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1 ®dyHKUMOHaNbHas 6e30MacHOCTb

1 ®yHKUMOHaNbHaA 6e3onacHOCTb

1.1 OGlHe NonoHeHUs

Cdepa pgeitctBua [JlaHHoe pyKOBOACTBO [eWCTBYET ANS U3MEPUTESIbHBIX CUCTEM C
BUGPALMOHHBIMW CUTHA/IM3aTOpPaMK NPEAENBHOTO YPOBHS
VEGASWING cepuun 60 co BCTPOEHHbIM GIOKOM 3/IEKTPOHUKM

SWEG6ON:

VEGASWING 61, 63

[ ] o - -
1 [na ycTponcTs ¢ amanMpoBaHHOM BUIKOW TpebyeTcA 610K a/1ek-
TpoHukn SWEGON.E nan SWEGON.E1.

O6nacTb NPUMeHeHUs JaHHaa namepuTenbHaa cuctema npuMeHnMa Anasa CUrHaaMsaumm
npesenbHOro YpoBHSA HUAKOCTEN Npu 0cob6bIX TpeboBaHUAX
6€e30MacHOCTH.

B oaHoKaHanbHoM apxutekType (1001D) o6ecneumBaeTca ypoBeHb
COBOKYMHOM 6e3onacHocTu o SIL2, a B MHOroKaHasibHoM
M36bITOYHON apxuTeKType - fo SIL3.

CootBetcTtBue SIL CootBeTtcTBMe SIL noaTBepHaaeTca fOKyMeHTaMu B [puiorKeHUu.

A66peBuatypbl u Tep- SIL Safety Integrity Level

MUHbI

HFT Hardware Fault Tolerance

SFF Safe Failure Fraction

PFDayg Average Probability of dangerous Failure on Demand
PFH Probability of a dangerous Failure per Hour

FMEDA Failure Mode, Effects and Diagnostics Analysis

Asd Rate for safe detected failure

Asu Rate for safe undetected failure

Add Rate for dangerous detected failure

Adu Rate for dangerous undetected failure

DCs Diagnostic Coverage of safe failures; DCs = Asg/(Asq+Asu)
DCp Diagnostic Coverage of dangerous failures; DCp = Aga/(Aga+Adu)
FIT Failure In Time (1 FIT = 1 failure/10° h)

MTBF Mean Time Between Failure

MTTF Mean Time To Failure

MTTR Mean Time To Repair
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1 ®yHKUuMOHaIbHaA 6e30nacHOCTb

AB6peBMaTypbl U TEPMUHBI COOTBETCTBYIOT ONpeAesieHUAM MNo
IEC 61508-4.

MpumeHUMbIe HOPMbI .

IEC 61508

— Functional safety of electrical/electronic/programmable
electronic safety-related systems

e |EC 61511-1

— Functional safety - safety instrumented systems for the
process industry sector - Part 1: Framework, definitions,
system, hardware and software requirements

Tpe6oBaHuA 6e3onac-

MpenenbHble 3Ha4YeHMA OTKasoB, B 3aBUCMMOCTH OT Knacca SIL

HOCTH (IEC 61508-1, 7.6.2)
YpoBeHb Pemum pa6oTbl ¢ Pemum paboTbl ¢
6e3onacHocTn HU3KOW YacToTon BbICOKOW YacToToMn
3anpocoB 3anpocoB

SIL PFD.yvg PFH
4 >10° ... <10* >10° ... <108
3 210" ... <10° >10% ... <107
2 >10% ... <102 >107 ... <10°®
1 >10%2 ... < 10" >10°...<10°

JKcnayaTaunMoHHas Ha-
AEHHOCTb

BesonacHoCTb annapaTtHbIX CPeACTB AJ1A NOACUCTEM 6e30MacHOCTH
Tvna A (IEC 61508-2, 7.4.3)

[Aona 6e3onacHbIx OTKasoycTo-
OTHa30B W4YMBOCTb
annapaTHbIX
cpeacTs
SFF HFT =0 HFT =1 HFT =2
< 60 % SILt SiL2 SIL3
60 % ... <90 % SiL2 SIL3 (SIL4)
90 % ... <99 % SIL3 (SIL4) (SIL4)
>99 % SIL3 (SIL4) (SIL4)

