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EMNIZTEYTIKOTHTA:

To mapov £yypado Kat TUXOV cuvnupéva yypada elvat EQTICTEUTIKG Kat eVEEXETaL va eival andppnta. Mnv anokaAUITETE TO MEPLEXOUEVS TOU, HNV TO Xpnotyomnoteite
YLt OOLOVEATOTE GKOMO Kat PNV Stavépete, anodnkeVeTe i aviypddete Tig MAnpodopieg oe onotodnmnote puéao xwpis Ty éyypadn éykplon tou OUVTAKTN.

EMMIZTEYTIKOTHTA: To mtapdv éyypado kat tuxov suvnupéva éyypada eival EUIOTEVTIKG Kat VBEXeTaL va givat andppnta. Mnv arokaAUTTETE TO EPLEXSHEVS TOU,
[NV TO XPNOLLOTIOLEITE Yia OTIOLOVSATIOTE OKOMO KAl KNV SLAVEUETE, anoBnkeVeTe 1} avitypadete Tig TANPoopieg oe onotodAnote uéso
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‘ExkBeon Alepelivnong ATUXNHOTOG Eyypado: YC23-010 avab. TeEAkd-Anpooteupévo

1. Elcaywyn

Ito atuxnuo tng 28" dePpouvapiou 2023, wpa mepimou 11:15pp, otnv ypappn Abnvwv -
@ecoahovikng HeTafy tng Adploag Kot TnG AsmTokapudg, otn XO 371+000, evemAdknoav i
eTUPBATLKA KL pLo EUTTOPLKT apagoototyia, kat ol SUo ekpetaMeuaongtng Hellenic Train, 6mou €xacav
™ {wn Toug 57 avBpwrot.

H emuBatiki apaootoia IC 62 amotehoUpevn amnd pio nAektpdpoda Hellas Sprinter, tnv H/A
120.023, éva Bayovt mpwtng Beonc, éva Bayove kuhikelov kat €§L Baydvia Sevtepng B€ong (B2-B7)
ektehovoe SpopoloyLo petaft ABrivag kot Osooalovikng pe 342 emuPdreg (Onmwg umoAoyiletal and
To eLoLTrpLa), N eproptkn apafootolxia 63503 pe SU0 nAektpauageg Hellas Sprinter, Tig H/A 120.022
kot 120.012, artote oV pevn amno 13 eAkOpeva oxipota Letadopdg eMIMESwY EUMOPEVUATOKLBWTIWY
(flat freight), Ta mpwta 3 oxAuata pe mAatid poidvta eAacpatomnoinong amnd aidnpo (Aopopiveg),
ToL UTTOAOUTTAL PLE KAELOTA EUMOPEUHATOKIBWTLA, EKTEAOUOE TO SpopoAdylo Oecoalovikn-ABrva.

Ooov adopd tn Suvaplkr Tou aTtuxnuatog, to Intercity mou evemhdkn otn ouykpouon (IC 62)
Spopohoyribnke amd tov otabudpxn otn Adploa otnv avtiBetn ypappn amod outh Tou
XPNOLHOMOLELTAL KaVOVIKA (auTh Ttou Bpiloketal otnv aplotepn MAeUpd tng kKateUBuvong kivnong/tnv
napdvopn), otnv omnoia Kvouvtav emiong n eunoptkr apagootolyia 63503, mpog TNV avtiBetn Opwg
katevBuvon (VOULUN yLa TNV EpmopLkn apafootolyia).

2. Avtikeipevo

H napakdtw ékBeon eMIKEVIPWVETAL 0TN SUVALLKT TOU ATUXAHATOG KATA T CUYKPOUGH KoL ALHECWS
UETd, doov adopd T cupnepldopad Tou Tpoxaiou UALKOU, Le Stepelvnon Tng attiag tng €kpnéng Ko
NG UPKAYLAG 0TV NAeKTpApaga Kot ta mpwta Baydvia tng emPBaTikhig apagoatoXiog ApHEoWS LETA
™ oUykpouon. MNapéxel eniong avaAuon Tou KOTA TOCOV TUXOV TEXVIKEG BEATIWOELG OTO TpoXaio
UALKO 1} oTi¢ Sladikaoisg cuvtripnong Ba unopoloay va LELWOOUV ToV KIvEUVO I TOV QVTIKTUTIO pLag
TETOLAG KOTAOTPODNG.

Agv ovoAUEL OUTE KATAAFYEL OE KOWEVA CUMTTEPOLOLO OXETIKA UE TO ApXLKO EPWTNUA, VLT Ta 2 TpEva
KlvouvTav PE AP ToxutnTa otnv Sla ypoupun.

3. Avadopéc & NMnyég MAnpodopLwv

- ‘EkBeon Alepelvnong Atuxfiuartog pe np/vio 15/05/2023 kai avaBewpnon 25/04/2023 tng
Eritpontr) €peuvag tng Hellenic Train

- QOwtoypadieg kat Bivteo mou StatiBevtat arnod tnv HT (Aiokog Aedopévwy Hellenic Train One)

- MAnpodopieg mou cuykevTpwWONKAV KATA TNV EMLTOTLA EMIOKEWN KL TIG CUVEVTEVEELS.

- Bivteol: lotoceAiba eldnoswv: Kapepa aUTOKLYNTOSpOpOU
https://www.youtube.com/watch?v=0n5_Fn_NfpQ oamo tnv kdpepa oTOovV QUTOKWNTOSpOUO
TPOG TOL VOTLA TOU TOTIOU TOU OTUXMLOTOG.

EMMIZTEYTIKOTHTA: To map6v éyypacdo kat Tuxdv ouvnppéva éyypada elval EPTIOTEVTIKA Kat evEEXeTat va eivat andppnta. Mnv anokaAUTITETE TO IEPLEXOUEVO ToU,
LNV TO XPNOLHLOTOLELTE YL OTIOLOVSITIOTE OKOTIO KA NV SLavENETE, amoBnkevete i avitypadete Tig MANPodopies oE OMOLOSATIOTE HETO
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‘EkBeon Algpelivnong ATUXNHOTOC Eyypado: YC23-010 avad. TEAKO-ANHOGIEUUEVO

- Bivteo2: Open News: H Béon tng kdpepag Sev elvat yvwaotr}, oAA Katd mdoa mbavotnta npog
™ Bopela-SuTika TOoU TOnou Tou OTUXNHUATOG.
https://www.youtube.com/watch?v=gfUBN_6CJ9A

- Bivteo2_a: Bivteo aptB. 2 pe to XpOVvo MpLy Kal LETA TNV €kpnén oe apyn kivnon: SLatédnke atov
Aioko Aedopévwy Hellenic Train One.

- Metaoxnuatlotig Siemens : éyypado TWN/WNR/3517112ff/BA rev. 1.0

- Bayer Baysilone Fluids M https://dcproducts.com.au/wp-
content/uploads/2020/12/BayerBaysiloneFluidsBrochure.pdf

- OUMo Asgbopévwv nAektpovikot uypoU 3M  FluorinertTM  Electronic Liquid FC-3284
https://www.3m.com/3M/en_US/p/d/b10144228/

- DUNo SeSopévwy pnatapiag oldnpodpduwv Hoppecke FNC (HAektpdpadeq)

- @UMo bedopévwy pnatapiog Saft SRM (Bayovia)

- Aehtio Sedopévwv aodaleiag R134a (Puktikol LEGOU yLoL KALLOTIONO)

- Ix€81a H/A Siemens Hellenic Sprinter (oxediaypappua, oxedia HV, ox€dla mveupaTIKWY
OUCTNHATWV)

- TéAocg, TOAMEG euxapLoTieg oTov K. Aviwvio Mooxomoulo yla T dwtoypadieg, Ta Bivieo kat ta
otolxela Twv opofooTtol(lwy Kal tn poptupio Tou KaBwg PplokoTtav oOTo COnuelo Twv
OUVTPLUKLWY AlyO LETA TO aTUXNUA.

Aev urtipxav SlaBéopeg ekBéoelg i MAnpodopieg anod tnv enionun enttportr) Slepelivnong Katd tn
obvtaén tng napovoag £kBeong. H €peuva Katl To cupmepdopata Booifovioal amOKAELOTIKA O
amoSEIKTIKA oTolkela Kat Sikd pag cupnepdoupata and dwrtoypadieg, Bivieo kat Sedopéva kat
YVWOELG OXETIKA pe Ta oxuata. NEsg mAnpodopieg 1 amoSEKTIKA OTOELD EVOEXOUEVWG VaL
obnyfoouv og avabewpnon opLOREVWY UTIOBECEWVY 1) CUUTEPACHATWV.

4. Avadopég og Bayovia EUMOPLKAG apagootolyiog

1. H/A 120023,

2. Mpwtn @éon  Admz 8496019, Swapepiopata

3. KuAlkeio Wrmz 8896734, kUAikeio

4, B2 Bmz 2196003, Siapepiopata

5. B3 Bmpz 2096503, kevipkog S1dSpopog
6. B4 Bmpz 2096569, KeVIPLKOG SLASPOUOG
7. B5 Bmpz 2096567, kevipikdg S1a6popog
8. B6 Bmpz 2096563, KeVIPLKOG SLASPOLOG
9. B7 Bmpz 2096507, kevtplkog S1adpopog

EMMISTEYTIKOTHTA: To mapdv éyypado Kat Tuxov cuvnupéva éyypada eivat UIOTEUTIKA Kat EVEEXETaL va elvat aroppnta. Mnv anoKaAUTTETE TO EPLEXOULEVO TOU,
NV TO XPNOLLOTIOLEITE yia OTTOLOVEATIOTE OKOTG Kat UNV Slavépete, anodnkevete i avitypadete tg mAnpodopieg oe onotodnnote péoo
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5. Awepelivnon TG SUVOULKNG TNG CUYKPOUONG

4.1 O£on TwV OXNUATWY TPLV KoL HETA

O¢on twv Sladopwv H/A, EAKOUEVWY OXNUATWY Kot BOyOVLWVY TIPLV KOL LETA T GUYKPOUCH O GXEON
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Synpa 1: Arrotunwon 9€on¢ umoSounC Kot OXNUATWY TIPLY KA HETE TNV 0UYKPOUON

Ot Staotdoelg Tng unodoung Bacilovtal oe dedopéva tou Google Earth (mpwv amnd 1o atuxnua). Ot
elkoveC eival Slabéoiueg, oAA Sev propouv va SnpocteuBoulv, kabwg Sev €xel Intnbel (akoun)
aSela amod tnv Google yia tn Snuoaota xprion tTwv SeSopévwv.

4.2 s0vtoun neptypadn tng o mbavig unmobeong tng Suvapknig mou avantuxOnke Kata
™ SLdpKeLa TNG oUYKPOUGNG

Mapdlo mou Bev UTApPXEL TPAyMATKY PBwteookomnan tng cuykpouong (ftav voxta) Kat ot
rmAnpodopieg Twv kataypadikwy / "papou koutol" (Ttng epmopikng apagootolxiog) Sev eivat otnv
Katoxn pog A xdbnkav (smpatik apagootolyia), UmopoUpe va urtoBécoupe amnod v TormobEtnaon,
TLG KWVNUOTIKEG EVEPYELEC KaL TIC TTApapopdWOELG TTou mapatnpriOnkav Ta e§ig:

Ané 1o Bivteo napakololBnongt otov autokvnTtdSpopo vOTLA TOU aTUXLOTOG UIopoUpe va. Soupe

1 Videolink: https://www.youtube.com/watch?v=0n5 Fn_ NfpQ

EMTMIZTEYTIKOTHTA: To rtapdv éyypado kat tuxov cuvinppéva éyypada eivatl EHIOTEVTIKA Kat EVOEXETAL Vo elvat andppnTa. Mnv armtoKaAUTITETE TO MEPLEXOHEVO TOU,
LNV TO XPNOLOTIOLETE YLO OTIOLOVEITIOTE OKOTIO KAl NV SLavEUETE, amoBnKeVETe f avilypadete TG mMANPodopieg oe OMOLOSNTIOTE HEGO
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OTL oL unxavodnyol g epmoptkig kot ¢ emPBatikig apafootoxiag ev avépevav OtL Ba yivet
olykpouon, kaBwg Sev PMOPOUNE VO TOPATNPFAOOUUE va éxel evepyoronBel dpévo EKTaKTNG
avaykng. To i5Lo to onpeio g cvykpouong eival KpUUEVO arod TV KAPEPQ artd Thv 08oyEdbupa Tou
auTokvntddpopou. Kabwg ftav vixta kot n ypapuuf Kdvel uia ehadpd KapmoAn os ekeivn v
nepLoxn, HE TN arpayyo/odoyédupa evdldpeca, n LETWIIKY cUykpouon Sev umopolce va yivel
avTAnmA péxpt TNV tedeutaio otiypr kot Sev Atav kaBdhou Suvatd va epappooToly T dpéva pe
omolo8rnote anotéAeopa.

