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1 ®dyHKUMOHaNbHas 6e30MacHOCTb

Cdoepa geiicTBua

O6nacTb NPUMEHEHUA

CootBetctBue SIL

A66peBunaTtypbl U Tep-
MWHBbI

1 ®yHKUMOHaNbHaA 6e3onacHOCTb

1.1 OGlHe NonoHeHUs

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

SWE60T:

VEGASWING 61, 63

[na ycTponcTs ¢ amanMpoBaHHOM BUIKOW TpebyeTcA 610K a/1ek-
TpoHukn SWEG0T.E nnau SWEGOT.E1.

[JaHHaa namepuTenbHaa cuctema npuMeHnMa Anasa CUrHaaMsaumm
npesenbHOro YpoBHSA HUAKOCTEN Npu 0cob6bIX TpeboBaHUAX
6e30nacHoCTy.

B opgHoKaHanbHoM apxutekType (1001D) obecneumBaeTcs ypoBeHb
COBOKyMHOM 6e3onacHocTh Ao SIL2, a B MHOroKaHaIbHOM
M36bITOYHON apxuTeKType - fo SIL3.

CooTBeTcTBME SIL noaTBEpHKAaeTCA AOKYMEHTamK B [PUIOHKEHNN.

SIL Safety Integrity Level

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

MpumeHUMbIe HOPMbI

Tpe6oBaHuA 6e3onac-
HOCTH

JKcnayaTaunMoHHas Ha-
AEHHOCTb

AB6peBMaTypbl U TEPMUHBI COOTBETCTBYIOT ONpeAesieHUAM MNo

IEC 61508-4.

e |EC 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

MpenenbHble 3Ha4YeHMA OTKasoB, B 3aBUCMMOCTH OT Knacca SIL

(IEC 61508-1, 7.6.2)

>10° ... <102

YpoBeHb Pemum pa6oTbl ¢ Pemum paboTbl ¢
6e3onacHocTH HU3KOW YacToToMn BbICOKOW YacToToM
3anpocoB 3anpocoB
SIL PFDgyg PFH
4 >10% ... <10* >10°%... <108
3 >10*...<10° >10% ... <107
2

>107 ... < 10°®

>102 ... <107

>10° ... <10°®

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

DyHKUKNA 6e3onacHOCTH

BesonacHoe cocTtoAHUe

OnucaHue oWwn6OoK

HoHdurypauyusa 610Ka
¢dopmMUpoBaHMUA CUrHa-
na

Pemum paboTbl C HU3-
KOW 4acToTOW 3anpocos

® 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
BbixogHas uenb B 06eCcTo4EHO 06eCcTOo4EHO

6€30nacHOM COCTOAHUU

BesonacHbiM COCTOIHUEM M3MEPUTEILHOM CUCTEMbI ABISETCS
pasbeAMHEHHOE COCTOSHUE (MPUHLIMN TOKA MOKOSA):

e OneKTpoHWKa C: GECKOHTAKTHbIN NepeksitodaTeslb OTKPbIT
e OneKTpoHuKa R: penelHbii BbIxod 06ECTOYEH
® OneKTpoHWKa T: TPaH3UCTOPHbIN BbIXOA HEMPOBOAALLMMA

BesonacHbI 0TKa3 MMeeT MecTo, Koraa U3MepuTesibHasa cucteMa
6e3 3anpoca npolecca nepexoauT B 3aaHHoe 6e30nacHoe
COCTOSIHWE MM COCTOAHME OTKasa.

OnacHblIli Heo6HapyeHHbIM 0TKas (dangerous undetected failure)
MMeeT MeCTO, EC/IY U3MEPUTE/IbHAA CUCTEMA HE MEPEXOAUT B
3afjaHHoe 6e30nacHoe COCTOAHWE NpK 3anpoce npolecca.

BAoK hopMMpoBaHKa cUrHana Ao/KeH o6pabaTbiBaTh BbIXOAHYO
Lernb N3MEPUTE/IbHOM CUCTEMBI MO MPUHLMMY TOKA MOKOS.

Bnok popmrpoBaHusa curHana fJoKeH COOTBETCTBOBATL YPOBHIO SIL
N3MepUTEsIbHON Lienu.

