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EuxapioTiec

KAeivovTag autnv Tnv daidaAwdn YeTdBacn and To HabnTiko oTo eviAiko-enayyeARaTikd pépog Tng wng
emBareTarl évag TeAikOG anoAoyiopodg Kal n anddoon euxapioTIwV OTd AToMd, MoU HE OUVOdEUTAV TO
KaBéva We Tov TPOMO TOU, € AUTNV TNV MNopEia.

MpwTioTwe Ba NBeAa va euxapioTHow NoAU Tov KaBnynTn K. FavTe, 0 onoiog e To dpioTo YVWOTIKO TOU
£ninedo, TNV METAdOTIKOTNTA Kal TNV auBevTikr anAdTNTa Tou OxI HOvo avalwnupwaoe To XapEVO yoUaTo
Mou oTnv 1010TNTA Kal To avTikeiyevo Tou MoAiImikoU MnxavikoU, dA\d Kal npoTeIve Kal Hia 10€a
KOIVOTOMAC OINAWMATIKNG, N onoia Je avaykaoe va €NIKAAEOT® JEYAAO PEPOG TV OUVAUEWV HOU Kal vVa
EavanioTéww OToV £auTO Pou. Me Tnv ouvexn eniBAewn, Tnv NAvToTE AUECN AVTAMNOKPION, TOV
evBappuvTikO AOYO kal TIC NapaTnproEiC TOU KaTapepaye va napa€oupe dia Auon, nou duvaTal va
avTanokpiBei og éva PEXP! oTIyUG adiepelivnTo NpOBANUa.

AeuTepeUOVTWC, Ba NBeAa va euxapioTRow OAOUC TOU PIAoUC evTOG Tou MavenioTnuiou, JE TOUG onoioug
OUUMNOPEUTKAUE, OTABNAKAME O £vacg 0TOV AANO Kal vV TEAEI WPIPACAE OE EVNAIKEG, Ol OMoiol €ival ETOIHOI
va avaidBouv Ta nvia Tng {wng TOUG kal va unooTnPIiEouV To TOOO ONUAVTIKO avTIKEiEVO, nou Ba
UNNPETACOUY, KaBWG Kal TOUC PIAOUG EKTOG Tou MavenigTnpiou, ol onoiol pou unevBUuiZav OTI unNapxouv
KI GA\a {nTraTa peifovog onuaciac nepav Tng aywviag yia Td gadnuarta kai To PETENEITa oTadio Tng
£NAyYYEAUATIKNG KapIEPAG,.

IdiaiTepeg euxapioTiec ogeidw va dwow otnv ATES Wind Towers yia Tnv oupdpoArn Toug oTnv
OlauOpPwWaN Tou BEPATOC Kal TNV napoxn Xpnoihou uAikoU kal otnv EMEK Wind Towers kai EMEK yia
TNV duvaToTNTA ENIOKEWNC Kal NapakoAoUBnoNG TwvV Napaywylk®v TOUG HovAadwv nou Jou doBnke Kal
yia TNV @IAoEevia Touc.

Kupiwg OpwG, Kal auto dev YNopei va TovioTel apkeTd, 6a NBeAa va euxapioTriow TNV OIKOYEVEID HOU Kal
TOoV adeAPIKO Hou iko yia Tnv Aveu KpItnpiwv oTnpIEn Toug, dixwe Tnv onoia dev Ba uynopoloa va
Eenepaow TIC ap@iBoAiec kal Toug NpoBANUaTioyouc, nou avripeTwni{a OAa auTtd Ta Xpovia.
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NEPIAHWH

AiavuovTtag Tnv enoxn TnG «Mpdoivng Enavaoctaonc», dnAadr pia €noxn HeTapacng ano Tn Xpnon
udpoyovavlpakwv oTn Xpron NepIBArovVTIKa QIANIKOTEPWV HOPPWV EVEPYEIAC, kKaBioTaTal EMITAKTIKA N
gUpean AUCEWV yid TNV napaywyn NAEKTpIKoU peUPATOC HEOW TNG AIONIKNG EVEPYEIAC. XTO NAAioIo auTo
£xel au€nbei paydaia n kataokeun AvepoyevvnTpiwv. H napaywyr AvepoyevvnTpiov anaitei Tnv
KATAOKEUR MOAU UWNAWV QOopEwv, Ol oroiol MPEMEl va avTanokpivovTal oTIG UYNAEG anaiTioelg nou
emBaMouv Ta peyaia evraTikd pPeyéOn Ta onoia XapakTnpilouv TEToIOU €idouc aivopeva. O (popeig
auToi anoteAouvTal anod eniPEPOUC KUNIVOPIKA KOUMATIA, MOU CUYKOAOUVTAl JETAEU TOUG, TWV OMNoiwv
N (PUOIKN YEWHETPIa €ival euBUYpayun, Kai NPOKEIMEVOU VA AanoTEAECOUV JEPOC EVOC NUAWVA Ba npenel
va nepdoouv anod dIdTagn kapnuAwaong, n onoia 6a Toug dwoel To eMBuPNTO oxnua. H napanavw
Oladikacia ekTeAeiTal o Beppokpacia NepIBAAOVTOG Kal GUVENKG anaiTel TNV avanTugn onpavtikov
NAAQCTIKOV NAPAPOPPWOOEWY YIa TNV ENITEVEN TNG ENIBUKNTAC JIAUETPOU. AUTEC OHWG dev epgavilovTal
ave&apTnTeg, aAAa ouvodelovTal kal and NApapEVouoess TACEIG, Ol Onoieg ENNPEAlOUV TIG PNXAVIKEG
ID1I0TNTEG TOU EAAONATOC KAl KAT’ ENEKTACN TNV AVTOXI Kal EUCTABEIa OAOKANPOU TOU (POpEQ.

