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Abstract

This thesis presents a comparative study of two configuration techniques for
building cascade control loops in engineering phase by using traditional analog system
and modern digital Foundation Fieldbus (FF) system. Control strategy configurations
for both analog and FF systems to provide not only the process control loop with high
safety but also the process control loop with high availability are described. The
engineering software of the CentumVP host is used to build the studied control
systems, and it is also employed to check the consistency of the configurations and
to determine the usage of host function blocks and input/output points. In order to
experimentally test the correctness of the specified control configuration techniques,
the analog-based and FF-based water tank processes at a gas separation plant are
employed. Comparison results show that the smart FF devices provide powerful
functionalities for ease of engineering to take special actions in the events of undesired
conditions. In addition, the test results from the studied cases confirm that the created
cascade control loops can function correctly, and the specified control configurations
can be the practical guideline to configure the interlocks that are essential for system

safety and availability.
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) ielusiazuseminanldersdelunsndngunsal uazesdnsvesintintuiladtuldsessy
flefduvienunsgiumand [6] lnewndinduiladavienunsgiuldluniaiigeTe
(Monitoring) wagAIuALN13¥i191L (Control) Tnglsidusgiusninuasvesgunsal (Hardware
Device) uananiutinduiiadtailaduuden (FF Block) fisedunisifieusnszuiuns
wazdeyaaniurinainuans Fedelinisvinnuvesdumesien (nterlock) anunsnyiney
madmneYeInsmUANNIEUIUNTS [7-9] wadafhiauladmiunsldnndinduiiadda

a

vhenldisunsiiaueiiieusuugsuseansnmdmiunisaiuauiuy PID [10]

a

wallairaulaiiesulgeuseansainvessruunivauluguuuuaaian (Cascade)

[11] Fawmallanfivszlevilivardaziuegiunuaudandunisvinnuvesdnduiladya

Y



flsiduvdeniififladtunisinauresdunesdon wagiladdu “duiaansiuanes”
(Bumpless Transfer) luilsAtumsvhaulumgnisainmsiasulnunnisviauvessauny
ndntud@ (Auto) Tlumsauaueiie (Man) wieainnisaiugumeiieluidudnludf
Tnedifuniswesiuysiignarugy (Manipulated Variable) laitinnnsiuasuudanuy
Viuiviule

a v YV %

dmsunisidededeyaniuiiaunfigunsal Wudnuilsanuaiuisaiidaanudifsy

o
A Y

iesananuidedevesnisindudsisndudmiunsmunu Taelussuuiivimend
dmsumsiosiudunseiionafinduiunszuauns asdendn “seuuianuilsde” (Safety
Instrument System: SIS) %ﬂL‘ﬁJuizUU‘ﬁl5?1'38’{]’1ﬂizUUﬂiUﬂuﬂizmumiﬁugm (Basic
Process Control System: BPCS) agnalsfimunigyaaurasnalulagniidnduiladya
ausauulmansuaueadiofinuduimaiszuumununssUunsiiugy el
AIUANNTEUINNITANINITUA I mEngmuAudaendy (Safety) vseaunsauld
974 (Availability) vesszuu

Whmnesunudaesads Aewloiinaniunisaigunsaliedesdiein 1a3etne vieluga
& svuvazddliinszurunsoglusiumisiivasnds (Safe State) dudmaneduniey
T Fowdleiinaniunisaigunsalinsesiiodn nsetne vielugadumadszuuazneneny
muAulyinszuunMsihauegusliles

1 [ [ a a -4

1.2 ﬂ’)']&l&ql\‘WiﬁJ']EJLLﬂV)C‘IQUi::’ﬂQﬂ‘UEN?VIEﬂNWUﬁ

) I3 a ' 14 DA v A = a a ~ ad o

TngusrasAvaing 1 dnusatuilyjaiuiinisfny i aleuiieuisimuanisaiuay
BUUAIELAATUTUADUNI9IAINSTUAIUSUSZUULD U Ao nLazN Tt uanTa 1aeld
fNALITNIIAINTIUVRITEULLEan DCS 1a9UTHN Yokogawa Ju CentumVP UanaINties
o a el'd 6 o [ o | a & I3 I3 '3
unavewmalianiiuselovddmiunsimuadinisfiwesiuilinduudenvesgunsalniig
wiuTlanda wazmelaniseonuuudumesaoalusyuulaas DCS Liad519013AIUALLUY
ANALAATNIANNNTORDUAUDINLAY LIIBLATD9TDIALANAIIUAUMAINDANABINITIUAIUAINY
UaanukazAnunsaultusaseuy

1.3 wu2IARYRINEITNUS

Tunmsadrsguamuauuuuaaenluduneundmnssudmiussuuuaugdonuag i
wiuTladda Tussuulead DCS Asddfidesmiais Ao nsiuuasmisfimesTuiladdu
vianuazn1sesniuudumesaenvesguaiuny vihedalsiigumivauuuuaiaianaiuise
pevauefiay WowdesletnAnnnudumaniioarudesnisluiunnulasndouazainy
wiouldauresszuy

1.4 YaulunInginus
nsnpaesifiolviussanuinguszassddmualildnssuiunismuaussduinlussuy

Raw Water vaslsauenfng tieliifunsdifnuisimunnismunuuuuaainndmiussuy

wouzden warldnszurunismuguszduiiluszuy Oily Water voslssuenfng lelHiu



NIAANYIBINUANITAIUANKUUAIAAA E S UTTUUIN T ulanTa dusunisfnunis
WIguLguIsMImuAN1sAIUANLULATELARAIBLWIAR CIF wae CIH lagldnssuiunismiuny
seiuthunsesnfuszuulead Centumvp Tunsfisuadarszuy st muassagunsal
uazmsasguAmuAuLUUAaasludnuaz Offline WialUSsuifisuisimunmsfines
Tuilnduuionuaznisivundumesdentusyuulaad DCS 91uau 6 ntifiny) Usznaudie
A3 1 MIAIUANMBLLIAR CH duuszuuueuzdenifiennuvasasds nsdll 2 ns
muANfoLWAn CIF dmsuszuuinintuiladdaiionnudasnde nsdil 3 m3auay
fouuda OH dmivssuurhdinduiladtaiionuvasade nsdld 4 Msauausae
LIAR CIH dmiuszuuieurdeniieanumdesldan nsdil 5 mimuaufeuufn CIF
dmduszuuriniinduiladiaitenrumionldau n3dil 6 nsmuauseuwAn CH dmsy
sruunnduiladiaioanumiouldnu efnwinansnevausswesgunsalluszuune
urSonuasnainduiiadsa Ineldnsvuaumsmuauseiuidesaufussutleas DCS 109
U39 Yokogawa U CentumVP dwiunisesuneimgnisaifiietu WeiniesiieniAnaanm
e uaznsdiAnwuduUisuifisumstinuanisnueuuuunaaalutuseunimng s
nsldlerduuionuazsurudunaiordnniignldany ssgnihludmuamnine nsiignld
U (Resource Usage) vo95zuulaas CentumVP

1.5 519aL98AUIINYITNUS

Inendnusatuinaievoondu 5 un InefleanBondail

unit 1 8unisnannds anuduniwazanudidyrestym AN aNUYLAY
TQUIZaIAr0INISANYY WWIRATEINGNTINUS kars18auBenTaIng inug

unil 2 1funnsnands welulaslurnieduiiadia ssuuweusdon wazszuulead
DCS Tngasuneianisvinny Tassadreiugiu lnanisdeans nieuininauelasaiiauas
mMaviheuvesilsituudendililuszuuleas DCS vesudsh Yokogawa Fu CentumVP

ol 3 1 Bunsiiesiiuieufisuisimuanisauauuuuatsanludunounis
AmnssudmsuszuLkousionuazilnduiladva I@ﬁi%@i/\lmmemmmamaai YUY
Toad CentumVP wdeuvininauenaiUisuiisuisimuausasdunauvosnisimuanis
A wenaninaildannisAnwannsaduamisufoilunsuasmnimesly
ilaffuudonuazmsrmundumesfonlutuneunsimnss

unil 4 BunanismaaeunisaruaunszuLiidunsdldne Weduduirguaiunuana
Anfiasnstwhadldognagndes uagiinmstmuanisauauiissyannsalfifuunuoaly
nsfmuan1sBuwesdeataduisddysennuvasndowaranundonldiy

und 5 1Buungeinelaefinnsnaniwanisideuasdeiausuuy

Tuduanrievesinerdinusiiluniauuiniiusznoudisunainudded duaveded
UsggAnn1sseduununviuasieunsly Proceedings wasn1susey dadu Proceedings
feglugrudeya Scopus



unii 2
VOB LASUANNITNNEIVY

2.1 na1un

Tuunidunisuuzduneluladuourdon waluladvindinduiiadda H1 Tuusazdu
n1sdoansiignsdafuluwaa OS| (Open System Interconnecting Reference Model) 984
939AN3 1SO (International Organization for Standardization) d1ulsznauvesszuulaad
DCS saueesuneinIasiielusyuuleas Centumvp

2.2 walulaguauzaoan [13]
2.2.1 STUULBUZARN 4 - 20 Naduaud

v o

HunaunudfigunsaliaiesiloTauuy 4-20 faduout ugunsaliilddnmy
n3zuaIAsgIL 4-20 Haduent lumsdeinudeyauazdufisansulunsiluldaudsin
Toyaszninagunsaiiedesilonfieglunssuiumsndn wazszuumuauiegluriesniugy
a9 (Center Control Room) fawsiludagtulaiimsdnawenisdeiutoyawuulnl sening
gunsalindesiletauazszuumunu Wengroumansuliduinesgiunisdsiudeyauuy
Tnalluounan Bsdsmadodddinannumeannis e1fi msdwiudeyauuuadalusuuuusii 4
viefisanfuluiieve Field Bus iudu sgrdlsinudsiissuuamunuuazgunsaiiniosiie’n
5ﬂLﬁuﬁﬁmumﬂﬁé’ﬂi’ﬂumidqmuﬁamuaﬁaaé’zyagmmzLLa (Current Loop) 141915514 4-20
faduend iosnngldsudnmnnasimaudilanisvieuuazmsldnugunsaiinzesiiofn
WUy 4-20 fadwend Wuesgrsduasldruiunndunaiuviuds dulvaudfldauduunn
wfienudlansdenldrunasasigunsaivand uafidmsiidioniefugunsaiuuui
{9 WU AnmuenAnssEiegUnsailadesiiofauuy 4-20 faduent LUy 2 ane, 3 ane
uay 4 ey vide ifeddnlunisldsugunaiidesiiotauvy 420 faduend Wusu

lunamuaunszUINNITHAR AN TOUARIUNUN NN TEUILNNTHARLARaFUT 2.1 Teaz
Usznoumiy 3 mu‘mmﬂm Ao aUﬂimm'ﬁ’m (Signal Element), 3¢ RN (ControL
Systern) uazandanIuRu (Control Valve) kazlumsmunuziimmiuey 3 Funoudsl

fupoud 1 gUnsaimsinay mm'ﬁLLanmLLiJimﬂﬂsumumimamiULﬂuafgfg'lmﬂﬁma
11937 4-20 faduent uaddluSsszuununu

fupouil 2 sruuAUAuIzTiNTUITINaRaLAr AR LUy N Tz La
wnIg 4-20 fadwond ludandmuay

fupouil 3 MaeuANSLEYYININIINITUUMUANLATIsU BT unInsgindes
wUsnseurumsiaensUavseanndiniuny Wievilvisudsnszurunsasuntadlung
é’zgapmﬁlﬁ%’ummmzwmuqu



dnanszi

4-20 LI(][ILI'(]IJ{l ﬁﬁ]uﬂ']ﬂﬂqu

Rz

iz

420 fiaduand]

E‘Uﬁ 2.1 i%‘U‘Uﬂ’J‘Uf’]ﬂJUULLNUﬂ’]Wﬂﬁ%U’Juﬂ’]iNaW

UNIniNITTANaEIEIMIUANYEITTUUATUANNNIHARENARRINTE INBRE AL NLT]
A9 9 UBINTHUIUNINAALAE AR TUTRLAMIEFYQNIMNINTFIURUUAN 9 WUUTZEEN1LNG
[SUGSERATIG G EER Tuunendedlymmang ‘1‘7iLﬁﬂsﬁuﬁmwumuauﬁ%wﬂéﬂumidqmu
foyawmanil nsdearsteyanuuing q fugunsaifiisadosansnidedold Taonneld
Sidnvsednduvuraeaia (Smart) lugunsaimsinuEogunsaimunuidedinisldauiueeis
unsvaneluilagu warlusfinfiiuanssuunisaiuquuuudounfn (Preumatic) ign
vhanlflunisemuaunsudnnouigiinmaisyuudidnnsetinduldom

TuszuunismIvaubuuduuAnazliounsalsig 9 imdlauiussuuAIuALLUY
Budnnsedind 1y AeuANLULEATIEIU (Ratio Controller), famauANwuY PID (PID
Controllen) ufu Tnsgunsalismunazdeinudnainauduunggiu 3-15 psi lutas
1 1950 szuvaoufinmosldGudruniunumlunseuaunssuiunisndauniy fey
impdianisdsriudeyadsgnivasuanndyana Anufuinsgiu 3-15 psi luludyan
NITLAATEIU 4-20 Tadwond ielnzaniusruunUANLUUBIANseiing

dwiuluuniandunsuanseasidon suiainsgiuresguniainiosietanuy
4-20 faduent uenvntufuanstedidamg 1 dWeoduiuglunsilldo

2.2.2 1n3gauunIaliaIesiiadnuuy 4-20 Haguaud

(%
C - I 4

W{o91nNs Ui ueg 1 nIanekas RN M duUTIWIULNN FH9TURIRDIlnTA1uA

Y
I v

wnsguvesgunsalinesliodausziandingand ieldlunisimuanudnuuzvesgunsal
d A o A g vy d o Y ° D o vy

iwseslaTauielildaunsaienidaunsalliegsazanuazanunsathlulivaunuiule lny

11M35IU ANSV/ISA-S 50.1-1982 lnununmsgiuesnidu 3 wuu dwanstugun 2.2



Loop Current :
Type 2 i ;
! i
> i
Transmitter i :
i
: !
! i
! i
| :
i i
v '“.
Loop Current : :
Type 3 i i
— i
P i
Transmitter : fin !
I i
] 1
1 1
P 1
Loop Current
. ' ¥
ransmitter i '
J [
i Y0

U 2.2 gunsainsinuuy 4-20 Tadueud

1. guUnsal Type 2

Jugunsainistauuu 2 a1e Tasndanulifhifldnnglugunsaissinniazgniteun
21nqUn3za (Loop Powered) faduuvdsinsussfudimivgunsnivszinniazgninda
sauaaﬂiﬁsqm%’ué’qmpzuu,azm'im'aaﬂﬁwuaaé’aumpm%aguiﬁm%’uﬁzyﬁmmmiuﬁ’u gunsal
wosdiotalaevhluagldinesgruuuuiifumsgulunisdeudesussuuaiuny

2. gunsal Type 3

Hugunsainstauuy 2 ane Tnondsenlnihillénielugunsal Ussianiaggnatean
mﬂLma'aﬁiwLLiaﬁuﬁLLaﬂaaﬂQWﬂQUﬂisLLaﬁqﬁuﬁaﬁmmimmﬁuﬁﬂ 11U dmsudng
gunsaflwihlsifugunsaissaniuasldnisroasiuvesdyanazegfigniendu gunsal
wsostiotanuuiuasnuldvosnsilugunsaiinsadufneduaznnasiv \wu Gas Detector,
Flame Detector 1Jusiu

3. gunsnd Type 4

Hugunsainistauuy 2 a1e Tnsndanuliihiflénelugunsaissinniazgninean
mﬂLma'afdwLLiaﬁ’uﬁLwﬂaaﬂmﬂqﬂﬂigLLﬁé’ﬁﬁfu%qﬁaqmammﬁmﬁﬂ 1 ¢ dwsuinggunsel
1Wﬂwiﬁﬁ’uqﬂﬂiaiﬂszl,ﬂwﬁ wazazldlunisdoasfuvesdyg 1A ULMaITIBLIIAULEN DN
210y Fregregunsaiindesiioauuudl 1y Magnetic Flow Meter, Coriolis Flow Meter
Hudy Seynduresuasyanlasdygnvesgunsaindriasdesnmaundsdiendnuiinen
29NANNAU



2.23 mstunszuavasaunsal

MnswaziBeaing q Aldnanlutedisfuaziiuiiagldgunsallumsdudya
nseualiiuiees sefudmmnengnlunsiiluldnuasdeesnuuuliiinsnevausssos
wsiidesmsialdnasndiu suluiimsindaasnsiedyanunssud 4-20 fadueud fe
unaannszuanifioaneyng1un1sin a1msgau 1A 550.1 i vuanuauiivesgunsal
wsosilatadmsuihluldmuiuinananusunuiisunasdiowssiunuiinnunuan sy
g7l 2.1

A15199 2.1 AVARANUATUNIULAL ARSI LS IA Y

Transmitter Class Suffix Classifications

H L U
Load Resistance (Ohms) 300 800 300 to 800
Minimum Supply Voltage 23 VDC 32.7 VDC 23 to 32.7 VDC

NANT97 2.1 uansdannsgiuvesgunsaflumstunssua vinlvgldamaansosiulale
1 gunsaisuianang 9 MngraRTiumnsnafuanansaluldnunaumuiuldleglide o
n1sU§uUss MiewAsunuasgunsnidu q MAuades wazilevanidsstymilunsdudya
nszuavesgunsaldnuazdosiansananushuniuluanlugunszuavesgunsaimsin led
nsdudngunsafladlulugunssua wu dudennisdestumssaaluiuiiduasedu
WU LS. (intrinsically Safe) dasfinisld Barrier Wrlulunsasnssuandafinsfiududivdoem
3zUIUNT Wuduy

nld Barrier Wnlulugunszuaiidesnstiestunissedalufiuiisunsedunuy 1S
(Intrinsically Safe) iéjﬁ\‘igﬂﬁ 2.3

Hazardous Area Rafe AT T T T T
J 2 i

‘ -
. i ; 2 4
. & O o A
Transmitter ‘ 5 3 i
V=12VDC i 7 g !
i
@ 4-20 mA P Ay
= c !
S 2
N S2§
e = i
~ .
i

gﬂﬁ 2.3 gunsalnsiauuy 1.S. (Intrinsically Safe)

mﬂ'ﬁ'lsjazL%‘&JmﬁLLamuﬂu%’Né]’uLflumsﬂénﬁqmsﬁ’muﬁugflu, TINARALUINTFIU
vaagunsalinasiiodauuy 4-20 faduend edasdinisldnuiuegdeiiies iasnigaiy
A o ° v ~ o & P 1Y) fala =
Werulunsviheldas uwasiinsldnulussesiaiu fauilutagluaunsalndnisdeans
WUURAINANIANT LT UNUIMEALTY hAVIEA9 919810 FUAT b YNSRI LUIUTLNUN
gunsalirsesiioTawuu 4-20 Taduend lavimua Niluwianudediulunisiauiagnisly



Nunawnudule lagtanigegragenisundaluldaulusesuuinauilsdy (Safety
Instrumented System) §M5UaAANTIUATHER

2.3 walulagwunduiaaya [4] - [14]
2.3.1 Tawanisaeansvasnatinduilados H1

[ aa v

WwaumwﬂamaLﬂumiaamﬂwuauﬂim (Series) maa YUIUATNARUUADINIANTA

[

i:ﬁﬁ’JN’qUﬂimﬂ’li’m 3B nANUNLNE N V\InuLmuWamuamuszuuLmamawamu
(Local Area Network) d@nsuszuuiasasiioinuazidunsavneianu Niauaiuisalunis

nszaten1sAIuANdne 9 Weglugunsainisiasie qlueSeviels awunsouananis
= = ] A4 A o a o ¢ v oa v =i
WisuieuseninsszuuesasleinuuuiiuiuridnduilanUalalugui 2.4

! Control System ,!,

| Network | HSE

Linking
|':°“" PID o | Device

Input/Output

Subsysty a;

420 mA a
o =
Traditional .
Control and /O Fieldbus
Riptlibes e)tin Squipmingt Control and /O in

field instruments.

