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Abstract

This article presents a method for simplified equation-based calculation of the average probability of failure on
dermand (PFD,,) values of two safety instrumented systems (SISs) with sensor voting architectures, which are defined as
the case study. Each studied system provides a safety instrumented function (SIF) by using three components, which
include a transmitter (or sensor), a logic solver, and a final control element. In order to implement the sensor voting
architectures (one-out-of-two (1002), one-out-of-three (1003), and two-out-of-three (2003)), three identical pressure
transmitters are used to maintain the safety state of the first studied SIS, while three identical temperatures are used to
maintain the safety state of the second studied SIS. In addition, the logic solver and final control element installed in
both studied SISs are the same models. The calculated PFD,,, value is compared with the IEC 61508/61511-based
PFD,,values to evaluate the safety integrity level (SIL) of each voltage architecture. Comparison results of all specified

cases can be useful for selecting the sensor voting architecture.

Keywords : Safety Instrumented Function, Safety Instrumented System, Safety Integrity Level, Average

Probability of Failure on Demand, Voting Architecture
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, Asel PFD SIL
7.4 A1 PFDgs NS0UN 2.1
1.1
WVILAN 4.09267x10°
(1o02) 3
PFDpg ~ 2.45816 X 1078 12
PFD,s ~ 3.80543 x 1078 1.07555x10 ™
, (1003)
Wag PFDgg ~ 2.51412 x 1073 Tuaun1sa (5)
1.3
1.2278x10” 2
PFDg;5 = (245816 x 107) (2663) .
+(3.80543 x 1078)
+(2.51412 x 107%) 2.1 .
2.45816x10
PFDgs = 2.5142 x 1073 (1002)
2.2 .
7.5 @1 PFDgs N36IT1 2.2 (1603) >.00654x10 3
WUAT 23
7.37448x10°
PFDps ~ 5.00654 x 10712 (2003)

PFD,s ~ 3.80543 x 1078

W8y PFDpy ~ 2.51412 x 10-3 Tuaunisi (5)
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1NA1319% 7 W 0UNAN PFD,,, U84 SIS N3 0A1
PFDgs NnNsalluSeuiieuiudiauesdn PAD,,, Al
WM IEC 61508/61511 Tum13197 1 LiloUseidiy

A1 SIL Y99LAasnNsalanimns1en 8

A15197 8 N15UTTAAUAT SIL MNAT PFDg

nsed PFDgs SIL
1.1
2.5142x10°
(1002)
1.2
2.5142x10°
(1003)
1.3
2.5142x10°
(2003)
1
21
2.5142x10°
(1002)
22
2.5142x10°
(1003)
23
2.5142x10°
(2003)

9. n1sanUsIwNanIsISaugU

NA1519 7 A1 PFDx ALAANNNSATUIUENATT
Simplified Equation A1 uanA1sAURE 1Ny
d1Any InengUuuunsimaffian PRD. L3 89d 1Y

nntegluunnidusiadl

1. A58 2.2 (1003)

56171 1.2 (1003)

N
>

3. n3dii 1.1 (1oo2)

7 1.1 (1002)

21

a. n9
5. nsdlfi 2.3 (2003)

6. N3l 1.3 (2003)

aunsaazulaan EULmeﬂmmﬁiﬁm PFDp
Yosfianuesdo JULUUNMSIMIALUY 1003 993N
\Ju 1002 T aapsguuvuioglusedy SIL 3 uas
gﬂLmeﬂmmﬁlﬁm PFDps maﬁqﬂﬁm%’wwmm
fiflo 2003 uAfidseglusedy SIL 2 usdmsunsdiil

2.2 agitszdiu SIL 3

=

INA91991 8 NUIIAT PFDs YannnIaIAn
wansineiutoguINauaunsoayEnulainnnnsallaa
PFDgs Wi 1osngunsalauauaavingldsuuuy
NSIMIALUY 1ool YIANISAIUIAT PFD: tARN

sl unuswlsau Tuaunisn (5)

10. d5U

INNTANUIUAY PFD,,, VBIFURUUNITININTDY
LULYD T LABZLUUA 875015 Simplified Equation
vt ou T sul su iUy 19909A Y PFD,,, A3
1IA3IY EC 61508/61511 tilaUszifiudn SIL 270
miﬁﬂmﬁ”’wmhwmmﬁmmmaqﬁlﬁ’hGT’JLuJiﬁ

N

AHasaN13AINAT PFD,,, AD JULUUNSIMIRULAY
Aoy 9999AUTENBU MNABINITOBNLUUTYUU SIS
Tildensesu SIL mudidenis ldiiesundosiids
sUkuunIslInvegulges wansssauluiaguuuy
nslmnvesesrUsznaudurens SIF 3nsae winis
A1UIUINENNT Simplified Equation 1 uliieaua
3nstunisiiansanesumiady luanuduass
WEINNTOBNUUUTEUU SIS Tiflanududoussau SIL 3
Fulldmsfiansanannud Simplified Equation Lies
aguies msFedldisnsdu q WuAudie W

Fault Tree Analysis %38 Markov Analysis
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