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ABSTRACT

To enhance safety of basic process control using traditional 4-20 mA current
loops with/without transmitting a return signal of actual actuator position back to a
host, this thesis presents a useful technique to provide fault-state and fault-recovery
actions in four patterns. The proposed technique is a design of control drawings
configured in a distributed control system (DCS) host for conventional proportional-
integral-derivative (PID) loops with/without feedforward path to improve actions of
the control loops in response to sensor and actuator failures. The configuration
design based on functions of failure status propagation and failure mode shedding
for eight control drawings that contain software function blocks for running on the
DCS host modeled CENTUM VP is described. Simulation results from virtual test
function of the DCS host used verify that all designed control drawings can
successfully perform the desired fault-state and fault-recovery actions for process

safety enhancement.

Keywords : Current loop, Distributed control system, Fault-state, Fault-recovery,
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Target to Man if Bad IN

IFS if Bad IN

I0_OPTS

Y93Udan AO1

Fault State to value

Target to Manual if Fault St Act

Host Controller

H1 Interface Module

Operator/Engineering

Workstation
Ethemnet Switch 1 W
T _DelfaV. Coutrol Network 2o

Power Supply

FF H1 Trunk

TIT_301

Process Under Control

and Conditioner
FF H1 Spur . FF H1 Spur
e
FE HI Spur Junction Box a\ T
- 3 W+ i
-_@— Disturbance g :
Fan 783
302 [T ]
|
“/"'\il 4-20mA Jl
—— (Lamp).____ _______ a
1Y 301

JUN 2.1 ssuumuaugauiinldvalulagninlnduilanda [21]

LL —— e e —————— —
T LU = | A L\‘Ianl ]
0 | _irouom our[” I P01 7 IFS (Preset Value = 10%)
w BCALN ncaLour |51 3875/ l
B 33 | duo_Tme _lcasm our " H10] a o '
TIT_302/FFAIG3 1026 |inane. : = '.1‘ feac |
#| (51387 ?
CTLR-lEDFBAJO‘lICMPOZFBﬂﬂ(l:J Sihy Z:m_ . (10} " canm our |56
o [ weaour | H10]
FFAL_RMT - #5
A 4 DIY_301/FFPID44 DR SERAOZ! o
' - Fault St Act

our H513875 X

wr_oﬂj 0X \Bad

TIT_301/FFAI_RMT40

5UN 2.2 gueuaslulunesulatdvuyinnisnaasadiafinaniug ‘Bad’ 1 All [21]
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o o/ a

2.3 SEAUAYYIUEINTUNIIUETAMDS 4-20 MA

v

nIuadamesNasdyyin 4-20 mA dauaiunsalunissessurisdygyrannini,

e

4 mA wazaind1 20 mA ladntdes dmsunsualinmesazldanszuaiininit 4 mA uazad

[ a

71 20 mA WledsdyamAnuAnUnd Wy anudumaivesuwes (Sensor Failure) w3e
Msudafoudu q Fsainguit 2.3 Wunsuanssedudyynaesssaniieguantasund
Teun sefudgynaudafiougsys (High/Low Alarm) Lileszyfeanudumaiveseninuas
(Hardware Failures) Wagsgfuanudusiags/m (High/Low Saturation) ileszyfamnnisali
981aNY9 (Out-Of-Range) TneUnfudasziumnududmaisuinninsssuduaiauiafiou
suagsziuauduiigeanstissndtsdudyyraudniougs dannuumndadusiisening
sefupUBLS LA U AR IieuAITRANA T LeE 9Tl 0.1 MmA agalsfinuindn
insesilefnninauiamansessymsiieufauar seduaLaN AT AR AeiUe IM LD

[27-30] Tagseaunishaaioutuaiawanmaenuluauusennuae nsuadnmes [31,32]

Technical Range

Fﬁirﬂ |< Normal Range ;I ‘ Failure

A
v

Low Alarm 4 mA 20 mA High Alarm
(€.9.3.2mA) | ow Saturation High Saturation (6-g- 2.6 mA)
(e.g- 3.8 mA) (e.g. 20.5mA)

JUN 2.3 dygnaundaiiounagseauauduidmiunsualinmes 4-20 mA

2.4 fF@HTY CENTUM VP [34,35]

2.4.1 ANWAYRIAYLRETU CENTUM VP

ATLediu CENTUM VP il ussuuniuaunIsnankuuysan1samiung
AuANnszUIuNITEluuTig 9 Wy nsndullnaden didu geamnssmdn 01/
in3esfiazndanuliin GafiTeasiu CENTUM VP Usznousegunsaldng q Ssgnidensie
furuTanIuAs (Control Bus) uazdisasiin (Ethemet) Tnsfan1Unenssunisidousie
(System Architecture) yu1aLEnfagU# 2.4 G4 loiud drudumesieduiiRau/Amnssu
(Human Interface Station/Engineering Station: HIS/ENG) Fntfiuaniaiiensivaeu
wazdanismuauangldau drwnuauninaus (Field Control Station: FCS) ¥iwthiily
mMs3u/demiilsnnngunsaininaunuuazyivif3un1sdan1sain HIS/ENG tileUszanana
wazdensludsgunsalniaauiy wazdm3u vnet/IP Jududisesidnlusianea (Ethernet
Protocol) fimunTudmsunsidensefuseninmandusvosuidnlelnnna (Yokogawa

Electric Corporation) ¥wiiilieusie HIS/ENG wag FCS 1dneiulag



12

HIS/ENG

Vnet/IP |

FCS

U 2.4 aantlaenssunsiousevunndnvesigieasu CENTUM VP [34]

2.4.2 Heiduvdenluddiossu CENTUM VP #ldlunisadreguaiuny

2.4.2.1 vdsnuanIBuUNA (PVI)
uienuansdunm (PV) Wilewansaniisnulfainiadesdetnlae
Foureimesfiuea (Terminal) ‘IN’ waganansadsmneuldluuszananasegaudendnlud
wmosiiuea OUT lasillaosunsy (Diagram) nsideusedsgui 2.5 Lariisvazidon

fa ~ Ty d' = a 3 < ‘:l' [ d'
WDIHUDANTLYDUNDANNITINN 2.6 LLﬁ%ll‘W’ﬁ']llLG’]E]TU@QUE‘I%]ﬂV]aUIR]GNW]iNVI 2.7

Input

IN OuUT

processing

JUN 2.5 lnazunsuudion PV

A135199 2.6 WasTiupansIiausavaudan PV

wiasiiuea 1/0 s18azLEYn
IN unAn15In (Measurement Input)
ouT 1@19NANEN153ANTT (Manipulated Output)

A5 2.7 iwms%;ﬂaﬁau‘l%awﬁaﬂ PV

518n13%0ya 518821980

MODE yaanlum (Block Mode)

ALRM A0NuLhaLAau (Alarm Status)
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AN519% 2.7 (519)

s18n1370ya s1uazdYn
PV unmn13In (Measurement Input)
RAW JoyadunaAu (Raw Input Data)

lewesiivea ‘IN’ wazdiA1Uszuanan1saauANilaimesiusa ‘OUT” Fsuden PID 3

2.4.2.2 vdansanauay (PID)

& Y Ay g voA ! A 1 Ao
vaandnuauiiledldiionisuszunanant PID Tnailousioniiin

=

lpozunsun1sidousdonigun 2.6 wazlisngazidenmaiiuean1siiouronini1ei 2.8 wav

a s [ A (% d'
nsfmesvesudeniaulanmIs g 2.9

SER BIN TIN TSI
(VN) (TSwW)
CAS
AUT/MAN
MAN 14
Input NARG o Output
IN P . Computation -po—0 P f{ ouT
processing XN CAS/AUT |Processing

sUN 2.6 leezunsuudon PID

f151991 2.8 asTiueanisiiausavatuasn PID

wasiuaa I/0 EEGHGE
IN UNANTIA
SET dunmarUnmang (Setting Input)
ouT LA TIANTS
BIN UNAAMALNY (Compensation Input)
TIN SunpAltestununsafa (Tracking Input)
TSI aAnddunsiileltluaunsad (Tracking SW Input)
A5197 2.9 Temsteyaiiavlavesuden PID
s18n1370ya EEGHGEE)
MODE viionlug
ALRM GRRMEITENLLY
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A1519% 2.9 (519)

s18n1370ya suazdYn

PV UNANITIA

RAW UoABUNAAY

MV ALOIANATITINI33ANTS (Manipulated Output Value)
SY Andanune (Setpoint Value)
P Proportional band
| Integral time
D Derivative time

2.4.2.3 UADNIRaALNUIAR8EaINTIUA Auto/Man (MLD-SW)

vdanlvnankuulanigaindlun Auto/Man (MLD-SW) tJuileidu

A U 2

Uﬁ@ﬂﬁﬂﬂm’]ﬁﬂm@ﬂﬁmﬁﬂmw’m

g 7]

= ! v o 1 A 1
V!G]Vl‘{lgﬁﬂiﬂﬁﬂm’lﬂ’JUﬂﬂJﬂi%‘U’J‘Uﬂ’ﬁIﬂﬁJLUUﬂWSLﬁ@ﬂi%‘WﬂQ

[ (3

aeueynediam

T

neApnITeauleloaglulun ‘MAN’ nsedtidandya1aadnnNlnsuan
vhenneuntiineglulun ‘CAS’ lnovunsuvasudanluanuuuiasieaintdlun Auto/Man

(MLD-SW) Uanane3uil 2.7 uazilsngazideninasiuaan)siiouseninisnei 2.10 wasdl

a 3 <3 = [ d'
MAnesveUdsnNaulanm1sen 2.11

SET TIN TSI

(Tsw)

@

Ui 2.7 laezunsuudion MLD-SW

v
Qutput

Centrol MAN
Computation o

o0
AUT(CAS)

ouT

processing processing

O

A1519% 2.10 Wesiiuran1sisusavasudan MLD-SW

wasliuea I/0 S18aLDYN
SET dunaA vy
ouT Lmﬁwmﬁﬁmﬁmmi
TIN Suwmmm%aﬂummmﬁa (Tracking Input)
TSI andaunniiioldluaunsada (Tracking SW Input)
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M15°9% 2.11 srensfeyaiiaulavesudan MLD-SW

