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AutAwpatiki epyaocia — EAeuB€pLog Avtwvomoulog

Euxapiotieg

Me tnv napovoa StmAwuatikn epyacio oAokAnpwvw Ti¢ ormoudég uou oto tunua Mnyavodoywv
Mnyxavikwv tou EGvikou MetodBiou MoAuteyveiou. Euxaplotw 60Aou¢ Toug SLOXOKOVTEC TNG OXOANG
pla TIG YVWOELG TTOU UOU TIPOOPEPAV QUTA T TTEVTE xpovia kat, tdtaitepa, tov Kavnyntr BaoiAelo
Zrtd yla tv kadodrynon kat ti¢ moAUTIUEG CUUBOUAES Tou.

H epyaocia autn dev Ya ntav epiktn av dev eiya mpayuatonoljoetl pia etiota uadnteio oto CERN
ota nmAaiolax tou mpoypauuato¢ “Technical Student Programme”. Euxoaptotw, Aoutdv, tov
npoiotauevo uou, Raphael, mou UE EUIOTEUTNKE YL TNV EKTTOVNON EVOC TOOO EVOLAPEPOVTOC EPYOU
mtou Ya ouuBalet otnv avaBaduion tou nelpauatoc ATLAS. Zexwploth avagopd da mpemneL va yivel
Kot o€ OAouc toug ouvadéApouc pou, Kol kuplw¢ otov Jamie, yla tnv Stapkrn ouvdpoun kat
avatpopodoTNaon TOU UOU IPOCPEPAV KATA TNV SLAPKELA TNE padnTeiac pou.

TéAog, Sev Ja umopoUoa va NV EUXAPLOTHOW TNV OLKOYEVELX KoL TOUC PIAouc¢ pou, Eva kat STEpavo,
mtou ftav SimAa pou amod tnv apxr Tou Epyou autoU Kal UE EvIdppuvay UE KADE TPOmO.
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Yrevduvn dnAwan yia AoyokAomn kot ytoe KAorr) mVEUUATIKIG LOLOKTNOLaC:

‘EXw Stafaosl Ko KOTaVOroeL TOUG KAVOVEG yla Th AoyoKAOTH Kal ToV TPOno cwoth¢ avadopag
TWV MNYWV TOU TePLEXOVTAL 0ToV 08ny0 cuyypadng AtmAwpatikwyv Epyaciwv. AnAwvw OtL, amno
o6ca yvwpilw, To MePLEXOUEVO TNG apovoag AumAwpatikig Epyaociag eival mpoidov Sikng pou
gpyaoiag Kot urtapyxouv avadopE o OAEG TG TNYEG OV XPNOLUOMoinca.

OL andyPeLg KoL TOL CUMMEPACLOTA TTOU TIEPLEXOVTAL OE aUTH T AUTAWMATIKA Epyaoia ival Tou
ocuyypadéa Kot Sev PENEL vaL EPUNVEVOEL OTL AVTLMTPOCWNEVOUV TIG ENionpeg O€0eLg TG IXOANG
MnxavoAdywv Mnxavikwv 1} tou EBviko MetooBov MoAutexveiou.

Avtwvonoulog EAsuBépiog
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NepiAnyn

H mapoloa epyoocia mpaypatevetol Tov oxeSLAoMO KOl TNV €VOWHATWON HLAG OEPAG omo
UNXaviopous petadopdg kat avioPwong tou veou efomAlopol YPuéng Tou TPOKELTAL va
eykataotabel ota mAaiowa tng avapfaduiong tou nepapatog ATLAS otov Eupwraikd Opyaviopd
Mupnvikng Epeguvag (CERN) tng EABetiag. OL pnxoviopol mou avaAuovtal avtlkotomntpilouv tnv
epyooia mou ektéAece o ouyypadeag ota mMAaiola TG €TRoLAg HaOnTElOG — TPAKTIKAG TOU OTOV
opyaviopd w¢g ¢oltntAg TG oXoAng Mnxavoldywv Mnxavikwv tou EBvikol Metooflou
MoAuteyveiou.

Zuykekplpéva, Oivetal €udacn otov €VVOLOAOYIKO OXESLOONO TECOAPWVY OCUCTNUATWY KAl N
EVOWUATWON TOUG OTOUG XWPOUG Tou TIElpAdpatog ATLAS. Ta cuoTAUATO QUTA SPOUV UTTOOTNPLKTLKA
070 V€O oloTnua PUENG TOU ECWTEPLKOU QVIXVEUTH TOU TIElpApatog ATLAS mtou amoteAeital amo &€l
OUCOWPEUTEG KOl €MTA povadeg Yuéng. Ta TECOEPA CUCTAMATO QUTA Elval: €vag UNXOVLIOMOG
oAloOnong Twv CUCCWPEUTWY, EVaG KILVNTOG YEPAVOG YLOL TNV CUVAPLOAOYNON KOL TNV CUVTAPNON TNG
Hlag amo tig entd povadeg Yuéng, évag umepuPWUEVOC YEPAVOGS YLaL TNV CUVAPUOAOYNoN Kol TNV
ouvtApnon Twv &&L amod Tig entd povadeg PuEng kat pia petarAikn kataockeun Pevdodamedou mou
EKTELVETAL YUPW OO QLUTOUG TOUG CUCOWPEUTEG KL TLG povadeg Yuénc.

Ze OTEVN ouvepyaoia pe Toug oxedLaoTEG Tou VEOU cuoTtpatog PuEng kot AAAa appodia TuRpata
Tou avadEpovtal ot aviiotolxeg mapaypadoug, o cuyypadeag oxediooe — o€ €VVOLOAOYLKO
TOUAGXLOTOV ETUMESO — TIG YEVIKEG OLOTALELG TWV VEWV AUTWVY CUCTNUATWY KAVOVTAG XPRon
Aoylopkol oxedlaopou BonBolupevo amd umoloyilotr (CAD). Katd tn Sidpkela tou oxedlaopou
autol 866nke Wlaitepn €udoon otnNV EVOWHATWON TWV UNXAVIOUWY 0To TiepBdAlov omou Ba
gykataotafouv Kabwg Kal otov KaBoplopd Twv oXESLAOTIKWV/AELTOUPYLIKWY QTALTCEWVY TOUG. H
QVTOXN TWV MNXOVIOMWV autwv €eAEyxOnke oOmou kpibnke amapaitnto kavovtog xpnon eite
QVAAUTIKWV TUTIWV €ite Aoylopkol avaAuong tn neBodo Twv menepacueévwy otolxeiwv (FEM). Ze
neputtwoel apdiBoriog f aduvauiag emloyng petafld evaAlakTikwy AUVCEwWV, gywve Sle€aywyn
TIELPAUATWY TA OTIOL0L AVAAUOVTAL 0TV EKTACN TG EPYACLAG.

OAa ta mapanmdvw €Xouv CUYKEVTIPWOEL 0TO KUPLO TUAMA TNG TapoloOG €pyaciog n €xouv
ermouvadBel pe tn popdn mapaptnudtwy. Na 6Aoug Toug PNXAVIOUOUG KOTAoTpwOnKav eKOECELS
TEXVIKWV TtpodLaypadwv mou PeTaBLBaotnkav ota appodLa T LOTA Yo TOV TEALKO oXeSLAopO f/Kal
Vv g€evpeon MPoodopwV Ao eEWTEPLKOUG KATAOKEVAOTEG. H eykatdotaon toug Ba yivel og pia
oelpd «mepPLOdwV SLOKOTAG AELTOUPYLOG» TOU TELPAUATOC EVTOC TWV EMOUEVWV XPOVWV OTWG
e€nyeitat otnv teAeutaia evotnta TNG mapovoag Epyaciag. Z&€ CUVOUAOHO LLE TIG EUPUTEPEG EPYOOILES
avaBabuiong téco tou melpapatog ATLAS 660 Kal Tou cUVOAOU TwV gykataotdoewv Tou CERN, n
ETILOTNOVLKA KOLVOTNTA TNG CWHATIOLOKAG GUOLKNG ETILOLWKEL VO SWOEL ATIAVTAOELG OE LEPLKA aTtd
Ta 1o OgpeAlwdN EPWTAMATA OXETIKA PE TNV VAN KOL TO CUUTIAV EV YEVEL.
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This diploma thesis concerns the design and integration of a series of transport and lifting machinery
for the new cooling equipment that will be installed in the framework of the ATLAS Experiment
upgrade at the European Organization for Nuclear Research (CERN) in Switzerland. The mechanisms
presented reflect the work carried out by the author as part of his one-year studentship — internship
in the organization as a student at the School of Mechanical Engineering at the National Technical
University of Athens.

Specifically, emphasis is placed on the conceptual design of four mechanical systems and on their
integration in the ATLAS Experiment environment. These systems act alongside the new cooling
system of the inner detector of the ATLAS Experiment, which consists of six accumulators and seven
cooling plants. These four systems are: an accumulator sliding mechanism, a mobile crane for the
assembly and maintenance of one of the seven cooling plants, an overhead crane for the assembly
and maintenance of six of the seven cooling plants and a metallic false floor structure which extends
around these accumulators and cooling plants.

Alongside the designers of the new cooling system and colleagues from other relevant departments
mentioned in the corresponding chapters, the author designed — at least at a conceptual level — the
general layouts of this new machinery using computer aided design (CAD) software. During the
design, emphasis was placed on the integration of the mechanisms in the environment where they
will be installed as well as on the definition of their design/functional requirements. The structural
integrity of these mechanisms was verified, where necessary, using either analytical formulas or finite
element method (FEM) analysis software. In cases of doubt or inability to choose between alternative
solutions, experiments were carried out and they are documented throughout this thesis.

The above have been gathered in the main part of this thesis or have been attached in the form of
appendices. Technical specification reports were created for all four mechanisms and passed on to
the relevant departments for their final detailed design and/or solicitation of bids from external
manufacturers. Their installation will take place during a series of “technical shutdown periods” of
the experiment over the next few years as explained in the last chapter of this paper. In conjunction
with the wider work of upgrading other parts of the ATLAS experiment and the CERN facilities in
general, particle physics scientists seek to answer some of the most fundamental questions about
matter and the universe altogether.
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1 Ewaywyn

1.1 To CERN

To CERN (Conseil Européen pour la Recherche Nucléaire [yaAAikd]) elvat To peyaAlutepo o€ €KTaon
TIELPALOTLKO KEVTPO TIUPNVIKWY EPEUVWV OTOV KOGUO. Bpioketal SuTikd tng Meveung, ota cUvopa TG
EABetiag kat tng NAAlag, e TG EYKOTAOTACELG TOU va eKTElvovTal kat ota Vo kpatn. 16pubnke to
1954 amnd 12 supwnaikeég xwpeg — LeTaL Toug kat n EAAGda — evw onpepa (2023) aptBuet 23 kpdtn-
HEAN. ZUUPWVA HE TO TILO TTPOODATA OTATLOTIKA [1], TO pOVIHO tpoowTtikd Tou CERN Eemepva ta 2600
ATOMO EVW TOUTOXPOVA ouvepydletal pe mavw and 13000 emOTAUOVES (OTNV CUVIPUTTIKA TOUG
mAeloPnoia puoikol kat pnxovikoi) amod mavemotnulakd Wpupata 70 Kot TTAEOV XWPWV.

Z1a 69 xpovia Asttoupyiag tou To CERN €xeL uTtdp&eL 0 Xwpog oo Tov omoio exeL avadubel pia oelpa
ETLOTNUOVIKWY ETUTEVYUATWY UE EPAPHOYES 0€ TTANOOG TEXVOAOYLKWY XWPWV, LETAED TWV OTOLWV N
(Bro)atpikn Kat n emotn Twv uTtoAoylotwy (computer science). Map’ 6Aa autd, To Baociko nedio
™G peAetng mou Sie€ayetal oto CERN eival n mupnvikn ¢uotkn, kot dn n cwpatdiakn euoikn,
6nAadn n emotun mou acxoAeital pe Tt otoleElwdn ocwpatibia — mMou ocUpdwva UE TNV
ETLOTNMOVIKA Kowotnta amotelouv tn Souwkr) Ao mou amaptilel tnv UAN. MeAetwvtag tn
ocupmnepldpopd Twv cwpatdiwv avtwv, ot emotipoveg tou CERN kot yevikdtepa o KAASOG TNG
«Duokng YYnAwv Evepyelwv» emSLWKEL va. SWOEL AMAVIACEL O UEPLKA amd Ta TiLo BepeAlwdn
EPWTAMATA TOU CUUMOVTOG, OTIWG « Tt €lval n UAN Kal amo mou mpoépxetal;» Kot «Nwg cuykpateital
QUTA N UAN WOTE VA OXNUATLOTEL 0 KOOUOG Tov pag epBAMAEL kal n Sla tnv avBpwrivn Lwn;».

Ou bladopeg Bewpieg meplt cwpatidlakng Guolkng mou €xouv avamtuxBel katd Tiq teAeutaieg
bekaetieg dev avrikouv oto medio HEAETNG TNG TapoVoOG SUTAWUATLKAG EpYAciog — OpwG KpiBnke
amapaitntn n CUVIOMN AUTH EL0O0YWYH, WOTE va YIVEL KATOVONTH N ONUOoia TG EPEUVAG TIOU
Ole€ayetal oto CERN. O avayvwotng mapamneumnetat otnv BipAoypadia mou Pploketal oTig
televutaieg oeAideg tng mMapovoag SUMAWUATIKAG ot mepimtwon mou avalntd TEPLOCOTEPES
TIANpodopieg oXETIKA e To OewpnTiko uToBabpo tng cwpaTdLakng PUOLKAG.

Eni tou mpaktéou, yla TV amdvtnon twv nopanavw epwinpatwyv n Quowkn YYnAwv Evepyelwv
SlaBétel otn dapétpa ™G MARBOG €EOMALOUOU/UNXAVNUATWY, TWV OMOLWV O OXESLAOUOG, N
ouvapuoAoynon, n ocuvtnpnon k.a. dgv Ba ATav dSuvatog XwWPLG TNV GUUPBOAN TWV HNXAVIKWY TIOU
gpyalovrtat oto CERN r/kat ota cuvepyalOPeVA ETILOTNOVIKA WOPULATA. ITO AVWTEPO EMIMESO TOU
e€omALopou autou Bpioketal o Meydhog Ertayuvtng Adpoviwv rj, cuvtopotepa, LHC (Large Hadron
Collider). Npokettal ya pio umodyeta (-100m) pnxaviky dtataén oe oxnpa daktuAiou cuvoAlkou
UAKOUG 27 XIALOMETPWY Tou ekTeiveTal TO00 otnv EABetia 6co kat otnv MoAAia (Ewkéva 1). Onwg
OnAwvel Kot to Ovopa TOU, O EMITAXUVIAG OUTOG XPNOLUOTIOLELTOL Yl TNV ETLTAXUVON TWV
otolelwdwv cwpatdiwv mou avadepOnkav vwpitepa. H emtdyuvon toug — mou GTAVEL OpLaKA TNV
TaXVTNTO TOU PWTOG — EMITUYXAVETAL PE TN XPAON LOXUPWV NAEKTpopayvnTKwY Tedlwv: Ta
nAektplka media emtaxvouv tn &éoun cwpatdbiwv evw ta payvntka media otpifouv (ue
OUToAlkoUG NnAekTpopayvATeG) Kal eotidlouv Tn O6€oun (Ue TeTpAOAKOUG MayvATeg). Eival
onpavtiko va avadepBel 6tL o LHC eival o TeAeuTalOg KOTA OELPA ETULTAXUVTAG TTOU XPNOLUOTIOLELTAL,
adol MpwTa T OTOLXELWSN cwaTidLa EMLITAXUVOVTAL OO ULKPOTEPOUG OE UNKOG ETLTAXUVTEG TIOU
elvat ouvdedepevol pe tov LHC [2].
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LHC: 27knt

Ewova 1: Mavopautkn aroyn tov Meyaldou Emtitayuvti Adpoviwv (LHC) tou CERN. lnyn:
https://www.symmetrymagazine.org/article/march-2015/the-lhc-does-a-dry-run

210 e0wTeEPLKO Tou LHC umadpyouv dUo cwAnveg Kevou Omou ol 6éopeg ocwpatidiwy tagldevouv oe
avtiBeteg KaTELOUVOELS £WG OTOU CUYKPOUOTOUV OE KATIOLO Ao TO TECOEPA oNUeila Staotalpwong
KOTA UNKOG Tou SaKTUALOU. Xta onueia autd eival TomoBeTnUéVoL KAl OL TEOOEPELG OVLXVEUTEG —
nelpapata mou dtabétel to CERN: To meipapa ATLAS, to neipapa ALICE, to meipapa CMS kal to
neipapa LHCb (Ewkéva 2).

LHC

Ewkova 2: To oUUTAEyUQ ETUTOYUVTWVY Kal aviyveutwVv tou CERN. lMnyn:
https://en.wikipedia.org/wiki/Large_Hadron_Collider
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1.2 O aviyveutng ATLAS

Mevikd, 0 pOAOC TWV AVIXVEUTWV €lval n kataypadn Kat n avaluon t¢ oclykpouong twv SUo,
avtiBeta KwvoUpevwy, Seopwv cwpaTdlwv. H OUVOALKN EVEPYELO TWV CUYKPOUOUEVWV CWHATLS LWV
otov LHC ¢tavel ta 14 TeV kal oL cuvBAKEG CUYKPOUGCNG QVOTTOPAYOUV TIOPOLIOLEG KATAOTACELG LE
QUTEG TTou akoAoUBnoav SeutepoAemta petd tnv MeydAn Ekpnén (Big Bang).

Ita mAaiola ¢ epyaciag autng KPLVETAL OKOTILUN N TTapouciocn TNG YeVIKAG Soung tou ATLAS, evog
oo TOUCG QVLXVEUTEG Tou umdpxouv oto CERN. Mpokeltal yla €va mepmAOKO UNXOVOAOYLKO
KaTaoKeVaoua KUALVSpLKoU oxipatog (Etkova 3) pe dtapetpo 25 pétpa, unkog 40 pétpa kat Bapog
niepl toug 7000 tovoug, Bplokodpevo o BaBog 100 pétpwy amo to £dadog [3].

Ewova 3: Tpiobiaotato UovtéAo oAdkAnpou aviyveutn ATLAS. Mnyn:
https://cds.cern.ch/record/1095924

Anoteleital anod ta €€AG 4 eMUEPOUC TURUOTA TTou daivovtal kat otnv Ewkova 4:

1. Eowtepkog aviyxveuth¢ (Inner detector): BpiokeTal 0TO KEVTPO TOU QVIXVEUTH Kal amaptiletal
and 3 UTIOCUCTHUOTA QVIXVEUONG TIOU — XAPN OTO POyvNTIKO Tedio 2T mou emikpatel —
KOUTTUAWVOUV TIG TPOXLEG TWV CUYKPOUOUEVWV CwHATSlwv umoloyilovtag tTnv opun Kal to
doprtio toug [4].

2. Ogppdopetpa (Calorimeters): e avtiBeon pe TOV €0WTEPLKO AVIXVEUTH, Ta BepuldopeTpa
armoteAoUVTOL AMO OTPWHATA €VOG «amoppodnTkou» Kot UPNAAG TUKVOTNTAC UALKOU Ttou
OTOMATA TA Ouykpouopeva owpoatidlia. H  kataypadopevn Ttpoxld Ttwv owpaTSlwy
XPNOLLLOTIOLELTAL YLOt TOV UTIOAOYLOUO TNG PpEpouacag eVEPYELAC TOUG [5].

3. Qaopatopetpo poviwv (Muon spectrometer): Ta piovia eival €va €ido¢ cwpatdiwy ta omnola
€XOUV TNV KOVOTNTA va Slamepvouv ta BepUdOPETpA XWPIG Vo XAVOUV TNV EVEPYELA TOUG.
JUVETIWG, yla TNV LETPNON TN OPUING TOUG Xxpnotpormoleital eldikn diataén ota akpa tou ATLAS
TIoU ovoualeTal GACUATOUETPO Uloviwv [6].
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4. 30otnua payvntwv (Magnet system): [MpOKelTal ylo UTEPAYWYLUOUC TOPOELSELG Kol
OWANVOELSEIC HAYVATEG TTOU KAUTITOUV TNV TPOXLA Twv cwpatdiwv. Woxovtal otoug 4.5K (-
268°C) MPOKELPEVOU VA TIOPEXOLV TA amapaitnta .oxupd payvntika nedia [7].

Ewkova 4: Ta téooepa Baolka UTTOCUOTHUATA TOU aVIXVEUTH ATLAS: EOCWTEPLKOG QVIXVEUTIG,
UEePULOOUETPA, PUOUATOUETPO ULOVIWV KOl CUCTNUA UOyVNTWV (A0 MAVW QPLOTEPA TTPOG KATW
o6eéia). Mnyn: https.//cds.cern.ch/record/2777214

1.3 AvaBaduion ecwteptkol aviyveutn kat avaykn Ypogng pe CO,

H emopevn peyaAn avapaduion touv LHC ovoudletal «Ddaon YYnAng Qwtewvotntag tou MeydAou
Erutayxuvty Adpoviwv» (ota ayyAwka “High-luminosity phase of the LHC” 3 “HL-LHC” xapwv
ouvtopiag). lNevikad, n «dwtewvotnta» L opiletat wg o Adyo¢ tou puBuol yeyovotwv N mou
Kataypadovtal and Tov aviXVEUTH TPOG TNV EVEPYO SLOTOUN O:

1dN
T odt
Me tnv oAokAnpwon Twv epyaciwv avafaduiong, mou onuepa [2023] xpovoAoyeitat yia to 2029, o
LHC Ba pumopsi emutUxel péylotn otyploio pwtevotnta ion pe 7.5x1034 cm™2s™1, n onoia avtiotouyel
o€ pla taén pey€boucg neplocodtepa Sedopéva amod OTL orjpepa. To VOUUEPO aUTO petadpaletal o
niepimou 200 aveAAOTIKEG CUYKPOUOELG TpwToViou-pwtoviou avd Stactavpwon déoung [8]. Zta
mAaiola TG avaBaduiong autng Exel tpoPAedBel n aAAayr) TOU TwPLVOU ECWTEPLKOU OVLXVEUTH) TOU
nelpapatog ATLAS pe évav véo avixveutn dtlayuévo €€ oAokArpou amo nupitio (ota ayyAka “all-
silicon Inner Tracker” | “ITk” yia cuvtopuia).

H texvoloyia tou ITk eival e€alpetikd evladépovoa aAAd Sev avhKeL oTa TMAALOLO PEAETNG TNG
SuTAwATIKAG epyaciag autic. Map’ OAa auTd, 0 avayvwoTng mopanéunetotl otnv BLBAtoypadio mou
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Sivetal oto télog tng epyaociag o€ mepimtwon mou embupel va pabeL meploodtepeg mMAnpodopieg
OXETIKA LE TOV VEO QLUTOV ECWTEPLKO AVLXVEUTH. AUTO OMWG MOV €lval EEQPETLKA GNULAVTLKO yLa TNV
napovoa epyacia gival OTL To TEPAOTLO TTANOOG NAEKTPOVIKWY TOU VEOU QVLXVEUTH OVTLOTOLXEL O€
Bepuikd dpoptio 249 kW kat dpa n xprion €vog cuotnuatog Yuéng eival amapaitntn. Mo Adyoug
olyKpLong, avadpEPETaL OTL 0 TWPLVOG ECWTEPLKOG QVLXVEUTAG XPNOLUoTolel cuotnua Yuéng ue
oktapBopornpormnavio (CsFs) Loxog 60 kW [9].

MNa tov ITk emAéxBnke n Yun pe So&eidlo tou avOpaka (CO2). ZuykekpLuEva, N Aoyl autn
ETUTPETEL ONUAVTLKI €£0LKOVOLINCN XWPOU OTO E0WTEPLKO TOU avixveutn LotL To CO;, pumopel va pEeL
arodoTIKA 0€ CWANVEG KPOTEPNG SLAPETPOU amod Ta cUPBATIKA PUKTIKA pEaa [10].

To ocvotnua Yuéng eivar Paclopévo otnv €vvola tou “EAeyxopevou PBpoxou pe Sipaoiko
cuoowpeuTA» (ota ayyAikd “2-Phase Accumulator Controller Loop 1, ouvtoudtepa, “2PACL”).
Mpokettat yla pia e§atpetikd dStadedopévn Aoyikn PuEng oto xwpo TnG cwuatidlakng Guotkig, adoul
OAo TO evepyd UAWKO (active hardware) tou Yuktikol cuotiuatog Pploketol pakpld amd Tov
QVLXVEUTN O€ MPOOCPACLUEG TIEPLOXEG EVW TO UALKO OTOV ECWTEPLKO QVIXVEUTN €ilval €AdxLOTO Kal
amnoteAeital Kuplwg amo Toug UKPOoowANVEG Ttou avadEpOnKav MPOoNyoUEVWG.

OL AemTOUEPELEG TOU TPOTIOU AeLToupyiag tou cuotiuatog Yuéng Bpoxou 2PACL Sev amotelouv

nedlo HeAETNG TNG Tapouoag epyaciag. Autd mou Ba pag anacoAnosl, Opwg, ivatl dvo amod ta
oTolxeia Tou:

- O1 ouocowpeutég (accumulators): To doxeio Toug TTePIEXEl €va Peiyua uypoU/aépiou Tou

OTT0ioU n TriEon eAEyxeTal e BEpuavon i Yugn. Me Tov €Aeyxo Tng TTieong Tou doxeiou PTTopEi

va eAeyxBei e TN oeIpd TNG Kai n BepuoKpacia Tou ECwTEPIKOU avixveuTn ITk, akéua kal av

QuTOG BpiokeTal o€ peyaAn atréoTaon (Ke@. 1.4).

- O1 povadeg Ypugng (cooling plants): Mpodkeital yia TTOAUTTAOKEG dIOTAEEIG KOl KABE pia atrd
QUTEG OUVOEETAI UE EvaV CUCOWPEUTA. Ta onUavTIKOTEPA UTTOCUCTHATA TOUG Eival Ol avTAiEg

Kal TO ouoThuaTa odrynorG TOUG. TNV €KTACT TNG EPYACIAG YiVETAI AVOAUTIKOTEPN ETTEEYNON

TNG OOMNG TOUG.
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1.4 OpLoBétnon xwpov epyaciag: USA15 Cooling & Ventilation room

Méxpl OTLYUAG €XEL yivel avadopd HOVo otov avixveutry ATLAS. Itnv TPAYHOTIKOTNTA, Ol
EYKATAOTAOELG TOU Melpapatog ATLAS ekteivovtal o mOAAA KTipla, T000 oTnV emdAvELA TNE YNNG OGO
Kal urtoyeiwg ota 100 pétpa. O avixveutn¢ Bpioketal oto «dwpatio» UX15 kat 6nwe paivetal otnv
Ewkova 5 cuvbéetal pe to ktiplo SX1 (otnv emudpavela tou €6adoug) péow twv PX14 kat PX16, Svo
«mnyadiwvy (shafts) Stapétpou 18 m kat 12.6 m avtiotolya. Méow autwy yiveTal Kal To KatéRaopa
TwV e€opTNUATWY TOU amoteAoUV tov avixveutr] ATLAS. EvSelktikd avadEépetal Kal To Ktipto SCX1
TO omoio Bploketal otnv entpavela TNG yng Kal oteyalel To KEvIpo eAéyxou (control room) tou
TELPAUATOGC.

ML
.....

Ewkova 5: SOUMAEyua KTIPLOKWYV EYKATAOTAOEWV TOU Telpauatog ATLAS oto CERN. Mnyn:
https://cds.cern.ch/record/1129811?In=en

ISlaitepn avadopd Ba mpémel va yivel oto «omnAatlo Asttoupylwv» (ota ayyAlkd service cavern) ou
€XeL TNV ovopaoia USA15. Mpokettal ya €vav TouveA mou €xet StavolxBel akplBwe SimAa and to
Xwpo Omou oteyaletal o aviyveutnc. Exel Suo opodoug kat mephappavel mARBog BonBnTikoU
e€omALlopoU Tou elval amapaitnTog yla TNV Asltoupyia tou avixveutr). 2to BaBog tou 1°¥ opddou
Bpioketal To Swpatio YPuEng kat agpiopov (ota ayyAika “Cooling and Ventilation Room i yia
ouvtopia CV room) mou ¢aivetat otnv Ewkova 6. Metafld aA\wv, oto dwudtio autd PBploketal
onuepa [2023] o TwpLvog e€OMALOUOG PUENG TOU ECWTEPLKOU QVLXVEUTH TOU Melpapatog ATLAS. To
cvotnua PuEng autd MpOKeLTal va avtikataotabel mARpwe and to cvotnua Yuéng 2PACL mou
neplypadetal otnv napaypado 1.3. Metall aAAwv, mpoPAEMETAL N EYKATAOTACN 6 CUCCWPEUTWY
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Kal 7 povadwv Puéng. Na Adyoug mou €X0uV va KAVOUV LE TNV TPNON TOU XPOVoSLaypAUUOTOC TNG
avapaduiong avtng, to neipapa ATLAS mpooavatoAiletal oto va ekteAéoel pia daon «mpwiung
eykataotaong» (“Early installation phase” ota ayyAikd), n omoia 6a mepAapBAaveL TNV eykataotacn
€VOG CUCOWPEUTA Kal piag povadag Puénc.

Ewkova 6: levikn elkova tou dwuatiov Yuénc kat kAwuatiopou (USA15 Cooling & Ventilation Room).
Mnyn: Baon amoBrkevonc apyeiwv CAD tou CERN.

Onwcg daivetat otnv Elkdva 6, mpoOKeLTal yLa Evayv xwpo omou Ba oteyalovtal oL CUCCWPEUTEC (UTTAE
xpwpa), ot povadeg Puéng (mAaiolo pe pol xpwua), oL CWANVWOELS TTOU UETOPEPOUV TO PUKTLKO
vypo-aéplo kal diadopeg aAeg Bonbntikég Slatdatels. Katd tnv €ktacn tnv epyaciag yivetal
OVOAUTIKOTEPN Tapouciaocn Tou e€omALopoU autol otov BaBuod mou Kplvetal anapaitnto wote va
yivouv katavontég ol Stadopeg anodAceLg Tou tapOnkav.

FEVIKA, TAVTWG, OKOTOG TNG €pyaciog eival o KoOoplopdC TwV OXESLOOTIKWV QMALTHCEWY TWV
HNXaVIopWV HeTadOopag Katl aviPwong TwV CUCCWPEUTWY Kal Twv povadwv Ypiéng (kupilwg yla
Vv $Aon TNS MPWLUNG eyKatdotaong). MeydAn Baon Sivetal otnv evowpatwon (integration) twv
MNXOWVIOUWV OUTWV OTOV TEPLOPLOUEVO XWPO Tou dwpatiov YPuEng kal e€aeplopol e TETOLOV
TPOTO WOTE va KNV untdpxouv cuykpouoel (clashes) e Tov eptBaAlovta eOMALGHO.
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1.5 AwapBpwon tng epyaciog

Ztnv Evotnta 1 €ywe pia swoaywyn oto neipapa ATLAS tou CERN kot oploBetBnke o xwpog
epyaoiag mou amaoxOoAnoe tov cuyypadEéa NG mapovoag epyaciag (Awpatio YPo&ng kal
e€aeplopou).

Itnv Evotnta 2 vyivetar pwa BipAoypadik  ovaokomnon Kol Tapouclalovial  OpLopEVAL
napadelypata and tn Blopnxavio OXETIKA ME TA TPLO KUPLWG CUCTANATO TIOU TIPAYUOTEVETAL N
napovoa gpyacia:

A. Mnxaviopdg petadopdc CUGCWPEUTWV

Ztnv Evotnta 3 moapouctdletal 0 eVVOLOAOYLIKOG OXeSLAOUOG TOU HNXOVLOMOU Kat n dtadkacia
€MAOYNG TNG TEALKAG AUONG LEoA aTTO pLa TELpapaTiky Stadikaoia petafl Twv SUo EMIKPATECTEPWY
eVoAAaKTIKWV AUogwv. AkoAouBel n Evatnta 4, érou kaBopilovtal oL oXESLAOTIKESG ATIALTAOELG TOU
HUNXAVLIOUOU yLaL TNV EMLTUXA EVOWUATWOoT Tou oto dwudtio Puéng kat eaeplopou.

B. Mepavoi ywa tn cuvappoAdynon Ko guvtipnon Twv povadwv Yuéng

211G Evotnteg 5 kat 6 kaBopilovtal ol oxeSLAOTIKEG - SLOOTACLOAOYIKEG ATIALTAOELG EVOG KLVNTOU
yepavoUl kal €vog umepuPwpévou yepavol avtiotolxa mou Ba xpnoiwpomownBolv ywa TNV
OUVOPUOAOYNON KAL TLG EPYACLEG CUVTAPNONG TWV VEWV pHovadwy Puéng mou Ba eykataotabolv oto
Sdwpatio YPuéng kat e€aeplopo.

. Weubdodanedo nou ekteivetal yupw and to véo e§onAoud tov Swuatiouv Yugng kot e§aeplopov
H Evotnta 7 eKVAEL e TOV EVVOLOAOYLKO OXESLAOMO TNG VEQG Kataokeung Yeudodamedou mou Ba
eykatootabel oto xwpo epyaciag. H evotnta aut OAOKANPWVETAL HE OPLOUEVEG OXESLAOTIKEG
(Aettoupykeg & 5100TACLOAOYIKEG) AMALTAOELG e BAON TLG OTtoleG Ba TIPETEL VAL KATAOKEVAOTEL TO
napandvw Peudoddnedo wote va EVOWHATWOEL EMITUXWG OTO XWPO XWPLG CUYKPOUCELG UE TOV
niepBarlovta eEOTALOUO.

H Evotnta 8 avadepetal o€ 0pLopeVO EEOTALOUO TTOU SOKLPACTNKE Ao ToV cuyypadEa ota Aaiola
TNG TPOKTLKAG TOU £pyaciog Kal 5pa CUMMANPWHATIKA LE TOUG TIOPATIAVW KNXOVLOUOUG.

Ztnv Evotnta 9 napouctdletal n Stadikaocia mou akoAouBnbnke amod tov cuyypadEa yla TNV
Katdotpwon ekOEcewv TexVIKwY podlaypadwy yla ta tpia cuotipata A, B kat I OLekBETELG AUTEG
SwapBaoctnkav ota appuodia AT Yo TV €§EVPECN TPOOHOPWY OO KATAOKEU ALOTEG,

H epyaoia ohokAnpwvetal pe tnv Evétnta 10 mou meplAapfAvel oplopéva oUUTEPACHATA KOOWG
KoL T EMOpevVa Bripata tou 8o akoAouBCoUV PETA TNV TPAKTLKY £pYAcio Tou cuyypadEa.

210 TéAOG €xouv emouvadBel oplopéva apaptipata Tou SpoUV CUUTTANPWHATIKA ME TO KUPLWG
KELLEVO TNG Epyaciog.



AutAwpatikn epyacio — EAeuBéplog Avtwvomnouog

2 BiBAoypadik avaockomnon Kot TPAKTIKEG oTNV BLopnxovio

Onwg e€nynBnke otnv mapaypado 1.1, n mopovoa epyacio MPAYHATEVETAL TNV EYKATAOTOON TPLWV
OUOTNHATWV:

e Tou ocuotAuatog oAloBnoNng i KUALONG TWV CUCCWPEUTWY TIOU TIPOKELTAL VA EyKATOOTAO0UY;
e Twv duo yepavwyv ou Ba XpNOLLOTIOLOUVTAL YLa TIG EPYACLEG cuVTAPNONG TWV pHovadwv Yuéng;

e Tng METAAALKAG KATAOKEUNG otRplEng tou Yeudodamneédou yupw amod ta duo mpoavadepOBevta
ouoTApaTA.

ITLG TPEL UTIOEVOTNTEG TIOU akOAoUuBoUV yiveTal pla avookomnon oxetikng BiBAoypadiag kot
TIPOKTIKWV TIoU edappolovtat otnv Blopnxavia o€ avtiotolya pofAfuata.

2.1 Ixetuka pe pe@odouc oAicOnong p KUALONG BAPEWY OVTLIKELUEVWV

Mepikeg popég Adyol epLoplopol Xwpou kablotouv avertBuuntn €éwg kat aduvatn tnv avoPwon
€VOG Baplol aVTIKELEVOU TIPOG LETadOopA. AVT aUTWV TIPOTLUATAL N OAloBnon 1 n KUALON (U KAToLo
€160¢ TpoYWV) TOUu €V AOYW QVTLKELLEVOU €WG TNV TEALKN TOU B€on.

2.1.1 OAicOnon BopEwv AVIIKELUEVWV

H S0vapn mou amatteital yia tnv oAloBnon evog avtikelévou KaBopilel TOV LNXOVLIOWO TIOU TIPETEL
va xpnotpomnotnBet yia tnv petadopd tou. Av auth elval oxeTikd pkpn, n oAloBnon unopet va yivet
OKOMA KOl PE Ta XEPLo VW 600 augavel eival amapaitntn n xprion kamowou edikol epyadeiov. H
amattovpevn duvaun elvatl otnv oucia TEToLa WOTE VoL UTIEPVIKAEL TNV SUvaun TPLBAG (elte oTaTikAG
yla to Egkivnpa Tng kivnong ite oAloBnong yla tnv HeTATOMLON TOU aVTIKELWEVOU). H Uvaun auth
e€aptatal, pe AAAa AoyLa, TOOO Ao TO BAPOG TOU AVTLKELUEVOU OGO Kal Ao ToV CUVTEAECTN TPLBNG
HETAEL aUTOU Kal TNG ETLPAVELAG WG TIPOG TNV Omoia Kveital.

O mpwTtog mapdyovtag eivat mpokaBopLopneVoS 1, otnv WOAVLKA TEPIMTWON, 0 OXESLAOUOG TOU TIPOG
HETAPOPA QVIIKELLEVOU EXEL YIVEL PE TETOLO TPOTO WOTE VO XPNOLUOTIOLEITOL 000 TO SuvaTov
Alyotepn moooTNTA UALKOU SLaTnpwvTag TAUTOXPOVA TIG AELTOUPYLKEG QIMALTACELS TOU. ZUVETIWG, N
HElwon TG amattoupevng duvaung oAioBnong Oa mpémel va yivel pe elaxlotomoinon tou
ouvteAeotn TPLBNG LETAEL Twv SUo emidpavelwy. AUTO UMOPEL VoL YIVEL HE EUUECO TPOTIO, KAVOVTAG
Xpnon Kamotwou Autavtikol HeTafl twv SUo emidpavelwy, 1 UE AUECO TPOTIO, SNULOUPYWVTOG HLa
Slenadn (interface) kataokevaopévn amd KATOLO UALKO TOU TAPOUCLATEL €uVOIKA TPLBOAOYLKA
XOPAKTNPLOTIKA Kol TomoBeTeital a) €ite 0TO MPOG PeTOKIVNON avTikeipevo, B) eite otnv emudpavela
oAioBnong, y) eite kat ota dvo.

E€apetikd onpavtikn eival n diamiotwon ot o cuvteheotg PPN dev udiotatal ya Eva UALKO
HOVo, aAAG avtlBEtwg opiletal yia Levyog UAkwvY Tou edarmrtovtal. O Mivakag 1 Sivel oplopEVeS
EVOELKTIKEG TLLEG ouVTEAEOTWV TPLRNG HeTAEL Sladopwv UAKWY Kal emidpavelakwy ouvOnkwv. MNa
karola {evyn UALkwv Sivetal TO00 0 CUVTEAECTNG OTATLKAG TPLBNG 000 Kal 0 CUVTEAECTAG TPLPNAG
oAioBnonc.
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e e Emcbavgakév; ZuvteAeotG TPLBAG
ouvOriKeg STATIKAG OAioBnong
Aloupivio Aloupivio KaB®apr ko oteyvi 1.05-1.35 1.4
Aloupivio Aloupivio Me Autavtiko 0.3
XdaAvBag XdaAvBag KaB®apr ko oteyvh 0.5-0.8 0.42
XdaAvBag XdaAvBag Me Autavtiko 0.16
Aloupivio XdaAvBag KaB®apr ko oteyvh 0.61 0.47
Opeixahkog XdaAvBag KaBapn ko oteyvh 0.51 0.44
MNayog MNayog KaBapr atoug 0°C 0.1 0.02
Nayog XdaAvBag KaBapr atoug 0°C 0.03
MAg§LyKAGLG XdaAvBag KaBapr ko oteyvh 0.4-0.5
NoAutetpadBOopoatbulrévio XdaAvBag KaB®apr ko oteyvh 0.05-0.2
NoAutetpadBopoatburévio | MoAutetpadOopoatBulévio KaBapr ko oteyvh 0.04 0.04

Mivakac 1: EVOEIKTIKEG TIUEG OUVTEAEOTWYV TPLBIG UETAED SLaPOPWVY UALKWVY KO ETTILOAVELAKWY
ouvinkwv. Mnyn: https://www.engineeringtoolbox.com/friction-coefficients-d _778.html

Zta mAaiola ™G gpyaciog autng Ba pag amaocyoAnoet Wlaitepa 1o moAutetpadBopoatBuAévio
(PTFE), yvwotO €Up€éwg He TNV eumoplkny ovopoaoia “Teflon”, mou 6nwg daivetal amd tov mivaka
mapouctalel e§alpeTikd xapnAd ocuvieheot TPPAG MANV OUwG Kal peyaho puBud ¢Bopag. H
oAuoida tou PTFE katoAapPdvel eAwkoeldn Stapopowon oto xwpo €wg mepimou toug 150 °C.
ZuyKkekplpéva, ta atopa ¢Boplou Satdooovial eAKOEWOWE TEPLUETPLIKA TNG aAuoLdag Kal auth
HolAleL Ye pia akopmtn, KuAwvdpikn papdo pe Asia emipavela and artopa dpbopiouv (Ewkéva 7). O
XaunAog ocuvteAeotng TpLBng kat n uPnAn dBopad tou PTFE cuvdéovtal oteva e Tnv Wblaitepn doun
auTh, onwg €xeL amodelyBet amnd toug Pooley kat Tabor [11].

Phase Il Helix-reversal Phase IV Phase |
H-136 Defect H-157 Planar zigzag

Ewova 7: Mopiakéc Souéc aAuoidwv PTFE o€ S1aOPETIKEC TOAUUOPPIKEC PAOELC, KATWE N
Uepuokpaoia avéavetar arno 19 oe 330°C. Mnyn: Wang, Chen & Duscher, Gerd & Paddison, Stephen.
(2013). Electron energy loss spectroscopy of polytetrafluoroethylene: Experiment and first principles

calculations. Microscopy (Oxford, England). 63. 10.1093/jmicro/dft046

Otav to PTFE tpifetal oe pla petaAAikn emipavela (rm.y. xaAuvBag, onwe n mepimtwon mou Ba
TIAPOUCLACTEL OTNV Tapouoa epyacia), Adyw TwV €VIOVWV UNXOVIKWV KOTOTOVACEWY Kal TwV
Bepukwv dovrioewv mou oxetilovtal e T B€ppavon ek TPLPAG, N HopLakn alucida tou PTFE omdel
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onadlovtog toug Seopoug -C-C- kat/n -C-F-. Ta Bpavopata autd ovoudlovtal eVepyEC pileg Kal ta
ovta ¢Bopiou (F-) avtidbpouv kol cuvdéovtal XNUIKA PE T METAAALKA oTolXela TNG avtiBetng
emupavelag. Auto €XEL WE ATIOTEAECUA LOXUPH POCodUCH TOU UALKOU OTNV UETAAAKN emidaveLa.
Eld1kd ota mpwta eKATOoTA TNG 0AloONnoNG, 0 cUVTEAEOTAG TPLRNG tapouatalel SLakuuavorn, EVw otn
OUVEXELX TO dalvOUEVO UTIOXWPEL KoL 0 ouvteleotn¢ TpLPN¢ otabepomnoteital [12] Exel emiong
anodexBel 0TL 0 ouvteAeotng TPLBNG Tou PTFE pelwvetal pe tnv avénon tng emupavelakng mieong
[13].

