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ABSTRACT

This paper presents about methods methods of safety integrity level (SIL)
verification which is significant to safety system design of block valve system in gas
pipeline by using Markov Model method which refer to International standard IEC
61508/61511. The reason of using Markov Model method is that it takes less time
and more flexible than other methods to determine SIL. This method uses a
qualitative approach showing Average Probability of Failure (PFDavg) rate data and
repairing time from model to implement in further process.
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e WU fURMUa sodanariun s s uuUasuazauRIR LU s e Tl iy
fmuruashmsuszananauavasdyanailiihodwnludeunsdigaieiidundmunu
Wievhmsusumuusnsruumswanlioglusnfifasms - ssuumsmuauiiuguildnuty
st e dmivgaavnssumsiaalutegUufesyuu DCS  (Distributed  Control
System, DCS) %ﬁﬁﬁ%ﬂ'ml.laﬂmﬁ?aEJINIFINﬂ%l’lﬁﬁug’lu‘tlaﬁﬁ‘UUﬂ’mﬂiJ (Control System
Architecture) Hﬁﬂgﬂﬁ 2.1



Human Machine Interface Human Machine Interface
W Printer
Backbone Network
DCS Controlier DCS Ceontroller
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]
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FUN 2.1 laseadassuumunuiugu
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i]"lﬂgﬂ‘ﬂ 2.1 SBUUNMTMUANNUF U WUTTUUN TAINIUAIUANNTTNIUY

a 1 ¢ d a4 w eal a d g w
aszuumsHanlagunmsyunsalindeiloiauazgunsalduqlunsyuiunisudn Wl
a o & v v o | v do w
nszuuNsKAMhudumaFeInsvisenlieenuuull edldnlsynaunangnd ey
v &
AarelUil

[ o P A s
1. guasumsIn (Sensing Element) Lﬂuqﬂnmiﬁ'l%lﬂaaumuﬂsmnnssmumﬁ
= 3/ =t o a [ n]
HaAR (Process parameter) Ty &wnadlwitunasgiu 4 8y 20 Sedueuwls (mA) 7
[ < L = él d‘ [ Y 1
ussdu 24 havinssuanss (VDC) WIDAUQNUUINITFIUBLADUY INOAITOYATDINIUTAT
o .74 1 s 14 1 1
Tdanunsalmiuan (Controller) waslduansmshuysiimbsuanswavadsyuumuan Wiy
¢ -1 aw & ¢ w . ¢
WAMINARUNT N TIATUS TUIEIAIY QUﬂiﬂJﬂ’]‘ﬂﬂﬂ‘]‘ﬂ‘Wﬁ (Flow Transmitter) gunsnins
TnszAuveavan (Level Transmitter) aunsaln1sinaanusu (Pressure Transmitter) Way
¢ ) ~ % s o & vee v
gunsainsinesumail (Temperature Transmitter) aunsalizdivangvila Tunisifenlyddemas
Forldldmnaniuanuruasanaudivedlvanfosnsinie lidoyailfannmsindan
v = U oa 1% a ¥
AgnfeRNnTgnkargUnIniivantuongnislduiiuiuiy
2. fhenusy (Controller) Wudwilduszananafmmuay (Controller) Usznoude
o/ 1 [ w . s
guUnsaimdng sl unasdendsnu (Power Supply Unit) suszanawanans (Central
Processor Unit) #usunavaediynins (nput and Output Cards) drufinsiededis
(Communication Port) LLaEI'Ll‘SLLﬂS:ﬂ.uﬂ’ISﬂ’JUF}:J (Control Function Program) ﬁam‘uqu
o U - 1 A . ./
agihnseuRuMmLUsNNNsSEUINMsHARLegluAIfean1s TagnsSudunosnain
& ot E 3 = o G ) - o n':"
gunsaimsinfienvihmsidisuiisuiuainmun (Set Point) wazvinisUszanananiy
1 al o/ L4 d o al al o/
dsdyananednnludgunialaaneifievhmsuiusaudslunseuiums mnunuly
J’ L -] o -4 (5.} L% 1
ssuumsmvAuiiuueiliidenvansvilaluegivanudasmislumservan - w3



AIVAULUUUATA (ONn-Off Control) MseuANIUY Pl (Proportional-integral Control) 13
AUANWUUPD (Proportional-Derivative Control) ) m1smuaNluy PID (Proportional-
Integral-Derivative Control) 1udu

3. gunsalgaviie (Final Element) iugunsalilddmsuasudayaallvii
mass1u 4 B 20 dadueuuds (mA) ndrmIndmustliimsmususaus
nsvuaums Wy gunsalgavhesniiu 2ndmuan (Control Valve) Ssagyihnnstnidazes
Inamudty e 1dmnainsaniue

Fi'l Set Point

ginsoimsia % > faouqy e > gunyolgevine

= o
JUR 2.2 flidunsmunu

2.2 53UUilsAY (Safety Related System)
nnvhdeiiuudunisuansisasiBeamahailiiiumsausuasiivlin
Hlaffupnuauansamvimsiwasuwlasdn Set point Ifnmidesnisuaggunsaimsauaud
Hundmvaussimsinuegmaeana  dnmseadouiivesiundwesaduilaviuiuys
nnsvvaumislifegludidosms  Fadledlfnululusseznammnoiliiiansdnnse
vsafinmsindadenstalaniseslnillidiamienaineufinunidulugUnsalns
Sovhausuabignies feardmalishuusiiresnsmunuliannsomuauldwioataviili
fdulsnszurumskanmadiiangafuniigunsaimilivienaiinnsufiRei
Aawanlaensladn set point unduluv3ovhmsduletmndaligndes mmmsniinag
wanilorsesfuammlidiiaudsialunnefFesnsly dedusmarideiiuning
fgunsnlsnaqlunszuoumandnazmily erviliiAsnsssdavietinisilvaindaneuen
invealvatianulili (Flammable) wiofinmuduity (Toxic) ravhliiinmsanls! wiees
viliAndunsienefuiinuiegluninani  Rammudomssenindduiogunsalsen
vioiRnmuidemesedanduniouenld mstdestunisifamanisalivdriianansovnldlag
msdnmaszuutiesty (Protection Systemw3esyuullssie (Safety System) wihlulussuu
muAunszuIumskan msthstunsiiamansalivardannsavilivans?s Tususeuusn
2199zyhMIvanLUUNIEUIUMSKARlWwIvIeonuuUIgUnNsallnsuAusugend Ay
AUNTLUIUNS 1&‘%"9Lﬁaﬂﬁﬂéﬂaﬁzwﬁsﬁwﬁﬂdwq WU mshndenaadsAomnana (Pressure
Relief Valve) ‘Vﬁa%’ﬂLm"s‘&luﬁaﬁ‘ﬁ"uiwui'mﬂuﬁiﬁa (Safety Instrument System) 1nlU 1
fu Tunsimsariedldiaderdiodneinlatuastusgiuanmandss ammnzay e
WBeshllummha uavalddofidedls
easdoavesnsidenliflaidulsfofigninndouvussuuinnuissonie SIS (Safety
Instrumented System) ﬁﬁﬁ"mﬂszﬂawmqﬂnsfﬁmdwﬁn madldnnseinduaglusunsy



mMadlannsedind (Electrical/ Electronic/ Programmable Electronic Systems) 3aszuuf

THnuiueg1919971958n031 S¥UVESD (Emergency Shutdown System) @unsauwand
v & val a a ) a o Vv o

Iﬂ'saa'swsawmuﬂuwuﬁmﬁlmmnwummwmmuuina"l,mé’agﬂﬂ 2.3

DCS Engineering
Station Human Machine Interface
| J Printer
Backbone Network
Controller and Controller and Network Interface __ Logic SOIVE[J

I/O Cards I/O Cards Unit and /O Cards =
gz”“]” Electrical &
5" JUULILEL. - - - - - - 5 -2 Instrument
: : : ! : : Interface

» - = o v

‘ : b SIS Engineering i : Nool

: 1 Unit v Control

° e :' Centre

Kk By

Basic Process Control System Safety Instrumented System

7l & L2328
5UN 2.3 ssuumuaiiiugiulasssuuinauiling

Tngszuuinauilsiodidoulsznoufiddnyswmelui

1. gunsaimsin (Sensing Element) ugunsaifilédnaninzvaanssuiumsnian
WaslUAgufuUseIeg Tunszuiuniswdn (Process Parameter) Wiudnaonseualviin
WAsEIU 4 B 20 Nadueuuds (mA) Tusedu 24 Taavinssuanss (VDC) iledaludaany
Uszanana (Logic Solver) Qﬂn'mim's"imamwﬂ'l'sﬂwﬂuﬁug’mﬁﬁaﬁ gunsaimsinms
Ina (Flow Transmitter) gunsainsinsesiureavan  (Level Transmitter) aunsainsin
AU (Pressure Transmitter) Uae guUnsain1s9nanmail (Temperature Transmitter) Wi
gunsaimsinluszuulsvenatiinnimiwhiuegiusmmauduma (Failure Rate)

2. dwszanana (Logic Solver) Wudnwilldmiuuszananaladnuassyuuinay
Isfo lelilumsmuaunszusumsianledluanmzvasnsoilefnmuinundty Tay
mssudyanadunmananguasaimsiaiteavhmsi3suiisufusfidinus (et Point)
u.azmﬂﬁy’uwdmmﬁwmuwﬁﬁmaa‘lﬂé’qqﬂnmiq@ﬁw diutsznanaszusznaufizgunsal
an 9 il

UMA991eNANIU  (Power Supply Unit) @avszanamanals  (Central

Processor Unit) dwfuuavdedyind (nput and Output Cards) dwfnsideans
(Communication Port) waglusunsalumsyinau



3. gunselgavine (Final Element) 1Hugunsailddmiudeudyaalvian
dusziiana danllngasludygnailwihuseiu 24 voC luhmsUnuaziUngunsalgaiing
1t M@AallsY (Shutdown Valve) w3agamunuuemes (Motor Control Center)

2.3 1ATFIUTTUVIAANNIAY

nndofianaasaqiiindufussunTaguisfofusisuduimusluseandon
annsoflazyhnismueild e IEC (International Electrotechnical Commission) 3aléf
Sadimniznssumsanasdnsssquasiiiduiieadeatussuuinauisffinsounquious
funounseanuuuluaudeiuneumslda mMsgoutise waznsuSulsudlunassudld
sumsasuianaaBnlidrluldosiufenass iy [EC 61508 uay IEC 61511

wmsg EC 61508 asifunmsgrulumsimunsivazidonvesszuuisiofous
funeusenuuunssiunswdngUnseiineg  Iausduneunisiinuuazasidnisvua
swsuAUUaeniuReA SIL (Safety - Integrity  Level) ﬂaaﬂqﬁ%’ui’muﬁsﬁa (Safety
Function) dwnasgy 1EC 61511 aufhuanmsprudmsuildnuiaduuumisluns
fvuasiwavidenvesszuuinpuilsdouarmsidruaunsaimidulumannnsgu IEC 61508
uay IEC 61511 gnansauanalanegy 2.4

PROCESS SECTOR
SAFETY
INSTRUMENTED

Manufacturers & | Safety Instrumented
Supplier of Devices | ! System Designers,
by Integrators & Users

IEC 61508 IEC 61511

~H

3Ui 2.4 MsTHUIEC 61508 waw IEC 61511

wmssIu EC 61508uay IEC 61511 itmundduiunsudwmiumsesnuuunis
Bonldgunsalsneg  msmeseu  msdeuthsauazmsuiuusudlussuuinnuilsiend
dwusznouvesgunsaimalnih nadiinvseiinduarlusunsumnedidnnsednd (Electrical/
Electronic/ Programmable Electronic Systems) [4] #ddudumousanamaziSonia
N3UMNNUADALEY (Safety Life Cycle) ﬁ’aLLﬁm’Lugﬂﬁ 2.5 uag 2.6



Concept

J

Overall scope
definition

!