518n1370ya nwazden
MODE vdanlun
ALRM AU LIUADU
MV ALodnATiTinITdang

< 1A 14 o/ 1'% I
24.2.4 UadNLLEANIAIDUNANIDUG Y 1ULIILADUNT

Weauu (PVI-DV)

vdonuansadunanseudyyiaudaisunisidesuu (PVI-OV) 14

)

44' | A 1% = & [ o ! ! = !
LW@LLE‘!@QWW]@']HI@R]W]IN@J@ I/0 #TaWIATUUEDNNLNITAIAINTZUIUNITVIAUITOLARAIAN

a

% Y o [ ~ v a ~ @ cs'
Wﬁ@ll@']EJaZQEyJWMLLQQLWE]Uﬂ']ﬁLUEJQL‘U‘UI@ I@EJ@JVL@'E’]gLLﬂillﬂ']iLsﬂallﬁlaﬂ\TEUV] 2.8 oy

1AL YANDSHUDANITTIIUADAINITIN 2.12 hazdinis1lwasvosudaniaulasinisnan

2.13
o il m
Input
IN|> : ouT
processing
JUN 2.8 lnazunsuufionuanaduns (PVI-DV)
A13197 2.12 wiesiiueanisiieusiaveaudan PVI-DV
wasiuaa /0 518821880
IN UNANITIA
ouT @19 NANUNITINNS
suB RRIATIGRH
A13197 2.13 nen1sfeyaiiaulavesuden PVI-DV
s18n1370ya EEGHGET

MODE yaanlun

ALRM ADNULHILADUY

a o

PV BUNANIT
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AN519% 2.13 (510)

518n1370ya nwazden
RAW Toyadunmiu
Y ANty
DV Adeauy (Deviation Value)
DL Arsiadesiuy (Deviation Limit Value)

2.4.2.5 UABNANSINAIAU (ST16)

vionasady (ST16) Wuilsiduudeniisyyanudusiudszning
Ty adunauasdyaaednaludnuae ad/ladly’ (v/N) ﬁ’agﬂ‘ﬁ 2.9 Imw‘?ﬁamiaﬁﬁayjaﬁ
ﬁaamaéﬁamﬁzqL%amiaiuﬁyuﬁ ‘Input connection information setting area” Wa¥
‘Output connection information setting area’ Lazaunsosaioulelufiuil ‘Condition
rule setting area’ waznavosn1stiuluauioulaluifud ‘Action rule setting area’ R
vondananadrsmaiaudutureuiiolfiiansaudugUldlasimuadl Step
label’ Tagudonnisnadfu (ST16) aruasadanasldvianun 64 wiindeya (64 Tags

Information) kazanusaasiale 32 N9 (32 Rule Number)

Rule number 01]02(03]04(05|06(07|08|~ |32

Tag name
No. Data Step label ~
Data item

Comment ~

Input ~
Condition

connection Condition rule setting area| ~
specification

information ~
setting area
setting area ~

Output ~
Operation
connection Action rule setting area | ~
specification
information ~
setting area
setting area ~

sUTl 2.9 laezunsuuden ST16
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2.4.3 Yy runiaiou

2.4.3.1 HYyIuLAAABURUUNUAIAING IOP wag IOP-

o

dyyruudanasudunmdadninniuge (High-Limit Input Open

I a

Alarm: 10P) lngagifinduioAdunsmiuainnuadunadanisnsiaduligauasluviues

YY) 14

Ferfudygnandafouduwniliadiingudi (Low-Limit Input Open Alarm: I0P-) lngag
Lﬁﬂ?guLﬁaﬁhﬁuwmﬁmfj’]mﬁmumL?Jmi’ﬂﬁ’@éhwi’w Fensssmirfnnadusedu 10P (0P
Detection Level) annsasaanldiintiining System View utisnsluga 1/0 uazidonnesyid
éfaﬂm'ﬁmﬂﬁ?uéi’jqﬁﬂﬁmmzauﬁ’uqﬂmaﬁﬁhé‘f’;aﬂwgﬂ 7l 2.10 Tl 1OP AAAWFuAdY (Default
Setting) Qﬂﬁ'ﬂ?ﬁi”i 106.3% Wagdi 10P- Viﬁhﬁlmé’ugﬂéﬁgwﬁﬁ 6.3% Maitdyanaud Lo 10P,
IOP- ﬁ?ulﬂué’aumunmﬂq%dwLﬁmmmé’mmm iy aelifivelutansiaduniensuainmedds

LAIAaNWIA NN W MSImA IR U 2.2

SB Bus Analog Input/Output [QE_J

Terminal ' $2012101
|v¥ Detect ICE

FeEOEae SECERER W evER T Fallback— —— - =
[

Aol A ,___‘_ R T VAN T vawan! |
| High Limit 106.3 200 N Haint: Gl EEfE TAIUE
|

| Tow Limit -6.3 U O Ducpus ~17.187% S |
| Il
-Pulse Input— s
[T Cad e tifm AC o AR S Rt
| T Inygut Filterds f
|
‘ | Transmitter Power |12 ] \d

¥ Command |

I
1
L1]:4 ] Cancel J Revert | H

[ s mwm = W)

5UN 2.10 vt 1ANeN1SEeANSEAUNITNTINTUAY L IUUILADU IOP Uag IOP-

2.4.3.2 SYIMKILADURUULUEAUY DV+ wag DV-
fuaasdafeunisideavududyuinudafoudiovsdindiu
Weauulufiervisuan (Deviation Alarm Positive Direction: DV+) #3aauldeaiuuluianig

=

au (Deviation Alarm Negative Direction: DV-) TneAndesuy (Deviation Value: DV) Ag
Adilgainnista (PV) aufudniaals (sv) Tneddndeauu (V) #ilg fidmnniiArsaia
n19:089UU (Deviation Limit: DL) 9iindayeyraiudaiiion DV+ Tuvueafeafudd
Adaauu (OV) il Fadesnitasifanisdesun (OL) ssindyyiaudaiow DV- 33
ansaihdygraudsdeuwvuilsavuliussgndlddmiumadieudisuan MV Adseenld

fundaldandiunianenyiameiasaiionsiraaunisiinanuaumailunisivdguulas

AuUUBIRaUlNTaI1a? (Control Valve)
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2.4.4 flsidunasouvasfdioaiily
HasFunageun1svheuuy HIS Wen1sdouwuuaninundaudniunis
nageuwaUNaLAYY (Application) e 9 dmiuszuumuAuATeau CENTUM VP a1ansa
wUsileiduntsneaauld 2 wuu Aenisnedeulaionads (Virtual Test) Sadunisvaaaud
lifeadlensio FCS fagufl 2.11 wagmismaaeurlivune (Target Test) Wunsnaaeulnenis
{Feusie FCS faguil 2.12

HIS

HIH

sUN 2.11 andaenssunisidensed msuileidunaaeuiaiiouas [35]

HIS

Control network

JUN 2.12 aodnenssuniswensedmiuilsitunaasuidimvuneg [35]



D.

umn 3

n1saANUaRANEINTUNISAUAN

N3TUIUNITNUF VNI LEUD

3.1 na1i
TuuniagnanisszvumuauuosvailudefilfifunsdAnuivesineninusduas
Mntukansienissfunisiasiilulunisneuauesdeauduvaiuazssandoauuiin
mafineudaondeiis 4 uuuu fludszgndldiuguatuey 4 wuu Saduiiulunisada
LHUAIATUALTIIVA 8 LuuuaranTolFLanIdesny (Flow Chart) sasunuianiunuiiifia

ANUUaanNy

3.2 wawdluaaildidunsaldnun
ilensdnausuaznIsageumMsiiiunsvesquauandlfiiiuawdaonsielald
watusiluina (Plant Model) ssuumuauveavarlufalnonisaiunuuuuguitlofiiiiday
doumamiuarguitleAilsifdwtousrmthidunssuiunismuguenids sslduansiogis
mIRRsagUnTal 4-20 mA fesuit 5.1 Bsldud waualmmosTnssdureamavie LIT (PV1)
Iddmsumsinsgavvesradludy nsuaiamesindnsinisivanse FIT (PV2) lddmsuin
In1n1slvnasiuesn uagAsulnsaiavise LCV (MV) Idmiumsianmsdnsinisivanga
sanpgnAnsdluiiuiineauy Sdnsunfuuudafuiudiumisuonyewesiivdlng
Az laifld’ vz:yﬂmﬁmé’uLﬁai%ﬁm%’umimaﬂaaummwﬂﬂaﬁLﬁi‘ﬂawﬁ’wm@’ﬂﬁﬁamu/
ArIns5u (Operator/Engineering Work Station) ag19lsAmuanunsansiaaausiiumieass
109 LOV 16 Tngnasfiadaiag 1usiumiandavio Valve Positioner (PV3) wazifiug
anedaalunisdouse ﬁﬂﬁ’lﬁmﬁmmammﬂé’ummﬁummmLLﬁlﬂﬂmwwlﬁﬁuﬁa@ﬁﬁa
Huilinvesnsdigednwnfiiussansnm duszuuitieanasumosing (nterface) Qﬂam&y’q
Tusesmuns (Control Room) Taedifluga CONT vimifiuszananadanesiiunsauny
LaEAIINENISAINITUUUAIRY (Sequence) %QﬁmsLs?famia%’u/damimimaasm 9 lawn
Tuga Al lifiedsdoyanszuiunmsanninieaiiodnludsluga CONT Tuga AO Tifiedadt MV
fldannisuszanavestuga CONT ludsgunsainiaauiy uagnaneddwnals (Power

Supply: PS) Ansaiitevinthiluunasitendanuvedluga CONT, Al uag AO
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DCS Host
(Operator/Engineering)