Ta mapandavw €xouv odnynoel tnv Blopnxavia oto va uloBetrioel AUCELG TTOU XPNOLUOTIOLOUV TO
Teflon yia tnv oAioBnon Bapéwg e€omAlopol. XapaKTnpLoTko mapddelyua anoteAolv ta dpava
oAioBnong pe emkdAuvyn PTFE, mou Xpnollomolouvtal O€ KOTAOKEUEC TIOU KOAouvTtol va
OVTIUETWITioOUV TolKiAa Katakopuda kat opllovtia dpoptia Kal eowTePLKN Kivnon. Emiong, moAu
SLadebopévn elval n xprion Tou w¢ eVOLAPESO UALKO HETAEY TWV MUAWVWVY KAL TOU AVW UEPOUC TWV
vebupwy, KaBw¢ 1o Avw HEPOC BOa mpémel va pmopel va Sextel UETATOTMIOEL AOYW Twv
uetaBaAlopevwy poptiwv mou tou emifariovral [14]. AAAQ Kal yla pikpotepa doptia, pmopet
Kaveic va Bpel mANBog e€aptnudatwy oAicBnong dtiaypéva and PTFE, 6mwg auto mou ¢aivetal otnv
Ewkova 8.

Ewova 8: Ot epappoyec tou Teflon yia tnv oAloGnon ueyadouv eUpouc avtikeluévwy: a) Eéaptnuoa

oAlo¥naonc enimAwyv kat 8) Bearding pads yia eAeuBepn petakivnon avw UEpouc yépupac. MNnyec:

https://www.plasticmetall.com/qqug2000-heavy-duty-nylon-tilt-glide-with-ptfe-surface.html kat
https.//www.saturnprefab.co.in/products/bridge-bearing/

YentéuPplog 2023 H


https://www.plasticmetall.com/ggug2000-heavy-duty-nylon-tilt-glide-with-ptfe-surface.html
https://www.saturnprefab.co.in/products/bridge-bearing/

Authwpoatikn epyacia — EAeuBépLog AvtwvomnouAog

2.1.2 KUAwon BopEwv QVTIKELUEVWV

Ye avtiBeon pe v oAioBnon, n KUAWON BopPEwV QAVIIKELLEVWY XPNOLUOTOLEL TPOXOUG Yl TNV
hetakivnon ¢doptiwv. Xdpn otoug Tpoxoug, N AMALTOUMEVN SUvaun €lval OPKETA HLKPOTEPN KOl
TIOAEG DOPEC ETUTPEMEL TN UETAKIVNON TOU dopTiou «XElpoKivnTa», Xwplg TN XPHon Kamolou
epyaleiou (m.x. maAdyko). Mapouaotalel BERata KoL OPLOUEVA UELOVEKTHLATA, LE ONUAVILKOTEPO OTL
ol Tpoxol pmopel va kivnBouv aveEEleykta av n mpog KUALON emidavela €XEL KAmoLla ULKpA KAlon N
edv 600gl kamola peydAn opxlkr TaxUTNTA OTo MPOC Kivnon aviikeipevo. Ta ¢oalvoueva autd
umopouv va anodeuxBbouv pe ™ xprnon eppévwv-kAedwuatog twv tpoxwv (wheel locks), Ta omola
QIOLTOUV TIEPLOCOTEPO XWPO.

Itnv napaypado 3.1 yivetal mapouciacn LEPIKWV ATTO TOV TILO CUVNBLOUEVWY UNXAVIOUWY KUALONG
HE TPOXOUC Tou amoTtéAecav eVOAANAKTIKEG AUCELG yla Tov oxeSlalopevo pnxaviouo. Evag amo
outoug, eival ot «Movadeg petadopd¢ pe odaipa» (ota ayyAwka “Ball transfer units”), mou
XPNOLUOTIOLOUVTAL EVPEWC OTNV Blopnyavia. XapaKkTtneLoTikn ival n xpron Toug yla TtV petadopad
EUMOPEVUATWYV ota aepodpouta (Ewova 9). Map’ 6Ao ou otnv CUYKEKPLUEVN edaployn ol odaipeg
elval MpooavatoAloUEVEC TTPOG Ta VW, €€L00U ATIOTEAECUATLKA €lval Kal n TomoB£tnon Toug oto
TAQLOLO TOU TPOG PETOKIVNON OVTIKELLEVOU UE TNV odaipa va €ivol TPOCAVATOALCUEVN TIPOG TA
KAtw. Mia tétola epappoyn e€etaletal kal oTnv nopovoa epyacia.

£

o ———

Ewkova 9: Xprion puovadwv uetapopac ue opaipa (ball transfer units) yia tnv uetagopa
EUTTOPEVUATWY OTa aiepodpouta. Mnyn: https://www.lutco.com/ball-transfer-units-when-and-
where-they-perform-best/
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2.2 Tepavoli kat avoPpwon $opTiwv UTIO MEPLOPLONO XWEOU

2.2.1 levika mePL yEPAVWV

O yepavol anotelouv TiG 1o Stadedopéveg kat olkiAopopdeg pnxavesg avopwong GopTiwv Kat
XPNOLUOTIOLOUVTAL EUPEWC VLA TO XELPLOKO UALKWV OE EPYOTAELA, EPYOOTACLA, OMOBNRKEC, vauTtnyeia
K.ot. Alap€pouv wg mpog TN Stapdpdwaon, TNV SUVALKOTNTA, TN AELToupyia (autdpatn/xelpokivntn)
KOl TO KOOTOG TouG. lNa tnv emthoyn tou Katd@AAnAou eidoug yepavou Ba mpEmeL va cUVUTIOAOYLOTEL
MANBog mapayovtwyv Omwg To TEPPBANOV O0TO Omoilo TPOKETAL va  eykataotabel, ot
SlootacloloyLkol tepLlopLlopol Tou, N ouxvoTnNTa XProng tou, n embuuntn acdAAELa, OL TIEPLOPLOLOL
KOoToUG Kal n eveA€ia Aettoupywyv Tou (versatility of operations). Ze kdBe mepintwon, n emthoyn
€VOG KOTAANAOU yepavoUu armoteAel Kplolpwo oTolelo yla TNV OMOTEAECUATIKOTNTA KAl TNV
kepdodopia evog €pyou. Avtibeta, pla AavOacuevn emdoyn eival mBavd va odnynoel o€
ETUMTWOELG otov KUKAO Lwn¢ (life cycle) evog épyou, OMw KaBUOTEPAOELG KAL OTIATAAN OLKOVOULKWVY
nopwv [15]. Ze éva peyalo €pyo eivat miBavi n xprion MOAAAMAWY yEPAVWVY OL OToioL Uopel va
EKTEAOUV €ite auTOVOopEG SLadlkaocieg 1 va AeltoupyolVv cuvepyatikd. lNa mapddelypa, otnv
TeplMTwon KOTAOKEUNG EVOG KTLplou Umopel va xpnotpomolouvtat pikpot udpauAwkol yepavol yla
Vv ekPoptwon UALKwv amo doptnyd Kat va ta odnyouv ot KATOAAANAO onuelo woTte va
xpnowomnownBolv and HeYAAOUG yepavoug avéyepong. H mowkilopopdia Ttwv yepavwv Tou
cuvavtwvtal otnv Bopnxavia ¢aivetatl oxnuatikd otnv Ewkéva 10.

K /

Gln-Vole Derrick

Top Running Bridge/ Top Running Trolley Top Running Bridge'Underhung Trolley

Underhung Bridge/Underhuang Trolley

.=

—

I Trobey

Jib Crane (Wall Mounted)

A

Guy Derrick Pillar Crane Portable Jib Crane Traveling Jib Cranc Gantry Crane Crawler Crane

Ewova 10: Zkitoa mokidwv €Léwv yepavwy rou ocuvavtwvtat otn Bounyavia. Mnyn:
https://apps.leg.wa.qgov/WAC/default.aspx?cite=296-155-56405
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Ita mAaiola TNG epyaciag autng 0 cuyypadEag XPELAOTNKE Kol KABOPILoEL TIG AELTOUPYLKEG Kal
S100TACLOAOYLIKEG amalTAoELS yia SV €ldn yepavwyv: Hlag Kvntng yepavoyédpupag tuTou SumAol
nuAwva (Evotnta 5) kat pLag yepavoyédpupag dumhol ¢popéa (Evotnta 6).

2.2.2 Tepavoyédpupec Suthov dopéa

OL vyepavoyédupeg Outhol ¢opéa amoteAoUV ML UTOKATNYOpla TWV YEPAVWV TUTOU
vepavoyedbupag. MmopouUv va eykatactabouv TO0O 0 ECWTEPLKOUG 000 Kol EEWTEPLKOUC XWPOUG
Kall TopouoLldalouv PeYAAn molkiAia wg mpog Tnv avuPwTIKA LKAvOTNTA Kol TO AVOolyud Toug. H
Kkatavonon Ttng Aswtoupylag MloG yepavoyedpupag Hmopel va yivel €UkoAa avTAnTTh av
napatnpnBboulv ta EMPEPOUG TNG KOUUATLA. o TOV o0KOTO auTod Ba Yivel Xprion TOu oXNUATOG Kol
TOU OUOTNOTOG CUVTETAYUEVWY TIoU daivetal otnv Ewkéva 11.

TROLLEY END STOP

TROLLEY BUMPER

~CONDUCTOR BAR

CONTROL PANEL— Z “ a0 PENDANT FESTOONING
= g " TROLLEY FESTOONING

PENDANT TRACK PENDANT CABLE
TROLLEY CONDUCTOR /

TRACK
( PENDANT Z

WIRE ROPE
RUNWAY BEAM : - RUNWAY RAIL X y

—HOOK BLOCK
—BRIDGE DRIVE

END TRUCK END TRUCK BUMPER

Ewova 11: Turukn diataén yepavoyepupac (overhead crane) SumAou @opéa. Mnyn:
https://www.tsoverheadcrane.com/overhead-bridge-cranes

OL umepuPpwpevol autol yepavol emitpénouv TNV petadopd Tou ¢oOpTioOU CE KAl OTLG TPELG

SlevBuvoelg:

e AlevBuvon x: Metatomnon kUplou dopeiou NG yepavoyedpupag (trolley) mavw otig Sokoug
KUAloewg i yepupodokoug (bridge rails);

e AlevBuvon y: Metatornion yepavoyédupag mavw ot SUo oldnpotpoxLég (runway beams) otig
omoleg otnpiletal o kKUpLog Ppopéag;

e AlevBuvon z: Avuwon doptiou pe xprion Bapouikodopeiou (hoist).

XapaKTneLoTKA Omwe n Stadpoun tng, To eAeUBepo UYPOG TNG, N TaxLTNTA avuPwong, n TaxvuTnTA

uetadopdg tou dopeiov Kal n toxutnta peTadopdg oAOkKANpNG TnG yepavoyédupag Tolkilouv
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avaAoyo HE TIG OVAYKEG XPRONG KOL TOV KATOOKEVUOOTH TNG. € KATOLEG €KOOXEG TNG MTOpPEL va
umtapxeL kat SeUtepo BonONTKO BAPOUAKO ULKPOTEPNG AVUPWTIKAG LKAVOTNTOG AAAG LEYAAUTEPNG
taxutntag avioPwong. Ot eTalpieg mou €€eldIkeVOVTAL OTNV KATAOKEUN TETOLWV YEPAVOYEDUPWV
TIAPEXOUV oUVABWG OTOV OyoPAOTH KOL TOV AmapAitnTO NAEKTPOUNXOVOAOYLKO EEOTIALOMO MOV Elvat
anapaitntog yla tnv avtopatn Aettoupyia Tng yepavoyedpupag [16].

2.2.3 Kwntéc yepavoyedupec tumou dutAov nuAwva

OL KwNnteg yepavoyépupeg tumou SumAou muAwva (mobile gantry crane) mapouctdlouv TOAAEG
OMOLOTNTEG LLE TLG YEPAVOYEDUPEG TIOU TIAPOUGCLAOTNKOV OTNV TIPONYOUUEVN Ttapdypado. Mia TUTILKA
tétola yepavoyedupa daivetar otnv Ewova 12. H Baowkn Stadopd tou e€iboug autol pe TO
TiPOoNYyOUHEVO lval OTL N Kivnon otnv SlelBuvon y EMITUYXAVETAL PE TN XPAON KATOLOU TPOXHAQTOU
OUOTAMATOG (0TNV TEPIMTWON TNG €LKOVAG YiveTal Le amAEg podeg) avti yla oldnpotpoxLES (runway
beams). Xpnoiuomnotovvtat, ouvhBwg, yla tnv avoPwon UKpOTepwY GopTiwy, O TIEPUTTWOELG TTOU
anatteital n xprion o dtddopa onueia evog epyotatiov i 0€ MEPUTTWOELG TIEPLOPLOUEVOU XWPOU.

Ewova 12: Tumiko napadetyua kvntrig yepavoyépupac tumou SutAou nuAwva (mobile gantry
crane) tnc etaipeioc Morris Material Handling. Mnyn:
https://www.morris.co.za/product/lightweight-mobile-gantry/

Ze avtiBeon pe TG yepavoyédupeg Suthol dopéa Twv omoiwv n kivnon vyivetar pe
NAEKTPOUNXAVOAOYLKO EEOTMALOUO Kal oTLG 3 S1leuBUVOELS, OTLC KIVNTEG yEpaVOyEPUPES lvat Suvatov
va xpnotpormnotnBet xewpokivntog (manual) XeWpLopOG yla TtV petakivnon téco otnv dtelBuvon y
(p6b6eg) 600 kat otnv StevBuvon x (xelpokivnto BapouAkodopeio - hoist).
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2.2.4 NUcelC o€ MPOBARUOTO TTEPLOPLOUEVOU X WPOU

Mepikeg popég oL mepLopLlopol UPoug Tou TEPLBAAAOVTOG OTO OTIOLO TIPOKELTOL VO EYKATOOTOOEL La
vepavoyédpupa (m.x. tapfavi epyotaiov) oe ouvbUOOUO PE TNV avAyKn ylo petadopd doptiwv
HeyoAwv Olaotaoswv obnyel oe aduvapia xpnong oupBoatikol eomAlopol  avuPwong.
ZUYKEKPLUEV, TO HEyeBOG Tou Tpog petadopd doptiou kabopilel TNV anattovpevn «eUPEAEL
yavtlou» tou yepavou (crane’s hook coverage) — BA. Ewkova 13. Katd avtiotolxo Tpomo, o TEAKOG
oXeOLOOMOG TOU yepavol Kol Twv Staddpwv umoefaptnUatwy Tou Kobopilouv tnv emitev§un
«gpBEAeLa yavtlou» Tou yepavou, n omoia Ba pemeL val KAAUTITEL KOT €AAXLOTOV TNV QTIALTOUEVN
euPeAela. H amattovpevn euPédela Ba mpenel va kaboplotel pe akpifela anod Tov LEAETNTH WOTE
elvat duvatni n petadopad kat avoPpwon twv Stddopwv poptiwv.

HOOK COVERAGE

A J‘.
— = |7

Ewkova 13: Zynuatikn avanoapdotaon kadoptlopou euBéleiac yavrlou yepavou. Mnyn:
https://www.cranesdq.com/crane-hook-coverage-maximize-crane-efficiency.html

Ztnv mepintwon, HAALOTA, TIOU N amottoUevn eUPEAEL €lval ApKETA «AmALTNTIKA» oTov dfova z
(atovag avupwong doptiwv), Ba mpénel va avalntnBel pia Avon pe xapnAd vPog kepaAng (low
headroom solution). Q¢ low headroom Yxapaktnpilovtatr ta BapouAkodopeia (hoists) mou
napouctalouv pkpr dtaotacn UYPoug o oxéon UE €va Tumiko BapouAkodopeio. Tétoleg AUOELS
elval eupéwg SLabeopeg oto gumoplo kot ocuvnBwg mapouctdalouv Wolaitepn yeWMETpla, OMwWG
daivetal oto napadelypa tou ultra-low headroom BapouAkodopeiou tng etalpeiag Yale Lifting
Equipment o€ cUykplon e To TUTkO BapouAkodopeio Tng etatpeiag Hadef mou anewkovilovtal otnv
Ewova 14. ZuvABwg autég oL AUOELG Umopel va elvol OpKETA CUMMOYELS oTov Afova z, OUWG
«ektelvovtaly mpog kamowa GAAn Sidotoaon onwg daivetal otnv Wdla elkova. Zuvenwg, eival
anapaitnto va yivouv ot katdAAnAot cupBiBacpol wote va emhexBel pia teAkn Avon mou Ba
LKAVOTIOLEL TNV amattoupevn epPélela yavilou oe OAeG TG SleuBuvoelg. Mia tétola mepimtwon
ouvavtnOnke ano Tov cuyypadEa TNG mopovoag epyaciag kat avalvetal otnv Evotnta 5.
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Ewova 14: Mapadetyua ocUykpLong Vog TUTTLKOU KivntoU BapouAkoopeiou (travel hoist) tn¢
etalpeiac Hadef (aplotepd) kot evoc BapouAkopopeiou ue xaunAo vgoc kepadnc (low headroom)
¢ etaupeiac Yale Lifting Equipment (6éwat). Mnyég: https.//www.inmartek.com/Manual-Chain-
Hoists-with-trolley/1932/spur-gear-hoist-with-push-travel-trolley/ kau
https://www.liftingequipmentstore.com/product/yalelift-360-yllhp-g-ultra-low-headroom-trolley-
integral-chain-hoist

2.3 Ixetuka pe tn xpnon Yevdodanedwv

2.3.1 Tevika riept Yevdodanédwv

H amoteAeopatikn aflomoinon tou SlaBEoipou XwpPou eilval MPWTAPXLIKNG onuaciag oe TANBo¢
unxovoAoylkwyv dataéewv. Ta Peudodaneda (false floors) — yvwotd kat wg unepuPwpéva daneda
npoéoPaong (raised access floors) — punmopouv va anoteAécouv pia eVEAKTN AUonN Kal v cUBAaAAouY
otnv amnoteAeopatikn auth dlaxeiplon tou dabéoipou xwpou Q¢ Pevdodanedo i unepuPwpévo
danebo opiletal pia kataokeurn mou otnpiletal oto ¢pEpov Soulkd otolxelo evog ktnpiou (kUpLo
danedo) kal €xel pla amdotaon amnod kUplo auvto damnedo. Mpodkeltal yio apOpwTA CUCTHUATA TTOU
amoteAouvtal anod dokoug otnpLeng (cuvnBwe EVALVOL i} peTaAAkol) Ko KOAU ppoTo — TtaveA (covers).
Anpoupyeitat, €toL, pia kootnTa mov pmopel va oteydoel mMARBo¢g e§OMALOUOU, OTIWG NAEKTPLKEG
KaAwSlwoelg, KoAwdla SeS0UEVWV KAl CWANVWOELS EVW TAUTOXPOVOL ETULTPETIEL TNV €AELBOEPN
SLEAEUON ATOUWYV KOL UNXAVNUATWY TIAVW O0€ auTto. Mia Tétola mepinmtwon ocuvavtnOnke anod tov
ouyypadéa Tng mapoloag SUTAWUATIKAG KAl avaAUETAL OTNV evoTnTa 7.
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2.3.2 Edappoyéc otn Bropnyovia

BLOMNXOWVLKEG EYKOTOLOTACELG

Ta Yevdodamneda cuvavtwvtol cuxva o€ Blopnxavikd meplBAAAovTa, £pyooTACLA KAl YPAUUES
ouvappoAoynone. Onw¢ avadEpOnke Nén, N onUAVTKOTEPN AELToupyia Toug ival va dnutoupyolv
€vav Ywpo omou oteyaletal o BondNTIKOC eEOTMALOUOG (KOAWSLWOELG, YPOAUMEG TIETILECUEVOU 0P
K.0.). ETol, 0 €€OMALOUOG QUTOG «ATIOKPUTITETAL» KOTA TNV OMOAN AELTOUPYLO TNG EYKATAOTOONG KO
ehaylotomnoleital o kivbuvog {nuiwv. Tauvtoxpova, Ta adalpoUpeva KAAUUUATA TPOcdHEPOUV AUEDN
nipooBaon og autov otav amatteital kamowa dtadikacio emBewpnong 1 cuvtipnong tou. lMvetat
avtiAnmen, BERata, n avaykn va kaboplotel n Stdtaén tou Peudodamedou e TETOLO TPOTIO WOTE VAL
TIAPEXEL EMAPK XWPO otov Bonbntikd autd efomAlopod, va amAomolovvral ol Sladlkaoieg
ouvTAPNONG TOU KoL va amodelyovtal CUYKPOUOELG e Ta TtodLa otrpEng. OAa autd amaocxoAnoav
ToV ouyypadEa TnG mapouoag SUTAWHATIKAG, OTwG avalvuetat otnv Evotnta 7.

Ta Pevdodbameda BlOPNXaVIKWY EYKATAOTACEWY TOPOUCcLAl{ouv TOLKIAN ¢épouca LkavatnTa
doptiov (Load-Bearing Capacity) avaloya pe 1o Pdpo¢ tou €fOmMALOUOU TIOU KOAouvtol va
urntootnpifouv. OL WSlaitepa Baplég dlatagelg pmopet va amattouv 6k Baon otrplEng mou eite
elval pépog tou idlou tou Peudodamédou eite pridyveTal yupw amo autod (€va TETOLo MOpPASELYUA
daivetat otnv Elkova 15). Téhog, a&ilel va avadepBel otL Ta apBpwtd avtd Peudoddaneda pnopouv
€UKOAQ va avadlapopdwvovtal Kot vo Tipocapolovial ot aAAAYEG TTOU UIMOPEL VO XPELAOTEL vaL
yivouv o€ pia ypoppn mapaywyng. Katd autov Tov Tpomo, HELWVETAL 0 XpOVOoG SLakomhg Asttoupyiag
NG YPOUMNAG Katd TNV avafaduion tng (m.X. He véo €SomAlopd) Kal emituyxavetal pia katd to
Suvatov anpookormtn Hetafaon.

Ewova 15: Mapadeiyuara epapuoywv Yevdodamnedwv o BIOUNXAVIKEG EYKATAOTATELS. STA Seéla
Stakpivetal n eldikn Baon otrpiénc tou Bapéwc eéomAtouou e Asuko xpwua. MNnyec:
gr.pinterest.com/pin/182255116162285269/ kat gr.pinterest.com/pin/539657967821660514/
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padeia emyepnocwv

Ta Pevdodameda xpnolgomolouvtal eUpEws oe ypadeia emxelpAoewv yla tnv BeAtiwon tng
AELTOUPYLKOTNTAC, TNG ALOONTIKAG Kal TNG eVeAL€lag Toug. AVOAUTIKOTEPQ, OL Xwpol ypadeiwv piag
eMxeipnong vudiotavrtal cuxvég aAdayég otn SLatagn Toug yLa Va LKAVOTIOLCOUV TIG EEEALOCOUEVEG
OPYOVWTIKEC OVAYKEC TNG emixeipnong (m.x. aAAayéC otov aplOud twv epyalopévwy). Ta
untepuPpwpéva daneda pmopouv va plthotevricouv Toug epyalOUEVOUG Kal TIG BETELS epyaciag Toug
o€ omoladnmote dtatan kPLBEeL amo TNV emiyelpnon evw TAUTOXPOVA OTEYA{OUV OTO ECWTEPLKO TOUG
OAov autov tov e€omAlopo mou Ba odnyoloe o€ akaATAOTACIA TOU XWPOU £pyaciog (cuothuata
TNAETUKOLWVWVLWY, KOAWSLWOELG UTIOAOYLOTWV K.a.). Emtiong, eival Suvatov va oteydlouv HEPOG TOU
e€omAlopou BEppavong, e€oeplopo Kal KALLATiopoU (ota ayyAlkd Heating, Ventilation, Cooling and
Air Conditioning 1 HVAC). MNpokeltatl yla cuotiuata «Altavoung agpa KAtw and to danedo» (ota
ayyAwka Underfloor Air Distribution 1 UFAD) ta omoia BeATLWVOUV TNV TOLOTNTO TOU €0WTEPLKOU
o€pa KoL mopEXouv KOAUTEPN BepULKn Aveon amod Ta TUTLKA cuothuata PuEng adoul n mnyn tou
aépa BplokeTal Mo Kovtd otoug epyaldpevout. Katd avtiotolyo Tpomo, KpuBouv aviialodnTtikoug
oepaywyou kot kaAwdla mou Ba Atav eite opatd oto MATWHA £ite Ba KpEpovtav anod tnv opodn.
AnotéAeopa OAwv Twv Tapanavw ivatl n dStatipnon evog kaBapou Kal OMTIKA EAKUCTIKOU XWwPOoUu
gpyaciog o onoiog Opwg datnpel TNV AELTOUPYLKOTNTA TOU.

Ewova 16: Mapadetyua oxebiov untepuPwuévou damedbou uPnAng alodnNTiknc oe ypapeio
enyeipnong. Mnyn: https.//aamtac.com/raised-access-floor/
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Kévtpa 8edopévwv

Ta kévtpa Sedopévwy dlAofevolv PeyAAeg TOOOTNTEG EOMALOOU UTTOAOYLOTWY, SLOKOULOTWVY KOl
urtodoung Siktvwv. Eival mpodaveg, Aoumodv, OTL AmaLtoUV EKTETAUEVN UTTOSOUN KOAWSLWOEWVY yLla
Vv petadoon dedopévwy. H umodoun auvtr Ba Atav xawdng av dev nTav KAAA opyovwuEVN Kol
SpopoAoynuévn (routed) oto ecwTePLKO £VOG cuotipatog Peudodamnédou. Ta aveA mou KAAUTITOUV
Tov €€OMALOMO autov adatlpouvtal eUkoAa Sivovtag tnv amapaitntn npocBaon ya Stadkaoieg
ouvTNPNONG KO EMEKTAONG TOU SiktUou. Alaodalilouv, pe AANa AoyLa, Tn LakpompoBeoun eveli€ia
KOLL TTPOCAPLOOTLKOTNTA TOU KEVTPOU SeSOUEVWV.

Tautoxpova, n Umapén mMoAAwvV Kal evaiocBnTwv NAEKTPOVIKWY KABLoTA amapaitntn tnv UTtapén evog
OUOTNUATOG anoteAeopaTIKNG YPUENG yla tn dtatripnon Twv BEATIoTWY BepUokpacilwy AetToupyilog
touc. Ta Yeuvdodamneda npoodépouv tn SuvatdTnTa EVOWUATWONE cuoTtnudtwy Slaxeiplong pong
aépa Kavovtag xprion twv texvoloylwwv UFAD mou avadépbnkav mponyoupévwe Kot Slatpntwy
KaOAUUHATWY (BA€éme Ewkova 17). Ta KoAUUHATA oUTd, HAALOTA, €ival TTOAAEG dopEC mupipaya Kat
HELWVOUV TNV TaxUuTNTa e€AMAwong GAOywv Kal KAMVWV 0 MEPIMTWON ATUXAMOTOC.

Ewova 17: Mapadetyua xpriong urtepuPwuevou Yeuvbdodameédou oe kévipo debouevwv. lnyn:
https.//www.berqvik.com/products/floor/iso-floor-for-data-centres/
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3 EVVOLOAOYLKOG OXESLOOMOG UNXOAVIGOU peTadOpaC CUCCWPEUTWV

O ocuocowpeutAg mou daivetal otnv Ewova 18 £xeL UPog nepimou 3 petpa kat Bapog mepinou 1.5
TOvo. H mopta tou Swuatiov Puéng kat e€aeplopou dev eival apketd PnAn wWOTE va EMTPETEL TNV
€(0080 OAOKANPOU TOU CUCCWPEUTH). ZUVETIWE, O TEAEUTALOG £XEL OXESLOOTEL £TOL WOTE VAL UIMOPEL val
Xwplotel o€ Tpia apBpwtd (modular) koppdtia mou emnitpénouy tnv (00606 Tou oto dwpudadrtio. Enetra,
Ba cuvappoAoynBel evtdg Tou Swuatiou kot Ba mpémeL va petakivnBel otnv teAkn Tou B€on. Onwg
€€nynBnke otnv elcaywyn TnG mapouoag epyaciag, meploplopol Uoug tou Swuatiou kablotouv
aduvartn TNV HETAKIVNOT) TOU HLE TOV YEPOVO TIOU TIPOKELTAL VA TOTIOOETNOEl 0TO XWPO AUTO. TUVETIWG,
anatteitol 0 oXeSLOOUOC Hiag METAAALKNG KATAOKEUNG TTOU Ba eKTELVETAL ATO TO XWPO KOVTA OTNV
eloodo tou dwpatiou €wg TNV teAkn BEon Tou KABe cucowpeuTH.

™
d - |

E_

Ewova 18: TptobLaotato LOVTEAO TOU CUCOWPEUTH) TTOU MPETIEL VA UETAKLVNUEL (aploTepd) apou
eL0€ATeL o€ Tpla kouuatio oto Swuatio Yuénc uéow tng moptoc (deéia). Mnyn: Baon anodrikevonc
apxeiwv CAD tou CERN kat pwtoypagio cuyypapea.

3.1 EVOAAQKTIKEG AUOELG

Itnv Ewova 19 ¢aivetal n katodn tou dwuatiov Puénc. To mpdoivo mAaiolo opilel To XwWPOo Kovtd
oTNV MOPTA Tou SwaTtiov evw Ta yaAdlla mAaiola opilouv Tig TEAKEG B€oeLg TTou €xouv tpoPAedBOel
yld TOUG OUCOWPEUTEG. M mpwtn Satagn tng METAAAKNAG KOATOOKEUNG OAloBnong twv
cuoowpeuTwV daivetal otnv bla €wkova, Omou yivetal epudavig Kol n avdaykn kivnong twv
cuoowpeuTwyY o€ dUo SleuBUVoELC.
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Ewova 19: Katoyn dwuatiov Yuéng omou Siakpivetal n UETAAALKN KATOOKEU TTAVW OTNV OTtoia
UETAKIVOUVTOL Ol CUCCWPEUTEC UEXPL TNV TEALKN TOUG B€on. AUo OevapLa MPWILNG EYKATATTACNG:
a) Kokkivo ypwua: 1 cuoowpeuthc + 1 povada Yuénc kat 8) Kitpivo ypwua: 2 oUCOCWPEUTEC + 3
uovadec Yuénc. Mnyn: Baon amodrnkevonc apyeiwv CAD tou CERN

ZekWvWVTaG amd TNV avaykn auth ylo Kivnon og 800 SleuBuvoelg kabwg Kot TNV avaykn eVPeonG
pag Avong mou 8ev au€avelr MOAU TIG SLOOTACEL TOU OUCOWPEUTH, UMOPEL va EEKIVAOEL N
Slepevvnon mBavwyv evaAAoKTIKwY AVCEWV yla To we Ba yivetal n petadopd.

EvaAAaktiki 1: A’ euBeiag oAicOnon cuococwpPEUTA MAVW 0T KETAAALKE) KOTAOKEU).

H ouykekpLuévn mpotacn odnyel otn péylotn e€olkovopunaon xwpou, adou Sev anatteital n umapén
Kamolog Slemadng HETAlU TOU CUCCWPEUTH KOl TNG METAAALKAG Kataokeunc. Map’ 6Aa autd, o
OUVTEAEOTAG TPLRNG METAEL TOU HETAAALKOU TAQLCOLOU TOU CUCOWPEUTH Kol TG XaAuBdivng
emupavelag Ba Atav peyadlog evw tautoxpova Oev evdeikvutal n KOMwon Tou TMAALGlou Tou
CUOCWPEUTH TIOU TTEPLEXEL TTANBOC Kalplwy EEAPTNUATWY YLO TNV CWOTH AELTOUPYIA TOU CUCTHLATOG
PUENG. Zuvenwce, N eVaAAOKTIKY auTr anoppidOnke.

EvaAAakTiki 2: Ayopd CUGTAHATOG HETOKIVNONG BAPEWV AVTLKELLEVWV LE TPOXOUG.

Itnv ayopd umdpxel MANBOC ETOLUWVY TPOXNAATWY UNXAVIOUWY TIOU XPNOLUOTIOLOUVTAL yla TNV
HeETAdOPA QVTIKELUEVWY. Eval XAPOAKTNPLOTIKO TapAdelypa TETOOU Unxaviopol daivetal otnv
Ewkova 20, 6mou Stakpivetal To KIT eEOMALOMOU TIoU amoTeAeitaL and 4 unXaviopoug LeTadpopag Kat
pio prapa oxquatog T yla TNV otpodn TV UNXavVIoUwyY otnv embupunth dtevbBbuvon kivnong. Xapn
oTNV TEAEUTALO, LKAVOTIOLEITAL N AVAYKN YlA Kivnon TwV CUCCWPEUTWYV Kal otig SUo emBUUNTEG
KateuBuvoelg. OL 4 autég Baoelg Ba pnopouoav va tornoBetnBolv otig 4 ywvieg Tou mAalciou Tou
OUOCWPEUTH Kol 0Tav auTtog édtave otnv TeAKN Tou B€on Ba umopouoav va xpnotluomnolnBouv kat
w¢ modla otnpLeng (resting feet), adou eival Woiaitepa otBapéc. Map’ OAa AUTA, N CUYKEKPLUEVN
AUon amattel — TUTILKA — TIEPLOCOTEPO XWPO OO AUTEC TTOU Ba MaPOoUCLACTOUV OTNV CUVEXELA.
BéBawa, afilel va onpelwBel OTL oTNV ayopd UTAPXOUV KAl TILO HIKpol (compact) Tétolol pnxoviopot
oM@ TO KOOTOG TOUG €lval HAAAOV QITOYOPEUTIKO, €L8IKA OTnV Tapouca TEPLMTWon Omnou
anattouvtol €€L 0T e€apTNUATWY (€va yla KABe cUCOWPEUTN).
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Ewova 20: MNMapadetyua tpoxnAatou unyaviouoU UETAPOPAS BapEwV AVTIKEUEVWV QO TO EUTTOPLO.
Mnyn: https://www.hevihaul.com/machinery-skates/compact-swivel-skates/cs-12k-kit/

EvaAAaktikn 3: Xprion navkateuBuvtikwv tpoxwv (omnidirectional wheels).

Onwg SnAwVEL Kal To GVoUa TOUG, Ol TtavkateuBuvtikol Tpoxol umopouv va KivnBouv mpog naoca
katevBuvon. H yewpetpla toug (BA. Ewkova 21) eival cadwe TOAUTIAOKOTEPN aATMd OTL €VOC
ouvnBLopévou tpoxoL pe duvatotnta nmeplotpodng Kot o€ avtiBeon Ye Tov TeAeuTaio, Umopouv va
TomoBeTnBoUV MEPLUETPIKA TOU TIPOC LETAPOPA AVTIKELUEVOU Kal apa dev Ba avfavav To GUVOALKO
U og Tou cucowpeutr. OL ePpapUOYEC TOUG OE TIEPUTTWOELS LETADOPAG OVTLIKELLEVWV AVTLOTOLXOU
Bdapoug pe Tov cucowpeuth (mepimou 1500 kAd) eival omavieg, xwpic OUWS va amokAsiovtal.
Qotooo, o Tétola Bapn To HéEyeBOC TOUG elval MOPOUOLO e OUTO TNG EVAANAKTLKAG 2.

Ewova 21: Tumikn popen mavkatevBuvtikou tpoxouU (omnidirectional wheel) kot mapadetyua
EQPAPUOYNC TOU OTO YWPO TNG POUTTOTLKNG. [Inyn: https://www.casterbot.com/p/4-inch-heavy-duty-
mecanum-wheel-100mm-industrial-wheels/ kat https://automaticaddison.com/force-vector-
diagrams-for-an-omni-directional-mobile-robot/
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EvaAAaktikn 4: Xpion povadag petagopag pe opaipa (ball transfer unit)

O OUYKEKPLUEVOG LNXOVIOHOG €XEL &N avadepBel otnv mapdypado 2.1.2 Kot anmoTEAECE i amo Tig
TIPWTEG AUOELG TIOU amacxoAnoav tov cuyypadéa. MNapouotdlel To MAEOVEKTNUA OTL UTTOPEL va
T(POCOPUOOTEL 0TO TTAALOLO TOU CUCOWPEUTA Kal N Lévn avénon oto LYPoG va eival auTr Tou Avw
Hépoug ™G odaipag (BA. Ewova 9) evw TAUTOXpPOVOL EMULTPETEL TNV Kivnon TPOG OAEG TLG
kateuBUvoeLg. Emiong, elval olkovouLkoTePOG amod OtL oL eVAAAAKTIKEG 2 Kal 3. QoTd00, MapoUsLAleL
KAmoleg aBefalotnteg wg MPOG TOo TOOCO LKOWVOTOLNTIKA Ba PUmopoUoE va CUVEPYOOTEL PE TNV
METOAALKA KOTOLOKEUT TIAVW OTNV omtola Ba mPEMeL vl KUALOEL. ZUYKEKPLUEVQ, TETOLEG KATOUOKEUES
aroteAouvtal — TUTILKA — amo dokolg oxnuatog H pe dtaotaupwoelg oe Slddopa onpeia — Omwg
daivetal kat otnv Ewkova 31. AOyw KATAOKEUONOTIKWY OTEAELWV TIOU avartopeuKkTa cuvoSeUouv
Tétoleg Sokoug, elval oxedov BERBalo OTL o€ KATOLEG O AUTEG TLG SlaoTaupwoelg Ba untdpyouv
HLKPA KeVA f/kal avwpaAieg oto U oG. TEToLEG avwpalieg umopouv va eEopaAuvBouyv og éva Babud
HE TN XPon NAEKTPLKOU TpoXoU aAAG OXL amOAUTA. ZUVETTWG, UTIAPXEL aBERaLOTNTA OTO KATA OGO
€UKoAa Ba pmopolV ol povadeg petadopds pe odaipa va UTEPVIKACOUV QUTA TA KEVA KoL TLG
U OUETPLKEG SLapOPES OTLG SLAOTAUPWOELG. AKOUA OUWG KOl av N odaipa TOU HNXOVLOMOU EXEL TNV
KATAAANAN SLAUETPO WOTE VA TTEPACEL TAVW aTtd pia TETola avwuoAio UTtdpyEL 0 Kivbuvog OTL HeTd
arod auTo To pHeTafatikd patvopevo (mou amattel kamota SUvapn amo To A To ATOMA TTOU LETAKLVOUV
TOV OCUCCWPEUTH), 0 CUCCWPEUTHG UMOPEL VOL AMOKTAOEL KATIOLOL CNLAVTLKA TaxUTATA Ko va KvnBet
aveEEleyktal.

EvaAAaktikn 5: Kataokeun dienadng and noAvtetpadBopoatbuAévio (PTFE)

Onwg g€nynBnke kot otnv mapaypado 2.1.1, to PTFE mapouctdlel eEapeTkA XAUNAO CUVTEAEDTN
TPPBAG KaL XpnoLomoLeital yia TNV oAloBnon Bapeéwv avIlKEWWEVWY. TaUuTOXpova, ival OLKOVOULKO
Kall urtopel vat ayopaotet og popdn KUAWVSPLKAG umapag Kat emetta va dtapopdwOet eUkoAa o€ pia
epyoAelopnyxavn. Nna nopddeypa, Oa pmopoloe TOPVEUTEL WOTE VAL AMOKTACEL TNV EMLOUUNTH OKTiVaL
KQUMUAOTNTAG, WOTE VO UTOPEL VO TPOOTIEPAOEL TIG SLAPOPEC UIKpOAVWUOALEG (KeEva 1r/kot
voueTplkég SladopEg) mou avanodeukta Ba MAPoUCLACTOUV OTNV HETAAALK KOTOOKEUN TIAVW
otnv omnoia Ba oAloBaivel 0 cucowpeuTAG. H AUon autr OXL HOVO EMLTPETEL TNV Kivnon otig duo
QIALTOUEVEG KATEUOUVOELG AANG Ko eV au§Avel TTOAU TG SLAOTACELG TOU CUCOWPEUTH (Ba mpémel
npodavwg n diemadn mou Ba oxedlaotel va xpnolpomnolel 6o Alyotepo UALKO yivetal). BEBala, n
AUon auth Ba amaltioeL TN XPAOoN KATIOLOU UNXOQVLOMOU YLl TNV OALoBNOoN TOU CUCOWPEUTH — O€
avtiBeon pe tg mpoavadepBeioeg tpoxNAaTEG AUGELG IOV topoUV va KvnBouv aneuBeiag and tov
avOpwro xwpicg Wlaitepn cwpatiky Suvapn.

EvaAlaktiky 6: Xpon eumoplkol mpoidvtog Permaglide® os popdn podélag (washer) n
opBoywvikng Awpidag (strip)

To Permaglide® anote)el TNV epumopikr ovopacia mou xpnolpomnolel n etatpeia KS Gleitlager yia va
avadepBOei og pia ykapa mpoldvtwy Tng mou eivat pTlayuéva amo UALKO TTou TapoucLalel eEQPETLKA
TPLBOAOYLKA XOpOKTNPLOTIKA. AvtioTolxa mpoiovta apdyouv kot AAAEG Talpieg, onwg n Trelleborg,
armAd otnv mapovoa epyacia efetdotnke To Permaglide® yiati xpnoluomoleital kat o€ AAAEG
edappoyeg oto CERN. lNa tnv xprion tou oe epappoyeg oAioBnong pmopel va €xeL eite tn popdn
podehag eite Tn popdn Awpidag (Ewova 22). Ztnv dla ewova daivetal o€ TOWN TO ECWTEPLKO TOU
UALKOU, Tou amoteAeital anod 3 enineda: 1) uitpa PTFE, 2) pelypa Kaooitepou-puoAuBSou-xaAkou
TOU omoiou ta keva yepilovtal pe PTFE kat 3) petaAAikn eniotpwon.

Onwg Ko n ponyoupevn evaAlakTiki, auti N Avon Ba anattovoe pia pikpwv Slaotdoswy dlemadn
TIOU OTEPEWVETOL OTO MAALOLO TOU CUCCWPEUTH KAL ETUTPETEL TNV Kivnon Kal 0T SU0 AmLTOUUEVES
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KaTteuOUVOoELS. To MPOBANUA OUWE LE AUTO TO UALKO €lval OTL— o€ avtiBeon pe tnv unapa PTFE — ev
umopel va StapopdpwBel eLKOAA WOTE VOl AMOKTAOEL, Yla TAPASELYUA, ULl AKTIVA KOUTTUAOTNTOG.
Mia AUon Ba ntav to va IntnBei €181k mapayyeAio amd TOV KATAOKEUAOTH OTNV €mBupntn
Stapopdwon, KATL IOV OpWE Ba avEave apKeTA TO KOOTOG. Opoiwg pe TNV eVOAAAKTIKN 5, Sev apkel
n owpatiky dvaun tou avBpwrou ywa tnv oAicBnon kat Ba amaltnOel KATOLOG UNXAVIOUOG
oAioBnong (r.x. maAdyko).

Ewkova 22: To eumoptko npoiov Permaglide o€ pop@n podéAac kat Awpidac (apilotepa) kot to
£0WTEPLKO ToU (6€éiat). Mnyn: https://www.permaglide.com/en/
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3.2 AUoeg nou npokpiOnkav (shortlisted solutions)

210 onpelo auto kpibnke okomLpNn N BaBpoAdynon Twv §L mapamdavw eVAAAAKTIKWY LE BAon KAmoLla
KpLTPLO WoTe va arodaoloTtel pe moleg AUoeLG Ba tpoxwpoUoe N €peuva. Ze KABe mepimtwon, n
teAk) AUon Ba enpene va eAeyxBel kal melpapatika mplv mapBel n teAkn anddaon. Qotoco, n
Stadikacio tng BabuoAoynong Bonbnoe otnv mpoKkpLon KATOLWY AUCEWV WG TLo ETULOUUNTEG.

e Kpurpto 1: Oykog (LeydAn Babuoloyia onpaivel Pkpog oykog);
e Kpunplo 2: EukoAia kivnong og 2 kateuBUVOELG;
e Kputrplo 3: AcddAeLa EvavTtL ETUTOXUVOEWY — AVEEEAEYKTNG KivnonNg;

e Kpunplo 4: EukoAia petakivnong pe cwpatikn Suvaun (o€ aviidlactoAn pe xprion avudwtlkou
pHoxAoU — maAdyko — lever hoist);

e Kputrplo 5: EuKOALQ TTPOOTIEPACNG KPOAVWHAALWY (KEVWV 1 / KaL UPOUETPLKWY SladopwV) OTLS
SL0oTAUPWOELG TNG LETAAALKNG KATOOKEUNG OALOBNONG TWV CUCCWPEUTWY;

e Kpunplo 6: Kéotog;

Ztov Mivakag 2 daivetal n BabpoAoynon tng kdBe evalaktikng Bewpwvtog ooduvaua ta

napandvw kptenpla (ido Bapog) kat kAipaka Babuodoyiag 1-2-kevo-4-5 (BabBuoldynon pe mowvn —

TEVaATL).