JUN 2.4 nswlSguiisuseninessuuiasesdleTanuudniuinitdnduilanda [4]

N3UN 2.4 a%ﬁulé’dﬁzuum%aﬁafmm””zyzywmﬂsma 4-20 faduout 9zl
I U

ﬁUEJﬂﬁ’]ﬂﬂ’]iﬁ’]‘UﬂM@‘Ej%@’Jﬂ’)UﬂN (Controller) whag umaammmmamas mwaﬂﬂim

o
o

mwﬂlﬂmauwmm SLOWAUUF ORI NMIMUANIZgNEINMIIINFIAUALTIVLA dau
TusyUUWnumﬁszamumﬂmwmmaa@mwmmummmﬂmmmmlﬂmqﬂﬂsmmﬁmm
usnuazsioluaisioly yafdsrauau (leituuden) lugumuauanansaaznszanslue glu
fgunsalusiazsi %a@mauﬁammﬁﬁwﬁuagﬁ’ummmmmﬁumqﬂmaﬁu 9
Wndinduiladdasrdoarstagldlusinaea (Protocol) fiftwuatulng Ol (Open
System Interconnect) 1uluinalunisdoansseninsgunsalsing qfidesguuszuu lag
TWslnpeasenanazussneudag 3 dausl Physical Layer, Communication Stack L
User Application Tusyuu WndnduilasUaiiunedu (Layen) fifnuslag 0sl ladldiluld

muumumwu ﬂﬂﬂ’]“lﬁumWiJLmiJ‘UuéﬁflﬁﬁJ’]iﬂLLﬁﬂﬂlﬂﬂﬁi‘U‘W 2.10



Fieldbus Model

USER USER
APPLICATION APPLICATION

OSI Model*

FIELDBUS MESSAGE
SPECIFICATION
APPLICATION LAYER | 7
FIELDBUS ACCESS
SUBLAYER
PRESENTATION LAYER| 6
COMMUNICATION
SESSION LAYER 5 “STACK”
TRANSPORT LAYER | 4
NETWORK LAYER 3
DATALINKLAYER | 2 DATA LINK LAYER
PHYSICAL LAYER 1 PHYSICAL LAYER PHYSICAL LAYER

sU# 2.5 Wslapeavaslinduilanvaieuivlumaves OSI [4]

firnsanangudt 2.5 axnudildsTaeealutudl 3 - 6 alaildgnldeonlussuurnidiedy
HanUawazazdldiudmivansenugldeu (User Application) Wi luszuundindy
HasTauaziuuatu 2-7 avsaufuiSends Communication Stack Svanunsauaniseaziden
vosusaruldel

User Layer

Hudwidamsounsearsseninsgldanususzuunniieduiiadda Insdnuuzves
n1sdoanslu User Layer fluszuuvasinniinduiiaddaldinisfaindouguuuueasns
ﬁamﬂugﬂLLUU%d Block @9azUsenaudie Resource Block, Transducer Block, Function
Block

Blocks

Resource
Block
\ Transducer Function
\ Block EBlock
\__
-\_\_"-\—\_

COMMUMNICATION
"STACK™

FHYSICAL LAYER

Fieldbus

gﬂﬁ 2.6 User Layer [4]
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Device Description File

Device Description %38 DD File 1udmvasguuuy File doyafivsuanisdoyasing
mauﬂ%"aaﬁai’ml,azmuqu 7 Support aglaedUSaufisuiu Personal Computer ALy
ilow Driver v8e Hardware Ths7l@vin1sindadiu Personal Computer Taa3uaz e
nEnmaderfuiiesnninaudey ndesdieanazauay vesszuurainduiiadiadd
Revision, Model #30 Brand fifnsluann iedesileTauazaiuau fuduglinunieduassuy
snleduiladdataefoshmstinga DD File fluidnludne

Resource Block
Resource Block tugunilsvas DD File finthillun1s Identify fiaaunsaidnndu Brand
a¢ls Model \Jueaglsludiuniosuredeyalaelireuniostiaiauasaiuny

Transducer Block

\Judauitueniia Model 1836 Sensor fegniglugunsaliBudruivinminilunisin
nsuszananateyanoufiazdwvdotudeyaaindaunes Function Block usnanilludiuves
Transducer Block §svinmihiluns Calibration waznsiasulnualgunsaiogluanined
iaulaviseani1asngan15¥neIu (Out of Service)

Function Block

Function Block ifudquiildluesasnisaivau teslussuunmidinduiladdaay
LS8y Function Block 88nu1 2 sUnuunlgfiufe Standard Function Block Whag
Application Function Block Tudauvee Standard Function Block %L“flug‘IJLLUU“Uaﬂ Block
Atanulagvialy iy Transmitter Mndazdesil AO Block iiteflayléamnsadsridayai
fildannsinungleadlavislundlndduiuesazson Al AO and PID Block lsid121dln
Feuuestiuazidy Brand IﬂﬁmuLﬁaﬁﬁ’nwa‘ﬂw%ij’uLuai"ﬂziﬁmmsaifmé’aujﬁymﬁﬁqmﬂ
loandunyinslalasnaalndduiuesiaaiu Application Function Block agtdu Block
fimagiuan wiosleTanazmuay udilddindhundudnuuzaessuden (Option) Ty
Maplga

Physical Layer
Tutuilazilulassadwesszuunndnduiladda wazlddudruveudeszninegunsal
nadluszuuiddsduieldidudunivivvesdyyia Ineviarluagldarsliuuuynd
& o ) P ° P ¢ )
wilouuszuumuaunilUBzgnimualag IEC waz 1SA lAsasnaresssuuniindy
Hanvagdsazgnuiteenduszaunuanuiilunisdeastoyadaiendt H1 Fieldbus waz
HSE Fieldbus waneseazidenlanagun 2.7
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Data Service

*

H1
] HSE
- | — || — = -
fo] 7 PLC PLC
| T
: 0 -
@ Workstations
*Linking &
Device Plant/Factory

UM 2.7 lassadavesssuurnlnduiladda (4]

H1 Fieldbus LﬂuLﬁumaLamaaé’zyaunmﬁizﬁummL%ﬁxﬁuﬁwﬁmmL%f’ﬂums%’udq
foyafinnuniaseiu 31.25 kbits/sec ANMEIWBSANEWAN (Trunk Cable) axiiauelélyl
LAY 1900 Lung Lwimms;mmaaawlw%%uagiﬁ’wﬁmmmalwm%’, ANYNIVBIAENAN
WAZAINEIVRNANEEDE (Spur Cable) s?fﬂmmmaqaqmaqmwé’ﬂ%ﬁmwmmsmsuaa
avdosiinenguumondnde Tnsanusnvesmedessuegfusiuaugunsaiiivessuu
aetios uansseasidenldnanisned 2.2

a | N ¢
M19190 2.2 ﬂ']']ﬂJ’EJ'T]GUENﬁ’]EJEJ@Hm@ﬂqUQUQUﬂim

Total One Two Three Four Maximum
Devices Device Per | Device Per | Device Per | Device Per SPUR x
Per SPUR M SPUR M SPUR M SPUR M Length M
Network (ft) (ft) (ft) (ft) (ft)
1-12 120 (394) 90 (295) 60 (197) 30 (98) 1440 (439)
13-14 90 (295) 60 (197) 30 (98) 1(3) 1260 (384)
15-18 60 (197) 30 (98) 1(3) 1(3) 1080 (329)
19-24 30 (98) 1(3) 1(3) 1(3) 720 (220)
25-32 1(3) 1(3) 1(3) 1(3) 32 (10)

HSE Fieldbus tutdumaifiuvesdqyyiaiiseduainuiiigs (High Speed Bus) N3
doansvosgunaniluszduil axfienuidilunissudsioyaiissdu 1.0 vido 2.5 Mbits/sec A
g13vesEenan (Trunk Cable) azdiauenilaliuintn %ﬂ§ua§ﬁU@mamﬁ§LLazmmmmm
vosgunsalivanil uaranendnlusyduiaglifusenlifiaodonsotude
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2.3.2 sfduuaan FF-Al

lafduuden FF-Al dmsugunsalfladda gnilaldauiieldlunismvauuazuanina
vuszuulaad CentumVP lnedllassasanieluilsiduudenuandlugui 2.8

o]

uT

@

JUN 2.8 lassasaneluilsiduudenues FF-Al Tulgad Centumvp

OUT_D_SEL
Simulate Simulate P— '
SIMULATE. SIMULATE !
Transducer Value Simulate Value LO, L0 LO ouT_D
IIO_OPTS Low cutoff | [ HI. HI_HI

Lo (poe)
;
Ind.Sqr Root | =1(Enable) : Auto

Scaling Scaling W] Filter 11 Cutoft -°M
XD_SCALE OUT_SCALE ‘0/0_ PV_FTIME LOW_CuT :
Indirect i ]
TDrecl f

=0(Disable) ]
U 2.9 Tassadanmeluilaiduudonves Fr-Al vesgunsal DPharp transmitter Yokogawa
EJX [15]

Ul 2.9 uansunuisnielu FF-Al vesgunsal DPharp transmitter §u Yokogawa EJX
UTENoUAILNITYINNIUAY 9 LU Adyaudnass (Simulate Value) n1sigruaesiendu
Scaling Output hagnsuiaiounig q Wumu

Hedduudon FF-Al 191Uk 1ut99919 (Channel) Usgnaumedygiauouzdonain
Transducer block #1un15U5UUM (Scaling) InTuRzrunsEUIUMSNSe (Filter) uaz
Uszanana Weadnadyaialudesedunisudaiiou (Alarm) Li“;lumw‘f'muﬁugwumuLLmuﬁa

OUT Parameter wansrto1snnvasilituudan FF-A

SIMULATE Parameter Mdwmsudnassendaysyrndunn ;ﬂsﬁ’fmu%mmaaﬁl,ﬁamaau
Tryanavedsguniaiuuudnaesdmsunsiaaeugy (Loop Checking)

XD_SCALE Parameter aglddarneng Input 910 Transducer Block fiaenadastu 0%
waz 100% luilsAduuden FF-AI

OUT SCALE Parameter 9l msuinnunti9vesndyy1ato1dnnveenisusuuun

o

(Scaling) rewfiflsituudenazddyaaliduys out

CHANNEL Parameter 9glddwiuidendygiuaindaia fgunsaiauisaialfain
Transducer Block tnendendaaaiidosnisldiuniuges (Channel)

L TYPE Parameter {Wudmuilldidendauusiilimmunanuduiusseninanionisia

999 XD_SCALE uag OUT SCALE
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* Direct flduazdoadonlunsdlil XD SCALE wag OUT SCALE 1Humiie
ToLdgaiu
*Indirect pﬁ%’mu%ﬁauﬁaﬂiumﬂﬁ XD SCALE wag OUT SCALE tfuniag
Tndiumneinariy
*Indirect Square Root {149 1uagdosidenlunsdil XD SCALE uaz
OUT SCALE Humibeiafiunnsnafiu wazdlAaedinnuduiusuuy Square Root
TnundmSuitaifuuden FF-Al avviauionun 3 Tnuariusauds MODE BLK &l
1) Manual (Man) Tulusadien OUT aggnrinsuslnedlda
2) Automatic (Auto) Tuluuaiien OUT AzgnATLInIEIUALYBY Out Scaling dapnundl
s PV
3) Out of Service (0/S) Wariduudonazugaaniiunis Aduwds PV ludnisdsrnluda
OUT uazan1uzazuaniiu Bad 1ilofauus BLOCK ERR wansaniuy uagluluunigld
ansaLUAguLas Configuration U8 ILUTA 9 suaﬂqﬂmahﬁmﬂw%%ﬁﬂﬁ%’ums

e 9 luilsdduuden FR-Al anudmanevesyldanu

2.3.3 lsfduudaan FF-PID

ilafduudion FF-PID dwsuaunsaiflanda gnillaldanuiieldlunisaunuuazuaning
vuszuulaad CentumVP lnedllassasanieluilsiduudenuandugui 2.10

Q

UT

Uil 2.10 Imamwma‘iuﬂm%uuaaﬂéuaq FF-PID Tulsas CentumvpP

—— BKCAL_OUT BKCAL_IN ——
}—> RCAS_OUT FF_VAL— ROUT_IN 1 — HOUT out

CAS_IN—} :' sp 5
RCAS:IN ‘ Setpoint } t { Bypass !. Feed-forward I—| Qutput l—g—’OUT

PID Control

: PV | Computation
IN——>={ Input Filter e

Data Status
Management
Alarm

Processing
: Output Tracking
TRK_IN_D j
TRK_VAL

FADSO1.ai

!|Mode Control

U 2.11 Tasaadraneluilaiduudenves FF-Al vesgunsal DPharp transmitter
Yokogawa EJX [15]
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U7 2.11 uanslassadraneluilsdduudenves FF-Al weagunsal DPharp transmitter
Yokogawa EJX A18lulsenaumediun1suszuianiy ¢ 1ol 11InT93009iUsnszuIunig
(Input Filter) Algorithm PID (PID Control Computation) nasatnateuaianin (Feed-
Forward) 1Judiu Tnegldsruaunsaivdsuluunnisviauvesilsiduuden FF-PID &
wanduadil

1) Autornatic (Auto) lulnuniien SV aggnimualasdldarukiugiuys Setpoint
wdsantuiteiduasdnlumunaludiuaes Control Computation Processing Litedasly
AUAN Final Element Hufuds OUT

2) Manual (Man) lulvunigldnuagmununszuumsndnuuy Manual Tngagdanu
U7l Final Element pnusiauds OUT lnenss

3) Cascade (Cas) TuluunilA1 Setpoint 184 PID Block 9z3uandaAIUANFLNIg
(Upstream Function Block) lngazsuaniuaanys CAS IN wdsntiu PID Block 9sMuan
Tudquwas Control Computation Processing LﬁladﬂﬁﬂUMU@u Final Element n1uiatus
ouT

8) Remnote Cascade (Reas) Tulmaaiien 38TUIMNFIMIVANAUNI (Upstream Function
Block) lagagsuAINIusaLUS RCAS IN wisa Nty PID Block azfuaadluduves Control
Computation Processing Liladsanluniuny Final Element Wiusfuys OUT

5) Remote Output (Rout) Tulvaaiingauds ROUT OUT agdumiiinunlnalaad 3
Boufdaiumisiwes ROUT IN

6) Local Override (LO) lulnuniinisvhaumasitedsu Tracking agAiun1syineu lag
AruAALDIANARINAT TRK VAL

7) Initialization Manual (Iman) Tulvaaiinisrheuwesilsdduuden FE-PID avuansiis
msvhauiliauyssl wagamnsdimes OUT aziAsuniaswumiiines BKCAL IN

8) Out of Service (0/5) flsAtuudenazngadiiuns uazanurazuanaiu Bad 1ile
fauls BLOCK_ERR wananuy warlulmuaigldanunsnifsuulas Configuration wasi
uwsine 9 vesgunsalilellavielailaiduniminausine q Tuilsdduvden FF-PID
Wwnevesldany

2.3.4 sfduuaan FF-AO

ilaiduuden FF-AO dmsugunsailanta gnillaldeuiieldlunisamuauuaziansua
vusyuulgad CentumVP Tnefilassasanieluilsiduuionuandugui 2.12

[=]

uT

SET
.
RCES N
(RS DU

Figure B3.6-1 FF-AO Block

JUN 2.12 lassasnneluilinduuionves FF-AO lulgad Centumvp
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RCAS_OUT &
RCAS_IN 4"1: BKCAL OUT
SP_RATE_DN READ_BACK -
SP_RATE UP PV
Operator
Setpoint ‘-

Calculation

ouT

i
CAS_IN }PC i Limnit Limit

Sed o bl ¥ p| and Seotu
- an 5
HIJLO Rate f —K__J_ ""I:

Access Access

Analog [~ Analog CHANNEL
Input Dutput
Al [ i |
il 1
£ iyt H 1
v Do
I ' - -
i I 'y P
1 ! L
0 i wd
- Position Analog
Feedback Output

sUii 2.13 Tassarsneludleifuudonyes FF-AQ 484 DVC6200 Fisher Emerson [16]

U7l 2.13 wandlassananieluiladduudenaes FF-AO Usgneuseilsdtunisviausig
9 Wi Msandunisidenatdiunne (Operator Select Setpoint) ﬂqﬁ%’umiﬁmwaugmaz
yausvesAtming (Setpoint HI Limit; Setpoint LO Limit) 1ud Taen1svhauwes FF-
AO ATUAAIUANKIUNITITGBS CAS IN Judanadidvundmane ndntuileru
Ufion FF-AO azUszanananazasdayanniuauludmisiines ouT Lﬁamuawhmﬂwm
Méastely flefduudon FF-AO aunsavhandlulnnseldil

1) Manual (Man) §l¥suannsatoumdsludaednaluds /O channel fimsdines
OUT lngnse dilvgjazldluanunisaldeninge asuiilsuiaritadedeyavesnailngdy
s

2) Automatic (Auto) te1AnaveIHeiduvien FF-AO agyinumudinuigves
Operating Point lngglddauAndmnesiu Setpoint wdrniuilerduuienaslsvanana
wazdsdygraludmnsdimes OUT

3) Cascade (Cas) lulnuanisyieuililsiduvien FF-A0 azdeudouseldauniiu
wisdimes CAS IN Tnpilarduudon FF-AO agsuandmueniumisdmes CAS IN fvun
Fuanimne wdanduileituudonsUszanana wazasdyaauludanisdines OUT
Tnedulmadildnusmiuguemueudilng

4) Remote Cascade (Rcas) Tulnuansvineruil azvirsusiufuszuuloas APC
(Advance Process Control) lngflaniduvden FF-AO azSuAndiungruiiuls Remote
Setpoint (RSV) ndnTuazsiunsUsranana wazdsdyaaludmnsidines OUT

5) Out of Service (00S) lulvinil HlaiFuufon FF-AO asngaUszinana lnavesuas
foynasendnaazeglutisdouthss ilefmuaviessailifumasfinesvesilafduuien
wazanurvesHenduudenlzians ‘Bad’ Laznsdnesves BLOCK ERR azilany ‘O0S’
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6) Initialization Manual (Iman) flsfduudenazshaululyuai luaniunsaliinaanm
Fomeiuguneal wagilaiduuden FF-A0 Iinmsudafeuluaniunsallianinsnidensoriu
gunsaiNandT LS

7) Local Override (LO) Tulvaailflefiduugon FF-A0 lilnouaussnisumdyaiamin
duma Lesnmsviavesilsiduudoalusnmunsaliinauduman (Fault State Action)
viauinedtyans Freezes finsiiwes OUT