Hazard and risk
analysis

J

Overall safety
requirements

J

Overall safety requi

aliocation

J

Overall Planning

Overall Operation
and Maintenance
Planing

Overall Safety
Validation
Planing

Overall
Installation and
Commissioning

E/E/PE system safety
requirement specification

E/E/PE safely-related
system

Realisation
(see E/E/PES
safety life cycle)

i

Overall Installation and
Commissioning

¥

Overall Safety
Validation

J

Specification and :
Realisation '
1

Back to appropriate
overall safety life
cycle phase

Overall Operation,
maintenance and repair

15

Overall J
Modification and

retrofit

J

Decommissioning
or Disposal

gdﬁ 2.5 asseuanulaendy (Safety Life Cycle) 99 IEC 61508 [5]



""" " Hazadand i
! Risk assessment i
Management Safety - - ' Verification
of Functional Lifecycle 111 Clause 8 i
Safety Structure el e e e !
and and | N
Function Planning i Allocation of Safety |
Safety \ Functions to Protection !
Assessment ! Layers '
and auditing == i
'.f.j: _Claused _____ ;
Safety Requirements
Specification for the
Safety Instrumented
System
3 Clause 10
Stage 1 7~ Designand "7 ]
v Development of other |
Design and Engineering of ! Means of Risk 1
Safety Instrumented . Reduction '
System ' !
4 | Clause 11.12and13 |+ Clause9 ______ ]
Stage 2 —? i
Installation, Commissioning
and Validation
5 | Clause 14 and 15
Stage 3 —-ci:v
Operation and
Maintenance
6 Clause 16
Stage 4 —{i:
Modification
7 I Clause 17
Slage 5
¥ S Clause 7 and
Clause 5 6.2 of Clause 6 Decoyyfsgining 125
10 11 8 Clause 18
Legend

— Typlical direction of information flow

: i No detailed requirements given in IEC 61511

‘:I Reguirements given in IEC 61511

NOTE:
1. Stage 1 through 5 inclusive defined in in IEC 61511-1, subclause 5.2.6.1.3

gﬂﬁ 2.6 1wsouANuUaansY (Safety Life Cycle) 904 [EC 61511 [7]

s as . 4
2.4 szauauUaanny (Safety Integrity Level) %59 SIL
2 -y L7 ;7 o A L7 o al
ruuinnuilsdvazgnldailunmsvimihidestuniadrinveunanudemeves
o :d = = Y ﬂ‘ = L3
ASYUINAS  BulpaNaIneuRnUNRveInsEIUNS  AuRana i nTlanTunis
= a of o % a W wr o o Y val o
mvaurserMuRanaaTiAnduluszuusiens aaluanasgu IEC 61508 Jaladinistvun
L] GJ s of -y s 1 4 o/ = o o (¥ a
ARRgARIABUN1Y  veslandulsieiegegluszuuinqudsiy  dmsudiluldlu
o o W ¢ | w Y] ' | o
mstearunseinnnvauaa UMY | BarnaeAUANMENSURSIEALISINTT  ATTEAU
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rnaensievwse SIL vesilandullsdy (Safety Function) lussuuinpuilsse Tneriszeu
Asenivavgnuteenliiiu 4 stiumaimisfsnnudumaisunsiotisasaum
AsesumuUaensbazuanimumiaisALdImsunevesgUnsalluaniidesns
(Average Probability of Failure on Demand) #3® PFD,, nm*?'iéfaamsLﬂuamwﬁtﬁuqm
fvuamiaenfgvesiulsiinldnnnsyuiumssdn Snariidesnsidnty uazszuul
anuseviandldlunafidimussussennimmnisaiivasiny

= ! L7 os gy = [ s
A15799 2.1 T NATERUANUUaRRNE NOAIINTINALAANTIUDUATITAN [5]

mszaumMILannAY Average probability of failure to perform its design
Safety Integrity Level (SIL) function on demand (PFD,,)
q >10" to < 10"
3 > 10" t0 < 10°
2 210" to < 10°
1 >10%t0 < 10"

= 1 o o o w o € o
MINN 2.2 11319A1sEAUATINURDANY NONSINMSIAAMANTSRaUN g [5]

AsyRuMILUaani Average probability of failure to perform its design
Safety Integrity Level (SIL) function on demand (PFD,,)
i 2107 t0 < 10"
3 10 to< 10°
2 = 10°t0 < 107
1 >10"to < 10"

2.5 MInuMuURANNGUAIYsaUnsal

IEC 61511-1 [11] doton 11.4 Ifuanimnafoanisvasswrugunsalign Aoyl
ARAUELIMAITY (Minimum Hardware Fault Tolerance) uasdiansvinldszuvaninga
aumuiiduiissendesnislaiudimudumaresiiadunnni 1 ads audiszy
anadaendy wansldniumsiedl 2.3

= o ¢ o o v a a
M990 2.3 Fﬂ'ﬁﬂl\ﬁﬂu’)u@iﬂﬂimmqﬂ;ﬂﬂﬂaﬂleﬂ@ﬂ']']ﬂJNﬂWﬁ'Tﬂ

Minimum Hardware Requirements according SIL

SIL Minimum HFT
1 (@any mode) 0
2 (Low demand mode) 0
3 (High demand mode and Continucus mode ) 1
4 (any mode) 1
5 (any mode) .
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o v a Y a w fa
NI 2.3 1mszu EC 61511-1 Tigeanuuvaninsaidonldudndusineguy
& ¥ o - [V v a
WUgUTenNUA Prior Use maanmsgiu IEC 61511-1: 2016 Toe0e 11.5.3 3ZADINVITAN

= I o/ J
Fernaeaatl
¥ oal w =l ¥ oa éal (Y] 1 o/
a) Feiivdngufisawaunandlrlituitgunsallimumzaunumsidnulusysuuin
Auilsng
Y oA w v L -1
b) seslinang1u aunnnWluEsnagsail

RISUANNINEHER

=l <l e 1 ]
UNTSLEAGIN EJE]ELE]EJ@\TJBQQUﬂ’iN@EJ‘NLWENW‘DQ

o Y v & v
wansaussouymMshanluanziardunnsuieaiend
e JuuuarUSInaUsvaumsallumsyinau

v & v o o 1w w & v o  w fo oo Wy

adulumuderimuadnanndrsiu annsaidenldgunsaldmsutlaidullssels
AUMSIN 2.3 uonANUUINATFM IEC 61511 lafmuaniadenlifivgldauaunsold

5 < v a a <

m'mqﬂﬂ'saimfjmwﬂau'lmnmﬂ‘amwmwam’lummgm IEC 61508 In8uaninunns1an 2.4
uag 2.5

ﬂl o & é nl =3 =
M15190 2.4 msndugunaiingaisedliiinanuianainmuaasgIu IEC 61508
dmsugunsal Type A

Safe Failure Fraction of an Hardware Fault Tolerance
Element 0 1 2
<60% SIL1 SiL2 SIL3
60%-<90% SIL2 SIL3 SiL4
90%-<99% SIL3 SiL4 SIL4
>-99% SIL3 SiL4 SiLg

< o 5 < v a a
3190 2.5 m‘mmufauqﬂﬂmim*lqwaeu‘lmnmmmwﬂwmﬂmummgm IEC 61508
dmuaunsal Type B

Safe Failure Fraction of an Hardware Fault Tolerance
Element
0 1 2
<60% Not Allowed SIL1 SIL2

60%-<90% SIL1 SIL2 SIL3
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= (J I3 < Y oa =
13190 2.5 miwaa’luﬁuqﬂnifﬁmqﬂwuaﬁlwLnﬂmmwﬂwmﬂmummg‘m IEC 61508
dwiugunsal Type B (s0)

Safe Failure Fraction of an Hardware Fault Tolerance
Element
0 1 2
90%-<99% SIL2 SIL3 SiL4
>-99% SIL3 SiL4 SIL4

& 1 | ¢ a ¢l
mTeiaesasuluengulsenauaunsalitu 2 silade gunsalusyneuluse

L
=l

1 o |} =y l’ﬂ: 13 ] ll.'l o=
dnusvnautiia A wavdudseneuwiln B gunsaiivszneuluiediusenaunis 2 siadgn
J 1 L3 i o s é’
[Sund1ssuveen (Subsystem) lnegunsalinaswiinainsauanisisasidon il
aunsnlailn A (Type A)
dl o/ a a/ = - 4 1 Qy 1 &' o/ 1
iwseileTangnineglusiaiiiugUnsaififidouysenevyasiuduituguildiueg
o o ! = £ w = oo 2 & ! 43
valv 919 1 favsnuBawes, shaundaimes, fsunu wazueaan Wi gunsalvail
annsoldaulaldunamuazausayimsasanaeunsihnuliedwanysal gunsaims
o 1 P v " 4 (3 o/ Yoo w
Tameieauuunily (Conventional Analogue Transmitter) gunsnimsIauuumihduia
| L=y & ol o a & a/ ) a ¢ o [l
DMty @ndiseau (Level Switch) #ngmNAY (Pressure Switch) wagadndsuvua
age . ¥ 1 JU £ o
(Position Switch) 1¥usiu gunsaivanidndugunsaiuiin A
gunselwila B (Type B)
d A o o a & {et a v
insesdleinfignineglusiiniiduaunseinlidnsenovuestudiu  Alfinelulad
alelnal 219U 299359 (Integrated Circuit; IC) w3slulaslusivaise (Microprocessor)
Wuiu  gunsalmaniliannseldenldiduss ey llawnsavnissaagounsia
Ineensanysnl

251 izuvﬁ'ﬂﬁuﬁﬁﬁﬂ (Safety Instrumented System)

ssuuinauilsfvannsiassynaumeiliiduilsionie SIF (Safety Instrumented
Functions) yhwnihfitleatusunsnesianmuiitnun Heiduisfoasdsenaulude 3 dawu
il

gUnsnim153m (Sensing Element) dauustanana (Logic Solver) uavgunsealgnving
(Final Element) #dluusaganasiimaudumadunsie (Dangerous Failure) voeialos
winasziunUaendovde SIL lagnimuslifuilsdduissoudnfiasldnasueiaie
adumaIsunsigvesiteidulsionugl 27 nduheiedsrmdumssunseves
nnqawluileidudssomnswiu - fwadniilfardosiosniimiadsnnudumasunsely
seiumaUasnsyiu Tnssunsuanaudumansusslese