Ecnun yactoTa 3anpocos cocTaBaseT He 60/1ee OAHOro pasa B rof, To
n3MepuTesIbHasA cUCTeMa KaK YacTb CUCTeMbl 6e30MacHOCTH AOKHA
6blTb YyCTAHOB/IEHA B PEXMME "HU3KOM YacToTbl 3anpocos” ("low
demand mode" no IEC 61508-4, 3.5.12).
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1 ®yHKUuMOHaIbHaA 6e30nacHOCTb

Pemum paboTbl ¢ BbiCO-
KOI YacToToi 3anpocoB

JonyweHua

O6wue yKa3aHUA U or-
paHu4eHus

Ecnv oTHoLeHWe 4acToTbl AMarHOCTUHECKUX MPOBEPOK Camom
NU3MEepUTENbHOM CUCTEMBI K YacToTe 3anpocoB npesbiwaeT 100, To
3Ty U3MEPUTEIbHYIO CUCTEMY MOMHO paccMaTpuBaTb KaK
UCMONHSAIOLLYIO hYHKLMIO 6830MacHOCTU B pEXUME paboTbl C HU3KOM
yacTtoTon 3anpocos (IEC 61508-2, 7.4.3.2.5).

CooTBeTCTBYOWMM NapamMeTpom aBsiAeTca sHaveHne PFD, g
(cpeaHasA BepOATHOCTb OMACHOM OLIMGKK Npu 3anpoce). 3To
3HaYeHne 3aBUCUT OT UHTepBaNa Tproor MEHAY QYHKLUMOHANBHBIMM
npoBepKammn 3aLUTHON BYHKLMK.

YucnoBble 3HaYeHMs CM. B M. "[Toka3aTtesin TexXHUKM 6e30nacHoCTH".

Ecnn "Pexum paboTtel ¢ HU3KOK 4acToTON 3anpocos" He
COOTBETCTBYET UMEIOLMMCA YCI0BUAM, TO UBMEPUTENIbHAA CUCTEMA
KaK 4YacTb CMCTEeMbl 6€30MacHOCTH A0/HHA OblTb yCTaHOB/IEHA B
pexume "BblCOKOM YacToThbl 3anpocos” ( "high demand mode" no
IEC 61508-4, 3.5.12).

BpemsA 0TKa30yCcTOMYMBOCTM BCEM CUCTEMBI NMPU 9TOM JOHKHO ObITh
60/1bLle CYMMAPHOro BPEMEHM peaKunm Uan CyMMbl CPOKOB
[MarHoCTUYECKMX NPOBEPOK BCEX KOMMOHEHTOB U3MEPUTESIbHOM
uenu.

CoOoTBETCTBYIOWMM NapameTpoM ABAAeTcA 3HadyeHne PFH (4actoTa
OTKAa30B).

Yucnosble 3HaYeHWA CM. B N. "[TokasaTesim TexHUKH 6e3onacHocTH".

Mpw BbinonHeHMn FMEDA 6b1i1 y4TeHbl cnegytowme OCHOBHbIE
YCNOBUA:

e YacToTa OTKa30B AB/AETCA NOCTOAHHOM, MEXaHNYECKMIM M3HOC
JeTanien He paccMmaTpuBaeTcs

e YacToTa O0TKa30B M3-3a BHELUHEr0 MCTOYHWKA NMUTaHWUA He
BKJIIOYAETCA B pacyet

e MHorokpaTtHble OWKWOKK HE paccMmaTpuBaloTCA

e CpepHAs TemnepaTypa OKpyaloLlen cpefbl BO BpeMA paboTbl
coctasnset 40 °C (104 °F)

o OKpyXawLme ycnoBnsa COOTBETCTBYIOT CPeAHUM
NPOMBILLAEHHBIM YC/IOBUAM

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

e BpewmA pemoHTa (3amMeHbl USMEPUTEILHOM CUCTEMBI) Nocne
6e3onacHoro oTkasa coctaesfeT BoceMb (MTTR = 8 h)

e Bnok popmmpoBaHMA curHana obpabaTtbiBaeT BbIXOAHYIO Liemnb
N3MEepUTENBbHOWM CUCTEMBI MO MPUHLMIY TOKA NOKOA

e YTOGbl pearMpoBaTb Ha OnacHble O6HapyXMBaeMble OTKasbl,
WHTEepBaJ1 Onpoca MOAKJ/IIYEHHOrO YCTPOMCTBA YNpaBiaeH s U
hopmMHpoBaHUA curHana coctaBifeT Make. 1 yac

