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Mepiinyn

Ot av&EaVOUEVESG OTTOLTIGEIS CVTOHOTIGHOD OTNV TOPAY®YN KAOIGTOUV To GUGTAUATO EAEYYOV
mo mepimloko Kol evdiwta og PAaPeg. Ot PAGPec wmopodv vo TpoKaAEGoVY KaOVGTEPTGELS
oTNV Topay®yN, VAMKEG Cnpiég oAAd Kupiog Kot epyatikd atvynuoato. ['a 1o Adyo avtod £xovv
onuovpyndei oomyieg (Directives) kot Nopobeoieg (Legislation) oe emimedo ympog,
EVPOTOIKNG EVOOTG Kol TAYKOGHLOG KAILaKoS Tov kafopilovv TV ovC1acTIKN 0CPAAELD Kot
TIg amoitnoglg tov Blounyovikov efomhopon. Odnyieg mov mpémer va Tnpovv OO0t
0GYOAOVVTOL LE TOV GYEOGUO, TNV Tpounbeto, TV oyopd 1 TN ypnon Plopnyovikov
eComiiopov otnv Evponaikn Evaon adld kot og apketéc yopeg ektog Evponaixng Evoong.
Mo to Adyo avtd €yovv dmuovpyndel kdmoleg odnyieg (CAT, SIL) mov mpémer va
axolovBobvtal, mote va dacPoriletar 1 ac@AAng Aertovpyia Tovg og mepintmon PAAPTG
OG0 TOV VAIKOV 0G0 KOl TOV Aoyiopkov. ['a o a&omotn Asttovpyia vog cuatipatog Fail
Safety pali pe éva cvomuo mov Aettovpyei oe SIL2 v SIL3, mpémet va dobétel YAkd ko
Aoyopkd Acpareiog.

O1 KaTOoKELOGTEG Propunyovikoy EE0TAGUOD EVOOUATMOVOLV YOPAKTNPIOTIKE AGPUAElNg GE
{0 ToKIAio GuGKeEL®V. Avaloya pe Tig amartoglg Emmédon Akepardtntog Acpaieiog (SIL),
OUTA TO YOPOKTNPLOTIKA UTOPOLV VO XpNoipomomBodv Katd Tn @Acn Tov GYESCHOD
TPOKEWEVOL va. avéndel 1 ac@dAEln 68 TEPIMTOGELS 00TOYIOV 1| ducAeltovpydy. Me v
KaTGAANAN oyedioon, 1 dwadikacio Kabng kot to weptBailov TG (cvumepAaUPavouévVeY TV
avOpOT®V) UTopovV Vo, TPoSTATELOOHV LE TNV €IG000 GE [0l ELEYYOUEVT AGPUAT KOTAGTOGOT).
Ot Kotaokevaotég €xovv mPooeyyicel avtd T0 TPOPANUE pe  S1dPOopovg  TPOTOUG,
oopmepthapPavouévng g tpocinkng tepittov Kevipikaov Movadwv Erneéepyaciog (CPU),
NG XPNOMG EWIKOD VAIKOD Yol TN S1cHVIEST] ONUATOV €16050V Kot €000V KaOMG Kot TNG
aVATTUENG TPOTOKOAA®MY SIKTVOV OCQUAEING VIOl TNV EXKOWVAOVIQ. TANPOPOPIDV AGPUAELNG
o€ OAEG TIG GLOKEVEG. AVGTVYMDC, CVTA TA YOPUKTINPIOTIKA OEV UTOPOVV va TpocTefovv o€
VIAPYOVTO UNYAVILOTO, TOVAGYIOTOV Y®pic avaPadiuon kdmolov vikov. Kabag to oyetikd
KO0TOC 00MYel o WO apyn LwBETNON, Ol Kataokevaotég Pacilovial 6e TPONYOLUEVEG
€PYACIEC TPOKEWEVOL VO VITOGTNPIEOVY OPIGUEVA YOPOKTNPLOTIKA ac@aieiog, 10i0g TovV
evtomiopé opoipdrev otn CPU. Avtd viomoteital pe T popen PAodnkdv Aoyiopucon wov
AeLTOLPYOVV OE YOUNAO eMinedO (AOYIKN TOAT]), OXEONGUEVES VO EKTEAODVTOL GE TAAOLOTEPO
VA6 (PLC) mote vo pmopoldv va TpocepEpouy Eva auENUEVO ETITEO OCPAAELNG.

H mopodoa pelétn avolvet Tig amaitodueves odnyieg kot vopobeoieg mov Tpémel vo trnpovvTol
Yol T QAGQOAT AetTovpYia pog Topaymyikng povadog. Ileptypdopet tnv acedieio Asttovpyiog
mov Swbétouv Baocwd ko E&gdikevpéva cvotuota pe PLC yu 1t decediion g
OGQPOAELNG EVOG GUOTNUATOG OVTOUATICHOV. AVATTOGOEL OAYOPIOLOVS Yo TNV KOTAYPAQN
LETPNOEMV CUUTEPIPOPAC NAEKTPOVIKOD EEOTAIGUOV KOl HETA OO AVAAVOT] TOV UETPHOEDV
a&loloyel €dv 0 Pacikdg eEomMopog Ba pTopovoe va ypnoipononfel 6 aVTA To. GUGTAUATO
Kot va SloopoAoTel 1) Asttovpyia Acpdrelag tavtdypova. O 6TdY0g lvar ATA®DG va amodeilet
OTL €4V LILAPEEL L0l SLOPOPETIKT TPOGEYYIOT GTIV DAOTOINGT] TOV GUTOUATIGUOD UE EE0TMGUO
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Basic PLC mov givar 101 eykatestnuéva oty mapayoyikn dwdikacio, Oa pmopovoe va
avapodpioet ™MV acEAAEID TOV GUOTNUATOV QVTOV. QG €K TOVLTOV, UE YOUNAO KOGTOG GE

XPOVO KoL XpIHa, WOL0iTEPO GTO VTAPYOVIO GLGTILOTN CLTOMHOTICHOD, Ba pmopovoay va
vrap&ovv Aettovpyieg Acpdielog Actoyiog.
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Abstract

Increasing requirements in production automation make control systems more complex and
vulnerable to failures. Failures can cause delays in production, property damage and, above
all, accidents at work. For this reason, Directives and Legislation have been created at country,
European Union and global level to define the essential safety requirements for industrial
equipment. These Directives that must be followed by those involved in the design, supply,
purchase or use of industrial equipment in the European Union and in several countries outside
the European Union. For this reason, specific guidelines (CAT, SIL) have been created that
must be followed to ensure safe operation in case of failure of any hardware or software
component. For a reliable operation of a Fail Safety system together with a system operating
at SIL2 or SIL3, the Hardware and Software must be Safetty type.

Industrial equipment manufacturers incorporate safety features into a variety of devices.
Depending on the Safety Integrity Level (SIL) requirements, these features can be used during
the design phase to increase safety in the event of failures or malfunctions. With proper design,
the process as well as its environment (including people) can be protected by entering a
controlled safe state. Manufacturers have approached this problem in several ways, including
adding redundant Central Processing Units (CPUs), using special hardware to interface input
and output signals, and developing safety network protocols for the safe communication across
devices. Unfortunately, these features cannot be added to existing machines, at least not
without upgrading some hardware. As the associated costs lead to slower adoption,
manufacturers rely on previous work to support certain security features, in particular CPU
debugging. This is implemented in the form of low-level (logic gateway) software libraries
designed to run on older hardware (PLCs) so that they can provide an increased level of
security.

This thesis discusses the required guidelines and legislation that must be followed to ensure
the safe operation of a production plant. It describes the safety of operation that Basic and
Specialized systems with PLCs have to ensure the safety of an automation system. It further
presents developed algorithms that record behavioral measurements of electronic equipment,
analyze the measurements and evaluate whether the basic equipment could be used in these
systems to ensure Safety operation at the same time. The objective is simply to demonstrate
that if there is a different approach to implement automation with Basic PLC equipment
already installed in production processes, the safety aspects can be improved. Most
importantly it is demonstrated that Safety Failure Functions can be implemented in existing
automation systems, at low cost in terms of time and money.
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KE®AAAIO 1

Odnyieg ko NopoOeoia yra Fail —Safe Xvotipata

270 KePAAOLO 0VTO avaAdovTal 0ol evpaTaikég 0dnyieg (Directives) kot 1 NopobBesio
(Legislation) mwov kaBopilovv TV 0LGIGTIKN ACPAAELN KOL TIG OTALTHGELS TOV Blopnyavikon
eComiiopov. Odnyieg mov mpémel va TPodV OGOl CYOAOLVTOL WE TOV GYEOIOGHO, TNV
wpoundeta, TV ayopd 1 ™ ypnon Propnyevikod egomtiicuobd oty Evponaixn Evoon aAld
KOl GE 0PKETES YOPeS £kT0¢ Evpomnaikng Evaonc.

O o16Y10G TV GuoTNUATOV acPaieiog eival 1) Slathpnor TV TBav®Y Kvoivev TOGO Yl
ToVg avOpdOTOVG 660 Kol Yo TO TEPIPAAAOV 0G0 TO SuVATOV YUUMAOTEPO UE TN YPTIoM
KatdAAndov teyvikon e£omhopod. H mpootacio tov avOpdmov kot Tov meptBaiiovtog Tpémet
va 1ebel o€ iomn Pdon og OAEG TIC YDPES EPAPUOLOVTAG KOVOVES KOl KOVOVIGHOVS TOV £XOVV
evapuoviotel debvag. Tavtdypova, avTd OTOCKOTEL EMIONG OTNV ATOPLYN OLPOPETIKAOV
OTOITNOEOV ACPUAEING 08 OOPOPETIKEG YDPEG TTOL o €lye AVTIKTLTO GTNV OVTOYWVIGTIKN
Katdotaor - OnAadn 1 Tpdbeon eivar va dievkoAvuvBouv ot d1ebveic epmopikég cuvarlayEg.

Yrépyovv S10pOPETIKES EVVOIEG KOL OOITIOELG YIOL TNV €YYONOT TNG AGPAAENG OTIG
S1apopeg TEPLOYEG KOl YDPEG 6€ OAO TOV KOGHO. O1 VOUIKEG EVVOLEG KOl Ol OTTOLTIGELS MG TPOG
TO TAOC TPEMEL Vo, EIVOL 1) ETAPKNG AGPAAELD, ivol e£I00V SLOPOPETIKEG e TNV KATAVOUT TOV
evbuvav. [No mapdadetypa, oty EE vrdpyovv amoirtoelg mov tifeviar 1000 amd TOV
KOTOOKELOOTN WOG HOVASOG-GUGTAUATOG KOOMG Kot Tng etopeiog expeTdiievons (Tng
LOVASOG-CLUGTAOTOG), Ol omoieg pubuilovtol pe ™ ypnomn Tov katdiiniov Evporaikov
Odnyivv, Nopovg ko Ilpdtoma. Amd v dAAn mievpd otig HIIA ot amoitioelg otov
KOTOOKELOOTN OGS HOVASOG-CUGTHIOTOC Kol TNG ETALPELNG EKUETAAAEVOTG (TNG LOVADOC-
GUGTHIOTOG) SLOPEPOVY GE TEPIPEPELNKO KOl KON KO OE TOTIKO EMITEDO.

Qo61660, 1GYVEL N APy OTL O EpYOSOTNG TPEMEL VO, SIUCPOAILEL TNV CPUAELL GTOV TOTO
epyaciag oe oAokAnpeg Tig HITA. Ot vopor mepl €vBivng mpoidviwv avaeEépovy OTL GE
mepintoon omolcdnmote {nudc M TPOLHOTIoHO vrevBuvog pmopel vo Beswpnbel kol o
KOTOGKEVOGTNG TOV YOV LLOTOG.

Avtd mov elvar oNUOVTIKO Y10 TOVG KOATOCKEVOOTES UNXOVNUATOV Kol TIG £ToUpEleg
KOTOOKELTG EYKATAGTAGE®V Vol OTL 1IGYVOVY TTAVTO 1 VOopobesia Kat o1 KOVOVES TOL TOTOV
OOV AELTOVPYEL TO pUNydvnpa 1 M eyKkotaotaot. [a Tapddetypa, T0 GVGTNHA EAEYYOV EVOG
UNYOVALOTOG TO omoio Aettovpyel kail ypnowtonoteiton otig HITA mpémel vo minpoi Tig
anortoelg tov HITA, akdpo Kl ov 0 KOTAGKELAOTNG TOV pnyavinotog (dniadn o OEM)
edpevel oty Evponn.

Ta aitio TOV KIVOUVOV KOl TO TEXVIKG LETPA Y10L TNV OTOPLYT TOLS UTopel va Slapépovy
KoL 0VTOG €ivat 0 AOYOG TOV YiveTat S10popomoincT HETOED S10pOPOV TV UCPAAELNG, T.Y.
nwpocdopiloviag T cvykekpluévn artia evog Kivdvvov. [a mapdderypa, o 6pog "mAekTpikn
OCQPAAELD" PN OLOTOLEITOL EAV TPETEL VO TAPEXETOL TPOSTAGIO EVAVTL NAEKTPIK®V KIVOUVOV
Ko 0 0pog "AEITOVPYIKT ACPAAELN" ¥PNCIUOTTOLEITOL EAV 1 AoPaAELn EE0PTATOL OO TN COOT
Aertovpyio. AVt 1 JPOPOTOINGT AVTIKATONTPILETOL TAEOV GTO TTLO TPOSPATO, TPOTLTTA KOl
VIAPYOLY EOIKA TPOTLTO. OV oYeTilovTal pe TN Aertovpyikn acpdieln. Ocov agopd v
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ACPAAELD TOV UnyovnUdTov oyetikd Tpdtuma givar to EN ISO 13849 kot to IEC 62061 wov
TEPIEXOVV EOKEG DITAEELG OYETIKA IE TIG OTALTIOELS GE GUGTAUATA EAEYYOVL TTOV GyeTiCovTat
pe ) Aettovpyikn acedieia. To Pacwkd mpotvmo acpdreiag IEC 61508 (emiong EN 61508
kot DIN EN 61508 / VDE 0803) omevfdveton otn AEITOVPYIKY] OCQAAELN MAEKTPIKDV,
NAEKTPOVIKOV KOl TPOYPOUUATILOUEV®OV NAEKTPOVIKOY GLUGTNUATOV, OVEEAPTNTO AmO TO
medio epappoyns tovg. [1][2] [3]

IMa ™ dtwoediion TG AEITOVPYIKNG ACPAAELNG EVOG UNYOVALOTOG 1] LI0G EYKATAGTACNG
TO LEPM TNG TPOCTAGIOG OV GYETILOVTAL [LE TNV ACPAAELD KOl Ol GUCKEVEG EAEYYOV TPEMEL
TIGTOTOUEVE, VO AEITOVPYOUV 6moTd kot a&omiota. EmimAéov, ta cvotiuato mpénel va
GUUTEPIPEPOVTAL LLE TETOLO TPOTO MGTE 1) UNYAVY| EITE VO TOPAUEVEL GE OCPOAT KUTAGTOON
eite va petaPaivel 6€ AoPOAT KATAOTOOT 0 TEPINTMOT ToL AdPel yopa pio PAAPN. Ta va
emtevyfel avtd amatteitor eEOIKELUEVT] TEYVOLOYID 1 OTTOlD VO TANPOL TIG OMALTHOELS TOV
TEPLYPAPOVTUL GTO, GYETIKA TPOTLTTA. O OTOLTHGELS Y10 TNV EMITELEN AEITOVPYIKNG OCPAAELNG
Bacifovtal oTovg akdAovBovg factkods oTdYoLCS:

* AToQuYn GLOTNUATIKOV PAafdv

* 'Edeyyog cvompatikov Brapov

* 'Eleyyog tuyoiov PAafov 1| actoyiodv

To péTpo Yo TO EMIMESO TG EMTVYYOVOUEVNG AELITOVPYIKNG ACPAAELNG Eivar 1) TBAVOTN T
EUPAVIONG EMKIVOLVAOV 0OTOYLOV, 1 OVOYXN TOV COUALIT®V KOl 1) TOOTNTA TOV TPETEL VO,
SloQoMigTal Pe TNV amoQLYN GLOTNHOTIK®OV opoipdtov. To Poacwd mpdTLTO TOL
oyetiovton pe v aopdrela eivar to [EC 61508:«Eninedo axepordtnrag aceareiog» (SIL)
kot EN ISO 13849-1 «Emninedo amddoomng» (PL) ko «Katnyopieoy.

2V anaitnon va Yivouv 01 EYKATUCTACELS, Ol UNYOVESG Kol 0 AOTOG E0TAMGUOG OGO TO
SVVATOV TTO10 AGPAANG O ETLYELPTLATIKOT ETAIPOL TEPLYPAPOVY TNV KOTAGTOCT) TOV GYETICETU
LE OAEC TIC OMNUOVTIKEG TTVUYEC TNG Ao@AAelG. Me T Slotpron Kol TNV EKATANPOOT] dVT®OV
TPOTOT®V UTOPEL VO SIOCGPUAICTEL OTL Lol €TOUPEID TOV KATOOKELALEL Mo Lovada 1| €vag
KOTOGKEVOGTNG OV TOPAYEL LI UNYXOVI ] 0L GUGKELT EYEL EKTANPOGEL TNV 0OV TOL Y10l
T dac@dAion g aopdrelag. Ot anatioelg Acedielog g Evponaikng Evoong Baon tov
apBpov 95 yio v elevBepn dwoxivion mPoidvTwV Kot Tov dpbpov 137 yioo TNV ac@AAN
epyacio opiloviot pe TIg TapakdT® 001yiec OTmS aivovtol otov [livaka 1:
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Mivaxag 1. Odnyiec Acpaing Asttovpyiog

APOPO 95 APOPO 137
l }
Y. PYOVIROTO. Odonyieg yra v vyeia
KOl TNV 0.6QJAEWN GTO
v ADPO TG EPYACIUG
Directive 2006/42/EC v
Directive 1014/ SU/EU Directive 89/655/EC
KOTOUOKEVLUOTNG KOTOOKEVLUOTNG

H vopoBecio arattei 6t1  To1d0TnTo TOV TEPPAAAOVTOC KOl 1) VYELD TOV 0VOpOTOV TPETEL
vo. Tpootatevovtal HE TPoANTTiKA pétpo «Odnyia 2012/18/EE». Emiong amoitel va
emtevyfovv avTOC Kol TaPOHO10L GTOYOL KOl OETEL OMALTIOELS GTOVG YEPIOTES, TOVG YPNOTES
TOV EYKATACTAGEDY KOl GTOVG KOTOOKELAOTEG EEOMMGUOD Kot UNYovES, avabiTovtag v
€vhvV” Y100 EVOEYOEVO TPAVUATIOUO T Cnud. [4]

Ot odnyieg g EE mepiéyouv povo yevikovg 6to0vg 0oOAAELNG KO

o xaBopifovv TIg OMOITNOELS YO TIG EYKOTOGTACELG/CLUOTHLOTO KOl TIC ETOUPEIEG
EKUETAAAEVOTG Y10 T OLGPAAIOT TNG VYEIOG KOl TV 0GQPAAEL TOV TPOCOTIKOD Kol
TNV TOWOTNTO TOL TEPIPAAAOVTOC

® KkaBopilovv Tig amantoES TPOIOVT®V (TT.). Y10 LNYOVEG) Y1 TN S1oPAAIoT TG VYEiNG
KOl TNG AGQAAELNG TOV YPNOTH.

® TEPAAUPAVOVY KOVOVIGUOVG CYETIKG LE TNV VYEID KOlL TNV OCQAAED. GTO YDPO

gpyooiog (EMIYIOTEG AMOITNOELS).

Ot Evooeig [potomwv mov €govv v katdAinin evtodn g Emtponng g EE (CEN,
CENELEC) pmopovv va opicovov Tig TeVIKEG Aemtopépeleg. Avtd ta mpdtuma givol
EVOPUOVIGUEVO COHQOVO U pio  ouyKekpyévn odnyio kol mwapotiBeviol otnv emionun
Eopnuepida g EE.

H vopobBecia dev mpocdiopilel 6T1 Tpémel va TNPOVUVTOL GUYKEKPLUEVE TPOTLTIO. L2GTOCO,
OTOV TNPOVVTOL GUYKEKPLUEVO TPOTLTA, TOTE UTOPEL VoL «OTOTEDED OTL TNPOVVTAL 1) GYETIKN
acQaAELn Kot 01 6ToYoL TV 0dnyimv g EE.

Ot 0dnyiec g EE €yovv tov id10 Pabud onpaciog, dnAadn dv 1oydovy ToAAEG 0dnyieg
Yo £va GUYKEKPIUEVO KOUUATL EEOTAGUOD 1) GUGKEVTG, TOTE £YOVV TIG UTULTIOELS OA®V TOV
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GYETIKOV 0dNYIOV OV TPETEL VO, TAT|POLVTAL (T.). Y10 EVOL LYV e NAEKTPIKO EOTAIGLO
TPEMEL VO, TNPEITOL 1] 00T YI0L Y10 TO UIYOVILOITO KO 1] 0dMYia YiaL T YOUnAn Téon).

1.1 Yyeio ko ac@arera 6to yopo gpyaciog otnv EE

Ot amotnoeLg yio TNV vyeio Kot TV 0oPIAELD 6TO XDpo gpyaciog Pacilovtar 6to dpbpo
137 (mponyodpevo 118a) tng ocvpuPacng E.E. H Bacikn odnyia Yyeia kot ac@dieio 610 xHhpo
epyaociag (89/391/EEC) kaBopilel Tig €AAYIOTEC OMAITIOELS YO TNV OCPAAELD GTO YDPO
gpyaciag. Ov Tehkég amaitioelg vmokewtor oty €fvikny vopobecio kot pmopel va
vepPfaivovy TIC OMAITAGES TOV PacIKOV 00Nyl®dV. AVTEG Ol OMOTHOELG TEPIAaUPAvOLY TN
Aertovpyia Kot T gpNoN TPOIOVI®V (T.Y. UNYAVES, YNUIKO EPYOCTACL).

1.2 Aco@drero pnyovnpatoyv otnv Evponn

Me v e1oay@y" oG KOWNG EDPOTOIKNG ayopdc EANQON amd(aoT Yo TNV EVOPLOVIOT|
g eBvik@v odNydV Kol Kavovieudv OAv TV kKpatdv pedov g EE mov mepilapfavouvv
TNV TEYVIKN VAOTOINGT UNYOVNUATOV. ZUVETELD 0VTOD €lvaol OTL TOL UNYOVALOT TPETEL VAL
epappolovv Tig odnyieg oe €Bvikd dikoo €yovrag €101 ®G oTOX0 TNV VIoPEN evicimv
TPOGTOTEVTIKOV GTOY®V Kol TN HEIDOTN TOV EUTOPIKOV Ppayudv. 'Eva civolo punyoavaov ot
0TolEg AEITOLVPYOVV G €VO. OVATOCTOGTO GUVOAO Yio Uict YPOUp Topaymyns Oempeitol
«unyoviy. Emopévmg, o TopEng EpoproynG TOV 0ONYIDV Y10, TIG UNYOvEG KupaiveTol amd va
"NUITELEG" Uy bvnoL LEYPL O £Vl TTANPEG,.

Mo ) Aettovpyky] ac@aieln T@v véov pnyoviuotov oand tig 29 Askeufpiov 2009
oyvoLvv ot 0dnyieg 2006/42/EK. [5]

H extipunon xwddvov, ol amaitioglg mov Tifeviol oty TEKUNPImon, To KOTaAANAo
ocvotnpoate ao@oieiog, 1 a&loAdYNon CLUUOPE®ONG KAOMC Kol Ol KOTOOKEVUOTEG
unyovnuatov exktoc Evponaikng ‘Evoong tpomomomOnkav otnv odnyio yio ta véa
punyovipota. o tnv a&loddynon tov Kivohvov evog UnyoviLotog TPEREL va dlatifevtal tkovo
Kot KATAAANAQ ekToudevpévo Tpocmmikd. H ektipunon kivédvov mpénet va TeptypaQeTal 6TV
TEYVIKT TEKUNPIMGCT] TOL UNYOVILOTOG KOl TTPETEL VOL AVOPEPETAL OTIG 00N YiEg AELTOVPYIOG.

Eniong &yovv opiobel véeg dradkacieg yia v agloroynon g cvupudpewong CE. Avtég
WGYLOLY Ylo. UNYXOVEG ol omoieg mepthappdvoviav oto mapdptnua IV g odnylag v to
pnyovipota, kabmhg kot yio Tic "nuredeig unyoavég”. Ot KaTaoKELOGTEG OV EMBLUOVY Vi
ewoayovv unyavéc oty EE mpémetl va 61abétouy teyvikn texpunpimon g unyovig Toug 6mov
0o mopdyetor omnv EE, my. amd efovciodomuévo avimpocwomo. Avtd amAomolel 1
Sdkacio cvppdpewong CE yia Tig appodieg apyég Kol TapEYEL GTOVG YPNOTEG VYNAOTEPO
Babpog acedielog katd TNV ayopd Kot TN AETovpyio EVOG UNYOVHLATOG.

Ot Baoikég amaitnoelg vyelog Kol aoQAAENS TPETEL VO, TAT|POVVTAL OTOAVTO Yo TV
acQaiel ToV unyovav. O KOTOoKELOOTAG TPEMEL Vo Tnpel To axdAovda Pacikd yio
EVOOUATWOOT) TNG 0CPAAELOG:
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e To pnyoviuoto TpEmel Vo Eivol KOTAGKEVOGUEVO LE TETO0 TPOTO MGTE VO LITOPOVV VO,
gyKoTaoTafovv, va Asttovpyodv Kol vo dtatnpovdvial ympic va tifeton og xivévvo to
TPOGMTIKO.

o  Katd v KoTOoKEL TNG UNYAVIS O KOTAOKEVAGTNG TPEMEL VO EPUPHOCEL TIG PUCIKES
aKOAoVOEG apyég LE TN oE1Ppd oL divovTat:

—  Tlpéner va eEarerpBovv i va peimbBodv 660 T0 SLVVOTOV TEPIGGOTEPO Ol Kivouvol
(evoopdtmon Tov apydv acEAAELNS TV OVATTLEN KOl KOTOOKELT TNG UNYAVIS).
—  Ipérer va AapPdvovior to omopoitnTe TPOCTATELTIKA UETPO GE OYEOM ME
KIvOUVOLG OV OV PTopovv vo. eEoAepOovv.
— O ypNoTEg TMPEMEL VO, EVIUEPDVOVTOL YIOL TOVG EVOTOUEIVOVTEG KIVODVOLG 7OV
opeiAovtal 6N Un dvvatotnTo EEAAEWYTG QVTMV.
Ot TpooTaTELTIKOL 0TOYOL TTPEMEL VO €QaprOlovTal pe LTELHVLVOTNTA TPOKEWEVOD VOl
EKTANP®OEL 1] GYETIKY OTALTNOT GLUUOPPMOOTG LE TNV odNyia.
O KOTOOKEVOOTNG EVOG UNYOVILOITOC TTPETEL VO TTOPEYEL OMOOEET OTL £ovv Trpndel ot
Baokés amantnoelc. At 1 omddEIEN YIVETOL EDKOAOTEPT LE TV EPOPUOYT EVOPLOVICUEV®V
npotomev (1.y. EN ISO 13849-1 71 EN 62061).

1.3 IIpotoma

IMa va dratebolv To TPoidvTae OTNV Ayopd 1 Vo AELTOVPYNGOLY TPENEL VA TA|POVV TN
Bacum aocpddreia tov odnyidv ¢ EE. Ta tpdtuna pnopet va eivor e&opeticd ypnoa 6tav
001 YOOV GTIV EKTANPOOT] TOV ATOITNCEDY AGQPUAELNG. TNV TEPITTMON QLT TPETEL VAL YiVeL
Slopopomoinor HeETaEL evapuovicpévav Evpormaikdv mpotdinwv Kot GAA®V Tpothneov To
omoia av Kot EYouv enkupmbel dev EYovv akOUN EVAPUOVIGTEL e PACT) E10TKNG 001 Yiog KoOmG
KoL GAAV TEXVIKOV KOVOVOV KOl KOVOVIGU®MY TOV Eival YV®OTE Kol ®g «E0VIKA TpOTLITOY.

Me Vv €Qoploy] TV EMKLPOUEVOV TPOTOHTOV Ol KOTOCKELOOTEG WITOPOLV Vol
amodeifouv OtTL €yl pnbel n avayvopiouévn televtaion AEEn tng texvoroyiag yio TV
0CQPAAELXL.

Olo To, TPOTLTIOL EMKVPOVOVTOL KATUPYNY ®G EVPOTOIKE TPOTLTO KOl GTN GLVEXELN
TPENEL Vo, VIoBeToVVTOL AUETAPANTO G €BviKA TpdTLTA TV KpatdV peAdv. Ta vdpyovia
ebvikd mpoTLTTA Yo TO 1010 BEpa TPETEL GTN GLVEXELD VO AvVaKANO0DV.

1.3.1 Evappoviopéva evponaikd Tpotora

Ta evoppovicpuéva gvopomaikd mpotuma  Kotaptilovior oamd 000  opyavicpoHs
tunonoinong Tov CEN (Comité Européen de Normalisation) kot tov CENELEC (Comité
Européen de Normalization Electrotechnique), mg evtoAn a6 v E.E.

Ta npotoma (mpodTuma EN) dnpociedvovral otny enionun Epnuepida tov Zvpfoviiov g
Evponaixng Evoong kot otn cuvéyela yivovior amodektd ota e0vikd mpdtuma ywpig Kopio
oAdoyn. XpnoomolovvIol Yo TNV EKTANP®OON TOV POCIKOV OTAITHOE®Y VYOG Kol
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0GPAAELNG TOV KOOOPIGUEVOV TPOCTATEVTIKMV GTOY®V TG 001 YOG Y10l TOL UNYOVILLOTOL. XT1)
Ieppavia, o vrevBuvog yo tnv CEN/CENELEC &ivar o DIN kot o DKE.

Me v exnAnpmon TETOU®V EVOPLOVICUEVOV TPOTOT®V, LEAPYEL €va "ouTOHOTO
TEKUNPLO CUUHOPPMOTG", TT.X. O KATUOKELUGTNG UTOPEL VoL VTTODEGEL OTL EYEL EKTANPMDGCEL OLEG
TIG TTVYES OOQAAERG TNG 0dNYiag (Yoo 660 S1ACTNUN OTME KUAVTTOVIOL GTO CUYKEKPIUEVO
npoTLTO). T gVPOTAIKE EVOPUOVIGUEVE TPOTLTO TPEMEL VO EXOLV Kataympnbel oty
Eopnuepida tov Evponaikod Zvppoviiov. Ta evapuoviopéva evpomaikd TpoTuTOL Yo TV
OCQPOAELD TOV UNYOVNLATOV EIVOL 1EpapyIKa dopnuéva g e&Ng

1. Ipdétuma TOmOL A YveOOTA Kol ¢ Pacikd TpdTLTaL.
2. Ipétuma tomov B yvwotd ko wg [Tpodtoma Opddoc.
3. Ipoétuma tomov C yvwotd kot g Ipdtuna IIpoidvrog.
H dopn eaiveral oto mapaxdtm [Hivaka 2.
Mivakag 2. Evpomaikd tpéToma Yo TNV 06QAAE0 P ovaY

Safety [Ip6tomo EN ISO 12100
basic TOHmoV A, Aocpbielo pnyovnuaTov
standards | Pooikég - Boowm opolroyia, yevikéc odnyleg
TPOJOYPOUPEG - Odnyieg ywo v extipnon kvdvvov
Yo OAoL T
PNYOVIHOTOL.
Safety [potuma EN349 EN62061, DIN EN ISO | EN60204- | ENISO 14119
group tomov BI, Amopuynm EN ISO 13857 1 Mnyovipato
standards | ®épata ouvOAyMg 13849-1 Acpdleln Hlextpucog | aceodeiog,
OCQALELOG Tunudtov tov | E&omhopodg pnyovnubtov | eEomAMGHOG | CLOKEVES
VYNAGTEPOV avOpdmvov eleYKTOV - OMOCTACELS | UNyovov oA AacOIAoNG
EMmESOV COUATOG oV acQaAeiog mov oyetifovton
oyetilovtat Yo TV He
He v OmoPLYN TPOGTATEVTIK(,
0CPALELDL TPOGPaoNS
og
emikivovveg
{dvec amod
Tov vBpomo
[potuma EN574 EN ISO 13850 EN 61496-1
Tonov B2, "EXeyyog 600 Agrtovpyés opyég Dwtevég PTAPES, PMTEVEG
OTOLTICELS YIOL | YXEPLDV Emergency Stop KovpTiveg
gEomMopod
acQaAeiog
(avopopd o€
€101k
TPOGTATEVTIKO
gEomhopd)
Technical | ITpdtoma EN 81-3 EN201 EN692, EN693 EN ISO 23125
standards | tomov C, Avelkvotipeg | Mnyoviquata | TIpéoeg ko Toépvor
TEYVIKA x0TEVONG UNYOVIALLOTO KOTING
TPOTLTAL,
E101KEG
OTOLTHOELG
mov tifevran
G€ OPICUEVOLG
TOMOVG
pnyovnpértay
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1.3.2 lIpétona tomov A/Baocwka mpotvma

To IIpétvmo A (EN ISO 12100) mepiéyet v Acpdieio pnyovov, Bactkn opoloyia kot
YEVIKEC KaTELOLVTIPLEG YPOUUEG oY eSO UOV. [6]

To IIpotomo kabopilet Texvicég kot peBOS0VG Y10 TNV ELUYIGTOTOINGT] TOV KIVOOVAOV, TOV
UmopolV €MioNG vo givol YPNOIUES Y10 TOVG KOTOOKEVOOTEG €AV OEV DIAPYOLV 1GYXVOVTO
[Ipoétuma tomov I

1.3.3 lIpotvma tomov B/IIpoTvma opddag

Avtd epriapfavouy 6Aa To TPOTLTT TOV GYETILOVTOL LLE TNV AGPAAELD KOl TTOV UTOPOVV VL
OVTIHETOTICOVV S1APOPOVG TOTOVS UINYOVOV.

Ta Ipotuma tHmov B angvbuvovial emiong kupimg o€ exeiva ta pépn mov opifovv ta Ilpotuma
tonov . Qo106060, Propovv eniong va ival YPHOILN GTOVE KOTUCKEVAOTEG KATH TO OYESICUO
KOL TNV KOTOGKELT HOG Unyavig, ebv dev vrdpyovv [lpodtuma tomov I

Mo to [poétoma B éxet yiver pia mpochetn vrodiaipeoT Kot To GLYKEKPIUEVA OE:

o [Ipotuma tomov B1 yio wTuyég ao@aielog VYNAOTEPOL EMTESOVL, T.). OPYES EPYOVOUIKOD
OYEO10G 0D, AOPUANC aT0CTACELS 0d TOAVEG TNYEG KIVOUVOL, EACYIOTEG OTOCGTACELS Y10
TNV amoeLY cUVOAIYNG TOL CAONATOG Ad TOV EEOTAIGUO.

o [Ipotuma tomov B2 yia tov e£omMopd acpaieiog yio S1dQopovg TOTOVG UNYOVAY, TT.Y.
eEomMopdg Y oTAOT EKTOKTING AVAYKNG, KLUKAGUOTO 000 YEPLDY, AEITOLPYiES
aAANAOCOAMONG, €EOMAMOUOG OVETOPNG TPOOTOCING Kol EUPTALOTO GLOTNUATOV
eléyyov mov oyetilovtal LE TNV aoQAAELD.

1.3.4 llpétvna tomov I'/IlpéToma Tpoidovrmv

Avtd TEpAapPAvouy TPOTLTA Y10 GUYKEKPILEVO UNYOVILOTOL - T.). Y10 EPYOAELOUNYOVES,
unyovég enefepyaciog VA0V, OVEAKVOTIPES, UNYOVALOTO OCLCOKEVOGIONG, UNYOVALOTO
EKTOTOOTG KO TOAAG GAAQL.

Ta evpomaikd wpdTLTO €lvor dounuéva £I61 MOTE Ol YEVIKEG ONAMGEIS TOV
nmepthappavovtal 1101 ota TpOTLIE, TOTOL A 1} TVTTOL B Vo, unv emavaiapfdvovrat.

Ta IIpotoma [Ipoidvtev mepLopufavovy OmTOLTACES YloL TO pnMyovipote. AvtéG ot
OTOLTNOELG, VIO OPIGUEVEG TEPIGTACELS ATOKAIVOLY amd T, PACIKA KOl TO OUASTKA TPOTVTA.
To Ilpétvmo I' éxel amoAdTOC TNV LYNAOTEPT TPOTEPALOTNTA Y10 TOVG KOTOOKEVAOTEG
unyovav (OEM). Ot kataokevaotég pmopovv kdvovtag ypnon 1o ntpotumo I va vrobécovy
0Tl TANPOLV TIC POCIKES OMALITIOEL TOV OONYIOV Y10 TOL UNyYovipato, (dVTOUATO TEKUNPLO
ouppopemong). Eav dev vapyet [Ipodtumo mpoidvtog yio £vo GUYKEKPLLEVO UNYAVILOL, TOTE
T TPOTLTTA TOTOL B pImopovv va papocToHV Yio AOYOLS TPOGOVATOAG OV 0Ty oyedtileTon
KoL KATaokevaleton pia, punyovn.

IIpokeévou va mapoacyedel o péBodog evapuovions Towv Pacik@v amotoewy piog
oonyiag, pe evtoAn g emitpomng tng EE katoptiotnkav evapuovicpévo mpodTuma oTIg
teyvikég emrponég g CEN kat tng CENELEC yio pnyovipoto 1| oLadeg pnyovnudtoy yio
0A0VG GYEOGV TOVG TOLELG.
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H xotdption tov 7potinmv TeptAapifAvel OVCIOGTIKA EKTPOCMTOVS OO KATAOKEVACTEG
TOV CUYKEKPEVAOV Unyovnudtov, puduictikaov eopénv onwg ot Evooelg Acpolicewv
Epyodotav xabmg kot ypriotec. Mia TANpng Aloto pe OA0 TO. OVOPEPOUEVO TPOTLTIA KOOMG
KOLL TIG OYETIKEG OPOCTNPLOTNTES LE TPOTLTTA — KO LLE VTOYPEDTIKG VEQ TPOTLTA Y10 TO UEALOV
mapéyovtorl 6To Aladiktvo kdtw anod: (http:// www.newapproach.org/).

[Ipéner vo onueiwbel 6tL dev €ivol LIOYPEMTIKN 1 EPOPLOYN TOV TPOTVTOL, CAAY
avtifeta, Tpénet vo emitevyHovv o1 6TOYO1 ACPAAELNG.

1.3.5 EOvika npétoma

Edv dev vrdpyovv evapUoVIGUEVO EVPOTATKA TPOTLTO 1) OEV UTOPOVV VO EPOPLOCTODY
Y. GLUYKEKPIUEVOVG AOYOVG, TOTE £VOG KOTOOKELOOTNG Umopel va gpappoocel ta «Efvikd
[Ipdtumaxn. Orot ot GAAOL TEYVIKOT KAVOVEG EUTITTOVY GTIS 00N YIES Y10l TOL UNYOVALLOTA, T.Y.
GTOVG KOVOVIGHOVS TPOANYNG ATUYNUATOV To omtoia dev avapépovtal oty Epnuepida tov
Evponaikod Xvpfoviiov (emiong mpotvra IEC v ISO, 1o omoia emkvpdbnkav wg EN).
Epapuolovtog emtkupopéva mpdTumo 0 KOTOUOKEVAGTNG UTOPEL Vo, 0modei&et OTL 1) KATAOKELT
TOV UNYOVAHOTOS OAOKANpGONKE Kdvoviag ypnomn teyxvoroyio oyuns. Qotdéco otav
ePapOovTal TETOL0 TPOTLTO. OEV UMOOEIKVIETAL QVTOOTA TO TEKUPLO GUUUOPPOOTG OTMS
LE €vol EVOPUOVIGUEVO TPOTVTO.

1.4 Extipnon kiwvovvov (Risk assessment)

Q¢ anotéAeco TOV GYESIOGHOD KOl TNG AEITOVPYIKOTNTAG TOVG TO LUNYCVILLOTO Kol Ot
€YKATOOTACEL TapAyouy TBavovg Kivdhvoue. Qg ek ToOTOv 1 od1yio Yo To Ny OVALOTOL
amortel a&loAdynoTn Tov Kvduvou yia Kabe pnyovn kot edv xpetdletol Peimomn Tov Kvduvou
MOTE 0 KIVOLUVOG VoL €lval KPOTEPOG ATt TOV OVEKTO Kivouvo.

Ta axdéAovBa tpdTLTTA B TPEMEL VoL EPapOLOVTOL Yo TIG TEYVIKES a&IOAOYNONG KOl TG
a&10AOYNONG VTAV TOV KIVOLV®V:

e EN ISO 12100, Acedrelo pnyovnuatov - Fevikég apyég oxedwowopov - Exrtipnon
Kvduvou kot peimon kivdvvov. To EN ISO 12100 weprypdeet kupimg Toug Kivduvoug Tov
TPENEL VoL ANEOOVY LITOYT KO TIG apyYEG OXEOOGHOD Y1 TN UEIMON TOV KIvdHVOU Kobmg
KOl TNV EMOVOANTTIKY Olodlkocio. pe ekTiunon Kwdhvov Kot HEIon Kvdvvov
TPOKEWEVOL Vo, emTeLyDel 1 ac@AieLO.

e ANSI B11.0 - 2015, I'evikég Anautioelg ko Aoroynon Kwvdovav (yio HILA pévo).
Av16 10 TPOTLTIO 1YVEL Y10 VEQ, TPOTOTONUEV 1] OVOKOTUCKEVAGLLEVOL LY OVT|LLOLTO, TTOV
AELTOVPYOVV UE MAEKTPIoUO OV SV Elval @opNTd amd GvOpmTOo, TOL YPTCULOTOIOVVTOL
Yo TN SLUOPO®OT KA TN SL0HOPPMCT| LETAAAOVD WE KOTY|, KpOUOT), TECT], NAEKTPIKN
N dAdeg teyvikég enebepynciag 1 GVVOLAGUOG AVTMV TV dtadikactdv. [leptrapfaver Ta
mpotuma ANSI B 11.19 - 2010 (R2008) kot ANSI B11.TR3.
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1.4.1 Awodwkaoia ektipnong kKivovvov (Risk assessment process)

H a&oldynon kwvddvov eivor o axoiovbio Pnudtov mov emttpénel va diepguvnOel
GLGTNHOTIKA 1] VTTaPEN KIVOUVEOV TTOV TpokaAoDVTOL otd punyaviuota. Omov eivat amapoitnto
ot Ao g aloAdYNoNG Kivovuvou akoilovbeital amd peimon Kivduvou.

H extipmon xwvdvvov meprhappavet o axdAovdo:

e Avdéivon kivdovov (Risk Analysis)
KabBopiopog tov opiov tov pnyaviuotog (EN ISO 12100)
[Ipocdropiopodg twv kivdvvav (EN ISO 12100)
o AZwoidynon xwvdvvov (Risk Evaluation) (EN ISO 12100:2010-03 Evétnta 5.6)

AoV extiunBovv ot kivouvol mpaypatomoleitoal aloAdynon Kvoivoy g UEPOG UG
EMOVAANTTIKNG O1001KAGI0Og Yio TNV EMITEVLEN TNG UCPAAELNG. Xe 0VTO TO ONUEl0 TPEMEL VoL
Inedet amdeaon edv givar amapaitnTto va pelmdel Evag kivouvog. Av évag kivouvog Ttpémet vo
HelmOel TEPUITEP® TPEMEL VAL ETMAEYOVV KO VO, EPOPHOGTOVY KATAAANAN TPOGTOTEVTIKA HETPOL

Kot 1 a&lodoynon Kvdvvov Ba TPETEL 0T GLVEXELD VO ETOVAANQOEL.

Ta otoryeio kKvdvvov opilovior og Eva gpyareio yuo v a&loAdynon Tov Kivdbvev. O
mopokato [ivaxag 3 delyvel v aAdnie&dptnon petaé&d Tov 6TotKElmv KIvOuVou.

Ta otoyeio ktvdvuvou (S, F kot W) ypnoipuedovy o TocotnTeg EI6p0av Kal Yid To 000
TPOTLTOL. AVTA T GTOLYEID KIVOUVOL 0EI0A0YODVTOL LE SOPOPETIKOVS TPOTOVG. TOUPOVA LIE
1o EN 62061k000piletal £va amattovpevo enimedo axepatdtntog acpdrelag (SIL), evod pe to
EN ISO 13849-1 xaBopiletor éva Eninedo Anddoong (PL).

Mivexag 3. Xroyeioa Kivovvov (Risk Elements)

Fr, Zuyvotrta kot didpketa
Kivdvvog mov Kpiopomra g g ékBeong otov kivouvo

oyetileTon pe Tov Onudg
EVTOTIGUEVO KiVOLVO

Pr, ITiBavotTO TOV
KvoHvou

Av, mBavotnta amopuyng M
ueioong e Prapng

Edwv dev €xel axoun emttevydel o amartovpevog fabpog acpaielog amaitodvTot LETPO. Lo
TEPUTEP® HEiOT Tov Kvdvvov. O Kivdvvog mpémet vo petmbel pe Tov KatdAAnio oyedoouod
KO EQAPUOYT TOV UNYoviUatog. o Tapddety Lo yp1oILOTOIdVTOS KATAAAN AN HETPA EAEYYOV
N TPOCTAGING Ylo TIC AEITOVPYiES AoPUAEING.

1.4.2 Yrolewwopevog kivovvog (Residual risk) (EN ISO 12100)

H acoediela eivarl évog oyeticog 0pog 6To TeXVIKO Hag TePPAiiov. AveTuXdC deV yiveTal
VO EPAPUOGEL TN AEYOUEVT] «EYYVTON UNOEVIKOD KIVOUVOL» OOV Timota dev pmopel va cupPel
og Kapio wepintwon. O vmoieumduevog kivovvog opiletatl wg: Kivovuvog mov mapopével petd
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TV EPAPLOYT TOV TPOGTATEVTIKAOV LETPMV. XE QVTI TNV TEPIMTMOOT) TA TPOGTATEVTIKA LETPA,
OVTITPOGMOTELOVY OAM T HETPA Y10, TNV UEI®OT TOV KIvdDVOU.

1.4.3 Meiwon piokov (Risk reduction)

Exktog and v gpapproyn dopikmv PETp®V Pelmong Kivohvov, LElmon Kivduvov umopel
va emtevyDel og Eva Unyavn o YPNCILOTOIOVTOG AEITOVPYIES EAEYYOL TTOV oyeTiloVTal IE TNV
acpdAelo. [Tpémel va TmpovvTal E101KEG amantnoElS OTay PapUOovVTag OVTEG Ol AEITOVPYieg
eA&yyov, KAMpakoOpeves avaioya pe to péyefog tov Kivdvvov. Avtéc ol Aertovpyieg eAéyyov
Y NAeKTPIKE cvuotiuata eiéyyov opifovtor oto EN ISO 13849-1 kot oto IEC 61508 v
€101KA TTPOYPOUUOTILOUEVE NAEKTPOVIKA GLUGTILLOTA.

Ot amoitnoelg mov Tifevtal OYETIKA HE TNV ACOPAAEIN TOV CLGTNUAT®V EAEYYXOV
Ta&vopovvToL 68 KaTnyopieg, avdAoyo pe To ENinedo KIVOOVOL Kol TNV amapoitntn Heimon
avtov. Me to EN ISO 13849-1 &yel eicaybei €va véo didypappo Kivdbvov Gg KaTnyopieg
epapykd Swfoadpicpéves og emimeda amddoong (PL). To EN 62061 ypnoyonotei to "Eninedo
Axeparotrag Acooaieiog" (SIL) yio v ta&vopmon tov Kwvddvev, ovtd sivol éva
TOGOTIKOTOMUEVO UETPO Y10 TNV OTOJ0CN TOV OYETIETAL [UE TNV AGPAAELN UI0G AGOAAODG
Aertovpyiag. To amartovuevo SIL mpocdiopiletar emiong pe Paon v apyn a&loAdynong
Kvovvou cvpeova pe to EN ISO 12100.

Eivon mévta onuoavtikd - ave&dpta amd o molo tpdtumo epapuoletar - OAa ta pép
TOV EAEYYOVL TOL UNYOVIUATOG OV EUTAEKOVIOL GTNV VAOTOINGCT T®V AETOLPYIOV TOL
oyetiloviol pe TV ao@AUAELN VO TATPOVV OVTEG TIG OTULTHOELS.

Kotd to oyediacpud Kot tnv epapuoyn Tov eAE&yyov ival omapaitnto va eheyyOel eav
TANPOVVTAL Ol ATALTHOELS TOV emideypévou PL ) SIL.

[Ipémer Snhadn va tnpodviat OAEG 01 TTUYEG 0TO TPOTLTO £TCL DOTE:

o Na gAéyyovtat ot Tuyaieg aotoyieg LAKOD,
o No amo@edyovVTol CLGTNHOTIKG GEAALATA/AGON GTO VAIKO KOl TO AOYIGUIKO
o No gAéyyovTol GLOTNUATIKG CPAAUAT/AAON 0T VAIKS Kot TO AOYIGHIKO.

Emwopowon (Validation)

Enucopwon onpaiver 611 ehéyyetar kot agloloyeitor 1 AEITOVPYIKOTNTO TG OCPUAEING
mov wpénel va emitevydel. O oxomdg TG emkbpwong eivar va emPefaiwbody o1 opiopol Kot
TO €MINESO CUUUOPPMONG TOV GYETIKMOV UE TNV OCQAIAEN LEPDV TOV EAEYYOV, EVIOG TOL
YEVIKOU OPIGUOD T®V OTOUTHOE®V aoPoAEing TG unyovne. Emmiéov, n enicopmon mpénetl va
VTOJEIKVVEL OTL KAOE e&ApTnpa OV oYeTIlETAL e TNV AGPAAEIN TANPOL TIG AMAITCELS TOVL
GYETKOV TPOTOTTOV.

[Mopakdto Teprypdpovtal ot akOAOVOEG AMAITIOELS Y10 TNV EXKVPMON:

* Aloteg cQoUANdTOV.

* Emucdpmon Aettovpyldv acoaieiog.

* Emcdpmon tov kafopiopévoy kol Tav emteuyféviay end06emV acPaAEIS.
* Emucdpmon tov teptBaAloviikov/TepBorllovIIKGYV ATOITGEWDV.
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* Enuwdpwon tov anoitieemv GuvINpnongG.

Ot 0TToUTAGELS YO TV EMKVPMOT TOV KODOPIGUEVOV AEITOLPYIOV OCPUAEING TPETEL VO
TEPLYPAPOVTUL GE VA GYENI0 EMKVPWOOTG.

1.5 Eveopatopévn ac@drewo (Safety Integrated)

Ta pétpa ta omoio, amaitovvIol Yoo vo yivel €vag oOVOETOG €AEYY0G EMOPKMG Kol
AELTOLPYIKA 00QOANG Yo Epyacies acpaieiog sival eEoipeTikd exteTapnéves. Avtog glvat o
AOYOG OV TTOPAYOVTOL GUOKEVES EIOIKA GYEOIOGUEVES Y10 AEITOVPYIEC OOPOAEING.

1.5.1 Agrtovpyieg mov oyeriCovrar pe Tnv ac@drera (Safety-related functions)

Ot Aertovpyieg mov oyetilovtor pe TV ac@dAieln TEPIAAUPBAVOUY €KTOG OO TIG

cuppatikég Aettovpyieg:
* Atloxomn Agttovpyiog.
* Ald1Kooieg 68 KOTAOTAON EKTAKTNG OVAYKTG.
* Amotpont| avemBountng ekkivnong.

