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Abstract

This project studies about how to design Safety Instrumented System: SIS
based on International Standards IEC 61508/61511. Which represents the needs of
the overall Safety Instrumented System In-order to comply with the standard. In this
project, which has shown the various components of the Safety Instrumented
System, Process Hazard Analysis, the definition of the Safety Integrity Level: SIL, how
to determine SIL and how-to design Safety Instrumented-System follow by safety life
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Tuiamsusydfiunansevusedusneg Welimansaidunsieiiaty

o ula 2 ilensuanuidusussiefoziAatulua 1 wés avsinisinadey
flaiuiisifaseg feglussuuinauisfouasfosimsvsyfiuauusuns
WaufmuaseiuAuUasnfonse f1 SiL (Safety Integrity Level) T#Au
lafduisfomarditetluldidudeyalunseonuuuniedenldintosiiodn,
anlszananauazgunsalgavingliinunzay

® a3 dmihsgaridenmufpInIsvessyuuinauiisie (Safety Requirement
Specification: SRS) uiteldlumsindslifuduanviogsmmnegunsalludrusiag
e liEuanv3arFmhodavingunsalsneg Iiassmuanudeans

® a4 Wumsindunsdnhssuuiaguisselndulumumiudonis Taese

sidoelunathetunsiuiurosndnvdodsmiglumsinissuuisfela

nsefiuanILeInIINIaNRa IR RsI LTSI udkEn qufedndsly
Aidvuiivinalasimsteaine uasazdosiimssniouiondisinunsinsuas
nsltaussuueg1daIY

* a5 vinisRadeuaznadaunisiiau lunseidiunsiadess vulssod
vsnamsldauliduluaadeimuaresgndauasnaaaunisviianusuiu
NIYUIUNITHER

e uid 6 naslivuuarnisdenvigy Wunisldnussuuiisde Asdadnyseaiinisin
Ww3sunTInagounIsiInurasiladfullsas telinisvirauiulunin
swaziBuamaNsents wazdunisdumeanuianaindunsiefissuuisseld
ausonsIvaaule

* Wl 7 mswdsuawdluszuulssondsnidldon Samssuduneulunisuile
visaAsuwasssuuiisfondsanifinisldvnuriluuds

® a8 mengamsvhauieudlaiuiy Weimsidsudvadlag fussuulisde
aspalnmsinmseuurumsngihussuulstoiesniunis

2.4 Wenduiisne (Safety Function)

anumnevesileiduilsAulagnuanogluside 351 vea IEC 61508-4 1Tusail
ilaidudsfoiduilaiduiigndandoalivussuuissoriaieg Sedanusyasdlunisyinli
nssuumskinegluaniizdasafsnnimanisaldusseiirimundmsusiegeileddulsse
dmiugunsalifastugamgiiiiu Inelfisusesonmadtndsl luunasavewaimesluii u
MsdmgansThaemesneuiinsigamgiifugaivun SeevFoniifladduilste urdas
msdansuaueiiafimsiianusanugamniaild Tusnuuedasllofeituisde @i
willunsieafudunsefiviloudu)



2.5 A1sEAuAIUUaANY SIL (Safety Integrity Level)

ndildnanluudatnediu JUnvvresssuvilsAivang suwuu g ldaeuldidonld Tne
mLul'smuwu'amwumuuwuuaanumsumummﬂaam.ﬂa %30A1 SIL (Safety Integrity Level)
FaarlduansAadvanuianaindunsioveafladduils e uiodn PFD,,. (Average
Probability of Failure on Demand) n3ednluanumunenilsasidumanudululfifedad
ilarduisfvlianusaviaildlunaiifesns annsglddmundissfuanulasade
gpesvuudsdeldidu 2 Mode #ail

2.5.1 Low Demand Mode
AUNUIBVBY Low Demand Mode lﬂnmLamaalum"ua 3512 Y94 [EC
61508-4 1Tusa m’mﬂwaqmmmaqmsuuiuwusr&almJWﬂn'awuqmamaﬂuavlmmﬂfm
apaviwasmudlunismaaauAsInay IﬂamszmummﬂaaﬂnalmgmLmaanLUu 4 5¥6U
ANUUINTZIU IEC 61508-1 Table 2 sauandlalumsnedl 2.1

A 1 (¥} ! - o/ c':
A9 2.1 ANSEAUAILUREANENDNTINISIANOUASIERT (Low Demand Mode

AszAUANUADANY Low demand mode of operation
(Safety Integrity. Level) (Average probability of a dangerous failure per hour)
a 210 to< 10"
3 >10 10 < 10"
2 >10" to< 107
1 > 107 t0)< 10"

MAMS1T 2.1 szifudiimsedumwUasndt 4 aviinasiuAnadsanny
Aawamsunsieifign uazesedummasnty 1 svlinasuAadsniufawaindunse
geilan dmivilsidumunuezinasweiadornuinnaiadunsiogenidissduay
Uaonsty 1 vieenalundt SIL 0 Seaunsadnsdouisidumardlalussuvnuauitugu
1V (Basic Plant Control System: BPCS) Filugnamnssunsstaumsndaviluagyinavly
Mode i

dmfuilafduils fufivinanlu Low Demand Mode 8s1aausumste
(Hazard rate) ﬁuagjﬁ’ué‘mwmmﬁmms (Rate on Demands) uuszuuisfouasaauduly
Wieedianudsmanalunmsyinauasssuulsseluilediuissy uandldwd
Hazard rate (h) = Demand rate (d) x Average probability of failure on demand (PFDyq)

muuﬁmﬂuusn&mmﬂ’lﬂu Low Demand Mode msesiuaI1ulannsie gn
ﬂmummnmLaaEJquLUuiUlﬂwaaﬂawuwmwawmiunw'smwu'mﬂﬂﬂ*ﬁuusna Al Gueniivin
Iitndssegluriveusuls fudum siL dfesnisanansomldainsnsiamiudenis
(Demand rate) UasdnITIAUBUATIY (Hazard rate)



2.5.2 High Demand Mode
AINNNIBYBY High Demand Mode lagnuansagluiade 3.5.12 a9 IEC
61508-4 1fudel] mmfivesmudeansuussuuisfoannimilsnfiotuazuinniraes
whwasmuAlunsmagoun vy TngAnssaumnulaendelignuusesnidu 4 seiumu
119357 |EC 61508-1 Table 3 fauanaldlumsed 2.2

:‘ 1 o ol ] L = o -
M19790 2.2 m‘sxﬂummmamﬂaﬁamsﬂmsmmaumwga (High Demand Mode)

AsEiuAINUaDANY Low demand mode of operation
(Safety Integrity Level) (Average probability of a dangerous failure per hour)
q >10 to < 10"
3 210 to < 10"
2 >10 to.<10°
1 >10° 10 < 10°

2.6 ddsznauveslantuinauilsie (Safety Instrumented Function: SIF)
dudsynavueailaiduinguilsay w3e Safety Instrumented Function (SIF)  18u

erdulsfuigndmieutumeirdesiiaamegnamassusiindieglussuu SIS dmsu SIF

AMIASEIU IEC 61508/61511 Usenaulumediundnaiddnyey 3 dou dwanduguil 2.5

aunsnieledoym o dioyza00m0 G B

............. ,w-.-._--m.,..:},

(Sensing Element) {Logic Solver) {Fal Element)

A ¢ o s e a
JUR 2.5 Weniduinauisde

MN3UT 2.5 Avseduaiuyasadsvesilsdduinau Ssfvarunsanildainuasaa
ALRALPNARNANSURTIEYEMN - dausiuiu [uauniseed
PFDpvg = PFDgg+ PFD s+ PFDge (2.1)
dlo  PFDuyc = Naifmﬂ'wLaé"ammﬂmwawmé’umﬂwmﬁaﬁ%’uﬁ“ﬂquﬁsﬁﬂ
PFDs = Aodseuiiawaindunsevasgunsaiddoygio
PFDs = Andsaufianainsunsisvesdiussuana
PFDg¢ :Fi’lLa?{ammﬁﬂwmﬂé'ummﬂuaaqﬂﬂsniqmﬁw
fufudlernssdumudaendeldgnimunliiuilerduiste Tael¥38nsdraqmau
WIMIFIU EC 61508/61511 ua7 n1seenuuunianisidenldaunsaiaieg Tuilenduissy
%s’faaﬁf—ﬂ"u,aﬁammﬁmwmmé’umqaaq’lu"uaUL'um‘uaqLLﬁaxﬁwszﬁummUaamﬁa
nnwasBuniilduandduudrinaiu ssiulidnen siL wieArsyauauUasndelyl

ausaimualaaingunsalifiesdr i waiiaaindia 3 @rusiufu dudedqldszuuy
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Uszananaiiduwuy Safety PLC ﬁgﬂ%’usaqﬁ SIL 3 Wusdsvananasiu luldvungaiuii
Herduilsfofineitanddu

Ussianaivianuatzildsfunudaendeil si 3 nilandu foefinisiasun
AnedsmuRanansunsisresgUnsaldiudug iy

seuuilsiglugramnssunssuaunsudneiiilaniduls foognaneilaidudsazgnde
ifudwszananasiufurdendasanluaumbenisndatuegfuniseaniuu Tuudas
larifuenaazdinsyiumnudasasoiuanaiuldl wimsedumiutaenfsvesdiuyszuia
HaswApsllAIUASERUAINUaBAsUgedavasiladdulls Ay fretheszuu SIS amnsn

wanalanagud 2.6

E

it L T
P, . PR |

| :

|fren mn x| o -

: 5 i EIUAUN 0 (hputmadde) PANAAY YU (Owpis adide)

' ; : y P —

I
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Comman

1
AN
« 1] 5
UoWIWOg
[
|

Il

d v oo L2
JUN 2.6 Handuiisdvluseuu SIS

2.6.1 qUn'miﬂ’l'ﬁﬂ (Sensing Element)

wsesdofalussuuinnulsdeazgnuuintunisanniuy nieannd
wasgIuEng [EC-61508 larnunissusasliiinnsiunldnununisesnuuussuuinnuils s
Aldgunsalitdifudaissinn E/E/pEs Sohliianniosdeialiinisudnniedioinite
unlUlvnunuszuulisfelngianiy mﬂﬁ”’u%ﬁﬁﬁmmaauﬁass(Third party) fiundedor
nsnsIvEeuLarSUsealildaiu 9:138n3n  Certified Instrumentation d1uia3oadenfidly
ufunnlussuuisfenouiuinsgiudazasslildaruazifondn NonCertified
Instrumentation apaszamiannsmiluldlusyuuisiuld

2.6.1.1 %ilnveguninin1sin

o nSosilataiiriunsiuses (Certified Instrumentation)
gunsalfiexihluldlussuuisfovegunsaldiinunisvadeuuas

Tsunssusesnaatuiiedelsiraunsethluldfussuuissels

u,azE'J’aﬁq*dn'miﬁnwmwﬁmﬁa‘fqhi"l,ﬁ%‘um'ﬁ'usmLLﬁiﬁmmmﬂw

gunsalvanululflussuuds sy lduraefosinnsunieseanden

snanuAanatauarslnvesmufianats tieauideteolives

Yoyadmsuaunsalinfiozmnldaudussuuinauisfoudn

FUL T B R et R

a4 '-.-.-'.....______!,'_:“E““! E ‘ g f
Lmauns --r-'.:-.:.—_—,.':_i! v ! P

yy " > l A 1003
v oA :--T---)‘ TN E E-- WALKAG |- Fee i | P —
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WIS IEC 61508 Part 2 lAdanun1s1an1sdadnuassuiuuaes
gunsallussuumuauilsdvld 2 msemuiinvesgunsalfuandly
a = o o w o ° ¢ v a o v a
UM 6 guduaiswdngiuansinuiugunsaiiosnanieoulviia
AIURANATIALA (Minimum Hardware Fault tolerance: HFT) Tuus
azjuuvuvesgunsailuszuuinquilsde a1s1evisansutanen

wa | ¢ & a a ¢ ol
AuandRvesdulsznovluguninieanidu 2 wiiafe gunsaln
v | = ¢ v
Usznavumiediudsenousiea A uazaunsainuszneusie
1 o = 13 1 ::' a a‘l’
dusznaurila B gunsaifusznaumesdiuUsznauvic 2 flaiign
\38N915¥UVERY (Subsystem)

2

- gUnsalaila A (Type A)
fal d A4 o do a Aa -
gunsnlimsesilodniineylusiinifidiulsenavaosdudiu
dv an v |q.'; = 1 at a £ o
wugildiuegnaluanfitiu famsiudaines Miuniu was
vaadn 1wy gunseimardausaldaulfidvnaiviuas
annsnesseuNPliegauysalaunsainisinseiiies
uLuuMmly (Conventional Analogue Transmitter) gUnsainis¥n
wuuntduRa LYY alndszau(Level Switch),aindanusiu
(Pressure Switch) uavaingaiunua(Position Switch) tufu
gunsalindrilineglugunsaluina
- gunsalvila B (Type B)
a4 4 v aw ) a o ¢
gunspiitaTesiiodandnagluriaililuaUnsaifnd
| 2478 =i a o ' a 1
duyssnaurestuaiu Nldmvaluladalylvion gy 1995521
(Integrated Circuit: IC) w3nlulaslusisatyas (Microprocessor)
= 2 4 I 4” 1 2/ v ]
Wuau gunsalmardliaruseldaulmdunaiuiunagla
ausonsdeunseulasgauysal

| s v o d = v oa a v
M15190 2.3 msuuansinnugunsaitiosigafivanliiinanuliawainls (EC 61508-2)

Tisbie 2 -,

q

Moo 1 Sue explanation below fof Gelaks Of weprNng T tae
Note 2 faur i the masrnr of faults i &

Note 3 A harowats T I0WIANCE OF 2410 St & Hingie tault couid

Satety svagrity” . ’ buid feoes TYPE A comgoranis
N Hastornrs ool ioketance {sun oie 2}
Sy @ {vew note 3] 1 2
- B0 R 2 S 3
BOw -« Gow wa =3 SK 4
0om - 99w I 4
T sh 3 sn 4 S, 4

SRR, SRR NN R Barceaen LRI, WOl Can
WO wilhiou! BB 19 B GOBNIeCHed Sagercus Tadure

caase Wn undescted dangeicas Lailue

Tabie 3

St Fasue Fraction
{s#¥)

Safary itagity constrieets on sobsysrems el e TYPE B companents

Hargware fawt Whersnce (ses now 23
© {swe rese 1) 3 2

- 80w Mot abowed 54, 1 e 2
60% - 9om i, 1 s 2 s 3
0% - B s 2 Y 50, 4

- B L sa 4 S 4

Nolw 1 See enplination Detow S etk o miepmrling s lable
Fote 2 Hardwarn lau wheeance i e masmunt number of Seulis i B

Hote 3 A Bardware Sanit ISSIINGS OF TON0 MONNT & Mg il COUSE

BRI, ity HOM FRNSONT DarOwie 1aiure, wiich G
i Wit O W eI Sengerous taluoe

St e wisaterted dngerous tikee
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MNMSNA 2.3 aunsauanssieaztisavasguuuugunenl
Tu Table2 wav Table3 iAo
“0 " muneewdn Mgunsaindes dufudlodgunsel
Aanuiananndunsisasililifgunsaifidianansaviauls
woly vivliszuumunuisAvldanunsavimihilaegsgnios
selulel
“ 17 nnganuh ldgunsalassimanaiuliiinisviau
Tuguuuveynsudsiuidogunsaidlagnils fanaufianann
duns1e udsmsdigunsalfiaesiiganaialdseluF iy
ruanilssaunsavhanuldegrsgnieswnuileiduilsie
“ 2 vanganudy Tdaunsalanudnenulidnisiaulu
stlvvaynsy feuidogunsalfdiviluinnnudanarmdeme
aunsalffiantaymfiaiuidiannsavhenldely S
gunsalffiaesasiinruiianatndun s guUnsalfilaufids
annsavinnulasely warssuumunuisiendeauisavinaula
relUatingneo
o in3oulotnitliiumsiuses (Non-Certified nstrumentation)
gunsalinsesiiedndaulngitaslfinlulfibugunsalin (Sensing
Element) ®1719u @Un 30l InA910RU(Pressure  Transmitter) %30
gunsalingamgi(Temperature Transmitter) wazaunsalgnving
(Final, Element) 8191141 9187855 8(Shut Down: Valve) 99458 UU
fu WugUnaniilalddnisuseaitonlullussuvisfoviodu
gunsaildnudmiumuauihly safuisliazenlumsidenlde
wazlianinsoullaliigunsaifuipradetulunisvnulfideda
Tunaifideants dufunmsldauuaznisudnasdeadulumy
110351ULMBNIASEIU IEC 61508 leiunassusaslaiinsldaiumn
N NAT9 EC 61511 Tog IEC 61508 Jumnsgrudldlunig
sanuUVLardmidmYsTnanafiUsznaulufeszuuliinge
ssuudldansetindfiaiuisalusunsunisviraruls (Electrical
Electronic/Programmable electronic  system: E/E/PESs) @2u
EC 61511 asfunmsgruilifeadostunisldarussuuisdely
QRFVNTIUNTEUIUNTSHAR

2.6.1.2 jluvuinIesiledaluszuuiisdy (Sensing Architecture)
Lﬂ%aaﬁamuamwuamaaﬂ (Analogue transmitter) 1asunis
veufuuaziimndetiogdlumsihldnufuszuuniuauiste snndrguasalnisTauuy
wihdula (Switches) Wasngunsaimstanuumihdudasslalaunsovnisnsavaouany
Aananauuusaluifpldindeufugunsainsiauvusoides Momauaigunsainisiauuu
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o o al

wihdudanzhldmilussuumuaudsdedadnsldnuianasuazivasunnldqunsainig

]

Innddyaraeiwaluiuvomasnunu Tegldsauiufussaianaiamisalusunsunis

o
v oo

vhandld dsliustemiildanmsdeulusunsululilunisnsisaeunisiawainuesgunsal
EULLUUﬁuEWuﬂuaaqﬂﬂ‘mimsi’mwﬁ"ﬂﬂﬂ%’ﬁ'uafJ'leLtws'wmEflmswmusﬂuﬁsﬁmsﬂﬁqﬁ

1. gUnsalmsinkuy 1001 (One out of One voting)

2. 3Un3alMIIAMUY 1002 (One out of One voting)

3. gURIAIMTIALUY 1003 (One out of Three voting)