2.4 dquusenauvaeszuulaan CentumVP

Jagtuiinnhneufiamesuldlunismuaunszuiunisine 9 laedoulusunsuile
muAugUnsalildousefunsufinmes IHiadvesnszuiunmsuazihdoyanisinuiuanina
wiouffuuszanana uddeyalumuaugunsaifuiiouunssuiumslildmutimneves
NSATUAY

FYUUNITAIUANLUY DCS (Distributed Control System) 1usguunIuAuns=a1e
drwulsznoumensuiiamesvaieq dameduluaievis faddunisavauazgnnszangli
AeufiumosusazdIudwvihmihfinugunszuIunsdes q lasdoyavesnsyuiunisazgn
dssiudiudeans liununuineuiimesdnda dwihmiidadedugltau Tnekiums
30019 uazwluiiam

2.4.1 drufadeiuguiifnu

dudnsefufUfURU (Human Interface Station) 1ugunsaluansnauazaIuaui
L%amzwmt;iﬂ,ﬁi’i’muﬁ’mizmumswﬁm %gﬂamﬁaaﬁuﬁaqmmu Lﬁaﬁmﬂwﬁmmsﬁaga
YOINTZUIUNISHANTIdI197 Field Control Station wun1sdsliviinisivasuanivuney
(Setpoint) AA1YBINTLUIUNTHER (PV) w‘%amimﬁauamuzLLazImmJaﬁzwmuam
NTLUIUNTITHER

sUN

2.14 ASNNBAAINTZUIUNITHANUDY Human Interface Station
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903U 2.14 ns1finvesszuulead CentumVP 9zuanans finluguuuy
Process Function Diagram (PFD) kaz#lia1uanunsnnsiaaeukagaiunsfiiulsngsuIung
{1 Human Interface Station (HIS) $augaflaAdun1swaasiau (Alarm Function) wagilandu
mstuiinuualtuesinysnszurums (Historical Trend Function) fdudlaidunisiauy
fugruesldnuiimununssuiunsuansiuszuumunuSnlu

2.4.2 #@UAHUNISNI9IAINTSY

duAiun1T93rInssu (Engineering Work Station) Lﬁuqﬂﬂiajﬁi%’ﬁ%ﬁumﬁﬁwm
MFAMNTIU WAZNIAMUATUSLNTNYDINNTAIUANTBINTEUIUM TN aztTugunsaiiiGy
fausmsasrsnseuauvesszuulead Centumvp ludupeumaimnssy sufiduduneuves
nsgeuUnsdmiumMInTIvaeuLazLilulsunIuvenIsAIvAY

[ System ¥iew (CENTUM ¥P) - FUNCTION_BLOCK
File Edt view Tods Load Projct FCS HI3 Help
i = e e et et M 2 2= A
T Falders [Opened Folder - FUNCTION_BLOCK.
B SYSTEM VIEW | Tope | Mndified | Camment
E1-% GSPE Conirol Draving 2017/09/11 1404 #0N MAPFING SEQ
(L COMMON Contrl Draving 2017/09¢11 0918
[ 5THDS64 Control Drawing 2010/02/04 1654 INTERLOCK FROM PIS
£ Fesosot Cantrol Draving 2015/0717 16:44 PERMISSIVE TO RESET
(] CONFIGURATION Function Black Dverview 2019/05/27 1904 SMERT POWER SUPPLY(SPINN)
% merE’UBHAHY Conlrol Drawing 2019/05/27 1412 VALVE POSITION AND CONTROL PRESSURE
@ s ErviDosn s oos
) wessane orirol Draving
43 FUNETION 8L00K Control Drawing 2016/09/15 1615
(2 DISPLAY CortrclDraving 2011071261537 FF PV ==2
2 Fososn Control Drawing 2019/05/27 1310 FID CONTROL== 1
21 Frsos03 Conlrol Drawing 2019/04/11 1501 604 150 PENTANE LOOP
0 Frsos0s Conlrol Diawing 2017/09/1308:53 FID CONTROL FOR MMC == 1
- FCS0805 Control Diawing 2013/10/23 1346 MULTIPLE CASCADE PID CONTROL
{0 FCs0606 Control Draving 2019/0601 16:21 TEMPERATURE COMPENSATE
(2 Frs0607 Conlrol Draving 2017/09/1116:06 COMPLEx#]
3 Fesoe0s Control Drawing 2016/06/02 22.37 COMPLEX#2
(3 scsoe11 Control Drawing 2016/06/02 18:18 COMPLEX#3
(] SCS0812 Control Drawing 2019/04/04 16:43 COMPLE:R#
1 scaenz Control Drawing 2009/07/25 1914 W
0 530814 oA e 2008/11/14 1140 MOV
% it Contl Drawing 2017/05/25 1208 CPU IDLE TIME/ COMM LOAD
P M Conlrol Drasing 2018/09/04 1840 1M STATUS GSP6
ontrol Drawing
{1 §THOTES Cantrol Drawi 2014/07/07 1424 ANN
[0 5TNOZE4 Conlrol Drawing 2017/09/131340 CALCU FOR APC
23 5THOS4 Control Drawing 2014/01/08 0957 BUFFER FOR APCCPM
Conlrol Draving 2014/01/081003 BUFFER FOR APCCPM
{1 STN10B4.
. STH1ZB4 Control Draving 2009/07/25 1914 MOTOR/PUMP WITH PULSE STOF LOGIC1
] 5THI33S Control Drawing 2008/07/25 1314 MOTOR/PUMP WITH PULSE 5TOPLOGIC2
03 B0 Cornlrol Draving 2010/03/03 1330 MOTOR/PUMP 'WITH PULSE STOP LOGIC3
O HisT3E0 Control Draving 2018/05/28 1908 COOLER WITH PULSE ST/SP LOGIC- == UNIT 36011 £-002
Q5T Conlrol Draving 2009/07/25 1915 COOLER WATH PULSE ST/SP LOGIC-2 == UNIT 3601-1.£-002
-(] His1356 Control Draving 2019/04/05 11:40 COOLER WITH PULSE ST/SP LOGIC == UNIT 36011 €003
-0 HIsT358 Control Drawing 2009/07/25 1315 PVl FOR SIE COOLER
ontrol Drawing .
0 Histzss Control Draw 2008/07/25 1915 COOLER FAN MOTOR RUN TIME == UNIT 36011E02
{0 His1360 Control Drawing 2009/07/25 1915 COOLER FAN MOTOR RUN TIME == UNIT 36011E03
% :Egg‘z Contl Diaving 2012/02/27 1534 MCE: %4N MAPFING SE0.
a5 Conlrol Draving 2009/07/251915 MCL: % FULL LOAD CURRENT
2 Hist364 Function Black, Dverview 2008/09/28 0516 YMS: ANALOG
£ 5TN14B4 Function Block Dverview 2009/11/0210:02 VMS: ANALOG
o sTuiest Funcion Block. Overview 2009/09/28 0927 YMS: ANALOG
2 sTiesz Control Drawing 2009/10/14 16:39 VMS: %8N MAPPING SEG
L] STH1B53 Function Black Overview 2010/05/24 17:10 FES: ANALDE
3 STHIESS Function Block Dverview 2014114201355 FGS: ANALDG
2 STHIESS Conlrol Draving 2018101221221 FGS: AN MAPPING SEQL
Conlrol Diawing 2010/05/25 11:33 F&S HS
Conlrol Draving 2010/05/25 1401 FGS HS
Control Drawing 2013/03/02 16:35 firk.from DRO143
Function Black Overview 2013/09/02 1611 ANALYZER : ANALOG
Funcion Black Overview 2018/07417 16:21 ANALYZER : ANALOG
Baalize starc. STHIESS
Biualize conpleted successfully. STHLESS
-~ ERROR = O WARNING = O ———-
L
58 drawings

U 2.15 TUsunsy System View wesszuulaas Centumvp

211307 2.15 Wudwildanuluduneunsimnssy Taenisivuanisaiuaues
nTrUIUNMIHAR Tdsilaidunisdeusetugunsalninauiy wazvimihidieldlunis
psapuLariilvlutuneuresnistontiys awUsEnoufeduresnIsiMuAMIAUANTas
AIRIUAY (Field Control Station) wazdIuY8IN1TAMUANITRAAINANIUEUNTA! Human
Interface Station (HIS)
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druanfiun1sdanisivgunsaininauiu (Asset Management Station) 1ugunsaif
Andunuiansuaziwesoiuaunsainirauy (Field Devices) Wiegunioideuddalues

gunsalapauiy NsessunisdearsaiemaluladuenisdoalsuuuAania w3e Smart
Devices lnggunsaldiutiavaninsansivdeuaniugvesgunsalninauiy s1udnsidasdy

nsvhauvesgunsal nsimuansfiwesvesgunsal

K Pzt Resource Manager - [User Mame | ADMINISTRATOR]
File Edit View Register Option Window Help
% 2R 0/ &8 | &
P plant Guseact ~ | o2 | | @lHeory |[@E]veviceList | @ Diagrosss
%PLANT - D]I]Si ] . 9 i | i
1| signal Device Tag Criticality Alarm Patrol Historian MIMK
H Ogﬂ 3601 | 3] Q 02PTOL7 Low on O OFF 0 (None)
5 O zemn-2 09 02PTO2L Low o o OFF 0 (one)
kS O@Q 36012 0 Q 02PT401 Low ON on OFF 0 (Noney
i 8] seo2 89Q 02PT402 Low on o OFF 0 (None)
8 ggg 2223 e @ 02TTO12A Low ol O OFF 0 (None)
- 00 as06 e Q 02TTO128 Low o O OFF 0 (None)
- O] =007 89 02TTO12¢ Low Ol O OFF 0 (None)
A S, ICRY 02TTO174 Low O O OFF 0 (None)
5 008 s CRY 02TTO178 Low =) = OFF 0 (None)
w0 se1s 89 02TTO17C Low o o OFF 0 {None)
i Qi 516 | 89 02TT025 Low o o OFF 0 {None)
4 O] 2617 /e Q OELTOOSA Low o o OFF 0 {None)
= O] 18 |0 Q 03LTOOSB Low o O OFF 0 {None)
- Q] 3520 09 03LTOOSC Low o O OFF 0 {None)
e Olad ae21 IR 03LTO0BA Low on on OFF 0 {None)
w O@Q 3622 0 9 A O3LTO0ER Low o o OFF 0 (None)
o3| Qgg 3623 0 Q A OaLTOnRC Low on Oh OFF @ (Hone)
F Ogﬂ 3630 i ) Q O03LTO104 Lo OoN ) OFF 0 {Nane)
M+ Qgﬂ 3632 ) Q 03LTO108 Low: on () OFF 0 {Nane)
[ Ogﬂ 3633 i) Q oaLTOI0C Lowe oM On OFF 0 (Hone)
[ OQQ Spare i) Q O3LTO154 Low oM on OFF 0 (Hone)
- [ owtof service o] Q 03LTO15R Low on on OFF 0 (Noney
R 03LTD1SC Low on o OFF 0 (None)
e Q 03LT401 Low Ol O OFF 0 (None)
e 9 03LT402 Low Ol Ol OFF 0 (None)
|e @ 03LT403 Low O O OFF 0 (Nane)
ICR] O3LT404 Low O O OFF 0 (None)
e 9 03LT405 Low =) = OFF 0 (None)
ICRY 03LT406 Low o ol OFF 0 {None)
09 O03FOT11L Low ol ol OFF 0 {None)
I 09 03FOT112 Low o O OFF 0 {None)
09 030113 Low o O OFF 0 {None)
e g 03PTO03 Low on on OFF 0 {None)
5‘% PT:n( = 3 F 5 = | | @ 9 03PTO03 Lo oM on OFF 0 (Mone)
. W A @ Q O3PTO16A Lowe oM on OFF 0 (Hone)
% N_E_Mﬂ"i N . X < | i) Q O3PTO1ER Low on On OFF 0 {Hone)
s clase 09 0FPTOIEC Low o onl OFF 0 {ione)
- . o7 - St 03PT401 Low o o OFF 0 {ione)
2 sial h S r. th, e ' 3} Q 0FPT402 Low oM Ol OFF 0 (Hone)
% Custom h . o 1 B B
Ready

5U 2.16 TUsunsyl Plant Resource Manager vesszuulaas CentumVp

3n3UN 2.16 wanelusunsu Plant Resource Manager 199 1uludiuves Asset

Management ¥43uulaad CentumVP tieldd1msudnnisuazuimsgunsalninauiy

(Smart Devices) 92a@11150uan3%8 (Tag) d@onus (Status) n1sudafiow (Alarm) Tumnt

wananananveslusunsy Tudrudniiunisianisivgunsaiatpauiudiaiuisaidins

W1518mesvesgunsalninaul {1uN159119 YR Field Device Tool (FDT) lagg ey

ALADIANTAUNITAAAY DTM wag DD Files 191usunuialen1sdoa15581319 Asset

Management Station ﬁuqﬂﬂiﬂjmﬂau’m (Field Smart Devices)
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2.4.4 dUAVANNTEUIUNITHER

d3UAIUANNTEUIUAIINER (Field Control Station) B @IUATUANNTEUIUNITHEAN
ﬁmﬁwﬁﬂizmawasimﬁw&ﬁgniﬂmmm %é’amﬂﬁ?u%daé’mmmlﬂé’qqﬂﬂsﬁﬁmﬂammﬁa
AIUANNTEUIUNTNER IaetdmnenisauAuYes Field Control Station (FCS) ailidmung
suauwiesldam WelvissuumunuaninsaneuauenuANNTEUIUNTHANLFBENs
foiiles Mé’ﬂmsﬁwmuﬁugmmm Field Control Station (FCS) 93udaysyiuaingunsalin
nPau (Field Instruments) daé’igﬁgmmuﬁ’;ﬂﬁmﬁﬁuwmiuaawé’qmﬂﬁ?u Controller 3%
Uszananadnygrudunaiulusunsuiigniivue wdsssanana Controller agaadayny o
lFNRHIY Lo luga WilemuaNgUnsindwSogunsaiidesnsAIUALUA1ENs (Final

Elements)

CEE=
=3

3
° o o

Q)

F2 E
n H

— oI
-
rR=]
=

F8

O

Lelel 2
ANE1DD-410/CUZNINDEL
HNODE 1

9

NE1 OFCUZNINDEL
NODE 2

Fi

()

@

ANB100-410F CUZNINDEL.
NODE.

o=

FRONT VIEW

@

BE

gﬂﬁ 2.17 wuun13Anea Field Control Station waggunsal I/0 Modules

9IN5UM 2.17 WANAWUUA13ANGA Field Control Station TaBn15ANATAIUUUTBS
System Cabinet 23gninss Field Control Unit (FCU) 910 Node dnasunaggninge /O
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Module tiialglunisdeaisseninsgunsalinninauiy (Field Instruments) way Field

Control Unit (FCU)

2.4.5 §UAIUANANNUABANENITZUIUNITNER

daualruauAuUasafunszUIUN1THER (Safety Control Station) fie diumluAu
Handunisvinuaudasadie yvtiussiiariumdmgnisunsy lnevtivan As n1s

M3 UAYIANRUNTITAN ALY LardIYANTE UIUN1TNER (Process Shutdown)

lanI9UdyaIgrseRIningaings (Trip Setpoint)

Q)

|

®

PSU1
PSU2

®

® @

S

SOV14:
SOVT A
SOVEG
581
ESB2
[[[[_esu1 17
PSuZ

SOV54 14

ESB1

ESB2
[lll_psut I

PSUZ

DUCT 40x100 GY

®

DUCT 40x100 GY

®

PSUT
PSU21

Hiiis

DUCT 40x100 GY

®

A A WA BA FOA DOA TDA B4

DUCT 40x100 GY

©,

L1

U
[0
: N !

(_PDUOT

POWER CABLE TRAY (100 MM)

@ @

DUCT 40x100 GY

FRONT VIEW WITHOUT DOOR

gﬂ‘f/’i 2.18 WUUNIFAARY Safety Control Station wazgunsal I/O Modules
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System or loop . . Analysis
No. identifier Final Element SIL Required Required Case No.
SDV-007,
20 PAHH-009 SDV-008 2 v 7
(Injury)
(HIPPS-001)
1
21 LAHH-006 - ; NO
(Injury) .
Trip of Pumps,
22 LALL-006 g a .
P-001/R (Asset) NO _
(PSD-005A/B)
~ Depressurized
HS-001 _ shutdown of .
23 (previously Compressor X v -9
HS-001-1) station (Injury)
(ESD-001)
Depressurized
HS-002 shutdown of 2
24 (previously Compression (Injury & v As Case 1
HS-001AC) trains Asset)
[ (USD-001X)
There have been some changes since the SIL determination workshop and this verification
exercise. These changes are reflected in this report and will be indicated respectively.