13

Sensor Logic Solver Final Element

(PFD. ) (PFDys ) (PFD.)

d LY o o o =
JUN 2.7 aiduinquilsielussuuinauilssy

PFD,yg= PFDsz+ PFD s+ PFDg 2.1)

o)

PFD, = HaTMARAsAudummsunevesilsiduinauiste

PFDs = Aladsnudumansunsevasgunsainisia

PFD,s = ANleagmiudumansunsisvesdulsynana

PFDre = AladsmnudumasunsevesgUnsalanving

9naumsi 2.1 wdiilsnisesniuuainsaviliisensidenldaunsalluguuuy
19 9 e 3 du ielvasaidiedsrudmmsunseiireuninanadsaudumen
SusspvesrssRuAIUaenseNFonIs

2.6 AuAUWMAlUsTTUUUSAY (Failure In Safety System)

audnwaaiiatulduie vesssuulsAudlofnduudwilrseuulisusn
vnnunsensusussnnuAnUnAfieanuuulild msgi 1EC 61508-4 HuansmnIsdtvan
Uszmwmaﬂﬁaﬁ

1. Random hardware failure

2. Systematic failure

2.6.1 Random hardware failure

mdumlumhnurestuhuiegunsalssquuuivAnaunaiiuugy
(Random) Wiosmnaumvanisidesanmmanaln aanmisldm uay anudivaiUsuant
RAnnuansznudug Wy matanseu mudeu wasmsldouuiug Wesmnauduman
Huwuudn deyameaditanansamlfainismaaeuuasysyifvonssamanuduivas fafy
mmniazduresmudumamiuuguiannsofaalld

2.6.2 Systematic failure

AMNANIWMRILUUSTUUANANIME IR TR U IR U e NaH SRR UL
Faansoudluvdosneeninemsuiuiasuseniuunssviunsndn  suneunissdiua
wiotateduqfifeatas

2.7 Uszuananuaumailuszuuilsie (Failure type in Safety system)
wé’mmsﬁuam’lumiaeﬂuuusuwﬁiﬁaLﬂunﬁaanl,mw%al,ﬁaﬂlﬁaﬂn*sm“Luei'm

maqmmsuuuusna Lwam‘[m"wﬁiamamyanmmaumaaaumwaa‘lvmwmwum AU

aumaawuﬁmmﬂmmummwmsmﬂumiaammuuaa 2 Usziande
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2.7.1 anuduvadilsnensi9duld (Safe Detected Failure)

mudumaslnqilefiatuudsruulistonsnduld Fwmnsdumaiussaniendy
auduvmiidlefntuudnilissuuisfovanunienaevdmanlinssuunisdnmen
aula

2.7.2 anusunadlsignsrndulild (Safe Undetected Failure)

rduvelngilefintundssuuilsfonnedullly  Fwnnudumevssamilas
Humnudumaaiidleninuudilvszuuisfovinuieomazdwavhlinssuiumssan
ngavitulausgldnuaglazininanuaumadisie

2.7.3 AMNANA20UNS18A5293ULR (Dangerous Detected Failure)
173 a o X v a W W MY =t ) X =
mNauvalagleifintuuisyuvisiensaduld  FernudumaUsuanilanu
v =i d‘ = ¥ L 74 ] 2 =Y 1 o A:l v 1
ANLaLvaNaRnTULA TR Y IMsruus A llansavinulaluna nifenis ue
enuduaUseinnilaunsansivvulanazunlalvssuunduunvnalaund

2.7.4 anaaumalI0uns1ens29ulild (Dangerous Detected Failure)

rudumalailefintuuds  seuulsfonsedulild SwmudumaaUssaniay
Wuruduimariisunsiefigadeiiniuudassinraihlfsruulssoliaunsohaulily
Lanfigeans | uRAnudumaIUssemiliannsansaeduldsdiiannsoudlalsruunduan
Mauldlutiananng

2.8 jUnuuragunsalinAuilsie (Sensing Element Architecture)
‘lua’huiﬁﬁaﬁmaﬁagﬂuwLLasé’nUmsmsﬁwmwiNwmqﬂnmﬁmﬁwaﬁsw

Usvananalavyetgunsalanie  iileflannsnidenldeuldediamngan suuuuitugiui

gunsainsTaldiuagaunsvandluszunnauisied 5 sUkuuRsid

2.8.1 gUn3ain133n3Uluy 1001 (One out of One voting)

suuuvilFunsaimsTafissiafisaofiuszuuinauisty - lunisvauthgunsed
SneauRnunilivdefanvhauidvunlifeevildssuuianuisfevinuiui 33
annsauansmsiUSouiisuldluguadndunilanilsih - Quannzihauviedlednondanu
Tigunsalasvhliedndazeglusumisln)  ustuAneudummsunsieiutasssuuinay
dsfelaanansonmaiumuRanaatild asvilinszuiumsnandiganmedunse sy
szuuinaudladelianansaialdidunsvieuuuuduvenisiy (Fail Safe Design) fio
dointymmsianaalagfussuuagiiligunsaianyhevgarhan venaintduudrgunsel
ms¥aluguuvuiilifinmsasnasummiananadeies fduiloinmiugumaisunse
Fulugunsal wu gunsainsinlinevaussenisiAsuutamesrmiudsiidesnmsmdusu
Froufuamminlinszuaunsianidnanufliauniduasrilrszuuaaudsit s
vaullunaifesns  Tnsmmduvandunsiglugunssivesguuvuiesgansanuileds
nalunisvageunminuressyuullssy  gunsalmsinguiuy  lool  uwaslUsinsums
Mmeuuandugy 2.8
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2.8.2 Qﬂn‘mﬁmﬁ'ﬂgﬂmm 1002 (One out of Two Voting)

sunuuilfaunsainsinguituy 1002 THaunsaimsiaansiasatusruuinauisiy
Tifinshamabuuvounsy Tumsinuigunsaifiladvisinmmmniaundlsviotagn
vhnufifmualiiesibissurinauisfovhauiudl - Saaunsouandugtaindunidinass
sseeynsuiu  (uanmzvhauedioiendsnilfeunsalasilvaindazegluiumis
Un)  udtuinenudumandunsieluigunsoimsinfladimils  uasszuuiaeuisdeli
ausansndumuianaeiidetuliuld  avilgunsaimsinshiiaessinehwindise lUIE
sUnvvilssuuinauilsiasliannsansiaeummilanaavesgUnsalvenildmesaies
msvhauszdmsasfonmililuans ﬁqﬁguLﬂaqﬂniniﬁgaaaaﬁmﬁﬂmmé’ummé’umswEJ*?Tu
Wy gunseimsinlinevaussiomsivAsuasvesiiifosnisin  Wudu  Fenevhili
nszuumsHAninganmrsunTamswdlenszuIumsHARIAnAUE AU T e
WenazdnavdogunsaiBnuilsinhaniluzuiuy 1001 TnsanudumaisunsevesgUuuy
ﬁwmmsnmswwv’tﬁlﬂaﬁmaﬂumi'nmaaumiv’hmwum'szuuﬁ’ﬂf;uﬁsﬁsmmimtﬁmmi
angUuuumshamdmingunsaliinaufianainiy gunsnimsinguuuy 1002  uaw
Tusunsumsviauuanslugy 2.9
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hsunsuuesgdasalinsdanuy leo2 Tuszuuiamisie

U7 2.9 gunaninnsdaguuuy 1002

2.8.3 gUnsain1s3nguluy 1003 (One out of Three Voting)

sUuuvilldgunsalnsinguuuy 1003 légunsaimsinansasetussuuinauiisdy
Tnmsvhanuduuveynsilumsihnuieunsainisiamalafmisindmuiaunilivie
fagarhauiitmuslifssihliszuuinnuidsdovhouiui SsnmsauandugUadnduniidn
gusioaynsuty - (uannzinuviediesiewdsmiliouninl  ashiadnderedlu
dumideln)  withAaeadunandunselusngunsoimsindiinidmiesfiass  uas
ssuuineudsfeliansonsaduanuRenmatuld sdigunsaiffianamidofftanudenai
mihirelulfluguiuy 1002 vi¥e oot udluguuuuifrillenaliiAnmsvihnuuuuhidy
334 (False Tip) Igailosandidrugunsalinnniisuuuudug aunsalmsinguuuy 1003
waglusunsunisiauuanslusy 2.10
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gUNTAIMI AN 1063 DUUMUNTHATEINUNITHAR

AYUOUNAA ——  yanfSournioy Amndy
Mfidmun — oy doyane

YYWounA B ——1 yanliuuriioy 1nay i} !
5.1 . : AND AY YWD WA
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ayuweuna C —  yanfSoniion AMAY
Aldmua — @y i

Tisunsuveaginsainis iauwu 1oo3 Tuszuianuiisng
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3N 2,10 gUnsaimtngUlLuY 1003

2.8.4 qﬂnitﬁnﬁ‘i’ﬂgmwu 2003 (Two out of Three Voting)

sUuvvilligunsaimsianuy 2003 MaunsainistaanudasotussuyinauilsSeld
fmsinuifuuvamid (Voting) nassluaugluuuiissuuinauissashaufnede
gunsalmsinaesshinenafaUndld  Baanunsouandugtaindundidnausialngaing
apasrioaynsufuagA N AT (uaamevhauvdeilednemdsenily
gunsnlawhaindaveglusumialn)  widufnanudumardunsislugunsaimsiamle
fviluarssuuinauiisiolimnsansadummRanaaiills axflgunsalfaiiaowassai
anudansvimhiveluldluguuuy 2002 wiluguuuudasiiarudesilumsyhautiesnt
Tuguuuy 1003 Tugdiuy 2003 szuvinauidsivanunsonsivaeunnulianainvesunsnd
Isdheaues  TnsmsiFeuiivusnisinildangunsaimsiaaanusadannsavhlins
I ngunsaiialafneafanaatuuazdn

sunsalnladvilafnanudumarsuasefiannsodounsyliviuil  udthgunsal
ausanaintuly (A & B, B & C, w39 A & C) (RnAudmansunsoty ey gunInins
Falinovauswiomsiasuwamemiidemisinasilinszuunmsiandngane
Sunsie nnzdonsyuumsianiAnrmiliaunituasyiilvsuyTanudssvlianansera

148253
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16 withgunsalifesialafmiafsmusumasunsieu  ssuvasboumsvhauluidy
FULUU 2002 (Two out of Two Voting) @nansaugminsanguuuun1sinanumaingunsel
\inAuRana1nTu gunsain1singuuuy 2003 uaslusunsumsiauuanslugy 2.11
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QUN3NiMs TANUL 2003 VULAUAMAIZLUIUMI HAA

