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1 ®dyHKUMOHaNbHas 6e30MacHOCTb

Cdoepa pgeiicTBua

O6nacTb NPUMEHEHUA

CooTBetcTBMe SIL

A66peBuaTtypbl U Tep-
MWHbI

MpuMeHUMble HOPMbI

1 dyHKuMOHanbHaA 6e30MacHOCTb
1.1 OGlHe NonoHeHUs

JaHHoe pyKoBOACTBO MO 6€30MacHOCTU AENCTBUTENBHO AN
ycTporicTB dopmupoBaHus curHana VEGATOR 636Ex.

YCTponcTBO GOPMUPOBAHNA CUrHasIa B COYETAHMU C BUOPALMOHHBIM
CUrHaNM3aTopoM YPOBHA MOXET NPUMEHATbLCA KaK n3aMepuTesibHaa
cucTema Ansa CUrHamMsauum NpeaenbHoOro YpoBHA Mpu 0CobbIX
TpeboBaHnaAX 6€30MacHOCTH.

B ogHoKaHanbHoM apxutekType (1001D) obecneunBaeTca ypoBeHb
COBOKyMHOM 6e3onacHocTh Ao SIL2, a B MHOroKaHaIbHOM
n36bITOYHOM apxuTeKType - fo SIL3.

CooTeeTcTBue SIL noaTBepaaeTcs AOKYMeHTamMu B MpuUaoHKeHuu.

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

A66peBuaTypbl U TePMUHbI COOTBETCTBYIOT ONpeAe/eHHUsIM Mo
IEC 61508-4.

e |EC 61508
— Functional safety of electrical/electronic/programmable
electronic safety-related systems

e |EC 61511-1
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1 ®yHKuMoHabHaA 6e3onac

HOCTb

Tpe6oBaHuA 6e3onac-
HOCTH

Functional safety - safety instrumented systems for the

process industry sector - Part 1: Framework, definitions,
system, hardware and software requirements

MpepenbHble 3Ha4YeHMA OTKas0B, B 3aBUCMMOCTH OT Knacca SIL
(IEC 61508-1, 7.6.2)

YpoBeHb Pemum pa6oTbl ¢ Pemum pa6oTbi ¢
6e3onacHoCTH HU3KOM YacToToMn BbICOKOW YacToTOM
3anpocoB 3anpocoB
SIL PFD,.q PFH
4 >10% ... <10* >10%... <108
3 >10*...<10° >10% ... <107
2 >10% ... <10% >107 ... <10°®
1 2102 .. <10 >10° ... <10°

BesonacHOCTb annapaTHbIX CPeACTB A/l MOACUCTEM 6e30MacHOCTH
Tvna A (IEC 61508-2, 7.4.3)

[Jonsa 6e3onacHbIX OTHasoycTo-
OTHa30B MuuBOCTHL
annapartHbIxX
cpencTs
SFF HFT =0 HFT =1 HFT =2
< 60 % SIL SIL3
60 % ... <90 % SIL2 (SIL4)
90 % ... <99 % SIL3 (SIL4)
>99 % SIL3 (SIL4)

OKcnnyaTauMoHHanA Ha-
AEHHOCTb

B cootBeTtctBuM ¢ IEC 61511-1, n. 11.4.4 annaparHasn
oTKasoyctonumsocTb HFT gns aKkcnayaTaumMoHHO HafEeHOM

CUCTEMbI MOMET ObITb YMeHbLUeHa Ha O4MH Npu caefyownx
yCcnoBuAx:

YCTPOMCTBO 3KCMIYaTALMOHHO HAZEHHO

Ha yctpoicTtBe MoryT 6biTb M3MEHEHbI TONBKO peneBaTHble AnA
npouecca napameTpbl (Hanpumep: AvanasoH U3MEepEHuUs,

TOKOBbIM BbIXOA B COCTOSIHMM OTKa3a ...)