B cootBeTctBUM ¢ IEC 61511-1, n. 11.4.4 annapartHasd
oTKasoycTonumBocTb HFT anA aKkcnayaTtauMoHHO HafEeHHOM
CUCTEMbI MOMET ObITb YMEHbLUEHA Ha OVH MPW CleAyoLWmX
YCNOBUAX:

e YCTPOWCTBO 9KCMyaTaLMOHHO HaZEHHO

e Ha ycTpoiicTBe MOryT 6biTb M3MEHEHbI TOILKO pesieBaTHble A/1s
npouecca napameTpbl (HanpuMep: AManasoH U3MepeHus,
TOKOBbIM BbIXOA B COCTOSIHMM OTKa3a ...)
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1 ®dyHKUMOHaNbHas 6e30MacHOCTb

DyHKUUA 6e3onacHOCTH

BesonacHoe cocTtoAHUe

OnucaHue oWKGOK

KoHdurypauua 610Ka

¢opmupoBaHuA cUrHa-

na

® lI3MeHeHWe aTUX peneBaHTHbIX 1A npoLiecca napamMeTpoB
3alMLeHo (Hanpumep, Naposiem ...)
e (DyHKUMA 6Ge30nacHOCTU TPeBYET ypoBHA MeHee SIL4

OueHKa cnoco60B M3MeHeHWA Gbl1a BKKOYEHA B NOATBEPKAEHNE
9KCMnyaTauMOHHOM HaJEHHOCTH.

1.2 TpoeKTupoBaHue

DyHKLMA 6€30NaCHOCTH AaHHOM M3MEPUTENIbHOM CUCTEMbBI COCTOUT B
perucTpaumn U CUrHasm3aumm CoCTOAHUA BUOPUPYIOLLLErO 3/IeMeHTa.

Pasnunyatotca aBa COCTOAHUA "MOKPLIT" N "He MOKPbIT".

Be3onacHoe CoCTosiHWE 3aBWUCUT OT pemuma paGoTbl:

3awura oT 3awmTta oT cyxoro
nepenosiHeHuUA ( xopa (pexum Min)
pexum Max)
Bu6pupytowwuii anemeHT NOKPbIT He NOKPbIT
B 6e30nacHom
COCTOAIHUM
BbIxoaHOM TOK B 04 ...1mA 04 ...1mA
6e30MnacHOM COCTOAHUA
TOKOBBIV CUrHan <1mA <1mA
HeucnpasHocTK "fail
low"
TOKOBBIN CUrHaN > 6,5 mA > 6,5 mA
HeuncnpasHocTK "fail
high"

BesonacHbIi 0TKa3 MMeeT MecTo, Horga uameputenibHaa cuctema
6e3 3anpoca npouecca nepexoguT B 3ajaHHOe 6e3onacHoe
COCTOfAiHME NN COCTOAHME OTKasa.

OnacHbli HeoGHapyeHHbIM 0TKa3 (dangerous undetected failure)
MMeeT MeCTO, eC/I U3MEePUTE/IbHAA CUCTEMA He MEPEXOAMT B
3aaaHHOe 6e3onacHoe COCTOAHWE MpU 3anpoce npouecca.

Ecnu nsmeputenbHaa cuctema BblaeT BbIXOAHOW TOKOBbIN CUrHan
"fail low" vnw "fail high", To 3TO LOMKHO NPOUCXOAUTb U3-32 UMEIOLLEN
MECTO HEWCNPaBHOCTY.

YCTponcTBO hOPMUPOBAHNA CUrHASTA MOITOMY JOTHHO
MHTEPNPETUPOBATbL TAKME TOKOBbIE 3HAYEHUA KaK HEUCNPaBHOCTb U
BblAaBaTb COOTBETCTBYIOLMIM CUTHAT.