. ,. Y A

yywowmA —— yanBouiioy AINdY |
Amnmua — duyaym LU -

fyguoua B ——1  yauluundion AMAY l— . .
2 — — OR AND AYYIWDIANA
Amimue —— Aoy Ay : ==

dygruduna ¢ 1 yalSoudioy Aandu I 2L
Amidmus — AU Aya T

Tolsuns wvoegu nsainis 3t 2003 Tuszuuianuiis iy

$U# 2.11 gunsalmsinguiuy 2003

2.8.5 gunsain1siaguiuy 2002 (Two out of Two Voting)

gunsalmsiauuy 2002 T¥aunsalaesiaseruszuvinaudstoliinisvihanudu
v gUuuudssvuinauilsisasinnuineilegunsainsinasiaaranulnundlé
Feannsauansliluguaintunfilinaessronuiuiuluaniisyihaumieitesiongamisy
gunsnlazvhviedndazeglusumialn) wighiRneiamanaluigunsaliviiliiAn
Sunsevugunsaliiladovile uasszuuiaaudsdvliannsonsaduamianaaiiils oy
vlissuuiamuisfobiannsavhmhildedugndoweluld  semsielugiuoui
foansguUnsaiisaessalunisvhemy ’lug'duvuﬁmsﬁm5ﬁ101uﬂé’1aﬁ’uﬁ’ﬂu3ﬂuw lool s
Tugunvuileeiidnanumiealdinu  (Availability) genduuy ool gunsaimsinguluy
2002 warlusunsumsvinauuanslugy 2.12
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9UnsaIN1STANUY 2002 VUUHUATHA TZUIUN15HAR

T mouma A yanl3o oy NAY

fmtmua — @y oy
Toyn) 0 1WA

aYYoUNA B ganlSouifioy ANy

afidmun — Ay Ay

- o o o oW
llsunsuveagilnseinisdany 2002 Tuszyuiaguiisny

< o
JUN 2.12 gunsalmsingUuuy 2002

2.9 unsatayadnsiAnudumaIvasgUnsal

ToyadnmArudumarvasgunsaivie Failure rate wpaniasloinuazmuauiily
Tuilarduilsferedianuddydmsulfludunsunsegeudsssuaulasndy lslddusy
Mildnudenldiedoddiotauarmunuluiiidudsfomnsiuamsysuaiasn ol
fualilnsanansonilénin 2 unssdoyadsil

2.9.1 fuan
¥ o VY a v o = L7 & £ € 1 [
NnvefmuavenassIiEnGnfednlnsuToya il tugUnsalia duly
mutefimumnasgiulazmsiinsnsiadeusvsennaniudase deyamsusznouieds
1 o é’
Aenall
1. enuannsnluszRumuUasninig 9
[ P v 1Y o P
2. nunnuauma? (Failure Mode) uagdnsianuduimaian1iemsinanui
Avun
¥ o ar ¥ a v o4 v v a o v
3. fedriamemuianasuiiielillisnsamusumadiiuninivszanald
4. fornvuaviiengavidealunsnadeumsinaunsegeutise
5. dnIaduAuANWa) (Diagnostic Coverage)
6. giloAnuaendy (Safety Manual)
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2

2.9.2 gilavsegrudeyadniinsgu

-«
YV oa

Turenedoyaduanerslinsufuidosaniuedeslotauazmunuiililign
sonuuulidulumudefmumveannsgiu IEC 61511/61508 fonsldaileviegutoyails
fimsiiusausulashetanieluil

1. IEC 61709 (2011) : Electronic components-Reliability-Reference condition
for failure rate and Stress model for convertion [7]

2. OREDA (2009) : Offshore Reliability Data [8]

3. SINTEF (2013a) : Reliability Data for Safety Instrumented System, PDS data
Handbook [9]

4. Exida (2007) : Safety Equipment Handbook [10]

g
2.10 lanausmen
- | | i - o ot

Tunaurseeyl Aslumadildfiemeenuiesdu (Probability anmeadanisluns
AuuAsEaumulsandeNeziindulumsiinaniuy (State)  amugleaniuznil

[y < A -
UszneumeanuzlavmsiUisuantug  (Transition) 1ng anugunun1siauvegunsal

= = o o a; nlf 1 = &
wazmsidsundasnnanusnilsluddnamugniaiudumanuiionain  (Failure rate)
wiopnuuasiluvesnisdestauuaigUnsal (Restore rate) uanslugy 2.13

e\ g

=

Transition Arc

State

= v §
JUN 2.13 dyanwolvedunauisaon

o i
U1 William M. (2005) [3]
ﬂ} o 1 n‘: 1

ssuvvedluaainineniiinananusumaIveEn s pUnsoitulleg 2 szuy

Ao
& B 1% W My d a o a a

1. lumaunsmennaunsadeunduliladlioiinnisilasunassmusiiingin

msauavatgunsalluBnanugnilseunsalazlianunsedounduindsanuzinule
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A L4 &/ L2 M
5UN 2.14 szuvlumausrendounaulaile

¢ a [ w MY d4 a < o a
2. luwmaunsaennansadounavls Wetinmsiasuuwdasaniusiinain
msauwavegUnIalluBnanugnileunsalazanunsadoundvandanuziula

A Fail

NZZ<

System OK

AN B \[

it Restore
P> | & o o v
5UN 2.15 ssuuluimaansnondaunauls

2.10.1 Ysztamlumauriaen (Markov Model Types)

Ussiavlunaansmevignuue 4 Usuiavlagaiain 2 anveawanae allazanius
Faseluil anussewiles (continuous states) amurliiseiiioa(discrete states) anvioiiles
(continuous time) waz Lathisiaidosdiscrete time).

= &
15199 2.6 A51UsEInnlueaNTsAEN

State Space Time Application
Continuous Continuous Not in Reliability Analysis
Continuous Discrete Not in Reliability Analysis
Discrete Continuous Analytical Sclutions
Discrete Discrete Numerical Solutions

1. @annugUni (Regular State)
o i < o ! a &
lumasnirennarilaniusaaf SdumamnsnenfsvSoninduaniugnd v
. & 1 A a &/ & =l = o/ =l
#01us Ercotic AspldlalinanuaumanudaniusinisivaeulUludenusdu



2. anuzgAPu (Absorbing State)
d 13 1 & ¢ 1 A 1
luansrevinidluganuglnanusniidunamiwaslianunsanbeouludaniue
e =} I ¥ v 174 1 v v 5 =
suglaluewan ienanlididhluganuslaudrassioegluanusdunsenly aviEon
anustuIEnUE)ATY NSpan1UY Non-ergotic

aa &
2.11 waldA5N15u15AaN
adl ' ) v  ad ¢ ad a v o o \
'Jﬁﬂ"liluﬂ'l'iﬂ'lﬂ"lﬂ’)"lNuﬁﬁ]%LﬂUﬂ?UQSNWﬂ@‘SWNWBWﬂ‘lﬂﬂ'l'&.l'}ﬁ miLaaﬂ'Lm’mawuag
o v o o 4!/ 1
ﬂ‘lﬂlaﬂ’lﬂﬂ‘tlElG'SSUUV]GIENﬂTS'ﬁWFﬂnﬁ-ﬂﬂ:ﬂL‘l‘j‘u Imauﬁm&‘iums‘m 2.4

d |
AN51990 2.7 F3msundaen
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Ergotic Non-ergotic Ergotic Non-ergotic
(Regular) (Absorbing) (Regular) (Absorbing)
Homogeneous | Homogeneous | Non- Non-
homogeneous | homogeneous

Steady state Steady State | Not Not Not
probability solution | Solutien Applicable Applicable Applicable
via linear
equations
Time dependent Continuous Continuous Not Not
analyticial Time Time Applicable Applicable
solutions via Solution Solution

differential

equations

Numerical solution

Discrete Time

Discrete Time

Discrete Time

Discrete Time

for Solution Solution Solution Solution
state probability

via matrix

multiplication

Analytical / Discrete Time | Discrete Time | Not Not
Numerical Solution Solution Applicable Applicable

solution to mean
time to

first failure via
matrix
subtraction and

inversion
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2.12 AMNANMAINNUYID B (Common Cause Failure)

gunsaliefeailodnluiladdudsslunsguuuvasdisunugunsaifinndmidsty  lu
msPndagunsaimsiamadasgnansaagluanmsadudenty  AnfuSaillomadigunsel
fannimiluasinuauiinmilousussiinmudumariuiy  dmiugunsoiviotusu
finileufuannsouaniaumssnseudummdasuazeudummsmiuldfaunisd
2.2 uaraumsi 2.3

/IDD(c) = ﬁD;LDD;;LDD(z‘) =(1- B (2.2)
Aoy = BoAows Aope = A= By (2.3)

e
App  VNEIR BATIAUAUMAIBUNTIYT MUY ASY/ Tl Mo A3/
Appey VBRI BRTIANURUMAITUNTIET AU M8 AT/ ARl wie ATV

B WNEN  ANAULUAITIUAY

2.13 AIANMUANWKAN3IUNY B (Common Cause Failure)

AIMINENMAITINTU W30A1 B, Bp UINFFIU IEC 61508-6 Annex D TlanatuInig
Tunmseuamen B uag o ﬁm%’uqﬂﬂ‘snhﬂ%laaﬁaﬁ’ﬂﬁuqﬂnirﬂqmﬁwLtaséauﬂismamaﬁ
wonoenaniiu Wuswsanuduwmaisinivdmiuanudumaisuasignsiadvlalea
(Undetectable dangerous failure) Wudliusaudumaisruiudimduanuduimna’
BUNTIBN 193U (Detectable dangerous failure)

2.13.1 NSMIAIAIUANMNANSINAY (Common Cause Failure) #32A1 B, Bo
nsg1U IEC 61508-6 Annex D lsanwamalunmssnnumean p uag Bp dmsu
gunsallrdesiloinfugunsalgavhenardruyseuanaiiuonoanainiy
B Wusuusamnuduwmalsiutudmsuanuduwalsunsiensadulily
(Undetectable dangerous failure)
Bp lWumMuUsanuduwanufudmsuanuduinaidunsens9duld (Detectable
dangerous failure)
Tumseanuuuizilimenudululivesnsiinmudumansutusandusn
foafiansanmstlasiumamanifaziindy msdaviuuuisuazeesnuuuimnzalussuy
Dftgansatavand p Mhunldlumsusziiu
M7 2.6 Iflaan1savesnsna D.1 Tusnsgiu IEC 61508-6 Annex D lfuama
Fhi‘hmuﬁﬁmﬁaaﬁ‘agjuuﬁug’numﬁmﬁuhmﬁmﬂiw (Engineering Judgment) Saifiu
fhuvudmiuusarsiemsiitisanmudumaii esngunsalindesilenfugunal
anvhoasdinmsidunsindeiiuanssndulsaanansifussuudiaansetaduuy
Tusunsumsvhauld Ssfosdimsuenmsiaisaesssuusanaindiu
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Logic Sensor and
Iltem
subsystem final elements
XLS YLS XSF YSF
Separation / segregation
Are all signal cables for the channels
N 1.5 1.5 1 2
routed separately at all positions?
Are the logic subsystem channels on 5 .
separate printed-circuit boards? )
Are the logic subsystem chanels in
. 2.5 0.5 ; ,
separate cabinets?
If the sensors/final elements have
Dedicated control electronics, is the 5 15
electronics for each channel on separate ' '
printed-circuit boards?
If the Sensors/final elements have
dedicated control electronics, is the
- - 25 0.5

electronics for each channel indoors and

inseparate cabinets?