Kot o o0vBeteg Aettovpyieg 6nmg:

* Eumloxég mov e€aptadvrol amd TV Katdotoon.
* Tlepropiopdg toyvTnTOG.

* Ileplopiopdc Béomng.

» Eleyyouevn anevepyomoinon.

* Eleyyouevn otdon K.AT.

O Khaowcég Aertovpyieg opifovtal oto EN 60204-1 kot péypt Tdpa VAOTO00VTOL e
xpnon niektpounyovikav eéoptnuatov. Ta NAEKTPOVIKA TPOYPOUUATILOUEVO GLGTILOTO
UTopovV EMIGNG VO YPNOUYLOTOLOVVTOL Y0 TV VAOTOINGT| O TEPITAOK®Y AEITOVPYIDV €0V
TANPOVV TO GYETIKA TPOTLTO. XHVOETEC AEITOVPYIES, TT.). TOV TEPIAAUPAVOLY TH GUUTEPIPOPA
NAEKTPOKIYNTAP®V UETAPANTAG TarOTNTag TEprypdpovtatl 6to EN 61800-5-2.

2tdon (Stopping)
Tpeig katnyopieg otdcewv opifovtal oto EN 60204-1, to omoio opilel Tov €leyyo g

axolovBiog yio Tepuationd TG Attovpyiag, ave&dptnta omd TNV KOTAGTAON TNG EKTUKTNG
avarykng kot eaivovtor otov Ilivaxa 4.

Mivexag 4. Katnyopisg otdosov 6to EN 60204-1

Kamyopia Ztdong 0 (Stop Category 0) AveEéheyktn  Sl0KOT|  OQOPOVTOG  OUECHOG TNV
TPoPod0Gia PEVLLOTOS TOV UNYOVILOTOG.

Kamyopia Ztdong 1 (Stop Category 1) Eleyyouevn otdomn, 1 tpo@odocio dev omocuvoLeTot
péypt vo emitevyfei n otdon.

Kamyopia Ztdong 2 (Stop Category 2) Eleyyopevn otdon Omov 1 TPOQOSOGIC. PELLOTOG
eEaxorovei va dratnpeitor akdn Kot 6€ GTAO.

H anevepyomoinom dtakoOTTEL LOVO TNV TPOPOSOGia TOV
Umopel vo TpoKaAEcEL TNV Kivion.
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Awdkacio og katdotaon éktaktmg avaykng (Procedure in an Emergency situation)
O1 dwdikacieg og katdotaon Ektaxktng avaykne (EN 60204-1) weprypdeoviol og eENg:
*  Awxomn og tepintoon Ektaktng avaykne (Emergency Stop).
*  'Evopén og mepintwon éxtaktng avaykng (Emergency Start).
*  Amevepyomoinon oe mepintoon éktaxtng avaykng (Emergency OfY).
* Evepyomoinon og nepintmon éktaktng avdykng (Emergency On).

Xtdon éktaktng avaykns (Emergency Stop)
H otdon éxtaxtng avaykng eivor pio. evEpyelo. mov €YEl GKOMO VO GTOUOTNCEL Lol
Sdikacia i kivinon mov Ba giye wg anotéhespa Evay kivouvo (EN 60204-1).
Ot amoutoElg o€ TEPIMTOON EKTAKTNG GTAONS ivat:
* llpémel va £yl TPOTEPAOTNTO £VAVTL OA®MV TOV GAANDV AEITOVPYIDV KOl EVEPYELDV
TOV YEPLOTH G€ OAEG TIG KATOOTAGELG AELTOVPYIOG.
* H tpogpodoocia ota otolyeios Kivnong Tov Unyoviuatog, 1 onoio Bo propovce vo
001 YNoEL dBUVNTIKA O EMKIVOLVN KOTAGTOOT 1| SLVNTIKG o€ eMKivOLVEG GUVONKEG
npénel va. omoovvdebel T0 ouvTopdTEPO dLVOTO Ywpig Tn Snuovpyic GAA®V
KwoOvVov.

Amevepyonoinon éktaxtng avaykng (Emergency OfY)

Avt| elvonr poe gvépyelo o€ TEPIMTMOON £KTOKTNG OVAYKNG TOVL OTOCKOTEL OTNV
OTOCUVOEDT] TNG MAEKTPIKNG EVEPYEWG GE OAOKANPN TNV E€YKOTAGTOON 1 MEPOG HLOG
€YKATAOTOONG EGV LILAPYEL Kivduvog nhektponAn&iog 1 dAlog kivduvog pe niextpikn oitia.
O1 AELTOVPYIKEG TTUYES Y10 TNV OIIEVEPYOTOINGT| G€ TEPIMTMOT EKTAKTNG Ovaykng opilovtot
oto [EC 60204-1.

H amevepyomoinon oe mepintwon £ktaxtng avaykng 0o mpénel va epopuoletor yio:

* llpoctacio omd TV dueon enaen (1., Le KOADIIN EXAPTNSG, CUYKPOTHOTO ETOPNG,
UETAYMYEC, GLOKEVEG O OMUATIH TTOV PIAOEEVOLV NAEKTPIKO £EOMAGUO) PTOopEl val
emtevyBel HOVO LE TNV TapoY KOTAAANA®V ATOGTACE®Y 1| UE KATAAANAO EUTOOLQL.

o Tmv dmapén mbavétmrog GAiov Kivdoveov 11 MUV OV TPOKAAOVVTOL Old TNV
NAEKTPIKT EVEPYELQ.

1.5.2 ZvoKevég Y10 0mTEVEPYOTOIN O EKTAUKTNG AVAYKNG KOl O10KOT] EKTUKTIG
avayKne

I"a tn dakomn Tov €E0TAMGHOD KOl TOV UNYOVNUATOV GE TEPITTMON EKTAKTNG AVAYKNG
TPENEL VO TOPEYOVTOL GUOKEVEG TTOV YPTCLLOTOL0VVTOL 6€ KAOe BEom eLEyyov xep1oT oALd
Kol og AAleg Béoelg Omov pmopel va givorl amapaitnto va EEKVGEL 1] ‘GTACT GE TEPInT®ON
EKTOKTNG OVALYKT|G.

IIpokeévon vo ekmAnpwboldv ot mpoctatevtiKol otdyol mov kabopifovtar oto EN
60204-1 koBmg kot 6to EN ISO 13850 mpémet va 1kavomolovvTol aKOAOVOES OmTaLTOEIS Kot
Y T1g 600 Aettovpyieg: [7] [8]
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*  Ortoav evepyomomnBel £0tm Kot Alyo 1 EKTOKTN OVAYKT TOTE TO UNYAVILLO TOPOUEVEL
pévipo 6e oTaom.

* llpénetva glvar adbvatn 1 ETAVEKKIVIGN TOV UNYXOVALOTOG 0O £VO, TNAEXEPIGTIPLO
KEVIPIKNG HOVAdOS TPy 0 Kivovvog €xel amopoakpuvlel. H cvuokevn dtokomng
EKTOKTNG OvVAYKNG TTPEMEL va amedevfepwbel Tomikd amd Tov vevbvvo.

IIpokewévov va amiomomBel n aAAnienidpaon petald ovOpOTOL Kol UNyovne, To
apotona. EN 60073 xor DIN EN 60204-1 xofopilovv v KatdAAnAn oruovon Kot
KOKomoinon.
2NUovoT S10KOTTAV, UTOVTOV Kol AVYVIMV

Ot J10KOTTEC, TO KOLUTLA Kot Ol eVOEIKTIKEG Avyvieg eival ta kOplo e&aptipato Tov
UNYOVALLOTOG TTOV YPTCULOTOI0VVTOL G TN OlEmapn HeTAED avBpdToL Kot unyovng. Avtd ta
otolyeio eAéyyov YePloTn TPocdlopilovial GoE®MG Kol KMOTKOTOOUVTIOL UE TUTIKO TPOTO
XPTOCLOTOIDVTOG YPOUATO TOV £XOVV TOAD GULYKEKPIUEVN onpacio. Avtd gyyvdtotl OTL O
Babpog acpaielng Yo TO TPOCOTIKO YEPIGUOD aVEAVETOL KOl £Vl ENTIONG ATAOVGTEPO Yol
TN AELTovpyia, Kol GUVTINPNGCT TOL EEOTAIGLOD KOl TOV GUCTNUATOV.

Ta ypOUOTO TOV KOLUTLOV, 1) CNLOGI0 QUTOV TOV YPOUATOV, ETEENYNOEIS KOL EPOPLOYT

eaivovtal otov mopaxdato [ivoka 5:

Mivekag 5. Xpopote koopmav

Xpdua [eprypoon Enreénynon [apadetypata
Koxkwo | "Extoktn Evepyomoinon oe mepintwon | Emergency Off
avaykn emKivovvng KaTdoTaons 1
EKTOKTNG AVAYKNG
Kitpwvo Acvvmbot Evepyomoinon o nepintwon | HoapépPaon yio v KOTOGTOA
Katdotaon L1 QUOIOAOYIKNG KOTACTOUONG | KOG 1) QUGLOAOYIKNG
KOTAOoTOONG,

HopépPaon yo exovekkivnon
€VOG SLOKOTTOUEVOV AVTOLLOTOV

KOKAOL
[Ipdowo | Kavovikn Evepyomoinon yia exkivinon "Evap&n/Evepyomnoinon
Katdotaon G€ KOVOVIKT KOTAOTAON Qotdo0, Tpoteivetal va
XPTOYLOTOLEITOL KOl TO AEVKO
PO,
Mrme Emtoxtikn Evepyomoinon yw pia Agitovpyia emavapopdg
avaykn GLVONKT TOL aTotTEl
VIOYPEMTIKN dpdon
Aonpo Agv €yt INa yevikn exkivnon Start/On
T'kpt amodobet AELTOLPYLOV EKTOC OO Stop/Off
Mavpo GUYKEKPLEVO €KTOKTN oTdon
vonua

Ta ypoOUOTA Y10 TIG EVOEIKTIKEG AVYVIES, 1| OMLLOGI0 TOVG GE GYECT LE TNV KATAGTAGCT] TOL
UNYOVALOTOS ®O¢ KOODG KOl TOPUSEYLOTO XEPIGUOL KOl EQOPUOYOV TapoTifevTal oTov
[Tivaxa 6 copewva pe To EN 60204-1.
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Mivakag 6. Xpopota Avyviev

Xpdua [eprypagn Ereénynon Evépyeieg Xeprot | Tapadeiypota
Koxkwvo | ‘Extoktn Emwcivoovn Apeon dpdon vy [Tieon/Beppoxpacio ektdg
avaykn Katdotoon amdvtnon og pia ACPAADY OpimV,
EMKIVOLVI petaymyn o Béon otdong
Katdotaon (T.y.
TOTOVTOG TO
Emergency Stop
Kitpvo | Acvvifiot Mn ¢vooroyik | Hopakorovdnon [Tieon/6eppoxpacio
Katdotoon Katdotoon N/kow VIEPPAOT TOL KOVOVIKOV
e exkpepotnto | mapéppaon (wy. opilov
kpion petdfoon o
Katdotoon TpoPAemdpEV
Agrovpyia)
[pdowo | Kavovikn Kavovikn [poarpetikn [Tieon/6eppoxpacio
Katdotaon Katdotaon EVTOG PUGLOAOYIKMV OpieV
Mme Emtoxtikn Yrodeikvoet o | Ymoype®tikn [Ipotponn| yia Asttovpyia
avaykn KOTAGTOGN OV Evépyeun o€ KAOOPIGUEVES TIUEG
amottel gvépyeia
a0 TOV YEPLOTN
Aomnpo Agv €yt Ovdétepeg Hoapakorovdnon Tevikn TAnpoeopnon
amodobel KOTAOTACELG
GUYKEKPLEVO
vonuo

2nuavon karwdiov (Marking Cables)
To EN 60204-1 emtpénel vyniotepo Pabuo ever&iog 6Gov apopd T GHUOVCT Kot TV
kodkonoinon tov koAmdiov. H oapibunon tov axpodektdv mov toupldlovv pe TO

NAEKTPOAOYIKO GYED10 gival ETOPKNG £V Elvar SUVOTO VO YIVEL OTTTIKG KOl EDKOAO OVIYVEDGLO
koA®do. [Mo  moldmhokovg €AEyyovg, OULVIOTATOL TO EO0MTEPIKO KOAMOWL OV
XPNOLOTOOVVTOL Yo TNV KoAmdimon kobmg kot to e&epyouevo KoAmolw vo  eivot
KOOIKOTOMUEVA £TCL MOTE UETA TNV OMTOGVVOEST] TOL KOAMOIOL amd TO TEPUATIKO VO, UTOPET
ebkoAo vo emavacvuvoedel oto 1010 TeppOTIKS. AVTO cuvicTATol emiong Kot yuo B€oelg
TEPUATIKDV TOV TPEMEL VO AocLVOEDOVY KT TN HETAPOPE TOV eEOTAMGOD.
Me 1t dwtdnwon oto IEC 60204-1 2016 1 enttpon) TpotdTV NOele va ek@pdoet To
axoAovba ornpueio:
o Kdabe pepovopévoc aywydg mpEmel vo UTOPEL Vo avoyvOPIoTEL 0AAG e oAVt
BePardotnTo pHovo oe cuvdvacud pe v tekunpioon. Agv opiletar 0Tt ke KOA®O0
TMPEMEL VO, LTOPEL VOL AVOLYVOPIOTEL YOPIG TNV KATAAANAN TeEKUNpicon.
* O KOTOCKELOOTNG KoL 1 ETOLPEIN EKUETAALELONG OOl TPETEL VO GLLLPOVIIGOVY Y10, TOV
TOTO KOOIKOTOINGNG/CNUAVONG KOl G EK TOVTOV KOl OTIG TEXVIKEG OVAYVDPLOT|G TTOV
Ba ypnoonoovvat.
Agv elvar mpdbeon Tov TPOTOMOL Vo TPOGOIOPIGEL €vaV  GULYKEKPYEVO TOTTO
kwdkonoinong mov mpénel vo, gpapuootel [oykoopiog. o moapdaderypa, yioo Adyovg
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OCQOAEING, Ol EPYOOTUCIOKEG ECMTEPIKEG TPOSLOYPOPES UTOPEL Vo EYOLV LYNAOTEPN
TPOTEPALOTNTA, TPOKEUEVOL Vo amopevydel 1 cvyyvon o Topeic mov dayepileTar To 1610
TPOCOTIKO. AVTOL Ol OpIGUOl OgV UTOPOVV VO YEVIKELTOUV AOY® TOVL UEYAAOL EVLPOVG
EPAPUOYNG TOV GLYKEKPIUEVOD TPOTUTTOV OO WIKPES WEUOVOUEVEG UNYOVES €®G HEYOAO,
TOAOTAOKO EPYOCTAGLO.

Kotd x0plo Adyo, Bo mpémel va ypnoYOTOIOVVTaL Ol KOTAAANAEG OOKIUES Yol TNV
OTOPLYN COOAUAT®V EYKOTAGTAOTC/ GUVAPUOAGYNOTG.

®a TPETEL VO YPNCIUOTOLEITOL L0 TUTIKY] YPOUOTIKY KOOKOTOINGT Yo TO KOA®DIIM.
Yuv0wmg TpoTeivovTal TA TAPUKATM XPDUOTOL:

*  Mavpo v kopro kokAdpate AC kor DC

*  Koékkwvo yio kokAdpoto eréyyov AC

*  Mmke yio kukAGpoTo EA&yyov DC

*  TloptoxoAi Yo KUKA®UOTO PTAOKAPIGUOTOS, TO, OTTOI0 TPOPOSOTOVVTOL U0
e£mTEPIKN TTNYN PEVLALTOC.

H nopoandve avtietoiyion xp®Uotoc cuvieTdtot edv Anedel amdgaor va ypnoiporomel
OTADG YPOUOTIKY KOOIKOTOINGoT, 1| OV LVTOYPEMTIKN TPOSOYPOUP VOl 1 YPOUOTIKN
KOOIKOTOINGT TOV TPOGTATEVTIKOD Oy®@YOL Kol TOV OVOETEPOV aymYov. o OAeg T AAAeg
KoA@dwoelg pia ond Tig pebddovg mov avaeépovtar oto mpdétuvno IEC 60204 pmopel va
emAeyov (ypodpa, aplfuoi 1 YpAUUATO, 1| GUVOLAGUOG YPOUATOV Kol aPlOUOVS 1 YPOUOTO
KOL YPAUUOTO).

Koduomoinon/cnuoven tpoctatevtikon aymyov (Protective conductor coding/marking)

O TPOCTATEVTIKOG OYMYOS TPETEL VO UTTOPEL VAL avoryvepileTal LOVASTKA MG OMOTEAEGLOL
TOV oYNUaTOG, TNG Béong tng onuavong N tov ypouatog. Edv mpocdiopiletor povo g
OTOTELEGLO TOV YPDUOTOS TOV, TOTE VOGS GLVOLACHOS dVO YPOUATOV TPAGIVO/KITPIVO TPEMEL

VoL YPNCIUOTOLEITOL GE OAO TO UNKOG TOL KOAWOiIov. To Tpactvo/KiTptvo ¥pmdUa 0 GUVOVAGHOC
umopel va ypnoipomombei Lovo yio TPOGTATEVTIKOVG By®YOVG,

Koduomoinon/cnuaven ovdétepov aywyov (Neutral conductor coding/marking)

Edv éva khkAopo £xet Evav xpoUoTKd KOSIKOTOMUEVO OVOETEPO AYMYO, TOTE TPEMEL VO,
xpnowonoteitar avowytd pmie. To avoytd pmie dev pmopel vo ypnowwomondel yio v
KOOKOTOINoT AAA®V KOA®MIIOV GV LIGPYEL KIVOLVOS TUYOI0G EVOALAYNG TOVG.

Edv dev ypnowonoteital ovdétepog aywyods, umopel vo ypnoiponombel avorytd pmhe
ayYOS Y10, GAAOVE GKOTOVG, AAAG Ol G TPOGTATEVTIKOG OyMYOG.

1.5.3 Aopn} TG 00QUAG AEITOVPYING KOL TPOGOLOPIGUOS TG ACPUANG
akgpordtnrag (Structure of the safety function and determining the safety
integrity)

[Mapdro mov ta 600 TpodTvTa acpolreiog EN 62061 kot EN ISO 13849-1 ypnoiponotovv
SropopeTiég LeBddovg a&loAdYNoNG Yo Lo AGPAAT AELITOVPYID, XPTOLOTOIOVYV TaPOHOI0VG
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0povg ka1 optopovc. H mpocéyyion kot Tov 600 TPoTuI®V G€ OAOKANPM Tnv aivcido
acpaAeiog eivarl cuykpioun.

1.6 Hiektpopayvntui Xopparotnta (Electromagnetic
Compatibility), EMC

O o6poc EMC (HAextpopoyvntikn ZvpPoatdmra) oapyikd ovoeepotoy Kopiowg o€
TOPEUPOLEG PASIOGLYVOTT®V, YPNCILOTOLOVTAV YEVIKA Y10 VO TEPLYPAWEL TNV EVEPYELL TTOV
eKmEUmETAL, aKTIVOPOAEITOL 1] TOV TPOKOAEiTAL AT NAEKTPIKO EOTAOUO KOl EYEL APYNTIKO
OVTIKTUTO G711 AEITOVPYia EVOG PASIOPOVIKOD GUGTHILOTOG,

Me avtiv v epunveia g EMC, 10 pévo oyetcd 0épa mov pmopel va e€etaotel o€
oyéomn Ue ToV EAEYYO GLOTNUATOV NTOV €0V TO QUIVOUEVO TOV TEPTYPAPOVIOL TOPATAVED
(axtvoPolio, EKTOUTN 1] EXAY®YN) TOV TPOKOAOVVTOL OO EEQPTNUATO NAEKTPOUNYOVIKTG GE
GLYKEKPIUEVO eE0MAMGUO o elye apvNTIKO EMMTMOGELG OTIS PAOIOETIKOIVMVIES,

Kobmdg 0 0yKog Tmv MAEKTPOVIKOV KUKAOUAT®OV TOL £Vl EVOOUOTOUEVO GE VOV
NAekTpkd eomMopd avéndnke ypnyopa, to BEua TG MAEKTPOUAYVNTIKAG CUUPATOTNTOG
Tpe wio evteAdg véa évvola. Katd v a&loAdynon tng nAEKTpopayvnTIKNG GUUPATOTNTOC
Tov e£0MTMGOD GTO OTTOl0 EIVOL EVOOUATOUEVE NAEKTPOVIKA KUKADUOTO EVOL OTLLOVTIKO VO
NeBodv vIOYN T0 GUVOAO OAMV TOV MAEKTPIK®OV, UAYVNTIKOV KOl NAEKTPOUOYVITIKOV
TOPEUPOLDY TOL UTOPOVV VO PTAGOLY € EEOTAIGUO OV TEPLEXEL AEKTPOVIKG, KUKADLOTO
KO VO, EYEL OVTIOTOLY(O APVITIKY] EMLOPAOT] GTN AELTOLPYia TOV.

H niektpoporyvnrtikn cupfototnta gival SnAadn o KAAS0S TNG NAEKTPIKNAG UNYOVIKAG TOV
aoYOAElTOL LLE TN SLOAEITOVPYIN NAEKTPIKOD 1) NAEKTPOVIKOD EOTAMGLOD TOL TPOKAAELTAL Y10l
TOPASEIYHO OO MAEKTPIKA, LOYVNTIKE 1 MAeKTpopayvnTikd media 1 gavoueva. Boaoikog
TOPAYOVTOG Y10, TN SLULGPAAIOT) TNG NAEKTPOLAYVITIKA GLUUPATAG AELTOVPYinG NAEKTPOAOYIKOD
e€omAo oV gival | COGTN KATAOKELT Kl GYEACUOC TOV EE0TAGOD.

Ot exmopunég mapepporav EMC kot 1 atpocio mopspfoimv puduiloviol Toykoopuing
a6 TPOTLTA, KOTELOVVTIPLEG YPAULES Kot VOUODETia.

2V TEPITTOOT GUGKELVMOV TOL TOPEYOVTOL ETOYUEG TPOG ¥pnon cvvnbmg apkel vo
AELTOVPYOVV GUUPMOVO, [LE TNV TEKUNPIOOT] TOL KOTAOKEVAGTH TPOKEUEVOL VA TNPOVVTL Ol
oprokég Tipég EMC kan va emttuyydvel g ikavomomTikn Aettovpyia. T tn Stacediion trng
mpnong EMC n evponaikn Evoon ékdmoe v odnyia 2014/30/EU yio mivakeg eA&yyov Kot
o1 dwdikacieg emainfevong mov opiloviat and To Tapakdtom TpotTume otov [ivaka 7: [9] [10]
[11][12]
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Hivaxag 7. Mpétora EMC

ZUOTHHOTO SIOKOTTAOV KO EAEYYOL YOUNANG TAONG
(Low-voltage switchgear and controlgear assemblies)

!
N
o
<
—
O
o8]

ZUOTHHOTO NAEKTPIKNG 10YV0G pLOLopHeVNg T hTNTOG
(Adjustable speed electrical power drive systems)
Amoitioeig kot g101kEG LEB0dOL dOKIUMV

61800-3

EN

-

Doawvoueva EMC
Ot NAEKTPOLOYVNTIKG ETOYOUEVEG TOPEUPOLEG UTOPOVV VO, £YOVV SAPOPES EMTTOCEL
G€ NAEKTPIKEG EYKATUOTAGELG OTMC:
*  Aotofn cvoTipoTo EAEYYOL
o Xmopadikd dueAettovpyieg
*  BAdBeg tov e€omAicpov péTpMong
*  Avciertovpyieg Tov e£0MTAMGLOD EMKOVOVIOG
*  Aoctoyia | averavopOmtn (Nuid 6 GLCKEVES Kol TUNLOTO EYKATOCTAGE®DY
Autieg mopepfordv
*  Avamnonomn Unyavikov EToeoV
*  Evepyonoinon kat anevepyonoinon Aauntinpmv ¢Hopiopov
e X0voeon avoryTod KUKADUOTOG KOAMSimY
*  Awodwkacio avaeieéng oe e£0mMAMGUO GUYKOAANONG
*  Amooclhvoeon EMAYOYIKOV QOPTI®V, UETOCYNUOTIOTOV, OVIWOPACTHP®Y K.AT. TOL
gykobiotavtot TapdAinia oTny TNYN Téong
*  YUOKELEC UETAYOYNG VLYNANG ovyvotntog (UETATPOTEIC CLYVOTNTOC, HOVAJEG
TPOPOOOGIOG K.AT.)
*  Hlektpovikd cvuoTipoTa EAEYYOL VYNANG cuyvotnTag (T.Y. 006veg LCD)
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*  EvaAlaocoopevn taon tpopodociog 50 Hz

*  AM\ayég oNUOTOG GTO KOAMILO EAEYYOV KOl OESOUEVOV

o XNuoto poAoyloh VYNANG Kot YOUNANG CLYVOTNTOG

o Dawvopeva Tov oETILOVTOL LIE AMEVEPYOTOINOT] ETOYDYIKAOV POPTI®V, T.). PELE TAV®
0€ TAOKETEG TUTOUEVOV KUKA®UATOV

e MaoyvnTikd media Tov TPOKAAOVVTOL OO HOVAdES amoBnKevoNg

o ZmwvOnpa 6tav avoiyouv Kot KAEIVOUV ETOQEC

1.6.1 Baowkoi kavoveg EMC

Edv akoiovnBovv ot Boaocikol kavoveg kot tnpnbovv ol Tpodiaypapég oTNV TEXVIKN
TEKUNPI®ON Y10 TN GLUYKEKPUYEVT] GUGKELT] OV OVOPEPOVTOL TOPAKATM TOTE EVOG TiVAKOG
eréyyov Ba pmopetl givar cvpPatoc pe EMC kot vo, Aettovpyel tkavomomTikd.

*  Ayopiopog Tnydv Kot Bopdtov topspfoiov

- Zovn EMC

—  Egyoploti 0poUoAdYNoN KOA®SImV
*  Aetovpyikn yelOT K0l IGOSVVOUIKT] GUVOEST
*  Xpnomn Bopokicuévev KaAmdiov
*  OiATpa KoL KUKADUOTO KOTOGTOANG

Awryopiopdg tnyov kot Bupdrev topeuoidv
O gvKoAOTEPOG TPOTOG EPOAPLOYNG UETPOV KOTOGTOANG TapeUPOADV og €vav mivaka
eréyyov eivar vo dwnoceaiotel 0Tt o1 mTNyég mapeuPfoidv kot ta Bopoata mopepPoidv
Suywpifovrar yopota&ikd og eENG:
*  Kartnyoplonomon kébe cuokevng og anyn napepformv 1 og Bopa Tapepforiay.
*  Awyopiopog oAdkAnpov tov mivako eréyyov o (dveg EMC kot avtiotoiyion tov
GLOKELMV GE AVTEG TIC {DVEG.
*  Amotponi Tng EKTOUTNG TAPEUPOADV OO TIC TNYEC TOPEUPOADV:
—  loodvvopikn cuykdiinon
—  Oopdhxion

—  Diktpa Kot KUKAMDUOTO KOTAGTOANG
*  Tlapoyn mpoctaciog ota Bdpate Tapéppaonc:
—  loodvvopikn cuykdiinon
—  Oopdhxion
Zaveg EMC ot évav mivoka eAEyyov
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Zodwn B

Zovn I’

Zivn A

Ewova 1. ITivaxag gréyyov

Zovn A | Zootnpa eAéyyov kot aicntipeg (Bopota)
n.x. PLC, peAé acpareiog, eomAioudc oarsntmpav
Zovn B | Xepiompua kot ohvdgon ductdov (nyég kat OdpoTo)
w.x. SIRIUS, ac@dieleg, O10KOTTES, ETOQES, CUVOEST) PEVUATOG
Zovn I' | Hhextpovikd 1oy00¢ (mny£c)
w.y. Inverter mov mepiiapfavel ovopbmtr, Hovada TESNONG, LETATPOTED. KOl
OL0KOTTEG KUKADUATOG GKPOL KIVITAPO, OVTIOPOCTNPES Kot GIATPOL

1.6.2 Zovn A: "Xootnpa elEyyov ko awedntipec (Ovpata)"

2 Zodvn A avTioToyobv GLOKELEG TTOL givol emppeneic oe mopeuPoiéc Tov mivaka

EAEYYOL O LE KUPLOTEPO TO GVGTI LA AVTOUATIoNOV. To emtpenopevo nepipaiiov EMC yuo
évav gleyktn opiletar cupewva pe o Tpdtuvmo EN 61000-6-4-2011. [13]
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Ewéva 2. PLC-Power Supply

H Zdvn A oto mapdderypud pog mepiéyet eniong pio povada tpogodociag Power Supply.
O1 povadeg TPoPod0cing LEPIKEG POPEC OMOTEAODV TTNYT] OVGLOCTIK®V TAPEUPOADY AOY® TNG
TOAUIKNG TAONG GLUVEXOVS pedpaTog. Aev £xel OpmG vonuo vo eykataotabel oe Eeymplom
0éom ywoti 1ote Bo NTOV omapaitnTo va Yivel Sloyopiopds TG SpOLOAOYNONG TV KAAMOI®mV
24VDC.
Mivaxag 8. AZroddéynon Yo eraii@cvon EMC

EMC [Mmpopopiec Tov cuoTHUATOG A&oloynon yuu
mepPaAiov avtopatiopoy PLC enainfgvon EMC
EN 61000-6- | EN 55011
2/
EN 61000-6-
4
Biopnyoviko Biopunyovikd | Zovn A O g&omhopdg pmopet vo
mepBaAiov mepPaAiov xpnowonomndel o
Brounyoavikd mepifdiiovta.
OwiotKo - Zovn B gaqv ta O e&omhopdg pmopet vo
mepPaAiov axoAlovbo TANpovvToL | ypnolonondel o
o1l Tpovmobécelc: 0IKIOTIKG, TEPPEALOVTO VIO
*  TomnoBétmon GUYKEKPIUEVEG CLVONKEC.
velwong og
mivaxeg eEAEYYOVL,
XEPLOTN PO
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*  Xpnon oiltpov
OTIG NAEKTPIKEG
YPOUUES
TPOPOJ0Giog

1.6.2.1 ®awvopeva EMC mov oyetilovron pe ereykTég

O eéomMopog evog ereyktn Kot To €EQPTNUOTA TOVG TPEMEL VO £xovv avamtuyel yio
xpnon o€ Propnyavicd meptPaAiov Kot vo TANPovv OAeC Tig vopueg amaitinoglg EMC.

Q61660, TPW TNV €YKATACTACN €VOG EAEYKTN TPEMEL va Tpaypatomombel a&lordynon
EMC mpokeipévon va evtomiotody Tuxov TOavES TYEC TapeUfordV.

Ot nlextpopoyvntikég mTopeUPOAEC GLVOEOVIOL GTO GUGTNUO CLTOUOTICHOD OO
S1apopovg dpopovg. Ot kOpieg poppég Tapefoing tapatifevtol TopaKaTo:

*  Hlextpopayvntikd medio mov £(ovv GUECT] EXIOPOCT) GTO GLGTILLA.

*  TlopepPorég mov cuvOEOVTOL GTO GUGTNIO HEGH SIKTOMV EMKOWVMVIOG.

*  Tlopepporég mov cuvdcovtal HEcH KOAMII®oNG TG dlepyaciag.

*  TlopepPorég mov @Tdvovy 610 CHGTNHO LEG® TOV TPOPOSOTIKOD 1)/KOL TNG

TPOGTATEVTIKYG YEIWOTG.

1.6.2.2 Métpa EMC 1o gheyktég

Apoporoynon kohmdimv pe ntpoctacic ond maperPorég

Ot mopepPorég pmopodv va GTAGOVY GTO GUGTNUC CVTOUATICUOD HECH OLPOPMV
unyoviocudv evéng avaloya pe 1o PEGO dS1Ad0ONG KOl TNV OmOcTOoT METald TG TNyng
mopepPoing kot Tov Bopatoc. [a v aropuyn TV Tapepufoldv mpénetl va vAomombovy Ta
TOPOKATO:

*  Avtotoiyion TovV KoOA®SIOV O©E OPOPETIKEC KOTNYopieg aviAioyo HeE TNV
gvaodnoio Toug otig mapepPorés. Oco peyaddtepn givar 1 0TOGTAGT TOV UTOPEL
va dwtnpn el peta&d TV SPOPETIKGV KaTNyopieg KOA®II®V, TOGO YOUNAOTEPO
glvar 1o eminedo apoiPaiog mwapepufoing petad Tmv KoAmdiny AdY® TNG XOPNTIKNG
KoL TG ETAy®YIKnG ovLEVENG.

*  Toa KoA®DI0 TOV E1IGEPYOVTNL GTOV TIVOKO EAEYYOV VO U1V 03€DOLY TOPAAANAA.

*  Edv ta kohdoo eykataotafodv 68 HETOAMKOVS ay®myohs KOAMII®V TOTE Uropovv
va tonofetnBovv yeiTovikd To €va [LE TO GAAO.

*  ZUVOEON T®V HETOAMK®DV OYOYDV OTO GUCTNUA EEICOPPOTNONG SVVOUIKOV.

* Edav dev umopel va oamopevybel m xotd pnkog Siélevon TV KaAmdimv, vo
tonofetmBovv vrnd yovio 90° ota onueio diélevong oOmov eivar  dvvaTov,
TPOKEEVOL £TGL VO EAaY1oTOTOIMO0VV Ol TaPEUPOAEG TTOL TPOKOAOLVTAL OO TOL
NAekTpikd wedio.

OwpaKlon KaAndiwy
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O oxomog g Bopdxiong tov kKoAwdiov eivoar 1 eEacBévnon (amodcPeom) TV
LOYVNTIKOV, MAEKTPIKOV 1 TOV TMAEKTPOUOyVNTIKOV 7ediov mapepforng. Ta pedpata
TOPEUPOANC OTA TPOCTATELTIKG KOAWMII®MV EKKEVOVOVTAL O YEI®ON HECH TNG GLVOECNG
Bwpdxione. ['a va Stacparictel 6TL avTd ToL pevpata TapeUPoing dev uropody va yivouy pia
YN TopeUPoAng, ival Wlaitepa oNUAVTIKO Vo TapPEXETAL YAUNAT 0vTIoTOGT oOVOESNG e
TOV TPOoTATELTIKO aywyd. o v emitevén g Bwpdxiong mpémel va vAomombovv Ta
TOPOKATO:

Xprnowonoinon koAmdiov pe mieyuévn Bopdkion 6mov givol duvatov. H Bopdkion

TpEMEL va Kavel Teplocotepo amd 80 % emapn oto onueio cHvogong.

YHvOEOT TOV TPOCTATELTIKMY KOAWMII®wV otn yeiwon kol oto 000 dKpa TOL

KaAwdiov. Movo pe ovvoeon g Bopdkiong 6t yeimon kot oto 600 dKpo UTopovV

01 TAPEUPOAEG YOUNANG Kot DYNANG GUYVOTNTAG VO LELWOOV.

Edv vmapyet dwapopd Svvopukod petald tov onueiov yelmong éva pedua

avVTIoTAOONG Uopel va péel Katd UNKog g YeElopévns Bopdkiong. e avtiy v

nepintwon Oa wpénel va eykataotadel Eva TpocHeto 1G0dVVOUIKO KOAMOLO.

Edv dev vmdpyel 1 duvotoTnTo £YKOTACTAONG 1600VVOIKOD KoAwdiov (.. o€

UeYOANG KAMpoKag eykatdotoot) tote Oa Tpémel va yivel cuvdeon to €va, GKpo TNng

Oopdkiong ot yeimon HECH €VOG YOPNTIKOD GLVOEGHOVL. Avth 1 Avon eivan

OTOTELECUOTIKT LOVO OTY| HEIDOT) TOV TOPEUPOADY VYNANG GUYVOTNTOG.

Ot akdrovbot TOmol GuVdeonc Brpdkiong Exovv amoderydel enttuyelg Yo xpnon o

GLOKEVEG IOV OeV gival eE0MAMOUEVEG e E101KOVE GOLYKTNPES BmpdKiong:

—  Xpnotponoinon petaAMKaV Aafdv yuo v otepémon Tov Bwpakicenv Tov
KoA®Oimv. O1 GLUVOEGELG TPETEL VO TAPEXOLY L0, KOAT NAEKTPIKY| ETOPN KoL
Lo GUVOEST UEYAANG EMLPAVELNG HE TNV BmpdKion.

—  Zrgpémon g Bopdkiong og o TpooTatenTikn pafdo akpPdg pHetd to onpueio
€16600V ToL KaA®SIoOL GTO EpUAp1O.

H mopaxdro Ewdva 3 deiyvel Toug TOmOVG 00VOEST|G BmpaKiong oL (pNGILOTOI0VVTL

cuvnbmg.

&=y
S

a

=

Ewova 3. Tomor oOvoeong 0opaxiong

Isoduvopukn cvuykdéAinon
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H nmhektpopoyvntikny mapepfoln pmopel vo TPOKOAEGEL UEYOAEC OMOKAIGE; ©TO
Suvapukd peta&d Tov eEaptnudtov Tov Tivaka e Eyyov. Ta vynid avtictabuoticd pedpoto
OV OVOTTOGGOVIOL UTOPOLV VO €XOLV GOV OOTEAECHN OvVETBOUNTEG eVEPYELES (TT.Y.
dvodettovpyieg | (nuiég) ota e€aptipata. Méca 6Tov mivaKa EAEYYOVV TPETEL VO YivOuV:

2Hvdeon TV KOA®OIMV GOVOEST|G 1G0OVVAIKOD GE L0 LEYAAT TEPLOYY] EMAPNG UE
™ yelwon.

[Ipoctacio tov onueimv cuvdeonc amd ) dSGfpwon.

Mn dnovpyia Bpodywv yeiwong.

Ooevon v KaA®SI®V 1G0OVVAUIKNG GUVOESTG 0G0 TO dVVATOV TO KOVTH OTo
KOADSLOL OTLOTOG,

Ooco pkpotepn givarl n ovvletn avtiotaor Tov KaAmOiov GOVOEST|G IGOSVVOULKOD,
1060 UEYOAVTEPO €lval TO 100JVVOUIKO OeouevTikd amotéAecpo. H ovvOetn
OvTIOTOON TOL EMUTALOV EYKOTEGTNUEVOD KOAMOIOV 1000VVAIKIG GVUVOESTC Ogv
npénel va vrepPaivel To 10 % tng ovvBenc avtictaong Ompdkionc.

[Ipokeyévov va amopevybel o oYNUOTIOHOG Ppoywv yeimong, To KOAMOL
LGOOVVOUIKNG GUYKOAANGNG TPENEL VO OPOLLOAOYOUVTAL TOPAAANAL KOt OTTOTE Elval
dUVaTOV KOVTH 6TO KOAMO10 oTHaTOoG/dtovAov. Avtd Ba ehayiotomomaoet 1o péyebog
NG TEPLOYNG LETAED TV 000 KOA®SiwV.

1.6.3 Zovn B: "Xrtoyyeio A&y 0V KoL 6UVOEST OIKTVOV (TNYES TapERPOA®V Kot
Oopata)"

1.6.3.1 Emo@£c Ko GUYKPOTIHLATO ETAPAV

Ta e&aptipata ocHhvdeong 6to dikTvo avticTooLV ot {®vn B tov mivaka ehéyyov. Ot
EMOPEG e TPpoaTacio amd mopeUPoréc ival Eva mapadetypa evog eEaptnpatog amd T {dvn

B.
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E&aptipata
YHvdeong

Ewova 4. EEaptipata cvvogong

Ta peré ovledvéng Yo KivnTpeg petaymyns kabdmg kat yio fondntikd kukAodpoto Kol
KUKADUOTO EAEYYOV TPEMEL VO €IVOIL EI0TKA GYEIIAOUEVO Y10, AELTOVPYIL LE MAEKTPOVIKOVG
eleyktéc. Ta Pacikd yopakTINPIOTIKA aVTOV TOV PeEAE GVLEVLENG TPEMEL VO EXOVV YOUNAN
KOTOVAA®GOT EVEPYELNG KOl EKTETAUEVO E0POG AEITOVPYIOG TOV TNViov.

H eEapetikn a&lomiotio enagng Tov fondntikdv etapmv gyyvdtot 6Tt dev Ho vdpyovv
WYELON ONUOTO KON KOl O YOUNAES IkavoTNTES PETOy@YNG. 'Eva olokAnpopévo chotnua

OTOGPECTG VIEPTUCTG TPOSTATEVEL TOL EVAICHNTA 0TAdIO E£OJ0V A0 VIEPTACELS AVOTYLOTOG
mnviov.

Ewéva S. Coupling Relay

Ta peré oulevéng umopobdv va avtikotaotabovv pe otoyeio RC 1 Varistor yio tnv
0mOCPRECT TV VIEPTACE®V avoiypatog oto mnvio. Emiong pumopovv va ypnoipuorombovv
4i0d01 kataoToAng Bopvfov Kot diodot Zener yio. GHVIOUOVG YPOVOVG SIUAEILATOC,
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Ewoéva 6. Varistor

1.6.3.2 Ilepipairov EMC Yo ema@ég

EnaiBsvon EMC

INao va emPePforndei n coppdpewon pe v EMC npénel npota va, yivel Eeyyog edv o
eComiondg éxer eykpifel yio ypnon oto mpoPremduevo TEPIPAAAOV GOUPOVO HE TO
GUYKEKPLUEVO TPOTLTO.

Agdopévou 0Tl 01 emapég OV TMEPIEXOLV KOVEVO MAEKTPOVIKO KOUKA®UQ, Ogv €ivan
evaioctnteg oe MAEKTPOUAYVNTIKEG TAPEUPOLEG KO EMOUEVOC OEV VTOKEWTOL GE KOVEVQ
npotvmo mpoidvtog EMC 1M yevikd mpdtumo. Emopévog, dev eivar amapoitnto va
TPAYUOTOTON0oVV  dOKIUEG avooiag TopeUPoAdY Yo avtd To €£0PTAMOTO Kol Kopio
TPOJYPOPN CYETIKA Le Tn SOkl Oev meplthapPdvetot otn tekpnpioon. O emapég pe
punyoviopd Aettovpylag otepeds Katdotaong (solid-state) avamtdocovtat yuo 1o mepipdiiov A
ovpowva pe to IEC/EN 60947-1, 1o IEC/EN 60947-4-1 7 v Khdon A ocoppova pe 1o
CISPR 11.[14]

Gavopeva EMC mov oyetifovton pe emapés
Téoelc viéptaong

Ot vreptdoelg eppavifovrar 6tav To TNVIo OTEVEPYOTOLOVVIUL (ETOYWYIKA (POPTia),
KOpLPEG Thomg £¢ 4 kV umopobdv va mpokdyovy pe pudud avodov g taong 1 kV/usec. Avto
oomnyei og:

* Ovootikh SIPp®oN O¢ OMOTEAESUA TG TPO®PTNG POOPAS TOV EXAPOV TOL TNVIOV.

* Anwovpyia onudtev mopepPoAng mov odnyodv o  WYeLdN ONUOTO  GTOLG

NAEKTPOVIKOVG EAEYKTEG.

Enopévog 0la to mnvio emaeng Oa mpénet va eivar eEomAopéva e oTotyeio amdcPeong
v e&acBévnon vmeptdoswv 1Wwaitepo OTAV TA TNVIOL AEITOLPYOVV GE GLVOVAGHUO LE
NAeKTpOVIKOUG eleyktéc. EmmAéov o vymhdc pubBudg avodov ToV  TOPAYOUEVOV
KUUOTOUOPPOV TACNG UTOpEl va. 0dNYNOEL 0 Y®PNTIKY GVLELEN ONUOVIIKAOV CUATOV
mopeUPorng pe yertovikd cvotnuata. Avtd amortel éva kokimpo RC amevbeiog otn 0éon
omov mponABe M YN mapepPforng, onAadn oto mnvio. Avtd omOTPEMEL TNV EUPAVION
vrepthoemy onevdeiag otn 0Eom TPOELELONG KOl TPOSTATEVEL TO, NAEKTPOVIKE £EapTHHLOTA

[39]



Ay
QN Tk,

NANETIZTHMIO AYTIKHZ ATTIKHZ

LXOAH MHXANIKQN
TMHMA MHXANIKQN BIOMHXANIKHI IXEAIAIHI KAl MAPATQrHI

)
'y

//1

‘V
&

&
E
<<
cC

C

%,
?\

?&/7 Y oF \NES/\

v
2
' T
M
<
&

A

mov givon emiong gvaicOnta otV Téom. AKOUN amoTPENEL T Y@PNTIKY o0ievén TV onudt®v
TOPEUPOANG HE TO KAADIL EAEYYOV T®V NAEKTPOVIKDY KUKAMUATOV.

MébBodor andoPeonc

Ta akdérovBa otoryeio kukAdpoatog RC ypnoporotovvtol cuvilBmg yio v amocfeon
VIEPTACEMV Kot Elvar cuvdedepéva TapdAinia pe to Tnvio:
*  Alodog glevBepov tpoyov (Freewheeling diode).
*  Zuvovaouog 610dmv (Diode combination).
*  Bopiotopg (Varistors).
*  Alodog katactoAng (Suppressor diode).
*  Xtoyeio RC (RC element).

1.6.4 Zovn I': "Hiektpovikd woyvog (tnyég)"

H Zovn I tov mivaka eAéyyov mepiéyel Tov eE0TAMOUO NAEKTPOVIK®V 1GYDOG OTMS GVCTN LA
kivnong Converter.

Converters

Ewova 7. Converters

Mo mv emPePaioon g NAEKTPOROYVNTIKAG GUUPOTOTNTOC TPEMEL TPMTO VO YIVEL
éleyyoc edv o eEomhonog £xel eykplel yuo ypnon oto mpoPremopevo mepiPdiiov. Ztov

[40]



% TMANENIZTHMIO AYTIKHI ATTIKHX

s IXOAH MHXANIKQN
TMHMA MHXANIKQN BIOMHXANIKHI IXEAIAIHI KAl NMAPATQIHX

nmapokato [ivaka 9 eaiveton n enainfevon EMC m.y. yioo cuoTiuato 0dnynong Kivntipov
(Drive Systems).
Mivexkag 9. Exai0svon EMC

[eppdirov EN 61800-3 A&oloynon v emoinbsvon EMC

EMC

Blopunyoviko Exminpoveron O g&omMopdg umopei va ypnolonondel o

[eppdirov ue Bropnyovikd mepiPaiiovta edv €xel eykoTaoTadel
Koamnyopia C3 Kot woporyyehOel amd g101kd TPOSHOTIKO.

OwioTkd Exminpoveron Emitpéneton 1| yprion o€ KoTonUEVES TEPLOYES LUE

[leppdirov VO OPOVG pE Vv emMQOAAEN TNG EKTANPOOTG TOV TOPUKAT®

Koatmyopia C2 ocuvnkov:

* O ggomMopdg Exel TopoyyeAdel kot
gykotootadel amd 101KO TPOCMMIKO.

*  'Eyet eykatactobel Eva gilTtpo ypopuung 6to
OooQOAEL TN GUUUOPPMOOT] LLE TO OPLO TIUES
7ov opilovrtal copupwvo pe EN 61800-3,
Katmyopia I"2.

1.6.4.1 ®awvopeva EMC mov oyetilovron pe petatponsic (Converters)

Ot petatpomeig ocuyvotnTog givol 1oyvpEg TNYEG NAEKTpOUAYVNTIKGOV TopeuPormv. Ta
oLVNONG PUIVOUEVA TTOV UTOPOVV VO TPOKDYOLV LLE TNV AEITOLPYIO HIOG LOVASOG LETATPOTEN
divovton mopoKaTo:

o EoQVIKEG OLCAEITOVPYIES UNYAVILATOV Kol EE0TAMGOD, CUGTNHAT®OV TATPOPOPIKNG
KOl TNAEPDOVOL XOPig Vo elvar gvdldkpltn 1 artia.

*  AavOacpévn evepyomoinon TV TPOCTATELTIK®V OlOKOTT®V 1 TOV OLTOUATOV
SlKonTMV.

o Xuyvég PAAPES TV TPOPOSOTIKAOV HETOYMYNG, T.)Y. O CLGTILOTO TANPOPOPIKNG.

*  Koartaotpopn] T@V TUKVOTOV, GE GLOTHUOTO OVTICTAOUIONG depyov 1oYLOG Kot
GLOTNLLOTO PIATPOV.

*  YmepOépuavon Kodmdiwy, Kivntnpmy, e£omAcurod Tov cuvdéovtal onevdeiag e To
SikTVO TOPOYNG Kot EEOTAIGUOD OTMG AGPAAELES, EMUPEG K.AT.

*  Avdamtoén 0Bopvfov (Pountd), Yoo TOPAdEYHO OE OOKOMTEG, KIVNTAPEG KOt
UETAGYNUOTIOTEG TOV givail cVVOEETAL OmELOELNG LLE TNV TAPOY] PEVLOTOC.

*  YnepPolikd Qoptio 6TOV 0VOETEPO OYW@YO, T.Y. OTNV TEXVOAOYiM KTIpiV 6Tav TOoAAOT
LOVOQUOIKOl LETATPOTEIG/GUOKEVEG AEITOLPYOVV  OTNV  TOPOYN| PEVUOATOS e
avopBwtéc B2 (3" appovikn).

Extég and 115 dpeoeg emntdoelg pmopel vo vrdpEouy LokpompOOeseg EMMTOGEL OTMG:

o Tayela yNpoaven T@V GLOKEVGV Y10 OVTIGTAOUION GEPYOV 1GYVOC, GE GUGTHILOTO KOl
NAEKTPOVIKES CUOKEVEG K.AT.

*  Koaxog cuvtehesTNG 10YVOG HE AVENUEVEG OTMAEIEG TOL GLUGTIHOTOG.
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1.6.4.2 Métpa EMC 1o ivaka gLEyyov

O1 dwdikacieg mov mpémet vo vAOTOmBoHV Ge Evav Tivaka EAEYYOL Yo va, Eyovpe EMC
glval to TopaKAT®:

Avtiotoiyion OA®V TOV GLUCKEVAOV OV TPOKELTAL VO €YKATAoTafoOV GTOV Tivaka
eléyyov otV Katryopia "wTnyn mapepPoing” 1 "0oua tapepforng'.

Metd v 0AOKANP®OT] TNG KOTNYOPLOTOINGTG T®V GUGKELMV, OOIPEST TOL TIVOKA
eléyyov EMC.

ANyn pETPp®V Yo TNV MAEKTPOUAYVNTIKY omochvoeon tov (ovoav. Tétown pétpa
ATOGVVOEST|G TEPIAAUPAVOLV, Y10 TOPADELY LA, LEYAAEG YMPIKES ATOOTACELS (TEPITOV
20cm). Koivtepn xor peyoivtepn €E0KOVOUNGN YOPOL &ivol M amocOVOEST
YPNOLOTOIOVTOG  EeY@PIOTE  HETOAMKA TEPIPAUOTO 1) UEYOAO  UETOAMKA
yopiopata. Eykotdotaon 6lov tov e£optnpdtov ce pio Yopvh Kot eEoipeTikd
AYOYUN UETOAAMKT TAGKO oTNPIENG. X0VOEOT TG TAAKAG GTEPEWDOTG £TOL MOTE VA
glval NAEKTPIKG ay®@yun pe tn paya yeiowong Kot g payag Bwpdaxiong EMC, m.y.
YPTCULOTOIDVTOG TAEYUEVEG YAAKIVEG TOVIEG

2Hvdeon EMIONG TOV TOPTOV TOV TIVAKO EAEYYOV OTIG TANIVEG PAYEG TOV TIVOKO E
o mAeypuévn oAy toavia yuoo PEATioUEVN EKQOPTION TOPEUPOADY VYNANG
GLYVOTNTOG.