Control Room I:
Control Network

1/0 Modules_:|
: ~ Al A
1|o

Field Site

4200
o

4:20mA (PVY) | |

4-20 mA (for_feedforward, PV2) _!: ||

8 e

[

FUN 3.1 Megrwasnaudluwanlddunsdfnw

3.3 n1sadunisiagnalutaziulfanisandunisinaiiuaulaanne

3.3.1_msanfiunislaeniluvasgumuaulunisnauauassianiny

%
EUYIGR)
Failure ‘MAN’ mode ‘AUT’ mode with ‘MAN’ mode
> with last MV > last ‘Good’ PV2 with last MV
PV1 PID ouT PV1 PID ouT N PID ouT
> Failure 2@ Failure
[Pv2] MV ] PV2 [(Avi] = [w ]
(feedforward input) (feedforward input)
(M) PV1 dunan (@) PV2 83lLian (M) PV1 duwian

sUN 3.2 nmsmtdunisitdluniseevavesdmsualiitonnil/ldiaruteuarmindiaiin

u Y

ALALLAY PV1 way PV2

dmiuguillfiitevinnsfnwuslorinldtianiusndu ‘Bad’ Mdwiunsfiansanay
&uwarwes PV1 uay PV2 Gansdilunslaeilduiimanouaussionuduman faguil
3.2 lunsalfiinnrdumand Pv1 dnsuguitledall/sifldrutleudrsmingeguil 3.20) uay
3.2(A) Auddy efimsdidunisfindrendaiu Aefinsdsulunnisiauvesuden PID
Ju MAN’ wazasALodmvesuden PID A1 MV aaving usetnslsAmuideiinany
davian PV2 azliidamaegndidoddysenisdiiunisuden PID faguil 3.2() [21] Geuden
PID Fapaviaululun ‘AUT Tagldrargaves Pv2 luvazifiaaiuzidu ‘Good’ Tunns

Uszaianalendnm
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3.3.2 LUIAAYaINISAHUNISINaLANANUaBANY

M19199 3.1 guitled 4 uwuu auladmsunismivauseivvesludawesgun 3.1

Funauauzasniiiieados
PV1 PV2 PV3 MV

\/

ad ANasUY

a0

1 auiilefndaulouarmin

1%

2 auNleRn lddutloualantin

[y

Y
Al aaa I Y 1 o
guiilefnilaruleuarminsuiudyny o

ALAUIIIA34

auitlefnbifldudeudramthsiuiudayaiu

W

<2 2 |2
2
<

<2 2 |2

ANLIAUIINAID3

NANTN 3.1 dansquivlennawlane 4 wuu dmsussuumuausEAuTeLmadtuds

AanaIuAlunaUn 3.1 Beldun

aaa

- Loop 1 fin guitlesnilasudauaiami

- Loop 2 fin guitlednladfldrudaudrai

- Loop 3 fia guiileaniidrudauaimthsiuivdyayinsiumiindiass

o o

- Loop 4 fig guiilednliiidamteuarmihiiuiudyg gt

g nTunsduskUIAANITIRNALUA AN UL BLA AR IUANLNA VDT UL D TUI D
LaAkaLaslauN13TRas1InIIAluNITaRIuEAURANT B AL N IALTNNT ] ANAIY
a A = a v A o o Qll
AANTRIIavaA 4 ULUY F9518a88n3UbUUANUARA 8 NI ILEUBLAAIRIN1S19N 3.2
wazdinsihguwuunulaendeminausluldiuguiiloniaulans 4 wuy sl

- Pattern 1 uanesiaguin 3.3 Fai1lUldfiu Loop 1 wag Loop 2

- Pattern 2 wandsiagui 3.4 BalUldiv Loop 1 uag Loop 2

- Pattern 3 LLamﬁ’agUﬁ 3.5 Failuldu Loop 3 uaw Loop 4

'
P

- Pattern 4 uansdasufi 3.6 FailUldiu Loop 3 uae Loop 4

Y

= o a = N v I
f19199N 3.2 ﬂ'lﬁfﬂ’]LUUﬂ’]’iWQﬂ@aﬂLLUULWE]LW&J@'J']SJU&@G]JWEJVN a4 EULL‘UU

sduuy | msadunnsaatusaukangas N13AEUNITHAUANURANTDY

v v

1 a. Yaaulvialasnsendaliatanin | b. Yeaulmluadivuigvesudan PID
(Preset Safe Value) Hudgain MV | 1w ‘MAN” il ensranuanuauvan

WIBATIINUAINNANLAD PV PV1
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A5797 3.2 (719)
suuuy | msadunnsantusauikangas N3ANEUNITHAUANURANTDS
2 a. Tsduliadaonfefigaliarami | b, Ssduliluatmneyesuden PID
Wudwaia Mv i easianuainu | @y ‘MAN i easranuauduman
Aulvad PV1 PV1
c. Geaulnlumdnunegvesuden ML
Wy MAN W ensranuauduvan
PV1
3 a. Vsdulvadaonfondaldarmi | b, Ssduliluatmneyesuden PID
Wudara My dfleasaanuaiy | Wy MAN Wensianuauduman
AuLal PV1 PV1
d. Yeduliluadnungvasudan PID
Hu MAN ansranuauduman
PV3
4 | a Yeruldeavasnseiinsliasomth | b Jeduldluadanansvesuden PID

WDudyeyrns MV 1 ons29WUAIY

auwian PV1

W “MAN’ 11 9RSINUAIUAULTAD
PV1

c. Terulmluad1muisvesuaan ML
Wy MAN 1T 9MS2ANUANUAULYAD

PV1

d. Fesulmluad vungvesuaen PID
WU “MAN LI 9/S2ANUAIILAULYAT
PV3

e. Yerulrluadnuisvesudan ML
Wy ‘MAN’ LI 9AS2ANUAIILA LAY
PV3

i SQr .. -

i
b. Set Target to ‘MAN’
|

i
i Failure h 4

v ; " Nl PID
PV1 Indicator
P

v BIN

i
ouT :
Y
ML

[ Pv1 ][ Pv2Indicator |
A

PV2
(with feedforward)

a. Initiate ‘Fault-State”

JUT 3.3 wnAnlun1susulsaudaende Pattern 1



b. Set Target to ‘MAN’
i Failure A4 I

I
7 B - ™| PID |
V
| PV1 || PV2 Iudlcaton | |

/
(w1th feedforward) Inmate Fault-State’

c. Set Target to “MAN"

UM 3.4 wnfAnlumsusuunaudasnde Pattern 2

23

| SQ1 - b.! Set Target to ‘MAN’ I SQ1 - d. JSet Target to ‘MAN’
: Failure ¥V, : 1_362_‘ | > Y v | SQ2
g S
PV1 Indicator '_: PID 1557 i : A [ Pv1 Indicator | i PID 557 i ! Failure
L BIN v PV3 Indicator f i BIN I\ZL Y | pv3 Indicator
[ PV1 | [PV2indicator | with DV alarm [ Pvi ][ PV2indicator | LML it DV alarm
x x x
LM | [ Pws | Lmv | [Pvs]
(with feedforward) a. Initiate ‘Fault-State’ (with feedforward)
~ % = %
(7) Wa PV1 auan () e PV3 auLvian

5U# 3.5 wwfAntunisusuugiauUaonne Pattem 3

I SQ1 - b. Set Target to ‘MAN’ | SQ1 AL d.! Set Target to ‘MAN’
| 5  F TP N s 1 Oh oW .Y T o9 T R —
- v v !
i Failure - sz i s L1 Q2
PVI Indicator ¥ PV1 Indicator NS | Failure
i BIN PV3 Indicator T i BIN ML PV3 Indicator
[Pvi ]] PV2Ind|cat0r | with DV alarm [ pvi ][ Pv2indicator | i with DV alarm
A A
Z' [Pva ] [(Pz] /] [7va ]
(W|th feedforvvard) a. Initiate Fault State’ (with feedforward) e. Set Target to ‘MAN’
c. Set Target to ‘MAN’
A Y =~ v
(A) 1o PV1 auwmian (V) vl® PV3 auman

5UN 3.6 wnfntunsusuUssanuUasnde Pattern 4

v

MNJUA 3.3 - 3.6 dmSUUGenuansA1 PVL (PV1 Indicator) uavUdonuansdi PV2

(PV2 Indicator) yiwtialiun1sUssuIanadunmazd e 104 UNENTITUANNALLIAT

YoINIIuaT s LIT wag FIT AUaiau @ msuvaanuandal PV3 nsaun15nsiaday

dyaradfauaudeauu (PV3 Indicator with DV alarm) vinndaiaiiunisussuiana

dunakazansadsdyIaLIRRaULianTIREaUANULTEAUUYDIAT PV3 Waliiguiuen

MV LBLAAIENIUEANANLAIUDY LCV dmSuuaan ML yYiutideaniiuivesen MV lag

fluattuneda ‘CAS’ (Cascade Mode) agldan MV #ildannnsuszaianaannudan PID

wazgdluadmanede ‘MAN’ agldan MV Tuvden ML fifuuadieauesaIn{uiuRau

dmduudon SQ1 war SQ2 MmN sauiunshuuanu (Sequential Operations) Liield

dmSunsaiunisanIugANURANTBIRAXNTANANNEANT B IaglilalinAuaImMAI
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Pv1 19uden SQ1 Tunisandunisuaziiaifinainudumanii PV3 aglduden sQ2 Tu
AseLdun1g Faduda-Usy (Dash-Dotted) wansienisideusataiioussninaudondnsu
uden SQ1 uay SQ2 usnanidmiunsandunisnsaiileinnudumandt Pv2 axlden
anvngves PV2 Aiflaniug ‘Good” lumsdsanlulszananaiivdeniilefarlidemalunis

Wasuluaudenla 9

3.4 N1399NLUULKURIAUANTIINISALTHUNSINBLNAMNUaBANBIIiEUD

3.4.1 NSAEUNISHBINNANIUUaNNY Pattern 1

153, Function Block Dethil Bullder ~(rjse.. | = | B [ &
€] File Edit View Tools Window Help | &

EEEEEEE )|

Edit Window lZdlt Seguence Tzkles.