» MrnopoUpe va Bewpriooupe OTL oL apa§ooTol ieg cuykpoUovTal pe TARpN TaxUTNTO opEiog
(epmopikr) 90km/h, emBatikr apaootoia 150km/h) petaft toug.

23:18:24 + ms
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Ixnua 2: Tevikr) eMOKONNGON UE XPOVO OUUQWVE UE TNV BIVTEOKAUEPA TOU QUTOKIVATOSpOUOU (yia AByouc eukoAiac ot
ypapués anetkovifovral eudeisc)

Agdopévwv twv SladopeTikwv GopTiwv Kal TAXUTATWY, N KIVNUATIKY EVEPYELQ TNG EMUTTOPLKAC
apafootolxiog, mapd to Baputepo doptio, eival MOAY xaunAotepn amd ekeivn TNG emMPOTIKAC
apagoototxiag (250 MJ évavtt 592 MJ). AauBdvovtag eniong umoyn To yeyovog OTL N EUMOPLKN
apofootoxio eixe 2 nAektpdpateg pmpootd tng, 80 tdvwv n kabepia, ol omoieq €xouv O
otepeni/woxupn Sopn kat uPnAdtepo dboptio GEova, KaL To yeyovdg OTL Ta EAKOUEVO OXHHOTA LE TIC
Aapapiveg népaocav kdtw amnd T§ nAektpdpales, n anoppddnon tng evépyelag clyKpouonS oty
gUmopLKA apo§ootolia éyve Kupiwg otig 2 nAektpdpatec.

» Ta eAkOpeva oxfpota, He e§oipean TG 2 NAEKTPOUNXAVES, TAPEUEIVAV KUPLWG OTNV TPOXLA
Toug ko Sev cuvBAibTNKAY TOAU peTaél Toug.

> H evépyela olykpouong amoppodriBnke KUpiwg ard v MPWTN Kal 0Tn GUVEXELD amo TN
Sevtepn nAektpdpata, AapBdvovtag eniong unoyn to e8IKd GopTio KoL TNV TPOXLA TWV
EUTIOPEUHATIKWY Bayoviwy rou akoAouvBouaoav (BA. mapakdtw).

H mpwtn epmopikn nAektpdpofe, H/A 120-022, exktofelinke mAvw omd TNV TPOXIA TNC
odnpodpoputkig ypapunig avodou (katevBuvan kivnong mpog Tto aplotepd) Kal TPOGEKPOUCE e
odobpoTnNTa oTOV TOlXO TOU AUTOKWVNTOSPOLOU, pe aToxeia Tou eomAlapol va mepvolv IAvw armod
Tov toixo (Ewdva 9). H nAektpapoada mBavdtata mrdnée mpog ta ndvw (Ue tnv kedbalr Auyiopévn
TPOG T KATW) Kat Mopgécupe pali TG Tov oTUAO TOou EVOEPLOU aywyou Kat TNV aAUGOELSH otnv
nopeia TG cUykpouong, kaBwG n aAUGOELdNG ypappn enadrc kaL o oTUAOG TN Bpiokovol kdTw omod
TG nAektpdpateg (BA. Ekova 11 kat Ewkova 12).

Auté obfynoe o éva pdAlov okANPO PBPoXUKUKAWUA TOU €VOEPLOU NAEKTPODOPOU aywyou TNG
YPOUUAG avOdou pe TiEPLOPLOPEVES avahapmés (Sev eival opatég, i o aywydg Sev Tpododoteito pe
pevpa Aoyw mponyoUpevwy mpoBAnudtwy). H Seitepn epmopikry nAektpdpata, H/A 120-012

EMMIZTEYTIKOTHTA: To nap6v éyypado kat Tuxdy suvnuuéva éyypada sivat EUMIOTEVTIKG Kat eVOEXeTaL va elvat andppnta. Mnv anmoka\ONTETE TO MEPLEXGUEVO TOU, PNV TO
XPNOLUOTIOLELTE YL OTIOLOVENTIOTE GKOTO KAt UNV SLAVEUETE, AOONKEVETE 1) avilypddete TL¢ TANpodopieg oe omoioSANOTE HéGO
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‘EkBeon Alepelivnong ATUXNHATOG Eyypado: YC23-010 avad. TEAKO-ANHOCLEUpEVO

oUVTPIPTNKE TMAVW OTV TPWTN Kat evdow TBavotata mopéueve cuvdedepévn pall pexpt v
teleutaio otypr, yUpLoe kat otpddnke otnv avitiBetn katevBUVON EVAVTIA TNV TIPWTN HEXPL TIOU
otapdtnoe (0 NAEKTPLKOG {eVKTNG NTav akopa cuvdedepévog, BA. Ewova 13).

23:18:28 + 250ms

—--u:{ w52 powo

1 wnbs mishlednd tx 1" Aigupry Ehadping UPnASTEp TV EOVE Kax METE 17 aoTparT)
RLLAER IR - To pmhs dua unobeuoviet 1oo uPnAric Thong efaiag Tou
LOVIOWOU TOU QEpa

Sxrua 3: Mpwtn aotparns

H roAl unAdTepn evépyeta cUykpouong TG emBatikig apagoototxiag anoppodrdnke arod moAd
oxfpata, fekwwvtag and v nAektpdpafa, to Payovt g mpwtng B€ong kal o Payovi tou
KUAKELOU, KOL ATAV TIO KOTAOoTpodikh, KaBWg EAAXLOTO OvayVWPIoHO THAMOTA MITopoUV va
£VTOTILOTOUV oTo ouvTpippia. H emPatiky nAektpdpaga, H/A 120-023, cuyKpOUOTNKE TAVW TNV
TPWTN eUMopIkr NAEKTPANag kol TeTdxtnke (avtibeta) mpog To aplotepd mepimou 30 petpa mo
K&Tw KaTd PiKog TG KateUBuvong kivnong oto xapnAdtepo mpaveg (4 éwg 5 pétpa xapnAotepa).

Katd T Stdpkelo autiq Tng "ntiong” n nAektpdpafa éxaoe ta popeia kat autd kwiBnkav pdAiov
guBeia Pog T EUMPAG. TN ouvéxeta, mbavotarta To apdfwpa tng nAekTpapagag opnvwdnke Aiyo
mo Pabld oto £80d0o¢ KAl OMOKOTINKE ONd TNV KAMMmiva Kol TO WNXavooTdolo, Ta omoia
ouvBAidtnkay dAa pali. To pecaio péPOg TOU 0ACL PE TOV HETAOXNHATLOTH, TO TULO OTEPES KoL Bapy
népoc (mepimou 10 t6vVOl) Me TN HeyoAUTEPN OSPAVELR, OTOKOTNKE (TO WITOUAGVL pE Tov Tielpo
nepLotpodric AUYLOE Péoa 0To TAQLGLO/TOV METAOXNKATLOT) KOl QVATPATINKE KaTeRaivoviag Hepikd
pétpa Mo KATw. To dvw Tavel tng opodrig mBavotata anokoAARBNKe Katd TNV TPWTN KPOUon,
TIETATNKE OTOV QéPa KAl £MECE €V PEPEL TIAVW TN BAON TOU OUAEWHOTOG.

Elvat onuavtikd va avadbepBei 4Tt oL otUAoL TG cAucoel5oUg ypappig emadng Katd T oTypn Tou
atuxipatog (daivetal twpa va éxouv tomoBetnBel Aiyo Mo kdtw TPOG TN orpayya) Arov
tornoBetnpévol otn Bon Tou atuxAuaTog (nepinou 50 pétpa and tn oripayya, onwe paivetat and
v mpoPohi Tou Google Earth mpw amd tn oUykpouon). H nAextpdupago tng emBatikig
EMMISTEYTIKOTHTA: To rapov éyypado Kat TuXSv cuvnupéva éyypada sival EUMoTEVTIKG Kat evEEXeTaL va givat andppnta. Mnv arokaAUMTETE TO MEPLEXOUEVO TOU, NV TO

XPNOUOTIOLELTE yLal OTIOLOVEATIOTE GKOMO Kat UV SLavEpETe, aoBnKeVETE i avIlypadETE TG nAnpodopieg oe onoloSnNote péco
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apafootolXiag mapéoupe KOTA TN SLAPKELX TNG TPOXLAG TNG oUYKPOUONE TOV GTUAO TNG YPOUMUAG KOt
rBavotata peTEDEPE TO EVAEPLO KOAWSLO HEXPLTIOU TIPOCYELWONKAV TA TUAUATA TNG NAEKTpA U
oto Tpaveg. To kaAwdLo tng ahucoeldol ypaupunc enadrc evioniletal os Siddopeg Béoelg ota
ouvTpippLa Tou evamnopeivavtog mAaloiov TN NAEKTPAOENC UE TOV HETAOXNHOTLOTH, OTIWE daiveTat
otnv Ewkéva 14 kat otnv Ewkdva 15.

To Bayovt mpwtng B€ong kat to Baydvl Tou Kulikeiou eival ta emdpeva Bayodvia TG eMPATIKAC
apafootoxiag mou &€xBnkav TV  evépyelo TG OUYKPOUONC Kal Kataotpddnkav Kot
napopopdwdnkav o TOAD peydlo PBabud, pe THAMOTH ONMwG Kabiopata, EO0WTEPLKA,
npodulaktripeg, Bupddulla, dopeio, MAEUPIKA TOXWHATO KOl TUAMATO TOU TAQLOIOU TOU
apafwpatog, aAAd KoL amooKeUEG Tou BpeBnkav ot peydAn mepipetpo (> 200 pétpa) yupw amo tnv
TEPLOXN TOU QTUXAUATOG. AESOUEVWY TWV HEYEAWVY KATACTPOPIKWY SUVANEWVY TTOU aoKhBnKav Kat
TWV TOAU uPNAwv emtayVVoewy, kavévag emPBatng Sev eixe BavdTNTEG val EMPLWCEL OE QUTA TOL
Bayovia.

Alya amo T OUCLACTIKA TUAMATA QUTWV Twv 2 Bayoviwv ival ovoyvwpiolpa Kol Urmopolv va
Bpebolv ota cuvipippia, aAd pe Bdon Tic B€celg OMOU eviomioTNKAV TO TTWUATA Amd TNV
TIUPOOPECTLKI), UMOPOUKE VO CUMIMEPAVOUUE ME WeyGAn mubavotnta OtL kal ta dvo "Baydvia"
TPOCYELWONKAV KATAKEPUATIOUEVO OTO XAUNAOTEPO TpavES HETAEY Tou dopeiou tTng nAekTpdpadag
KOLL TWV THNHATWY Tou TAALGLoU TNG NAEKTPAUagag Alyo Lo HaKpLd Ao TO oNUELD Oou onueLwdnkKe
n éxkpnén kot n mupkayld (BA. mapakdtw). Ot uPnAég eruTayUVoELg onpaivouv emiong 6tL GAot ot
EOWTEPLKOL XWPOL, CUUTEPAAUPBAVOLEVWVY TWV ETURATWVY KAL TWV ANOCKEL WV, cUVBAIbTNKAV apXikd
TIPOG T EUITPOG KAl SLaAUONnKav.

Katd tn Sidpkela autol tou cupPavtog to Bayovi B2 ektofeUTnKe MAVW QO TO CUVTPLIUMLO TNG
nAektpdpaag, tou Bayoviold tng mpwtng Béong katl tou BaAdpou odfynong, svw to Bayovt B3
napépeve cuVEESEPEVO KAl OE Ywvia LE TO oW HEPOG TTPOC TNV TPOXLA drou ta uTtOAoLTa Bayovia
otapatovoayv. To fayovi B2 eival To TpwTo avayvwpiollo oTa cuvTpippLa, aAAd KANKE EVTEAWS, EVW
oto B3 umripxav oplopéveg MEPLOXES OV eudavilav TIC EMUTTWOELS TG dwTLdg/Bepudtntoag (BA.
MEPALTEPW avaAuaon).

To ouuPav ektuliooetal kat amo tnv AAAn MAeupd pe TNV eumopikn apafootolyia. Ta 3 eAkdpeva
oxrjparta pe tg Aapapiveg cupnepibépovrat Alyo Stadopetikd amd ta Ao 0XfjaTa oTn cUYKpouon.
Onwg pmnopet va nmapatnpnBei and t Béon twv Bayoviwv kot Twv nAektpapoafwy, To enineda
Bayovia kat ot Paplég Aapapiveg (Stadopetikwy peyebwy, and 10-25mm - 2 €wg 5 tovol/éAacpa)
YALOTPOUV KATW OO TLG NAEKTPANAEEG KOL CUVEXI{OUV TNV TOPELQ TOUG KATA UAKOG TNG YPOUMAG HéXPL
VO, OTOMOTHOOUV UITPOCTA aro TiG nAektpdpateg (Ewova 10).