I'eiwon oAdKANPoL TOL Tivaka eAEYYOV e TPOTO GUUPATO LE TNV NAEKTPOLOYVITIKN
ouppatotnro.

1.6.4.3 Kaiwdéimon copfati) pe EMC

O)o To KOA®OK EMKOVOVIOG, 0VOAOYIKMY CTULATOV Kol T0 KOAMI10 TOV KIVITHPOV 0
Tovg petatpomneic Tpénel va Bopaxiloviot pésa kot E£m amd tov Tivaka eEAEyyov. To kokmdlo
TPOPOOOGIOG TOV PETATPOTEN TPENEL VO Elval BOPOKIGUEVO KATAVTIN TOL PIATPOV TPOG TOV
LLETOTPOTE.

INa ™ ovpPatdmra pe EMC 1 dpoporoynon koimdiov otov Tivaka EAEYYOL Kol 6TO
ovoTnpa TPETEL va vAomomBel wg e&Ng:

Awipnon 6AoV ToV KOA®JSimV 6ToV Tivaka eEAEYY0L 0G0 TO dSuVATOV TTIO KOVTA.
Heyoplot Oélevon Ttov Oopokicpéveov Kot Tov pn Bopokicpévev KoAwodiov
TPOPOO0GING KOl GNHOTOG (EKTOG 0O GUVTIOUO TUNHATO KOA®SIOL) Kol Pe EAGIOTN
amoctaor peTa&d Toug 20cm. Emitpéneton 1) dtaotadpoon kaAmdimy.

Mn dpopordynorn koAmdimv omd SopopeTikés (Mveg oe Kowoypnoteg TAeEovdeg
KOA®OIOV 1 0ywyols KaAmdimy. XOvdeorn mavto e Bopdkiong Kot oto dVo GKpa
YPNOLOTOIOVTOG £va, aTtiprypo Bwpdkiong cvuykoAinong 360°. Edv eivar dvvatov
oVVOEST TOV BMPUKIGUEVOV KOAMSIWOV GTI GLOKELN YWOPIG EVOLAUESOVG OKPOJEKTEG,
X1epémon TG Bwpdkiong 6ToV Tvaka EAEYYOV Kol GTOV KIVNTHPO £TCL MOTE VO £YEL
ovvdeon 360° pe to oTiprypa BmpdKiong N TNV TAAKO GTEPEMONG.

O1 Bopakicelg TV KOAMIIOV Yo AVOAOYIKG CIIOTH TPETEL VO GLVOEOVTUL KOl OTO
d00 GKpa [LE 1IG0dVVOIKT] GUVOEST LETAED ££000V Kal E1GO00V.
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1.6.4.4 EnroA0gvon coppopewong pe tnv Oonyioc EMC 2014/30/EE

Hopakdto Teprypapeton n dradikacia yio tnv enaAindevon g cvupdpewong pe 1o EMC
2014/30/EE og ouvdvooud pe to evapuoviopéva mpotomo EN 61439-1 kot EN 61439-2
(ITivaxag 10):

Mivexag 10. Eraiq0gvong coppépoomeng pe EMC

. Enaifgvon /
. Exripnon Tstn pic)t:]n
o/a , Evpeon
Zovbrpn TANPOPOPLAOV Tipnon Mn Mny
- mpnon | Aw@éoun :
ZovOnkov ZovOnKeY AwBéciun
1 Eivar o Texunpioon
eEomopog amo To
EYKEKPLEVOG Y10 YOPOKTNPLOTIKG
¥xpNom oto oV 0TIV
GUYKEKPLEVO
mePIPAAAOY;
2 ‘Exet eykatactafetl | Texpnpioon
0 eEomMopog amo To
GUOLPOVA LIE TIG XOPUKTNPIOTIKA
TPOJAYPAPES TOV | TOL eEOMAMGHLOV
KOTOOKEVOOTN;
3 Epoappolovtarta | [Ipodtoma yio
10 TPOGPATAL mivokeg eELEyyov:
EvapOVIGHEV ILy. EN 61439-1
TpOTUTQL; kot EN 61439-2
4 ‘Exet yivel ILy. pe t0
a&loloynon tov
KIOOV@V g
EMC;
5 Svppopedvetar o | Odnyia EMC
gEomMopoC e Tig | 2014/30/EU
OTTOLTOELS TNG
EMC 2014/30/EE,
2nueioon

Ta yevikd yvootd pétpa EMC dev €ovv mhvta to emBuunTd OmOTELEGUN GE OAEC TIG
epappoyéc. Eav n Bopdkion tov kaAmdimv T.y. vOg avaloyikoD oUATOg TPETEL VO cuVOEDEl
0T0 £va 1 Kol 6T dVO Ta. AKpo €EUPTATAL Ao TNV TNYN TAPEUPOANG f/Kkot Tn dtadpoun
ovlevéng.

Enopévog ioydovy ta e&ne:

H tegyvikn tekunpioon mov mopéyetor HE TG OLOKEVEG 1 To €SopTNUATO TTOV
XPTOLLOTOLOVVTOL EIVOL TAVTO, TO OEGUEVTIKO £yYpapo oyeTkd pe to pétpa EMC. [pénet va
TNPOVVTOL 01 00N YIEG TOV TEPLEYOVTOL GTIV TEXVIKT TEKUNPI®ON GYETIKE e TNV EYKATAGTACT),
T Agrtovpyio TV eEapTNUATOV Y10 TV NAEKTPOUAYVNTIKY GLUPATOTNTA.
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Mivakag 11. Aloyopropds any®v ko Oopdtov tapeppfordv

a/a,

TovOnkn

Tipnon
Tovinkev

Mn mpnon
TovOnkov

Epoppoomiay ot {dveg EMC;

ANoONKav To kKaTdAAnAo péTpa (Yopiopata, OTocTAGELS,
K.ATL) petagépinkay Eeywplotd ot nyég Kot ta B0pata g
mapepfonc;

ANoBnKav to katdAAnio pétpa (petaiAicol aywyol
KOA®SI®V, 0TdoTOoT, K.AT.) Yio TNV GOELOT TOV KAA®SI®V
15Y00G KoL CNUATOV YOPIeTH;

Awmnprnkov ta Koldde o koG 660 T0 duvaTOV Lo
KOVTQ,

Ta kaAddo onudtov gival yKaTesTEVE 0G0 TO dSVVATOV
O KOVTA G YElwUEVa eE0PTALLOTA,;

Mivaxag 12. Asrtovpytkn] YEIMON Kol 1I600VVOULKY] GVVOEDT)

a/a,

TovOnkn

Tipnon
Tovinkev

Mn mpnon
TovOnkov

Yrépyet avaykn yio 16odVVapIKY GOVOEST] Kot £XEL
EQUPLOOTEL;

Eivat 6Aa to petaAlikd pépn avevepyd
coumeptiapfavopévou Kot Tov diaviov tng Bopdkiong Kot
£€YOLV LEYOAN KO OydYLUN ETAPT) GUVOEONG;

"Exet epappooctel n Aettovpyikn yelmon cOUQ@VaL LLE TIG
TPOJAYPAPES TOV KATAUGKEVAOTN;

Mivakag 13. Oopakiopéva KaA®Ooo

a/a,

TovOnkn

Tipnon
Tovinkev

Mn mpnon
TovOnkov

"Exovv Anebei ta katddinio pétpa yuo va Bopakicovv ta
KOAGDSILO GIULOTOC;

10

Eivar n ovvdeon Bopdkiong vyming ayoyyotntag e

HEYOAN TEPLOYN EMAPNG;

*  Kolodio avaroyucod onpatog pe Bopdkion
ovvdedeplév oTo éva dkpo ekTog edv opileTan
SLOQOPETIKA OO TOV KOTOOKELOOTY .Y, Yo TNV
amopuyn Bpodywv yeiwong.

*  Kol®dio ynolakov onpatog pe 0opdkion cuvoedepévn
KoL 670 6V0 GKPOL.

11

Eivar o1 6mpaxicelg cuveyeig, nrodn pe 660 10 duvatov
MyOTEPEG O10KOTES;

12

ZmnpiyOnrav ot Oopokicelg ToV KOA®IiOV o€ pio peydan
TEPLOYN OTNV €IG0J0 TOL TivaKa EAEYYOV;

13

"Exet dpoporoynfei éva kKoddd10 160dVVaLIK)G COVIEONS
TapdAANAa e T0 0POKIGHEVO KOADOLO CHLATOG OTIG
EYKOTOOTACELS e S10popEG GTO SUVALLKO;
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MMivokag 14. @irTpo KO KUKAONOTO KATAGTOAM|S TOV TOPERPOADV

o/o . Tipnon | Mntipnen
Tovbin TovOnkev TovOnkov
14 "Exovv eykatactafel oiATpo Kot To KOKADUATO KATOGTOANG
GULLOMOVOL LIE TIG TPOJAYPAPES TOV KATAGKEVAGTN;
15 Eilvat 1o emaymywd eoprtia, m.). To TNVic ETOENG
eEomMcpéva [le oTotyelo TPocTacing VITEpTaonc?
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KE®AAAIO 2

E@appoyn Machinery Directive o€ pia ypappn mopoyoyns

O1 pdoelg Tov amatoHVTOL Yl TV 0CQOAN AEITOVPYIO UiOG YPOUUNG TAPOYOYNG EIVAL:
1. Extiunon Pioxov (Risk Assessment)
2. Meilwon Piokov (Risk Estimation)
3. EmoAnOevon (Verification) Bdon tpotdnwv
IMa v KaivTtepn KoTovonon Tov TpoTHn®V Bo oyedchel Eva punydvnuo TpaOvVIag To
TOPATAVE.
270 TOPOKATO GYNIUC PATVETOL TO UNYAVILLO TOV TPENEL VO, GYEIUCOEL.
H ypnon tov unyovipoatog (Ypoppn topaymync) eivar va petapépovtal to, KIBOTLo (LECW
TOV POUTOTIKOV Ppayiova) omd TNV TOAETO OTNV TOLWVIO HETOQOPAS, OTNV GUVEXELD VO
0omnyovvtal (LEC® TNG LETAPOPIKNG Taviog) oto onueio yepiopatog, ekel va yepilovv kot ot
GUVEYELD VO, 001 YOVVTOL GTO ETOUEVO UNYOVILLOL (VPO TOPAYOYNG).
To punyavnuo xet 1o TAPAKAT® TEXVIKA YOPOKTIPIGTIKA:
e Tpwpoaockn mopoyn: 400VAC, 5S0Hz.
e Ogpuokpacio Aettovpyiog: amd 0°C éwg 50°C.
e Xpnon o oteyacpuévo yaopo: IP54.
o  Méyioto Bapog Kifwtiov: 20 KIAd.
e Axtiva dpdong to poumotkoD Ppayiova: 2,51 X 2,51,
o Xpnomn povo and eEEOIKEVIEVO TPOCHOTIKO, EWOIKEVOUEVOL LOVO IE EMLTNPNOT] Kot
dgv VILAPYEL TPOGPAOT] OO EMOKENTEG.
e Awdpkeln ypovov Aertovpyiag: 200.000 dpeg.

2.1 Extipnon Piokov (Risk Assessment) EN ISO 12100

IMa v avédvon tov Pickov mpénet va opicovv Ta Opia TG UNyevng, vo Tpocdtoptcfoiv
o1 kivduvot kot va gktiunfovv. Ot kpioelg autég Bo tpémet vo vrrootnpilovial amd TooTIKN M
TOGOTIKT EKTIUNON TOL KvdbVOL TIov GyeTilovial Pe Tovg Kvdhvovug Tov mapovstdlovy Ta

pmyovipata. [6]

2.1.1 KaBopropog tng unyovig

H a&oidoynon tov kvdvuvov apyilet pe tov Kabopiopd Tmv opiov Tov unyovnudtov,
Aappavopévov vrdyn 6Anv Tov edoemv g (oG Tov uUnyovinuatog. Avtd onpaivel to
YOPOKTNPIOTIKA KOl TIS EMOOCELS TOV UNYOVALOTOC 1 MG OEPAG TOV UNYOVEOV CE Hid
0AOKANPOUEV JOIKAGIN KOl TOV CUVOE®OV avOpOTOV Tov TEPPAALOVTOG XDPOL Kol TOV
TPOIOVIMV.

Anrodn Ba wpénet va opioBovv ta:

e Oplao TNG UNYOVAG: PLGIKA OPLoL TNG UNYOVIS, TIS SIETOPES avOp®TOv / unyoving, TV
TOPOYN TOV NAEKTPIKOD PELIOTOG,
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® 10 ypovikd 6pia: dudpkela {ONG, SIOOTALUTO GUVTHPNOTG, PACEIS AetTovpYiang
e K01 TIC OUAdEC ¥PNOTAV: ekTaidgvoN, epmelpia, deEIOTNTES, EMOKENTEC.

'JC'0=J=J'J'JC'0=J=J'J':'C'0=J=)'J'J'iiJC'0=J=J'J':'C'0=J=J'J'JC'0=J=JIJ'J'33C'0=J=J'J'JC'0=)=J'J'JC'&J'O'JO'!iﬁC'0=)0'J'JC'0=J=J'J':'C'0=J=J'J'JC

Ewova 8. Ipappi] mapaymyig yepicpatog Kipotiov
2.1.2 I1poooropiopdg Kivovuvev

O wpocdopiopdg TV KIvOHvemv TPEMEL va, yivel Yo OAeg TG @Acel g Cmng Tov
UNYOVILOTOG TOV EIVOL 1] GUVOPLOAOYNOT, 1| LETOQOPA, | EYKOTACGTACT, 1| 0€01 68 Agttovpyia
Kot 1 Aettovpyia. Ot mhovoi kivévvor mov pmopovv va vrdpEovv gival onpméito, cuvipipn,
KOY10, GLUUTIEST, TPAPT YL, TpiyO, Agiavor.

O mBavoi kivouvol 6To punyavnio ToL ToPAdELYHOTOG Etvat:

e Poumotikdc Bpayilovag: omnpd&ipo kot cuvipipn
e Towio Metapopdg: onp®EWO Kot GuVTPIPY
o Yvomua ['epiocpatog:  ovvepPn kol cvpmicon

2.1.3 Extipnon Kivooveyv

Mo v extipnon tov kwvdvvov Bo mpémel va eivol YvooTtd €4V LTAPYEL OVAYKN
mpocPacng otV emkivouvn mepoyn, mn owdpkeln €kbeong, o aplBuds TV oTOU®V, N
oLYVOTNTA TPOSPACTG, €AV 1| TOAVOTNTO EVOG EMKIVOLVOL GLUPAVTOG givarl PikpT, pLecaio 1
HEYAAN, O TOTOG Kivnong TV Unyavnudtov ivatl Eapvikog, Ypnyopogs 1 apyoc, moto gival o
TPOCOVTA TOV ATOU®V, dSUVATOTNTA EVIUEPWOOTG KOl SIUPUYNG.
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2.1.4 A&ohdynon Kivovveyv

H oa&oldoynon tov xkwvddvev tov unyoviuatog o mpémer apyucd vo, yivelr oavd
VTOGVOTILO. ZTO GUYKEKPIUEVO TOPASELY LA DTLAPYOLY SVO VITOGLGTHUATO KOl ELval:

Poumotikdc Bpoyiovog

MOavétyta epedviong

Baptvtnrta BAGPNS A B ¢ D
IToAd IMiBavn MBovn AniBovn E&apetica
AmifBavn
1 Amnopaitnteg TpdTeg
Bonfeteg
2 Amapaitntn Ogpaneio
amo ylTpod

3  Zmoopévo akpo 1
KOPPEVA dyTuAQ

4 Odvartog N youéva
pértio 1 yapéva dpo

Metogpopd Kot YEUGLLOL

MOavétyTa epedviong

Baptdmrta BAGPNS A B ¢ D
IToAd IMiBavn MBovn AniBovn E&apetica
AmifBavn
1 Amnopaitnteg TpdTeg
Bonfeteg
2 Amapaitntn Ogpaneio
amo ylTpod

3  Zmoopévo akpo 1
KOPPEVA dyTuAQ

4 Odvartog N youéva
pétio 1 yapéva dkpo

2ZUVOMKG YioL TO unyevnuo £YouVue:

MOavétyta epedviong

Baptdtmrta BAGPNS A B ¢ D
IToAd IMiBavn MBovn AniBovn E&apetikd
AriBavn
1 Amnopaitnteg TpdTeg
BonBeteg
2 Amapaitntn Ogpaneio
amo ylTpod

3  Zmoopévo akpo 1
KOMUEVD Sy TUAQ

4 Odvartog N youéva
pétio 1 yapéva dkpo
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2.1.5 Extipnon Piokov (Risk Estimation)

Metd v extipnon Tov pickov o Tpémel va epaprocBodv Texvikég Le Tig omoieg Oa yivel

peimon Tov pickov. 10 mopokdt® oynuo divetol n pebodoroyia mov mpénet v, axoiovdnel
v v peimon tov pickov cupewva pe o EN ISO 12100.
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APXH

v

Ac@aing Lyeoraopnog

v

NAI
OXI
Egappoyn teyvik®v pétpov*
NAI
>
OXI
Evnuépoon ypnotov Y
VTOLEWTOPEVOVS KIVOUVOVG PioKOVG
Al
s >
OoX1
Néa a&roroynon Piockov TEAOX

Ewova 9. Mg0odolroyia peiwong Tov pickov

*Teyvid pétpo 6to Tapddelyud pog Ba pmopovoe vo givol TomofETnorn TpooTUTELTIKN
mepippaln ya Tov Ppoyiova Kot To YEUIOTIKO.
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2.2 Enaif0cvon (Verification) Baon tpotvnmv

IMo ™ Aertovpyikn ac@AAELD UNYOVAOY DTAPYXOLY 2 TPOTLTO UE SOPOPETIKA EMITEDM
acpaAreiog:

o ENISO 13849-1 Performance Levels PL a -¢

e [EC 62061 Safety Integrity Levels SIL 1- 3

H ypfion tov EN ISO 13849-1 emidéystan-mpoteiveton yio Safety cuotipoto younAng
moAvAokoTnTog, eved 10 IEC 62061 emidéyetan oe ovvBeta Safety cuothpata mov Kavovv
ypnon Safety PLCs. [1][15]

Kot ta 000 mpdtuIa akorovbovv ta ida friparta

A&oloynon Kwvdovev (Asses the Risks)

o Koartavoun tov pétpov acedietog (Allocate the safety measures)

e Apytektovikn Xyedtaopov (Design Architecture)

e Emwbvpoon (Validate)

2.2.1 EN ISO 13849-1 Performance Levels PL a —e

To ISO 13849 eivar oyetikd €101KOTEPO YO TIG OUAEC TOV EKTPOCMTOVY TOVG
TOPAYOVTEG TNG AYOPAS OGOV APOPA TNV OGPAAELD TV UINYOVIUAT®V:

®  KOTOOKELOOTEG UNYAVOV (UKPEG, LECOIES KOl LEYAAEG EMYELPNGELS).

*  opeigvyeiog Kot ac@dielog (pLOUICTIKEG apYEC, OPYOVIGHOTL TPOANYTG ATUYNUATOV,

emomteio ayopdc K.AT.).

Emiong ko1 o 660vg HmopolV v EMNPENCTOVV ONO TO EMMEIO OACPAAENG TOV
UNYOVTULETOV OTTMC:

®  YPNOTEG/EPYOOOTEC UNYOVDVY (UIKPEG, LECAIES KOl LEYAAES EMLYEIPNOELG).

o ypnoteg/epyalOpevol Unyovev (T.Y. CLVOKATO, OPYOVMGELS YIo GTOUN UE EOIKEG
OVALYKEG).

®  TAPOYOL LINPESLAOV Y10 CLVTIHPNON (LIKPES, LECOIES KOl LEYAAES EMLYEIPNOELS).

o  KkoTOvVOA®TEG (0 Tepimtorn unyovnudTev mov mpoopifovial yio xpnorn omd
KOTOVOAWDTEG).

To ISO 13849 wpoopiletar va ddcel kaBodyNon 6 OGOVG EUTAEKOVTOL GTO GYESLOCUO
kot v a&loAdynon ovotnudtov ehéyyov, kabog kot otig Teyvikég Empomég mov
TpoeTOalovy mpdTLTa T OToia Bewpeitar 6TL cLpHOPE®OVOVTUL e TIG Baowkég ATatthoeig
Acpdretog tov [apaptipatog I tov Odnyiag (Directive) 2006/42/EE yio ta pmyovipota. Agv
TOPEXEL GLYKEKPIUEVEG 00N YiEG Yo TN CLUUOPP®ON pe dAAeg 0dnyieg Tng EE.

Q¢ UEPOG TNG CLVOAIKNG OTPATNYIKNG HEl®ONG KvOOVOL O &va Unyavnua, &vog
OYEOIOOTNG OLYVH EMAEYEL VO EMITOYXEL KAMO0 UETPO Uel®OMG TOL KWOOVOL WHECH TNG
EPAPUOYNG O10GPAAIGEDY TOV YPTGILOTOLOVV O 1) TEPICCOTEPEG AEITOVPYIEC UOPAAELNG.

Ta puépn T@V CLOTNUATOV EAEYYOL LMYOVNUATOV TTov €xovv avatebel va mapéyovv
Aertovpyieg acpareiog ovopdaloviol TUNHOTO CLUOTNUATOV EAEYYOV TTOL oYeTiloviol LE TNV
acpdreln (SRP/CS) kot avtd pmopel vor amoteAovuvTal 0md VAKO Kot AOYIGUIKO KOl UTopEel va,
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etvan gite Eeywplotd omd T0 GOGTNUO EAEYYOL UNYOVIG EITE AVOTOOTOGTO UEPOG TOV. EKTOg
amo TNV mopoyn Aertovpyldv acpaleiag, o SRP/CS pmopel emiong va mapéyetl Aettovpykég
Aertovpyieg (T.y. xeploTNpLa e dVO0 ¥EPLa MG LEGO Evapéng TG dladikaciag).

H wavomta tov efaptnudtov Tov cuoTuitov ehéyyov mov oyetiloviol pe v
OCQPAAELD VAL EKTEAOVV L0 AEITOVPYiO acPaAEing VIO TPoPAEYIIES CLUVONKEG EKYMPEITAL GE
éva amd to mEVTE emimedo, mov ovoudlovrol emimeda omddoong (PL). Avtd to emimeda
amodoong opilovtal g TPog TNV THAVOTNTO EMKIVOLVIG 0GTOYI0G 0VA Dpa.

H mBavotnta emkivovvng amotuyiog g Asttovpyiag acpareiog eSaptdral amd TOAAOVG
TOPAYOVTEG, GUUTEPIAAUPAVOUEVTG TNG OOUNG VAIKOD Kol AOYIGUIKOV, TNV £KTOOT TOV
UNYOVICUOV  aviyvevons oeodpdtov (dwyvootikn kdioyn (DC)), v oaélomotio Tov
eCapmudtov (LEcog (povog Emg TV emikivovvn actoyio (MTTED), n ko1 attio amotuyiog
(CCF)), dwdwacio oxedlacpol, AEITOVPYIKN KATOTOVNON, TEPPOALOVTIIKEG GLVONKES Kot
Slodikaoisc Asttovpyiag.

IIpokewévov va Pondnbel o oyediaotig kot va digvkoivvlel n a&loAdynon Tov
emruyyavopevov PL, 1o ISO 13849 ypnowonotel po pebodoroyion mov Paciletor otnv
KOTNYOPLOTOINGY] T®V KOTACKEVMOV COUPOVO LLE GUYKEKPIUEVO KPLTPLO. GYESIOGHOD Kol
GUYKEKPIUEVEG GCUUTEPLPOPES VIO GLVONKEG GPAAOATOC. TE OVTEG TIG KATNYOPIES KOTAVEUETOL
éva amo to mévte enineda, wov ovopalovrar Katnyopieg B, 1, 2, 3, 4 ko 5.

Ta enimeda kat o1 kKaTNyopieg amdS0GNG UTOPOLV VO, EPAPUOGTOVV GE LEPT GLGTIUATOV
eA&yyov Tov oyetilovial Pe TNV 0oQAAELN, OTMG Y.

® TPOCTOTEVTIKEG OULOKELEC (T}, OLOKEVEG EAEYYOVL HE TO OVO YEPLN, GVOKEVEC
aAAndopavodiwmong),  mMAektpoevaicOnteg  mpoototevTikég  dwtagelg (T
POTONAEKTPIKA QPAYHOTO), CUCKEVEG evaictnTeg otV mieon,

® Lovadec eAéyyov (my. ML AOYKN MHovada yuo. Agitovpyieg eAéyyov, emefepyocio
dedopévav, Tapakolovnon, K.A®.), Kol otoyyeio eEAEYYOL 1oYvOC (T.Y. peAE, ParPideg

K.AT),

®  K0OMOG KOl Y10 CLGTNUATO EAEYYOL TTOL EKTEAOVV AEITOLPYIES AGPUAEinG o OAN Ta €10M

UNovnUatov omd omid (7). Iyeveg LIKPGV Kou{vev 1 GUTOUOTEG TOPTES KOt TOAES)

€0C EYKOTUOTAGES KOTAOKEVNG (T.Y. WNYXOVEC GLOKELOGIOG, WUNYAVES EKTOTMONG,

TESTNPL).

To ISO 13849 mpoopiletal va mapéyel o coen Pacn mtavo otnv omoio Umopel va
a&loloynbel o oyedGUOG KAl 1 amddoot omolacdnmote epapuoyng tov SRP/CS (kot tov
UNYOVALLOTOG), Y10 TOPASELYLLOL atO TPITO PEPOG, ECMTEPIKO N AVEEAPTNTO O1KO SOKIUDV.

To IEC 62061 ka1 to ISO 13849 xaBopilovv amoutnoelg yio 10 oyxedlooud Kol TNV
EPAPLOYN GLUOTNUATOV EAEYYXOL UNYAVNUATOV OV oyetilovial pe v acediela. H ypron
omo1o0VdNToTe 0md avtd ta Aebvn [pdtuma, cOUP®VA pe TO TESIO EQOPLOYNG TOVG LITOPEL VOl
BewpnBei 60T1 TAnpoi T1g oyeTkég Pacikég amartoelg acpaietoc. To ISO/TR 23849 mapéyet
Kka0odMyNo” OYETIKA UE TNV €apUOYn avTod Tov Uépovg Tov ISO 13849 kot tov IEC 62061
070 YOO UO TNG acPaAeloc. [1]

To ISO 13849 mapéyel anartnoelg aceaieiog Kot kabodynon oxeTikd Ue TIg apyég yuo
T0 oyedaoud kai TNV evonoinomn e€apTnUATOV GVGTNUATOV ELEYYXOV TTOL oyeTilovTal e TNV
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acpdArela (SRP/CS), cvpnepirapfovopévon tov oyedacpov Aoyiopkov. [a avtd ta uépn
tov SRP/CS, xabopilel yopaxmmpiotikd mov zmepiloapfdvovv 1o eminedo omddoong mov
amorTeiTon Yo TV eKTEAEST) Agttovupyldv aceaieiog. Ioyvel yio SRP/CS yuo vynAn {Rtnon
Kol ovveyn Aewtovpyia, oveEAaptnTo omd TOV TOMO TEYVOAOYIOG KO EVEPYEWNG TOV
¥pMolLomoteital (MAEKTPIKY, VOPALAIKT, TVELHOTIKY, UNYOVIKY K.AT.), Yo OAo To &€idn
punyovnuatov. Agv mpoodiopilel Tig Aettovpyieg ao@oAeiog 1 TO EMIMESN ATOSOCNG TOL
TPOKELTOL VO, XPTCLLOTOINBOVV GE UI0L GUYKEKPLUEVT TEPITTMON.

To ISO 13849 mapéyel ovykekpéves amaitinoelg v SRP/CS ypnoyomoidvrog
TPOYPOUUATILOUEVO NAEKTPOVIKE GLUGTHLOTA. ALV TOPEXEL CUYKEKPIUEVES ATTOLTNOELS Y10, TO
oYEOOGUO  TPoioVI®MY movL omoteAobV  pépn tov  SRP/CS. Qotdéco, upmopodv  va
xpnoomonBovv ot apyég mov divoviat 6nwg kotnyopieg N enineda amddoong. Iapadeiypota
TPoioVTOV Tov omoteAoby uépn tov SRP/CS eivor pelé, miextpopayvnrtikés Poaifidec,
Swokonteg Béong, PLC, povadeg eAéyyov Kvntipo, GUCKELEG EAEYYOL LE TO dVO YEPLQ,
eEomiiondg evaictntog oty mieon. ['a 10 GYEd10GUO TETOL®V TPOIOVI®V, EIVOL CNUOVTIKO VO
yivetor avaeopd ota e1dkd 1oyvovta Aebvn Ilpotona, ww.y. ISO 13851, ISO 13856-1 ko ISO
13856-2.

Ot anmortoeglg mov mapéyoviar oto [SO 13849 yio mpoypoppoTiCOUEVA NAEKTPOVIKA
ocvotipate givor cvopPotéc pe T pebodoroyic Yoo To oyedlOoUd KoL TNV OVATTLEN
NAEKTPIKOV, NAEKTPOVIKAOV Kol TPOYPAUUATILOUEVOV NAEKTPOVIKAV GUGTNUAT®V EAEYYOL Yid
unyovipoaTe Tov oyetilovral pe TNy acpaieio tov divetor oto IEC 62061.
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YV mopokdte Ewova 10 divetar i pebodoroyia yia tnv a&loAdynon tov Kivddvav Ue To
npdtumo EN ISO 13849-1.

Youyvotnto / Aldpkeia Xapnhog
BoapOtnto atvyiportog éxBeonc o€ kivéuvo Avvatotnto TpoANYNg Kivduvog
P = PLa
F1
P2 .
S1 i - PLDb
P P1
P2 -,
APXH _ PLc
P1 [
Fl |
P2 >
2 - PL d
F2 rPl
h . P PL e
S1: AvacTpéyIog TPODHOTIGHAG F1: Zrndvio. / chvtopn P1: IhOavr| Y\ynk(')g
S2: M1 avacTpEy1pog TPOnHATIGHOG F2: Zuveync / peyén P2: Avckoro mOavi Kivdvvog

Ewova 10. MeBoodoroyia aSroroynong kivovvey pe to EN ISO 13849-1

Ta enineda tov EN ISO 13849-1 wobopilovtoar ko amd t péon mboavotnto pog
emkivouvng PAGPNG avd opa dnwg eaiverol Topakdto otov Ilivaka 15:

Mivaxag 15. MBavoTnTo emikivovvng PAafns /opa

Performance level (PL) Méon mbovotnra pag emkivoovng BPAAPng ava opa (1/h)

a >10"¢éwc <107
b > 3x10 b <10°
c >10"°4wc3x107°
d >107éwc10™

e >10"¢ws107
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2.2.2 IEC 62061 Safety Integrity Levels SIL 1- 3

e auto 10 TPOTLTO 1| PapvTnTa TG ThAVNG PAAPNG exTdTol o€ 1-4 emineda, Kot ot
ouvéyela a&loroyeitar 1 mhavodTTe ERPAVIoNG TOV emikivovvov cupuPdvtog eéetdlovtag 3

emmAéov TapapéTpovg O6mov 10 dBpotoud tovg pog divouv TV KAAOM. XTOVG TAPOKATE
mivaxeg divovtal ta enimeda kabmg Kal o1 TopapeTpol Tov pog opitovv ta Levels SIL 1-3.

Mivexag 16. Exineda SIL 1-3

Bapimrae tpavpeicpod S Toyxvétnrto / Avdpkera £k0song F
(Severity of injury) (Frequency / Duration of exposure)
Mn qvasstpé\u}un: BdvoTog, ammAELL 4 >1perh 5
HOTIOV 1] HTPATOOL. . , <1 per h to > per day 5
Mn avasstpswtun: Moyum oum)hatfx oxpov 3 <1 perday to > per 14 days 4
AVOEG‘EpS\Vl},lT]Z AmopaitTn wTpikn 2 <1 per 14 days to > per year 3
TEp Leak\yn . , <1 per year 2
Avaotpéyyn: ATopaitnTeg TpMTES 1
Bonbeieg
MOavéTnTO EPPaVIGNG w AvvatétnTo TPoANYNG P
(Probability of occurrence) (Possibility of prevention)
Zoyva 5 AdOvartn 5
IToAv ITBova 4 Avvart 3
MBavé 3 IMBavn 1
Zrdvia 2
Mndapuva 1
Bapvtnta tpavpotiopod Class=F+W+P
(Severity of injury) s 4 57 810 1113 14-15
Mn avaotpéyun: Odvorog, andAeio potidv | pepdtcov 4 | SIL2  SIL2  SIL2
Mn avaotpéyyn: Moviun andAgio Gkpov 3 SIL 1 SIL 2
Avaotpéyun: Amapoitntm wrpikn mepifoiym 2 SIL 1 SIL 2
Avaotpéyun: Anapaitreg mpoteg Pordeteg 1 SIL 1

H emPefainon piog khdong SIL 11 PL e&aptdrarl amd moAAovg mapdyovteg Tov ivat ot
TOPOKATO:

T1 = dudonuo dokipav 1 didpkela {ong (0moto glvar KpOTEPO)
T2 = didon o S10yVOSTIKOV SOKIU®OV

MTTF = péoog xpovog PEpl To GOAALLDL

MTTFd = pécog ypodvog péxpt 1o EXKIVOLVO GOALLA
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e DC = dwyvootikn kdAioyn

e [ =evacHnocio oe kKowég aitieg actoyiog

e D = vmoloyiopdg g evancOnociog oe Koweg aitieg actoyiog

e A =m0c00T0 amotuyiog (avd dpa)

e AD = emkivouvo mococTd amotuyiog

e ADD = aviyvedolplo T060GTO EMKIVOLVIG ATOTLYI0G

e ADU = un aviyyvedoilo Toc00To EMKIVOLVIG OTOTUYI0G

e ASD = aviyvedolo T0c00Td AGPAA0VS AmOTUYI0G

e ASU = pn aviyvedoylo T0600TO asOUAOVG amoTLYI0G

O éleyyog emPefainong Tov mpotdNTOV €&0pTdTal OO TO VTOGLOTNHLOTO KOl TNV
OPYLTEKTOVIKT avTdV [16]

2.2.3 IIpotvmo EN 62061

To wpoétvmo EN 62061 kabopilel péco omd TV OpYITEKTOVIKT] VITOGLOTNUAT®V TNV
mOovoTNTO EMKIVOLVOV CQOANATOV Tov géomAicpov (Hardware), mopoakdte divovior ot
OPYLTEKTOVIKEG OLTMV TV VITOGLGTIUATOV.

Ynoocvompa A (ogiplakn] dibtaén)
Ta otoyyeio Tov VTooLVoTAHOTOC A gival og oeplokt] d1dtaln, o€ avtn T didtaén ot
TOOVOTNTEG TV EMKIVOLVOV OTOTLYIDV TOV GTOLKElV TpooTifevtal.

Ynrochotnpa Ynrocvotnpa
*-— Ytoyelol « |=m==—=—~-— Xtoyeio n —
lDel lDen

/ID = ZDel T + A ’
PFH, =2, x1h
E&icowon 1

Ynoovotnua B (mapdAinin didtaén (redundant) ywpig Stoyvootikn Asitovpyio)

Ta otoyeia Tov vwocvotnuatog B eivanr oe mapdAinin didtaén ywpig SyvOOTIKN
Aertovpyia Kot 1 TOavOTNTO EXKIVOLVOL GOAAUATOG SIVETAL LLE TOVG TOPAKAT® TVTOVS. OTOv
1N OPYITEKTOVIKT TEPIAOUPAVEL EVIAT0 AVOYT COAALATOG, VITAPYEL TO EVOEYOUEVO KOVNG OLTIOG
PAGPNG ko mpémer va AneBel vmoymn. Xe pio térown SudTaén UmopohV Vo LIAPYOLV
evepyomomtég (Actuators).
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Yroovompa otoyeio 1
| ADei

Kown artia actoyiog i

Yroovompo otoryeio 2

ADe2

AD - (1 _ﬂ)z x Z’Del + ADeZ X ]—17 + ﬁx (ﬂ’Del + ﬂ'DeZ)/z
PFH, = A, x1h
E&iocmon 2

Ynocvotnuo C (didtoaén pe dtayvmoTikn Astovpyio)

To embuevo Sudypoppa Oelyvel TN AETOVPYIKY OVATOPACTOCT) €VOG GUGTHUOTOG
UNdeviknig avoyng oedAuatog pe dwyveoTikn Aettovpyio. H dwyvootik) kdivyn
XPMOLOTOEITAL Y10 T PEIOT) TNG TOAVOTNTAG TOV EMKIVOLV®V VAIK®V BAABOV TOV DAIKOV.
O opioudg G dyVOOTIKAG KAALYNG €lvar 1 avaAoyio TOL TOGOGTOD AVIYVEVOUEVOV
EMKIVOLVOV QTOTLYLDY GE GUYKPLOT] LLE TO TOGOGTO OA®V T®V EMKIVOLVOV OTOTLUYI®V. € pia
TéTo10 S1ATOEN UITOoPOvY VoL vIdpyoLvy aisOnThpla-opyava (Sensors).

Yroovompa otoyeio 1

Yroovot o oTotyeio n
ADe:

ADen

Awryvootikég Agtrtovpyieg =0

A, =2, (1=DC)+ .ot A, (1-DC.)

PFH , =, x1h
E&icwon 3

Yrocvotnuo D (Sidtaén pe d1oryvooTikn AELITovpyio.)

To vrocvotua D givar eviaio pe avtoyn o@aAipatog oTig Agltovpyieg didyvmong, To
oUVOAO T®V emikivduveov PAafdv Tov cvotnuatog emnpedletor amd T0 oYedoud TV

OTOYEI®V TOV VTOGVOTAWMOTOG. Xe pio, Tétoln dudtaén pmopobv va vrapyovv Eleyktég
(Controllers).
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Yroovompa otoyeio 1
ADe:

AwyvooTtikég Agttovpyieg 7

Yroocvom o otorgeio 2
ADe2

Kown attia actoyiog i

o

H mbavotnto emkivouvoy cQOALITOV 6E GUGTALOTA LLE OO GTOLYELN VTOAOYILETOL ™G
eghg:

A =(1- ﬂ)Z{[/le x2x DC|x % +4,2x(1-DO)|x T} .
E&iocmwon 4

H mBavotnta enkivouvemv GOOAUATOV G GUGTAOTO LE avOpoLo oTtotysio vtoloyileTat
oG e&NG:
PFH, =2, x1h

T, T
A, =(1_ﬂ)z{[,1m X Ay, X (DC, + DC, | %+[&M X Ay, X(2—DC —DC,)]x %}Jrﬁx(,lm + Apn)/ 2

E&icowon 5

Acoaréc khdopa arnotvyiag (Safe failure fraction)

To KAGopHO ac@OAOVG amotuyiag eivol TOPOUOl0 HE TN OOYVOOTIKN KOADYT, OAAG
Aappdver emiong vwoOYn TVYXOV €YYEV TACT AMOTLYIOG TPOG Uid Ao@OUA Koatdotaon. Lo
TOPASEIYHD, OTOV L0 OCPAAElD KoEl, LEApYEL amotvyic, oAAG eivor mwoAD mBavo OTL
amotuyio o ivol og éva avoryTd KOKA®LLO TO 0010, OTIC TEPIGGOTEPES TEPIMTTAOCELS, Oa NTaV
«ao@aAngy amotuyia. To SFF etvat to dBpotopa Tov 10606T00 TV "0cpulmv" PAafodv cuv
TO TOCOGTO TMV AVIYVEVOUEVOV EMIKIVOLVOV OTOTUYIOV S101pOVUEVO HE TO GOPOICHO TOL
T0600T00 TV "acPaAdV" PAUPOV GUV TO TOCOGTO AVIXVELOUEV®OV Kol UT) EVIOTIGUEVOV
emkivovvov rafaov. Eival onuovtikd va cuovedntorombet 0Tt o1 povor tHmot TpofAnpudtmy
OV TPETEL VAL ANPOoHY vTOYT| £ivar ekeivol Tov Ba pTopodcay vo £xoVv KAmola EXidopcT) 6TN
Aertovpyia aceaieiog.

ZASD +Zﬂ’SU +Zﬂ'DD
>A

TOTAL

SFF =
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E&icowon 6

Mivaxag 17. Safe failure fraction (SFF)

Safe failure Hardware Fault Tolerance
fraction (SFF) 0 1 2
Mn
<60% , SIL 1 SIL 2
EMUTPENTO
60%<90% SIL 1 SIL 2 SIL 3
90%<99% SIL 2 SIL 3 SIL 3
>99% SIL 3 SIL 3 SIL 3

2.2.4 IIpotvmo EN ISO 13849-1

e ot 10 onueio Bo avarvbel Evag amrlovoTEVUEVOG ALY TPAKTIKOG 0ONYOG Yo TOV
TPOTO EPOAPUOYNG TOV GUOTNUATOV EAEYYXOL OV KOTNYOPiEg OV €lval AVOTOCTAGTO UEPOG
tov (EN) ISO13849-1 mg kabopiopévrn apyLtekToviK).

Konyopia B (Category B)

H xatyopia B mpémer va Oeswpeitor ©og 10 Pocwkd Oepého moveo o610 omoio
Kataokevalovial OAeg o1 dAleg katnyopiec. Agv €xel €101KEC SaTdEelc N OOUEG ACPAAELOG
mépav Tov Baowav Apyov Aceaieiog onmg avagépovtar oto ISO 13849-2. Avtég
OVTITPOGMOTEDOVY YEVIKEG KOAEC TPUKTIKEG GTO GYESOOUO KOt TNV EMAOYT VAIKOV.

Komnyopia 1 (Category 1)

H xomyopia 1 amattei ) gp1on c®oTd SOKILOCUEVOVY EEQPTNUATOV KOl 0pYDOV KOANG
aopdrelng. H ypion tov koAd dokipoouéveov  eopTnudtov  omoGKOToUV  GTNV
eAAYLOTOTOINGT) TG THAVOTNTOG ATMAELNG TNG AGPAANG AELTOVPYING, AAAL CUEIDOCTE OTL EVal
UOVO GQAALO UTOPEL VAL 0ONYNOEL OKOLO OE OTMOAELL TNG ACPAANG AEITOVPYING.

Komnyopia 2 (Category 2)

H xatmyopia 2 €kt0g amd v Tpnomn tov anditioemyv g katnyopiog B kot ) ypnon
0MOTA SOKIHACUEVOV apY®dV 0CQOAEING TO cOOTNUO aoPOAEing TPEmel va voPAndel og
SOKIHEG Yo TV KAALY™M NG Katnyopiog 2. Ot dokipég mpémel va oyedidlovral yio v
aviyveuon CQUAUATOV OTO TUNUATO TOL GLOTHUOTOG EAEYXOVL oL oyeTilovtal pe Tnv
acpdArelo. Eqv dev evtomiotobv opOALOTO ETITPENETAL OTO Unydvnue vo Asttovpyei. Edv
EVTOMIOTOOV GQAApATA 1 Agttovpyio avTidpaons opdApatog Tpénel vo, eEac@aiicel OTL TO
punyavnuo Bo Tapapeivel 6€ acPAAT KATAGTOOT).

Katnyopia 3 (Category 3)
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H xomnyopia 3 ekt0g 0md TNy THpNoT TOV ATOITNCEOY TNG Katnyopiog B kot tov kold
SOKIHLOGUEVOV apYDV OGPAAELOC, 1) KATYOPio 3 amattel TV MLTUYN EKTELECT] TNG AGPAAOVG
Aertovpylog HE TNV TOPOLGIO. €VOG HOVO GOAAUATOG. Mepikd EAUTTOMHOTO, OT®G
310G TAVPOVUEVO COAAUATO, TO OTTOT0 OEV TPOKAAOVY AUECT] OTDOAELN TNG ACPAAOVG CPUAEING
umopel vo, unv evromiotovyv. Avtd omuaivel 0Tt yuo v Kotnyopia 3 Ho cuGGMPELON LN
aviyvevouevov BAaPav Umopel va 001 yNCEL GE ATMAELN TG AGPAANG AEITOVPYING.

Konyopia 4 (Category 4)

H xomnyopia 4 ekt0g 0md TNy THPNOT TOV ATOITNCEDV TNG Katnyopiog B kot tov kold
SOKILOOUEVOVY apYdV ac@dAelag, o avtifeon pe v katnyopia 3, OTOL 1| GVLOCAOPELON
GOUALATOV UTOPEL VAL 00T YNCEL GE OTMAELN TNG ACPAAOVS AEITOVPYiag 1) KaTtnyopia 4 amortel
TNV eKTEAEON TNG 0CQOAOVG AgtTovpying o€ TEPITT®OT cvoompevons PAaPav. Znv mpdén
aVTo emTLYYAVETAL GLVNO®G pE TNV VTTapEn VYNAOD ETTESOL S1dyvmoNg Yo va eEacpailoTel
OTL OAQL TOL GYETIKA COAALOTO EVTOTILOVTOL TPV OO OTOLAONTTOTE GUGGOPELOT).

2.2.5 ErnaiM0gvon tov Performance Level (Verification of Performance Level,
PL)

To EN ISO 13849-1 meprypaopet o péBodo mpocsdiopiopon tov PL mwov emitvyydverarn pe
GLUVOLOCUO TV TAPUKATO:

o v alomiotio TV ototyeimv g Mean Time To dangerous (MTTFd).
e v dwyvootiky kélvyn (Diagnostic Coverage ).

e Common Cause Factors (CCF).

e v katnyopia (Category).

MTTFd
To MTTFd 6nwg eaivetal otov mapaxdto Ilivaka 18 dtaxpivetan o€ tpia emineda:

Mivaxkag 18. MTTFd

Level Range
Low 3 years < MTTFd < 10 years
Medium 10 years < MTTFd < 30
years
High 30 years < MTTFd < 100
years

Mo wvevpatikd, unyovikd kKot nAeKTpounyavikd eEaptiuoto (mvevpotikés PoaiPioeg,
pelE, dlakomTeg, OlaKomTeG Béomg, KAm.). Mmopel va, givatl S0oKo o vo VTTOAOYIGTEL 0 PHECOG
xP6vog vy emikivovvn PAGPn (MTTFd). O1 tepiocdtepot amd Tovg KOTUGKEVAGTEG OLTAV TOV
eCapnudtov divovv povo Tov péco aplBpd kukiov £mg 0tov 10 10% tov eéaptnudtov
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arotvyovv emkivovva (B10d). O pésog apBpog kokiwv £wng 6tov 10 10% tov eéaptuitony
amotoyel emkivouva (B10d) mpémer vo  kabopiotel amd TOV  KOTOGKELOOTH TOV
KOTOOKELOOTIKOD GTOLXEIOL GUUP®VO LE TOL GYETIKA TPOTLTIA TPOIOVTOV Yo TIg HeBOdovg
dokyng (m.y. IEC 60957-5-1, ISO 19973, IEC 61810). IIpénet vo. opiotobv ot emikivovveg
Aertovpyieg aoTo)iog TOV €EAPTAHOTOG, Y. VO, KOAANOEL 08 TEMKT BEom 1 va aALAEEL Tovg
xpovoug petaywyng. O xpovog Aettovpyiag tov e&aptipotoc (T10d) etvar o pésog ypodvog €mg
0tov amotvyel 1o 10% tav e&aptnudtov. O vroroyiopog tov MTTFd yiveton wg e€ng:

MTTF, =T
B d_xh x3600s/h
Z—I’Od - — nop = - -
nOp tqycle
E&icowon 7

Omnov

dop =1 péom Aertovpyia o€ NUEPES OV £TOG

hop = 1 péom Aertovpyia oe dpeg ava nuépa

teyele = €lVOL 0 HECOG YPOVOG HeTAED TG Evapéng 000 S1000 KOV KOKA®Y TOV ototyeiov. (..
petaymyn pog BorBidag) oe devtepdrenta avd KOKAO.

Hopaderyua

Edv éyovpe éva transistor pe to TopaKdT® oTOTYElD:
dop= 180 nuépeg ava £tog

hep =12 dpeg ava nuépa

teycle =8 OEVTEPOLETTA OVE KVKAO.

Bioa= 50 gkatoppopio kKoKAOL.

= 180123600 _ 9,72x10’ xdxlot/ étog
50x10°
=——=51,4¢
Y T
115,7

MTTF; :T:514é2'77

b

E&icowon 8
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Diagnostic Coverage

Kot ta 600 mpdTLIOL OMTOLTOVV OO TOV YPNOTI VO TOCOTIKOTOI|GEL TO TOGO TNG
SOYVOOTIKNG KAALYNC TV GUVOPAOV AEITOLPYIOV EAEYYXOL OCQAAEWNG, avTd opileTal g N
peimon g ThavOTNTOGC TOV EMKIVOLV®Y VAIK®V BAAPOV TOV TPOKVTTOVY OO TN AgrTovpyic,
TOV AVTOUATOV SLOYVOOTIKOV SOKIUDV.

Z /IDD
Z /IDTOTAL
E&icowon 9

DC =

Otov evtomiotel ceAApa, ot pnyoviopoi mopakoAovdnong yewpilovior 10 cedAua
EexvavTtag po KaTaAANAN evépyeta Tov eEapTaTal amd TNV @approyn. o ToAAEG epapproyég
OTOV TOUED TV HUNYOVNUATOV Uio TETow KATOAANAN evépyelo eivor va Eekvhoetl pua
emovopalopevn aceaing Katdotaon (onA. n Aswtovpyia aceodeiog mpaypotonoleitar). O
0pOG OOQOANG KOTAGTOOT LTOONADVEL OTL TO GUCTNUO EAEYYOVL OTOUAKPOVEL QeSO TOV
Kivouvo (1.y. dtokdntovtag / eumodifovtag aUEsMS TNV EMKIVOLVN Kivon EVOG TUNLOTOG LG
UNYOVAG, apalp®VTAg TNV o0 o€ &vav Kivntpa). o dAAeG punyaveg N EQOpUOYES, GAAES
evEpYElEG UTOpEl va lval o KATAAANAEG, OTTWC 1) EVEPYOTOINGN EVOC GLVAYEPUOD.

Mo vo emPePormbel 0TL £xel emitevydel évo amaitoduevo eminedo amddoong, sivol
amopaitnto vo cuykpldel n apylteKTovIKn Kot 1 dloyveooTikn kdAvyn pe to MTTFd.

PL

da

l:‘ MTTF4 = low '
e . MTTF4 = medium

. MTTFg = high
CatB  Catl  Cat2 Cat2  Cat3  Cat3  Cat4
DC,,=0 DC,=0 DC,, =low DC,,, =low DC,,, = high

DC,,, = med. DC,,, = med.

Ewcova 11. Zoykpion apyiteKToviKi Kol 1ayveotiky) kaioyn pe 1o MTTFd
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Kown outio arotvyioc, (Common cause failures, CCF)

CCF ovopaletar n BAAPN 1 omoia gival 1o amoTéEAEG LA EVOG 1] TEPIGCOTEPMOV GUUPAVI®V
KoL 1) 07010 TPOKAAEL TOVTOYPOVES AoTOYIEG 0VO 1| TEPIOCOTEPWOV EEYMPIOTOV EEUPTNUATOV
o€ £va GUGTNUO TOAAATA®DVY EEQPTNUATOV KO 00N YEL OTIV ATOTLYI0 LLOG AEITOVPYIOG EAEYYOV
oyeti{Opevn Ue TNV 0oPAAELX.

To mpétvmo EN ISO 13849-1 amortel va mpocdiopiletar 1o eminedo omddoong Tov
ovotipatog eAéyyov pe extiunon tov CCF og pia onuavtikn wtoyn. Mo a&loAdynon tov
CCF &ivon amapaitntn yio k40 emkdpmon tng acParelag oAl pmopei vo Tpaypoatonom el
LE SLopOPETIKOVG TPOTOVG.

