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ABSTRACT

This thesis aims to present a practical technique for integrating a fail safe
controller (FSC) into an existing supervisory control and data acquisition (SCADA)
system used for controlling a pressure in storage tank in the range of 0-4 bar by using
proportional-integral-derivative (PID) function block of a programmable logic controller
(PLC) modeled AB-1769 CompactLogix L23E QB1B. A new safety instrumented system
(SIS) designed by one-out-of-two voting (1002) concept consists two pressure switches
modeled Indfos RT-55B for measuring the controlled variable, two shutdown valves
modeled KOSA+ AS50-11 for stopping the inlet air flow to the storage tank, and the
FSC modeled Honeywell R702 for providing the safe shutdown in the critical event of
High-High alarm. The human machine interface (HMI) screens are also built for dynamic
displays, historical trend graphs, and visualization display by utilizing WW Intouch and
Archesta IDE applications. In addition, information obtained from the created HMI
screens can be useful for troubleshooting and maintenance planning. Performance of

the integrated FSC-SCADA system is confirmed through experimental results.
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2.4 gunsalinuazatuny

2.4.1 gunsadinuazarugulusdiuves BPCS (Basic Process Control System)
“ @ =
BPCS (Basic Process Control System) Lﬁuﬂizmuﬂﬂiﬂ’mﬂummmﬂmam
= L3 o v A:J!J s 2/ 1 o v oas |
wawmfm'\uamLmasmzmwmmﬂmmmﬂuﬂwmummmaaﬁmumvm 4-20mA iU A

A v oo al o v o o o v i ¢
wead uariueadazvhmhiszinananulusunsuidvuall wavddygraewinaeenly

= a [ o P
Tireulnsanauta-Unmudayeyros fegui 2.9

programmable
: g Control Valve
logic controller

gﬂﬁ' 2.9 nsdstieayalu BPCS

2.4.1.1 Pressure Transmitter [1]

31]17'1' 2.10 Pressure Transmitter

Pressure Transmitter @ qﬂﬂiiﬁmmumﬁ’ﬂm’mﬁuumLLUEN
é’zyzy']zuaaﬂmLﬂuﬁmmanWMigwuﬁﬁﬁaﬁmmﬂm Analog 4-20mA, 0-10VDC iietinld
AuAuRszUIUNTSYusne lugnamnsn Tnelulassnuilld msuwesnsuatinaes 74
Fwna1y 24 VDC uarildyqiaueming 4-20 mA 1Juluy 2-wire uaganunsasuamanuiule
Tut24 0-10 kg/cm?
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3Uil 2.11 Control Valve

Control Valve \Jugunsalfildlunismivaudnsinisinavesauniely
nszuaums Tneldlulassuiiantu revlnsasndasuAGVBULY ATO (Air To Open) 14w
wa1e 270 kPa warilRange N13vinauaginag 80-240 kPa lae Body ve91dvziuuuy
SCS13A TRIM wuu SCS316 PLUG uuu 0.4 EQ% wazldmudiulndduiuasu AvP300 14
FWHa1Y 140-700 kPa Bune 4-20 mA
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2.4.1.3 Wioa® (Programmable Logic Control) [3]

#iuoad (Programmable logic Control : PLC) iugunsalnaupunisyvineu

< [ = o i =l - s V) o
VBIATONNINTBNTLUIUNTVINNUAY Taentelull lulasluswawes Jusfuanasdinisa

o wa a = a1 a'dq '3

A1Mey WILDAY ﬂSNﬁ?UﬂLUU@UHWLLﬁ%L@WM

&

waenunsadooanlUlFenldviud fansaiante
#ndinan agderiiudunn duerdwnagldsiessnluaiuaunisinuvesgunsainie
insosdnsiidutimine Taglulassenild fwoad Ju AB-1769 CompactLogix L23E QB1B
gelddmmans 24 VDC wagiinedn DI 16 wosm DO 16 woim warlulasanuldarugiu 10O

o o v A | oA ¢
Il.l@ﬁlaﬁ'ﬁll?‘u 1769-ECR d@usutdoumo AlLayAO 991287198¢ 8 Wase
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2.4.2 gunsnidauagaiunuludiuves SIS (Safety Instrumented System)
SIS (Safety Instrumented System) WuszuuiisSeflaonuuuniietieaiunis
Wndunsielunszuiunig ﬂﬁdizuuﬁwﬁmgwqmn‘s::‘uauﬂ’]iﬁuﬁLﬂal,ﬁm Alarm Tu
NTEUIUATT 19U Iuiﬂ‘iw’méf\]SLﬂUH’ﬁaaﬂLLUUﬂ‘i::U’Juﬂ'ﬁF]’JUﬂNﬂ’J’]ﬂJﬁU dlaprnuduiv