5UN 2.19 §79¢19518971384 SIL Verification

21n3UT 2.18 uARILUUNITAARY Safety Control Station 1Ay 13AARIAILUUYDS
System Cabinet %gﬂﬁ@é’?ﬂ Safety Control Unit (SCU) 91n1iu Node 5%@1%@@@&?&
dunn lomaluga Weldlunisdeansseminsgunsalinnaaun (Field Instruments) uag
Safety Control Unit (SCU) ”Luzifsuﬁuaﬁumauma‘imﬂiimqﬂmmﬂaamﬁam%’luma
Avuansideulusunsuazduguiinnainaasiesues SIL Verification Lilefvunse sy
mnuUasadevesguaual uandluzuil 2.19 fog1emeauves SIL Verification

2.4.6 1As9851999955UUaER CentumVP

Tassadiavesszuulaad CentumVP Useneoudisdluriauiididydangns as
Usgnausediuiifnserufuianu (HIS) drusidunismsimnssa (EWS) drudfiunis
Jan1siugunsalainauy (AMS) @ualuaAunsEuIUN1INER (FCS) WazdiunluauAdy
UasadenszuIunandn (SCS) U 2.20 fegalassaineszuuniunuueslsausniig
Usgnaudediutszneuiidrdydand 1 negnindefiiudl Central Control Room (CCR)

a

Lz UNTAIAIUANNTEUIUNTHANNAARIUSLINUN Rack Room
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|
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|
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UM 2.20 lassaseszuulaad CentumVP veslsauwenine

2.5 msadguauanluszuulaan Centumvp
2.5.1 WeAdu Input Limit Detection

Haddunisasiaadeusyaudyaaueuzdonvesszuuladad CentumVpP Tudidenves
guUnsal Analog Input Card ANU1TOATITFBURAZAIALNENTINTUAIIURAUARYBITE Y
Fmnaueuzdonlapariinisyinau 2 fuden fil

1) High-Limit Detection Level (I0P+) dm$unisudaiiouiieinaniunisal sesuen
Tyauauziondunneuliainiiseauvenisifitnes High Limit szuulaas CentumVpP
UAAINITUIUFDU “IOP+ Alarm”

2) Low-Limit Detection Level (I0P-) d1msunisudadieudeiinaniunisal seuen
fyaauouzdendunneuldriniissfuresmnafines Low Limit szuulaas CentumVp
UAAINITUIUF DU “IOP- Alarm”

SB Bus Analog Input/Output '.=| x|
Terminal $2013101
¥ Detect I0P

0B level [ Fallback

High Limit 106.3 % 7 Haintain Current Value

Low Limit -6.3 3 € Output -17.1875 S
rPulse Input————————————————|

I Cold Junction Conpensation
[T | Input Filtering

Transmitter Power |12 il 4

Command I

0K I Cancel | Revert |

UM 2.21 nsmvuanisasadudnyaadunnlussuulaad CentumVp

g q
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INFUN 2.21 MsimuensnTdudygadunaluszuulaas CentumVP awnsaidn
nsldaula Tlutuneunisweulusunsunisasne Tag Name tieldauludesvasgunsaleny

[

dygranauzden (Analog Channel) 1ngAIN150519TUSUAUILYNAIAT High Limit 289

[

doyay10uaandn 106.3% uag Low Limit Yasdayey1auiieinnii -6.3%

2.5.2 sfduuaan PID

Harduuden PID mianwuiuaUQUUﬂmLLauvaaﬂ%aﬁ“UUIaam CentumVP g ammam
‘W\‘iﬂﬂmmsmuml,wu PID Wumummammu"um Proportional-Integral-Derivative Guuasm‘u
A191 089U UT0IRIMUTVRINTZUIUNTTHER (Process Variable) WiguguiuA1AIuAY
(Setpoint Variable)

SET BIN RL1 RL2 TIN TSI INT
W, Q & '
CAS (N} (RLV) (RLVZ) (TEW)

o
Gontrol 3
Input TN CASIAUT | cutput L
N - PV computation = MV ouT
processing . ] noloktdida processing \._)_'

ROUT
(P APV, MV, ANy | RMV

SUB

sUN 2.22 lassasneneluilaiduuionyes PID

MNgUT 2.22 uanausdsluiladduuden PID MHluszuuleast CentumvP Usznoudne
Handun1379uA1e 9 WU AsanarIdkUsBuns (Input Processing ) n13sumUiviane
(SV Selection) nMsaLnaAiIulse1dnm (Output Processing) udu Tnegldauanunsald
FeulusunsulunismuaunssuIunsnas wazilsiduudon PID azvihaululuunnisaivay
il

1) Automatic (Auto) Tulnuniid sv azgnivunlasgldsuniiudauds Setpoint
wdsantuiteiduasdilumuaadudiuaes Control Computation Processing Litedarly
AIUAY Final Element HuwUs Manipulated Output Value (MV)

2) Manual (Man) sluiwmﬁ;ﬂ%’mu%muamﬁwaumimamLLUU Manual Tngagdaay
U Final Element rinugiauus Manipulated Output Value (MV) Tagnss

3) Cascade (Cas) lulvunilA Setpoint 789 PID Block 2 FUIINAIATIUANAUNIS
(Upstream Function Block) Tagagsumeinusiails Cascade Setpoint (CSV) wdeantiu PID
Block azAruadludiuuey Control Computation Processing Lﬁ@dﬁﬁﬂﬂﬂ%ﬂ@u Final
Element {u@aiUs Manipulated Output Value (MV)

8) Remote Cascade (Rcas) Tulnuniian Setpoint (SV) Setpoint 44 PID Block ag5u
nARIUINYeNlgadlngnTs n3oLduA1AIUINeINTEUU Advance Process Control 1ag
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PID Block ag§UA161uALUT Remote Cascade Setpoint (RSV) #8431n1i PID block 9%
Auadludiuves Control Computation Processing LiodsAnluaiuau Final Element i1
fuls Manipulated Output Value (MV)

2.5.3 Wenduudan SS-DUAL

faiduudondaiden (SS-DUAL) azvimudendyaiadunanis Tuassdyyialag

A !

Saluil® dyanaunidenizgnatesnidudiwusnszuiuns (PV)

Deviation
check
I

| Automatic
| signal

E RV2 > selection
|

o Input
processing
O ‘

Selected

number

Ui 2.23 Tasaasrameludladduudenves SS-DUAL

N3UN 2.23 wanslpseasranneluilsiduuiionves SS-DUAL asdiflandunisiden
Y] | a oA 8 A oA = ° o g v a Iz
dygaunndwesaaaen Switch (SW) Lladatden Switch yiteuazinlinsfmesen
! { o & ¢ o [
wUsnszuauns (PV) demluguondnnvesilanduuion

2.5.4 Wenvuuaan CALCU

Hadduvdondruruiugiu (CALCY) Tnefitnguszasanly Wunisdiiunisnis
TUSHNSULALITUABUNITANUIUIASNINUADANDITIA NIUATEIN LT bUNTLT8ULUTENTH

Hugruwuulaseasre (Structure Text) azgnideuliludiunisvinaiuves User-Defined
Arithmetic Calculation

/PD1 . --@I
IN o] 4@—» @-v
.
User-defined

Qo1 - Input Rv1 arithmeticogic 4@) Qutput

processing 0 calculation = processing

processing :

Qo7 - 4@—» CPV3

(CBV, ACPV)
1

SUB

Ui 2.24 Tasaasrameludleiduudenves CALCU




2.5.5 Weduuaen LC64

25

flerduuden Logic Chart (LC64) 1un1svinsuvesasdnuuuunugi 9vaiuie
AUFUNUSvoIdy B uUNARar Ay I IANA NIUAIA1LTUN1TAIUIN (Logic
Calculation) lusinudmssngluguuuulaesunsy Interlock

QO3 = nput
: processing

Q32—

—

Logic operation

Cutput
pracessing

f——= JO1
= J02

[ J03

- Ja2

sUf 2.25 Tassasrsneludleiduudenyes LC6a

2.5.6 snduuaan PIO

ilanduuden Process I/0 dmsuideunatayaszninsdunnuaziondnnifudoyaniu

/O Card v8352UUlgad DCS

Basic control

Regulatory control tlocks

9

Saftware /O

Internal switch |

Annunciator message |

Sequence confrol blocks

SFC blocks

|
 Calculation blocks |
|
|
|
Unit instrument blocks |

|
|
|
| Faceplate blacks
|
|

Cptions

| Valve pattern monitoring (*1) |

| Offsite blocks (*1) |

| Sequence confrol message |

System {*2)

System function blocks

1

FCS WO Inlerfaces

| Process /O | | Communication IO / Expanded communication 110 (*2) |

| Fieldbus 0

JUN 2.26 lassasienslousiesyninadeyaves 1/O Card Auiliduuion

2.6 N1sAMsweInsluszuuladad CentumVP

n$nensianduuden

dnsunistdaunsnensiladduudanluszuu CentumVpP Tunisidauiledtuudenvag

szuvazgnIinsueiianisviauesiiaiduuion Awnsad 2.3
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A15199 2.3 nSnensieanduudenlussuuleas CentumVp

Category Function Blocks Maximum Number

Regulatory Control / Calculation Blocks 1,200
Sequence 600
General-Purpose Calculations 500
SFC Blocks 60

Operation 400
Switch Instruments 1,000
Sequence Element 1 and 2 900
Faceplate Blocks 200
Logic Operation Blocks 200
Batch Data 400
Unit Instruments 60

Total Number of Function Blocks 5,520
Tag-List (Block, Annunciator) 2,500
Inter-station data links 512
Foundation Fieldbus faceplate 600

d' 1 v} ‘:J' £ & 1 o
INAIT WA 2.3 FAUITARUINSNEINTNIFNUANURIATY 6 USLLNN BUIRIUAITVNIUUD
wRazUsLLNNAIN

1) Regulatory Control / Calculation Blocks tiuflafduudoniiugiu fgldanulddmsu

Y
¥

TunsWenlusunsuluguauan dmsunsinunisaiuauazludilaiduiiugiuvesdiu
AuANaUnIalnIAauIY Field Control Station (FCS) TaeduiunsUsznanansiunite
p3RADULALATUANNTEUIUNT HadtuudenilliluguaiuaniiBendt “Regulatory Blocks”
Usenaunig Input Indication Blocks, Controller Blocks, Manual Loader Blocks, Signal
Set Blocks, Signal Limiter Blocks, Signal Selector Blocks, Signal Distribution Blocks,
Pulse-Count Blocks, tag Alarm blocks gih’?i 2.27 uanssundaraailenduuden Regulatory

luandnenssumuauitugiuluszuuleas CentumvpP
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FCS

Basic control Software 100

Regulatory control blocks | Internal switch |

Calculation blocks | Annunciator message |

| qUENcE MEessage |

Sequence contml blocks

SFC blocks

|
|
|
| Faceplate blocks
|
|

Unit instrument blocks

Options System (*2)

| ‘alve pattern monitoring {*1) | System function blocks

| Off-site blocks (*1) |

!

FCS VO Interfaces

| Process LO | Communlcation /3 / Expanded Communication 1O {2) | Fieldbus /O |

JUN 2.27 sundsvesilariduuden Regulatory Blocks TuanUnenssuaiuauiugnu
luszuulead CentumVP

2) Calculation blocks HeAgUNISANWIMNIIANAFIEAS LarHleanTunISYINIULUUaBIN
flsfduvden AndunisussarananisAiuufiTinguszasdinly wu s
AMNFNENSNISATUIALUULOULADRN LAZNIIALTUNISNINTING NISAUIUNIARENAIERS
waznsALdun1sNIIRsIng Ussnousng nseiunanaslaauialy 1wy n1seuanig

v a

AfdlRAENT NSAILIMILULLBUZAEN uasn1sldnuasidn duliunisiudyaiaduns e

A7)

kL A

U5uU39n19AIUANTBY Regulatory Blocks wagn15AIuANaIfY Weanduudoniianiunis
AwINNNAdnAansisendt Calculation Blocks UM 2.28 wanaflsiduudennsdiuiadlu

andnenssuniseiuauiugIulussuulaas Centumvp

Basic control Software /O
Calculation blocks Annunciator message
‘ Faceplate blacks |
SFC blocks
I T —
Options System (*2)
Valve pattern monitoring (1) ‘System function blocks
‘ Off-sle blacks (*1) |
FCS IO Interfaces
[ Pocessio || communication O | Expanded communication 10 ¢2) | [ Fieldbus 10|

JU 2.28 sunsvesitanduuden Calculation Blocks luanidmenssumuauiiugiu
lusguulaan CentumVpP
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3) Sequence Control flafduuiennisaiuandIdu ALduNIAIVANKULEIAY
UsENaunIe Sequence Table Blocks, Logic Chart Blocks, SFC Blocks, Switch Instrument
Blocks, Sequence Element Blocks Wag Valve Monitoring Block 1a8 15719140
Sequence Table Blocks 9zA1LiuNIsgnIAEesluguluunIse kagseyn1satiunisiag
msrdeulumangdmiumesuneosdidusiome U7 2.29 wanauwusves Sequence 5
Table Blocks

Qi1 o | Rule [ 1o 32] - JO1
aoz S —— Jo2
= YN
Q03 P Input ¥ Qutput . 403

| : processing : : : processing : O
P g L2 T I N
| : : : : !

Q56 ' Logic operation ' J56

Uil 2.29 Tassadraneludlaiduudenues Sequence Table Blocks

dm¥un51191uv84 Logic Chart Blocks azsifiunisluvdenununfiadnieuly
LagN1SALaUNTITUANISI8n15 SuTantsnfurendauludufadifiunisnssned
dennsestuderinuanssnzdanisdyainnisaniunis Heiduvdeniaunsald du
AeSurevesnsmuaNduBumesdeaviaununlingsne fagufl 2.30 uanuNuiIveq
Logic Chart Blocks

Qo1 Foreorisnagpuassssnddops = Jo1
=2 (L e JO2
Q08 — Input =y - Output e

Processing . : processing

L
Pl
Logic aperation iy |

Q32 - -l J32

SUT 2.30 lnssasranieludleifuudonyes Logic Chart Blocks

4) SFC (Sequential Function Chart) a1siuledduunund uilanduudenlagly SFC
dmsunsmuanadu iuskuamnsluanuunsiin wnzaudmiuniseSuieaidunis

AuANNIzUINN1S Wulunuuinsgiuaina IEC SC65A/WG6 Hleriduuden SFC Tddmsu

o w o 1

ns@eulusunsuitreudsiivunalug uazmnziulusinsumuaNasfuusagafu Mg

A58 UTUSWLATUTLASITDINUNITYNUANNTURDY bTU NIFESUAY N1STIULN azNITIA

ANuTeu wandlugun 2.31
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Sy
| P

Transition

\ 01 Initialization

Link 02 Water feed

03 Heating

sUN 2.31 fvgrewaaluswnsulu SFC blocks

v

5) Faceplate Blocks Handuudenusenaunae Analog Faceplate Blocks, Sequence

v

Faceplate Blocks uay Hybrid Faceplate Blocks Ingilenduuaenussinnilagaaelanunse

cu @ & a A < =
379U Faceplate GUEN‘WQﬂsﬁu‘Uﬁaﬂwu;ﬂ:qu%‘Uﬂ@u@@ﬂm’]LU'U Faceplate LME

e -1k L | e o !
: L o PID |
¥ R Py
; ~——__T1IN
INDST3 : & A TN TC 100
TC100 ; - !
r . ! IDE | o
: : y | AUT
! i ... [caLcu Nz
; £ A <O BT N A
! o i \
| E .
= =47 I
i i | ! ! )
ligg | cALCU *piD i A !
(_F2IN _)}—+—=| FIA100 =y FIC101 ' vV ouT
, !
- |
I 1k a0
Lt 0l IR A\ o I J /
MY T1IM ;
L
;PZ N T2 N {CvouT )

JUN 2.32 fpgnanislafan Faceplate #anduudion

sUT 2.32 wanssognansldau Faceplate fladduudon Usznausae TC100 (INDST3
block), TIC102 (PID controller block) way FIC101 (PID controller block)

6) Unit Instrument Blocks 1 udauwean1slédaiu SFC Blocks Tnensldanu Unit
Supervision aansaliaiemiedmunisauay wazUjiin svosyaddanszuiunis
Wy MshauFeunsiAnufAzen uazmIndu mIruaNnszUINErnsasiunsldie
nsdsulusunsuanduneuniag warlufunsuniisaiuisnienain Unit Instrument
d¥utszamaes Unit Instrument Block desussinmdsdl

- Resident Unit neflanduvdanlasulaununesietunauniienai (SFC) Todmsu
TUsHNTUAIUANTURBUNTNENRUUAINLITIN SR ULUAITUABUYDINITAIUAN
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Linit Instrument
Unit instrument data iterms Unit pracedure (Fixed)

System-fixed data items
User-definable data items

JUN 2.33 lassaseneluilaiduudanyes Resident Unit Instrument

- Non-Resident Unit Ingflsiduvaenlilisuneununamedunouvanisaiuny
nsrUIuNs eliulusunsuazgndnnislaeirsesiieieglusesu Batch Management

Batch Management
Recipe Unit Procedure

Initialization
Charging 1

Download

Unit Instrumant (Nonresidant)
Unit instrument data tems Unit procedure {editable)

System-fixed data items

User-definable data items

Ui 2.34 Tassasraneludladduudenaes Non-Resident Unit Instrument
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Project :GEP6

Station Name :FCS0601

Template Name:ER Bus Node Expanded
Template Revision:R3.06.00

Station Common

Category Maximum Number Used Maximum Amount Capacity Load Ratilo(%)
SEBOL User Function 70 0 143360B 0B 0
SFC Seguence 210 4 1720320B 35840B 2
Unit Procedure 60 0 122880B 0B 0
Tag-List (I/0,S5witch) 5800 794 —--e= a—e- 13
FCS-C/Option Area —---- —---- 200KB 0EB 0

Function Block

Category Maximum Number Used Load Ratilo(%)
Regulatory Control Blocks / Calculation Blocks 1200 T28 &0
Sequence 600 100 14
General-Purpose Calculations 500 93 18
SFC Blocks a0 4 [
Operation 400 1] ]
Switch Instruments 1000 153 15
Sequence Elements 1 700 a5 1z
Faceplate Blocks 200 1 1
Logic Operation Blocks 200 0 0
Sequence Elements 2 200 4 2
Batch Data 400 71 17
Sequence [M-Eize] o] 0 0
Sequence [L-ESize] 0 0 0
Unit Operation 0 0 0
Unit Instruments 60 0 0
Total Number of Function Blocks 5520 < 1239 22
Tag-List (Bleck, Annunciator) 2500 2129 85
Inter-station data links 512 3z 6
Foundation Fieldbus faceplate 600 150 25

Ui 2.35 msldninensilaiduudenvesszuulaad CentumVP (FCS0601)

Mninauenisihauiiugiuresiladdus 6 Ussian Saduilsrduudoniiugui
fdnufinnusudufesdonldau ioadralusunsuvesuaivaunszuiunisluduney
Iranssu Ineluguil 2.35 uananisldniwensiledduudanvesszuuleas Centumvp
(FCS0601) wu31 Nstiauveeileiduudanysyian Regulatory Control way Calculation
Blocks Lunineansiignldaudiuiusnnisfosas 60 uavdwesmsusznadinls (Tag-
list) waznsisridun1sudaftou (Annundiator) gnldaunineinsisosas 85 fathulunig
Bonldledtuvdenuaznisussnasiuys ludunewimnssy Sallmnuddasenisly
ninensileiduudenvessyuulaas CentumVp
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N13ANYITAUTBUNEUITAMUANITATUANLUUATELAAT
iU

3.1 nNanun

TuunifagndmiimslinsginisinvidadieufsuBsmunmsauauuuuaaing
Tudumounmaimnssudmdvssuunouzdonuagndinduiiadia Tngldeonsuainig
mnssuvesszuulead CentumVP samsianisasvdeuauaenndaslunsinunaLA
msfinnsannsliflsiduuionuazdnudunn/edmnuessyutlead wiouiaiiauonanis
WisuifuisfuuansmuaiuuunAaausasdunoy

3.2 msasnguaunuuuuaaaalagldszuulaad Cenumvp

mimuququmammﬁuwﬁjﬂuLmﬁﬂmimuam%uqq d1m3unisuiuusenng
novauekuulauila (Dynamic) son1ssuniu aeldiantuay 2 da laun diruauman
(Primary Controller) uwag@1A3UALSTBY (Secondary Controller) Wiodnn1sfudinys
nszvIuATINgURNanslugufl 3.1 [12] e snmvessimunumanlu Outer Loop Liu
Setpoint ¥B3fIAILANTY Inner Loop tial¥inismuauuuuataaiiuiusgAvanin Inner
Loop A@asaunsauszutanaléiiania Outer Loop Fanu1eA2Iu37 Setpoint 9l
Wasuwlansuiuludmsunisindeudived Inner Loop 289191um1unisussaiananazen
AIUANTBATLIA T B NET VL YALYINITIUNIUYE Inner Loop fauilavdinansznuiy

Primary Process

Primary Controller _  Secondary Controller _ Disturbance Disturbance
|
I
Primary Secondary | | Final .
PV
Control Control : »  Control > S;:)(;ondary > }}:rrlmary »
Algorithm Algorithm : Element V i 0cess
____________________________ |
Inner Loop
Outer Loop