To mpéTLNO TTOPEKEL e (TotoTikn) dradikacia yio v ektipnon tov pétpov CCF mov
EPAPUOGTNKOY G dOUEC KaTnyopiag 2, 3 N 4. H dwudikacio mapovsidletar pe Tov axdiovbo
[Mivoka 19 Babporodynong.

[Ipokeévov va mAnpobvton o1 omottioels, amotteitor Pabpoloyio TovAdyiotov 65
Babumv 1 peyorvtepn. o kdbe KoToypnuévo HETPO, LOVO TO TANPES GKOP 1] TImMOTO OEV
umopel vo otekdiknOei. Eqv éva pétpo wkovomoteitan povo ev pépet, 1 Pabporoyio coppova
pe avtd 1o péTpo givar undév. To péyioto okop givar 100 movTOL.

Mivexag 19. BaOpoioyiog CCF

Max  Achieve

No Measure against CCF Score  d Score

1 Separation/segregation 15 15

2 Diversity 20 15

3.1 Design: Protection against 15 15
overvoltage, current, etc

3.2 Design: Components are 5 5
well tried

4 Assessment/analysis 5 0

5 Competence/training 5 0

6.1 Environmental: EMC 25 25

6.2 Environmental: Other 10 0
influencers

Total 100 75
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KE®AAAIO 3

Ac@aig Aettovpyia cuotnudtoyv (Safety Function)

Ot oloéva av&avOpEVEG OMALTACELS CVTOUOTOTOINONG TG TOPAY®YNS  KAVOLV Ta
GUGTHIOTO OVTOUATICUOV 70 cLVOETH Kol EVAA®TO o€ actoyies. o To Adyo avtd €yovv
dnuovpynBei odnyieg (w.y. SIL) mov mpémel va mpovvral, ®ote vo eEacpoiiletal N aseaing
Aertovpylo TOVG 0€ MEPIMTOOT 0GTOYIOG TOCO TOL VAIKOV 0G0 Kol TOL AOYlopikov. [ tnv
a&omiotn Aettovpyio evog Fail Safety cvuotriuotog kaBmg kot yio va propet €va cHoTHO Vo,
Aertovpyet og SIL2 7 SIL3 B mpéner va €xer Safety Hardware ko Software. 1o mapov
KePAAao avolvetar 1 amokpion tov Hardware evog Basic PLC kot tov eomhopon gvog
GLGTHKOTOG AVTOUATICHOV. Etiong mapovcialetal Teptypa@ikn avaAlvoT) TOL TEPAUNTOG TOV
VAOTOMONKE Y10 VO KOTOYPAPODY Ol UETPNOELS, AVAALGT Kol aSloAdynon TV UETPHOEDV
®oTe vo, dlamoTmiel edv o 0LTA TO. cLSTANOTO UTopEl va yYivel xpiom Pactkod eEonAiopon
KoL TOVTOYPOVO Vo Elvar eE0cOAMSUEVT 1| AoPaAn Aettovpyic. Me v moTonoinon TMOG UE
éva Basic eEomAiopd PLC oALd pe dapopetikn diayeipion avtod ot propei va avapadpicdel
N OCQAAELD TOV CLUOTNUATOV GVTOUATICUOV, TOTE UE TOAD MIKPO KOGTOG Gg YPOVO Kol GE
XPNUO EWOIKA GE VOIOTAUEVO, GLUGTAUOTO CLTOUATICHOD Bo umopel va VIAPYEL OCPOAN
Aertovpyia.

H acpaing Aettovpyio opilel pio KoTAGTOOT OTNV 0M0i0 0 Kivoduvog (nUidg LEIMVETOL G
éva avekto eminmedo M va. pmopel vo Bewpnbel w¢ akivovvog. O 6TOX0C TV CLGTNUATOV
acQOAElag €lval vo PEWOGOLY TOV KIVOUVO Ylo TOVG avOpOTOVG Kot TIG UNYOVEG OE €va
amodekto eninedo. To mpdto Pripa givar emopévag vo Tpoacdloplotel o Kivouvog va avalvbel
KO GTN GLUVEYXELD VO, LEL®OEL.

H evBivn ywo 10 oyedlocpd kol Tn omotn Aertovpyic €vOg ovoTnuatog eivot
OTOKAEIOTIKG, TOV KOTOOKEVOOTH] TOL OLOTHMOTOC. Ta  empépovg mPoidvia Tov
XPTOLOTO00VTOL PTopel va £xovv avamtuyel Yo va ekteAobv Aettovpyieg mov oyetilovTot
He TNV ac@dAelo eival OU®MG HEPOG HIOG CUVOMKNG EYKOTAGTAONG 1| UNYOVIG KOl AtO 1OV
toug dev e&aocpaiilovv v aceoin Asttovpyio piog unyovie. ‘Eva mAnpeg chommue mov
oyetileton pe v acpaieto gival yevikd eEomMopévo pe astntipeg, povadeg a&lohdynong
Kot povadeg onuatodotnong. [opakdto teptypdeoviol cuoTiuaTo £XOVV ovamTLYOEl Yo va
EKTELOVV AELTOLPYiEG OV GYETILOVTAL LUE TNV AGPAAELQ.

3.1 Acpain Xvotipata

Mo ac@aAng AEITOVpYio TEPLYPAPEL TNV AVTIOPOOT] LLOG UNYOVIG/EYKATACTOONG OTNV
EULPAVION EVOG CLUYKEKPIUEVOD YEYOVOTOC-COAALOTOC (T.). AVOLYLO TPOCTATEVTIKNG TOPTOG).
H extédeon g Aertovpyiog ac@oleiog TPOYUOTOTOLEITOL OO £va, GVOCTNUA EAEYXOV TTOV
oyetileton pe v acpdaieln. Avtdé cvvnwg meptiappdvel Tpio VTOCLGTANATO, OVIXVEVOT,
a&loAldynon Kot avtidpaon.

Aviyvevon (Sensors):
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Aviyvevon omaitnong aoedieag wy.: Xtdon Extoktng Avaykng M evepyomoinom
actntpa yoo TV Topakolovinon pag emkivovvng meptoyng (ocvotoyio eoTog, Aélep
cOpMTN, K.AT.).

AZwoloynon (Safety Relay):
*  Aviyvevon amaitnong aoeoleiog Kot as@aing Evapén g avidpaong (w.y.

ATEVEPYOTOINGT) TV KUKAOUAT®V EVEPYOTOINOT|G).

o Tapakorobbnon g cwoTG Asttovpyiag acONTHP®V Kol EVEPYOTOTMOV
*  "Evapé&n avtidpoong KoTd TOV EVIOTIGUO CRAAUATOV
Avrtidpaon (actuators):
Amevepyomoinon Tov Kivoivou HEGM EVEPYOTONTAOV.
270 TOPUKATO oYNUo eaivetal 1 d1dtaln Tovg.

Detecting Evaluating Reacting
(Sensors) (Safety Relay) (Actuators)

L “®

E——aN—
(VIVIRICIC)
% 51 5% 511 512 516 514
e o e

.
— Srouen [
ﬁ "

Ewova 12. Zynpotucy o1dtaln ZueTipatog EAEYY00 ac@aiig Aettovpyiog

IMa v keAvtepn Katavonon evog CLGTIHLOTOC AGPAAOVG Aettovpyiog Ba Tpémel va eivat
YVOOTA TO TOPUKATO:

Redundancy

Me v Redundancy dvvatotnrta yio Ty id1o Aettovpyia yp1GILOTOI00VTOL TEPLECOTEPT.
amo éva otolygia, omdTe Hio EANTTOUOTIKY AEITOVPYIO EVOG GTOLXEIOL eKTEAEITAL VT OVTOV
amo ta Gl ototyeio. Mo Redundancy diapdpemon peidvel tnv mbovotnta omotuyiog pog
Aertovpyiog AOYm evog eAATTOUOTIKOD 6TOoXEloL. ALTh 1| amaitnon eivol amapaitntn yio TNV
emitevén tov SIL 3 odpeova pe 1o IEC 62061, SIL 3 coppova pe 1o IEC 61508 kot PL e
(Kat. 4) obpeova pe ISO 13849-1 (amapaitnto eniong yo SIL 2 / PL d vmd opiopéveg
ouvinkeg). H anlovotepn popen Redundancy eivar n xpnon dvo xoavoliodv (two-channel
redundancy). Edv éva kOkAopo amotdyel 1 xpnon oo KovaAldv dac@aiilel tn dtotipnon
g AElTovpyiog 0oQoAEiag.

Aviyvevon dactavpovpevev KukAopudtov (Cross-circuit detection)

H aviyvevon d106T00podpeVoL KUKAMUOTOG lval Hia O10yvOOTIKT AEITOVPYia EVOG pEAE
acpaleiog (Safaty Relay) mov aviyvevel BpayvkokAOUATO UETOED TOV KAVOAIDV €GOS0V
(xurkdopata ocdntpov). ‘Eva Bpayvkokiopa propet va tpokAndet m.y. amd cvumtieon evog
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TEPIPANUATOG KOAMOTOV. LE GLOKEVES YWOPIG AVixVELOT) BPOYLKVKAMLOTOC UTOPEL VO OTIUATVEL
011 o éva Stop Emergency 00 kavalidv 1 Aettovpyio 6gv S10kOTTETOL AKOUT Kot v LOVO
pio eraen NC etvon ehattopatikn (devtepebov GAA).

Y10 Safety Relays 1 aviyvevon PpoyvkukA®UOTOG LAOTOEITOL OTO KLUKADUOTO
alctnTpov HEGm ONUATOV UE SIUPOPETIKOVG TUAUOVS poAoylov. Edv Ta ypovicpuéva onpata
emkaAvnTovral to Safety Relay 1 ouokeun aviyvedel Bpoyvkixlopo. Xe pepucd Safety Relay
n aviyvevon PBpoyvkukAdpotog pmopel va amevepyomomBel yioo vo emtpamel m ypron
NAEKTPOVIKOV ousOnTipwv.

Kvkdhopa evepyonoinong (Enabling Circuit)

"Eva kdklopo evepyomoinong mapéyet £va onpa e£660v Tov oyeTICETUL PUE TNV ACPAAELO.
Ao e&mtepik| Amoyng To. KUKADUOTO EVEPYOTOINonG cuviBmg Aertovpyouv ¢ emapég NO
(Normally Open). '‘Eva pepovopévo kokAmpo evepyomoinong mov €xst pvbuictel oe
Redundancy Aeitovpyia og éva Safety Relay pmopei va ypnoporomOei yio SIL 3 / PL e.

Ta Safety Relays eivor eomhopéva poévo pe kvkAopoto gvepyomoinong pe NO

(Normally Open) Aettovpyio. Avtd onuaivel 6Tt 6tav evepyomoleital n Aeltovpyia acPaAeiog
N aviyveDETOL GPAALM, TO KUKAMUOTO EVEPYOTOINGNG B0 LETAPEPOVTOL TTAVTIO TNV OCPOAN
KOTAGTAON.

Koxhopa onporoddtong (Signaling Circuit)
M tp€yovca dtadpopn| onuaTodoTnoNg Tapéyet Eva onpa €600V mov oyetiletan e TNV
acpdreln. To KUKAGUOTO ONUETOdOTNOTG WTOPOVY VO VAOTOLOUVTOL UE AELTOVPYID ETAPNS

NC 11 NO. Zta Safety Relay to xvkAopoto onpotoddtnong LVAOTOOUVIOL TOVIO G
kukAopotoe NC (Normally Close). Avtd onpaiver 011 6tav evepyomowmbei 1 Aettovpyia
ACQOAEING 1 OV EVIOTIOTEL GOAALA, TO KUKADUOATA oTUaTod0TNoNG Oa elvon Tavta KAEGTA.

Kvukdhopa avédpaong (Feedback Circuit)

‘Eva kOxkhopo ovédpoaong yprollonoleital yio TNV wopoakoilovinon eleyyouevov
evepyomomtov (m.y. peré M emapég eoptiov). To KUKAGUATH EVEPYOTOINGNG UTOPOLV V.
evepyomonBovv udvo 6Tav T0 KOUKA®UO avadpoong KAEIoEL.

Komnyopieg Ztdong (Stop Categories)
*  Koammyopia Ztdong 0
Mn gheyyOUEVT OMEVEPYOTOINGN LE AEST OEVEPYOTOINGT] TNG TPOPOSOGING OTN|
HOVAdO EAEYYOV TV GTOLYEIMV TOV PUNYOVALLOTOG,
*  Koammyopia Ztdong 1

EXeyyopevn otdon 6mov 1 1po@odocic 6T Hovada EAEYYOL SIOKOTTETAL LLE YPOVIKY

kafvotépnon 1 dakomTETAL POALG EMTELYOEL OTAOT).

O tepuatiopds Pe ¥povikn KaBuotépnon ToV KUKAMUAT®OV EAEYYOL GOUO®VO WE TNV
katnyopio 1 dev eivor eyyunuévn oe OAeG TIG KOTAOTAGEIS Agttovpyiog. XTnv mMEPInT®ON
OPICUEVOV ECOTEPIKOV CPOAUAT®V TNG CLOKEVNG KOl KOTE TNV OmOGUVOESN TNG TAOTG
TPOPOO0GING TO KUKAMUOTO EAEYYOV OEVEPYOTOIOVVTOL AKOPLOCL.
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Avtoparn ekkivnon (Automatic Start)

2V auTOUaTn EKKIVNOT, | GVGKeELT EEKvE Ympic yewpokivtn emPePainon aAld pdvo
UETA Ao TOV EAEYYO TNG GOOTNG Agttovpyia Tov Safety Realy. Avti 1 Aettovpyia eivan emiong
YVOOTH O SUVOUIKT] AEITOVPYIN KOl OEV EMTPENETAL Y10 CVOKEVEG Stop Emergency. Zuokevég

acpoAeiog yw emikivovveg (dveg (my. Owkomteg 0éomg, @G ovotoyyieg, YOGkl
OTEVEPYOTOINGNG OCPOAEING) HUTOPOVV VO YPNCULOTOMGOVY T AEITOLPYID CVTOUATNG
ekkivnong edv dev vrdpyetl Kivouvog.

Xepokivntn ekkivnon (Manual Start)

21 YEPpoKivTy eKKivnon N cLuoKeLT| ekkiveital TatdvTog To kovuni START oArd pévo
UETA amd ToV EAEYY0 TNG 6®OTNG Asttovpyia Tov Safety Relay. Xe o yeipoxivnn ekkivnon
to kovuni START dev eléyyetar yio T 6OOTN AEITOLPYIR TOL KoL EVEPYOTOINGT TOL €ivan
OPKETN Yo TNV eKKiviom. Avti 1 Agrtovpyia dev emTpénetal Yo cuokevEG Stop Emergency.

IopoxorovOnon exkkivnone (Monitored Start)

2V mopoakolovfovpevn EKkivior, 1| GUGKELT EKKIVEITUL TOT®VTAG TO pmovtév START
OAAG PLOVO UET atO TOV EAEYYO TNG OMOTNG Asttovpyia Tov Safety Relay. Xe avtifeon pe
YEWPOKIVTN ekkivnon 1 mapakolovBodpevn ekkivnon eA&yyel yio dAloyn ONUATOG TOL
umovtov START. Avtd onpaiver 611 to umovtdév START dev umopei va napoxouedet (mw.y.
Bpayvkukiopévo). T PL e (ISO 13849-1) xobmg xar to SIL 3 (IEC 62061), n
mopokolovBovpevn ekkivnion TPEMEL VA YPNOWONOLEITOL OTNV TEPITTOON TOL  Stop
Emergency. I'io dAlovg aicOntpeg/Aettovpyieg acpadeiog n avaykn mopakoiovdnong tng
ekkivnong e&optdral amd TNV eKTiUNon Tov evdeyopevoy Kivdvvov. Eav to pmovtov START
motnOel Yoo TepocoTEPO amd PepIKd devteporenta m.y. 2-3 1o Safety Relay Oewpel 1o
umovtov START eivar Bpoayvikokimpévo kot LETOPOIVEL GTNV KOTAGTOOT GOAALATOG

Agrtovpyia pe 600 yépro/cuyypoviouds (Two-hand operation/synchronism)
H Aertovpyia pe 600 xépia givar pio mepintmon eAEYYOL Yo TNV TAVTOYPOVT| Agttovpyia

7.y aeOntnpiov, UTovtdv KAT. Xe autnVv TNV Tepint®on dnAadn dev apkel o1 dVO ETAPLS EVOG
UToLTOV Vo 1800V Gg KAEIOTH KOTAGTAON OALA TPENEL VoL KAEIGOUY LE dLopopd LKpOTEPT
Tov 0,5 devtepoAénTon. AVTO S1CPAAILEL Y0 TAPASELY LD OTL O1 TPEGEG EVEPYOTOLOVVTAL LLOVO
otav o1 ausOnTipeg EvepyomoloHVTaL TAVTOYPOVA KOl [E To VO XEPLD, EANYIGTOTOLOVTAS TOV
KIVOLUVO TPOVUOTIGHOV EVOG XEIPLOTY.

AAnovyia (Cascading)
H oAinAovyio tov Safety Relays ypnowonoteiton yio v evepyomoinon tov Safety
Relays og ogipd. [ToAAég Aettovpyieg acpareiog pTopovy va cuvoedovy e pio AoyiK| Kotvov

tepuatiopov. ‘Etot pmopotv va dnpiovpynfoldyv KukA®UOTH Y10 ETAEKTIKY OTEVEPYOTOINON
otoyyeimv kivnone.

H ovvdeon petald tov povadwv aopoleiag TPETEL Vo GUVOEOVTOL LOVO GE GEPA Kot VoL
Un oLVOEETOAL ) TEAEVTOO LOVADQ e TNV TPMTN YTl £T61 Bal dnpovpyovtay Evag Ppodyog Tov
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0o eumodile exkivnon. H arAniovyic vlomoieiton péoca oe €vav mivaxko €A&yyov e
SloUOpe®ON €VOC KOvOAloD, ovtd emttpémetor axoun kot pe to SIL3 / PLe emeon n
Spopordynon KoAmiwv evtog TOV TIvaKo EAEYYOV TPOGTATEVETAL OO PPOYLKLKAMULOTAL.

Aok ekkivnong (Startup testing)

To awsOntipro N o e€omAiondc mpootaciog TPEMEL vo avoilel kat va kKieioel Eova petd
v Tpopodocia. H 1don anokabictatol Tpotod umopécovy va TEPAGOVY Ol EVEPYOTOGELG
Safety Realy. H dokiyn exkivnong dwucearilel yio toxov opdipato ota aednmpla. Ta
Safety Relays dev amofniebovv ot pUviun Toug T0. COAALOTO €4V JKOTH 1) TPOPOSOCia
toug. O un e&ovolodoTNUEVOS YEPIoUOG TOv €£0MAMGHOD TpooTaciog umopel emiong va
evtomioTel Katd tnv dokiun ekkivnong. O dloyelpltotg g Hovadag aceareiog kpivel edv
TPENEL VO, TPAYHOTOTON el oK ekkivnong (ektipnorn Kivobvov).

20vdeon gvepyomomtav (Connection of actuators)

INo v emitevén Emmédov Amddoong / Axepordotnrag (PL/SIL) Acoaleiog ot
EVEPYOTIOMTEG TIPEMEL VO, TapakolovBovvtarl pe KOKA@Ua ovadpaons. o yopntikd ot
EMUYOYIKA POPTIOL CLVIGTATOL £VO KOTAAANAO TPOGTUTEVTIKO KOKA®UO OGTE VO, UTOPEL va
Kkataotolel N va pewwbel n niextpopoyvntikn mopepfoirn kot va avéndel n dudprela Long.

3.1.1 Korowdimwon Evepyomomtov (Actuator Connections)

Kolmdiwon evepyomomtov émg PLc / Cat.2 yio to ISO 13849-1 1 SIL 1 ywo to IEC 62061.
13 23 Al

Ewova 13. Kahkmwdioon Evepyoromtodv PLc / Cat.2

Kolwdinon evepyomomtav émg PLe / Cat.4 yia to ISO 13849-1 7 SIL 3 yia to IEC 62061.
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Ewova 14. Karowdioon evepyomomtav éog PLe / Cat.4
Kolwdiwon evepyomomtav émg PLe / Cat.4 yia to ISO 13849-1 1 SIL 3 yia 1o IEC 62061.

13 23 Al

4] 24 Qx Qy :%
Ql C1Q2 a1 Q2

Ewova 15. Kalkodioon evepyomomtav éog PLe / Cat.4
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3.1.2 Zepwokn koimoioon acOntnpiov (Series connection of sensors)

2ovoeon EMERGENCY STOP c¢ oe1pd (Series connection of EMERGENCY STOP)

H ovvoeon otoryeiov EMERGENCY STOP g celpd mpocpépel 1o vynAdtepo eninedo
acpaAeiog (SIL 3 cvppova pe 1o IEC 62061, SIL 3 oopupwva pe to IEC 61508 kot PLe (Kar.
4) oopemva pe to ISO 13849-1). Avtd yiveton yuwoti éoto ko éva EMERGENCY STOP va
Aertovpyel Ooo@aAileTor 1M Ao@AANG Asrtovpyic. XTO TOPOKAT® GYESI0 QOIVETOL 1)
OTTOLTOVUEVT] LOPPT TNG KAA®SI®ONG,.

> &
Emergency Stop 1 @----F---- 7 ——————— 7
| > &
Emergency Stopn @----F---- 7 _______ 7
. Safety Relay |—

Ewova 16. Xeipraxi) Xovoeon EMERGENCY STOP

20vdeon dwkontmv Béong oe oelpd (Series connection of position switches)

I'evikd, o1 dakomteg BEong umopodv va cuvdebodv e celpd av dacParileTor OTL .Y,
01 TTPOCTOTEVTIKEG TOPTEG OEV OVOIYOUV TOKTIKA Kot TaLTOYpova (dropopetid dev Ba umopel
VO EVTOTIOTEL TUYOV COAALO QVTDV).

I"oa 1o eninedo acpdieag SIL3 ooupwva pe 1o IEC 62061, to SIL3 cvppova pe to IEC
61508, kot 1o PLe (Koat. 4) ocoppova pe 1o ISO 13849-1 dev mpénel moté vo. cuvdEovTol 6€
oElpa, enedN KAOE eMKIVOLVO GOAALLO TPETEL VO OVIYVEDETAL KOl OTO TTOL TPOEPYETAL.
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! ‘_3_2 _______ ____?
Door 2
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S2 ] _f‘
. Safety Relay |—

Ewova 17. Zerproxi] Lovoect) o1okonTtodv 0€61g

Ta Safety Relay ypnoyomolovvtal akoun Kot GUEPE GE ATAN GUGTAHILOTA AVTOUATICHLOD
TOPEYOVTOG EMMAEOV SVUVOTOTNTEG OTMG EVA 1] KOl TEPIGGOTEPO KOAVAALL EAEYYOV, YPOVIKEG
KkaBvoTeEPNOELS, SVVATOTNTEG EMKOVOVING KATT. TNV Tapakdato Euova 18 meprypdoeton pio
Tumikn xpnon evog Safety Relay.

I
r Z ml l\-x‘w:l
lvxw:s g
L3 |a P-X4:134
1
112 -14S1€~-
4 2
X1 97 Q8 Ou -X4:135
&—xx:u K40 Q6
38 126 (27 18 & xa0:2
[ —
) U GRS G U W G | Ll 1
AL+ Nk INL TI PAR  IN2 T2 INFINS 13 23 37 47 $-X52:1
NI
-14K1 ,,x,,\,,\‘,,\ $-x5:13s
35K11211CB41 53
A2- 14 24 38 48 -14S2 €~ - s
7 IR R
2 28
T \ -X5:136
M
-SAFETY RELAY B
v boxs2:2
-SAFETY RELAY A
v $~X63:1
-10.0
' $»x5:135

1
-14S3E~

2

@ -X6:137

T -X63:2

Ewéva 18. Tomki) xpiion evég Safety Relay
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Onwgc eaivetar oty Ewova 18 vrdpyovv tpia pmovtdév «Stop Emergency». To mpadrto
maipvel téon ano to Safety Relay ko eivat kahwdiwpévo og oelpd e to vrodora dvo. Etot,
otav motnOel évo amod ta Tpio LITOVTOV AVOlyEL TO KOKAMUM Kol OV VITAPYEL EMOTPOPT TAOTG
oto Safety Relay. Xdvovtag tnv 1dom to Safety Relay avoiyel tig emapéc Safety Relay A kot
B pe amotédeopo va yivetal kot Tadon TG AEITOLPYING TNG UIYOVIG.

3.2 Programmable Logical Controllers (PLC)

Tig tedevtaieg dekaeTieg N VAOTOINON TOV GLGTNUATOV CLTOUOTICHOD Kol Kupimg o€
Bropnyoavikd mepiPaiiovta viomolovvtal and PLC. Ta mleovekthpatd tovg Kot 1 GLVEXNS
avapaduion toug Ta govv edpaimoT GTO YHPO AVTO. XTO GUCTHUATA TPOYPOUUATILOUEVNC
AOYIKNG, 1 KOTOGKELT] KOl GUPHATMOON TOL Tivaka givar ave&aptntn and ) Aettovpyio OV
TPOKELTOL VO EKTEAEGEL O OVTOPATIONOC. TIdvm oTig KAENEG TOV EAEYKTH GLUVOEOVTAL OAQ TO
ototyela, mov Sivouv eVIOAECS (TEpUATIKOL OLOKOTTEG, UMOVTOV K.AM.), KoBmg kol OAa T
ototyela Tov dEyovTan eVIOAEG (Tnvia, pelé 1oybog Kivntnpav, BaiPideg, Avyvieg K.AT.).

H Aettovpyio Tov 0LTOHOTIGHOD TPOYPUUUOTICETOL GTNV VU TOV EAEYKTN, OKOUO KO
Vv Tedevtaio otiyun, mpv amd T Béorn oe Asitovpyio. Emopévog n pekétn (mpdypopipier)
Umopel va yivetan TapdAANAQ LLE TV ETIAOYT TOV LAKOD KOl TNV KOTAGKEVT] TOV VK.

Av omnv cuvvéyelo xpelaoTel va Yivouv odhayég otn Agttovpyia, Yeyovag cuvnbeg otov
OVTOUATICUO, TOTE OLTEG YivovTal TOAD amAd «dopOBdVOVTOCHY TO TPOYPOUUUN, Y®PIC Vo
¥pEoTEL Vo ETEPPOVLLE TN CLUPUATOOT) TOL TivaKa. [ TNV KAALYT TOV ATOITNCEDY TN KAOE
epappoyng vadpyovv ta Bacikd PLC ka1 PLC Bacilopeva ota Baocikd aArd spmiovtilopeva
e EMITALOV AEITOVPYIEG Kol SLUVOTOTNTES, £TG1 Ba pmopovoave va katnyoplonon oy wg e&ng:

e Boaowd PLC
e Redundancy PLC
e Safety PLC

3.2.1 Baowa PLC

H emioyn evog PLC (t0mog - péyebog - k60104) e€aptdtan Kupimg amo:
e 10 TAN00¢ TV GToLEI®V TOL divouv EVTOAN G€ aVTO (€i60501)
e 10 mAN00¢ TV cToLyEimV TOL dEYOVTAL EVTOAN ard avTd (E£0001)
e 70 TAN00C TV AEITOVPYLDV TOV OTOLTELTAL VO KAVEL 0 avTopationds (uéyebog
TPOYPAUUOATOG, OTOLTOVIEVT] VI KOl OUVOTOTNTES TNG KEVIPIKNG LOVADOC)
AveEdpnra Opmg amd tov TOmo Kot 10 péyebog evog PLC Oa mepi€yetl TovAdyiotov o
TOPOKATO GTOTYE DL
e Movdada Tpopodociog
o Kevtpwm povada (CPU) pe tov PIKpoemeEepyaoTh KOL TNV VU Y10 TO
TPOYPALLL
o  Movadeg Eicodmv-EE66mv
e  Movadeg Emkowvmviag
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Movéda tpopodoaciog
H povéda tpopodociag ypnoipevet yia va dnpovpyndovv amd tnv Taon Tov dkTHov ot
amoPoiTNTEG ECMTEPIKEG TAGELS Y10l TNV TPOPOSOGIN ATOKAEICTIKE TMV NAEKTPIKAOV GTOLYEI®DV,

oV VIAPYOVV péca oTov eheyktn (Tpaviictop, oAokAnpwpévo k.Am.). Emiong yu va
St pn et o mepieydpevo g uviunc RAM ce pia dtokomn tdong pe tn fondeia pratapiog,
OV EVOOUATDOVETOL G AUTY].

Ta cmovdadTEPa TEYVIKA YOPUKTNPIOTIKA MLOG LOVASAG TPOPodociag ival Ta €ENG:
Eioodog: Ovopootikn tdon, avoyEg Tiong, cuyvoTnTa, aroppOPOVLIEVO PEVLUM, TPOGTACIO.
Eéodog: OVOHOGTIKY TAOT], OVOUAGTIKO PELLLO, TPOGTUGIN PPayVKVKADUATOG.

Aigpopa.: Mratapia yuo dtatipnon pviung RAM.

Av 10 TpoOypoappe evog eAeykth mpodkertar vo amobnkevtel oe uvAun RAM, tote
amopoitnTa TPEMEL VO VIAPYEL OTO GUGTNUO KOl IO UTOTOPi0. Yoo TN SlThipnon Tov
TMEPIEYOUEVOL TNG UVAUNG O Uid SLOKOTH TAOMG TOL d1KkTOOV. ALTA M UmaTapio TOV €ivor
ouviBwg Mbiov Tomobeteitan ot pLovada TPoPOdOGiag Kot UTOPEL VO KPUTHGEL TO TPOY PO
g pnung RAM vyia moAd peydio ypovikd S1aetno.

[pénet, bpmg, va TpoceyTobv Ta e&Ng onueia:
e H pnotopio Oo tpémel vo aAlaletar pe Ty cuyvotnTa Tov 0pilel 0 KOTUCKEVAOTN.
o To SOFTWARE 100 gleyktn TpEMEL VO TAPEYEL GTO YPNOTY] TN SVVATOTNTO VOl
a&10A0YNOEL TO YEYOVOG, OTL 1] UIaTopio £XEL TECEL KAT® AtO TO OPLO OCPUAEING.
¢ H avtikotdotoon g uratapiog Tpémel TAvToTe Vo YiVETol LE TOV EAEYKTH VIO TAoN
Yo va pnyv xobei 1o TpOypoLa.

SRS |
= | = = ::,=_]=|
e |1008—— 0000
- AV =2 O oo
l |1 N| @re b L+ M M

INPUT AC OUTPUT DC 24V
120/230v NEC CLASS 2

Ewova 19. Movada tpo@odociog

Kevtpum povada enelepyasiog (CPU)
H CPU é£yet ta €€1¢ 10paKTNpIoTIKA:

o Evoopatopévn pvaun epyaciog (Working Memory)

e Evoopatopévn pvaun eoptopatog (Load memory)

o Elwtepwn Flash EPROM goptopatoc (Load memory) mov enekteivel v
EVOOUATOUEVT).
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H Load puvfun mepthappdver 6Aa ta Block Aoywng (coprepirapfavopévev ko Block
OV OEV OAmMALTOVVTIOL Yo TNV ektéheon tov mpoypaupatog my. Block Header), pmiox
Aegdopévav Kot AedoUEVOY TOPAUETPOTOINGTG TTOL OEV YdvovTal ouTe pe To Reset tng pviung
00TE UE TNV UTMAELN UTOTOPING TOL TPOPOSOTIKOV.

Me v Metayoyn tg CPU and v katdotacn Stop otnv KOTAGTOOT EKTELECTG TOV
TPOYPAUUATOG PETOPEPOVTOL 0td TV Load pviun otnv Working pviun to priok A0ytkng Kot
dedopévev mov elval omoapaitnTo Yo TNV ekTéleoT Tov mpoypdppatoc. H working pvhun
etvar ypnyopotepn amd v Load pvrqun kou ofnver pe Reset memory tg CPU 1 av néoein
umroTopio ToL TPoPodoTIKOoD.

H CPU eunepiéyer Status Leds kot Leds cpodpdtov eved o Tpoémog Aettovpyiog ETAEYETOL
pe kAewdt (KEY). Otav to kAedi petokivnbei o tpomog Aettovpyiog g CPU dev pmopet va
oAAGEEL. Avti 1M SLVOTOTNTO TPOCTOTEVEL TO TPOYPOUUN TNG EQOPUOYNAG Oomd  un
€€0VG1000TNEVT] OAAAYT| ] DLALYPAPT TOV.

H CPU zmepthopfavel dStayvootikn pviun pixovg cuviBmg 100-500 unvopdtov mov dev
offvetan obte e TNV TTOON TAONG 0VTE pe To Reset tng uvAung ko Kataypdgovtal pe mpo
KoL IUEPOUN VIO YEYOVOTO TOL GUVOEOVTOL LLE:

o  Yopdaipata g CPU.

o YpdApata cvotiuartog g CPU.

o  YpdAipata meprpepetok®mv modules.

e Metaymyn anod katdotoon Stop-Extéleon npoypdappatog (RUN) -Stop.
o Ilpoypoppatiotikd AGOT 610 TPOYPULLO EQAPUOYNG.

H dwyvootikny pviun pmopel vo dwPoacOei  ON-LINE tomikd pe évav @opntod
NAEKTPOVIKO VTOAOYIGTN.

Eniong n CPU mepihapfdvel Atayvootikd Alarm umAok 610 omoio mpoypappotilovtag
v AtebBvvon pog omolasdnTote KapTag 16000V / €£6d0v AapPdavovtal dayvooTtikd bit yio
TV KAPTa OTMG:

e BAGPN xdéptog

o  Eocntepkd e£ntepikd oAU

o [IpoPAnua og kdmolo Kaviil TN KApTag

o 'EAlewyn eEmtepikng Tdomng

o 'Ellewyn ¢iocog kaAmdimv, E101KA 0TI KAPTES OVOAOYIKGV E1G00MV OV GTO GTAS10
OPYIKNG TOPOUETPOTOINGNG TNG KAPTAG EVEPYOTOWGEL O XPNGTING TNV Ovixvevon
KOUHUEVOD KOAMOIOV TOTE E1TE PE TNV EVEPYOTOINGT TOL dlayvmoTiKoy Alarm pmhok
€lte [E TNV U1 gvepyomoinom Tov oA otk o€ ewtepikd LED tng képtag (System
Fault) e1domoteital Tomikd 1) remote To GOGTNUA Y10 TO KOUUEVO KOAMO0 OTO100MTTOTE
AVOAOYIKOV 0pydvou(4..20mA)

o O péoog kurhog extédeonc yo 1000 evrorég eivar cuvnBwg 0.3msec - 0.6msec

o ’'Eyxel ecotepikd Pondntd peloi (Flags) amd ta omoia pmopodv va givar povipo
(S1atrpnom TEPIEXOUEVOD TOVG GE TTEPIMTMOOT d10KOTNG TAong N peTaywyng g CPU
a6 RUN-Stop- RUN).
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o 'Exeiypovikd kot ot omoaplfuntég mov givan evoopatopéva atny CPU eivoarl o omoia
O\ LTOpPOvV Vo vt LOVILOL.
o YTApYEL EVOOUATOUEVO POAOL TPOYLOATIKOD YPOVOL
e  Ymoompilovtar ['Adooceg mpoypappotiopod 6nog LAD (LADDER) FBD (ITbAeg)
STL ( Aota evtohov) couemvo pe to diebvn Standards IEC 1131-3 Part 3 aAAd kot
EMTAEOV YADGGEG TPOYPOUUOTIGHOD pe TNV yprion Optional Software maxétmv
o  Ymoompiletor  SOUNUEVOG TPOYPOUUOTIOHOG HE TNV Vmopén ikomv UTAoK
opybvaoong (OB) Block dedopévov (DB, Block Aeitovpyio (FC, FB), Block
Agitovpyiov cvotiuatog (SFC, SFB) kot Block dedopévev cuotipatog (SDB).
e  Ymoompilovtal Ol TOPOKAT® EVTOAES
- Aoy bit BOOLEAN (AND, OR)
- Aoywng Word boolean (AND, OR) pe 16 bit-Xtafepég.
- Aoywmng Double Boolean (AND,OR) pe 32 bit- Ztafgpéc
- Evtolég moipoo.
- Set/ Reset bit (my. Inputs, Outputs, Memorys)
- Evtolég ohicOnong Ag&id, aplotepd kot KukAkng olcOnong.
- Set /Reset bit (m.y. Inputs, Outputs, Memorys)
- Evto)lég ohicOnong 6e&1d, apiotepd kot kKukAkng oAicinong
- Evtolég ypovikav kot amoaplfuntov
- AmoBnkevong kol HETAPOPAS TIUOV amd Kol TPog Kotaympntég byte, Word,
Doubleword.
- Evtolég ovykprong (16bit, 32 bit axépoiwv apBumv, 32 bit dekadikdv aptOumv).
- Aplunrticéc mpaéeg onog o) [lpocBeon/moliamiaciopd 16bit aképata
B) IIpocheon/moriamiaciopsd 32 bit aképota
v) lIpdcBeon/morlhaniaciopd 32 bit dexodikmv
- Ebdpeon tetpayoviic pilog, AoyoplBpkég Tpdéelc, TpryVOUETPIKEG AEITOVPYIES.
- Evtolég adhayng eAEyyov TOV TPOYPAUUATOG OO UTAOK OE UTAOK KOl OO EVTOAN
0€ €VIOAN UEGO OTO 1010 UTAOK.
- Evtolég petatpomng kddwa (my BCD og 16 bit Aképara).
- AldQopol TpOTOL EKTEAECTG TOV TPOYPAUUATOG OTMG KUKAIKOC, EAEYYOUEVOS OO
veyovog 1| amd ypovo.
- 'Evoeidn peyiotov - ehayiotov- HEGov KOKAOV EKTEALECTG TPOYPAUIATOG
- Yroompi&n avoAoyikd - OAOKANPOTIKO- SAPOPIKOD EAEYKTN KAEIGTOL Ppodyov
(PID Controller) pe tnv Ponbeio emmAéov TOKETOV MOPOUETPOTOINCTG KO
noxétov Block Aettovpyioc.
2mv kevrpikn povada (CPU) o pikpoenebepyaotig TposneAddvEL GuVEX®DS (KVKALKE) TO
TPOYPOLLA, TTOV EIVOL YPOUUEVO TNV PviuT. Potdel cuveymg, av ot didpopeg €icodot Exovv
N dev &yovv tdon (emapég KAEIGTEG 1] VOl TEG), EMeEepYALETOL TIC EVTOAEG TOV TTPOYPAUIOTOS
Kot faoel avtmv e&avaykdlel Tig e£0d0vg va dieyepBoitv 1§ 0yt (OnA. va amokTioovy 1 OyL Tdon,
oToTE dleyeipovtor 1 OxL To cuVOEdEUEVA 6° aVTEG pEXE, PaPideg k.AT.).
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To mpdypappo ypaoetal otn pviun pe ™ Ponbelo oG CLGKEVNG TPOYPOUUATICUOD
(TPOYPAUUATIOTNG). AVTH GUVOLETAL OTNV KEVIPIKT LOVASH LOVO ATV TPOKELTUL VO, YPOPTEL
N va petapepbel 10 TPOypOupa oty UvAun, 1 av IpoKertal va yivovv aAlayéc. Emiong,
XPTCLLOTOLEITAL Y10 TOV EAEYYO TV SOPOP®V CNUAT®V KT TV €EEMEN TOV TPOYPAUUATOG
KO YL0L TNV OVEDPEST] COOUAUAT®V.

24VDC OUTPUTS

& g
3434 0 1 2 3 45 67 0 1

I T 1T 1T T T T T 17T

-4 D000g0000D

Ewova 20. Kevtpuay Movada Eneepyasiog (CPU)

2roryeio eAéyyov kar ameikovions uiog Compact CPU
Mia Compact CPU £yet evompotopévn tpopodoacio (cuvdeon 24 V) Kol EVOOUOTOUEVEG
€106000¢ ka1 e£0d0vg, dlabétel pia evoopatopévn obvoegon TCP/IP yio emkowvavia pe po

ovokevn mpoypappatiopov. H CPU umopei étot va emikowvavel pe ovokevég HMI 1 GAeg
CPU péow dikrvov Ethernet.

®
Ewova 21. Compact CPU
1. Zvvdeon 24 VDC.

2. Block pocpota axpodektdv yio TNV KOA®OI®ON TOV onuitov (Kato ond To
KOTAKLO).
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3. LED «xatdotaong yo 11§ Kataotdoels Tov Eic0dmv/EE0dwmv kal TV KoTAoTaoN TG
CPU.

4. Zvvdeon TCP/IP (otnv katw mhevpd tng CPU).

Mmropel va (el TPOUIPETIKA KAPTO LVAUNG Y10, VoL aroBnkeel Eva TpoOypappo Kabmg Kot
dedopéva, dedopéva CLOTHLNTOC, apyeia Kot Epya. Mmopel va ypnotponomOel yio:
o  Metagopd mpoypaupatog og tolhaniég CPU
e  Evnuépmon vikoroyicsukov yioo CPU, povadeg onpatog (SM) kot povadeg
emkowvmviag (CMs)
e EvkoAn avtikatdotaon g CPU

Ewoéva 22. Kapta Mvijung

Aeirovpyixés Karaordoers g CPU
H CPU pmopet va, £get Tig acOAoV0EG TPELG AEITOVPYIKEG KOTOOTAGELS:

e Y1y katdotaor Asttovpyioag STOP — 1 CPU dev exterel 10 TpdypOppLo.
e Yy katdotaor Aettovpyiag STARTUP - 1 CPU &ekwvd.
e Y1y katdotaor Asttovpyiag RUN — 70 TPOYPOUO EKTEAEITOL KUKAIKA.

Status and error displays
H Moyvia xotdotaong RUN / STOP oty unpootivi) mievpd g CPU vrodeikvietl nv
Tpéyovoa katdotaor Aettovpyiag tng CPU avdioya pe 1o ypodpo tov LED.
Kitpwvo LED b¢giyvel tnv katdotaon Aettovpyiog STOP.
[Ipdowo LED deiyver v xotdotacn Aettovpyiog RUN.
LED mov avapocBrvet deiyvel kotdotaon Aettovpyiog STARTUP.
Ypdipa LED yuo v évoeién cpaipdtov
Maint LED 7y évdei€n o011 amotteitor cuvtipnon.
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Ewdéva 23. Status and error displays

Movédec Etobdwv - EEGSwv

Ta kaA®O10 TOV £pYOVTOL ATO TA ICONTNPLO TNG TUPUYDYIKNG d10d1Kaciog (TEPUATIKOL,
UTOVTOV, O10KOTTEC), GLVOEOVTOL GTIG KAEUEG TV LOVAd®V 1000wV (gicodot Tov PLC).

Avrtictoyo, To KeA®S10 TOV TNYOIVOLV TPOG TO. PEAE 1GYV0C, PoAPideg, Avyvieg K.AT.
GUVOEOVTOL OTIC KAEHES TV PovAdwV 5000V (££0dot Tov PLC).

Movdadeg ynpiorwv 1600wV
"Evag eheyktng avtihopufavetor 6Tt po eEmTeptkn| exaen (T.). TEPUATIKOC) EKAEICE OTAV GTNV
avtioToyn KAéua e166d0v eppaviletor tdor. H tdon avt) ovopdletar taon 160dwmv.
H 1dom yuo v Tpopodocio Tmv e1600mV dgv dnovpyeitat amd tn povada Tpo@odociog
TOV EAEYKTN, GAAG TPETEL VO, TN SNUIOVPYNCOVUE EUELG Pe KOTAAANAO TpopodoTikd (Yo DC)
N peTooyNUatIoT Tdong xeptopov (yioo AC). E€aipeon amotelobv cuvifwg ot ToAD pikpoi
EAEYKTEC, OTOVLC OMOIOVG O KOTOOKEVOOTNG WTOPEL VO €YEL EVOMUATMOEL €VO LIKPO
TPOPOJSOTIKO.
Mia kdpTa YyneloKOV 16000V IKOVOTTOLEL .Y, TO TOPAUKATM YOPOUKTNPIOTIKA:
e Taon e600v: Ovopootikn Tiun 24 VDC.
e  Emtpent nepoyn 20.4 - 28.8 VDC.
o [oAPavikn amopdvamon.
e IIeproyn tdong yio to onpa 17 15-30VDC, meproyn tdong ywa to onpa °0°” 0-5VDC.
e 'Evdei&n ¢ Katdotaong Tov onpatog e kale ynoetakng eloddov pe LED.
o Emmpochetn ¢iooa kolmdimorng mov METOKIVEITOL OmAG Kol yopic Kivouvo va
tonofetnBei oe AdBog TOHmo KapTog (teprrappdavel Key moluodtntog)
o Méy16T0C ¥pOVOG OVTATOKPIONG GTNV OVOUAGTIKY TAoT €106000v :1.2 -4.8 ms
e Pedua e166d0v yuo ofjua ’1°7 péyroto 7.5 mA
*  Avvotdtnta GLAAOYNG YNELOKNG TANpogopiag péxpt 1000m pe prieviapiopévo KOAMI10
600 m yopic uTAevtapiopuévo KaAmoto.
Ta omovdaidtepa TEYVIKA YOPUKTNPIOTIKG Ui0G HOVAdAG €160dwv glvatl: To TANHog
€1600MmV, N YOAPOAVIKY] OTOUOVAOOT), 1] OVOUOOTIKY TAGCT], Ol avOoXEG TACNG Yo ofua «1», ot
avoy€g Taong yio onpa «0», N LEYIOTT GUVOALKY] S1OPOUT] KOAMSIWOY, TO PEVLLN TTOV OTOPPOPE
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k@0e elc0d0g oe oNpa «1», To peda TOV ATOPPOPA 1 LOVAIO, GUVOMK( OO TO, ECOTEPIKA
DC 5V, 1 anoitodpevn npila kadwdiov (Tomog).

Movdaideg ynpioxwv e£odwv

O1 povadeg ynoelokmdv e£60wv ¥pNoUEDOLY Yio TN O1€YEPOT TV EEMTEPIKOV GTOLYEIDV
NG €YKOTACTAONG Onm¢ peré Kivntipwv, PaAPidec, evdeiktikég Avyvieg kKA. Otov omd to
TPOYpoppa 000el EVTOAN Yl T d1€yepon VOGS TL.Y. EEMTEPIKOV PEAE, TOTE KAEIVEL O VTIOTOLYOG
«draxomne» g e£0dov. H téom eppavifetor otny kAEpa e£0d0v kot to pedé omAilel. H tdon
avt] ovoupdaletor taon &£60wv. O «dokomtng €£0dov eivalr cuvnbmg MAekTpovikdg
(tpavlioTtop, triac), oAAG pmopel va eivat Kol UNYoviKn ETaQT LKPOPEAE.

H tdon v v tpopodocio Tov povadmv 500wV dgv dnpovpyeital amd T Hovada
TPOPOOOGIOG TOV EAEYKTH, OAAG HE KATOAANAO Tpo®odoTikd (Yo DC) M petaoynuatiom
tdong yepopov (yo AC).

Ta KOKADUOTE KOl 01 TAGELG TOV E1600®V gival TELelS aveEdptnTa amd To KUKADUATO
KoL TG Taong Tov e£00wv. ETopévmg 1 téon yia Tig £160800¢ Pmopel va eivort S10popeTIKn omd
v téon o Tig e€0dove. EmmAéov vmapyet n duvatodtnta kot Eeympiotig Taong avd pHovada
€1600mv 1 e£0dwv. Tuvnbmg po povada e£0dwv mepthapuPdver 4 1 8 1 16 N 32 e£6d0v0g,
aVAAOYO LLE TOV TOTTO TOV EAEYKTI| KO TNV TAGT.

Ta omovdodTeEP TEXVIKA XOPAKTNPIOTIKA Hiog povadag e£0dwv givat: to TAnbog Tov
€£00mV, 1 YOABOVIKN ATOUOV®OGT), 1| OVOUOCTIKY| TAGT), 01 AVOYXEG TAOMG, TO OVOUAGTIKO PEVLLA
Kk@0e €£0d0v, TO gAGYIOTO PEdUO POPTIOV, 1 TAVTOYPOVY EOPTIoT €£0d®V UIaG ouddag, M
TPooTaGio €560V, 1 LEYIOTN GUVOAIKT O10dPOUT| KOA®SI®V, 1 cuyvotnTa (gVEE®V, TO pEvLLA
OV ATOPPOPA 1| LOVASO GUVOAIKE amd To ec®TEPIKA SV, 1 amartovpevn mpilo KaAwdiov
(Tomog).

Av yivel kamolo Bpoyvkdklmpo 610 eEmTeptkd KOKA®p pioag e£000v, ToTe Ypetaletor n
CEMEPPAC TNG TPOOTUCING TOL VIAPYEL LEGA OTY| LOVADSM. TNV ATAOVGTEPT) TEPITTMON, M
TPOCTOGio aVTN elval pio ac@dAelo vepTayeiog TAENG Kot HAAMGTO pio ava povado eE6dmv.
Avrifeta, otig povadeg DC 24V, gival cuvnOiopévn 1 «NAEKTPOVIKT» TPOoTOGiK. £’ 0LTH TNV
TEPINTOOT, 0TOV cLUPEL Eva eEDTEPIKO PpoyLKOKA®LL, 1| TPOCTAGIO PEIDOVEL 1] KOt undevilet
axopo v téorn €£0dov TG povadag, mate To pedpa €£660v va unv vrepPel 10 péyioTo
EMTPENTOUEVO.

Mia Tomikn KApTo ynelokmv eE00mv ExeL:

e Taon tpopodociag 24VDC.

o T[oAPavikn oamopdvoon.

e  Emrpent neproyn taong 20.4...28.8 VDC.

e Taon e&odov yia “onua’’ 1’ 24VDC +0.8V.

e Psipa £6d0v Y1 °1”” o8 60C°, 0.5,

o El\dyoto pevpa yua ’1°77 g 60C°, SmA.

e Yuvoliko pevpa e£650v (avé opdda sE6dmv ) 274,
e  Ooptio Aauntipa SW.
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Zoyvotnto evéemv emapmv.

Quikav 100HZ.

Enoyoywov 0.5HZ.

Dopria evoeitewg 100HZ.

'Evdeitn katdotaong tov onfpotog g kébe ynorokng eE66ov pe LED.
Emmpocbetn picoa kodmdimv.

Hlektpovikn Tpoctacio amd PpoyuKdKAmpLL.

Movdaideg avoloyikwv 1600wV

Mia avoloykn kdpto €000V pmopel va eneéepyachel acOntiplo pe dvvatotnta

LETPNOEMV PACIKDV TEPLOYDV TAGTC, PEVLOTOC KOl MUIKNG OVTIOTOOTG OTMC:

+ 1V /200 KQ Avrtictaon €16600v.

1..5V/200 KQ Avtictoon 160000 Kol TEPLOYDV PEVUATOG.
4...20mA/80Q Avtictaomn €16650v.

+20mA/ 80Q2 Avtictaor €16660v.

B¢ppooctoryeia N, E, J, K.

PT100 Standard /10 Mohms.

Mioa Tomikn KApTo avoloyiK®V 10000V EYEL:

H avaivon tov A/D petatponéa tng kaptag eivon 13bits.

O KOKAOG oAoKA PO / HeTATPOTNG Y10 kKGBE kavdAr 2.5/100msec.

To pnrog kodlmdiov péypt To arodnmpio Ba givar tovAdyiotov 200m pe PTAEVTOPIGUEVO
KOA®O10.

"Exet yoABavikn amopdvoon.