Diversity/redundancy

Do the channels employ different electrical
technologies

for example, one electronic or programmable >
electronic and the other relay?
Do the channels employ different electronic
technologies
5,0

for example, one electronic, the other

programmable electronic?




= P Y ' |
A15190 2.8 518N15VMBaAANURULKAITI (A1D)

Item

Logic

Sensor and

subsystem

final elements

Xis

Yis

Xer

Ysr

Do the devices employ different physical principles

for the sensing elements
for example, pressure and temperature, vane

anemometer and Doppler transducer, etc?

7.5

Do the devices employ different electrical
principles/designs

for example, digital and analogue, different
manufacturer {not re-badeed) or different

technology?

5.5

Do the channels employ enhanced redundancy
with MooN architecture, where N > M + 2

2,0

0,5

2,0

0,5

Do the channels employ enhanced redundancy
with MooN architecture, where N = M + 2

1,0

0,5

1,0

0,5

Is low diversity used, for example hardware

diagnhostic tests using the same technology?

2,0

1,0

Is medium diversity used, for example hardware

diagnostic tests using different technology?

30

15

Were the channels designed by different designers

with no communication between them

during the design activities?

1,0

1,0

Are separate test methods and people used for
each channel during commissioning?

1,0

0,5

1,0

1,0

Is maintenance on each channel carried out by

different people at different times?

25

25
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Item

Sensor and

subsystem

final elements

Xis

Yis

Xsr

Yer

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

0,5

Is the design based on techniques used in equipment
that has been used successfully in
the field for > 5 years?

0,5

1,0

1,0

1,0

Is there more than 5 years experience with the same
hardware used in similar

environments?

1,0

1,5

1.5

1.5

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?

1,5

0,5

1,5

0,5

Are all devices/components conservatively rated (for

example, by a factor of 2 or more)?

2,0

2,0

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?

3,0

20
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Iltem

Logic

Sensor and

subsystem

final elements

Xis Yis

Xsr Ysr

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.)

3,0

3,0

Are all field failures fully analyzed with feedback
into the design? (Documentary evidence of
the procedure is required.)

0,5 3,5

0,5 3.5

Procedures/human interface

Is there a written system of work to ensure that all
component failures {or degradations) are
detected, the root causes established and cther
similar items inspected for similar potential

causes of failure?

1,5

15

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?

1.5 0,5

2,0 1,0
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ltem

Logic

Sensor and

subsystem

final elements

XLS YLS

Xsr Ysr

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?

o, 0,5

2,0 1,0

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

0,5 0,5

0,5 05

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?

0,5 1,0

05 | 15

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

0.5

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

1,5 1,0
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Logic Sensor and
Item subsystem final elements
Xis Yis Xse Ysr

Does the system have high diagnostics coverage
(>99 %) and report failures to the level of 2,5 1,5

a field-replaceable module?

Does the system diagnostic tests report failures to

1,0 1,0
the level of a field-replaceable module?
Competence/training/safety culture
Have designers been trained (with training
documentation) to understand the causes and 2,0 3,0 2,0 3,0

conhsequences of common cause failures?

Have maintainers been trained (with training
documentation) to understand the causes and 0,5 4.5 0,5 4,5
consequences of common cause failures?

Environmental control

Is personnel access limited (for example locked
. . » 0,5 2.5 0,5 2,5
cabinets, inaccessible position)?

Is the system likely to operate always within the
range of temperature, humidity, corrosion,

dust, vibration, etc., over which it has been tested, 3,0 1,0 3,0 1,0
without the use of external environmental
control?

Are all signal and power cables separate at all
2,0 1,0 2,0 1,0

positions?
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Logic Sensor and
tem subsystem final elements
XLS YLS XSF YSF

Environmental testing

Has the system been tested for immunity to all
relevant environmental influences (for
example EMC, temperature, vibration, shock, 10,0 10,0 10,0 10,0
humidity) to an appropriate level as specified
in recognized standards?

NOTE 1 A number of the items relate to the operation of the system, which may be
difficult to predict at desien 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 to 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.

NOTE 2 The values in the X and Y columns are based on engineering judeement and take
into account the indirect as well as the direct effects of the items in column 1. For
example, the use of field-replaceable modules leads to

— repairs being carried out by the manufacturer under controlled conditions instead of
{possibly incorrect) repairs beinemade under less appropriate conditions in the field. This
leads to a contribution in the Y column because the potential for systematic (and, hence,
common cause) failures is reduced;

- a reduction in the need for on-site manual interaction and the ability quickly to replace
faulty modules, possibly on-line, so increasing the efficacy of the diagnostics for identifying
failures before they become common-cause failures. This leads to a strong entry in the X
column.
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Diagnostic test interval

Diagnostic Between 1 min
Between 2 Days Greater than
Coverage Less than 1 min and .
i and one week 5 min
5 min

> 99% 2 1.5 1

= 90% 15 1 0.5

> 60% 1 3.5 0

'ms'Nﬁ 2.10 Value of Z—sehsors or final elements

Diagnostic test interval

Diagnostic
Between 2 hr and | Between 2 Days | Greater than one
Coverage Less than 2 hr
two days and one week week
> 99% 2 1.5 1
2 90% T 1 0.5
> 60% 1 0.5 0

msldrlumsns 2.6 Fesdimstumsemsivhrldlussuvtassinailaves X .
WAz Y s &mSudmUssuiane Uas Xs U Yer aim%’uqﬂﬂsnhﬂ%qﬁaﬁ'mﬁuqﬂﬂifﬂqmﬁwEJ
Afivaniuazifuri X uae Y snagidu
3197 2.6 Wag 2.7 pvazgnldlumsimunasiiuds Z Wesiusiniteduny
duwvan Laean S avanansaduanldainaunsieid

S 2
SD =3

XY (itoldvmie B

4 qu |
X(Z+1) + Y (Wolgman By
| & I P o ' & v
A1 S uay SD wumNgnlglumsnan 2.8 a1 By 39 B MUADINTS
| ] | Aly = o ! Y | v oo Yy W fol A w
agalsianud B fildanas1en 4 Wudanuduwanuduiiiedeatuilanduiisselu
1 v} v 1 14 o/ d
UkuY 1002 iy dfiuguuuu MooN dn B desgnanisesuusasilunisnad D.5
d L7 L7
Walnlar g aaving

(2.5)
(2.6)
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Score (S or Sp)

Corresponding value of Bin; ¥3® By it for the :

Logic Sub System

Sensor or final elements

120 or above 0.50 % 1%
2%

70 to 120 1% 05
45 t0 70 2% 5%
Less than 45 5% 10%

NOTE 1 : The maximum levels of Bp it sShown 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 failures as a result of this.
NOTE 2 :Values of Bp .+ lower than 0,5 % for the logic subsystem and 1 % for the
sensors would be difficult to justify.

a15797 2.12 Calculation of B or system with level of redundancy ereater than 1002

N
MooN 2 3 a £
M 1 B int 0.5 Bint 0.3 Bint 0.2 Bint
Z S 1.5 Bint 0.6 Bint 0.4 B int
3 = = 175 Bt 0.8 B int
4 3 ¢ y 2 Bint
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AMSALLUNTISANEI9IUIRY

3.1 UDULUAYRINTANEN

Iendnuseduilitunouvesnsnwdioluil

1. Anwdeyamsiseifeadesiunsmansziuaudasnstoesitadduinay
sde

2. Fnvuazynsumisgunsaiianuitiuiliiduinaudsfoanuiuniwnseuiunis
YDITTUUVIDEILTE (Piping and Instrument Flow Diagram, P&i) ﬁﬂLLﬂmﬂugﬂﬁl g1

3. asnlunannanugaauvstesgUnsalluszuululinaainsaen

4. mensgiuanulaensiuvesgunIniinpuilsievesilaiduinpuisiy
3.2 nsAANYINUINY

Turidsililedduinuisfovemdanemuiunmisasdonlugilt - 31 ms
uaNnsEUIUNTRRdoauuRgu SufesssumiRninaniitefied 1 iedwielui
aonil 3 Gaenunulnefigunsolinruu 3 @ lneilytiuumsiauuuuidends 2003 iile
dedyqaumuny Teodegunand 2 Tu 3 dhnumneenuiezinsdsdygnaliidu
Ussanaszuuinaudste  Tunsdifienusuifverdedyannafieludigunsalfannode
Néanmui whilndanmusuhauielsfeiliad faaudsfevesnseuiunisi
Usenauluaae

1. gunsalinmaudu (Presser Transmitter) yinn1sinanusuviodefauayea
ﬁ’fyqumiﬂﬁﬁ'aﬂs::mawaiﬂEJ:‘J';ULLuumsaﬂé?w‘imuuuuﬁaﬂéﬁ 2003

2. fusvahana (Logic Solver) Ynmsuszananadginngdnsalinanuduuay
dedrynraueonlUiimanuaualsie.

3. MdanA U (Block Valve) Wusunsalgnving (Final Element) vesszuuin
auidsAvndaneuiuazglfidusihfisvgasumauasmgnisaidunsenielfidussit
vouimmdsmefioawintulneiinsiaviessieiistgldwieilauneen

4. MéEoy (Solenoid Valve) mssudnanalwihanszuuinaudssoiielidn
Yaliruduainmianluvinmstalnndianaudu (Block Valve) uadlaedizuunuuns
Pndavamunuuidonss 1002
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—————— > Logic Solver F——————

2003 loo2

I |
| |
Station 1 Station 3
-

Direction of flow

< o
"i:‘\JVI 3.1 WRUNTWASZUIUNISUBATEUVIAIaNARINAY

3.3 msUszilivlnunamuduvaniisusaiatiuldvesgunsaluszuy

AsannsdldinuaingUfl 3.1 lurugiinssuaumsegluannsund muduaveyly
syfuUnAgunsatinaauiuinanudvedlussauun@ (Normal) 2rdnanausy aglusniue
fianuwfouldnu (Availability) Swnndmusuiufietundaneiusudsinaunuyl
AU IMANIUA (Air Failure Close) fnsdiiiiapafanaa iy gunsalinaudiy
vhauRaund | gunsallszanansliddynnamiendisuiselnld nsdifssuuisteli
annsavhaliiinenudumansunsis wseildduissdliaunsoinunounmanisel
dunagla

<l Y ' fa A
A15197 3.1 ugndlnuaanuauivalvalsaraunsalludnduilssie

anruzvaain
=i o ¥
#a1uL s1vazidenvaInsaruLUasanius ANMURULAIVDY
aunsal
0,0K | anuziiudiu lLiflgunsaiduiven )
9 FS dnue Anuaumalilssy FS
10 FD v - w by
ANUY ANUAUMAIDUNSIERTIIULA FDD
Detected
11, FD | aniuy anuduwmiansunsignsodulile FDU
X gunsalinanususiladmiladanudumandsiouuy
75293UlA wszuudaunsavhaula IS
5 gunsalinanusiusiladmilafnnuduanisiouuy
n5293Uldld ueszuudeanansarvhaula IS
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15197 3.2 wanilvunenusralvesusazgUunsalluiiduilssy (so)
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AnuTHaLinA
#nuz eaziBuavamsiUisundasanius .
. aunsal

gunsalinausumlnimiafinmudumesunsigiuy

75299016 usszuudsaansavhaule IS

SYUUUSEINaNAIRAAILALANTUASIBLUUATITULA. FDD
3 Métoeiladmiuinmuduaisunsieluunsiadu