M3meHeHWe aTUX pesieBaHTHbIX A1 MpoLecca napameTpoB
3alMLEeHO (Hanpumep, Naposiem ...)
PyHKLMA 6e3onacHoCcTH TpebyeT ypoBHA MmeHee SlIL4

OueHKa cnocoboB M3mMeHeHUA 6bl1a BKIOYEHA B NOATBEPHKAEHWNE
3KCNNyaTaUMOHHON HaAEHKHOCTY.
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1 ®dyHKUMOHaNbHas 6e30MacHOCTb

dyHKuMA 6e3onacHOCTH

Be3onacHoe cocTtoAHue

OnucaHue oWwn6oK

HoHdwurypauusa 610Ka
¢dopmMUpoOBaHMUA CUrHa-
na

Pexum paboTbl C HU3-
KOW 4acToTOW 3anpocos

1.2 TpoeKTUpoBaHUe

PyHKLMA 6€30MaCHOCTU COCTOUT B TOM, YTO MPU AOCTUKEHUU MO
3anpocy npouecca 3aAaHHON TOYKM NEPERIIIOYEHUA BbIXOAHAA Lienb
nepeklo4aeTcA B 06ecTodeHHoe cocTosHMe. OBecToqeHHoe
COCTOSAIHWE BbIXOAHOM Lienu 3aBUCHUT OT BXOHOMO TOKa U pemunma
paboTbl.

BesonacHoe cocTosiHWe 3aBUCUT OT pexunma pa60TbIZ

3awwura oT 3auuTa oT cyxoro
nepenosiHeHuA ( xopa (pewum Min/B)
pexum Max/A)

BxogHol ToK B > 12 mA <12mA
6€30nNacHOM COCTOAHWUU

BbixogHas uenb B 06eCTO4EHO 06EeCTO4EHO
6e30MacHOM COCTOAHUM

Ecnn ycTpoicTBO onpegenseT 3HaYeHne ToKa < 3,6 mA uam
> 21,5 mA, oHO NnpuHMMaeT 6e3onacHoe COCTOAHME.

BesonacHbIM cocToAHMeM VISMepMTe}'IbHOI\/lI CUCTEMbI ABNIAETCA
pasbegmHeHHoe COCToAHuE (I'IpVIHLI,VII'I TOKa I'IOKOH)Z

e PeneliHbll BbiIxog 06eCTo4eH
e TpaH3UCTOPHbINM BbIXOA HENPOBOASALLMIA

BesonacHbIi 0TKa3 MMeeT MeCTo, KOrga U3mMepuTesibHasa cuctema
6e3 3anpoca npolecca nepexoauT B 3aiaHHoe 6e30nacHoe
COCTOSAIHWE MM COCTOAHME OTKasa.

OnacHblIli HeobHapyeHHbIM 0TKa3s (dangerous undetected failure)
MMEeT MEeCTO, eC/IM USMEPUTENIbHAA CUCTEMA HE NEPEXOAUT B
3aflaHHOe Ge30nacHoe COCTOsIHWE MpW 3anpoce npouecca.

Bnok dhopmupoBaHusa curHana Ao/mKeH o6pabaTtbiBaTb BbIXOAHYHO
Lernb U3MEPUTE/IbHOM CUCTEMbI MO MPUHLMIY TOKA MOKOA.

Bnok popmmrpoBaHuA curHana foMKeH COOTBETCTBOBATL YpoBHIO SIL
N3MepUTEsIbHON Lienu.

Ecnv yactoTta 3anpocos cocTasnfeT He 601ee 0AHOro pasa B rof, To
n3MepuTesIbHasA cUCTeMa KaK YacTb CUCTEMbl 6e30MacHOCTH A0KHA
6blTb YyCTAHOB/IEHA B PEXMME "HW3KOM YacToTbl 3anpocos” (“low
demand mode" no IEC 61508-4, 3.5.12).

Ecnn oTHOLWEHMe 4acToThbl ANMarHOCTUYECKUX NMPOBEPOK camom
M3MepUTE/IbHOM CUCTEMBI K HYacToTe 3anpocoB npesbiwaeT 100, To
9Ty U3MEPUTENBbHYIO CUCTEMY MOXHO paccmMaTpuBaTtbh KaK
MCMOJTHAOLLYIO0 PYHKLMIO 6€30NacCHOCTU B PEXMME paboTbl C HU3KOM
yacTtoTon 3anpocos (IEC 61508-2, 7.4.3.2.5).

