions as the first and the additional condition of restriction of the translation in
the tangential direction of the edges of the model, thus simulating better the continuity of the flanges
and shell in the physical problem.

For every alternative welding solution, the stress distribution is presented in different stages of the
load imposition. Through the 3D-simulation the stress distribution is depicted with high accuracy. This
results in the recognition of the areas that remain relatively inactive and those where high stress
concentrations are encountered for each welding alternative. Finally, a comparison of the four
alternative connections is presented.