>Ta nAaiola TnG napouoag diepeuvnong €€eTaleTal n kapnUAwoON evog euBUypaupou XaAUuBdivou
eAdopartog Pe noiotnTa xaAupa S355. Mepiypagovral avaluTikad OAa Ta anapaitTnTa Brpara yia tnv
KATAOKEUN €VOG MPOCOWOIMKMATOC, Ikavol va avanapacThoel MoTa TIG GUVONKEG TNnG npayparikhg
dladikaciag kaunuAwong and TNV XApafn Tng YEWMETPIAG kal Tn oUVOEon TOU NAEYMATOC TWV
NENEPATUEVWV OTOIXEIWV, TNV NPOTOHOIWON TNG ENAPG Kal TNG aAAnAenidpaong peTa&l Tou EAACHATOC
Kal TV AKAUNTWV KUAIVOpWYV, £wG Kal Tnv BeATIOTONOINGN Tou povTéAou. H avaAluon xapakTnpileTal
ano &vrovn Jn YPAuMIKOTNTA TOOO TOU UAIKOU, 000 Kal TNG YEWHETPIAG. AlgEayovTal NapayeTPIKES
avaAUoeIC yia OIaQOPETIKEC TIHEG TNG €MIBAAOMEVNC KATAKOPUPNG METAKIVNONG TOU TEAEUTAIOU
KUAivOpou Tng dIdTaénc kapnUAwong, G kal Tou NAYoug Tou eEeTalOpevou €AAOPATOC Kal
npayuaronolsital napaywyr diaypadpaTtwv Je OKONO TNV €Eaywyr] CUUNEPAOUATWV OXETIKA PE TNV
enidpaaon TnG kabe napapérpou. H peTaBoAr| Tng emBalOPevNG HETAKIVNONG TOU TEAEUTAIOU KUAIVOpOU
£xel peilova enidpacn 6oov agopd oTnv napaxdeioa OIANETPo, alAa OxI TOOO a&loonUEIWTN EMIPPON)
oTNV TIUN TWV NAPAPEVOUCOV TACEWV.
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ABSTRACT

Going through the so called «Green Revolution», an era of transition from the use of hydrocarbons to
using more environmentally friendly energy sources, finding solutions for the production of electricity
from wind energy is deemed imperative. In this framework the production of wind turbines has grown
radically. This new demand requires the production of very tall structures needed to sufficiently bear
the big internal forces that characterize such phenomena. These structures consist of smaller cylindrical
pieces, which are welded and bolted together. The natural state of these pieces is straight and in order
to be part of the turbine column and acquire the desired shape, they have to pass through a roller
bending machine. The described process is implemented at ambient temperature, thus significant plastic
deformations are demanded to evolve so that the desired diameter can be achieved. However, plastic
deformations always appear in conjunction with residual stresses, which affect the structural properties
of the steel sheet, and in consequence the strength and stability of the whole structure.

Within this investigation, the curving of a straight steel sheet, steel grade S355, is examined. All the
necessary steps for the formulation of a proper model, capable of representing the conditions of the
real curving process, are delineated. That includes creating the geometry and the mesh of the model,
correctly simulating the contact between the steel sheet and the rigid cylindrical rollers, so as to reliably
express the developed interaction, and optimizing the model. This is a non-linear analysis, concerning
both material and geometry, and is implemented obeying as much as possible to the demands of the
real physical process. Parametric studies are conducted for various values of the lateral displacement
imposed on the last cylinder of the bending machine and for different sheet thicknesses, in order to
create diagrams and deduce conclusions about the effect that each parameter induces. The variation of
the lateral displacement had a major effect regarding the produced diameter, but the same cannot be
said about the values of the residual stresses. The parametric studies do not include changing the
distance between the cylinders due to the fact that the bending machines are not subjected to change
in the manufacturing factories.