U 3.1 unudsnsmuANLUUAELAn

nagmsnsmuauAnlusEUURITA WU MIAIUANLUUNTEAEEIU (DCS) gnasieiu
Tnoldilsrituronduasndegluilaidundenvosinan U 3.2 uandlassaiafladduuden
yhludmiunsldnugunisauuuuueaian [2] fsiduudenldidenlesdsiunazfuain
wisfiwesiondnalFamnsfiwesdunanazaiuisassydsiily “Forward Link” %39
“Backward Link” flsAtuudanazaniiunisniuaidu nsianszuiunisuanainiladduuden
uouzdondumn (A1) azgnasalugailaiduuden Primary PID (PID1) luvaigiinnsinsesues
nszUIUNIIzgnasanluailsiduudan Secondary PID (PID2) wazilafduudan PID2 azsu
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Adnane (Setpoint) 91nte1dnmvesilsiduudion PIDL wazie1dnmved PID2 asgnasludy
ilafduieinuden (A01) uenaniideyaanugvasitedduudon mstmuansdeaies
ilafduudion PID2 nduludailsdduuden PID1 tnen1u TCO-TCI Insiendnnvesilarndu PID1
imungnimualiiiieviiiy Setpoint veailsiduuden PID2 waziile PID2 nduluvay
Tueapalnunagliifinnis Bump fiflsdduuden PID1

uennideyaaniuzuazaReaasilsifuuden Secondary PID awgnawndulussi
AIUANYEN (Primary PID) HudalUs Track Command Out LUga Track Command In (TCO-
TCl) wae Track Reference Out 1U&3 Track Reference In (TRO-TRI) muﬁ’lﬁmﬁaﬁ'@qﬂizaﬂﬁ
TumsBudumsiauesnsmuay Megasu winiladduudon PID2 lvua Manual
30 Local Automatic Yeyaaniuzazgnasdounduluifladduuden PID1 Whgn1siEuns
Ve denaviibiiendnavesiledduudion PID1 gnivualivindy Setpoint wesileidu
vden PID2 uawiileflsdduudion PID2 nduiihglvun Cascade agvilitlsiiAnnasneszning
IAnaafduuden PID1 uag Setpoint vasilanduudan PID2 Aonsvihaniluiladdunisaiy
Tounvuliveunselsonin “duiaansiuamas” (Bumpless transfer)

From Secondary From Primary
Measurement Measurement

Al Al
ouT ouT

4
PV

TRI PID TCI <

ouT

|
v v

PV SP

IN: Input Port
OUT: Output Port
PV: Process Variable

—

TRO PID TCO

SP: Setpoint Qmn
TRI: Track Reference In l
TRO: Track Reference Out IN
TCI: Track Command In AO

TCO: Track Command Out

To Final Control
Element

JUN 3.2 lassadailsiduudendmsunagnsnismuauuuueaian

gﬂﬁ 3.3 LAAILHURS Engineering Work Flow Tuszlaas CentumVP Tasnisidudi
%umaumamwaau%agaﬁwwazﬂ'aumﬁaﬂéfﬁwu wagsauiarnuiivasnuane Wy n1s
2ONKUUNNTASIY NINAAOUNISENGY NsifiuseazBennisviey nswisuileidunis
MU waznsUingeinwm
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( Engineering Work Flow)

A 4

| Basicdesign }ﬁ

| Detailed design |
\ 4
| System generation |<—|

Y
| Unit test

\ 4
| Integration test |

| Maintenance |

Y
| Expansion/modification |

gﬂﬁ 3.3 LWWUKY Engineering Work Flow

deglduiSutuneuluniaiaingsy dunouusn Spedification Review a#18unns
n3doUBUNA 101 FBn13MmUANNTEUIUMIkaEeauasTisly daunudunouns
ponuuuiloery (Basic Design) n1sldlassassiiugiu WesenuuuldiuilsiFuiisnily
mM3adlusunsunIvay Weunsun1snauaglusunsuauauuuuddy udsandudy
funeuseniuumeaziden (Detailed Design) Tnssaniuusasidealuduneunstmuad,
Tusunsu msademenistoys dmsuaiuauddy wiensemuaunszuums daudunou
N15a¥1938UU (System Generation) Tnegfldauadslusunsunivauaiuniseanuuudu
flugunaznisonuuuTBagiden frunasdudunounisnaaeumiiag (Unit Test) n1s
f»ﬁ’wLﬁumsmﬁaumsmuammqﬁﬁgﬂa%”m%gu lngdraesaniunisaluasendunisvinau
wouiaiiou ndsaindufuduneunisnaaouysninig (integration Test) Inonislddan
AIUANNTEUIUNIT (FCS) gUnsnlasansivaeumugnaesvesienduLazni1sviay laenis
nadoUmLTunBUN INADULUULIY ndanTudunsunsiFuduldew (Startup) ag
ﬁ%ﬁumsﬁwé’?&LLazLﬁumaé’zgqmm WAIANTUNITNAFOUNITANITNNITVINNIUVDITZUY

(%
Y [

NS ammfmzl,flu%gumausziauﬂflqﬂ (Maintenance) {un1suigesnwiszuulaenisdises
fogaymaimnssuuaznisnsiaauanundoulinuresgunanisnnuag tunauaaienis
Y818uazn13FALUAT (Expansion and Modification) 1uduneulunisifiuseazBonuas
flsfdunisinauvesssuuilesesfunisveenion suiulssuazn sUasuulasues
NILUIUNITHER

dnfutunounisadnaszuy (System Generation) viensastsguauasludunaums

3AINT5U VoIsEUULEER CentumVP AzUsenaumetunaunase Ul
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1) IOM Builder «ogldaulasuteyavesgunsainsesile lutunsuiazidutunou
dmiun1sfimunde (Tag) vesaunsaladluduns te1dnaluga aulaseaieanisvinenuves
larduudenlugui 3.3

The figure below shows a basic structure of the function block.

Other
function
block

Input termi

Set input terminal

Function block

Input
module

nal E
Input
}HXIEA'{ prooepssmg

Calculation
pracessing

Data items

Figure 1-1 Basic Structure of the Function Block

Cwitput terminal

Output
module

Legend
— Flow of input/cutput signals and data
-+ Alarm processing flow

JUN 3.4 Ipssasamsvinnuvesilsiduuden

UM 3.5 IOM Builder v0eupuzdendunsluga

Analog Data |HAR'I‘ Variablel
Terminal| Signal | Conversion Ssrvies Comment Low Limit|High Limit| Unit | Sec Dstails |P&ID Tag Nams|  Tabel
} |$Z2045701| ITnput Current Tnput |DEMI.WATER TANEK D71201 4 20 ma No LICAO01 %%T712LICRAOOL
$2045102| Input Current Input | RAW WATER 4 20 ma No FRQOO1 %%T710FRQO0O1L
$2045103| Input  |Current Input 4 20 ma  |No
$2045104| Input  |Current Input 4 20ma  Ne
#8045005| Input | Current Input 4 20 ma  |No
%2045106| Input  Current Tnput 4 20 ma No
%7045107| Input | Current Tnput 4 20 ma No
%7045108| Tnput  Current Tnput 4 20 ma No
%2045103| Tnput  Current Tnput 4 20 ma No
2045120| Tnput | Current Input 4 20ma  No
$2045111| Input Current Input |RAW WATER TANR D71001 a 20 ma No LICRO01 $%T710LICROOL
%2045113| Input  |Current Input 4 20mA  No
$2045193| Input | Current Input 4 20 ma No
%7045114| ITnput  Currsnt Tnput 4 20 ma No
%7045115| Tnput  Current Tnput 4 20 ma No
%7045116| Tnput | Current Tnput 4 20 ma No

Aldaudeaivuaie (Tag Label) iveidoudetesvesdunnluga lngliensainig
AVUAITTUMEAYaNYal “%%” wainunieTeaunsal \Wu %% T710FRQO0T xldivun

gunInldedyaaunisindnsinisivates 710FRQO01

2) Control Drawing Builder ndsa1ngldnuinunadaludiuvesduns lodnaluga §a

2 o v 'z < = | x5 2
1192 T UTUNDUAT NIINTUUAD AR NSO UADNINTUUEDN
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Data reference Data setling

____________ / Text Function block symbol
! ABCD ¢ — L

------------ N FIC0002 ouT

PID

FIC0001 OUT

Data link block symbol

FICO004

Pl Wining

JUN 3.6 NMsivuailinduuioniiugu
degldanummuailandulaeieusegunsaliudunalugaannsimunie vawInty

A A fou & 4:1' Y ° = fou &
Wadenilanduudeniieldlunislusunsuasiluduneuivunievesilsnduvden way
Tunaugaveazilumsidensie (Wiring) flsiduudentugumuguidimeiusantdusy 3.6

PIT LEVEL

M3/H

RVICE VOL.DEMI-B

JUN 3.7 fegnmstvunilaiduudentugy Monitoring

3.3 A3twuanisauauuuuataaalutureuisInssudmiUTEUULEUE AN

ndaannrsinueiovosdunauaziondyaludiuresdunaudmiunisadig
Tusunsumunuluszuulead CentumvP dmiussuuueurdenUssnoudie 8 dumeundn
wanslugui 3.8



Define control strategy required

v

Select function blocks needed

Define block link to process (and digital)
input/output

Link function blocks together

v

Configure function block parameters

v

Select function block for interlocks

Create interlock for safety system or
availability system

A

Configure initial fault-state for
manipulating variable (in case of safety)

JU 3.8 TURDUNANTBINIIAMUANTIAIUANLUUAAAAA NS USE UL U RN
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55 Bus Anclog Input/output L By SRR
Terminal %Z013101
¥ Detect IOF
I0P detection lewel —Fallback
High Limit IlU-EAS % = Maintain COrcent | yalue
Low Limit -6.3 % & iuput z
—Pulse Input
[~ Cald) Tunetdon CompEbsatdot
[~ itpat FidlGerdn
Transmitter Power |12 ZIeNT
Command I
0K I Cancel | Revert |
UM 3.9 N13n5393udyeyInvessyuulaad CentumVpP
A15199 3.1 M dwesnaulaluilsiduvdenvesszuulaad CentumVP
Type -
Parameter , True/False | Block Description
Logic
BlockName.XALRM.IOP | Condition True Out of limit range
) PID
logic False Within the limit range
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BlockName.PSW.3 Action True Enabling the block to
logic operate in manual mode
PID | and MV = PMV
False Calculating the block

output in automatic mode

Enabling the PMV (Preset

BlockName.PMV - - CALCU

MV) of the PID block
BlockName.SW.2 Action True SS- | Selecting Inputl
BlockName.SW.3 logic True DUAL | Selecting Input2

SUT 3.8 wansdupoundnvoInsimumsAIUANLUUATARAd RS USTUULE U BonTY
szuulead Centumvp Tngludunouusn fio nsadrsyamuauiiea¥isguamuauiidonis
Sdudaly fio msadsilsituvdeniideanis uagivuanisidensevesdunnuaziondmnely
Hailsdduviondldlunindeulusunsy venainiilsdduvasisas CentumvP annsn
Avuanisasadudygadune (Lansluguil 3.9) ffsulusunsuazdondaldaudniy
fuiunsfeulusunsunuauiunulasnseilonsindussiuresdyaduns Ty
ogflutiag 4 fa 20 faduend luannunsalfiueurdondunmlugaindaaailigs 106.3% i
21.008 Hiaduoud s¥UUNIATITUTEAUA YY1 UVDIFYYINBUNAILUANINITUILABUTTAY
Fnyanaudunafiuuan Input Open Alarm (I0P+ Alarm) w3eluanunsaliuouydondun
Aluga Sadaanaldiinia -6.3% w3e 2.991 faduend sruunIRTINTUTTFUAYYIUVDS

v o a

AU INBUNAILLAAINITUINLABUTEAUT Yy 1B UNAAIUAY Input Open Alarm (IOP-

T o

Alarm) 210TUNISHILADUVRITEAUT U UBUNAAzdInN1TwINAaul S anduudani

[ Rg~] q
v v
o w v

dll 1 ° ! ' 3 Y o & v °
LYBURND HIUa Ny VI\TUﬂWiquWULLWagﬁﬂﬂ%uUa@ﬂaLGUUUIﬂiLLﬂimﬁquﬂumaﬂﬂqﬂu@

' [
fal o @ % [

a A A ¢ U < Ao & ° [ [ a s
WITNULABINAIAEY VUNDUA 1‘1.] Ao N15LENNINTUUADNNINTUF1UTUNITANUA DULN DS

]

Weguauauniiid g uaudasadouasauaunsaulduvesnszuIung wae

q
A o

fumeugeving fla nistmuaanuzduiuluanunisaifigunsaflussuumuny e
duwan Tnedmusduusiiteligununuidnganiusdasade mseil 3.1 siwesiauls
Tuilsdduuienvesszuulaad CentumvP uenaindludiden Inunnisinmiunisia
(Measurement Tracking) fiflaglun1svinauvesileiduuden PID msidnldaruiielsr
LUsunsuarnsavirnuluileidunisaielousuuliveunseieni “duiaansiuames”
Bumpless Transfer Inglaguan Setpoint (SV) loififvinfiu Process Value (PV) iilelaridu

véon PID vhaululuvua Manual (MAN Mode)

3.3.1 ABivuaAnIIALANLNEAMNUARANY

lunsimuanislgulusunsuauauwuuaaan ielssuuiainudasadelunis
AIUANNIEUIUNITHENgIan tneldszuulaad CentumVP nsleulusunsuanilanduuden
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LLamﬂugUﬁ 3.10 Usznaunieiednnvesilanduuden Primary PID (PID1) azdedayaya
Setpoint (SET) lugsfladduudon Secondary PID (PID2) kaglo1dnnaInnsinaauyls
N3¥UIUN"T Secondary Value gniilulfifiunsfies ‘IN' vesilsdtuuden PID2 5UT
3.11 wanauAndmssnglunsmuunnisvhauresiiaidudumesden ennulasnde
dlow3aadioTaiAneuduman WWsunsuazaniunsinualussilasduuion Secondary

PID (PID2) Wasunsviailueglulymn Manual (MAN) ndsantiuazdsdayanalliondmn
Iieglushumisnuaensiy (Fail-Safe State)

From Secondary  From Primary
Measurement  Measurement

™
PID1

QUT

TN SET
PID2

OUT

To Final Control
Llement

UM 3.10 MrduudenlnezunsuvesnismuanuumanniionuUaende
Input primary — <~ Changed PID2
Output PID 2
to Safe State

JU# 3.11 urdaluniseaniuudunesveinsmuANLUUAIALAALTEANLUaaA Y

Input secondary
‘Bad’

3.3.2 3snmuan1satuaNiNaauniaulyy

Tumsdvuanmisdoulusunsumsmuauuuuaalaaiielissuudamimienldauly
n1sAIvANNIEUIUNISHAngeanlasldszuLlaas CentumVP N19ideulusunsuanilendy
vienuandlusuil 3.12 filadduudenifiaduun 2 Hefduufonde ilaffuuden CALCU uay
ilarfituudion SS-DUAL
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From Secondary  From Primary
Measurement Measurement

A J
INT TNZ
S5-DUAL

To Final Control
Element

JUN 3.12 eiduvdenlnezunsuveinsmuauwuuaiadasiiiennunieuldnu

> Bypass PID2
- W

Ly
" Enable PID2

Input seconda ry‘-" B
‘Bad”

5UM 3.13 winAnlun13eenuuudumesveinsmuaukuumaaaieaunsadldeu

nsvheuvesilsiduudenlaeiordinnveailsidu Primary PID (PID1) Sndudouennis
Feusarilelddunnvesiledtuuion CALCU waeilaiduudon Ss-DUAL Tdluaniunisali
FOIN13 Bypass nISIUTINenTU Secondary PID (PID2) wnwsesdiotnues Secondary
Loop {AamNudumal JUTl 3.13 MIvonuuudumesaenuainIsAIuANLUUAALARLTDAINY
wiouldeu uurAnlunisesnuuuduinesdond sy Bypass N13vitsuaesilsnduuden
Secondary PID (PID2)



3.4 A3twuanisauauuuuaaaslutuneuifnssudmsuTTUUTTady
Wanysd
Define control strategy required
v
Select function blocks needed
v

Link function blocks together

Assign function blocks to execute in
field device

Configure function block parameters

JUT 3.14 TupBUMANYINIIMUANSAMUALLUUAEARG M UTT UL lnuTlanTa

From From
Transducer Block Transducer Block
(Primary PV) (Secondary PV)
| |
v v
All Al2
ouT ouT
Y
IN
BKCAL_OUT
PID1
—>| BKCAL_IN
ouT
Y {
CASIN 1IN
L__| BKCAL_OUT
PID2
—| BKCAL_IN
ouT
Y
CAS_IN
'— BKCAL_OUT
AO1
T
: \4

|
Position Analog
Feedback ~ Output
(if used)
-
To and From

Transducer Block

JUN 3.15 RanvailiiduudonlaozunsuaeinismuauwuuaLan
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a2

Primary Al1 Primary PID1
—out IN|_ —out
— . |-
FF-Al FF-PID
SET
Seconda L]
ry Secondary AO1
Al2 - ouT ”\ij PID2 o ouT SET#]
FF-Al FF-PID FF-AO

JUN 3.16 Mlsiduudenlaezinsuveansauauuuaaaniuszuulaas CentumVp

21n3U7 3.14 uansdumeufidrdydmiunagnsnistiuuanisaiuay Tasldfadoa
flafduuden [11] Ussnause 5 tumeundn nagnsnismuauuuiugwilinduiladda
Busugldauairsguauguannnisidenilsiduuieniiadia (FF-block) wasideuselardu
vhenuaasilsiduudendaieiu dudsuaznisifwestuiliiduvdonaunsainnulay
dssinuteyanilsituudennilsludilsituudentaromsiufuusiondnn wsfines
ldnaTideusieargnasietoya uazanugludmininesdunmesilsiduudoniideusie
Jdlensramouuazudeanusaesiliiduuioniideudelunsastoya uanandilsituudon
Hasvadsridunisluilsitunsudafoudsaauzvoneing luaniunisalildumislaiinng
Wasuwasduiunmsmuaugunsaiaavinesiufulsmsiines Position Feedback waz
fleftuvdeniednnsesiunisiauresilsdtuduinesfon aanguil 3.15 Raddadladdu
vdenlaezunsuvesmsmuauuuuaaian ngldilsiduudendiuau 5 flsdduuden Fusu
NNt ANAYesilaTY Pimary PID Yimiiiiduadanene (Setpoint) Tkfuiladdu PID
udan Secondary PID lo1WANAINN1AILIN (BKCAL OUT) sauvisdmasnfiinosuas
an1uzvesilenduuion Downstream (The Receiver of Forward Link) %gm%awiaﬁu
W15 TNDTVOBUNANTATLINMES (BKCAL_IN) vasilerituuden Upstream (The Sender of
Forward Link) iievhanluiladdunisnsiadeunisidensiorussvinaileiduuden nisvianu
Tuilsnduduinesdennarnisinnuluilsidunisanslounuuliveu (Bumpless Transfer)
dm¥unnanfitnes BKCAL OUT andladduvden Secondary PID azgndslutiiasne sy
anuefunisfines BKCAL IN vasilarduuden Primary PID uwarluaniunisaififleddy
ufion Secondary PID ladldviueglulnuaaiaian (CAS) 1 flsiduudan Secondary PID
aweglulviua Automatic (AUTO) %38 Manual (MAN) dyaysuved BKCAL_IN qzviwthil
Sefuloifledduuion Primary PID WA uTvuadu IMAN fsdduuien PID azgnis
Amsfnesindenaniuzuardeinlugilsiduuion Fr-A0 muhauiaedsdulianiug
mnuiaUnfidsravinliguamuaumgayhay esainnsmunusnlugi@liaansadidunns
Aolavnnlifidyanadunalunisaivguiuuaaan Tun1sasQuAILANKULAEANINNTE
sudunsialdanuilsiduiiiay 39 3.16 uansusudsiladvailsiduvdonlussuuload
CentumVP
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3.4.1 waswaslursnduudaniauladimsuanulasassnazanundonlyeu

gunsaifladafififlaidu Self-Checking uay Self-Validating ¥uiifluenadsuuansng
5smwﬁmmmmamuzﬁLﬁmmmﬁmﬂﬂﬁ lasnisszyantuzaunmluaniug “Bad” uaw
“Uncertain” vuaanuzvesteyaidinduindsluganisdeans dsiannsallduszlenily
n1suSuuTInudaendewazaunieuldnuresseuy degratu lunisusulsenig
Uaonde NM15d191uves Shutdown Bulpesden msdidunaiilennsfinesilaniugaunin
“Bad” %38 “Uncertain” Tunnanssiududmiunisusuipanunsauldanuasiivdivune
asetufuAuUaensy Weanuzvesdyea “Bad” wie “Uncertain” azilunisudaiion
anuzauAnUnAvhusazdiiiiunismuaunsvuiueswiaies Madvailsiduudent
wsfwmesang 1 Aldlunsanadeuuarauaunisiaunieluilsiduuien vesadad
Aldumuanmsdwesuaiissunamnsfines wu udenlnua (Block Mode) Yo3u0s
dayeyrad (Channel) atna (Scale) wagienduBiaiduassdeygin (Linearization) N3 Tuning
uaz Setpoint luilarduvden PID uazdosdyaravesitenduuion AO dwmsulldaudiu
Tvgniiwesazgnivunldasusiu edlsfmuaiifldnuunsduiiannsadnldauvie
Usldaumsimesluilsdduuioniitinasio Shutdown Buwesaen W Reulvauduiman
Guaqqﬂﬂimﬂlumsﬁmumﬁ%mamuz “Bad” $eg19n15kdeu tinaniuy “Bad” Tudeyg i
vasilsiifuudon Al madfiunisvesiladduuden PID aziUdsulvumiu Manual ifleven
mImuausaluiAuazdsiuaagluiiilaituuden A0 awdunstisdudanuliionsinney
Tushumisiivaende “Fail-Safe” LﬁaﬂmmsmmmLﬁammwummé’umm

9 IMUANITAIUANLUUAIALAATIAINNTANBUAUDILUUTILAY ANT1971 3.2 Lans
w1 dwmesfaulalufladdaisdduvden wisidmesdadonaniuy (STATUS OPTS) 34
anunsafmuadnuaznsThauresilsiduudenidiensuaussdeulasie 9 fleiduuden
midentunisauAl (CONTROL_OPTS) a1u13atigUsunsnvunuas laendnyieuaing
vhauilemuauvesilsdduudon wu ladduuden FF-Al annsald 1 viewnnnimnsdines
dmudunavdelondun (10 OPTS) Milwanunsafmundnuuzvesilsiduudentdogn
aINvaney

A1519% 3.2 Wstmesnaulaluiasvaisiduuden

Parameter Block Description
Status Options All, Al2 To choose how the PV and OUT
(STATUS OPTS) status are determined.
PID1, PID2 To determine what conditions will

cause the PV status.