Katd tn Stdpkela autig tng Stadpounc, oplopéves Aapapiveg mpooékpouoav oe Siddopa onueia
Twv Bayoviwv TG emPBaTikig apafootolyiog, €K TwV OMOlWV Ta TILO OPOTA Eival oL TOHEC oTa
TAEUPIKA TOWHOTA Twv B4 kat B5. EKTOC amd TG UAIKEG {niEC, Sev avadépBnke OXETIKOC
TPAUMATIONOG eMBatwy. Ano Ta umoAowna Bayovia TNG EUMOPIKAG ApaooToL oG HOVO TO MPWTO
Bayovt epnopeupatokBwtinv unéatn InULEG, Ta urtdAouta 9 Bayovio EPTTOPEVHATOKIBWTIWY ATav
aBkTa e TA 2 HOVO TPWTA EUMOPEUMATOKIPWTLA VO €XOUV OTIPWXTEL HETAEY TOUG KAl va €XOouV
UTTOOTEL ULKPEC TNULEC.

EMMIZTEYTIKOTHTA: To mapov éyypado Kat TUXOV cuvnppéva yypada eivat EUTIOTEVTIKA KaL evEXeTaL va eival andppnta. Mnv artokaAUNTETE TO MEPLEXOUEVO TOU, UNV TO
XPNOLUOTIOLELTE YLa OTIOLOVSHIOTE GKOMO Kat Unv SLavERETe, amoBnKeVETE ) avitypadete TG mAnpodopieg oe onotonnote péco
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Eyypado: YC23-010 avab. TeAKO-ANLOGLEUEVD

Ao Tnv emBotikh apaootolyia, to Baydvia BS, B6 kot B7 akwntonotBnkav eniong cuvBABoueva
eAadpwg petafl Toug Kat ektpoxlalopeva Atyo r kaBoAou.

Synupe 4: Anoronwon S€0Ng OXNUATWY UETH TNV TUYKPOUTT)

EMMIZTEYTIKOTHTA: To mapdv éyypado kat Tuxdv suvnupéva éyypada elvat EPMIOTEVTIKG Kat EVEEXETaL va Eivat andppnta. Mnv armokaAUTITETE To MEPLEXOUEVO TOU, NV TO
XPNOULOTIOLELTE Yiat OTIOLOVSHATIOTE GKOMG KAl Unv SLavépeTe, anoBnkeVeTe 1 avilypadete T mAnpodopieg oe onolodnnote péao
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6. YnoBéoeLg yia tnv £Kkpnén Ko tn dpwtd

stowxeio 1 tnc undBeonc: Snuoupyia nAektpikol tofou otov evaéplo nAektpodopo aywyo 25kv
Kot BpaXUKUKAWMO OTOV UETOLOYXNMUOTLOTH .

‘Eva onpavtiko cupBav mou Ba kabopicel TNV mepattépw mopeio Tou atuxiuatog ival n Snuoupyia
nAektpikol TO€ou Kat To BpaxukUkAwua oTtov evaéplo nAektpoddpo aywyd (ypappr kaBsédou) kat
oL peydAeg Aduelg mou mapatnpovvtal ota Bivieo, biwg oto Pivieo apB. 2, mou Seiyvouv oOTL
SnuoupyriBnkoav MoAG téEa TipLv artd To TEAKO BpaxukUKAwpA aTov aywyo. Aev eival codég rou
akplBWS CUVERN auTd KaTd TN SLAPKEL TNG SUVAMIKAG TOU OTUXAHATOG Tou Teplypddnke
napandvw, oMd 6nwg mpoavadépdnke, o oTUAoG 0Aucoel§olg Tou NAEKTPodOpoU aywyou TNg
vpapuig kaBodou Bplokdtav otnv "{wvn nttiong” tg nAektpdpagag kay/f Tou mpwtou Bayovioy.

ARO TG ewkoveg, Ewkova 14 kau Ewkéva 15, BAémoupe OTL TO OTOOHEVO EVOEPLO KAAWSLO EXEL
napacupBei pali pe tv nAektpdpada kaL Unopel va evtomotel ota ouvtpippLa Tou TAasiou g
NAEKTPANAEAC KoL TOU METACXNUATIOTH TOU BPLOKOTOV avamoda pe To éva AKpo oPpnVWHEVO 0T
gdadoc.

AeSopévou 6TL N nAektpdpaga ektofeliBnke otov agpa yLo mepinou 30 LETPA HEXPL TO TIPOVEG TTOU
Bplokdtav 5 PETPA XAUNAGTEPQ, O EVAEPLOG NAEKTPOPOPOG OyWYOG UTETTN BPaXUKUKAWHA HOVO TN
OTLYHH ToU N NAEKTPApaa Poaékpouae oto £8adog. And to Bivteo aptb.2, prmopoupe va Solue OTL
Xpetdotnkay 2 £wg 3 avolaurég (umhe dwg) oto iSLo onpeio pe tnv teheutaia va eivol n peyoAltepn
TPV 0 evaéplog NAekTpodOpog aywyog (25kV) anevepyoroinBei? (BA. Ewkdva 5 kot Ewova 6).

Ot Adpyelc tou nAektpikol tO€ou Slapkolv mepimou 100 éwg 200msec Kat Wmopovv vo
Snplovpynoouy Bepuokpacies dvw twv 5000°C3 kat va Snuioupynaouv éva pmie dwg Adyw Tou
LOVIOHOU TOU aépa, N TEAEUTALQ AOTPOTTH LE TIEPLOCOTEPO KITPLVO/TOPTOKAAL Xpwpa elval n apxr TnG
€KpNEng.

Ttowyeio 2 tng undBecng: B£on tou BpayUKUKAWLOTOG

Ao TNV EKOVA TOU PETACKNHUOTLOTH, ElkOva 17, UOPOUKE Vo avayvwpiooupe éva mBavo onpeio
(onpewpévo pe pmAe xpwpa) kovtd oTnv o tng €kpnéng, orou Ba propoloe va €xeL onpelwBei To
BPaxUKUKAWWO OTOV pETaoXNUATIOTH. Anatteital Aerttopuepéotepn avaluon yo va emPePoiwbet
autd, ald kaBwg To onueio autd PBpLokOTav OTOV MUV TG emakoAoudng €kpnéng kot
nupkayldc/Beppotntag (BA. mapakdtw), T@ TEPLOCOTEPO OTOWXElD TOU PBPOXUKUKAWMOTOG
Kankav/éAlwoav.

2 0 evaéplog nAektpoddpog aywyds tpodoSotoloe Tn oTyur Tou atuxripatog Touldxiotov 3 nAektpapaeg twv 6,2MVA n
kaBepia. Mpwv amoéd TV amevepyormoinon Tou aywyou, o otabuds mapaywyrg nAEKTpikig evépyelag mpoomalel ocuvhBwg va
eMavVapEPEL AUTOATA TV EVEPYELR 0T ypappr pia i 800 bopég mpLv amd Tnv AP amevepyonoinan TG NAEKTPLKAG EVEPYELQS
(mpog emPeBaiwon amod tov SlaxelpLoTr Tou SLKTUOU NAEKTPLKAG EVEPYELAG).

3 To nAekTpIKO TOL0 epdaviletal Gtav to nAextpikd pedua yivetatl avetEAeykTo Kal Stamepva éva kevod agpa PHETag) aywywv oE
uia poomdBeta va "rndnRéel" amd Tov Evav aywyo otov GANo i otn yn. Autd €xeL wg amotéAeopa tnv aneheuBépwaon NAeKTpIKrg
€VEPYELOG TIOU Lovilel Tov TteptBAANovTa aépa, Mapdyovtog TEpAoTia mocoTNTa Pwtog, Beppdtntag kat ixou. Ot Beppokpacieg
evdC nAektpikol TOEOU propolv v ¢rdoouv amd 2.800 (xapnAn tdon) €wg 19.000 °C (moAs ugnAf tdon).
(https://www.electricityforum.com/iep/arc-flash/arc-flash-temperature k.aA.)

EMMISTEYTIKOTHTA: To mtapov éyypado kat Tuxdv suvnppéva éyypada elval EPMLOTEUTIKG Kat EVOEXETAL va eivat andppnta. Mnv anokaAUTTETE TO MEPLEXOUEVO TOU, HNV TO
XPNOULLOTIOLETE YLOL OTIOLOVEATIOTE GKOMO KAl HNV SLavépeTe, amoBnkeVeTe f aviypadete T mAnpodopieg o onotodnmnote uéco
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Froweio 3 tngundBeonc: H Béon Tou LETAOKNLATLOTH OVTLOTOLWEL OTLC ELKOVEC TNG EKPNENG KL TG
TUPKAYLAC oto Bivieo

wEoowgs ey wis
s L o SRS EERY e

1" Mgy Ehadpusg vPnAGTEPE oI Ewdva Kon PETd 1° aoTpan
Tom‘mmmwgmémngm
LOPACHOU TOU aEpa

Sxniua 5: Mpto NAEKTPLKO TEéo OTNV EVAEPLA YPOULT) TOU NAEKTPOQOPOU aywyoU

Souns N 18 o
v ISRET MR

s
e
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Sxnua 6: AeOTEPO NAEKTPLKO TOEO OTNV EVAEPLA YOOI TOU NAEKTPOQPOPOU QywyoU

EMMIZTEYTIKOTHTA: To map6v éyypado kat Tuxdv cuvnppéva éyypada elval EQTILOTEVTIKA Kat evoEXeTaL va elvatl andppnta. Mnv armokaAUMTETE TO EPLEXOUEVO TOU, PNV TO
XPNOLLOTIOLEITE YLt OTIOLOVSATOTE GKOTO KAl UV StavEUETE, amoBnKeVETE ) aviypadete TG mAnpodopieg ot onoloSAnoTe péco
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0L 2-3 A&puelg Tou nAektpLkol T6Eou ard To BpaxukUKAwHA UPNARG TAGNG TTOU TTOPATNPOVVTAL OTO
Bivteo aptB.2 cupBaivouv dAeg otnv iSto B€on evw AUEoWE WETA TV TeheuTaia Kat peyaAUTepn
Adpdn Tou BpaxukukAwpatog cuvéRn n ékpnén. EEetdlovtag to Bivieo oe apyn kivnon, propovpe
va oUpe étL n teheutaia Addpubn Twv orvBipwy Tou BPaxUKUKAWHATOG avépXeTal kat oBrveL EVW
amno KATw yivetal opatd to dwg TG EKPNENG.

EvSladépov eivat mapatnprioel kaveig 6Tt o dwg yivetal opatd miow omd éva avtikeinevo, avaioya
He T 80N NS kduepag (n akpLBrg Béon eival dyvwotn autr T otiyur), autd Ba mpemnel rubavotota
va gival to Payovt B2. Auth eivat n Béon 6mou o PETOOXNHATIOTAG KelteTal oto £6adog otn ywvia
petaty tou Bayoviou B2 kat Tou Bayoviol B3. Kat ta SUo Bpiokovrtal mepinou 3 pétpa Ynhdtepa
MAVW OTA GUVTPLMULA TNG NAEKTPEMOEAG KO TWV TPWTWV Bayoviwy.

23118:29+ 625ms
23:18:28
wedid i L, 14 ws wys e
(Conmanel IConuana) Carnenart Hoantert (Contana’ Kot et

e g

o S Yo WCE Lovtiew] | WES [Commine = .86

Synua 7: Anotonwon évapéng ékpnéng

EMMISTEYTIKOTHTA: To mapov éyypado kat Tuxdv cuvnupéva éyypada eivat EPMIOTEVTIKE Kat evbéxetat va eivat andppnta. Mnv aroKaAUTITETE TO MEPLEXCUEVO TOU, PNV TO
XPNOULOTIOLELTE YL OTIOLOVEHTOTE GKOTO Kat UNV SLavENETE, amoBnKeVETE avtypddete Tig TAnpodopies oe 0MOLOSHNOTE HETO
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‘EkBeon Alepelivnong ATUXNHOTOG Eyypado: YC23-010 avab. TeEAkS-Anpooteupévo

Zrowxeio 4 tngunoBeong: Apketég eveifeig Seixvouv OTL 0 LETOONNOTLOTHC KOL TTLO CUYKEKPLEVAD.

to WUKTIKS uypo sivor n KUpLA iy TS £kENENC KAl TNE TTUPKAYLEC

Epeuvwvtog Aemtopepéotepa To SOXELO TOU PETACXNHATLOTH, Elvat Suvato va BpoUpe MeplocoTEpa
OTOlXEl OXETIKA pe TV Paocikn attia NG €kpnéng KoL TG MUPKOYLAG yloL v UTtooTnpioupe
TEPALTEPW TNV UTIOBEDN,

210 Soxelo TOU UETOOXNUOTLOTH, UMOPOUUE va S0UME oTtnv elkova Elkova 16 wa onf pe ta
X0AUBSwa ehdopota Auylopéva Tpog Ta €€w, YeEYovog Tou umodnAwvel OTL To Soxelo Tou
METALOYNMOLTLOTH £0KALOE OO PLLX EKPNEN OTO ECWTEPLKO TOU. AeSOUEVOU TOU TTAX0UG Tou XAAUuBa
(5 x\.) Tou Soxelou, n omr Ba pénel va MPoKARONKE QO Lol APKETA eYAAN EKpNEN.