4. gUnsalmeiakuUY 2003 (Two out of Three voting)

5. gUnsalmsIALUY 2002 (Two out of Two voting)

usludruvedlassuivhilazvesnodraiies 2 nsdliviniu fo msde

gunsaln159aUUU 1001 (One out of One-voting) uazn1seagUnsalinsiaLUY 1002
(One out of One voting)

e aUnsalmsialuy 1001 (One out of One voting)
giJLLUUﬁ%z’l*ﬁqUﬂsfﬁmﬁmﬁmG‘hLﬁmsiaﬁuszuumuquﬁﬁﬁa
Tumsvhnudigunsaliadiaruieundliviefsgminnuiiiunly
Az lvssuumvquilsAovinsuiui Jearuisauanenis
wWisuieuldlusuaindundilanileds (luaniiznisinauniele
ewaanbinvaunaisgvitlviadndeglusiumisle) widAnaau
Aemarndums)sTullagsyuudsdeliannsansisaeupauianans

2/
LY

wild awhlvinszuiumskandigannedunsisinsizssvuavay

-

tsfigldamisninaula gunsainsinsUuuy 1ool uarldsunsu
e U oas -
NN wandlenagun 2.7

) ) -
fggnubune —d

o  §

LRt BT ATEY !
e =

GVPIIHRHE ayym E stpay I

Fw RO Wins

Lbunnsspdnininyiauuy teel
% * o P -
R B L e

= Y
JUN 2.7 gunsainsiauuy lool

v ¢ @ 1Y) v da
lunisldaugunsalnisiagiuuy loot Augunsalnnsindidl

s ] o/ A
yyraednaduowiasn 420 mA  3rufusyuulszuIanad
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Wsunsumsinule szdesinisi@eulusunsulainisieulu
YUY tool MlUsunsunsiiundnazysenauluaisga

'
I =

wWiruieudtysyros (Comparator) AuAmfifwun wasmndudny gy
(Inverter) 'Luam:]wﬂﬁﬁhﬁuwm%ﬁﬁhﬁ?’]ndwmﬁﬁwum doyed
wsmmngaSeuisudygraesiidnduguduasideniiuiingy
dygasililidndunilofermsiendanludigunsaigaing
LLﬁiﬁ'wﬁi’lﬁ'fgfgﬂmﬁuwmﬁu-ﬁué’mﬁmmmﬂmmﬁmﬂnawm
NILUIUNT DMLY Lﬁmmmﬁmﬁuﬁw‘%aLﬁmammﬂﬁqﬁu il
IidyaadunmussyaSsuisudyyuiidunnniiidimus sz
Tidyaraoinnuesaouiisudyyinddnduniuasideniiu
mnavdygrassilidyyraordnadanduguinionandny
wasnusenlUfgunsalanving argunsalgavineilundidsdoiagyi
Tindaln Fsmsvhanuuuuiias§endt msviaunuuiowanaiis e
(Fail Safe Design) Aoidlaiintlymnisianainlagfuszuuasyinli
aunsalgavnenyayingIu
® pUnIniNITIALUY 1002 (One out of One voting) Tun1iy
Usni
gﬂLLUUﬁw'Hj’qvmnﬁm‘s"a’maaqﬁaﬁiaﬁ'uszwﬂ'mﬂuﬁiﬁalﬁ

= o

mviheuduuuvesynsy . lunmsiauseunsadiladmiains
AnuRaUnAld viefegaihnuiidmualifesviliszuuaiuaudsde
vl deanmnsanansluzyainduniilaaesiioynsuiu (u
aomzvnwseileiendrnligunsaiaindazvhaulusums
Un) widfinarudanatndunsisludigunsal Sadaladanids uay
ssuvmuaNdsidlilauisanaduaufinnaafifintuiuls sxd
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Tumsldsmgunselnistaguuuy 1002 fugunsainisiaid
Frynauarsmaidusunaen 4-20 mA saufusruuyszananad
Wsunsumsvitals szsosfinsiloulusunsulvdnisviraly
JULuU 1002 Mldsunsunmsinnundnazdsenovlumeyn
Wisuilsudyaa (Comparator) fudfifivun uasfandu
dyey e (Inverter) aawm?waé’mﬂmmﬁuwm‘uaqaqmﬁwﬁwiaﬁ’u
gunsalnsTaiiiniuardygiudunnvesyaiiassdaiy

1%
ot °

¢ v o a o = ) w
@Uﬂimﬂ']i?ﬂ@]?ﬂﬁaﬂ ﬁ]qﬂuuu’]ﬁmﬂﬂmm@@ﬂﬂlﬁmqﬂﬁnﬂau
ﬂtUEU’memaE)im AND LLﬁS mquaquﬁQuLUUﬁmmqmﬂaﬁ

o

a

a93n AND Tuanizunfiandry ufg'lmauwm‘uaamaaamfozumm

1 d o o =l ol 1
nivue dyeaailaawavesgalTsuiisudyyiuaslien
L3 A 1 o ol s d" o Ve
Wugudiasileinmndvdygransidnduniailiduwanes

@ o

a93n AND muﬂuwuamamauwmwwlﬁﬁmmwmaawﬁwm‘uaa

o 1 .

a0in AND fidnfuniisFerinissendanuludgunsalaating
4oy - uAn1Ad gy B unaidusuioanan AuAaUnR

'
a

YBINTTYIUNTT DAL LR AN TUMS BLfing i figelu

i lidyanadunmvosyaUssulieudyguiaiuinnini
Avua s e 1annvoayaUT st igudyyndlan

4‘ A Iu o/ o o e v o -
LfJUMUQLLﬁSLN’D WIUR ﬂﬂUﬁivaUu’lm%;‘:’W'llﬂﬂfy UIUDUNAVBD

[

aadn AND firTugudnansdunmbunayi lidygraiondng
dAnduguiniongaitendesivesnludigunsaigaving &
quastlgavhellunddsdy AagriilindUn usdnilgunsal
midaimladvllufnanuianainsunsievislidnouausaron
i a o =il o/ = s ;

nisarullasvesnseuaunisnan Adillgunsalindndanils
° vooa a T o/ @ o o

viatuumilel 1leaneinasdn AND Aeilladunnsiladividaduy

C4=] ° 2/ & s B & v
Audnasmiiioiwadidnduaudeiy

2.6.2 6irUszanana (Logic Solver)

MsznanailudiudszneuvanvesssuuauauiisAodmsuldussanana
ndeyaisnilinngunsaliauazdanisludigunsalanine fufuduussinanassios
viendldednsiaduargnios maluladvats quuuitanunsailuldlunisussuaanaves
svuumuauilsie msidenlddudslatuasiuegfusuuseneg enfivdu mseduanudesdi
WAeadeatiunszurums, sunavessyuy, auannsalunsilvldenusazanudonislunts
dsudayanie

PLC Lﬂuei:)uﬂ‘ivmawaﬁam'ﬁﬂﬁﬂﬂﬂsxmawaﬁmmsnﬁﬂﬂﬂsvanm"l'z'j’mu
'Lumﬁmvﬂuﬂivmumiwamlwmaﬂmnml,a LﬂuwuaunuaawLwaawlui]aﬂuu
wanantuuds PLC amﬂmlﬂlmawsumiﬂivmawauinmvmmsﬂrm drulszuiana
dmsussuuilsay (Safety PLC) Fadudulszianafioonuuuinimvdmsussuuis o nie
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glumseupuuuuingn (Critical Control) Tumsiienldduyszananadmiussuumun
fsfoudn vevadimsnudan viluliausalddruuszananauuuiily (Conventional
PLC) fusvuulisdslivieaslsidunuunndnavesdiulssuaanaians

dulsznanadmivsyuuilsieasgnosnuuuiluegafiimwiteliussais
nUsvasd 2 Usenis fie

1. #edifimudanarauasfmanidoannuianainlilfdodiyarinay

#1594 (Redundancy)

2. mnuRananfesnensiulavioiluauRewannisiy (Safe Failure)

dulszinanadmivszuuilsdvariinafianiseanuuugunsal (Hardware)
LarlUsuNsUNITAIVAY (Software) atatawuariivarouwvuiielwdeudediulunis
vheniligs 1Wu szuunsrsdeumuianatnansluszuuies Fadurnaunainnisyhausiuiu
seningunsaiiieg Mulusuunsy, flusunsumsiiaiidedels, dyanisviaudisendle
fvinnuraniinAuEanaIn waziinssnwanulasaduidufieedmiuniseuvieidou
Foyariugaamentsdeansuuudinesa (Communication port)

2.6.3 gunsnlgaie (Final Element)

gUnsalsuendnavIevEogUnsalganevessyuunuaniisiy (Jugunseld
nseidunszuaunsitesilinssuiunisedluaameiivasadedaifianisaaunatu
gunsalilimsiluldaudaulng fe 17d335rty (Shut Down Valve)a1da s (Shut Down
Valve) 1Hugunsalgaving (Final Element) YD3BVUAIUANTSAY (Safety Instrumented
System:  SIS) fifin1sldiulugnamnssu dadsdvergnldi Gusiiaengadumaues
wnnsaldunsievseldidudadinavauivnvosrnudeons lagdilsseagidundfid
dnwarmsiniuunat - Wergndsmsinanszuumuasiissosmednaainilugs
Mdges (Solenoid Valve) taldillalvinnudusimeaniotiu  lalassalnaniuluyiins
Un — WUnadavdn (Main Valve) fauandluguil 2.9
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2.7 NTIATIZHOUATIENTZUIUAISNER (Process Hazard Analysis)
mMsAeseisungvnInsrUINNsHARIn Sutunouitdr A lunisimundiasdeed
msdnmieuiliiduilsfvnsednlavesnssuiumandnuasioadsiuumnndesiioddaiuy o
?}}uagﬁuwaé’wéﬁlﬁmﬂm'sfim'swﬁmmé’umﬁwaan‘szmumiw?\cﬂ %Lflu{?umauﬁgﬂ
Amunlilunsgiu EC 61508 dmsuinquszasdlumsinseviasifusil
o AumunaiiulndussieviomimguesgURimaiioniatunnnsyuiunsuan

o fumdunmeiiuauueglunszuiunsndn

ﬁw%’ﬁ'ﬁ'miﬁ%ﬁﬂLLas’l‘ffmuﬁ'uaEiNﬂﬁ"lmwazLﬂu'ﬁ%'miﬁ 138131 HAZOP (Hazard
and Operability) Tun13vin HAZOP agvi1n1siiasiesiduysnssuviumsmngffianansn
Lﬂm’uuiéﬂun%mummamuavm varansenuitliannisidesuuluvesiuysivariy &1
HaNsENUINAISITs UL aunsavinbiiRndunTesudsinenld fudasizviosuuginles
Jnduitadduisselunmstestusunsiofienaasiinty

2.8 Audee (Risk)

AUV YBIAIIIAI LA EINSD Risk mlmmuammmwmaaEJ‘lum'ua 3.1.5 UD4
IEC 61508 4 \Busai] LUumiimnuwaamﬂmﬂulﬂlmmaqmmm‘smaumﬂsmum’]mul.mmﬂ
mmmsmuu n3ona1alaog13d1877 mmmmsmLﬂﬂ‘uulﬂ‘uaﬂﬂsqLLaummwmumaammu
mwmﬁaam memmﬂ'lsm”i.uiﬂaﬂ'lal.ﬂm'uuwsat,nmmulﬂuaaLLauluumﬁmuLwamvum'm
\Ferasi ﬂ']ﬂ’l’l:JLE‘iEJ\‘i‘iNﬁ’lﬂﬂiﬂLLﬂﬂﬂIUEULLUULLNuﬂ’lW’S:'Iﬁ?NﬂﬂJJ‘?ULL‘Nﬁ]’]ﬂmﬁ]m‘imE]‘LIG!‘i’lEJ
nazaudularesmansaldunsay mmsmmmlﬁﬁagﬂﬁ 2:10

Likelihood @

High Risk

ALARP
Risk region

Unacceptable
Risk region

Low Risk

Tolerable
Risk region

Consequence

- =
31J°n 2.10 LHUNNULEAIAINULEEN

-:J ¥ :J al | al d]
MNFUN 210 wiiuladnfige A wdld1Aduidgegauiinindinugunsesin
mmmimaumwamauummLﬂulﬂlm’uaan’ril,ﬂmmmmimamut.mmnu m’l.uamuauaﬂaaiu
mumﬂummLﬁm‘wﬂamv‘lmlﬂ mumm B azilA1A uLds e Lummrmmmsmmmn
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wansalfumsiesuaziimndululdvesnisiamanisalinduiieat Felugnildnagly
mu‘nLUum’umaawamulmauLﬂuamwmmmﬂumiaanu,‘u*uamawwnssmsumumwam
fafulunseenuuunszuiunsndn Wehmsienedausunseudamuinddmmandes
mmumwmwaamvlm WHBIMNITNIIANY LWEJ&J’WHIHFYJ’]MLEiEN'V]Lﬂﬁ]’U‘LJﬂﬂaMJ’IE]Elrl.‘uivﬂ'U
Aoousuld F938nseneg Iegnuuztheglumss il sznaniduidesaly

2.9 Arrudesilsausuld (Tolerable Risk Guidelines)

e ldi1un1531A51 29 UnT 8989 TE UIUNTSHAALAINUTINSEUIUNSHARTIDY
oonuuuneaiduiinudssesunssnnioaifivdla Vidnviosadnssng q fnthiluns
$rfiamudsslunisdidums Weluauiuingey, MU URmUN MInBLaZInANEaNIg
gsna uin1sdmilasimsifteanmnuidesrimldsieiiiatuldld ludadruiunaysslowd
fagldsu Fohlrussnudoesdnssing q lu'a&ﬂuﬁ?’]Lmﬂqﬁ%miﬁuma‘qiﬁﬂ“lﬁ UoNAINTY
udluunaseneszivanuidsaftseusuldgnimualaedadisy duduluasnn veuls
U3tMsonefngang q fvusrisyium i siiseusulies msidenussvingiun i desdi
vauduldifasgnidonatresuinszds tieliiimwannavisiiunsudstunesia

UsweervaTzUY SIS leanaudsswesnsy vaumsnaslug s m e ieu sy
18 @ SIL aguansmmmndesilanaaiomafissuy SIS amnsasild msidends siL vea
nsrUIUN SR eIN1s U Tinguiidinduladnfin s s unUatsinaanudesiia aniuves
nszuaunskanlUSrnsanaanadesiidesnis i 2 %umauﬁﬁaqm's'lumsﬁ')’ﬂﬁwﬁﬁmmu
ﬂ:n:uLamwaammmmmmmm auifedle nsewihiinsanmmidssvosgunsaldudsi

'UuLL‘iﬂ Anwinnuidesesyarafivusuls

Fuiteos LﬂaaummuuazmmgamnmnummLﬁsqﬁaau%’uh’ﬂﬂLi‘JuLmedﬁL‘TJu
JUsIs

UK’s HSE (Health and Safety Executive) fiflunisaudunauiliaenia ALARP (As
Low As Reasonably Practicable) 334l #iiansinilssduenuidvsfeondulals (Intolerable)
Fuidssiishnitgnivensulailsasidugiu ALARP. araanaiidestedlugu ALARP 1y
AmauAssisausuls %‘atﬂummﬂmﬁmﬁﬂﬁammwmﬁaaﬁﬂﬂlﬁﬂumwﬁﬁﬁﬁaﬁ
Anldredudadunlivmnsaniunaysslsniilasy famuideaimning1u ALARP sx1fu
g1 Broadly Acceptable Tughuilifurmaudssiisilgaitlidestinnsinnsan awise
uanalaozunsu ALARP lawagudl 2.11
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F— Risk value _""i

Risk cannot be justified except in

Unacceptable Region extraordinary circumstances

Risk is tolerable only if;

a) Further risk reduction is

Tolerable Region : : 1
impracticable or if its cost is grossly

ar

ALARP disproportionate to the improvernent
gained and
b) Society desires the berefit of the
activity given the associated risk
Broadly Acceptable Level of residual risk regarded as
Region

negligible and further measures to
regduce risk not usually required. No
need for detailed working to
demanstrate ALARP,

negligible risk
Ul 2.11 ALARP

Amidsiemadaiinvasfiuanagegn Wudisingedavedlomalunsas Ui
Amualidmivyaraiileniaidedin f1diniudewensidedinvesiay prageanilen

2
=l

wiriu 10E-3 sie¥ maemanaindllona 1 Tu 1000 Mervesidedintussariaan 1 9 eiles
Huehgeamiannsooansuliiatululssnugramnssy vismideasdnsanqlfussiagiu
A udesiveusfuliduduuiignuanidigaaaneanisidoTinedlurisymning 1063 fa
10E-6 sindl

2.10 n1sanAIA2 e (Risk Reduction)

nfunaUNITERNUUUSEUY SIS Tugui 2.3 wagguil 24 wmsgulddmualiiiingg
Aulunsienvimmeadesiasidnmgnisaidunss lunssutunmswaniivniseenuuy
uazsoalimsusuifiunansenuiiosiiatusnimanisalsunse dwansenuiiintudanade
yARa (Persons), AIndou uagvingaudaeneg (Equipment) vianansuaifild (Product)
sioslimahnisannadssiemgnisaisunsemaniilieglurfisonsuld (Accepted
Level) Serfiansuldiussduagiudarmuavosdldauniaidvadseny (Client) 31
yeusumudsama dldunniosdnlny NI UDATNUAN NN YW BUBIUTINNDAS S
1Asims shadwderimun 1y desfiauvasadoneduitinislulssnu, dedifiveads
Fnasenlugedanadeunsusn vie nszuaumswdndasliveanisiauumuiuly
s leldforimusuasdfivonsuliids lurumsiiaseiingnisaldunsieuaznansenud
m1unn drildnladiunisveanssuiunisudniionniinmanisaidunsty wavdnane
Tormuadandndredu fowhnisananuidssiiiniu Bn1sananaudssaunsanulaly
Tssugpavnssuuandlamogud 2.12
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P