Proceasing  Timing 1TC 'i ;J 0~0 0|3
T

No.l Taqg/ name.Data J Data |1 12 E
€04 |LIT-AI1.ALRM IOB [@. N
€02 |LIT-AI1.ALRM I0FP . ¥ N Z
ﬂlLCV—MO—IFS.PV H Tz YN
il 17 | o] >

oo e
NEXT I"“"“""""“""’ P 1

- ——

Ll

Ready

SUil 3.7 fletudmiuuden SQ1-L1P1 uay SQ1-L2P1

dnsunisdiuuaAanisiuanulaende Pattern 1 77U Loop 1 uay Loop 2
dmsuinerdnusdlalditaiduugensin ST16 Wodnadantssiidumsiuwinaiisosnis
warld@adeudonuiin SQ1-L1PL dmSy Loop 1 #A1 Pattern 1 way SQ1-L2P1 d1msu
Loop 2 1l Pattern 1 Fsmeluvdenuin SQ1-L1P1 Lay SQ1-L2P1 grasisiladdulifagu
3.7 Fadunsduiunisvesde a. Fault-State famnsefl 3.2 wasiiseandenilaidudanisng
7 3.3 1A4un

fupoudl 1 Usenouludae 2 ng fio

- ngdefl 1 &1 LIT-AILALRM Saniusdu “I0P- aslaldeny LOV-MO-IFS PV anniu

TUdumend 2
- ngfefl 2 &1 LIT-AILALRM Sanuzifiu 10P” audalfeu LOV-MO-IFS.PV niiu
TUdumend 2

Tupaud 2 Usenoulume 1 ng fie
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- ngdleft 3 &1 LIT-AILALRM laiflanugfiu 10P- w3 ‘10P” aslansléfany

LCV-MO-IFS.PV a1ntiuludumeoud 1

A1519% 3.3 TwazidenfleidudmSuuden SQ1-L1P1 uay SQ1-L2P1

vdenuiin | ausau | ng | Rewlvvasuden | msanfiunisves | nsanliuns

Bune ELOILREINTY Tuansnedi 3.2
SQ1-L1P1, 1 1 a1 LIT-AI1.ALRM LCV-MO-IFS.PV an | a. Fault-State
SQ1-L2P1 faouzdu 0r- | Weldau niiuly

2| &1 LIT-AITALRM | fiduneoud 2

Hanugdu 1op’

2 3| 81 LIT-AI1.ALRM LCV-MO-IFS.PV an
Taifanusidu Uanstgauannuu

4OP-" waz “10P” | U fiduneudt 1

3.4.1.1 wNurepdUANdMSU L1P1

SQ1-L1PL LAT~ATY

LTIC=0P | Anm
QU

Lo
w
=
=

=
2
&

$T16 PUT FIT-AT2 | py BN < p1p MLD=SW

WA RN |

JUN 3.8 UHusImIuANdwIU L1P1

Y

\io Loop 1 14 Pattern 1 #3efl3on31 L1P1 finsilisunsudenuayas el unnuds

[

AUANAIgUT 3.8 Tng %%PV1 Junemasadvsiunisifennedunnainnsiuadanes LIT

Y

1 [ 1

wazidousatumesiuea IN vasudonudin LIT-AIL ilouania uazaniuzves LIT uwas LIT-AlL
Fousoan PV Insn1unianesduoa IN 999 LIC-OP 1t 919 LIC-OP @1u15a61tdunis
Uszananawiousus MV wasideusiann MV daumianesiuea OUT Wdunesiiuea SET ves
UBenuiin  LCV-MO T LCV-MO Tdifieidenuvasfiunves MV uwaza MV filsidenunasdisn
fugnawiiumanesiuea OUT lussuaninsa %%MV uarluvasiieriudiutoudrmig
%%PV2 \unoainsadmiunisid eudedunnainnituaiiames FIT uazldidousefy
wesiuea IN ve USenuiin FIT-AI2 Wiauania1LasanIuzves FIT waz FIT-AI2 Weusan

PV Tngsnumiamnesiiuea BIN ¥ LIC-OP wiels LIC-OP thafilaluuszananadl MV dwsy
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nsIALEdaIMITUNIU (Disturbance) tagdmsunisafiunisaiulaensdy Pattern 1 1ald

vaanunin SQ1-L1P1 TunisaiiiunisaniuzanuRansouioifnanuduvalisusos PV1

3.4.1.2 unudspruANdmSu L2P1

SQLl-L2P1 LIT-AT1 PV N LIC-0P OUT SET LCV-MO

ST16 PVI PID MLD-SW

| %5 Py | | %MV |

5UN 3.9 unuilsmuaudmiu L2P1

\ia Loop 2 Al Pattern 1 vSai38n31 L2P1 dnsideureudeniazasaduinums

[

AIUANAIFUT 3.9 lag %%PV1 Wuenmsadmsunisideusadunnainnsuainees LIT

Y

I W 4

LazidousefUmesiuea IN vasudenudin LIT-AI iilouansaiuaza@niusvos LIT was LIT-All
Founea PV Ineniuniavesduoa INves LICOP 1 el LICOP aunsasiidunis
Ussananauiioususn MV wagidessionn MV inumamesiuea OUT WWsunesiiuea SET ves
UBoNUAn - LCV-MO Tae LOV-MO Téifieidenuasdiunvos MV uazm MV flddenunasdian
tugndsinumamesiivea OUT luSsueninsa %%MY uagdnniunisduiuniseulasndte
Pattern 1 lgldudenuiin sQ1-L2P1 lunisadiumsaniusauiansoddlofnauduman

WuLas PV1

3.4.2 asandunisiiainualuUasnne Pattern 2

121 Function Block Detail Builder - [Pjtp.. | = Bl 8 |}

» File Edit View Tools Window Help ‘-“F'x
| ol | Sl (3 b e B | 1|

Edit Window |zdic sequence Tables.

|1...

Processing Timing |[IC T J 000 S
T

No. | Tag nam.a.Datal Data (112 E
c01 |LIT-AT1.ATEM IOP- Y N -
c02 |LIT-AT1.ATLEM IOP - YN -
201 |LCV-MO.MODE MREN ¥y . ﬁ‘
202 |LCV-MO-IFS.PV |H ¥YYN _
« | ]« f
ooo !

H

NEXT 221

E

L

5

Ready 01

sUT 3.10 fladdudmiuuden SQI-L1P2 uag SQ1-L2P2
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dmfunistuuifnnisiiuainudaensde Patter 2 47U Loop 1 wag Loop 2
dmsuineimsilalifaituudensiia ST16 Wednadrmsiniumsfuuaaiidosnsle
wazledougenuiin SQ1-L1P2 113U Loop 1 Al Pattern 2 uaz SQ1-L2P2 d1wu Loop
2 714 Pattern 2 Gsaneluvdenuiin SQ1-L1P2 warSQ1-L2P2 gnafisileddulifsguil 3.10
Fadun1seindunisvesdeo a. Fault-State was c. Fault-Recovery #3m1571991 3.2 wasd
seaniunileiduiened 3.4 16un
fumeul 1 Uszneuludie 2 ng fe
- ndief 1 &1 LIT-AILALRM fiaamugifu 10P- axtiadulunves LCV-MO.MODE ifu
Tun ‘MAN’ wazinldian LOV-MO-IFS.PV 91niiulsunenud 2

- ngdleft 2 &1 LIT-AILALRM fanugiiu 10’ asdaduluaves LCV-MO.MODE u
Tum ‘MAN ez aldians LOV-MOHFS.PY aaniulutuneuit 2

Fumeul 2 Ussneulume 1 ng Ao

- ngieft 3 &1 LIT-AILALRM Liflanugdu 10P-" w3e [1I0P” asUamsldany

LCV-MO-IFS.PV. 91nsulutumeond 1

AM5199 3.4 Swazidenileidudmsuugen SO1-L1P2 uay SQ1-L2P2

vdenuiin | Tunau | ng | Heulvwasufien | nisdufiunisves | mswudums
Bunm vienadnn | Tuanseil 3.2
SQ1-L1P2, 1 1 | 97 LIT-AIL.ALRM LCV-MO.MODE gn | a. Fault-State
SQ1-L2P2 fan ey 10oP-7 | JeAulmdu Tun c. Fault-
2 | 1 LIT-AILALRM | ‘MAN’ wae Recovery
flanuzilu ‘I0P” | LCV-MO-IFS.PV gn
Welden anduly
Fidunend 2
2 3 | 61 LIT-AIL.ALRM LCV-MO-IFS.PV gn
laiflaugidu Yamsldamaniiy
‘lOP-" waz “IOP’ | luiidumeud 1

3.4.2.1 WHURIAIUANFMTU L1P2
\io Loop 1 714 Pattern 2 W3oi3enan L1P2 finsideusoudonuay
afradusnuianuauasgui 3.1 Ing %%PV1 ukeatnsadnsunisidouneadunnain

Nsualnmes LIT wasitausatuimasiiuea IN vasudonuwin LIT-AI1 WiokandAbasanius
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2049 LIT uag LIT-AIL 1§ ausedn PV Iagsunianedfiuea IN ves LIC-OP it alsf LIC-OP
ansasdunisuszananaiiioUsuan MV uasidewsiant MV kuniamnesiivea oUT Tuss
wesfiuea SET vesudonufin  LCV-MO Tng LCV-MO lifieidonuvasiinnves MV uagan MV
flddonundsiiundugndeiumamesiiuea OUT luSaninsa %%MV warlurniieari
dw  deudvihil %%pPv2 iuneninsadmiunsdessedunmannnsuainmes FIT way
Feusetumesiuea INves  ulenudin FIT-AI2 iilowanAuazaniuzaes FIT uag FIT-AI2
Feudarn PV Tnesumamesiivea BIN va9 LIC-OP wislsf LIC-OP wAfilaluuszananas
MV dnsunisuawe dggiasuniutazdinsunisandunisanulasadiy Pattern 2 lald
uienuiin SQ1-L1P2 lumssniunisaniuganufiansosuaznisfauauiansosieiin

ANMUAUMANTULDS PV1

SQ1-11P2 TIT=AT1 ﬂ,\, LIC-OP | qur  amT | LCV=MO

5UN 3.11 unuiapIuaudmsy L1P2

3.4.2.2 WHURIAIUANFINTU L2P2

o Loop 2 #ild Pattern 2 w3ofigunda L2P2 finsileuseudenuar
a%’mﬂmmuﬁamuqmﬁqgﬂﬁ 3.12 1ng %%PV1 LﬁuLLamLmaﬁ’m%’umil,%miaé‘uwmm
s uadinees UT uazidousofuwesiuea IN vesudenwiin LIT-AIL lilelaniauazanius
999 LIT was LIT-AL 13 ausoaa PV Ingr1uniamesduea IN 989 LIC-OP wii ol# LIC-OP
annsasiunisUssuianaiiausuan MV uazideusonn MV diuniamesiiuea OUT lUSs
wesiiuea SET vasudonuiin  LCV-MO Tag LCV-MO lifledenumasiinnves MV uwasm MV
flfidonunasiiuniugndsiunismesdfiuea OUT luSauennsa %%MY uazdmiuns
siunisanulasnsie Pattern 1 laldudanwiin SQ1-L2P2 Tunsaiunisanugaing

AANTRILAZNNSAAUANRANTBUlBAANNALWIAITULES PV1

S01-L2P2 LIT-RI1| py N | LIC-0F | gyt spr | LEV-MO

ST16 PVI PID

sUN
U

3.12 UNURIAUANEINTY L2P2
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3.4.3 nsaEuUNISNaIiuAUUasnNe Pattern 3

dusunmsiinuiAanIsiiuANUasnie Pattern 3 Al9AU Loop 3 way

Loop 4 dwsuingrdnusilaldilesiduvdensiia ST16 Weadnasian1sandun1saauuifndg

fo9n15le Falasedoudanuin SQ1-L3P3 way SQ1-L4AP3 dwmsunisatdunisulawsuiaes
PV1 IAnAuaNiadkaslafaiaudanuiin SQ2-L3P3 wazSQ2-L4P3 @nsun1saiunis

\laueAYLeLnas PV3 LAnANENWAT

121, Function Block Detail Builder - [PjtP.. | = | & | &
|E] File Edit View Tools- Window Help |_|&

] 2] 4| e[ @1 ] S|

Edit Window |Edic Sequence Tables.

der. . .