EvaAhaktikn/Kpitriplo 1] 2 3 4 5 6 | ZUvolo (/5) | Katdataén
1. AneuBeiag oAicBnon AnoppidpBnke oe apxko otadlo

2. TpoxnAato Kit petakivnong 1| 4 1 4 2 1 2.6 5

3. MavkatevBuvtikol Tpoxol 2 5 1 5 2 2 3.4 4

4. Movada petadopdg pe odaipa | 4 | 5 1 5 1 4 4 3

5. Atenadn PTFE 4 5 5 1 4 5 4.8 1

6. Alenadn Permaglide® 515 5 1 2 5 4.6 2

Mivakac 2: BaduoAoynon evaAAaktikwv AUGEWV yLa TO CUCTNUO UETAKIVNONG CUCOWPEUTWYV

H napamndavw BabuoAdynon odrynoe oe anoteAéopata UTEP Twv AVCoEwWV oAioBnong (5 kat 6) Evavtt
TwV AVoewv TpoxnAdtnong. Qotoco, n teAkn emloyn Ba émpeme va ocuvodeuTel and aviiotol o
nelpapa enalnbsuong. Me PBdaon ta amoteAéopata autd, amodaciotnke va SOKLLACTOUV
TIELPAUATLIKA OL EVAANAKTIKEG 5 Kal 6. Av Kapia amd auteg dev Atav emituxng, Ba dokipalotav Kat n
evaAaktiki 4. H mepapatiki dtadlkaoio autr Kal Ta amoTeAEoUAT TNG Tapouotdlovtal otny
EMOUEVN EVOTNTAL.
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3.3 Nepapatikn dStadkaoia yia teAkn enthoyn AUong

3.3.1 TMpostoluaocio MEPAUATOC

IKOTOG TNG mMelpapatikng Swadkaoiag Atav n Sokun twv SUo TPOTEWVOUEVWY AUCEWV OF
napepdepeic CUVONRKEG LE QUTEG TNG TTPAYHATIKAG Stadikaoia peTadopds TwV CUCCWPEUTWY OTO
dwpatio YPuéng katl e€aeplopol. Mpwto BAna Atav n dnuloupyia plag Wlokataokeung mou Ba
npooopolale TNV HETAAALKA KOTOOKEUR OTAPLENG TWV OCUCOWPEUTWV. o TOV OKOTO OUTOV
xpnotuomnowBnkav kamota xaAuBSwa mpodih popdng H (HEB steel sections) o katdAAnAn Sidtaén
woTe va uTtapxeL dtaotavpwor) Toug (Etkova 23). Ztig Vo MAeUpEG TG Sldtagng TomoBeTAOnKav Kal
600 pmAok Toéviou pe Siemadég (omeg eldikng popdng) yla tov e€omAlopo oAicbnong mou Ba
avaAuBel otn cuveyela.

AtileL va avadepBel 0TI, OMTWG AVAUEVETAL OE TETOLEG KATAOKEVEC, Ta MPOdIA dev ATav AMOAUTWS
enineda otnv dlactalpwaon Toug AOYw KOTAOKEUAOTIKWY ATEAELWV. ZUYKEKPLUEVA, UTIAPXE HULIKPA
vpopetpikn Stadopad n omoia e€opaAlvOnke og €vav Babuo pe tn xpron ywviakol tpoxou. H un
TANPNG €opdAuvon TG NTAV KAt Eva TPOTo anapaitntn, wote va eAeyxOel n cupmneplpopd Twv
U0 npotewvopevwy AUoewv o€ pia tétola Suopevi cuvonkn.

2 x Concrete blocks 1600mm X 800 mm X 400 mm
/Holes_ for hoisting points must be facing inwards

5 X HEB180
/

-

8

e i

~

Ewova 23: Mepauatikn dtataén yia tnv oAiovnon 1.5 tovou (Bapo¢ cUOCWPEUTH) UE TIC
evaAdaktikég AUoeLg mou mpotiunOnkav. Mnyn: Qwtoypa@io TOU CUYYPAPEX KATA TNV TPAKTLKN
tou oto CERN.

Ooov adopd Tov CUCCWPEUTH, 0TO OTASL0 AUTO BewpnBNKE ONUAVTIKOTEPO VA TIPOCOUOLACTEL
armAwG to Bapog tou. MNa autov tov Adyo, xpnotpomno|Bnkav 4 xaAUBSLveG MAAKEG OL OTtolEG UTI PX AV
ndén oto CERN amd mponyoupevo meipapa. Onwg daivetal otnv Ewkdva 24, n KATw TAAKQA
e€omALoTNKE OTLG AKPEG TNG ME 4 opBoywvia UITAOK XAAUBa TTOU AMOTPEMOUY TNV TTAAYLA Kivnon Ttng.
Ta npoavadepOévta cuvdéovtal Pe TNV MAAKA UE TN XPHon €vOg KoxAla. Me tnv xaAdpwon tou
KoxAla givatl duvatn n otpéPn Twv pmAok katd 90 poipeg, KATL To omoio eival anapaitnto Katd to
otddlo petapaong tg mMAdkag otnv Staotavpwon Twv mpodih HEB. Itnv kdtw TAEUpA TNG
KATWTEPNG TIAAKAG €ywvav 4 omég omou Ba pmopovoav va tornobetnBouv ol Siemadeg e tig dSvo
EVOANOKTLKEG AUOELG Ttpog SokLun. TEAOG, €yvav Kal U0 OTEG TTAEUPLKA TNG KATWTOATNG TTAAKAG yLa
Vv ocuvdeon tou e€omAlopou oAioBnong (Ba mapoucLaoTel 0T CUVEXEL).
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Ewkova 24: XaAvuBbiveg mAdakeg ouvoAikoU Bapoug 1500 kiAwv yia Tnv mpooouoiwon tou Bapoug
ToU ouoowpeuTh. MNnyn: Qwtoypapia Tou cuyypaPEN KATA TNV MPAKTIKY) Tou oto CERN.

Emépevo BrApa Atav n kataockeun twv Slemadwv oAicBnong amd Teflon kat Permaglide®. O
OUYKEKPLUEVEC SleMmadEG KATAOKEUAOTNKAV OE €va amo Ta epyaotrpla tou CERN kat paivovtal otnv
Ewkova 25. ArtotehoUvtal amo tpila pepn:

1. To UAwO oAioBnong (otnv mpwtn nepintwon PTFE kuAvSpLkn ¢ popdng He aktiva KapmuAdtnTag
KoL otnv deutepn nepintwon Permaglide® og popdn podéiag);

2. 'Eva mAaiolo otipléng KUALWVOPLKAG HopdNG UE €0OXN-TIOKETA OTLG SLOOTAOCEL TOU EKAOTOTE
UALkoU oAicBnong;

3. To punxoavioud cuvappoAoynonge. Ztnv nepimtwon tou PTFE ival évag koxAiag mou evwvel ta (1)
Kot (2) pe tnv katwtepn xaAuBSvn mAdka kot otnv mepintwon tou Permaglide eivat éva koppatt
Tawiog SutAng 0P ewg ou evwvel To (1) pe To (2) kot Evag koxAlag mou evwvel Ta SU0 auTd péEpn
UE TNV KatwTtepn XoALBSLIVN MAGKA.

Ewkova 25: Ot diemtaéc ano PTFE (aplotepa) kat Permaglide® (6eéia) yia tov éAeyyo twv duo
evardaktikwv AUoewv. Mnyn: QwToypapiec Tou oUyypaPEX KaTd TNV MPakTiki Tou oto CERN.
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Mépav Twv TPONYOUUEVWY, yLa TNV eMLTUXA €aywyn TNG MELPAUATIKAG Stadlkaoiog XpeELAOTNKE Kal
HLo oglpd ermAéov BonBntikou e€omAlopou nou daivetal otnv Ewkéva 26:

- 'Eva maAdyko pe poxAo (lever hoist) pe wkavotnta edpapuoyng Suvaung mou avtiotolxetl oe 1.5
TOVO;

- AUVOMOMETPO Yyl TNV HETPNON TNG amattoVevnG Suvapng oAioBnong wote va UTtoAoyLoTel o
OUVTEAEOTAG TPLPRNAC;

- Yoaopdtvol lpudvteg petadopdg poptiou o€ mepimtwon mou To PNRKog TG aAucidag Tou maAdyko
bev emapkel;

- Noautikd KAWL yla tTnv évwon tng aAuoidag Tou MaAAdyKo KoL TWV LULAVIWY HE TG XaAUBSLveG
TIAALKEG KOLL T TOLMEVTEVLOL UTAOK avtioTolxa;

- OUMa avoeidwtou xaAuPa kal opLlyKTRPEG yLa TNV aodAALon TOUG OTNV AVw TTAEUPA TwV TIPOodIA
H;

- KAewdid ouvappoAoynong (YaAAlkd kat e€aywvika).

g 1@'.&‘ |

Ewdva 26: EéortAtoudc yia tnv Ste€aywyn tou mewpauatoc oAiodnang: 1. Maddyko evauion tovou, 2.
Ypaouativol uavteg @optiou duo tovwy, 3. Alentapeg Permaglide®, 4. EéonmAlouog
ouvapuoAoynong (yaAAika kot eéaywvikd kAebia), 5. Auvauouetpo, 6. QuAda avoéeibwtou
XOAUBa, 7. Zpiyktipeg tumou F, 8. Nautikd kAetdia. Mnyn: Qwtoypa@io TOU oCUYYPAPER KATA TNV
npaktikr Tou oto CERN

YentéuPplog 2023 n



AutAwpatikn epyacio — EAeuBéplog Avtwvomnouog

3.3.2 Efaywyn MEPAUATOC

MeTd TNV €yKOTAOTACN TNG TELWPAUATIKAG Sldtafng mou TepleypddnKe oTNV TIPONYOUUEVN
napdypado anodaciotnke n e€oywyr TOU MELPAUATOG EAEYXOVTAG 3 KOEVAPLAY:

Zevaplo 1°: OAioOnon dienadng PTFE aneuBeiag otnv petaAAiki entpaveia twv npodpil HEB

Ol Téooepelg MAAKEG cUVOALKOU Bdapoug 1470 kAwv avupwbBnkav He T Xprion yepavou Kal otnv
KATW MAEUPA TNG KATWTEPNG aTtd aUTEG TomoBeTAONKav oL Stemadeg pe to PTFE. Emetta, ol 4 mAAKES
tonoBetnOnkav ota mpodiA HEB kat evwOnkav pe to SUVAUOUETPO Kal Tov EOTALOMO OAlocBNnoNg
TIOU TIPOUGCLACTNKE OTNV IPONYOULEVN UTIOEVOTNTA.

H oAioBnon twv 4 mAakwv £ekivnoe €MTUXWG Kal TOUTOXPovA TO SUVOUOUETPO Katéypade TNV
amnattovpevn Suvaun. MNapatnpnBnke 6tLn Suvaun authi napouctdlet LeydaAn Stakvuovon avaioya
HE TO TPOTIO XELPLOUOU TOU TOAAYKO. ZUYKEKPLUEVQ, N XOUNAOTEPN SUvaun TTAPoUoLAlETaL OTOV O
HOXAOG TOU TEPLOTPEDETAL NPEUA KOL OTAOEPA — XWPLG TPOAVTAYLATA KoL SLOKOTITOUEVN TIEPLOTPODN).
JUVETIWG, OL TLUEG TTou Ba §0B0UV 0TNV CUVEXELA AVTLOTOLXOUV OE TETOLOU €160UC OUaAN TtEPLOTPODN
Tou poxAou. Mpémel emiong va avadepOel OTL oL TIUEG AUTEG aviAnOnkav amd tnv HEyLoTn
kataypadopevny Suvoun Tou SUVAUOUETPOU. JUYKEKPLUEVA, OMwG avadpEpOnKe KoL otnv
napaypado 2.1.1, umdapxel Stakplon Letal Tou oTaTLKOU oUVTEAEOTH TPLPRAG (KaTd To §ekivnua Tng
kivnong) kat tou ouvieAeot TPBAG oAloBnong (katd tnv opoAn kivnon tou mpog petadopd
QVTLKELEVOU). M TNV EMAOYH LETAEL TWV EVAANAKTIKWY AUCEWVY, OPWG, amodacioTnKe n xpnon tg
HEYLOTNG KaTaypadOopuevng SUVAUNG WG LETPO CUYKPLONG TOUG, AVEEAPTATWE TOU AV QLUTH AVTLOTOLXEL
0To o€ Palvopeva oTaTkAG TPLPBAG A TPLBAG oAiocBnong.

Me Bdon auTég TG mopadoxeg — SLEUKPLVAOELG, N LEYLOTN SUVON TTOU KataypAddnKe KATA TNV Kivnon
0TO OMOAO koG Twv TpodiA H Ntav 190 kiha (edw onpelwveTal OTL eTUAEXONKE N Tapoucioon Twv
HETPNOEWV O€ KIAA KaL OxL o Newtons wWOTE va €lval TILO KOTAVONTH N avaAoyio Tpog T0 CUVOALKO
Bapog twv 1470 KIAWV TwWV TTAAKWV).

E¢loou onuavtiki Atav kat n petpnon tng duvaung ywa Tnv umepviknon tng dtactalpwong Twv
nipodiA H, n omola petpribnke ton pe 212 kAQ. H avénon aut) ATav avapevopevn adoul, Omwg
avapepOnke mponyouEVwG, otn Staotaupwon twv Tpodid unnpxe pkpn vouetpkn Sdtadopd
Aoyw Slaotaotlohoykwy atedelwy. Agilel va onpelwBel OtL mapatnenOnke pla pkprn neplotpodn
YUpw amod tov afova evog diemadwv PTFE €wg 6tou autr) «UMAOKAPLOTED» amo Toug MAEUPLKOUG
o6nyou¢ TNG Katwtatng MAAKAG. 2 Tepimtwon mou dev unrpxav ot odnyoi dev Ba Atav ekt n
T(POOTIEPAON TNG UPOUETPKAG Stadopdg tng Sdtactalpwong kat avt’ autig oAo 1o doptio Ba
KlvoUvTav MAEUPLKA PEXPL va TTECEL amo ta podiA H. Avaloya patvopeva mapatnpnbnkav kat ota
enMoOueva oevapla kat koBlwotouv cadry tnv avdaykn Umapéng cuotipatog kabodAynong tou
OUCOWPEUTH KOTA TOV TEALKO OXESLAOHO.

Me tnv emttuxn oAOKARPWGN TOU TPWTOU oEVAPLoU, TO EMOUEVO BrApa NTav va avuPwBoUlv oL TTAAKEG
yla va TorntoBetnOet to dpUAAO xdAuPBa yla to deltepo oevaplo. H aviPwon Twv MAaKwV ATav pLa
kaAf eukalpia yia va gleyxBel o BabBuog otov omoio eixe ¢pOapOei n Siemadn PTFE petd tnv
oAioBnon otnv tpaxLd emipdvela Twv podiA H (Sev eixav kabBaplotel enitndeg wote va eAeyxOei n
Sduopevéotepn ouvbnkn). Onwg daivetat otnv Ewova 27, n ¢Bopd/Aépwpa Atav eAAxLoTn Kat
ONUAVTLKO HEPOG TNG adatpéBnke Enelta amo eAadpu TpidLo Tou UALKOU e €va uypo Ttavi.

YemtéuBplog 2023 n



Authwpoatikn epyacia — EAeuBépLog AvtwvomnouAog

Ewkova 27: Mikpn) pBopd twv Siermapwv PTFE: Mikpoypat{ouVIEG Kol AEpWUX TTPLV KOl UETA TO
TPl o ue vwno navi. MNnyn: Qwtoypapio Tou cUyypaAPEN KATA TNV MPaKTIK Tou oto CERN.

Zevaplo 2°: OAicOnon dienadng PTFE avw og ¢pUANO avoéeidwtou xaAupa

MNa tnv pelwon tou ouvteAeotn TG Mpotdbnke n dokiun emkaAuvdng Twv npodil H pe Aemto
dUAo avoleibwtou xaAuBa rou mapouctalel ToAU Asia emipavela. AUo HakpLEG Awpideg auTtou Tou
dUAAov TtomoBetnOnkav otig SokoUg HEB kat aodaAiotnkav o autd PE TNV XPHON ObLYKTHPWY
(Ewova 28).

Ewkova 28: Torod€tnon puAdou avoéeibwtou yaAuBa kata urkoc¢ twv dokwv HEB (aplotepd) kot
otnptén tou ue o@yktrnpec. Nnyn: Qwtoypapia Tou oUYYPAPEN KATA THV MPAKTIKN) Tou oto CERN.

H mpooBbnkn tou ¢UANOU auTOU €lxe WG QMOTEAECUA HMLO ONMOVTIKA UElwONn oTn HEYLOTN
anattoupevn duvapn oAioOnong katd tnv Kivnon oto opaAo pnkog twv dokwv (122 kg). Kata tnv
umtepviknon t™¢ vPopetpikng Stadopadg otn Stactavpwon twv MpodiA H, n péylotn duvaun mou
uetpnOnke ntav 198 kg (Lo pikpr BeAtiwon anod ta 212 kg mou UETPHCALE OTO TPWTO OEVAPLO).
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Zevaplo 3°: OAicOnon dienadng Permaglide® navw o pUALo avoéeibwtou xaAuBa

Kpivovtag amd tnv onuaviikn auvénon tng amattoUpevn¢ SUvapng ylo TNV TPOCTIEPACH TNG
Slaotavpwong aképa otav xpnoldomnolOnke PTFE pe onUavtikn aktiva KapmuAdtntag, Umrpxe
oudBoAia otL ol podéleg Permaglide® Ba pumopoloav va EEMEPACOUV HLA AVTLOTOLXN UPOUETPLKNA
Sladopd. Qotéco, SOKIWWAOTNKE KL OUTO TO OevdAplo yla Adyoug mAnpotntog. Mo va pnv
kataotpadoULv mpwipa oL Stemadeg anodaciotnKe v ECTLACOUE TIPWTA 0T SOKLUA TOUG oTNV Asia
emupavela tou puAou avoeibwtou xaAuBa. Onwc nTav avapuevouevo, n andédoon tou Permaglide
Atav n kaAUtepn o6cov adopd tnv oAicOnon oto Asio pEpOC Twv Sokwv, HE TNV uPnAoTEPN
kataypadopevn Suvaun amnod to SUVAUOUETPO va ivat LOALS 90 kg.

QoTt600, KATA TNV TPOOTIABELN TIPOCTIEPACNG TNG SlaoTalpwaong Twv TipodiA, oL TTAAKEC apxLoav va
neplotpedovtal Eava Omwe MepLeypAPnKE Kal 0TO 0eVAPLO 1, pOvo mou autiv TN popd oL mMAeupikol
obnyot dev Atav apketol yla tnv entuyn dtafoon mavw amo Tnv Uikpr vPopetpikn dtadopd. Avt’
QUTAG, LETPRONKAV SUVAUELG OKOUN KAl Avw Twv 350 KIAWV Kal oTo onueio autd anodaciotnke va
Slakorel to meipapa kat va eAeyxBel n katdotaon twv Stemadwv. Etol, ol mAdkeg avuPpwOnkav pe
TOV yEPOVO yla va avaktnBouv ol podéleg Permaglide®. AlamiotwOnke OtL ot UPNAEC SLATUNTIKES
Suvapelg mou acknBnkav amnod to maldyko oto pUAAO xaAuPa eixav MPoKAAECSEL TO OXLOLUO TOU TTOU
LE TN OELPA TOU 061 ynoe o€ eKTeETAUEVN POBopa otV emipavela Twv podedwv Permaglide®

Ewkova 29: Ta anoteAéouata Tou TpiTOU Oevapiou Tou MEPAUATos oAiodnonc katda tnv
Slaotaupwan Twv npo@iAd HEB: Zxiouévo @uAdo avoéeibwtou yaAuBa (aplotepa) Ko EKTETAUEVN
@Uopa otic pobdédec Permaglide® (6eéia). Mnyn: Qwtoypapio TOU CUYYPAPEA KATA TNV TIPAKTLKN

tou oto CERN.
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3.3.3 AvaAucn anoTteAEGUATWYV yla ErttAoyr] TEAKAC AUGNC

Me ta tpla autd oevapla To meipapa oAokAnpwOnke kat, epocov ta SUo MpwTa elyav EALPETIKA
evBappuVTIKA amoteAéopata, anmodaciotnke OTL N teAkn AUon Ba nTav pia Avon oAicBnong kat oxL
TpoxnAATNOoNG. ZUVENMwG, KPiBNnKke Aokomn n €fétaon TwV HUNn TPOKPLOEVTWY €VOAAOKTLKWY TNG
napaypadou 3.1. Mivakag 3 mapouoLalel CUYKEVTIPWTLKA TO ATIOTEAECLATO TWV TPLWV CEVOPLWVY TTOU
egetaotnkav.

PTFE PTFE Permaglide®
Kputiiplo / Zevaplo - - -
MNpodiA H OUA\O xaAuBa QUM xAaAuBa

Erituxng oAioBnon oe Aela emupavela Now Now Nat
2 Aeoth ] Ael

LvteReotnG TPl o Acta 0.129 0.083 0.061
erupavela
Emtuxng oAioBnon oe dtactavpwon Na Na OxL
Zuvteleotng TpLPRG og Slaotalpwon 0.144 0.135 -

Mivakacg 3: ZUYKEVTPWTIKA ATTOTEAECTUATA TTELPAUATOS YLa TNV EMAoyn TNG TEALKNG AUoncg oAiodnong
TWV OCUOOWPEUTWYV 0To Swudtio Yuénc kot eéaeptouo.

To oevdplo pe tig podéAeg Permaglide® amoppidpBnke Sedouévou OtL dev Lkavomoinoe tnv avaykn
nipoomEpaocng NG Sltactavpwong Twv PodiA. Mapd ta evOAPPUVTIKA TNG AMOTEAECHATA OTO A€o0
HEPOG TwV SOKWV, N CUYKEKPLUEVN AUon Ba umopouce va €opUOOTEL EMITUXWG UOVO €AV OL
SL00TAUPWOELG TOU TEALKOU LNXOVLOMOU AeLavOOUV pE EEALPETIKA QUOTNPEG AVOXES, TIPOKELLEVOU VOl
erutevyOel téAela euBuypapplon Twv Sokwv oTo onueio autd. Katt tétolo Ba avéave To KOOTOG Kal
Ba amoattovoe ApKeTO XpOVO — ULaG Kal AdYyw TNG YEWMETPLAG TOU UNXOVLOUOU TIou Ba KATAOKEV QLOTEL
avapévovtal ToAAA onpeia Evwong Twv SoKwv.

Oocov adopd ta SVo mpwta cevdpla, sival cadeég OtL n umapén ¢uAAou xAAuBa Tpoodépel
XOUNAOTEPO cuvteAeoT TPLPBNG LOIKA OTaV MPOKELTAL Yla OALOONOoN TOU EVARLON TOVOU TAVW OTN
Aela ermudavela tng dokol. Qotdo0, OTAV MPOKELTAL YLoL TNV UTIEPPBAON TwWV SLACTAUPWOEWY, N
Sladopd petalu Twv Suo cuvieAeotwy TPPAG HLETPABNKE LOALG 0TO 1% - T ou Ba umopouvoe
KAAALOTO va avTloTtolxel o€ otatiotikn afefatotnta. EnutAéov, n mpooBrikn tou xaAuBSdvou dpuAiou
o€ KABe S0KO Kal N OTEPEWON TOU e Tovia SUMARG oYng 1 kamolou dAAou pnxaviopol Ba sival
OpPKETA XpovoPopa. AeSopEVOU OTL TO TEPAPA ATV ETUTUXEG AKOUN KAl Xwplg auTtd Kal paAlota
Xwpig onpavtikn dtadopd otnv anattovpevn duvaun, anodaciotnke nwg Oa NTav KAAUTEPO va
akoAoUBNBEL TO TPWTO CEVAPLO KAL YLOL TOV TIPAYLATIKO OXESLAGUO TOU CUPOKEVOU HNXAVIOUOU TWV
6 cucowpeuTWY TIOU Ba eykataotaBouv oto SwATLo YPUENG Kot e§OMALOUOU.
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4 KoOoplopog OXESLAOTIKWY OMOTHOEWY MUNXOVIOHOU MeTadopag

CUCCWPEUTWV

4.1 Evowpatwon dienadng PTFE oto nmAaiclo Tou cucowpevT

Emduevo BrAuna eival n evowpdtwon oto HETAAAKO TAQIOLO TOU CUCOCWPEUTA TNG AUONG TOU
EMAEXONKE e Bdon Tt amoteAéopata TG Melpapatikig Stadkaoiag mou mapoucldoTnkav oTnv
napdypado 3.3. ZUYKEKPLUEVA, TO LETAAALKO MAALOLO TOU CUCOWPEUTH TIoU daivetat otnv Elkdva 30
€xel (o katoPn) e€wtepikég daotaocelg 1000 mm X 815 mm. Qotdoo, yla Adyoug mou Ba yivouv
cadeic otnv mapaypado 4.2.1, IntOnkKe oo toug oxeSLAOTEC TOU CUCCWPEUTH va eEomMAloouV TO
TAaioLd Tou pe 4 SLapmePELG OTIEG TWV OTOLWV oL AEoVEG oXNUATI{OUV TETPAYWVO TTAEUPAG 775 mm.
Ol omeGg auTéG e€OmALlOVTAL [LE TIPLTOLVLOL OTIELPWLATOC TTOU CUYKPATOUV TIG Stemadeg PTFE.

Mo Adyoug mAnpotntag avadpepetal OTL oL 4 ywvieg Tou MAALGIOU TOU CUCOWPEUTH e§OMALOTNKAV E
nodLa otNPLENG. ZUYKEKPLUEVA, O CUCOWPEUTAG Ba oAloBaivel mMAvw o€ pia LETAAALKY) KOTOOKEUN
Héow twv Stemadwv PTFE kat otav ¢ptdvel otnv teAkn tou B€on to Bapog tou Ba potpdletal ota 4
auta odla (omwe daivetal otnv emouevn ewkova). Etol, to tepAov Ba katamoveitat Povo Katd thv
Slapkela TG Kivnong tol cucowpeutr Kol efaleidetal o kivbuvog evamobeong oNUAVILKAG
TOOOTNTAG TOU TAVW OTNV METAAALKN KATAOKEUNR Kotd TIG Slapkeic meplodoug akivnoiag tou
oUOOWPEVTH. 2 avtibetn mepimtwon Ba Atav SUOKOAN n apxLKR Kivnon TOU CUCCWPEUTH OF
nepintwon avaykng (m.x. amopdkpuvon o€ mepimtwon PBAABNG META amd KAOLO XpOoOvia
Aettoupyiag).

«900

Ewkova 30: Evowuatwon dienaprc PTFE oto mAaioto tou cucowpeuth. Mnyn: Baon anodrnkevuonc
apxeiwv CAD tou CERN.
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4.2 MetaAAKn Kataokeu oAloBnong Kat otiPLENc CUCOWPEUTWV

4.2.1 Tlevikn dwataén

H yevikn dlatagn tou dwpatiov Puéng kat e€aeplopol €xel N6n mapouoiactel otnv Elkdva 6 kot
otnv Ewkdéva 19. Av ano tplodldotata cuVapUOAOYNUEVO LOVTEAQ TWV ELKOVWYV AUTWV 0bALPECOUUE
Tov mepLBaAlovTa eEOTALOUO KAl KPOTHOOU LLE LOVO TOUG CUCCWPEUTEG KL TNV LETAAALKT) KOATOOKEUN
oTAPLENG TOUG TPOKUTITEL TO MOVIEAO Tou daivetal otnv Ewkdva 3la. OL teAkég BEoelg Twv
OUCOWPEVUTWV TIou daivovtal otnv ewkéva auth Atav Adn kaboplopeveg (pe Baon Ttoug
YVEWUETPLKOUG TEPLOPLOMOUG Tou OSwpatiov Yuéng kal e€aeplopol) amd ouvadéldoug Ttou
ouyypadéa TG Mopoloos SUTAWUATIKAC KoL amotéAecav tnv adetnpia TOU TMPOTELVOUEVOU
oxeblaopoul mou Ba MapPoUCLACTEL 0T CUVEXELAL.

H petaAAki kataokeun Eekwvdel kovid otnv €icodo tou Swpatiov kot dtakhadwvetal oe SVo
SleuBuvoelg mpog tnv TeAkn B€on Tou KABe evOg amod Toug 6 CUCCWPEUTEC. 2TO onpeio auto agilel
va ONUELWOEL OTL 0 CUCCWPEUTIC OTA OPLOTEPA TNG EMOUEVNC ELKOVAG (€0TW CUCOWPEUTAG #1) elvat
OTpOppEVOG Kot 90° oe oxéon MeE Ttoug umoloutoug 5. H Saitepn autr) tou tomoBétnon oe
ouvbuaOouUO HE TO YEYOVOC WG €MBUPOUUE TNV Kivnon Twv cuocowpeutwv o dUo Sleubuvoelg
obnynoe otnv anodacn va tonobetnBouv ot Siemipaveleg oAicOnong PTFE og teTpaywviko potifo
Kal OxL ot 4 ywvieg tou mAalciou tou ocuoowpeuth (avadEépBnke kal otnV TMPONYoUUEVN
umoevotnta). H avaykn tng eL8IKNAG aAuThg TOmoBETnoNg yLa TNV cupBatotnTa TG oAloBnong Kot oTLg
2 SlevBuvoelg daivetal oxnuatika otnv Ewkova 31B.

EicoS0¢ Swpatiou ; ¥ +
Xwpog (ek)béptwong T3l

Ewkova 31: a) MovtéAo yeviknc Stataénc oUuTOWPEUTWY Kol UETAAALKIC KATAOKEUNC OTHPLENG TOU
kot 8) Sxnuoatikn €€nynon avaykng tonodeétnonc Stemipavelwv PTFE o€ TeTpaywviko potiBo avti yia
opBoywviko. lnyn: Baon amodrkevong apxeiwv CAD tou CERN.
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4.2.2 YAWKO KOIL OLTLOLLTI) OELC OLVTOXNC

Znueiwon: Ou anoutioelg mou akoAovdouv StaBiBaoctnkayv otnv etawpeia mou avéAaBe tov TeAko
OXedLAOUO KaL Tapaywyn TG UETAAALKNG KATAOKEVNG, onwe eényeitat otnv Evotnta 9.

H petaAAikn kataokeun Ba mpemeL va umopel va umootnpi§eL Toug cucowpeuTéS Bapoug 1500 KIAwv.
Katd tnv oAicBnon toug Ba mpenel va BewpnBouv wg kwvntd ¢optio (mobile load), omwg auto
opiletal oTov KWK LETOAALKWY KaTaokeuwv Eurocode 3 kat dpa oL 6moLoL uTtoAoyLopoL va yivouv
HE ouvieheot mpooavénong doptiou oo pe 1.5. Alo Tov cuyypadEa MPOTEIVETAL N XPAON KOWVWV
Sokwv dtatoprig HEB100 (extog av avadepetal Stadopetikd) kat UAKoU S235JR. MNa tnv peTagy Toug
ouvbeon mpoteivovtal koxAieg ISO 4017 — 8.8 M10 (pali pe ta avtiotowya reptkoxAta 1ISO 4032 kal
podeheg I1ISO 7089) pe KatdAANAo pKOG oTeEpWHATOC. H aodalela tng KATAokeURg Oa mpeneL va
akoAouBel tig mpodilaypadég Tou kwdika Eurocode 3 Kot TOUG LOXUOVTEG Kavoveg acdaleiag Tou
CERN yLa T1g LETOAALKEG KATAOKEVEG.

Mépav autwv, o cuyypadEag EKTEAECE LA AVAAUGCN OVTOXNG TNG KATOLOKEUNG KAVOVTAG XPrion VOGS
QITAOTIOLNLEVOU TPLOSLACTATOU LOVTEAOU WOTE VoL QMOKTAOEL pia Oéa yla Ta doptia kal ta BEAN
KAUPNG TTOU TIPOKUTITOUV HE BAon TNV YeVIKN SlaotacloAoynon mou emtAéxBnke. Autr n avaiuon
avtoxng €xeL emouvadBei oto Napdptnua B1.

4.2.3 MNpoctacio KATOOKEVAC

OAa ta péEpn ™G UETOAALKNAG KATOOKEUN Ba MPEMeL va TpooTatevovTal amd TouAdxtotov 60um
Bepung eniotpwong Yeudapyuvpou (hot zinc coating).

4.2.4 NELTOUPYLKEC KOl SLAOTOLGLOAOYLKEC OTTOULTOELC

Znueiwon: O akOAouUeg AELTOUPYIKEG Kal OLOOTAOLOAOYIKEG QmauTiOEL; ouvodsUovTal amo
EMEENYNUATLKESG ELKOVEC TTOU TTPOEPXOVTAL ATTO TO TPLOSLAOTATO UOVTEAOD TNG UETAAALKIIC KATAOKEUNC
Tou SnuLoupyndnke armo tov ouyypapEa tne mapovoac epyaociac. To povtédo auto StaBiBaotnke
Kot otnv etatpeia mou avédaBe tov TeAKO oxebdlaoud kat mopaywyn tne UETAAAKIGC KATAOKEUINC,
onwcg eényeitat otnv Evotnta 9.

Aokoi oAloOnong cucowpeutwv

OL ouoowpeuTeg oAloBaivouv mavw oe Sokoug Statourg HEB100 (oTig TeAkeg BEoeLg n wia amo Tig
4 TAeVPEG TouG otnpiletal o€ Soko Statopurig UPN100 — BA. tplodidotato poviélo). Kabe pia amo tig
b6okoU¢ auteg anoteleital and tnv dla tnv doko, MAdkeg ouvdeong (connection plates) pe AAAeg
S6okoU¢ kaBwg kat Stddopa dAAa Bondntikd e§aptripata mou Ba MapoucLaoTOUV apPyOTEPQ.

Ot 8La0TACEL TWV HEAWV QUTWV TIPETEL va. TNPNOOUV TIPOKELUEVOU VO EVOWHATWOEL EMLTUXWS N
kataokeun oto reptBarlovta xwpo. Ot Boelg Twv SLddopwv oMWV O€ AUTA Ta PEAN TIPETEL EMLONG
va tnpouvial auotnpd kobwg amotedouv OSlemadeg ouvbeong pe efaptiuata mou Ba
TIAPOUCLACTOUV apyOTEPQL.

To LEAN QUTA TIPETIEL VAL EYYUOVTAL TN LETATOTILON KaL TNV 0AloBnon tou cucowpeuTH o€ OAOKANPN
™ Sdtadpoun tou (Ewova 31). Zuvenwg, n mapaywyrn Toug Kal N €YKATAOTOON TOUG O0TO SWHATLO
PUENg Kot aeplopol Ba mPEMeL val yivel pPe pooox wote va dtaodaliletat n evBUYpAUpLON TOU
nipodiA otn Slemadn yla va emTpEneTaL N opalnl peTdBaon otig SlaoTaupwoel SoKwV (ULKPES
QTENELEG UTTOPOUV v UTtEPVIKNBOUV amod tnv aktiva kaprmuAotntag tng Stemadnig PTFE onwg €xel
nén e&nynOetl).
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Nodia otpLeng oto £dadog

H kataokeun otnpiletal oto €dadog pe tn xprion nodlwv otnpLEng mou amotelovuvtal and §okoug
Statoung HEB100, pio mAdka ouvdeong pe Tig SokoUC Tou avadépBnkav otnv TPoNnyouUEVN
napaypado Kat pia mAaka cuvdeong pe to €5adog. TovileTal OTL KATA TNV CUVEECT TOUG, OL KABETEC
Adpeg twv dokwv (beam webs) Ba npémnel va tomoBetouvtat mapdAAnAa kat oxt kaBeta (BA. Ewova
32) wote va anodevyetal UPnAr CUYKEVTPWON TACEWV OTO ONUELO OCUVAVTNONG TOUG.

Ewova 32: Ot kaOetec Aauec twv ouvdeouevwy dokwv (beam webs) Ga npeénel va ivat uetaél Toug
napaAAnlec (aplotepa) kat oxt kadetec (beia). Mnyn: Baon amoBnkevonc apxeiwv CAD tou CERN.

Avtnpideg otnpLEng (supporting struts)

H kataokeun Ba mpémnel va e€omAlotel e avinpideg otnpleéng (supporting struts) oe onueia 6mou
urapyouv olaitepa pakplot dokot (>1.5 pétpo) — yla mapadeypa PAEne Ewkéva 33. Autd ta
otnplypata mpood£PouV MPOOTACI EVAVTLA OTO SLaXWPLOMO/Avolypa Twv mpoavadpepBEviwy
HOKPLWV SOKWV OTAV 0 CUCCWPEUTHC OALCBALVEL TTAVW TOUG.

Ewova 33: Mapadetyua xpriong avrnpiboc otrnpténc (supporting strut) mou mMPooTATEVEL EVAVTIA OTO
Sltaywploud/avotyua twv pakptwv dokwv HEB100. Mnyn: Baon amodrkevanc apyeiwv CAD tou
CERN.
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Tuvdioelg petafl Sokwv oAicOnong cucowPEVTWV
Ou dokol mavw ot omoieg Ba oAloBaivouv ol CUCCWPEUTEC MPOTEIVETAL va €EOTMALOTOUV HE
OUYKOAANTEG MAAKEG OUVOEDONG OTO ECWTEPLKO TwV MpodiA HEB100 kat UPN100, 6nw¢ daivetal otnv
Ewkova 34. H ouvdeon €MITUYXAVETOL LE TO OET KOXALWV Tou avadEpOnke otnv mapaypado 4.2.2.
ErmumAéov, elval anapaitnto va pnv mpoeexel UAKO oUYKOAANONG amo TG eEWTEPLKEC OPELG TwV
TIAQKWV OUTWV WOTE va AayLoTonotnbolv TUXwWV avwUaALlEC/UKPOKEVA OTLG SLACTAUPWOELS TWV
Sokwv mou Ba Suoyxepaivav tnv enttuxni LETABACN TOU CUCCWPEUTH KATA TNV 0AloBnor) tou. lNa tov
AOYO QUTO TPOTELVETAL N CUYKOAANGN TwV TTAOKWYV £XOVTAC LA PULKPR €00XA TNG TAENG Twv 3 mm,
Omwce daivetal otnVv 6La EIKOVA PE TTPACLVO XPWHAL.

B o) SRy s i )
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Ewkova 34: Ot mpoTeLvOUEVEC OUYKOAANTEG MAdkeg oUvdeonc Twv Sokwv oAiodnonc twv
ovoowpeutwv. Mnyn: Baon amoBrikevonc¢ apxeiwv CAD tou CERN.

Tuvbdioelg petafl Sokwv oAicOnong cUGOWPEUTWYV KoL TTOSLWV OTHPLENG

OAa ta modla otnpLEng cuvdéovtal Pe TG S5okoug oAloBnong pe tnv xprion Uiag opboywviag mAAKaC
TIOU €lval cUYKOAANUEVN O aUTA OMw¢ daivetal otnv Elkova 35. Mpoteivetal n mMAAKA AUt va EXEL
€va xetho¢ tng taénc twv 10 mm o€ KABe MAEUPA TNG WOTE OL SLATUNTLKEG SUVALELG TTOU Ba pokaAEl
10 $opTio/BAPOC TOU CUGCWPEUTH VA TIEPVAVE HECA O QUTEG oTa TOSLa oTAPLENG KoL TEALKA OTO
natwpa tou Swpatiov (avti va katamovoUv toug KoxAieg ouvdeong).
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Ewkova 35: Ot mpoTeLVOUEVEC OUYKOAANTEG MAdkeG oUvSeonc Twv Sokwv oAiodnonc twv
OUOOWPEUTWV LE Ta modta otnpiéng. Mnyn: Baon arnodrnikevonc apyeiwv CAD tou CERN.
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Zuvbéoslg petag Sokwv oAiocOnong cucowpeutwv Kat edadoug

Onwg €xel N6n avacdepbel, 0 ONUAVIIKOTEPOC TAPAYOVTAG YlLo TNV E€mTux OAloBnon Ttou
OUCOWPEUTH ota onuela dtactalpwong twv dokwv eival n Umapén vPouetpkwy Sladopwv oe
OUTEG, TNy Twv omoilwv elval ol SL0oTaoloAoYIKEG OTEAELEG TwV Ookwv (umopouv va
ehaylotonolnBolv He TPOXLON TOUG) KoL KUPLWG OL aVWHAALEG EMMESOTNTAC TOU TOLUEVTEVIOU
danédou tou dwpatiouv Puéng kat e€aeplopou.

JUVETIWG, N LETAAALKA KATAOKEUH Ba TipEMeL va eEOTMALOTEL e Evav LNXAVIOUO pUBULONG TOU TEALKOU
UPOUG TWV EMUEPOUS TUNHATWY TOU GUVOPUOAOYNUEVOU CUVOAOU. ZUYKEKPLUEVA, TIPOTELVETAL N
umapén Kevou tng Ta&ng Twv 10 mm petagy tng Baong Twv modlwv oTAPLENG KAl TOU TOLUEVTEVIOU
damédou. Itn Baon auth MpooapTATal CUYKOAANTH TAAKA e 2 omEG 12 mm Kal SU0 OTELPWTEG OTEG
M12 otig omoieg avtiotolyoUv 2 umouAovia okupodépatog (anchor bolts) yia tnv otipén tng
KATaokeUNG Ko 2 M12 koxAieg puBuiong uoug (BA. Etkdva 36). Adou emiteuxBei to emBupntd Uog
He pLBULON TwV KoXAWwV UYPoug akoAouBel Tomikn evamoBeon uypol TOLUEVIOU yla TNV TEALKN
OTEPEWON TNG KATAOKEUNG.

Erupdvera oAioOnong & o'
(=657 mm) | — l° L

Kevo 10 mm ywx
Bdon nobdg (z = 10 mm) ‘ L 1 pouon utbovuc
Towpevrévio Sanedo (z = 0)

Ewkova 36: MAdyia 0Yn omou Stakpivetal To TEALKO emduunTo UYoc TNG UETAAALKNC KATAOKEUNG UE
Eva enmAgov kevo 10 mm yia Tov unxaviouo puduLonc ugouc mou aivetal otn Seéia mAsupd.
Mnyn: Baon anovrikevong apxeiwv CAD tou CERN.

Zuvbéoelg petagl Sokwv oAloOnong cuocowpPeUTWVY, TTOSLWV OTAPLENG KoL avtnpidwv otApLEng

O avtnpideg otnpéng eival tomoBeTnEVEG KATW Ao TG TAAKEG oUvdeong ou Bplokovtal LeTagu
Twv Todlwv otRPLEng Kat Twv Sokwv oAioBnong Twv cuoowpeutwy. H olvdeon toug yivetal e To
1610 o€t BLdwv povo mou Twpa anatteital EAadpws LaKpUTEPO UKOG cwpaTog KoxAla (body length).
OL avtnpideg autég eival e€omAlopéveg ue dUo onég onwe paivetal otnv Ewkéva 37.
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Ewdva 37: Zuvdean twv avinpibwv otnpténc ue tnv unodownn uetaAdkn kataokeun. fnyn: Baon
amovnkevonc apyxeiwv CAD tou CERN.

E¢aptnua ka®odnynong cucowpeutn (guiding element)

210 onUElo auto Kpivetal amapaitntn n uvmapén evog cuotiuatog kabodrynong (guiding element)
TOU cUoOoWPEUTH Tov Ba eumobilel tnv MAdyLa kKivnon tTou pe kivduvo va avatparmel mpokaAwviag
ONUOVTIKOTATEG {NWULEG TOOO YLa ToV (610 TOV CUCCWPEUTH 000 Kal yLa Ttov epLBAaAAovta e§OMALOUO.
H oéynon autr emtuyxavetal Ye tTn cuykoAAnon xaAuBdwvwv pdafdwv pe mAeupikn Sidotaon 10
mm Kol UAKog mou e§aptatal anod tn dtatagn twv dokwv oAicbnong tou cucowpeuth (BA. Ewkdva
38). Znuelwvetal n UTtapén Kevou 5 mm MAgupLKA Tou KaBodnynTtikoL oToLXelou yLa TNV CUYKOAANGH)
TOU oTLG S0KOUG.