'// COMMUNITY EMERGENCY RESPONSE N,
s Emergency broadcasting %,

PLANT EMERGENCY RESPONSE
Evacuation procedures

{ g MITIGATION N

f / Mechanical mitigation systems ‘\

/ Safety instrumented control systems \

/ Safety instrumented mitigation systems h

f Operator supervision

/ PREVENTICN
: / Mechanical protection system
n i)
\

I Process alarnms with operator corrective actiol

Safety instrumented control systems
Safety instrumented prevention systems

/" CONTROL and MONITORING ™
[ Basic process control systems |
Monitoring systems (process alarms) i

i

i

i

| . ‘ :!perator supervnsmn
|

\ | —

\

( ) Ny
' PROCESS J ]
\ \ \ \\A WA\ n / )

d aal
UM 2. 12 'Jﬁm'sammﬂmaaqlu‘lﬁwuarﬂamﬂssu

NnukunmluzUi 2,12 il Bmsanmudsdlulssugaannnssuiinuii
givialy asmmnmiaanuuuniumumswam'lwuﬂ'a’mﬂaamnalumswmu WALNILUIUNS
Namwgﬂmﬁ_}ﬂuﬂ’]i‘wN’]umszUﬂ’mﬂuﬂ‘sw’mmiwamwuﬁ’m (Basic Process Control
System: BPCS) ¥3assuu DCS Seneiinsdmmsondyananiion (Alarm) 1ilatAnanuiaund
Fulunszuaunisuan mﬂﬁguﬁﬂ,ﬁﬂ'ﬁmsﬁﬂwﬂunszmumwﬁmzﬁqmmauauaq
(Response) ﬁaﬁmﬂmwmtﬁamﬁaLLﬁ‘l’uﬁaE‘J’uElzam'mﬁmUnE‘ﬂﬁ'nﬁuzjamwﬂnﬁ

widuineudsnalunaisduniodujviinisnovaussieanudaunildinaiy
ninanasaitueinszuIuns (Process Safety Time) Avsiflumihiinessy uuinauilsse
(Safety Instrumented System: SIS) virvifideatusunsielalfiAndunuilefdudsSuiila
oonuuuly szuv SIS enseediliiasesdnsugarinu, dliantailianndaisfuniugasing o
Tunszuiunsudn dedidnashadeszuuiisfoniena 1w 11d19ssen1ana (Safety Relief
Valve) Wit gunsalivanilfiazshamidefagaiidmunly dndndimanisaldunsiofniy
oty indslmvdeansiaiisalua ssuullssulududud (Mitigation System) 2g¥1197ulae
nsdedgyaanfeuniududunmevesuinuiaisiadiilve viedudassuudathiuinaa
TugaiAnllud usithimnnsaidunsediliausamunslueyluveuiniirnuaisosd
urumsenenesnnnUinadiamnelulssy vie Minan1salanaty e199zfoandaln
uyusov dnsenewlioanannuiiom 9y LﬂulﬂlﬁluﬂﬂiaﬂﬂLLU‘UINMUBWH’]Hﬂ‘i‘SﬁJ
nsvmumswammummmumﬂaua}umaw*imswmm'lmsﬁaqnwsamsaﬂm’mLﬁmma
amsaiduaTefianeiniu ‘mswmsﬁaanummu%LﬂuwwLaan’[%r{;’lmwmmulﬂﬂu
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2.11 Yunisdesnulunszurunisuana (Layer of protection in process)
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o mstesiutuil 4 MdrstomenafiasvhalasnsWaitossuneanudusenty
vilinusiuluszuuasasegludiiivasnds widninauRanainiifanids
fsfvawhltlilanansairauls anusufesifingaiuaugunsallunsyuaunis
namliannsoesnumiufuigannddldniofiundiAnuduiisonuuures
gunsal azvhliiiansuaninvesgunsaluazifiamsiilnasenludanisen 3
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Value

Other safety

Relief valve protection

.' ‘ Emergency Shutdown
High High Trip ‘ \ SIS AcliorT
7

Alarm System
High Alarm Opearator Action|

[~
Process controf Layer|
Process valu DCS Control

/

d ° 3 s ot =
1?"IJ‘I/I 2.14 MIMuITun1sU 9N uAIULAULAY

Time

2.12 38n1smea SIL Adeanas
1n5gIU IEC 61508 Teuans3snisivunen Si Aideansidudl
® TBBad I (Quantitative Method)
o nsmaaes (Risk-Graph) Fegnitansluumsgruiiiuisidenman
(Qualitative Method)
® m3amANIaiduRsIY (Hazard Event Severity Matrix) Sa1uigiBennnn
Snitwik

[
=l

1A3gIU EC 61511 luana3dnisimundn SIL Aixoentsidussd]
® 35 Semi-Quantitative (Semi-Quantitative method)
® 73 Safety layer matrix %agmmmmﬁaua%‘ Semi-Qualitative
o nymieandesfignuiuiiiuuuds (Calibrated Risk Graph) Sagnuansly
1A U uLUUIS Semi-Qualitative usluuraffldaruazidunuuds semi-
Quantitative
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® JBnsmAuidiee (Risk Graph) gnuansluzunuuiBidananm

® [ OPA (Layer Of Protection Analysis)

dwsuinsiifimmdenldlumsimund SIL snnilanasihis nswianudsauas
LOPA Tnatawizagnadsludiunesgnamnssunszuiunisuan

mssdunisimunsyiuaudasadeniosiaiioniinisuseifiuaudesas
AuunsUssiliunansenuaoujURau (Personal), niwdau (Asset), uazdawindou
(Environment) Inillomafinmnnisaidunsisunieeiisdlauasnansenuiiaaugunssunn
toeiida Hillomaintugauasiaruguusan AszAumuUaeaiengwulume 1o
ma’ﬂ,amaLﬂm'uumu.auummsmmuaa msziunIUanssfage

mmulmaminaamlﬂuq adhildiSeseniardunsmuduneuiuansaglugui
2.3 wayguil 2.4 Faqe LﬂummumumaumsmmwmaqmLuumsa&JLLaﬂumsaamLuu
gRamMNssUNsEUIUNSHAR sdARud W UTuneun T UssRumudes edmundszay
anuvaoadvlifuileaduisfeilagndmun ndsranistuneunisin HAZOP dmsu
lasenisting mai'imuammwmmniumumwamwmmmsﬂwﬂiﬁmmmuuﬁnaLm 184
Whilumadarimunauanmsgiuil nmwummﬂhumummLﬁm’uaaﬁaﬂﬁjuusﬂawaaum
wermusrtssiumuaenfelifuilsdduilsfumaniu deuilavdfunisesnuuuiite
Uulpsszuy Jeonaienandulylififeidulsteitodudslfgneeniu I ifundmiedingy
ANABINS

2.13 Layer Of Protection Analysis (LOPA)

7% LOPA Qnﬁﬁum"guiﬂﬂ American Institute of Chemical Engineers dwuldidu
Fonsuszliuen SIL Adeemsvasitaiduisto

38 LOPA LTUIFT153191080i15 18015 009A U UASIHINNTE UL THE AT VLA
AUNISAIUALAY HAZOP mamﬂuﬂmsmwumaumwauquauammmmsmu (Cause
initiating) wardunsilasiuviadudimnsunse ey gnimseluglues

® nans¥nU (Impact Event Description)

®  UTBIUANNTULSIVRINANTENY (Severity Level)

* swasBuavesae VAN IRAMKANSENY (Initiating Causes)

° Us:ﬁmmmmﬁwaamm&q (Initiation Likelihood)

39U99v93935n15 LOPA f'jﬂvLfJumsﬁ'uLLuﬂﬁy’umsﬂaaﬁ’u'lun'mamamnim
NIYUIUNTHAR Imaﬂnm‘lumsaanuumuammsaumsi’JmﬂummmmaumwawmEJ q%u
%uﬂﬂ‘sﬁmnuuavamsﬁau‘[ﬂﬂmtmn'ummmaamsmlﬂammmmaumiwEJ Funistioauiiil
agmhﬂuqmamnﬁnm'iwammm'sml,am'lwmulmmmsww 2.4
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A191971 2.4 Layer Of Protection Analysis (LOPA)

c 1 2 3 4 HER E 7 8 3 10 1
PROTECTION LAYERS
Impact  |Severity level| Initiating initiation Generat BPCS Alarms, | Additional iPL inter- SiF Mitigated | Notes
event F Cause likehihood orocess F1£5 ete mitigatien, |additional | mediate | integray event
deseription Ftan F.5 F8 design F148 restncted | mitgation event level | likelhhood
F.3 F142 F143 F 144 access F.8 dikes. kebhood F.11 F.12
Ftd 1 F 147 pressure F.i10 F 5410 | F14.10
reljaf F g
Fe
F.14.8
1 Fere from 8 Loss of 0.3 o1 o1 0.1 a1 FRV D¢ 1a 19°* e High
distillation coaling pressurs
column Water causes
rupture column
rupture
2 Fire from s Steam 0.1 c1 0.1 a1 PRV 01 10 1o 10 Same as
distillat:on control foop above
eolumn failure
rupture
N P e S BRI e B N B e S U P P NN N N
e o, . S - - s -
r [, - e i S TN TN, Mh’_,/" - . e W L I""‘ o D X R
N

IEC 302502

NOTE Severity Level E = Extensive; 5 = Serious; M = Minor

Likelihood vaiues are events per year, other.numerical vaiues are probabilities of failure on demand average

N1IDBNLUUNTEUIUNIS (General Process Design) A4A19819L% U n1590nWUY
P | a v a o
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wiantasfesausoanmudsadunse ot unuizan Wy sasinisiva
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o 1 ... Decommissioning 2.7
5] |s | Clauss 1z o

—» Typical direction of infomuation flow
l] No detaied requirements given in this standard
I:l Reguiremsents given in this standard

NOTE 1 Stages 1 through 5 incluswe are defined in 5.2.8 1.3,
NOTEZ All references are to Part 1 unless otherwise noted
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3.2.1 umeunsianeiaruiusuanslunssuaunsuin
(Hazard and risk assessment)
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(P&D) axilunszurumsvesmsinuasmuaudnsnisinavesiuarausu Taeld58n1s
muguiuumaaa Fanszurunisfumseiuansninisinanianusy Tneldanuduiug
sgrindasinislvauasariiluntsialianselisndamunu TasnssuiunisasiSuduain
Huirguosnandafiuiin ( Storage Tank: Tk-003) lustnifiuliiaaina (Buffer Tank: Tk-
001) #srelitunszuIums udhisdahbilnadounelunssuaums uaglvanduduludada
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Ansginianududunsiguesnsrurunisndn Fanasiiesisianududussiedud
na1nna1e3slunnsgiu IEC-61508 - uag EC-61511 Taelulaseauiianinavelaeldss
Hazard and Operability Studied (HAZOP) WWuiglunisiasigrinnnandudunsigveq
nSTUUMSNARTINaIINSATU WY ansnasumsiesgimaududunsieees
nvuaunslngld38 Hazard and Operability Studied (HAZOP) légannsnesaludl



28

= o g a '3 = o ol 1 H v ow € a &
19799 3.1 FIPIURNAANIVDINTITIATIEUANLUUDUATIENN ANV T IUN WAL

Naﬁlax‘iﬂ’l'ﬂLﬂ‘S’l”ﬁﬂ']ﬂ'l'l;JLUUBUﬁﬁ’]EmQuLﬂﬂ‘UU'].‘lJﬂ'iuU'JUﬂ'l‘SNﬂﬁ

a LY

it Nods: Line 2

egnine 1

Pump (P00} vhamifemenn  [(TK001) Smedugaf

5 ¥ , g
e dumrbiiviwe it e ad i de

&
FIYTRIURLE

5
3
-y
o
o
u
™M
[ -
-

1. meietuens verter prumsflsfsnsevy

foonnsy

Pump (P-001) vhaniBemerr

2. fRaudandscudlugriy

lnneluve Line?

Mode Description: redrvrandriisohaad
GUIDEWORD A NERTEMY medeata LoiEunuy
] ¢ €3 o ¥ A T . < a2 & & Y
1. milysunly roriiTeeet Inverter maumsldldndu i s ludwinefud el 1 rvimrdedarevudpasseu

High: FAH)

:‘ o § a o 'u L ‘u’ U i/ i
f1919% 3.2 'i']EJ\"I']UNaaWﬁ‘UaQﬂTi'JLFI'iWSﬁﬂ'J’]SJL‘ld.lu'@uﬂ'i’]UﬁﬂﬂWﬂU?ﬂBUL'UWE&ﬂESU?HﬂWi
a LS s o = g a I
Na'U’rNﬂTi'JLﬂ‘i']%ﬁﬂ']ﬂ')"mtﬂu@‘lm‘i'lﬁm'ﬂﬂLﬂﬂ'UUI“lJﬂi%U'}uﬂTiNﬁm(G\'EJ)

- 5
Project: memsuauaInLtupwi et Auiden

Node: TK-001

v
rut 2

Mode Description: r'{\!afm Q‘.im"'ﬂ:'_’}u""ﬂ {Buffer Tank

=
SNEWETR

3, v

Y .
&4l AU L AALRD i"""l‘!. E“)“L.

2 -
AEuve Line 3

UUER Invertar atual

- » a
Purnp (P-001F vineninnwen

o - = »
PY-10Z wannnzviaeu

(TK-001) EmaiuRugedu suliy
XA N
avnlrtsiodufeatuiinnag

& ¥
LT

1. mamAvsal

a
RAWST

‘a
1 Hertuimny

- s oy,

2. {3 vantsouiviidendu
L, (L -

nnoiusie Line 3

2. rrevbheumns Inverter aquAn

p Sk a
Pumg (PDIvViwusawenn

Az 820 furineullulsaner

=
s 1:?'&"413ﬂ§¢1‘.:

rrtiuvie

- =S ] w | 2w w3 3‘., 4 2 o
2 L vsnusouiviidenaupiirrsaudintsiutwlidosu Bed

ne

3 (TH001) fezvgebu sulusmen

oo I3 ~ a g
'L.’-’k‘ﬁ'!‘fﬂil%{ﬂ‘.- LinReTEmuaLn

Pump

L mmvinenaves dnvener mauan[lifvenrew

et « a3 b
GUIDEWORD L] NEDIIVL rrsod TEiduDuY
. a 4 w day & . 5 £ 3 a 5\ ) e I = - a o« & -
5. Arwaugld 1. visrrumuau A AL dLsa s R eatsinT hivla T ven 2. masirmannessu e Spnnuinou

- - 9 2 Wy fog 4
LR TARUR U '.A‘é.ﬁ‘ii"-h‘!‘:%ﬂ;fé

= . g o
uamiuw (Pressure Alarm High

a
S‘n’::ufmﬂn‘*s‘%:‘ % =l‘érj'i" &?’Qu
2
'LEK.J‘"}L' g .St.?lﬂ'tl'ﬁ"@ﬂ!\"%
=
Eoita 33 ¥458
{Level Alarm High: LAH)

- a & -
4 mysumamane Prezsure relief

& wgy oy f g o8 e
atve aplutwhivieTuven  (TR0DL)




29

= Y a ¢ ) o w v v
M1319% 3.3 S189IUNAANGVDINSIATIEANULT U URT e SR LUl
HATRIMTILATIEI AU U uRs e RaTUlUNSZUIUNISHAR (D)

T
ALy *Té:de: ™02 ra':t 3

. 3 b
[Froject: rramIuauazwiuuiude

s v w3V
[vade Das ToOM: RALIAUlTRU

_
£t NEMTEVL LB
s oMk woa L 5 Y 2w w &
7. A LML LARMTUATUAL A 31U A WAL VivRT AuM BB LA U ltieny
s N z - Sy i oz w
panwaTn (TR-D0Z) uangevy Tuatusmun bedla [EEUL WL BInuN
- (£ v " v e U o= & W o 2
[ HeAadumsvandnsanislvgmiuduitedufnnmmndals AR T
. = - & 3B - i
WHRTUNRWENR 6. masunsaane Fraszure Rslef
. =2 L] v LY v =
3. uftutsaussniviiiensy Valve prplunsm s U A u b genu TK-|
. v
lPrziuwe L4 02
o 2dr BY-101 (Bnnnsdasy

s
INnwan
[E. meviaeruros dnverter mauay

Pump  (P-D01}

o i ] f M Tw w 1 ERE
S ATAURN i WLATURTLUALDRTINISLVE] QULNSTIEVU

. M T v ¥
|2 WENTURIUAL ENTINTLIVS)
% a

[VRTUNAWEOR

Brmviaruves berter mRunn

Pump (P01

Tuunanudazimsanmmnisunssludamesdennusldoumiidy Tned
rusiulduaggnesnuuufinmsumninmandueeniuuresien et Ssa1nseau
wadwsvasmsAnsizieuiudunssuesdsnusildon duausnasuaanduduase
YBINTLUIUNTTLARD Lﬁﬂ‘ﬁummnﬂqﬁ’&'umuaummﬁuﬁﬂuﬁ’mqﬁfyfgm'lﬁ Inverter
AUAN Pump (P-001) ¥namulianana uazn1svnanuiivasndeasnssuiunsudni Inverter
awsoadeli Pump (P-001) Hiheonndeailiifusmilgntmuals

MAIIINANIUNITILASIEYANL T U URS (Process Hazard Analysis ) 2
wuindle Inverter muRL Pump (P-001) FauAnwans vl udiluvedsgedunaziu
walirdumelugsmmfuldo (Tk-002) ffgedumuluse auduanmgldsnaudi
TduduAnnisseidald drganuvasndeldviinisitasisiniudunseanuansenud
\Aatunnnsszdnvosdinadul oy daisauansansenulas

- yaAenuidewie 1 auum
- Aemsuinidu 2.67 au
- \iegURmeIIAERTIn 1.12 Ay
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o Ymdrdmumsiinindinssuiunsudn ilomudugenindfifvun
Tnenseanuuuilsddudissumetostunnusuiunislugmiusulday
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- BunesimeiiinAuiana1n 0.01 (IEC 61511-3 Annex F Table F4 )

- szuumvAuRiugIuiIuRawan 0.1 ( IEC 615113 Annex F
Table F3)

- gUjURnisReanatasedyqrauiiou 0.3 ( IEC 61511-3 Annex F
Table F3)
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lagladinsimundnsaufveuvanseifilidesnis eguuiiugiuniiud
sl o/ v o@ o <
Younansaineeusule 1Wudmsien 3.4

o a ¢ al v v
M1379N 3.4 ﬂ'ﬂllﬂ’i.l@ﬁl:%ﬁlﬂ']'smﬂa EJNSU‘IW

Even Type Tolerable Event Frequency
Fatalities Unlikely 10x 10~
Fatalities likely 1.0x 10"
Multiple Fatalities Unlikely 1.0 x 10°

lutunauusnABIRMMuATIEazdualaazLAsY LOPA Julnuuanisieasides
a v o av v a 'Y 1 W
AnnisuAUYR INANIIalduAs 8liU191AN1TItes 1 RA NS UAS B LAY Fun1S TR ARy
viomuailadaniealindulaezunsy LOPA uansliidsgy 3.5