To Soxelo Tou petaoxnuatioty (kataokeung Siemens) mepLexet nepinou 2,4 tovoug PuKTKoU
uypou, €éva mpoilov ToAudueBUAKAG olAikdvng, To omoio £xel onueio avadAefng oe
Beppokpaocieg > 300 °C kat onuelo kavong > 350 °C. Me 10 nAekTplko TOf0 otV aAucoeldn
ypauur enadig Kot to BpaxuKUKAWMUA 6To S0XEl0 TOU HETAOKNHATLOTA i av OXL TOTE KOVTA oToV
UETQOXNHUATLOTH LE TO UYPO va €XeL 16n Stappelioel, oL 2,4 Tovol uypo Ba édtavav ypriyopa oTo
onpelo avadAefng kat kavong odnywvtag oe €kpnén (ta NAEKTPKA TOEQ TwV CUCTNHAETWY
uPnAng taong ¢tavouv gvkoha toug 5000°C). BA. avadopd oto dUAo Sedouévwy: Bayer
Baysilone Fluids M 50 EL. EmutA€ov, oL MUKVWTEG TOU HETOOXNUOTLOTH, TIOU UTIESTNOAV {NuLd
AOyw TG oUykpouong, Oa pmopovoav emiong va €xouv Snuoupyioel TpdoBeta
BpayukukAwpata kat £kpnén (BA. mepattépw).

2tn B€on NG €KkPNENG 0TO SOXELO TOU HETACKNUATLOTH, UITOPOUHE v SOUUE OTNV artOXpwon Tou
xpwpatog tn Stadopetikn Bepuokpacio mou eixe o xdAuvBog yupw and tnv omr. Eva é\ooua
€xeLAUyLoEL TTPOG Ta KATW, uTtodetkvUovTag oAU uPnAn Bepuokpacia (> 600 °C). H Stadopetikn
XPWHATKA ardxpwon deixvel emiong ot n mnyn Tng dwTLdg Bplokotav o€ AUTO TO GAVOLYUa Kt
n ¢wtd €kalye oav éva €ibog "kavotrpa Bunsen". Emtiong, n atBdAn sivatl opatr og auto to
onuelo umodelkvuovtog pio Stopkéotepn e£otia, OMwe doiveTal otnv TEPLOXA TIOU Eivat
ONMELWHEVN UE KOKKLVO otV Elkova 17.

To kGAuppa Twv nukvwtwy ¢idtpou Siktvou otnv iSla B€an €kpnéng daivetal emiong va €xet
avoatwoxBei, kaBwg dev pmopel va Ppedei oute Bida olte pépog TOU KAAUUUATOG, TTAPE TO
YEYOVOG OTL NTOV OTEPEWMEVO We 26 umouAdvia M10 kat oUte o (6L0¢ 0 MUKVWTAC OUTE n
OTEPEWON TOU TIUKVWTH €XOUV UTIOOTE(L HEYAAN UNXavikn Katootpodr (Agukd mAaiolo otnv
Ewkova 19).

To dANo onueio tou (blou kiBwtiov Tou petacyxnuatiotr / mMAawsiou ™G nAektpdpaag €xet
unoaotel BoplTtatn HNXAViKh KataoTtpodr], akoun Kot n dpbpwaon Uetafld Tou apaiWUATOC Kot
Tou dopelou gival Auylopévn pPEaa eVTOC QUTHG TNG TEPLOXNG, AAAG dEPEL ONUASLO TTUPKAYLAG
Tou €ivat oAU Alyotepo €vtova, Bacikd pauplopévn otBAAn evw oKOUN KoL KATIOLO Xpwia
Baodng eivat akdun opato (BA. Ewova 22). Oa npémeL eniong vo. onuelwBel 6Tt auTd T0 TUApA
TOU UETAOXNUATLOTH BpLokOTay ev pépel XwHEVo aTo €8adog, evw To GANO dkpo (onueio tng
omng €kpnéng) Bplokotav eAadpws otov agpa.

EMMIZTEYTIKOTHTA: To mapov £yypado Kat TUXOV Suvnppéva yypada ivat EUTIOTEVTIKG Kat EVEEXETAL va elvat andppnta. Mnv anokaAOMTETE TO MEPLEYOHUEVO TOU, PNV TO
XPNOLUOTIOLELTE YL OTIOLOVSHTIOTE GKOMO KAl HnVv Stavépete, anobnkeVeTe f avilypadete ¢ mAnpodopieq o onoLodANoTe Héco
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- Mapd TV oNUavTKOTATA £KPNEN KL TV TTOPOTETAHEVN TIUPKAYLA, TA CUVTPIMLA YUPW aTtd ToV
HETAOXNHOTIOTH Kal O pia eupUTEPN TEPLoX oto édadog dev €xouv onuadia dwtldg, kabwg
TO XPWHO OPLOHEVWY TUNUATWY TOU OXALATOG Elvat akopn opatd. Mévo Ta TuApata akplpuwg
navw armd tnv otia éxouv Kael (Ewova 9 kau Ewodva 21 Ewkova 20). Autéd emPeBatwvel 6tLn
nupkaytd Atav obodpr aAd moAl evtoropévn kat TpodosotiBnke ard To PUKTIKO uypO Tou
HETOOXNMATLOTH Ttou Byrike and to Soxeio péow tng omng ékpnéng oe eva €ibog TWUPKAYLAG
TUmou "kauothpa Bunsen". To xaun\dtepo eninedo Twv cuvtplupiwy mapeixe aépa/ofuydvo
oTn PWTLA Ao KATW.

- To yeyovdc otL to Bayovt B2, mou Bplokdtav nepinou 3 pétpa mavw amnod ta A cuvTpippLa,
kénke e€ohokAripou, odeileTaL oTO yeyovog OTL KAMOLo TUra Tou Bayoviol BpLokotay akpLBuweg
navw ard ™ Lwvn GwTLdg Tou petacxnuotot). H ¢wtid otn cuvéxela e§amwOnke oplovia
og 6M0 TO Bayovt PECW TwV UAKWY (ECWTEPIKWY EMeEVOUCEWY, kKaBlopdtwy, ...) Tou idlou tou
Bayoviot Kat TeMkd TpododotiBnke and AN eUGAEKTA LYPA QO pTaTapieg Kat WUKTIKA
HESQ KAUOTLOTIKGV (BA. apakdtw). To Bayéve B3, av kat entiong Sev aréxel oAU and v eotia
npoéhevone, eudavilel kamowa onpddlo dwtdg kat e§dmwaong kovta otn Bgon tou
METAOXNUATLOTH, XWPLG OLWG VoL EXEL TTAPEL PWTLA.

- H Bdon Tou Soxelou TOU PETOOXNUATIOTH, TOU META TN ouviplPr Ppebnke mpog ta navw,
napouotdlel oe OAOKANPN TV EMAVEL EvToveS BEpUIKES MAPAHOPPWOELG Kat SLadOPETIKES
XPWHATIKEG QIOXPWOELG TIOU UTIOSELKVUOUV T B€0n TNG TNYAG TNG TUPKOYLAG KaL TLG uPnAgg
BePUOKPTIES KOTA TN SLEPKELD pLag PeyOAUTEPNG XPOVIKAG TtEPLOGOU (BA. Ekdva 20Ewova 18).

AAAn rBavh enyn KOpLag kot Seutepelovoag ékpnEng Ko MUPKOYLAG:

Mia Seltepn mubavdtnta avddAeéng ektog amd To PPaxUKUKAWHO OTOV EVOEPLO nAektPodOpO
aywyd Ba uopoloE va eival To BPaxuUKUKAWMA TWV MUKVWTWV GIATPOU YPOoUpG KaL TwY TIUKVWTWV
peTatponéa €AENG, TOU OL MEV NTAV EYKATECTNUEVOL OTOV UETAOXNHATIOTR KAt oL 6 oTo
pnyovootdolo. Katd tn Stapkelo TG GUYKPOUONG Kal TNG KATAPPEUCNG TOU mataiou TG
NAEKTPAUAENS PITOpOU e Vo TIOBETOUpE pe peydAn TBavoTnTa OTL KoL AUTa Ta oTolXElQ UTTEGTN OOV
BAGBN Kat Snutovpynoav BpoxukukAWpoTa pe ekpASELS kot Adpels. H evépyela tou aroBnkeveTal
o€ QUTA Ta oTolxela eivat To TpoowpLvr (Seutepdhertta) Kat Ot Tou iSlou HeyEBOUG pe ekelvn Tou
£Va£pLoU NAEKTPODOPOU aywyou, aAAd EMaPKIG yia va SntoupyRoeL €kpnén kaw i va tpododotnael
TLG UTTAPXOU OEG TTUPKAYLEG.

Av UTI0B£G0UHE yia pia oTypn 6tL To BpoaxukukAwpa uPnAng Tdang rmou daivetal ota Pivieo Sev
GUMBQLVEL OTOV (610 TOV PETAOXNMATLOTH fj APYOTEPQ, TOTE N EKPNEN TOU TTUKVWTA VPO KAl TOU
KOTEOTPAMUEVOU KIBWTIOU TOU UETAGXNMOTLOTH Bo UopoUaE VoL 08NyHaEL Le To YUKTIKO uypo o€
HLa EOWTEPLKA HEYOAUTEPN £KPNEN KoL VL SNLOUPYHCEL TNV 0T artd OMou Katyotav n wTtld onwg
neplypddetal mapandvw. Onwg wropolpe va Soupe arnd to Bivteo apb. 2, to ruBavotepo givat OTL
n ékpnén amd autd Ta otolxela tpododdtnoe v rdn undpxouca expnén Kat TupKayld i ot
ouvépatve Aiyo-ToAl TauTOxpova.

Av AndBei umoyn ot o i8log efomMopdg eival eykatecTnpévog kol otig d0o EUTOPLKEG

EMMIZTEYTIKOTHTA: To mapov éyypado kat Tuxdv cuvnupéva éyypada eivat ERTLOTEUTIKE Kat evbéxeTal va ival andppnta. Mnv aitokaAOTITETE TO MEPLEXOUEVO TOU, UNV 1O
XPNOULLOTIOLELTE YA OTIOLOVENTIOTE OKOTIO KAt UNV SLavEpETE, anoBnKeVETE A avTlypddETe TIG TANPOPOPIEG OE OTOLOSATIOTE HETO
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‘EkBeon Alepelivnong ATUXNHATOG Eyypacdo: YC23-010 avad. TeAkd-ANpOGLEUHEVD

nAektpdpaeg, oL omoieg €xouv emiong unootel coPapég INULEG, dev ouveRn mapdpota €kpnén n
TUpKayLa.

AN Sopikd otolxela TNG NAEKTPAMALOC KAl TwV Bayoviwv TEPLEXOUV EMIONG UypA Tou eival
g0bAekTa N eKPNKTIKA OTav ektiBevtal oe uPnAég Bepuokpaaoieg. Ta O ONUAVTIKA TTOU TIPETIEL VOl
avadepBoUv oXeTIKA pe AUTO To BEpa eival Ta g§Ag,

HAektpapoaga:

Mratapieg Ni-Cd: Hoppecke - turtou FNC142LR - 142 Ah — 110V, 72 otolxeio cucowpeuTn
potpacuéva o 2 KIBwtla avd nAektpdpaga — 66,24 Aitpa (18-30% ubpoteidio tou kahiou
(KOH)) w¢ nAektpoAUtng pe mpoaBrkn udpofeldiou tou ABlou (LIOH). - otav
uriepBeppaivovtal, mapdyouv eKpNKTIKO Kal eVGAEKTO aéplo udpoyodvo. Ta 2 KIBwTLa Twv
UIaTopLwV eival eykateotnéva okpLBwe SUmAa oTov LETAOXNHATLOTH. Agv elvat cadEg av
TO KLBWTLA TWV UITATAPLWV ATAV aKOU cuvapuoAloynuéva oto mAaiolo Tng BAong Kat Tov
petaoynuatiot f eixav Aén amokoAAnBel mpwv amnd v npooyeiwon Adyw tou peyalou
Bdpoug kol Twv EmTaXUVOEWY. ITNV MPWTN Tepintwon Ba mpooebetav emniong doptio
£€KkpNENG KaL TIUPKAYLAG. 2T oUVTPLppLO ev elval TAéov opatd.