MsmepMTeanaﬂ cucTtema AoiKHa ycTaHaB/MBaTbCA
COOTBETCTBEHHO NPUMEHEHUIO C Yy4EeTOM AaBJIeHUA, TeMmnepaTypsbl,
NJOTHOCTU U XUMUYECKUX CBOWCTB cpeipbl.
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1 ®dyHKUMOHaNbHas 6e30MacHOCTb

AnemeHTbl HaCTPOMKH

MoHTam U ycTaHOBKa

Pa6oTa 1 Heucnpas-
HOCTb

CobntogatoTea cneunduyeckne 4na 4aHHOro NpUMeHeHus
npefenbHble 3Ha4YeHus. He paspeluaeTcs BbIXOAUTb 3a npeaesbl
cneundrKaumin, COAEPKALLMXCA B PYKOBOACTBE NO 3KCM/yaTauuu.

Mpv NPUMEHEHWM ANA 3aLLWTbI OT CYXOro XoZa [OJIHHO COB0AaTLCA
cnepywolee:

e [lpepoTBpallaTh HanMMNaHue NpPoayKTa Ha BUGPUPYIOLLYIO
cucTemy (BO3MOMHO, NoTpebytoTcA 601ee KOPOTKUE MHTEPBaIbl
MeXAY KOHTPOJIbHbIMM NPOBEKpaMM)

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

e [lpeaoTepallaTh 06pasoBaHue MeHbl C NAOTHOCTLIO > 0,5 r/om®
(0.018 dyHT/mronm®)

1.3 YRasaHuA No HacTpPoMKe

nOCKOany yCNnoB/UA MOHTaxa OKasblBalT BIMAHUE Ha
beHKLl,I/IOHaJ'IbHny 6e3onacHoCTb VISMepMTeI'IbHOVI CUCTEMbI,
3/IEMEHTbI HaCTpOlZKVI OO HbI 6bITb YyCTaHOB/IEHbl B COOTBETCTBUU C
NPpUMEeHeHneM.

e DIL-nepeknioyarenb pexnMmos paboThbl
e DIL-nepeknoyarenb YCTAaHOBKW HYyBCTBUTENbHOCTH

quHKLl,MI/I 3/IeMEeHTOB HaCTpOHKI/I onucaHbl B pyKOBOACTBE MO
3KcnyaTauuun.

1.4 HavanbHaf ycTaHOBKa

Tpe6y9TCF| BbINOIHATb coAepxalimeca B pyKoBoACTBE NO
3KcnyaTaunn pekomeHgaumm no MOHTaxy U NOAKNHYEHUIO.

Mpu nycKke B aKcnayaTaumio peKoOMeHAyeTca NOCPeACTBOM NepBoro
3anosIHeHNA NPoBEPUTb PYHKLMIO 6E30MacHOCTK.

1.5 Pa6ouee cocToAHUE U COCTOAHUE OTKa3a

Bo Bpems aKcnnyaTauum He paspellaeTcs U3MEHSTb YCTaHOBOYHbIE
3/IEMEHTbI U YCTaHOBNEHHbIE NapameTpbl.

Mpu U3MeHeHUsX BO BpemMs paboTbl JOMHHA COGMOAATLCA QYHKLUMA
6e30MacHOCTH.

Bo3momHble coobLyeHrA 06 olnbKax onucaHbl B pyKOBOACTBE MO
aKcnayaTaumu.

Mpu o6HapyeHn OLIMBOK MM COOBLLEHMAX 06 owmnbKax paboTa
BCEN U3MEPUTE/IbHOM CUCTEMbI J0/IKHA BbITb OCTAHOB/IEHE, @
6e30MacHOCTb NpoLiecca JO/KHA NOAAEPKMBATLC APYrUMU
Mepamu.
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1 ®yHKUuMOHaIbHaA 6e30nacHOCTb

O6ocHoBaHuWe

BbinosHeHue

MopaAoK 3aMeHbl 3/1EKTPOHUKM MPOCT M ONWcaH B PYKOBOACTBE MO
aKcnnyatauuu. Mpu aToM cnegyeT cobnogaTb yKasaHus no
napameTpUpoBaHWUIO U HAYaIbHOM YCTAHOBKE.

Ecnn ns-3a obHapymeHHoM OWMBKN Heobxoauma 3aMmeHa
9/IEKTPOHUKM UK BCErO AaTymKa, 06 9TOM HYXHO COOBLMTb
MU3roToBUTENIO (BMECTE C ONMUCAHNEM OLUMOKH).