[Ipoctacio évavil avasTpoPov ToMKOTNTAS.

Emutpenth tdon 166600 o kavaAil taong 20V.

Emutpento pevpa £166600v yio kavail pedpatog 40mA.

Avtiotafion Oeppokpaciog: ecotepikn 1 e&mtepkd pe Module avtiotdduonc.
Opro ocpdipotog Aettovpyiog (Tavm amd Ty Teployn Bepprokpaciog Tod avapEépeTal GTNV
mePoyN €16660v) max *1%.

Opro Baoikod cpdaipatog (Oplo cpaipatog Aettovpyiog ota 25° mod avapEPETOL GTNV
mePoyN €16600v ) max + 0.6 %

Avvatotnra Sidyvoong péocw kokkivov Led yioo opdipoata Kovolmv

dicco kaAwdiov pe otolyeio kwdkonoinong. Otav 1 eicco tomobeteitan Yo TPOTN
POPA GTNV KAPTO, TOTE TO GTOLYEIO KOIKOTOINGTG EMOPA 6TO Vo puropet vo tomodetn el
N ¢icca og KAPTEG TNG 10i0C TEPLOYNG TAONG 1 PEVUATOG.

Movdaideg avoaloyikav e£odwv

Mia avoloyikn kapto e£00w@vV Umopel vo EVTOAOS0THOEL NAEKTPOVIKE oTOotKElo PHECH

Boactkodv mePLoy®V TAoNS Kol pEOUATOG,
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CH10

p| CHI1
| cH2
CH13
CH14
CH15

TMHMA MHXANIKQN BIOMHXANIKHX XIXEAIATHI KAl MAPATQIH:

Mia tomikn Kapto avohoyik®v e£60mV £xeL:

Téon tpopodociag 24VDC.

ToABovikd amopovopévn.

[eproyég €€660v taong 10V, 0-10V 1-5V kot meproyéc e£6dov pevpatog 4..20mA,
+20mA, 0-20mA 7mob pmopovv vo aAroyBobv pe punyavikd Jumbers wéveo otnv KapTo
eV odpopeg pubuicelg pmopovv va yivovv and to Software.

Avrictaor goptiov Yo Ta Kavaito Tdong min 1KQ.

Avriotaorn @optiov yo To Koviiio pedbpotog max 0.5 KQ.

Xopntikd poptic max 1puF.

Enayoywd eoptia max 1 mH.

[Ipooctacio amd Ppoyvkdkimpa pe pevpa Bpoyvkokimons 25mA yuo €£600vg Thomg.
Loybc e€6d0v pe tdon avorktod KukAopatog 18V.

H avéivon tov D/A Converter givan 11 bits+HIpoonuo (£10V, 4..20mA, £20mA, 1-5V)
, 12 Bits (0-10V, 0-20mA).

O kOKAOg peTatpomng yio kdbe kovail eivon max 0.8 msec ko g101kd yio QUIKA poptio
0.1ms ywo yopntikd goptia 3.3 m yio enayoyikd eoptia 0.5.ms.

Opua Aettovpyiag (0..60°C oty weproyn €£6dov) Tdaon = 0,5% Pevpa + 0.6%.

Baowo cpaipa (0-25°C oty mepioyn e£o6oov) Taon £0,2% Pedpa £0,3%.

To pnkog kokmdiov péxpt 1o otoryeio gvepyomoinong eivar 200m pe pTAEVTOPIGUEVO
KOA®O10.

Dicoo kalmdiov pe TV 1010 AoyiKn OTOE TNG AVOAOYIKG KAPTOS E1IGOJ0V.

Avvatotnra Sidyvoong pécw kokkivov Led yioo opdApoata Kovolmv

51/

peH ¢
f [S)
[v )~

L% - 32x

o - w
18 ZxPWR#
19 %

Ewova 24. Kapteg Eiwc0o0v ko EE60mv
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Kdéptec emkowvmviog

To PLC yia v enkowvmvia pe GAAo 6TOXEID TOV CLGTIOTOS CVTOUATIGUOD EKTOG OO
onpate el00mV Kot €£60mV pmopel va SloBéTel Kot KAPTEG OV va vTooTnpifovv ddpopa
npwtokoro emkowmviog omwg RS232, RS422, RS485, TCP/IP, xim yw avtoAioyn
dedopévav Ty pe €va aido PLC, pe éva Scanner, pe évav EKTUTOTY.

3.2.2 Redundant PLC

O oxomdg TG YPNONG CLOTNUATOV CVTOUATICUOV UE OVOYN € CQAOAHOTO givol vo
HeBovV o1 xpOVOL SL0KOTNG TNG TAPAYWOYNS, OvVEEAPTNTA atd To av o1 PAAPEg opeihovTal o
oQAaApa/PAAPN N opeilovtar o cuvtnipnor. Oco vynAoTepo €ival T0 KOGTOG TAVOTG TG
TOPOYDYNG TOGO PEYOADTEPN glval 1) AVAYKT XPT|ONG EVOS GLUGTILOTOC LLE OVOYT OE GOAALLOTAL.
To yevikd vYNAOTEPO KOGTOG TOV GLGTNUAT®Y OVOYNG OE GOAALATA OVOKTATOL GOVTOUO OO
TNV ATOPLYT TAVCEWDV TNG TOPOLYWOYTS.

e oA KpIoES EPAPUOYES OGS OTO SWAGTIPLN, AEPOIPOLLL, TUPNVIKAE EPYOCTACIY
OTOTOVVTOL TETOL0 GLGTHHOTO O)L LOVO Y10, TO KOGTOG TOCT|G TNG TOPAYMYNS GAAG KOl Yiol
TNV TPOKAN OGN ATUYNUAT®V.

Software Redundancy

Y& TOMEG €QUPUOYEG Ol OMOITNHCELS Yo TNV OVOYN OE GOAAUATO OEV UTOPOLV Vo
KOAOWYOUV TO KOGTOG EWOIKMV CLOTNUAT®OV avoyng o€ oedipota. 'Etor cvyvd amhoi
UNYOVICUOT AOYIGUIKOD EIVOL ETOPKEIC Y100 VO EMTPEYOLV TN GLVEXION HLOG OTOTUYNUEVNS
gpyaciag eAéyyov o€ €vo LRTOKATACTOTO GVOTNUN €4V Tapovolactel €va opdipa. Ot
UNYOVICUOL 0DTOl PTOPOVV VO EQUPHOCTOVV Y10 TOV EAEYXO OLOIKOGIMV TOL OVEYOVTOL
KkaBvoTEPNOEIC LETAPOOTG OE £VA VTTOKOTAGTATO GUGTILO G EDPOG LUEPIKDV SEVTEPOLETTMV,
Y. O £PYQ VEPOV, EYKATAOTACELS ENEEEPYAGIOG VEPOL 1) POES KLKAOPOPIOG.

To mapaxdtm Sidypappo pong deiyvel TNy apyn Aettovpyiag evog Software Redundancy
GLGTALOTOG,.
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Master CPU Standby CPU
I# :l AéBoopa Eilcodmv AéBoopa Eilcodmv |: ;‘
T '
Extéleon mpoypdpportog Extéleon mpoypdppatog

CVTOULATIGHOD TOV GUGTHILOTOG
T

A&oLdynon g KatdoTaong ™me

OVTOUATIGHOD TOV GUGTHILOTOG
T

A&oLdynon g KatdoTaong me

Standby CPU Master CPU
1 1
Extéleon tov Redundant Mn Extéleon tov Redundant
TPOYPALNOTOG TPOYPEpHATOG
1 1

Metagopd ta Redundant Metagopd ta Redundant
dedopéva oty Standby CPU dedopéva otnv Master CPU
T T

Evnuépwon tev redundant kot pn
redundant ££03@V TOL GLOTHNLATOG l :

Ewéva 25. Software Redundancy

<: Evnuépwon tev redundant kot pn
redundant ££03@V T0L GLOTANLATOG

L 3

To avektikd oe cpdiparto (fault-tolerant) Aoyiopikd gival opTOUEVO KOl GTNV KOPLOL
(Master) ka1 otnv o€ avapovr (Standby) CPU. To npdypappa eneepyaletal pévo oty Koplo
CPU «xat 6yt otv oe avapovy CPU. H un enefepyocia tov mpoypaupatog g CPU oe
KOTAGTOOT, VOOV OTOTPETEL TPOPANUATO OTT®MG AGON GLVAYEPUAOV, SOPOPETIKO KOKAO
enetepyaciog kAT To mpdypappa oty CPU avapovig sivor guowkd mdvta £€toiuo va
avaArdfel v eneepyacio. Avtdg o TOTOG TG AEITOVPYING AVOLOVIG TEPLYPAPETOL G (E0TN
avapovn (Hot Standby). Xe cvomiuoto pe Hardware Redundancy otnv xatdotaon Hot
Standby o1 dvo CPU eivor cuvéyela ocuvvioviopéves, kdvoviag £tol TN oladikooio Tng
UETOY®YNG 0o TN pio ot GAAN TTo10 Ypryopn.

H xdpia CPU petapépel cuveymg T Tpoy Lotk dedopéva e diepyaciog 6tov oTabuo
avapovng, étol og mepintwon oedipotog 1 CPU mov eivar og avapov va €yel Ol ta
amopaitnTa dedopéva Kal vo GUVEYIGEL TN AEITOVPYIN TOV GLOTHUATOG. L2GTOCO, 1) LETAPOPE
TETO®V 0d0UEVOV UTOPEL VO SIUPKECEL OPKETOVG KUKAOVG emelepyaciag avaioyo pe
néBodo emkovaviag Kol Tov 0YKo TV dedouévav, oniadn 1 emefepyacio otov otabuo
avapovng kabvotepel mhvta Yo GLYKEKPIUEVO 0plBUd KOKA®V GE GUYKPION HE TOV KOP1O,
avaAoyo pe TNV amdd00T TG EMKOWVOVING Kot ToV 0YKo TV dedopévav. Alhayn otafpov
am6 master o€ standby gvepyonoteital apUES®G PETE TOV EVTOTIOUO EVOG CPAALOTOG GTNV KOPLL
CPU 1 o o povada g kopro. CPU .y, ploag kdptog enkowvmviag. Metd v aAdayn o
otafpoc avapovig avaiapupdvel T Koplo Agttovpyia.

To Redundant Software g\éyyet kol cuvtovilel Tig meproyés nung twv 6vo CPU o6mtmg
Xpovikd, Metpntég, Mvipeg K.AT. Kol HOVO avtd €xel TpooPacn €YYPAPNG O OVTEG TIC
TEPLOYES.
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Ext6g and ta ototyeio Tov Redundant Software pio CPU pmopei va €xel mpdypoppa wov
vo eAEYXEL GLUOKEVEG OV apopovy povo avt) t CPU ko oyt ko t devtepn CPU, to
Redundant Software Aoyiopucol dev €xel kapio emppon o€ aVTEG TIC GLOKEVEG. Ot GLOKEVEG
OVTEG OMNAOT VITodNA®voLY povaodeg I/O mov €yovv exywpnbei povo oe pio CPU. Tétoteg
LOVASEG UTOPOVVY VO GUVIEDOVY MG KEVIPIKEG 1] KATUVEUNUEVES GUOKEVEG GTO S1KO TOVG KOPLO
GUGTNHO EMKOWVOVIOG, 1| UTOopel va cuvoefodv MG KOTAVEUNUEVEG GVOKEVEC GE €val Ol TO
500 KOplo GLOTALOTO ETKOV®VING TOV TEPIEXOVV TiG Redundant povadeg emkovmviag.

To un Redundant ctotygio tov mpoypdppatog umopel vo avtaAla&el Ta 6ed0UEVE TOV e
to Redundant Aoyiopikd pécw xatdAANA®V povtvov. Ta dedopéve anTmdV TOV POVTIVOV
avtolhdocovtolr péco Tov Redundant Aoyiopikod kot emopéveg dwtiBevion oty
ovvepyalopevn CPU. Ot gicodot ypapovtol otnv pviun otnv apyn g Kopog povtivag (OB
1). To Redundant Aoyiopikd vroPdaiietal oe eneéepyacio TP 0nOdNTOTE SEOOUEVA TOV
(eloodot, £€0dot, PVALES, YPOVIKE, LETPNTES, KAT) pETOpEPHOVY GTO GuaTnua avapovig. O
otafpoc avapovng mpémel vo AdPel ta dedopévo amd Tov evepyd otabud ool Exel
oAoKANpOOT TNV €Kkivnon Tov. Xto TéAog NG Kvplag povtivag (OB 1) ov é€odot tov
Redundant petapépovtal otig pvnueg tov e£00wmv g kuprog kot tng avapovig CPU kot amd
EKEL LETAPEPETAL OTIG GLOKEVEG EE60MV GTO TEAOG TOL KUKAIKNG ene&epyaciag.

Mo mv amopuyn kabvotepiicemv TG €kKiviong Tov otafuov ovopoving UETd amd
0oTOYI0 TNG KOPLOG TO TPOYPOULLLO [LE OVOYT OE COAALOTO LETOPEPETOL TANPES GTOV GTUOUO
OVOLLOVIG Y10 TNV KAALYT) KATOOTACE®MY EKTOKTNG OVAYKNS/petapfaong.

O yp6bvoc mov omorteitonl Yoo Tr UETOPOPH TV O0edOUEVOV Umopel Vo SlopKEGEL
meptocoTEPO amd évav kOkho emetepyaciog g CPU, avtd efaptdtor and tov Ttpdmo
EMKOWVOVIOG KOl TOV OYKO TV dgdopévov mov Ba petapepBodv. Katd v kovoviky
Aertovpyia 1 CPU avopovig petapépetl pécw emkotvaviag to tehevtaio PIO (Process Image)
0€ OLEG TIG KAPTEC EMKOWVMVIOG TOV GUGTHILOTOC, QVTE OUMG TO SEGOUEVA AYVOOVVTOL OO TIG
KapTec emkowvaviog emnedn oAo dedopéva adtomolovvtal and v kvupro CPU. Katd
Suaprela vog cQAALOTOG-amoTVYi0G master-standby, ot o tpoceateg Tipég P10 tov kaptdv
EMKOVOVIONG TAYDOVOLV KOl (KOO Kol 0V OgV EYEL OAOKANPp®OEL 1 avakatebBouvon amd tnv
kOplo CPU oty CPU avapovig 1o terevtaio PIO mov petapépbnke minpog oty CPU
VOOV EEEPYETOL ATTO TIG LOVADES EMIKOVAOVING OTIG KapTES onudtov. H adlhayn g kdplog
0€ KOTACTOOT OVOUOVIG UTOPEL VO SIUPKEGEL OPKETOVG KUKAOLS, OVOAOYQ LE TO (UOT TOV
GOAALOTOC.

Mo mv avtikotdotaon piog yoracpévng CPU oio ta d6edopéva S1opdppmong Kot
0AOKANPO TO TPOYPOUO TTPETEL VO, POPTMOEL 0O GLOKELT] TPOYPOUUATICUOD 1 TNV KAPTOL
WVAUNG 6N VEa, eV peTapEpeTat dniadn avtopato amd T o€ Aettovpyio CPU ot véa CPU
avtopato 6nwg yiveral oto Hardware Redundancy.

Edv pia CPU Bpebei oe katdotaon Aettovpyiog STOP, 1 6gutepn CPU Ba Aettovpynoet
aVTONATN ¢ KOPLL o€ Asrtovpyia Master. H emucowvovia tng CPU mov gival oto STOP givan
evepyn aAld dev petapépel to PIO otig kdpteg emkowvmviag, otav 1 CPU aAldéel and
katdaotact STOP og katdotaon RUN, 10te petapépet to P10 otig képteg emkovmviag g
CPU avapovnc.
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Hardware Redundancy

To Hardware Redundancy oamoteleitor amd 600 vroovoTiHoTo TOLV GLYYPovilovTal
UEC® KOADOI®V OTTIKMV VOV,

Kot ta 000 vmoovotiuato Onuiovpyodv £€va avekTiKO € GEAANNTE GOGTNUO
avtopotiopov (fault-tolerance automation system) mov Agitovpyel pe VO KOvAAlo kot
Baciletoar omnv apyn tov gvepyol mhieovacpol (active redundancy). Evepydc mieovaoudg
onuaivel 6Tt 6AoL o1 eprttol mopot (redundant resources) Bpickovral cuveymg o Agttovpyia
KOl GUUUETEXOVV TONTOYPOVO GTNV EKTEAEON TNG €PYOCIOG EAEYYOV, OVTO OMUOIVEL OTL T
mpoypappate Kot 611G 6vo CPU eivan movopotdtuma kot eKTEL0HVTOL GUYYPOVIGUEVA Ol TIG
CPU.

Mo tov Soympioud @V dVO LITOGLGTNUATOV YPTCLLOTOIOVVIOL Ol TOPUOOCLOKEG
exQpaoelg “master” Kot “reserve” Yo GUOTNUATO OAVOYNG CPOARATOV dV0 Kavalav. To
reserve mavto eneEepydletol cuuPfavia oe GLYYPOVIGUO LE TO master Kot OeV TEPIUEVEL Yia
TUYOV COUALOTO 0O TO master Yo va apyiost v eneéepyacio tov. H dudkpion mov yivetot
petagy tng master kot tng reserve CPU eivor modd onpovtiky vy eEac@aiion Tov
avTdpdoewv og mepintmon opoipdtov. o mtapdderypa, n reserve CPU umopel vo pmetl oe
STOP 6tav o epedpikdg cvVOEGHOG ExEl KGO0 opaApa, v 1 kOoplo CPU mapapével o
RUN.

Avabean Master/Reserve

Otov 10 ovomua evepyomoteiton 1 CPU mov Eekivnoe mpotn avorapupdver kdpla
(master) Aettovpyio. xor 1 ovvepyalouevn CPU avolopPdver 10 poro Tng €pedpikng
Aertovpyiag (reserve).

H mpoxaBopiopévn emhoyn Koplog/epedpikng datnpeital 6tav gvepyomombovv kat ot
0o CPU tavtoypova.

H avéBeon koproc/epedpikng aArlalel 6tav:

o H epedpwn CPU Eexwvd mpwv amd v kopo. CPU (Sudotnuo. tovAdyiotov 3
OELTEPOAETTMV)
e H xopuo CPU amotvyybdver | pnaiver e STOP
20YypoVIGUOS TV DTEOGVOTHUCTWV

H wopo kou 1 epedpikny CPU ocvvdéovtol pe KOADIWW ONTIKOV WOV EKTEAODV
GUYYPOVIGUEVO TO TPOYPOUUE HECH aVTAG NG ovvdeons. O ouyypoviopog ekteleiton
QVTOUATO OO TO AELTOVPYIKO GUOTNUA Kol OgV €XEL KOpio EMIOPOOT GTO TPOYPOUUE TOV
xpnoT.

Awadikaocio coyypoviouod facer ooufaviwv

O ovyypoviopog Pdaost cvuPdaviov onupaiver 6tt M kople kKo 1 gpedpikny CPU
ovyypovilovv Tavta to dedopéve Toug 0TV GLUPaivel Evo YEYOVOG TOV UTOPEL VoL 0O YN OEL
0¢€ O10POPETIKEG ECOTEPIKEG KOTUGTAGELG TMV VITOCLOTNUAT®V.

H xopra ko n gpedpixny CPU cuyypovilovion 6tav:
e Yrapyet dpeon npoécsPacn ota I/O.
o [lopovcialoviot dtokomég Aettovpyiag.
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e Ta ypovikd Tov ¥pNOTN EVEPYOTOLOVVTAL 1] OEVEPYOTOLOVVTAL.
o Ta dedopéva TpomomolovVTaL 0md GALEG CLOKEVEG LECH EMIKOVMVING.
H pébodog ouyypoviopot Pacel cupfaviov Sloc@orlel TNV OTPOCKOTTY GLVEXION TNG
Aertovpyiag amd v epedpikn CPU otav 1 kopia CPU €yel kdmolo cedaipo.
Avtoéleyyog
Ot dvchiertovpyieg 1 To CEAAUOTO TTPETEL Vo EVTOMILOVTOL KOl VO, OVOQEPOVTIUL TO
cuvtopotepo duvatd. Katd cuvénelo epapuolovrar eKTeveic A1Tovpyieg ALTOONYVOGTIKOD
EAEYYOL TTOL EKTEAOVVTOL OVTOUATA Kol €6 OAOKATPOV GTO TAPOCTKNVIO.
Ta otoyyeia kot o1 Aettovpyieg Tov EAEYYOVTOL ElvaL:
o Xulevén Tov Kevipkdv rack.
o Enefepyaoctic.
¢ Eootepucn pviun g CPU.
e Aioviog I/0.
Edv o avtoéheyyog evtomioet £va opaApa 1o oot TpocTabel va To eEaAeiyel.
Karaotaoeig evog Redundant ovotiuarog
Ov xotootdoelg evog redundant GUGTANOTOG TPOKVATOVYV ONO TS KOTAGTAGELS
Aertovpylag tov dvo CPU. O 6poc "KOTAGTOON GCULOTAUOTOG" YPTCULOTOLEITAL ®G
amAomompévog 6pog mov mpocdiopilel v Kotdotaon tng kdbe CPU omv tavtdypovn
Aertovpyia Tovg. Ot katootdoelg Asttovpyiog meptypdeovv T courepipopd twv CPU og
OO0 TOTE OESOUEVT] YPOVIKT] OTIYUN Kot €ivol ypfCULES YO TOV TPOYPOUUOTICUO TNG
eKKivnong, g SOKIUNG Kat TG S1ayvmons TV GOAAUATOV.

Mivaxag 20. Kataostdosig Redundant Xvetiipotog

Kartdotaon Kardotaon tov 600 CPU
ZVGTNUATOG Master Reserve
Stop Stop Stop, Power Off, Defective
Start-up Start-up Stop, Povs(er fo, Defective, no
Synchronization
Single mode Run Stop, Power Off, Error—.Sea?ch,
Defective, no Synchronization
Link-up Run Start-up, Link-up
Update Run Update
Redundant Run Run
Hold Hold Stop, Power Off, Error-Search,

Defective, no Synchronization
e yevikég ypoupég ot 0vo CPU éyovv ioa dwcandparta gite elvor master gite reserve. '
Aoyovug avayvooiuotntag 1 kopla CPU (CPU 0) exvaer mpiv evepyomomndei n epedpikny CPU
(CPU 1).
To mopakdTo oyfua delyvel Tic Kataotdoelg Asttovpyiag tov 6vo CPU, and to Power
On £w¢ v redundant Agitovpyio TOL GLGTHLOTOC.
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Mivexag 21. Bijpata évapéng Redundant Xvetipatog

Steps Master CPU Reserve CPU
1 = Stop Stop Stop
2-> Start-up Start-up Stop
3->Single Mode Run Stop
4-> Link-up Run -2 Updating the user program = | Start-up /Link-

up

5-> Update Run =2 Updating dynamic data = | Update
6~>Redundant Mode Run Run

Mo v KaAvTtepn Kotavonon Topakato divetal 1 enegnynon Tov KoTooTACEDY.

Stop: O1 CPU dev ekteholv kopia povtiva.

Start-up: H x0pia CPU ooykpivel tnv vrdpyovca dopdppmon I/O pe v
INA®UEVT SOUOPPOOT).

Link-up ko1 Update: H wxopio CPU eléyyel ko evnueP®VEL TO TEPIEYOUEVO UVIAUNG TNG
epeopikng CPU zmpwv avaddfer ) Aettovpyio cvuotipotog. Avtod
VAOTOLEITAL G 6V0 S1a00YIKEG PACELS: obvdeon Kot evnuépmor. H
kopla CPU eivon mévta og Aertovpyic RUN kot n epedpucry CPU eivon
oe Link-up 1 Update xotd 0 O1dpKeld TOV PAGEDV GOVOEOC Kol
evnuépmong. Extdc amod T1g Asttovpyieg ouvoeons Kot EVUEP®ONG TO
ocvotnuo vrootnpilel emiong TV oLVOEST KOl EVNUEP®ON OF
ouvovaouUd LE TV PeTayy” KOplag kot epedpikng CPU.

Run: H CPU exteAel 10 TpoYpOpiL0 TOV PNOTN.

Single: H CPU exterel 10 Tpdypapio Tov pnotn xopig va eivar dtobéotun m
dgvtepn CPU.

Redundant: H xopra CPU kou 1 epedpikn CPU eivon mévta og Aeitovpyio RUN xon

ot dvo CPU extehodv 10 mPOYPOULO YPNOTN GE GLYYXPOVIGUO Kol
EKTEAOVV apolfaiong EAEYYOLC.

Emixorvwvies (Communications)

O ovénuéveg amaitnoelg yio T S1ofectudTNTA EVOG GUVOALKOD GUGTHUATOG ATOLTOVV Kol
ovENpévn  0&omMoTiol TOV CLGTNUOTOC ETMIKOWVOVIOG 7OV CNUOIVEL EQUPUOYT OTANG
EMKOVOVIOG.

[Mopakdto diveton (o EMOKOTNOT TOV PUCIKOY EVVOIDV Y10 YPTOT) ETKOVOVIDV UE
avoyn ceaipdtwv (fault-tolerant).

H S100eo110tnT0. TOV CLGTALOTOC ETKOWV@VIOG Hropel va PerTiobel pe Tov TAeovaoud
TOV PHECOV, SITADV HOVAS®V 1 SIMADV OA®V TV oTotyeinv Soavlov. Xe mepintmor PAGPNG
Katd TN Oudpkeln TG Aertovpyiag piog povadag dStao@oAiletor amd TOVG UNYOVIGUOVG
TOPOKOAOVONONG KAl GLYYPOVIGHOD OTL Ol AEITOLPYIES EMKOWVOVING avarlapupdvoviol omd Ta
€PedPIKA oTotYEL.

O koppor theovacpod (Redundancy nodes) sia0étovv pia eEanpetikn a&lomotia yio tnv
emkowvovio peta&d dvo cvotnudtov. ‘Evo cvotnuo pe otoygic moALOTAGY KavalMmdv
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AVTITPOCMOTELETAL OO KOUPovg TAeovacuov. Ot kdpupot mheovacspov givor ave&aptntot, 6tav
dnhadn €yovpe amotuyio VO oToLYEIOV EVTOG TOL KOUPOV deV emnpedlel TNV aEIOTIGTIO GTOVG
Adovg koppovc.

H anaitnon yo peyoardtepn dobecynotnto pe otolyeio entkovmviag onpoaivel 01t eivot
amopoitnTeg OUTAEC CUVOECELS EMIKOVOVIOG UETOED TOV EUTAEKOUEVOV GLOTNUATOV. ZE
avtifeon pe por omAn emKowovia, pio SImAN HE OVOYN O CQPOAUNTO OmTOTEAEITOL OO
TOVAGYIOTOV dV0 VITOGVVIEGEIS. AVAAOYO OO TIG OMOLTGEIS TOV GLGTILOTOC UTOPOVLE VOl
EYOVLLE MG KO TECGEPLG VTOGVVIEGELS, EK TV OTOIMV 01 dVO Va £ival TAVTO EYKATEGTNIEVOL
(evepyol) vy TN datnpnon G eMKowviog oe mepintwon oceaipatoc. O aplBuog tov
VTOGLVOEGEDV EEPTAOVTOL OO TIG TOAVES EVOALUKTIKESG StobEotpeg S10dpOoUEC.

O evkoAdTEPOG TPOTTOC Yoo TNV PeArtimon tng dwbecipudtntog petald ouvoedepEvmV
GUGTNUATOV vl Vo, EPAPUOYN SITAOD JIALAOL ETKOWVMVING YPTOLOTOIOVTAG GUGTNHO
Aol dOKTLAIOV OTTIK®V WMV 1 YAAKIVOV KaAmdimv. Ot cuvdedepévol kool pumopet va
amotelovvTaL 0md amAd Tumkd otoyyeia. H tomoloyio daktudiov mepiéyel Pactkd 600 StmAd
ototyelo kot oynuatifer avtopato Eva 1-amd-2 koéppovg mieovaouov. ‘Eva diktvo ontikdv
wov propet va dnpovpyndei wg tomoloyia YpoUUnG 1| 0oTéPA.

2mv Ewova 26 gaivetan éva tétoto ovotnua [17], [18]. Ot dvo CPU eivon n Primary
(master) kou m Backup (reserve), eved to ET200SP kot ET200MP givan o1 képteg onudtov yio
TOV €AEYYO TOV GLGTNLOTOG AVTOUATICUOV Ko kGBe popd eAEyyovtal omd t CPU mov eivon
Master. H ductdomon peta&d tovg eivar og Tomoloyia Ring, €161 dote £dv komel 10 kKaAMO0 o€
éva onpeio To GLOTNO VO GUVEYICEL VO AEITOVPYEL KAVOVIKA.
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Ewova 26. Xotnpa Redundant PL.C

3.2.3 Safety PLC

Orav ol amaitioeig g diepyaciog yio Safety Aettovpyio ToL CVTOUATIGHOD gival LEYOAES
Kot ovvheteg ToTE dev 10 kaAvmTovy Ta Safety Relay ondte yivetou ypnon tov Safety PLC.
Mo mopdderypo oe pio t€tola diepyosion dev vmdpyel amAd €va Stop Emergency aAld
ypnowonoteitan ko pio Laser Curtain. Avto m.y. onuaivel 0Tt v TEPACEL O TOV YDPO TOV
Bpioketor n unyovn kdmolog epydtng Ba mpémet 1 Aettovpyio TNG UNYXOVIG VO CTOUATHOEL KoL
va Eekvnoel Eava 6tav Byet o epydtng. Maiota avtd Ba mpémet va yivel HETH Amd OPIGUEVO
xPpOVo ka1 kamowo Reset.

O mepiocdtepor kataokevaotéc PLC mapdyovv miéov Safety PLC pe emimAiéov
Aertovpyieg, 1060 og Hardware 660 kot o Software (a6 6t ota Basic PLC). Ynapyovv PLC
mov etvan povo yuo T Safety Aettovpyia aAld kor PLC mov extelovv tavtdypova Kot Ty
avtopatn ko v Safety Aettovpyia.

e ovuvheTa GUOTNUATO CVTOUATICUOD 1 ETIKIVOLVI] AEITOVPYIO TNG UNYOVIG EAEYYETOL
ano éva Safety PLC (ko 6yt and éva Safety Relay) 0étovtag moAAEG @OpEC S1POPETIKO TPOTO
0GPOAOVC GTAUATILOTOC TG TOPAYMOYNS, AVAAOYQ LE TO TPOPANUO TOV LILAPYEL KGOE POopaL.
Y10 Safety PLC vrdpyel npoypoppo aceoreiog kot or edwég Safety povdadeg Eioodwmv kot
E&66mv. MOMc mapovoiactel kdmolo opaipa kadmdimong 1 miesbei to urovtdév Emergency
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N avoitet n Safety Door aviyvevetal avtopato kot 1 pnyovh petafaivet og Safety katdotoon.
H mopakoiovdnon e KaAndimong Tmv EVEPYOTOMT®MV Kol TV aodntipmv mov oyetiloviot
pe v acpdAreio yivetal amd Tig e101kég povadeg Eio6dwv kot EE6dwv Tov PLC.

H xoAmdimon kot 1 opyltekToviKy TOV AEITOVPYIOV TPOoTaciog cOpeova e 1o SIL 3
(EN 62061) Cat.4 (EN 954) eivaw 1 1610 pe avtr tov Safety Realy. To Stop Emergency kot ot
Safety Doors cuvdéovtot pésm 300 Kavorlmy oTig edkég kapteg tov PLC.

H Safety Integrated Technology &eivar 1 TANp®G EVEOUATOUEVN EVVOLD OGPAAELOS Y10l
OVTOUATICUOVG KOl HOVAOES Kivnomg HE amodedelyUéves TEYVOAOYIEC KOl GUGTHLOTO
OVTOUATIGUOD TTOV YPNGLUOTOLOVVTOL Yio. TV 0o@OAn Agrtovpyia T mapaywyng. Emiong
KOADTTTEL OAOKAN PN TNV 0AVGI00 aGPAAEING amd o1cONTAPEG KOl EVEPYOTOMTEG £WG TOV
EAEYKTN, CUUTEPIAOUPAVOUEVIC TG EMKOIVOVIOG TOV GYETICETUL LE TNV ACPAAELD TAV®D OO
To TUTKA diKToO.

To PLC dnAadn €kTO¢ 0o TNV OUTOUATY AELTOVPYiO TNG TOPAY®YNS OVOAUUPAVEL Kot
v ooeoAn Aettovpyio avtic. ‘Eva 1diaitepo yopoktnpiotikd tov Safety Integrated
Technology eivar 611 e&ocparilel oyt povo a&lOMIGTN AGPAAELD, OAAG KOl VYNAO emimedo
eveMélag kot mopaywykdmrag. H eveopdtoon tng ac@aing Kot Tng auTOUaTnG AEITovpYiag
o€ évo, PLC €yetl ta akdlovba onUavTIKA TAEOVEKTHOTOL:

Meyardtepn gvehéio amd TIg NAEKTPOUNYAVIKEG AVGELS.

* Meimon Tov KoA®IOcE®V.

o Amauteitan povo pic CPU Adym g ouvinapéng ToL TUTIKOD TPOYPAUUATOS KOl TOV
TPOYPAUUATOG OLGPAAELNG.

Am\ emkovavio Heta&d ToV TUTIKOV TPOYPAULOTOG KOL TOV TPOYPAUIOTOC
aoPAAELNS.
o A1y6TEpPOG YPOVOC VAOTTOINGTG TNG EPUPLOYIG.

INa v dumd) Aertovpyia (Safety kot avtopatn) Tov cvotiuatog to PLC da0éter CPU
OTOL TOVTOYPOVO. EKTEAEL TO TPOYPOLLLLLO Y10 TNV AVTOUTY Agttovpyio oAAd Kot yia T Safety.
AwBéter tomicég kapteg Eio6dmv kot EE0dmV yia v avtdpotn Aettovpyio Kot E101KEG KAPTEG
yw T Safety. H kOpia dwapopd petald taov Safety koptdv kot tov tumikov eivor 6Tt ot Safety
KapTec €xouv oxedlootel pe 00O KAVAALL ECMOTEPIKE, dVO EVOMUUTMOUEVOL EMEEEPYOOTES
TOPOKOAOLOOVV 0 €vag TOV GALOV Kol EAEYYOLV QUTOUATO TO, KUKAMUOTO 16050V Kot ££6000.
Y mepintoon opaipatog, Bétovv T Safety Kdpta g acAA KOTAGTOO.

O ynoaxég Safety kKapteg £1600®V amoKTOOV (aViveEHOVTOG) TIC KATUOTACELS OTLATOV
TV oo pov Tov oyetilovtar pe v acedaiein (.y. Stop Emergency), ektelohv SoKIES
BPayvKVKADUATOG KOl SIUGTAVPOVLUEVOD KUKADUOATOG, KAOMDS Kot 0VOADGELG AGVUG®VIOG Kot
oTélvouy Ta avtiototya unvopoto otn CPU.

O ynowokég Safety kapteg £60wVv glval KOTAAANAESG Y10 EPYACIES AMEVEPYOTOINGTG UE
TOPOKOAOVLONGN PPayVKVKADUATOG LEYPL TOV EVEPYOTTOUNTY.
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CPU
Safety Safety Safety Safety Safety
Sensor Input Module Program Output Module Actuator
Standard Standard Standard Standard Standard
Sensor Input Module Program Output Module Actuator

Ewova 27. Standard ko Safety Aertovpyia o€ éva PLC

To Standard wow to Safety npdypoppo avortdooovior oto 1010 mepPdAiov
TPOYPOUUATICUOV Ko €] voioTavtol oty o CPU pmopodv va emkovovodv peta&d
TOVG HEC® UETAPANTAOV YOPIg OULMG TO £va Vo ETNPpedlel To AGALO 6€ TEPIMTOOT TPOPANLATOC.

Tnpovtag tovg Kavoveg Tov avorytod mpotumov IEC 61784 yio v enucovovia mov
oyetileton pe v acpaielo vapyetl 1 dvvatotnta tng Standatrd emkowvmviog pe T Safety
péom g dlog ovvdeong (kodlmdiokn 1 acvppotn pécm WLAN). Me tov 1pdmo avtd 1
VILAPYOVGA VTOSOWUT TOV SIKTHOL TNG TLTIKNG EMKOWV®VING UTopEl emiong va ypnoytomondei
TAVTOYPOVA Y10 EMKOV®VIO OV oyeTiletan pe v acpdaieto. Ta dedopéva mov oyetiloviat
HE TNV 0ooQAAEl0 Kol TO TUMIKG Oedopéva  petadidovial HEC® TOv 1010V  dtdAov.
XpNGIULOTOI0VVTOL TO VITAPYOVTO TUTIKE TPOTOKOAAN dtovAov To Aeyouevo "Black Channel"
oto omoia To dedopéva oL OYeTIlovVTal HE TNV OCQAAEWD UETAPEPOVTOL G TPOcHET
dedopéva. Avtd onpaivel 0TL 1 emtkovovio Tov oyetiletan pe v acpdieia eivor aveEaptn
07t0 TO GUGTNLLO SLOLAOD KOl TO. GTOLYEID TOV KATMTEPOV EMITEIOV SIKTHOV.

"Eva pivopa mov avtodidocetor peta&d dvo Safety povadwv PeTapEPETOL GTO WPEMLO
@opTio €VOC TUTMIKOV UNVOUOTOG. XTNV TEPITT®Oon emkowvmviag pog apbpotig Safety
ovokeLNg e ToAAEG Safety povddeg to @@EAO QopTio amoteleitol amd TOAAY pUnvOLOTA.
Hexwvd pe ta Safety doedopéva €160000/e£0000 AOUPAVOVTOC VTOYN TO OVOQPEPOUEVO
vrocvvolo dedopévav. H doun dedopévov pog cuykekpluévng Safety cuokeung opiletal og
oYETIKO apyeio and Tov kdbe Katackevaoty tng Safety povadag (GSD File). O avtopotiopog
NG TOPUYOYNG KOL O OVTOUATIGUOC TV JlEPYACIOV BETOLV SOPOPETIKEG AMAITIOELS G EVal
Safety cvotnua. O TpdTOg Acttovpyel e cuvVTOopa ofuata cuviBmg "bits" Ta onoio TpEmel va
vrofAnBovv oe eneEepyacio TOAD YpNyopa, EVAD 0 SEVTEPOG AEITOVPYEL LE UEYOAVTEPEG TUUEG
diepyaciag ovvnBwmg "floating point" mov umopei va givar KAmmg wo opyEs.

Enopévog 1 emkovovia Tpoceépet 600 dlapopeticd Uk yio dopég dedopévov. To éva
nepropiletar og 12 byte pe CRC 3byte evid to dAAo meplopiletan og 123 byte ue CRC 4byte.
‘Eva pvopo tedetmvetl pe po vroypaen CRC mov e&optdtal ond to PRKog TV SE00UEVOY
€160000/€£060v. O amoGTOALNS KO O TOPAANTTING £XOVV 0 KOBEVAG TOVG d1KOVS TOLG LETPNTES
mov cvyypovifovtor pe ™ Ponbeia Tov byte eréyyov kot Tov byte katdotaong. O cwoTog
GLYYPOVIGHOG TAPOKOAOVOEITUL LECH TNG TING TOV LETPTTH] GTOV VTOAOYIGLO TNG LITOYPUPNG
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CRC. Xpnowomowwvtog tov CRC évag IMapoinmtng pmopel va del €qv €hafe M Oy ta
unvopote TANPOG Kot e TN o®oth oglpd. Me v emPePaioon o CRC amavid otov
AmoctoAéa yio erainbsvon.

Xmv Safety teyvoloyio 6gv glval LTOYPEDTIKN HOVO 1) LETAOOON TOV COCGTAOV CNUATOV
g dlepyaciog Kol TIUAV TNG dlEpyasiag, aAAG Kol EVNUEP®ONG TOVG EVIOC VO YPOVOL
avoyNG SPAAUATV TG dlepyaciag. Avtd onuaivel 0Tt pua Safety cuokevn| pmopel ave&aptnta
Vo gvepyomomoel to Tpokofopiopéva PETpa acpaleiag otav Eemepactel o xpOVOC, Yo
TOPAdEYHD, CTOUOTOVTAG pia Kivior. [a avtd, 1 cvuokevn ypnolponolel Eva YpovOouETPO
Watchdog nov ernavekkiveital 0tav eBavet éva Safety unqvopa pe véo CRC.

To mpdypappo acpodeiog (Safety program) yio Tov €AEYX0 TOV AEITOLPYIOV TOL
oyetilovTot Le TNV aoQAAEL0 TOV GUGTAUOTOG OMOTEAEITOL 0T LLL0L EVOTNTO TOV dNUIOVPYEITOL
Ot TOV YPNOTN Kol [o EVOTNTO TOL dMovpyeiton and to Aettovpykd tov Safety PLC ko
mepi€yel petald aAlov pia Stapopomompévn Aoyikn yio v evotnta ¥pnot. To tumkd
TPOYPOUUE KOl TO TPOYPOUUO aGQAAElag Onuovpyobvial o610 1010  mepfdiiov
npoypappoaticpnod. To pmhok Asttovpyidv pe motomoinon TUV yia dheg TiC Kowvég
Aertovpyieg aopaAeiog ATAOTOI00V TEPALTEP® TOV TPOYPUUUATIGUO.

To TumKd TPOYPALLLLN KOL TO TPOYPOLLLO OCPUAEING EKTELOVVTOL AveEAPTNTA TO EVOL OO
0 dAo amd v CPU. Adym tng evoopdtmong tov dvo mpoypoupdtov o pio CPU,
emKowvovio. petaéd Tov 600 TPOYPUUUATOV Hmopel va vAomombel YpMoILOTOIDVTOG
kaBoiucég petaPantég (Global Tags). Ot aAlayég oto TUMIKO TPOYPOLLO OV £YOVV Kapio
eMdpaoN 6TO TPOHYPAULN AGPAAELNS, £TCL DOTE 1] OKEPOLOTNTA TOL VO TOPUAUEVEL OVETAPT).

O1 Baoikég dapopéc tov Safety PLC and twv Basic PLC eivau:
...o€ Hardware:

‘Eva Safety PLC eivon évog €101K@ oyedloopuéVog EAEYKTNG Yo, YPNOM aoPaAeiog
(vmapyovv PLC 6mov pmopoldv va Agttovpyohv Kol G EAEYKTEG OOQPOAEING OAAL KOl ®G
eleyktéc avtopaticpov). To Safety PLC dwbéter Asttovpyieg avtodidyvmong. Exet vyniq
aflomiotio Kol KAAOTTEL TO, amontovpeve tpdtuna ac@oreing onwg SIL3 / IEC61508 won
Category 4 / ISO 13849.

To Safety PLC emuwowoveli pe to Automation PLC péom diktoov 1 onudtov
Input/Output, Siayepileralr T0 CGVOTNUO EKTOKTNG OVAYKNG Kol OTOV TNPOLVTOL Ol
npovmobéaeig enmttpénel oto Automation PLC va Aettovpyel. Xto Safety PLC cuvdéovron 6Aa
To oON TN PO ACPOAEING e SUTAES KOAWMOIDOELS Kot EMAPEG Yo SITA0VG eAEyyove. TELOg Kot
o1 actuators evepyomoloOvTol Le SUMAEG EVTOAEG,.

..0€ Software

Ta 7wpoéTUTO.  OCQOAEIDG  ATOITOOV  ALOGTNPOVG  TEPLOPICUOVS  OTIS  YAMOGES
wpoypoppatiopov evog Safety PLC. ' To Adyo avtd o1 TEpIocoTePOl KaTaokevaoTes Safety
PLC mapéyovv €101kég YAMGGES TPOYPOUUATIGUOD OOV TIGTOTOMHUEVE KOADTTOUY ALTOVG
TOVG TEPLOPICUOVG. XT0 AelTovpykd evog Safety PLC dg Agttovpyodv poOVO povTiveg yio Tov
ELEYYO0 TOV ONUATOV OAAG TPEYOVY KOl POVTIVES YO TN SOUCOAALOT] TNG CMOTNG AEITOVPYING
g CPU.
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Tnv Aertovpyia evog Safety PLC umopel €€ opiopod vo v TPOTOTOGEL HOVO EVOG
TMOTOTOMUEVOG Unyovikoc. H tpomontoinon pmopel va yivel péoa and ti1g pubuicelg emmédwmv
OCPUAELNG KOTOYPAPOVTOUG CVTOLOTA TIG QAAAYEG (signature).

Agitovpyia Tov Safety Program

O ypnotg mpoypappatiler T Aoy yuo T Safety Asttovpyia tng unyovig m.y. Otov
mectel to Stop Emeregency va otapoatost n mopaywyn. Me v olokAnpwon tng Safety
AOYIKNG ovtopoto mopdyetol emmAéov kmdwkag pe “Diversified” Aoywm, péoo amod
TMGTOMOUEVOLG UNYOVIGHOVG Tov €xel moapdyel o katackevoothg e CPU ywpig
dvvatotnto emépPaong and tov ypnotn. H Safety ko Diversified Aoywkég ektelovvron
Stadoyikd cvykpivovtol To OTOTEAECUATO TOVG Kot €Gv givar dwopopetikd tote m CPU
petaPaivel oe Safety katdotaor. Xtnv Ewodve 28 ¢aivetor 1 Aettovpyioc tov Safety
TPOYPELLLATOG.

User Operands A, B
Program

Operation

\4

l Coding l
Coded Diverse

Loy Operands A, B Operation

Ewova 28. Safety Aertovpyia

Ot CPU mov oyetilovtar pe v ac@AAEln AEITOVPYOHY GOUPOVO HE TIS ApYEG TOV
migovaopov (Redundancy) kot tng dwapopomoinong (Diversification), ot onoieg emttpémovv
v vhomoinon Safety cuotnudtev pe povo pio CPU kot évay ene&epyaotr). Me 10 Tpodypappa
ACPUAEING O XPNOTNG TPOYPOUUATICEL TN AOYIKT TNG OGPOAANG AEITOVPYIOG TOV GUGTHKOTOG
KOl  OLTOHOTO TO  AETOVPYKO Onpovpyel mpocbeta pmiox mov Paciloviar o€
"Slopopomonpévn” AOYIKN) GE GYECT HUE TO TPOYPOUUON TOL YPNOTN KOl YPNOLLOTOLEL
"S10(pOPOTONUEVOLS" TELECTEG KOl AEITOVPYIEC.

Ta 600 péPM TOL TPOYPAUNOTOS ACPAAEING EKTEAOVVTOL SLOOOYIKA KOl TO OTOTEAECULATOL
ovykpivovtal. Edv mapovoiactel opdipa, 1 CPU avtidpd kot B€tel 10 oOoTNUA GE ACPOAN
katdotaorn. To Aeitovpywd Omuovpyel emiong UMAOK GUGTAUOTIOS 7OV UTOPOVV VO
yxpnoorombovv yio mapdderypa yio T dwayeipion g Safety emukowvmviag.

O éAeyyog COUALATOV 0pOpa:

o  To oAb pnvopato wov dev £xovv evruepmbel arootéAlovtal Eova oe AaBog ypoviky
oTyun.

e 'Evo piqvopa dev Aapfavetal 1 dev avayvopiletar.

e Fiocdyetal éva Pivopo Tov avaeEPETaL GE o AyvaooTrn Tnyn.

o H xoBopiopévn axorovdia (m.y. CRC, ypovikég avapopés) TV UNVOUATOV oG
GUYKEKPIUEVNG TNYNG EIVOL EGQAAUEVT.
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e To unvdpato pmopei vo KotaoTtpaeody AdY® c@aAudtov o€ évav koppo Staviov,
dNAadn CEOANAT®V 6TO HEGO PeTAdooNg 1 AOY® apotBaiog Tapeporng unvoudtoy.

e To unvdpoto propovv vo, KaBuetepoovy TEPQ Umd TO EMTPENOUEVO YPOVO APIENG,
Y. OG OTOTELECUO CPOAUATOV GTO UEGO UETAOOONC, VIEPPOPTOUEVAOV KOAMII®V
ovvdeonc, apolfaiov mopepPorov 1 KOUP®V SOAOL (GLOKELEC) OV GTEAVOLV
unvopate pe Ttétolo TPOMO MOTE Ol VMNPecieg va kKabvotepodbv N vo unv
avayvopilovrat.

e 'Evo ppvopo mov Tpogpyetot amd Lo QOIVOUEVIKA £YKVPN TNYN ELGAYETOL EMTAEOV.
‘Etot, éva pfvopa mov dgv oyetiCetan pe v acediela pmopel va Anebei ond po
GLCKELT OV OYETIlETaL e TNV ACPAAELD, 1) OTOICL GTN GLVEXEW TO TUSWVOUEL MG
GYETIKO LE TNV ACPAAELQL.

e FIFO (First-In-First-Out) cediua, dev tnpeital 1 oot oelpd dedopévmv.

210 axoiovbo mopdaderypa meptypdpetal tmg umopel vo emainbevtel 1 €£odog piag
Aoyung moAng OR  ypnoipomoidvtag [ avtiotpoen Aettovpyion tng moAng AND.
Yuykpivovtag v €£000 dV0 EEYMPIOTMV VITOAOYISTIK®V OmoTeEAEcUdTOV avapaduiletot To
eminedo a&lomotiog Twv anoteiecpdrov g CPU. Katd cuvénewn, n CPU eivol og Béom va
aVIYVEVGEL OV £XEL OVGAEITOVPYNOEL Kot pmopel va amevepyomomn el Aapfdavovtag voyr o1t
elval 0oQOAEGTEPO VO, CTOUATHOEL [0 Sl0dIKAGIO ToPd VoL GUVEXICEL Vo TNV eKTEAEL [E
eMaTTOUaTIKO eEomMopd. Edv votebel 011 oty mepintmon mov To TPOYPULLLO TOV XPHOT
okomevel va ekteréoet pia evtol] OR kot 611 10 A kot 1o B €yovv Tyuég 1001 ko 1010 (oe
Sdvadikn avarapdotaon) avtiototyo. H avapevouevn é£odog C tng Aettovpyiog OR Oa wpémet
va givon 1011, Ze avtd 10 6evaplo, | avticTpoen Tpdén mov ¥pNoonotEiToL Elvar (o THAN
AND. To npd@to Pripa givor va vroroyiobei o avtiotpopo tov A kot B (A, B), mov &ivor 0110
kot 0101 avtiotoya. To devtepo Pripa givar va vroroyiobel 1 €é£0do g mhing AND D, q

omoia eivar 0100. Téhog, mpémet va vmohoyicBel to avtiotpopo g €£680v (D) mov

omodetikvoeton 6Tt givon 1011. Ze avtiv ™V wepintwon C =D dpa 1 CPU Ba ématpve v
amoOQUoT Vo cuveyioel va Agttovpyel. Xe kdbe dAAn mepintwon OBa Eumaive oe Agttovpyia
Sl0KOTNG.

User Operands . A=0
Program L " B=1 OR
A
Coding
Coded A=14 A
Program Operands B=0— ND

Ewova 29. Iapaderypa Safety Aertovpyiog
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3.3 Korodioon onuatov Safety PL.C

IMopakdto aneucovifovrol Kot avaAboOVToL 0l GUVOEGHOAOYIES Kot o1 péBodot dtoyeipiong
tov Hardware tov onpdtov (Eicodor-E&odor) evog Safety PLC.
3.3.1 Karowodimon awsOntnpiov (sensors) otic kapteg Exo0dwv Tov Safety PLC

H ovvoeon tov aictntnpiov pe Tig KapTeg £1600mV pmopel va yivel pe €va Lovo Koval
N ue éva umhd kavail. Ouv Safety kdpteg Eioddmv éxovv 600 ave&dptmra yoAPovikd

amopovopéva  kavailo. [2] Topakdto divovtar ot duvatdtnNTeG KOAWMII®ONG TMV
alcOnnpiov.