=

1 d [} v o Y a cf' o :J l
AINvualiagyn i Alarm 95200 SIS A8V

2.4.2.1 Pressure Switch [4]

31]‘71‘ 2.13 Pressure Switch

Pressure Switch fi aindnununudy tngldnisaanionansasiniiie
= a 3 v 30w & o A @
Armuiegaiisruall Tnglulaseuily wsyiwesaing Indfos RT5 SB 1uuuu SPDT

fiamvinatuegi 1.2-4 bar Suanuiuligsanogi 25 kg/cm’
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2.4.2.2 Shutdown Valve [5 [ ]

g‘dﬁ 2.14 Shutdown Valve

Shutdown Valve #is aunsaiflvgyimihiidnnszuaunsvhau iedatlam
Tunszuauns Shutdown Valve agld3uddsangunsaidsdynralidanszuiunisinanu
favuaiionsiofiuShutdown Valve Tasilluan1azund Shutdown Valve agagluaniuy
\Un wazidaiin Alarm 92119 Shutdown Valve odluanag Ua laelulassuiasld
Shutdown Valve §u KOSA+ AS50-11 #49¢fl Mechanism WU Scotch yoke wagiinig
uduuuy Spring Return TﬂEﬂ‘Uﬂ?‘Uﬂﬂ‘U Limit Switch Box iu ALS-200P1 Sti\‘iLUu‘j:u

TiwSondnm wulwed wuu 24 VDC (10-30 VDC) <= 150mA
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2.4.2.3 Solenoid Valve [6]

E‘Uﬁ 2.15 Solenoid Valve

Twdupusind (Solenoid Valve) Ao 1daiivinemsaglndindsieiin 2/2, 3/2,
4/2, 5/2 uag 5/3 luunaruiagndniianeandavin 2/2 galdmruaunis Waln
YaUNAT WAz MWy drunndwiia 3/2, 4/2, 5/2 uag 5/3 Faaulveldfussuvinwin
uay szuvlansedn Tnslulassnuiiesld Solenoid Valve ju akB119-L Fafluandiuuy

Pilot operated 335n15¥1971UlUU Soft spool valve T useduuy 2-Position single
solenoid Talw 24 vDC
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2.5.2 gawsuisluaiuvas SIS (Safety Instrumented System)

2.5.2.1 FSC Navigator702
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3.2 NSAIVANANNAUNANY

3.2.1 MsmUANANNSULUUTIBRlusEUUANNAT
< < i v W 1Y Y <
szuuiioenuuuilussuuildmuauanusunieluds Tnessuumuauausuazdy
duAUIRU B9UsENOUME Pressure Transmitter (PT101), PLC (PIC101) wag Control Valve
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T T T
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I
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INLET

4

JU# 3.1 n1seenuuusTUUmIUANANAIINAUNE UL

Y

3n3UN 3.1 Pressure Transmitter azdadyey1as 4-20 mA lUéla PLC iialw PLC
Uszanaramuilsiduudenlaeviinisyuilearfileifedsnisli Control Valve 1Ua-Unny

sEAUFYEY AN Pressure Transmitter WeUdovaudnuluds Insazdigranisde-

Un il 0-100% Fagui 3.2



4-20 mA 0-100%
Pressure Transmitter PLC # Control Valve

d o ¥ . "
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A8 Field Instrumentation @8 Control Valve Wag Pressure Transmitter, RTU (Remote
Terminal Unit) #o PLC TuuSqailnusild PLCv03 AB-1769 CompactLogix L23E QB1B
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AU CMS EUADNUEY Ethernet

ET
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N1 FULUUNITAIUANNTEUILNS a1unsaidenlaainninle-Un

Manual Valve Bypass ﬁdgﬂﬁ 3.6

CHOOSING PROCESS
Manual Valve Bypass
Type
V2 V3 V4
lool v v -
loo2 ~ v \
2002 \ - -

JUN 3.6 nsihengunuunszUIuNTAeLUn-Un Manual Valve Bypass

13U 3.6 ddenguuuuily 1ool 92Un Manual Valve Bypass V2 wag V3 i
idenguuuuiiu 1002 9¢Ua Manual Valve Bypass V3 way Va4 uazgavine dudensluuy

\u 2002 2:Un Manual Valve Bypass V2
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3.3.1 wadansuauszuumuANANAuLUURlefAiusruuInauisie

laseadrevesszuvazuat 2 dw ludnusnandudiuvesszuumuaunssuoums
flugu (BPCS) #aUsznauday Workstation dwmiuTusunsy RSLogix5000 kag System
Platform, PLC, Pressure Transmitter wag Control Valve Tudiufigesasiludiunasszuusa
Auilssie (SIS) FaUsenoudie Workstation dwiulusunsu FSC Navigator wag FSCSOE, a9