Processing \Timing / JTC ~ _J ot o 3
e

Nao. Tag name.Data J Dasa [T1 2 E

COL | LIT-AI1.ALRM ICE-

R
IC

C02, |LIT-AT1.ATL.RM pe) =

e
=
4

A0} |LCV-MC-IFS.EV H

Na* o 9|

NEXT]__—___—

T
v
. @

M o
[ B
oo

Ready | 01

\lm[—'H"Hmv—l

sUTt 3.13 fleiudmiuuden SQ1-L3P3 uag SQ1-.4P3

nneluvdenuiin SQ1-13P3 uaz SQ1-L4P3 gnafrsiaddulidaguil 3.13 audy
nM3AiuNI5Y8478 a. Fault-State #9n713197 3.2 wariisivazidoailendudnisei 3.3
oA
funoudl 1 Uszneulumae 2 ng fe
- ngdeit 1 &1 LIT-AILALRM Saniusdu 10P- asdaldon LOV-MO-IFS PV anniiu
utumeui 2
- ngfeit 2 &1 LIT-AILALRM Saniuzdu ‘I0P” 9 daldau LOV-MO-IFS.PV a1ntily
funoudi 2
fupoud 2 Usznoulude 1 ng fio
- ndief 3 &1 LIT-AILALRM lsiffantuzidu “I0P- w3e I0P’ azUannsldau
LCV-MO-IFS.PV antiuilutumend 1
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=|E B Sl ¢ [5=(@-] o

Edit Window

Izdit: Sequence Tables.

Processing Timing ITE 'l J

Data

No.l Tag name.Data

c0l |[LCV-ATI3.ATRM oV +
Cc02 |LCV-AT3.ATRM oV -
201 |LIC-COP.MODE MAN

| | |

wexr [

sUT 3.14 flafdudmiuuden SQ2-L3P3 Uag SQ2-L4P3

'
=

meluldldudenudin SQ2-13P3 uay SQ2-LAP3 gnassiladdulisaguil 3.14 Faduns

Y

ANluA1399999 d. Fault-Recovery #9517 3.2 WazdisoazldgailangunIn15199 3.5

TouA

- ngdleft 1 &1 LOV-AIZALRM Slamugiiu ‘Dv+ awtiadulunwes LIC-OP.MODE (Ju
lua MAN’
- ndlaft 2 61 LCV-AIBALRM faniugiu ‘Dv- avdedulainves LIC-OP.MODE

Tu@‘MAN’

AN57499 3.5 Sazidnilaidudmsuusen SQ1-L3P3, SQ1-L4P3, SQ2-L3P3
way SQ2-L4P3

vanuiin | Jumeu | ng | Reulvvesuden | msdudunisves | msdudums
Buwnn vioniedine | Tumseil 3.2
SQ1-L3P3, | 1 1| 67 LIT-AILALRM & | LCV-MO.MODE §n | a. Fault-State
SQ1-Lap3 anmusdu 0P | TeAulndu lun
2 |07 LIT-AILALRM 31 | ‘MAN’ way
anuziu ‘I0P” | LCV-MO-IFS.PV gn
Deldem anduly
fitunoud 2
2 3 | 91 LIT-AIL.ALRM LCV-MO-IFS.PV gn
Laifiouzdu Ynnsldemaniiu
“IOP-" uay “IOP” | Tuittumend 1




A1519% 3.5 (519)

31

vdanufin | dumeu | ng | Reulvvesuden | msdufumsves | msdudiums
Bunn ufioniediwa | Tumansedl 3.2
SQ2-L3P3, 1 | 81 LCV-AI3ALRM | LIC-OP.MODE an d. Fault-
SQ2-L4P3 Taouzdu Dv+ | Teaulmdu Tum Recovery
2 | 61 LCV-AIBALRM | ‘MAN’
flanuzdu DV~

3.4.3.1 UWHURIAIUANFINTU L3P3

JUN 3.15 unuranIuANdms L3P3

=1

\ile Loop 3 7ild Pattern 3 wSei3un31 L3P3 dn1sileunaudentazastaduinums

[

AIUANAIFUT 3.15 Tng %%PV1 Iukenawmsadmsunisilisusnedunnainnsiuadamnes LIT

Y

| =y 3

wavidousefumesiuea IN vesudenudin LIT-AIL touandaiuazanugvos LIT uway LIT-AlL
Fousor PV InonIuni1sesiuea IN v09 LIC-OP w0l LIC-OP @unsasidunis
UszananaiiloUsusn MV Lagiieusann MV dumamesivea OUT lusunesiiuea SET ves
Ulonuiin  LCV-MO Tae LOV-MO Tdifieidenuvdsdinnues MV waza MV filaidenunasdian
fugnassumamesiiues OUT ludauannsa %%MY wazlurugiioatududeoudimiig
%%P\V/2 LﬂuLLaﬂLmaém%’umﬂ%awia@uwmmﬂmmaﬁmwm% FIT wazideusetuwmesiivea
IN 9suSenuiin FIT-AI2 Wileuansriazaniuzyes FIT uaz FIT-AI2 Weousar PV Ingnumig
WMosiuoa BIN 989 LIC-OP il LIC-OP 1A laludszaianant MV dusunisvae

'
[ Y]

Feyeusuniuduesuazludiuues %%PV3 Lﬂuu,amLmaa"m%’uL%'amiaﬁuwmﬁ'a%’um
FUMLNE2939999 LOV Fadousotumesiuea IN vasudanudin LOV-AI3 WisuansAuas
an1uza LCV (PV3) wazdsfimsideusawmesiiuea SUB 989 LOV-MO dwimiididsan mv U
Fanesiivea SV ietha1 MV idseenlulssuiiisuatmunus LOV a5sdmsunmsusaiiou

‘DV+’ wag ‘DV-’ wazdmsunisaniiunisaiulasnss Pattern 3 laldudanuiin SQ1-L3P3
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Tun19A i UNITANIUEAMURANST DL BLARANNA LA ULLDS PV1 wazlaldudanuiin

SQ2-L3P3 TumsAniiunisfAunnuranseiloinnnudumaiveswanyiaines PV3

3.4.3.2 UWNURIAIUANFIMTU L4P3

SQ1-L4P3 LIT-AIl PV v | LIC-0P | gyt sgr | LEV-MO [ gyp gy |LCV-AI3 SQ2-L4P3

ST16 PVI PID MLD-SW PVI-DV ST16

UM 3.16 unuispIuRudmTU LAP3

dlo Loop 4 #ild Pattern 3 wSefiisunin L3P3 Ansideudeudonuazadraduunur
muANFIIUR 3.16 Tag %9%PV1 (HulennsadmsumMsdoudedunnannsuadanes LIT
wazidonsatumesiuea IN vaaudenudin LIT-AI tilouaniaiuazdniuzves LIT uay LIT-AIL
Fousonn PV Inon uniewmesduea IN vas LIC-OP i al# LIC-OP @a1usasidunis
Uszananaliiousua MV wasidession MV drunisnesiuea OUT Wdunesiivea SET ves
Uienuitn LCV-MO Tag LOV-MO Miflerdenumasiisnves MV waza1 MV Fildidonunasiian

] 1 1

tugnamiuniunesivea OUT ludswennsa %%MV uagludiuues %%PV3 Luuannsa
o [y A [, = A o I ) I 3 a =3 dl' 1 (Y] &a <

dmsuLtaNsBuUNAN oS UAAIUNUE118795989 LCV Fudausienuimasiiuea IN vasuden
wiin LCV-AI3 wisuanamhazaniuzyad LV (PV3) wazdelinisidoudamasiiuea SUB 189
LCV-MO F9vianiafidern MV lUganasiuea SV viiau1a1 MV AidsaanluidSsuriiauan
AWMU LCV ASIEINSU  AITHABADY ‘DV+’ hay ‘DV-’ WagaIusuni1sA1duni1sAIny
Uanasy Pattern 3 Ialdudenudin SQ1-L4P3 Tunisaidiunisaniuzmnuiansaailoinan
auwmanguees PV1 uwaglald vdenuiin SQ2-LaP3 Tunisddunisifuanuiianseuiieia

mméﬁmawammwama% PV3

3.4.4 A1SANRUNSINBINLAIUUADANE Pattern 4

d1n5Un1sUILUIAANISIuANUaeAAY Pattern 4 LYY Loop 3 way

a a s

Loop 4 dmsuingrdnusilaldfsiduvdenuiia ST16 Wisdnas1an1saniunissauulfnd
foan15le Faladatnudanuiin SQ1-L3P4 way SQ1-L4P4 dmsunisatidunisulowulsos
PV1 1AnAuaLaIkazlafaioudanuiin SQ2-L3P4 wag SQ2-L4P4 dusunisadunis

d' s a v
L@J@LL@QW\]L@LW@? PV3 LnaA31Ua1LAa7
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I, Function Block Detail Builder - [PjtP.. | = | @ | %8 |
B File Edit View Tools Window Help |- [

| e[| e| B[] 4 |0(@-| o] =]

Zdit Window IEdil: Sequence Tables.

s o

Processing Timing ITC j J

No. I Tag name.Data I Data

[ =}
[l =}

c01 |[LIT-2I1.ALRM ICE-

Ll f[mmom|

-
== N R =]

c02 |[LIT-2I1.2LRM IoP

W[

Ea
- | =
B

201 |LCV-MO-IF3.PV H

< | o

LI}
LR =}
(= |

R

Ready | [

sUdi 3.17 fleiudmiuuden SQ1-L3P4 Uay SQ1-L4P4

angluvdenudin SQ1-L3P4 uasSQ1-L4Pa gadrafladdulieguit 3.17 Fadunns
Anfiun1590398 a. Fault-State wae c. Fault-Recovery #am1519l 3.2 wazifisneasifen
flarfdusannsed 3.6 Toun
fumeuil 1 Usgneuludae 2 ng e
- ngdiefl 161 LIT-AILALRM flanwisiiu JOP- agdsduluaves LCV-MO.MODE 1y
Tum ‘MAN waziTaldann LCV-MO-FS.PV aantuldunouit 2
- ntiefl 2 f1 LIT-AILALRM Slantugidu 10P” azdaduTuaves LCV-MO.MODE tu
Tun ‘MAN wasidaldanu LOV-MOHFS PV 91niuluduneuit 2
fumeuil 2 Usgneulusae 1 ng e
- nnded 3 i LIT-AITALRM laifiaauzidu ‘10P- w3e ‘I0P’ aglanslday
LCV-MOAIFS.PV arniuludumoudi 1

| 2|8 SIE] L [ei@le] o 5|

Edit Window |Edit Sequence Tables.