19 wissvudsanansavinauls IS

Méwhlafniainmudumralsunasisiuunsiaduls us

syuvfianunsavhauld FDD

aunsalinanuiusladmiaferudumasunsouuy

n3dulils uiszuudsannsavhauls IS

syUvUssananainmaNmMaIdunsauUuas A Tulale. FDU
4 Midosiilafmiafinmiudiasunsauunsiadu

Tild unssvudsaansavihauls IS

Néwnlasvidafnanudumadussenvunsiadulalle

usszvvgiaunsaviaula FDU

qunsalinmnususalafmiuiamudamaiisioiuy

As93ulA IS
° gunsaiineusushlasnilndneudumamsunseuuy

n5dule IS

gunsalinmusumilasaviufneuduvaidsioiuy

ns93ula IS
° gunsafinmusumiladmiafeanuduvaidunseiuy

nsdulala IS

gunsaiinmuiuiladimiuineudummis ooy

asdvlaila IS
! gunsalineusuiladwiufemudumasussieiuy

asedula IS

gunsalineusuilaswiufnmudumaissowuy
6 asyndvlale IS

gunsalinmnuduiilasmiafinanudummsunsiguuy
nsrndulala
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(7] j7 . 1 o qlv 2/
WnsIANANIMEY (Faillure Rate) vedaUnsalusiazslasnsnsidumaiguniniaz
WMINEHERvRIRUNIRINY

P o o ¢
A319N 3.2 AN ﬂ‘?’l:.lm.lmﬁ?‘umqﬂﬂ'im

SasiAuauImaIne 9 talua
(Failure per 10" hours , FITS)

ARNSIATY PNIIAIU DNIIANY 95518713
AUMAITUNTIY | AUMAOUNTIY | suwadtshy | Auwandsdy
— wuuns9dulile | wuumsadu WUURSINU | wuussaadule
(Fail Dangerous Taile 1adls (Fail Safe
Undetected) (Fail (Fail Safe detected) ASD
A Dangerous Undetected )
Detected) AP A=
gUunsniin
? <7 600 150 200 200
AUAL
fUsranana 125 2375 75 7425
Mdeey 585 500 1010 1010
2187 2270 1070 700 700

3.4.1 MIAEAIIANUAUMAI3 (Common Cause Failure)
Lﬁaafa’mqﬂﬂmﬁmmmﬁu (presser Transmitter) Wazanged (Solenoild Valve)
\Wugunsaliifiegluszuuinnnimilsuazgrindsedanmzdanadoudeaiuiomn  fey
Jdilonainanudumaisiniu  gunsaliasrmuiulaznddesIadeimnuduimvarsiulay
Thindfunmamudumanvesgunsal - faluitsdduilstoaunssingSamuduiiendnsiaonu
&umansaal 2% Ny 5% fuanaro Ul

bbeYes

ASD — &SDC + ASDN

P8 = P (3.1)
£V = (1-p)£*P (3.2)
U = (SUN, (sUC

£5C = g (3.3)
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&SUN = (l'ﬁ)&SU

£DD _ (DDN DDC

|
&)
KDDC - B ADD (3.4)
ay
£ = (1p)£°° (B35
&DU — &DUN e &DUC
e £PUC — pgDU (3.6)
LAy £ = (P~ (3.7)

Inefinan1smonsianuaumaNTasilinduinpulsfouanslafiamnsiei 3.3

= o 1 4 ! L4
19190 3.3 2m77 F’\']']Nﬂ&.ll,ﬂﬁ’)i?u’ll@ﬂ'@‘ﬂﬂ'im

ANIIAIIURUVAGDTI LU

gunsnl B 04 SFF
SDC | SUC | SDN | SUN | DDC | DUC | DDN | DUN
gunsalin pop |0 9B | 4B | 2B | 2B ) 3B |AE- | 1B | 6E- | 60%
AR 09 | 09 | o7 | o7 | 09 | 08 | o7 | o7
#i TE- | 8E- | 2E- | 1E- 99 %
Ussuaawna 06 08 06 07
72.10
- 5E= |\5.055|- 1E- | 1E- | 3E-%|~3E- |“BE- | 6E-
1YY 5% %
08 | E-08| 06 | 06 | 08 | 08 | 07 | o7
, 7E- | TE- | 1E- | 2E- 30.9%
11 - - - - -
07 | 07 | 06 | 06

Aedmuduiaivesszuumildlasiievesiadsauduavesuesi 3
gunsalluileriduilsivansiuniu Aegunsalinanuiu fdsznana Moy uazqunsal
gnvne (1dailste) fuanaluaunisil 3.1 uay 3.2
AIANAUMEIBUNTTY

£P = fPC4+P (3.8)

way Amentudumaltissy
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L3 = fS5C4 (SN (3.9)

3.4.2 swwaziduadoyavensiline

azdundoyavensalfnwnsyezsountanagoy (Test Interval , T) 2 U wazil
SEEZIAINISTOUNT (Mean time to restore MTTR) 12 $alus Tuiiazmeaniadsniy
duanlulagunuAILENFINIS1e 3.4

= o ] e
19719 3.4 71 ﬂa%LaUﬂﬂa;&aﬂSQﬂimﬂﬂUq

Tl B 1,7520 $hla
MTTR 12 F7lan
Shut down 24 7l

3.5 ad1alamanrsaen (Markov Model Construction)
ihdeyaiildlumarsziumninaensbvesasiiaidusanuissulnemenai
AanaIndunsIReYTEEzAlNMINAFaUNM S ITUTeUnsalinautsy (Probability
of failure on demand, PFD) lnal#ion1silasizilatnainsmen (Markov Model) Tneada
LLU‘umnamusﬁmé’auwmmnmnamuzmmﬁmwmmmqﬂnifﬂ Tneflannugidunsnain

aonu 0 Wasuwadludenmeduqdlofamdumaiiiaiy
My waLuan1siasunarouzanaEuma AR usFUUIYaNINS D
Tuunlnunmfwey vesunsallulsiazanius IHRnsIn15199 3.5

d 2/ (4
A15199 3.5 IWUARINANMEIYDIRUN T

gUnsal Tnaaudaiven
9UnsalinANAY 1 SDN | SUN | DDN | DUN
gUnsalinA1uAu 2 | SDC | SUC | DDC | DUC | SDN | SUN | DDN | DUN
gunsalinanudu 3 SDN | SUN | DDN | DUN
fuszanana ) SU DD DU
MNmeey 1 SDC | SUC | DDC | DUC | SDN | SUN | DDN | DUN
Ny 2 SDN | SUN | DDN | DUN
1 SD suU DD DU

3.5.1 @muzszuvaunallisie (System Fail Safe State)
< a v 2, 1 a = =
WegUnsallusvuuifnanudumaiduavelviszuuiinnisasuainaniugi
o av e [ a  w v o
Waundludanuganudunaiiisdufeaniugmneiay 9 dasnuaumvaIveseUnsaif
a & <
INATULAAIMINANSIN 3.6
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15799 3.6 IMUAAILALVNEDIFNUYSSUVALIAINSAY

gunsal R T P!
gunsalinAusiv 1 SDN | SUN | DDN | DUN
gunsalinAnugiu 2| SDC | SUC | DDC | DUC | SDN | SUN | DDN | DUN
gunIalinanudu 3 SDN | SUN | DDN | DUN
AUszaiana sD SU | DD DU
Moy 1 SDN | SUN | DDN | DUN
= SDC | SuC | poc | DUC
NMEYpy 2 SDN | SUN | DDN | DUN
1A SD SU | oD | DU
OK
0
—X
y |
FS
9

5UT 3.2 amuzszuudimailsde
1. sasanuduirannaniusUnilufeniusssuudumanilsay
koo = 3/2 £SPC+3/2 &Ssuc 45044, 5+ £ 4L, SVC42£,5 SN0 £ SUNY £+ (3.10)
2. dnsIMsYeuuTLvesgUnIalMnanugssuvaNmarlssulUdan iz Uni
K90 = Hsp (3.11)
3.5.2 @01UYSTUUANINAI9UAS18AT293ULA (System Fail Dangerous Detect

State)

= d a v a =l P
Wegunsallusruudlafaanuduvailuaivalissuuiinmsivagunnaniusy
MauundluFanuzanudumandunsiensiasuldfeaniuguuneiay 10
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A ;73 1Y o/ v
A197199 3.7 A0NUEITTUUALMA0UAS 18R ULA

gunsal AR TNALLAE?
auUnsaltnAuGY 1 SDN SUN | DDN | DUN
> = = SDC SucC DDC DUC
uNIaIRMUAY 2 SDN | SUN | DDN | DUN
gunsalinAnusy 3 SDN | SUN | DDN | DUN
AUsEananNg SD sU DD DU
MNdgey 1 SDN | SUN | DDN | DUN
I SDC | suc | bBC | puc
118780y 2 SDN SUN DDN DUN
182 SD SU DD DU
OK
0
A
v |
FD
Detcted

10

SUT 3.3 anursruvdumardunTensaduld
1. dnTIenuaNaIInanuzUnf lUgEnusssuUsuns199599U LA
A & 3120 CNSEPRE L, P (3.12)
2. 9RTIANLANIMANAD MUETEUUS UNS18n5ULe T uzUni
K100 = Mo (3.13)
3.5.3 @nuzszuvaumaouns1eniaulila (System Fail Dangerous

Undetected State)

o d o v 2, v a < o
\egunsalluszuuiliafaanudumwanduaivgivss vuiianisiasuainanugd
mnuUndlufaaugenudumansunsiensadulilefeaniusnineay 11
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gUnsal R Y PR T
gunInlinmusu 1 SDN | SUN | DDN | DUN
gunsalinAudu 2 | SDC | SUC | DDC | DUC | SDN | SUN | DDN | DUN
gunsadinanudiu 3 SDN | SUN | DDN | DUN
AUsvanana SD su DD DU
M@ty 1 SDN | SUN | DDN | DUN
z 3 SDC SUC | DDC DUC
Na%ey 2 SDN SUN DDN DUN
187 SD suU DD DU
OK
0
FD
Undetcted
11
31J°7'i 3.4 @0NUYSEUUALWAID UM 18RI U LA
1. dns1AnuduwaInanTuzUndludsaniuessuvsunsiensdulila
A{)!H — 3&SDUC _s_ﬁLDU_l_&AlDUC +AA2DU (3.14)

3.5.4 d@murszuvauwmaldsneunini2aduls (System Fail Safety Detect

Normal State)

ol Y v ow Y - v v a a o
WegUnsalinenuduilafmduinenuduraituaimaliiinnsieuluds
anuzaduvadsiunsaTuld unsvuudeenunsaiinuld