Ecnn aTOro He NpomncxoanT, TO COOTBETCTBYIOLME HYaCTU CTENEHEN
OTKa30B J0JIHbI ObITb MPUCBOEHbI ONACHBIM OTKasam. Tem cambim
MOryT 6bITb YXYALUEHbI YAC/IOBblE 3HA4YeHWA B . "Yuciaosble
roKasate/in TEXHUHN 6e30MacHoCTH".
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1 ®yHKUuMOHaIbHaA 6e30nacHOCTb

Pemum paboTbl C HU3-
KOl YacToToi 3anpocoB

Pemum paboTbl C BbiCO-
KOl YacToToi 3anpocoB

Bnok popmmpoBaHna curHana JosieH CoOoTBeTCTBOBaTL YPoBHIO SIL
M3MEepUTENbHON Lienw.

Pexum paboTbl Ha pasgenutensHom ycunutene NAMUR cornacHo
IEC 60947-5-6 fonKeH 6biTb yCTAHOBNEH TaK, YTOObI €ro
nepeKsiloyatoWmiA BbIXOA, NPU BXOAHOM TOKe < 1,2 mA npuHvuman
6e3o0nacHoe COCTOsIHME.

Ecnv yacToTta 3anpocos cocTasnfeT He 601ee 0AHOro pasa B rof, To
M3MepUTeSIbHaA CUCTEMA KaK 4acTb CUCTEMbl 6€30MacHOCTH AO0HHA
ObITb YCTAHOB/IEHA B PEXMME "HM3KOM YacToThbl 3anpocos" (“low
demand mode" no IEC 61508-4, 3.5.12).

Ecnn oTHOWeHWe 4acToTbl AMAarHOCTUHECKMX NPOBEPOK CamoM
MU3MEepUTENIbHOM CUCTEMbI K YacToTe 3anpocos npesbiwaeT 100, To
3Ty U3MEPUTESIbHYIO CMCTEMY MOXHO paccmaTpuBaTtb Kak
MCTOJHAIOLLYI0 GYHKUMIO 6830MacHOCTU B peXMnMe paboTbl C HU3KOM
yactoTor 3anpocos (IEC 61508-2, 7.4.3.2.5).

CooTBeTCTBYIOWMM NapaMeTpoMm ABAeTCA 3HaveHne PFD, g
(cpeaHsA BepoATHOCTb ONACHOM OLIMBKKM Npu 3anpoce). 3To
3HaYeHue 3aBUCUT OT MHTepBaNa Tproor MEHAY QYHKLUMOHANBHBIMM
npoBepKammn 3aLUTHON PYHKLMK.

YucnoBble 3HaYeHWs CM. B M. "[Toka3aTtesim TexXHUKM 6e30nacHoCcTH".

Ecnu "Pemum paboTel ¢ HU3KOH YacToTok 3anpocos" He
COOTBETCTBYET MMEIOLMMCA YCOBUSM, TO USMEPUTENbHAA cUcTEMA
KaK 4acTb CUCTEMbI 6€30MacHOCTH AO/IKHA ObITb YCTaHOB/IEHA B
pexume "BbICOKOM YacToTbl 3anpocos” ( "high demand mode" no
IEC 61508-4, 3.5.12).

Bpemsa 0TKa30yCTOM4YMBOCTM BCEN CUCTEMBI MPU 3TOM AO/IKHO ObITh
60/1blle CYMMapHOro BPEMEHU peaKLMn UM CyMMbl CPOKOB
[MarHoCTUYECKMX NPOBEPOK BCEX KOMMOHEHTOB M3MEPUTE/IbHOM
uenu.

CooTBeTCTBYIOLWMM NapameTpoM ABNAeTcA 3HaveHe PFH (vacTtoTa
OTKas0B).

Yucnosble 3HaYeHWA cM. B N. "[TokasaTesim TeXHUKH 6e30nacHocTH".