Metatponéag éAEng: O petatpornéag EAENG mou sival EyKATEGTNUEVOG OTO NXAVOOTAGLO
¢ nAektpdpagog Woxetal pe 720 Aitpa 3M Fluorinert™ HAektpovikd vypd FC-3284. To
UypO Taglvopeital we un emnkivéuvo (8ev xapaktnpiletatl wg emnkivbuvo cupdwva pe To
nipoturto OSHA 29 CFR 1910.1200). Aev é€xel anpelo avadAegng 1 kavaong (eudAektotnta),
aAAG umd akpaieg cuvBnkeg Beppotntog popouv va mapaxBouv Tokd Tpoidva
anoovvBeong, onwc dBoplolxo udpoyodvo kat urtepdBoploicofoutulévio. To dBoplovyo
udpoydvo avtidpd pe pEtala Omwe o xaAuBag kat mopdyet eUPAEKTO KL EKPNKTLKO 0EPLO
udpoyovo. Asdopévou OTL 0 petatpoméag €AENG eival MARPWS KOTAKEPUATIONEVOS, SEV
elpoote oiyoupol mou Siéppeuce o0 YUKTKO LUYPO oTo TepBAaAAov, aAd mibavotata OxL
otn B€on tou petaoynuatotr, oAG autr n dwttd tou Puktikol uypol Ba Pmopovos va
gival deutepeliouoa TG KUPLOG TIUPKOYLAG.

Bayovia

Mratopieg Ni-Cd: Saft tumou SRM — 24 volt — éva kiBwtio ava Bayovt oto mAaioto g
Baong - 104,4 Aitpa nAekTPOAUTN e To (Sl XOPAKINPELOTIKA Kol cupnepldopd Tou
g€nynOnkav ropandvw yla tig pratapieg Ni-Cd tng nAektpdpatag. Mbavotata ta otolxela
TWV CUCCWPEUTWVY Tou Bayoviol g mpwtng B€ong, tou KuAikiou kal tou Bayoviou B2
Bplokovtal ota ouvipippla twy Bayoviwv omou dev ekdnAwbnke kapia i ekdnAwbnke
TIEPLOPLOMEVN TIUPKAYLA, LOKPLA oTtd TO BEPLO ONIELO TNG TUPKAYLAS.

O nAektpoAlTtng sival emikivbuvog oe emadr pe To S€ppa KoL Umopel va TPOKOAETEL
00Bapd TPAUHATIONO, EVW OE EMAdN HE TA LATLO UITOPEL VoL 08Ny OeL AKOUN KoL 08 LOVLUN
BAGBN. Ot SLacwaoTteg Kat oL TupooPEateg avédepay eMBETIKA UYPA TIOU EnedTav o€ €va
and ta Bayovia (B3;), auto mpoépxetat mbavotata anod tov NAeKTPoAUTN TNG Hnatapiog
mou xUOnke 1 ovapixbnke pe vepd mupdoPeonc (to koutl g pmatoplag eival
EYKATEOTNEVO 0TO TAALGLO TNG BACNG TTOU OVOTPATINKE OTA CUVTPLLKLAL).

WUKTIKO WECO KAHATOTIKWV (1 tng opddag HVAC - 22,4 Aitpa avd Bayovi oTo MAQIoLo TNG
Baong)- To Yuktkd péco Aetoupyel ouvnbwg umd uynAn mieon ota cuoTApaTA
efaeplopol kot KAwwatiopol (HVAC). To yxpnotwpomotoUpevo YukTikd péco R-134a

EMMIZTEYTIKOTHTA: To map6v éyypado kat TuXov suvnupéva éyypada eivat EUTIOTEUTIKG Kat evOEXETaL va elvat andppnta. Mnv amoKaAUTITETE TO MEPLEXOUEVO TOU, PNV TO
XPNOULOTIOLELTE YL OTIOLOVSATIOTE GKOTIO KAt NV StavEpeTe, aroBnkeVETe N} avtypadete TIg MAnpodopieg oe omMoLodnoTe HEGo
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(tetpadBopoaifdvio) Sev eival eVpAekto oe Oeppokpaoies nieptBAAOVTOG KAl OF
atpoodatpikn Tieon. Qotdoo, 10 UAKO auTd Ba kotaoTtel VdAeKTO otav avapyBel pe
agpa umo Tieon ko ekteBel oe oyup Tnyn avddAetne. H enadry HE OPLOUEVA
avTidpaoTikd pETOMa propet vor 08nynogL o€ OXNHOTIOUO ekpnktikwy N efwbeppwv
avTiSpdoswy untd el8ikég ouvBkeg (. oA ubnAég Beppokpacieg /Kt KATAAANAEG
néoelg). (Avadopd: AeAtio dedopévwy aodaleiag R134a).

AvoputyvUovTal eOKoAa [e Tov aépa Kot e§aTuifovtal o€ XapnAOTepES OUYKEVTPWOELG, AAAG
OE MPWTEC TEPUTIWOELG Ba propovoe va avartuxBei Seutepoyevrig TIUPKAYLA Qo mnyn
avAapAEENC KovTd o Stappor] Tou PUKTLKOU PECOU. AeSopévou GTLOL MOVASEG KALLOTIOHOU
amnd ta npwta Payovia Sev Bpébnkav ota cuvipippia, Sev eivat Beato av ouvéBalav oe
pLo SEUTEPOYEVH TUPKAYLA.

ExTdc amd ta eUMAEKTA UAIKE, KoL oL SEAUEVEG TIETUECHEVOU QLEPQ YLOL TOL TIVEUHOTIKA cuoTrhpota /
ouoTApata TMESNoNG Wropolv va cupBdAouv otV €kpnén Kol TV TupKayLld ToPEXOVTAG
aépa/ofuyovo umd udnAi mieon otn dwtid. Yrdpxouv QPKETEG UIKPOTEPEG KAl UEYOAUTEPES
Se€aLEVEC TIETILEOUEVOU aépa o€ KABE NAEKTPAUAED, OL CNUAVTILKOTEPEG TTIOU nipéneL va avadepBoulv
e85 eivat 2 Sefapevég aépa twv 150 Aitpwy, pia Twv 800 Aitpwy kat pia twv 80 Aitpwv. Aev Bpgdnkav
0TQL GUVTPLHHLA TNG EMBOTIKAG NAEKTPAUAEQAG, OTOTE SEV UMOPOUHE VOt EIHOTTE olyoupoL av Kol Katd
1600 aUTO GUVEPOAE oTnV eEATAWON TNG TIUPKAYLAG.

MropoUpe va SoUpe oto Bivieo OTL META TNV MPWTN WeyAAn ékpnén yla meploaotepo ano 10
SEUTEPOAENTO ONUELWONKAV OPKETEG HEYOAUTEPEG KAl UIKPOTEPES ekprEeLg, €K VEOU OVaAELELS,
rmBavotata and Ti§ npoavobePOUEVES TINYES.

P TS

LIS 50w FNI0A] v

Sxnua 8: Méoo kat téAog ékpnéng oto Bivreo

EMMIZTEYTIKOTHTA: To rapov éyypado kat Tuxdv cuvnupéva éyypada eivat EUTIOTEVTIKA KaL EVEEXETaL vat lvat andppnta. Mnv QMOKOQAUTITETE TO TEPLEXOUEVO TOU, UNV TO
XPNOULOTIOLELTE YL OTIOLOVENTIOTE GKOTIS KAt UNv Slavépete, amoBnkeVETe ) avilypadete T mAnpodopieg oe OMOLO8AMOTE HEGO
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‘EkBeon Alepelvnong ATUXNHOTOC Eyypado: YC23-010 avab. TeAkd-Anpoocteupévo

7. Tupnépaopa

AvaAlovTog TIG LayVN TOOKOTI OELG TWV 2 KAUEPWV TTOPAKOA0UONGNG (VUXTEPLVEG ELKOVEG) MIMTOPOUUE
VO CUUTIEPAVOUE TO XPOVO TWV TILO GNUOVTIKWY CUUBAVTWY KOL VA TO TALPLAEOUE HE TLG ELKOVEG
TOU TOTIOU TOU ATUXNLOTOG KOLL TWV GUVTPLLULWV.

EUBATINN A/T EIEPETA ITH INPATA IYTXPOYIH TEADE EXPEHE

To cuumnépaopa urootnpiletat amd ta akoAouBa otowyeia kat Ti¢ eplypadoueveg eveielc:

- 1n B€on tou evaépLlou NAEKTPODOPOU aywyoU OTO CUVIPLKLOL.

- ¢ AMapYES TwY BPaXUKUKAWHATWY TOu evaéplou nAektpoddpou aywyou, TIOAU 0opaTég oTo
Bivteo aptb. 2, mou cuvéRnaoav OAeg o TOAU GUVTOUO XPOVLKO Stdatnua Kot oto iSlo anueio 6mou
n €kpnén KoL n mupkayLd EAafav xwpo apéows HETA.

- Ta nAekTpKA TO€a 0 cuoThpata LWNAAG TAong TIou popoLv va GTtdoouv os Bepuokpacia £wg
ko 5000 °C.

- TNV omn €kpnéng oto Soxelo Tou petacynpaToT Kal tnv atBdAn oe autd To onueio Tou
UTTOSEIKVUOUV Lo €VToVN Kol SLopKEDTEPN £0TiA.

- 10 S0XEl0 TOU HETAOXNUATLOTH EXEL TO HEYOAUTEPO OpPTio MUPKAYLAG otnv NAektpdpata e 2,4
TOVOUG YUKTLIKO UYpO Le onueio avadAeing kat kavong petagu 300 kat 400°C,

- Ol XPWUOTIKEG OTOXPWOELS Kal N Bepuikn mopopdpdwaon tou Soxelou TOU WETOCXNUATLOTH
UTTOSEIKVUOUV OTL EKEL TOV N TIPOEAEUON TNE TIUPKAYLAC e TTOAU uPnAéc Beppokpaaoieg kat OTt
Supkeoe PEXPL VAL KOEL TO YUKTIKO UYPO.

- 0TEPlyupOG TWV CUVTPLUPLWY SelXveL OTLTO SOXELO TOU PETAOXNMATLOTH (TTou Bplokotav avaroda
oto €6adog) nrav n evroropévn/movadikn kuplo gotion ™G GWTLAG, €va €(80G TUPKAYLAG
"kawwotipa Bunsen" rou énatpve ouydvo amo KATw Ue emakolouBn enéktacn oto Aewdopeio B2
TIOU BPLOKOTAV OTO MAVW HEPOG TWV GUVTPLLULWY.

Me gUAoya uPnAn MBavVOTNTA UMOPOUE VO CUUMEPAVOUME OTL N €KPNEN NTAV AMOTEAECHA TWV
NAEKTPLKWY TOEWV Kol TOU BPaxUKUKAWHATOS TNG aAUoOELS0UC ypappung enadrig mou ouvepnoav
TIOAU KOVTA 1 TIAVW OTOV WETOOXNMATLOTH, UE TEAKA TPOTOeTa PBPoXUKUKAWUOTA TWV TIUKVWTWY,
Snuoupywvtag avadAe€n kat €kpnén tou YUKTIKOU LYPOU TO OTolo OTn CUVEXELA KANKE (2,4 TOvol)
UEXPLS EEAVTANGNC.

EMMIZTEYTIKOTHTA: To mapov éyypado Kat Tuxdv suvnupéva éyypada eivat EUMIOTEVTIKA Kat EVEEXETAL VA Elvat andppnTa. MnV anoKaAUTITETE TO MEPLEXOUEVO TOU, HNV TO
XPNOLUOTIOLELTE YLA OTIOLOVSATIOTE GKOTIO KAt Hnv Stavépete, anobnkeVeTe | avilypadete 11§ mAnpodopieg oe onotodrmote Héao
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To Baydvt B2 kdnke evieAwg, enetdn éva Tpripa tou Bayoviou BpLokOTaV 0KPLBWG TTAVW arod tn {wvn
TIUPKOYLAG TOU LETAOXNKATLOTH. £Tn CUVEXELD, N dwTLd e§arAwOnke opulovtia o OAOKANPO TO Bayove
HEOW TWV LAKWV (E0WTEPLKOU, KABLOHATWY, ...) TOU ilou Tou Bayoviol kat TeAkd TpododotriBnke
a6 AN EUDAEKTA UYPE OO UIATapies Kot PUKTIKA HETA KALLOTIOTIKWV.