Control Options PID1, PID2 To specify control strategy options.
(CONTROL_OPTS)

Input/Output Options AO1 To determine how the input/output
(I0_OPTS) signals are processed.




aq

3.4.2 N1SAUANISITRDSINBAMUUaBANETaAUNS au T

M13797 3.3 wansansdadendaulaluiladdailedduuion Usznaudie daidenns
nsrvdevanuzvesdyaugUnsaiflanTanldluneuzdondunafladUailsiduudan (FF-Al)

Haavailsiduuden PID (FF-PID) fadannisisuduaniugidigantizlasnde (Initiate Fault
State) 7l4lu FF-PID wazuouzdoniednailanvailanduuden (FF-AO) uasfidonnisdiy
nsvieuvesilanvaileiduuden (Bypass Enable) l4lu FF-PID Fsfdoniaulaaiunse

' ° ° s a ¢ A 9] a ] & v
FIunruan1sinuresilsidudunesaenluguaunuiegldnulaldnuvesilandu
fLaenAINa

A1519% 3.3 sdeniaulaluiandaiasduudan

Block Option Description
All, Uncertain if MAN mode Set quality as ‘Uncertain’ if block is in MAN
Al2 mode
Bad if Limited Set quality as ‘Bad’ if limited
Uncertain if Limited Set quality as ‘Uncertain’ if limited
PID1 Uncertain if MAN mode Set quality as ‘Uncertain’ if block is in MAN
mode
Bad if Limited Set quality as ‘Bad’ if limited
Uncertain if Limited Set quality as ‘Uncertain’ if limited
PID2 Target to Manual if Bad IN | Set Target mode to MAN mode if input (IN)
is ‘Bad’
Use ‘Uncertain’ as Good Use ‘Uncertain’ as Good
IFS if Bad CAS_IN Initiate fault state if cascade setpoint input
(CAS_IN) is ‘Bad’
IFS if Bad IN Initiate fault state if input (IN) is ‘Bad’
SP-PV Track in Man Setpoint tracking in MAN mode
Bypass Enable Enable bypass
AO1 Use PV for BKCAL_OUT Use process variable (PV) for BKCAL_ OUT

Use Fault st val on restart

Use Fault State value on restart

Fault State to value

Fault State to value

SP-PV Track in Man

Setpoint tracking in MAN mode

A15719% 3.4 saidenluianvaisnduudsniiioanulasasulazainunsouldau

Block Parameter Safety Availability
All, STATUS OPTS | Uncertain if MAN mode | Disable this option
Al2 Bad if Limited Disable this option

Uncertain if Limited Disable this option




PID1 STATUS OPTS | Target to Manual if Bad | Disable this option
IN (Return to normal at once
OK)
Disable this option Use ‘Uncertain’ as Good
IFS if Bad IN Disable this option
(Go to MAN)
PID2 STATUS OPTS | Target to Manual if Bad | Disable this option
IN (Return to normal at once
OK)
Disable this option Use ‘Uncertain’ as Good
IFS if Bad CAS_IN Disable this option
(Go to AUTO mode)
IFS if Bad IN Disable this option
(Go to MAN mode)
PID1 CONTROL SP-PV Track in Man SP-PV Track in Man
OPTS
PID2 CONTROL SP-PV Track in Man SP-PV Track in Man
OPTS Disable this option Bypass Enable
AO1 IO_OPTS Use PV for BKCAL OUT | Use PV for BKCAL_OUT

Use Fault st val on

restart

Disable this option
(Restart from the present

position, if available)

Fault State to value

Disable this option

(Freeze output)

SP-PV Track in Man

SP-PV Track in Man

3.5 nsSeuiisudsnsmuuanIsAIuANLULAIMSUIEUUKOUEADN

gazwdnuianUa

3.5.1 TundsnisivuanisaIuny

a5

M37 3.5 @TUNaNTISIUTEUMEUTUABUNNTAMUANITATUANLUUAIALANTENI T UY

[ L3 U A & v ! I Y @ 4 ¥ a
weugdenuazvhnlinduilanta lngnanisiseuiiigunanddiiiudelaiuseuvesgunsaily
szuunladuiladdaivuneundmnssuniglunsmvuansvhausuuuuiiasiagnig

Aruansvinnuresduwes wu fadvaiiduuion AO gldmuaunsaiinuadiunei
Unondy (Safe State) loneluiladdaiendu wiluszuuwousdongldauasiivunoulunis
AruedwnesiintuL azdiuladngunsallussuurdnduiladdadfeddunisinnun

winugieaNazanlunsldnuaulmnssy Wedndunisimvuanisauauwuuivasly

ANUANNUADANELATANUNSDULTINUYBITEUY
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A15199 3.5 NANTSLUTHULTIEUTUADUNNSAUANISAIUANTENINNTE UL UL RON

warN U TUNanUE

No. Configuration Analog System FF System
Step
1 | Define control Cascade control Cascade control
strategy
2 | Select function | 4 function blocks 5 FF function blocks
blocks needed
3 | Open function Channel analog input card -
of input limit enabled to detect High/Low
detection limits
4 | Link function 6 links 6 links
blocks together | (One-way data transfer) (Forward and Backward
Links )
5 | Configure/ - STATUS OPTS (PID1)
Assign function with
block Use 'Uncertain' as Good
- STATUS OPTS (PID2)
with
Use 'Uncertain' as Good
Measurement Tracking (PID1) | CONTROL_OPTS (PID1)
MAN mode with
SP-PV Track in MAN
Measurement Tracking (PID2) | CONTROL_OPTS (PID2)
MAN mode with
SP-PV Track in MAN
- CONTROL_OPTS (PID2)
with
Bypass Enable
- I0_OPTS (AO1) with Use
PV for BKCAL OUT
- IO_OPTS (AO1) with SV-
PV Track in MAN
6 | Select function 1 Function block (logic -
block for control)
interlock
7 | Create interlock | Condition logic -

function for

NamePIDBlock. XALRM.IOP




control loop
with high
availability

Action logic
NameSwitchBlock.SW.2

ar

Action logic
NameSwitchBlock.SW.3

Create interlock
function for
control loop

with high safety

Condition logic
NamePIDBlock.XALRM.IOP

Action logic
NamePIDSlaveBlock.PSW.3

Script command for fail-safe
NamePIDSlaveBlock.PMV =
XX (predetermined fail-safe

position)

3.5.2 Tuwdnasldnsnensvesszuulaan CentumVP

A1519% 3.6 NISEENSNEINSIusTUUladad CentumVP a1nn1sanwIUIeuLAeuls

MRuUANISAIUANLUUAIALARE NI USTUUKEUzARnLas Il duTladda Tuwinisldilaidu

vaenlussuvrmtnduilanvalidiudesldeu Sequence Block Tunisiinunduines

TffunsivunnisaIuay wazdnUsziaunilsszuviidnduilanvaidelamuseulundde

Project I/0 License kanslun15199 3.7 n1514914 Project I/0 License Tuszuulaan
CentumVP R.6 [16] szuurilinduilanvaauisasieldaugunsallagean 4 Segments u
dwiuaunsalluszuuneuzdendoldanuldifies 32 gunsal

A5199 3.6 N1SLENSNensluszuulead CentumVP

Analog System

Resource Usage FF System
Safety Availability
Project I/O License Usage
32 32
Function Block Usage
- Regulatory Control Block .

- Sequence Block

- General-Purpose Calculation
Block




GI’]‘J'Nﬁ 3.7 sl Project I/O License Tuszuulean CentumVP R6

a8

Segment License
Technology I/O Module
count count
Foundation Fieldbus ALF111 Fieldbus a4 32
AAI143 (Al 16 channel) -
Analog 32

AAI543 (AO 16 channel)
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unil 4
HAN1VAFaUNIIAIUANNTTUIUNSTITUNSAIRNE

4.1 nanun

Tuuniinadswansnaaeunisamuaunszuiuiiiunsdfnuidtuunnisaugy
wuUATAARFIMEUTEUULD U AeNLar N uTlasTa Tngldnssurunsmugussduiily
$¥UU Raw Water vdlsauening wilelfidunsdidnuisimuansmunuuuuaainndiviu
szuuuaurden waldnszuaunismueuszduiiluszuy Oily Water vedlssueniing Lield
JunsdifinwiBimuanmsauauuuuataandmiuszuurhieduiad wiouruannis
TasAfwlInszrIumMIiIuadIuTanIsgUnsalnAawIn (ASM) vasseuulaas CentumVp
LL@%@%‘U’]EJLiﬂﬁlﬂﬂiiﬁ‘ﬁ'Lﬁﬂsﬁmﬁ'aLﬂ%@\‘lﬁa’ijﬂlﬁﬂﬂ’l’méjﬂma’l

4.2 nszulrun1sAIVANsEavTunsaifnwlussuuuauzien

4.2.1 T19AZIB8AVIINTZUIUNITAIUANTEAULN

LR
EWS1464
PN
PRM1435
‘ V-NET IP BUS1
\ \
- 1
Media Convertor m V-NET IP BUS2
‘ V-NET BUS1
! 1
[ ‘ | V-NETBUS2 .
. | ]
ESB BUS

FCS0104

Al System

cable Multi-cord

cable

AO System
cable

Junction box

Al Module (AAI143)
AO Module (AAI543)

Terminal board

JUT 4.1 WNUNINVBINTEUIUNNT Raw Water System siofiuszuulaas CentumVpP

JUT 4.1 UAANUAMYBINTEUIUNNT Raw Water System siafiusyuulaas CenrumVpP
wsevuszauledd Ae V-net IP doarsuuiiugruvennaluladdimesidn (Ethemet) ¥
UsgnaumediudnsoguiuReau (HIS) d@ruandun1sniaiaminssy (EWS) drudiiiunis
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Ian1sgunsalniaauii (ASM) drumuangunsalniaauu (FCS) laginalulad V-net 9z
wihilldouseiaiosrenfinmesifluuszuulaad DCS wagdanuan (Controller) ey
uazdunmLordnaiadialuga (AAI143/AAI543) agvivthiliBessodnyaaueurdondeldl
gunsaimuAuAIAauw TnenszuIun1s Raw Water System flgunsaiszdufiasdfifndauay
gnihanldlugumaan 3 aunsal Ae eunsaldedyaianisinssdusuuieusion luma EJX
910 Yokogawa (710-LT-001) gunsaldsdqyayiainisindnsinisinanuuuauzion luina
AXFA14 910 Yokogawa (710-FT-001) wagaaalwdguiuas luwma SVI2AP 91n Dresser (710-
FV-001) A97971 4.1 wansdoyaseaniBenvasgunsniuaurfeniiinsslunszuiuns Raw
Water System

= P ¢ %  da & < ¢
M1919N 4.1 T]EJagL@EJﬂGU@Q@qUﬂimu@uga@ﬂm@]@l@]ﬂiuLL@uga@ﬂ‘Wﬂqum

I/O Module Tag Model Rev
AAI143 710-LT-001 EJX 5
(Al 16 channel) | 710-FT-001 AXFA14 5
AAI543
(AO 16 710-LV-001 SVI2AP 3
channel)

4.2.2 M1383199UAUANATELAR

1) 10M Builder Wiofldsuldsudoyaresgunsniiaiosiie Tudumeutasfuduneu
dwfumsimunde (Tag) vesgunsaladludums tordnmluga mulasaadienisvinieuves
flsAduudenlugudl 4.2 Usznause Label 189 710LT001 way 710FT001 Tulugaueus
dondumnm

cvice comment. et petails 241D Tag Same I zabel

%2045105
2045110 15,
$2045113| 105

82045112
32043113
82045114

sa045118)

» (82025116) 1npu Gusrens Input < 20 ma

5Ufl 4.2 nsimungunsally IOM Builder

2) Input Limit Detection & nimun Label Tu 10M Builder §ldamusuusossadn
WionsndurnuinUnfvessedudyaaueusdentneasiinisvhau 2 duden é’dgﬂﬁ 4.3
*_High-Limit Detection Level (I0P+) dwsumsuiafoudlofinaoiunisal seaue
Ty aumeuzdendunneuligandtszdureanisnfiwes High Limit szuuleas Centumvp
LUANINITUINFADU “IOP+ Alarm”
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* Low-Limit Detection Level (IOP-) @115UNN5hIF WD ANANIUNNTE] SEAUAN

[

dyarauneuzdondunnsulaniniissiureanisiiwes Low Limit szuulaas CentumVp
Yoo « )
ZUANINITUINFDU “IOP- Alarm
= x
Terminal %2013101
[¥ Detect IOP
IOF detection level Fallback
’7High Limit IlOG.E % ’75‘ Maintain Cucrent Value
Low Limit EXEE s [-17.187s =

Pulse Input

-
|

| Transmitter Power v

Command l

CE Cancel J Revert |

JUN 4.3 Msfimuan1InTIadudygimdunavedlugaueusiondunn

3) Control Drawing Builder n&sangldsuairaflsituvdenuaznisidousoilsidy
UBBNTBINIAMUANITAIUANLULATALAA JUT 4.4 uansiladduvdenlaozunsues
NSNS Raw Water System tiomuuaenss wayguil 4.5 fladduvdenlaesunsuves
A%UIUNNT Raw Water System wiapanum3euldauy

RAW WATER TANE D71001

JUN 4.4 eriduvdenlaesunsuveinszuiunis Raw Water System wioaudasnsy
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JUN 4.5 flenduudenlanesunsuvednszuiunis Raw Water System ioadunsauldanu

5) Configuration Assign AsMuUANISIRwesiuRsiduUden PID WeHsidunisyiteu

Tuilsndunisangleunuuliveuniaiianin “Ouitaansiuaines” (Bumpless transfer) Tu

szuulaan CentumVP agldw151ines7nyei1 “Measurement Tracking” Tudunouilag

fuusldauiieilaiduuasn PID viaululuus Manual

I, Function Block Detail Buikder - [PjtGSP1 Stn:FC50104 Draw:DR0030 File:710L1CA001.edf - Function Block Detail Definition]

[E] Fie Edit View Toos Window Help

2|l ] SB[ [k [ 8] [T [ | e warond [romceiom smoce swcain swenerion ] |

9
Y]

U

x
N

Tag Comment Basic |Tag | Input |Alazm |Contzol Calculation|output|Comnection|others|
Tag Name 710LICA001
Model Name PID
Tag Comment
vl 1
Scan Period Basic Scan
open/Close mark oc
~Input Signal Conversion— -— - - — - —
| Inmpuc Signal Conversion No
b o W Fal AF o Py, VS £
Totalizer e — — S
Totalizer Time Unit No

4.6 fvuailenduuden PID Tuileddu Measurement Tracking luszuuleasd

|Sum Value Entry

Control Action
[Measurement Tracking

MAN mode

AUT and CND mode

CAS and CND mode

Qutput Signal Conversion

Output Signal Conversion
output Value for Full-open
output Valus for Tight-shut

Fully-open/Tightly-shut

CentumVP
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6) Create Interlock M3fmunduwnesiitelinisnuauuUUmALARALNTIRBUAYDS
fies Woinsesiloinsnsnisivainauduman Taogui 4.7 fvuaddiumislaonioves
flsdduvdon CALCU uansdunys Preset MV vsiladduudon PID drufudeauler
710FIC001 A1 Indduiussidngsumisivasnde dmiunisivundunesldfledisy
vden LC64 U7 4.8 uansnisivuaduinesdonvesilaiduudon LC6d tilemudasnst

Lar3UT 4.9 uanan1sinundumesdenvesihnduuden LC64 wennundouldiu

JUN 4.7 MmstmuaaiuridsUasasvesilanduuion CALCU

| 8l

I Function Block Detail Builder - [|

ﬂ]FiIE Edit View Tools Window Help

=loi=|
=l8x|

| |@|n| Edit Window

3| 710FICO01PMY = 10

1| anT2as 710FICO01PMV 710FICO01.PMV

[Position: Line” 3Column 18 |

~ [change

1. Function Block Detail Builder - [PjEGSP1 Stn:FC50104 Draw:DROO3!
[&] Fie | Edt View Insert Format Tools Draw Window Help

S{BE] SR [E[@lo] o @] s nme |

L= RN o[l N A it
Frocessing TmingT v] | Scan Basic Scan Bxecution Matix Expansi
x 5 © D

1

4

H

3

| Ready

Tow

~ [change

UM 4.8 nsrmunduwmesiorvesiliiduuden LC64 Wiamnulaonsi

T, Function Block Detail Builder - [PjGSP1 St
[E Fie Edit View Insert Format Tools Draw

)] @3] |l ] ] swe e

Window  Help

N Zs|AlE | 2% o I zigation |
Processing Timing|T +| _.| Sean Basic Scan Execulion Matrix Exparsi
i B 3 D g G T

5 B
3

4

6

f

1 »