3.3.1.1 Karodinon awoOntnpiov pe éva kavair (lool)

Sensor Sensor

(a) (b)

Ewova 30. Kalodioon aeOntnpiov pe éva kavarr (1ool)

2mv Ewova 30 vrdpyel kodmdiwon piag emaeng (Normally Closed yo safety Adyovg)
Tov asOntnpiov og pio kapta £166d0v evog PLC. H tpogodoscio Tov aicOntnpiov pumopel va
yivetor omd eEmtepikd Tpopodotiko (a) 1 omd to PLC (b). H cuykexpipévn kadwdioon napoio
mov ovvdéetar o€ Fail Safe kdpta g10660v 610 PLC pmopel vo mapéyet acpdieto Cat.2/
PLc/SILI.

INa tov evtomiopud piog odhayng oe pio gicodo mavtote Eyovpe pio kabvotépnon Tov Tig
TEPLoCOTEPEG POPEG tvar puBlopevn Kot apopd Tov ypdvo amd TV dALOYN TOV GNHOTOG
€10600V 6N LOVAdA LEYPL VO EVTOTIOTEL Kol va KodtkonowmBel og véo ofjua. H kabuotépnon
€100000V YPNOIUEVEL YO TNV KoTaoToAn "debounce” chviopwv moilumv mopepfoine. I'a v
KOTAGTOAT TOL BopVOPov pumopel va opiobel Evag ypovog kabvuaTépnong e160d0VL Yo Eva KavEal
M éva {evyog Kavollmy.

O moApol mapepPorng tov omoiwv o xpodvog eival pikpoTEPOG amd Tov Kabopiopévo
xpovo kabvotépnong €106d0v (og ms) kotooTéAAovTol. Ot TOAPOL KOTOGTOAUEVOV
mopepuPormv dev eivar opatoi oto PII. Mia vynAn kabvotépnorn €16600V KOTOGTEAAEL
UEYOAVTEPOLS TOALOVS TOPEUPOANG OAAG EXEL MG OTOTEAEG A LEYOADTEPO YPOVO AVTIOPAONG.
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Ot Tég yuo v kaBuotépnon 106560V eapTAOVTIOL OO TOV ¥POVO EKKivIiong TOL ausOnTipa
UETA TN SOKIUT PBPayVKVKADUATOG KOl TOV YPOVO Y10 SOKIUN BPayukukA®UATOS TG,

Koatd v Aettovpyia A&yyov G S1od1KaGIOg TOV YNOUK®OV GNUAT®V E16O30V VITAPYEL
évag ovveyeic éleyyog a&loldynong lool, 6mov aviyvedel Kot onpatodotel acvvhnbicta
YOPOKTNPLOTIKA GIUATOG TTOL oyeTilovTat e T dtadtkacio, OTwe 1 TOAD GuYVY SIOKVUOVGT
TOV ONATOG €16000V peTa&d "0" kot "1". Edv Tpokcdyouy YopakInploTiKd GTHaTog OTMS dLTd
etvar onpadt 6t o1 a1 TPES Eival ELATTOHOTIKOL 1) VITAPYOLVV 0oTAOEIEC TTOVL GYeTilOVTaL IE
T dwdkacio. Kdde kavdil 166500 £xel Eva TAPOUETPOTOILUEVO XPOVIKO TOPAOLPO ELEYYOL.
To mapdBupo eréyyov Eekvd v TpdTN Popd Tov oAAGlel To ofjua glodov. Edv to onua
€16000V 0AAALEL péca 6TO TaPABLPO EAEYYXOL TOVAYIGTOV TOGO GLYVA OGO O EMITPEMOUEVOG
aplOpog aAloydv ofpotog aviyvevetol cedipa. Edv dev evtomiotel opdipa 610 mapdbupo
EAEYYOL T EMOUEVN OAAOYY] ONUOTOG EMOVEKKIVEL TO Ypovikd mapdbuvpo eAiéyyov. Edv
evtomiotel oQdApa onuatodoteitan Eva dtayveootikd. Edv to cedlpa dev Tapouclactel yio
XPOVIKO S1AoTNHo 160 HE TO TPWMAGGIO TOV Ypdvov Tapadvpov €AEYXOL TO JAYVOOTIKO
EMOVAPEPETOL OTNV Kavovikn Aettovpyio. H poBuion tov ypdvov tov mapabopov eréyyov
ouvnBog etvar amo 1 émg 100 devtepdienta.

3.3.1.2 Karodioon arcOntnpiov pe 600 kavairo (1002)

Mo 1woddvoun/un  10odvvaun afordynon 1loo2 ta dV0 Kaviilo €GOS0V
KataAapfdavovtal omod:

¢ ‘Eva aioOnmpa 600 Kavorimy.

e Avo povokavaiovg aodntipec.

e ‘Evav un wodvvapo aebntmpa.

Ta ofpata £16660V GLYKPIvVOVTAL ECOTEPIKE Y10, IGodLVaia 1| U wooduvapia. [ tnv
a&lodldynon 1oo2, 600 kavailo cuvdvalovtal oe Eva (e0YOC KAVOAMDV.

Orav ypnoonoteitar Evag oicdnTipag dV0 KovaAdV 1) V0 aeNTPEG LOVOD KOVOALOD
OV LETPOVV TNV 1010, HETOPANTA TG Sradikaciog Ta Kavaiio Oao avtamokpivovtol EAAPP®OG e
kaBvoTtépnon petald toug AdYm g akpifelog Tov dotaéedv Tovg. e v 1codvvapio/un
wodvvopio oty mEPINTOON €600V AdY® 00TOYI0G YPNOWOTOIEITOL 1| aVAAVCT] TG
OCLUPMVING TPOKELEVOD VO EVTOTLGOEL | TOpOoVGia GEUALATOV OTtd TNV S10POPE ¥POVOL TV
00 onudtov pe v idwo Asttovpywotnto. H avdivon acvupoviog Eekiva edv aviyvevbel
SL0POPETIKOG YPOVOS Yol 6VO GUGYETICUEVO CILOATA ELGOO0V. ALEVEPYEITOL LICt OOKIUT Y10l VOl
TPOGIOPIOTEL €AV 1) S10.POPE £xel EAPAVIOTEL HETA TNV EKTVOT €VOG KABOPIGUEVOD YPOVOL -
TOV AEYOUEVOL YPOVOL CCLUP®VING, €0V Oyl TOTE LIAPYEL OPOAUD acvpewviag. Evd o
EKYOPNUEVOG YPOVOS OCLUEMVIOG EKTEAEITOL £0MTEPIKA OTN HOVAOM, €ITE M «TEAELTAIN
gykopn Ty 1 to «0» Tapéyetar oto Tpoypappa aceareiog otn F-CPU oand to eumiekopeva
KOVAALO E1GOO0V, OVAAOYA LLE TOV TPOTO TOPOUUETPOTOINOT|G TG CUUTEPIPOPUS ACVLUPMVING.

"Eleyyoc wwodvvapiog: Edv, petd m ANEN 100 eKy@pnUEVOL XPOVOL OGLUPOVING, TO
oNUaTO €10000V OV GLUE®VOLV, Y0 TOPASEYHO AOY® Ol0KOTNG KOA®OIOL GE ypouun
alctntpa, oviyveveTal GOAANN ACLUE®VIOG Kol ONUIOVPYEITUL TO JYVOOTIKO U VOUOL
"YpaApa acvpe@Viag" LE TANPOPOPIES TOV EAATTOUATIKMOV KOVOAMV.
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L+
Sensor Sensor

(a) (b)

Ewova 31. Kahkmdioon aeOntnpiov pe 6vo kavario (1002)

2mv Ewoéva 31 vrdpyel karwdioon 600 eraemv (Normally Closed ywo safety Adyovg)
evog aoOnmpiov oe dvo €166d0v¢ Tov PLC 1 amd 600 aveaptnto acntipia kaimdimon
ano pia eman (Normally Closed yio safety Adyoug) oe dvo €166d0vg oto PLC. Ov Fail Safe
Kaptec €000V Tov PLC gAéyyouv Tig 600 €16680vg kot Tig petapépovy otn CPU og pia
€l0000 €dv glvar evepyoTOtUEVEG 1] OYL 1] €AV LILAPYEL KATTOL0 SOVGAEITOVPYIA (7). EXOVV OO
otV pia 6000 aAAd dev £xovv oty aAAn). H tpopodocio tov arsOntnpiov umopei va yivel
oo eEmTEPIKO TPOoPOdOTIKO (a) Eyovtag £T01 acpiiela pueypt Cat. 3/PLA/SIL2 1§ amd 1o PLC
(b) &qovtag étol acedaien puéypt Cat. 4/PLe/SIL3.

Ot Topamdveo cuvdeopoAoyieg avapépovtar o€ Kapteg Eioodwv Fail Safe, omov &yovv
EVOOUATOUEVEG EETPOL AetTovpyieg, OTMC EAEYYXO KOUUEVOL KOA®OIOV, U1 GUYYPOVIGUO TV
€1060mV, KAT. [V’ avTd T0 AOY0 UTOPOVUE VO EXOVILE TIGTOTOMUEVA OO TOVG KOTAOKEVAGTEG
péypt kon SIL3.

3.3.1.3 'ElAeyyoc Bpayvkiopatog (Short-circuit test)

H doxiun PpayvkukAdpotog givol ypioyn Hovo 0Tav YiveTal ypnon animv SioKoTTOv
7oV Ogv €yovv S1kd TOLG TPOoPOdOTIKO. [Ma daKoTTES e TPOPOSOTIKO dev givar duvatn M
dokiun PpayvkvkAopatog. H aviyvevon PBpayvkukAGUOTOG ameEVEPYOTOIEL TPOCWOPIVA TNV
TpoPodoaia Tov atcnthpa. Edv evtomotel fpayvivkioua, n Safety povada evepyomotei pia
S0 yVOOTIKY O10KOTH KOt 1] €10000¢ amevepyomoteiTaL.

Ta BpoyviukA®pate Tov UIropovV va evIonicovv givat:

e Bpayvkokiopo e1c660v oto L+

o Bpayvkikiopo tng 160000 dAL0L Kavoilod av ovtd €xet onpa 1",

*  Bpayvkoxkiopo 16660V pe Tpo@odocia aictntipa dAlov Kovoailoo.

*  Bpayvkdkiopo tpopodociog aientpa e Tpopodoacio aicntipo dAlov Kavoailoo.
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H tym g €16600v mov gAéyyeton Yo PPayukKOKAMUN TOYOVEL KOTA TN OAPKELL TOV
XPOVOL eKTEAEOTG TNG OOKIWNG PPoyuKuKA®UATOC (XPOVOG JOKIUNG PpoyvikukA®dpatog +
¥pOvog ekkivnong Tov oawsOntipa petd ™ dokyn Ppoyvkvkiopotog). H o dokyun
BPoyvKVKADOUATOG TPOPAVAOG EXNPEALEL TOV ¥POVO OOKPIONG TOV OVTIGTOLYOL KOVOALOD 1|
{evyoug Kovalimy.

Otov evepyomomBel 1 dokiun PpoyvKuKAOUATOG, T OVTIOTOYN TPOPOSOGia TOL
alcOntpa anevepyomoteitor yio Tpokabopisuévo ypdvo. Edv 1 povdda dev aviyvedoel onua
"0" otnV €16000 €VTOG TOL KABOPIGHEVOD XPOVOL, dNIOVPYELTAL £Va, S10YVOGTIKO VUL,

Ext6g amod 1o ¥povo amevepyomoinong yio TNV SoKIU PpoyVKUKAGUOTOG, TPEMEL ETIONG
va kaBoploTel Kot 0 ¥poOVOg eKKIVIIoNG Y10 TNV LAOTTOINGT TG S0KIUNG PPOyVKUKADUATOG.
Méom avtig Tng TOPOUETPOV KOLWVOTOIEITOL OTN HOVAdD O Ypdvog mov ypeldletol o
XPTOLOTOLOVUEVOG aGONTAPOG Y10 TNV EKKIVIIOT LETA TNV EVEPYOTOINGT TNG TPOPOSOGING
TOV.

Kotd v TopapeTpomoinon Tov Koptmv TPETEL v SIVETOL TPOGOYT OTO TUPUKATM:

e Edv 10 xavdAl elvar mobnticomompévo (passivated), umopel vo opeidetal og TOAD
VYNAN YoPNTIKOTNTE HETOED TNG TPOPOJdOGiog Kol TNng €10680v Tov aebntipa.
AnAodn oo TN YOPNTIKOTNTA VA LOVASH U KOVG TOV KOAMITOU Kot T YOpNTIKOTH T
TOV YPNCLOTOIOVUEVOL 01eONTAPOL.

o Ot dwBéoeg Tpég yroo TV KoBuotépnomn e €16000V EQPTMOVTOL OO TOV XPOVO
ekkivnong tov aicinTpo HETA TN SOKIUN PPOYLKVKAMUOTOC KOl TOV XPOVO Y10, SOKIUN
BPayvKVKADUATOG TNG TOPAUETPOTOMUEVTG TPOPOJOGING TOV aabnTpa.

o O ypodvog emOvEKKIVIONG TPETEL VO EIvol LEYADTEPOG 0O TOV ¥POVO GPNGILOTOG TOV
XPTCLLOTOLOVUEVOL acdnTpa.

e Enedn o ypdvog emavekkivnong emnpedlel tov ypovo amOKpiong TG HOVAdUG,
cuviotdrol va puBuiletar 660 To duvaTOV PIKPOTEPOS, OAAG APKETA LEYOAOG MOTE O
alcOntpog vo puBuictel a&lomoTa.

o Ot Tipég yuo TNV KaBuotépnon g 16000V £apTmVTAL amd TOV ¥POVO EKKIVIONG TOV
alcinTtpo HETA TN JOKIUN PBPoyLVKLKAGUOTOG Kol ToV ypdvo Yio TN OOKIUn Tov
BpayvKuKAGUATOG,

Zeprokn Xovoeon aroOntnpiov
2y mopokdto Ewova 32 paivovtot 0o Pacikég cuvdesporoyieg aoOnmpiov oe oelpd:
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Emergency Stop Awkonteg Oéoemg

® © 2
Emergen S1
SN, A I 1R R 4

Emergency,

Stopn Q----7 _______ 7

Safety PLC Safety PLC
Max. PLe (Cat.4) / SIL3 Max. PLd (Cat.3) / SIL2

Ewova 32. Zeproxi] covoeon aicOnnpiov

3.3.2 Karhowdimon evepyomomtég (actuators) otig kaptes EE60mv Tov Safety
PLC

IMopakdto divovtar o1 duvatdtnteg KoAmdimong TV gvepyomomtav e éva Relay avd
€€0d0 Kot pe dvo Relay avd £€odo.

Kolwdimon evoc Relay ava £€£060

PLC

Ewova 33. Kahmdioon gvepyomomnt pe éva Relay

2mv Ewova 33 €yovpe v kohodimon evog Relay pe €é£odo and Fail Safe kaprta. Ztig
Fail Safe kdpteg e£66mv 1 kdBe ££0d0¢ de pag diver povo m.y. 24VDC yia v evepyomoinon
tov Relay aAld koaw OVDC. Andadn 6tav dev vapyet evioin e£6dov and to PLC oto Relay
70 KOKA@UA Kot 610 Al kot 010 A2 givar avoiktod. Ot Fail Safe kapteg e£60wv £yovv emmAéov
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S0 YVOOTIKEG POVTIVES Y10 TPOGHETOVG EAEYYOVE T.). KOUUEVO KOAMOL0, EAEYYXO TKOVOTNTOG
EVTOA0O0TNONG OTAY 0VTO oot Oel KAT.

Kalwdimon 6vo Relay avé £Eodo

Ewova 34. Kalodioon gvepyomomti pe dvo Relays

>mv Ewova 34 éyovpe v kodmdioon dvo Relays pe pia é€odo and Fail Safe kaproa.
Me aut T cvvdespoloyia pmopovpe va, £xovpe acpareto puéypt Cat.4/PLe/SIL3. 'Eva and
ta 000 Relays Oo pmopovoe va €xel povipa tdon oto Al kot va omAilel 6tav péocw g Q Tov
PLC «heioetl kokdhopa amd to A2. Zuvifng cusTiVETOL VA EIVOL KOADIIOUEVE GTN KAPTO TOV
PLC kot ta dvo Relays. Ze avti tn Aertovpyio péoa omd 10 TPOYPOAUUE TOL XPNoTH
evtorodoteitar pio ynoaxn €£000g, 1 TANPOPOPIo VT UETAPEPETAL 0T KAPTO 00V Ko
ot ovvéyelo, omAilovv dvo Relays. Kavovtag ypnon ovo Relays e€acoariletoan mwg 10
ototyelo mov evtorodoteitan (m.y. €vog Kivntipog) oe Oa umel og Aertovpyia v Yo KATOL0
AOyo omhicel povo éva Relay 1 dev amevepyomomOei éva Relay.

Mo mv a&omotn Aettovpyia TV 5600V TPAYUATOTOLOVVTOL SOKIUES EAEYXOL QLTAOV.
O doxpég emavarappavovior cuvnbmg kabe 1.000sec 6tav dev BELovLE va Exovpe Ypriyopn
oBopd TV evepyomontv, eved kdbe 100sec yio ypryopo EVIONIGUO GOAALATOC.

O ypdvog emavainyng eivar o PEYIGTOG YPOVOG UETA TNV amevepyomoinon g e£60ov
®ote vo umopel va avivevbei €va onuo avadpacmg mpotov OMAwbel ®g cedAiua
BpayvkukAopatog. O ypdvog emavainyng mpénet vo, pulUioTel apKeTd PeydAog, e01Kd OTav
YIVETOL EVOALOYT] YOPNTIKOV QOPTIOV, MOTE VO EXLTPETETAL 1] EK POPTION TG YOPNTIKOTITOG
LETAYMYNG EVTOG TOL YPOVOL EXAVAANYNG.

I"a tov éleyyo g Kolmdimong Tov evepyomomt, ahidlovv o 0 Ta orjpata oty ££000
eved 1 €£0d0g eivarl evepyn. ‘Evoc apketd apydg evepyomomTig gV OVTOTOKPIVETOL GTNV
TPOCOPIVI OmEVEPYOTOiNGo™ TG 5000V Kot Tapapével evepyomompévog (Light Test).

H vreppdptmon kot 1 d10komh Tov KaAwmdiov aviyvevovial ard éva onpa 0 otnv ££odo.
Kotd ) didpketa tng Sokipumg éva SoKIUaoTIKO onpa petafaivel 6to Kaviil e£000V EVH TO
Kavai €£0dov eivar ovevepyd (onuo €€66ov "0M). Zn ouvéyeln, to Kavail €£6oov
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evepyomoteital ywoo Alyo wor dwfaleton Eavd. ‘Evag apketd apydg evepyomountig Oev
avtomokpivetal o€ avto kot mapapével anevepyomompévog (Dark Test).

Onmg Kot y1o TG TUMIKEG LOVADES, Ol d1evBHVeELg TV HoVAd®Y 16650V Kal e£000V TOL
etvar aoQoAElG Yo ceaApaTO PITopodV va oplotovy ehevbepa amd tov yprotr. Extdg and tig
devbivoelg €16000v Kol €£000V OV EAEYYEL O YPNOTNG, Ol HOVAOEG €16000v 1 €£0d0L
acPaA0VC aotoyiog KatolopuPavouy emmAéov bytes yia TG £16050V¢ Kot TIg €£000VC Yo TV
emekepyacia ng emkovoviog mov oyetiletar pe v acedieio (ovtd to emmAéov bytes dev
UTOPEL VO T YPNCILOTOMGEL 0 ¥PNOTNG) KOTOAAUPAVOVTOL amd TIC LOVASES OGQUAELNG
EKYOPOVVTOL HETOED CGAA®V Y10, EMKOWVMVIO TOL OYETICETOL PE TNV ACQAAELD UETAED TMOV
povadwv acealeiog kot g F-CPU cOppova pe 1o TpmtékoAlo eTKovoviag.
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Heipapa eréyyov amokpiong OWTA®V ena@@v o€ £va Basic PLC

210 mopoKATO TEipapo yiveton EAeYY0G TG omdKPIoNG SMAMV ETOQ®Y £VOG GTOLYEIOV
(m.x. umovtov). Méca amd To amOTEAEGUOTO TOL TEPApRoToc Bo pmopécovv va eEaybovv
amoteléopata Yo To €dv pe ocvppatikég kapteg og éva PLC eivon dvvatov va vrdpéet
Aertovpyia SIL 2 ko 6yt SIL 1.

Av1o ov mpémel va gpgvvnBel e To TapaKATo TEPAUO Elval 1 OTOKPIOT TOV JITADY
EMOPOV €VOG 0TOXEIOL (OTTC €VOG UTOVTOV) TOGO OTNV apyN TNG AEITOLPYING TOL OGO Kot
otav avtd €xel ypnoomomBel pepikéc yAadeg Qopég kol va eEayBodv €161 aoQOAn
GLUTEPACLLATA.

Edv givonl yvoot) v avopevopevn amoxkpion evog ototyeiov eléyyov Ba umopei péca
amo Aettovpyieg mov vootnpilovv ta Basic PLC kot 6yt ta Safety va eheyyOel acparéotepa
kot va Topayel Safety Aettovpyia. Iivetan Kotavontd tmg e6v avtod eivat e@ikto vo, vAomom el
(1e T1g O6moteg evoeyOpeves mapadoyE amartnfovv) Ba onpaive g Bo propovce vo avéndet
N o&lomoTio TOV VIOPYOVI®V GLGTIUATOV OLTOUOTICHOD Yopig emmpocheto doamavnpd
eEomMopd aArd Ko EEEIOIKEVUIEVESG EPYOOIEG EYKOTAGTUONG KOl TPOYPOUUUATICUOD. 1€ 0T
T mepintmon Oa viomoleitor Safety Aettovpyio Tov otoyygiov (.. umovtdv) Ko Oyl Safety
Aertovpyia g CPU tov PLC.

4.1 Overview TOV TEWPANOTOG

INa v vAiomoinon Tov mEPhATOG YpNoIHoToMONKe Propunyovikog e£0TMGHOG TOV
XPTCLOTOIEITAL Y10 TOV EAEYYO GUGTNUATOV CUTOUATICHOD KOl GUVOTTIKG QPAivETOL GTNV
Ewova 35.

EMBOAO PLC

L

RIS T

i
TURTAT YWy 7o

o I
T (THT T T B TR T .

Ewova 35. E€omthopnég mepdpotog
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"Epfolo - Mrovtdv

IMa v eéopoimon Tov TUTHHETOS TOV UToVToV gykatactddnke éva éuforo aépa. Otav
to épPoio maipvetl evron amo to PLC Ba katefaiver ko miélet to urovtdv. H evroin tov PLC
(OnAaon pia ynowokn €60d0c) divel 24VDC oe pio BaAiPida kot vt S10XETEVEL 0EPO, GTO
éuPolo pe amotéheospa ovTd Vo Katefaivel TPog Ta KAT®. ATEVEPYOTOIMVTAG TV EVIOAN N
BoABida oAralel Tnv mapoyn tov aépa oto EUPoAo kal £Tol To EUPoro avePaivel Tpog Ta
enavo. Me ot T dwdikacio eEAEYyeTOL TO EPPOAO KOl KOTA GUVETELD KOl TO TUTNUO TOV
umovtov. PuBpuilovtog v migom Tov aépa mov droyetevetat 6To EUPoro divetan 1 duvatdTTe
vo TECETAL TO UITOVTOV PE YOUNAN 7 YPYOPN TOXOTNTO, KATL TOV SIVEL EXITAEOV TAT|POPOPIES
Yol TNV 0TOKPIOT) TOV EXAPDV TOV UITOVTOV. XTO PUTOVTOV vIdpyel pia Avyvia 24VDC kot dvo
Normally Closed emapég. Otav to pmovtov méleton 1 Avyvia avapet Kot o1 ETaPES avoiyouv.
Mo to melpopa xpnopomomdnKoy UrovTdv amd dVO SLOPOPETIKOVS KATOOKEVUOTES. AVTO
€ywve pe okomd va dwmotwbel edv to 000 pmovtov Ba elyav v 1810 cupmTEPLPOPA Kot Oyl
ol etapeiag eivar kaAdvtepo. Emiong ypnoomombnke pmovtdév mov £xovv outopoTn
EMOVOPOPA KOl OYL OVTA TOL KOVUTMVOLV Kal ¥pelalovtal TpaPnyHo 1 TEPLGTPOPN Yo VO
Eexovpnoovy. 'Etot pe tnv autopatrn enavapopd Tov UToutdv vapyel 1 duvatdtnta va Eava
motnOel Aueca, e Tov TPOTOo avTd EMTEVYONKAY TAPO TOAAG TATHLOTO GE EAAYIGTO XPOVO.

PLC
IMa v evtodAoddtnon Tov eUPoOrov aALd Kot Y10 TO SIIPACHO TOV ETOPMOV TOV UITOVTOV
xpnoworomnke éva PLC g SIEMENS ¢ oepdg S7-1500.

Yvuykekpyéva ypnopworomdnike n CPU 511C. Avt givan
amd TG WKpotepeg o€ dvvarotnteg CPU g pecaiog oeipdg
mov owbéter m  etopeic SIEMENS ota PLC. 'Eyet
EVOOUOTOUEVO  onuate €600V kar  e£00wv. Etol
ypnoyomoonke pio ynoeaxn ££0d0 yuo. TV €vToA0dOTNON
TOV EUPOAOL Kot dVO YNPLaKEG E1600VE Y1 TO S1APaCHO TV
EMAPADV TOV UTOVTOV.

H ovykekpyévn CPU (0mtmg mAéov Kol ot meplocdTepeg
CPU) dwbéter duvatdtra dwPdouatog t@v Eicodwv oe
xpOvoug pikpdtepovg twv 0,05ms adAid kon povtiveg Interrupt
Yo o Gpeco dtdPacpa kot enegepyocia tov E160dwmv.

.','
i

Ewova 36. PLC

SCADA

I'a SCADA ypnoporombnke 1o WinCC V7.5 g SIEMENS. To WinCC V7.5 dwfétet
to interface tng emkowwviag pe 10 PLC (oto meipapo ypnoyomombnke to Profinet),
dvvatotnteg Visualization, Control aAld kot Tag logging mov amattovvtay yuo dieEoymyn
TOL TEPAOTOC.
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4.2 PLC - Piston Control

IMo tov édeyyo TOV AVTOUOTIGHOD TOL TTEPANNTOC HEGOV TOoV Tpoypaupatog TIA V16
npoypoppatiotnke n povtiva FB1 (Function Block) oe yAdwocsa SCL ywa tov €ieyxo tov
Epporov. Me v poutiva FB1 eléyyetar péom tov SCADA n Aettovpyia Tov epuforov dniadn
wOTE Kot Yo, OG0 B evepyomoteitan yio va TELEL TO UITOVTOV.

1 CJREGION Pulse Generator

2 #TIME OFF := CK_DATA".TIME OFF * 1000;
3 #TIME ON : CK_DATA".TIME ON * 1000;
4 #$IEC_Timer 0_Instance(IN := NOT "Tag_l",

S PT := #TIME_OFF,

€ | Q => "PULSE_ON_OFF");
78 #IEC Timer_ 0_Instance_l(IN := "PULSE_ON_OFF",
8 PT := #TIME ON,

s L Q => "Tag_1"):
10 | END _REGION
11
12 EJREGION Piston Control
13 "OUT_EMBOLO"™ := "ENABLE" & "PULSE_ON_OFF";
14 | END_REGION

16 CJREGION Piston Position
7 é< #$IEC_Timer 0_Instance_3 (IN:="OUT_EMBOLO",
18 PT:=T#6€5,
ET=>#TIME OUTPUT);
"PISTON_POSITION" := #TIME OUTPUT / 14;
#IEC_Timer 0_Instance_4 (IN:=NOT "OUT_EMBOLO",
PT:=T#6€S,
ET=>#TIME OUTPUT_1);
IF ("OUT_EMBOLO™ = 0) THEN
"PISTON_POSITION"™ := (1l000-#TIME_OUTPUT_1)/14;
END_IF;
= IF ("CONTACT_A"=0)OR("CONTACT_B"=0) THEN
"PISTON_POSITION" := 80;

= w0

SV S
{1}
L

= IS R ¥ ) B S
{1}
L)

~
-
~
-
-
-
-

9 | END_IF;

30 GJIF ("PISTON_POSITION™ < 0) THEN
31 "PISTON_POSITION" :=0;

32 [END_IF;
34 | END_REGION
REGION Lamp ON-OFF

37 E IF ("CONTACT_A" = 0) OR ("CONTACT_B" = 0) THEN
38 "LAMP ON" := 1;

39 ELSE

40 "LAMP ON" := 0;

41 END_IF;

42 | END_REGION

Ewoéva 37. FB1

Pulse Generator: Mg t yprion Vo IEC TON Timers vAomou0nke pio ToApoyevviTplo 6ov
yivetor ON ka1 OFF pe puthilopevn n d1dpkeid g amd to SCADA.
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Piston Control: ‘Otav do8el ‘ENABLE’ an6 to SCADA kot ON and tv ToApoyevviTplo
divetar vioAn oto £uPolo vo el TPog Ta KAT®. AVTO £YEL GOV GUVETELN
otav vrap&er ‘ENABLE’ and 10 SCADA to éuforo vo vhomolel pio
moAvdpopkn kKivnon ke 1.y tpia devtepdienta.

Piston Position: Avdloya pe To mOG0 ¥pOVO Elval EVEPYOTOINUEVT 1| EVTOAN Yo TO EUPOAO,
mopdyetal 1 aviroyn Tt oty petafint ‘PISTON POSITION’ yia va
paivetor kot oto SCADA 1 6éom tov gpforov.

Lamp ON-OFF: Otav amevepyomomBei pion omd Tic €16000VC TOV EMAPDV TOL WUITOVTOV
evepyomoteitar mn petapfinty ‘LAMP _ON’ yia vo oanewoviletor kot oto
SCADA nwg éyel matnOel To pmoutov.

4.3 PLC - Inputs Control

I"a tov éheyyo TV €1600wV 610 PLC viomofniay ot Topakdto Slodtkacies:

Amevepyonoinon @idtpo Delay

IMa mv anoevyn TapepPordy omd TNV €YKATACTOOT G€ £V GUGTNIO CUTOHOTIGHOD Ol
elcodot ata PLC &yovv tn duvotdtnTa gl0aymyng piog kabuatépnong evepyonoinong o Eva
Kava 1 Levyog Kavorimv.

Ot moApol Tapepfordv TV omoimv 0 TUAUOS eivol PIKPOTEPOG Ao TNV KaBopiouévn
kaBvoTEPTON £16050V (G€ MS) ayvoovvTal Kot £Tot dev givar opatoi oto PII tov PLC.

IMa tic avaykeg Tov mEPAUATOG amevepyomomOnke TAPwS avtod to delay €161 dote va
VIApYEL OGO TOL0 AUECT] avTOmOKplon g €16o6dov oto PII tov PLC yivetan. Avtd Oe
dnuovpyel Kamowo TPOPANUe amd TVXOV TapeUPorés yroti To melpapa vAoToOnKe 6TO
gpyactNplo Omov Ogv vmdpyel MAeKTpouayvnTikog B0pvfog Omwc o€ €va Propmyoviko
mepPaAlov.

Input parameters
Input delay: | None -

nore |
0.05 |

Ewova 38. Anevepyomoinen ¢iktpo Delay

Amevepyomowdvtag To Input Delay éxovpe T dvvatotnta vo dtafdoovpe TV andkpion
piog €10660vV o€ YPOVO UIKPOTEPO TOL 1ms.

Evepyomoinon dwdikaciog Interrupt

Enedn ypedletor va avayvmcbei n andkpion piog eiod6dov péca otn CPU 100 PLC 660
o dueco yiveral, evepyomomdnke n Swdwkacio Hardware Interrupt. Me ) Swndikacio
Hardware Interrupt n eicodoc o€ dafaleton o€ po povtiva tov PLC, 6mov avth kaAeiton péca
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amo v Main povtiva Tov KOKAOL NG, YioTi avtd Ba ofjuatve emmAéov KabuoTépnomn Kot G
un otabepd YPOVIKA SLOCTNUATO 0AAG AUECH OTOV OAAAEEL ] KOTAGTOGOT TNG €16000V. [3]

[W] Enable falling edge detection

Event name: [ Falling edge0 ]

Hardware interrupt: [ Hardware interrupt j

Priority: [ 16 J

Ewova 39. Evepyonoinon Interrupt swodikacio

v nopandve Ewdva 39 eaiveton ) evepyomoinon tov Hardware Interrupt oto Falling
Edge, dnAadn petdfacn ot povutiva tov Interrupt tn otiyun mov €xovpe petdfoor g
Eiwc660v and 1 g 0. O emogéc mov ypnoyoromnkay oto pumovtov eivar Normally Closed.
INo kéBe Eicodo extereiton dtopopetikn povtiva Interrupt. Xe kdOe Interrupt povtiva tpéyet
0 TOPOKATO KDOKOC:

- Read CPU Clock: Aapdalovpe to Real Time
. DATA".CLOCK_TIME OB_A := #DATE_TIME; Clock mg CPU.

; TEE;I?'I:TLES:ZIA".::L::e:_nyi:_;; := $DATE_TIME; Time A: I'pagovpe to Real Time Clock g CPU

? LEND_REGION otV peTapAnT: “CLOCK_DATA”.

CLOCK TIME A. Avti n &vtoAn ekteleiton

otav evepyomoteital 1 povtiva Interrupt, SnAadn| 6tav amevepyomoteiton  Eicodog. Me avti
T péBodo amodnkevetar to Real Time Clock tng CPU oty mopandvo petafint.

4.4 PLC - Difference Record

INo Tov vToloyiopd Kol Kataypagn Tng dapopdg ypdvov amevepyomoinong twv 600
Eic660v viomomfnike n mapakdto dwudikacio otn povtiva FB2 (Function Block 2):

2 [JREGION Calculate Difference

A".CLOCK TIME DIFF := T_DIFF(IN1 := "CLOCK_DATA".CLOCK TIME B, IN2 := "CLOCK DATA".CLOCK TIME R);

Ewoéva 40. FB2

Calculate Difference: Otav kot otig dvo Eis6dovg vmdpyet kotdotacn 0 1 dapopd
xpovov omokplong peta&d tov oo Eicddwv vmoloyiletar (oe ms). H axpifeia tov
VTOAOYIGHOV, UE TO cvykekpyévo Configuration Tov mePAUATOG UITOpEl va eivar avd 1ms.
Avt 1 axpifela 6mog Oo avodvBel Kol TOPAKAT® €Vl VIEPAPKETN Yo TIG AVAYKEG TOL
MEPALOTOG,
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Button Count

H andkpion tov urovtdv dev givar 1010 TOGO LLE TO TEPAGHLO TOL XPOVOL OAAG KOt HETA
0o TIG TOALEG XPTOELS TOV, £TGL Y10 TOW0 CMOTA ATOTEAEGLOTO TPEMEL VO, EIVOL YVMOGOTY] 01

xpnoet tov. o va

eréyEovpe €dv M OmOKPION TOV EMAPOV TOL UTOLTOV €ivar ido M

SL0QOPETIKN UETE 0O KATOEG EKOTOVTADEG TATAILATA, VAOTOO1KE 1) Topakdt® povtive FB3

(Function Block 3). Mg tnv povtiva FB3 yivetou n kotopétpnon Tov TaTUdtoy ToL HIovTtov.

i

REGION Push Button

END

Count
".CTU(CU:=("CONTACT_A"
R:="RESET_COUNT"

"IEC Counter_0_DB 0) OR ("CONTACT B" =
S — -

0),

r

A" .COUNTER_PUSH_BUTICN);

IF ("RESET_COUNT") THEN
"RESET_COUNI":= 0;
END_IF;
REGION
Ewoéva 41. FB3

Push Button Count: Otav vrapéet 0 og pia 1 kon otig dvo Eioddovg avefaivel n tiun tov
petpn poc. Edv vmapéel 1 ot petafint “RESET COUNT” undeviletat o petpnty - ovth
N uetaPAn evepyomoteiton and to SCADA otav yioo mapdderypo tomobetbei éva véo

UmovtdV Ko Eekvd &

ovVQL Ao TNV Py TO TEIPOLLAL.

4.6 SCADA- Configuration

INa tov éleyyo
TOPOKATO:

11 Tag Management - WinCC Configuration Studio

Tov mepduatog péca and o WinCC viomomfnkav (cuvontikd) to

File Edit View Tools Help
Tag Management « || i Tags[PLC] @
=M Tag Management Name Comment |Value Data type Length |Format adaptation Connection Group Address
-4 Internal tags 1 [A-->B .; 0 Signed 32-bit valu 4 LongToSignedDword PLC EMBOLO MD300
= SIMATIC §7-1200, §7-1500 || 2 |B-->A 0 Signed 32-bit valu 4 LongToSignedDword PLC EMBOLO MD304
=11 oMs+ 3 |DIFF_AB 0 Signed 32-bit valu 4 LongToSignedDword PLC EMBOLO MD308
& PIpLC 4 |DIF_TIME_A_B 0 Unsigned 32-bit ve4 DwordToUnsigneddword PLC DIFF_TIMES  DB10,0D24
& COUNT 5 |LAMP_ON 0 Binary Tag 1 PLC EMBOLO M40.0
& DIFF_TIMES 6 |PISTON_POSITION 0 Signed 32-bit valu 4 LongToSignedDword PLC EMBOLO MD340
% EMBOLO 7 |PULSE 0 Binary Tag 1 PLC EMBOLO M100.5
B} Structure tags 8 |PUSH_BUTTON_COUNT 0 Unsigned 32-bit ve 4 DwordToUnsignedDword PLC COUNT DB10,DD44
v 9 |RESET_COUNT 0 Binary Tag 1 PLC COUNT M22.2
10 |RUN_TEST 0 Binary Tag 1 PLC EMBOLO M22.0

Ewéva 42. Metapintég SCADA

o Anuovpyia emikotvaoviag WinCC-PLC kot opiopodg tov anopaittov petapfintov (Tag).
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o Avdmtuén Tov Ypoeikoy mEPPAALOVTOG GTOLYEIN Y10 TNV OTEWKOVION KOl TO XEIPIGUO TOL
GUGTNLOTOC. M I

TIME ON COUNTER

DIFF TIME A-B| o [l Tl [l T
TEST STOPPED 1 sec F) | l Wi oA
gy o | PR i
TEST rest  |ULLSSIEEE o rer L 1 Aife
TEST RUNNING L_Zcc SIS T
RUN sToP B 1 R s

TEST TEST
Ewova 43. Zroyeio aneikoviong ko yeipiopov Tov SCADA

o Anuovpyia kataypaeov o SQL, avdmtuén oto Ypapikd TepBAAlov GTot el Yo TV
OTEKOVIOT] KO TO XEPIGUO TOV GLGTLOTOC.

Tag Logging « || Archives [Archive_Values ]

= ] Tag Logging Process tag Tag type |Tag name |Archive name Comment |Acquisition type
- Timers 1 |DIF_TIME_A_B Analog DIF_TIME_A_B Archive_Values On Demand
-3 Archives 2 |PUSH_BUTTON_COUNT Analog  PUSH_BUTTON_COUNT Archive_Values On Demand

& J]J Process Value Archives|| 3
J_U Archive_Values 4
I3 Compressed Archives || 3

Ewova 44. Anpovpyia paong oedopévov eto SCADA

H xotaypagn g dapopdg Tov ypodvou Twv dVo E160dmv dgv LAOTOEITAL GE KATON YPOVIKN
Suapkela 0AAG T oTLypUn TTov Ydvovtot Ko ot dvo Eicodot and to PLC.

4.7 lleipopo anokpiong Eicodomv

INa mv e&ayoyn KoAHTEPOV GUUTEPACUAT®V UE TO TEPAUN VAOTOWONKAV SOKIUEG [E
S1opopeTkong mapdyovteg kKabe popd. [opakdtm avaiveton 1) kaOe dokiun wov vAoTo OnKe.

Aok 1
Mo avt v dokun:
- TomoBetnOnke éva kovovpylo provtov pe 0vo Normally Closed emagpéc.
- Htoydmrto tompotog Tov euforov pvbuictnke o 10cm/sec,
- To éuPoiro tomoBetnOnke £To1 MGTE VO UMV TATAEL GTNV UEGT] TOL UTOLTOV OALG
TPOG TNV GKPN
- Koraypaetnkav 3.800 deiyuara.

270 TOPUKATO YPAPNUO POIVETOL TOY HTAV SLOPOPA TNG ATOKPLOTG TV dVO ETAPDY TOV
UTOVTOV.
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Ewéva 45. Aoxipn 1

MEeAETMVTOG TO TAPATAV® YPAPN O TopaTPHOnKe TmG 1 dlopopd XPOVOL TG ATOKPIoNG
TV dVO eMAPOV NTov 4-9 msec, pe péon Tiun tepinmov 6,8msec.

Aoxiun 2
e aut TV doKun:
- Xpnowormomonke 1o 1610 provtdv (6o Normally Closed emapéc)
- H1oyomro tompotog Tov epforov moapépeve otabepn (10cm/sec)
- To éuPoiro tomoBetnOnKe £T01 MOTE VO TOTAEL GTNV UEGT] TOV UITOVTOV
- Koraypaetnkav 9.000 deiypara.

270 TOPUKATO YPAPNUO POIVETOL TOH TAV SLOPOPA TNG ATOKPIOTG TV dVO ETUPDY TOV
UTOVTOV.

L&/ WinCC FunctionTrendControl @

OEQ+iu/BO nE

[(mseql4

o = N oW A v o N ®
RO O MO, Dy O LR

T T T T T T T T T T T T T T T T T T
000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 9500 10000 10500 11000 11500 12000

Ewkéva 46. Aoxipn 2

A6 10 TOPOTAVE YPAPTLO TOpaTPHONKE TOG 1 dlPopd YPOVOL TNG ATOKPIoNG TOV
dv0 emaemv NTav S-8msec, pe péon Ty mepimov 6,5msec.
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Aoxiun 3
Mo v tpitn doxun:
- TomoBetnOnke éva Katvovpylo pumovtdv pe dvo Normally Closed emapég
- Htoyomrto tompotog Tov epuforov pubuictnke o Scm/sec
- To éuPoiro tomobetnOnKe £T01 MOTE VO TOTAEL GTNV LEGT] TOV UITOVTOV
- Koraypaetnkav 6.000 deiypata.

270 TOPUKATO YPAPNUO POIVETOL TOY TAV SLOPOPA TNG ATOKPLOT|G TV dVO ETUPDY TOV
UTOVTOV.

L =
0B&+HB/HY K

12
[

T T T T T T T T T T T T T T T T T T T T T T

T
250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000 4250 4500 4750 5000 5250 5500 5750 SUUq

Ewova 47. Aoxypun 3

A6 10 TOPOTAVE YPAPTLO TOpATPHONKE TOS 1 daPopd YPOVOL TNG ATOKPIoNG TOV
500 emapav Ntav 8-10msec (extdg and ta mpato 100 mepimov detypota mov eiyope ypryopo
moTNUa TOV RPOAOL), pe péon TR mepinov 9,2 msec.

Aoxiun 4

2V tétaptn SoKIn:
- TomoBetnOnke éva Katvovpylo pumovtdv pe dvo Normally Closed emapég
- Htoyomro tompotog Tov epuforov puvbuictnke og 3cm/sec
- To éuPoiro TomobetnOnKe £T01 MOTE VO TOTAEL GTNV LEGT] TOV UITOVTOV
- Koraypaetnkav 5.500 deiypara.

270 TOPUKATO YPAPNUO POIVETOL TOH TAV SLOPOPA TNG ATOKPLOT|G TV dVO ETAPDY TOV
UTOVTOV.
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L/ WinCC FunctionTrendControl

EESY ENELER
20

(msec)
18+

T T T T T T T T T T T T T T T T T T T T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200 5

Ewova 48. Aoxipn 4

Meletovtag TO0 TOPATAVED YpAPNUe TOpoTNPHONKE TG 1 JPopd YPOVOL TG
amoOKPIoNG TV dVO emapmv NTov 14-18msec pe péon Tiun mepimov 16,3msec.

A6 T1g Topandve SoKIES Tov LAOTOMONKAY dlameT@OnKoY To ENG:

e H drapopd tov xpOdvov amdKpIong TOV ETAPROV GE UTOLTOV LE YP1YOPO AT OEV
Eemepva ta. 10msec kot pe apyod matnue dev Eemepvd 20 msec.

o Axoun kot petd omd 13000 TatpoTo o1 ETAPES £XoVV TNV 1810 CLUTEPIPOPE ATOKPIONC.

o O ypoVOG OTOKPIONG TOV EXAPAOV OE SLOPEPEL TOAD OTAV TO TATNUA, YIVETOL 0T PN 1|
GTNV AKPN.

o O ypoVOg OmOKPIONG TOV EXAPADV O SLUPEPEL OTAV TO AT YIVETAL OVAL KPS YPOVIKO
dllotnua Y. ové 2 sec 1 avd 1 min.

Ao T1g S10pOpETIKEG dOKIUEG TTOL LAOTTOWONKOV TopatnpnOnKe oG 1 dPopd Tov
XPOVOL aTOKPIONG TOV EXAPAOV gival YeEVIKA oTafepn akOUn Kol PHETH omd ApPKETES YIMADEG
moTpate. Agv TPEMEL VoL PLGIKA VO OYVOELTOL TTMG 1] YPNOT VTOV TOV oTotKElwV, dTOS TO
Stop Emergency, eivar otoiyeioo mov 0gv €vepyomolovvTol GuYVA UEGO OTN TOPOYOYIKN
Sodkacio aAld povo otav vrdpéer Tpofinua. ‘Exer mopatnpnbel 6t Bo pumopovoe va
TEPACOVY AKOUN KOl TLEPES KOL VO, U1V £YOLV yp1opomotndel kaboiov. AvTd GNUAIVEL TG
eav pio unyovn €xer kokAo {wong mepimov 10-15 ypovia éva Stop Emergency miBavo va
evepyomom el cuvorikd axoun Kot Aryotepo amd 5.000 popég. Ducikd yo v a&lomioTio Tov
ototyeiov (m.y. Stop Emergency) molv onuoviikd porio mailovv to VAKG KOTOUGKEVTG TOV.
‘Eva. otoyeio pe koAd vAIKG avtéyel oto xpovo, G€ VYNAEC Oeppoxkpaciec, VYPUGIES,
KPOOOGUOVG KAT, KATL TOV Ol TEPIGGOTEPOL KATUCKEVOUGTES TAEOV AOUPBAVOLY VTOYT TOVC.

4.8 Xopumepaopora

Metd and TIC Tapamdved SOKIES KATAPYNY UTOPEL va. BYEL TO CUUTEPAGLLO TG HECH OO
éva Basic PLC umopei va aviyvevOel - eleyyBei n amodipion 600 SlopopeETIKOV ETUPOV EVOG
Umovtov Yopic emmAéov €106 hardware. H dtopopd ypovov amdkpiong ivar pukpn pe pio
péon tiun ota 10msec. Eqv avénbei avtn 1 dagopd kotd ToAd w.y. ota 300msec avtopaTa
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dnuovpyeitor TpoPAnua. BéPato to pofAnua avtd sivor aviyvedollo omoTe 1 Topaymyn
UTOPEL VO OTOUOTNOEL PE aoPAieln. XTIG meplocdtepeg Safety kdpteg 1 dapopd xpovoL
amoKploNg LeTAED TV dV0 emapmv puduileTorl ota SO00msec kol AVTEG e S1KO TOVG PNYOVIGHO
eAEyYoLV aVTN TN dpopd Yo va Pydhovv evdeydpevo tpdPfAnpa. Ymdpyovv moArd moloid
GUGTHUOTO CLTOUATICHOD HE OpYEG OlEpYaoiec mOv &€ivol og Agttovpyio Kot AOYo 1Trg
TOPOY®YNG M TG SoUng mov €xovv glvar oxeddv amayopevutiki] 1 avoafadon g Safety
AgrTovPYioL TOLG, VTN TN GTIYUN OTIG TEPICCOTEPEG MEPIMTMOGELG avVTIKOBIoTAVTOL TANPNG LE
vEOL GLUOTNLOLTAL.

To tehkd ovumépacua mov Pyaivel and to meipapo mov dieEnydn sivol mog Kdvovtag
xpnon Basic PLC kot pe ypnon cuykekpipévev poutivav pumopel vo avéndet n a&lomotio g
Aertovpyiog TOL OVTOUATIOUOV Ypig emumpocheto e£omMopnd. Avtd onuaivel Tog Yopig
Heydlo KOOTOG EiTE OE YPNLOTO EITE GE YPOVO VAOTOINGNG OKOLO KO VTAPYOVTO GUGTHLLOTO
OVTOUATICUOD UTOPOVV Vo €YOuv pio molo a&lOMIGT AC(QOAN AglTtovpyio yopic TV
OVTIKOTAOTOOT]) TOVG LE VEQ GLGTH T OTwG Tpoteivovy o1 katackevaotég PLC.
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KE®DAAAIO 5

Avantoén alyopifpov ywo Fail Safety Aertovpyia og Basic PLC

O otoyog g Aettovpyiog piog pnyovng Topaymyng eivar va dtetnpnbovv ot mbavoi
Kivouvol 1060 Yo Tov AvOpmmo 660 Kat Yio T0 TEPPAALOV TO SuVATO YAUNAOTEPOL YMPIC OU®G
Vo TEPLOPIGOLV (060 AVTO gival EPIKTO) TNV TAPAY®OYT]. LTO TOPOV KEPAANLO AVOADOVTOL Ot
punyoviopot mov &yovv avamrtuyfel yo v peioorn Tov Thovov KvOvev GE TEPUTTOGELS
actoyiog T0c0 Tov Hardware 660 kot tov Software g éva chotTe avTopoTIcHoD. Méca amod
TNV avAALGT TOV VTOPYXOVI®V EWVIKMV GVTMOV GLOTNUATOV Ba avoartuyBovv alyopifpot Tov
0o pmopovv va tpéyovv oe Basic PLC aveBalovtag v a&lomiotio Katd tn Aettovpyia Tovg,
étol ®ote vo petwbovv ol mbavoi kivévvol oe mepittdoelg aotoyiog Tov Hardware kot tov
Software. Edv amodeiydei nwg pe Basic e£omiopd PLC aAAd pie S10p0peTIKO TPOYPAUUATIGUO
avtov pmopel vo, avaPobuicdel n AoPAAED TOV GLOTNUATOV OVTOUATIGHOV, TOTE YOPIG
KOGTOC Y10 EMTAEOV E101KO EEOTAIGLO GE VOIGTAUEVO GLGTILOTO CVTOUATICUOV Ba pmopel va
vrapyet Fail Safety Aettovpyia.

Ot vopKéG €VVOLEC KOl O OOITNOELS TOV SETOLV TNV AOdEIEN EMAPKOVG OCPAAELNG
(TOTE Ko MG TPEMEL VoL TTOPEYOVTAL OTOdEIEEIS) Oev mpémel va eilvan dlapopetikéc. [
mapadetypa 6pmg otnv EE vrdpyovv anaitiogig TO60 Yo ToV KOTOOKELOOTI OGO KOl Y10 TOV
YEWPLOTN TNG EYKATAGTACNG, Ol 0oieg kabopilovtat amd odnyieg, VOUOVG Kot TPOTLTA.

211c HITA vadpyovv S10popeTIKEG OmaLTOELS AVAAOYO LE TNV TEPLOYN 1 CKOUN KOL TIG
tomikéc pubpioeis. e oleg opwg tic HITA vmdpyel pia Pacikn apyn 0Tl 0 €pyodoTng TPEMEL
va gyyunfet évav aceain ydpo gpyacioc. H vopobesia mepi evBOvng tov mpoidvtog Bempel
TOV KOTAGKELOOTH LITEVOBVVO Yo {Nuieg TOV TPOKAAOLVTAL OO TO TPOIOV TOV.