H €xkpnén kal n mupKayld €ival pLo OTUXAG CUMITTWON HE TO yEyovog OtL n ahUcOoESHG ypopun
enadng BpoxukUKAWBNKE TTAVW 1} KOVTA OTOV METACXNHOATLOTH.

8. ALSAypATOL KO CUCTAGELG GXETIKA JLE TO TPOXQLiOo UALKO.

AapBdvovtog urddn 6Aa Ta mapandvw yeyovota Kal oTolXEla and my kotootpodr, Sev UTTAPXEL
Ka£va 1 elvat ENGXLOTA TaL PXLTEKTOVIKG OTOLXELQ, N KATAOKEUN 1 TEXVIKN BeAtiwon Tou OXNHATOG,
A Spactnplotnta cuvadig pe T cuvtripnon fi ™ Aettoupyia Twv GUPMWV £Ttl TOu oxripatog ou Ba
LIIOpOUCAV VA MELWCOUY Tov kivBuvo emavaAnng, 1 ta otolxeio rmou Ba pmopolioay va HELWGOUV
TG EMUTTWOELG UTIO TLG (8leG OUVONKEG Kal TEPLOTACELS. Ta amopaitnto cuoTAHOTA EAEYXOU
apoafootolyiwv (ERTMS/ETCS) eival eykatectnuéva edw Kot HEPLKA XpOVLa, aANd Eival og avapovn
TOU &K vEou eAéyxou TG unoSopng kat Tng B€ong Toug o Asttoupyia.

Ot SUVAELG KATA TN cUYKPOUGN ATAV TETOLEG TIOU Kapia oxedlaotiki Aon Sev pmopel vo avtétel ry
vo. aroduyel Ty amocUvBeon Twv NAEKTPOUOEWY KAl Twv Bayovwwv. Emiong, n €kpnén kat n
nupkaytd Sev Atav kat Sev eivat Suvatov va amopeuxBouv UMO TG SeSopéveg ouvOnKeg Kat
MEPLOTATELS OUTE WIOPOUV VOl TIEPLOPLOTOUV UE TG UTLAPXOUCES TEXVIKEG AUOELG (Y. ouoTrpaTa
nupavixveuong kat mupdoBeang).

Ta ro poodarta Sledv mpdTuma Tpoxaiou UALKOU (TeXVIKEG Mpodiaypadég AtalettoupykdtnTag -
TSI) BEATLOVOULV TNV OVTOXH TWV TPEVWV OE TIEPIMTWON GUYKPOUAGNG KoL UELWVOUV TOUG KvdUvoug
rupKaytdg kat karvoy, ald autd Sev urmopoly va epaproaTolV AOYKA ek TwV UCTEPWVY KaL Sev Ba
peiwvay i Ba pelwvav MOAY Teploplopéva TIG avBpwriveg Kat UALKEC ETUMTWOELG OTLG SESOUEVEG
ouvBrkeg oUyKpouaong.

H kUpLa attia sivat cadwg ektog Tou mediov Tng mapovoag ekBeong kat oxetileTal pe tnv unodopn
Kol To GUOTAHA KaL TLG Stadikaoieg SLaxelpLlong Tou EAEYXOU TWV AUAEOOTOXLWY TIOU enétpedav n
Aettoupyio 500 AUAEOCTOLLWV Yia HEYAAO XPOVIKO SLdoTnpo oTny idla ypapun.

Xwpic vo ekdépoupe kapio kpion kat mAAL codpwg ekTog Tou nediov g niapovoag €kBeong, pa
npoocwpwr oclotacn Ba prmopolce va eival n peiwon g AELTOUPYIKAG TaXVUTNTOG HLAG
apafootolyiag mou emavadpopoloyeital oe avtiBetn ypapur, epoécov Sev Aettoupyel mARpwG
Aettoupyko auotnua Staxeiplong apagootolyiwy (ETCS / ERTMS) katn Kot U TOV ToV TPOTO PElwon
TNC KWNHATIKAG EVEPYELAG KOL TWV KATAOTPOPIKWY SUVANEWY OF [ evdexouevn olykpouan
(KLVNUOTIKA EVEPYELD = TETPAYWVO TNG TOXUTNTAL).

EMMISTEYTIKOTHTA: To napdv éyypado kat Tuxdv cuvnupéva éyypada eivat EUMULOTEVTIKG Kat evEEXeTal va ivat andppnta. Mnv QAMOKOAUTITETE TO TEPLEXOUEVO TOU, HNV TO
XPNOLLOTOLELTE yLa OTIOLOVSHTIOTE GKOTIO KA UNV SlavépeTe, anoBnKeVETE N} QVTLYPAETE TG mAnpodopieg oe onMoLodNMOTE HEco
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‘EkBeon Alepelivnong ATuxnparog Eyypado: YC23-010 avad. TeEAkO-ANOCLEUUEVO

9. EwkOveg

Ewkoveg mou xpnotponouibnkav atnv €kBean

(Kavte Ctrl + click mavw otnv avapopa oTo KEIUEVO YLa va ETUAEEETE AUTOUATWE TNV TGYETIKY ELKOVA
akoAotBwe)

Etkova 9: Arton arto drone Twv nAEKTpaUaEWY TS ELTOPLKIG Kat Tn¢ emBatiknc apafootolyiag (otiyutotuno odovnc ano Bivreo
ABCNL news)

EMMIZTEYTIKOTHTA: To mapov éyypado kat Tuxdv cuvnupéva éyypada eivat ELMIOTEVTIKG Kat evEExeTat va eilval andppnta. Mnv anokaAUTITETE TO EPLEXOUEVO TOU, NV TO
XPNOLUOTIOLELTE YLa OTIOLOVEHTIOTE GKOTIO KL UNV SLaVENETE, amoBnKeVETE 1 avilypadete Tig MANPodopie o€ OMOLOSATIOTE HECO

YC Consulting - Yves Carton
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‘ExBeon Alepelivnong ATuxnpatog Eyypado: YC23-010 avad. TEAKI-ANHOOLEUHEVO

Fixdva 10: Mevikr) drogn twv SE0wV TwV OXNUATWY UETA TNV GUYKPOUDN

EMMIZTEYTIKOTHTA: To mapov éyypado kat tuxov suvnupéva éyypada sivat EUTLOTEVTIKA KoL EVEEXETaL v lvat andppnta. Mnv QMOKAAUTITETE TO TIEPLEXOUEVO TOU, UNV TO
XPNOLLOTIOLELTE YLt OTIOLOVEATIOTE GKOTO KL HnV SLavépeTe, amoBnKeVETe i avilypadete g mAnpodopieg oe oToL08NATOTE HETO
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Ewkova 11: STUAOC dAUCOEISOUC YPUUIC EMQQNG TN Ypauuric kaddédou pole katw and tnv europiki) nAsktpapada (2023-03-01
16.46.00.jpg)

Ewkova 12: H aAUC0ESNG Yoo EMQQS KATW artd TV eunoplkn nAektpapatée (20230301-105223.jpg & 20230301-034238.jpg)

EMMIZTEYTIKOTHTA: To mapdv £éyypado kat Tuxdv ouvnppéva éyypada eival EHMIOTEVTIKA KaL evEéxeTat va gival andppnta. Mnv armokaAUTITETE TO MEPLEXOUEVO TOU, PNV TO
XPNOLLOTIOLELTE yLa OTOLOVEATIOTE KOO KAt NV SLAVEETE, AmOBNKEVETE 1 avilypadete Tig mAnpodopieg o€ omolodnnote pEco

YC Consulting - Yves Carton GD ZE}\(GQ 20 aT[é 31
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Ewkéva 13: HAsktpduades spmopixic acuafootowyias — EéakoAoudouv va sivar ouvdedepéves nAektpixd (Boouara UIC) (20230301-
071311.jpg)

Ewdva 14: Metaoxnuatotic te H/A 120 023 érou @aivetar 1 aAUGOELSIS Ypojir] EMQPAG MAVW OTOV UETROXNHATLOT - RPXE(O:
20230305_184147.jpg

EMMISTEYTIKOTHTA: To mapdv éyypado Kat Tuxdv suvnupéva éyypada elvat EUMIOTEVTIKG Kal evoEXeTaL va eival andppnra. Mnv artoKaAUMTETE TO MEPLEXOUEVO TOU, UNV TO
XPNOUOTIOLELTE yLa OTIOLOVSATOTE GKOTO Kat PNV StavEPETe, aroBnKeVETE f} avTlypadeTe TG nAnpodopieg o€ onolodnnote péao

YC Consulting - Yves Carton ® ZEA(&Q 21 ané 31
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‘EkBeon Alepelivnong ATuXNHATOG Eyypado: YC23-010 avad. TEAKO-ANHOGIEUUEVO

Ewova 15: O petaoxnuatiotric tne H/A 120-023 s OUYKEVIPWUEVN TNV RAUOOELST ypoLn ENQPNG. ATIOOIaoUN Qo apyEio
230307_123525.jpg

EMMIZTEYTIKOTHTA: To mapov éyypado Kat TuXOv cuvnppéva éyypada elval EPTTILOTEVTIKA Kat EVEEXETAL va Elvat aroppnta. Mnv oanoKaAUTITETE TO IEPLEXOUEVO TOU,
LNV TO XPNOULOTIOLELTE YL OTIOLOVEATIOTE GKOTIO Kal pnv Stavépete, anobnkeVete iy avilypadete 1 mAnpodopieg oe onotodninote péco

YC Consulting - Yves Carton c,a ZEA'lSU. 22 amod 31
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‘Eyypado: YC23-010 avaB. TEALKO-ANUOCLEUEVO

Eikova 16: O petaoynuatiotnc te¢ H/A 120023 pe tnv ortn ts ékpnéng - apxeio: 230307_123509.jpg

EMPISTEYTIKOTHTA: To mapdv éyypado Kat Tuxov ouvnppéva éyypada sivat ERTLOTEVTIKA Kat EVEEXETaL va elvat anoppnta. Mnv anoKaAUTTETE T MEPLEXOMEVO Tou,
LNV TO XPNOLUOTIOLELTE YL OTIOLOVEATOTE GKOMO Kat Hnv Stavépete, anoBnkelete i avilypadete Tg Anpodopieg oe onolodnnote péco

YC Consulting - Yves Carton @ ZEAiGQ 23 aT[é 31



‘EkBeon Alepelivnong ATUXAHOTOG Eyypado: YC23-010 avad. TeAkd-Anpootevpévo

Etkova 17: AenTouépeLla TNS omiig Ekpnéng - apxeio : 230307_123509.jpg

EMMIZTEYTIKOTHTA: To rtapdv éyypado kal Tuxov ouvnppéva éyypada elval ERIMIOTEVTIKA Kat eVEEXETAL va eivat amoppnTa. Mnv amoKaAUTITETE TO MEPLEXOHEVO TOU,
HNV TO XPrOLLOTIOLELTE yLa OTIOLOVENTIOTE GKOMO KAl Pnv StavepeTe, anoBnkeVete 1 avilypadete Tig mAnpodopieg oe onotodnnote péco

YC Consulting - Yves Carton (.B seAida 24 and 31
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‘ExBeon Alepelivnong ATuxnpotog Eyypado: YC23-010 avad. TEAKS-AnHoCLEUHEVO
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Fikdva 18: Zx£Si0 Metaoynuatiots tng Siemens orouv onuelwvovtat to rudave onueio avapAe&nc (UnAe) kat ot aylouéves Aapapiveg
{kOKKLVO)

EMMISTEYTIKOTHTA: To mtapév £yypado Kat TuOV uvnpupéva éyypada lvat ELTILOTEVTIKA Ka evBEXETat va elvat anoppnta. Mnv QAMOKAAUTITETE TO TIEPLEXOHEVO TOU,
LNV TO XPIGLUOTIOLELTE YLa OTOLOVSITIOTE GKOMO KAt fny SLAVEUETE, anoBnkeveTe 1 avilypddete Tg MAnpodopieg Ge 0noLodANOTE pESO

YC Consulting - Yves Carton o~ ZE}\{_&Q 25 G.T[(') 31



‘EkBeon Alepeivnong ATUXAHOTOG Eyypado: YC23-010 avad. TeAkd-AnpOCLEUEVOD
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1. Introduction

The accident on 28 February 2023 around 11:15pm on the line Athens - Thessaloniki, between
Larissa and Leptokaria, at km 371+000 involved a passenger train and a freight train, both operated
by Hellenic Train on which 57 people lost their lives.