Initiating
PROTECTION LAYERS Impact
cause
Plant not Pressure Pressure Tank
Loss of Inverter BPCS ,
Operational Alarms Hieh explosion
Yes Explosion
Yes

Operational

Not Operational No No No Event

gﬂﬁ 3.5 lapsinsu LOPA vaalendunistasiudemnusuldaru (TK-002) seida

13U 3.5 aznandliiudt anngiuduvesmanisaldunsiely
niamumswﬁmwLﬁm*ﬁumnﬁqﬁ%‘umuaumﬁuﬁuﬁLﬂuﬁaﬁaﬁmmme Inverter AIUAY
Pump (P-001) ¥ina1uiAWale mnﬁ?u%L%'ngﬂrjzumsﬁmﬁ’udﬁ"’uuin Plant not Operational
nshurenssuumsKAndasiisunuuhaitldseiiios Tneluduilasdrvananudes
sewinsfinssuaumssdniidaihneuiaziiosannszurumsudaviauuuulisodes &
nsruaunsWanlivhaufierlifidusselaqifniu uidhnsrurunisudadeinundaiany
Remanaiady ﬁ%zﬁswuﬂaaﬁ’umﬂLﬂ‘%’aaﬁaﬁ’ﬂ'[uixwmuqnﬁugw dadygaiouniny
AnundsheqUdsfuidionu mnfufufoinufasiimsiiased wasneuavesdedanio
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ol N 2/ 2 1 2/ [Y] =3 1l € o
ifiau (Pressure Alarm High) fwmauauasliedrsgnsipauaziiuianiarlifinanisalsunsie
ety uwidguijiRnuunwsesiedyaiuiiou wionevausdliiurenarfidesnsiagvinli
wansaldunseiiau Weawnanmssaifavestenusuldau (TK-002)
Wesandunounisvinuveanssvauntsudnidunuulideiiios Saviald
mudvaanaMsaidurseRlifiesmsaiidtanas luvasiinssuaunisuanvgaviinuunas
kg =l o a 2o [ a <
spaimsihluRasanlulaozunsu LOPA Tnedafmualunisviiauesnssuiunisnanidu

o
A4
NAMNTEUIWMINEMIIIY = 5 asA x 6 FUAW/AS x 7 Sw/EUAA x 24 2.
= 5040 92lU9n15N9UYBINSEUIUNTS/D
L . LIS BINTEUIUNS
DNTIFIUNTNIIUNTEVIUNIS = 7 - N
H2luan 159 uluniiay
5040
8760
= LRR0
vhrsneg Aldunldadlulassunsy LOPA I
Initiating
PROTECTION LAYERS Impact
cause
Pressure
Plant not Pressure
Loss of Inverter _ BPCS ‘ Tank
Operational Alarms High .
explosion
0.3 1.74E-04
1 Yes Explosion
Yes
0.58
Operational
0.01
No Event
No No
Not Operational

d a/ . o s 2/ -
3U% 3.6 laezunsu LOPA veasilsiduntsteatiudamnusilday (TK-002) se1a
(MEINIIAMUIUNI AR 8USTDEUAR)
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nlaezunsu LOPA agldmmufvoamgnisaldlifosnisdusd
F B Fa X Py X P, X Ps (3.1)
D01 058601 %03
= 1.74£-08 pdaiod
yntiusfsdimuiveannmsniivensuldanmsait 3.4 Fagnrimunduls
Tdmiunseuumsndn Tnaiouananugdefidntuasdused
dfmnselifintussimugidsvieuaduminfiuiu 1.12 Ay Faazagly
NAUY8Y Multiple Fatalities likely wasdruAifisausuldainaisnedt 3.4 avldaiud
wansalfiseniulderiiiiniy 106-06 uazagnuddasinsiamanisaldunsiofia
WRndumnlaozunsy LOPA svfldiniu1.74E-04 Faaemuindisnunnddiloousuls fedu
afpsnsdnwieuiterdulsteuusruuissoielddmivlunsinlfaudssdamanisel

) a1 ' = a ) ] v a w ooy
BUATILAAIANAT ANLARYAITURANGINDUATIENIORY PFD,,, vasilsndullsiendesnis
o al A L4 1 14 o a ¥
dwivanaudeslvioglurnimvunaziludal

PFD,ye = Hazard Rate / Demand rate (3.2)
=  1.0E-06/ 1.74E-04
=7 - LBV SEL0E8
we? o RRE= MO pRDL (3.3)
& 174

NAITINNUYTAAAIAILLAEIVDI55UY SIS AiRssfuaulaonstme
1 L =Y at Al s st £ o & [ P
p1anan lidfeamsssuulsfsfaAsERuAUaenie SIb 2 vasiafdudsty weldlunis
v e o = ' 1
aﬂﬂmmﬁmlmq’lumwmaqmi lpgsyuv SIS A1 SIL 2 agiin1sanmudenyszning
100 14 1000

3.2.3 daiinewaziBuaniiudesmsvassruuinauisienanan

(Safety Requirement Specification : SRS)

lattudsAudmsunseurunisuinian dunistesfulailvdmudulday
(TK-002) 'Luﬂixmun”lsl,ﬁmﬂ'mstﬁmﬁqFhmmﬁuqmiwm'ﬁﬁwumuaﬂs‘fﬁﬂ AUANISYIN9TY
vaalaifullsdeluseavideanraufioanas (Safety Requirement Specification: SRS) lunns
Uszillumudesuasnansenuiiernuaesefuruvasaselifuilaidulssuagldse du
SIL 2 ﬁufu’l,umiaammuLLamﬁan’L’ﬁqﬂmcﬁﬁaqﬁﬁhLaﬁammﬁﬁwmmé’umﬁasamaqﬁaﬁ{fu
isfivdengszwing 0.01 fis 0.001 Taepanuuuassoadonldaunsalaneg THluluau
1Ag1U IEC 61508 uaranasg1u IEC 61511 detayalumsedeluil
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Safe failure fraction

Hardware fault tolerance

(SFF) 0 1 2

< 60% Not allowed 5L 1 SIL 2
60%-90% SIL 1 SIL 2 SIL 3
90% - 99% SIL 2 SiL..3 SIL 4

>99% SIL 3 SIL 4 SiLa

Inglunseanuuuilanduilsfofaansiuaidands 2 sauds Auunldluns
panuuuilanduilsiufodr Safe failure fraction (SFF)uagA1 Average Probability of

failure on Demand (PFD,)
1. Safe failure fraction (SFF) w’l‘lﬁmﬂqm

-
Tneh

SFF

SD

S

=

DD

> > > >

DU

’\sn +’\su +‘\Du

A )\sn +A5u +ADD+ADU

ANURANAIA LI ERTIULE
ARanaIatsHensIaauldle
PIURANAINOUASIERTIATULA
AEANAINDURTIERTIaTU L LA

2. Average Probability of failure on Demand (PFD,,.) wilaangns

PFDc (1002) = 2[(1-BD))\DD+(1-B)ADU](tCEtGE) +

Tnofi

A MTTR+BA (2 $MRT)
DU DU 5

Ay = muilawanedusrionsiadulals
Ay = AruRewanadunsensraduls

B,
B

1l

MTTR
MTR

1l

tCE

= AANMURANAINTINATIITULA (5%)

ANPNURANAIASIY (109%)

B-2B,

a A
nanedslunisfuan

naedgNlslunssouLyy
nadsTanaweILsar FULUY

A T A
= ADU (— +MRT) 3 —A@ MTTR

D 2

(3.7)
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tee = Lanadsianasasidazngy
A T A
-2U (—l +MRT) + 22 TR (3.9)
AD 3 AD
) = IAMPFDUNTVNU (1T=8760%7114)

3.23.1 msifenldnueesilodaludiudunavite Sensor part
\@oNN1581 2051 4-20mA  Hart Pressure  Transmitter
Coplanar Differential & Coplanar Gage ﬁay}aﬁdmswﬁ 3.6

= v
M1319% 3.6 A15NVDYAVDI Sensor Part (951gazidunluniauuln n)

IEC 61508 Failure Rates in FIT1
Route 1, Table .
Device Asp hsy Moo Apy SFF
2051 4-20mA HART Pressure Transmitter e - —

Coplanar Differential & Coplanar Gage o g 258 Az I
2051 4-20mA HART Pressure Transmitter:
Coplanar Absolute, Inline Gage & Absolute
Route 2., Table®

Device Asp Asu Moo Mou
2051 4-20mA HART Pressure Transmitter:

o 94 279 41 90%

Coplanar Differential & Coplanar Gage o i 256 e
2051 4-20mA HART Pressure Transmitter: o o4 279 41

Coplanar Absolute, Inline Gage & Absolute

2051 Fiowmeter based on 1195, 405, or 485 Pnmarnies
2051 4-20mA HART Flowmeter Series? || [5] | SEREISNNL 258 T\ W1

2051 Level Transmitter: (w/o additional Seal)
2051 4-20mA HART Pressure Transmitter:
Coplanar Differential & Coplanar Gage
2051 4-20mA HART Pressure Transmiitter:
Coplanar Absolute, Inline Gage & Absolute

94 279 D

2051 Transmitter with Remote Seals®

| 1 $A A o ot
MIAT tee UWBZAT tee WANANNTITN 3.8 WAz 3.9 mugIey

A I A
t =M (— +MRT) ¥ —iD—D MTTR

A \z D
32 (8760 258
S— (— +8) +—38
290 2 290

= 491.12 h
A T A
te =2 (4 +MRT) + =22 MTTR
KD 3 AD
32 (8760 258
(22,
290 3 290
=.329.31 h

WA PFDp (1002) 91n@un1s7 (3.6) fai)

PFDave =2[(1-BD)/\DD+(1—B)/\DU](tcEtGE} 2 BADUMWR+B)\DU(%+MRT)

258 2 5 258 32 8760
:2((1ﬁ0.05) — +(1—O.1) —)7491.12x329.31) + 0.05x8x — + 0.1x — (— +8)
10? 10° 10° 10° 2

=141 x 10°
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WIA1 SFF 9n@un1s 3.4 f9il

ASD +ASU +ADD

SFF = ASD+ASU+ADD+ADU

0+84+258

0+84+258+32

0.91 %50 91%

Tudrunad Sensor 1{oRINTUIAT SFF way PFD, wadldonld
gunsaliildluilaidullsdonisedv SIL 3 sxseelifwnugunsalimaafiveulfiinaufinnans
wihiiu 1 visasiasldgunsal 2 Mluguluu 1002 (One out of two voting)

3.2.3.2 msidenldausaniuau (PLC)

Lﬁanﬁmim Safety PLC ~SIMATIC S7-300 CPU317F-2 PN/DP
Houafnns1d 3.7

Y

= v =l
M13199 3.7 ¢35 9Teya84 Safety PLC (g51wauvidgalunianuin n)

Probabilties of Failure
Below are the values for the CPU 317F-2 PN/DP probabilties of failire;
Operation in Low Demand Mode | Operation in High Demand or | Proof-test interval
low demand mode Continuous Mode |
(average probablity of falure on | high demand/confinuous
demand) mode (probability of a
dangerous failure per hour)
F-compatible CPU 317F-2 PNIDP | 4.76E-05 1.09E-09 10 yzars
6EST317-2FK13-0ABO

= 1

ludwvassiiaruay (PLC) Feawld

o & o

of failure on Demand) = 4.76 x 10~ GeagldluileriTulssefsesu SIL 3 wavennuuyled

1 PFD,,, (Average Probability

L= 4

Innugunsalmaeigonlyilinanuinnainviniu o viesedldaunsal 1 flugduuy 1001
(One out of One voting)

3.2.3.3 msiaanlge1u21d28sae (Shut Down Valve)
9uidania15a1 Solenoid Valve 8314 with PVST #ann5147i 3.8
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=l o ;
AT 3.8 A39VBYATRY Solenoid Valve (Rsasidunluniaran n)

IEC 61508 Failure Rates

For valves used in a final element assembly, SIL must be verified
for the specific application using the following failure rate data.

Failure rates for the Series 8314 Solenoid Valves in FIT*

Failure Category Foag Poi Feag Adu SFF
8314 OFIT |190FIT| OFIT |100FIT | 65.5%
8314 with PV3T OFIT [180FIT| 88 FIT 1FIT | 99.7%

Applications

Series §314 Solenoid | De-energize on trip, normaily closed

MNMITWAINITONIAT  PFDsc 910@NNITH (3.5) Tudruwas

[

Solenoid Valve lasail

PFDA\.’G = (ADU +ADD}tCE
1 99
= (-—- + ——) x484.85
10° 10"‘5
= 4.84'x 10

UaEMIAY SFF anaNnsH (3.4)

ASD +ASU +ADD
SFk = ASD+ASU+ADD+ADU

0+190+99

0+190+99+1

0.9965 %59 99.7%

1l

Tudiures Solenoid valve iiafiansanen SFF uae PFDy e W2
denldgunsalilfluileiduilsfefissdu SiL 3 ssfesiirurugunsalianiivenlifanniu
Ranwanawiriu 0 vdedasldgunsal 1 saluzuiuy 1ool (One out of one voting)

faifu asumsidenldgunsalnag Tuitanduiissemudaivunoauinsgiu
EC 61508 way IEC 61511 Js@mnsauanilenduilsdvuuununimnszuiunismiuauld
Faguit 3.7
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fbssssill G s o
2

Line 1

g Line 4

d = o = Q‘.‘l ot = )
JUN 3.7 UNun W (P&ID) veanszuumsHaavideinisiafsszuuinauilsdy

gl 3.7 dediamnuRanatavesileddumunumuiuauanivell
WnauiuAuludala Jsastinisdamssuiandudsiolunisdostuausuiuluds swiviu
ilaidulsdudsyneulumeirseslodnaimsiu (Pressure Transmitter) dedreyrailniinly
fednulssanana Lﬁam‘s'maauﬁhmwm‘\’uﬁdmlﬁmnnssmumswﬁm’hﬁﬁhqalﬁm'ﬁ']ﬂ'ﬂﬁ"
AvuAn3a Ll aqnﬁudwﬂsxmawaaséqﬁ’fgfymmﬁwmiﬂé’awéaﬁsﬁa i adelannda Tu
nsvgaunaednsvadluanezdnanlut

3.2.4 andunisdaiiszuuiaaudsselniduluaruitldeanuuuls
(Design and Engineering of Safety Instrumented System)
'Lu*ﬁgumauﬁ%ﬁwmmmmLaéJEJm*luﬁmwmﬂé’umw’uaaqﬂﬂsnﬁﬁLﬁamhagj
Tuvesdiamudasadevsold 9sld Fault Tree analysis mnﬁqﬁ%’uﬁ‘sﬁ’yﬁuﬁmaa‘l}'uu
WNuAM FTA IeRsgui 3.8

AR UR TR
ety

A

FsbATE RO URT YD
Safety PLC

ervwlensmiuareens

Soienoid Valve

pIsimnamiun ey

Prassure Transmittar

LI O T
Pressure Transmitter

d fo a a
3UN 3.8 uwunn FTA vesiliiduilsie
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Tnelumsmanadeauianainsunsieveailaddullsfoay faatin Average
Probability of failure on Demand w3oANaAEALAANAINSURSIBTBENTIANRRYAIL
HANAIADUATIEYDINTEUIUNTSHARIAUAT Average Probability of failure on Demand ¥84
ﬂssmumiwﬁmaﬁ 0.01-0.001 wiafiszéu SIL 2

PAUNUNWEINTALARIANNNTARA A UAANAASURT BT B T U s

Tanail

PFDA\/G S”: = PFDAVG Sensor + PFDAVG PLC + PFDAVG SDV

! A = a £ o o o/
PFD A SIF = AlRdgMIURANAINDUATIEVDININTUTSNY
PFDavs Sensor = ALAdgAINRAWAINIUATIEUDY Sensor part

U d - ot
PFDa PLC = ANAUAMURANAIADUASIBYDY Safety PLC
PFDa SDV = AlR@umnuRananndunsievay Solenoid Valve

NNMNTNA 3.7, 3.8 llay 3.9 9IAF1 PFDe (Average Probability of failure
on Demand) vadunagdunsil

PFDyc Sensor = 1.41'x10°
PFDA PLC) = 4.76 % 107
PFOe D3z — 4.84% 10"
szl
prold o7 141 x10° + /476 X 10" +4.84% 10"

= 1.1% 10"
ANRAYANEANATA Suns18Ye sl AFUds oA S 00n LUV TR
6.25 x 10" Bafishsnianiisesnislusesu Sit 2 (n3eeanaraliinaunsaluaz suuuud
wenldanunsathluldaula)

3.3 dandasnssuvesszuuinauilsny

(System Architecture of Safety Instrumented System)
dandmenssuvesszuvinguilsdovasnsruiunmsvsveniaunsalldmunueiagds
= Lo =} i a
uanswazdeaieafunssuiunsuaziAdevedoasuasssuumuaunsHan

3.3.1 asAusznauvesduatuauluszuuTaauilsiy
asrUssnovvedumueuluszuuaguilsioasuanssvazidunuosgunsal
meluszuuiianun Wy MR (PLC), MuUasdiyy1:isening 4-20mA way Profibus D/P,
awdendunaluga uasidmealovineluga
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{ Analog
Input

ETHERNET

PROFIBUS DP

4-20mA

gunsaluasioyono
0-10 VDC to 4-20 mA

v

d o/ - o/
EUVI 3.9 LLﬁﬁ\‘iﬂﬂ']ﬁﬂElﬂ?SM‘U’Oﬂ‘SL’UU')ﬂF}NH'ﬁﬂFJ

3.3.1.1_fAuAxN (CPU3LTF)
[ | o ' [ i P ¢ o 1
Wuaiudssnanallasiounanuaunsalnieg lnginesnitouns

L]
=

Usznoaume wasalusivann wasmduiile losluntidanldsmiuanvesdiuud CPU3LTF

9

U S7 300 MBIaYIHE 6EST 3L7F-2FK13-0AB0. MagUilieguil 3.10 hazmi1ansil uans
anwauziIluves CPU3LTF