VEGATOR 636 Ex



1 ®yHKUuMOHaIbHaA 6e30nacHOCTb

Pexum pab6oTbl ¢ BbiCO-
KO YacToToi 3anpocoB

JonyweHuna

O6wue yKasaHUsa U or-
paHu4eHmsA

CooTBeTCTBYOWMM NapaMmeTpom saB/iAeTca sHaveHne PFD, g
(cpepHAA BEpPOATHOCTb OMacHOM OLMGKKM Npu 3anpoce). ATo
3HaYeHue 3aBUCUT OT MHTepBaNa Tproor MEHAY QYHKLUMOHANIBHBIMM
npoBepKamm 3aLUTHON BYHKLMK.

Yucnosble 3HaYeHMs CM. B M. "[loka3aTtesin TexXHUKM 6e30nacHoCTH".

Ecnn "Pemum paboTel ¢ HU3KOH YacToToV 3anpocoB" He
COOTBETCTBYET MMEIOLLMMCA YCIOBUSM, TO USMEPUTENbHAA cUcTEMA
KaK 4acTb CUCTEMbl 6€30MacHOCTH A0/HKHA OblTb YCTaHOB/IEHA B
pexmme "BbICOKOM YacToTbl 3anpocos” ( "high demand mode" no
IEC 61508-4, 3.5.12).

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

CoOTBETCTBYIOWMM NapameTpoM ABAAeTcA 3HadeHne PFH (4actoTa
OTKas0B).

Yucnosble 3Ha4eHWA cM. B N. "[TokasaTesim TeXHUKH 6e3onacHocTH".

Mpw BbInoNHeHM FMEDA 6binv y4TeHbl cnepytolimMe OCHOBHbIE
YCNOBUSA:

e YacToTa OTKa30B AB/MAETCA NOCTOAHHOM, MEXaHNYECKMIM M3HOC
feTanen He paccmaTpvBaeTca

e YacToTa 0TKa30B U3-3a BHELLUHEro MCTOYHUKA MUTaHUSA He
BKJIIOYAETCA B pacyet

e MHorokpaTtHble OWKMOKU He paccmaTpuBaloTCs

e CpepHAa TemnepaTypa OKpyaloLllen cpefbl BO BpeMs paboTbl
cocTtasnset 40 °C (104 °F)

e OKpyawLime ycnoBnsa COOTBETCTBYIOT CPEAHUM
NMPOMbILLIEHHBIM YC/IOBUAM

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

e Bpewmsa pemoHTa (3aMeHbl USMEPUTENBLHOM CUCTEMBI) NOCe
6e3onacHoro oTkasa coctaesfeT BoceMb (MTTR = 8 h)

e Bnok popmmpoBaHMA curHana obpabaTbiBaeT BbIXOAHYIO Liemnb
N3MEepUTENIbHOWM CUCTEMBI MO MPUHLMITY TOKa MOKOSA

e YTOGbI pearMpoBaTtb Ha OnacHble 0O6HapPYyHUBAEMbIE OTKA3bI,
WHTEpBaJ1 Onpoca MOAKJ/IIYEHHOrO YCTPOMCTBA YnpaBaeH s U
hopmMUpoBaHUA cUrHana cocTaBifeT MaKe. 1 yac

CucTtema JonKHa 6bITb yCTaHOB/IEHa B COOTBETCTBUU C
NPUMEHEHHNEM.