Passenger train IC 62 composed of a Hellas Sprinter locomotive 120.023 , one first class, one bar
coach and six second class coaches (B2-B7) was on service between Athens and Thessaloniki with
342 passengers on board (estimated from tickets), freight train 63503 with two Hellas Sprinter
locomotives 120.022 and 120.012, consisting of 13 flat freight wagons, first 3 wagons with steel
plates, rest with closed containers, was on the Thessaloniki-Athens route.

Regarding the dynamics of the accident, the Intercity involved in the collision (IC 62) was routed by
the station manager in Larissa on the opposite track to the one normally used (the one on the left-
hand side of the direction of travel/the illegal), on which freight train 63503 was also running, but
in the opposite direction (legal for the freight train).

2. Subject

The below report is focusing on the accident dynamics at the crash and right after with regards to
the rolling stock behavior, with investigation on the root cause of the explosion and fire on the
passenger locomotive and first coaches right after the crash. It also provides an analysis if any
technical improvements on the rolling stock or maintenance processes could reduce the risk or
impact of such disaster.

It does not analysis nor conclude on any aspects on the initial question, why the 2 trains were
running at full speed on the same track.

3. References & Information Sources

- Investigation report 15/05/2023 and revision 25/04/2023 Investigation committee Hellenic
train

- Photos and videos made available by HT (Hellenic Train One drive)

- Information gathered during site visit and interviews.

- Videol: News site: Camera motorway https://www.youtube.com/watch?v=0n5 Fn NfpQ
taken from the camera on the motorway southwards the accident place.

- Video2: Open News: Camera position unknown but most probably north-westwards the
accident place. https://www.youtube.com/watch?v=gfUBN 6CJ9A

- Video2_a:video 2 with the time before and after the explosion in slow motion: made available
on Hellenic Train OneDrive

- Siemens Transformer : document TWN/WNR/3517112ff/BA rev. 1.0

- Bayer Baysilone Fluids M https://dcproducts.com.au/wp-
content/uploads/2020/12/BayerBaysiloneFluidsBrochure.pdf

- 3M Fluorinert™ Electronic Liquid FC-3284 datasheet
https://www.3m.com/3M/en US/p/d/b10144228/

- Hoppecke FNC rail battery datasheet (Locomotives)
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- Saft SRM battery datasheet (Coaches)

- R134a Safety data sheet (air-conditioning refrigerant)

- Drawings locomotive Siemens Hellenic Sprinter (lay-out, HV schematics, pneumatic

schematics)

- Finally, many thanks to Mr. Antonios Moschopoulos for the pictures, videos and train data
and testimony being at the location of the wreckage shortly after the accident.

No reports or information from official investigation committee were available at the time of this
report. The investigation and conclusions are only based on evidence and own finding from
pictures, videos and vehicle data and knowledge. New information or evidence can perhaps re-
open some assumptions or conclusions.

4. Passenger train coach references

First
Bar
B2
B3
B4
B5
B6
B7

Sl S Al o

Loco 120023,

Admz 8496019, compartments

Wrmz 8896734, bar

Bmz 2196003, compartments

Bmpz 2096503, central corridor
Bmpz 2096569, central corridor
Bmpz 2096567, central corridor
Bmpz 2096563, central corridor
Bmpz 2096507, central corridor
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Investigation Report

5. Investigation on the collision dynamics

4.1 Positioning of the vehicles before and after

Positioning of the different locomotives, wagons, and coaches before and after the collision related
to the infrastructure around.

Motorway . . . . -
B . Location sketch accident environment and vehicle positions
before and after

135m (Google)

I
800T - 90km/h e | Fo=="24
513 3 W wgs wg2 Wil
o s e TR R R N

Length tain 231m (8x26.4 + 19,581

Tunnal (vaduct]

downwardiine Thessalontkt Athens

Wg 713 font) Wg6 Cont] WES Eant] Wgd Cont) 1)
™ s O

(*) : From GPS information, Data recorder passenger train not found (destroyed)
Soulces: Video 1hWps:/ [ wew youlb ch S Fa NipQ

Figure 1: Location sketch infrastructure and vehicles before and after the crash

The infrastructure dimensions are based on Google Earth data (from before the accident). The
pictures are available but cannot be published as no authorisation has been asked (yet) from
Google to use publicly the data.

4.2 Short description on the most probably hypothesis of the dynamics during the crash

Although no real video recording of the collision exists (was night) and the information of the data
recorders / “black box” (freight) is not in our possession or lost (passenger train), we can assume
from the positioning, kinematic energies and deformations observed the following:

From the surveillance video® on the motorway south of the accident we can see that the freight
train and passenger train drivers did not expect a collision as we cannot observe that an emergency
brake has been applied. The location of the crash itself is hidden from the camera by the motorway
viaduct. As it was night and the track is slightly curved in that area, with the tunnel/viaduct in
between, the head-on collision could not be seen until the very last moment and not at all possible
to apply the brakes with any effect.

» We can consider that the trains collide with full-service speed (Freight 90km/h, passenger
train 150km/h) to each other.

L Videolink: https://www.youtube.com/watch?v=0n5 Fn NfpQ
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Figure 2: Overview with timing as per video camera from the motorway (for simplicity the tracks are shown straight)

Given the different loading and speeds the kinematic energy of the freight train, despite a heavier
loading, is much lower than the passenger train (250 MJ versus 592 MJ). Also taking in consideration
the fact that the freight train did have 2 locomotives in front, each of 80 tons, which have a more
solid/stronger structure and a higher axle load, and the fact of the flat steel wagons went under
the locomotives, the absorption of the collision energy on the freight train took mainly place on the
2 locomatives.
> The freight wagons except for the 2 locomotives did remain mainly on the track and did
not crumble much together.
> The collision energy was mainly taken by the first and then the second locomotive also
considering the special load and trajectory of the following freight wagons (see below).

The first freight locomotives 120-022 was catapulted over the upward line track (driving direction
leftwards) and heavily smashed against the motorway wall with equipment going over the wall
(Figure 9). The locomotive most likely jumped up (headstock bended downwards) and took the
overhead pole and catenary line with it in the crash trajectory as the catenary and catenary pole
can be found under the locomotives (see Figure 11 and Figure 12).

This led to a rather hard short-circuit of the upward overhead line with limited flashes (they are not
visible, or the line was not powered due to earlier problems). The second freight locomotive 120-
012 crushed in the first and while most likely stay coupled together till the last moment, turned
around and becoming in opposite direction against the first to standstill (electrical coupler were
still connected see Figure 13).

v | ik s s B oo eudli Tt 0 RRA
Ry e ST

Figure 3: First lightning

CONFIDENTIALITY: This document and any attachments are confidential and may be privileged. Do not disclose the contents, use it for any purpose and do not
distribute, store or copy the information in any medium without written approval of the author.

YC Consulting - Yves Carton HELLENIC Page 5 of 26
_TRAIN



Investigation Report Doc: YC23-010 e

The absorption of the much higher collision energy of the passenger train was taken by many
vehicles starting from the locomotive, first, and bar coach and being more destructive as little
identifiable parts can be found in the wreckage. The passenger locomotive 120-023 crashed in the
first freight locomotive and flow (opposite) leftwards circa 30 meters further along the driving
direction into the lower berm (4 to 5 meter lower).

During that ‘flight’ the locomotive lost the bogies, and these went rather straight forwards. Then
most likely the locomotive carbody dive a bit further into the ground and ripped off the cabine and
machine room, all crumbled together. The middle part of the frame with the transformer, the most
solid and heaviest part (circa 10 ton) with most inertia, sheared off (bolster with pivot pin bended
into the frame/transformer) and overturned to come down another few meters further any. The
top roof panel most likely detached at the first impact flow through the air and came down partly
on the carbody base.

Important to mention is that the catenary poles at the time of the accident (seems now be placed
a bit further down to the tunnel) were standing at the accident location (about 50 meters from the
tunnel as can be seen from the Google Earth view from before the crash). The passenger train
locomotive took during the crash trajectory the catenary pole down and most probably carried the
overhead wire till the landing of the locomotive parts in the berm. The catenary wire can be found
in several locations in the debris of the remaining locomotive frame with the transformer as shown
in Figure 14 and Figure 15.

The first-class coach and bar coach are the next cars in the passenger train consist that had to take
the collision energy and were very much mangled and fragmented with parts such as seats,
interiors, buffers, door leaves, bogie, side walls and carbody frame parts but also luggage found in
a large perimeter (> 200 meter) around the accident area. Given the heavy destructive forces and
very high accelerations no passenger had a chance to survive in these coaches.

Little major parts from these 2 coaches are recognizable and can be found in the debris, but based
on the locations where the bodies were identified by the fire brigade, we can conclude with high
probability that both ‘coaches’ landed fragmented in the lower berm between the locomotive
bogie and locomotive frame parts a bit away from where the explosion and fire took place (see
further). The high accelerations means also that all the interiors, including passengers and luggage
were initially smashed to the front.

During that event the B2 coach was catapulted on top of the locomotive, first and cab coach debris
with the B3 coach still connected and angled with the rear end towards the track where the
remaining coaches were coming to a standstill. The B2 coach is the first recognizable on the debris
but burned completely out while the B3 was showing limited areas of fire/heat impact (see further
analysis).

The event also unrolls on the other side with the freight train. The 3 freight wagons with steel plates
behave a bit differently than the other vehicles in the collision. As can been observed from the
position of the wagons and the locomotives, the flat wagons and heavy steel plates (different size
from 10-25mm — 2 to 5 ton/plate) glided underneath the locomotives and continue their trajectory
along the track till standstill in front of the locomotives (Figure 10).

During that route some plates hit different parts of the passengers’ trains of which most visible are
the cuts on the sidewalls on B4 and B5. Apart from the material damage no passengers were
reported injured by this. From the remaining of the freight train was only the first container wagon
damaged, the other 9 container wagons were intact with only the first 2 containers pushed
together and little damaged.
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From the passenger train, the coaches B5, B6 and B7 came also to a standstill little crushed together
and not or little derailed.

Figure 4: sketch position vehicles after the crash
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6.

Hypotheses on the Explosion and fire

Element 1 in hypothesis: 25kv overhead line arcing and short-circuit on transformer.

An important incident which will determine the further course of the accident is the arcing and
short circuit of the overhead line (downward-line) and the big flashes seen on the video’s especially
on video 2 indicating that several arching took place before the line was finally short-circuited. It is
not clear where exactly this happened during the above-described accident dynamics, but as noted
above the catenary pole for the downward line was standing in the ‘fly zone’ of the locomotive
and/or first coach.

From the pictures, Figure 14 and Figure 15 we can see that the broken overhead wire has been
carried away with the locomotive and can be found in the debris of the locomotive frame and
transformer which was laying upside down with one end dig into the ground.

Since the locomotive was catapulted in the air for circa 30 meters to the 5-meter lower berm, the
overhead line came only to a short circuit the moment the locomotive hits the ground. From the
video 2, we can be see that it took 2 to 3 flashes (blue light) in the same location with the last one
the biggest before the overhead line (25kV) was switched off? (see Figure 5 and Figure 6).

The arc flashes happen for about 100 to 200msec and can create temperatures over 5000°C * and
create a blue light due to ionization of the air, the last lightning with more yellow/orange is the
start of the explosion.

Element 2 in hypothesis: location of the short circuit

From the transformer picture, Figure 17, we can recognize a possible spot (blue marked) near the
explosion hole where the short circuit on the transformer could have taken place. More detailed
analysis is necessary to confirm this, but as this location was in the core of the subsequential
explosion and fire /heat (see further) most evidence of the short circuit burned/melded away.

Element 3 in hypothesis: The location of the transformer corresponds with the pictures of the
explosion and fire on the video.

2 The overhead line was at the moment of the accident feeding at least 3 locomotives of 6.2MVA each. Before the line get switched
off the power station usually try to automatically re-energy the line one, two times before completely switching off the power
(to be confirmed by the power grid-manager).

3 Arc flash occurs when electrical current becomes uncontrolled, and passes through an air gap between conductors in an attempt
to “jump” from one conductor to another or earth. This results in a release of electrical energy that ionizes the surrounding air,
generating an enormous amount of light, heat, and sound. Temperatures of an arc flash can reach as much as 2,800 (low Voltage)
to 19,000 °C (very high voltage). (https://www.electricityforum.com/iep/arc-flash/arc-flash-temperature and others)
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Figure 6: Second arc flash overhead line

The 2-3 arc flashes from the High voltage short-circuit seen on the video 2 are all happening at the
same location and immediately right after the last and biggest short-circuit flash the explosion
happened. Looking into the video in slow motion, we can see that the last glow of the short-circuit
flash raising and fade away while from below the light of the explosion become visible.