UMl 3.10 femunAs (CPU31TF)

5197 3.9 uananaudnuElUYeY CPU3LTF

nofuvesmuay STEP 7 V5.4 SP2

onsINsiudevoya 1.5 Mbps

ﬂ"ﬁa‘:ﬁUﬂTINUﬂBﬂﬁU’UENﬁ’Jﬂ?UQM SIL 4
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3.3.1.2  fuwlasdynnszndie 4-20mAunazif (4-20mA/DP Coupler)
Lﬂuqﬂﬂizﬁﬁ't"z'i’l.l.ﬂaqﬁ'fynpmwiwqIUsWﬁaﬁﬁﬁaQTuﬁwuﬁa

muAuudygin 4-20 ma feglufugunsaliassduiladiasluiifidonldaunsaluvas
dyeyieuvesdiuiud ET200M §u IM153-2 mueiasa 6ES7 153-2BA02-0XB0 fiagul 3.11

BASHIIN GﬁLLﬁﬂGﬁﬂUﬁNﬁﬁﬁlﬂ'ﬂﬂx‘l IM153-2

gﬂ*ﬁ 3.11 shudasdyginsyning 4-20mAuashi

= w o
A15197 3.10 uaminnanwuyMIlYey IM153-2

Supply voltage Rated value (DC) 24 V
9PN ITUdBYa 1.5 Mbps
BUS protocal Profibus DP

}.3%3 amﬁanauﬂﬂiuﬂa (Analog input Module)
\hugunseildsurdyanila 4 - 20 ma NngunIalinsray
Wadl (Field Instrument) iivedsdyaludssuvasdyaiadoly Tnsluitluitidonls
owdendunalugavesBiund Al vurgause 331-7KF02-0AB0 fagudl 3.12 uazansnedi

3.12 wansanunginllreseunfondunaluna
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d a GIJ =
A1319% 3.11 wansdnwazhluresaundendunaluga

nsilausadey e AOFTYEUILUY 4 ang
vy 1B UNR 4 mA 1 20 mA
NIRIANARY QY ULRD Y channels 0 and 2

3.3.1.4 A3mpalemnnluga (Digital output module)
L@uqﬂnitﬂﬁﬁaﬁ’mmm Digital 0 %30 1 muanwauy Close or
Open Switch iielddslun1s10a-Un Shut down valve Ima’luﬁiﬁuﬁﬁﬁaﬂ'ﬁﬁ%maaLmﬁwm
Tugavasdind DO fu SM322vnelausa 6ES7 322-1BLO0-0AAO fagufl 3.13 Waran314il

315

3U71 3.13 Admealeinmluga (Digital output module)

A o EIJ aa
A15190 3.12 uansdnuasmluvesidnoatevinaluga

Supply voltage Rated value (DC) 24 V
Adtygans 1 87uend 0.5°A
AdtueyI0d 0 81UAIT 0.5 mA

3.3.1.5 TUsunsu SIMATIC Manager

TUsunsu SIMATIC Manager Ao in3esilofildluniseonuuuuay
Jansmsvhauvesssuuiliiniseenuuulideunin Tasanunsasarnisideuseniadiy
813nW23 (hardware and network configuration tools) warn1sidenldntwidmsunisideu

lsunsuAIuAy
TWsunsuiifududsynaundngvealusunsu SIMATIC MANAGER

Teiun

- Configuring Network %38 NetPro configuration tool #®
in3oafledildnsnfinlunisuananisifeurevnaidudile
sl wazieSetnedesBivefidamisgnamnssy wisaile
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ﬁﬂaLLﬂm’LﬁLﬁuﬁmﬁL%amiaﬂaqLLr.aia::q‘LlnmJ T PIUEGERE
msideudevesgUnnifefiuies

- Hardware configuration fA® a3esilodmuifinsiede
QﬂﬂidﬁawmmaaluixUUﬂavﬂuLLasLﬁuﬁagaqﬂﬂ‘sﬁﬂﬁ%wm
WU URn1sanuusadfenadusunsuls

- Ladder Diagram f® Logic Auguldlunisimunddsler
nszurumsdulunuiioanuuul’
S7 Distributed Safety Program V.5.4 A \sasilaildideu
Tusunsu Safety uieldoonuuussuuinauisss Taantely
mlusunsuaziifanduudoniitay 19y FB 190 F 1002D
1002 Evaluation with Discrepancy 7ild@msuTusunsunis
19Uy One out-of Two Voting lun1svireulile
Uostunmsifnenududunsieveanszuiums

3.4 ﬁumaumsﬁau Safety Program 1002DI Voting
wé’w1ﬂﬂ\hwﬁ‘jumaumiLﬁaﬂiﬁﬂﬂuﬁaﬁ%’ussw’a’mﬂuﬁiﬁa’LuLWaﬁ 3 (hiedl 3.2.3) mu
A1sEBNUUINASEI IEC 61511 Nudatiu Tuduvesiumeu] sudumsieulusunsueld
nuititusisnanlidhiudeulunldeanwuuld (1002 Voting) Tnsdunaunsidou Safety
Program 1002 Voting (One out of Two Voting) Tilssavduauastunouswelud

3.4.1 WnsnisnsrrnouiinvesszuuSalul (Automation System: AS)
’Lui?umauﬁmmflumsﬁ'l Hardware Configuration, Network Configuration
LLaﬁ%’msﬁgwhwnﬂﬁma%ﬁqmuqu (PLC) Wausaviranulalunisldanu Safety Program
Faldosursdunoumsaniusuliluntanuan .1, DIARUIN 2.2 AATNAIANUIN 9.3
ANNEIRU

3.4.2 M5E319 Safety Program Iﬂﬂnﬂ‘ig’a F-Runtime Group
Tunsifigu Safety Progran s $110udosiinsadhs F-Runtime Group i
Avuaitanidu Safety Tunisvienu Tnesisazideauazdunaulunisadns F-Runtime Group
uldgnuanslilumanan a

3.4.3 lassasauasmsiiauvesilendu F_1002DI (FB190)

3.4.3.1 lAseadwveswendu F_1o002DI (FB190)
lAseaiavoaflandu F 100201 (FB190) Hua1u15auanis1easiden
§fagun 3.14 uazgud 3.15
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777

"F_1002D1"
EN ENO
. =IN1 Q..
. N2 CK_REQ ...
. —iDISCTIM ISC_FLT  |-...
. JACK_NEC DIAG  |-..
. —ACK

sU 3.14 dlarfduudenues F 100201 (FB190)

ddress |Declaration N

B N
e L S &

B

b )

i,

e ||

” 4

7 Pk

Solodt | IoiAG

UM 3.15 Data udonuasilaidu F 100201 (FBLI0)

Ol

F_1002DI (FB190) ¢l

1

o e

[
ot

< = I = ¢l ' e/
ngun 315 wuamsaeduivAnsiliineshegnieluilafdu

a v

a o o P a
® NI i Bummian 1 nedviadoyaiduiuy yau

U

a o ol & o/ =l
® N2 fio Bunweinfl 2 lneflafindoyadunuy yiu

U Y

< ' '
® DISCTIME f® LANUAAINIAILLANAIITENING INT LAY

N2 (IneflAagsewing 0. 60 Fui)

®  ACK-NEC dufuaain 1 muearudisyuuiuiinisfionsan
NMsnoUALIREAMATNARNEATAATLAINAILANAT B
1381 (discrepancy error)

® ACK fie msnevauasredynyInifiounufinnatafiiingu
(Acknowledgement)

® Qo lwinmvailiidu Inedviindoyaduwuy yau

® ACK REQ asiimsuansaniugfivoillossuuiineuiiawais
Fuindu (DISC_FLT fdviady 1) Tasdnduasdn 1
WAL INT way IN2 denuwviloutuvesdynyiudiidi
11 wazt1aadnidu 0 wureAINd INL way IN2 dady
wansnafuasdtya N



45

DISC_FLT dfuandn 0 agmunsfandslufinnuiianain
Wndunelussuu wazdmndasdnvady 1 vuneaud
SEUUTULARAMURANATALLA?

DIAG #® Service information

3.4.3.2 A19N9uYaINeNYGY F_1002DI (FB190)

(7]

ASEA 1 Bunm 1 (ND) uaz Buwn 2 (N2) Sewindu 1 agle
lwinm (Q) wirfiu 1

nstif 2 Bunm 1 (IN1) waz Buwn 2 (N2) fiduviaty 0 avld
R (Q) Whiiu 0

n3alA3-Bumm-1.(IN1) uag Bunm 2 (N2) Heuandneiu
Tnddunavieaaaddrmansinsfundatu aginldiadty
Discrepancy time (DISTIME) (3usutianiudl a1nduda INt
uaz IN2 druansineiu usdeegludaguasinat DISCTIME #
Aawualiszuufdearuasavinavldaaudsnd (luifn
DISC_FLT) uazagyilitenvinm (Q fiAviiiu 1

nSOIf 4 Bump 1 (ND) wag Buma 2 (IN2) derumnsneiu
Tnefrdunwnisassiidunndraiuudaty axvinldiadsy
Discrepancy: time (DISTIME) 13udutaanyiudl aanduda IN1
way IN2- fdumnsdreiuiiuniisyesinal DISCTIME il
Awuald szuufeeddygin Fault WaTunielussuy
(DISC_FLT daviniu 1) wagagvinlwiaing (Q) SAwviiu 0

L] n‘i o GJ 2/
INNTEUIUNITNITVN I UTHNUAYDINIATY 10020 (FB190) ¢
Y 5 =l - . o o et 4
DOUNYUUY dNsaluBY Timing Diagram mammulmmgﬂm 3.16

Timing Diagrams for F_1002D|
fACK_NEC =1:

IN1

IN2

Q

DISC_FLT

ACK_REG@

ACK

DIAG (Bit1)

DIAG (Bit2)

i

dm———

|
—

DISCTIME DISCTIME | DISCTIME

{DISCTIME
i

g‘dﬁ 3.16 Timing Diagram n15%1191uveeengu 10020l
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3.4.4 sudlunsifouiledtu 100201 Voting mufildviiniseanuuuly
o i o 3/ o o
Ingluntseanuuuieandu 100201 Voting Hiu #een1sviiniseenuuuiiialy

d997u Shutdown Valve fifiguuuniseeldenuiu De-energize to trip

3.4.4.1 %iM5@319 Data Block2 (DB2)

vin1sadhe B2 leldiluiiivdoyalunisdsdisdeyadunanio
1@ 1inmnn 1wl Safety Program (FB1) fiu Program w12y (081) 'I¢ lunsaidtlaflald
guUnsaiuma (input Module) uazgunsalioning (Output Module) Mugunsal Safety
Device 931 (nglulassuifldligunsalourdon Sunm Tuga uay Adnen loinm luga 7
laflsidugunsal Safety Device 939) Tng38n15a31a DB2 vinldAe Adnfl SIMATIC 300(1)
Tu Project window > CPU 317F-2PN/DP- > S7 Program(1) > Blocks > AAnTIRLTING >
Insert New Object > Data Block (neisdonly DB2 taudu F-DB) ﬁagﬂﬁ 3.17

B T

Cut_Logic_Compare_AIl FALSE Temporary placeholder variable
+0.1] |Out_Logic_Compare_ALZ BOOL FALSE
+0.2| |OUT_Logic_VALVE |BOOL FALSE
T . : = - -
ENB_STRUCT

U 317 Foyaitegmelu DB2

3.4.4.2 Wyuldsunsalu OB1
Tnaidanduilananit 0B1 ud@sulusunsudail
Network 1; {Hun1siSenlinuiladdu Move Lilevinisdhedeayan
owiden Sune M 1 wiiulilumhernudrwesiiauna (PLC) fisumis Mw20 fagud

3.18

OB1 : "Main Program Sweep (Cyde)"

mment: %;A‘ /‘,ijif &
N A
ENetwork 1S
(Comment: ' gy,
HOVE
EN ENO
D256
"AI1"IN _OUT FMwW20

Network 2 : Title: _
e 13

= Yo o i o v v a v e
JUN 3.18 misldAda Move ievinishedeya eunden Suwa fai 1 wnAulily
wiheAuURWIMmMUAN (PLO)
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Network 2: {Hunsizenldauilaidu Move tilovinnséhedeyasin
a o ] 1 o o i o 1) a/ :J
owden Buwn f 2 ufvlilumheaudswesinamugu (PLO) Tidhumis MW30 Fagui

3,19

MOVE
EN ENO

"AI2"HIN OUT

—MW30

= Yo o 4 o N a O |
Ui 3.19 nsldda Move waviniséheteyaain awnden duwn s 2 wuAulilu
MgAUIWeRIAILAN (PLO)

Network 3 Wunisiienldauilaridueurden ana (FC105) tiavh
l a v o o v v | | v ¥
msanarawden Suma fafl 1 A Theglutiiidiaanas Talulasseuiidunisaina
eudondunaiiilildieyszning 0 th 100%) fauanaladagui 3.20

FCI05
scaling Valles
"SCALE"
EN ENO
MW2{IN RET_VAL ~MW22
MD59HL_LIM ouTt —MD24
MD54LO_LIM
M58.6|BIPOLAR

o v w a4 qu i a v o
3UN 3.20 msldawilsdtuounden wana (FC105) iioldianarounden Bunm sl 1

al v ¢ o o o
Network 4: 1HunisiSenldauisndusuidan ana (FC105) liteyi
] = a o o o w ) el o &
nsanarawaen dunm fm 2 A Wedlutiidenis (eelulasssuiidunisana
1 o d 1 | 1 1 = [ L n‘
Aewdendunmiiianlyididegsening 0 fla 100%) Fauanaldsegud 3.21
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FC105
scalng Values
HSGALE?!
EN ENO
MW3{IN RET_VAL -MW32
MDS5QHI_LIM out —MD34
MD54LO_LIM
M58.1BIPOLAR

o v o | v 1 a v o
JUM 3.21 misldnuileidupwnden wana (FC105) Wielfianamamnden duna fil 2

Network 5: 1HunsiEunldauileddu Compare (Hoanimiomiiv)
< [ < | [ = v @ 2/ € o v %) d .
WovhmsidSeuiigumeuniion dune s 1 (rdsaindriladduainaunda) fuen Set Point

(Inglulasaauiisiaa Set Point iy 80%) fagudl 3.22

Comment; —.

A €

CMP ==R DB2.DBX0.0

N |
N d |

MD24IN1

MD4gINZ

‘J & s L% 1 1 U d‘ o 1 I
JUN 3.22 iy Compare (fpanimiawiniv) ievihmsidisuiisusenineeamnden
dunm f7l 1 fue Set Point

Network 6: 1umsisenldauitaidu Compare (WosnimIamiu)
a4 o = ] a o 9 v ¢ Y [ .
Wevihmsifseuifisuamnden Bunm dam 2 mawinidiladduainauds) fuen Set Point

(nglulassnuildisdn Set Point Wiy 80%) fagudi 3.23
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CMP ==R DB2.DBX0.1

i |

iR |
MD34IN1
MD4IN2

P ¢ o 1y e " 4 o =l - i |
3UN 3.23 s Compare (Mosnimiainiu) eynnsiUsuiisuseninemaunasn
= o al o 1 =
BUNM AIN-2 AUAT Set Point

Network 7: - 1fufrdsingartensine Aldainiladdu F 10020l

(FB190) uifulilu DB2.0BX0.2 arndufetiievinanin DB2.DBX0.2 undurdaonving
gavneiiieluvinnsds Uavdediannda faguil 3.24

iNctwork 78S

QU0

"OUT_

DB2.DBX0.2 Valve"
| | (—A

d o ﬂ’j = -y
3UN 3.24 Mdsllanselanndn

Network 8: 1Junisiienldaudrds call iaidumdaSen safety
Program (FB1) filévinsadie F-Runtime Group Tutunaudl 3.4.2 diguil 3.24

DB1

FB1
EN ENO

3Ui1 3.25 msldnds Call itoidenldaw safety Program
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3.4.4.3 Weulusunsulu FB1 (Safety Program)

Tneidonsuidandnit FB1 ududoulusunsudal

Network 1: {lun1sgreddunmsnil 1 :nTusunsauusni (OB1) (da
NMIIMsTeudiguiua Set Point ISeufasudl) unAulilu DB2.0BX0.0 iitalduniily
Minoadunanelu Safety Program (FB190) fiaguil 3.25

FB1 : Title:

Comment:

Network 131
Comment:

DB1%0.
DB2.DBX0.0 DBX0.0
- -

§Ui 3.26 msdremBuesnd #it 1 (OB1) anaglu Safety Program

Network 2: {lun1sghadndunami 2 3mnTsunsuusni (OB1) (&
PMHNMSWTIUTEUTUR - Set Point ISeusauudq) uuivliluy DB2.0BX0.0 iielduiy
Minoadunnniglu Safety Program (FB190) faguil 3.26

Network 2818
Comment:
DB190.
DB2.DBX0.1 DBEX0.1
It I |
Il L) ]

Uil 3.27 mséhermBunausnd fail 2 (0B1) weglu Safety Program

Network 3:  iFunldarudanidu F 1002D1 (Fb190) wasiem
AmTlinesaneg dgui 3.27 Tnelissazideaveansfmesineaeluteidu deldgn
asunliluite 3.4.3.1
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Network 3R

Comment:
DB190
FB190
F_:1loo2
Evaluation with
Discrepancy
Analysis
"F_loo2DI"
EN ENO
DB190. DB19aQ.
DBX0.04qIN1 Q —DBX8.0
DB190. DB190.
DBX0.1qIN2 (CK_REQ —DBX8.1
TH#OMPDISCTIM DB190.
MSC_FLT —DBX8.2
DB190.
DBX6.0~ACK_NEC DIAG 125
DB190.
DBX6.11ACK

U 3.28 msmdmniwesneluite®u F 100201 (F3190)

Network 4: iunisatenovinnanieddu F 100201 (FB190) LU
ity DB2.08X0.2 Werhluldidwampdnndslilaviaidanehilsunsuusni (0B1)