Processing Timing TE '] _‘

No. I Tag name.Data | Data

Cc01 |[LCV-AT3.ALRM DvV+
Cc02 |[LCV-AI3.ALRM ov-

LIC-CF.MCDE MREN

JUT 3.18 flaidudmSuuden SQ2-L3P4 uag SQ2-L4P4
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aeluldldudonudin SQ2-L3P4 uay SQ2-LaPa gnassilsdtulinsgui 3.18 Fady
A1 T UN15V89% 8 d. Fault-Recovery uae e. Fault-Recover A9m15197 3.2 wawil
Measdunilaidufinisd 3.6 loun
- ngdeft 1 &1 LCV-AIZALRM flaniugifiu ‘Dv+ atiadulunues LCV-MO.MODE
uay LIC-OP.MODE Julun MAN’
- nndeil 2 & LOV-AI3ALRM Sanmzidu ‘Dv- agdsdulunves LCV-MO.MODE uag
LIC-OP.MODE +Julun‘MAN’

A15197 3.6 S1wazIBRlaTudmSUUEen SOQ1-L3P4, SQ1-LAP4, SO2-L3P4
Way SQ2-L4P4

uianudin | Jumeu | ng | Woulvvesuden | mrsdudumsves | nsdudunis
UM vdenwiwn | Tumisneil 3.2
SQ1-L3P4, | 1 1| 91 LIT-AILALRM & | LCV-MO.MODE gn | a. Fault-State
SQ1-LapP4 aonusilu 0P | JeAuliu Tua | c. Fault-
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L1P2, PV1-IOP- | LCV-MO-IFS.PV 184 High | LCV-MO.MODE kag LIC-OP.MODE
L2P2 W MAN?

PVI-NR | LCV-MO-IFS.PV 10U Low | LCV-MO.MODE Wag LIC-OP.MODE

Fapadulun ‘MAN’

PV1-IOP | LCV-MO-IFS.PV i¥u High | LCV-MO.MODE way LIC-OP.MODE
1 MAN?

PVI-NR | LCV-MO-IFS.PV 10U Low | LCV-MO.MODE Wag LIC-OP.MODE

Fapadulua ‘MAN’
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WHUAY | woulun nsadunisanug N3ANEUNITHAUANNRANTDY

guAduAY | Aviun AURANTDY

L3P3, PV1-IOP- | LCV-MO-IFS.PV 1Ju High | LIC-OP.MODE Wy ‘MAN?

L4P3 PVI-NR | LCV-MO-IFS.PV 1lu Low | LIC-OP.MODE apnadulum ‘MAN’

PV1-IOP | LCV-MO-IFS.PV i¥u High | LIC-OP.MODE Ju ‘MAN’

PVI-NR | LCV-MO-IFS.PV 1 Low | LIC-OP.MODE &spailulum ‘MAN’

PV3-DV- - LIC-OP.MODE Ju ‘MAN’
PV3-NR - LIC-OP.MODE fspaidulum ‘MAN’
PV3-DV+ c LIC-OP.MODE Ju ‘MAN’
PV3-NR - LIC-OP.MODE fspaidulun ‘MAN’

L3P4, PV1-IOP- | LCV-MO-IFS.PV ¥u High | LCV-MO.MODE k& LIC-OP.MODE
LaP4 1 “MAN’

PVI-NR | LCV-MO-IFS.PV 181 Low | LCV-MO.MODE Wag LIC-OP.MODE

fapadulun “MAN’

PVI-IOP | LCV-MO-IFS.PV i1 High | LCV-MO.MODE Wwag LIC-OP.MODE
1 “MAN’

PVI-NR | LCV-MO-IFS.PV 181 Low | LCV-MO.MODE ag LIC-OP.MODE

Famadulun ‘MAN?

PV3-DV- - LCV-MO.MODE wa¥y LIC-OP.MODE
1 MAN?
PV3-NR - LCV-MO.MODE wag LIC-OP.MODE

fanadulun ‘MAN’

PV3-DV+ - LCV-MO.MODE wag LIC-OP.MODE
1 MAN?
PV3-NR - LCV-MO.MODE wag LIC-OP.MODE

Fapadulun ‘MAN’

HAYBINITNAFBUBKURIAIUANLUY L1P1 Uay L2P1 dAdnuadigndeiumauaeiia
AUALANIULDS PVL Msaliun1saniuganuiiansesda LCV-MO-IFS.PV 18u High &3
wu18d Initiate Fault-State gnldidu MV iiledsuennomasiyduiunisuasndeiild

Amuald wazdnisandunisiauanuransesfeveAullunves LIC-OP.MODE Wulue
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‘MAN’ wagnevdsfienudumaneumes PV1 grudlunisindunisaniuzanuiiansesie
LCV-MO-FS.PV 10U Low manefisvieanasld Initiate Fault-State wazn1sadunisgainy
Aansospalunves LIC-OP.MODE damadulun ‘MAN’

NAYDINSYIAADULNUIIAIUANLUY L1P2 uag L2P2 finuadiondsiufevmsiitin
aduateues PV1 msdilunisaanuganufiangesiie LOV-MO-FS.PV 18u High &4
a9 Initiate Fault-State gnlfidu MV iilodanenyiameslusuutsaondodls
Anuald wazdnisaliunisdAuauiianiesfededulilun ve9 LCV-MO.MODE wag
LIC-OP.MODE 1ulsin ‘MAN’ waznevdaiimiudumaisuess PV1 gnudlunsduidunis
A01ULAURANTBIAD LCV-MO-IFS.PV 1T Low nuiafisnaanisld Initiate Fault-State
wagn1sAun1siaN Aansesfielunves LCV-MO.MODE gy LIC-OP.MODE §inudulun
‘MAN’

NAYEINSVAADUUNUIIAIUANIUY L3P3 LAy LAP3 finnundiendeiufevmsiiin
AMUAUMIALIUITDS PVL nsaiiunisaniugauiansesie LOV-MO-IFS.PV 1u Hish &4
16T Initiate Fault-State gnldidu MV ifledananyioinesludsiunisiasn foills
Avuald wazdinnsandunisifvanuiansasfedidulnlunves LIC-OP.MODE tJulun
‘MAN’ wagnevdsfinnudiwaitesues PV1 grudlunisdudunisaniuganuiiansesie
LCV-MO-IFS.PV 10w Low nanefianannasld Initiate Fault-State wazn1saniiunisgainy
Annses luaues LIC-OP.MODE gapsidulan ‘MAN’ uazvaziiiinnudumaiuenyieines
PV3 fimsdndunisjAumiuiansesie Tedullunues LICOPMODE Hulua ‘MAN® 1o
PV3 naunnfiaauzidu NR msdniiunisfaruiinnsesfelunves LICOP.MODE denaiy
Tua ‘MAN?

NAYDINSNAABULNUIIAIUANLUY L3P4 tag LaPd finuadioadeiufevuziiiia
ALANVAaNTIEeS PV Asdudunisanuganufinnsesis LOV-MO-FS.PY «Ju High 3
w1 Initiate Fault-State gnldidu MV iftedaeayiotnesludeiunisUasnfoitls
mvuald wazdinisellunisgauaiuianissrededulilunves LCV-MO.MODE waz
LIC-OP.MODE Julsn ‘MAN’ wagnemdsiiaudumadeuses PV1 gudlunisdniunis
A0ULAUAANTBIAD LCV-MO-IFS.PV LU Low nean1sld Initiate Fault-State waznis
Afiunsfauiansesfelunves LCV-MO.MODE wag LIC-OP.MODE §inadulun ‘MAN’
LazvsfiAanudumaILeayewmes PV3 fimsdudunisffuanuiansesdeteduls
Tunvas LCV-MO.MODE wag LIC-OP.MODE tlulun ‘MAN’ e PV3 nduyniianusidu NR
n15a1fliun1siAuRanses luares LCV-MO.MODE kag LIC-OP.MODE fenudulun
‘MAN’



93

¥ L4 =) = ] U a L3 U
PMNVNAUANTOLTBULABS LA ﬂ’]ﬁVI’N’THLﬂ’WiiﬂEJLLaB‘ﬂQ*'Q‘U‘u‘U’e]\‘iLVW’]I'HI@FJWTJHL@%‘U

& o o

NanUad

gnuAludmsu PVL wag PV3 fann3199 5.2 wagas1ei 5.3 muaau

115U ‘LIC-OP’ wag ‘LCV-MO’ TunstliinaAuauiaibasN18naanaINualiian

M19199 5.2 luansvhadmsnsuastagtuues ‘LICOP’ wag ‘LCV-MO’ Tunsaifiiin

ANUAUYET PV Uagmenasianuauma PVL gnualy

WHURS vauziiinAuduman PV1 Aevidsiinnudumadisuives PV1
GUGIATGH] anudly
Taunvas REETRN lupvas Tanvag
LIC-OP (PID) LCV-MO (ML) LIC-OP (PID) LCV-MO (ML)
Wwiane | Uagtu | Whvane | dagtu | Wviune | Yagdu | iwune | Jagldu