A157197 3.9 annugsyuvauwaldsieUnfnsiadulea

gunsnl InunA UGN

gunInlinAnudu 1 SDN | SUN | DDN | DUN
————— spC | suc | ppc | puc

guNInlInAUAY 2 SDN | SUN | DDN | DUN
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A15197 3.9 anussruvaumallsfeuninsdula (me)

gunsal UL PR T
gunsalinAIuey 3 SDN | SUN | DDN | DUN
fUsvaana SD SuU DD DU
Ma7gen 1 SDN | SUN | DDN | DUN
T SDC SUC DDC puUC
a8y 2 SDN SUN DDN DUN
&7 SD SU DD DU

0K

= 173 a W o
5UN 3.5 anusssuuaumilsdonsadula
1. sasmMAumAINNanurUnAluSanurssuvduma s funsaduls

£ =08 (3.15)

2. 9051 AUMAIMNANUYTEUUALMAN NS Arasa T uludEnusUnd

Kip = lo (32.16)

3.5.4.1 #0IULTEUUANALMAYTNSAEAT23U A AT A INANLAY
dUATIBATIIULA
A & et s ot o ﬂl = 2 - U s } 74
Tunsfingunsalinanususaladmiafineudunardsfvnsindulassuuas
= ° cad A a o <, = €ar w al
wWagumahanugunsaiiiwiiedn 2 i Wuluy loo2 wagilleaunsalinaaudiudn 1 1u 2

Ml IfnAMNENIMATURTIENTITULR stuvanansadnganuzdumanlsdensoduman
BURTIENTITUATINIULA
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= b a o o/ 14 L4 o o 2/
A1519% 3,10 anuzsTuuaMNANIaIRsAunTI9dUlnLla AR URS18ATIATULS

aunsnl TriaasamEN
gunsnlinAmeY 1 SDN | SUN | DDN | DUN
— " SDC | suC | pbC | puc
UNTUINANIUAU 2 SDN SUN DDN | DUN
gunsalineudiu 3 SDN | SUN | DDN | DUN
AUsyanana SD SuU DD DU
1Méndey 1 SDN | SUN | DDN | DUN
— SDC | suc | poC | pbuc
Moy 2 SDN | SUN | DDN | DUN
M8 SD SU DD DU

FD
Detcted
10

P 'Y a  w W 1% ) [
3UN 3.6 anugssuuamaduvalsiensiadulauasanuaumadunsensiaduls

1. 9MSIANNALMAIINE UYAINALIMaITsHEns93ule 1USannuzsyau
Aumalduns1ens9TULe

&1_5 o= ZJ{SDDN (317)

2. 9ATIANUAUWAINANULSTUUAMUEUWaIIsATRs9TUlR LazA
Aumalouns1ensRU R lUSEn s UnA

&5,0 = l,l() (318)

3. ARSIANUAUWMRININANIULSTUUANMLALMAINs A ens U ALazmualma
sunsens9ulAlUTEn e srUAUmRIT TSy



aq
Lsg = &s° (3.19)

4. HRTIANUALMAIINANUYSTUUALANMAINTAgnsIU A azALALIAD
dunsrensvulaludianursyuvdumaldunsensivdule

K510 = ﬁsD (3.20)

3.5.4.2 S0MULTTUUANAALMAITSNENITRTULALATAMNRIIIAY
sunsrensndulild
i o/ u o o Gfl - 2/ < S 4 o
Tunsalngunsalinaudumiladmilufanudumedsieszuvazilasumsvinnu
¢d A a v & el o v = v YU oa
gunsalfitvaedn 2 61 1Wluy 1oo2 uasilieaunsalinnd1ududn 1 Tu 2 dduiinany

aumadunsensIulila stuvansadidamuzdumanisfeniofumaisunsie
asavulile

= w a w o v o o ) Y
M1919N 3.11 ﬂﬂ"luﬁiﬂU‘Uﬂ?'luﬂuL“a?UiﬂUﬂi?Q'ﬂUvLﬂLLﬁSﬂ'ﬂﬂJaNLﬂa’)aumi’lﬂﬂ'ﬁ'ﬁ'ﬂﬂUvLu‘lﬂ

gunsal TanAUauma?
gunsalinAudu 1 SDN | SUN | DDN | DUN
gunsalimanueiu 2 | SDC | SUC | DDC | DUC | "SDN | SUN | DDN | DUN
gunsalinAueiu 3 | SDN | SUN | DDN | DUN
AaUsEaaRa 5D SU DD DU
Ngoy 1 SDC | SUC | BDC | DUC | SDN | SUN | DDN | DUN
Nidey 2 SDN | SUN | DDN | DUN
1N sD su | ob | bu

FD
Undetcted
11

= v a W v v v o Y]
E’Uﬂ 3.7 ﬁﬂ']‘llﬁ‘i’JUUﬂ'l']iJanLﬁﬁ']uiﬂEJG\?T@’\')‘UVLVILL’ﬁBﬂ')']ﬂJﬁJJL‘]/‘iﬁTQUGﬁTEJWﬂQ%U

Tafla
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1. AmNAumaINaN T ULALANmaNDsHens19dUle lUSaauysyuuany
Auwanduns1eaT9TULA

&1,6 = ZASDUN (321)

2. P951eMUALIMAINEN UL STUUANNALIMAI DA EnT1aTU LR LasAmNNA LA
sunsrensuldlaludaniuzuni

Kep = Mo (3.22)

3. ORSIANUANWIAERMNANIUY STUVAMAUMaITisAuas T Ul ALarANALMaY
Suns1ens13UlA SEn Uy sTUUALMmalTAY

Koo = £s° (3.23)

4. DRIANUAUVAINNADIULSTUUANAUMAINT AR adUlaLaTAINALWIAN
dunsiensiule Sy sruvaLmansunsensadulalle

Keio = 5" (3.24)
3.5.5 @nurszuudumalsuasienssulila
d (4.7 a/ o ol al' = 2/ L 74 - ei'
\Hegunsalineusuialasmlafantudumaiiluaiualnsyuuifnmsivasuly

feamuranuauvallsivasiadulile uissuudEanseaule

= (Y] [v; T
AN5197 3.12 dnursEuvaumaldunsronsiadulale

gUnsal TramA TR
guUnsalinAINAY 1 SODN | SUN | DDN | DUN
gunsnlimAudiu 2 | SDC | SUC | DDC | DUC | SDN | SUN | DDN | DUN
gunsalinAueu 3 SON | SUN | DDN | DUN
Aalsziana SD sU DD DU
Natoy 1 SDN | SUN | DDN | DUN
Moy 2 °bC | SUC ) BbCy BUC SDN | SUN | DDN | DUN
1N SD sU DD DU
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JUN 3.8 aouzsTuuaumaIduns1ensadulils
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1. ans1euANalInan T usUnRlUSsEn U sEuvATmanlsnens ULl

dUNTIEATIIULA

Aoz = 3L
3.5.5.1 a@nugssuuaudumalisfeasavdulilanazaanuaivan

(3.25)

- @ oW v o oa v a W w " oW
lunsalneUnsatinanuduiilasmiafndummidsieuuasesubilaszuuay
< o fad A o v < fo o = W
Warumsitnugunsalifindedn 2 daiduiuy 1002 waziflegunsaliarusiudn 1 Tu 2 &

TuiaRURIMaIs U e TIRTulAsyvUaTsIItgan U auIras s SeviSeauIan

Funsrensradula

A L4 = e/ o M v o/ o/ 1/
13790 3.13 an1USEUUAILaL mﬁ'lu’iﬂﬂ'.‘v’l5?'%%U1M1®LL§¥F”IT13J§3J LAEIUNIIIATIATULA

gunsal Tvripmugsiven
gunsalinAILeu 1 SON { SUN | DDN | DUN
— - sDC |+sue.| Dbc | buC
unIAlInAUAY 2 SDN | SUN | DDN | DUN
gunsalinAudy 3 SDN | SUN | DDN | DUN
fUsvanana SD SU | DD DU
e 1 SDN | SUN | DDN | DUN
7 SDC | SuC | DDC | DUC
AWy 2 SDN | SUN | DDN | DUN
1 SD SU | bb | DU
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FD
Detcied
10

d 14 o ot oJ 8 L4 ot o/ v/
sUN 3.9 ‘ﬁﬂ"lﬂ:ﬁﬂU‘Uﬂ’ﬂﬁJﬁﬂLﬂﬁ?ﬂ‘iﬂ'&]ﬂ‘ﬂ%'{)‘lﬂﬂlﬂ LazANaNaIeuns18nTIUlA

1. 9RTIANNALMAIINEN UL ANNALMAINIABnsULTE TUF@nureny
AuwandunsIERsITule

)(2’7 = ZKSDDN (3 26)

2. DAIANMLANIVAIINANUYSTUUAILANmAI s S uns9dv e Lay AL
AuasuasiensulaluTEausUni

19 = o (3.27)

3. PRS1AUALIMAIDINEN U STUUMNALMaI T Agns Ui lA ez A
dumalduns EasRUlAlUS U sTULALmaI RS Y

K19 = £s° (2.28)

4. HRTIANUAUMAINADIULTEUUAMUALMAaI TS a9 u Ul duazan
auwansunsBassUln UG EauEsTUUALMAaISUATIEn s e

L7130 = A" (2.29)

3.5.5.2 @nurssuuadaumadisnensaadvhildnazanuduman
dunsrensIulila
t:l (L7 o ¥} @/ =(' = =Y o 7] L%
Tunsalgunsalinanususmladmilafnanudumanisdouuunsiadulild szuy
a o e A a w & & e o oo
wldsunsinugunsaiiviodn 2 i ihiluy 1oo2 uazilieaunsalinanusudn 1 1u 2



a8

ftufaruawaduns1EnsUlila stuvansadhganuraumailsfevieaniuy
auandunsgnsvdulila

= 2/ a W @ L 2 a
M1919% 3.14 amusizwmmauma‘;uiﬂaﬁmwu‘lﬁlﬂLLasmmauma‘Jaumw

ns5293uUllA
aunsal TAPURUE?
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0.00000052705 0 0 0
0 0.0000000294 0.0000001176 0
0 0 0 0.0000000392
0 0.0000000392 0 0.0000000392
0.99999891 0 0.0000000392 0
0 a4 0 0
0 0 1 0
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0.0000000392 0.0000007508  0.0000000797 0.0000001773
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fMAUAl S=[1 0 0 0 0 0 0 0 0 0 0 0]

S!=g%p

S=[1 0 0 0 0 0 0 0 0 0 0 0lx[P]

S'=[0.999996995 0.000000059 0.000000059 0.000000484 0.000000527 0O
0 0 0 0.00001285 0.000000347 0.000000244]

S%=s'x[P]

$?=[0.999996995 0.000000055 0.000000059 0.000000484 0.000000527 0
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§’=[0.99999411 0.000000118 0.000000118 0.000000967 0.000001054 0
0 0 0 0.000002570 0.000000695 0.000000488]



59

§’=8%[P]
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SIL Verification of Safety Instrumented System
for Block Valve System in Gas Pipeline by
Using Markov Model Methodology

P. Kongtong and, S. Chitwong

Abstract—This paper presents about methods for evaluation
of safety integrity level (SIL) which is significant to rednce risk
of failure of block valve in gas pipeline system by using
Markov Model method which refer to International standard
IEC 61508/61511. The reason of using Markov Model method
is that it takes less time and more flexible than other methods
to determine SIL. This method uses a qualitative approach
showing Average Probability of Failure (PFDavg) rate data
and repairing time from meodel to implement in further
process.