Ready %= 500,V = 221,H07 22 [select | [change

JUN 4.9 Mstvunduwmesdenvesilaiduuden LC64 waaunsauldau
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4.3 nszurunsniddunsaifnenlussuunndiatuiasya

4.3.1 5’1863L§EIG’I‘UBﬂﬂiﬁU%uﬂﬂiﬂ?UﬂﬂJi&’ﬁUﬁﬂ

PN
EWS1364
PN
PRM1354
‘ V-NET IP BUS1
\
P ;B

V-NET IPBUS2

Media Convertor m

‘ ‘ V-NET BUS1
|

FCS0606

']
L}
V-NET BUS2

ESB BUS

2 A
P

el

|
j ey Ay
il =@ ("T&:“ fn
¢ G T
0ol : ﬁ@
Power J L. E ; Eﬁy i ip
ALF111 conditioner Jjftiop Box = - Kl Ph E oo Y
Fieldbus module g = S

UM 4.10 WHUNIMYBINTFUIUNT Oily Water Treatment siofiuszuulaas CentumVpP

Ul 4.10 ULARILNUNINTBINTZUIUNNT Oily Water Treatment siofuszuulaas
CentumVP 1a3etesesulaad A V-net IP Aoansuuiiugiuveanaluladuuudiveside
(Ethernet) FsUszneumediudnefuftau (HIS) drusifiunsmaimnssy (EWS) dru
ALliuN13InN1saUnTalAIAaWIN (ASM) drupluAuaunsainInawy (FCS) Tnawmalulad V-
net agviwihldeusieiniosnoufiunefiduuszuulead wagfnuau (Controller) 11
seffu Bunaedinaiadtaluga (ALE111 Fieldbus module) azvhwihiideuserintiinduy
fladia H1 Tngnszuauntsmuauszduivenssuaunis fgunsniseduiladiiiniaaszgn
Wunldluguaiaian 3 9unsal fle aunsaldedynrunisinseduiuuilanda lama
VEGAPULS63 911 VEGA (3621-LT-004) gunsaldsdyayisnisingnsnnisluawuuilanda
Tuwma EJX110 910 Yokogawa (3621-FT-003) haza1aalndduiues luaa FVP 970 Dresser
(3621-FV-003) 373l 4.1 uansdeyaeazidonvesgunsailadia H1 iindalunssuiunis
Oily Water Treatment

M13199 4.1 S1wazdeavesgunsalifafalunszuIun1s Oily Water Treatment

Device Tag 3621-LT-004 | 3621-FT-003 3621-FV-003
Vendor VEGA Yokogawa Dresser
Model VEGAPLUS63 EJX FVP
Revision 6 5 a4
Al count 3 3 -
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PID count 1 1 1
AO count - - 1

4.2.2 n3a3199UAUANATELAR

1) Fieldbus Builder 1iafl¥auldsuteyanesgunaniiniosilo Wudunousivua
qﬂﬂidﬂaﬁﬁaiu Segment mmaa ALF111 Fieldbus Communication Tuszuulsaa
CentumVP LLamé’fﬂgUﬁ 4.11 msmmuagunsallu Fieldbus Builder

[Biock Tag samesTo
eeacunee v01-02

36211004

sUf 4.11 msfmungunsallu Fieldbus Builder

2) Control Drawing Builder fléaugasdniunsairsiladduvdonuazniniouse
flafduudenvesnsimunnsmuaNLuumaEes U 4.12 wans flsiduudonlaesinsuves
N32UUN1T Oily Water System a28uui@n CIF LLazgﬂﬁ 4.13 #Henduvdenlneginsuves
N3EUIUNIT Oily Water System ABLUIAA CIH

JUN 4.12 fleiduudenlaezinsuveinssuiuns Oily Water System faeuwwifn CIF
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JUN 4.13 flsiduudenlaezinsuveanszuiunis Oily Water System faeuwifn CIH

3) Configuration Assign N3 vuans fiwesluflasvaisiduuden Wefmunnis
AIUANANALAAYBINTEUIUNIS Olly Water System Tuidmanadiuainulasndouazaiu
anumfeuldaru uandunsned 4.2 fudenluiladdailadiduudenlunisimuanisaiun
YINITUIUNIT Oily Water System

M13199 4.2 sdenlufladvailsnduudenlunsmnunn1smuauYeInszuIuNIT

Block Parameter Safety Availability
All, STATUS _OPTS | Uncertain if MAN mode | Disable this option
Al2 Bad if Limited Disable this option
Uncertain if Limited Disable this option
PID1 STATUS _OPTS | Target to Manual if Bad | Disable this option
IN (Return to normal at once
OK)
Disable this option Use “Uncertain’ as Good
IFS if Bad IN Disable this option
(Go to MAN)
PID2 STATUS OPTS | Target to Manual if Bad | Disable this option
IN (Return to normal at once
OK)
Disable this option Use ‘Uncertain’ as Good
IFS if Bad CAS_IN Disable this option
(Go to AUTO mode)
IFS if Bad IN Disable this option
(Go to MAN mode)
PID1 CONTROL _ SP-PV Track in Man SP-PV Track in Man
OPTS
PID2 CONTROL _ SP-PV Track in Man SP-PV Track in Man
OPTS Disable this option Bypass Enable
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AO1 |10 OPTS

Use PV for BKCAL OUT

Use PV for BKCAL OUT

restart

Use Fault st val on

Disable this option

(Restart from the present

position, if available)

Fault State to value

Disable this option

(Freeze output)

SP-PV Track in Man

SP-PV Track in Man

4.4 Nan1INnEau

4.4.1 M3@adEAIULaTAIRLUTHINdINTANITAUNSAlNIAGUIN (ASM)

1) nswdsulnunnisinauvesgunsaiilandaluaniunisalngunsaliinanuunising
9 11 ua Manual luue Auto wagluun Out of Service LHudu ndsannilalusunsuly
drudanisgunsalnirauy gldenuasiienye (Tag) aunsalfifeanisldnu wagndeannty

N154deNAM5YIUNIY DTM work ety vesgunsal iegldaulnniieng 9 a3 DTM
work agnumsvhauvesilanvaisiduuionivun wandluzui 4.14 DTM work vesgunsal

Jaonsn1sivia 3621-FT-003

[J DTM Works - (247 3621-FT-003) EIAVZS <Oniline Pararmeters] =3 =l
W File View Device Tool ‘Window: -=
- AN
T BEEB IR M-
DHEE &7
PDTag  I62LFT-003 DeviceType:  EIA Mode Address: 247 YOKOGAWA

8 Wiite Lock: Mot Locked  Device Revision: 2 Device I 594543000313008364

»
VB\DEK [nalog Input 1 | Tager EUCINNNNN v|  Actust Auto

Status : Warning

) (—_Diagnostic List

Process Variables
Al-OutputValue

TB-Primary Value Value:
[-4.409065 mbar
TE-Secondary Value Value:
22.00887 kPa
TB-Tertiary Value Value:

2851835 °C|

82 (AL03)
e 3 (AL02)

M @ Nomal State
B @ waming State
M @ Erorstate

@c
@ Other
1@ FID Function Blockis in 05 made
*@ PID Function Block is in BYPASS mo

Onling Param. Device Status
< Connected @ | Device C*}
= Connected BIC [0)
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) DTM Works - (247 : 3621-FT-003) EIAV2.5 <Online Parameters] o[ ]
W File View Device Tool Window NEB
<> Bds NS
ODEE @7

PDTag:  I621-FT-003 DeviceType:  EIA Mode Address: 247

A, Wiite Lacki Motlocked  Device Revision: 2

Device I; 594543000313008364

‘B\uck [fanalog Inpu 1 | Targer [WFAue

| Actuak Auo

YOKOGAWA

Label |
[DProcess Variables
(2 Device Status ) e
{3 Diag and Service X Manual
(2 Easy Setup
(2 Calibration
EHD Resource Block
EHE Transducer Block

Online Pararm,

<L Connected 2 |0 Device &

= Connected BICH

htoos |

Status : Warning

A-Outputvalue

D

mih
TE-Primary Value.Value
[2575843 mbar
TB-Secondary Value Value:
245404 KPa
TB-Tertiary Value Value:

3157668 ®

" (— DiagnosticList
= R

-@ Hartware Failure
L@ capsule Module Failure 1 (AL01)
@ Capsule Madule Failure 2 (3L01)
1@ capsule Module Failure 3 (A4L.01)
@ AMP Module Failure 1 (8L.02)
@ AMP Module Failure 2 (AL03)
@ AMP Module Failure 3 (AL0Z)
@ Transducer Status
1@ Differential Pressur is outof norma
1@ static Pressure is out ofnormal rang
@ Temperature is aut of normal range 1
L@ Zero Adustvalue Is out of normal rar
@ Configuration(Mandaton)

 View

B @ nomal State
B @ wamning State
M @ Enorstae

@c Optional)
@ Others

Ermors: |

Device Status

754

Sha || @ 262 x

3621FV003

= o
80.0
0.0
40.0
z0.0
= 0.0
OPMARKOL
*

DRAW, 36219 X O FOGDR421.C01 DRAW 36.

FUN 4.15 m3drassanuznmalaeulnniiadvailaiduudon

- —CP?’:**-***-** L3
LEVEL REB. PV = 60.0 % HI
T-002 PV =  60.0 DEGC LO

" CLO02DR170  SGC-A
3604LICA0L0 E-004
3604TI031 TEMP IN

X1, Q [Fosp 01 LOGIG 3621F.

P

2: FUEL GAS X
Q 3621... x

36215501

3621: OILY WATER TREATMENT

3621P005

OPEN DITCH

3621Y005 3621002  3621P002  3621PO02R 3621Y003  3621P003  3621P003R

1N3UN 4.15 N1sdnaesanuzannsildsulnuatladdaileiduy

5Uil 4.16 anuzvesgunsalindnnisina 3621-FT-003

[

<

q

o

don Vo4
Ua 3621-FT-003 e ldnudennisvihauvesilandusunailaddavden (FF-A)

Copy

3621LICO0%
3621-P-00Z L
EVEL

=
'
=

3 @ 3621 _ X

'YOKOGAWA 4

b e excuser(s3)

3621FICADO3
(WEW) FLOW 3
WAST.WAT. SE3

Unsaifan

Wagulu
Out of Service (00S) Inun vzdwailuliidraniuzvesgunsalluszuulaas DCS uannagy
1 4.16 anuzvasgUunsalindnsinisiua 3621-FT-003 wazszuulaanaghaninisuisiian
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IOP (Input open alarm) teasngunsaiflantalieglulvuun Auto Jsdemariillyianunsads
AINSEUIUNTS (PV) vesaunsalindnsinisivaluguaiuay

2) Mmyvnaesanszua Wuilsddunisdiassaidmulsueuzion lnvaunsalueuzien
LUU Smart Device Mldnalulad HART dwiunisldeans DTM work Wrududanisgunsal
AAEu (ASM) ndsandalusunsy glinuazidonde (Tag) gunsaifideanisldaiu uas
n¥sniunsdennisiaius DTM Work fladduvasgunsal dedldaudantiag 4
984 DTM Work agnun1sviauilsidunisifedenazativayu iloladnluazuansnng
1883ANITUE (Loop test) ﬂqﬁ%’uﬁqgﬂﬁ 4.17

v

l

a5 Loop Test

This feature can be used to output afixed currentfrom 3.2mA(-5%) to
21.6mA(110%) forloop checks.

Auto Test Setting

 Manual Test Interval 10 v] sec

" Auto Test

% of change 25 | %

Test output value

14.0000 3: mA,
T JACR oy R ok S ——

! Analog Output (AO) T
i
)
i

0.00%

il Ll (L) ‘ i
50 25 50 75700010 —O) i Yo b i
122748 ma 2
1 —
]
:

o

H 4 |

: . ; v N T ] s
Primary Vanable (PV) ! 50 25 50 7510010 i

i Lo i s gl AL b - E_S— :

i
! ‘
. ]
H i
i [esB205 mbat 2 i
H 1
)

! i
i i
, ;
N I

A0 25 B0 7R 10010

| ISR P — AF—— -’

"~ Start |

UM 4.17 n13vhaunes DTM Work Tugunsalieuzionvesssuu ASM
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o5 Loop Test @

This feature can be used to output afixed currentfrom 3.2mA(-5%)to
21 BmA(110%) forloop checks.

Auto Test Setting

Interval 10 sec ; ¢
r R . beang

o

Test output value

21 6000 ] me
11000 %

A0 2 RO 7R 10010

Primary Vanable (Pv)

F5.8199 mhar =

%

A0 25 &0 7510010

P

JUN 4.18 NM3snaesAnsElaretgUnsallouzdenLuy HART

1INFUA 4.17 nsdrassAnszuaileidurosgunsaiuousdoniuu HART uans
drusznovvesilsituatiuayunisdassaneuzdonioinmuounissiiein Tngaanse
11883AINTTUIUNTWUUA Y10 4-20 Tadueoui nisne Primary variable (PV) wansA1in
nszuruns watlumihsnavesmssrassinssuassfuduigldsnudoudrdrasdlunie
dryeyau 4-20 Haduoud Lﬁamﬁawuﬁaqmﬁaﬁ’wammé’mﬁymmaaqﬂﬂiﬂii’mmﬂaum WADY
FonBusuileitu ndsnitsddunsiiasshaunsilnvesAierinnvesgunsalazivasuly
FuAdeyey1asann Test output value LLamﬂugUﬁ 4.18 N398R Usv00UNTRIkOUY
fonuuu HART visnntuszdswavilfgunsaififeudetugulussuuleas Centumvp uans
1934 (Raw Value) mudgyarauiisnass éfﬂgﬂ'ﬁ' 4.19 710-LT-001 LAAIAIINAINNITINED
HIU ASM



707LICAD03
T0TLICADD2
T07LICA00L

SUC.DRUM D70703
SUC.DRUM D70702
SUC.DRUM D70701

Lo still
Lo Still
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A 27-un-1s 14 YOKOGAWA 4

%] _O 710LCAOO1 DRAW RAW WATER TANK D7100

D71001

SUTl 4.19 710-LT-001 uanarninainnissiaassinu ASM

4.4.2 gUuuumsnaaauiltilunsdifnwm

[ 710n1CADOL
RAW WATER TA
NE D71001

710FREO0L

or
100.0
80.0.
6.0
0.0
0.0
0.0
s

*

sUnuunldunsdifinynisiuseuiieuis MmuanIsAIUANKUUAIAARE T FUTZUULS

=3 s v A & o = £% [y 1%
urdonuazszuunlnduilanva lnedidmungvasmuaunuaulasndouazainuniey
g Uszneumensailfnyviavan 6 n3difiny 69913199 4.3 UluvgUAIVANLUUATELAR
Madunsaldne aelunisiauans iWmne (Purpose) nszuauns (Process) N1580NKUY

nsAIuAY (Control) wagilenduuioniildau

A13797 4.3 sUkuvgumupuuuuaananlidunsilAng

Case
Purpose Process Control Block Tag
no.
PID1 710LIC001
. Raw Water Control in the PID2 710FIC001
(Analog) Host CALCU1 710CA01
LC64 FO6DR42L.CO1
FF-Al1 3621LT004
Safety FF-PID1 3621L1C004
Oily Water Control in the
2 FF-AI2 3621FT003
(FF System) Field
FF-PID2 | 3621FICA003
FF-AO 3621FV003
3 Oily Water Control in the FF-All 3621LT004
(FF System) Host PID1 3621LIC004
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FF-AI2 3621FT003

PID2 3621FICA003

FF-AO 3621FV003

CALCU1 3621CA01

LC64 FO6DR4A2LCO1

PID1 710LIC001
PID2 710FICO01
Raw Water Control in the
4 CALCU1 710CA01
(Analog) Host

SS-DUAL 7105501

LC64 FO6DRA2LCO1

FF-Al1 3621L.T004

FF-PID1 3621L1C004

Oily Water Control in the
5 FF-AI2 3621FT003
(FF System) Field

Availability FF-PID2 3621FICA003

FF-AO 3621FV003

FF-AlT 3621LT004

PID1 3621L1C004

FF-Al2 3621FT003

Oily Water Control in the
6 PID2 3621FICA003
(FF System) Host

FF-AO 3621FV003

LCé64 FO6DRA2LCO1

SS-DUAL 36215501

4.4.3 wansegauNsaiAnYLianIUaBAdY

Mnnszuumsildlunsddnwinismuauuuuaiann Tngldliduudondmiunisg
mualuszAuTlad (CF) wazseiulaad (CIH) WileUuussnuUasnfevesguaiuay Tae
$rasuntasiiotaluguaiususeainauduman fuielud

1. nsdhadesiioTadnsanisiua 3621FT003 fian1us Input open alarm (IOP) ¥in1s
naasslagildsulnunvesiladtuudenifuluun Out of Service HudruaIUALgUNTH]
AAau (ASM) vasszuulaas CentumVpP
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2. nyalpsesiioindmnsinisiva 710FT001 fi@a1ug Input open alarm (IOP) ¥i191u
naaodlaginassAdyyiaueuzdandiu DTM ludiumuaugunsalninauiy (ASM) a9
szuulaas CentumVP

Q nou Q noa...

710 RAW WATER TREATING PUMP T10LICAO0L 710FICO0L
RAW WATER TA R KATER
NR D71001

21.3

‘ i
FROM DOK /
KRAI RESERVOIR k { I
JAL

RAW WATER

RAW WATER TANK 90.0% ST1001A-C

RAW WATER -,
S71001A-C

(n) nMntans ANl CentumVP YaInaludLauzaan

o Loop Test [E==
This feature can be used to output afixed currentfrom 3. 2mA(-5%)to
21.6mA(110%) forloop checks. @
Auto Test Seting—————————— — N

e Interval 0 sec ﬁ:
P [ soanid c AT
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WeP2E.2

Comparative Study on Cascade Control Configuration in
Engineering Phase for Analog System and FF System

Narupon Khochasin, Thanit Trisuwannawat, Prasit Julsereewong, and Amphawan Julsereewong

Abstract— This paper presents a comparative study of two
confisuration techniques for building cascade control loops in
engineering phase by using traditional analog system and
modern digital Foundaton Fieldbus (FF) syvstem. For both
analog and FF systems, control strategy configurations for
providing the process control loop with high safety and the
process control loop with high availability are described. The
engineering software of the CentumVP host system is used to
build the studied contrel systems, and it is also emploved to
check the consistency of the configurations. Comparison results
show that the smart FF devices provide powerful funcrionalities
for ease of engineering to take special actions in the events of
undesired conditions. In addition, the results from the studied
cases can be the practical guideline to configure the interlocks
that are essential for system safety and availability.

I. INTRODUCTION

Traditional analog current loops are now bemg replaced
by modemn digital fieldbus networks in process plants. A
major advantage of digital fieldbus technologies is that a
great deal of information available for operations can be
communicated on a single cable [1-2]. Modem field devices
not only perform a basic measurement or actuation but also
have features and functions for identification. configuration,
diagnostic, and so on [3]. The level of advanced features and
functions available vartes significantly by communication
technology. Foundation Fieldbus (FF) 1s one of digital
fieldbus technologies designed for process automation
systems [4]. This standard is only the fieldbus technology to
include the definition of function blocks to perform the
various functions required 1n a control system [5]. Each type
of function blocks has a different mtemal algorithm and
parameters. FF has defined sets of standard function blocks
and supported the standardization of these definitions [6]
The standard FF function blocks perform basic monitoring
and control functionalities independently of device hardware.
Moreover, FF function blocks have various levels of process
alarm and status information, which allow mterlocks to be
suited to the process [7-9]. Interesting technique for using FF
function blocks to improve control system performance of a
single PID loop has been introduced [10]. Altemnatively, a
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technique for configuring FF function blocks to increase the
system safety of a cascade control loop has been suggested
[11]. These useful techniques are based on powerful features
of FF function blocks that provide built-in functionalities of
mterlock and bumpless transfer.