JonyweHua Mpw BbinonHeHMn FMEDA 6b111 yyTeHbl cnegytowme OCHOBHbIE
yCNOBUA:
e YacToTa 0TKa30B ABMAETCA NOCTOAHHOM, MEXaHNUYECKMIM M3HOC
fetanen He paccmaTpvBaeTca
e YacToTa OTKa30B U3-3a BHELLUHEro MCTOYHUKA MUTaHUA He
BKJIIOYaETCA B pacyeT
e MHOrokparHble OWMOKM HEe paccmaTpuBaloTcA
e CpepHAs TemnepaTypa OKpyaloLlen cpefbl BO BpeMs paboTbl
cocTaBnset 40 °C (104 °F)
e  OKpyawLme ycroBusa COOTBETCTBYIOT CPEAHUM
NPOMBILLAEHHBIM YCI0BUAM
6 VEGASWING cepumn 60 * - NAMUR
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1 ®dyHKUMOHaNbHas 6e30MacHOCTb

O6Lwue yKa3aHUA U or-
paHu4eHus

AnemeHTbl HACTPOMKHU

MoHTax 1 yctaHOBKa

o CpoK cnyw6bl aeTaner coctasnsAet oT 8 go 12 net (IEC 61508-2,
7.4.7.4, npumeyaHue 3)

e Bpewma pemoHTa (3amMeHbl USMEPUTENBLHOM CUCTEMBI) NOCNe
6e3onacHoro oTkasa coctaenfeT BoceMb (MTTR = 8 h)

e YCTpOWCTBO (POPMUPOBAHUA CUrHAIA MOXKET MHTEPNPEeTUPOBaTh
oTKasbl "fail low" v "fail high" KaK HeMcnpaBHOCTM 1 BblAaBaTb
COOTBETCTBYIOLLME CUTHASIbI

e YTO6bI pearMpoBaTtb Ha OnacHble 06HapyXKUBaEMble OTKa3bl,
WHTEpBaJ1 onpoca MOAKJ/IIYEHHOrO YCTPOMCTBA YNpaBaeH s U
hopmMUpoBaHUA curHana coctasifeT Make. 1 yac

M3mepuTenbHas cuctema JOMKHA yCTaHaBAMBATBLCA
COOTBETCTBEHHO NMPUMEHEHMIO C YYETOM AaB/IeHUA, TeMNepaTypsbl,
MJIOTHOCTU U XUMUYECKUX CBOWCTB Cpeabl.

Co6nogatotcs crneumpuyeckme ana AaHHOMO NMPUMEHeHUs
npeaesibHble 3HadYeHus. He paspeluaeTca BbIXOAWUTL 3a Npeaesbl
cneunduKaumii, CoaepHalMxcs B PYKOBOACTBE MO SKCMayaTaumm.

Mpy NPUMEHEHWUM ANA 3aLLMTbI OT CYXOro XoZa AO/IHHO COB/I0AATLCA
cneayoliee:

e [lpepoTBpalwarb HaMNaHWe NPoAyKTa Ha BUGPUPYIOLLYIO
cucTemMy (BO3MOMKHO, NOTpebytoTcA 60s1ee KOPOTKNE MHTepBasbI
MEX Ay KOHTPOJ/IbHbIMU NPOBEKPamMM)

e [lpepoTBpallaTb NPUCYTCTBME B NPOAYKTE TBEPABIX TEN > 5 MM
(0.2 in)

e [pepoTspallath 06pasoBaHue NeHbl ¢ MAOTHOCTLIO > 0,5 r/em®
(0.018 dyHT/Or0MM®)

1.3 YKazaHuA No HacTpouKe

MocKoNbKy yCNoBMA MOHTaxa OKasblBaloT BAMAHWE Ha
(YHKUMOHaNBHYI0 6€30MacHOCTb USMEPUTEIbHON CUCTEMBI,
9/IEMEHTbI HACTPOMKU JOJIHHbI ObITb YCTAHOB/IEHbI B COOTBETCTBUM C
NpUMEHEHMEeM.

e DlIL-neperntoyatens pas obpalleHUa XxapaKTepUCTUKM
e DlL-nepeKnoyaresnb YCTAaHOBKWU HYyBCTBUTEIbHOCTH

DYHKLMN 31EMEHTOB HACTPOMKKU ONMcaHbl B PYKOBOACTBE MO
JKCMyaTaumu.

1.4 HavanbHaf ycTaHOBKa

TpebyeTca BbINOMHATbL COAEPHKALLMECA B PYKOBOACTBE MO
9KCnIyaTaumm peKoMeHAaumMm no MOHTaXy M NOAK/IOYEHMIO.