Index Terms—, tracking, biomimetic, redundancy, degrees-
of-freedom Safety Instrumented Systems, Safety Instrumented
Functions, Safety Integrity Levels, Markov Models, Probability
of Failure on Demand

I. INTRODUCTION

AFETY Instrumented Systems (SIS) are not new. It has

long been the practices to fit protective systems to
industrial process plant where there is a potential threat to
life or the environment. In example, to increase of energy
consumption, safety system design in process of natural gas,
which is flammable fluid, has generally been more
significant. Natural gas pipeline in Thailand have been
serviced to supply natural gas to consumer for 24 hrs./day
for more than 25 years. The high pressure natural gas
transfer itself to lower pressure. Pressure control valves are
basically used to reduce pressure to proper with each area
application. The natural gas pipelines are mostly routed
through area of agriculture, community or highway where
any fault of safety system design may become disaster to
life or property. For this reason, risk assessment for control
loop of this pressure control valve is highly significant to be
reviewed in order to avoid hazard.

For hazardous process, safety instrumented system is
significantly used to control reliability and safety of process.
“Safety Integrity Level (SIL)” is used to define target
probability of failure on demand (PFD) of a Safety
Instrument Function (SIF) which is a guideline for safety
design, installation and also preventive maintenance
included. Dangerous failure such as instrument failure could
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make a severity consequence to property, environment and
human which route cause of failure possibly came from
several reasons whether failure of process instrument.

II. VERIFICATION METHODOLOGY

The method for SIL having various methodologies can be
used to verify the SIL of SIS. The methods divided into two
types are qualitative and quantitative methods.

Qualitative methods such as risk matrix are evaluation
based on experience or knowledge of expert team to
estimate the consequence of a hazard. Quantitative methods
such as LOPA (Layer of Protection Analysis), FTA (Fault
Tree Analysis), Markov Model evaluation are based on
numerical data and mathematical analysis.

III. CASE STUDY

A. Deteymination of Safety Instrumented Function

In this work, safety instrumented function of block valve
system protects over pressure in gas pipeline. The process
operation of the block valve is receiving natural gas from
station 1 in order to transmit to station 3. This SIF consists
of three pressure transmitters (PT) having a two out of tree
voting configuration serving as the inputs to the logic solver
system. The logic solver will then signal to block valves
with two solenoid valve (SOV) having one out of two voting
configuration to close, shutting off the flow into the pipeline
shown in Fig. 1.

Direction of Flow
Fig. 1 Block Valve System
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IV. UNITS EVALUATION METHOD

A. Markov Model

Markov model is a technique to calculate safety integrity
level by state transition diagram. The diagram from state to
another state will be presented transition failure mode of
each component. The corresponding transition rates are

indicated on the arrows or transition arch is shown in Fig. 2.
Transition

N

State
Fig. 2 Representation of Transition State

The two types of the system of Markov model are
Restorable and Non-Restorable. Restorable shown in Fig. 3
the system containing state which can fail and can then be
restore to initial state without necessary system failure.
Non—Restorable shown in Fig. 4 is system containing state
which can fail and cannot be restored to their up state
without necessary system failure. The state transition
diagram contains only transition direction towards system

failure state.
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Fig, 3 Restorable component
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Fig. 4 Non- restorable component

B. State of Components

The state of a component is determined by list of the
possible failure mode of each component to classify the
degraded state (intermediate) and failure system states of
block valve system. The initial state is a unique one which
means no failure at all. The states are listed in Table I.

C. Probability of Failure

In block valve system, PFDavg is calculated by the state
transition rates, repairs and restorations, which will be added
into the models. Common cause failure can also be added
into the calculation steps. It is capably simplified by a
transition metric including failure modes of each component
typically divided into four modes:

--Safe detected (SD)

--Safe undetected (SU)

--Dangerous detected (DD)

--Dangerous undetected (DU)
The A parameter is the rate that the demand occurs.
The proof test interval (TI), the mean time to restore
(MTTR), PFDavg defined as in Table II.

TABLEII, PFD VALUES OF COMPONENT

TABLE I, THE STATE OF A SYSTEM
COMPONENTS FAILUREMODE | RESULTING SYSTEM STATE
AFTER A SINGLE FAILURE
PRESSURE SENSOR (S) SD INTERMEDIATE STATE
SU INTERMEDIATE STATE
DD INTERMEDIATE STATE
DU INTERMEDIATE STATE
LocIC SOLVER (L) S FAIL SAFE
D FAIL DANGEROUS
SOLENOID VALVE sD FAIL SAFE
(Al sU FAIL SAFE
DD INTERMEDIATE STATE
DU INTERMEDIATE STATE
BLOCK VALVE (A2) S FAIL SAFE
+ACTUATOR D FAIL DANGEROUS
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Model Pressure Logic Solenoid Valve
Parameters  Transmitter Solver Valve +Actuator
SDC _10 5.05E x10-
£ 4x10 = P -
fsue 4x10°° _ g.gOSE x10-
9.595E
'SDN -B -07
£ 1.96x10 7.425 x10 <10-08 7 x10E-08
SUN 2 09 9.595E g
A 1.96 x10 7.5x10 x10-08 7E x10-08
1 o 2375x10-  25Ex10-  1.07 x10B-
£ R 07 09 o7
1.25E x10- 2.925E 2.27E x10-
DUC 05
£ /4 08 x10-09 07
DDN 08 ) 4,75E
£ 1.47x10 i & N =
: 5.558E
'DUN -08 — -
A 5.88 x10 i o
SFF% 0.6 0.99 0.721 0.309
Test
Interval 17,520 17,520 17,520 17,520
(Hours)
MTTR
(Hours) 12 12 12 12
D. Notation
PFD,,, Average Probability of Failure on Demand
£s Failure Rate of Sensor
AL Failure Rate of Logic Solver
Aa1 Failure Rate of Solenoid Valve
Ka1 Failure Rate of Block Valve combines Actuator
£5PC Safe Detected Common Cause Failure Rate
£S5V Safe Undetected Common Cause Failure Rate
£SUN Safe Undetected Normal Mode Failure Rate
o Safe detected Normal Mode Failure Rate.
"™ Dangerouns Undetected Normal Mode Failure Rate
PIC  Dangerous Undetected Common Cause Failure
Rate
APPM  Dangerous Detected normal mode failure rate
£PPE Dangerous Detected Common Cause Failure Rate

Lo Restoration Rate
psp  Restoration Rate for Shutdown

E. Calculating

Markov model illustrated in Fig. 5 is calculated by steady
state probability solutions. The system has twelve states
initial 0 to 11 and there are transition arcs of 41 between the
states. It is assumed that system is operating in states 0.
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Since twelve states exist, the P-matrix has a dimension of (Intermediate State). State 5, 6, 7 and 8 represent the system
12x12. has secondary degrade. State 9 represent system fail safe
Each of the states from the Fig. 5 is identified by three  state. State 10 represent system fail dangerous undetected
units. State O represent system OK in fully operation. State  state. State 10 represent system fail dangerous detected.

1, 2, 3 and 4 represent the system has firstly degrade

‘:. D:'“ ]
Fig. 5 Markov model of block valve system
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Koz = 34PN AL PP+ 265" K0 £y = £g
K30 = Mo Ks,10= As"°
K33 =1-(Kast K37+ Ko +K310) Koo = 3&s"PC+3KTC+AL SP+4 SU+K, SDC+
Kss = 26N &Msuc 124054240 SN %D My
K37 =26 £op =1
La = £SUCHESICH £, 8 Ko10 = 3£87P%+ £ PP+4, PPC +£,,2°
1{3 16 = &SDC"'ZI{SDN'*' Kai DD &m,m= 1
Ko = 3A5N +4, Vs ZAMDUN_M DU Ko = 3APVCHELPUH £5,PUC 44,20
e =1- (546“”543“149 + K410 TAg11) K= 1
Kag =265
Kag =24
The state of transition matrix is shown in Fig. 6
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Fig. 6 Transition matrix of block valve system

Substituting the given failure rates and other parameter into the transition matrix is the P-matrix resulted in Fig. 7

r6.9999%7 0.06000605880 0.000060022500.00000044310 0.00000052705 ] 0 0 0 0.00000128630 0.00000034790 0.00000024603;
0.083333  0.599999772 4] 1] 0 0.00000002%400.00000011760 0 0 0.00000007920 0.00000000030 0.00000000120
o ] 0.999995812 1] ] 0 0.00000062946  0,000000117600.00000003960 0.00000000030 0.00000000120
0.083333 ] ] 0.99995891380 1] 0.00000003920 0 0.00600003920 0 0.00000075080 0.00000025700 0
0 1] 0 0 0.59995691380 ] 0.00000003920 0 0.000000039200.00000075080 0.00000007%70 0.00000017730
P= 0.083333 0 0 0 0 0.999598913B0 0 0 0 0.00000004000 0.00000007500 o
0.083333 1] 0 o o o 0.99999994430 0 0 0.00000004076 0.00000001500 0
0.083333 o 0 0 o 0 0 0.99999985000 0 0.00000007506 0.00000007500 0
] o 0 0 o 0 0 o 0.999959911500.00000007356 0.00000D001500 0
0.041667 o 0 0 0 ] 0 0 0 1 0 0
0.083333 ] o 0 0 0 0 0 0 ] 1 1]
] o [ 0 o 0 o o 0 ] 0 1

Fig. 7 Numeric transition matrix

V. RESULTS

The transition matrix is caleulated by the result of PFD,,,
of 0.16413. The PFD,,, an achieved SIL level for low
demand application is SIL 1 as Table I11.

Due to SIL level being SIL1, no need to improve, but the
enhanced design of the block valve design is a fail-close and
solenoid valve de-energized to trip.

TABLE III, SAFETY INTEGRITY LEVELS

SAFETY INTEGRITY LEVEL

Current PFDuyy (SIL) PFD,., ir( MiL N ) 8§
4 10001 - .00001 015 +— —f
3 001 - 0001 O 0L F5ily
2 01 -.001 b/~
0.16413 1 1-01 005 i
D.

Table V shows the PFD,,, with respect to change in test
interval of the block valves. In this system, Fig. 8 shows a
plot of probability of failure on demand as a function of
operating time interval.

VI. CONCLUSION

We proposed a method verifying the SIL which user can
apply to other units in the requirements for verification SIF
and implement to improve more thorough hazard and risk
analysis to determine their needs more accurately.

The entire verification method will be obvious that the
safety of operation reduces the risk. A loss, that will occur,
can contribute to plan maintenance work, inspection, and to
increase reliability.

1232567 8910111212314151617181920212212324
Time Interval (Month)

Fig. 8 Plot PFD as a function of operating time interval
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