FSC, Solenoid Valve, Shutdown Valve, Pressure Switch ﬁdgﬂﬁ 3.7 LLas’Lu‘gUﬁ 3.8-3.9 9%

LLHWGT]Uﬁﬁtaﬂﬂ‘ﬂa\‘lqﬂﬂifﬂu‘i%}UU

BPCS SIS

ALLEN BRADLEY

COMPACTLOGIX5000 FSC CABINET
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e |
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SDV-101 SDV-102 PZA ;0‘ PZB-102
SUN 3.7 lAssasnsuessyuy

9N3UN 3.7 sEUumUANNTEUINNMSIUgUasTeur oy Workstation Hu
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BILL OF MATERIALS

No. | Description | Manufacture |  PartNo. | Qty
Hardware
1 PLC CompactLogix5000 Allen Bradley L32E QB1B 1
2 Pressure Transmitter Yokogawa UNE-43-SBK2 1
3 Pressure Control Valve Azbil AGVD 1
4 FSC Cabinet Honeywell - 1
5 Solenoid Valve CKD 4KB119-L Ll
6 Shutdown Valve KOSA+ AS50-11 2
7 Pressure Switch INDFOS RT-55B 2
Communication Cable
1 Ethernet SIEMENS 6XV1870-3QH60 1
2 Converter USB to RS-232 - = 1}
3 RS-485 BELDEN 9842 2
4 Connector CPU to RS-485 PCIs IC983C-R2 1
Software
1 System Platform Schneider - i
2 RsLogix5000 Rockwell = 1
3 FSC Navigator702 Honeywell - 1
4 FSCSOE Honeywell = 1
gﬂﬁ 3.8 Bill of Materials
1/0 List
Calibbration .
No Tag No. Instrument Type Loc. I/0Type| System Min Max ENG. Unit
2 PT-101 Pressure Transmitter Field Al BPCS 0 10 kgfem~2
3 PCV-101 Pressure Control Valve Field AO BPCS 80 240 KPa
5 PZA-101 Pressure Switch Field DI SIS 1.2 4 Bar
6 PZB-102 Pressure Switch Field DI SIS 1.2 4 Bar
7 SOV-101 Solenoid Valve Field DO SIS 0.15 0.7 MPa
8 SOV-102 Solenoid Valve Field DO SIS 0.15 0.7 MPa
9 SDV-101 Shutdown Valve Field AO SIS - - -
10 SDV-102 Shutdown Valve Field AO SIS - - -

3.3.2 IAS985 19UD95 5 UUNI9EIS LS

lassadrvasszuumssniawasludresnismuauaruduwuuiiled axdudgy

U 3.9 1/O List

=

3.10 Y9azUsznauluaaey 3 Aa d9ay, 4 Aa Pressure Transmitter wag 9 Aa Control Valve

ludruveanismuauiisdoazusynouludieian 1 Ao Pressure Switch, 2 #e Pressure

Gauge, 5 wag 6 An Shutdown Valve uag 7 AU 8 Aa Solenoid Valve
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§ . A 11 | PLC CHANNEL L23E QB1B  |ALLEN BRADLEY

rn-Q
e [* o ’..
BILL OF MATERIAL FOR PLC SYSTEM
NO DESCRIPTION MODEL BRAND Q1Y
A e 1 PLATE - 1
2 [ WIREDUCT a0x80 5
H 3 | DINRAL - - 4
v 4 | CIRCUIT BREAKER 2P, 104 DZ4763 DGYUCH 1
[ e e ] 5 | CIRGUIT BREAKER 1P. 10A 024763 DGYUCH 2
P - : POWER SUPPLY 24V, 24 DR-45-24 WISCO 2
STOPPER . - 3
3 & | TERMINAL . = 142
] 9 [PLcMODE L23E QBB |ALLEN BRADLEY| 1
. N 10 | PLC ETHERNET L23E OB1B | ALLEN BRADLEY| 1
A ]
—I 1
1

12 | DIGITALINPUT MODULE L23E QB1B ALLEN BRADLEY

[ Tt 1o

VDT 4

DIGITAL QUTPUT MODULE L23E QB1B ALLEN BRADLEY|

VRREDUT
@

14 | FUSE

| TR & i P mmT

B Tt e e T

[

( ST o ]

UM 3.12 Layout melug PLC warsieazBonnislug PLC

- MaiuaelnvesTEuy
mstauaglnazudaiu 2 dwfe druvesszuuauaunsEUIUNISRUFIULAE
sruudnauilsie ludiuvessruumuaunszuiunisiugiuasiinisiduaielnain Field
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n4pne 112139 PM807 0 1050v001 Variable SHUTOFF VALE N U TEST
e T21:39 PMB07 O 1050v002 Variable SHUTOFF VALVE NOT CLOSE TEST
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4.4 NIVATIUNITUNTITNYITTUU FSC WIUTZUU SCADA
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