L1P1 MAN IMAN CAS TRK MAN MAN CAS CAS
L2P1 MAN IMAN CAS TRK MAN MAN CAS CAS
L1P2 MAN IMAN MAN TRK MAN IMAN MAN MAN
L2P2 MAN IMAN MAN TRK MAN IMAN MAN MAN
L3P3 MAN IMAN CAS TRK MAN MAN CAS CAS
LAP3 MAN IMAN CAS TRK MAN MAN CAS CAS
L3P4 MAN IMAN MAN TRK MAN IMAN MAN MAN
L4P4 MAN IMAN MAN TRK MAN IMAN MAN MAN

n13197 5.3 Tuansvinutmnewardagues (LICOP” wag ‘LCV-MO’ lunsdifiia

AINGNMAT PV3 Lagn e vdaianuduma PV3 gauily

WHUES vuziiinAuduman PV3 Aevidsiinnuduwad PV3 gnudly
aumIuAY Tunuas Tunvas launvas Tunvas
LIC-OP (PID) LCV-MO (ML) LIC-OP (PID) LCV-MO (ML)
Wwiang | Uagtu | Wvane | Uagtu | Whvane | Yagtu | wWhwune | Jaglu

L3P3 MAN MAN CAS CAS MAN MAN CAS CAS
L4P3 MAN MAN CAS CAS MAN MAN CAS CAS
L3P4 MAN IMAN MAN MAN MAN IMAN MAN MAN
LaP4 MAN | IMAN | MAN | MAN | MAN | IMAN | MAN | MAN
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5.3 n1siSeuriisumatiafiidauanuInulIeNnNeIva9luana

[y

TumsiwSeuifisumedaiiiausfuasuideiifedodusindunssuiisussrig
wnufsnauauiignadistudmivinerdnudiiuguauauitarsiaemalulagvnindy
fladtannauideanidedusin lnglunmsuieuiisuldutsmugiuuuanuuasadod
dnaueis 4 5uTsansouanaiunisadisuisuinewvunudiguasvaulfidy

L1P1/L2P1, L1P2/L2P2, L3P3/L4P3 uay L3P4/L4P4 Fam15199 54,55 56 uay 57

ANUAINU

M13199 5.4 nsiSeuiieuilanduunuianiuae LIP1/L2P1 Aunuiddeiingitedluede

WHUASAIUANLUY L1P1 uag L2P1 guaruuitledfisiualaifldaudouanmii
vden | nisanfiunisvesiledduuden | uden Aadanvasieanduudon FF
SQ1- | 1 LIT-AILALRM fanuzily PID | “IFS if Bad IN* dwidunisisanug
L1P1/ | ‘IOP-’ w38 ‘IOP’ vinlw ‘Initiate Fault State’ ¥04L81ANA

SQ1-L2P1 | LCV-MO-IFS.PV gnillaldanu lunsdlidunsilaauziu ‘Bad’
(ST16) [20,21]
LCV- MO | 611 LCV-MO-IFS.PV. gnitlald AO | ‘Fault State to value’ dwsums
ML) | 91w Tumessaznanaidu “TRK’ Taaulmodnawiiuraensde
LaglePnALYRuAaenef figaliminideldsuaniug
gnMnuAlisIam ‘Initiate Fault State” 910 PID
[20,21]
LIC-OP | §1 LIT-AILALARM Haanuzidu PID | ‘Target to Manual if Bad IN’
(PID) | ‘IOP-’ %39‘IOP* danesiy dmunasenlunidmanedy
Susudsluatwanedy ‘MAN’ Tunsdlidunmilaniugu
‘MAN’ ‘Bad’ [20,21]

M19197 5.5 MaiUSeuiieuilanduunuisaiunn L1P2/L2P2 funuidemineidaduesn

WHURIAUANLUY L1P2 uag L2P2

auaduauilefnduaslifidiudeuddmi

vden | msanfiunisvesileiduuden | vden Adenvasienduuden FF
SQ1-L1P2/ | 61 LIT-AILALRM flaauzidu PID | IFS if Bad IN’ difumssisaniug
SQ1-L2P2 | ‘IOP-’ v38°I0P’ vinlwt ‘Initiate Fault State’ Y90 ANA
(ST16) | LCV-MO-IFS.PV gnilaldenu Tunsdlidunmilaauzdu ‘Bad’
[20,21]
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LLNUﬁQﬂ’)UF’!NLLUU L1P2 way L2P2

aualuauilefniiuaslilidiudeuddwmi

uvden | msafiunisvesiledduuden | vden fadenvasieanduuden FF
LCV- MO | 91 LCV-MO-IFS.PV gnillald AO | ‘Fault State to value’ dmsun1s
ML) | 9 lueessaznanedu TRK taduliemaindudaended
uaziedmavinAuAUaened gnivualisamthisleldsuanuy
gnivuabiarmi ‘Initiate Fault State’ 310 PID
[20,21]
LIC-OP | &1 LIT-AIL.ALARM Slgaugidu | PID | ‘Target to Manual if Bad IN’
(PID) ‘|OP-’ #39°I0P” danosiiu dmdumsssatundmnady
Gusuislumiwmnody ‘MAN’ Tunsaifidunmilaniugfiu
‘MAN’ ‘Bad’ [20,21]
SQ1-L1P2/ | &1 LIT-AILALRM faausidu AO | ‘Target to Manual if Fault State
SQ1-L2P2 | “IOP-” #38‘I0P’ 2aUAUl Act’ drnunisaasnluaivaneg
(ST16) | LCV-MO.MODE 11 ‘MAN’ B MAN Tunsdiiinane
LQV-MO | e LCV-MO.MODE gnusAulv ALAANTOS [21]
(ML) Wy MAN” Tuaidmneas

nanendu ‘MAN’

M19199 5.6 MaLUTEUWsUTlanduLHuReAIUAN L3P3/L4P3 flunuideningidesluesn

WHURIAUANWUY L3P3 uaz L4P3

auaduauilefndiuaslilidiudeuddwmi

vden | nsandiunisvasileiduuden | uden Aadenvasilsiduuion FF
SQ1-L3P3/ | & LIT-AILALRM Saauzidu PID- | ‘IFS if Bad IN’ dmsuniseaanniy
SQ1-L4P3 | ‘IOP-" %3810P’ ¥l ‘Initiate Fault State’ ¥@01ANA
(ST16) | LCV-MO-IFS.PV gnilialeenu Tunsainduneiianiuzifu ‘Bad
[20,21]
LCV- MO | 91 LCV-MO-IFS.PV gnillaldy AO | ‘Fault State to value’ dwsun1s
(ML) u lunassaznaneslu “TRK taduliemavindudasnded

LAzt NawIuAUaenfen

gnivual s

Qﬂﬁmumlf’ia"swﬁﬂLﬁ@lﬁ%’uamus
‘Initiate Fault State’ 310 PID
[20,21]
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LLNUﬁQﬂ’)UF’!NLLUU L3P3 way L4P3

aualuauilefniiuaslilidiudeuddwmi

uvden | msafiunisvesiledduuden | vden fadenvasieanduuden FF

LIC-OP | &1 LIT-AILALARM fianuzalu | PID | “Target to Manual if Bad IN’

(PID) ‘IOP-" #39°I0P’ dane3iiu dmsumasarlundsnedu
Susussluaitmanody ‘MAN’ Tunsaifidunmilaniugiu
‘MAN’ ‘Bad’ [20,21]

SQ2-L3P3 | &1 LCV-ABALRM fanmuzdu | PID | dadonddliiflildouusidanesiy

(ST16) | ‘DV+ #50 ‘DV-" agUsAuli Sududsrulilunasadu IMAN’
LIC-MO.MODE 1wy ‘MAN’ TunsdifiAnaonuy ‘Bad’ 1

LIC-OP | 87 LIC-OP.MODE gnyaauly BKCAL_OUT [10]

(PID) Ju MAN Tusthwianeay

naneLdu ‘MAN’

av o a 1%

M19197 5.7 MsiUSeudisuilanduinuisaauau L3P4/L4Pd Aumiidemneidaduein

LLNUB‘:IJQF’]’JUQNLLUU L3P3 uay L4P3

auadugulannduesliidudeudemii

vaan | msaflunisvasieiduuden | vden Aadenvesdenduuden FF
SQ1-L3P4/ | &1 LIT-AIL.ALRM Tanuzidu PID | IFS if Bad IN’ dasasumssieainnue
SQ1-L4P4 | IOP-’ %138I0P” b ‘Initiate Fault State’ Y@30ANA
(ST16) | LCV-MO-IFS.PV gnilaldeny Tunsaindunpdianuzidu ‘Bad
[20,21]
LCV- MO | 61 LCV-MO-IFS.PV gnitlale AO | ‘Fault State to value’ dmsuns
ML) | v dueessaznanedu ‘TRK taduliednsinfuaUasndod
uaziedmaiduAUaen e gnivualisamthidleldFuanuy
gnivual s ‘Initiate Fault State’ 910 PID
[20,21]
LIC-OP | §1 LIT-AIL.ALARM Haougidu | PID | ‘Target to Manual if Bad IN’
(PID) ‘|OP-’ %39°I0P” ano3u dmdumsaealundimnedy

Sususalua ey

‘MAN’

ada a

‘MAN” Tupsainduneiiaauzdu

‘Bad’ [20,21]
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WNURIAUANLUY L3P3 uae L4P3 guaruauitledntuazlifidautoudmih
vden | msanfiunisvesileiduuden | vden Adeanvasnenduuden FF
SQ1-L3P4/ | &1 LIT-AIL.ALRM faauzidu AO | ‘Target to Manual if Fault State
SQ1-L4P4 | ‘IOP-’ %39°I0P’ agUeAuln Act’ dmsumssarnluativane
(ST16) | LCV-MO.MODE tUu ‘MAN’ Ju MAN’ Tunsdiinaanuy
LCV-MO | 1o LCV-MO.MODE gnefsdulsk ANUNANTDS [21]
(ML) Ju MAN Tuadmvsneay
nanedu ‘MAN’
SQ2-L3P4/ | &1 LOV-AIBALRM fiaanusly | A0 | shidenildsldilildouussanesiiu
SQ2-LaP4 | ‘DV+’ wise ‘DV-’ azdeaul Suduasadnaauy ‘Bad’ 7
(ST16) | LCV-MO.MODE lvitdu ‘MAN’ BKCAL_OUT uagisaululunaia
LCV-MO | e LCV-MO.MODE gndsAul LU%&L&U@WNﬂawuﬂmwﬁaqmaquaﬂm
(ML) Ju MAN Tusdvsneay mesTingIany [10]
nanesdu ‘MAN’
SQ2-L3P4 | 81 LOV-ABALRM flanusdu | PID | dudenidvliflvidnuussanesiiu
(ST16) | ‘DV+’ #5e ‘DV-’ azvsAuln Susudsdulilunssady IMAN’
LIC-MO.MODE i ‘MAN’ Tunsdifinaniug ‘Bad’ 9
LIC-OP | e LIC-OP.MODE gnuisful BKCAL OUT [10]
(PID) Wy MAN” Tuatwsngas
naedu ‘MAN’