JlonKHbI COG}'IIO,D,aTbCH npejesibHble 3Ha4eHnA, yCTaHOB/IEHHblEe O/1A
AAHHOro npMMeHeHua

ToKoBas HarpysKa BbIXOAHOM Lenu JO/IKHa ObiTb B Npeaenax,
COOTBETCTBYIOWMX AaHHbIM B "PyKOBOACTBE MO 3Kcnayatauuu".
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1 ®dyHKUMOHaNbHas 6e30MacHOCTb

OnemeHTbl HACTPOMKHM

MoHTax “ YCTaHOBHKa

Pa6oTa U Heucnpas-
HOCTb

O6ocHoBaHue

1.3 YKasaHuUA No HacTpoiike

|-|0CKO}'Ibe yCNoB/UA MOHTaxa OKasblBalT BIMAHUE Ha
beHKLl,I/IOHa}'IbHny 6e3onacHoCTb VISMepMTeJ'IbHOVI CUCTEMb,
3/IEMEHTbI HaCTpOlZKVI [ONTHHBI 6bITb YCTaHOBJ/IEHbI B COOTBETCTBUU C
npUMEHEeHUeM.

e DllL-nepekntoyarenb ana nepekntodeHma A/B (pexmm paboTbl)

e DIL-nepekntoyartenb Ana YCTAHOBKWU 3afEPKKN BbIKIOYEHUS/
BKJIHOYEHUA

e DlL-nepekKntoyatenb aas yCTaHOBKU AemndupoBaHus
(yunTbiBaTH BPEMA HEYYBCTBUTE/IBHOCTU K OTKa3am)

DYHKLMM 9/IEMEHTOB HACTPOMKM OnUcaHbl B PYKOBOACTBE MO
JKCTyaTaumn.

1.4 HavanbHafa ycTaHOBKa

TpebyeTca BbINOMHATbL COAEPKALLMECA B PYKOBOACTBE MO
9KCMNyaTaumMu peKoMeHZauMn MO MOHTaXy U NOAKIOYEHUIO.

Mpy NycKe B SKCMyaTaumio PEKOMEHAYETCA NOCPeACTBOM NepBOro
3ano/IHeHNs NPOBEPUTL DYHKLMIO 6E30MacHOCTH.

1.5 Pa6Gouee cocTofAHME U COCTOAHUE OTHKa3a

Bo BpeMA aKcnayaTtauun He paspellaeTca U3MeHATb YyCTaHOBOYHbIE
3/IEMEHTbI U YCTAHOB/IEHHbIE NapamMeTpbl.

Mpn nameHeHUAX BO BpeMA paboTbl AoMKHA cobagaTbea dyHKLUMA
6e30nacHOCTy.

Bo3momHble coobLyeHus 06 omnbKax onucaHbl B pyKOBOACTBE MO
SKcnayaTauuu.

Mpy o6HapyKEeHUMN OLUIMBOK MM COOBLLEHMAX 06 owMbKax paboTa
BCEN U3MEPUTEIbHOM CUCTEMbI A0/IKHA OblTb OCTAHOB/EHA, a
6e30MacHOCTb NpoLecca AoJiKHA NoALEPHUBATLCH APYTMMU
Mepamu.

Ecnu u3-3a 06HapyHeHHbIX OLIMGOK NPOM3BOAMTCA 3ameHa
YCTPOMCTBA, TO 06 3TOM (BMECTE C OMMCaHWEM OLUMOOK) cnepyet
COOBLWNTL MPOMU3BOAUTETIO.

1.6 Tlepuopunyeckaa pyHKLUHOHa/IbHAA NpoOBepHKa

Mepuopunyeckan NPoBepKa CAYHUT ANA NPOBEPKU BYHKLMK

6e30NacHOCTU U BbISIB/IEHUSA HeOGHapy)-KVIBaeMbIX OonacHbIX OLWMBOK.
Pa60ToCcnoco6HOCTb M3MEPUTEIbHOM CUCTEMbI A0/IHHA NPOBEPATLCA
4yepes onpenesieHHble NPOMEeXYTKU BPEeMeHU. OTBETCTBEHHOCTb 3a
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1 ®yHKUuMOHaIbHaA 6e30nacHOCTb

BbinonHeHue

MPyHKUMOHaNbHaA Npo-
BepKa B perume pabo-
Tbl "3awmra oT
nepenosiHeHUA"