1.6 MepuopguyecKraa pyHHUMOHaANbHAA NPOBEpPKa

Mepuroanyeckan NnpoBepKa CAYHKUT ANA NPOBEPKU PYHKLMM
6€30MacHOCTU U BbIIBNEHNA HEOBHaPYHMBAEMbIX ONaCHbIX OLUMOOK.
Pa60oTocnoco6HOCTb U3MEPUTENBHOM CUCTEMbI A0HHA NPOBEPATLCA
yepes onpefeneHHbIe MPOMEKYTKM BpeMeHU. OTBETCTBEHHOCTb 3a
BbIOOP BMAA MPOBEPKU JIEKUT Ha NvLe, SKCMAyaTUpyoLWeM
o6opynoBaHue. BpeMeHHble MHTEpBasIbl MeXay NpoBepKamm
ycTaHaB/MBaKTCA ¢ y4eToM 3HaveHnsa PFD, g B COOTBETCTBUM C
Tabnuvuen u auarpammoit B n. "llokasatesnn TexHuku 6e3onacHocTu"

Mpw BbICOKOM YacToTe 3anpoco., cornacHo IEC 61508,
nepuoanyeckas GyHKLMOHa/IbHaA NpoBEpPKa He
npegycmatpusaeTca. JJokasaTtenscTBOM paboToCnoco6HOCTH
MU3MEpUTENIbHOM CUCTEMbI ABIAETCA YacToe 06palleHue K Hel.
OpHako Npu ABYXKaHa/IbHOW apXUTEKTYPe A5 NOATBEPHAEHUSA
M36bITOYHOrO AENCTBUA ECTb CMbIC/ NPOBOAUTL NEPUOANYECKYIO
(YHKLMOHaIbHYI0 MPOBEPKY Yepe3 onpefeseHHbIe NMPOMEHYTHU
BPEMEHMU.

MpoBepKy cnepyeT BbINOAHATL TaK, YTOObl OHa NOATBEPHKAANA
yHKLMI0 6€30MacHOCTU BO B3aMMOLENCTBMM BCEX KOMMOHEHTOB.
OTO MOXHO 06ecneunTb NyTemM AOCTUIKEHUA nopora cpabaTbiBaHUA
npy 3ano/IHEHNM eMKOCTU. ECcin 3anonHeHne eMKOCTU A0 YPOBHA
cpabaTbiBaHUA He ABAAETCA yA0OHbIM, TO cpabaTbiBaHne
N3MepUTENIbHOWM CUCTEMbBI MOMHO BbI3BaTb NyTEM MOAEMPOBaHMA
YPOBHA NN HU3NYECKOrO U3MEPUTENBHOIO addeKTa.

JonHa 6bITb ONMcaHa MeToMKa NPOBEPKU U OXapaKTepusoBaHa
NPUroAHOCTb NPUMEHSIEMBIX METOLOB W crnoco6oB. Cama npoBepKa
[lONHa ObITb 3aJ0KYMEHTUpOBaHa.

Mpu oTpULATENBHOM pesynbTaTe NpoBEpKU paboTa BCew
U3MepUTE/IbHOM CUCTEMbI JOMIKHA 6bITb OCTAHOB/EHA, &
6€30MacHOCTb MPOLLECCa A0/IHHA NOALEPHMBATLCA APYTYMM
Mepami.

Mpu pByxKaHanbHOM apxuTekType (1002D) AaHHble yKa3aHusA
[ONI¥HbI BbINO/IHATLCA OTAENBHO ANA KaXKAOro KaHana.

VEGASWING cepuu 60 - TpaHaunctop (NPN/PNP)

612001-NY-666 L€



31999-RU-100219

1 ®dyHKUMOHaNbHas 6e30MacHOCTb

OcHoBaHuA

CpOH nosib3oBaHUA

YactoTa oTKasoB

Bpemsa peaKuuu Ha
OLIUGKY

Cneuuduyeckue yncna

1.7 MNoKa3aTtenu TexHUKU 6e3onacHoOCTH

3HayeHWsA YacTOTbl OTKA30B 3JIEKTPOHUKU, MEXAHUYECKUX YacTeN
JaTynKa U npucoeamHeHus onpegeneHsl nocpeactsom FMEDA B
cooTBeTcTBUM ¢ |IEC 61508. PacyeT ocHOBaH Ha 3Ha4YeHUAX 4acToTbl
OTKA30B KOHCTPYKTUBHbIX 31emeHToB no SN 29500. Bce uncnoBbie
3HaYeHMA JaHbl OTHOCUTE/IbHO CPefiHEN TemnepaTypbl OKpyKatoLLen
cpegbl 40 °C (104 °F).