To onUoVTIKO Y10 TOVG KATAGKEVAGTEG UNYXAVTLATOV €lval OTL IGYVOVY TAVTA Ol VOULOL
KO Ol KOVOVIGHOL 6T Y®Pa OOV AEITOVPYEL TO Uy dvnpo 1 To epyootdoto. o Tapdderypo
7o pUNyxdvnue Tov Tpodkertan vo, xpnotponombei omnv EE npénel va minpot Tig amoitnoelg g
EE axoun Kot av 0 KoTooKELAoTHG TOV Pnyavipatog Exet v €6pa. tov otig HITA. Iopoakdtm
OVOADOVTOL TO GUOTNUATO, EAEYYOL OV £X0VV avamTLYDel Yo Vo KOADYOLV TIC TOPOTAV®
OVAYKEG EVOPLOVIGUEVO GYEGOV GTO GUVOAO TV 00N YLDV SlEBVmG.

5.1 Redundant Systems

Ta redundant GLGTALOTO CVTOLATIGLLOD YPTCLLOTOIOVVTOL Y10, TNV EMLTEVEN UEYOADTEPNC
Sbeopotnrag. O XKomog oVTdV TV GLGTNUATOV gival va petmbel 1 TlavotnTa dlokomnng
NG MUPOYWYNG, N TPOOTOGIA TOV ATOU®V, TOV TEPIPAALOVTOG KAl O OCPUANG TEPUATIOUOC
Aertovpyiag tng mopaywyns. Oco vynAdTEPOL Elvar ot Kivovvol Kot T0 KOGTOG SLOKOTNG TG
TOPOYDYNG TOCO o ypioun givar 1 xpnon evog Redundant custipotog.

H a&oldynon tewv Redundant cvommudtov Poaciletor cuvnbmg oTic TOPapUETPOVG
a&lomortiag ko dtbeoipudmrag. 'Eva cuvilBog ypnoiporotovpevo pétpo aélomiotiog eivot to
MTBF (Mécog ypovog petald amotvyiag). Avtd pmopel va avalvbel otatiotikd pe Bdon tig
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TOPOUETPOVG TOV EV AEITOVPYIO GULOTNUATOV 1| PE VTOAOYIGUO TOV TOGOCTMOV 0GTOYIOG TOV
XPTCLOTOIOVUEV®Y EEQPTNUAT®V.

To MTBF &vog Redundant cvuotipatog kabopiletor and 1o MDT (Mean Down Time)
evOg otoryelov TOL GLOTANATOS. AVTOG O YPOVOC TPOEPYETOL OVGLUGTIKG OO TOV YPOVO
EVTOTICUOV TOV COOAUAT®V Kol TOV YPOVO TOL OTOLTELTOL Y10 TV EMIGKELT] TOVG.

To MDT &vog ovotipatog kabopiletar amd Toug ypdvouc:

® ATOTOVUEVOG YPOVOC OVIYVEVCTG TOV CPAAUATOG.

® ATOUTOVUEVOG XPOVOG EDPECTC TNG ALTIOG TOV GOAAUATOG,.

® ATOUTOVUEVOG XPOVOGC Y10, TNV OVTILETOMTIOT TOV TPOPANUAT®V KoL TV EXAVEKKIVIION
TOVL GLGTNUOTOC.

To ovomua MDT vroroyiletor pe PBaon to MDT 1tov empépovg otoygiov Tov
ovotipatog. H doun oty omoia T otoyyeio amoteAodVv To cOGTNUO OTOTEAEL EMioNG UEPOG
TOV VITOAOYIGUOV.
2voyétion petoé MDT ko MTBE:

H mywnq MDT éyet v vyniotepn onuocio yio TV Toldtnta TG GUVTHPNONG TOL
GLOTNLOTOG KO O 7O GTLLOVTIKOL TapAyovTEeS givat:

o E1dikevpévo Tpocomiko.

® ATOTEAECUATIKN EPOSIOOTIKT AAVGISA.

e Epyoleio vynAng anddoomng yio S1dyvaooT Kol avoyvapion COUALIT®Y.
® Mo KOAT GTPOTNYIKY| ETICKEVTG.

2y mopokdto Ewova 49 eaivetor n e€dptnon tov MDT amd tovg xpodvovg Kot Tovg
TOPBEYOVTESG TTOL OVOPEPOVTOL TTLO TAVE®.

MDT

Detect error Troubleshooting Starting the System
Find cause
Qualified Strategy
Diagnostics Repair Strategy
Logistics

Ewova 49. MDT
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Xmv mopakdt® Ewdve 50 eaivovtor or mapdpetpol mov mepAouPavoviol oTov
vroroyiopo tov MTBF gvog cvuetipoatoc.

Experience

Error Model

System Error

MDT, CCF, DC —
Component the System
Charactiristics

e ————————

Markov model

Minimal Cut Set

MCS Class

Ewoéva 50. MTBF

H mapandve avdivon tpoimodétel Ta mopoKato:

e To m0GO0TO AMOTLYING OAMV TV GTOLEIV Kol OA®V T®V VTOAOYISH®V PacileTor o€
évav péco 6po Beppokpaciog 40 ° C.

e H gykatdotaon kot 1 SIOUOPP®GCT) TOL CLGTHHOTOG OEV TEPIEXOVY GOPAALLOTAL.

o Olo ta avToAhoKTIKE etvar S100€010 TOTTUK, TPOKELEVOL VO ATOoPEVYHOVV EKTETAUEVOL
xPOVOL EMOKEVTG AOYO Elhenyng avtaAlokTik®v (avtd dtotnpet o ototyeio MDT oto
eAdy1o70).

e To MDT pepovouéveov efapmmudtov sivar 4 opec. To MDT tov ovotipatog
vroloyileton pe faon to MDT twv empépovg 6TotyElmV GUV T H0UTN TOV GUGTHUATOG.

e To MTBF tev e£apmnudtov va minpoi to TpodTLTTA:

- SN 29500 (Avt6 10 TpdTLTO €ivan cupPatd pe MIL — HDBK 217 — F).

- IEC 60050.

- IEC 61709.

Ot vToAoYy1oHOL YIVOVTOL YPTCILOTOIDOVTOG T SL0YVOGCTIKY KAAvyn Kabe oTotEiov.

Avdroya pe tn dStopopemon Tov cuothuatog o cuvtereotng CCF eivar peta&d 0,2% o
2%.
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H yprion Redundant povédwv avédver oe peydro Babpudo MTBE. O vyning moidtnrag
OVTOEAEYYOG EMITPEMEL TOV EVIOTIGUO GXEOOV OAWDV T®V GOUAUATOV, £TCL 1 VTOAOYILOUEVT
Syveotikn kdloyn eivon tepimov 90%. H adlomotia o€ avtévoun Asttovpyia meptypaeeTot
amto Tov avtiotoryo puiuod actoyiag. H alomiotio o€ Redundant Asttovpyia meprypdpetar amd
TO TOGOGTO AOTOYIOG TOV GYETIKOV e&aptnuaty kot ovopaletar "MTBF". Ot cuvdvacpoi
OTOTUYNUEVOV OTOXEI®V OV TPOKAAOVV Uiot 0GTOYI0. TOL GLOTALOTOC TEPTYPAPETOL KoL
vroloyileton ypnoiponotmvtag poviélo Markov.

H Swbeopotnra givor 1 mhovotnto evog GLGTLATOC VO AEITOVPYEL G Lo SEGOUEVN
XPOVIKT oTiyun. Avti pumopet va givon evioyvpévn pe m ypnon Redundant povadov 1/0. Ta
Redundant croyyeia sival dtatetaypévo €161 MOTE 1) AEITOVPYIKOTNTO TOV GUGTHHOTOG VO, UMV
emnpedleton amd TNV amotvyio. €vog pepOVoOpEvoy ototyeiov. H dwbeoudtnra evig
GLGTANOTOG EKPPALETOl OC TOc0oTO Kot opileTol amd 10 HECO YPOVO WUETAED 0oTO)IOG
(MTBF) kot tov pécov ypovov emokevng MDT. H dwbeoiudtnra gvog 600 kavalmv
GUGTANOTOS OVOYNG oPaApdtov (1-amd-2) umopel vo VTOAOYIOTEL YPNCLOTOIDOVIOG TOV
axoAovfo Tomo:

MTBF;,,
"~ MTBF,,; + MDT

* 100%

E&iocmwon 10

MTBE  MDT  MTBF Time

Ewéva 51 Availability

e éva ovotnua eEréyyov pmopovpe va £yovpe CPU Redundancy, Network Redundancy,
I/0 Redundancy, Sensor Redundancy ka1 Switchover Bump less. Ze éva, Redundant chotpa
vapyovv ovo Opoteg CPU o6mov ektelobv tov 1010 Kddka mapdiinia. Ot dvo CPU
ovyypovilovtal péco emikovaviag cuviwg pe Sumhég ovvoéoelc. To choTNO £XEL LOVAOES
oLYYPOVIGHOD TTov vrootnpifovv to Hot-Swapping étol dote edv pio CPU amotoyel | dAAn
CPU dwtnpet tov €leyyo g dodikaciog kol 1 mopayoyikn dwadtkacio cvveyiletol xwpig
kdmowo avopoiia. I'a Adyovg aopddrelag kot Asttovpywotntog pio CPU pmopet va givar og
amootoorn péypt 10m otav £yovpe Povadeg GUYYPOVIGUOD TTOV EMIKOVAOVOVY UE YOAKO Kot
péypt 10km Otov ETIKOIVOVOVV LIE OTTTIKES TVEC.

2y nopoakdto Eucova 52 eaiveton pio tomikn dtopopemon evog Redundant oo,
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T

Ewova 52. Zootnpa Redundant PLC

To cvomuo anoteleiton and éva SCADA mov givan o interface tov yepiotn pe
unyovn, ovo CPU pe Redundant Asitovpyia, éva cdomuo kaptov (cuvibog Inputs kot
Outputs) yio Tn AEITOLPYIO TNG UNYOVAS KO O1 AOTOOEVES KAPTES emkovaviag. O Eleyyog-
Aertovpyia Tng unyovig viomoleitol og e&Ng:

O1 dvo CPU emkotvovodv peta&d toug pe oimAn oovoeon (v Adyovg Redundant) péom
ontik®Vv vav. Ot emikotvovia amorteitat yuo va eréyyel n pio CPU v katdotaon g GAAng
KO Y10l TO GUYYPOVIGUO TOVS. ANA0ON 1) EKTELEST] TOL KOJIKA EAEYYOV TNG UNYOVIG Elvar ThvTal
ovyypoviopévn. Ilavta n pioe CPU tiBeton kon Aeitovpyei wg Master kot 1 6AAn og Standby.
H CPU mov Aertovpyei wg Master givar avti] mov €vtolodotel PEcw Kaptmv 560wV T
ototyeia g unyovie. Kot ot 860 CPU dwpdalovv Tig kKapteg €1660mv, Tig eneéepydlovral
ave&aptnta kot yvopilovv og Tt fua Asrtovpyiag Bpicketor n unyovy. Otav 1 Standby CPU
Swmiot@oel TpofAanpa otn Master CPU 101e avtopata auth praivel o€ Aettovpyio Master
kot B€ter v dAAN o€ Standby. O ypovog petaywyng eEréyyov amd ™ pioa CPU oty dAAn givon
pikpotepog twv Sms. To SCADA enucovovel ‘puotkd’ kKot pe Tig dvo CPU aAld n evnuépmon
Kot o1 yeptopol viomolovvral and T Master CPU.
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5.2 Avartoén aiyopiOpov Yo Fail Safety Aertovpyia og Basic PLC

Avoivovtag ta 600 TOPATAvVE GLUCTLOTO (OIVETOL TOG HE TN YPNON CALTOV GE €val
GUGTIIO OVTOUATICUOV QLEAVETAL TOCO 1) dtafecIdTNTA 650 Kot 1) a&lOmIoTYn AEITOvpYia TOV.
Ot amoutfoelg OU®G 68 KOGTOG OAAG KOl GE 10104TEPT) TEYVOYVMGIN €lval TOGO VYNAEG OOV
0€ TOAAEG TEPUTTAOOELS KOl KUPIWG G LKPES EPUPLOYES TOL KAVOUV OITOYOPELTIKA Yo YP1oM.
"Exovtag €1c yvon 6Aa T Topamdve Kot pe yvapova T xpnon Basic PLC oyedidodnke kot
avantoydnke évog adyopBpog mov pmopei va ypnoyomoindet e0koio Kot xwpig KAmoo
Wwitepn teyvoyvmaoia, avefalovtag tnv a&lomiotio EvOg GUGTHUATOG AVTOUATIGHOV.

H Paocwn 1déa avtod tov aiyopiBuov eivor mwg ta PLC givarl pukpogieyktég edkd
KOTOOKELOOUEVOL Yoo ypnon o€ Prounyovikd mepifdAlov Kot 7oL TOAD dvoKOAN
amotuyydvouv. Otav OU®G amoTLYYXEVOUY Ol GUVETELEG TOGO Y10, TNV TTapay®yn OGO Kot Yo
TV TPOKANGON OTLYNLOTOC Pmopel va, givorl Kotaotpopikéc. o Toug Adyovg awtovg 1 10éa
etvar To PLC va unv eneéepydletar povo pic @opd Tov KOIKO TOL GVTOUATICUOD OAAG ‘n’
POPEC TPV PYAAEL TIG EVTOAEG TTPOG TO, GTOLYEID TNG UNYOVIG. ZTO TEAOG TV ‘N° POPOV TG
eneepyaciog Tov KOdIKA cCLYKPIVOVTAL TO OTOTEAEGUATO TNG KAOE emelepyaciag Kat v gival
010 T0TE Pyaivovuv Kol o1 EVTOAEG TPOC T GTOLYEID TNG UNYOVIG, o€ avTiBeTn TepimTmon M
unyovn petafaivel 6€ KOTAGTAON ASPAANG Asttovpyiag. Ztnv Tapakdto Ewdva 50 paiveton
N dwdikacio Aettovpyiog Tov adyopibuov.
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START

STOP_EMERGENCY 1 =EM_STOP 1
STOP_EMERGENCY 2 =EM_STOP 2
HIGH PRESS = PRESS

v

SAFETY_OK =0
ERROR_CODE =0

No

Yes
L[i] = Operation

| SAFETY OK=L[i1] |

A
ERROR_CODE =1
SAFETY_STATUS = SAFETY_OK|[ERROR STATUS = ERROR CODE
SAFETY_STATUS

ERROR_STATUS

Ewova 53. Asrtovpyia AlyopiOpov
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Ieprypaen AlyopiOuov

H Aertovpyia tov akyopiBuov givar n e&ne:
1.

INveton elcaymyn TV ETBLUNTOV ETOVOANYEDY EKTEAEONC TOV KMOWKA (1).
2. Tiveto elcayoyn tov petafAntav (e1060wv kot e£00wv) Tov kmduca (IN1, IN2,
OUT1, OUT2, k.t.A.).

ExteAeitar o kddukag ‘n’ @opég ko og KAOe EKTELEST) TAL AMOTEAEGLOTO TOV KOSTKA
(E&odor) amobniebovral og Eva Tivaka.

Metd Vv eKTéAecn TOL KOJIKO EAEYYOVTUL TO ATOTEAEGLLOTO TTOV PpioKoVTaL GTOV
mivaxo Kot eav etvat idta Tote Pyaivouv oTig avtiotoryes £000VG G€ dUPOPETIKN

nepintoon Pyoivel pRVupe GEAALATOG KOl TO GUGTNUA HETOPOIVEL GE KOTAGTAON
acPUANG AgtTovpyiag.

5.2.1 Overview T0V TEPANATOS

INa v vAiomoinon Tov mEPpdpaTog ypnopomombnke Propunyovikog eE0TAMOUOG TOV

XPTOLOTOIEITAL Y10 TOV EAEYYO GUGTNUATOV CUTOUATICHOD KOl GUVONTIKG QPAiveETOl GTNV
mopakdteo Eucova 54.
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Ewova 54. EEomthopnég meypdpotog

INa 1o meipopa ypnowomomnke n CPU 511C g SIEMENS avt eivor amd Tig
ppotepeg og duvototnteg CPU g pecaiog ogipdg mov dabéter n etaupeion SIEMENS ota
PLC ot éxer evoopotopéve onuota Eicddwv ko EEGSmv. H epapuoyn tg Safety
Aertovpyiog epoprocOnKe og £vo GOGTNUA CVTOLOTIGHOD OOV 0POPA TV TANPMCT TUAETOV
ue kipotio. Xto meipapa eAéyyovpe tnv Safety Aettovpyia Kot 0yl T S10d1Kacio TG TANP®GNG
TOV TOAETOV (0TO aPopd dAro Tufua Tov kddka Tov PLC). T'a t Safety Asttovpyia Tov
GLGTHRATOG EYOoVE dVO umovtdv Stop Emergency (Normally Closed) kot €éleyyo mieong tov
euPforov (amd mpeccootdtn) O6mov Otav avePel mive omd €va Oplo (amd Kamowo mBavo
eumoo1o) diver pia ynoloxn eicodo (Normally Closed). Oco dgv vdpyet Tatn o provtov Stop
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Emergency kot dev éyovpe vynAn mieon oto éuPoro o kodikag g Safety Aeitovpyiog pog
diver pila €€0do. H €£odog autn ypnotpomoleitol yio v Ttpo@odocio. Tov 60wV Tov
GLGTHKOTOG OTTOTE €0V X0OEl OTL KOl VoL dTVEL TO TPOYPOLLO TOV OLTOHOTIGHOD 01 ££0501 TOV

GUGTHIOTOG AOPOVOTOLOVVTAL KO 1] AELTOVPYio TNG UNYovNG oTapatd. Ztnv topakdto Ewkdva
55 gaiveton 1 dtdta&n g UNyovig.

Tawta

Ewova 55. Avataén pnyoevig

IMa v gpappoyn tov mepduatog ypnoponomdnke 1o tpdypappo TIA V16 ko exel
avantoydnke n povtiva FB10 (Function Block 10) og yAdooca SCL. IMapokdto divetor o
KOOIKOG TNG poutivag kai 1 ene&ynon ovtov.

%DB1
"SAFETY_
CONTROL_DB"
UWB10
"SAFETY_CONTROL"
EN ENO
0.1 STOP_ 9%M80.0
"EM_STOP_1" — EMERGENCY_1 SAFETY_OK —i "SAFETY_STATUS®
%0.2 STOP_ 9801
“EM_STOP_2" — EMERGENCY_2 ERROR_CODE — "ERROR_STATUS®
%03
"PRESS" == HIGH_PRESS
20 — REPEATS

Ewova 56. OB1

OB1: To OBI1 &ivor To Main Block mov ektedei n CPU otav eivon n otryun g eneéepyaciog

TOV K®MOKO 7oV €xel ypawel o ypnome. o ovtd ekel koAeiton xor 1 povtiva FB10
dMAOVOVTOG OE LOPPT TOPAUETPOV TO oantovpeve dedopéva g Eicodot kot EEodot avdioya
T ¥p1M oM TOLG.
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Name Data type Defaultvalue  Retsin Accessible . Writs. Visiblein .. Setpoint  Supervis.. Comment
1 <@~ Input
2 4@ =  STOP_EMERGENCY_1  Bool B felse Nonet. [v] @ ] ™
3 @@=  STOP_EMERGENCY_2 Bool false Non-etain =] ] ™
4 @@=  HIGH_PRESS Bool false Non-retain ] ™ ™
5 40 s  REPEATS Ulnt Non-retain ™ ~ ™ MAX 100 REPEATS
6 @ v Output
7 4@®  SAFETY.OK Bool false Non-etain =] ~ ™
8 4=  ERROR_CODE Bool false Non-retain ] ™ ]
9 '@~ Inout
0] = e
55l = consic S
AR RO WHE (e
1 EREGION INITIAL
2 #COUNT_REPEATS := 1; I
3 #COUNT_REPEATS_CHECK := 1;
4 D_REGION
5 ON CHECK INPUTS|
6 FOR #COUNT_REPEATS := 1 TO #REPEATS DO
7 IF #STOP_EMERGENCY 1 AND #STOP_EMERGENCY 2 AND #HIGH_PRESS THEN
8 #RESULT_SAFETY [#COUNT_REPEATS] := 1;
9 END_IF;
10 END_FOR;
11 | ED REGION
12 REGION CHECK SAFETY RESULT
13 #COUNT_REPEATS CHECK := 1;
145 FOR #COUNT REPEATS CHECK := 1 TO #REPEATS DO
158 IF #RESULT_SAFETY [#COUNT_REPEATS_CHECK] <> #RESULT_SAFETY [#COUNT_ REPEATS_CHECK + 1]
16 THEN
17 #SAFETY OK := 0;
18 #ERROR_CODE := 1;
19 RETURN;
20 ELSE
21 #SAFETY OK := #RESULT_ SAFETY [#COUNT_REPEATS];
22 #ERROR_CODE := 0;
23
24 | END_IF;
25 END_FOR;
26 N
27 | END_REGION
28
Ewova 57. FB10

Hivakog Hopapétpov: ESd dnAdvovtal ot TopAaUETPOL TNG POVTIVOG.

Initial: Ed® yiveton n apytkonoinomn tov LeTAPANTOV EXTAVAANYNC.

Check Inputs: Ed® yivetal o éheyyog edv 1 Aettovpyia tng mapaymyng eivon Safety 1 ox1.
Check Safety Result: E6® yivetar o éleyyog eav n enelepyacio tov ehéyyov g Safety
Katdotaorg VAoTomOnKe cOoTd.

5.3 Xopnepdopata

To telkd ocvumépacpo mwov Pyaivel and To Tapamdve meipopa Tov dteEnyon eivar mog
kdvovtog ypnon Basic PLC kot pe ypnon CUYKEKPIUEVOV POLTIVOV EAEYYXOL WUTOPEL Vol
avéndel n aglomiotio TG AELTOVPYING TOV AVTOUATIGHOV YWPIG eEMmPOcOeTo £omAGHO. AVTO
onuaivel Tog yopic peydio kO6GTOG gite og YpNHOTO EiTE 0 YPOVO VLAOTOINGCNG OKOUA KO
VIAPYOVIO GUGTHUOTO OVTOUOTICHOD WITOPOVV Vo, £Yovv i, molo a&lOmeT Oo(QOAN
Aertovpylo Yopic TNV OVTIKOTAGTOON TOVG HE VEO GCULCTAUOTO OT®MG TPOTEIVOLV Ol
katackevootés PLC.
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KE®DAAAIO 6

Opopoi Xovropgvoemv

[Mopakdto divoviar ot OpioUOl TOV GUVTOUELGE®YV TTOV YPNGUOTOIOVVTOL HEGH GTO
mopdV Keipevo.

Safety—Related Part of a Control System: SRP/CS

Mé€pog evOG GLGTILOTOC EAEYYOVL TTOV OVTOTOKPIVETL GE GTUATO, EIGOS0V OV GyeTilovVTaL e
TNV aoQAAELD Kot Tapdyetl onpata e£000v mov oyetilovion pe tnv acpdieia. To cuvdvacuéva
LEPT] EVOG GLOTNUOTOG EAEYYOV TOL OYETICOVTAL e TNV ACEAAEWD EEKIVOVV ATtO TO oTuEio
omov apyilovv ta onpata 16660V Tov oyeTilovtal Le TNV 0oPAIAELD (GUUTEPIAOUPOVOLEVOUL,
Y. TOV £KKEVIPOL EVEPYOMOINGTG KOl TOL KLAIVOPOL TOL dtoKOTTn BEoMC) Kot TEAEIDVOLY
otV €000 TV GTOYEI®V EAEYYOV 1GYVOG (GUUTEPIAAUPBOVOLEV®V, TT.Y. TOV KOPIOV ETUPDOV
evoc relay). Edv ypnoyomolodviol GLOTAMOTO TOPOKOAOVONGONG Yo SlOyVMOTIKA,
Bewpovvtar emiong wg SRP/CS.

Category (Katnyopia)

Ta&wounon tov eoptnrdtoy Tov oXeTilovTal LLE TNV AGPAAELN EVOG GUGTHILOTOG EAEYYOL MG
TPOG TNV AVTOYN TOVG GE GOAALLOTO KO TNV EXOKOAOVON GUUTEPLPOPE TOVG GTNV KOTAGTUON
GOAALOTOC, Kol M Omoio emituyydvetal amd Tn dopkn owdtaén tov eéoptnudtov, v
aviyvevon ceUANATOV /Kot TV aSl0TIoTior TOVG

Fault (Zodipa)

Kotdotaon &vog aviikeyévov mov yopaxtmpiletor omd advvapio ektéleong  Hiog
OTTOTOVUEVNG AEITOVPYIOG, €EAPOVUEVIG TNG OdVVOLIOG KOTO TN OLOPKELD TPOANTTIKNG
GUVTHPNONG N GAA®V TPOYPUULOTICUEVOV EVEPYELDV 1| AOY® EAAEWYNG EEMTEPIKMDY TOPWV.
"Eva 6pdaApa gival Guyva 10 anotéAecLo. aoToyiog ToL 1310V ToL 6TotYEloL. [19]

Failure (Amotvyia)

Teppatiopog TG IKOVOTNTOG EVOG OVTIKELLEVOL VO EKTEAEL L0, OTOLTOVLEVT] AgtTovpYic. MeTd
amto amotvyio, To oTol Elo £xel GOAAUA. «ATTOTUYI glvar Eva cUUPay, OTmG SlakpiveTol Amod
TO «CQAALOY, TOV elvan po Katdotaon. H évvola 6mmg opiletarl dev 1oybel yia atoygia mov
amotelovvToL Povo and Aoyiopukod. [19]

Dangerous Failure (Emikivovvn amwotoyio)
Aoctoyio mov £yet tn dvvatotnta va 0écel to SRP/CS og emkivovvn kotdotaon 1 Katdotaon

aotoyiog. [20]

Common Cause Failure CCF (Kow1] artio amwotvyiog)
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Aoctoyieg S10pOPETIKMV GTOLYEI®Y, TOV TPOKLATOLV OO EVO. LELOVMOUEVO GLUUPAV, OTTOL OVTEG
01 0oTOYlEG OeV Elval GUVERELEG 1) Mio TNG GAANG. [19]

Systematic Failure (Xvotnpatikny Amotoyio)

Aoctoyio mov oyeTi(ETOL LI VIETEPUIVIOTIKO TPOTO LLE P10 GLYKEKPIUEVT] aLTia, 1) ool pmopet
va eEadelpfel LOVO LE TPOTOTOINGTN TOL GYEUCUOV 1) TNG O10dIKAGI0G KATOGKELNG, TMV
AELTOVPYIK®V SLOOIKAGL®DV, TG TEKUNPI®oNG 1| ALV GYETIKOV Tapoyoviov. H dopbotiky
GLVTHPN oM Y®PIC Tpomomoinon cuvinBwmg dev Ba e&aieiyer tnv artio Tng PAGPnNC. [19]

Muting (Xiyaon)
[Ipocwpivi] avtdpaTn avacToln Asttovpyiag(®v) acareiog.

Manual Reset (Xepokivntn Enavagopd)
Agrovpyia gvtog tov SRP/CS mov ypnoiponoteital yio Ty XEPpOoKivnTy omoKaTioTOoT LG
N TEPIGGOTEPMV AEITOVPYIDV AGPUAELNG TPV OO TNV EMAVEKKIVIOT) EVOG UNYOVILLOTOC,

Harm (Kavo koxo)
ZOUATIKOC TPOVUATIOHOG 1 PAGPN otnv vyeia. [6]

Hazard (Kivévvog, mOavi anyn prapnc)

‘Evag xivévvog pmopel vo mwpoodlopiotel 1 mpoéAevon Tov (Y. UNYOVIKOG Kivouvog,
NAEKTPIKOG Kivouvog) N 1 pOom g Tlavig PAAPNS (m.y. Kivovvog niektponin&iag, kivouvog
Komng, T0&1KOg Kivduvog, Kivovvog moupkayldc). O kivouvog mov TpoPAENETAL GE AVTOV TOV
oploUo: €lTe LILAPYEL LOVILO KOTA TNV TPOPAETOUEVT XPNOT TOL UNXOVIHeTOg (.. Kivnon
EMKIVOLVOV KIVOOUEV®V GTOLYEIDV, NAEKTPIKO TOEO KATA T (ACT) GLYKOAANONG, ovBuylevn
o1aomn, ekmoun Bopvpov, vynin Beppokpacia), eite propel v ELPAUVIOTEL ATPOGIOKNTA (TT.Y.
ékpnén, kivovuvog cuvOAYNG MG GLVETELN OKOLGLOC/OTPOCHIEVNG eKKiviong, exTivaén og
GLVERELD. BpaoT G, TTMON MG GUVERELD EMTAYLVONC/EMPpadvvong). [6]

Hazardous Situation (emkivovvn katdotoon)
[epintmon katd v omoia &va dtopo extifetal o€ TOLAGYIGTOV Evav Kivouvo, 1 ékbeon
vt propel va TpoKarécel PAAPT oUESMG 1 Y10 KATO10 YPOVIKO dtdoTtnpa. [6]

Risk (kivovvog)
Zuvdvacpog e mhavotnTag epeaviong g PAAPNS kot tng coPapodtnTog authg TG PAAPNS.
[6]

Residual Risk (vroiewmodpevog kivouvoc)
O «ivévuvog mov TopapEVEL LETA T AYN TPOCTATELTIKGOV PETPOV. [6]

Risk Assessment (ektipnon KivoHvov)
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YuvoAikn dtadtkacio Tov TEPAaPaveL avdAvon Kivovvoy kot a&ltoAdynomn Kivdvvou. [6]

Risk Analysis (avdivon kivovvov)
ZUVOVOAGHOG TV TPOSIAYPAPOV TV 0PIV TOL UNYOVAUATOG, OVOYVOPLoNS Kivdhvoy Kot
eKTIUNoMG Kvdvvov. [6]

Risk Evaluation (a&o0Adynon kivobvov)
A&oloynon tov kivdvvov (pe Bdon v aviivon Kvdovov), edv Exovv emitevydel ol 6TO)OL
peimong tov Kvdvvov. [6]

Intended Use of a Machine (rtpofiemopevn ypnon Hog Unyovig)
Xpnon Tov PNYOVAIOTOS COUG®VO LE TIC TAT|POPOPIES TOV TAPEYOVTOL GTIC 0dNYIES XPNONG.
[6]

Reasonably Foreseeable Misuse (Aoyucd mpofA&yiun Kok xp1ion)
Xpnon (oG unyevig e Tpomo Tov dev mpoopiletal and ToV GYESINOTI, OAAG TOL UTOPEL VO
TPOKVYEL 0O Apeca TPoPAEYIUN KoK avOpOTIVI cLUTEPIPOPA. [6]

Safety Function (Aettovpyio acpareiog)
Ag1rovpyio TOL UNYOVAUATOG, 1) 0lGTOYI0 TOV 0Toiov pmopel vo, 0dnyNoeL og dueon avénon
Tou(twv) Kvduvou(wv). [6]

Monitoring (rapokorobOnon)

Agirovpyia acoleiog mov dSooPorilel OTL Evo TPOSTATEVTIKO PETPO EEKIVE EAV 1 TKOVOTITA
evoc eEapTNIOTOG 1) €VOG oToyElov va eKTEAEL TN AEITOVPYIN TOL PEIDVETAL T EAV OL
ouvOnKeg ¢ drodkaciog OAAGEOLY KaTd TETOL0 TPOTO OOTE Vo Pelwdel o Babpog peimong
TOV K1vdOVOUL.

Programmable Electronic System PES (Ilpoypappatilopevo nhektpovikd chHoTN )
Yhomnuo eAEYYOV, TPOoTUCiNG 1 TaPpaKoAoVONoNg Tov e€apTdTal Yio T AEITOLPYIO TOL GE
plo M TEPIGGOTEPES TPOYPUUUOTIOUEVEG NAEKTPOVIKEG GUOKEVEG, GUUTEPIAOUPBOVOUEV®V
OOV TV OTOEI®V TOL GLGTNUATOG OTMOG TPOPOSOTIKA, acONTAPEG KAl AAAES GLOKEVEG
€16000V, EMAPEG KoL GALEG CLOKEVEG ££0600V. [20]

Performance Level, PL (Eninedo anddoong)
AwKp1td eminedo 7OV YPNOCIUOTOLEITAL Y10 TOV TPOGOIOPICUO TNG KOVOTNTOG TMOV
e€apTNUATOV TOV GVOTNUATOV EAEYYXOL TOV GYeTI{OVTaL LUE TNV AGPAAEIN VO EKTELODYV pia

Aertovpyia acealeiog vd TPoPAEYIIEG CLVONKEG.

Required Performance Level PL, (Anoitobpevo eninedo amd306mc)
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Eninedo amddoong (PL) mov epappoletor mpokelévou va emtevydel n omoitoveVT HElO
KvoOVoU Yo kdOe Aettovpyia aopoieiog

Mean Time to Dangerous Failure MTTFp (Mécog yp6vog yia emikivovuvn amotuyia)
[Ipocdoxkio Tov HEGOL ¥POVOL PEYPL TNV EMKIVOLYN ATOTVYIC.

Diagnostic Coverage DC (Awoyvootikn kdAvym)

ME£1po NG OMOTEAECUATIKOTNTOG TV JAYVOOTIK®OV, TO 0010 UTOPEL VoL TPOGIOPIOTEL
®¢ M avaAoyio peta&d TOV TOGOGTOL OTOTVYING TV OVIXVEVOUEVAOV EMKIVOLVOV 0GTOYLOV
KOl TOV TOGOGTOV GOTVYI0G TOV GUVOAMK®V EMIKIVOULVOV aotoylov. H dayvemotikn kdivyn
UTTOPEL VO, VITAPYEL Y10l TO GUVOAO 1) PEPT EVOG GLUGTIOTOG TTOVL GYETICETAL PE TNV ACPAAELD.
Mo mapddetypa, Bo pTopovoe vo, vITdPyEL S1OYVMOOTIKN KAALYN Yo alsOntipeg /Kot Aoyiko
ovoTnpa Koun telkd ototyeia. [20]

Protective Measure (IIpoctotevutikd pétpo)

Mé¢tpo mov OmOCKOTEL OTN Uel®ON TOL KWOLVOL, T.Y. €PAPUOLETAL OO TOV GYESIAOTH:
EYYEVNG OYEOOOUOC, WETPO TPOOTOCING KOl CUUTANPOUATIKE TPOCTATEVTIKA UETPO,
ninpogopieg ywo. ypnon. Eoeoapudletor amd tov ypnotn: opydvoon (aceoreic
dwdkacieg epyaciog, enifAeyn, cvotnuaTa AOELC Yo Epyacio), Topoyn Kol Yp1on
TPOCHET®V S10GQPAAGEDY, ATOUKOG TPOGTATEVTIKOS EEOMAMGOG, ekmaidevon). [6]

Mission Time Tw (Q2po amocToAg)
Xpovikn mepiodo Tov KaAOTTEL TNV TPoPAemopevn xpnon evog SRP/CS

Test Rate r; (PvOuoc doxinc)
ZuyvOTNTO AVTOUATOV SOKLUAOV Y10 TOV EVIOTIGUO SPaAudTov o€ €va, SRP/CS.

Demand Rate rp (ITocoot6 {Rtnong)
ZuyvOTNTOo, TOV ATOITAGEDVY Yo dpdon Tov oyetileton pe v aopdieia tov SRP/CS

Repair Rate r. (Ilocoot6 emiokevnq)

Apoaio Ty Tov ¥povikod dtoTNuaTog Hetalld g aviyvevong piag emkivovvng PAGPNC
elte PEC® OOTKTLOKNG OOKIUNG, €1TE TPOPAVOLS SVGAEITOVPYING TOV GLGTHLOTOC KO TNG
emovekkivnong g Astovpyiog METG  amd  EMOKELY] M OVTIKOTOGTOOM
ovotipatog/egoptnuatoc. O xpovog EMOKEVNG deV TEPIAAUPAVEL TO YPOVIKO SLUGTNUA TOV
OTOLTEITOL Y10, TOV EVTOTIGUO AGTOYING.

Machine Control System (X0ctnpo eAéyyov unyovig)

2HoTNUO TOV OVTOTOKPIVETOL GE GNUATO 1600V OO UEPT) GTOLXEIMV UNYOVNG, XEPIOTEG,
eComhiond e£mTEPIKOV EAEYYOL 1) OTOLOVONTOTE GUVOLOCUO CLTAOV KOl TOPAYEL GNUOTO
€£000V TOV KAVOLY TO UNYEVN IO VO COUTTEPIPEPETOL LE TOV TTPOPAETOUEVO TpOTO. To GhoTNUA
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EAEYYOL UNYOVNAG WTOPEL VO YPTCUYLOTOLCEL OMOLONTOTE TEYVOAOYIOL 1) OTOLOVONTOTE
GUVOLOCUO JLUPOPETIKMDV TEYVOAOYIDV (7). NAEKTPIKT/MAEKTPOVIKT], VOPOUVAIKT], TVEVUATIKN,
HMYOVIKTY).

Safety Integrity Level SIL (Eninedo axepoidtnrag ac@dieiog)

Awxp1ro eninedo (éva ota mbava técoepa) Yo ToV KaHoPIGUO TOV OTATCEDY OKEPULOTNTOG
0CPAAELNG TMV AELITOVPYLDV acPaAEiag oL Ba ekympnBodv ota cuotiuate Tov oyeTilovtal
LE TNV ACPAAELD, OOV TO EMIMEGO OKEPOUOTNTOG AGPAAELNG 4 EYEL TO VYNAOTEPO EMITEDO
OKEPOIOTNTOG KOl OKEPUOTNTOG AOPAAELNG TO eMimedo 1 €xel To yaunAotepo. [20]

Application Software (Aoyiouiko epapuoyng)

E1d1k6 Aoytopiko yio Trv €Qapoyn Tov VAOTOLEITOL OO TOV KOTAGKEVOOTH TOV U0V LATOG
KOL YEVIKA TEPIEXEL AOYIKES akoAoVBieg, Opla KOl EKPPACELS TOL EAEYYOVV TIG KOTAAANAESG
€16000V¢, ££06560V¢, VTOALOYIGLOVS KOl ATOPAGELS TTOV EIVOL OTOPUITITEG Y10 TNV IKOVOTOINGT
v arotnoewnv g SRP/CS

Embedded Software - Firmware System Software (Evoopotopévo Aoylopikd — bAKO -
AOYIOHKO)

Aoyiopukd Tov OmoTEAEL PEPOC TOV GUGTNUOTOS OV TOPEXETAL OO TOV KAUTOOKELOGTN
eAEYYOL Kol TO omoio Ogv &ivol TPOGPAGIUO Yol TPOTOTOINGN Omd TOV YPNOTI TOL
HNYOVAROTOS
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ABSTRACT

This document considers the requirements of the safe
operation of an industrial automation. It analyzes the detecting
and reducing procedures of dangerous situations. It also
describes the European legislations which need to be followed
for desizning, procurement, purchase or use of the industmial
equipment in the European Union, but also in several other
countries outside the European Union, to have an effective
safe operation.

Keywords
Fail Safe Systems, Machinery Directives, Algonithms.

1. INTRODUCTION

The European Directives and the Legislation define the
substantial safety and the requirements of industrial
equipment. The safety requirements of the European Union
under the Article 95 which states the free movement of
products and under the Article 137 on the safe workplace are

defined wita the following
Py
[ Etc Machineries | [ Guidelines on health and
safety at work
v
Directive 2006/42/EC v
Directive 201430EU | [ Directive 89/655EC |
A 4 ‘
| Constructor l I Constructor I

Fig 1: Instructions Article 95 / Article 137

The Safety Standards are distnguished hierarchically into
three levels:

1. Basic Safety Standards
They address basic engine design principles.

2. Generic Safety Standards

They address general safety issues and special protection
equpment.

Machine Safety Standards

Special safety features of certain machinery categories,
such as Low-Voltage, Pressers, etc.

3
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2. APPLICATION OF MACHINERY
DIRECTIVES ON A PRODUCTION
LINE

The phases required for a safety production line are:

1. Risk Assessment
2. Risk Estimation
3. Verification

For a better understanding of the standards, we will design a

machine following these standards. Figure 2 presents the

machine we need to design.

Fig 2: Line production

The use of the machine (line production) is for transporting
the containers (through the robotic arm) from the pallet to the
conveyor belt, then drive (through the conveyor belt) to the
filling point, where at that point they fill up and then drive to
the next machine (line production).
Our machine has the following technical features:

* Three-phase supply: 400VAC | 50Hz

* Operating temperature: from 0°C to 50°C

o Indoorusage: IP54

o Maxinmum box weight: 20 kilos

e Action radius of the robotic amm: 2. 5m X 2,5m

e Use only by qualified personnel, skilled only with
supervision and without visitor access

o Duration of operation: 200.000 hours

2.1 Risk Assessment

To analyze the Risk, we need to define, identfy and estimate
the limits of the machine These estimations should be
supported by qualitative or quantitative assessment of the risk,
related to the nisks posed by the machines. [1]
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2.1.1 Determination of the Machine

The risk assessment begins with setting some machine limits,
taking into account all the phases of the machime's life. That
means determining the characteristics and performance of a
machine or a series of machines in an integrated process and
the related people in the surrounding area and products.

To wit, we should define the following:

¢ The linuts of the machine: physical limits of the machine,
the human / machine interfaces, the power supply,

o The time limits: life span, maintenance intervals,
operating phases.

* And the user groups: education, experience, skills and
visitors.

2.1.2 Risk Identification
Risk identification must be done for all the phases of the
machine’s life, which are assemblage, transportation,
installation, commissioning and operation The possible
dangers we might face are sqush, crashing, cutting,
compressing, pulling, scrubbing, abrasion.
The possible dangers to the machine in our example are:

= Robotic Arm' pushing and crashing

= Conveyor Belt: pushing and crashing

= Filling System: crashing and compression
2.1.3 Estimation of Risks
To estimate the nsks, we need to know if there s a
requirement to access the hazardous area, the duration of the
exposure, the number of people, the frequency of access, if
the probability of a dangerous occurrence is low, medium or
high, if the machine’s type of movement is sudden, fast or
slow, what are the qualifications of the individuals, ability for
updates and escape.

2.1.4 Evaluation of Risks

The machine's evaluation should imitially be done per
subsystem In our example we have two subsystems which
are:

Table 1. Robotic Arm
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A: Very Possible B: Possible C: Impossible D: Very Impossible
Overall, for our machine we have:
Table 3. Overall

Damage Severity

1 | Necessary First Aid

Necessary Treatment by a
doctor

Broken limbs or cut fingers

Death, loss eyes or arms

Damage Severity

-t

Necessary First Aid

Necessary Treatment by a
doctor

w

Broken limbs or cut fingers

-

Death, loss eyes or arms

A Very Possible B: Possible C: Impossible D: Very Impossible
Table 2. Transportation and Filling

Damage Severity

-t

Necessary First Aid

Necessary Treatment by a
doctor

w

Broken limbs or cut fingers

Death, loss eyes or arms

A: Very Possible B: Possible C: Impossible D: Very Inpossible
2.2 Risk Estimation

Inform users about residusl risks

s

New Rick Azsezsment

Fig 3: Methodology of Risk Estimation

After the Risk Estimation, we need to apply techniques with
which we will reduce the nsk. In the following Figure 3, the
methodology we need to follow to detract the risk is given [1]

*Technical measures in our example could be placing a
protective fence for the anm and the filler.
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2.3 Standard Based Verification [ A
/7 POTEERGERCTIERONE
/ MITIGATION \
Mechanical mitigation systems

I
=

.Saﬁyinmmdsybtu
Oparator suparvision

1SO 13849 3

il

Fig 4: Safety standards on industry

For the tion safery of the ki ; are the Fig 5: Levels of protection and risk mitigation

following standards with different safety levels: 2.3.3 ENISO 13849-1 Performance Levels PLa e
The following Figure 6 shows the methodology for Risk
2.3.1 IEC 61508 A
The [EC 61508 template determines a general approach for all estimation with the EN 150 13849-1 template. [3]
safe life cycle activities for systems consisting of electrical, Posability of
electronically programmable electronic components and used W '] nglm_
to perform safety functions. This umified approach was ity of .
adopted in order to develop a rational and consistent techaical ms’-‘ o T Low Risk
policy for all safety-related systems. The main objective is to
facilitate the development of products and of international Pl PLa
standards products based on the IEC 61508 series. It has been
designed, while keeping in mind, that the framework must be F1
strong and comprebensive enough to cover fature P2
developments.
Below the umbrella of the IEC 61508 templates are: [2], [16], 3 PLY
[20] Pl
e IEC61511 F2
e ENISO 13849-1 Performance Levels PLa-e )22]
e IEC 62061 Safety Integrity Levels SIL 1- 3
PL
The use of IEC 61511 1s selected for Process Industry, whilst €
the EN ISO 13849-1 and IEC 62061 are for Manufacturing Pl
Industry. The EN ISO 13849-1 is selected for low complexity
Safety systems, whilst the IEC 62061 is selected for complex Fl P
Safety systems which use Safety PLCs. All three templates
follow the same steps: [3] 52 PLd
e Assess the Risks
) Pl
e  Allocate the safety measures
*  Design Architecture p2
X J PLe
*  Validate
S1: Shight Fl: Seldom-to-  P1: Possibility High Risk
232 IEC 61511 (normusily lesvoftn . under specific
The Safety Instrumented Systems (SISs) have been used for reversibly injury)  and/or exposure  condition
many years to perform safety features to process industries. If S2: Senious timeisshort  P2: Scarcely
the mstuments are to be used for SIF, it is necessary to (normally F2: Frequens- possible
achieve certain minimum standards and performance levels. ireversible or S0-contimnous
The IEC 61511 occupies with Safety Instrumented Systems death) andfor exposue
(SISs) application and Safety Integrity Levels (SILs) for time is long
Process Industries. The typical levels of protection and risk
mitigation are shown in the Figure 5 below. [4], [15] Fig 6: Performance Levels PLa e
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Table 8. Possibility of prevention

shown below: Possibility of prevention P
Table 4. Performance Levels of ISO 13849-1 Weak 4
Performance level | Average probability of a hazardous Strong 3
(PL) breakdown per hour (1/h) Possible 3
a =10° to <10°
T E3e10° =107
° 23x10% to <10 Table 9. Classes of SIL
- -5 - =3
< =10 to  3x10 Class=F+W<+P
e = Severity of
d =10 to 10 — s p P - 15
: =100 w© 107 ) e
Not Reversible:
. . Death losseyes | 4 S;I' S;I' S;L
2.3.4 IEC 62061 Safety Integrity Levels SIL I- 3 o amms
In this model, the severity of the potential damage is
estimated at 1-4 levels, and then the probability of occurrence Not Reversible: s | sm
: : Broken limbs 3
of the dangerous event is evaluated by looking at 3 additional 1 2
parameters, where their summation gives us the class. The or cut fngers
tab%es show uﬂs the levels and the parameters that define the Reversible:
Levels SIL 1-3. [6] Necessary 5 SIL | SIL
Table 5. Severity of injury Tresmentbya | ~ 1 2
doctor
Severity of injury S
Reversible: s
Non-reversible: Death. eye or amm loss 4 Necessary First | 1 1
Aid
Non-reversible: Permanent imb loss 3
Reversible: Necessary medical treatment 2 .
_ 2.4 Use of Standards
Reversible: Necessary first Aid 1 The confinnation of a SIL or a PL class depends on many
factors that are the following: [3, 5]
Table 6. Frequency / Duration of exposure e TI =interval test or life span (whichever is smaller)
Frequency / Duration of exposure F ¢ T2=diagnostic test interval
“lperh 5 e  MTTF = average time until the error
=1perh to - perday 3 ¢  MTTFd = average time until the hazardous error
< 1 per day to > per 14 days 3 ¢ DC = diagnostic coverage
=1 per 14 days to - per year 3 ¢ P =sensitivity to common causes of failure
=1 per year 2 ¢ BD = calculating sensitivity to common causes of
. failure
Table 7. Probability of occurrence ¢ #=faure percentage (per how)
e 1D =dangerous failure rate
Probability of occurrence w §
v - = ¢ iDD = detectable rate of dangerous fatlure
ery High 3
T yy ¢ DU =undetectable rate of dangerous failure
ely
ot — e 15D =detectable safe failure rate
3
: < e  iSU =undetectable safe failure rate
Rarely 2
— The control of the verification of standards depends on their
Negligible 1 subsystems and their architecture.

[135]

2,41 EN 62061 Standard

The EN 62061 standard defines the possibility of dangerous
equipment errors (Hardware), through the architecture of
subsystems. The architectures of these subsystems are given
below. [6], [14]
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Subsystem A (serial order)

The components of subsystem A are in serial order, in this
arrangement the probabilities of dangerous data failures are
added.

A

=/tﬂ|+4'\4'\ +R’lh
PFH,, = A, =1k
tem B ilel
diggnostic function)
The components of the subsystem B are in a parallel
configuration without diagnostic function and the possibility
of a hazardous error is given by the following formmlas. When
the architecture includes a single error tolerance, there is a
possibility of a common cause of failure and nmst be taken
into account. Such an arrangement can be made on actuators.

ndant) without

gy = Q= B) % Ay + Ay XT + BX Ay + 2, ,) 12
PFH, =2, x1h
tem C' ement with di I 10n
The following diagram shows the functional representation of
a zero fault tolerance system with diagnostic function.
Diagnostic coverage is used to reduce the likelihood of
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The probability of dangerous errors in systems with simular
elements is calculated as following:

Ay - (l—ﬁ)’{[ll ’x2xDC] 1y [;ln’x(l—DC)]xT}+px/lb‘

The probability of dangerous errors in systems with dissinular
is calculated as following:

70= =55V * A0 (DG + DA |+
{+ltom %200 %@~ DG = DI, + 03+ 2312

Safe failure fraction PFH | = A, x1h

The safe fallure fraction is snm]n with the diagnostic
coverage, but also takes into account any inherent tendency of
failure to a safe situation For example, when a fuse is bumed,
there is a failure, but it is very likely that the failure will be in
an open circuit, which, in most cases, would be a "safe”
failure. The SFF is (the sum of the "safe" damage rate plus the
percentage of detected dangerous failures) divided by (the
sum of the "safe” damage rate plus the percentage of detected
and unidentified dangerous failures). It is important to realize
that the oaly types of problems that need to be considered are
those that could have an impact on a safe function

material damage to the material The definition of dizgnostic SFF et DA+ DA
coverage is the ratio of the rate of detected dangerous failures 2 Anra

as compared to the percentage of all dangerous failures.

Such a device can be found in sensors. PFH, =7y x1h

- w Safe failure Hardware Fault Tolerance
fraction
(SFF) 0 1 2
<60% Not Allowed SIL 1 SIL2
60%%<90% SIL1 SIL2 SIL3
A =g @=DC) + .t 2, A-DC) 90%=99% SIL2 SIL3 SIL3
PFH, = i x1h =09% SIL3 SIL3 SIL3

Snbsymmesummywnhfmhm]anmmdngmsnc
functions, all system failures are affected by desizn of
subsystem elements. We can find such an arrangement
through the Controllers.

[136]

Table 10. Hardware Fault Tolerance

2.4.2 ENISO 13849-1 Standard

At this point, we will analyze a simplified but practical guide
on how to implement the control systems, by category, thatis
an integral part of ISO13849-1 as defined architectures.

Category B

Category B should be considered as the basic foundation on
which all other categories are built. It does not have any
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further special arrangements or safety structures to the Basic
Safety Principles as referenced in ISO 13849-2. These
represent, generally, good tactics in designing and selecting
materials.