DBX8.0 DB2.DBX0.2

|| i

3UM 3.29 msdhedeyannionivavesilaidu F 100201 (FB190) WdslsindUamiedn
melulusinsuusnd (OB1)



unii 4
NISNAADILAZHNANISNAADY

4.1 Al

Tulassuiifunismaasuasnaasuldary Safety Program 1002DI Voting Tnalu
mseenuuuilarid 10021 Voting 1t Foamsviniseanuuuiieludseny Shutdown Valve
fflguuuunsaeldamudu De-energize to trip Tnglunisvaans \Wunsdransdyaraduns
1ngUnsaldn (Pressure Transmitter) ldoanuuuniluundl 3 Tagnislégunsaiuvas
dyaannl 0 - 10 voC wWasudunssua 4 - 20 mA WA TUAY 1 B uwAL T H Y
aunfion Bumm Tuga (Analog Output module) udagatilaridy Safety Program 1002DI
Voting nsludmugu (PLO) ftothdyganewinmaan Adnea oinn Tuga (Digital
Output module) &slanFailn Shut Down Valve sslusunsuiilfesnuuuly Fagud 4.1

Analog Digital
i Input Output

PROFIBUS DP

4-20mA

gunsalasduana
0-10 VDC to 4-20 mA

= ' 7 ) 4
3Un 4.1 anndnenssulunissensmeassldauitsddu 100201 Voting

4.2 Fensvadevaurfendunn luga

msienszuaiuazindnszualwihlifiudmunuewndenduws Tuga Tnsgunsal
wlasdryaadlnii 0 - 10 vDC Waswdunszua 4 - 20 mA fisluguit 4.2 dmudnenseua
Tiffummuguewdion Suwn Tuga fagud 4.3
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| | POWER
LTk
| TG ae

C€

ASAHI KEIKI
TORYD JPAK

r,

3UM 4.2 gunsoluvasdygnannl 0 = 10 VOC wWaswunszua 4 - 20 mA

PN

= R ' N
UM 4.3 Swnssualiiuinuauewden dunm Tuga
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4.3 /N1IVMAaR9
Luaqmﬂluiﬂiaemu‘laﬂmumwaaﬂnsmauwm n309Unsalto1ving (Field
Instrument) 1Wluasalunsmiiiuau muu’Lumsmvmwamswmaaqmqquu Jadudusioag
Tum1374 Variable Table (VAT) m1elulusunsu SIMATIC Manager Iﬂtl']ﬁﬂ']'iﬂf\]uﬁi’lﬂmﬁ’lﬂ
Variable Table (VAT) ifloungdrvasiutsviadmisfimessnegiu anutsoaieldniu
35ms il
1. AAn# SIMATIC 300(1) lu Project window > CPU 317F-2PN/DP > S7
Program(1) > Blocks > AANYIMUAIIN > Insert New Object > Variable
Table (VAT) a¢ldaguit 4.4

% VAT -- Project\SIV 00(IRCRY 3I?F-2 PN/DP‘\S‘I Program{l}
,‘gl Address | Symbol | Display format | Status value | Modify value

A SNW\Wi#e

$UR 4.4 wihshavey Variable Table 1 (VAT1)

2. Amusdwsiliee i faulalunisveaes fagud 4.5

Modify value

- FLOATING_POINT
FLOATING_POINT -
EFLOATING POINT -

' MD 54 : : :
DBEDBX nu B o A
DBZ sz u 1 '
DB190.DBX 1
: ErEowTinas

16| | DB190.DBX
17} DBIQD DBX

................................................................................................................................................

'51J‘V1 4.5 ﬂ'I‘W']'i']liLﬁ]E]'Sﬂﬁu.LﬂUﬂ’l'iﬂﬂﬁﬂd
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MNFUA 4.5 tiuanunsossuiedmisidinesitogaielu Variable Table 1 (VAT1) 1

W 256 fia Adumm il 1 Adwilusinden Suwn Tuga

<l =

W 258 Fa Adune @i 2 Aidranluewnden duwa Tuga

= a 1

MD 24 #a ABunn @ 1 waannduilsiduainadunn (Feoziidreg

2

SEWIN9 0 — 100 Wasigus)

b

MD 34 @e fvduwm i 2 ndankuiidudinaduns (Feaziee

€

58139 0 - 100 Wasidur)
MD 40 fi Set Point (agnrinuualiil 80%)

e

MD 50 e mguanvasilanduainaduns @gnfmualivindy 100)

]

MD 54 fip FrngauesHaifuainadune (Fagnimualiiviiiy o)
< 4 a a v o a ot
DB2.DBX 0.0 Aa 1o1vinaladnvesdunmmin 1. Aduiladdu Compare

W3suieuiuaT Set Point

a al

DB2.DBX 0.1 #® la1vinalainuasdunadiafi 2 fidauiladdu Compare
Wiguiguiuen Set Point

o =l

DB190.DBX 0.0 A Bunmladngadl 1 veerafdu 100201 (FC 105)
DB190.0BX 0.1 fle Suwnladnsil 2 vasilsidiu 100201 (FC 105)
DB190.DBX 6.0 fig ¥ ACK NEC waaWendu 10020! (FC 105) Tneaziian
wiriu 1 sigluniseaeniiunisfedidnisnevaussseniarwianaind
ATuanmINILANAIYe e (discrepancy error)

DB190.DBX 6.1 Ao 91 ACK veoaflendu 1002D! (FC 105) (Wudiuvadnis
nvauasiadyndeuAERanaIaRAATY: Acknowledgement)
DB190.DBX 8.1 fi 91 ACK_REQ wasilaridu 1oo2DI (FC 105) aiin1suans
antuzAneideszuuiAamufianarniuwinty (OISC_FLT fawiiy 1) Tng
f1duasdn 1 Mg udn IND wag IN2 faumieuiuvesdyaauiid1un
warinaedndu 0 muneAImdl INT uag IN2 mnuuandaiuesdyyiai
CrighTy

DB190.DBX 8.2 g v1 DISC_FLT woaHeidu 1oo2D! (FC 105) dnduaadn
0 vgmurefieirdalifimuianarmiintunielusyuy wasdmnilanin
wihitu 1 mnemriissuutuiiamuiawaiaud

DB190.DBX 8.0 fig 1@1vinaladn voeiaridu 100201 (FC 105)

Q 00 e winaladniiddlude Adnea to1ving Tuga iiledesuluds
Shutdown Valve Tasdilanviady 1t aziinasrewlulsiy shutdown
Valve uagdnildminiu 0 du axlifinmsselwluléiy Shutdown Valve
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4.4 NANIINAADY

ada & s @ MY a1 w 3 (| .
4.4.1 nsfiNBuwANsERIRInTIITUA ALY wasfid1deendtdn Set Point
aa ¢ o i o ol v o Y]
nstlaunAnigunsain1sin Pressure Transmitter #2911 LAzl 2 asaadu

1 v o @ () 1 v oo | 1 . % al o
ldvssewiuiiuuazdmoglusziufisnndten Set Point (Set Point dA1vinfiu 80%) Tne
AR Pressure Transmitter visapafans v dualaivindu 12 mA wiaivindu 50% Fauana

Iéistagu a.6

ﬁ VAT 1 - @Propct\SIMATIC 300(1}‘;CF'U 317F 2 PN;‘DP\S? Programil) ONLINE
,...g Address Symboal Display format Status value | Modify value

W 256 "ATL" 'DEC

ln_.‘_l_

In2

MDD 24 g """"FLOATING POENT
MD 34 : LOATING F‘OINT

i i M LS
......... g

e A PR T
T e Dax"' e OO S XS
o | Eseee

11] | | pB190.

12| | DB190.DBX
| DB190.DBX

wlmm.pt,uml-—n

<o

6.0 i
61; ; ‘

HT

1
15| | DB190.DBX 8
16| | DB190.0BX 8.2
AR

'18 Q |3 [] "QUT Vaj\;e“ | ﬂ; /

Out

i‘IJ‘VI 4. 6 ﬂimWaUWﬂW\ﬂﬁadCﬂ?@ﬂ%%Uﬂﬂlﬁm”lﬂu Hae '1ﬁaam'1m Set Point

ada &

4.4.2 nsmwauvgmmﬁaaﬁaﬂsaaﬁuﬁ']‘lﬁwhﬁu wasliAnuINN7IA1 Set Point
nsdlaunAfigunsainisin Pressure Transmitter fafl 1 uazdail 2 n5793u
1 3 o/ 1w 1 o J 1 1 % i 1 1] o/
ﬂﬂﬁmaaammﬂnuLtazﬁmag’luizquqm'}m Set Point (Set Point fA1YINAU 80%) 1ne

17
al

ANURLN Pressure Transmitter M19@0997AS23UANLALYINAY 18.4 mA MSawinfu 90% &4

wanaldinagui 4.7
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9
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in1

sa o a = o
4.4.3 psaiduwafan 1 iiaAnaRanainlunIsyiney
=l Aﬂl o L 74 o/ " o/ n‘ =y
nsdlauuinauuiligunsninisin Pressure Transmitter ®f 1 inA21Y

RAnannlun1svinay (mmﬁmmmnqﬂmzﬂl,ﬁmm'lmﬁamﬂ NIDRANAINIUNITNTIVIUAT)

ﬁuwmmammm’awum"l,mmﬂu wazdatesuInning Set Point

X8 VAT_L -- @Project\SIMATIC 300(1)\CPU 317F-2 PN/DP\S7 Program(l) ONLINE
5| Address Symbol |Disiay format Status value Modifyvalue]
1w 256 LAz | DEC 24012 ;
2| i 238 AR o 7 34555*<
3] mp 24 | FLOATING_FOINT _ 9010417
4] (M 34 * FLOATING_POINT ~ 90.01736 j
5] M a0 'FLOATING_POINT | 80.0K et In2
6] Mp s0  FLOATING_POINT _ 1000 =  100.0 nem—
7| (M0 54 "~ 'FLOATING_POINT | 00
5| |pB20BX 0.0 'BOOL '
ol ioe2oex 01 | T Trgool
E iR e~
il oeiso.0BX 01 Tlgool i false
2 osioo.oex 60 [sooL’
13 508199 sz“ 61  -To o
15| | DB190.0BX 8.1 Ceool
5| | DBI190.0BX 8.2, . BOOL
E COF ™ i
E“ "OUT Valve! | 800L OU'C
dﬁ
fUN

lngAnadulatuddidiniaey Set Point Afavun (Set Point danwiniu 80%) Tnsausyf

v 4 o/ A o 1 £ 7 1 al 1 ol = v
I Pressure Transmitter §f1 1 n5295UATLMWITY 12 mA 3wy 50%) Lasauufls

L4 al = o A [ 1 [ 14 a1 LY n] )
Qﬂﬂimnﬂi?m Pressure Transmitter ®29 2 msvawm‘lﬂgnmama::Jmag'[u'szmwmnm']

1 a. = 2 < a nl [} 1 1/ 1 o
A1 Set Point laBaUNRLA Pressure Transmitter #9912 75293UA LAYIAY 18.4 mA %39

winfu 90% fagui 4.8

Lt

?vm‘ 1 @ProjectiSIM

ATIC 300(1A\CPU 317F ZPNfDP\S7 Prog(arﬂ(l) ONLINE

Sta!us value | Modify value[

80.0 <
100.0
0.0

Inl

SP

Address Symbol Display format |
1] w256 HATL DEC DA
B O Yo~ e~
£ 24 :  FLOATING_POINT 50,
[#] im0 3¢ 7 T T T RORTING POINT | 90
B LT | FLOATING_POINT
61 MD S0 i :-FLOATING POINT'
5 [N T —
) T A —
s] lom2oex 01
0l DBISO.DBX 0.0 "BOOL
4" pesopsX 01 'Boo
- L
13l
o
- o |
1180 Qg o i uf;Valve‘; BOOL“ .
un 4.8 ﬂsmauvgmmw 1 1ANAIURAN

a'm'l,umsmmu

Out
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= v oo a a o
4.4.4 n3diduwaiai 2 aAuRawainlun1siay
nsflauuAnauuAligunsnin1s ¥ Pressure Transmitter i 2 1AaA27u

Hanarnlunisvihanu (gunsalifeanuidenis wionsaduanldianain) TneArfinsaaduls

'
d o !

TUIAIAINIIAT Set Point ARIMUA (Set Point SAYAU 80%) lawauufly Pressure

= '

Transmitter A7 2 asduelaiiniu 12 mA (M3auinfiu 50%) uazauu@ligunsainisin

. o o ar ' 1Y a [t v i 1 "
Pressure Transmitter /¥ 1 asadulagnaeauaziimegluszduiiuinniie Set Point
= v - s a‘ ol 1 v 1 7 1 a s
Tnvauu@lik Pressure Transmitter §291 1 AU l@IvinAY 184 mA wIawiniu 90% s

U 4.9

e =y

ﬁ VAT 1-- @PrOJect\SIMATIC BOO(IJECPU 317F—2 PN DP\S? Program(l} ONL]NE
E Address Symboal Display format Status value | Modify value

W 256 F A

LD

W 258 "AD2" D

b2

1
2

Y |

+ [ woy 3e—2 ffiffffﬁf:.ﬁ_ﬁf'_ﬁfffi_ff.'f_f:FLDATH‘*G POINT |
® | MD ' FLOATING F’DINT
G

F

8

5

MD 50 | ~ " FLOATING_POINT

MD ' 54 ‘FLOATING POINT
DB2.0BX 0.0
DB2.DBX 0.1

10 | DB190.DBX 0.0, ‘
11] § DB190.DBX 0.1

12| | pB190,DBX :
13|  DB190OBX 6.1

AN
DB190.DBX '

Out

e e St
JUN 4.9 nsiBuwAAaN 2 INRAMNRANAIALLNTYINNY




unil 5
d3Uunan1maaeg

5.1 d@3Unan1smaaes

Iﬂsamuﬁlﬁ'ﬁwm'iﬁﬂmLLa:ﬁ‘n‘]’a-Ugumaumsaammssuuﬁ’mauﬁsﬁ‘a (Safety
Instrumented System: SIS) lagALluTUAINNIATIU IEC 61508 WANIASEIU IEC 61511
é’aamsﬁnwﬁmaumsaanLLUUssuuﬁ’mﬁ}uﬁsﬁ'a'ﬂaammgm IEC 61511 (W1msgrudviu
fldann: Usen Sshunmsgruduiidhenueg 8 dumouieiy uslulessnuiilésfunsio
1fipa 4 Fumeuwindu ([umeudl 1 Fedunoud 4) ioamnanlulassaudlullginisinds
gunsalmudaeadeasudilulunszuiums uaglévinniseanuuu Safety program wuu
10020 Voting ieldtastunistinsunsiefiazifintulunssuiunisudn

Tnunsvnasaiiu L“i‘mﬁljatLﬁiﬂ'l‘imzafi’quﬂiﬂjﬂi‘U?jll (PLC) wazgunsainisidausieves
seuu uluRansaiaflaidurauUaende (Safety Proeram) ifiedasanuasdastunisiiia
sunsrglunsruiuniswdn uasdniunisifou Safety program Wasaadssnuideuled
ADINTT

5.2 Jneidymvasdoiduanusg

\levninmseeniuussuuinauilady (Safety nstramented System: Sis) 114
Wsunsuuarniseanuuileddunulasndy (Safety Program) Sanududouiuegieunn
wazdadumsinviarenguineme vlkesdnwirnudhlolussuuiduegrann dea
Anwimsldnuinunu (PLO) Tulnusrnudasnsde (Safety Mode) uagisnmsidouilaridy
AuUaeadY (Safety Program) limssfiuntsaenuuuldeu faunaissiinisusuiuasu
vsamunAuite oy axfoaiidunsiliduiusiududeiennss elransaldau
Idadamuinguszasd usnaniidsdiasademmmnauasntsufiResaihiaue oyl
nseeniuukasldmuitsifunuasnsefauauysaidsiy
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vy giles. 2551, msmmuadsziuaaUasndudmiuiidulisiy. nsamne : msnua
aly in

i Ydlos. 2548, szuudanuilsivlugaamnssunszurunsudn. nsamny : Sidayiadu

IEC 61508, Function Safety of Electrical/Electronic/Programmable Electronic Safety-
Related System.

IEC 61511, Function safety-Safety instrumented system- for the process industry
sector.
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Amnsfitnaivesgunsalluileiduinauiisie
(Safety Instrumented Function)

n.1. aunsaldenlduazAmisfinaslunisman PFD,y. Uay SFF

lunseanuuuszuuinaudsiodunisazlfundernseiuaiuvasnde(siL) foq
NSRS 2 ﬁ’aﬁﬁmmﬁwﬁmumﬁ@ SFF Wa¥ PFDye 39MUAIANLIN N.1 DLUAAY
TwazBuavesrmsdinesluuazduuesssuuinaudsseomuaiildlunisiuiaisydu
muaensiy

N.1.1 Sensor Part

Product Data Sheet
September 2014
DO 3-0T00-4101. Rev KA

Rosemount 2051 Pressure Transmitter

weero T, s288 C€

= Rosemount Coplanar™ platform enables integration of primary elements, manifolds, and remote seal
solutions

= Best in Class performance with up to 0.05% high accuracy option
® JEC 62591 (WirdlessHART®) Protocol enables cost effective installations
= Local Operator Interface (LOI) offers easy to use configuration capabilities at the transmitter

= Protocols available inchsde HART® 4.20 maA, Founoanon™ fiekibus, PROFIBUS™ PA, HART 1.5 Vide Low
Power

= Selectable HART Revision prepares your plant for the latest HART capabilities while ensuring seamiess
integration with today’s systems

= SIL2 safety centification to IEC 61508 b available with the full 4-20 mA HART offering to simplify
compliance

ROSEMOUNT Prinisos Micsagrrtnt

| ! W ) < v
3UN 1 n uanssuvesgunsalin (Pressure Transmitter) Midenlday



Rosemount 2051C Coplanar Pressure Transmitter

- Configuration Transmitter output code
e & . s
2051 A
2051 with Sefectable HaRT'
o Lo Py
2051 M
2051 with Selectable HARY
2051C Coplanar fonoanon fiedbs ¥
Fresure Tracsmitter PROFIBLS W
Siteiens | X i
(1) TheMmawith Ssfectsie HART. -
¢ Pt sy sk bl s WA, Q11
CR, L3, CT, pRY, 17
Additional information

Specifications: page 43

Certifications: page 53

Dirersional Drawings: page 1
Specification and selection of product materials, opticns, or components must be made by the purchaser of the equipment. See
page 5t formone information on Material Selection.