[na 6onee BbicoKoW cpepHen Temnepatypbl 60 °C (140 °F) 3HayeHuA
4aCTOTbl OTKA30B A0/HHbI YMHOXATLCA HA SMMUPUYECKUI
KO3(hDUUMEHT 2,5. AHaNOrMYHbIN KOIDDULMEHT AENCTBYET Npu
BEPOATHOCTM YacTbIX TeMMepaTypHbIX KonebaHui.

PacueTbl OCHOBbIBaIOTCA HA PEKOMEHAALMAX, U3/TOKEHHDBIX B I1.
"[MpoeKkTupoBaHue".

Yepes 8 - 12 neT 3Ha4eHMA YaCTOTbl OTKA30B SNEKTPOHHbIX
9/IEMEHTOB YBE/MYMBAIOTCA, U3-3a YEro yxyALwalTcs NPOn3BOAHbIE
OT HMX 3HaveHua PFD u PFH (IEC 61508-2, 7.4.7.4, MpumedaHue 3).

3awmra or 3auwuTa oT cyxoro
nepenosiHeHmA ( xopa (pewum Min/B)
pexum Max/A)
Asd 0 FIT O FIT
Asu 243 FIT 241 FIT
Add O FIT OFIT
Adu 27 FIT 30 FIT
MTBF = MTTF + MTTR 3,7 x 10° vac 3,7 x 10° vac
BpemA peaKunm Ha OWNGKY < 1,5 ceK.
OpHoKaHanbHaA apxutekTypa (1001D)
SIL SliL2
HFT 0
Twvn ycTpowicTea Typ A

3awwura or
nepenonHeHma (
pexum Max/A)

3awura ot cyxoro
xopa (pewum Min/B)

SFF

89 %

89 %

VEGASWING cepuu 60 - TpaHauctop (NPN/PNP)




1 ®yHKUuMOHaIbHaA 6e30nacHOCTb

BpemeHHasa 3aBucu-
mocTb PFD, g4

Cneuuduyeckue yncna

3awwura oT
nepenosiHeHua (
pexum Max/A)

3auuTa oT cyxoro
xopa (pewum Min/B)

PFD,.q

Trroot = 1 TOA
Trroot = 5 N€T
Teroot = 10 neT

<0,012x 102
< 0,06 x 102
<0,12x 102

<0,013x 102
< 0,065 x 102
<0,13x 102

PFH

< 0,027 x 10%/4ac

< 0,03 x 10®Muac

B npeaenax 10 net 3aBucumocTb PFD,,g OT BpeMeHn paboTbl
nNpuGAnIKaeTCA K JIMHENHOW. [JaHHble Bbllle 3HaYeHWA
[EeNCTBUTESIbHbI AR BPEMEHHOTO MHTEPBana Tproof, MO UCTEHEHUM
KOTOPOro A0/IKHA NPOBOANTLCA MepUoaMyHecKan PyHKLMOHaIbHAA
npoBepkKa.

APFDayg

@ ,,,,,,,,,,,,,,,,,,,,,,,,,

@ ,,,,,,,,,,,,,,,

() ——
@

10 Tproof

Puc. 1: UsmeHerne PFD,,, BO BpeMeHH (YUC/I0BbIe 3HAYeHNA CM. B Tabamuax
BblILLIE)

PFD,,y =0

PFD,,q, 4epes 1 rog

PFD,,4 4epe3 5 net

PFD,,4 4epes 10 net

NN =

MHorokaHanbHasa apxuTeKTypa

Mpu ycTaHOBKE NM3MEPUTE/IBHOWM CUCTEMbI B MHOFOKaHa/IbHOM
apXUTEKTYPE YMCIOBbIE 3HAYEHUA GE30MNACHOCTU BbIGPaHHOM
CTPYKTYPbl U3MEPUTE/ILHOM LIENW PaCcCUUTHIBAIOTCH NMOCPEACTBOM
NpUBEAEHHbBIX BbILE 3HAYEHWI HYaCTOTbl OTKA30B CheLuanbHoO AA
BbIGPAHHOIO NMPUMEHEHMUS.

