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ABSTRACT

Welding is a critical process in the construction of offshore wind turbine towers, connecting individual
sections to enable their assembly while ensuring structural integrity and sufficient strength. However,
welding introduces residual stresses and distortions that can affect the structural behaviour. Standard
finite element (FE) simulations, while capable of accurately modelling the mechanical behaviour of
structures with residual stresses under certain conditions, come with a high computational cost,
limiting their practical application in industrial design and optimization.

This study investigates computationally efficient approaches for welding simulation, focusing on
offshore wind turbine towers. Two different heat source models were employed to simulate the
moving heat input along the weld seam: one assuming a rectangular heat distribution for simplicity
and another utilizing the Goldak heat source model to achieve more accurate results. Based on these
models, a hybrid finite element approach was developed, combining solid and shell elements to strike
a balance between computational efficiency and accuracy

The methodology was initially validated on small-scale specimens and later applied to full-scale wind
turbine tower sections. The small-scale specimens were modelled entirely with 3D solid finite
elements, a method that has been previously validated against experimental reference data. These
reference models were used to assess the accuracy of the hybrid models. The comparison between
hybrid and reference models demonstrated that the hybrid approach reduces computational time
while maintaining a realistic temperature distribution. The Goldak heat source model was found to
provide a more precise thermal distribution, whereas the rectangular heat source overestimated peak
temperatures and prolonged cooling times, making it less computationally efficient.

It is concluded that geometric simplification of the welding heat source model does not necessarily
yield computational benefits. Instead, optimizing the discretization method by using a hybrid model
(solid elements near the weld and shell elements elsewhere) offers a practical solution for large-scale
welding simulations. This approach achieves an optimal balance between accuracy and computational
efficiency, making it suitable for simulating welding in large structures. The methodology can be
extended to full-scale wind turbine towers, facilitating the efficient analysis of welding-induced
distortions and residual stresses.
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NEPINHWH

H cuykoAAnon amotelei Baoikr StabLlkacio 0TNV KATAOKELT TIUPYWY OVELOYEVWNTPLWY, CUVEEOVTOC EMUEPOUC TUAMATA,
KAVOVTOG £TOL EDLKTN TNV KATACKEUH Toug, e€acdalilovtag mapdAAnAa tnv Souikn akepaldTNTA KAl EMAPKH avtoxn. QoTtoco,
EL0AYEL TTAPOUUEVOUCEG TACELS KAl TOPAUOPPWOELS TIOU UMOPOUV va EMNPEACOUV TNV SOPOCTATIKA CUUTEpLPopd. Ot
KAOLOLKEG TIPOCOUOLWOELG PE TeEMepacpéva otolxeia (FE), av kal prmopolv va mpoodEpouv, Und PoUToBECELC, |La OPKETA
aKPLB TpooopOiwon TNG UNXAVLKNG CUMTEPLPOPAG KOG KATAOKEUNG E TIOPAUEVOUTEG TATELS, £X0UV UPNAG UTTOAOYLOTIKO

KOOTOG, ePLOPLOVTAG TNV TIPAKTLKA TOUG edapoyr oTov Blopnxavikd oxedloouo kat tn BeAtiotonoinon.

H mapovoa epyacia eetalel uebodoug yla TNV peiwon Tou UMOAOYLOTIKOU KOGTOUG ULAG TIPOCOopoiwong cuykOAAnong, e
€udaon oToUG UTIEPAKTLOUG TTUPYOUG OVEOYEVVNTPLWV. YI0BeTHBNKAV OTIC TOPOUCEG POCOMOLWOELS SU0 TIPOCOUOLW AT
NG BePULKAG TtNYAG TNG CUYKOAANONG TIOU KLvelTal Katd pnRkog g padng. Eva pe Bewpnon opBoywvikng yewpetplag yla
Xapn amAdtntog kat éva pe Bewpnon mnyng Goldak ywa tnv emiteuén akpBéotepwy amoteAeopdtwy. Bdosl autwy,
avantuxonke €va uPBPLOIKO HOVTEND TTEMEPACUEVWY OTOLXEIWV Tou cuvbualel otepead (solid) kat keAudika (shell) otowyeia,

pe otoxo va emiteuxBel Looppormia petall akpiBelag kal UTTOAOYLOTIKOU KOOTOUG.

H pebodoloyia emainBeltnke apxikd os ULKPAG KALpaKkag Sokipta Kot otn cuvéxela epapudoTnke o TUAATA TUPYWY
OVEUOYEVVNTPLWY TTPAYUATIKAG KALLAKAG. MPOCOUOLWHATA TwV UIKPAG KALLaKaG SOKLUiWY, amoteAoUEVA OTTOKAELOTIKA ATtO
Tplodldotata memepacpéva otolxeia, peBodoloyio n omola €xel emikupwBel €vavTL MELPAUATIKWY OMOTEAECUATWY
avadopdg oe MPoNyoUUeVeG avaAloELg, Xpnolpomotifnkay wg avadopd emiklpwong tg opbotntag twv uRPLSKWY
MOVTEAWV H olykplon twv UPBPLOIKWY HE Ta Tipocopolwpata avadopds €8el€e OTL n UPBPLOLKY TIPOCEYYLON UELWVEL TOV
UTIOAOYLOTIKO XpOvo, Slatnpwvtag mapdAAnAa peaALloTik katavoun tng Bepuokpaciag. H Oepuiki mnyrn Goldak Bswpeital
nwg arnodibel tnv akpLpn katavour BeppdTnTag, KaL og cUYKPLON KE QUTAV N 0pBoywWVIKA TNy UNMEPEKTIUNOE TLG LEYLOTEG

Beppokpaoieg Kal EMLUAKUVE TOUG XpOvous PUENG, KaBLloTwvtag TV AlyOTEPO AMOSOTIKY UTIOAOYLOTIKA.

Suumepaivetal Aomov OTL YEWUETPIKN aAmMAOTOlNcn TOU TPOCOMOLWKMATOS TNG MNYAG TG GUYKOAANGoNng dev amodEpel
arnopaitnta UTOAOYLOTIKA 0dEAN. AVTIOETWG, N cUyKPLoN TwV HEBOSWV SLOKPLTOMOINGNG TNG KATAOKEUAG HOKPLA ard thv
padrn ™G ouykOAAnong (mpocopolwpata He TARPWE TPLoSLdoTata OTolXEld - UPBPLOIKA TpocopolwHaTA) UTopel va
QIOTEAECEL LA TIPOKTLKA AUGH YLOL T(POCOUOLWOELG CUYKOAANGNG EYAANG KALLOKOG KATOOKEUWY, ETILTUYXAvVOVTAG BEATLOTN
oxéon Hetafl okpifelog Kat UMOAOYLOTIKWY amattioswy. H peBodoloyia autr umopei va emektabel o mpaypotikol
UeyEBOUG MUPYOUG AVELOYEVVNTPLWY, SLEUKOAUVOVTAG TNV QMOTEAECHUATLKY AVAAUGON TwV MAPapopdWOEWYV cUYKOAANGNG

KAl TWV TIOPAEVOUOWY TAOEWV.