Mpu nycKke B 3KCNayaTaumio PeKOMeHAYeTCA NOCPEACTBOM NEPBOro
3aroJsIHEHNUA NPOBEPUTL PYHKLMIO 6E30MaCHOCTH.

VEGASWING cepum 60 » - NAMUR 7



1 ®yHKUuMOHaIbHaA 6e30nacHOCTb

Pa6oTa U Heucnpas-
HOCTb

0O6ocHoBaHue

BbinosHeHne

1.5 Pa6ouee cocTofiHME U COCTOAHUE OTHa3a

Bo Bpemsa aKcnyaTaumm He paspeLllaeTcsi U3MeHsATb YCTaHOBOYHbIE
3/71EMEHTBI U YCTaHOB/IEHHbIE NapamMeTpbl.

Mpu nameHeHnax Bo BpeMA paboTbl JoKHA cobnoaaTbca QyHKUMA
6e30nacHoCTU.

Bo3MoHble co0bLLeHNA 06 OLLMBKAxX OnMcaHbl B PYKOBOACTBE Mo
SKCMyaTaLUmm.

Mpw o6HapyHeHUn OWMBOK UK COOoBLLEeHUAX 06 owmnbKrax paboTa
BCEW U3MepUTENIbHOM CUCTEMbI AO/IKHA OblTb OCTAHOB/EHA, a
6e30nacHOCTb MpoLecca JO/MKHA NOAAEPHUBATLCA APYrMMK
Mepamu.

I'Iopﬂ,qou 3aMeHbl 9N1EKTPOHUKK NPOCT U ONnCaH B PyKOBOACTBE MO
SKcnayatauuun. an 3TOM cnepyet cobnopatb YKasaHuA no
napameTpmupoBaHUIO U Havya/IbHOM yCTaHOBKe.

Ecnu n3-3a o6HapyeHHOM OWKNOKN HeobxoaumMa 3ameHa
9/IEKTPOHUKM UK BCErO AaTymKa, 06 3TOM HYXHO COOBLMTb
W3roToBUTESTIO (BMECTE C OMUCAHUEM OLLUMOKM).

1.6 MepuopguyecKras ¢pyHHLUMOHaANbHAA NPOBEpPKa

Mepuognyeckan NnpoBepKa CAYHUT ANA NPOBEPKU DYHKLMUM
6€e30MacHOCTU U BbISIB/IEHWSA HEOGHAPYHMBAEMbBIX ONACHbIX OLUIMGOK.
Pa60Tocnoco6HOCTb U3MEPUTENBHOM CUCTEMbI A0IHHA NPOBEPATLCA
yepes onpeaesieHHble NPOMEKYTKM BpeMeHn. OTBETCTBEHHOCTb 3a
BbIOOP BMAA MPOBEPKU JIEKUT Ha nLe, SKCMayaTUpyowemM
ob6opynoBaHue. BpemeHHble MHTEpBasIbl MeXay NpoBepKamm
yCTaHaB/IMBaOTCA C y4eToM 3HayeHusa PFD,,g B COOTBETCTBUM C
Tabnuvuen u auarpammoi B n. "llokasatesnn TexHuku 6e3onacHocTu"

Mpw BbICOKOM YacToTe 3anpoco., cornacHo IEC 61508,
nepuogmyeckan QyHKUMOHaIbHaA NpoBepKa He
npegycmatpusaetcs. [lokasaTtenbCcTBoM paboToCnoco6HOCTH
M3MepUTE/IbHOM CUCTEMbI ABNAETCA YacToe obpalleHne K Hel.
OpHaKo Npu ABYyXKaHa/bHOM apXUTEKType ANA NOATBEPHAEHUA
M36bITOYHOTO AENCTBUA €CTb CMbIC/ MPOBOANTL NEPUOANYECKYIO
(YHKLUMOHANBHYIO MPOBEPKY Yepe3 onpeae/ieHHbIe NPOMEHYTHM
BPEMEHM.