Table 1. Rosemount 2051C Coplanar Pressure Transmitters Ordering information

* The Standacd off e eiost The d sebected ke best dedwery,
el boi e e B e S
Model | Transmitter type
2081C E;ﬂ.‘rw Pms.«e El;rmiure
Measurement type
D | Differertd . i 4~ . — [
Pressure range
S e
1 | BB 025 4,001,210 622 mbar 12510 25 JCL22 10152 2 ) I
I 00250 0 (6230623 mha) 250t 250 .0 (615 ko6l mbur) "
3” 10001 1600 iH,0 25 ) InH;0 (<98 to 25 barh *
4 0000300 pa 0Tt 207 bacl | | 14240 300 gl {08 (20, 1 b} *
5 200010 2000 psl {137 930133 9ba¢) | <1420 2000 pol 10,95 to 1379 b Tx

= cu_ & %
JUN 2 n uams Model ﬂadqﬂﬂﬁmﬁﬂmﬁaﬂlm’m Rosemount 2051 Coplanar Pressure

Transmitter

Table 1. Rosemount 2051C Coplanar Pressure Transmitters Ordering Information
 The Standard offering represents the most commen options. The starred aptions (%) should be selected forbest delivery.
The Expanded offering is subject 1o additional delivery lead time.

Material traceability certification

0%

Material Traceability Certification per EN 10204 3.1

Quality certification for safety

s

| Prior-use certificate of FMEDA data

QTL‘-;}

| Safety Certified to IEC 61508 with certificate of FMEDA

ace

Q16

Surface finish certification for sanitary remote seals

Toolkit total system performance reports

QZ Remote Seal System Performance Cakulathniﬁwt ) *
Conduit electrical connection

Gl | M12, 4-pin, Male Connector (eurofast®)
GMIE | Asize Mini, 4-pin, Male Connectar (minifast®)
NACE certificate

Q15(% | Certificate of Compliance to NACE MRO175/ISO 15156 for wetted materials
Q2509 Certificate of Compliance to NACE MRO103 for wetted materials

Typical modeinumber: 2051CD 2 A 2 2 A 1 A B4 M5

d 1 o 2/ v o
UM 3 0 uassmsiunsiusesmsldnululuun Safety vasgunsalinfidanlgaiuain
FMEDA



} Certificate / Certificat
=3 Zertifikat / SH#&EE

ROS 1107062 C002
exida heretiy confirms that the
Rosemount 2051 4-20mA HART
Pressure Transmitter
Device Labal SW 1.0.0-1.4.x
Rosemount Inc.
e {an Emerson Process Management company)
Chanhassen, MN - USA
Has been assessed per the relevant requirements of
IEC 61508 : 2010 Parts 1-7
and meets requinements providing a level of integrity to

Systematic Capability: SC 3 {SIL 3 Capable}

Random Capability: Type B Element

SIL 2@HFT=0 SIL 3@HFT=1, Route 1,
For models where SFF 2 80%
SIL 2@HFT=0 SIL 3@HFT=1, Route 2,,

PFDayvc and Architecture Constraints
must be verified for each application

Safety Function

The 2051 4-20mA HART Pressure Transmitter will measure
Pressure/Level/Flow within ihe stated safety accuracy
Appheation Reslrictions.

The unit must be properiy designed into a Safety instrumented
Function per the Safety Manual requirements.

r (0 i/,
valuating/Assessor

ansi Wiekeo! /et
Certifying Assessor

ANY| Acemdied Progiam
PREOUCT OFHT1E A TN
e

Fage 1of 2

o ¥4 ¢ w 3 - %
3UN 4 n uanslu Certificate veegunsalin (Pressure Transmitter) Mdenldeu

Certificate / Certificat / Zertifikat / S #&

ROS 1107062 C002
Systematic Capability: SC 3 (SIL 3 Capable}
Random Capability: Type B Element
SIL 2@HFT=0 SIL 3@HFT=1, Route 1,
Rosemaunt 2081 For models where SFF > 90%
4-20mA HART SIL 2@HFT=0 SIL 3@HFT=1, Route 2,,

Pressure Trunsmitter PFDug and Architecture Constraints must be verified for each spplication
Systematic Capability

The proghuct of Safety infegrity Level
(3L} 2, These ave wnmmmqmmumdmn
ky e manufaciures,

A Safaty Immsﬁml;ihmwﬂﬁnmmuma be used of s S
laval higher than stased.

Rangom Capabiity

Tha SIL it imposed by the Archisecturst COnMINIts must be met far each alemant Thia
Element mests 2xi47 craevia for Rows 3,

IEC 81508 Failure Rales in FIT'

oo
=

2053 |.w'! ransmiter (wio s03ton: Sa3h
2061 2-20mA HART Pressure Transmisier
Cogianar Digraetil § Coplargs Giage
2051 4-20mA HART Pressure Transmitier
Coolanar Absohse, inine Gage & Absohte
* Trangm Spaig®

SIL Verification:

The Satety intagrty Level {S1L) of an entire Satety instrumented Function (31F) must be

verifad via 8 caltulation of FFDy, 0oneidking redundant anthiechres. proce Lest injerval

proof wat effectiveness. any Iutomatis SagSSUSS. aueiage repas e acd the Tpecifc

!&nwddmm«:h}l? mwmhmwmm

tauk ET

Tmmm 2 mandatory part of this ceryfication:
Axsessment Report: ROG 1107-062 RO V2 R2
Safety Marual: 0080¢-0100-4107

; Bodte 2, catsding the
M?«.anwlscum 3#2 Technics Document entied "Route 2,
sk with Type A

Refer io ROS 1304-008 ROCH vmcwnnsmnﬁm report for models $iat are
excluded.

“Rafar fo the Remate Sesd (ROS 11DED7S ROVT VIRY) FMEDA report for the addiions!
fodure rates to use when using wiih Jitached Remote Saals, or use sa3iLentia, Page 2012

d 1 = L3 o 1 s
sUnsn wansr o Aldlunsenuamie PFD,. uay SFF 1p49Un I in

63



N.1.2. Safety PLC

SIEMENS

BEST317-2FK13-0AB0

** SPARE PART™" SIMATIC 57-300 CPU317F-2 PNIDP,
CENTRAL PROCESSING UNIT WITH 1024 KBYTE WORKING
MEMORY, 1. INTERFACE MPYDP 12MBIT/S, 2. INTERFACE
ETHERNET PROFINET, MICRO MEMORY CARD NECESSARY
FOR USE WITH SOFTWARE OFTION 87 DISTRIBUTED SAFETY
V5.4 OR HIGHER

e BN AN
$P2 ox higher, S7 Distribuled Safely V.4 or higher

Current consumption (in nooad operation), typ.
Inwush current, typ, ) g

1%

a » o @ = ]
3UN 6 n uasedeyavisluvevhauay (CPU) Mdonldeu
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SIEMENS

SIMATIC

§7-300

CPU 317F-2 PN/DP, BES7317-2FK13-0AB0, Edition 01, as of
firmware V2.3.4

Product information

Introduction

This Product Information contains important informabon on 8ES7317-2FK13-0AB0 1t is o separate component and should
be consitered more up-to-date than the irformation in e manvals and catalogs if uncenainties ariss.

Validity of this Product information

This Product Information is valid for CPU 317F-2 PN/DP with oecer number 6ES7347-2FK13.0AB0. a5 of hardware refsase
01 and ac of finmware version V2.3 4

This Product the o ions of CPU 3177-2 PN/DP compared 1o CPU 317-2 PN/DP with order
rumber 6ES7317-2EK13-0A80. Additional miormation on the CFU 317-2 PN/DP iz availabie in the cotres ponding manual i
the documentation packoge 6ES7398-8FA10-88A0, version 1272006, which you require In addition 10 this Product
information

Arsas of Appiication

CPU 317F.2 PNIDP is mainly dzaigned %or perscnal and maching safety and burner controls In addition to the safety
program. you can alse program standard appcations.

You intend to use CPU 317F-2 PN/DF for thien you require

Safety-related applications STEP 7 as of version 5.3 + Sarvice Pack 3 « HSP 106 {for firmware V2.3.4)
or

STEP 7 az of version 5.4 + Saivice Pack 1 + HSP 120 tlor fimmware V2.5.1)
STEP 7 as of version 5.4 + Service Pack 2 (for firmware as of V2 60)
Optionai package 57 Distributed Salety V5.4

Stancard applcations STEP 7 as of version £.3 + Seniace Pack 3 + HSP 108 ffor frmvware V23 4)
ar

STEP 7 a2 of version & £ + Service Pack 1+ HSP 120 {for firrware V2 5 1)
STEP7 g of version § 4+ Servics Pack 2 (for firmwore a3 ofv2 €0

Overview of the ailered default values of CPU 317F-2 PNDP

Function CPUNT-2PNIDP CPU 31TF-2 PNDP
(BEST317-2EK13-0AB0) {BESTI1T-2FK13-0ABO}
Default Value Size of process image 110 256 Byles/256 Bytes 1024 Bytes/1024 Bytes

Special Handiing of the "RAMIGROM" Funciion;
Data biocks of the safety progaam are not copled fo the foad memory by the work mamory

Startup protection for inconsiatant safety program

The CPU 317F-2 PN/DP a6 of fimware vecsion V2.5 1 in connection with safety programe which were created with S7
Distribuizd Safety as of V5 4 SP1, supports the detection of an inconsistant safety program This means that the F-CPU
delects an inconsigtent satety program in the atartup. The F-CPU then goes to Stop and the foliowing wagnostceventis
then entered in the clagndatic buffer of the FCPU:

» “inconsistant sofety program™

< ¢ o Y = v
JUN 7 n wamsesduvesiaiugu (CPU) Mdanlday

U

Restrictions with SFC 22 "CREAT_DB", SFC 23 "DEL_DB" and SFC 82 "CREA_DBL*
F-DEBs can neither be created nor deleted.

Restrictions with SFC 83 "READ_DBL" and SFC 84 "WRIT_DBL"
The target address may not point to an F-DB.

Restrictions when configuring the retentive behavior of data blocks
The configuration of retentive data blocks s not supported for F-DBs.

This means that the curent values of the F-DBs will not be retentive in the avent of Power OFF/ON and Restart (STOP-
RUN; of the F-CPU. The F-DBs rstain the initiai values from the loading memory,

In the biock properties of the F-DBs, the “Non-Retain" check box is activated and thus grayed out

Probabilities of Failure

Below are the values for the CPU 317F-2 PN/DP probabilities of failure:
Operation in Low Demand Mode | Cperation in High Demand or | Proof-test interval
Continuous Mode

low demand mode
(average probability of failure on | high demand/continuous
demand) mode (probability of a
dangerous failure per hour)
Fcompatible CPU 317F-2 PN/CP | 4.76E-05 1.09E-09 10 years

6ESTIM7-2FK13-0AB0

Operation with Safety Protector 6ES7195-7TKF00-0XA0

&wmms

The safety protector (order number BEST 195-TKFO0-0XAD, product version 01 and 02) unlike other modules, must not be
inserted in the same rack as the F-CPU. This restriction does not apply to safety protector product versions 03 and highes,

31Jﬁ 8 N ATNUANIA PFDa 784 MIAIUAN (CPU317-F 2 PN/DP)



f.1.3. Shutdown Valve

Rediall e 17 [

— @ ®CE
¢ No menimum operating prassure requred

o The orignial way vabee dsirs

¢ Simplest valve for basic 3-way pileting oparation, only 3
spang and two moving parts

* Maderate flow plots, smaller control vahves and actuators

* Can also be used for low-volume fluid diversion

* Hich spesd genecal service

Construction

Yaive Paris in Cantact with Flaigs
oty i [ oo s o
Seals and Dines NAR fUnper D - Pl
o e o e
Cort and Plogail 4307 Staitiess Sl
Con by 207 Suiigs Sl
Skaing Colt Capoer | $het
Electrical
- Baet Lol Pad Moot
Call e

Standord Volaget: 4, 120, DAL AR vy AQ B0 e [or 110, 720 460wty AL, 50 1)
.12, 74, 120, 240 vos DC. Must be Sonc#d whert omiing Oty tituges aen
il wdan

Nominal Ambient Temp. Ranges

Solenoid Enclosuras The nerin dmiation of 32 [0 s adisaie or
Standerd. Waierfight, Types 1 2 3 35,4, o 4 amy valve that meghi conkain miislure (waise vapor
Oplionat: Explosingroc] and Watertight, Tyaes 3,38 4 4X 6,67 and 0. AL -18% 10 1317 (25C 0 55C)
(To o0, a0d peekls “EF” 10 £ataioq humier) DE. -13F 10 131F (2T 1 55T}
Koo Opulonad Famutgs Sacion 1ov ofer availabia opbong *Max ambient ot explosionomal (EF) 5 1257 (52T

= ] ¢ P v
JUT 9 n uamsuvesgUnInigaving (Shutdown Valve) Mdanldau

Certificate / Certificat

Zertifikat /| ST

ASC 1301001 C001
exida hereby corifirms that the
Series 8314 Solenoid Valves

ASCO
Florham Park, NJ - USA

1 Has been assessed per the relevant réquitemnents of
IEC 61508 : 2010 Parts 1-7
and maets requirements peoviding a level of integaty 1o
Systematic Capability: SC 3 {SIL 3 Capable)
Random Capability: Type A Element
i L ey SIL 2 @ HFT=0; SIL 3 @ HFT = 1; Route 2,
| Asaeiament Resert f e i oot i

| Valic untl February 20 2016 [EEVRRSISI

Rawision 1.1 Margh 21, 2013 i The Valve will move 10 the designed safe position when de-
L energized [ energized within the spacified satety ime
Application Restrictions

The unit must be properly designed into a Safety Instrurmented
Funiction per the Safety Manual requirements.

Cl-of3-

F %
tes Evaluating Assessor

ANSH 1@% :
i Certifying Assessor
PROOUCT CERTEICATION

A R Page o2

A - . < o
3UT 10 n uanslu Certificate 989 Solenoid valve Midanldau
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Certificate / Certificat / Zertifikat / & & EF
ASCO 08/12-38 C001
Systematic Integrity: SIL 3 Capable

Random Integrity:

For a standalone Valve:
Type A Device: SIL 3 @ HFT=1/SIL2 @ HFT=0

For a Valve used in a final element assembily:
SIL must be verified for the specific application

Series 8314 Solenoid
Valves SIL 3 Capability:

S0 Niimat The product has met manufacturer design process requirements of Safety
Qi?}?!‘?a Nu;; ?;li:ﬁ J-us A. integrity Level {SIL) 3. These are intended to achieve sufficient integrity
nam ER SR B against systematic errors of desiagn by the manufacturer.
A Safety Instrumented Function (SIF) designed with this product must not
be used ata StL level htgher than stated wrtheut pﬂor use” justification by

|IEC 61508 Failure Rates

For valves used in a final element assembly, SIL must be verified
for the specific application using the following failure rate data.

Failure rates for the Series 8314 Solenoid Valves in FIT*

Failure Category Aog 1 Pay hgg Mgy SFF
8314 OFIT |190FIT ([ OFIT |[100FIT | 65.5%
8314 with PVST OFIT [190FIT | S9FT | 1FIT | 589.7%

Applications

Series 8314 Solenoid | De-energize on trip, normally closed

BIL Verification:

The Safety integrity Level {SIL) of an entire Safety Instrumented Function
{SIF) must be verified via a calculation of PFD,,,; considening redundant
architectures, proof test interval, proof test effectiveness, any automatic
diagnostics, average repair time and the specific failure rates of ali
products included in the 3IF. Each subsystem must he checked fo assure
compliance with minimum hardware fault folerance (HFT) requirements.

* FIT = 1 failure / 10% hours
Page 2 of 2

J 1 = [3 X o 1 « 17 |
5UT 11 n uanemmisdlmesnlolunisiunamian PFD,,. way SFF Y049UNSlgAVNET
wdenleanuy
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n.2. dmnniwesildlunismeaianufinnainiau B

WINPT IEC 61508-6 Annex D ldlansuuamislunisdmname B dmdugunsald
eyl (Sensing Element), gunsalgavine (Final Element) wazdiudszunana (Safety
PLC) Auenoananniu

lumsyilidiimmnduldldvesnisiiaanuianaiasiudu (B) drgauda n1sdnih
wuuuRuiimuzaslusyuuansatasandn B Iitfevasly

U 12(n) uansTemsiazAswIuiAetasioguuiiugunsitadenidmnssy
(Engineering Judgment) Fudusiunudmiuudazsionisidrsanaitufianainiom
ilesnngunsaldedoyqtos wazgunsalgmineasiinisujURfiuanisndrulszunanadidu
szuvBlaanseliadilusunsuvinnuls Sadealimsuansmnsiafiaesszuuesnaniy

o : :
M19799 1 N UAAI Scoring programmable electronics or sensors/actuators

Item f X | Yis [ Xsa I Ysu
Separation/segregation

Are all signal cables for the channels routed separately at all positions? 1.5 1.5 1.0 20
Are the logic system channels on separate printed-circuit boards? o8 | 1.0

Are the logic system channels in separate cabinets? : 26N, 0.5

If the sensors/actuators have dedicated control electronics, is the eiectronics for each Z5 15
channel on separate printed-circuit boards?

If the sensorsfactuators have dedicated control electronics, is the electronics for each 25 05

channel indoors and in separate cabinets?
Diversity/Redundancy

Do the channels employ different electrical technologies? 70

for example, one electronic or programmable electronic and the other relay

Do the channels employ different electronic technolegies? 50

for exampie, one electranic, the other programmahle electronic

Lo the devices employ different physical principles for the sensing elements 75

for example, pressure and temperature, vane anemometer and Doppler transducer, etc.

Do the devices employ different electrical principles/designs 55

for example, digital and analogue, different manufacturer (not re-badged) or different

technology

Do the channels employ enhanced redundancy with MooN architecture, where N> M + 2 28, 4.5 20 0.5
Do the channels employ enhanced redundancy with MooN architecture, where N =M + 2 1.0 | 05 1.0 0.5
Is low diversity used, for example hardware diagnostic tests using same technology 20 1.0

Is medium diversity used, for example hardware diagnostic tests using different technology X0 4 &5

Were the channels designed by different designers with no communication between them 141.0

during the design activities? \

Are separate test methods and people used for each channel during commissioning? 10 | 05 1.0 1.0
Is maintenance on each channel carried out by different people at different times? 25 25

Complexity/design/application/maturity/experience
Does cross-connection between channels preclude the exchange of any information other 65 ) 05| 05| 05
than that used for diagnoestic testing or voting purposes?