BbIGOP BMAA NPOBEPKU NIEKMUT Ha UL, SKCMIyaTUPYIOLLEM
o6opyaoBaH1e. BpeMeHHble MHTepBasbl MEXAY NPOBEpPKaMM
yCTaHaB/IMBAIOTCA C y4eTOM 3HaYeHuA PFD,,q B COOTBETCTBUM C
Tabnvuen v guarpammon B n. “flokasartesm TexHKU 6e30nacHoCTH"

Mpu BbICOKOW YacToTe 3anpocos, cornacHo IEC 61508,
nepuoguyecKkas dyHKLMOHaIbHasA NpoBepKa He
npeaycmatpusaetcs. [JokasaTeNbCTBOM paboToCrnoco6HOCTH
N3MEPUTE/IbHOWM CUCTEMbI ABAETCA YacToe obpaLleHne K Hel.
OfHaKo Npu ABYXKaHaNbHOW apXMTEKType AJIA NOATBEPHKAEHUA
MU36bITOYHOrO AENCTBUA €CTb CMbIC/ MPOBOAUTL MEPUOSNHECKYIO
(PYHKUMOHA/IbHYIO NMPOBEPKY Yepes onpepe/eHHble NMPOMEMHYTHM
BPEeMeHM.

MpoBepKy cnepyeT BbINOMHATL TaK, YTOObI OHa NOATBEpPKAaNa
(YHKUMIO 6€30MacHOCTU BO B3aUMOJENCTBMN BCEX KOMMOHEHTOB.
3TO MOXHO obecneynTb NyTeM JOCTUKEHUA Nopora cpabarbiBaHUA
npy 3anosiHeHNM eMKOCTU. Ecin 3anonHeHne eMKOCTU [0 YPOBHA
cpabaTblBaHWA He ABNAETCA yA06HbIM, TO cpabaTbiBaHue
N3MepUTE/IbHON CUCTEMbI MOXHO BbI3BaTb MyTEM MOAEAMPOBAHMA
YPOBHA WK (PU3UYECKOr0 U3MepUTEeIbHOro addeKTa.

[JonmkHa 6biTh onvcaHa MEeTOAMKA NPOBEPKM U OXapaKTepuaoBaHa
MPUroAHOCTb NPUMEHAEMbIX METOAOB U crnoco6oB. Cama npoBepKa
[O/HHA BbITb 3a/J0KYMEHTMPOBaHa.

Mpw oTpuuaTensHOM pesynbTaTe NPOBEPKM paboTa BCen
M3MepPUTENIbHOM CUCTEMbI JO/IHHA ObITb OCTAHOB/EHa, a
6e30MacHOCTb Npouecca Ao/iKHA NOALEPKUBATLCA APYrMMU
Mepamu.

Mpu pByxKaHanbHOM apxuTekType (1002D) AaHHbIe yKasaHuA
[LONIHBI BbINO/IHATLCA OTAE/BHO ANA KaXAOro KaHana.

Ecnm nsmMepuTesibHaAa cuctema NnpuMeHATecA gnAa sawuTtbl OT
nepenosiHeHUsA, TO onpeaesieHMe paboTocnoCoGHOCTH
obecneynBaeTcA NyTeM NPOCTON YHKLMOHANBHOW NPOBEPKM.

TecToBaAa KHoNKa:

B cnyyae namepuTenbHbIX YCTaHOBOK C CUrHaamMsaTopamm
VEGASWING 60 nnn VEGAVIB 60 ¢ AByxnpoBOAHbIM 610KOM
9NEKTPOHUKU (DYHKLMOHA/IbHYIO MPOBEPKY MOXHO NPOBOAUTL
NOCPeACTBOM MHTErpUpOBaHHOM TECTOBOM KHOMKMK.

Mopagoe npoBepKM NOAPOGHO ONMCaH B PyKOBOACTBE MO
aKCcnayaTauuu.
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1 ®dyHKUMOHaNbHas 6e30MacHOCTb

OcHoBaHuA

CpOH nosib3oBaHUA

YactoTa oTKasoB

Bpemsa peakuuun Ha
OLIMGHY

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).