MpoBepKy cnepyeT BbINOAHATL TaK, YTOObl OHa NOATBEPHKAANA
hyHKLMI0 6€30MacHOCTU BO B3aMMOAENCTBUM BCEX KOMMOHEHTOB.
OTO MOXHO 06ecneunTb NyTemM AOCTUIKEHUA nopora cpabaTbiBaHUsA
npv 3anoHeHMn eMKOCTU. Ecam 3anosiHeHne eMKOCTH A0 YPOBHSA
cpabaTtbiBaHVA He ABNAETCA YA0OHbIM, TO cpabaTbiBaHne
N3MepUTE/IbHON CUCTEMbI MOXHO BbI3BaTb MyTEM MOAENMPOBAHMA
YPOBHA WAn GU3NYECKOro uaMepuTenbsHoro addeKTa.
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1 ®dyHKUMOHaNbHas 6e30MacHOCTb

®DyHKLMOHaIbHaA Npo-

BepHKa NOAKMIYEeHHbIX

yCTPOHCTB

OcHoBaHuA

CpOK nosib30BaHUA

YactoTta oTKasoB

[JomkHa 6bITb OnMcaHa MeToaMKa NPOBEPKU U OXapaKTepu3oBaHa
MPUroAHOCTb NPUMEHAEMbIX METOAOB U cnoco6oB. Cama npoBepKa
[O/MKHA BbiTb 3a/J0KYMEHTUMPOBaHa.

Mpw oTpuuaTensHoOM pesynbTare NPoBEPKM paboTa BCen
M3MepVITe}1bHOl7I CUCTEMbI O0/1KHA 6bITb OCTaHOBJ/1IEHA, a
6e30nacHOCTb MpoLecca JOHHA NOAAEPHUBATLCA APYrMMU
mMepamu.

Mpu pByxKaHabHOM apxuTeKType (1002D) AaHHbIEe yKas3aHuA
[O/THHbBI BbINOMHATLCA OTAE/MBHO A1A KawA0ro KaHana.

B permmax paboTbl ,max.“ 1 ,min.“ MOXHO nocpeacTBoM "KnaBuwum
MoAeMPOBaHUA" KOHTPOJIMPOBaTb PaboTOCNOCOGHOCTD
NOAKJIIOYEHHBIX YCTPOMUCTB. [opAAOK TaKoM NPOBEPKU NOAPOGHO
OnMcaH B PyKOBOACTBE MO JKCMayaTaumu.

Mpu TaKoM NPOBEPKE HYHHO YYUTbIBATL COCTOSHUE BUGPUPYIOLLETO
anemMeHTa:

e Pexum paboTbl "max.": BUOPUPYIOLWMI 3NEMEHT "He MoKpbIT"
e Pemum paboTbl "min.": BUGPUPYIOLWMIA SNEMEHT "MOKPbIT"

1.7 MNoKa3aTtenu TexHUKn 6e3onacHoOCcTH

3HayeHMA 4acToTbl OTKA30B 3JIEKTPOHUKKU, MEXAHUYECKUX YacTen
AaTyvKa 1 npucoeguHeHua onpeaeneHsl nocpeactsom FMEDA B
cooTBeTcTBUM ¢ IEC 61508. PacyeT OCHOBaH Ha 3Ha4YeHMAX YacTOTbl
OTKa30B KOHCTPYKTUBHbIX 371emeHToB no SN 29500. Bece umcnoBbie
3HaYeHWA JaHbl OTHOCUTE/ILHO CPEAHEN TeMMepaTypbl OKpyKatoLLen
cpegabl 40 °C (104 °F).

[ns 6onee BbicoKoM cpeaHen TemnepaTypbl 60 °C (140 °F) 3HayeHus
4acTOTbl OTKA30B A0/IHHbI YMHOXATLCA Ha SMMUPUYECKUI
KOa(pPULMEHT 2,5. AHANOTUYHBIA KOIPPULMEHT AENCTBYET NpU
BEPOATHOCTU YaCTbIX TEMNEPaTYPHbIX KONEGaHWM.

PacueTbl OCHOBbIBAIOTCA HA PEKOMEHAAUMAX, N3/TOKEHHDBIX B 1.
"lMpoexTrpoBaHue".

Yepes 8 - 12 neT 3Ha4YeHUA 4acTOTbl OTKA30B 3/IEKTPOHHbIX
9/IEMEHTOB YBE/IMYMBAIOTCA, M3-3a YEro yxyALWwalTCA NPON3BOAHbIE
OT Hux 3HaveHua PFD u PFH (IEC 61508-2, 7.4.7.4, NMpumeyaHue 3).