Kevo 5 mm yua
GUYKOAANoN

-»E‘
O O

(@) ()
Ewkova 38: To ototyeio kadobdriynonc mou eunodilel tnv mAdyla Kivnon ToU CUCCWPEUTH (apLoTEPa)
kot to SLakevo yLa tnv ouykoAAnor tou (6€éia). Mnyn: Baon arodrikevoncg apyeiwv CAD tou CERN.
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Mnxowviopog pUOLONG TEAKNG O£0onNg cuoowpeuTh

H oAloBnon Twv cUCoWPEUTWYV UMopEel va Toug odnynoeL o€ pia B€on apKeETA KOVTA oTNV EMBUUNTH
(T.x. e €VpoOC HepKWV XIAlooTwy). Qotdoo, amnatteital Suvatotnta akplBig pubulong tng B€ong
TOUG WOTE va Uropouv va ouvdeBouv pe ta nmepBAAoVoeC CWANVWOELS. AUTO ETILTUYXAVETOL UE TOV
TIPOTEWVOUEVO UNXAVIOUO Tou daivetal otnv Elkova 39 kal amoteAeitol amd PETAAALKEG TIAAKEG
oxnuatog L dtadpopwv peyebwv e€omAlopéveg pe pia omry M12 AemtoU omnelpwpatog (thin pitch) yua
NV TonoBETnon tou avtiotolyou KoxAla mou Ba xpnotwuomnoleital yia va puBuilel pe akpifela tnv
TeAKN B€on Tou cCUCOWPEUTH TPOC omoLadnMoTe KateuBuvon.

Onwg daivetat otnv dla elkdva KATOLOL AMd AUTOUG TOUG HNXOVLIOUOUG €lval ouyKoAANTolL oTLg
TIAEUPEG TwV SoKWV 0AloBNOoNG eVvw KATIOLOL AAAOL CUYKPATOUVTAL E TN XPON TOU OET KOXALWYV TTOU
€xeL N6 avadepbel (oTIc cuykeKkpLUEveg BETeLS lval amapaitntn n duvatdtnta adaipeorg Toug
WOTE va Uropel va 0ALoBroeL 0 CUCCWPEUTAG 0TNV TEALKN TOU B€on).

Ewkova 39: Ot unxaviouol puduLonc tne teAtkric B€ong Tou CUCOWPEUTH MPO¢ KaBe kateuBuvon
(aplotepa) kat n otepEwarn) Touc otic Sokou¢ oAlodnonc eite ue koyAieg eite ue ouykoAAnon (6eéia).
Mnyn: Baon amoBrkevonc apxeiwv CAD tou CERN.
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4.3 Aentadég EAENG cucowpeuTn

H dUvaun €A&ng yla tnv oAloBnon Tou cUCoWPEUTH Ba EMITUYXAVETOL — OTIWG KAl OTO TE(PAUA TNG
uTtoevOoTNTOG 3.3 — UE TN XPron VoG xewpokivntou maAdyko. To maAdyko auto mMpooapTatal and tTnv
pio akpn Tou otn HeTaAALKN Kataokeur) Tou Peudodamédou tng evotnTag 7 Kal amo tTnv AAAn akpn
TOU OTIG TEOOEPELG TIAEUPEG TOU TTAQLOLOU TOU CUCOWPEUTH HEow Twv Slemadwv ouvdeong mou
daivovtat otnv Etkova 40. H péylotn TR TG amattoupevng duvapng mou Ba mpémel va d€xovtal ot
Slemadég autég yla tnv oAioBnon twv cuoowpeutwy eival mepimou 200 kAa (6mwg €6elEe to
Telpapa TnG umoevotntag 3.3)

Ewkova 40: O1 Stemapéc ouvEEaN TOU MAAAYKO yLa TNV EAEN TWV CUCCWPEUTWV.

H ouykekplpuévn Béon emAEXBnke KOBWG EMUTPEMEL TNV TPOCAPTNON TOU MOAAYKOU 0TO U oG Tou
Peuvbodamédou kal Sev SnuLoupyel cUYKPOUOELS HE TO MARDOC TWV CWANVWOEWYV TToU Ba uTtapYoUV
KATW oo auto (BA. Eikova 41). Qotdoo, n B€on auth anéxel 820 mm ard To mMATwUa Kol Snuoupyet
ONUAVTLKA pOTtH 0To onpelo ouvdeong Tou Peudodamédou e To matwpa. MNa va eAeyxBel n avtoxn
NG KATAOKEUNG EVAVTL QUTWV TWV €EWTEPIKWV SUVAUEWVY, 0 ocuyypadEag EKTEAECE TNV avaAuon
QVTOXNG IOV ETMLOUVATTTETOL 0TO Mapdptnua B2.

+ 820 mm
T ]

Ewkova 41: Znueio mpooaptnong tou naddyko oto Yevdodamedo yia tnv EAEN TwWV CUCCWPEUTWV.
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5 KaBopLopag oXESLACTIKWY ATOULTACEWV KLVvNTOU YEPOVOU

5.1 Aduvapia eunnpétnong epedpikng povadag oo unepuPwuéEvo yepavo

Onwg avadépbnke otnv Elcaywyn T mapovoag epyaciag, to véo cuotnua PuEng mou mpokeLtal
va eykataotabel oto und peAétn Swudtio anoteleital — peTafl AAAWY — amd entd povadeg YPuéng
niou Ba SlataxBolv oto xwpo onwe daivetal otnv Ewkova 42. Itnv idla elkova daivetal kat n B€on
™¢ povadag Yuéng pe ovoupa 2PACL-3H (2PACL amd 1o dvopa Tou cuothpatog Yuéng omwg
e€nynbnke otnv slcaywyn kot 3H amnd 1o ayyAwo “3 Heads” emeldny n ouykekplpuévn povada €xel
TPELG KEPAAEG avTALwy). H povada autr) avadepetal cuxva kat wg “Spare Plant” kaBwg Aettoupyet
ededplkd oto cuoTNUA OTav oL uTtoAouteg 6L v emapkouv. O TPEXWV TIPOYPOUMATIONOG [2023]
nipoPAEMEL OTL N ededpikn povada Puéng Ba mpémel va eykatactabel katd tn ¢dAacn TNG MPWLUNG
gyKatdotaong Tou cuotipatog Yuéng [2024-2025].
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Ewova 42: Katoyn dwuartiov Yuénc kat eéaeplouou omou Stakpivovtal ot GE0EIC TwWV ENTA
povadwv Yuénc mou mpokettal va eykataotadouv. 2to kitpivo mAaioto eaivetal n povada 2PACL-
3H rou Ya anoteA€oel UEPOC TNC MTPWIUNG yKaTdoTaonc. lnyn: Baon amoBnkevonc apxeiwv CAD

tou CERN.

Mevikd@, yla OAeg TIG povadeg PuEng éxel mpoPAedOel pla oelpd EpYACLWV YL TNV CUVOPUOAOYNON
Kall TN ouvtApnon toug (KAmoleg o€ €Trola BAon, KAMOLEG O TEVTOET BAON KOL KATIOLEG OTOTE
TIAPOUCLOOTEL MPOPBANUa / EKTakTn avaykn). MNa T mopandvw epyocieg eival anapaitntn n xprnon
KATIOLOU CUCTHOTOC YEPAVOU YLO TNV METAKIVNON TOU €KAOTOTE €EOMALOUOU. N OAEC TIG LOVASES
nepav tng ededpikig Ba xpnowponownBel n dtatagn unepuPwuévou yepavol (overhead crane) —
Ewkova 43 — n onola €xel oxedlaotel mpog to mapodv [2023] HOVO EVVOLOAOYLKA KOL OL AELTOUPYLKES
Kall oxeSLAOTIKEG ATIALTACELG TNG TTopouotdlovtal otny evotnta 6. Qotdoo, n datagn auvtn dev Oa
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efunnpetel TNV epedpikn povada AOyw TEPLOPLOLWY XWPOU KL EV YEVELTNG TTOAUTTAOKNG YEWUETPLOG
Tou Swpatiov Yuéng kat e€aeplopol. Tuvenwe, Ba mpémel va oxedlaotel €vag el8IKOC KLvNTOG
YEPAVOC yLa TNV EEUTINPETNON TNG, TOU Omoiou oL mpodlaypadEC Kal oL SLacTACLOAOYLKES ATALTOELG
Slepeuvwvral oTLg tapaypddoug tou akoAouvBouv.

Ewkova 43: O yepavog mou mpokettal va eykataotadel oto dwudtio Yuénc kat eaepLouou yia tig
EPYAOIEC CUVAPLOAOYNONG Kol ouvTrHPNong Twv €L amo twv entd povadwv Yuénc. Mnyn: Baon
amovnkevonc apyxeiwv CAD tou CERN.
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5.2 H ededpiki povada Ypuéng

21O ONUELO AUTO KPLVETAL OKOTILLO VA TTAPOUCLACTEL N yevikn doun tng ededpiknig povadag Puéng.
Toviletal 0Tl 0 oxedLaopOg TNG Sev elval akopn [2023] o teAkog, adol MpOKeLTaL va eyKataoTabel
oto dwpatio Puéng kata tnv mpoPAenduevn dtakomn Asttoupyiag 2024-2025 tou nelpapotog ATLAS
(2024-2025 Year End Technical Stop 1, ouvtouotepa, YETS). Qotdoo, toco n Baon otipléng tng 6co
KOL O KLVNTOG YEPOVOG Tou amoteAel to B€pa tng mapovoag evotntog €xouv TpoPAedBel va
eykataotabolv katd tnv Stakomn Asttoupyiag tou €toug 2023-2024. Mo autév tov Adyo, otov
KaBoplopo Twv SL00TACLOAOYIKWY amattioewv ou Ba akoAouBrioouv €xouv cuumepAndBOel kat
kamola replBwpla (dimensional margins) mou Ba avtlotaBuioouV TIG OTIOLEG UIKPEG AAAAYEG OTOV
oxeblaopo NG TEALIKNG YEWUETPLAG TNG ededpikng povadag Puéng.

H ededpikn povada Puéng (Eikova 44) éxel Uog 3080 mm, mAdtog 1450 mm, BdBog 2410 mm Kot
Bapog 5545 kg. 2to mavw péEPog tng paivovral ot 3 povadeg 0driynong tng avrAiag (pump drive units)
ToU €lval ouvoeSePEVEG e TOV KLVNT PO TNG aVTALOG (YaAAlLo Xpwa). 2TO TTAVW UEPOG SLakpilveTal
€Miong Kal o anooBeotrpag MaApwv T avtAiag (damper) pe ykpl xpwpa. Eviog tou mAalsiou tng
pnovadag (pol xpwua) Bplokovral Ta MeEPLOCOTEPA EEAPTHUATA KL CWANVWOELS TNG. O XWPOG AUTOC
ovopaletatl ota ayyAkd coldbox kal givat otnv oucia €va povwtikd kouti (insulating box) mou
KAAUTITETAL Ao MOPTEG TOU adalpouVvTaL OTAV UTIAPXEL KATIOLA avaykn cuvtipnong. Onwg daivetat
otnv 6la €lkOva, TO E0WTEPLKO TOU KouTloU amoteAeital Suo «uioa» mou oAloBaivouv (sliding
halves) mpog tig SUo TMAeupEg NG povadag Puéng. TéAog, kATw amod to pol mAaiolo Stakplvetat
mANBoc¢ avtikpadaoukwy Bacswv otnpleng (anti-vibration feet).

Ewkova 44: H e@pebpikn povadoa Yuénc Ue Ta EMIUEPOUC TG UNMTOCUOTHUATA. 2TO OPLOTEPA
Stakpivovtatl ta SUo oAtoBaivovta «utoa» tne (sliding halves). Baon amodrikevon¢ apyeiwv CAD
tou CERN.
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5.3 AL0OTAOLOAOYLKEG QMALTAOELG YLOL TNV EVOWHATWON TOU KLVNTOU YEPOVOU OTOV
TLEPLOPLOUEVO TIEPLBAAAOVTA XWPO

Ol epyaoieg ouvtipnong tng povadag Yuéng mpoPAEmouy etrola cuvtpnon yla TG KepaAEg TG
oVTALOG KOl TIEVTAETH CUVTPNoN oTo cUOTNUA Kivnong Kot Tov Kwvntrpa. MNépav autwy, o yepavog
miou Ba oxedlaotel Ba mpémnel va pnmopel va petadépet ta Vo oAloBaivovta plod og mepimtwon mou
XPelaotel KabBwg Kot va pmopel va xpnolpomnolnBel yla tnv ouvappoAoynon tng povadag oe dSuo
KOUUATLA: apXLlKA Tou mAaloiou pe ta U0 oAloBaivovta PLod Kal EMELTA TOU CUCTANATOC Kivnong
pall pe tov kKwntApa. H tedevtaia avaykn mpolmoBETeL TNV Xpron Kvntou yeEPOvVoU OVOUOOTIKNG
LKAVOTNTAG 3.2 TOVWV.

Ita mAalola TNG EVOTNTAG AUTHG KA aMAoXOAEL LOVO 0 KABOPLOPOC TWV AMALTCEWV TOU YEPAVOU
Kal oL Slactaclohoylkol meploplopol mou emiBalel o meplBarlovtag xwpos. Na Toug oKomoug
QUTOUG EMOPKEL N Xprion €vog amAomolnévou — evvololoyikoU oxediou (conceptual design) tou
YEPAVOU oav auTo mou daivetal otnv Ewkova 45.

EMBEAEIA TANTZOY

Méyioto U og
3770

N
]
o

870

Ewkova 45: EvvoloAoyikog oxedtaouoc yepavou yLo tnv ouvtnpnon the epedplknc povadoac Yuénc
2PACL tou dwuatiou Yuéng kat eéaeplouo. Mnyn: Baon arnodnkevonc apyeiwv CAD tou CERN.

‘Yyog yepavou

Onwg daivetal otnv Ewova 45, o KvNTtog yepavog Ba MPEMeL KWVEITOL MAVW O HLla LETOAALKN
Kataokeun mou Ppioketal oe VPog 870 mm amod to ddmedo tou SwpaTiou. ZUYKEKPLUEVA, N
KOTOLOKEUN aUTr amoteAel HEPOC TNG gupUTEPNC Kataokeun Peudodanédou tou dwuatiov mou
ovaAUETAL OTNV €vOTNTA 7, KATW amod to omoio Ba umdapxel €va MOAUTIAOKO SIKTUO CWANVWOEWY,
KOAwSIwv kat aAAou PonBntikol €fomAlOUOU. JUVENMWE, W emimedo pndevikol uYPopETpou
Bewpeital autd Twv 870 mm anod to natwua. QoTd00, MEPLOPLOUOL UTIAPXOUV KOL OTO AVW MEPOC
Tou Swpatiou, adou Onwe daivetal otnv (dla elkOvVa 0 yepavog Ba MPEMEL va LNV CUYKPOUETAL LUE
Ta dWTO TOU €lval EYKATECTNUEVA O0TO SWHATLO. TEALKA, TO HEYLOTO EMUTPEMTO UYPOG TOU YEPAVOU
TPOKUTITEL ioo e 3770 mm.
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Eowtepikn didotaon yepavou (crane’s span)

Onwg gEnynBnke mponyoupévwg, n edbedpikn povada Puéng amoteleital and dvo oAlobaivovta
HLOQ TWV OTIOLWV 0 TEALKOG OXESLOOOG SeV €xeL akOpNn kaBopLotel. QOTO00, TO KEYLOTO TTAATOG TOUG
6ev Ba &emepvael ta 800 mm €kaoto. Av otnv T auth mpootebel to mAdtog Twv 1450 mm tng
povadag kabwg kat 75 mm avoxng o€ kaBe MAgUPA TIPOKUTITEL OTL TO ECWTEPLKO TOU Yepavol Ba
TIPEMEL va elval kKat” eAdytotov 3200 mm. Ol mapandvw TLUES daivovtal Kat otnv Elkéva 46.

Plant envelope
1450

Head half envelope I Super heater half envelope

800 800

min. margin min. margin
75 8 ! ‘ 75

~
o

L —

min. span
(3200)

Ewkova 46: Kadoplouo¢ amaitoUUEVNC ECWTEPLKNC SLATTACNC KLVNTOU YEPAVOU EPESPLKNC Lovadag
Yuénc 2PACL. Mnyn: Baon anodnkevonc apyeiwv CAD tou CERN.

EpBéAela yavtiou yepavou (crane’s hook coverage 1 hook’s reach)

O yavtlog Tou yepavol Ba mpémel va ptavel oe KatdAAnAn andotaon otn dtevBbuvon x (BA. Ewkéva
45 yla oUOTNUO CUVIETAYUEVWYV) WOTE va TPOooeyyilel KAt €AAXLOTOV TO KEVTpO PBapoug twv Suo
OUPOUEVWV HWOWV TNG £dedpkng povadag Yuéng. MNa tov okomd autd xpeldaletat kaAuyn
TouAdylotov 600 mm aplotepd kat Se€Ld Tng povadag Yuéng, opilovtag Tnv cuvoAikn eUPEAELA TOU
yavt{ou ota 2650 mm.

Ztnv 8levBuvon z, MPEMEL VOl UTTAPXEL APKETOG XWPOE TTAVW aTto TNV povada Puéng yla:
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o) pla pikpwy dlaotacswv (compact) cuokeun avuPwong mou Ba edpaletal otnv dvw S0KO TOu
yEpavou Kal Ba emuTpEnel TNV avUPwon Tou EKACTOTE GopTiou;

B) uia diemadn dokol avupwong (lifting beam 1 palonnier) ywa tv nepimtwon avoPwong tng
povadag kivnong twv aviAlwy;

y) éva eplbwplo achaAeiag ya tnv avupwon tng Lovadag kivnong Twv aviAlwy mpLv tn petadopd
TNG L€ TOV KLVNTO YEPQVO.

AapBavovtag unoyn to uPog tng povadag Puéng, 175 mm yia to (B) kot 50 mm yia to (y), TpoKUTTEL
OTL N eAdylotn epPéAela tou yavtlou Ba mpenel va sivat ion pe 3170 mm, adrivovtag 600 mm yia
10 () Kat TNV Avw Sokod Tou yepavou. 2tn SlevBbuvon y, Kal TTAAL KAvovTag XPAon TWV KEVTIPWV
Bdpoug Twv MpOCg HETAKIVNON €€QAPTNUATWY TPOKUTTEL OTL amatteitat euPférela 3200 mm. Ta
npoavadepbevta dpaivovral oxnuatikd otnv Etkova 47 kat otnv Ewova 48.

max hoist+rail
600

3170

(4040)

reach in Z direction (from top of rail)

min.

: 2 ]0]
—

1N |
IN

n
=

in. reach in the Z direction (from the floor)

4

870

Head half reach Plant. envelope Super heater half reach
600 1450 600

min. reach
(2650)

Ewova 47: Kadoplouoc amautouuevnc euBEAELaG yLo Tov yavt{o Tou KLvntou yepavou tne
epebpiknc povadac Yuénc 2PACL (SteuBuvoelc x kat z). nyn: Baon amoBnkevong apxeiwv CAD
tou CERN.
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Ewkova 48: Kadoplouoc amautouuevnc euBEAELaG yLa Tov yavt{o Tou KLvntou yepavou tne
epebpiknc puovadac Yuéng 2PACL (SteuBuvaon z). Mnyn: Baon amoBnkevonc apxeiwv CAD tou CERN.

Aentadn pe petaAlAikny kataokeun Ppevdodamnédou

Onwg avadepOnke MPONYoOUUEVWGE, O KLVNTOG YEPAVOC Ba PETEL va KWVELTal Katd tnv dtevBbuvon y
HE TG pOSEG TOU VoL KUAOUV 0TNV UETAAALKN KaTaokeun otApléng tou meptBarlovtog Peuvdodamédou
n omoia Bpioketal oe UPog 870 mm amod to MATwUa Tou dwpatiou. MNa tnv 0dRynon katd tnv
SlevBuvon y mpotelvetal n xpron TPoXwV Ue gykomn oxnuatog U i V TouAdylotov otn pia amnod Tig
600 okoUG KUALONG TOU yepaVOU. ITNV MEPLITTWON TIOU OL TPOXOL [LE EYKOT XpnotponoltnBouv otnv
Hia TTAEUPA HOVO, TOTE 0TNV AAAN MAEUPA TpoTEeiveTaL N XPAON MG TAAKag eniong UPoug 30 mm
(600 kat to mMAéypa tou Peudodamédouv WOTE va PNV UTTAPXOUV KeVA). MepLUETPLKA Tou odnyou Ba
tonoBetnBolv koppdtia mAEypatog Peudodamédou oTig amapaitnTeg SL0TACELS. MeEPLOCOTEPES
AETITOUEPELEG OXETIKA HE TNV METOAALKN Kotookeunn tou Yeuvdodamédou autou bSivovtal otnv
evotnta 7.

Méyoteg Staotaoel Sokwv KUALONG Yyepavou otn KatsuBuvon x

Itn katevBuvon x umapyouv meploplopol e€attiag e€omAlopol mou Ppioketal Rén oto dwHATLO
PUENG Kal Sev pmopel va PeTakvnBel. ZUYKEKPLUEVQ, N EOCWTEPLKN SlAoTAoN TOU yepavou €XEL AdN
avadpepBel mwg mpenel va eivat kat eAdxlotov 3200 pétpa. Aplotepd authg (omwg daivetal otnv
Ewkdva 45), 0 Hé€yLOTOC XWPOC TTOU ETUTPEMETOL VA XpnoLuomnolnBet amno tig Sokoug kKUALoNG ival 140
mm, evw ota 6efld autng ((bla ewova) emttpénetal va xpnodononBouv 1o oAl 170 mm. Ta
npoavadepOevta dpaivovral oxnuatikd otnv Eltkova 49.
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Méyioteg Slaotaoelg Sokwv KUALONG yepavoUL otn KatevBuvon y Kat Babog yepavou.

Itn 8levbuvon y emiong umapyouv meploplopol Adyw tou meptParAloviog efomAlopou. MNa va
anodevxBoUV CUYKPOUOELG UE AUTOV, TO UNKOG Twv dokwv Sev mpémel va umepPel ta 5080 mm.
Tautdxpova, To PNRKoG TNG KABe dokoU Ba mpémel va elval (oo pe TV analttoVpuevn eUPEAELA TOU
yavtlou otnv &tevBuvon y cuv to Babog tou yepavou (BA. Elkova 49). AeSopévou OTL N ATALTOUEVN
euBéAela autn elval 3200 mm (éxeL avodepBel mPONYOUUEVWG) TIPOKUTITEL OTL LEYLOTO ETUTPEMOUEVO
BaBog tou yepavou eival 1880 mm.

max. rail envelope in X direction

e (3510) -
max. rail width min. span max. rail width
140 3200 170
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Ewkova 49: KaBoplouog ueylotwv SLactacewv S0KwV KUALGNG TOU KLVNTOU YEPAVOU TNG EQESPLKNC
uovadac Yuéng 2PACL (SteuBuvoeig x kat y). Mnyn: Baon amodrikevong apyeiwv CAD tou CERN.
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6 KaBoplopog oxedLaoTtikwy anattioewv UtepuPwHEVOU YEpavoU

6.1 Mpdtaon yla EVOWHATWON UNEPUP WHEVOU YEPAVOU

YrnevBuuiletal 0Tl oTnV EVOTNTA 5 MAPOUGCLACTNKE N TPOTACN EVOWHATWONG EVOG KLVNTOU YEPAVOU
nou Ba xpnolwpomoleital yia tig dtadlkaole¢ cuvapuoAdynong Kal cuvtinpnong tng epedpLkng
pnovadag Yuéng (2PACL - 3H Cooling Plant). lNa tig urtéAouneg 6 povadeg Puéng, mpoteivetal n xpron
€VOG umepuPWHEVOU YEPAVOU, AV AUTOUC TTOU TTOPOUCLACTNKAY OTNV eVOTNTA 2.2. JUYKEKPLUEVQ,
npoteivetal n otplen twv dokwv odnynong (railway beams) tol yepavou otov toixo (y-) Kal oTLg
KOAWVEG (y+) Kal n éktacn toug katd tnv dtevBuvon x €wg toug toixoug Tou dwuatiov YPuEng kat
e€aeplopou (Ewkdéva 50).

2 . 4 & =

Ewkova 50: Navopautkn amoyn Tou Ywpou Ortou MPOTELVETAL N eykatdotaon diataéng

UTTEPU Y WUEVOU YEPAVOU YLa THV KEAUYN TWV aVayKWVY CUVIPUOAOYNaNG Kol cuvtnpnong twv
uovadwv Yuénc 2PACL — 2H kat 1H. lnyn: Baon amodrikeuong apxeiwv CAD tou CERN.

6.2 Oupovadec Puéng 2PACL — 2H kat 1H

H neplypadn tng yevikng Soung tng povadag Ypuéng 2PACL — 3H éywve otnv napaypado 5.2. H idia
doun akoAouBeital Kal OTIG MEPUTTWOELS TwV povadwv Puéng 2PACL — 2H kat 1H pdvo mou, onwg
SnAwvel kaL To 6voud toug, dtabétouv 2 katl 1 povadeg obriynong (pump drive units) avtiotowa.
AwaBétouv Kal autég duo «uLoda» mou oAwoBaivouv (sliding halves) mpog tic dUo TMAEUpEG TOU
HOVWTLKOU KOUTLOU (insulating box) mou ta mepléxel. Eival cadpwg ehadputepeg amod tnv povada 3H,
HE oUVOALKO Bapog mepi ta 4380 kat 3020 KIAA avtiotolya. TovileTal OTL, OMWCE KoL oTNV evoTnTa 5,
oToV KaBopLopO Twv SLa0TACLOAOYLKWY amaltioewy ou Ba akoAouBrjoouv €xouv cuumepAndBetl
ka kamota eplBwpta (dimensional margins) mou Ba avtlotaOuicouv TLg OTIOLEG UIKPEG AAAOQYEG OTOV
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oxeblaouo NG TEAKNG YEWHETPLag Twv povadwyv Puénc. Télog, avadépetat OtL To dwuatio Puéng
Ba e€omAlotel pe 5 povadeg 2H kat 1 povada 1H (BA. Statagn otnv Elkova 50).

Ewova 51: Ot povadec Yuéng 2PACL — 2H (apiotepa) ko 1H (6e€ia). Mnyn: Baon amodrnkeuonc
apxeiwv CAD tou CERN.

6.3 ALQOTOOLOAOYLKEG OQUTTOLTACEL YL TNV EVOWHATWON TOU UMEPUYPWHEVOU
YEPAVOU OTOV EPLOPLOUEVO MEPLBAAAOVTA XWPO

IYeTKA pe TG Sadlkaoieg cuvapuoAdynong Kal tnv cuvinpnong tTwv povadwv Puéng, autég eival
oL (6leg pe autég mou avadépBnkav otnv mapdypado 5.3. Zuvemwc, ylwa Tov KaBoplopo twv
AELTOUPYLKWV OIALTACEWYV TOU YEPAVOU KOL TNV QVOTTOPACTACH TWV SLOOTOCLOAOYIKWY TIEPLOPLOUWYV
mou emBaAel o meplParloviag Ba xpnolpomolnBel kal TMAAL €va QTAOTIOLNUEVO UOVTEAO
urtepuPwévou yepavou. ITnv cuvexela avadepovtal OAeC oL mpodlaypadég mou Ba mpémel va
tnpouvtal (avanapdaotaon otnv Ewkova 52 kat otnv Ewkova 53)

Avuwtiki tkavotnta (nominal capacity)

Anauteitatl avuPwtikn tkavotnta 3.2 TOVwy, wote va sival duvatr n petadopd oAOKANPENG TNG
povadag Yuéng 2H (oevaplo péylotng poptiong yepavoul), adol mponynBel amopdkpuvon tng
povadag odriynong twv SUo avtAlwv (pump drive unit).
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NepifAnua (envelope)
2tn &tevBuvon x, ol bokol 06ynong tou yepavou (crane railways) Oa mpémel va ekteivovtal o€ 6Ao
TO UNKog Tou Swpatiov YPueng kal e€aeplopol, dnAadn 17 m.

Ztn &tevBuvon y, n anootacn UETAEL TOU TOlXou Kal Twv KOAOVWV tou dwuatiou eivat 4850 mm.
Noyw tou mepLBaAloviog eomALopou, Ba mpeneL va uTtapXEL Eva eEAdxLoTo kevO 300 mm otnv MAEUpA
ToU ToiXou (y-) KaL 25 mm oTnV MAEUPA TWV KOAOVWV. ZUVETIWG, TO UEYLOTO ETULTPENTO MEPIBANUQ
otnv katevBuvon y eivatl 4525 mm.

2tn &levBuvon z, To PEyloto UYOG OTO OTOLO EMLTPETETAL VA GTAVEL O YEPAVOG yLa Thv amoduyn
ouykpoUoewv (clashes) eival 5075 mm. Qotdo0, AOyw VoG aywyou e€0EPLOOU TIOU EKTEIVETOL OTO
oplotepd (y-) kot Avw (z+) péEpog Tou Swpatiou, N YewMeTpia tou TeAlkol dakélou Sev eival
arnoAUTwG opBoywvikA. H cuykekpLuévn Tteploxn opiletal cadwg otnv Ewkova 53.

EpBéAela yavtiou (hook’s reach)
Z1tn 8tevBuvon x, amatteital kKaAAuyn TouAdytotov 13200 mm, adrivovtag Eva Kevo To oAU 1600 mm
kat 2200 mm ard Toug toixoug Tou Swuatiou oTLg MAEUPEG X+ KL X- AVTLOTOLYAL.

Ztnv 6tevBuvon y, anatteitatl KAAvPn touAdyxlotov 3000 mm, adrivovtag éva KeEvo to oAU 663 mm
kot 1187 mm armo tov Toixo tou dwuatiou (y-) Kat TG KOAOVEG (y+) avtiotolya.

Ztnv 61evBuvon z, anatteital kaAAuPn TouAdyxiotov 4045 mm arnd to danedo Tou Swuatiov.

wWall to wall distance

|e 1600 max e 13200 min. ol 2200 max. -l

Ewkdva 52: Ataotaotodoyikoi meptoptouol yia to nepiBAnua (envelope) ko tnv euBéAeia tou
yavtlou (hook reach) tou unepuwuévou yepavou otnv katevduvaon X.
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Ewkdva 53: Ataotaotodoyikoi meptoptouol yia to nepiBAnua (envelope) ko tnv euBéAeia tou
yavtlou (hook reach) tou unepupwuévou yepavou oti¢ katevBuvon y Kat z.
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7 KaBoplopog oxedLaoTikwy anattioewv yla to véo Pevdodanedo

7.1 Avaykn tpomnonoinong twptvol Pevdodanédouv

Onwg €xel N6n avadepbei, to dwpatio Puéng kat e€aeplopol Ba eival o xwpog¢ omou Ba
eykataotabel pépog Tou véou e€omAiopol PuEng ota mAaiola tng avaBaduLong Tou MEPAUATOS
ATLAS. Meyaho pépog tou e€omAlopol mou Bploketal onpepa (2023) oe autd to dSwudtio ite Ba
TpormornolnBel eite Ba amopakpuvOel MANPWE, adrRVoVTaAC XWPO YL TA VEA NXOVALATA (EVOELKTIKA
avadépovtal oL ££L CUCCWPEUTEC Kal oL eMTd povadeg Puéng mou daivovrtat otnv Ewkéva 19). To idlo
Ba oupPet kat oto Twpvo Peudodamnedo to omoio oteydlel TIg BonONTIKEG SLATALELC TOU TPEXOVTOG
ocuotnuatog Puéng kat OxL povo. To twpvo Peuvdodamnedo amoteAeital amod TNV KUPLWG HETAAALKN
KATOOKEUN oTAPLENG TOU KoL amo PETAAALKA KaAUppata 600 SLadopeTIKWY OVOUAOTIKWY AVIOXWV
(nominal capacity). Ot avtoxég autég eivat 500 kat 1500 KIAG ava TETPAyWVIKO HETPO avTioToLya Kot
n dtapopad toug paivetal otnv Elkdva 54. ZuykekpLUEVa, TO KOAU LUOTA TTOU EEKLVOUV o Tnv eloodo
Tou Swuatiou (MAvw apLOTEPA OTNV ELKOVA) LE TO TIUKVO TIAEYUA €XOUV OVOMOOTIKA avtoxr 1500
kg/m? evw Tol KAOAUUATOL OTOV UTTOAOUTO XWPO HE TO TIO apotd TAEYHO £XOUV OVOUAOTIKY QVTOXHA
500 kg/m?2.

Itnv evotnta auth Ba mapouaoiaotel n dtadikacia mou akoAouBnBnke amnd tov cuyypadEa ylo Tov
KOOopLOPO TWV OXESLAOTIKWV avaykwy evog véou Peudodamédou to omoio Ba KAAUTTEL TI AVAYKEC
Tou véou cuothpatog Yuéng. H avaiuon ekvd amod tnv mapoucioon TnG YeVIKAG Stdtaéng tng
VEQG/TPOTOTIOLNEVNC LETOAALKN G KATAOKEUN G KOL OTN GUVEXELA YIVETAL avadOopd OE CUYKEKPLUEVEG
OoXEOLAOTIKEG ATIALTIOELG TIOU TIPOEKUaV.

Ewkova 54: Evpuywvia Angn ano to dwudatio Yuéng kot eéaeplouol Omou SLakpivVETAL TO TWPLVO
Yevbobamnebo (uetaldika kaAvuuata — tavel). inyn: Zuyypageéoac
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7.2 Teviki duataén véou Peuvdodamnédou

To véo Yeudobamnedo mpokeltal va gykataotabel oe Suo meplodoug. Exel Ndn avadepOet OTL N
npwtn povada Puéng kat o mpwto¢ cucowpeutn¢ (BA. Elkova 19) Ba eykatactabouv katd tnv
nipoBAenopevn Siakomn Asttoupyiag 2024/2025 tou nelpapatog ATLAS (2024/2025 Year End
Technical Stop 1, cuvtopdtepa, YETS 2024/2025). Tuvenwc, TMPOPRAEMETAL N TPOETOLUACIA TNG
TEPLOXNC auThG Tou Swpatiov PuEng kat e€omAtopol Rén amd to YETS 2023/2024. H mpostolpacioa
oauti neplhapPavel, petafld AA\wv, TNV gykatactacn pEpoug tou Yeudodamédou, UEPOUG TOU
HUNXOVLOUOU HeTadopds TwV cucowpeutwV (Evotnta 4) kal Tou KivntoL yepavou (Evotnta 5).

To umnéAouno pépog tou Peudodamédou kKal TOU PNXOVIOHOU HETAdOPAC TWV CUCCWPEUTWY Ba
eykatootaBel pall pe toug UTMOAOUTOUG 5 CUCOWPEUTEG Kol TIg 6 povadeg Yuéng katd tnv
ekteTapEVN Slakomn Aettoupyiag tou melpdpatog ATLAS (ota ayyAwkd Long Shutdown 3, A
ouvtopoTepa, LS3), mou Ba Slapkéoel amo ta TéAn tou 2025 £€wg Tig apxEg tou 2029. O mapandavw
SLaxwpLopog umopel va yivel cad€oTtePOG UE TO XPWHOTLKO UTIOUVN A TTou daivetal otnv Elkdva 55.

Kwntéc yepavée (YETS 2023/2024)
Weudobanedo (YETS 2023/2024)
Weubobdanebo (LS3)

Mnxav. petadopds cucowpeut@v (YETS 2023/2024)

EOEE

Mnxav. petadopag cucowpeutwy (LS3)

Ewkova 55: levikn Stataén tng UETAAALKNG KATAOKEUNG TOU VEOU Peudodarmedou kat urtdAourtou
eEomALOUOU TOU EXEL MAPOUCLUOTEL OE TIPONYOULUEVEC EVOTNTEC. [INyn: Baon amodrnikevonc apyeiwv
CAD tou CERN.

O ouyypadéag Tng mapoloag SIMAWHATIKAG KATéEAnEe otnv napandavw didatagn Aappavovtag unoyn
To TMANB0¢ e€omAlopou mou PBploketal AdN 1 mpokeLtal va eykataotabel oto Swuadtio Puéng kat
e€aeplopou. AkoAdouBwvtag tnv Stdtaén autr, To TeEAKO amoteAeopa v dnpLoupyel cUYKPOUODELG
HE Tov mepLBAAAovTa eEOMALOUO Kol Umopel va evowpatwOel (integrated) emituxwg 0To XWPO, OTIWG
daivetal otnv Ewkéva 56. Me nuibiadavo xpwuo Stakpivetal kat n Sidtafn twv HETAAANKWY
KOAUUUATWY, Ta omola eKTElvovTal yUpw amo TI§ Lovadeg PuEng, ToUG CUCOWPEUTEC Kol OTIOLo AAAO
e€omAlopo «e&€xe» amod to Pevdodanedo.
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Ewkova 56: Evowuatwon tn¢ UETAAAIKNC KATAOKEUNC ToU Yeuvdodameédou kal TwV KAAUUUATWY TOU
oto Sdwudatio Yuénc kat e€aeptouov. Mnyn: Baon amoBnkevonc apxeiwv CAD tou CERN.

7.3 YAWKO KOl OLITOLLTAOELG OLVTOXNG

Znueiwon: Ot antattioelc mou akodouBouv StaBiBaotnkav otnv etalpeia mov avédaBe tov TeAIkO
oxebdLaouo KoL Tapaywyn thN¢ UETAAALKNC KATAOKEUNC, onwc eényeitat otnv Evotnta 9.

Onwg €ywve Nén avtAnmro, to Peudodanedo ekteivetal o Eva pPeyalo HEPoG Tou dwpuatiou kal Ba
TPEMEL va. Umopel va umootnpiel mAnBog doptiwy, amod ta dtopa mou Ba Kivouvtal MAvVwW O aUTO
HEXPL Tov Baputepo e€omAlopd mou Ba mpémel va ¢tacel otnv TeAkn tou Béon. EWdka yla to
televutalio yivetat ek avadopd otnv Evotnta 8.

H petaAAkn kataokeun tou Pevdodanédou Ba mpémel va pnopet va untootnpilel oe onolodnmote
onueio to Bapog Twv 1500 kAwv. Qotdoo, ota Peudodaneda o MEPLOPLOTLKOC TAPAYOVTAC YLA TNV
oavtoxn toug dev elval n LETOAALKN KATAOKEUT auTr KaBautr, dAAd T LETOAALKA KAAUUUATA TTOU
otnpilovtal oe autnv. YrnevOuuiletal otL oto tpExov YPeudodamedo To UeEYAAUTEPO UEPOG TOU
amnoteAeitat ard KaAUUUATO OVORAOTIKAC avtoxfic 500 kg/m?. Qotdoo, ta auvénuéva dpoptia mou
TMPOKELTAL va €loaxBouv amd toug Ponbntikoug efomAlopoug Yuéng kot avuPwong mou
napouotalovtal otnv Evotnta 8 kaBlotoUv amapaitntn TNV €KTETOPEVN XPNON KAAUMUATWY
avénuévng ovopaoTikAg avtoxnc 1500 kg/m? ;i 1000 kg/m?2. Ot {wveg mou Sev QVOMEVETOL VA
katarmovnBouv pe autd Ta auénuéva ¢opTio PUMmopouv va XPNOLUOTIOW)COUV TO UTIAPXOVTA
KOAUMHATO OVOUOOTIKAG tkavdtntag 500 kg/m?, kabwg sivoar sladpltepa kat adapolvtol
EUKOAOTEPO O€ MepIMTWON avAykng ouvtipnong tou €OMALOMOU TIOU PBpLloKeTOLl KATW OO TO
Pevdodamnedo. Qotooo, Ta poptia mou avapéveral va acknBouv oto Peudodanedo mMoANEG PopEC
Ba eival (oxedov) onuelokd kot OxL opolopopda KATAVEUNUEVO O OAn TNV €mdAVELA TOU
KOAUUHATOG. MNa Tov KaBoplopo, Aoumov, TwV amaltioswyv avtoxng Ba mpémnetl va AndBouv unoyn
KOl QUTA T ouykevIipwueva doptia. Ztnv Ewkova 57 Siakpivovtal ot mpoavadpepopeveg {WVES
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S1adOPETIKAG OVOUAOTLKAG OVTOXAG KABWCE KAl Ol CUYKEVTPWUEVEC SUVALELG TIOU AVOUEVOVTAL OE
KABOe KAAU . OL TIHEG QUTEG TTpoEKUav TO0O0 amo To BApog Tou véou eomAlopol Puéng mou Ba
eykataotabel (oUoCoWPEUTEG Kal povadeg YPuéng) 6oo kat amod To BApOg TwV PnxavnUATwy mou Ba
xpnotuornownBouv yla tnv petadopd tou e€omAlopol autou (BA. Evotnta 8).

Ovopaotikn avtoxq 0.5 T/m?

[l ovopaotikd avroxd 0.5 T/m? + Suykevtpwuévo doptio 450 kg*

[ Ovopaotiki avroxr 1.0 T/m? + fuykevipwpévo doptio 450 kg*

Il Ovopaotikr avrox 1.5 T/m? + Suykevipwpévo doptio 1200 kg*

B KaAvppa povadag Yogng yia tnv eykatdotacn tov 1% cucowpeutr (Evétnta 8.2):
Ovopaotxn avtox 0.5 T/m? + Zuykevipwpévo ¢optio 750 kg*

[l KaAippata povadwv Ping Kot CUCCWPEUTWV YIa THV EYKATACTAOT TOU UTtepuPwpévou yepavou (Evétnta 8.1):
Ovopaotki avroy 0.5 T/m? + Zuykevipwpévo doptio 450 kg*

*To ouykevTpwpévo doptio Bewpolipe GTL AOKETAL 0TO KEVTPO TOU KAAUPPATOG O pia eriddvera 30 mm x 80 mm

Ewkova 57: Ot OVOUNOTIKEC IKAVOTNTEG TWV UETUAALKWV KAAUUUATWVY Tou veou Yeuvbobdamédou ato
Sdwuatio Yuénc kat e€aeptouov. Mnyn: Baon amoBnkevonc apxeiwv CAD tou CERN.

MNna tv petaAAiky kataokeur tou Peuvdodamédou mpoteivetal n xpron kowwv Sokwv SLATOUNG
HEB100 (ektog¢ av avadeépetal Stadopetikda) kat UALkoU S235JR. Mo tnv petall toug ouvdeon
nipoteivovtal koxAieg ISO 4017 — 8.8 M10 (pall pe ta avtiotoya meptkoxAta 1ISO 4032 kot poSEAEC
ISO 7089) pe kat@dAAnAo punkog omelpwuatod. H acpaiela TG KAtaokeung Ba mpemeL va akoAouBetl
TI¢ mpodlaypadég Tou kwdika Eurocode 3 kat Toug Loxlovteg kavoveg acdaleiag tou CERN yla Tig
HETAAALKEG KOTOLOKEUEG.

7.4 TMpootacia KATAGKEVUNG

OAa ta pépn TNG UETAAALKNG KATAOKEUNG Ba MPEMEL va TpooTatelovTal and TouAdxlotov 60um
Bepunc eniotpwong Yeudapyupou (hot zinc coating).

YentéuPplog 2023 ﬂ



AutAwpatiki epyaocia — EAeuB€pLog Avtwvomoulog

7.5 AETOUPYIKEG KOl SLOLOTAOLOAOYLKEG OTIOLLTOELG

Znueiwon: OL akOAouUeg AELTOUPYIKEG Kal OLOOTAOLOAOYIKEG QmauTioel; ouvodsvovtal amo
EMEENYNUATIKEG ELKOVEG TIOU TIPOEPXOVTAL QATTO TO TPLOOLAOTATO UOVTEAD Tou Yeudodameédou mou
dnutoupynBnke amo tov ouyypapea tn¢ napovooc epyaociac. To povtédo auto StaBiBaotnke Ko
otnv etalpeia mou avéAaBe tov TeEALkO oxedlaoud kot mapaywyn tou Yevbodanébdou, onwc eényeitat
otnv Evotnta 9.

7.5.1 Aokoiog UPoc 870 mm oo to £6adoc Tou Swuatiov

Ta koAU ppata tou Pevdodamnédou otnpilovral o€ éva diktuo Sokwv tumou HEB100 kat UPN100 rou
oxnuatilouv tnv diatagn mou ¢aivetat otnv Ewkova 56. KaBe pia anod autég tig Sokoug anoteAeital
ano v doko autr) kabautr, MAAKeG ouvdeang (connection plates) pe aAAeg Sokou¢ kat Stadopa
AaAAa BonBntika e€aptripata mou avadEpovtal oTig EMOUEVEG mapaypddouc. H xwpikn Stdtagn twv
SokwV auTtwV TPETEL va TNPNBel auotnpd yla Tnv anoduyr) CUYKPOUCEWV HE Tov TtepLBAaAAovta
e€omALopO.