PFH, =i, x1lh

Category 1

Category 1 requires the use of properly tested components and
good safety principles. The use of properly tested components
1s designed to minimize the possibility of loss of a safe
operation, but note that a single error can sull lead to the loss
of a safe operation.

Category 2

In addinon to complying with Category B requirements and
using properly tested safety principles, the safety system shall
be tested to meet Category 2. The tests shall be designed to
detect errors in the safety related parts of the coatrol system.
If there are no errors detected, the machine is allowed to
operate. If erors are detected, the emror response function
must ensure that the machine remains in a safe state.

Category 3

In additon to complying with Category B requirements and
properly tested safety principles, Category 3 requires the safe
operation to be performed successfully in the presence of only
one error. Some defects, such as cross-errors, which do not
cause an immediate loss of safe security, may not be detected.
This means that an accunmlation of undetected damage can
lead to loss of safe operaton, for Category 3.

Catezorv 4

In addition to complying with Category B requirements and
properly tested safety principles, unlike Category 3, where the
accumulaton of errors can lead to a loss of safe operation,
Category 4 requires safe operation to be performed in the
event of accunmlating faults. In practice, this is usually
achieved by having a high-level diagnosis to ensure that all
relevant errors are detected prior to any accummlation.

2.4.3 ENISO 13849-1 Standard
The EN ISO 13849-1 describes a method determining PL,
which is achieved by combining the following: [3], [5]

* Mean Time To dangerous (MTTFd)

* Diagnosac Coverage

¢ Common Cause Factors (CCF)

* Category

MTTFd
The MTTFd as shown in the table below, 15 divided into 3
levels:

Table 11. MTTFd Range

Level Range

Low 3 years < MTTFd < 10 years
Medium 10 years < MTTFd < 30 years

High 30 years < MTTFd < 100 years

For popeumaticc. mechanical and electromechanical
components (pneumatic valves, relays, switches, position
switches, etc.). It may be difficult to calculate the average
time for dangerous damage (MTTFd). Most manufacturers of
these components give only the average number of cycles

[137]
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until 10% of these components fails dangerously (B10d). The
average number of cycles until 10% of these components fail
dxngerouslv (B10d) must be determined by the component

mamufacturer in accordance with the relevant product
standards for the test methods (eg. IEC 60957-5-1, ISO
19973, IEC 61810). Defective component failure functions
must be defined, e.z stick to the final position or change
switching tmes. The operating time of the component (T10d)
is the average time until 10% of the components fail. The
MTTFd calculaton s done as following:

d,, xh,,=3600s/h

B o)
- 104 —_ P
zl — i Y n_=

Where p

L

= Ay o g oycle
d‘,,,—a\emgeﬁmcnomindaysper)w

k.= average function in hours per day

7= @verage time between the beginning of two successive
cycles of the element. (e.g. Switching a valve) in seconds per
cycle.

Example
If we have a ransistor with the following principles:

d,,,= 180 days per year.
b, = 12 hours per day.
e =8 seconds per cycle.
B s = 50 million cycles.

2x
noP =M= 9.72 X 105ere “:}mr
50=10"
7w s T 514 vear
1157

A =——=514
ATTF, o S1dyear

Diaznostic Coveraze

Both standards require the user to quantify the amount of
diagnostic coverage of the associated security control
functions. This is defined as the reduction in the probability of
dangerous material damage, resulting from the operation of
the automatic diagnostc tests

De=2tmw

z Aprora

When z fault is detected, the monitoring mechanisms shall
handle the fault by mitiating an appropriate action which is
application dependent. For many applications within the
machinery sector such an appropriate action is to initiate a 50
called safe-state (1.e. the safery-function is performed). The
term safe-state implies that the control system removes the
hazard istantly (e.g. by immediately stopping/preventing
hazardous movement of a part of a machine by remove the
power to a motor). For other machines or applications other
actions may be more appropriate, such as issuing an alanm.

In order to confirm that a required level of performance has
been achieved, it is necessary to compare the architectural and
diagnostic coverage with the MTTFd.

w
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Fig 7: MTTFd - Diagnostic coverage

Common cause failures (CCF)

We call CCF the damage that is the result of one or more
events and causes simultaneous fatlures of two or more
separate components in a multi-component system and results
in the failure of a safety-related control function.

The standard EN ISO 13849-1 requires the level
of the control system to be determined with estimation of CCF
25 ope important aspect. An assessment of CCF 1s necessary
for every safety validation, but can be performed m different
ways.

The standard provides a (qualitative) procedure for estimating
the CCF measures implemented a category 2. 3 or 4
smuctures. The procedure is presented by following scoring
table.

In order to fulfill the a score of minimum 65
points or better is needed. For each listed measure, only the
full score or nothing can be claimed. If a2 measure is only
partly fulfilled. the score according to this measure is zero.
The maximum score 15 100 points.
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Table 12. CCF Measures

No | Measureagainst CCF | g | Achieved
1 Separation/segregation 15 15
2 Diversity 20 15

3.1 | Desizn: Protection against 15 15

overvoltage, cumrent, etc

32 Desizn: Components are 5 5

well tried
4 Assessment/analysis 5
5 Competence/training 5
6.1 Environmental: EMC 25 25
62 Environmental: Other 10 0
influencers
Total 100 75

3. CONCLUSION
Based on the above analysis, we realize that we have all the
Dnecessary instructions and regulations so that the automation

systems (simple or complex) can safely operate, even in cases
of faflure of their data. Every manufacturer of industrial
automation can (with the existing technology) and st

adhere to the safe operating regulations.
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Abstract: - The growing automation demands of production make the automation systems more complex and
vulnerable to failures. For this reason. some instructions have been created (CAT. SIL) that nmst be followed,
in order to insure their safe operation in case of a failure of both the hardware and the software. For a credible
operation of a Fail Safety system along with a system to work on SIL2 or SIL3, must have Safety Hardware

" and Software. This present paper analyses the response of the Hardware of a Basic PLC and the equipment of
an automation system. It also presents a descriptive analysis of the experiment, which was conducted to record
measurements in order to draw firm conclusions. In addition. the measurements are analysed and evaluated to
verify if basic equipment could be used in these systems and insure the Safety function at the same time. The
objective is to simply prove that if we manage an already existing Basic PLC equipment differently. it could
vpgrade the security of automation systems. Therefore, with a low cost in time and money. particularly in
existing automation systems. there could be Fail Safety operations.

Key-TWords: - Safety Relay, Safety PLC, Safety integrity level (SIL)
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1 Introduction

The reduction of nisks in a production process
depends on many factors. The main factors are:

a) The separation of the workers from the
production machines in natural ways, like doors,
bars, etc.

b) The electronic and mechanical equipment to be
completely reliable, so that in case of a problem to
deflect any accidents.[1.4]

In the first automation systems where Safety
operation was needed, due to the process. Safety
Relays were used. Safety Relays are specially
designed Relays formally certified to constantly be

E-ISSN: 2224-2858 733

[141]

armed. Thus, when wirning all the Normally Closed
contacts of the protection elements in order (e.x.
Stop Emergency) for the armament of the Relay, it
automatically shuts down if any of these contacts
tum on For the operation of the automation system
one Nommally Open contact of Safety Relay is used,
as a consequence by deactivating the Safety Relay it
automatically pauses the operation of automation.
Safety Relays are still used today in simple
automation  systems  providing  additional
capabilities. such as two or more control channels,
time delays. communication abilities etc. In figure 1
below a typical Safety Relay use is being described.

Volume 15, 2020
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Fig. 1: Typical use of a Safety Relay

As shown in figure 1, there are three «Stop
Emergency» buftons. The first button takes in
current from the Safety Relay and it is wired up in
series with the other two. So. if one of the three
buttons is pressed the cumrent turns on and there is
no more voltage return in the Safety Relay. As a
result of losing the voltage, the Safety Relay opens
the contacts Safety Relay A and B and the
automation system operation is then paused.

If the process requirements for Safety automation
operations are large and complex then it is not
covered only by Safety Relays, so Safety PLC is
then used. For instance. there is not just a Stop
emergency in such a process but there is also a
Laser Curtain used. That means. if a worker walks
through an area where machines are placed. then
their operation mmst be stopped and start again once
the worker has exited that area. In fact, the operation
should resume after a certain time and after a Reset
1s performed.

Now, most PLC manufacturers produce Safety PLC
with additional functions, both in Hardware and
Software rather than in Basic PLC. There are PLCs
that are only used for Safety operations and PLCs
that perform both automatic and Safety operations at
the same time.

In very critical facilities like refineries, airports.
nuclear power plants, we use double Safety PLC,
one is the Redundancy of the other. In a redundant
system we have two CPUs which run the same
program at the same time and are synchronized
(usually with optical fibers) so that they are on the

E-ISSN: 2224-2858
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same processing step. If a CPU defects then the
other CPU undertakes in order to resume controlling
the system The control of proper functioning and
control transmission from one CPU to another is not
programmed by the respective automation
mechanic, but it has been implanted by the PLC
manufacturer. That is to say. he has gone under
extensive chek-ups and certifications, thus offering
greater reliability. If both CPUs are available, only
one of them has the control of the automation
system. and so it is stated as Master. Primary and
Backup are the two CPUs. while the ET200SP and
ET200MP are signal cards for the automation
system checkup and each time are being monitored
from the Master CPU. The reticulation between
them is in Ring topology. which means that if the
cable is cut anywhere, the system will continue to
operate normally. In most redundant systems. the
channel switching time from one CPU to the other is
less than 100 msec. This results in creating no
malfunctions in the control system transitioning
from one CPU to the other. In Figure 2 below, we
can see this kind of system [7].

ET 2008P ET 2000P

Fig. 2: Redundant PLC System

The basic Safety PLC properties are:

...in Hardware:

A Safety PLC is a specially designed controller for
security use (there are PLCs that can operate both as
security controllers and as automation controllers).
The Safety PLC owns self-testing functions. It has
high reliability and it meets the required security
standards such as SIL3 / IEC61508 and Category 4/
ISO 13849.[2.5]

The Safety PLC interacts with the Automation PLC
through Input/Output network or signals. it manages
the emergency system and when the conditions are
followed it then allows the Automation PLC to
operate properly. In Safety PLC all the security
sensors are comnected with double wiring and
double-checking contacts. Finally. by having double
commands. the actuators are activated.

Volume 15, 2020
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...in Software:

The secunty standards require strict restrictions of
the programming languages of a Safety PLC. For
this reason, most Safety PLC manufacturers provide
special programming languages which are formally
certified to cover these restrictions. In the operation
of a Safety PLC not only the signal check-up
routines are operated, but also the routines to ensure
proper operation as a CPU. Only a certified
operation of a Safety PLC by default. The
modification can occur through the security level
seftings by automatically recording the alterations
(signature). [1].

The following units describe the use of Safety Input
- Output PLC cards. The experiment checks how the
Inputs of a Basic PLC respond so that they can be
used to upgrade the secunity of automation systems
2 Signal Implementation of Safety
PLC

The signals (Input - Output) of a Safety PLC are
being described below. It will then be ascertained
whether or not this connection and the additional
internal secunity features of a Safety PLC signal
card could be implemented using a Basic PLC.

2.1 Sensor wiring on safety PLC input cards
The connection of the sensors to the input cards can
occur with a single channel or with a double
channel. The Safety cards have two
independently galvanic ally isolated channels. The
sensor wiring capabilities are being given below.
[2:4]

2.1.1 Sensor wiring with a single channel (1ool)

(a)

Fig. 3: Sensor wiring with a single channel (1ool)

In figure 3 above, there is a contact winng
(Normally Closed for safety reasons) of a sensor in
a PLC input. The sensor can be powered by an
external power supply (a) or by the PLC (b).
Although, if this wiring is connected to a Fail Safe

E-ISSN: 2224-2858
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input card in a PLC, it can provide security Cat.2/
PLc/SILI.

2.1.2 Sensor wiring with double channels (1oo2)

zull

Fig_ 4: Sensor wiring with double channels (1002)

PLC

In figure 4 above, there is wiring of two contacts
(Nomally Closed for safety reasons) of a sensor in
two PLC inputs or of two independent sensor
wirings from one contact (Normally Closed for
safety reasons) in two PLC inputs. The Fail Safe
input cards of the PLC check both inputs and they
transfer the information in the CPU as a single input
whether they are activated or not or if there is a
malfunction (e.x having a signal at one input but
not having at the other). The power supply of a
sensor can occur by an external power supply (a)
thus, having security up to Cat. 3/PLd/SIL2 or from
the (b) thus, having security up to Cat. 4/PLe/SIL3.
The above link assemblies refer to Input Fail Safe
cards, where they have extra integrated features, like
cut cable control, non-synchronization of inputs, etc.
For this reason, these systems could be formally
certified by the mammfacturers even up to SIL3.

2.2 Wiring actuators in safety PLC output
cards

The winng capabilities of the sensors with one
Relay per output and with two Relays per Output
are given below.

2.2.1 Relay wiring per output

PLC

DQL

Fig. 5: Relay wiring per output

Volume 15, 2020



D

Q
§
<
<
c
%
Z,

/T)&/r)’ OF \NES/\

\o

¥

7
2
. fa
X
M

.

N

&

WSEAS TRANSACTIONS on SYSTEMS and CONTROL
DOI: 10.37384/23203.2020.15.74

Figure 5 above displays the wiring of a Relay with
one output from a Fail Safe card. In Fail Safe output
cards, each output does not only give e.g. 24VDC
for the activation of the Relay but also OVDC. That
1s to say, when there is no output command from the
PLC to the Relay. the circuit in both Al and in A2 is
open. The Fail Safe output cards have additional
diagnostic routines for extra check-ups eg cut
cabling, command capability check when it is
required etc.

2.2.2 Two relay wiring per output

Fig. 6: Two relay wiring per output
Figure 6 above displays the wiring of two Relays

with one output from a Fail Safe card With this

linkage we could have security up to
Cat.4/PLe/SIL3. One of the two Relays could have a
constant Al voltage and load when through the Q of
a PLC shuts down the circuit from the A2. It is
usually recommended that both Relays are wired to
the PLC card. In this function a digital output is
being commanded through the program This
information is then transferred to the output card
and afterwards both relays are loaded. By using two
relays. it ensures that the ordered component (e.g.
an engine) will not start operating if for some reason
only one relay is loaded or is not deactivated.

3 Double Contact Response of a Basic

PLC Experiment

In the following experiment, the double contact
response of a component is checked (e.g. button).
Through the results of the experiment, we will draw
conclusions whether it is possible to have not only
SIL 1 function but also SIL 2, using concessional
cardsina PLC.

E-ISSN: 2224-2858
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With this experiment, the response of double
contacts of a component (like that of a button) will
be examined, both in the beginning of its operation
and when it has been used a few thousand times.
Knowing the expected response of the component.
with the functions that support the Basic PLC, and
not the Safety ones. the component can be examined
and a Safety function can be produced. With this
implementation as well as with many potential
assumptions required, leads to the conclusion that
the reliability of the already existing automation
systems could be increased without any additional
cost-effective equipment but also without any
specialized installing and programming procedures.
In this case of course, the Safety operation of the
component (e.g. the button) will be achieved and not
the PLC Safety operation of a CPU.

3.1 Overview of the Experiment

The implementation of this experiment required
industrial equipment. which is used to monitor
automation systems and is described in detail below.

3.1.1 Piston — Push button

Fig. 7: Piston — Push Button

Ain air piston was installed to simmlate the push of
the button. When the piston takes an order from the
PLC, it goes down and presses the button. The PLC
command (1.e. a digital output) gives 24VDC to a
valve which then channels air into the piston,
causing it to go downward. By deactivating the
command, the valve alters the air supply to the
piston and this way the piston goes upward. This
procedure checks the piston and therefore the push
of the button. By adjusting the pressure of the air
which channels into the piston, it is more possible to
monitor the speed at which the bufton is pressed
(slow or fast), something that will lead to additional
information for the contact response of the button.
To the button, a 24VDC lamp and two Normally
Closed contacts are connected. When the button is
pressed then the lamp switches on and the contacts

Volume 15, 2020
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open up. The buttons were used from two different
manufacturers. and this was done in order to
monitor the behavior of each button and not which
company button is better. Also. the buttons of the
experiment have automatic reset so that they do not
buckle and then need to be pulled or rotation to
unbuckle. So. with the automatic reset there is a
possibility of direct push of the button. In this way,
many automatic presses are achieved in minimal
time.

312 PLC

A Siemens semes S7-1500 PLC was used to
command the piston and also to read the contacts of
the button.

Fig 8:PLC

More specifically, a CPU 511 was used. That is one
of the smallest in CPU capabilities in the mid-range
PLC series which are owned by SIEMENS. It has
input and output signals. This way, one digital
output was used to command the piston and two
digital inputs to read the contacts of the button.

That specific CPU (like most of the CPUs) has the
ability to read Outputs in time less than 0.05m/s and
Interrupt routines for a more immediate reading and

processing of the Inputs.
3.1.3 Scada
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The SCADA of the experiment was developed in
WinCC V7.5 of SIEMENS. The WinCC V7.5 has
the communication interface with the PLC (Profinet
is used for the experiment), Visualization abilities,
Control and Tag logging which are required for the
conduct of the experiment.

3.2 PLC- Piston control
The automation check of the experiment was done
through a TIA V16 program An FBI routine was
developed (Function Block) in SCL language to
control the Piston With FB1 routine. the operation
of the piston is controlled via SCADA. ie when and
for how long it will be activated to push the button.
[10]
2] ' v'x I
TS i =
i #1EC_Timer O

_Instance (IN :
ET

Q=> "F
_0_Instance_l(IN :=
FT :=

$IEC_Timer

OLO™ 1= "ENAELE™ & “FULSE_ON_OFF";

ION Piston P .
$IEC Timer O_Instance 3 (IN:="00T_EMBOLO®,

20 “PISTON_POSITION" = #IIX
$IEC_Timer O_In

Fig 10: FB1

Pulse Generator: A pulse generator was designed by
using two IEC TON Timers. The ON / OFF
interchange duration is regulated by the SCADA.

Piston Control: When SCADA gives the order
‘ENABLE’ and the pulse generator ‘ON’, the piston
is ordered to go downward. As a result, when there
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is ‘ENABLE’ signal from SCADA. the piston
implements a back-and-forth motion.

Piston Position: Depending on how long the piston
command 1s activated, the comresponding value in
the ‘PISTON POSITION’ variable is generated in
order to show the position of the piston in SCADA.
Lamp ON-OFF: If one of the input contacts of the
button is lost, then it activates the ‘LAMP ON°
variable in order to show how the bufton was
pressed in SCADA.

3.3 PLC - Inputs Control
The following procedures were implemented to
monitor the inputs in PLCs.

3.3.1 Deactivation of delay filter

To avoid interference of installing to an automation
system. the inputs in PLC have the ability to initiate
an activation delay for one channel or for a pair of
channels.

The interference pulses. of whose pulse is less than
the specified input delay (ms). are ignored and thus
are not visible in PII of the PLC.

For the purposes of this experiment, that delay was
completely deactivated in order to achieve an
immediate response as the one of the PITin PLC.

To be noted, that the experiment was carried out in
the laboratory. where there is no electromagnetic
noise as there is in an industrial environment.

A paenien.

Yoy e
S
.

Fig. 11: Input Parameters

When the Input Delay is deactivated, it is very
possible to read the response of an input in time less
than 1m/s.

3.3.2 Activation of interrupt procedure

Because the response of an input in the CPU of a
PLC needs to be read as immediately as possible,
the Hardware Interrupt procedure is then activated.
With the Hardware Interrupt procedure the input in
a PLC routine is read immediately when the input
state changes. In this way. it was avoided to be
carried through the Main routine of its cycle,
because that would mean additional delay even for
unstable time intervals. [3]
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Fig. 12: Hardware Interrupts

The figure above shows the activation of the
Hardware Interrupt at Falling Edge. in other words a
transition to the Interrupt routine the moment the
Input transmussion goes from 1 to 0. The contacts
used to the button are Nommally Closed. An
altemative Interrupt routine is performed for each
Input. The following code runs in each Interrupt
routine:

2 FREGION Read CETU Clock

Fig. 13: Read PLC Clock

Read CPU Clock: The Real Time Clock of a CPU is
read.

Time A: The valve is assigned by the Real Time
Clock of the CPU to the wvanable:
“CLOCK_DATA”. CLOCK TIME A That
command is performed when the Interrupt routine is
activated. in other words when the Input is
deactivated. With this method, the Real Time Clock
of the CPU 1s stored in the variable above.

3.4 PLC - Difference record

i

To calculate and record the deactivation time
difference of two Inputs the following procedure
was implemented in the pattern FB2 (Fuaction
Block):

Fig. 14: FB2

Calculate Difference: When in both of the Inputs
there is 0 state. the time difference of the response
between the two Inputs is calculated (in ms). The
accwracy of the calculation. with the specific

Volume 15, 2020

[146]



oy ¢
£ s~ % TNANEMNIITHMIO AYTIKHL ATTIKHZ
= ) M
o - IXOAH MHXANIKQN
% Q&\ TMHMA MHXANIKQN BIOMHXANIKHX IXEAIAXTHI KAl MAPATQIHX

/P&/T)’ OF \NES/\

WSEAS TRANSACTIONS on SYSTEMS and CONTROL
DOI: 10.37384/23203.2020.15.74

Configuration in the experiment. can be per 1 ms.
This accuracy, as will be ascertained below, is more
than enough for the needs of the experiment.

3.5 PLC - Push button count

Button response does not remain the same, not
only over time, but also after extreme usage,
so that must be acknowledged by the user for
more effective results.

To check the response of the button contacts
whether it is similar or different after a few mndred
clicks, the pattem FB3 was developed (Function
Block). With an FB3 pattern. the pushes of the

koah button Lount

' Fig. 15: FB3

Push Button Count: When one or both of the Inputs
are zero (0) the value of the counter increases. If the
“RESET_COUNT" variable has substance 1. then
the counter is eliminated - this variable is then
activated from the SCADA, when for example a
new button is placed and the experiment starts

again.

3.6 Scada - Configuration

The implementation of this experiment requires
a reliable user interface, along with the
equipment, as well as an automated recording
procedure of the results. For this reason
WinCC was used, as it is one of the most
reliable SCADA being used within the
industrial environment. To monitor the
experiment through WinCC, the following were
(briefly) implemented:

o Creation of WinCC-PLC comnmmnication and

definition of the necessary variables (Tag).

P a——
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Fig. 16: Tag Management
« Graphical interface development data to display
and operate the system.

Fig. 17: Screens
o Creation of records in SQL Development to the
graphical interface data in order to display and
operate the system.

Ty Ly kv ek, ik}
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0 e LIFETEL) I AL 3T e M nlerant
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Fig. 18: Tag Logging

The recording of the time difference among the two
Inputs is not implemented at a certain time but at the
moment when both Inputs are lost from the PLC.

3.7 Input response experiment

For more accurate conclusions, many different trials
were tested with this experiment having different
factors each time. Each trial tested is analyzed
below.

Trial 1

For this trial:

- A new button with two Normally Closed contacts
was applied.

- The pressing speed of the piston was adjusted to
10cm/sec.

- The piston is positioned so that it does not push
towards the center of the button but towards the

edge.

- 3.800 samples were recorded.

The graph below illustrates the contact response of
the button.

'_ 0
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Fig. 19: Trial 1 Report
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By studying the graph above. it is observed that the
response time is 4-9 msec. with an average value of
approximately 6.8msec.

Trial 2

For this trial:

- The same button was used (two Normally Closed
contacts).

- The pressing speed of the piston remained stable
(10cm/sec).

- The piston was positioned in a way so that it
pressed the middle of the button.

- 9.000 samples were recorded.

The graph below illustrates which was the contact
response of the button.

Fig. 20: Trial 2 Report
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From the e,raph above. it is observed that the
response time is 5-8 msec. with an average value of
approximately 6.5msec.

Trial 3

For the third trial:

- A new button was applied with two Normally
Closed contacts.

- The pressing speed of the piston was adjusted to
Sem/sec.

- The piston was positioned in a way so that it
pressed the center of the button.

- 6.000 samples were recorded.

The graph below illustrates what was the contact
response of the button.

Fig. 21: Trial 3 Report
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I-'rom the gaph above it is observed that the
response time is 8-10 msec (except from the first
almost 100 samples when the push of the piston was
quick), with an average value of approximately
9. 2msec.

Trial 4

For the fourth trial:

- A new button was placed with two Nommally
Closed contacts.

- The pressing speed of the piston was adjusted to
3cm/sec.

- The piston was positioned in a way so that it
pressed the center of the button.

- 5.500 samples were recorded.

The graph below illustrates what was the contact
response of the button.

Fig. 22: Trial 4 Report

By studying the graph above, it is observed that the
response time is 14-18 msec with an average value
of approximately 16.3msec.

The results of the trials above are the following:

- The difference in response time of the contacts
on a button with a quick press. does not exceed
the 10msec and with a slow press it does not
exceed 20 msec.

- Even after 13.000 pushes. the contacts have the
same bearing response.

- The response time of the contacts does not differ
mmuch when the push occurs in the canter or at the
edge of the button.

- The response time of the contacts does not differ
much when the push occurs for a short period of
time e.g. per 2 sec or per 1 min.

From all the various tests which were performed, it
is observed that the difference in response time of
the contacts is generally stable, even after several
thousand presses. It should be noted that by using
these elements. like the Stop Emergency. are
elements which are not often activated during the
producing process but only when we have an issue.
It has been observed that even days could pass and
these elements would not have been used at all. This
means, if a machine has approximately a 10-15 year
old life cycle, a Stop Emergency is very likely to be
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activated even less than 5.000 times. Of course, for
the reliability of the item (e.g. Stop Emergency) its
construction materials play a very important role.
An item made with good materials endures time.
high temperatures, humidity, vibrations etc, which is
something that most manufacturers now consider.

4 Conclusion

After the tests were carried out, it is observed that
the response of two different contacts of a button
can be detected through a Basic PLC, without any
additional, special hardware. The response time
difference is low. with an average value of 10 msec.
If this difference is greatly increased e.g. at 300
msec, it automatically means there is a problem in
the contacts of the button This problem is certainly
easy to be detected, so the production can be
stopped safely. In most Safety cards the response
time difference between the two contacts is adjusted
at 500 msec and these contacts momnitor this
difference with their own machinery in order to
remove any possible problems. There are many old
automation systems with slow processes that are
still operating and due to their structure or their
production rate are practically prohibited to upgrade
their Safety operation. Today in most cases, those
systems are completely replaced by new ones (with
a high cost). According to everything mentioned
above, it is concluded that by using specific CPU
routines of a PLC in automation systems (especially
existing ones) increases the reliability of the
operation as well as the security, without any further
costs, either in money or in implementation time.
The final conclusion which emerges from the
experiment is that by using Basic PLCs and
particular routines, automation function reliability
can be increased, without any additional equipment.
This means, without extreme costs either in money
or in implementation time that even existing
automation systems can have a more reliable and
safe operation without being replaced by new
systems, as PLC manufacturers recommend.
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Abstract: - Increasing requirements in automation and production make control systems more complex and
vulnerable to failure. Breakdowns can cause delays in production. material damage. and above all. work-related
accidents. For this reason, directives and legislation have been created at the country, European Union, and
global levels that define the essential safety and requirements of industrial equipment. Guidelines nmst be
observed by those involved in the design, supply. purchase, or use of industrial equipment in the European
Union and several countries outside the European Union. Some guidelines (CAT. SIL) are created to ensure
their safe operation in case of failure of both the hardware and the software. For a reliable operation of a fail
safety system together with a system operating at SIL2 or SIL3, it mmst have Safety hardware and software.

Industrial equipment manufacturers are incorporating security features into a variety of devices. Depending
on the Safety Integrity Level (SIL) requirements. these features can be used during the design phase to increase
safety in the event of failures or malfunctions. With proper design. the process as well as its environment
(including people) can be protected by entering a controlled safe state. Manufacturers have approached this
problem in a number of ways. including adding redundant Central Processing Units (CPUs). using special
hardware to interface input and output signals, and developing secure network protocols for commmmnication.
Unfortunately, these features cannot be added to existing machines. at least without upgrading some hardware.
As the associated costs lead to slower adoption. manufacturers rely on previous work to support certain security
features. notably CPU debugging. This is implemented in the form of software libraries that operate at a low
level (logic gate). designed to run on older hardware (PLC) so that they can offer an increased level of security.
This study analyzes the required guidelines and legislation that mmst be followed for the safe operation of a
production unit. It describes the mechanisms that basic and specialized PLC systems utilize to ensure the safety
of an automation system The authors have developed algonithms to record behavior measurements of
electronic equipment. By further analyzing the results, it is concluded that basic equipment can be reused in
these systems to provide safety functions. at the same time conserving both cost and time.

Key-Words: - Mean Time Between Failure (MTBF). Safety Integrity Level (SIL), Safety Relay (SR)
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1 Introduction they usually conform to the legislation of most
Machine manufacturers are increasingly focusing on countnes. ) ) .
improving the safety aspects of machinery and at the In the field of industrial automation systems,

same time many countries strengthen the legislation Programmable Logic Controllers (PLCs) are
and hold them accountable in case of injuries. For commonly used to coordinate complex tasks and
this reason, a plethora of ISO and IEC standards are control machinery in an autenomous fashion PLC
available today. These standards simplify trade as manufacturers are building specialized products to
allow their use in safety-critical applications or in
industries where downtime is very expensive. These
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new products increase their reliability by adding
redundant systems to help self-diagnose a
malfunction among others in a sensing device (e.g..
a peripheral input device). an external safety
component (such as an emergency stop button), or
the CPU itself.

These technologies are still relatively new.
novel. and expensive. For this reason, they are only
adopted in newer. more expensive equipment. Older
industrial machinery could have possibly been built
with more relaxed safety standards. It is also a
possibility that current owners of older but still
expensive machinery are reluctant to upgrade their
equipment with newer hardware due to the
associated costs with the hardware, programming.
design. and installation.

The authors believe that current PLCs used in
older equipment (and do not cumrently conform to
newer safety standards) can support at least a subset
of the newer features such as diagnosing routines
with no hardware modifications. This research is
motivated by the fact that current owners of older
machinery would be willing to improve their safety
scores by only applying minor software updates.

As part of ongoing research in this area, the
authors have already proposed a method that allows
cuwrrent non-fail-safe devices to defect extemal
sensor failure by employing techniques in software
and have shown that the advantages are comparable
to those of the newer fail-safe devices. Extending
this research. the paper proposes a software
algorithm that will allow current legacy software to
be able to detect hardware failure at the CPU level.
for the executing program to be able to shut down in
a safe manner. and to predict hardware faults of
PLC itself.

Researchers are actively figuning out techniques
that allow PLC-operated machinery to function in
more safe and reliable ways. The authors of a paper
have proposed a solution for formal verification that
uses mathematical models of the specific application
scenario to offer improvements in both fail and non-
fail-safe PLCs, [1]. [2].

Another approach discussed by researchers aims
to detect safety violations (caused by faults or
attacks) by comparing data sets of event sequences
and the time of occurence with data traces collected
beforehand in Industrial Control Systems (ICS).

Furthermore, researchers are studying the
advances of the new safety devices. in terms of the
diagnostic capabilities, implementation strategies,
and metrics such as response times of these routines,
Bl [4)-

Although the motivation of the research
presented in this paper is in line with other work
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presented above (ie., to study and improve upon the
safety operation of devices). the approach discussed
here differs i the following ways:

a) The solution extends previous work to directly
port features of newer (fail-safe) PLCs to older
legacy hardware.

b) The algorithm does not depend on each specific
application scenario.

c) An application use case has been included to
present the function of the algorithm

The rest of this paper is organized as follows:
Section (2) analyses current strategies for improving
safety and downtime records in terms of relevant
standards. Section 3 describes the approach that
current PLC mamufacturers are using to detect
hardware failures in modern fail-safe equipment.
Section 4 proposes a solution in the form of an
algorithm that is able to run on legacy devices and
present similar advantages as the newer more
expensive products. The section also describes the
experimentation setup. Finally, Section 35
summarizes the results of the presented approach.

2 Redundant Systems

The redundant automation systems are commonly
used to offer greater availability. The objective of
these systems is to reduce the possibility of
production interruptions, the protection of
individuals. the protection of the surrounding
environment. and the safe termination of production.
In very critical applications such as refineries,
aurports, and nuclear plants, such systems are
required not only to avoid the cost associated with
stopping production but also to prevent accidents.
Software Redundancy

In many applications. the requirements for fault-
tolerant cannot be justified. Simple software
mechanisms are sufficient to allow a failed process
to continue on a substitute system if an error occurs.
These mechanisms can be applied to control
processes that can tolerate larger transition delays to
a surrogate system. e g.. in waste-water plants, water
treatment plants. or traffic streams.

Hardware

Hardware Redundancy consists of two subsystems
that are synchronized via fiber optic cables.

Both subsystems create a fault-tolerant automation
system that works with two channels and is based
on the principle of active redundancy. Active
redundancy means that all redundant resources are
contimiously  running  and  sinmltaneously
participating in the execution of the control task
This means that the programs on both CPUs are
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identical and are executed synchronously by the
CPUs.

To separate the two subsystems, the traditional
expressions “master” and “reserve” are used for
two-channel fault-tolerant systems. The reserve
always processes events in sync with the master and
does not wait for any errors from the master to start
processing The distinction made between the
master and the reserve CPU is very important to
ensure reactions in case of emrors. For example. the
reserve CPU can go into STOP when the backup
link has an error, while the primary CPU remains in
RUN mode.

The higher the risks and the cost of abruptly
terminating the production, the more beneficial it is
to use such systems. [5].

The evaluation of the Redundant systems is
usually based on reliability and availability
parameters. A commonly wused reliability
measurement is the MIBF (Mean Time Between
Failure). This can be statistically analyzed on the
basis of the parameters of the ongoing operation
systems or by calculating the failure rates of the
individual components.

The Mean Detection Time (MDT) of a system is
determined by the times below:

o Time required to detect the error.

o Time is required to find the cause of the error.

o Time is required to encounter the problems and

restart the system.

The MDT system is calculated based on the MDT of
the individual components in the system The
structure in which the components form the system
1s also a part of the calculation.

2.1 Correlation between MDT and MTBF

The MDT value is of high importance for

maintaining the quality of the system. The most

significant factors are:

¢ Qualified personnel

o Efficient logistics

o High-performance tools for debugging and
recognizing identification

o A good repair strategy

Figure 1 shows how the MDT depends on the

factors mentioned above.
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Fig. 1: MDT Relationships

The MTBF, or Mean Time Between Failures, is
a critical metric used to assess the reliability of a
system It is calculated by dividing the total
operational time by the number of failures that occur
during that time period. Figure 2 shows the
parameters included in the MIBF calculation of a

system, [6].
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The analysis is based on the following assumptions:

o The failure rate of all the components and all the
calculations is based on an average temperature
of 40°C.

e All the spare parts are locally available, to
prevent extensive repair times due to the lack of
spare parts. This maintains the MDT element to
its mininmm.

e The MDT of individual spare parts is 4 hours.
The MDT of the system is calculated based on
the MDT of the individual components plus the
structure of the system.

e The MIBF of the components meets the
standards:

[ Minimal Cut Set MCS)
Fig. 2: MIBF
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- SN 29500 (This prototype is compatible with
MIL - HDBK 217 -F)

- IEC 60050. [7]

- IEC 61709, [8]. (These calculations are made
by using the diagnostic coverage of each
component)

o Depending on the formmlation of the system. the
CCF coefficient ranges between 0.2% and 2%.
By using the Redundant units, the MTBF is greatly
increased. They contain high-quality self-
monitoring features that allow the identification of
almost all emrors with a reliability of at least 90%.
Reliability in autonomous operation is defined by
the comesponding failure rate. Reliability in
Redundant operation is defined by the failure rate of
the relevant components or otherwise “MTIBF ™. The
combinations of any failed components that cause a
system failure are described and calculated using

Markov models.

Availability is the probability that a system is
operating at a given pomnt in time It can be
improved by using Redundant I'O unmits. The
Redundant components are arranged so that the
functionality of the system is not affected by the
failure of an individual component. The availability
of a system is expressed as a percentage and is
defined by the average time between failure
(MTBF) and the average MDT repair time. [9]. The
availability of a two-channel fault tolerance system
(1 out of 2) can be calculated using the following
formmla as seen in Figure 3.

v MTBF

= MTBR,, + MpT " 100%

v

MTEBF ADT
Fig. 3: Availability

A control system can have CPU Redundancy.
Network Redundancy. 'O Redundancy, Sensor
Redundancy, and PID bumpless Switchover
capabilities. There are two similar CPUs m a
Redundant system that execute the same code at the
same time. These two CPUs synchronize through a
special interface, often by means of a redundant
connection. The system includes synchronization
units that support Hot-Swapping, so in case one of
the CPUs fails. the other CPU retains the procedure
control and the production process can resume
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without any anomalies. For security and
functionality purposes, a CPU can be up to 10
meters away when the synchronization wunits
commmumnicate through copper and up to 10km when
they commmanicate through optical fiber cables. A
standard configuration of a Redundant system is
shown in Figure 4.

REMOTEI'O

Fig. 4: Redundant Systems PLC, [10], [11]

The system consists of one Supervisory Control
and Data Acquisition (SCADA). used as the
interface for the machine operator. two CPUs with
Redundant functions. an interface module (usually
Inputs and Outputs) to operate the machine. and the
required contact cards. The operation control of the
machine 1s implemented as follows:

The two CPUs commmmnicate with each other
with a double connection (for Redundant purposes)
through optical fibers. The communication is
required so that one CPU can sense the state in
which the other CPU is and also for their
synchronization That means that the execution of
the machine’s control code is always synchronized.
One CPU is always set and operated as Master and
the other one as Standby. The Master CPU is the
one which controls the elements of the machine
through output cards. Both CPUs scan the input
cards, process them individually, and then determine
what step of operation the machine is in. When the
Standby CPU detects an error on the Master CPU,
then it automatically goes into Master mode and
assigns the other ome into Standby mode. The
control-switching time from one CPU to the other is
usually less than S5ms. Although the SCADA
commmumnicates directly with both CPUs, any updates
and operations are implemented by the Master CPU.
[12], [13], [14].
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3 Safety Technology

Safety Technologies have been developed for the
safer operation of the machine, [15], [16]. [17]. as
well as to avoid any accidents and deterioration,
with the most basic ones being: (1) Contractual
Safety Technology. and (2) Integrated Safety
Technology.

3.1 Contractual Safety Technology

The safe operation of the machine is being
monitored by a Safety Relay. Contacts of the Stop
Emergency buttons. Safety Doors. etc., are wired to
the Safety Relay and regardless of the commands
given by the PLC automation system. the machine
switches to Safety mode once a Stop Emergency has
been pressed or a Safety Door has opened.

The wiring as well as the architecture of the
protection functions are applied in accordance to EN
61508, [18]. in SIL 3 or according to EN 954 in Cat.
4: The Stop Emergency button and the Safety Door
positional switches are connected by two channels
in the Safety Relay. [19]. [20]. Two contacts are
connected in series and are used to monitor the safe
operation of the machine. [21].

3.2 Integrated Safety Technology

In complex automation systems, the safety functions
of machinery are controlled by a Safety PLC
(instead of a Safety Relay) that usually dictates an
alternative way of safely stopping production,
according to the issue arising each time, [22], [23].
[24]. There 1s a separate safety program and special
Safety Input and Output units in the Safety PLC.
[1]. As soon as a wiring error occurs the emergency
button is pressed or the safety door opens. the
machine goes into Safety mode. The wiring of the
actuators and the sensors related to safety are being
monitored by these special input and output units of
the PLC.

According to SIL 3 (EN 62061) Cat.4 (EN 954),
the wining as well as the architecture of the
protection functions is similar to that of the Safety
Relay. Stop emergency and safety doors are
connected to the special PLC cards through two
carriers, [24].

Safety Integrated Technology is the completely
integrated secusity concept for automation and
power unts with proven technologies and
automation systems used to safely operate the
production  Additionally, it covers the entire
security chain with sensors and actuators to the
controller,  including  the  secunity-related
commmanication over the standard networks, [25].
Besides the automatic operation of the production,
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the PLC also undertakes its safe operation. [26]. In
addition to ensuring reliable safety functions, Safety
Integrated Technology also offers a high level of
flexibility and productivity. [27].

The integration of a safe and automatic operation in
a PLC has the following significant advantages:
o Greater flexibility than the electromechanical
solutions
o Winng reduction
e Only one CPU is required due to typical and
safety program coexistence
e Simple communication between the typical and
safety program
o Less implementation time of application

For dual operation (Safety and autonomous) of
the system the PLC wutilizes a CPU that
sinmltaneously executes the program for both the
autonomous and safety operation (Figure 35). It
provides standard Input and Output cards for the
autonomous operation and special cards for the
Safety functions. The main difference between
Safety and standard cards is that the Safety cards
have been constructed with two channels intemally,
two integrated processors monitor one another and
automatically control the input and output circuit. In
case of an error. they set the Safety card in safe
mode. The digital Safety mput cards acquire (by
detecting) the signal status of sensors that are related
to a safety status (e.g.. emergency stop button
pressed). perform short circuit and cross-circuit
tests, as well as inconsistency analysis, and send the
corresponding messages to the CPU. The digital
Safety output cards are suitable for deactivation
tasks and have additional capabilities to detect
short-circuits of the actuator.

For the verification of the reliability of the
outputs, tests are camried out at certain intervals. The
tests are usually repeated every 1.000 sec when we
don't want to have rapid wear of the actuators, and
every 100 secs for fast fault detection. Retry time is
the maximum time after the output is tumed off that
a feedback signal should be detected before it is
declared as a short circuit fault. The repetition time
must be set long enough especially when switching
capacitive loads. to allow the switching capacitance
to discharge within the repetition time.
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Fig. 5: StandardandSafetyOpemuoumaPLC
[28]

The standard and safety programs are both
developed in the same programming environment
and because they co-exist in the same CPU, they can
commmanicate with each other using variables
without one affecting the other in case of an issue,
[29].

3.3 Safety Program Operation

Safety-related CPUs work according to the
principles of redundancy and diversification, which
allow the implementation of safety systems with
only one CPU and one processor. With the security
program, the user programs the logic of the system's
safe operation, and the operating system
automatically creates additional blocks based on
"differentiated” logic compared to the user's
program as well as "differentiated” operators and
functions.

The two parts of the security program are run
sequentially and the results are compared. If an error
occurs, the CPU reacts and puts the system into a
safe state. The operating system also creates system
blocks that can be used for example to manage
Safety comnmmnication.

Emror checking can help in the following

circumstances:

» Old messages that have not been updated are
sent again at the wrong time.

* A message is not received or recognized.

* A message refermng to an unknown source is
entered.

* The specified sequence (e.g CRC. time

references) of the messages of a particular
source 1s incorrect.

* Messages can be comrupted due to errors at a
bus node, ie emors in the transmission
medium or due to mmtual interference of
messages.

* Messages can be delayed beyond the allowed
amrival time, e.g as a result of errors in the
transmission medium overloaded connection
cables, nmmtual interference, or bus mnodes
(devices) sending messages in such a way that
services are delayed or unrecognized.

* A message originating from a valid source is
additionally inserted. Thus, a non-security-
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related message may be received by a security-
related device, which then classifies it as
security-related.

» FIFO (Fist-In-First-Out) emor, the correct
order of data is not observed.

In the following example. we will demonstrate
the operation of a safety function while it is
executing inside the CPU. The intemals of the
function are shown in Figure 6. A and B as used as
the input signals. The objective is to run a logic
operation on the inputs while at the same time
detecting any CPU anomalies. If the result of the
logic operation is (Boolean login) TRUE, and there
are no faults detected, then the normal operation can
resume. In any other case (ie., the result of the logic
operation is FAISE. or CPU malfunction is
detected) the PLC should halt the execution of other
instructions. In order to detect CPU faults, the logic
operation is executed twice. First, the nommal logic
operation is camied out and its output is kept
temporarily (variable C shown in Figure 6). Then, a
suitable inverted logic operation is constructed
which in tum results in output D. This inverted logic
is implemented in safety by PLC manufacturers
using certified mechanisms without the possibility
of intervention by the user., [30]. The two
intermediate outputs (C and D) are then compared
and are expected to contain the same value. In the
presence of a fault, it would be extremely unlikely
that both functions would present the same
erroneous response, therefore eradicating false
negatives. In case the two outputs are different. the
CPU eaters safety mode status.

B e ol o
A\ e
Cnan..\ Ic-myun }—’\/g .'ﬁ} % Step
— — N\

pa— Iy /
Cuoded 3 o o 1 \\,.
Operinds A F |_Operation ] D v

Run

Fig. 6: Safety Operation

In the following example (Figure 7). we
demonstrate how we can venfy the output of a
software OR gate using an inverse operation (AND
gate). By comparing the output of two separate
computation results, we add a layer of reliability and
trustworthiness to the CPU results. Consequently,
the CPU is able to detect whether it has
malfunctioned and can disable itself considering that
it is safer to stop a process rather than continue
running it with faulty equipment. We assume that in
this case, the user code intends to run an OR
instruction and that A and B have values of 1001
and 1010 (in binary representation) respectively.
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The expected output C of the OR operation should START
be 1011. In this scenario. the inverse operation used
is an AND gate. The first step is to compute the

inverse of A and B (4, B), which are 0110 and 0101 ;!
respectively. The second step is to compute the STOP_EMERGENCY_| = EM_STOP ]

output of the AND gate D, which is 0100. Last, we STOF EMERGENCY 2 = EM_STUP 1
’ ; G HIGH_PRESS - PRESS

need to compute the inverse of the output D (D) T

which tums out to be 1011. In this case C= D so the SAFETY OK=0

CPU would decide to continue running. In any other ERROR_CODE =0

case, it would enter a stopped mode.

I User warande }_
Deogsan *5 :l Gt
um; cmrpm c -B .y Stop
Asl \<

Fig. 7: Safety Operation Example

Run

4 Development of a Fail Safety
Algorithm for wuse in basic PLC

Hardware

The solutions demonstrated in the previous section
require specialized hardware and expert knowledge,
factors that prohibit their wide adoption, especially
for smaller projects. For these reasons, an algorithm
was designed and developed which can be used with
ease and without any particular expertise, that leads
to the increased reliability of an automation system.
The concept of the proposed solution is that by

executing a logic operation mmltiple times may lead | SAFETY K- 1§] | [ Ernor_cope -1 |
to the detection of a transient fault. Once the I 7
operation has finished executing multiple times, its Iwan' STATUS = SAFETY 04 IFRRI)R_SHTI s= l-unnk_nml-|

output of each iteration is compared to the previous
one. If the output of each iteration is not identical,  SATETY STATUS 7 / ERROR STATUS
the CPU would stop further code execution. Figure a T

8 illustrates the operation of the algorithm [ I

IND
Fig. 8: Algorithm Operation

Algorithm Description

The operation of the algorithm is as follows:

1. The desired code execution iterations (n) is
entered.

2. The variables (inputs and outputs) of the code are
entered (IN1, IN2, OUT1. OUT2, etc.).

3. The code is executed 'n' times and in each
execution the results of the code (Outputs) are
stored in a table.

4. After the execution of the code. the results found
in the table are checked and if they are the same
then they are applied to the respective outputs. In
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any other case, an error message is output and the
system switches to safe mode.

4.1 Overview of the Experiment

For the evaluation of the algorithm an experiment
was carried out using industrial equipment as the
automation (Figure 9).

i
W/

-

i -
Fig. 9: Expeniment Equipmen

The CPU consists of a SIEMENS CPU 511. one
of the smallest (in terms of CPU capabilities) of the
mid-range provided by SIEMENS. and has built-in
input and output signals. The safety function was
applied to an automation system used for pallets
filled with boxes. The proposed algorithm in the
previous section was incorporated into a pre-
existing pallet stacking process. The safety
functions of the system utilize two emergency stop
buttons (Normally Closed) as well as the pressure
feedback from the piston (by means of a pressure
switch). In case of an obstacle in front of the piston
area. the pressure will increase above a pre-set limit
and will in fum activate a digital mput (Normally
Closed). As long as the emergency stop button is not
pressed and the pressure switch has not been
activated, the safety algorithm should allow the
execution of the code responsible for pallet stacking
and should energize the system’s outputs
responsible for actuators. In any other case. the
actuators should become inactive and the machine
operation would consequently stop. Figure 10 shows
the machine’s components.

Fig. 10: Disposition of the Machine

E-ISSN: 2224-2856

[159]

NANETIZTHMIO AYTIKHZ ATTIKHZ

IXOAH MHXANIKQN

290

TMHMA MHXANIKQN BIOMHXANIKHX XIXEAIATHI KAl MAPATQIH:

Efstathios Theocharis, Michal Papoutsidakis,
Andrew Short, Konstantia Zismou

For the implementation of the experiment, the TIA
V16 program was used from which the FB10
routine (Function Block) was developed in SCL
language. The code of the routine and its

explanation are given below.
won
"IAPTTY_
CONTRCe L
wne
NAETY_CoNTN"
Eu ENO
b R o, Wano o
CIN_STOI_1 ——E NGy 1 SAPETI_OK = 5ATTTr_STATUS®
Wa SICP, weno )
TEMLSTOP_ " EVERGENCY 2 LIROR 008 = FRROASTATIC
w0
Bl T
REPEATS
Fig. 11: OB1

OBl is the Main Block which is executed by a
CPU and contains the user code. The newly added
function (FB10 shown in Figure 11) is declared
along with the addresses of the actual Inputs and
Outputs.

Please note that in the following algonithm all
variables other than the ones explicitly mentioned
are temporary, have a start value of 0, and are
released from system resources when the algorithm
ends its operation. It is also worth mentioning that
the algorithm is not able to determine the origin of
the fault (either of the digital inputs or the CPU) but
only the presence of the anomaly.

The number of repetitions can be configurable.
A higher number of repetitions increases the
reliability at the cost of processing overhead. In
terms of the “Big O notation the algorithm
executes in linear time O(n). where n relates directly
to the number of repetitions.

Algorithm 1 — Checking for the existence of CPU
faults or Input data mismatch.

Inputs STOP_EMERGENCY 1. STOP_
EMERGENCY 2 are inputs from the external
safety switch (Boolean logic). HIGH_PRESS is the
output of the pressure switch on the piston (Boolean
logic). REPEATS configures the number of
repetitions (configurable).

Outputs — SAFETY OK = 1 when the safety
checks are successful. Similarly, ERROR_STATUS
= 1 under faulty scenario.
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e P AR e Ml e N A able to self-diagnose some types of CPU-related
B o3 —-—e hardware failures. Furthermore, the proposed
Ve meres vos wes. @ B solution has been implemented in an actual pallet
— o ety i RS ZEL stacking machine to collect results and provide
Fias e = il Bl implementation  information =~ The  research

A PsASN

concludes that legacy PLC hardware can make use
of owr proposed approach to offer advantages such
as fault detection capabilities and consequently
increased safety during the automation process
without any additional hardware.

Most importantly, due to the mininmm impact
of changes involved, it is anticipated that the
proposed solution can increase adoption and
therefore the safe operation of existing machinery
since it requires less costs and downtime. As further
work, the authors of the paper will examine the
impact of the execution of such routines in terms of
CPU performance overhead as well as the feasibility
" . of the execution of distributed systems (for systems
e I requiring a higher level of redundancy).

e

. mae e - e

® Network 1 MWL
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Fig. 12: FBI0

The implemented source code in Structured
Controled Language (SCL) is depicted in Figure 12.
The routine parameters are initially stated in the
parameter table. Additionally the code is
categorized in the following logical sections:

Initial: This is where the iteration variables are
Check Inputs: This is where the operation of
production is checked if it is safe or not.

Check Safety Result: This 1s where we check if the
Safety status was implemented correctly. 2]
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