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NepiAnyn

Ta TeheuTaia xpovia peyaho eviiagEpov avanTUoCETAl yia TNV AIOAIKN evEpyela kal Tn dlEpEUVNON Nol-
KIAwV BEPATWVY Nou agopouv To OXeDIAoMO, TNV KATAOKEUN aAAd Kal Tn AEIToupyia TwWv avePoyevvn-
TpIwv. Me TNV €EENIEN TNC TEXVOAOYIac, ol QVEUOYEVVATPIEC HEYAAWVOUV OUVEXWC, AUEAVOVTOG TO UWOC
TWV NUAWVWV Kal TO URKOG TWV NTEPUYIWY, NPOKEINEVOU va aglonoindsi KaAUTEPA TO AIOAIKO OUVAIKO,
ME anoTeAeopa TNV au&non Twv QopTIwV NMou TIC KATANOVOUV.

>Tnv napoUoa WETANTUXIAK €pyaacia, apxika diepeuviBnkav Ta popTia avéPou Kabwe Kal n enipporn
TOUC OTNV anokpion TNG avEUOYEVVATPIAC, NPAYHATOMNOIMVTAC NAPAPETPIKEC avaAUoEeIC kal HETABAAO-
VTaG Kaipia OTOIXEId TOU MPOCOMOIMUATOG, HECW KATAMNAwvV Aoyiopikwv Tng National Renewable
Energy Laboratory (NREL). '@ pia TUnIKr] QveRoOyevvhTPIa I0XU0G 1.5 mW, ol NapapeTpol Nnou €EeTaoTn-
Kav givar n geéon TaxutnTa 10 AeNTwv TOU GVEUOU Kal n évraon TUpBnG Tou, N ywvia nponTwong Tou
avépou kabwc Kal NapapeTpol Nou agopolv JUnXavoloyikd OToIxeia TNG avepoyevvhTpiag, ennpealouv
OMWC KaBOPIOTIKA Ta EVTATIKA YEYEDN oTov NuAwva. TETOIEG NAPANETPOI €ival TO oUCTNPA KAIONG NTE-
puyinv Kal To cUoTNPa NEPICTPOPNG TNG ATPAKTOU.

Ev ouvexeia npooopoimOnkav apiBunTIKaG YE NENEPACHEVA OTOIXEIQ TUMIKEG OUVOEDEIC aNOKATAGTAONG
OUVEXEIQG TOU NUAWVA Kal EKTEAECONKAV KN YPAUMIKEG avaAUOEIC YEWUETPIAG UNO TA NpayuaTika duva-
MIKG qopTia avéuou nou unohoyioBnkav apxikd. O1 GUVOEDEIC QUTEC UAOMNOIOUVTAl PEOW JINAWY dAKTU-
Nogidwv eAaoudTwy, Ta onoia €ival EpYo0TACIAKA GUYKOMNUEVA O KABE TEUAXOC TOU MUAWVA OTIC
B€0€IG anokaTAoTaonG TNG OUVEXEIAE, Kal KOXAIWvVOvVTal PETAEU TOUG HE MPOEVTETAPEVOUG KOXAIEG. H
MeTaBifaon Tng évraong PeTa&l Twv dU0 Tepayinv Tou NuAwva Yiveral HEow OUVAMPEWV €NAQNG OTN
OUVOEQT), YEYOVOG Mou KabioTd To NpOBANKaA pn ypaupiko. Ma Tnv avaluan Tou nNpoBARKaTog, ol KoXAIeg
Kal T EAAoPATa TnNG uno PEAETN aUVOEGNG NPOCONOINBNKAV E NENEPACHEVA OTOIXEIA JIAPOPWV TUNWY,
TpIodidoTaTwy kal diodidoTaTtwy. O enagéG avapeoa oTa eAAoOPATa, TnG avruyag Tou eAAcaTog Kal
TOU KOPHOU Tou KoxAia kal TnG KEPaAng Tou koxAia pe To EAacpa Afgenkav unoyn We katahAnAa oTol-
X€ia enagng,.

TEAoG, NpaypaTonoIndnke EAEYX0C o€ KONWON Yia Ta JEAN TNG oUVOEDNC, GUVOAIKA 0TO XpOvo (WG TNG
avedoyevvnTpiag oUPewva Pe To EN 1993-1-9. O1 dpaceig KONWaong UNoAoyioTnkav anod TEXVNTEC XPo-
VOIOTOPIEG AVEHUOU Nou napnxénaav, kai v KaTakAEid Npoékuyav Xproika cUPNEPAcHATa yid To 0woTo
oXedIaouo auTou Tou TUMOU CUVOETEWV.
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Abstract

Nowadays, in-line with the objective of growing energy production from renewable sources, wind turbine
dimensions increase in order to take better advantage of the available wind potential. Namely, taller
towers introduce higher wind velocities, while longer blades provide larger incident area. As a result,
the wind load acting on wind turbine towers increases significantly.

In the present postgraduate thesis, the wind loads due to artificial wind pressure time histories, obtained
via an appropriate aerodynamic approach, and the dynamic response of wind turbines are initially in-
vestigated through parametric analysis. For this purpose three public domain computational engineering
tools from National Renewable Energy Laboratory (NREL) are used. For a wind turbine of rated power
1.5 mW, mean 10-minute wind speed, turbulence intensity and angle of the average wind speed were
chosen to be investigated. As far as the control systems of modern wind turbines, blade pitch control
and yaw orientation system were chosen to be investigated due to their importance for the design forces
of the tower.

Aditionally, several numerical models simulating typical connections between adjacent parts of tubular
wind turbine towers are created with the finite element program ADINA, in order to perform nonlinear
dynamic analysis. Such connections are realized by means of double ring flanges that are pre-welded
on the adjacent shell parts and are bolted together with fully preloaded bolts. Contact elements are
appropriately used to introduce the connection’s nonlinear behavior due to the interaction between
flanges and bolts and between nuts and flanges. The parts of the connections are simulated with various
types of finite elements such as 3d-solid, shell and beam elements.

Finally, these models are used for fatigue checks according to Annex A of EN 1993-1-9, taking realisti-
cally into consideration the dynamic nature of applied wind loads as mentioned. Artificial wind pressure
time histories are used for this purpose, and the cumulative damage at all parts of the connection is
estimated, for the whole life time of the wind turbine. In conclusion, useful results are obtained for the
proper design of such connections against fatigue failure.
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