7.5.2 MNoédwa otRpLénc

Onwg o¢aivetat otnv Ewkdéva 55, peEpog tnG METOAAKNAG Kotaokeur tou Yeudodamedou
TMPOCAPUOLETAL OTOV UNXAVIOUO OALOONONG TWV OCUCCWPEUTWV EVW N UTIOAOLUTN OUVOEETOL
aneuBelag oto Tolpevtevio damedo tou dwpatiov. EMopévwg, UMOPOUUE va Xwpiooupe Ta modla
otApLEng oe uo katnyopieg, ota modia «mAfpoug unkoug» (full-length feet) mou dptdvouv péxpt o
TMATWHA Kal ota odla «pepkol pnkoug» (partial-length feet) mou ¢tdvouv péxpt tnv endpdavela
oAloBnong Twv cucoWPEUTWV.

N6 mARpoug HRKoug

ITIC TEPLOCOTEPEC TWV MEPUTTWOEWV, Ta TTOS LA TTANPOUG PNKOUG Elval KATAOKEUATHUEVA OO S0KOUG
nipodil HEB kat Bpiokovtal otig SLacTaupwoelg Twv S0KWV. Z€ OpLOMEVA ONUELD, OLWE, AUTO ATAV
aduvato kabwg Ba odnyouoe oe cuykpolLoelg pe meplBallovta e€omAlopd mou dev duvatal va
petakwvnBel. Qg Auon mpotelveTal pKpr AMOpAKPUVON TWV TOSLWV oTAPLENG Ao TIG SLOCTAUPWOELS
n/KolL XPon KATIOLOU TILo cupayoug podil (6rmwg UPN120) — ot U0 auTég mepumtwoelg dpaivovral
otnv Ewova 58.

Ewkova 58: Ta modia otripiénc mpopid HEB100 tn¢ UETAAALKIC KATAOKEUNC ToU Yeubodamédou
Bpiokovtal (1) otic StaoTaupwWoels Twv Sokwv (2) Alyo mio puakpia ri/kat (3) avtikadiotavral ano
1o ovurnayn npoiA UPN120. lNnyn: Baon anodrikeuonc apxeiwv CAD tou CERN.
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Akopa, Ba mpémel va TovioTel kat TAAL N avaykn TnG mapdAAnAng tomoBetnong Twv KABETWY Aawy
Twv Sokwv (beam webs) katd tnv ocuvdeon toug (BA. Ewkova 32) wote va amodpevyeTal UPnAn
OUYKEVTPWON TACEWV OTO CNUELO CUVAVTNOT G TOUG.

NééLa pePLKOU HAKOUG

Ta modla pepPKOU HNAKOUG Tpooapuolovtal ot S0KoUG TOU HNXovViopoUu oAloBnong twv
CUOOWPEUTWV Kal avaAoya e Tn B€on Toug Unopel ite va otnpilovtal ansuBeiag otnv enidpavela
oAioBnong eite oto e€dptnua kabBodrynong mou avadepetal otnv napdaypado 4.2.4. 3tn deutepn
nepimtwon, Ba npénel va tonobetnbel pia opriva vPoug 10 mm (6co SnAadn kat to UYPog Tou
e€aptipatog kabodrynong) HetagL tou modlol PepLkol PUNKOUG Kal TNG emidavelag oAiobnong twv
ocuoowpeuTwy. H tomoBEtnon auth Ba mpémel va yivel Pe TETOLO TPOTO WOTE va evBuypappilovral
oL KABeTeg AdpeG Twv Sokwv. Ze Tepinmtwon mou autd dev eival epLKTO, MPoTeiveTal N cuykOAAnon
EMUTAEOV KAOETWV AWV 0To E0WTEPLKO TwV Tpodih HEB100, énwg daivetat otnv Ewkdva 59.

‘—Hﬁﬁ

§§

Ewkova 59: MNapadetyua modiwv UEPLIKOU UNKOUC TNC UETUAALKNC KATAOKEUNC Tou Yeubobamédou
mou otnpilovrat oto eéaptnua kaBobdnynon¢ Twv ocucowpeUTWY (kitptvo). Ta modila avta givat
géonAlouéva e uia opnva vYoug 10mm (kokkwvo) kot Stad€Touv ouykoAANTEG KAOETEC AdUEC OTO
EOWTEPLKO TOUG (mpaawvo). Mnyn: Baon amodrikevong apyeiwv CAD tou CERN.

7.5.3 IuvdEoelc

Zuvdéoelg oto LY og tou YPeudodanédou (z = +870 mm)

Ye avtiBeon pe Vv nepimtwon cuvdeon Twv SOKWV TOU UNXOVLOHOU 0ALoBNoNG TWV CUCCWPEUTWY,
ebw pmnopet va epappootel pia amAdovotepn Auon nou daivetal otnv Etkova 60 (pe tnv idla wotdco
ULKPN HETATOMION TwV 3 mm mou avadEpbnke otnv nmapadypado 4.2.4). Atilel va onuelwbel 6TL To
TPLOSLAOTATO HOVTEAO TNG KATAOKEUN G TEpAAUPBAVEL TETOLEG SlemMadEC Kol o onUeia 6mou poldlet
va pnv ouvééovtal pe kamoiwa AAAn Soko. H umapén toug, Opwg, elval okomun adou Ba
Aettoupynoouv wg Slenadég ocuvdeong He To HEPOC Tou Twplvou Peudodamédou tou dwuatiou
PUEnc kat e€aeplopou mou dev Ba TpomomnotnBel (m.x. otov SLAdpoo pog TV moépTa Tou dwuatiou
— BA. Ewkova 54). Qotdoo, Ba mpenel va cuykoAAnBouv emi tomou (on site welding) ywa va
Staodallotel n emtuxng cVVEEON TNG VEAG KATAOKEUNC UE TNV UTIAPXOUTAL.
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Ewova 60: O tpomog ouvdeonc twv Sokwv oto uoc tou Yeuvbobamédou (z = +870 mm). lnyn:
Baon anodrikevonc apxeiwv CAD tou CERN.

Tuvbioelg petafl dokwv UPoug z = 870 mm Kat ModLwv otAPLENG

OAa ta modla ocuvdéovtal pe TG S0KOUG TNG TponyoUEVNG Ttapaypddou Pe tn Xpron KoxAlwv
KATAAANAou prkouc. O aplBuog twv KoxAlwv oe kABe ouvdeon eaptatal and to mpodil amod 1o
omolo eival ¢ptiayuévo to ekaotote modL otrpleéng. OAeg oL mMAdKeg ocuvdeong Ba mpemel va eival
e€omALOpPEVEG e €va XelAog TNG TAENE Twv 10 mm o€ KABE MAEUPA TOUC WOTE OL SLATUNTIKEG SUVAELG
nou Ba mpokaAouv ta Stadopa doptia va EPVAVE LECA OO QUTEG OTA TTOSLA OTAPLENG KOl TEALKA
OTO MATWUA Tou dwuatiov (avti va katamovouv toug KoxAleg ouvdeonc). Autd efnyel ylati oe
OPLOUEVEC TMEPUMTWOELS (oav auth mou daivetal otnv Ewkdéva 58 — 3) autég ol mAdkeg eival
e€omAlopéveg e velpa (ribs) péow Twv omoiwv pmopouv va tepvoulV oL SUVAUELG SLaTunong.

Qot600, auto dev eival TAVTO EPLKTO yLATL EVOG UKPOC ApLlOUOC TTOSLWV Elval TOTIOBETNUEVOG APKETA
HOKPLA amd TG SlacTaupwoel Twv Sdokwv Aoyw Tou TePLBAANOVTOC €EOMALOUOU. € TETOLEC
TIEPUTTWOELG TPOTEIVETAL N OUYKOAANON pLag mAdakag diatunong (shear force plate) otnv katw
mAgupad tou nmpodiA HEB100 onwcg daivetal otnv Ewkova 61

Ewova 61: Xprion mAakac dwatunonc (shear force plate) otic Staotaupwoelg TNG UETAAALKNG
kataokevnc Yevdodamedou omou dev unapyouv modia atipiéng. Mnyn: Baon anodnkevong
apxeiwv CAD tou CERN.
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Zuvbéoelg PLeTafL MOSLWV oTAPLENG HEPLKOU MNKOUG Kot eMdAveLa oOAloOnong cucowpeUTWY
OL ouvdéoelg auTEg yivovtal Pe Tig ibleg dlemadég kat toug idloug koxAleg mou avadépbnkav otnv

TiponyouUevn mapaypado.

Tuvbioelg peTtafL modlwv otnpLEng MARPOUG HRKoUG Kat edagoug
MNa v otiplén tov Peuvdodamnédou oto tolpeviévio damnedo epappoletal n idla Avon Pe AUTAV TToU
epapudOTNKE OTNV TIEPLMTTWON TOU Hnxaviopol oAioBnong twv cucowpeutwy (Elkdva 36).

ZuvS£oELG LLE TOV TOLXO TOU SwHatiou

Juviotatal n mpocOnkn dVo umootnplypdtwyv oxnuatog L (L-shaped brackets - Eikdva 62) og dUo
arno ta nodla mou Bplokovtol KoOVIA oTov Toixo Tou dwpatiou otnv MAsupad omou Ba eykatoaotadel
0 KWNT1oG yepavog tng Evotntag 5 ywa va otabepomownBel mepattépw n kataokeun. Ta
urnootnplypata autd Ba mpénel va sival e€omAlopéva e oméEG e oXlopég (slotted holes) otnv
TAEUPA ToU ToSLoU oTNPLENG Kal Pe Slapmepeic omég yia koxAie¢ M10 otnv mMAeupd Tou Toixou.

-

Ewkova 62: To mpotewvouevo vrootrplyua oxfjuatoc L (L-shaped bracket) yia tnv ouvdéeon twv
ToSLWV NG UETAAALKNC KATAOKEUNC Tou Yevdodameédou e tov toixo tou dwuatiov Yuénc kat
eaepilouov. Mnyn: Baon anodnkevonc apxeiwv CAD tou CERN.

7.5.4 NAENTOUEPELEC METAAALKWV KOAUUUATWV

To tploblactato povtéAo tou Pevdodanédou meplhapBavel eniong tnv anattovpevn dataén Twv
HMETAAALKWYV KAAUPUATWY TNG KOTOOKEUAG. Ta KAAUUUATA AUTA €X0UV 0pBOYWVLIKN YEWUETPLA Kot
elval e€omAlopéva e TIG amapaitnteg oneg yla tnv SLEAEUON TL.X. CWANVWVY TIOU TIPETEL VAL GTACOUV
o€ VoG HEYaAUTEPO o auTto Tou Peudodamédou. AKOpa, UTIAPXEL KEVO 5 mm petafl Twv mavel
auUTWV ya tnv SleukoAuvon tng tomoBEtnong n/kat tng adaipecng Toug O MEPUTTWOELS OTIOU
anatteital npoéoPfacn oto ecwtepkd tou Peuvdodanédou. O ocuvbuaouds Twv S0 MopATAVW
neputtwoewv daivetal kat otnv Ewkdva 63.

MNna Adyouc acdaleiag (amoduyr avatpomng Toug), OAa ta KOAUUUATA Ba MPEMEL VA OTEPEWVOVTAL
OTN UETAAALKN) KOATAOKEUH HE TN XPon odLyKTHPWY 0avV aUTOUG TNG EMOLEVNG ELKOVAG.
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l Kevo 5 mm yua SieukdAuvol
1 ocuvappoyrig twv ndved

EWdikn yewpeTpia yia IT
™ StéAevon cwAnva

Ewkova 63: a) Elbikéc Stauoppuwaoeic kaAvuuatwy Yevdodameédou kat 8) Mapadelyua o@Lyktipwv
OTEPEWONC TOUG 0TNV UETaAALKN kataokeun). lnyn: Baon amodrikevuancg apxeiwv CAD tou CERN kot

pwTtoypapio cuyypapEea.

7.5.5 Aokoi 06ynonc Kwvntou yepavou

O KLVNTOC yEPAVOC TIOU TIOPOUCLACTNKE 0TNV Evotnta 5 Ba Kveital mavw otig SUo pHakpLEG Sokoug
HEB100 mou daivovtatl pe moptokaAl xpwpa otnv Elkova 55. MNa to Adyo auto, ol SUo autol dokot
Ba npénel va e€omMALOTOUV UE pia cUYKOAANTH opBoywvia paBdo uPoug 30 mm kat mAdtoug 40 mm,
n onoia Ba dpa wg to e€dptnua kabodrnynong (guiding element) Tou KwvntoL yepavou.
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8 BonOntikoi pnxovicpoi petadopag Kat avoPpwong

ITLG EVOTNTEG TTOU TiponynOnKav mapouctdoTnkayv oL KUpLoL pnxaviopol petadopdg kat avoPpwong
YLl TOUG CUCOWPEUTEG KAl TLG Lovadeg Yuéng tou véou cuothpatog Yuéng. Qotodco, oL pnxaviopol
autol (punxaviopodg oAicOnong ocucowpeutwy Kol yepavol cuvapuoAdynong Kal ocuvinpnong
pnovadwv Yuéng) dev apkouv amo LOVOoL TOUG yla TNV EMITUXH HETADOPA TOU VEOU EEOTALOOU Ao
v erudavela (ktrpLo SX1 nou daivetat otnv Elkdva 5) Ewg tnv teAkn Toug B€on oto dwpdtio Puéng
kal e§aeplopov. Eva amod ta «mnyddia» (shafts) tou melpdpatog ATLAS Ba xpnotpomnotnBet yia tnv
uetapopd tou eomAlopol amod tnv emidpdvela €wg Ta mepimou -100 pétpa omou Ppiloketal to
«omnAaLo AelToupyLwv» (oTa ayyAKa service cavern) ou €xeL Tnv ovopoaoia USA1S5 kat oto Bdabog
Tou omoiou PBpiloketal to dwudto YPuéng kot géaeplopol. ta mAaiola g epyaciag autng o
ouyypadéag kabopioe tng Stadikaoia petadopdas/aviPpwaong and tnv eicodo Tou Swpatiou €wg tnv
TeAKNA Toug B€on yLa Toug €€1G LNXOVLOMOUG:

e MetaAAlk Kataokeun petadopdg cuoowpeutwv Kot Peuvdodamnédou: Mpokeltal yla ta
apOPWTA CUCTANATA TTIOU TIAPOUCLACTNKAV OTLG EVOTNTEG 4 KOl 7. ZUVETWG, N CUVAPHOAOYNON
Toug Ba yivel evtog tou Sdwuatiov. Ta empépoug koppatia (dokol pe Slddopeg Slemadég
ouvbeong k.a.) propouv eVkoAa va SLtEABouv amod tnv mopta tou dwuatiou - Etkova 18).

e  Kwntdg yepavag: O yepavog tng evotntag 5 elvat emiong pkpwv Slaotdoewy Kat oL Sokotl mou
Ba xpnolonolnBoulv yla TNV KATaokeUn Tou (aveéaptAtwg SLaTopng Toug) Umopouv Kat autol
va §LEABouV péow amod tnv mopta Tou dwpatiou. H teAkn cuvappoloynon Ba yivel evtog tou
dwpatiou.

e Ynepupwpévog yepavog: H Stadikaoia eykatdotaong tng yepavoyepupag tng evotntag 6 ival
TIO QTIOLTNTIKA oo OTL TOU KvntoU yepavol AOyw Twv UEYAAUTEPWY SLACTACEWV TNG OF
ouvbuaopo Me TNV avaykn avohwong tng o€ UPoG UEYAAUTEPO TWV TPLWV HETPWV.
JUYKEKPLUEVA, TO Baputepo «efdptnua» NG yepavoyEdupag avapevetal va eival ol dvo
oldnNPOoTPOXLEG TNG (runway beams). MNa tov Adyo autod, o cuyypadEag eKTEAECE Eva MEelpapa
npoocopoiwong tng Stadikaoiag eykatdotaong Twv oldNPOTPOXLWY AUTWV KOTA TN SLAPKELA TNG
TIPAKTLKAG TOU gpyaciag. To mMeipapa autd Kol Ta anoteAéopatd tov napovotalovial otnv
napaypado 8.1. H eykatdotacn twv umoloinwv e§aptnudtwy TnG yepavoyedpupag Ba yivel pe
gvav yepavo piag dokol (monorail) mou untdpxetl NdN oto dwudtio YPuéng kat e€aeplopol Kat,
OUVETIWG, AVNKEL EKTOG Tou TteSlou PLEAETNG TNG TtapoUoag Epyaciag.

e Juoowpeutég: Onwg €xel N6n €€nynbei, oL 6 cuoowpeutég Ba odnyouvtal amod To XwWPo
dOpTWOoNG Toug (kovtd otnv mopta tou dwuatiouv — BA. Ewkdva 19) €wg tnv TeEAKA Toug BEon
xapn otig dtemadég oAiobnong toug amnod Teflon madvw otnv HETOAALK KOTAOKEUH HETOPOPAS
TouG. H avtiBetn dtadpoun Ba akoAouBeital og meplmtwon avaykng AmoudKpuUVonG ToUG oo
10 Swpdtio. Qotoco, onwg dpaivetal otnv Elkdva 55, n eykatdotoon Tou MPWTOU CUCCWPEUTH
Ba ylvel katd tnv paon mpwipng eykatdotaong [2023-2024], katd tnv omoia dev Oa €xeL akopa
TomoBeTNOel N METAAALKN) KATAOKEUN OTO XWPOo POPTWOoNG. ZUVERMWG, N EYKOTAOTACH TOU
MPWTOU CUCCWPEUTH Ba yivel Kat’ e§aipeon He TOV ELSLKO NXOLVLIOO TTOU MapouoLaleTal oTnv
napaypado 8.2.
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8.1 Awdikaocia eykataotaong tTwv oldnpotpo)Ltwyv tou unepuPwpévou yepavou

8.1.1 HAektplkO otakep: Atadpour evtoc Swuatiov Wuénc Kat e€aspLlopov

Itnv Ewkova 64 daivetat to Swudtio Puéng kat e€aeplopol og katoPn. ZTo KATW KLOO TNG ELKOVOG
Slakplvetal pe mPAGCLVo KoL KITPLVO XpWHA £VA TIPOKATAPKTLKO LOVTEAO TOU UTLEPU Y WHEVOU YEPOVOU
TIOU TIPOKELTOL Va gykataotabel, omwg auto oxedidotnke and to Handling Engineering Group tou
CERN. H mapadypadog autr) aoxoAsital pe TNV Sladlkaoia eykataoTtaon Twv oldnpotpoxLwy Tou
YEPAVOU aUTOU (MPACLVO XpwHal).

Onwcg ¢aivetal otnv Ewkova 53, autég oL obnpotpoxtéc Ba Bpiokovtal og VP oC Tepimou 4 PETpwy
aro to tolpevtévio damedo () og LPog mepimou 3.1 pétpwv armno to Peudodamedo) kat Oa kaAUTToUV
OAn tnVv amnoéotoon PeTafl Twy 2 TolXwv Tou dwuatiou (mepimou 17 pétpa). OL pakplol avtot dokol
amoteAouvtol cuvnBwe amod EMPEPOUC TUAMOTA, OUWG otnv mepintwon tou dwpatiov YPuéng o
HEYLOTOC apLOUOG TwV TUNUATWY AUTWV Elval TEéooepa (Onw¢ paivetal otnv ekova n otnpLen g
avw 6okou (y+) umopel va yivel otoug dV0 Toixoug Kal oTig 3 KOAwVeG — dnuloupywvtag £tol 4
ETUUEPOUG TUNHATA). TO HEYOAUTEPO Ao auTd ta THApaTa Ba BplokeTtal petafl Tou aplotepou (x-)
TOLXOU Kal TNG MPWTING KOAWVOC, HE UAKOG Tiepimou 5 pétpa. To apxikod autod ox€SLo Tou yepavol
xpnotuorolel odnpotpoxtég mpodih HEB280. To BApog evog téTolou mpodiA eival mepimou 105 kAd
VA HETPO. TUVETIWG, TO LOKPUTEPO TUNHA TNG 0L8NpoTpoxLac Ba €xel Bapog nepimou 525 KIAWv.

Ewkova 64: Atabpoun mou Ba mpeneL va akoAouBnoouv ta NAEKTPIKA OTAKEP EVTOC TOU SwUATIOU
YUénc kat e€aeplouol Lo TNV EYKATAOTAON TWV OLONPOTPOXLWY TOU UNMEPUYWUEVOU YEPAVOU.
Mnyn: Baon amoBrikevonc CAD apxeiwv tou CERN.
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JUVETIWG, TO TPOPANUA EYKELTAL OTNV ETLAOYN EVOG KATAAANAOU pnxaviopoU yla tnv aviPwon HLoG
6okoU Bapoug 525 kIAwv kal PRKog 5 pétpwy o€ UPog 3.1 pétpwy, o omoiog Ba pmopet va KivnBel
ETUTUXWG EVTOC TOU TIEPLOPLOUEVOU XWPOU Tou dwuatiou. MNa Tov okomod auTtov mpotadnke n xpnon
€VOG (eVYOUG MOVOLOLOTUTIWYV NAEKTPLKWY oTAKep TIou SLEBeTe dn to CERN. Ta dUo autd otdkep Oa
akoAouBrjoouv tnv dadpoun mou daivetal otnv Ewova 64 kat Ba avupwoouv tnv dokd oto
KatdAAnAo Uog. Onwg daivetal otnv Elkova 53, n andotaon PeTal tng Sokou Kal Tou Toixou (y-)
Tou Swpatiou eivat POALg 30 ekatooTd. AUTO onUaivel OTL Ta OTAKEP KAAOUVTAL va avuwoouV To
dopTtio pe TV akpn Twv avuPwTtikwy Tipouviwy toug (lifting forks). H avuwtikn wavotnta tou
otakep eaptatal amnod 1o cuvduaoud tou LPog avupwaong Kot tn B€on Tou Kévtpou BAapoug Tou
doptiou. OLTEXVIKEC TpOSLaYPAdEC TOU CUYKEKPLUEVOU HoVTEAOU (Ekova 65) opilouv otLyLla doptio
TIOU TOTIOOETEITOL OTO KEVTPO TWV TILPOUVLWY, N AVUPWTLKA Lkavotnta eival petal twv 500 kat 1400
KIAwv avaioya to UPog aviPpwonc. Qotoco, n mAnpodopia autnh dev pag divel cadn andavinon yla
To av elval epiktr) n avuPwon twv odnpotpoxilwy, adol onwe avadEpOnke autég Ba tomoBetnBouv
OTNV AKPN TWV TILPOUVLWV.

Tavutoxpova, Aoyw TG Wlaitepng yewUeTplag Tng oldnpotpoxtdg (Leydlo pnkog) anodaciotnke n
xprion dUo TETolwv oTAKep Ta onoia Ba Spoloav cuvepyaTika — €va o€ KABe akpn tn¢ Sokou. ITo
onuelo auto Kpibnke amapaitnto va opyavwbel éva nelpapa npooopoiwong tng Stadikaciag autig
yla eAeyxOel av ntav eduktn.
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Ewkova 65: Qutoypapio Tou NAEKTPLKOU OTAKEP TTOU XPNOLUOTTOLNTNKE KAl SLAYpAUUA TNG
avuPwTlki¢ Tou tkavotntag. Mnyr: CERN.
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8.1.2 Newpapoatiky dtadkacia

H Stabikaoia mou akodouvdei éAaBe ywpa oto ktipto SX1 (Ewkova 5) mou Siebete tov kataAAnio
eonAlouod yla tnv aopaln dieaywyn Tou MEPAUATOC.

Mépog npwto: NpocdlopLlopog Bapous ava poda

Ta nAektplka otakep Ba Kivouvtal oto UPog tou Yeudodamédou. MNa tov Adyo autd kpibnke
ONUAVTLKOG 0 TIPOCSLOPLOPOC TNG KATAVOUNG Tou Bdapoug Tou otakep (1230 KIAQ) OTIC TECOEPELG
podec Tou — onueia emadng pe to Peudodanedo. OL UMPOOTIVEG POSEG TOU OTAKEP TUALXBNKaAV e
VDACUATLVOUG LLAVTEG KATAAANANG avtoxnc (1T) ol omoiol §€6Bnkav oe Evav amnod Toug Yyepavoug Tou
KTlplou o omolog Atav e€oMALOUEVOC e To KaTtAAANAo Suvapduetpo. Enetta, To otakep avupwonke
eAaylota Kat n €veelén tou duvapopetpou Ntav 300 KAa (f 150 kAd ava poda). Zuvenwg, oL iow
p6&eg dpoptilovral pe 930 KA (f 465 KNG avad poda).

ITnV nepiMTwon mou To oTtakep avuPwvel TNV SOKO UIMOPOUUE va UTIOBEcoUE OTL OAO TO BAPOG TNG
odnyettal otig UnMpooTIvEG podec adou auth TomoBeTeital oTnV AKpN TWV TILPOUVLIWY. OL TLUEG QUTEG
ANdOnkav umoyn katd Tov TMPOCOLOPLOPO TNG QATMALTOUUEVNC OVOMOOTIKAG LKAVOTNTAC TwV
KOAUUHATwY Tou Yevdobamédou. Itnv Ewkdova 66 daivovtal oplopéva oTydlotunma amd tnv
Telpapatiki dtadkaoia.

.
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Ewkova 66: MNepauatikn Stadikaoia mpoadloplouoy katavounc tou Bapouc Tou oTaKep oTIC 4 pOSEC
TOU poumot. nyn: QwTtoypapic TOU CUYYPAPEN KATA TNV MTPaKTIK Tou oto CERN.
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Mépog 6eUtepO: AvUPwon §o0KkoU — oLdnpoTpoxLAG

Itn Sokwun umod ¢optio, xpnotpomnolnOnke pia Soko¢ amod mpodid HEB280 kot pikog 5.5 pétpa
(Bapocg mepimou 570 KIAQ). H §0kOG auth TOMoBeTAONKE 0 amOoTAON 25 EKATOOTWY Ao TNV AKPN
TWV TILPOUVLWYV TWV OTAKEP (akOpa 1o SUCUEVAC KOTAOTAON amd auTrV mou Ba eMKPATHCEL OTNV
npayuatikotnta). Emetta, ot §U0 XEPLOTEG avupwoayv EMLTUXWE TNV Soko o€ LPOG TTOAU PEYAAUTEPO
amnod 1o anattovpevo (mepimou 4 pétpa). EElcou eUKOAN ATAV KOL N HLKPN HETAKIVNGCN TWV OTAKEP
TPOC TOL UIMPOOTA/TioW — KATL TO OMolo OVAUEVETOL va CUMPEL KAl 0TNV MPAYUATIKOTATA yLa TNV
TPOCEyyLlon TNG TeEALKNC BEanG eykataotaong tng oldnpotpoxLas. Xtnv Elkéva 67 daivovtal oplopéva
OTLyULOTUTIA ATto TNV MElpapatikn dtadikaoia.

s

Ewkova 67: lMepauatikn Stadikaoio avoPwang SokoU UMEPUYWUEVOU YEPAVOU LIE TNV TAUTOXPOVH
xpnon duo otakep. MNnyn: Qwtoypapio TOU CUYYPAPEN KATA TNV MTPAKTLKY Tou oto CERN.
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8.2 Awadikacio EyKaTAoTOCNE TOU MPWTOU CUCCWPEUTH

8.2.1 Kwntd¢g tnAeoKOMIKAG yepavac: Atadpour oto dwpdtio Yuéng kot eaepLlopov
Onwg avadEpBnke NdN, 0 MPWTOG CUCCWPEUTAG Ba eykataotabel katd tnv Slakomr Asttoupyiag
2023-2024 (2023-2024 YETS). Tote, n HETAAAKN KATAOKEUH OAloONONG Twv cucowpeutwy dev Ba
€XEL eyKaTaoTAOEl akOUN £wg To onpeio dopTWONG Kovta otnv mopta tou dwpatiou (BA. Ewova 19).
Juvenwce, Ba mpémel va akoAouBnBel pia kat’ e€aipeon dladlkacia eykatdotaong yla ToV TPwTto
OUOOWPEUTH. YrevBu uileTal OTL 0L CUCOWPEUTEG auTol Ba ptdcouv oto SwUATLO O€ 3 KOUUATLA, E
TO peoaio and autd va eival to Baputepo (Bapog mepimou 750 khd — BA. Ewkéva 68).

3300 mm

750 kihée TARPN éktaon ||

i

Ewova 68: Atadpoun mou Ja mpenel vae akoAouTroeL 0 KIvntog TNAETKOTILKOG YEPAVOS EVTOC TOU
Sdwuatiov Yuénc kat EagpLouou yLa TNV EYKATACTAON TOU TPWTOU cUCOWPEUTH. nyn: Baon
amovnkevong CAD apyeiwv tou CERN.

Mo Tov OKOTIO QUTO TIPOTEIVETAL N XPrioN TOU KLVNTOU TNAECKOTILKOU yEPAVOU Ttou daivetal otnv
TIAPOTIAVW ELKOVA. MEAETEC EVOWUATWONG 0TO Tplodlaotato poviéAo Tou dwuatiou £6et€av OtL yla
va eyKotooTtaBel EMITUXWG TO MECALO KOUHUATL TOU CUCCWPEUTH, O yavt{og TOU TNAECKOTILKOU
yepavou Ba mpéemnel va ptaoel oe VPog 3.3 peTpwy. O yepavog eival eEOMALOUEVOG UE AUTOMATO
cUOoTNUA TIOU SLAKOTITEL TNV TEPETAlpW avénon tou UYPoug tou yavtiou (dnAadn tnv mepetaipw
aU&non Tou PNKOUG TOU TNAEOKOTILKOU TOU UNXAVIOUOU) O€ TEPLMTWON Tou To doptio ayyi&el pa
KPLOLN TLUAR KOVTIA OTNV POTTH QVATPOTIHG TOU YEPAVOU.

To péyloto auto ¢optio e€aptatat amod to BAPOG ToU POG UETOKIVNON OVTIKELLEVOU, TNV AMOOTACN
TOU amo To KEVTPO BApPouC Tou yepavol KabBwg KoL TNV EKTaon Twv odlwv Tou yepavou (BA. defla
otnv Ewlkova 68 — ta modla sival oe mARpn €ktaon). uvenwg, anodaciotnke va die€ayxBel Eva
nelpapa mpooopoiwong tng Sladlkaclag eykatAoTtacnG TOU CUCCWPEUTH HE TI( TAPATTAVW
HETABANTEG (Mpooauénuéveg pe Toug KATAAANAoUG cuvteAeoTEG aodaleiag).
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8.2.2 MNepapoatikn dtadkacia

H Stabikaoia mou akodouvdei éAaBe ywpa oto ktipto SX1 (Ewkova 5) mou Sieébete tov kataAAnio
eonAlouod yla tnv aopaln dieaywyn Tou MEPAUATOC.

MNa to neipapa xpnowponotidnke éva xaALBSwvo pmAok Bapoug 1000 kilwv. Me autd to Bapog, o
yavt{og ToU yepavou £PTACE EMITUXWCE TO amnaltoupevo UPog Twy 3.3 HETpWY, OTwWG paivetal otnv
Ewkova 69. Oa mpEmeL va TOVIOTEL OTL KaTA Tt SLAPKELD TNG avUPwong Ta UIPOooTIva Todla Tou
yepavou Bplokotav oe TANPN €ktaocn (guvoikn ocuvlnkn ylwo To HEYLOTO BAPOG avATPOTHG TOU
yepavou). O yepavog Ba xpnotpomnotnBei otnyv idta «Stapdpdpwaon» kat otnv mpaypatikn dtadkaoia
EYKATAOTAONG TOU TPWTOU CUCCWPEUTH, aAAd To HéyLoto Bapog Sev Ba Eemepdoet ta 750 KIAQ.

Ewkova 69: lMepauatikn dtadikaoia avuPwaonc yaAvB6ivou UmAok evoc TOVOU LE TOV KLVNTO
™NAgoKorko yepavo. Mnyn: Qwtoypapia TOU CUYYPAPEN KATA THV MPAKTIKN) Tou oto CERN.

MNna toug idloug Adyoug HE TO MElpOUA TNG TPONYOUREVNG UTIOEVOTNTAG, KPLBNnKe amapaitntog o
TPOOSLOPLOUOG TNG KATAVOUNE Tou BApoug tou dpoptwuévou yepavou (1200 + 1000 KIAQ) OTLG TPELS
p0Odec Tou — onuela emadng pe to Peuvdodamnedo. OL unpooTivég podeg Tou yepavou TUAXBnkav pe
VDACUATLVOUG LLAVTEG KATAAANANG avtoxnc (2T) oL omoiol §€Bnkav oe €vav amnod Toug Yepavoug Tou
KTlpiou o omoiog Atav e€omMALoUEVOC Le TO KaTAAANAo Suvapopetpo. Enetta, o GopTwUEVOC YEPAVOS
avuwOnke ehdaxota kot n €véel€n tou Suvapopetpou Atav 1900 kAa (f 950 kA& ava poday).
JUVENWG, N Tiow poda doptiletal pe 300 KIAQ.
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8.2.3 KaAvppa tnc povadac Yuénc yra tnv SLEAEUGN TOU TRAEGKOTILKOU YEPOVOU

Onwcg ¢aivetal otnv Elkova 68, 0 TNAECKOTILKOG YEPAVOC Ba MPEMEL va TTEPACEL TAVW Ao TN B€on
OTIoU TIPOKELTAL Va eykataotaBel n mpwtn povada Puénc. Katd tnv SLadpkeLa TNG EyKATAOTAONG TOU
OUOOWPELTH, otn Béon auth Ba £xel eykataotabel pévo n Baon otpEng tng povadag Yuéng
(kitpvo xpwpa) Kal o evdLapeTog xwpog Ba lval Kevog. ZUVENWC, elval amapaitntn n tonobétnon
€VOG POOWPLVOU KOAUUUOTOC OTOV XWPO AUTO WOTE va UMOPECEL va OLEABEL 0 TNAEOKOTILKOG
YEPAVOG.

Ixedlaotnke, Aowrov, to KAAuppa tou dpaivetatl otnv Etkdva 70 kal tomoBeteitatl mavw amo tnv facn
otnpng tng povadag Yuéng (kitpwvo xpwua). To KGAUHPO autd amoteAeital and dvo dokoug
npodiA UPN8O mou evwvovtal HETay Toug Pe évav aplBpd amd Sokol¢ mpodil IPN8O (6Aeg ot
ouvdéoelg elval oUYKOAANTEG). MAavw amd TNV HETAAAKN QUTH KATAOKEUN TomoBetouvtal mAaveA
PeuvdodanéSou ovopaoTtikig avtoxrg 500 kg/m? (otnv npaypatikdtnta Ba ernavaypnotponotndolv
KAarola amno ta KoaAuppata tou Ba adatpebouv anod to Twpvd Yeudoddnedo otnv nepLoxn auth).

Ewova 70: Mpoowptvo kaAvuuo tne Baonc tne mpwtnc povadoc Yuénc yia tnv StéEAsuon tou
TNAEOKOTILKOU YEPAVOU KATA TNV EYKATAOTOHON TOU MPWTOU OUCOWPEUTH. [nyn: Baon amoBrkevong
CAD apyeiwv tou CERN.

Onwcg avadepbnke otnv mapaypado 8.2.2, to Bapog mou odnyeital o kABe punpootivr) poda sivat
niepimou 950 KIAQ. ZUVENWC, TO KAAUPUA Ba MPEMEL va UIopEl va umootnpiel emtuxwg To Bapog
oUTO. Ito mapaptnua I éxel emouvadBel n avAAuon avtoxng mou eKTEAECTNKE Ao Tov cuyypadea
OXETIKA ME:

1. Tnvavtoxn Twv S0KWV ou amoTeAOUV TO KAAUUMQ;

2. Tnv avtoxn Twv cUYKOAANCEWV HETAEL TwV SOKWV AUTWV;

3.  Tnv avtoxn twv avel ovopaoTikig avtoxng 500 kg/m?2.
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9 Katdaotpwon ekBéoswv teEXVIKWV Tmpodiaypadwv yia e€elpeon

MPOooPOPWV OO KOTAOKEUAOTEG

TG evoTNTEG Tou Tponyndnkav moapouctdotnke n Stadlkacio mou akoAouBnBnke yla ToOV
KaBopLopo twv npodlaypadwyv Twv UNXOVIOUWVY HETAdOPAC Kal avuPwaong Tou VEou eEOTALOUOU
PUéng mou Ba eykataotabel oto Swuatio Puéng kat e€aeplopou. 18laitepn onpaocia §60nke otnv
KATAOKEU TPLOSLAOTATWY MOVIEAWV TNG YEVIKAG SLdtaéng Twv MNXAVIOUWY QUTWV Kol n
EVOWUATWON TOUG OTOV XWPO XWPLG CUYKPOUOELS e Tov TepLBaAlovTa eEOMALOUO.

Ta tpLodlaotata HovtEAa ou TapdxOnKav UTIOYOPEUOUV LA OELPA OXESLOOTIKWY KAl AELTOUPYLIKWY
npodlaypadwy yla To EMUEPOUG CUCTHHOTA OL OTtoleg kataypddnkav pebodikd oe pa oelpd
«EkOéoewv Texvikwv Npodiaypadwv». OL ekBEoeLg auTEG peTafLfaoctnkav ota appodla TuRpata
niou O avaAdBouv Tov TEAKO oXESLACHO TOU KABE UTTOCUOTHLATOG /KL TNV e€€Upean TPpoodopwv
and  eEWTEPLKOUG KATOOKEUOOTEG. ZUYKEKPLUEVA, KOTOOTPWONKAV TPELG €KOECELS TEXVIKWY
npodlaypadwv (Mivakag 4), ol omoieg €xouv emouvadBel kat ota mapaptipata A, E kot 2T g
napouoag pyaciag.

Ynoocuotnua Evotnteg Appodio Tunua Mapaptnua

M VIO T X
xa lO|J.0§' uetragopag , Site and Civil Engineering Department
cuoowpevTwV & YPevdodanedo 3,4,7 X A
, , 1 Site Asset Management Group
(mpwto otadiot)

Kwntog yepavag
oUVOpPUOAOYNONG & cuvtPNoNg 5
povadag Yuéng 3H

Engineering Department
Handling Engineering Group

Y s ,
03:2:33\2?:2;!?3;::@”0“ 6 Engineering Department ST
. \ Handling Engi ing G
Hov&Swy YOENC 2H kat 1H andling Engineering Group

Mivakacg 4: EKGE0ELS TEXVIKWY TTIPOSLAYPaQWVY YLa TA TPiA KUPLA UTTOCUCTHATA THG TAPOUCAG
epyaoiac mov petaBiBaotnkav ota apuodLa TUNUATA YLA TOV TEALKO TOUG OXeSLACUO.

To apuodia THApOTA EKPLVAV WG EPLKTH TNV KATAOKEUN TWV {NTOUUEVWY UTIOCUOTNHATWY THPWVTAG
TOUG TIEPLOPLOMOUG TToU TEBNKa. O cuyypadEag (Kot YEVIKOTEPA TO TUAKO OTO OTIOL0 AVNKE KATA TNV
epyaoia tou oto CERN) Atav untevBuvol yla tnv mapakoAouOnon tou TeAKoU Toug oxedLaopoU Kal
Vv SLacdAALoN TG EMLTUXOUG EVOWHATWONG TOUG 0ToV Xwpo tou dwuatiou Puéng kat e€aeplopov.

T Omwg €€nynBnke otV utroevoTNTa 7.2, To VEO Weudoddmedo Ba eykartaaTadei o dUo oTtadia. H ékBeon
TEXVIKWYV TTPOJIaYPAPWV a@opd HOVO TO TTPWTO OTAdIO TNG eyKaTaoTaong. To deuTepo oTadIO Ba yivel apkeTa
apyotepa (BA. Evotnta 10) kai KaAUTITE Pia TTEPIOXN TTOU TTIBavOV va UTTOOTEl aAAayEG PEXPI TOTE. ZUVETTWG,

peAAOVTIKG Ba TTpETTel va dnpioupyei pia EexwploTh 'EkBeon Texvikwyv Mpodiaypa@wy yia To oTadIo auTo.
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10 Iuunepacpato Ko EMOUEVA Brpato

OL pnxaviopol mou avamtuxdnkav oTLg TPonyoUpEVEG evotnteg Ba amoteAécouv UEPOG Uiag
euplTEPNG avadlopydvwong Twv Xwpwv Tou Telpdpatog ATLAS oto CERN ota mAaiola tng
eTUKELLEVNG avaBaduiong tou. H avaBdabuion autn Ba yivel og pla oglpd otadiwv katd tn Sldpkela
Twv dlakomwyv Aettoupyiag tou melpapatog (BA. Eloaywyn mapoloag epyaciag). ZUYKEKPLUEVQ, YLa
Tov €€oMALOpO TTou amaoXOAnoe Tov cuyypadéa, Wolaitepn onpacio €xouv oL akoAoubol epiodol:

- YETS 2023/2024: Year-End Technical Stop 2023/2024 j Etiola Alakomn Asttoupyiag 2023/2024
Me Sudpkela mepimou 4 pnvwv (30 OktwRpiou 2023 — 6 Maptiou 2024)

- YETS 2024/2025: Year-End Technical Stop 2024/2025 i Etiola Atakonr Asttoupyiag 2024/2025
Me Sudpkela mepimou 4 pnvwv (OktwpBpLog 2024 — Maptiog 2025)

- LS3: Long Shutdown 3 ) Exktetapévn Atakonr Agttoupyiag 3
Me Sidpkela mepimou 3 xpovia (TéAn 2025 — Apxeg 2029)

OL gpyaoieg mou Ba yivouv Katd TG cUVTOWEG SLAKOTEG AELTOUpYLOG TwV TtepLodwy 2023/2024 kat
2024/2025 €xouv w¢ okomo tnv anodoption Tou GopTou epyaciag TNG EKTETAUEVNG SLAKOTING
Aettoupyiag LS3 omou kat Ba mpémel va oAokAnpwOBel n eykatdotacn kot n Sokiun €vapéng
Aettoupyilag (commissioning test) tou véou cuotipatog PuEng Le TOUG 6 CUCOWPEUTEG KoL TLG 7
povadeg Puéng. MNa tov Adyo auTto, oL CUVTOUEG QUTEG SLOKOTIEG AeLToUpylag avadEpovTal Kol wg
«paon mpwwung eykatdotaong» (early installation phase) tou véou ocuotiupatog Yuéng. To
HEYOAUTEPO HEPOG TWV KNXAVIOUWY TIOU armacxOAnoav tov cuyypadea ota mAaiola thg epyaciog
tou oto CERN mpokeLtal va eykataotabouv Katd tnv ¢pdacon autr. AvaAuTikotepa:

ZuotApata — pnXoviopoi mov Oa eykatactabolv katd to YETS 2023/2024:

- Baon otpEng epedpikng povadag Yuéng (Etkdva 70 — kitpvo mAaiolo)

- Mpoowpvo kaAuppa tng edpedpikng povadag Yuéng (Evotnta 8.2)

- Mpwto pepog Peudodamedou kat pnxoviopol oAicBnong cuocowpeutwy (Evotnteg 3, 4 kot 7)
- Kwntog yepavog yupw amo tnv mpwtn povada Puéng (Evotnta 5)

ZuotApata — pnXoviopoi mov Oa eykatactabolv katd to YETS 2023/2024:
- Mpwtog cuoowpeutng kat epedpikn povada Yuéng (Etkdva 42)
- ZWANVWOELG Kal NAeKTpoVIKA TwVv SUo poavadepBevtwy (Ektog mediou HeAETnG TG Epyaciag)

ZuotAuata — pnxaviopoi mou Ba eykataoctabouv katd to LS3:

- QAeUltepo peEpog Yeudodamedou kat pnxaviopolL oAicBnong cuocowpeutwy (Evotnteg 3, 4 ko 7)
- Ynepuwpévog yepavog (Evotnta 6)

- YmoAoutoL cUCCWPEUTEG Ko povadeg Yuéng (Ewkova 42)

- ZWANVWOELG KAl NAEKTPOVLIKA TwV dU0 mpoavadepBEvTwy (EKTOG ediou PeEAETNG TNG Epyaciag)

Tn otwyun mou o cuyypadeag ohokAnpwoe tnv gpyacia tou oto CERN, ta tplodidotata povtela
vevikwv Statdéewv kat ol ekBeoelg mpodlaypadwv (BA. Evotnta 9) yla OAa Ta CUCTAUOTO TIOU
TPOKELTAL VA eyKaTtooTaBoUv katd to YETS 2023/2024 sixav petafiBactel ota apuodia TpUApaTa yLo
TOV TEAKO oXeSLaoMO /Kot TNV €€elpean MPoodopwV Ao eEWTEPLKOUG KATAOKEVAOTEG. H Stdtagn
TOUG, Aoumoy, ival n TeAlkn kot autr) mou Ba eykatactabel oto dwpatio Puéng kat e€oeplopou.
AvTIOETWG, TA CUCTAMATA TIOU TIPOKELTAL Va gyKataotaBouv katd to LS3 (kat kupiwg Tto Seutepo
TuApa tou Peudodanédou tng Evotntag 7) mbavov va XpeLaoTtolV UKPEG OAAAYEG YLOL TNV ETILTUXN
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EVoWUATwon toug. Autd ocupBaivel kabBwg o meptBaiiovtag eEoMALOUOG (M.X. CWANVWOELG) gival
aKOpa UTtd oXeSLAOWO. 2 KAOE EPIMTWON OUWG, OL OXESLAOTIKEG KL AELTOUPYLKEG QTIALTHOELG TIOU
avamntuxOnkav otig avtiotolxeg evotnteg Oa mapapeivouv apetaBAnTeC.