JaHHble aencTBUTENbHbI paBHbIM 06pa3oM A/A "3awuTbl OT
nepenosiHeHUA (pexum A)" 1 anAa "3awWmnTbl OT CyXOro xopa
(peum B)".

Asd OFIT

Asu 509 FIT
Ada 0FIT

Adu 107 FIT
MTBF = MTTF + MTTR 1,52 x 10° yac

Bpems peakumun Ha oWwMOKY < 0,5 ceK.
OpHoKaHanbHaA apxuTekTypa (1001D)

SIL SiL2

HFT 0

Tun ycTpowicTea Typ A

SFF 82 %

PFDayg

Teroof = 1 FOA < 0,047 x 102

Throof = 5 NET < 0,234 x 102

Throof = 10 NET < 0,467 x 102
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1 ®yHKUuMOHaIbHaA 6e30nacHOCTb

BpemeHHasa 3aBucu-
MmocTb PFD,yg

Cneuuduyeckue yncna

PFH < 0,107 x 10®/M4ac

B npeaenax 10 net 3aBucumoctb PFD,,g OT BpeMeHn paboTbl
nNpueAMKaeTcA K IMHENHON. [laHHble Bbile 3HaYeHus
[eNCTBUTENbHBI AN BPEMEHHOTO MHTEpBana Tproof, MO UCTEYEHUM
KOTOPOro A0/IKHAa NPOBOAWUTLCA NeproanyecKkas MyHKLMOHaIbHaA
npoBepKa.

APFDayg

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

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

() E——
@

»

|
|
|
|
|
| |
| |
T T L
1 5 10 Tproof

Puc. 1: UameHeHne PFD g BO BpeMeHu (4MC/I0Bbie 3HaYeHUs CM. B Tabamuax
BblILLIE)

PFDa,y =0

PFD,,4 4epe3 1 rog

PFD,,4 4epe3 5 net

PFDg,y 4epes 10 net

ANwWwh =

MHoroKaHanbHaA apXUTEKTypa

Mpu ycTaHOBKE M3MEPUTENBHOM CUCTEMbI B MHOTOKaHa/IbHOM
apPXUTEKTYPE YMCIOBbIE 3HAYEHUA GE30MAaCHOCTU BbIGPaHHOM
CTPYKTYPbl U3MEPUTENBHOM LIENU PaCcCUUTBLIBAIOTCSA NOCPEACTBOM
NPUBEAEHHBIX BbILE 3HAYEHWI YaCTOTbl OTKA30B CheLluanbHoO AnA
BbIGPAHHOIO NMPUMEHEHMS.

Heob6xoanMo y4mTbIBaTb COOTBETCTBYIOLMIA haKTOP O6LLEW NPUHMHBI
OTKa30B.

10
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2 T[punoxeHue

2 [lpwunomeHue

exida”

Proven in Use

FMEDA and Proven-in-use Assessment

Project:

Signal Conditioning Instruments
VEGATOR 621, VEGATOR 622 and VEGATOR 636
Applications with level limit detection (MIN / MAX detection)

Customer:

VEGA Grieshaber KG
Schiltach
Germany

Contract No.: VEGA 04/08-03
Report No.: VEGA 04/08-03 R006

Version V2, Revision R1.1, January 2006
Stephan Aschenbrenner

The document was prepared using best effort. The authors make no warranty of any kind and shall not be liable in
any event for incidental or consequential damages in connection with the application of the document.
@ All rights on the format of this technical report reserved.
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2 [pwunoxeHne

‘exida. com’

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 signal conditioning
instruments VEGATOR 621, VEGATOR 622 and VEGATOR 636.

VEGATOR 621, VEGATOR 622 and VEGATOR 636 are equipped with relay output and
transistor output. The results given in this report represent the worst-case output with regard to
the dangerous undetected failure rate.