HeobxoauMo yunTbIBaTb COOTBETCTBYIOLLMIA haKTOp O6LLEV NPUYMHBI
OTKa30B.

10
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2 lMpwunoxeHne

2 [lpwunomeHue

exida.com’

excellence in dependable automation
FMEDA and Proven-in-use Assessment

Project:
VEGASWING 61 / 63 with oscillator SWING E60 C, R, T (Ex)
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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 E6B0 C, R, T (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 hard t consists of a Failure Modes, Effects and Diagnostics Analysis
(FMEDA). A FMEDA is one of the steps taken to achieve functional safety assessment of a
device per IEC 61508. From the FMEDA, failure rales are determined and consequently 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-vari [ 1, coated, |

—  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 syslems operating in low demand
mode has to be =107 to < 10 for SIL 2 safety functions. A generally accepted distribution of
PFDuyc values of a SIF over the sensor part, logic solver part, and final element part assumes
that 35% of the total SIF PFDayg value s caused by the sensor part. For a SIL 2 application the
total PFDayg 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 C, R, T (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 < 80% 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 E60 C, R, T (Ex) are
supposed to be proven-in-use devices, an ent of the hardware with additional proven-
in-use demonstration of the devices was carried out. According to the requirements of
|EC 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 [D16]) 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 “Ni plex” 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 r004 v1 r1.1 August 27, 2003
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Table 2: Summary for VEGASWING 6 C (MIN detection)
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T[Proof] = 1 year | T[Proof] = 5 years

hsa = 0,00E-00 1/h =0 FIT
gy = 2,60E-07 1/h = 260 FIT
hag = 0,00E-00 /h =0 FIT
Aay = 3,35E-08 1/h = 34 FIT

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

T[Proof] = 10 years SFF
>88%

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

hea = 0,00E-00 1 =0 FIT
Ay = 2,60E-07 1/h = 260 FIT
haa = 0,00E-00 1h = O FIT
hau = 3,31E-08 1/h = 33 FIT

Table 4: Summary for VEGASWING 6° R (MIN detection)

T[Proof] = 10 years SFF
>88%

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

g = 0,00E-00 1/h =0 FIT
hgu = 2,59E-07 1/h = 258 FIT
haa = 0,00E-00 1/h =0 FIT
hau = 3,16E-08 1/h =32 FIT

Table 5: Summary for VEGASWING 6" R (MAX detection)

T[Proof] = 10 years SFF
>89 %

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

hsa=0,00E-00 1/h=0FIT
Ay = 2,60E-07 1/h = 260 FIT
hga = 0,00E-00 1/h=0FIT
how =3, 11E0B V=31 FIT

T[Proof] = 10 years SFF
>89 %

© exida.com GmbH
Stephan Aschenbrenner

vega 03-4-04 r004 v1 r1.1 August 27, 2003
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Table 6: Summary for VEGASWING 6 T (MIN detection)

T[Proof] = 1 year T[Proof] = 5 years T[Proof] = 10 years [ sFF
>89 %

hsa =0,00E-00 /h=0FIT
A = 241E-07 Vh =241 FIT
hga=0,00E-00 1fh = O FIT
hgy = 2,96E-08 1/h =30 FIT

Table 7: Summary for VEGASWING 6° T (MAX detection)

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

>89 %
hsa = 0,00E-00 1 =0 FIT
hau = 2,43E-07 1N =243 FIT
4o =0,00E-00 1/h=0FIT
Aoy = 2,74E-08 1/h = 2T FIT

The boxes marked in green ( @@ ) mean that the calculated PFDays values are within the
allowed range for SIL 2 according to table 2 of |[EC 61508-1 and table 3.1 of ANSI/ISA-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 functional assessment has shown that the level limit switches VEGASWING 61 / 63
with oscillator SWING EG0 C, R, T (Ex) have a PFDays within the allowed range for SIL 2
according to table 2 of IEC 61508-1 and table 3.1 of ANSI/ISA-84.01-1996 and a Safe
Failure Fraction (SFF) of > 88%. 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 EB0 C, R, T (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 5.8 along with all assumptions.

© exida.con GmbH vega 03-4-04 r004 vi r1.1 August 27, 2003
Stephan Aschenbrenner Page 4 of 29
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