CERN Melpapoa ATLAS ®don Mepiodog | Mnxaviopol — ZuoTHOTa MPOC EYKATAOTAON

> Bdon otrpEng kat kaAuppa epedpikng povadag Puéng
g YETS MNpwto pépog Pevdodarnédou yupw amnod povada Poéng
2 . , , 2023 - 2024 | NpwWTOo LEPOC HNXAVLIOLOU OALOBNONC CUCCWPEUTWY

£ s ®don T[p“’l“nc Kwntog yepavog edebpikric povadag Puénc

§ = EYKQATAOTAONG
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E = : Ededpkr povada Yu

ER POENC ya tov 2024 - 2025 | E® bl b0gng .
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% < AgUTEPO PEPOG LNXOVIOLOU OAIGONONG CUCCWPEUTWY
©% TeAwkn LS3 Yriepu Ppwpévog yepavog urtOAomwy povadwyv Puéne
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s nelpapatog ATLAS
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Mivakacg 5: Zuykevipwtikn mapouoioon OAwv Twv oUOTHUATWY TToU avaAudnkav.

MeTa TNV €yKATAOTOON TOU VEOU cuotipatog Puéng katd to LS3, mapdAAnAa pe tnv oAokAnpwon
OAwv Twv umoAoinwv epyacwwv avaBadbuiong (BA. Eloaywyn mapoloag gpyociag kat mnyn #3
kataAoyou BipAloypadiag), to meipapa ATLAS Ba Siabétel MAEoV €vav KAOUPYLO €0WTEPLKO
avixveutn ¢tiaypévo € oAokAnpou amnod nupitio. O vEéog avixveutng Ba umopel va avtanefEABEeL oTIg
WSLaitepa anattntikeg ouvOnkes AqPng dedopévwy mou emBaAlel n «®don YYnAng Gwtewvotntag
Tou MeydAou Emttayuvtr Adpoviwv» (ota ayyAwka “High-Luminosity Phase of the LHC” 4 “HL-LHC”).
OLouvOnkeg auteg petadpalovral oe mepimou 200 aveAAOTIKEG CUYKPOUTELG TPpWTOVIOU-TipwTOoViou
ava Staotavpwon déoung (mepimou 5 popég neplocdtepa Sedopéva anod OtL onuepa). MeAetwvtog
OoAa autd ta dedopéva, ol emotipoveg tou CERN kat yevikdtepa o kAadog tng «Duotkng YPnAwv
Evepyewwv» Ba ¢tdoel eva BrApa TO KOVIA OTNV OITAVINON MEPLKWV amd Twv Tio BepeAlwdwv

EPWTNUATWY avadOPLKA LLE TO CUUTIAV KAl TNG UANG TTOU oG TEPLBAAEL.

YentéuPplog 2023 H



AutAwpatikn epyacio — EAeuBéplog Avtwvomnouog

KataAoyog avadopwv

[1] HR Department, “CERN Personnel Statistics,” 2022.

[2]  A. M. Avtwvonoulog, “H Obuooela twv cwpatidiwy,” EBvikd MetooBlo MoAutexveio, 2012.
[3] The ATLAS Collaboration, “ATLAS Detector Overview,” 2021.
[4]  The ATLAS Collaboration, “ATLAS Inner Detector.”

[5] The ATLAS Collaboration, “ATLAS Calorimeter.”
https://atlas.cern/Discover/Detector/Calorimeter

[6] The ATLAS Collaboration, “ATLAS Muon Spectrometer.”
https://atlas.cern/Discover/Detector/Muon-Spectrometer

[7]  The ATLAS Collaboration, “ATLAS Magnet System.”

[8] The ATLAS Collaboration, “Technical Design Report for the ATLAS Inner Tracker Strip
Detector,” Geneva, 2017.

[9] P. Barroca, “Modelling of CO2 cooling of the ATLAS ITk Pixel Detector,” Université Grenoble
Alpes, 2019.

[10] A. Nomerotski et al., “Evaporative CO2 cooling using microchannels etched in silicon for the
future LHCb vertex detector,” JINST, vol. 8, no. P04004, 2013.

[11] C. M. Pooley and D. Tabor, “No Title,” Proc R Soc Lond A Math Phys Sci, vol. 329, p. 251, 1972.

[12] G.lJintang, Z. Jiazhen, and D. Hongxin, “G. Jintang, Z. Jiazhen and D. Hongxin,” J. Solid. Lub, vol.
1,no.1, p.22,1981.

[13] S. Biswas and K. Vijayan, “No Title,” J. Mater. Sci., vol. 23, p. 1877, 1988.

[14] A.Johnston, “The use of PTFE slide bearings on construction sites,” Industrial Lubrication and
Tribology, vol. 28, no. 2, pp. 60-66, 1976.

[15] C. Gray and J. Little, “A systematic approach to the selection of an appropriate crane for a
construction site,” Construction Management and Economics, vol. 3, no. 2, pp. 121-144, 1985.

[16] A. BlOAAAn, “Melétn yepavoyédupag avuPwtikng wavotntag 10 tn,” Mruytakn epyaoia -
Texvoldoyiko Ekmtatbeutiko 16puua Autiknc EAAadac - ZyoAn Texvodoyikwv Epapuoywy, 2015.

YemtéuBplog 2023 ﬂ



AutAwpatikn epyacio — EAeuBéplog Avtwvomnouog

KataAoyog BiBAoypadiog

210 onueio auto mapatiBevtal evéladépouoeg mnyEg avadoplkd pe Bpata mou avadEpovral
erubepuka otnv eloaywyn (Evétnta 1) tng mapovoag epyaciog, o€ MEPLUTTWON MOV O AVOYVWOTNG
avalntd meplocotePEG MANPOPOPILEG OXETIKA PE auTd. Aev adopolV AUECA TO TIEPLEXOUEVO TNG
epyoaoiag aAAG AmTovTaL TOU YEVIKOTEPOU TAALGLOU QUTAG:

1. 2Zxetkd pe tn @uowkn YYnAwv Evepyewwv i Zwpatidiakng duoikn (High Energy Physics n
Particle Physics) mou amoteAel to kKUpLO pHEPOG TG €peuvag ou Sie§ayetal oto CERN:

e Jeliba otn Bikumaideta: https://en.wikipedia.org/wiki/Particle physics

e [apoucioon pe titAo «Eloaywyn otnv Zwpatidiakn) Quolkn» tou OouoTHoU Kabnynth
OAwpdtou EppavounA (Tunua Quowng — EKMA) mou mapouoidotnke oto CERN otig 9
NoeuBpiou 2015:
https://indico.cern.ch/event/447008/contributions/1953687/attachments/1184942/17173
23/ParticlePhysicsFOR TEACHERS.pdf

e JUvtoun glcaywyn tou Ivotitoutou Quokng (IOP) oto «Kablepwuévo Mpotuno» (“Standard
Model”), mou mnepypadel Ta OSOUIKA OUOTOTIKA TNG UANG KoL TIG METAEU TOUG
oAAnAerudpdoelg:
https://www.iop.org/explore-physics/big-ideas-physics/standard-model#gref

2. ZIXeTKA pE TNV avafaduion tou Meydlou Emtaxuvi Adpoviwv oto CERN kat tnv ¢adon
«YPnAng dwrewvdtntag» (HL-LHC) - Burkhard Schmidt 2016 J. Phys.: Conf. Ser. 706 022002
https://iopscience.iop.org/article/10.1088/1742-6596/706/2/022002/pdf

3. 'EkBeon teXVIKOU OXeSLAOUOU OXETLKA LLE TOV VEO €0WTEPLKO avixveutn (ITk) mou mpokeLtal va
eykataotaOei oto neipapa ATLAS: https://cds.cern.ch/record/2257755?In=en
Znueiwon: 2Ztnv evotnta 19 tn¢ napanavw EKIeonG YIVETAL N TEPLYPAPI TOU VEOU CUOTHLATOS
Yuénc ue CO..
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KatdAoyog elkovwv

Ewova 1: Mavopauiky damoyn tou Meydhou Emtoyuvt) Adpoviwv (LHC) tou CERN. Mnyn:
https://www.symmetrymagazine.org/article/march-2015/the-lhc-does-a-dry-run .........ccccccuveenee. 13

Ewova 2: To  oUpmAeypa  €mtayuvtwv kot aviyveutwv  tou  CERN.  Mnyn:
https://en.wikipedia.org/wiki/Large_Hadron_Collider........c.cccceeiiuiiiiiieiiieesieeceeseeeee e 13

Ewkova 3: Tplwodlaotarto HOVTEAO 0AOKANpou QVLXVEUTN ATLAS. Mnyn:
https://cds.cern.ch/record/1095924 ..........oooueee ettt eetee et eere e e e eate e e e earee e seareeeennaeean 14

Ewova 4: Ta téooepa Pacikd umocuothpata tou aviyveutrn ATLAS: EowTepLKOG QVLXVEUTAG,
BepuLbopetpa, PACUATOUETPO HULOVIWY KOL CUCTNMO HOyvVNTWY (0o TIAVW OpLoTEPA TIPOG KATW
Se€1a). Mnyn: https://cds.cern.ch/record/2777214 ...t et 15

Ewkova 5: ZUMMAEYHQ KTLPLOKWVY EYKATAOTACEWV TOU Telpapatog ATLAS oto CERN. Mnyn:
https://cds.cern.ch/record/11298112INZEN ....cciecviiieeiiee ettt et e e ere e e e ere e e s eareeeeearaeean 17

Ewova 6: Tevikn elkova tou dwuatiov Pugng kat kAtpatiopou (USALS5 Cooling & Ventilation Room).
Mnyn: Baon amoBrikeuong apXelwv CAD TOU CERN. .....oiiiiiiieciiee et s 18

Ewova 7: Moplokeég Sopeg aAuoidbwv PTFE oe Siadopetikég mMoAUpopdLlkEG PAoelg, KabBwg n
Beppokpaoia avéavetatl ano 19 oe 330°C. Nnyr: Wang, Chen & Duscher, Gerd & Paddison, Stephen.
(2013). Electron energy loss spectroscopy of polytetrafluoroethylene: Experiment and first principles
calculations. Microscopy (Oxford, England). 63. 10.1093/jmicro/dft046 ...........ccoceevveerveerireesreennne 21

Ewova 8: Ot edpappoyeg tou Teflon yia tnv oAicOnon peydAou eUpoug avilkelevwy: a) E§aptnua
oAioOnong enimAwv kat B) Bearding pads yia eAeUBepn petakivnon avw peEpoug yedupag. Mnyég:
https://www.plasticmetall.com/ggug2000-heavy-duty-nylon-tilt-glide-with-ptfe-surface.html  kau
https://www.saturnprefab.co.in/products/bridge-bearing/ .........coceevveiviieiiieiiieceecee e 22

Ewova 9: Xprjon povadwv petadopds pe odaipa (ball transfer units) ywa tnv petadopd
EUTIOPEVMATWY Ot aegpodpopta. Mnyn: https://www.lutco.com/ball-transfer-units-when-and-
WhEre-they-performM-DESt/ ........c.oo it e st e s ae e s teeetae e aaeesaaeens 23

Ewova 10: Zkitoa TmoOwiAwv €Wwv yepavwyv Tou cuvaviwvial otn  Bopnxoavia. Mnyn:
https://apps.leg.wa.gov/WAC/default.aspx?cite=296-155-56405 .........ccoeevrrenreenreesireeeireeeireeenreens 24

Ewova 11: Tumkn O6udtaén yepavoyédpupag (overhead crane) OuthoU  dopéa. Mnyn:
https://www.tsoverheadcrane.com/overhead-bridge-cranes........cccceeeevveeiecreeeecveececeee e 25

Ewkova 12: Turtko mapddelypa Kvntig yepavoyedupag tumou SumAhou muAwva (mobile gantry crane)
G etaupeiag Morris Material Handling. Mnyn: https://www.morris.co.za/product/lightweight-
(00To) o1 1R =T a1 4 oY SRR 26

Ewova 13: ZIxnuatikn oavamnapdotaocn kaboplwopol euBélelag yavtlou yepavou. Mnyn:
https://www.cranesdq.com/crane-hook-coverage-maximize-crane-efficiency.htmi....................... 27

Ewova 14: Mapddelypa olykplong €vog Tturmikol KwvntoU PapouAkodopeiou (travel hoist) tng
etalpeiag Hadef (aplotepd) kat evog BapouAkodopeiou pe xaunAo vog kedpaAng (low headroom)
NG etalpelag Yale Lifting Equipment (6€€ud). Mnyég: https://www.inmartek.com/Manual-Chain-

Hoists-with-trolley/1932/spur-gear-hoist-with-push-travel-trolley/ Kall
https://www.liftingequipmentstore.com/product/yalelift-360-yllhp-g-ultra-low-headroom-trolley-
[ L=y (=] Eol a =1 o o Vo ] AP P PP PPPPO 28
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Ewova 15: Napadeiypata epappoywv Peudodanedwv o€ PBLOUNXAVIKEG EYKATOOTACELG. ZTa Se€Ld
Slakpivetat n bk Bdon otmpng tou Papéwg efomAlopol pe Aguko xpwua. [nyEg:
gr.pinterest.com/pin/182255116162285269/ kat gr.pinterest.com/pin/539657967821660514/....29

Ewkova 16: Mapdadewypa oxediov umepuPpwpévou dameédou uPnAng awoBntikng oe ypadeio
enuxeipnonc. Mnyn: https://aamtac.com/raised-access-floor/ ........coovvueeieiveeeiiiee e 30

Ewova 17: Napadewypa xpriong umepuhwpévou Peuvdodamedbou oe kévipo dedopévwv. Mnyn:
https://www.bergvik.com/products/floor/iso-floor-for-data-centres/ ........cccceeevvvveeeciveeeecveeeecnnennn. 31

Ewkova 18: Tplodldotato HOVIEAO TOU CUCCWPEUTH TIOU TIPETEL VoL ETAKLVNBOEL (aplotepa) adou
€L0€EADEL o€ Tpla KoppdTia oto Swpato YPUuENng péow tng moptag (6€€Ld). Mnyn: Bdon amnobrikeuong
apxelwv CAD tou CERN Kol GWTOYPOUPIO GUYYPOPED. .cuvveeeeirieeeiiieeeciiieeeeieeeesireeesrreeesvreeeseaeeenans 32

Ewova 19: Katon dwpatiov Puéng omou Stakpivetal n LETAAALKN KOTAOKEUN TIAVW 0TV omola
HETOKLVOUVTOL OL CUCCWPEUTEG LEXPL TNV TEALKI) TOUG B€0n. AUO OEVAPLA TTPWLHNG EYKATACTAONG: Q)
Kokkwvo xpwpa: 1 cucowpeutng + 1 povada Puéng kat B) Kitpvo xpwpa: 2 CUCCWPEUTEG + 3 LOVASES
PUEng. NMnyn: Baon amobrkeuong apXelwV CAD TOU CERN .....ccviiiiiiiee et 33

Ewkova 20: Napdadetypa tpoxNAatou pnxaviopou Hetadopds BapEéwv AVIIKELLEVWY aTtd TO EUNOPLO.
Mnyn: https://www.hevihaul.com/machinery-skates/compact-swivel-skates/cs-12k-kit/ ............... 34

Ewova 21: Turukn popdr mavkateuBuvtikou tpoxou (omnidirectional wheel) kot mapdadetypa
edapuoyng TOU OTO XWPO TNG POUTIOTIKAG. Mnyn: https://www.casterbot.com/p/4-inch-heavy-duty-
mecanum-wheel-100mme-industrial-wheels/  kat  https://automaticaddison.com/force-vector-
diagrams-for-an-omni-directional-mobile-robot/ ...........ccceeriiiiiiiiiie e 34

Ewkova 22: To gumopikd mpoidv Permaglide oe popdn podéhag kat Awpidag (aplotepd) Kot to
€0wTePLKO Tou (6€€1a). Mnyn: https://www.permaglide.com/en/ .......cceeecveeeeiieeeeiieeeeiree e 36

Ewova 23: Nepapatikn ddtagn ywa tnv oAicbnon 1.5 tévou (BApog cucowpeutr) HE TIG
EVOANOKTLKEG AUOELG TtoU TpoTiuiOnkav. Mnyn: Qwtoypadia tou cuyypadEa KATA TNV TPAKTLIKH TOU
o TN 01 21 | RSP UPPPPPPN 38

Ewkova 24: XaAUBdveg mAdkeg ouvoAkoL Bdapoug 1500 KIAWV yLa TNV TPOCOROLWonN Tou BApoug Tou
ocuoowpeuth. Mnyn: Owtoypadia tou cuyypadéa KAt TNV MPAKTIKY Tou oto CERN. .................... 39

Ewova 25: Ou Sienadég and PTFE (aplotepd) kat Permaglide® (6€€ld) yia tov éleyxo twv Svo
evoAakTikwv Avoewv. MNMnyn: Gwtoypadieg tou cuyypadea katd tnv mpaktikr tou oto CERN.....39

Ewkova 26: E€omAlopog yla tnv Ste€aywyn Tou melpapatog oAicBnong: 1. MaAdyko evapon tovou, 2.
Yoaopdatwvol Lpavteg poptiou dUo tovwy, 3. Alemtadeg Permaglide®, 4. EEomALOMOG cuvapUOAOYNONG
(yaAAwka kat e€aywvikad kAewdLa), 5. Auvvapopetpo, 6. DUAAa avoeibwtou XaAuBa, 7. ZPLyKTNPES
tumou F, 8. Nautikd kAeldid. Mnyn: Owrtoypadia tou cuyypadea katd TNV mpaktikr tou oto CERN

Ewova 27: Mwkpn ¢Bopd twv Stemadwv PTFE: MikpoypatlouvIEG Kol AEpWUO TPV KOL LETA TO
PP Lo pe vwmo ravi. Mnyn: Gwtoypadia tou cuyypadéa katd tnv mpaktikrn tou oto CERN. .....42

Ewkova 28: TormoBetnon ¢puAAou avoleibwtou xdAuBa katd prikog twv dokwv HEB (aplotepd) kat
otApLen tou pe oodyktnpeg. MNnyn: Owrtoypadia tou cuyypadéa Katd TNV MPAKTLKA Tou oto CERN.

Ewova 29: Ta amoteAéopata TOu TPiTou oevapiou Ttou TEPApatog oAiobnong katd tnv
Slootavpwon twv mpodik HEB: Zxiopévo puANO avoeibwtou xadAuBa (apLotepd) KoL EKTETAUEVN
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$0Oopa otig podeheg Permaglide® (6e€1d). Mnyn: Pwtoypadio tou cuyypadEa KATA TNV TPAKTLKI TOU
Lo JN 01 21 | RSP PP UPPPPPPN 43

Ewkova 30: Evowpdtwon Stenadnig PTFE oto mAaiolo tou cucowpeuth. MNnyn: Baon amnobrnkeuong
OPXELWV CAD TOU CERNL. «...ciiiiiie ettt ettt e e ettt e e e e ettt a e e e e e e e ataa e e e e e e ansaaeeeeeenasaeeeeeeannraseeaesannsaeens 45

Ewkova 31: a) Movtélo yeviKA G SLATaéNG CUCOWPEUTWV KAl LETOAALKAG KATOOKEVUNG OTAPLENG TOU Kal
B) Ixnuoatikn €€nynon avaykng tomobetnong Siemidpavelwv PTFE og teTpaywviko potifo avti yia
opBoywviko. Mnyn: Baon amoBrnkeuong apxelwv CAD TOU CERN......cccvieiiiiiieiiiiee e 46

Ewkova 32: Ou kaBeteg Adpeg Twv cuvdeduevwy Sokwv (beam webs) Ba mpémnet va eival petafy toug
TapAAAnAeg (aplotepd) kat oxL kaBeteg (6€€Ld). Mnyn: Bdon anobrikevong apxeiwv CAD tou CERN.

Ewova 33: Napddetypa xpriong avnpidag otnpténg (supporting strut) mou mpootatevEL EVAVTLA OTO
Slaywplopd/avolypa twv pokplwv dokwv HEB100. Mnyn: Bdaon amoBrnkeuvong apxeiwv CAD tou
L] 2 SO PPUPPPN 48

Ewkova 34: Ou mpotewvopeveG oUYKOAANTEG TAAKeG ouvdeong twv Sokwv oAloBnong twv
cuvoowpeuTwv. MNnyn: Baon anobrikeuvong apxeiwv CAD TOU CERN. ......covvviiieiiiiie e 49

Ewkova 35: Ou mpotewvopeveg oUYKOAANTEG TAAKeG ouvdeong twv Sokwv oAloBnong twv
OUCOWPEUTWV UE Ta TtodLa otpEng. Mnyn: Baon anobrikeuong apxeiwv CAD tou CERN............... 49

Ewkova 36: MAayLla oPn émou Slakpivetal To TeEAKO emBUUNTO VYOG TNG LETAAALKNG KATAOKEUNG LE
€va eTMA€oV KeEVO 10 mm yLa Tov unxaviopo puBuiong uPoug mou dpaivetal otn de€Ld mAeupa. Mnyn:
Bdaon armoBikeuong opXeLwV CAD TOU CERNL. ...coiiiiieiiiee ettt et e e aaee s 50

Ewkova 37: ZUvdeon twv avtnpidwv otnpéng pe tnv undAoutn peTaAAkn Kataokeun. Mnyn: Bdon
artoBAKEVONG APXELWY CAD TOU CERN. ..eiiieiiiiiiiiee ettt e e e s stee e e stae e e s e e e e s naeeesnsaaeenans 51

Ewkova 38: To otoixeio kaBodriynong mou eunodiletl tnv mAdyLa kivnon Tou cucowpeUTh (apLotepd)
Kal To SLAKEVO yLa TNV cUYKOAANoN Tou (6€€Ld). Mnyn: Baon anobrkevong apxeiwv CAD tou CERN.

Ewkova 39: O unxaviopot puBuiong tg teAkng B€ong Tou cuocowpeuTn TPog kABe kateuBuvon
(aplotepa) kat n otepewon Toug otig SokoUG oAloBnong eite e kKoxAleg elte pue cuykOAANnon (6e€Ld).
Mnyn: Baon amnoBrikeuong apXelwv CAD TOU CERN. .....oiiiiiiiieciieecee et 52

Ewkova 40: O Stenadég ouvdeon Tou TMOAAYKO YLO TNV EAEN TWV CUCCWPEUTWV. .eeerrrreeerereeeaereenns 53

Ewova 41: Inueio mpoodptnong tou maAdyko oto Peudoddamnedo yla tnv €AEnN TwvV CUCCWPEUTWV.

Ewkova 42: Katodn dwpuatiou Puéng kat e€aeplopol omou Stakpivovtal ol BE0ELG TwV EMTA LOVASWV
PUEng mou mpodKeLTaL va eykataotaBouv. 1o kitpvo mAaiolo ¢aivetal n povada 2PACL-3H mou Ba
QTMOTEAECEL LEPOG TNG TPWLKNG EyKatdotaong. Mnyn: Baon anobrkevong apxeiwv CAD tou CERN.

Ewkova 43: O yepavog mou pOKeLTaL Vo yKaTaoTtabel 0To SwUATo PuEng Kot eEAEPLOUOU yLa TLG
epyoaoieg ouvappoAdynong kal cuvtipnong Twv €§L and twv entd povadwv Yuéng. Mnyn: Baon
artoBAKEVONG APXELWY CAD TOU CERN. ..eiiiiiiiiiiiiee ettt ettt e et e e see e e stae e e s e e e e s aaeaesnsaeeenans 55
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Ewova 44: H edebpkny povada Puéng He Ta EMUEPOUG TNG UTOCUOTAUATA. 2TA OPLOTEPA
Slakpivovtal ta SUo oAoBaivovta «pod» tng (sliding halves). Baon amoBrkevong apxsiwv CAD tou
L] 2 | SO PPTPPPNN 56

Ewkova 45: Evvololoylkdg oxedlaopodg yepavou yla tnv cuvtipnon tng ebedpikig povadag YPugng
2PACL tou dwpatiou YPuéng kat e€aeplopov. Mnyn: Baon anobrikevong apxeiwv CAD tou CERN. .57

Ewkova 46: KaBopLopog amattouuevng ecwtepLkng Sltdotaong Kivntol yepavou epedpikng povadag
P0&ng 2PACL. Nnyn: Baon amoBrikeuong apxeiwv CAD ToU CERN. ......coiiviiiiiieeeeeeeee e 58

Ewkova 47: KaBoplopdg amattolpuevng epBEAELAS YL TOV yAVTLO TOU KvnToU yepavoU TnG epeSPLKAG
povadag Yuéng 2PACL (SteuBivoelg x kat z). Mnyn: Baon anobrikevong apxeiwv CAD tou CERN...59

Ewkova 48: KaBoplopdg amattolpuevng epBEAELAG YL TOV yAVTLO TOU KvnToU yepavoU TnG epeSPLKNAG
povadag Yuéng 2PACL (6tevBuvon z). NMnyn: Baon anobrikevong apxeiwv CAD tou CERN.............. 60

Ewkova 49: KaBoplopdg peylotwy dlactdoewv Sokwv KUALONG Tou Kvntol yepavol TnG epeSPLKAG
povadag Yuéng 2PACL (SteuBuvoelg x kat y). Mnyn: Baon anoBrkevong apxeiwv CAD tou CERN. .61

Ewova 50: Navopapiky amoyn TtOU Xwpou Omou Tmpoteivetal n eykatdotaon Sidtagng
umepUPWUEVOU yeEPAVOU yla TNV KAAUYN TwWV aVOyKwV CUVOPUOAOYNOoNG Kal cuvtipnong twv
povadwv Puéng 2PACL — 2H kat 1H. Mnyn: Baon anobrikevong apxeiwv CAD tou CERN. ............... 62

Ewova 51: Ou povadeg Yuéng 2PACL — 2H (aplotepd) kat 1H (6€€id). NMnyn: Bdon amoBbrikeuong
OPXELWV CAD TOU CERNL. . ..ttt ettt e e ettt e e e e e et et e e e e e e aaaa e e e e e e ansaaeeeeeennsaeeeeeaanraaeeaeeannreneas 63

Ewkova 52: Alootacloloyikol meploplopol yia to epifAnpua (envelope) kat tnv epPeAela tou yavtiou
(hook reach) tou uTtEPUPWUEVOU YEPOAVOU OTNV KATEUBUVON X. wvvveererreeeiiieeeeiireeenieeeerveeesssneesnnnnes 64

Ewkova 53: Alaotacloloyikot meploplopol yia to mepifAnpua (envelope) kat tnv epPEAela tou yavtiou
(hook reach) tou umtepUPWUEVOU YEPAVOU OTLG KATEVOUVON Y KOL Z. wvveeeuerieeeiieeeerireeeenereeessneneesnnnnes 65

Ewova 54: Eupuywvia ANPn anod to dwudtio Puéng kal e§aepLopnol Omou SLakpIlveTaL TO TWPLVO
Peudodarmedo (LeETOAALKA KAAU AT — TTAVEA). MNYNA: ZUYYPOADEAG .cccuvveeeeerieeeeieeeeireeeseiveeeeeaieea 66

Ewova 55: Tevikn Sudtagn tng HETAAAKNG KOTOOKEUNG Tou véou Yeudodameédou kat uTtOAoutou
€EOTTALOLOU TIOU EXEL TTAPOUCLACTEL OE IPONYOUEVEG EVOTNTEG. MNyn: Bdon anobrikeuong apyxeiwv
(071D I (o 1 I 1 =1 | TSSO PPPPPPPN 67

Ewkova 56: Evowpatwon tng LETAAALKNAG KATAOKEURG Tou PeudodameSou Kal TwV KAAUUUATWY TOU
oto dwpato YPuéng kat e§aeplopov. MNnyn: Baon anobrkevong apxeiwv CAD tou CERN................ 68

Ewkova 57: OL OVOUOOTIKEG LKAVOTNTEG TWV UETOAALKWY KAAUUPATWY Tou véou Peudodameédou oto
Sdwuatio Puéng kat e€aeplopou. Mnyn: Baon amoBrikeuong apxeiwv CAD tou CERN. ..................... 69

Ewova 58: Ta modia otripéng mpodih HEB100 tng MeTaAAKNAG Kataokeung tou Peudodamnédou
Bplokovtat (1) ot Stactaupwoelg Twv dokwv (2) Alyo o pakpld n/kat (3) aviikabiotavral and
mo cupmayn npodih UPN120. Mnyn: Bdon anoBrkevong apxeiwv CAD tou CERN. .......ccccveveenneeen. 70

Ewova 59: Napddelypa modlwv HePKOU HNAKOUG TNG METAAALKAG Kataokeung tou Peuvdodamédou
mou otnpifovtal oto €€dptnua kabodrynong Twv cucowpeuTwy (kitpvo). Ta modia avtd eivat
e€omAlopéva pe pia odnva vpoug 10mm (KOKKLVO) Kot SLaBETouv cUYKOAANTEG KABETEG AdpEG OTO
E0WTEPLKO TOUG (Ttpdoivo). Mnyn: Baon anobrikevong apxeiwv CAD Tou CERN. ....ccvveeeevveeeeiieeene 71

Ewkova 60: O tpomog cuvbeong twv Sokwv oto Uog tou Yeudodamnedou (z =+870 mm). Mnyn: Bdon
artoBAKEVONG APXELWY CAD TOU CERN. ..eiieiiiiiciiee ettt ettt esvee e e stae e e s aa e e e s aaeeesnsaeeennes 72
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Ewova 61: Xprion mAdkoag Siwatunong (shear force plate) otig Staotaupwoelg TNG UETOAALKAG
kataokeung Peuvdodamédou omou dev umapyxouv modia otpEng. Mnyn: Bdon amoBrikeuong
OPXELWV CAD TOU CERNL. ..eiiiiiiiie ettt ettt e st e et e et e e e e st e e e e aba e e e abaeesansaeeeensaeeesnsseaennseeaannes 72

Ewkova 62: To mpotewvopevo umootiplypa oxipoatog L (L-shaped bracket) yia tnv ouvdeon twv
noSlwv TNG METAAKAG Kataokeung tou Yeudodamnedou pe tov toixo tou dwpatiov Yung kat
e€aeplopou. Mnyn: Baon anoBrikeuong apxelwv CAD TOU CERN. ....coiiiiiiiiiie et 73

Ewova 63: a) Eldikeg Stapopdwoelg kaAvppdtwy Peuvdodamnédou kat B) Napddeypa odlyktipwv
OTEPEWONG TOUG 0TNV METAAALKA Kataokeun. Mnyn: Bdon anobrikeuvong apxeiwv CAD tou CERN kal
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Ewova 64: Atadpoun mou Ba mpémel va akoAouBoouV T NAEKTPLKA OTAKEP EVTOG TOU SwuaTiou
P0G kaL e€aepLOOU yLA TNV EYKOTAOTACN TWV 0LONPOTPOXLWY TOU UTtepuPwHEVOU yepavou. Mnyn:
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avUPWTLKAG TOU LKAVOTNTOG. MNYA: CERN. ..eiiiiiiiie ettt e e e et e e e seaeeenaes 77
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xpnon dvo otakep. Mnyn: Pwtoypadia Tou cuyypadéa Katd tnv mpaktiki tou oto CERN. ........... 79

Ewkova 68: Aladpoun mou Ba mpéEmeL va akoAouBroeL 0 KLVNTOC TNAECKOTIKOC YEPOVOG EVTOC TOU
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Ewova 69: Nepapatikn Sadikacia avoPpwong XoaAUBSWOU UITAOK €VOG TOVOU ME TOV KLVNTO
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KataAoyog mivakwv

Mivakag 1: EvOelKTIKEG TLMEG ouvteAeoTwY TPLPBAG HeTafl Sladopwv UALKWY Kol €MLPAVELAKWV
ouvBnkwv. Mnyn: https://www.engineeringtoolbox.com/friction-coefficients-d_778.html............. 21

Mivakag 2: BaBuoAdynon eVOAANOKTIKWY AUCEWV YL TO CUCTNHA LETAKIVNONG CUCOWPEUTWV....... 37

Mivakag 3: ZUYKEVIPWTLKA ATOTEAECUATA TTELPALATOS YL TNV €MAOYNA TNG TEALKNG AUonG oAiocBnong

TWV CUCOWPEUTWYV 0TO SWHATLO PUENG KAL EEQEPLOIOU. .evveeeevieeeeiieeeeireeeeireeeerateeesereeesneeeeensaeeeas 44
Mivakag 4: ExkBEoelg texvikwy mpodlaypadwyv yla ta Tpia KUPLOL UTTOCUCTAMATA TNG TAPOUoS
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ZUVTOUEVUOELG — OLPTLKOAEEQL

Zta EAANVIKA:

OYE — Quotkn YYnAwv Evepyetwv

Zta ayyAwKa:

2PACL — 2 Phase Accumulator Control Loop
ALICE — A Large lon Collider Experiment
ATLAS — A Toroidal LHC Apparatus

CMS — Compact Muon Solenoid

HL-LHC — High Luminosity Large Hadron Collider
ITk — Inner Tracker

LHC — Large Hadron Collider

LHC-b — Large Hadron Collider beauty

USA15 CV Room (Cooling & Ventilation Room) — O ywpoc¢ mou npokettal va eykataotadei o VEog
eéomtAioudc Yuéng otov omolo yivetal avapopd atnv EKTAON TNG TAPOUCAS EPYATING

Zta yaAAKa:

CERN — Conseil Européen pour la Recherche Nucléaire
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Napaptipata & ZuvodeuTikA ap)Xeia

Napaptnua A

ITo mopdptnua auto Slvovtal ta KOTOOKEUAOTIKA oxedla Twv Olemadwy mou TPOKELTAL va
npoocaptNOoUV OTOUG CUCOWPEUTEG. ZUYKEKPLUEVA, Tal ox€da ATFIUSAC0031, ATFIUSAC0033 kot
ATFIUSAC0032 avadépovtal otnv Olemadn amd tepAov evw ta oxedia ATFIUSACO030 kot
ATFIUSAC0029 avadépovtat otnv dtemadn €AEng (pulling interface) mou mpooaptdtal 0TI TECOEPELG
TIAEVPEG Tou TTAaLoiou Tou cucowpeuth (Evotnta 4).

Napaptnua B

To mapdptnua autd avapEPETAL 0TV AVAAUON AVTOXNG TNG METAAALKNG KATAOKEUNG OAloBnong twv
cuvoowpeuTwyv. H avdAuon amoteleital and dvo eyypada. Ito €yypado tou mapaptiupatog Bl
e€etaletal n avtoxn TNG CUVOALKNG LETOAALKA G KATAOKEUNRG EVW OTO €yypado Tou apaptriupatog B2
e€etaletal n enidpaon twv eéwteplkwyv eAkTikwv Sduvapewv (pulling forces) otnv petaAAikn
kataokeun (Evotnta 4).

Napdaptnua r
To mapdptnua autd neptlapBavel Tnv avaluon avioxng Tou MPoowpLlvou KOAUMUOATOS TNG BAong
™G mpwing povadag Yuéng (Evotnta 8.2).

Napaptnua A
‘EkBeon teEXVIKWV Ttpodlaypadwy yLa TOV UNXAVIOUO HETAPOPAG CUCCWPEUTWVY Kot To Peudodamnedo
miou Ba ekteivetal yupw aro tov véo e§omAlopnd Puéng (Evotnteg 4 ko 7).

Napaptnua E
EkBeon texvikwv mpodlaypadwv yla Tov Kvntod yepavo cuvappoloynong & ouviipnong ng
ededpikng povadag Yuéng (Evétnta 5).

Napaptnua IT
‘EkBeon TeXVIKWV MpodLaypadwv yLa Tov UTIEPU P WILEVO YEPAVO GUVAPHOAOYNONG & cuvtApnong Twv
urtoAoinwv povadwv Yuéng (Evétnta 6).

Apxeia Aoylopikou avaAvong nenepacpévwy otolxeiwv (Finite element analysis software)

[a to avolyua toug anatteital to Aoytoud ANSYS Workbench ékdoong 2020 R2 (20.2) 1 vedtepnc.
- Calculation note — Accumulator sliding rail: Avtiotowxei oto Mapdptnua B;

- Calculation note — Temporary cover for cooling plant: Avtiotolxet oto Napdptnua .

Apxeia AoylopkoU oxedlaopol BonBolpevou anod untohoyiotr (Computer aided design software)

Mpdkettar yla ouvapuodroynuéva ouvoda mou Snuioupyridnkav ue to Aoyiouké CATIA V5 kat

UETATPATINKAY OE LOP@R .Stp wote va umopouv va mpoBAndouv ue tn xprion omotoudnmnote

OXeSLAOTIKOU TIPOYPAUUATOG.

- Accumulator PTFE Pad: Avtiotolxei oto oxedto ATFIUSAC0031 tou Mapaptipatog A;

- Accumulator Pulling Interface: Avtiotolxet oto ox€dto ATFIUSAC0030 tou Mapaptiuatog A;

- False Floor and Accumulator Sliding Rail: AvtioTtolxel 0tnv cUVOALKA KATOLOKEUT TTOU avaAlOnke
otig Evotnteg 3, 4 ka 7.
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Calculation note of the beam structure to be used for

sliding the accumulators in USA15-CV room for run 4.

EDMS Document No: Institute Document No. Created: 07.12.2022 Page: 10of 27

— Modified: Rev. No.: 0

Calculation note of the beam structure to be used for

sliding the accumulators in USA15-CV room for run 4.

Abstract:

In the framework of the integration of the CO; system for run 4, the USA 15-CV room will be equipped with
new cooling material. Amongst them, 6 CO. accumulators (with a weight of about 1.5T and a height of
about 3m) will need to be installed. Due to height constraints, it is impossible to reach their final position
with a crane. Therefore, it has been decided to design a mechanism to slide the aforementioned
accumulators safely to their final positions. More specifically, the frame of the accumulators will be
equipped with Teflon pads. Those Teflon pads will act as an interface between the accumulator’'s frame

and a beam structure capable of withstanding the 1.5 T weight.

This specification includes a calculation note of the aforementioned beam structure, emphasizing on some
of the most important aspects that should be taken into consideration when analyzing beam structures,
such as the maximum deflection, the maximum stress, the durability of the connections between the

beams and the risk of buckling of part of the structure.
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E. Antonopoulos EP-ADO-PO - -—
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1. Objectives of calculation note

The objective of this calculation note is to verify the structural integrity of the beam structure that was
proposed. In particular, we are interested in verifying the adequacy of the HEB100 section that we chose
to be the main component of the beam structure and making sure that the distance between the supports
(feet) of the structure does not result in non-permissible deflection. In addition, we want to test the
adequacy of the connections chosen and to make sure that there is no risk of buckling of part of the

structure.

In essence, this report will allow us to have a clear view of the maximum values of the critical dimensions
of the beam structure. Using those values, we can in later stages lock the design of the structure and

proceed with the appropriate detailed drawings.

2. Software used for the calculation note
The following calculation was performed using the Ansys Workbench 2020 R2 (20.2) platform and
specifically:
e Ansys SpaceClaim to prepare — simplify as needed the detailed beam structure which was originally
designed in CATIA V5 and imported into SpaceClaim as a step file.

¢ Ansys Mechanical to perform the static-structural and the buckling analysis of the beam structure.

3. References
e The original document of the detailed beam structure can be found in SmarTeam under the following
ST number: ---'. This 3D CAD model was inserted into ANSYS SpaceClaim as a step file.
¢ The simplified version of the beam structure is directly attached to the analysis file since it was created
in ANSYS SpaceClaim.

e EDMS document “---2" explains the experiment through which it was decided to use Teflon pads as
an interface between the accumulators and the beam structure.

e Construction code Eurocode 3 was used for the verification of the structure.

T Snueiwaon mapapriuaroc: MpokeiTal yia v UETAAIKN Kataakeur oAicOnang Twy cuoowpPeUTwY. Mmopei va
avalntnBei ota step files mou mapaddbnkav uadi pe Tnv diITAwuarTikn epyaocia.
2 Snueiwaon mapapthuarog: MNpodkeiral yia tnv meipaparikn diadikaoia mou avaAuénke atnv Evornra 3 ¢ epyaaiag.
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4. Geometry of the studied structure

Figure 1 shows the full beam structure model as it was designed in CATIA V5. Analysing the whole model
in ANSYS was deemed to be unneeded since:
a) Many subparts of the beam structure (such as the final resting beams of the 6 accumulators) are
identical and including all of them in the analysis would add unneeded computational cost.
b) We only need to test the parts of the structure that are subject to the highest stresses and
deformations. These are, of course, the longest beams of the structure which can be seen inside

the orange polygon of figure 1.

Figure 1: Beam structure as modelled in CATIA V5. Orange polygon shows the part of the structure included in the analysis.

The aforementioned part of the beam structure was saved as a step file and added into the Ansys
Workbench. However, it was decided to only model the beams and exclude from the analysis the following
parts:

.  The welded joints and the bolts used to connect the beams since their integrity can be later
verified by looking at the analysis results, and more specifically the shear forces and moments at
the beams connections.

[I.  The guiding system which consists of a small square profile welded on the edges of the beams
since it does not influence the maximum deflection of the beams nor the forces taken by the beam
connections.

lll.  The final positioning plates and bolts since this analysis focuses on the most stressful (for the
beams) phase of the sliding, which as explained is at the midpoint of the long beams, where there

are no final positioning plates.

The parts included in the analysis can be seen in figure 2a and some examples of the aforementioned
unneeded parts can be seen in figure 2b. The unneeded parts can simply be suppressed in ANSYS

SpaceClaim in order to be excluded from the analysis.
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L7

Figure 2: a) Parts of the beam structure included in the analysis and b) Examples of suppressed parts.

Looking more carefully at the geometry of figure 2a we see that near the beam connections the beams
have holes in order for the bolts to pass through (figure 3a). These holes do not need to be included in this
analysis and we can therefore select them quickly using Ansys’ “Power selector” tool and then remove

them from the model (figure 3b).

Figure 3: Unneeded bolt holes in the analysis model a) before and b) after being removed in ANSYS SpaceClaim.

At this point the model is left only with the components that will be used for the analysis. Since this is a
beam structure, it was decided to simulate it using beam elements. In order to define the beam sections
used in the model, we use SpaceClaim’s automatic beam profile extraction, which automatically detects

the geometric characteristics of the beams used (those can be found in chapter 5.3).

However, as shown in figure 4a, the automatic detection of the beams results in gaps near their
connections because we chose to omit the welded connecting plates to simplify the geometry. Those gaps
can be resolved by using SpaceClaim’s “extend” option followed by manually fine tuning any connections
that did not perfectly align with each other. The final result of the interconnected beam elements can be
seen in figure 4b. All those beams can be moved in the same component while also choosing the option
“share topology”. This way the mesh which will be created will bind the beams together using nodes. This

eliminates the need for contacts and MPCs, thus making a very effective analysis.
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Figure 4: Beam elements a) before and b) after closing the gaps that resulted from their automatic detection.