The aim of this paper is to propose a comparative study
on configuration procedures for creating cascade fontrol in
engineering phase by using traditional analog instrumentation
and using digital FF technology. For both analog system and
FF system. methods for building the control loops with high
safety and with high availability are descmibed. The
CentumVP host system 1s used as a configuration tool. This
paper is organized in six sections including this mtroduction.
The next section describes the goals of safety and availabality
in cascade control loop uvsing function blocks. Section ITT
provides the procedures of control configuration for the
analogy system. while Section IV presents the procedures of
control configuration for the FF system. Section V shows
companson results for control configuration in two different
analog and FF systems. The last section gives conclusion.

II. SAFETY AND AVAILABILITY IN CASCADE CONTROL

A. Cascade Control Sirafegy

Cascade control 15 one of advanced regulatory control
techniques for improving the dynamic response to
disturbances by using two controllers (prmary and
secondary) to manipulate one process vamable as shown
Fig. 1 [12]. The output of the primary controller in the outer
loop is the setpoimnt of the secondary controller m the mner
loop. In order for the cascade control to be effective, the inner
loop must be faster than the outer loop. This implies that the
setpoint will not change too fast for the inner loop dynamics
to follow, and the secondary controller has enough time to
compensate for mner loop disturbances before they can affect
the primary process.

Control strategies m digital systems such as distnbuted
control system (DCS) are created by using software function
blocks available from the manufacturer’s function block
library. Fig. 2 shows a general function block structure for
implementing the cascade control loop [2]. The function
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Figure 1. Block diagram of a cascade control
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blocks used are linked to each other from output parameters
to mput parameters, and the link can be specified as ‘forward
link™ or “backward link’. The function blocks are executed
sequentially. The pnmary process measurement from the
analog mput (AI1) block is sent to the primary proportional-
mtegral-derivative (PID1) control block, while the secondary
process measurement from the AI2 block 1s transmitted to the
secondary PID2 block. The setpomt of the secondary PID2
block is received from the output of the pnimary PID1 block,
and the output from the secondary PID2 block 15 passed to
the analog output (AO1) block. In addition. the status data
and setpoint of the secondary PID2 block should be passed
back to the primary PID1 block via the TCO-TCI and TRO-
TRI backward links. respectively. for imtialization purposes.
For example, if the secondary PID2 block 1s manual or local
automatic mode, the status 15 commumicated backward to the
primary PID1 block wvia the TCO-TCI lmk The status
notification brings the primary PID1 block into initialization
mode, and the PID1 block output is forced to be the same as
the PID2 block setpoint. When the secondary PID2 block is
retumed to cascade automatic mode. no bump will be created
in the primary PID1 block output.

B. Cascade Control with High Safety

In the presence of a fault, the goal of safety is to shut the
control loop down for minimizing the nisk of harm to people,
property. and environment. If the control loop experiences a
problem or if the system fails, there are two safety aspects;
safety provided by a basic process control system and safety
provided by safety-instrumented system. The latter provides
the higher level of safety. since 1t 1s specially designed to shut
down dangerous loops in the event such a problem is
detected.

In order to achieve safety provided by the cascade control
loop, whenever a field instrument (transmitter for primary or
secondary measurement) or communication is failed. the
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mode of the secondary PID2 block becomes manual to stop
the automatic control. Optionally, the status of the final
control element like control valve positioner becomes ‘initial
fail safe’. which brings 1t to predeternuned fail-safe position.
In addition, if the failure occurs in the controlling device or in
the communication to the control valve. its positioner can still
take proper action for returning to a safe posttion.

C. Cascade Control with High Availability

In case of failure, the goal of availability 1s to keep the
control loop munning for minimizing production losses. Fault
tolerance is required to achieve good availability by reducing
system downtime. If the measuring device for secondary
measurement or the commumication 15 in the event of
abnormal or undesired conditions, the PID algorithm in the
secondary PID2 block cannot function. The PID2 block can
be bypassed in order for availability provided by cascade
control loop. The output of the primary PID1 block then
directly becomes the input of the AO1 block. The operation
of control loop seems the single PID control. In the case of
the control valve failure. the status of the final element
becomes freeze at the last value.

III. BUILDING CONTROL STRATEGY IN ANALOG SYSTEM

A Major Steps for Building Control Strategy

After defining the process and digital mnput/output tags.
there are eight major steps for building control strategy in 4-
20 mA analog system as depicted i Fig. 3.

|Dcﬂnc control strategy requj'rcd |

i

Select function blacks needed |

Define block link to process (and digital)
inputoutput

|L'Ln.k function blocks together |
¥

| Configure function block parameters |

1

Select funetion blacks for interlock |

Create interlnck for safety sysfem or
availability system

Configure initizl fault-state for |
mzmnipulated variable fn case of sfely)

Figure. 3. Major steps for building control strategy in analog system
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TABLEL  INTERESTED PamamETERS OF BLocEs Iv CENTUMVP

True/
False
Condition True

Parameter
BlockMName XATREMIOP

Block | Description

Orut of hmit

FID

Falze

BlockMName PSW.3
logic

FID

False

BlockMName PMV CALCU

Action T
logie = 5-
DUAL

BlockMName SW.2

BlockName SW.3 True

From Fig. 3. the first step 1s creating the control module
to build the control loop required. The next 15 creating and
selecting the deswed function block and defining its
wnput/output link to the process (or digital) input/output tag.
In addition, the host function of mput limit detection (see Fig.
4) should be enabled for safety actions to check that the input
signal whether 1s in the range 4 to 20 mA, the mput signal
rises higher such as 106.3% (or 21.008 mA) or drops lower
such as —6.3% (or 2.991 mA). Then it 1s required to link the
desired function blocks together. For each function block, 1t
1s also required to configure the major parameters. However,
some parameters are set by default values. The next 1s to
select the function block, which 1s required for interlock.
Then it 15 to create the desired mterlock action whether for
high system availability or high system safety. The last 1s
configuring the initial fault-state for manipulated vamable to
obtan the control loop with high safety. Table I summarnizes
the mterested parameters for improving system safety or
avatlability i the CemtumVP host system. Moreover, i the
option “Measurement Tracking MAN mode’ available in the
PID block should be enabled to provide bumpless transfer by
setting the set value (SV) to be equal to the process value
(PV) when running the PID block in manual (MAN) mode.

B. Configuration for Control Loop with High Safety

To configure the cascade control loop for providing the
system with high safety using the CentumVP host system. the
modified function block diagram i1s shown m Fig. 5. The
output of the primary PID1 block 1s the setpoint (SET) of the
secondary PID2 block, and the output from secondary
process-variable measurement is applied as the parameter
“IN” of the PID2 block. Fig. 6 shows the logical concept to
assign the interlock for taking the mode of the secondary
PID2 block to be manual (MAN) in the fail-safe state
whenever detecting the fault occurred n the primary and
secondary process measurements.
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C. Configuration for Control Loop with High Availability

For control loop configuration to provide the system with
high availability by using the CentumWVP host system. the
modified function block diagram is shown in Fig. 7. There
are two additional function blocks; calculation (CALCU)
block and switch (SS-DUAL) block. The output of the
primary PID1 block is required to split for applying both
inputs of the CALCU block and PID2? block. The SS-DUAL
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From Primary
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Figure 5. Function block diagram for providing the control loop with
high safety in analog system
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Figure. 6. Logical concept to design the interlock for providing
the control loop with high safety in analog system
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Figure. 7. Function block diagram for providing the control loop with
high availability in analog system
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block is used to bypass the output of the secondary PID2
block, if the secondary measurement is in failure. Fig. &
illustrates the logical concept to design the interlock for
taking the operation of the secondary PID2 block to be
enabled or bypassed. When bypass 1s active, the output of the
primary PID1 block is passed to the final control element,
bypassing the PID2 control algorithm.

IV. BUILDING CONTROL STRATEGY IN FF SYSTEM

A. Major Steps for Building Control Strategy

There are five major steps for building FF-based control
strategy as depicted i Fig. 9 [11]. The FF-based control
strategy is created by selecting the FF function blocks and
linking them together. Process and manipulated varables
can be then passed from one block to the next. A linked
output parameter 1s propagated together with status to the
input parameter of the receiving block to inform whether the
output of the transmitting block 1s suitable for control. It also
performs as a feedback informuing whether the output does
not move the final control element. and so on. The block
output status 15 employed for bualt-in mterlock functions.
Fig. 10 shows a typical diagram of cascade control strategy
using five FF function blocks. An output of the primary
PID1 block 1s a setpoint of the secondary PID2 block A
back-calculation output (BKCAL _OUT). including both
parameter value and status, of the lower block (the receiver
of forward link) should be linked to a back-calcolation mput
(BKCAL_IN) of the higher block (the sender of forward
link) to offer the interlock and bumpless transfer between
blocks. The BKCAL OUT from the PID2 block 1s
transmitted to the BKCAL_IN port of the PID1 block. If the
PID2 block is not in cascade (CAS) mode, for example in
automatic (AUTO) mode or initialization manual (IMAN)
mode, or 1ts setpoint source is not in cascade then this signal
forces the PID1 block into IMAN mode The PID1 block
will imtiate 1ts output (OUT) to the wvalue on the
BEKCAL _IN. that 1s, the same value as in the PID2 setpoint.
This concept 1s to prevent windup of the PID1 block. 1f its
block output 1s broken in anyway. As a result, the cascade
setpoint input (CAS_IN) of the PID2 block will be 1dentical
to 1ts own setpoint (SP) value. Consequently, when the PID2
block is switched back to operate in CAS mode. there will
be no bump in the SP value and thus no bump on the output.
In addition, when the PID2 block (or the PID1 block) is in
MAN mode, its SP value is forced to track its process
variable (PV), if the SP tracking option is enabled. The
BECAL_OUT signal from the AO1 block to is sent back to
the BKCAL IN port of the PID2 block. When the mode of
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Figure. 9. Major steps for building control strategy in FF system
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Figure. 11, Function block diagram for cascade control in the CentumVP

the AO1 block 1s 1 AUTO mode. which 1s mstead of the
usual CAS mode. the PID2 block is informed via the link
between BECAL OUT and BEKCAL IN and can thus
mifialize 1ts output. therefore assuring bumpless transfer
when the block 15 switched from MAN to AUTO mode. This
same link also forces the PID2 block mto IMAN 1f the valve
posttioner 1s limited, either in physical or software, to
prevent windup of the PID2 block. Fig. 11 shows the
function block diagram for building cascade control loop in
the CentumVP host system.

B. Interested Parameters for Svstem Safety and Availability

FF devices with self-checking and self-validating
differentiate between serious problems and less serious
problems by indicating ‘Bad’ and “Uncertain’ quality status
information. This enables to balance the nterests of system
safety and availability. For example, m order to improve
system safety, an action of the important shutdown interlock
should be taken on either ‘Bad” or “Uncertamn’ parameter
status. In the other hand. for high availability, which often
contradicts high safety, the conmtrol loop should be
configured to shut down only when the parameter status s
‘Bad’. The ‘Uncertain’ status will only notify the plant
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operator or maintenance personnel FF function blocks
contain various parameters to be utilized in monitoring and
control applications. In most instances. only some
parameters are used. Oftentimes. project engineers or users
only have to configure the most common parameters, such
as the block mode, channel, transducer scale, and
linearization type in the Al block as well as the block mode.
tuning, and setpoint in the PID block, and the block mode
and channel in the AQ block. For a wvast majority of
parameter. the default values are used. However, some
parameters that can be enabled or disabled affect to
important shutdown interlock. In FF technology. undesired
conditions such as device failure set the ‘Bad’ status in the
associated blocks. For example. in the event of ‘Bad’ mput
from the AT block, the PID block operation becomes MAN
mode to stop automatic control and passes the status to the
AO block. This will force the fault-state or fail-safe action to
bring the loop to shutdown. The term ‘fail-safe’ implying
fault-tolerant means that a device or system 1s allowed to
fail. but to a known ‘safe’ state. The fault state action is
realized i the AO block to shut down the control when a
failure 15 detected in somewhere in the loop. For the case of
the ‘Bad’ input. the PID block 1s optionally set the status
option parameter and passes the status to the AO block. This
will force the fault state to bring the loop to be shutdown
because the automatic control cannot continue without the
input.

To build the cascade control loop that can take special
action in the event of undesired conditions, the interested
parameters of the FF function blocks used are given in Table
II. A status options (STATUS_OPTS) parameter for
defining block behavior can be set in response to different
conditions. Some of the control class function blocks make
use of one or more options i the control options
(CONTROL_OPTS) parameter, which allow the block
behavior to be customized. Most of the output class function
blocks such as the AO block vse of one or more in the
mput/output options (I0_OPTS) parameter that make 1t
possible to customize the block behavior.

C. Configuration for Control Loop with High Safety or with

High Availability

The interested options for configurmg the FF function
blocks in cascade control loop of Fig. 10 (or Fig. 11) are
given in Table III. Some suggestions on how to configure
the parameters referred in Table II for balancing the mterests
of system safety and availability can be summarized in
Table. IV. It should be noted that for a majority of the
options the default setting 1s aimed toward the process
control availability rather than safety.

TABLEII IMTERESTED PARAMETERS OF FF FunecTION BLOCES
Parameter Block Description
Status Options AT1_ AT2 To choose how the PV and
(STATUS_OPTS) OUT status are determined.
PID1,PID? | To determune what conditions

will cause the PV status.

Contrel Options PID1,PID2 | To specify confrol strategy

(CONTROL OPTS) options.

Input/Cutput Options | AO1 To determine how the

(I0_OPTS) input/output signals are
processed.
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TABLEIN INTERESTED OPTIONS FOR FF BLOK CONFIGURIONS

Block Option Description
ATl Uncertain if MAN Set quality as ‘Uncertain’ if block is
A mode in MAN mode
Bad if Limited Set quality as ‘Bad” if liniited
Uncertam 1f Limited Set quality as “Uncertain’ if hnuted
FID1 Uncertain if MAN Set quality as “Uncertain’ if block is
mode in MAN mode
Bad if Limited Set quality as ‘Bad” if limited
Uncertam 1f Limited Set quality as “Uncertain’ if hnuted
FID2 Target to Manual if Set Target mode to MAN mode if
Bad IN input (IN) is ‘Bad’
Use “Uncertain® as Use “Uncertain’ as Good
Good
IF5 if Bad CAS_IN Imitiate fault state if cascade setpoint
input (CAS _IN) is ‘Bad’
IF5 if Bad IN Initiate fault state if imput (IN) is
‘Bad’
SP-PV Track in Man Setpoint tracking m MAN mode
Bypass Enable Enable bypass
AO1 Use PV for Use process variable (PV) for
BECAL OUT BECAL OUT
Use Fault st val on Use Fault State value on restart
Testart
Fanlt State to value Fanlt State to value
SP_PV Track in Man Setpoint tracking in MAN mode

TABLEIV. OpTiONS TO BALANCE BETWEEN SAFETY AND AVAILABIITY.

Block Parameter Safety Availabili
ATl STATUS_OPTS | Uncertain if MAN Disable this option
AD mode
Bad if Linuted Disable this option
Uncertain if Disable this option
Limited
PID1 STATUS_OFTS | Target to Manualif | Disable this option
Bad IN (Feturn to normal at
once OK)
Disable this opticn Use “Uncertain’ as
Good
FSifBad IN Disable this option
(Go to MAN)
PIDY | STATUS_OPTS | Target to Manualif | Disable thus option
Bad IN (F.etum to normal at
once OK)
Disable this option Use “Uncertain’ as
Good
IFS if Bad CAS_IN | Disable thus option
(Go to AUTO
mode)
IFSifBad IN Disable this option
(Go to MAN mode)
PID1 | CONIROL_OPTS | SP.PV Track in SP-PV Track in
Man Man
PID? | CONIROL OFTS | SPPV Track in SP-PV Track in
Man Man
Disable this option Bypass Enable
A0l I0_OPTS Use PV for Use PV for
BECAL OUT BECAL OUT
Use Fault st val on Disable this option
restart (Festart from the
present position, if
avalable)
Fault State to value Disable this option
Teeze output
SP-PV Track inMan | SP-PV Track in Man

V. COMPARISON RESULTS

Table V summarizes the comparison results between
configuration steps for creating cascade control in analog
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system and FF system. Placing safety interlocks in the FF
AO device like the wvalve positioner has the additional
advantage that the valve positioner can shut the control loop
down by itself independently of any centralized interlocks.
This would not be possible using the analog positioner that
does not have built-in safety interlocks. It 1s evident that the
advanced FF instruments offer powerful functionalities for
ease of engineering to take special actions in the event of
undesired conditions i terms of system safety and
availability. Table VI gives the CentumVP resource usage of
the analog system and FF system (with ALF111 module) for
building cascade control loop.

TABLEV. CONFIGURAITON STEPS FOR CASCADE CONTROL IN
ANALOG SYSTEM AND FF SYSTEM
No | Confizuration Analog System FF System
. Step
1 Define control | Cascade control Cascade control
strategy
2 Select 4 function blocks 5 FF function
function blocks
blocks needed
3 | Open function | Channel analog inputcard | -
of imput linit enabled to detect
detection High/Low limits
4 Link function 6 links 6 links
blocks (One-way data transfer) (Forward and
together Backward Links )
5 | Configure/ - STATUS_OPTS
Assign (PID1) with
fimction block Use Uncertain’
as Good
- STATUS_OPTS
(PID2) with
Use Uncertzin' as
Good
Measurement Tracking CONTROL_OPTS
(PID1) MAN mode (PID1} with
SP-PV Track in
MAN
Measurement Tracking CONTROL_OPTS
(PIDY) (PID2) with
MAN mode SP-PV Track in
MAN
L CONIROL_OPTS
(PID2) with
Bypass Enable
- I0_OPTS (AO1)
with Use PV for
BECAL OUT
- 10 _OPTS (AO1)
with SV-PV
Track in MAN
6 | Select 1 Function block (logic -
fimetion block | control}
for interlock
T | Create Condition logic -
intedock NamePIDBlock XALRMIOD
fimction for Action logic %
control loop NameSwitchBlock.SW.2
with high Action logic -
availability NameSwitchBlock. SW.3
8 | Create Condition logic
interlock NamePIDBlock XATEMIOP
fimetion for Action logic
control loop NamePIDSlaveBlock PSW.3
with hizh Script command for fail-
safety safe
NamePIDSlaveBlock PMV
(predetermined fail-safe posirion)

TABLE VI REsoURCE Usace IN CENTUMVE HosT SysTEM

Resource Usage Analog System FF System
Safety Availability

Project 'O License Usage 32 32
Function Block Usage

- Regulatory Control Block 2 3 5

- Sequence Block 1 1 -

- General-Purpose Calculation 1 1 -
Block

VI CONCLUSION

A comparative study of two configuration techniques for
creating cascade control strategy during engineering phase
using analog system and FF system has been presented in
this paper. Comparison results show that FF Function blocks
provide ease of configuration to form powerful digital
cascade control that can take special action in the event of
undesired conditions in terms of system safety and
availability. However, for process plants that have process
units assigned as having hazard or high nisk, an approved
safety-related system of a suitable requirement class should
be utilized.
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