The failure rates used in this analysis are the basic failure rates from 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 210 to < 107 for SIL 2 safety functions. For systems operating in high demand
mode of operation the PFH value has to be =107 1/h to < 10® 1/h for SIL 2 safety functions
according to table 3 of IEC 61508-1. However, as the modules under consideration are only one
part of an entire safety function they should not claim more than 10% of this range, i.e. they
should be better than or equal to 1,00E-03 and 1,00E-07 1/h respectively.

The signal conditioning instruments VEGATOR 621, VEGATOR 622 and VEGATOR 636 are
considered to be Type A' components with a hardware fault tolerance of 0.

For Type A components the SFF has to be between 60% and 90% according to table 2 of
IEC 61508-2 for SIL 2 (sub-) systems with a hardware fault tolerance of 0.

Table 1: Summary VEGATOR 621 - Failure rates according to IEC 61508

esate A'\'.iamg«rmu SFF

505 FIT 137 FIT 78%

Table 2: Summary VEGATOR 621 — PFD,yg / PFH values

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

PFH = 1,37E-07 1/h®

PFDave = 2,99E-03 PFDave = 5,98E-03

Table 3: Summary VEGATOR 622 - Failure rates according to IEC 61508

Asate Adangeraus SFF

506 FIT 167 FIT 75%

Table 4: Summary VEGATOR 622 - PFD,yg / PFH values

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

PFH = 1,67E-07 1/h ? 'FD, 2E-( PFDayvs = 3,65E-03 PFDave = 7,29E-03

" Type A component: “Non-complex” component (all faillure modes are well defined), for details see
7.4.3.1.2 of IEC 61508-2.

? The PFH value is based on a fault reaction time of 200 ms. This also requires that a connecled logic solver or

actuator is able to react within the process safety time,
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Table 5: Summary VEGATOR 636 - Failure rates according to IEC 61508

Asate Adangerous SFF

509 FIT 107 FIT 82%

Table 6: Summary VEGATOR 636 — PFDays / PFH values

T[Proof] = 5 years T[Proof] = 10 years

PFDave = 2,34E-03 PFDave = 4,67E-03

The boxes marked in yellow (1) mean that the calculated PFDayg / PFH values are within the
allowed range for SIL 2 according to table 2 / 3 of IEC 61508-1 but do not fulfill the reguirement
to not claim more than 10% of this range, ie. to be better than or equal to
1,00E-03 and 1,00E-07 1/h respectively. The boxes marked in green ( @@ ) mean that the
calculated PFDayg / PFH values are within the allowed range for SIL 2 according to table 2/ 3 of
IEC 61508-1 and table 3.1 of ANSI/ISA-84.01-1986 and do fulfill the requirement to not claim
more than 10% of this range, i.e. to be better than or egual to 1,00E-03 and 1,00E-07 1/h
respectively.

Because the Safe Failure Fraction (SFF) is above 60%, also the architectural constraints
requirements of table 2 of IEC 61508-2 for Type A subsystems with a Hardware Fault Tolerance
(HFT) of 0 are fulfilled.

The listed failure rates are valid for operating stress conditions typical of an industrial field
environment similar to IEC 80654-1 class C (sheltered location) with an average temperature
over a long period of time of 40°C. For a higher average temperature of 60°C, the failure rates
should be multiplied with an experience based factor of 2,5. A similar multiplier should be used
if frequent temperature fluctuation must be assumed.

A user of the signal conditioning instruments VEGATOR 621, VEGATOR 622 and
VEGATOR 636 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 is presented in section 5.1 to 5.3
along with all assumptions.

The failure rates are valid for the useful life of the signal conditioning instruments VEGATOR
621, VEGATOR 622 and VEGATOR 636, which is estimated to be between 8 and 12 years (see
Appendix 2).

It is important to realize that the “no effect” failures and the “"annunciation” failures are included
in the “safe” failure category according to IEC 61508. Note that these failures on its own will not
affect system reliability or safety, and should not be included in spurious trip calculations.

? The PFH value is based on a fault reaction time of 200 ms. This also requires that a connected logic
solver or actuator is able to react within the process safety time.

® exida.com GmbH vega 04-08-03 r006 v2 r1.1, January 8, 2006
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