The final step of the pre-processing is to add two points in the model, each one being in the middle of the

longest beam, where we expect to have the highest stress and deflection of the beam. Those two points

will be later used to define where the accumulator’s weight force will be acting in the worst-case scenario.

We use SpaceClaim’s “Imprints” tool to imprint those points on the beams (figure 5).

Figure 5: Imprinting two points in the middle of the longest beams where the accumulator’s weight force will be acting.

A final step of describing the model’s geometry is to establish the global axis system in relation to which

all the results of the following chapters will be described. The reference coordinate system that will be

used can be seen in figure 6.

—

500.00

1000.00 (mm)

750.00

Figure 6: The global axis referenced throughout the report next to the model



ATLAS Project Document No: | Page: Page 9 of 27
— Rev. No.: 0

5. Finite element model
5.1 Meshing

In general, representing beams as line bodies is a very efficient method of simulating when it comes to
solving time required. We can use Ansys Mechanical’'s automatic meshing and get the mesh shown in
figure 7a, which results in a model consisting of only 420 nodes and 214 elements, leading to an almost
instant solving time. At this point it is also important to create any end release connections needed to
accurately represent the model connections. We can safely assume that all connections between HEB
beams are capable of transfering forces and moments to each other since they are strongly connected
using sets of 4 bolts. However, this is not the case for the connections between the support plates and the
HEB Beams, where only 2 bolts are used. In order to simulate that, we should add end releases at the
points of connection of those support plates and more specifically an end release that allows for free
rotation around the Y axis, as shown in figure 7b. Similarly, end release connections are applied to the

rest of the supporting plates.

100000 2000.00 (mm)
1500.00

Figure 7: a) Meshing of the model and b) Detail of end release connection needed for free rotation about the Y axis shown.

5.2 Material
We use structural steel for all components. Specifically, the type of structural steel the beams are made of
is defined in the EDH?® website as S235JRG2 (RSt 37.2). The default structural steel found in the Ansys

Library closely resembles S235JRG2 and it can be safely used for this simulation.

5.3 Physical properties of the beams

The model consists of 3 different types of beam cross sections with varying lenghts:
a) HEB100 for most of the beam structure
b) UPN100 for the outermost beam at the final position of the accumulators
¢) Rectangular plate for the support plates along the longest HEB 100 beams

The physical properties of the aforementioned sections can be seen in Table 1.

3 Znueiwaon mapapthuarog: MNMpoKeiTal yia TNV IGTOTEAIdA TTApAyyEAIDV TTPOIOVIWY (TN TEPITITWOT) IS UETAAIKWY
OoKwv) 1Tou xpnoiuorroigitar oto CERN.
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Units
Area 2603.61 1345.38 760 [mm?]
Centroid X 0 9.49 0 [mm]
Centroid Y 0 0 0 [mm]
Ixx 4495716.73 2053542.18 6333.33 [mm?4]
lyy 1672735.07 291484.84 365813.33 [mm?]
Shear Center X 0 38.09 0 [mm]
Shear Center Y 0 0 0 [mm]
Torsional Constant 95421.59 28917.43 23749.36 [mm?#]
Warping Constant 3231304401.14 410758298.6 2689659.81 [mm9]

Table 1: Physical properties of the section used for the beam structure.

5.4 Loads
At this point we have to consider what external forces we are going to exert on the beam structure. It is
recommended to test the worst case scenario, which is the combination of:
a) The entire 1.5 T of the accumulator’s weight being exerted on two of the four teflon pads (e.g. when
we start pulling the accumulator) and
b) The accumulator being in the middle of the longest HEB100 beams.

It is clear that the combination of the afformentioned scenarios corresponds to two forces of 750 kg each
acting on the two points we imprinted on the long beams, as explained in chapter 4. However, we also
want to test the durability of the support plates and, in particular, their durability when it comes to
compression and buckling. Such compressive forces would not show up in our analysis if the 750 kg forces
act directly in the middle of the HEB 100 beams. Therefore, they need to be eccentric, eg 10 mm off to the

sides, as shown in figure 8a.

One other way of representing an eccentric force when it comes to line body analysis is by intoducing:
a) A 750 kg force acting exactly in the center of the HEB 100 beam and

b) A 750*10 kg mm moment acting in the same point and having a direction as shown in figure 8b.

However, according to Eurocode 3 we should consider a safety factor of 1.5 when it comes to dealing with
live loads / imposed loads (such as the case of the accumulator’'s weight). Therefore the ULS forces and

moments we impose are 1125 kg of force and 11250 kg mm of moment.
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25000 75000 250.00 75000

0.00 500.00 1000.00 (| ; 0.00 500.00 1000.04

Figure 8: Simulating the worst case scenario by either a) Adding two eccentric forces or b) Adding a combination of a centric
force and a torsional moment. The two representations give similar results.

In our simulation we tested both those representations and the results they gave were almost identical.
However, it was decided to continue with the second way of representation as it is more common for

problems that are modelled with line bodies.

The aforementioned scenario corresponds to the highest stress and deflection the HEB beams will
experience. However, as explained earlier we also want to make sure that the support plates will not be in
danger of buckling. The most stressful scenario in terms of buckling probability is when the eccentric forces

act directly over a support plate as shown in figure 9.

900.00 (mm)

Figure 9: Simulating the worst case scenario in terms of buckling risk for the support plates.
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5.5 Boundary conditions
Boundary conditions are needed to be applied to constrain the system. The bottom vertex of a foot of the
frame is selected and a fixed boundary condition is applied to it. Using ANSYS Mechanical’'s “Object

Generator” feature, the same fixed supports can be applied to all other feet as shown in figure 10.

Figure 10: Fixed support boundary conditions applied on the 20 feet of the beam structure.

The reaction forces on those fixed supports will be later discussed in the results chapter in order to verify
the analysis code and to ensure that the bolts used to fix the frame to the ground can take on the stresses

caused by the accumulator’s weight.

6. Analysis

As explained in chapter 5, two types of analysis will be done. The first one focuses on the effect the
accumulator’s weight has on the HEB100 beam deflections and stresses while the second one focuses on
the sufficiency of the support plates when it comes to compressive stresses and buckling. Results of both

those analysis are presented in the next chapter.
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7. Results

7.1. Stressing beam structure in maximum deflection & stress conditions

We start by looking at the results of the first scenario, where we consider the accumulator’s weight force
to be acting upon the middle of the longest HEB beam, as explained in chapter 5.4. One way of checking
the validity of our analysis is take a look at the reaction forces at the boundary conditions of our model, i.e.

the 20 feet of our model as explained in chapter 5.5. The reaction forces on each foot have been

summarized in table 2. As shown, the total force is equal to the ULS force.

Probe: Reactions | X Magnitude | Y Magnitude Magr%itu de Total Units
Force Reaction 01 -1.4409 -2.2562 -2.3151 3.56392 N
Force Reaction 02 -1.3639 244 .22 -912.83 944 .94 N
Force Reaction 03 1.6512 243 .42 -917.87 949.6 N
Force Reaction 04 -1.4742 3.087 -3.843 5.145 N
Force Reaction 05 1.4092 -0.51626 0.7965 1.6991 N
Force Reaction 06 -4 46E-02 -1.4178 158.67 158.68 N
Force Reaction 07 -0.39371 -1.8099 159.97 159.99 N
Force Reaction 08 1.91E-02 2.2276 0.65161 2.321 N
Force Reaction 09 0.78439 -0.13102 7.13E-02 0.79844 N
Force Reaction 10 -0.42382 -0.50231 -0.12827 0.66962 N
Force Reaction 11 -0.27 -0.13092 2.55E-02 0.30115 N
Force Reaction 12 -1.0532 4.7342 159.46 159.54 N
Force Reaction 13 -1.2262 3.473 160.96 161.01 N
Force Reaction 14 -0.47699 -1.5973 -8.28E-02 1.669 N
Force Reaction 15 0.3781 -238.72 -907.52 938.39 N
Force Reaction 16 3.1663 -240.78 -916.68 947.78 N
Force Reaction 17 -147.5 2486.3 6345.2 6816.5 N
Force Reaction 18 148.27 2489.1 6365.1 6836.1 N
Force Reaction 19 -148.83 -2495.9 6415.2 6885.2 N
Force Reaction 20 148.81 -2492.8 6395.2 6865.4 N
Combined Forces 0 0 22500 22500 N

The following figures summarize:

The forces in the beams of the structure (figure 12 and table 4)

The stresses in the beams of the structure (figure 12 and table 5)

The displacement in every direction & the total displacement (figure 11 and table 3)

Table 2: The reaction forces of the first analysis scenario. The total reaction force is equal to the ULS force applied.
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Figure 11: First analysis scenario: Deformation

a) X axis, b) Y axis, c) Z axis and d) Total

B: Model B: Testing beam deflection
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Axial Fores Total Shasr Foren
Type: Directional Axial Force(X Axish {Unaveraged) Type: Total Shear Force (Unaveraged)
unit: N unit: N
Solution Coordinate System Time: 1
Time: 1 15/12/2022 10:11
15/12/2022 10:11
5657.1 Max
917.87 Max H 0786
H 10308 2400
mn | 37714
-15265 31429
-23413 25143
1561 18857
-39708 z 1257.2 z
47856 62859
-56004 0.024459 Min
-64152 Min ag0 150000 3C00.00 (mm) ' a.00 150000 '
—
750.00 225000 750.00 225000
B: Model B: Testing beam deflection B: Model B: Testing beam deflection
Torsicanl Moment Total Bending Moment
Type: Directional Torsional Moment(X Axis| (Unaveraged) Type: Totl Bending Moment (Unaveraged)
unit: Ne-mm Unit: Nemm
Solution Coordinate System Time: 1
Tirme: 1 15/12/2022 10:12
15/12/2022 1012
25396 Max
56519 Max H 225656
H 43380 19748¢6
31440 | 1.6927e6
18201 1.4106e6
63611 1.1284e6
61784 8463305
18718 Z 5642205 §
31258 2821188
-43797 0.86122 Min .
-56337 Min ago 150000 300000 (mm) ‘ a.00 150000 3000.00 {mm) ‘
750.00 225000 750.00 225000

Total bending

Figure 12: First analysis scenario: Forces in members of the structure a) Axial force, b) Shear force, ¢) Torsional moment and d)

moment
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B: Model B: Testing beam deflection B: Model B: Testing beam deflection
Direct Stress Shear Stress
Type: Direct Stress Type: Shear Streas(XY Component)
Unit: MPa unit: MPa
Time: 1 Gl

15/12/2022 10:16 Time

15/12/2022 1017
0352 Max

! ARSagsT 8.5633 Max
g ! 66634
058541 47635

1 28636

036377

! 08351

B -2835
47358
-6.6357
-8.5356 Min

' 089789
-12104
- 15228
-18353
21478
-2.4602 Min

0.00 150000 3000.00 [mm)
—
750.00 225000

28.203 Max
q 25055
2193

18.802
15,668

' 12.535

= ga4om
8.2674 Z
31338
7.6225¢-5 Min

Figure 13: First analysis scenario: Stresses in members of the structure a) Normal stress, b) Shear stress, ¢c) Maximum bending
stress and d) Equivalent (von-Mises) stress

2
21.192
Z 70639
35319
3.8855¢-6 Min
000 150000 3000.00 [mm) 000 150000 3000.00 )
— =———=m —
750.00 225000 750.00 225000

The results of figures 11, 12 and 13 have been summarized in table 3.

min max Units | Absolute maximum location
Total Deformation 0 0.8071 mm Center of the long beams
Directional Deformation X | -0.2880 0.2880 mm Center of the long beams
Directional Deformation Y | -0.0332 0.0329 mm At 74 of the long beam (figure 11b)
Directional Deformation Z | -0.7540 0.0494 mm Center of the long beams
Axial Force | -6415.2 917.87 N Feet (compression)
Total Shear Force | 0.0245 5657.1 N Long beams

Torsional Moment | -56337 56519 N-mm | Long beams
Total Bending Moment : 0.8612 | 2.54E+06 | N-mm | Center of the long beams
Normal Stress | -2.4602 0.3520 MPa | Feet (compression)
Shear Stress | -8.5356 8.5633 MPa | Center of the long beams

Maximum Bending Stress 0 28.203 MPa | Center of the long beams

Equivalent Stress 0 31.788 MPa | Center of the long beams

Table 3: Summarized results of the 15t analysis scenario
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7.2. Stressing beam structure in buckling conditions

We continue by looking at the results of the second scenario, where we consider the accumulator’'s weight

force to be acting on top of feet in order to test for any buckling phenomena as explained in chapter 5.4.

One first check we can do in order to check the validity of our analysis is take a look at the reaction forces

at the boundary conditions of our model, i.e. the 20 feet of our model as explained in chapter 5.5. The

reaction forces on each foot have been summarized in table 4. As shown, the total force is equal to the

ULS force applied on the beams.

Probe: Reactions X Magnitude | Y Magnitude Z Magnitude Total Units
Force Reaction 01 0.28542 0.35594 0.35058 0.57538 N
Force Reaction 02 -2.29E-02 1.8425 -10.256 10.42 N
Force Reaction 03 9.41E-02 1.9984 -10.35 10.542 N
Force Reaction 04 -2.83E-02 1.99E-02 -4.49E-02 5.66E-02 N
Force Reaction 05 6.09E-03 1.05E-02 9.62E-03 1.55E-02 N
Force Reaction 06 -1.58E-02 -0.75357 2.1938 2.3197 N
Force Reaction 07 -3.79E-02 -0.63136 2.1661 2.2565 N
Force Reaction 08 -1.02E-02 6.32E-02 9.36E-03 6.47E-02 N
Force Reaction 09 1.13E-03 -2.19E-03 -2.02E-03 3.19E-03 N
Force Reaction 10 -1.65E-02 -1.86E-03 -1.67E-03 1.67E-02 N
Force Reaction 11 -1.19E-02 -2.35E-03 -1.85E-03 1.23E-02 N
Force Reaction 12 3.11E-02 -6.9457 -24.245 25.221 N
Force Reaction 13 0.18184 -6.7957 -24 444 25.372 N
Force Reaction 14 -3.89E-02 0.13229 -3.22E-02 0.14159 N
Force Reaction 15 -0.42686 23.037 71.277 74.909 N
Force Reaction 16 0.17308 23.259 72.304 75.953 N
Force Reaction 17 -294.95 10.377 11173 11177 N
Force Reaction 18 294.73 10.578 11173 11177 N
Force Reaction 19 -1.7823 -28.385 37.773 47.283 N
Force Reaction 20 1.8408 -28.156 37.783 47.157 N
Combined Forces 0 0 22500 22500 N

Table 4: The reaction forces of the second analysis scenario. The total reaction force is equal to the ULS force applied

The following figures summarize:

The displacement in every direction & the total displacement (figure 14)

The forces in the beams of the structure (figure 15)

The stresses in the beams of the structure (figure 16)
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C: Model B: Testing plate buckiing C: Model B: Testing plate buckiing
Directional Defermation X Directional Deformation Y

Type: Directional Deformation(X Awis) Type: Directional Deformation(Y Axis)
Unit: mm Unit mm

Global Coordinate Systern Global Coordinate Systern

Tirme: 1 Time: 1

15/12/2022 10:36 15/12/2022 10:37

0.0010034 Max
H 000080682

H 0.0079468 Max

00061869
0004427 000061023
00026671 000041364
000080725 000021705
000085255 20
00026125 3 - 17613 3
00043724 000037271
00081323 00005693
-0.0078922 Min 000 150000 3000.00 (mm) -0.00076589 Min 000 150000 3000.00 (mm)
1 1
750,00 225000 750,00 225000
C: Model B: Testing plate buckling €: Model B: Testing plate buckling
D nal Deformation 2 Total Daformaton

Type: Total Deformobon
unit mm

Time: 1
15/12/2022 1038

0.018282 Max
H 0014219

Type: Directionsl Deformation(Z Axis)
unit: mm

Glabal Coordinate Systerm
Time: 1
15/12/2022 10:38

H 0.00055977 Ma.

000134
398 | 0012188
00051395 0010156
00070393 00081252
00089391 00050932
0010839 Z 00040626 Z
0012739 00020313
0014628 © Min
-0.016538 Min 000 150000 3000.00 (mm) 000 150000 3000.00 (mm)
750,00 225000 | 750,00 225000
Figure 14: Second analysis scenario: Deformation a) X axis, b) Y axis, ¢) Z axis and d) Total
C: Model B: Testing plate buckling C: Model B: Testing plate buckling
Axial Force Total Shear Force
Type: Directional Axial Force(X Axis) (Unaveraged) Type: Total Shear Foree (Unaveraged)
Jnit: N Jnit: N
Solution Coordinate System Time: 1
Time: 1 1512/2022 10:41
15/12/2022 10:40
295.56 Max
. 285.22 Max . 26272
937.89 229.88
= 26 19704
33341 1642
48072 [
-6080.3 98521
73534 Z 65581 <
8526.5 I 32841
I 9893.7 ;i 0.00054741 Min y
-11173 Min 0.00 1500.00 3000.00 {mm) 0.00 1500.00 3000.00 {mm)
=== I | === —— |
75000 2250.00 750.00 2250.00
C: Model B: Testing plate buckling C: Model B: Testing plate buckling
Torsional Moment Total Bending Moment
Type: Directional Torsional Mement(X Acs) {Unaveraged) Type: Total Bending Moment (Unaveraged)
Jnit: Nmm Jnit: Nmm
5olution Coordinate System Time: 1
15/12/2022 1043
. 1.1183e5 Max
Z Z
25276
I 35394 ; Y
-455.12 Min 0.00 1500.00 3000.00 {mm) 0.00 1500.00 3000.00 {mm)
— | === — |
750.00 2250.00 750.00 2250.00

Figure 15: Second analysis scenario: Forces in members of the structure a) Axial force, b) Shear force, ¢) Torsional moment
and d) Total bending moment
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C: Model B: Testing plate buckling
Normal (direct)
Type: Direct Stress
Unit MPa

Time: 1
15/12/2022 10:48

. 0.37529 Max
0.14242

-0.66028
1,1781

g -16959

C: Model B: Testing plate buckling

Shear Stress

Type: Shear StressiXy Component)

Unit MPa

Global Coordinate Systemn

Time 1
15/1272022 10:49

0.069014 Max
- 0053684

= 0038354

I 67 0
~4.2848 Min I 0.053625
000 1500.00 300000 {mm) -0.068955 Min 000 1500.00 300000 {mm)
75000 225000 75000 223000
C: Model B: Testing plate buckling C: Model B: Testing plate buckling
Maxwrmum Bendling Stress Zquivalent Stress
Type: Maximum Bending Strass Type: Equivalent (von-Mises) Stress
Unit MPa Unit MPa
Time: 1 Time: 1
151272022 10:49 1541272022 10:49
. 3.3349 Max . 7.6801 Max
644 68288
3 59734
5.1201
I 085335
1.2256e-8 Min
000 1500.00 300000 {mm] 000 1500.00 3000.00 {mm)
75000 2250.00 75000 2250.00

Figure 16: Second analysis scenario: Stresses in members of the structure a) Normal stress, b) Shear stress, ¢c) Maximum
bending stress and d) Equivalent (von-Mises) stress

The results of figures 14, 15 and 16 have been summarized in table 5.

min max Units | Absolute maximum Location
Total Deformation 0 0.018 mm Connection point with feet
Directional Deformation X -0.008 0.008 mm Connection point with feet
Directional Deformation Y -0.001 0.001 mm At 1/8 of the long beam (figure 14b)
Directional Deformation Z -0.017 0.001 mm Connection point with feet
Axial Force | -11173 285.22 N Feet (compression)
Total Shear Force 0 295.56 N Feet
Torsional Moment -455 455 N-mm | Long beams
Total Bending Moment 0 111830 N-mm | Connection point with feet
Normal Stress -4.285 0.375 MPa | Feet (compression)
Shear Stress 0 0 MPa | Negligible
Maximum Bending Stress 0 3.335 MPa | Connection point with feet
Equivalent Stress 0 7.680 MPa | Connection point with feet

Table 5: Summarized results of the 2" analysis scenario
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8. Code verification

8.1. Static verification

In this chapter we present the static verification of the HEB100 beams used. This verification is done
according to Eurocode 3 (EN 1993-1-1)

HEB100 Properties

Description Symbol Value Units
Geometry
Height h 100 mm
Width b 100 mm
Web thickness tw 6 mm
Flange thickness t 10 mm
Connection radius r 12 mm
Inner depth hi 80 mm
Web depth hw 80 mm
Straight portion of web d 56 mm
Area A 2600 mm?
Shear area (web axis) Avz 551 mm?
Shear area (flange axis) Avy 1613 mm?
Bending
Y-axis moment of inertia ly 450 cm*
Z-axis moment of inertia Iz 167 cm?
Polar moment of inertia lp 617 cm*
Y axis radius of gyration iy 41.6 mm
Z-axis radius of gyration iz 25.3 mm
Polar radius of gyration ip 48.7 mm
Y-axis statical moment of area max Sy 52.1 cm?
Z-axis statical moment of area max Sz 12.56 cm?®
Y-axis elastic section modulus Wy 89.9 cm?
Y-axis elastic section modulus W; 33.5 cm?®
Torsion
Torsional constant It 9.29 cm*
Secondary torsional constant lts 338.05 cm?*
Section modulus for torsion Wi 9.29 cm?®
Warping
Warping ordinate with respect to shear center max w 22.50 cm?
Warping constant with respect to shear center lo 3375.00 cmé
Warping radius of gyration with respect to shear center iw 23.4 mm
Warping section modulus with respect to shear center Wy 150.00 cm*
Warping statical moment with respect to shear center max Sw 56.25 cm*
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Stability
c/t ratio of flange clts 3.500 --
c/t ratio of web cltw 9.330 --
Plasticity
Plastic section modulus about y-axis Woly 104.24 cmd
Plastic section modulus about z-axis Wiz 51.42 cm?
Plastic warping section modulus with respect to shear center Woi,w 225.00 cm?*
Plastic shape factor about y-axis Oply 1.159 --
Plastic shape factor about z-axis QObpl,z 1.535 --
Plastic shape factor with respect to shear center Olpl,w 1.500 --
Plastic shear area in y-direction Aply 20.00 cm?
Plastic shear area in z-direction Aplz 5.40 cm?
Plastic limiting normal force Nopi 612.019 kN
Plastic limiting shear force in y-direction Voly 271.355 kN
Plastic limiting shear force in z-direction Vol z 73.266 kN
Plastic limiting bending moment about y-axis Moy 24.50 kNm
Plastic limiting bending moment about z-axis Mol z 12.09 kNm
Plastic limiting torsional moment Tl 8.15 kNm
Other

Weight G 20.4 kg/m
Surface area per unit length Am 0.567 m?m
Volume \Y% 2600.00 cm?/m
Section factor An/V 218.077 1/m
Web area Aw 4.80 cm?
Partial safety factor ymo YMo 1.1 -
Partial safety factor ym1 Ym1 1.1 -
Partial safety factor ym2 ym2 1.25 -

Table 6: Physical properties of HEB 100 beams according to Eurocode 3 symbols.

Material Properties (S235JRG2)

Description Symbol Value Units
Yielf strength fy 235 MPa
Ultimate tensile strength fu 410 MPa
Modulus of Elasticity E 210 GPa
Poisson’s ratio v 0.3 -

Shear modulus G 81 GPa

Table 7: Material properties of S235JRG2 structural steel used for the HEB 100 beams according to Eurocode 3 symbols.
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Tension (6.2.3 in EN 1993-1-1:2005) and Compression (6.2.4 in EN 1993-1-1:2005
Looking at the results of our simulations, we obtain that Ngg = 11173 N
Ngq

—=17%=10.017 <1

Ny,

Bending (6.2.5 in EN 1993-1-1:2005)
Looking at the results of chapter 7, we obtain that Meqy = 2.539 kKN m and Mgq, = 0.094 kKN m

Mgay Mgq, 2.539 0.094

=112% =0112<1
i % =0 <

= +
oy Mp, 2450  12.09

Shear (6.2.6 in EN 1993-1-1:2005)
Looking at the results of chapter 7, we obtain that Veqy = negligible and Veq, = 5657.1 N

VEd,Z

Vpl,z

=21%=0.021<1

Torsion (6.2.7 in EN 1993-1-1:2005)
Looking at the results of chapter 7, we obtain that Teq = 56.519 N m
Tgq

— =07%=0.007 <1
T

Bending and shear (6.2.8 in EN 1993-1-1:2005)
The maximum shear force is less than half the plastic shear resistance so its effect on the moment

resistance cam be neglected according to 6.2.8 in EN 1993-1-1:2005

VE VEd,
£dz 205> p, =1 2
4 Lz

p

<05-p,=1
ply

My z = pzMp1z = My, My, = pyMpi,y = Mp,y

Bending and axial force (6.2.9 in EN 1993-1-1:2005)
As a conservative approximation for all cross-sections, a linear summarization of the utilization ratios for
each resistance may be used:

Nga  Mgay Mgg,

Npl Mpl,y Mpl,z

=129% =0.129<1

Bending, axial and shear force (6.2.10 in EN 1993-1-1:2005)
As a conservative approximation for all cross-sections, a linear summarization of the utilization ratios for
each resistance may be used:

Ney M M Vv Vv
Ed Ed,y Ed,z Ed,z Ed)y _ 15.1% = 0.15 < 1
Npr  Mpry  Mpz Vi, Vpy
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8.2. Stability verification

The second scenario (as explained in chapter 5) was done in order to test if there is danger of buckling at
the support plates. However, as the results show, there is no compression at those plates. Therefore, what
is left it to verify the buckling resistance of the HEB beams acting as the feet of the structure. Due to their
small length in relation to the beam’s width and height it can be safely assumed that they pose no risk
when it comes to compression buckling. In order to verify this, we can do a simple eigenvalue buckling
analysis in Ansys which uses the results of the Static-Structural simulation as input. Indeed, as shown in
figure 17a, the first mode of buckling occurs when we have a load multiplier of -73. The negative value
means that if the force acting on the support plates was 73 times bigger and compressive (hence the

negative value) then the plates would buckle.

The second mode of buckling is shown in figure 17b and it corresponds to the torsional lateral buckling of
the long beams. In this case, the load multiplier is equal to 286 and we can therefore assume no risk of

lateral torsional buckling. The aforementioned verifications can also be done accoarding to Eurocode 3,

as follows.
-
F: Eigenvalue Buckling F: Eigenvalue Buckling
Total Deformation Total Deformation 2
Type: Total Deformation Type: Total Deformation
Load Multiplier (Linear): -73.019 Load Multiplier (Linear): 286.26
Unit mm Unit mm

14/12/2022 1649

- 1 Max
088889

14/12/2022 1647

1 Max
. 088292

|
022223
I o1mmm
0 Min
00 (mm) 000 1000.00 2000.00 (mm)
SamasEEr, 1
500.00 1500.00

Figure 17: Buckling modes: a) Compression buckling of support plate and b) Lateral torsional buckling of long HEB beams.

Uniform members in compression (6.3.1 in EN 1993-1-1:2005)
As explain earlier there is no risk of compression buckling, since the support plates are only taking tensile

forces.

Uniform members in bending (6.3.2 in EN 1993-1-1:2005)

We first need to calculate the design buckling resistance moment M, as follows:

fy
My = i1 Wpl,y
Ym1

Wiy, fy and ym1 can be found in 8.1 and the reduction factor for lateral-torsional buckling x.t can be

calculated as follows:
1

XL = —
d)AT + ‘/(D/%T - AiT
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Where:
®ur = 0.5[1 + ayr(Ar — 0.2) + A%;] = 0.674

a;r = 0.49 is an imperfection factor

_ ’W
A = Ivj;fy = 0.467 is the appropriate non — dimensional slederness
cr

I
M. = 1.27 I E I, G I, = 97 kNm is the elastic critical moment for lateral — torsional buckling

Which gives us:
xir =0862 and M, =19.1 kNm

We can now verify that:

Mgq
—=03%=0.003<1
W % <

Note: If we multiply the above percentage (0.3%) times the load multiplier of figure 7b (286) we get 85%,

which is close to buckling. This is evidence of the analysis’ accuracy.

Uniform members in bending and axial compression (6.3.3 in EN 1993-1-1:2005)

We can directly verify the structure against bending and axial buckling since there is no major axial

compression and the structure has already been verified againt bending buckling.
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8.3. Bolt verification

The calculation formulas used in this chapter follow the symbols defined in EN 1993-1-3 (Table 8)

Description Symbol Value Units
Geometry

Gross cross-sectional area A 78.5 mm?
Tensile stress area As 58.0 mm?
Net cross-sectional area of connected part Anet 5600 mm?
Reduction factor for long joints Bt - -
Nominal diameter of fastener d 10 mm
Nominal diameter of hole do 11 mm
Washer diameter dw 20 mm
Mean diameter of bolt/nut head dm 16.75 mm
End distance from the centre of the fastener to end of the connected part el 22 mm
Edge distance from the centre of the fastener to the edge of the connected part e2 25 mm
Ultimate tensile strength of the fastener material fub 800 MPa
Yield strength of the fastener material fyb 640 MPa
# of sheets that are fixed to the supporting member by the same screw or pin n 1 -
# of mechanical fasteners in one connection li 4 -
Spacing of fasteners in the direction of load transfer p1 36 mm
Spacing of fasteners in the direction perpendicular to the load transfer p2 50 mm
Thickness of the thinner connected part or sheet t 6 mm
Thickness of the plate under the bolt or the nut to 12 mm

Table 8: M10 Class 8.8 Bolted connection - Physical properties

Directionof  _-~ ‘ o 4 s

load transfer

Figure 18: Explanatory sketches of bolted connection according to Eurocode 3 symbols.

Since we have determined all the above physical properties of the bolted connections, we can continue

by verifying the positioning validity according to table 3.3 of EN 1993-1-8 (table 9)
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Distances and Minimum Maximum
spacings,
see Figure 3.1

Nyl

Structures made [rom steels conforming to
EN 10025 except steels conforming to
EN 10025-5

Structures made from
steels conforming to
EN 10025-5

Steel exposed to the | Steel not exposed to

Steel used
weather or other the weather or other

e s unprotected
corrosive influences Jcorrosive influences
. The larger of
End distance ¢, 1.2d, 41+ 40 mm 1 ,g
87or 125 mm
; The larger of
Edge distance e, 1.2d, 4t +40 mm £

S7or 125 mm

Distance e;

4)
in slotted holes 1, 5do
Distance ey .
in slotted holes }.5da
Spacing oy 29d, The smaller of The smaller of The smaller of
3 147 or 200 mm 147 or 200 mm 144, or 175 mm
Spacing p, o The smaller of
' 147 or 200 mm
Spacing p, | The smaller of
Sl 287 or 400 mm
Spacing p; 2. 4d, The smaller of The smaller of The smaller of
S 147 or 200 mm 147 or 200 mm 144, 0or 175 mm

3]

4)

Maximum values for spacings, edge and end distances are unlimited, except in the following cases:

- for compression members in order to avoid local buckling and to prevent corrosion in [402) exposed
members (the limiting values are given in the table) and; (:¢z]

for exposed tension members o prevent corrosion (the hmiting values are given i the
table). (¢
The local buckling resistance of the plate in compression between the fasteners should be calculated
according to EN 1993-1-1 using 0,6 p, as buckling length. Local buckling between the fasteners
need not to be checked if p)/r is smaller than 9 & . The edge distance should not exceed the local

buckling requirements for an outstand element in the compression members, see EN 1993-1-1. The
end distance is not affected by this requirement.

t is the thickness of the thinner outer connected part.
The dimensional limits for slotted holes are given in 1.2.7 Reference Standards: Group 7.

For staggered rows of fasteners a minimum line spacing of p; = 1,2d, may be used, provided thal the
minimum distance, L, between any two fasteners is greater or equal than 2.4d,, see Figure 3.1b).

Table 9: Minimum and maximum spacing, end and edge distances according to EN 1993-1-8

The material used (S235JRG2) conforms to EN10025-2 so we use the column in the red box of table 9.
We see that e1, e, p1 and p2 meet the aforementioned standards. We can now continue with the calculation

of the design resistance of the fasteners. As shown in figure 18b, the feet are equiped with welded plates

on their top side which are taking the shear force of the connection. In addition, there are no concerns over
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phenomena such as slip and fatigue stressing of the bolts. Therefore, we can proceed with the verification
according to “Category D: non — preloaded” type of connection, as specified in 3.4.2 of EN 1993-1-8.
Tension resistance:

_ky fup As _ 0.9.800 58

Fopy = = = 33.41 kN
t.Rd Yo 1.25

Where ko = 0.9

Punching shear resistance:

06md,, t
Byra = 06mdmty fu _ 62.13 kN
Ym2

Design tensile force per bolt for the ULS:

Filmax 1113
Fypa = =" = 278kN

Fipg = 2.78 kN < 3341 kN = F gy
Ft,Ed = 278 kN S 6213 kN = Bp,Rd

Therefore, the bolted connection is sufficient.
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9. Conclusion

According to the results of the above chapters:
a. The HEB 100 section profiles chosen can withstand the external loads and pose no risk against
buckling phenomena. This is evident not only from the low value of the maximum von Mises stress

(31 MPa) but also from the verification done according to Eurocode 3.

b. The maximum feet distance of around L = 1.5 m is sufficient since it meets both the standards of

Eurocode 3 and the general requirement of the maximum global deflection &:

L
Smax = 0.81mm < 1.50 mm = 1000 = Sallowed

c. The M10 Class 8.8 bolts of various lengths chosen can withstand the external loads.
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Calculation Note:

External Pulling Forces on Accumulator Sliding Rail

Abstract:

In the frame work of the integration of the CO, system for the ATLAS ITk upgrade, the USA15-CV room
will be equipped with new cooling material. Amongst them, 6 CO, accumulators (with a weight of about
1.5T and a height of about 3m) will need to be installed. Due to constrains imposed by both their height
and the tight environment in which they will be installed, it is not possible for them to reach their final
position with a crane. Instead, they will be equipped with Teflon pads and a chain block will be used to
slide them along a steel structure (---)' which starts near the entrance of the CV room and reaches up to

their 6 final locations.

An experiment carried out by ATLAS TC showed that the maximum pulling force required for the sliding
of the accumulators will be around 200 kg. This calculation note verifies the resistance of the

aforementioned metallic structure against those pulling forces.
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1. Introduction

For the installation of the accumulators (or in the event of their removal), part of the false floor structure
needs to be removed in order to free up the space above the accumulator sliding rails as shown in Figure
1. The same figure shows the final location of the 6 accumulators as well as the 14 “places” where a
pulling interface needs to be installed.

Those pulling interfaces will consist of a swivelling lifting eye attaching to a 0.5 T capacity chain block. The
other end of the chain block will be attached to the pulling interfaces located on the accumulator frame

(possibly with the addition of lifting slings in places where the chain block’s chain is not long enough).

(Un)loading
area

Figure 1: The layout of the installation of the first accumulator using the mobilev crane (left) and the temporary cover of the
2PACL spare plant (right).

The aforementioned pulling interfaces will be fixed into place using the surrounding false floor structure
(see Figure 2). Therefore, the accumulator rail will be subjected to external nominal pulling forces of around
200 kg (300 kg in ULS when a load amplification factor of 1.5 is applied since this is a mobile load). The

following chapters verify the design resistance of the structure against those external forces.
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2. Design resistance of bolts

The sufficiency of the bolts will be verified assuming the worst-case scenario, which corresponds to the
whole pulling force travelling through one set of feet to the concrete ground. This will not be the case in
reality as there are multiple feet and depending on the location of the accumulator (at least 3 sets of feet),
the pulling force will be transmitted to the various surrounding feet in different proportions. Therefore, the
assumption of having only one set of feet taking the pulling force is conservative.

As mentioned, the ULS pulling force is around 3000N (or 300kg). This force is parallel to the ground and
at the height of the chain block, as shown in Figure 2. We assume this force to be equally distributed in
each foot of the feet set since the pulling interface is located in the middle of the accumulator’s frame. This
force travels through the foot creating a torque in the connection between the height-adjusting screw and
the anchor bolt (it is essentially a lever arm mechanism). Using the symbols of Figure 2 we can obtain the
following value for the tensile and the compressive force experienced by the anchor bolt and the height-
adjusting screw accordingly:

ULS pulling force on each foot: F; = 1500 N

Chain block height: d; = 820 mm

Distance between height-adjusting screw and anchor bolt: d, = 50 mm

Resulting tensile/compressive force: F;-dy = F, - d, = F, = 24.6 kN

Detail A

Figure 2: The pulling force travels through the feet set and causes a compressive force in the height-adjusting screw and a
tensile force in the anchor bolt.
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2.1 Design tensile resistance

Using the calculated force value we can verify the design tensile resistance of the height-adjusting bolt:
Design tensile force: Fygqg = F, = 24.6 kN

Correction factor according to Table 3.4 of Eurocode 3 [EN 1993-1-8:2005]: k, = 0.9

Ultimate tensile strength for 8.8 class bolt: f,,, = 800 MPa

Tensile stress section of an M12 bolt: A; = 84.3 mm?

Partial safety factor: yp, = 1.25

Tension resistance: Fypq = % =48.4 kN
M2

Across flats dimension of the bolt head of an M12 bolt: d,,, = 17.7 mm
Thickness of the plate under the bolt or the nut: t,, = 6 mm

0.6 - -dpy ty fu
Ym2

Punching shear resistance: By, pq = = 128 kN

Eurocode 3 states that the following two checks have to be made in order to verify the design tensile
resistance of a bolt:
Check1: Fypg = 24.6 kN < 48.4 kKN = F,pq4

Check 2: F;pq = 24.6 kN < 128 kN = B pq

2.2 Screw thread resistance

The following screw thread resistance check is conservative because it assumes that only the first 3
threads take the load:
Yield strength of the weakest part joined (S235JRG2): f 5235 = 235 MPa

Pitch of M12 bolt: p = 1.75 mm
Screw thread resistance: F¢ = %'fy5235 ‘d-(3-p) =31.0kN
Check: F gy = 24.6 kN < 31.0 kN = F,

3. Design resistance of concrete F2

Concrete typically cracks at a 45° angle in a cone shaped section. The
force required to pull up this cone shaped section of concrete is called

“pull-out force” and can be calculated as follows:

Surface area of the 45°angle cone for a (conservative) H=5 cm deep

anchor bolt: A = 1.4142 - - H? = 11100 mm?

Shear strength of concrete (conservative): t. = 6 MPa

Pull-out force: Fpyii—out = Tc* A = 66.7 kN

Check: Fypg = 24.6 kN < 66.7 KN = F 1 ous
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4. Design resistance of false floor level beams
4.1 FEM Simulation

As shown in Figure 2, the chain block attaches on a rotating lifting eye which is held in the centre of the
false floor level beams using a standard M12 nut. Therefore, the beam is subjected to a sideways force of
3000N acting on the area of contact of the M12 nut (Figure 3).

4—-@ O F1(%)

Contact area
of the nut

Figure 3: Sideways pulling force acting on the contact area of an M12 nut located in the centre of a false floor level beam.

The above can be modeled in ANSYS using the 3D model of a long HEB100 beam (e.g. 1.5 meters) with
an M12 clearance hole in its center. Using ANSYS Spaceclaim, we can create a surface on the outside of

this hole with an outer diameter of D = 19 mm (M12 nut size contact area).

We import the model in ANSYS Mechanical and create a mesh that is coarse on most of the beam and
fine near the M12 clearance hole. We use fixed supports on either side of the beam and apply a sideways
force of 3000N on the contact area of the M12 nut. This results in equivalent (von-Mises) stresses which

are way below the yield strength, as shown in Figure 4.

K: External forces - False floor side
Equivalent Stress

Type: Eguivalent (von-Mises) Stress
Unit: MPa

Time: 1

03/08/2023 14:20

140.74 Max
125.11
10947
93.84

g 78206
62.571
46.937

31.303
15.668 b ¢
0.033978 Min X
0.00 150.00 300.00 (mm)
— — |
75.00 225,00

Figure 4: Equivalent (von-Mises) stresses on the false floor level beam at the location of the pulling interface.
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Similarly, the maximum total deformation is within the allowable limits (less than 1/500 of the length of the

beam), as shown in Figure 5.

K: External forces - False floor side
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

03/08/2023 15:02

. 0.21593 Max
0.19193
0.16794
0.14395
0.11996
0.095967
0.071975
0.047983
I 0.023992

0 Min

i

0.00 50.00 100.00 (mm)
P— —
25.00 75.00

Figure 5: Total deformation on of the false floor level beam at the location of the pulling interface.

4.2 Analytical calculation

To verify those results analytically, we can use the case of a simply -

supported rectangular flat plate with a concentrated load at its centre, as — t -------- ;

shown on the right (this is a conservative assumption since having a

simply supported plate results in the highest stresses in its centre). In our

case, we consider this plate to be the web of the HEB100 beam: p

b = 80 mm (HEB100 — thickness of beams flanges) M

a>4b l
2e = 19 mm (M12 nut)
t=6mm
P =3000 N (or 300 kg)
v = 0.3 (Poisson's ratio)
E =210 GPa (Young's modulus)
k; = 0.185 and k, = 1.0 (Factors depending on a - b ratio)
P b?
Vmax = K1 8- 0.08 mm

3P 2'b
Gmax:m[(1+17)'ln(;>+kz] =127 MPa

Once again, the maximum stress is way below the yield strength and the maximum total deformation is

within the allowable limits.
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5. Structure deformation

The following results are part of a more detailed FEM analysis performed on the accumulator sliding rail
structure. More information on how the FEM model was set up (beam element meshing, boundary

conditions, loading, detailed results, verification etc) can be found in the original document?.

The structure’s deformation is within the allowable limits (less than 1/500 of the distance between two
neighbouring beams). However, most of this deformation is caused by the accumulator’s weight itself and

not the pulling forces as shown in Figure 6.

Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
25/07/2023 16:59

. 0.097465 Max

0.086635
0.075806
0.064976

- 0.054147
0.043318

I 0.032488

0.021659
I 0.010829 h/&
0 Min
Y

0.00 1000.00 2000.00 (mm)
— — !
500.00 1500.00

Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
25/07/2023 17:01

. 0.017308 Max

0.015385

=~ 0.013462
0.011539

0.0086157

~ 0.0076926

| 0.0057694

0.0038463 N
I 0.0019231 ),./L
0 Min
\/

0.00 1000.00 2000.00 (mm)
— .
500.00 1500.00

Figure 6: Total deformation of the structure. Top: Deformation caused by the effect of both the weight of the accumulator and
the external pulling forces. Bottom: Deformation caused only by the effect of the external pulling forces (over 5 times less).

2 Snueiwon mapaptiuarog: AvagEéperal atnv UETAAAIKT KATAOKEUN) TOU TTOONYOULEVOU TTAPAPTAUATOS
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6. Conclusion

According to chapter 2, the design resistance of the height adjusting screws and the anchor bolts used

is sufficient.

B According to chapter 3, the tensile force experienced by the anchor bolts and transmitted to the

concrete is well below its pull-out force.

B According to chapters 4 and 5, the maximum global deflection is not problematic neither mechanically

nor for the intended operation of the structure.

Therefore, the accumulator sliding structure can safely withstand the external forces of up to 200 kg caused

by the friction reaction of the accumulator pulling thanks to the chain block mechanism.

10
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Calculation note of the 2PACL spare plant cover to be installed in
USA15 CV room.

Abstract:

In the frame work of the integration of the CO- system for the ATLAS ITk upgrade, the USA 15-CV room
will be equipped with new cooling material. Amongst them, 6 CO, accumulators (with a weight of about
1.5T and a height of about 3m) will need to be installed. The first one of those is going to be installed
during the “Early Installation Phase” during the 2024-2025 YETS using the lifting machine described in

chapter 1 (also referred to as “Mobilev”).

This mobilev will need to travel over the false floor of the USA15 CV room and over the spare 3H 2PACL
cooling plant’s chassis. For this reason, ATLAS TC has designed a temporary cover that will sit on top of
the chassis to support the weight of the mobilev as well as the weight of the accumulator parts being

transported. This specification includes a calculation note of the aforementioned cover.

Prepared by: Checked by: Approved by:
E. Antonopoulos EP-ADO-PO - -
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1. Introduction

During the 2023-2024 YETS, the USA15 CV room will be equipped with the false floor structure (grey), the
2PACL support frame (yellow) and the mobile crane (orange) shown in Figure 1.