3awuTa oT 3auuta oT cyxoro
nepenosiHeHmA ( xopa (pexum Min/B)
perium Max/A)

Asd 9 FIT 9 FIT

Asu 203 FIT 202 FIT

VEGASWING cepum 60 » - NAMUR 9



1 ®yHKUuMOHaIbHaA 6e30nacHOCTb

Bpemsa peakuuu Ha

OLIMGHY

Cneuuduyeckue yucna

BpemeHHaAa 3aBucu-

mocTb PFD,q

3awwura oT
nepenosiHeHua (
pexum Max/A)

3auuTa oT cyxoro
xopa (pewum Min/B)

)\dd

9 FIT

9FIT

)\du

43 FIT

45 FIT

MTBF = MTTF + MTTR

3,79 x 10° yac

3,79 x 10° yac

Bpewms peakuuu Ha oMKy < 1,5 cekK.
OpHoKaHanbHaA apxutexTypa (1001D)

SIL SIL2

HFT 0

Twvn ycTpowcTBa Typ A

3awumra ot
nepenosiHeHuUA (
pexum Max/A)

3awura ot cyxoro
xopa (pewum Min/B)

SFF 83 % 83 %
PFD.g

Throof = 1 FOA < 0,019 x 102 < 0,020 x 102
Throof = 5 NeT < 0,095 x 102 < 0,097 x 102
Teroof = 10 €T < 0,189 x 102 < 0,195 x 102

PFH

< 0,043 x 10®/Mac

< 0,045 x 10®/4ac

B npeaenax 10 neT 3aBucuMocTb PFD,,g OT BpeMeHn paboThl

npubMIKaeTCA K IMHeNHOW. [laHHble Bbille 3Ha4YeHUA
[eNCTBUTENbHBI A1 BPEMEHHOTO MHTepBana Tprgof, MO MCTEUEHUM
KOTOPOro A0/Ha NPOBOAUTLCA NepuognyecKas QyHKLMOHabHAA
npoBepkKa.
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1 ®dyHKUMOHaNbHas 6e30MacHOCTb

APFDayg

() ——
@

Puc. 1: UsmeHeHne PFD,,y BO BpeMeHH (YUC/I0BbIE 3HAYEHMS CM. B Tabamuax

BblILLIE)

1 PFDag=0

2  PFDg,y 4epes 1 rog
3  PFD,,4 Yyepes 5 net
4  PFD,, yepes 10 net

MHorokaHanbHasA apxMTeKTypa

Cneuuduyeckme ymcna Mpn ycTaHOBKE M3MEPUTENBHOM CUCTEMbI B MHOTOKaHa/IbHOM
APXUTEKTYPE YMCOBbIE 3HAYEHWNA 6E30MNacHOCTU BbIGPaHHOM
CTPYKTYPbl U3SMEPUTE/IbHOM Lienn pacCUUTbIBAOTCA NOCPEACTBOM
NPUBELEHHBIX BbILLE 3HAYEHWI YACTOTbl OTKA30B CreumanbHO ANA
BbIGPaHHOr0 NMPUMEHEHMUS.

Heobxoanmo y4mTbIBaTh COOTBETCTBYOLMIA (haKTOP O6LLEM NPUHMHBI
OTKa30B.
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Management summary

This report summarizes the results of the hardware assessment with proven-in-use
consideration according to IEC 61508 / IEC 61511 carried out on the level limit switches
VEGASWING 61/ 63 with oscillator SWING E60 N (Ex). The devices manufactured in the USA
by the Ohmart / VEGA Corporation carry the same name and are identically constructed under
comparable quality aspects. Table 1 gives an overview of the different configurations that exist.

The hardware assessment consists of a Failure Modes, Effects and Diagnostics Analysis
(FMEDA). A FMEDA is one of the steps taken to achieve functional safety it of a
device per IEC 61508, From the FMEDA, failure rates are ined and conseq ly the

Safe Failure Fraction (SFF) is calculated for the device. For full assessment purposes all
requirements of IEC 61508 must be considered.