Interesting to notice is that the light become visible from behind an object, depending on the
position of the camera (exact location unknown at this time), this should most likely be coach B2.
This is the location where the transformer is laying on the ground in the corner between coach B2
and coach B3. Both are laying about 3 meters higher on the debris of the locomotive and the first
cars.
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Figure 7: Sketch Start explosion

Element 4 in hypothesis: Several indications show that the transformer more precisely the
refrigerant fluid is the main source of the explosion and fire.

Investigating the transformer container in more detail, we can find more evidence on the root
cause of the explosion and fire to support further the hypothesis;

- On the transformer container, we can see in the picture Figure 16 a hole with the steel plates
bended to the outside indicating a burst in the transformer container from an explosion inside.
Giving the steel thickness (5 mm) of the container the hole should be caused by a rather big
explosion.

- The transformer container (manufacture Siemens) is containing ca. 2.4-ton refrigerant liquid,
a polydimethyl silicone product which has a flash point at temperatures > 300 °C and a fire
point >350°C. With the catenary arc flashes and short circuit on the transformer container or
if not being close to the transformer with already fluid leaked out, the 2.4-ton fluid would
quickly hit the flash and fire point leading to an explosion (Arc flashes of High voltage systems
reach easily 5000°C ). See datasheet in reference: Bayer Baysilone Fluids M 50 EL. In addition,
the capacitors at the transformer, damaged due to the crash, could also create additional
short-circuits an explosion (see further).

- At the explosion location on the transformer container, we can see on the color tint the
different temperature the steel has had around the hole. One plate is bended downward
indicating a very high temperature (> 600 °C). The different color tint also indicating that the
fire had his source from this opening and the fire burned like a kind of ‘Bunsen burner’. Also,
soot is visible at that location indicating a longer fireplace as can be seen in the red marked
area on picture Figure 17.
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- The cover of the net filter capacitors in that same explosion location seems also to be blow
away as no screw nor cover part can be found despite bolted with 26 bolts of M10 and the
capacitor itself nor the capacitor fixation is much mechanical destroyed (white box on Figure
19).

- The other site of the same transformer box / locomotive frame is heavy mechanical destroyed,
even the carbody-bogie pivot point is bended inside this area, but it does show far less heavy
fire marks, basically blackened by root and even some paint color is still visible (see Figure 22).
It should be also noted that this part of the transformer was laying partly dig onto the ground
while the other end (site explosion hole) was slightly up in the air.

- Despite the very heavy explosion and long fire, the debris around the transformer and in a
wider area on the ground do not show fire marks as the color of some vehicle parts is still
visible. Only the parts right on top of the fireplace are burned (Figure 9 and Figure 21Figure
20). This confirms that the fire was very heavy but very local and fueled from the transformer
refrigerant fluid out of the container through the explosion hole in a type of “Bunsen burner”
fire. The lower level of the debris was providing air/oxygen to the fire from below.

- The fact that the coach B2, laying about 3 meters on top of the other debris, was complete
burned out is because some part of the coach was right above the fire zone of the transformer.
The fire was then horizontal spread throughout the whole coach via the materials (interiors,
seats, ...) of the coach itself and eventually fueled by other flammable fluids from batteries
and air conditioner refrigerants (see further). Coach B3 although also not far from the origin
fireplace is showing some fire and head marks close to the transformer location but did not
catch fire.

- Thetransformer container bottom plate, after the crash laying on top, is showing on the whole
surface heavy heat deformations and different color tints indicating the location of the fire
source and the high temperatures during a longer period (see picture Figure 20Figure 18).

Other possible source for main and secondary explosion and fire:

A second possibility of ignition beside the overhead line short-circuit could be the short circuit of
the line-filter capacitors and traction convertor capacitors, the first once installed on the
transformer, the other in the machine room. During the crash and collapsing of the locomotive
frame we can assume with high probability that these components also got damaged and
generating short-circuits with explosions and flashes. The energy stored in these components is
more temporary (seconds) and not of the same magnitude of that of the overhead line but
sufficient to generate explosion and or fuel existing fires.

Assuming for one moment that the high voltage short-circuit visible on the videos was not
happening on the transformer itself or later, then the explosion of the line capacitor and the
damaged transformer box could lead with the refrigerant fluid to an internal bigger explosion and
creating the hole from where the fire was burning as described above. As we can see from the
video 2, it is most likely that the explosion from these components fueled the already existing
explosion and fire or were happening more or less at the same time.

Considering the same equipment is installed on both freight locomotives also heavily damaged a
similar explosion or fire did not happen.
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Other components on the locomotive and coaches do also contain flammable or explosive fluids
when exposed to high temperatures. Most important to mention related to this subject are;

Loco

motive:

Ni-Cd batteries: Hoppecke - type FNC142LR - 142 Ah — 110V, 72 cells split in 2 boxes per
locomotive — 66,24 liter (18-30% potassium hydroxide (KOH)) as electrolyte with an
addition of lithium hydroxide (LiOH). — when overheated, generate explosive and
flammable hydrogen gas. The 2 battery boxes are installed just beside the transformer. It
is not clear if the battery boxes were still assembled on the underframe and the
transformer or already been ripped off before the landing due to the high weight and
accelerations. In the first case they would also add explosion and fire load. In the
wreckage they are not visible anymore.

Traction convertor: The traction convertor installed in the locomotive machine room is
cooled with 720-liter 3M Fluorinert™ Electronic Liquid FC-3284. The liquid is classified as
not hazardous (not classified as hazardous according to OSHA standard 29 CFR
1910.1200). It has no flash or fire point (flammability) but under extreme conditions of
heat toxic decomposition products such as hydrogen fluoride and perfluoroisobutylene
can be generated. Hydrogen fluoride reacts with metals such as steel to produce
flammable and explosive Hydrogen gas. Since the traction converter is completely
fragmented, we are not sure where the coolant leaked around, but most likely not at the
transformer location, but this cooling fluid fire could be secondary to the main fire.

Coaches

Ni-Cd batteries: Saft type SRM - 24 volt - one box per coach on the underframe — 104,4
liters of electrolyte with the same characteristics and behavior as explained above for the
Ni-Cd batteries of the locomotive. Most probably the battery cells of the first, bar and B2
coach are in the debris of the coaches where no or limited fire happened, away from the
fire hot spot.

The electrolyte is dangerous in contact with skin and can cause severe injury and in eye
contact even to lead to permanent damage. Rescue and fire brigade people were
mentioning aggressive liquids dropping in one of the coaches (B3?), this is most likely
coming from the battery electrolyte spilt whether mixed with fire extinguishing water
(battery box is installed in the underframe overturned in the debris).

Air conditioner refrigerant (1 HVAC group - 22.4 liter per coach in the underframe); The
refrigerant normally operates under high pressure in ventilation and air-conditioning
systems (HVAC). The used refrigerant R-134a (Tetrafluoroethane) is not flammable at
ambient temperatures and atmospheric pressure. However, this material will become
combustible when mixed with air under pressure and exposed to strong ignition source.
Contact with certain reactive metals may result in formation of explosive or exothermic
reactions under specific conditions (e.g., very high temperatures and/or appropriate
pressures). (Ref: R134a safety data sheet)

They mix readily with air and vaporizes to lower concentrations but in first instances could
have developed a secondary fire from ignition source in the vicinity of a leak of the
refrigerant. Since the air-conditioning units from the first coaches were not found in the
debris, it is not sure if they contribute to a secondary fire.
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Beside the flammable materials also the compressed air tanks for the pneumatic / brake systems
can contribute to the explosion and fire by providing under high pressure air/oxygen to the fire.
There are several smaller and bigger air tanks of compressed air in each locomotive, most
important to mention here are 2 air tanks of 150 liter, one of 800 liters and one of 80 liters. They
were not found in the debris of the passenger locomotive so we cannot be sure if and how much
this contributed to the fire propagation.

We can see in the video that after the first big explosion during more than 10 seconds several bigger
and smaller explosion, re-ignitions took place, most likely from sources mentioned above.
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Figure 8: Mid and end of explosion on video
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7. Conclusion

Analyzing the video of the 2 surveillance cameras (night pictures) we can deduce the timing of the
most important events, and matching them with the pictures of the accident place and wreckage.

23:1824

Pass. Train enter wnnet

The conclusion is supported by the following evidence and indications described :

- thelocation of the overhead wire in the debris.

- the overhead line short-circuits flashes, very visible in video 2, happened all in a very short
time and on the same spot where the explosion and fire took immediately right after place.

- Arcflashes in High voltage systems can reach temperature as much as 5000 °C.

- the explosion hole in the transformer container, and soot at that location indicating a heavy
and longer fireplace.

- the transformer container has the biggest fire load in the locomotive with 2.4-ton refrigerant
fluid with flash & fire point between 300 and 400°C;

- the color tints and heat deformation of the transformer container indicate that this is the fire
origin with very high temperatures and lasted till the refrigerant fluid was burned out.

- the surrounding of the wreckage indicate that the transformer container (laying upside down
on the ground) was the local/single main fire origin, a type of ‘Bunsen burner’ fire getting the
oxygen from below with a subsequential extension to the coach B2 on top of the debris.

With reasonable high probability we can conclude that the explosion was due to the arc flashes and
short circuit of the catenary happened very close to or on the transformer, with eventually
additional short circuits of the capacitors, creating an ignition and explosion of the refrigerant fluid
which then burned out (2.4 ton) till the end.

The coach B2 complete burned out, because a portion of the coach was right above the fire zone of
the transformer. The fire was then horizontal spread throughout the whole coach via the materials
(interiors, seats, ...) of the coach itself and eventually fueled by other flammable fluids from batteries
and air conditioner refrigerants.

The explosion and fire are an unfortunate coincidence with the fact that the catenary got short-
circuited on or near the transformer.
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8. Learnings and recommendations related to the rolling stock.

Considering all above facts and evidence from the disaster, there is little or no vehicle architectural
element, construction, or technical improvement nor activity related to maintenance or train
operation onboard that could reduce the risk of repetition or element that could reduce the impact
under the same conditions and circumstances. The necessary train control systems (ERTMS/ETCS)
are onboard since some years but waiting for the infrastructure to be retested and switched on.

The forces at the collision were such that no design solution can withstand or avoid the
disintegration of the locomotives and coaches. Also, the explosion and fire were and are not
avoidable under the given conditions and circumstances nor can be limited with existing technical
solution (e.g., fire detection and extinguishing systems).

More recent international rolling stock standards (TSI) are improving the crashworthiness of trains
and reduce fire and smoke hazards, but these cannot reasonable be implemented retrospectively
and would not or very limited reduce the human and material impact in the given collision
circumstances.

The main root cause is clearly outside the scope of this report and related to the infrastructure and
train control management system and procedures allowing two trains running for a long time on
the same track.

Without any judgment and again clearly outside the scope of this report, a temporary
recommendation could be to reduce the operational speed of a train re-routed on an opposite
track as long as no fully functional train management system (ETCS / ERTMS) is operational and by
this reducing the kinematic energy and destructive forces at an eventually collision (kinematic
energy = square of the speed).
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9. Pictures

Pictures used in the report
(Ctrl + click on reference in the text to automatically select the relevant picture below)

Figure 10: Overview vehicle positions after the crash
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Figure 12: Catenary line under freight locomotive (20230301-105223.jpg & 20230301-034238.jpg)
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Figure 13: Freight locomotives - Still electrical connected (UIC-plugs) (20230301-071311.jpg)

Figure 14: Transformer Loc 120 023 showing catenary line on transformer - file: 20230305_184147.jpg
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Figure 15: Transformer 120-023 with catenary line assembled Extract from file 230307_123525.jpg
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Figure 16: Transformer 120023 with explosion hole - file: 230307_123509.jpg
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Figure 17: Detail explosion hole - file : 230307_123508.jpg
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Figure 18: Drawing Siemens Transformer with indication of possible flash point (blue) and torn open sheets (red)
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Figure 19: transformer from same view as drawing (here upside down in debris)
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Figure 20: Transformer bottom view {on top in wreckage) file: 230303_104150.jpg
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Figure 22: Transformer opposite site explosion & fire hole (extract file : 20230307_124.106.jpg)
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Figure 23: Overview drawing Siemens locomotive - Hellenic sprinter series 120-0xx
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Figure 24: Siemens Locomotive Hellenic Sprinter - Main High Voltage Power Circuit
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