During the 2024-2025 YETS, the first accumulator will be installed using the mobilev, shown in the same
Figure, in three parts (the accumulator is modular and consists of three pieces shown with dark blue, light
blue and purple colour). The heaviest of those is the middle piece and has a mass of around 750 kg

(nominal load).

Figure 1: The layout of the installation of the first accumulator using the mobilev crane (left) and the temporary cover of the
2PACL spare plant (right).

The purpose of this document is to verify the structural integrity of the 2PACL cover against the loads it
will be subjected to. Tests performed by ATLAS TC (with a load amplification factor of 1.5 since this is a
mobile load) showed that the highest load occurs on the front wheels of the mobilev and it is about 1100

kg per wheel (ULS force).
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2. Design of the 2PACL cover

The spare plant’s cover consists of two main pieces which follow a similar design approach. Specifically,
those pieces consist of two S235JRG2 UPN80 beams (shown with green colour in Figure 2) which are
connected to each other using a number of S235JRG2 IPN80 beams (shown with blue colour in Figure 2).
The detailed design of this structure can be found using the following CDD numbers
- ATFIUSACO0027: 3H Plant Temporary Cover
o ATFIUSAC0025: 2H Plant Temporary Cover (shown with light green and light blue colours
in Figure 2)
o ATFIUSAC0026: Extra piece for 3H Plant Temporary Cover (shown with dark green and
dark blue colours in Figure 2)
The temporary cover is placed on top of the 2PACL’s chassis and is covered using 500 kg/m? capacity
grating covers that are already used in the USA15 CV room. For extra support and load distribution, the

whole structure is covered with a 5mm thick steel plate.

Figure 2: The 3D model of the 3H Plant temporary cover.

3. Design resistance of beams

As mentioned above, the cross beams of the cover are made of IPN80 section profiles with S235JRG2
material. Their structural integrity can be easily verified analytically by taking into account the worst-case
scenario, which corresponds to having a beam simply supported on both ends with a single load at the
centre (the 1100 kg mentioned earlier):
Load: Fyis = 1100-9.8 =10780 N
Length:L=12m

Moment of Inertia: | = 77.8 108 m*
Section modulus: Z=19.5 10® m?

Modulus of elasticity: E = 210 10° MPa
Maximum stress: 0,,,, = % = 165 MPa < 235 MPa ¢ L/2 3 §
F/2 I.. F/2
N

FIL3 L
—=2.38mm < — &
48E1 <500 i 7

F

Maximum deflection: 8,,,, =
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4. Design resistance of the fillet welds

The ends of the IPN80 cross-beams are welded to the UPN80 beams using all-around fillet welds (see
documents mentioned in Chapter 2). The structural integrity of those welds can be easily verified

analytically by taking into account the worst case scenarios, which correspond to having:

a) The load acting in the middle of a beam fixed at both ends

Beam moment at ends: M = % =1617 Nm F

Shear atends: V = ; =5390N

Maximum bending stress: o,ax|a = :—; = 83.92 MPa ELi® {Hw FL/e

Maximum shear stress: Occurs midway across the web of T <L>L T”z
the IPN80 profile. To determine its value, we need to N z
calculate the first moment of inertia in the aforementioned location as follows: < ® >IJJL
40 L ] e
Q=| ydA=(42-6-37+34-4-17)-107° = 11636 10~° m3 T
0
Using the web thickness tw = 4 mm we can now calculate the maximum shear =

stress as follows: Tpax | = % = 20.15 MPa . 3

F
b) The load acting on one end of the beam (at the weld location) ¢

In this case there is no beam moment at the end of the beam. Instead,

there is only a shear force equal to: V = F = 10780 N M

Maximum shear stress: Tpax|p = % = 40.31 MPa T

N
A 4

F
Using the above results, we can verify the welds according to Eurocode 3: Design of steel structures —

Part1-8: Design of joints. The calculations follow the symbols used in chapter “4.5.3 Design Resistance of

fillet welds” of the above code. Letters “a” and “b” refer to the two different scenarios.

Normal stress due to bending moment: 0,1¢=83.92MPa & o,,=0
Shear stress perpendicular to the axis of the weld: T, |a=20.15MPa & 71,,,=40.31MPa
Shear stress parallel to the axis of the weld: Tjja=0 & T p=0

The nominal UTS of the weaker part joined is f,, = 340 MPa
The appropriate correlation factor according to Table 4.1 of Eurocode 3 is 8, = 0.8

The partial safety factor for weld joints is yy, = 1.25
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Eurocode 3 states that the following two checks have to be made in order to verify the design resistance

of a fillet weld:

Scenario A — Check 1: \/aila +3 (73, + 7} 4) = 90.89 MPa < 340 MPa = ﬁf—“

w ¥Ym2

Scenario A — Check 2: 6, |, = 83.92 MPa < 306 MPa = —O:f“
M2

Scenario B — Check 1: \/ailb +3 (e, +7f,) = 69.82 MPa < 340 MPa = ﬂf—"

wVYm2

Scenario B - Check 2: 6, |, = 69.82 MPa < 306 MPa = 99/u

Ym2

Since the use of the aforementioned beams and their corresponding welds are sufficient, the next step is
to verify that their number (i.e. their pitch) as well as the 500 kg/m? capacity grating are also sufficient. For

that, a FEM simulation was performed and its results are presented in the following chapters.

5. Software used for the calculation note
The following calculation was performed using the Ansys Workbench 2020 R2 (20.2) platform and

specifically:
e Ansys SpaceClaim to prepare the geometry of the 500 kg/m? capacity grating which was originally
designed in CATIA V5 and imported into SpaceClaim as a step file.

e Ansys Mechanical to perform the static-structural analysis of the aforementioned geometry.

6. Geometry of the studied model

As mentioned earlier, the temporary cover consists of two UPN80 beams which are connected using a
number of IPN80 cross-beams. In the case of the 3H 2PACL, the (inner) pitch between those cross-beams
is 232 mm. Since the structural integrity of the cross-beams has already been verified (Chapter 3), this
calculation focuses only on the geometry of the 500 kg/m? capacity grating and the 5 mm thick steel plate

that will be placed on top to distribute the load of the front wheel of the Mobilev (Figure 3).

5 mm thick steel plate

Grating cover

Y

Figure 3: Beam structure as modelled in CATIA V5. Orange polygon shows the part of the structure included in the analysis.
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7. Finite element model
7.1 Material

Structural steel is used for both components (grating cover and 5 mm thick steel plate). The default
structural steel found in the Ansys Library closely resembles S235JRG2 and it can be safely used for this

simulation.

7.2 Connections
The connection between the grating cover and the 5 mm thick steel plate is modelled as a “Frictional

Contact Pair” with a coefficient of friction of 0.5.

7.3 Meshing

The grating cover’s mesh is generated using the “Body Fitted Cartesian” method with an element size of
12 mm. It is a method that can be used when the geometry features of the model align well with the
coordinate system (see Figure 3) and results in a regular/clean mesh with a reduced number of geometry
inaccuracies. All for the above allow for fast solving times. More information regarding this method can be

found following this link. The 5mm steel plate’s mesh consists of hexahedron elements with 20 x 20 x 5

mm dimensions. The next figures show various views of the aforementioned meshes.

Figure 4: Meshing of the geometry used in the FEM simulation.


https://ansyshelp.ansys.com/account/secured?returnurl=/Views/Secured/corp/v202/en/wb_msh/ds_cartesian_method_control.html
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7.4 Loading

As mentioned in Chapter 1, tests performed by ATLAS TC (with a load amplification factor of 1.5) showed
that the highest load occurs on the front wheels of the mobilev and has a value of around 1100 kg per
wheel (ULS force). In the worst case scenario, this force is exerted in the centre of the grating cover (centre
in X and Y direction). The front wheel of the mobilev has a width of around 140 mm. Therefore, it has been
decided to model the force as an evenly-distributed pressure over an area of 140 x 20 mm in the centre of

the 5mm thick steel plate that is covering the grating (see Figure 5).

l“f\ : =

10780 N
(1100 kg)

0.00 200.00 400,00 (mm)
— —
100.00 300.00

Figure 5: Loading of the grating cover in the worst-case scenario, where the load of the front wheel is exerted in the centre of it.

7.5 Boundary conditions

Boundary conditions should now be applied in order to constrain the system. In order to create an isostatic
problem, we can apply a remote displacement of Y=0 on two edges of the geometry, a remote
displacement of X=0 on two edges of the geometry and lastly a remote displacement of Z=0 on the sides
of the geometry as shown in Figure 6.

o T2 e

0.00 200.00 400.00 (mm)
N e
100.00 300.00

Figure 6: The boundary conditions applied to the model.
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8. Analysis / Solution

We can now run a static-structural analysis using the above model. The simulation consists of around
19000 elements and 80000 nodes. The solver output shows that the “Sparse Matrix Direct” symmetric
solver was used. The solution converges in around 2 minutes and 15 seconds (almost instant in case we

use a bonded contact instead of a frictional contact).

9. Results

The maximum stress is around 231 MPa (Equivalent von-Mises Stress), which is below the allowable yield
stress of 235 MPa. As shown in Figure 7, the maximum stress is located at one of the contact points

between the grating cover and the 5 mm thick steel plate.

C: 3H - 500 kg/m2 - Frictional - 140x20
Equivalent Stress

Type: Equivalent (von-Mises) Stress

Unit MPa

Titne: 1

110772023 16:26

230.76 Max
190.37

158.65

126.82

95.188

53459

3173
0.0007948 Min

Figure 7: Equivalent (von-Mises) stress results of the FEM analysis.

The supplementary Figures 8 and 9 help us better understand the stress distribution over the structure,
focusing on the cross sections in the centre of the grating in planes XZ and YZ. It is important to note the

high concentration of stresses in the areas of contact between the two components of the structure.

C: 3H - 500 kg/m2 - Frictional - 140x20

Strong profile

Type: Equivalent (von-Mises) Stress

Unit: MPa

Time: 1

11/07/2023 16:30
179.44 Max
151.71
116.73
100.17
83614
67.055
50.496
33.937
17.378
0.81941 Min

Figure 8: Equivalent (von-Mises) stress results in the centre of the grating in the XZ plane.
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C: 3H - 500 kg/m2 - Frictional - 140x20
Weak profile

Type: Equivalent (von-Mises) Stress

Unit: MPa

Time: 1

11/07/2023 16:27

. 180.66 Max
160.58
4 140.51
120.44
== 10036
== 80.292
B 60219

40.146
I 20.073
0.00072364 Min

0.00 50.00 100.00 (mm)
— — ‘

Figure 9: Equivalent (von-Mises) stress results in the centre of the grating in the YZ plane.

Lastly, the maximum total deformation of the structure is around 0.34 mm and it is located on the bottom
side of the grating cover in its centre (Figure 10). To put that number into perspective, the shortest side of

the grating is 232 mm, which is over 500 times the total deformation of the structure.

C: 3H - 500 kg/m2 - Frictional - 140x20
Total Deformation

Type: Total Deformation

Unit: mm

Time: 1

11/07/2023 16:41

0.34348 Max
0.28623
0.22899
= 0.17174
o 0.1145
0.057251
5.2845e-6 Min

0.00 100.00 200.00 (mm) ¢
| T
50.00 150.00

Figure 10: Total deformation results over the whole structure.
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10. Conclusion

B According to chapter 3, the design resistance of the beams of the structure is sufficient.

B According to chapter 4, the design resistance of the welded connections is sufficient.

B According to chapter 9, both the maximum global stress and the maximum global deflection are not

problematic neither mechanically nor for the intended operation of the structure.

Therefore, the temporary 3H — 2PACL cover is safe to use for its required functional action of supporting

the loaded mobilev during the installation of the first accumulator during the 2024/2025 YETS.
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In the frame work of the integration of the CO; cooling system during LS3, the USA 15-CV room will be
equipped with new cooling equipment. A great deal of this equipment will be installed underneath a false
floor located at a height of Z=+900 mm from the concrete floor of the room. The current false floor and its
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system.
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constraints and the impossibility to reach their final position with a crane, a structure on which they will
slide will also need to be procured and installed. This structure will be part of the new false floor structure
mentioned above.

This technical specification concerns the supply of the part of the aforementioned false floor structure and
accumulator sliding rail that shall be installed during the 2023/2024 YETS. The remaining part will be
procured in 2025 and installed early 2026 (LS3).
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Date

Version

Author

Reasons of the modification

15/05/2023

1

E. Antonopoulos

Initial version

27/07/2023

E. Antonopoulos

Change in screw size and anchor bolt size (from M10 to
M12) connecting to structure to the ground (4.4.4.3 and
5.4.3.4). Those changes are also reflected in the 3D
models of chapter 6.

Changes in the loading of the accumulator rails (chapter
4.1) and the false floor structure (chapter 5.1), which now
include both horizontal and vertical forces.

Small changes in the 3D models of chapter 6:
-

Extension of “"Horizontal C” beam (see CATIA model tree)
It attaches to the false floor structure with a short foot
(there used to be a long foot in this location)

Pulling interfaces on accumulator rail are no
longer needed (deactivated in the model)
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1. Introduction

1.1. Introduction to the environment
In the frame work of the integration of the CO; cooling system during LS3, the USA 15 cooling and
ventilation room (USA15-CV) will be equipped with new cooling equipment. Amongst them, seven cooling
plants and six accumulators will be installed as shown in Figure 1. In order to reduce the workload during
LS3, and to perform some commissioning tests, some of this equipment will be installed prior to LS3, as
part of the “Early Installation Phase”.

- Early Installation phase consists of the installation of: 1 cooling plant + 1 accumulator (Figure

1 —red box)

The “Early Installation Phase” equipment will be placed in the USA15 CV room during the 2024-2025
YETS.

Entrance
area

Figure 1: Top view of the USA15 CV room showing the new equipment that will be installed: Cooling plants (pink) and
Accumulators (blue). The red box contains the Early Installation equipment.

1.2 Introduction to the project

This specification concerns the supply of two interconnected metallic structures to be installed in the
surrounding area of the aforementioned early installation equipment. Firstly, a metallic structure acting
both as a sliding rail and as a final positioning frame for the accumulators and secondly, above, a false
floor structure which will house various equipment underneath it (mainly piping and cable trays).

The existing equipment in the CV room (evaporative system compressors) imposes restrictions on the
coverage area of the false floor to be installed during the 2023-2024 YETS. Therefore, this specification
only concerns the accumulator sliding rail and the false floor structure covering the cooling plant of the
“Early Installation Scenario”. The above structures can be seen in the red outline of Figure 2. The design
of these structures also foresees connections with the existing false floor structure towards the entrance
of the CV room (green outline) as well as future extensions of the false floor structure (blue and orange

outline).
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Figure 2: Overview of the false floor structure and the accumulator sliding rail integrated in the USA 15 CV room environment.
Red outline: Scope of this specification, Blue outline + Connection with final installation equipment,
Green outline: Connection with entrance corridor
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2. Scope of the supply

The scope of this specification is the supply of:
- The accumulator sliding rail — support structure (shown in green colour in Figure 3) following
the technical requirements listed in chapter 4;
- The false floor structure and the corresponding grating covers (shown in grey colour in Figure
3) following the technical requirements listed in chapter 5;
- The rail system for the mobile crane;

- The 3D model and the manufacturing drawings of the above;

- The above shall follow the CERN safety rules in force for metallic structures;

- The delivery to CERN;

- The removal of the existing false floor structure

- The assembly and installation on CERN site during YETS 2023/2024 (Q1 2024)
- The delivery of the as build drawing and CAD model

Figure 3: Overview of the scope of this specification showing: a) The accumulator sliding rail (green colour) and b) The false
floor structure and the corresponding grating covers (grey colour)
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3. Design

As shown in Figure 2, the environment where this equipment will be installed is tight and imposes some
constrains on its design. These constrains have been identified in the framework of integration studies and
pre-dimensioning that has been performed and they are reflected in the technical requirements listed in
chapters 4 and 5. Therefore, the final design of these structures may vary from the one shown in the 3D

models provided but the aforementioned technical and dimensional requirements should be respected.

4. Technical requirements of the Accumulator Sliding Rail

4.1 Loading

e Z direction (Figure 1)

The final structure shall carry the nominal load of the accumulators up to their final positions (1.5T each —
vertical load). At the installation and at the de-commissioning of the system the accumulators will slide
on the rail system, so this load shall be considered as mobile on the support structure.

The interface between the frame of the accumulator and the rail system is achieved through 4 sliding pads.
e XandY directions (Figure 1)

The accumulator sliding rail shall carry horizontal forces (friction reaction) (either in X or Y direction) of up

to 3000 N at the height of its sliding surface (Z=+657 mm from the concrete floor).

4.2 Material

The material to be used for the construction of the accumulator sliding rail (HEB profiles and various
accessories mentioned later) should be (or be an equivalent of) S235JRG2 (RSt 37.2).

Unless otherwise mentioned, screws to be used for the connection of the various members should be ISO
4017 — 8.8 M10 with body length and thread length depending on the connection. They should also be
accompanied by one ISO 4032 — 8 M10 nut and two ISO 7089 washers.

4.3 Protection
Due to the presence of water cooling equipment and regular flooding of the area, the whole support

structure shall be protected with a minimum of 60um hot zinc coat.

4.4 Design of the structure
Throughout this chapter, photos and descriptions of various members of the accumulator sliding rail are

done according to the initial design proposed by the ATLAS Technical Coordination Office.
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4.4.1 Beams acting as a railing system

The structure consists of 12 beams acting as a railing system for the accumulators (11 made of HEB100
profiles and 1 made of UPN100 profile). Each of those consists of the beam itself, connection plates with
other members and various other accessories mentioned in chapters 4.4.5 to 4.4.7. The layout (envelope
dimensions) of each of those members should be respected in order to successfully slide the
accumulators. Additionally, the location of the various holes on those members should also be respected
as they are necessary for the connection of future interfaces/accessories.

The railing system shall guarantee the translation and sliding of the accumulator on the whole path. The
production and the installation shall be done with care to guaranty a perfect alignment of the profile at the

interface to allow smooth transition.

4.4.2 Feet

The structure consists of 16 beam (HEB100 profiles) assemblies acting as the supporting feet of the
structure. Each of those consists of the beam itself, a connection plate with the beams of chapter 4.4.1
and a connection plate with the ground. It is important to note that those feet shall be placed in a way that
their web is parallel to the web of the railing system beams as shown in Figure 4 in order to avoid high

concentration of stresses at the point where the webs meet.

Figure 4: The webs of the connecting members should be parallel to each other (left side) to avoid concentration of stresses at
their meeting point (right side).

4.4.3 Supporting struts
The structure also has two struts at places where there are long railing beams as shown in Figure 5. Those
struts offer support against separation/opening of the aforementioned long railing beams when the

accumulator slides on them.



ATLAS Project Document No: | Page: Page 10 of 19
Rev. No.: 1

Figure 5: The two struts positioned along the long railing beams shown on the left

4.4.4 Connections

4.4.4.1 Connections between railing system beams

The railing system beams are equipped with welded connection plates located inside the HEB/UPN
profiles. For the 11 HEB beams used, the proposed design shown on the left side of Figure 6 is
recommended while the proposed design shown on the right side of the same figure is recommended for
the 1 UPN profile used. All of them are connected using the set of screws mentioned in chapter 4.2.
Additionally, no welds should be protruding on the outside faces of the connection plates in order to
minimize gaps / irregularities when connecting the beams to allow smooth sliding of the accumulator. This
is why we recommend a small offset (e.g. 3 mm) of the plates shown with green colour in Figure 6.

' ‘ Ry

o

Figure 6: 'i'he connectibn.plates proposed design for the 11 HEB réilig beams (left) and for the 1 UPN beam (right).

4.4.4.2 Connections between railing system beams and feet

All feet are connected with the railing system beams with a rectangular plate that is welded to the feet as
shown in Figure 7. It is important to note that this plate shall have a lip (e.g. 10 mm on each side) through
which the shear forces exerted on the side beams can travel (instead of travelling through the body of the

connecting bolts).
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Figure 7: The connection plate is welded on the feet and connects them with the railing system.

4.4.4.3 Connections between feet and ground

As explained in the introduction, the railing system will be used to slide the accumulators into their final
position. Therefore, it is important to minimize any gaps and/or height differences at the beam junctions.
Such irregularities are caused by the dimensional tolerances of such HEB section profiles and, more
importantly, by the irregularities of the concrete floor of the USA15 CV room. Therefore, a height adjusting
mechanism should be implemented in order to control the final height of the assembled mechanism.
Specifically, as shown in Figure 8, we suggest having a 10 mm gap between the bottom of the feet and
the concrete floor. Additionally, a welded plate with 2 X M12 clearance holes and 2 X M12 screw holes
can be used to fix the structure to the ground using 2 X M12 anchor bolts and 2 X M12 height adjusting
screws. After the desired height is achieved, liquid concrete could be poured locally in order to secure the

structure.

Sliding surface (z = 657 mm)

10 mm gap for
height adjusting

Bottom of feet (z = 10 mm)

Concrete floor (z = 0)

Figure 8: The desired height of the structure with an additional 10 mm gap to accommodate for the height adjusting mechanism
shown on the right.



ATLAS Project Document No: | Page: Page 12 of 19
Rev. No.: 1

4.4.4.4 Connections between railing system beams, feet and supporting plates
The supporting plates are positioned underneath the connection plates mentioned in chapter 4.4.4.2 and

are fixed in place using the set of screws mentioned in chapter 4.2 (see Figure 9).

Figure 9: The supporting plates’ connection to the feet and the railing system beams.

4.4.5 Accumulator guiding element

As explained, due to their height, the accumulators must be slid into their final position. A guiding element
must be introduced that stops the accumulators from undergoing significant sideways movement and
instead keeps them on the railing beams. This is achieved by the guiding element shown in Figure 10
which is essentially a steel square bar with a side dimension of 10 mm and varying length which follows
the layout of the railing system beams. The model intentionally includes a 5 mm gap on each side of the

guiding element where the welds should be made.

5 mm gap
for welding

() ()

Figure 10: The guiding element used to prevent sideways movement of the accumulator (left) and the welding location (right).

4.4.6 Accumulator final positioning mechanism

The sliding of the accumulators can only bring them to a position close to their desired location. For the
fine tuning of their position a mechanism that allows for small position modifications shall be implemented.
The mechanism suggested can be seen Figure 11 and consists of L-shaped brackets of varying sizes and

an M12 thin pitch screw hole where an M12 thin pitch screw can be placed and used to fine tune the
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position of the accumulator in any direction. As shown in the same picture, some of these brackets are
welded on the sides of the railing system beams while the ones that needs to be removed when the

accumulator is being slid are fixed in place using screws.

4P

ackets used for the final positioning of the accumulators in every direction (left) and their fixture on
the railing system beams (right).

=

Figure 11: The>LhapecVi br.

4.4.7 Accumulator pulling interfaces

The overall structure should also be equipped with a number of interfaces where the accumulator pulling
mechanism will be connected (this mechanism is outside the scope of this specification). The proposed
design for these interfaces is the same as the one mentioned in chapter 4.4.4.1 and their location can be
found in the 3D model.

5. Technical requirements of the False Floor Structure

5.1 Loading
e Zdirection (Figure 1)
Integration studies have shown that the required load capacity for the false floor gratings can be divided
into two zones: one zone with gratings with a nominal capacity of 1.5 T/m? and one zone with gratings with
a nominal capacity of 0.5 T/m? (Figure 12).
Additionally,
- the 0.5 T/m? capacity gratings shall carry a punctual load of 450 kg in their centre over an area
of 80 mm x 30 mm.
- the 1.5 T/m? capacity gratings shall carry a punctual load of 1200 kg in their centre over an area
of 80 mm x 30 mm.
e X andY directions (Figure 1)
The false floor metallic structure shall carry horizontal forces (either in X or Y direction) of up to 3000 N
(pulling force to move the accumulator on the rails) at a height of Z=820mm from the concrete floor (this

value corresponds to the height of the accumulator pulling interfaces).
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[] 151/ m2

(e ‘

Figure 12: Required nominal capacity for the False Floor.

0.5T/ m?

5.2 Material

The material to be used for the construction of the false floor structure (beams and various accessories
mentioned later) should be (or be an equivalent of) S236JRG2 (RSt 37.2).

The grating covers to be used can be chosen by the designer but their thickness of 30 mm and their pattern

mentioned in chapter 5.5 must be respected.

5.3 Protection
Due to the presence of water cooling equipment and regular flooding of the area, the whole support
structure shall protected with a minimum of 60um hot zinc coat.

5.4 Design of the structure
Throughout this chapter, photos and descriptions of various members of the false floor structure are done
according to the initial design (ST1690176) proposed by the ATLAS Technical Coordination Office.

5.4.1 Beams at false floor level
The structure consists of HEB100 and UPN100 profiles (with a single possible exception is mentioned in

chapter 5.6). Each of those consists of the beam itself, connection plates with other members and various
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other accessories mentioned in the following chapters. The dimensional layout of those members should

be respected in order to avoid clashes with the surrounding equipment in the CV room.

5.4.2 Feet
Part of the false floor structure attaches directly on the concrete floor while the rest of it sits directly above
the accumulator sliding rails and attaches to them. Therefore, the feet of the structure can be divided into

full length feet (attaching to the floor) and partial length feet (attaching to the accumulator sliding rail).

5.4.2.1 Full length feet

In most of the cases, the feet that fix the structure to the floor are made of HEB100 profiles and they are
located at the junctions of the beams. In a number of cases, however, this would lead to clashes due to
the tight restrictions imposed by the surrounding equipment in the CV room. In these locations, the HEB100
feet have been slightly moved away from the junctions and/or a more compact section (UPN120) has been
used (see Figure 13). It is also important for the webs of the feet to be aligned with the webs of the beams
mentioned in chapter 5.4.1, due to reasons already explained in the case of the accumulator sliding rail
(chapter 4.4.2)

Figure 13: The HEB100 full length feet of the false floor structure are either a) Located at the junctions or b) Slightly moved
away for the junctions and/or c) Replaced by more compact UPN120 profiles.

5.4.2.2 Partial length feet

The partial length feet attach to the accumulator railing beams and depending on their location they might
rest on the sliding surface itself or on the guiding element mentioned in chapter 4.4.5. In the second case,
a shim of 10 mm (same dimension as guiding element) should be positioned in-between the partial length
foot and the sliding surface in a way that aligns with the beam webs. Plates acting as webs may also be
placed in locations where alignment of webs is not possible. A combination of those cases can be seen in

Figure 14.
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Figure 14: Example of partial length feet that rests on guiding element (yellow) and is equipped with a shim (red) and reinforcing
plates acting as webs (green).

5.4.3 Connections

5.4.3.1 Connections between beams at false floor level

Unlike the case of the accumulator railing beam connections, a simpler solution such as the one shown in
Figure 15 can be implemented. The small offset mentioned in chapter 4.4.4.1 could also be implemented
in this case. It should be noted that the model includes such connection plates in places where they look
like they don’t attach to any beams. Those plates are placed intentionally as they will serve as connection
points with the existing false floor structure. However, they should be welded on site (meaning in the

cavern) in order to assure proper fitting with the existing structure.

Figure 15: The connection between the beams of at the false floor level.

5.4.3.2 Connections between beams at false floor level and feet

All of the feet are connected to the above beams with the use of screws going through plates of varying
sizes depending on the profile section of the foot used. All such plates are equipped with a lip (e.g. 10 mm)
for reasons already explained in chapter 4.4.4.2. This explains why in some cases (e.g. Figure 13c) those
plates are also equipped with ribs through which the shear forces can travel.
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However, this is not always possible since some of the feet are placed too far away from the junctions due
to the surrounding equipment of the CV room. In such cases, it is recommended to weld a shear force
plate on the bottom side of one of the beams that form the junction as shown in Figure 16 (the beam on

which the shear force plate is connected is intentional).

Figure 16: Example of a beam junction that is not supported by a foot and is equipped with a welded shear force plate instead.

5.4.3.3 Connections between patrtial length feet and accumulator rail
The connection plates between the accumulator rail and the short feet are the same as in chapter 5.4.3.2.

5.4.3.4 Connections between full length feet and ground

For the connections to the ground the same concept as the one mentioned in chapter 4.4.4.3 for the
accumulator sliding rail is applied. The 10 mm gap to the ground floor is once again included in the model
and the exact same solution (with M12 screws and anchor bolts) is proposed when it comes to the HEB100
feet. In the case of the UPN120 profile the only difference is that 1 (instead of 2) height adjusting screw is

suggested in order to accommodate for the more compact UPN profile.
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5.4.3.5 Connection to the wall

It is recommended to add two L-shaped brackets on the feet near the CV room wall that attach to the
concrete wall in order to further stabilize the structure. As shown in Figure 17, this bracket shall be
equipped with a series of slotted holes on the side that attaches to the foot and M10 clearance holes on

the side that attaches to the wall.

Figure 17: The proposed L-shaped bracket that connects two feet of the false floor structure to the concrete wall of the CV room.

5.4.3.6 Connection to pillar
Similarly, an L shaped bracket should be welded on to the concrete pillar of the CV room in order to avoid

flipping over the grating cover “E4” which can be found on the model tree.

5.5 Grating covers

The 3D model also includes the required pattern of the grating covers of the false floor and their layout
follows the layout of the beams mentioned in chapter 5.4.1. They are rectangular but some of them are
also equipped with carefully positioned pockets (e.g. for pipes to pass through). As the design of the
surrounding equipment is still underway, it is expected that more such pockets might need to be cut (this

could be done in the field if and when there is such need).

Lastly, the grating covers’ dimensions have been chosen in a way that there is a 5 mm gap (there is one
exception mentioned in chapter 5.6) between them when assembled in order to ease their installation
and/or their partial removal when access underneath them is required. The grating covers to be used can
be chosen by the designer but their thickness should be 30 mm. The above cases can be seen in the

grating cover in Figure 18.

For safety reasons, all gratings shall be secured in position to the support structure thanks to clamps.
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l 5 mm gap between
f grating covers

10 mm gap between |
railways and grating
covers

Figure 18: Example of a grating cover equipped with two pockets (one for a pipe to pass through and one for assembling
reason). The gaps between the surrounding covers is also visible.

5.6 Mobile crane rail system

The mobile crane to be used for the assembly and maintenance procedures of the 3H cooling plant shall
move on the two long orange coloured beams shown in Figure 3. Those beams shall be equipped with a
welded steel bar of rectangular shape with a width of 40 mm and a height of 30 mm. The model includes
a gap of 10 mm between the aforementioned railway and the grating coverings in order to make room for
the welds on the sides of this rectangular guide.

6. Technical material

The complete 3D models referenced throughout this report can be found in the following documents:

B --- — The overall model included the false floor, the accumulator rail and the mobile crane (not added
yet) to be installed during the 2023/2024 YETS

B --- — The Accumulator Sliding Rail described in chapter 4

B ---' — The False Floor Structure described in chapter 5

I 2nueiwon mapapriuarog: Mpdkeiral yia Ta TpIodIGoTaTa yovréAa mou Exouv Tapadobei uadi ue Tnv SImAwuaTikn
epyaaoia
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Technical Specification for the supply of a mobile crane for the
assembly & maintenance procedures of the 2PACL 3H Plant in the
ATLAS USA15 Cooling & Ventilation Room.

Abstract:

In the frame work of the integration of the CO- cooling system, the USA 15-CV room will be equipped with
new cooling plants. A future overhead crane in the USA 15-CV room will be used for the assembly and
maintenance procedures for six out of seven of those plants. However, one plant (the 3H plant as explained
in chapter 1) will not be within the reach of the overhead crane. Therefore, the installation of a mobile
gantry crane is proposed that will be used exclusively for the assembly & maintenance procedures of the
3H plant.

This technical specification concerns the supply of the aforementioned mobile crane, which should respect

the dimensional constraints listed throughout the document.

Prepared by: Checked by: Approved by:
E. Antonopoulos EP-ADO-PO | --- -
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1. Introduction

1.1. Introduction to the environment

The USA15-CV room will be equipped with 7 cooling plants (2PACL Two Phase Accumulator Control
Loop) for run 4 (figure 1). One of them, also referred to as “the spare plant” will be part of the “early
installation”. The number of pumps of each of those plants varies from 1 to 3. Depending on that number,

the plants are often referred to as “1H”, “2H” and “3H Plant” accordingly (H for head).

= X > - 5 f B - P = ol A v T

5 2 2 B 8 % 2 E R l".‘" S
= KR B - - e Z

Figure 1: The 7 cooling plants to be installed in the USA15 CV room. The 3H spare plant is shown in red outline.

In contrast to the other six plants, the 3H spare plant (see figure 1 — red outline) will not be within the reach
of the overhead crane that will be installed in the CV room (figure 2) during LS3. Therefore, the installation

of a mobile gantry crane is proposed which will be used exclusively for the assembly & maintenance of the

3H plant.

Figure 2: The overhead crane to be installed in USA15 CV room, which cannot reach the spare plant.
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The mobile gantry crane shall sit around the spare plant and move along the y direction (see figure 1 for
coordinate system). More details on the movement needs of the mobile crane are given in the

corresponding chapter.

1.2. Introduction to the 3H plant

The detailed model of the 3H plant is shown in figure 3. Most of the plant’'s components and piping can be
found inside the “Coldbox”, which is an insulating box with doors on the sides. Those doors are not shown
in figure 3, since they will be removed prior to any maintenance procedures, and therefore do not concern
us when it comes to defining the crane’s specification. On top of the coldbox there is the 3H pump drive

unit, the motor and the damper.

Pump
drive unit

N\

Motor

Coldbox

e}
Anti-vibration feet

Figure 3: Detailed model of the assembled 3H plant.

In the following chapters, the mass and the centre of gravity (COG) of various components of the spare
plant will be used in order to define the crane’s needed characteristics. However, as the design of the plant
is still ongoing, those values may slightly vary in the final product. This is why a safety margin of 50 - 100
mm has been used when defining specifications such as the required span of the crane and its hook’s

reach.
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As mentioned in the first chapter, the mobile gantry crane shall be installed around the 3H plant. Figure 4

shows an over-simplified model of a gantry crane in order to demonstrate the concept and introduce some

terminology that will be used in the following chapters.

Maximum Height

3770

Hook’s reach
(coverage)

false floor
(z=+30mm)

The scope of this specification is the supply of:

w®

%

A15 CV room height limitation
mm gap from other equipment (HVAC)

U

S
0

ry crane

Rail for crane

3H Plant chassis —»

Figure 4: Mobile crane concept (simplification)

One mobile gantry crane accompanied with a compact manual travel trolley

The 3D model and the manufacturing drawings of the above

The “CE” declaration of conformity (“CE” marked) and shall follow the CERN safety rules in force

for the lifting equipment.

The user manual and the maintenance manual of the equipment
The delivery to CERN
The assembly and installation on CERN site at the end of the YETS 2023/24
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3. Design

As shown in figure 1, the environment where this equipment will be installed is tight and imposes some
constrains on its design. The desired characteristics of the mobile crane are a result of integration studies
and pre-dimensioning which have been performed. Of course, the detailed design of the crane is expected

to vary from the oversimplified version shown in figure 4 and it is the responsibility of the manufacturer.
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4. Definition of the mobile crane’s characteristics
4.1 Capacity

The minimum nominal capacity of the crane (safe working load) should be 3.2 T.

4.2 Height
The maximum total height of the crane is 3770 mm (from the bottom of the crane wheels to the upper side
of the crane rail). As shown in figure 4 this dimension should be respected because a higher value would

create conflict with the surrounding environment.

4.3 Free span

The spare plant’s coldbox consists of two sliding halves that can be slid out for maintenance. The half
shown on the left side of figure 5 is called the “Head half” as it contains the 3 pump heads. The half shown
on the right side is called the “Super heater half’. Both of those halves are still under design and their
dimensions and/or COGs may slightly vary in the final design. However, their envelope width will not
exceed 800 mm. Adding a safety margin of 75 mm on each side brings the required free span to 3200

mm, as shown in figure 5.

Plant envelope
1450

Head half envelope Super heater half envelaope
800 800

min, margin / min. margin

75 L N 75

L

min. span
(3200)

] -

Figure 5: Crane's required free span due to the two sliding halves of the 3H spare plant
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4.4 Hook coverage — reach

4.4.1 Reach in X direction

Another tight constraint is the required hook’s coverage (also known as the crane’s “reach”). The
aforementioned dimension can be calculated using the center of gravity of the two sliding halves. As
mentioned, the plant is still under design and therefore the COGs will slightly vary. This is why the required
reach has been calculated with a 600 mm hook coverage on each side of the spare plant, bringing the

total width of the hook’s reach at 2650 mm as shown in figure 6.

4.4.2 Reach in Z direction (need for compact manual travel trolley)
A constraint regarding the hook’s coverage in the z direction must also be introduced. Specifically, there

must be enough space above the plant to accommodate for:
a) a compact manual travel trolley with an integrated chain hoist with a nominal capacity of 3.2T

b) a lifting beam attaching directly to the hook of the aforementioned travel trolley to lift the pump

drive unit and the electrical motor
c) a 50 mm margin for lifting the pump drive unit before transferring it with the mobile crane

Integration studies done by ATLAS demonstrate that a minimum space of 175 mm is required for (b) and
(c), which results in a minimum reach of 3170 mm for the hook’s coverage in the Z direction. As shown in
figure 6, this leaves a maximum of 600 mm of space for the accommodation of the crane’s railing guide

and the travel trolley (a).

It is noted that the above reach of 3170 mm in the Z direction is defined using as reference the top of the
railing system, which is where the wheels of the crane will be sliding. As shown in figure 6, the
aforementioned is at a distance of 870 mm from the ground of the CV room (level of the false floor

structure) (required height of railing system).

4.4.3 Reach in Y direction
Integration studies have demonstrated that a reach of 3200 mm is needed in the y direction in order to
accommodate for the various maintenance and assembly procedures of the plant (figure 7). This leads to

some constraints for the envelope of the railing system needed, which will be discussed in chapter 5.
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4.5 Crane envelope
In the Z direction, the maximum allowable height for the crane is 3770 mm (chapter 4.2)

In the X and Y direction, the allowable envelope for the crane is 3510 mm and 1880 mm respectively.

max hoist+rail
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min. reach
(2650)

Figure 6: Crane's required hook coverage in the X and Z direction.
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Figure 7: Crane's required hook coverage in the Y direction

5. Definition of the railing system characteristics

5.1 Height and interface with crane wheels

The railing system needs to allow for movement of the crane along the Y direction. It will consist of two
HEB100 beams placed at a distance of 3320 mm (measured from the center of the web — see figure 8). It
is proposed to equip at minimum the side (-X) close to the wall of the crane with a set of U-groove wheels
rolling on a steel plate with a width of 40 mm and a height of 30 mm. The other side (+X) can be equipped
either with the same guiding set of wheels or with a set of flat wheels flush with the surrounding false floor

(Figure 8). Both solutions are acceptable as long as sufficient guiding is provided.

U-groove wheel Standard wheel

False floor False floor False floor False floor 30

3320

Rail A f Rail B

| ] 1
\ HEB100 l’“ > X
Yy

Figure 8: Interface between mobile crane and railing system.
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5.2. Railing system’s feet in the Y direction
The crane’s rails will be part of the false floor structure around the 2PACL and their feet’s locations have
been chosen in accordance to the surrounding equipment so that there are no clashes. Their envelope in

the Y direction and the distances between the feet can be seen in figure 9.

Rail A

€75 900 800 500 850 400 780 100

(5605)

Rail B

675 390 640 500 550 600 880 550 100

(5605)

Figure 9: Definition of the rails’ envelope and the location of the feet.
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Technical Specification for the supply of an overhead crane for
the assembly & maintenance procedures of the 2PACL Cooling
Plants in the ATLAS USA15 CV Room.

EDMS Document No: Institute Document No. Created: 24.05.2023 Page: 1 of 7

— Modified: Rev. No.: 0

Technical Specification for the supply of an overhead crane for the
assembly & maintenance procedures of the 2PACL Cooling Plants
in the ATLAS USA15 CV Room.

Abstract:

In the frame work of the integration of the CO, cooling system, the USA 15 CV room will be equipped with
new cooling plants (also called 2PACL plants). An overhead crane shall be installed around them to be
used for the assembly and maintenance procedures for six out of seven of those plants. This technical
specification concerns the supply of the aforementioned overhead crane, which should respect the
dimensional constraints listed throughout the document due to the tight restrictions of the environment in

which it will be installed.

Prepared by: Checked by: Approved by:
E. Antonopoulos EP-ADO-PO | --- -
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1. Introduction to the environment

The USA15-CV room will be equipped with 7 cooling plants (also called 2PACL plants) for run 4. The
number of pumps of each of those plants varies from 1 to 3. Depending on that number, the plants are
often referred to as “1H”, “2H” and “3H Plant” accordingly (H for head). The overhead crane described in
this specification will be used for the assembly and maintenance procedures of six of those plants — five

2H plants and one 1H plant — as shown in Figure 1.

Figure 1: The 7 cooling plants to be installed in the USA15 CV room. The plants in the red outline will be within the reach of the
overhead crane.

An isometric view of the environment where the overhead crane will be installed can be seen in Figure 2.
It is expected that the crane’s railway beams will extend all the way to the walls of the room (x- and x+).
On the one side (y-) they can be supported by the wall and on the other side (y+) they can be supported

by the pillars. The dimensional constraints are listed in chapter 4.

Figure 2: Isometric view of the environment. The crane’s railways can extend all the way to the walls (x+ and x-) and be
supported on the wall on the one side (y-) and on the pillars on the other side (y+)
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2. Scope of the supply

The scope of this specification is the supply of:

- One overhead crane (railways, bridge, trolley and any other corresponding accessories) following
the technical requirements listed in chapter 4;

- The 3D model and the manufacturing drawings of the above;

- The above shall be delivered with a “CE” declaration of conformity (“CE” marked) and shall follow
the CERN safety rules in force for the lifting equipment;

- The user manual and the maintenance manual of the equipment;

- The delivery to CERN;

- The assembly and installation on CERN site during LS3.

3. Design

As shown in figure 1, the environment where this equipment will be installed is tight and imposes some
constrains on its design. These constrains have been identified in the framework of integration studies and
pre-dimensioning that has been performed and they are reflected in the technical requirements listed in
chapter 4. Therefore, the final design is the responsibility of the manufacturer but the aforementioned

technical and dimensional requirements should be respected.

4. Technical requirements of the overhead crane
4.1 Capacity

The nominal capacity of the crane (safe working load) should be 3.2 T.

4.2 Envelope

4.2.1 Envelope in the x direction

As explained in chapter 2, the overhead crane’s railways are expected to extend up to the walls of the CV
room. The distance between those walls is 17 m — which is essentially the envelope of the crane in the x

direction (Figure 3).

4.2.2 Envelope in the y direction
The distance between the wall and the pillars of the CV room in the y direction is 4850. Due to surrounding
equipment, there should be a minimum gap of 300 mm on the side of the wall (y-) and 25 mm on the side

of the beams (y+). Therefore, the envelope in the y direction is 4525 mm (Figure 4).

4.2.3 Envelope in the z direction
The distance between the concrete floor of the CV room and the maximum allowable height for the crane

envelope (due to equipment placed above) is 5075 mm. However, equipment that is also present on the
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side of the wall (y-) should be avoided (air duct in CV room). Therefore, the final envelope is not

rectangular and its detailed geometry can be seen in Figure 4.

4.3 Hook coverage — reach
Integration studies performed by ATLAS TC regarding the assembly and maintenance needs of the 2PACL

plants have shown that the crane’s hook reach should respect the following dimensional constraints.

4.3.1 Reach in x direction
The hook of the crane should cover at least 13200 mm in the x direction leaving a gap of a maximum of

1600 mm and 2200 mm from the walls of the CV room in the x+ and the x- side accordingly (Figure 3)

4.3.2 Reach in y direction
The hook of the crane should cover at least 3000 mm in the y direction leaving a gap of a maximum of

663 mm and 1187 mm from the wall of the CV room (y-) and the pillars (y+) accordingly (Figure 4)

4.3.3 Reach in z direction

The hook of the crane should cover at least 4045 mm in the z direction from the concrete floor (Figure 4).

Wall to wall distance
(17000)

1600 max. 13200 min

- . -

Figure 3: Dimensional constraints for the crane's envelope and hook reach in the x direction.
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Available height
5075 max
4835

4550

4045 min.

False floor level |
z=+900

663 max. 3000 min.

1187 max.

300 min. 4525 max.

25 min.

(4850)

Wall to pillars distance

Figure 4: Dimensional constraints for the crane's envelope and hook reach in the y and z directions.