Table 1: Version overview

VEGASWING 61 | Standard (fixed length)

VEGASWING 63 Tube version (variable length)

The different devices can be equipped with:

— Fork-variants uncoated, coated, enamels

— High temperature version with temperature separator

The failure rates used in this analysis are based on the Siemens standard SN 29500.

According to table 2 of IEC 61508-1 the average PFD for systems operating in low demand
mode has to be 2107 to < 107 for SIL 2 safety functions. A generally accepted distribution of
PFDavs values of a SIF over the sensor part, logic solver part, and final element part assumes
that 35% of the total SIF PFDug value is caused by the sensor part. For a SIL 2 application the
total PFDavg value of the SIF should be smaller than 1,00E-02, hence the maximum allowable
PFDays value for the sensor part would then be 3,50E-03.

VEGASWING 61 [ 63 with oscillator SWING E60 N (Ex) are considered to be Type A’
components having a hardware fault tolerance of 0.

For Type A components with a SFF of 60% to < 90% a hardware fault tolerance of 0 according
to table 2 of IEC 61508-2 is sufficient for SIL 2 (sub-) systems.

As the level limit switches VEGASWING 61 / 63 with oscillator SWING EG0 M (Ex) are
wpposed to be proven-in-use devices, an assessment of the hardware with additional proven-
in-use demonstration of the devices was carried out. A g to the req its

IEC 61511-1 First Edition 2003-01 section 11.4.4 and the assessment described in section 5.1
the devices are suitable to be used, as a single device, for SIL 2 safety functions

The qualitative analysis of the forks (see [D14]) has shown that only unspecified use of the forks
or incorrect installation can lead to an unintended system reaction. All other faults lead to a safe
state. Therefore a failure rate of the fork is not included in the calculation. However, the failure
rates of all other parts of the sensor system have been considered.

Type A p "N P {all failure modes are well defined); for details see
7.4.3.1.2 of IEC 61508-2.

® exida.com GmbH vega 03-4-04 r003 v1 r1.2 August 27, 2003

Stephan Aschenbrenner
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Table 2: Summary for VEGASWING 6* N (MIN detection)

T[Proof] = 1 year T[Proof] = 5 years T[Proof] = 10 years SFF

>83%
hos = 9,24E-09 1/h = 9 FIT
ey = 2,02E-07 1/h = 202 FIT
raa=915E-09 1/h=9FIT
hay = 4 45E-08 1/h=45FIT

Table 3: Summary for VEGASWING 6* N (MAX detection)

T[Proof] = 1 year . 'l'IPruof] =5 years T[Proof] = 10 years R SFF

=83 %

heg = 8,74E-08 1/h =9 FIT
hey = 2,03E-07 1/h = 203 FIT
Jaa =9,15E-09 1/h =9 FIT
hau = 4,33E-08 1/h =43 FIT

The boxes marked in green ( M@ ) mean that the calculated PFDays values are within the
allowed range for SIL 2 according to table 2 of IEC 61508-1 and table 3.1 of ANSIISA-84.01—
1996 and do fulfill the requirement to not claim more than 35% of this range, i.e. to be better
than or equal to 3,50E-03.

The functi I t has sh that the level limit switches VEGASWING 61 / 63
with oscillator SWING E60 N (Ex) have a PFDayg of 1,95E-04 for MIN detection and a
PFDavs of 1,90E-04 for MAX detection for a proof time period of 1 year and a Safe Failure
Fraction (SFF) of > 83%. Based on the verification of "prior use" they can be used as
single devices for SIL2 Safety Functions in terms of IEC 61511-1 First Edition 2003-01.

A user of the level limit switches VEGASWING 61 / 63 with oscillator SWING E60 N (Ex) can
utilize these failure rates in a probabilistic model of a safety instrumented function (SIF) to
determine suitability in part for safety instrumented system (SIS) usage in a particular safety
integrity level (SIL). A full table of failure rates for different operating conditions is presented in
section 5.3 and 5.4 along with all assumptions.

® exida.com GmbH vega 03-4-04 r003 v1 r1.2 August 27, 2003
Stephan Aschenbrenner
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