Is the design based on techniques used in equipment that has been used successfully inthe | 05 | 1.0 1.0 1.0
field for > & years?

Is there more than 5 years experience with the same hardware used in similar 10 | 15 15 15
environments?

Is the system simple, for example no more than 10 inputs or outputs per channel? 1.0

Are inputs and outputs protected from potential levels of over-voltage and over-current? 15 | 05 15 0.5
Are all devices/components conservatively rated? (for example, by a factor of 2 or maore) 20 20
Assessment/analysis and feedback of data

Have the results of the failure modes and effects analysis or fault tree analysis been 3.0 30

examined fo establish sources of common cause failure and have predetermined sources of
common cause failure been eliminated by design?

WWere common cause failures considered in design reviews with the results fed back into the 30 30
design? (Documentary evidence of the design review activity is required.)
Are all field failures fully analysed with feedback into the design? (Documentary evidence of | 05 | 3.5 05 35
the procedure is required.}
Procedures/human interface
Is there a written system of work which will ensure that all component failures {or 15 | 85 15
degradations} are detected, the root causes established and other similar items are
inspected for similar potential causes of failure?
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M3 2 N WA@Y Scoring programmable electronics or sensors/actuators (na)
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Item

[ Xe | Yis [ X | Yau

Procedures/human interface {continued)

Are procedures in place to ensure that: maintenance (including adjustment or calibration) of
any part of the independent channels is staggered, and, in addition to the manual checks
carried out following maintenance, the diagnostic tests are allowed to run satisfactorily
between the completion of maintenance on one channel and the start of maintenance on
another?

15

0.5

20

10

Do the documented maintenance procedures specify that all parts of redundant systems {for
example, cables, ete.). intended to be independent of each other, must not be relocated?

0.5

0.50

Is all maintenance of printed-circuit boards, etc. carried out off-site at a qualified repair
centre and have all the repaired items gone through a full pre-installation testing?

05

15

Do the system have low diagnostic coverage (60% to 90%) and report failures to the level of
a field-replaceable module?

05

Do the system have medium diagnostics coverage (90% to 99%) and report failures to the
level of a field-replaceable module?

15

Do the system have high diagnostics coverage (>99%) and report failures to the level of a
field-replaceable module?

25

Do the system diagnostic tests report failures to the level of a field-replaceable module?

1.0

1.0

Competenceltraining/safety culture

Have designers been trained (with fraining documentation) te understand the causes and
consequences of common cause failures

20

2.0

30

Have maintainers been trained (with training documentation) fo understand the causes and
consequences of common cause failures

0.5

45

Environmental control

Is personnel access limited {for example locked cabinets, inaccessible position)?

05

0.5

25

Will the system be operating within the range of temperature, humidity, corrosion, dust,
vibration, etc., over whichit has beentested, without the use of external environmental
control?

30

30

1.0

Are all signal and power cables separate at all positions?

20

1.0

2.0

1.0

Environmental testing

Has a system been tested for immunity to all relevant environmental influences (for example
EMC, temperature, vibration, shock, humidity) to an approprate level as specified in
recognized standards?

10.0

10.0

10.0

10.0

NOTE A number of the items relate to the operation of the system, which may be difficult 1o predict at design time. In

these cases, the designers should make reasonable assumptions and subsequently ensure that the eventual user of the
system is made aware of, for example, the procedures that must be put in place in order to achieve the designed level of
safety integrity. This could be by including the necessary information in the accompanying documentation.

M15197 3 0 Caleulation of B or By

Score (S or §;) Corresponding value of § or B, for the:
Logic system Sensors or actuators

120 or above 0.5% 1%

70 to 120 1% 2%

4510 70 2% 5%

Less than 45 5% 10%

failures as a result of this.

for the sensors would be difficult to justify.

NOTE1 The maximum levels of B shown in this table are lower
than would normally be used, reflecting the use of the techniques
specified elsewhere in this standard for the reduction in the
probability of systematic failures as a whole, and of common cause

NOTE2 Values of B lower than 0.5% for the logic system and 1%
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2/

[tem

Sensor

and final element

XSA YSA

Diversity

Are separate test methods and people used for

each channel during commissioning?

1

0.5

Complexity/design/application/maturity/experience

Does  cross-connection  between™ channels
preclude the exchange of any information other
than that used for diagnostic testing or voting

purposes?

0.5

0.5

0.5 Ui

Is the design based on techniques used in
equipment that has been used successfully in the

field for > 5 years?

0.5

Are inputs and outputs protected from potential

levels of over-voltage and over-current?

{5

0.5

) 0.5

Assessment/analysis and feedback of data

Have the results of the failure modes and effects
analysis or fault tree analysis been

examined to establish sources of common cause
failure and have predetermined sources of
common cause failure been eliminated by

design?

Were common cause failures considered in design
reviews with the results fed back into the
design? (Documentary evidence of the design

review activity is required.)

Are all field failures fully analysed with feedback
into the design? (Documentary evidence of

the procedure is required.)

0.5

e

0.5 3.5
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Procedures/human interface

Is there a written system of work which will
ensure that all component failures (or
degradations) are detected, the root causes

established and other similar items are

inspected for similar potential causes of failure? - 1.5 0.5

0.5

ANSANUIIMIAIAURANAIATIL

INFAT S = Xea# Ysa

Tnesdi S
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(Automation System: AS)

9.1. Hardware Configuration

ftuneuseluil

1. Adndl SIMATIC 300(1) Tu Project window > fulfandnit ¥am1u Hardware
Lﬁat'ﬁ'ﬂeﬂﬂmﬂiu Hardware Configuration ﬁagﬂﬁ 1(@)

? SIMATIC Manager Prq(ect i i
F{Ie Edit Insert PLC Vtew Op?tmns Wmdnw Hetp

F‘rcuect
“[El SIMATIC 300(1)

E'Uﬁ 19 msidislysunsa Hardware Configuration KumasTusinsa SIMATIC Manager

2. fadie Rack: Rail, CPU 317F-2PN/OP Tnendonain Hardware Catalog Faguit 2

()
(" contig - :&Mwm?mwh\ s R iy Y7 e In e @ ry Cca”"@

B Ststion Edit Insert PLC. View Options “Window Help
Dee-® & G |ﬁm&"'w ﬁl"‘n me ’.ﬁ h-?n

— i
7 | Brofle  |Standaid =l

PROFIBUS DP -
PROFIBUS-PA [
FPROFINET IO

WA

Hardware Catalog

« ] ¥

s : ~
-?-’:'J 0 1m0 sMa00
Slot| [ Module | Order ramber Firwate | MPladdh.. | 1. 1Q..fc.. | mnT;MrA;;:«Tmuwcv T {‘
= [SIMATIE 57300, M7 modules (certral 1
12 CPU 317F-2 PN/DP_[BES7 317-2FK13-0AB0 V2.6 j
A1 U Aeor | [ - ]
s to et Helk: P i) ; :G'g..:'
o = u’j € 1 o
JUN 2 v fAeslagunsalaneg Neglusruumueuadly Rack

3. fimun Address Lazdnsiauiilunsiu-dedeyavostauwuusiiag (MP,
PROFIBUS-DP)
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° Y o ~ ' -l | w
g Anualiva MPI Snrsitausatdunwuy Ethernet(1) Wagd Address WAU 1

o w o I w v a ¢ o W a o w
amsm"ﬁwamamﬂ‘mquL'mﬂUﬂaummasmmwﬁau‘lﬂsuﬂsu WIDABUNIADSAIMSUNTS

UHUROUAL wazimuald Address veatalusiivaii [PROFBUS(2)] winfy 2 wawil
snsusriu-dedoyaniiiu 1.5 Mops dmiudensemmueudiiu Remote 1/0 AagUN 3(v)

-’ — s - - —
| Broperties - Ethernst interface PN-ID (RO/S22} BSESE) ( propertios - PROFIBUS incerice. MPVDP (ROS21) @
Genenl  Farametess | | Gans  Parmelers |
| Addess !
F 2 subnet s selected,
the next avaitable addresses are suggested { Highest address: 126
| Transmission rate: 1.5 Mbps
1P address 15218801 Baen Subret
S—C s ., Ty
Scboetmas  [FE5255 2550 e [ nat networked -
e [ R CROFEUST) 1S
Address .\
% |
||

e

= ==l

- J

ok | Caned]mb

Casmm o, = T

'S‘IJVI 39 mwumamwL'i':'[,un"liﬁaa'rssuwmﬂaummasnummum ILee Remote I/0

4. Ansagunsnl Remote /O ET200M IM 153-2 avunavaslusiidada Flaguit 4(v)
wazidandd Address 983 Remote /O (Vi1 3 flagud 4(v)

iew Optmns ;Wmdmn Hetp :
D& 8 '&'m &!*“ﬁ N R

LW A:V- ,_,; N NA 1
E;(OWR A SN PROFIBLS(1: DP master system (1)
2 CPU 317F-2 PN/DP
X7 MPVDP.
x2 PN
X2P1 [ Por1
3
Ethemet{1): PROFINET-I0-System (100)

< a o ¢ o
JUN 4 v Anssgunsal Remote I/O #iaguan Rack

5. mﬂmmimamaaﬂauwm (SM331 Al 8*12 BIT) Lta“miﬂmmammﬂwm (SM322
DO 32*DC24V/0.5A) amaﬂnm Remote /O m'z"l.l'n 5(%)
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e

Eﬁ; Station Edit Insert PLC View C}ptmns Window Help
DSS8 & & ke din @D %8 K

[BI i PROFIBUS{1}: DP master system {1)
2 CPU 317F-2 PNYDP |
X1 MFL/DP F
Az 4 PN-0
X2PT 4 Por 7
3
4 -

45| (3) 1M 153:2, Redundancy

Slot E Module .. | Order Number | Address | O Address | Comment
1;* A BT EEET IR IBAED SHE

i { Al8x12Bit BES7 331-7KF02-0AB0 256..271

5 D032xDC24V /054  [BEST 322-1BLD0-0440 0.3

5

v
- oo

o L4 a aa - o
3N 5.9 Fadsminemfendunauasidneaeinaiiounsnl Remote 1/O
6. ynsUuiin uasesIvdRUAINIgNARY AemsBunldilsidu Save and Compile

¥.2 NETWORK CONFIGURATION

fdunausedelyd

1. pdn? SIMATIC 300(1) T Project window > CPU 317F-2PN/DP > duidiananit
Connection Lﬁ}aL‘ﬂ'ﬂqTﬂiLLﬂiu Network Configuration ﬁogﬂﬁ 6(2)

& SIMATIC Manager - Pfaje&‘ ‘ ?

File Edit Inset PLC View Optlons Wmdow Help

i

B SIMATIC 300(1)
CPU 317F-2 PN/DP

UM 6 3 msudniislusunsy Network Configuration #umsTusunsa SIMATIC Manager
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2. ﬁwmsﬁmummﬁﬁLmas‘nm%maswdwqmuﬁamas‘tﬁwﬁ’uﬁamuqu
AN Option ﬁLLmULN‘g > Set PG/GC Interface \&an > Interface parameter
Realtex PCle FE Family Controller. TCPIP.1 > OK fa3u#l 7(v)

% NetPro - [Project (Network) -- D:\Project SIS\Program\Project]
B Nework  Edt Insent PLC View Options  Window  Help
U S B S DN

TIPICT)
201 SRS S 1

f. - - [ -
Set PG/PC Interface m

Access Fath | LLDP / DCP |

{1~ Interface Parameter Assigomert Uz’

{Realtek PCle FE Famiy Control

#¥IPLCSIM PROFIBUS. T
FHPLCSIM TCPIP 1

B8 Reatek PCle FE Family Controler 1S | I

@2 Reatek PCle FE Family Controller T - ; o
f=F ovw A b b Gl I

{Parameter assignment of your NDIS-CP
withTCP /1P protocol {RFC-1006))

'3 ; i s

1 | AdorRemove: MM__J

.'-.055”0 [Partner D [Partner [Tyoe ‘ Cancel i Help !

- — —J B

1 25 g - bl
UM 7 v msimuawisifitneima@ensioszninasuiiaasdfuinIuRy

3. YInsUuin Lagasivaualiugnies aunisisenldflsddu Save and
Compile

4. d@anredaganisiinundl Configure Network lUdsiamvau Tnensionld
Wariu Download PLC

.3 ﬁ'ﬁnﬁﬁgmqwqﬂﬁma%ﬁ'zﬂwqﬂﬁmmmﬁw1u‘l€|”lunﬁ"l{i’mu
Safety Program

fdunaussrolui

1. vimsduidandnii CPU luntidne Hardware Configuration > AAnLAani
Protection > v‘imq‘aﬁqﬁnﬁaﬂwamﬁdgﬂﬁ 8(v)
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Properties - CPU 317F-2 PN/DP - (R0/S2)

)

Cycle/Clock Memory ! Retentive Memory i Interupts ! Time-of-Day Interupts i Cyclic Intermupts E

General ! Startup i Synchronous Cycle Interrupts
Diagnostics/Clock Protection Communication § F Parameters % Web |
- Protection level -~ Mode

% 1: Access protect. for F CPU
W Can be bypassed with password

" 2: Write-protection

" Process mode

" 3: Read/write-protection
Password:

im

Reenter password:

3%

W CPU contains safety programi

Cancel

:;
fi

Help i :'

N R —— Rl L N N W ]

P lyJ 1 - L4 o Vo a
JUN 8 ¥ msmrmndinaimuvasadalviiuinivay

IJ 1 v 5 o 4 o/ L 14
waeng  Password s ldidlutu iuswandastulunisidifanisvin Hardware

. o P o o |
Configuration lupsadaly ievimsudludelusunsunisvhausieg



AMAKUIN A
29n156519 Safety Program lagn1569 F-Runtime Group

A.1 dauusznaunaznisisenlyeiu Safety Program

dnussnevddnlumsilivunasFenldaiu Safety Program thuanunsaedunglédagy
< o &
7 1(A) uaz 2(m) Al

® Data Blockl: (DB1) fia duvpansideulusunsuvialy
® Functionl: (FC1) Aa fertufiGunldanuly F-Runtime Group

® Function Blockl: (FB1) Aed7uueini1sifisu  Safety Program manfignsadu

v

F- Runtime Group Tumsldauilandu Safety Program
® Datablockl: (DB1) fio ﬁLﬁU‘ffau“amad Function Blockl: (FB1)

® FB2 - FB.. flo Function Block due fsisesnisasldfanmuduilaidu safety

DB1

i )

& &

E‘Uﬁ 1A mssenldnuly Safety Program gﬂﬁ 2 A msseAndu F-Runtime Group
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A.2 350158579 F-Runtime Group

tuildunousesalyd

1. a9 FCL Iaeadn?l SIMATIC 300(1) Tu Project window > CPU 317F-2PN/DP >
S7 Program(1) > Blocks > ABRNYINUAI > Insert New Object > Function (laeis1iden

[

19 FC1 dhufu F-CALL) fagudl 3(e)

T R bwn ew Ogins mm ’Pmpeﬂiej-Fuﬂcﬁcn m‘
D& 2‘ &
,gkﬂ : General - Pat 1 | General - Part 2| Cale | Atbutes |
é’w Hams: FC1
ATE Y
: ; Symbokc Name
Symbol Commert |
CreatedinLanguage:  [STL v]
i FED i
" Erect Pty FLAD
S g Storge location FFBD pt

st Hew Dhiect ¥ Orprendi | of project W;QWJ piect

14 ' Function Blece { Code intedace

Resi Funcien f [ Datgcreated 05/05/201502.28:27 PM

= DreaBicck Last modiied” 05052015 022827 FM 05/05/201502.28 27 PM

Compare Bedis..

fettience D oy

Cheh Block Consstency b,
H

Pt ’

Sbject Fopetier. A Ratum

Lpeul Ctjedt Frepetes »

I S SORR- 3 S S -

s'l.l'n 3 A 38N15a59 Func'monl FC1

2. 8513 FB1 TaaAn? SIMATIC 300(1) lu Project window > CPU 317F-2PN/DP >
S7 Program(1)> Blocks > ﬂﬁﬂﬁ?’]ﬂxuﬁ’j"ld > Insert New Object > Function Block (Iaeisn
donlui FB1 tuilu F-LAD) fagui a(e)

mﬁ..;.“m”‘ N °“*”“”-"m"“”§“&f?*’*.$?¥m IRE— ( Brepertisg <Function Bldck )

{ Genaral Fat 1| Goners - Par 2 | Cals | Mrbuten ]

Waré [Fei ¥ M et Cap
Symboh Nama \DY 7 22
Symbol Comment i

3 ot | Created n Languags: F-LAD e

P ey { Propctpath:

= B | Slorspeiocation

. of project

Tovest Vew Objact b Orgenasbon Bodk E Inierface

14 f\mﬂ‘i‘m §t Date crested 05/05/201502:36. 30 PM

s, :“"f::d‘ i | Last modfisd 05/05/2015 02:38.3C PM D5/08/20150238 30 PM

Compure Sizchs... e — I

& G

Sehwence st T i

Check Block Comsistancy.. s T

Prng. »

Ohject Propertes... AR=Fetur:

o i b . OK I Cancel § Help

gﬂﬁ 4 A 5n15a519 Function Block1: FB1

3. #¥19 DB1 TawAdndi SIMATIC 300(1) Tu Project window > CPU 317F-2PN/DP >
S7 Program(1) > Blocks > ABNYIHUTING > Insert New Object > Data Block (laeiisn
el DB1 Tl Instance DB wazliidondluiiudayaves FB1) faguil 5(m)



&mmmvuwmu - f"”""—"a"'%‘k o
o f
B & oof 1% Eﬁﬁ !EUJ\? | Geoersl-Pat 1 | Genersl - Pad 2| Calle | Attnbutes |
Y W W AN .:n.zv;'.g Tiian 5 "x
ot 7 | TSRS
3 i | Mameans 51 etarce DB w] |FBI
a’ﬁ: Fr R R T i | ! = r—- -
| Symbol Comment [
] Created in Language. £-UB -
Project path {
Sioraneh
| of project {D-\Project SIS*Program’Froject
Fae ties Ot b O Sk | Code inmarface
59 * Function Biee | Date created 05/05/,2015 D2:45:31 PM
Rewae.. Fonctive 1 | Lastmodfied 057052015 02:45:31 PM 05/05/2015 024531 PM
Conspae St ortnpon | Comment
Yo Dtz Type i
Check Bisck Comitency i W Wn.j
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