5.4 Usunamsldnswensilsnduudandmiuusazuauisniun

o a Y @ & o 13 ] o 1 o
MN139N 513Uiﬂ?ﬂﬁYﬁiﬂWiWﬂqﬂiﬁﬂﬂ%UUﬁ@ﬂﬁqﬁiUu@aS&NUNQQQUﬂﬂ

- o o uNURegUAIUAN
sunvasnenduuaan
L1P1 | L2P1 | L1P2 | L2P2 | L3P3 | L4P3 | L3P4 | L4P4
Regulatory Control Blocks
4 3 4 3 5 4 5 4
/ Calculation Blocks
Sequence 1 1 1 1 2 2 2 2
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AZioagu CENTUMP VP lawus flsdduuden Tivaneviin dainendnusilaldileidu
vdanvia ‘Regulatory Control Blocks / Calculation Blocks’ l@uA PVI, PID uag MLD-SW
fenduvdandnyfiangnldfeflesiduvdanyiin ‘Sequence’ laun ST16 91nn15a519
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ABSTRACT. To enhance safety of basic process control using traditional 4-20 mA current
loops with/without transmitting a return signal of actual actuator position back to a host,
this article presents a useful technique to provide fault-state and fault-recovery actions in
four patterns. The proposed technique is a design of control drawings configured in a
distributed control system (DCS) host for conventional proportional-integral-derivative
(PID) loops with/without feedforward path to improve actions of the control loops in
response to sensor and actuator failures. The configuration design based on functions of
failure status propagation and failure mode shedding for eight control drawings that
contain software function blocks for running on the DCS host modeled CENTUM VP is
described. Simulation results by employing the DCS virtual test function verify that all
designed control drawings can successfully perform the desired fault-state and
fault-recovery actions for process safety enhancement.

Keywords: Current loop, Distributed control system, Fault-state, Fault-recovery, Function

block, Process control, Safety

1. Introduction. To prevent and/or mitigate hazardous events associated with both normal
and abnormal operations for process areas in hydrocarbon processing plants, the need for
multiple protection layers is well known because no single safety method can completely
eliminate risk [1,2]. Each layer of protection is designed and managed to perform its
intended functions for satisfying safety requirements [3-5]. A basic process control, one of
protection layers, is generally implemented not only to maintain process performance
within specification limits under normal operating conditions, which relate to production
facility, but also to react to abnormal events, which occur because of process upsets or
instrument failures [6,7]. In general, a response to the detected failure is the continuity of
ongoing process operations to minimize downtime for availability goal. On the contrary,
the affected control loop must shut the automatic process down to prevent dangerous
situations for safety goal. These two conflicting goals can be targeted for each control loop
to optimize productivity and risk management of the production plant [8]. A smart



transmitter with self-diagnostic capability to detect internal failures and anomalies can
improve plant safety and maintenance strategy because its health indication can be useful to
enable/disable predetermined safe and alarm actions as well as helpful in troubleshooting
effort [9,10]. Alternatively, regulatory control systems using IEC 61158-based digital field
instruments such as Foundation Fieldbus (FF) H1 devices are capable of executing
fault-state actions using quality status of process measurements [11-13]. The status
indication of ‘Good’, ‘Uncertain’, or ‘Bad’ measurement is propagated between control
system devices for alert notification at an operator/engineering workstation to handle
situations and for appropriate response of the receiving device to achieve control purposes
[11]. The fault-state action is an effective solution to bring the loop to graceful shutdown
when detecting ‘Bad’ measurement from failure measuring devices used in control [12]. A
predefined safe value of an actuator for shutdown functionality can be configured by setting
related parameters of an output class function block, which is virtually connected to a
control class function block for creating control strategy. However, built-in fault-state
functions are available when assigning the control class block to run in H1 field devices
that support options of fault-state status processing. In case of assignment of the control
class block to execute in a host controller (CONT) module, built-in fault-state functions are
unavailable [13]. In addition, FF function blocks based on IEC 61804 standard provide
useful option parameters such as input-output options and status options for configuring the
block behavior in response to different status conditions [14,15]. Effects of option
parameters on function block interlocks and fail-safe mechanisms for FF-based
proportional-integral-derivative (PID) and cascade control strategies have been discussed
[16]. Recently, a method based on instrument fault diagnosis to improve process safety of
an FF-based feedforward control has been suggested [17]. Although there are considerable
benefits including material cost saving from digital fieldbus system installation to replace
traditional analog instrumentation [18], many existing basic process control systems in
hydrocarbon processing plants, especially in Thailand, are currently still in operations
based on traditional current loops. Commonly, this is due not only to their capital-intensive
production process, which has long system life cycle, but also to lack of plant personnel
with digital skills, which is one of serious obstacles to investment in production plants
equipped with smart field technologies. In addition, a practical implementation of smart
instruments and new communication protocols has a great impact on job descriptions of
operators, technicians, and engineers. However, utilizing digitalization technologies is one
of transformation steps for plant modernization to enhance competitiveness in global scale
in the era of the fourth industrial revolution (Industry 4.0) [19,20]. This becomes a
challenge of smooth migration to transform conventional systems into modern systems.
Therefore, adequate roadmaps and strategies for successful migration towards the Industry
4.0 should be identified [21]. This article aims to support hydrocarbon processing plants in
their modernization at the starting point by improving existing traditional basic control
loops for higher degree of safety. Moreover, the proposed improvement also provides an
opportunity for plant personnel to be familiar with new tasks in similar way of digital
fieldbus systems to mitigate their conservatism in technology adoption.



Most field instruments in standard current loops are connected to conventional
input/output (I/O) modules of a distributed control system (DCS) by using 4-20 mA signal
transmissions. One hardwired cable is installed for either transmitting a process variable
from a measuring device to an analog input (Al) module or sending a manipulated variable
from an analog output (AO) module to an actuating device. There is no measure of directly
checking the operation status of traditional field instruments from the operator/engineering
workstation. Analog current loops do not access instrument diagnostic information. Thus,
statuses of the DCS Al module are typically utilized by control strategies to take actions
when receiving hardware fault signals from failed field instruments [22]. Usually, the
defected loop operation is switched from automatic (AUT) to manual (MAN) control
without operator intervention, and the PID function block holds its output at the last ‘Good’
value. In the event of actuator failure, the failed final element moves to its mechanical
fail-safe position by spring return or its predetermined position by supplemental equipment
such as lock-up valve and air lock valve. In order to take additional actions, which are not
normally found in basic process control operated as traditional 4-20 mA current loops
with/without return signal of actual actuator position, this article proposes a technique to
design eight control drawings including software function blocks configured in the DCS
host for PID loops, which are common control algorithms in process industry plants. Based
on functions of failure status propagation and failure mode shedding in fieldbus-based
control loops with increased safety [8,16,17], four patterns to provide fault-state and
fault-recovery actions for four interested current loops by employing the CENTUM VP
DCS are described. The technical feasibility of the proposed safety enhancement technique
is demonstrated through virtual test function of the DCS host used.

The rest of this article is organized as follows. The concepts and descriptions of the
proposed safety enhancement for the interested PID control loops with/without feedforward
path are detailed in Section 2 and Section 3, respectively. The DCS virtual test results to
verify the validity of the proposed technique are given in Section 4. Lastly, conclusions and
possible future work are stated in Section 5.

2. Concepts of Proposed Safety Enhancement. To clarify the proposed concepts, Figure 1
shows an example of conventional 4-20 mA device installation for PID loops with/without
feedforward path to control liquid level in a tank. The level transmitter (LIT) for measuring
tank level (PV1), flow transmitter (FIT) for measuring outlet flow rate (PV2), and level
control valve (LCV) for manipulating inlet flow rate (MV) are installed in a field site.
Usually, most traditional valve positioners do not provide a return signal of actual valve
position to be remotely monitored at the operator/engineering workstation. It is, however,
possible to check an actual position of the LCV by adding the new wiring (PV3) to achieve
less-time consuming troubleshooting for effective maintenance. The DCS components and
interfaces are installed in a control room. The CONT module is connected to execute
sequential algorithms and logical expressions for regulating control loops. The AI module
is used to transfer process data from the field devices to the CONT module, while the AO
module is used to transfer executed data from the CONT module to the field devices. The
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FIGURE 1. Example of device installation for PID loops with/without feedforward path

AN
)
S
3
>
2
Is

|

TABLE 1. Four interested PID loops for controlling the tank level of Figure 1

Loop Description Related Analog Signals
PV1 | PV2 | PV3 | MV
1 PID loop with feedforward path v \ \
2 PID loop without feedforward path

actual valve position signal
4 PID loop without feedforward path in combination
with actual valve position signal

v v
3 PID loop with feedforward path in combination with \ v v \
¢ y

Technical Range

F\\‘ L Normal Range ‘| ﬁre
I |

A
v

Low Alarm 4 mA 20 mA High Alarm
(e.g-3.2mA) Low Saturation High Saturation (€:g.21.6 mA)
(e.g. 3.8 mA) (e.g. 20.5 mA)

FIGURE 2. Alarm and saturation levels for 4-20 mA signal transmission

power supply (PS) is installed to distribute energy to the CONT, Al, and AO modules.
Table 1 gives four interested PID loops and their related analog signals for controlling the
tank level of Figure 1. For 4-20 mA transmission, Figure 2 shows two kinds of signal levels
outside a normal range, which are the high/low alarm levels for indicating hardware failures
and the high/low saturation levels for indicating out-of-range events. Usually, the low
saturation level should be greater than the low alarm level. The high saturation level should
be less than the high alarm level. The minimum difference between the saturation and
alarm levels should be 0.1 mA. However, many field instrument manufacturers identify the
specific alarm and saturation levels for their own products [23-25]. The alarm levels may



also differ according to the type of transmitters [26,27]. For the studied loops, ‘Bad’
measurements are considered by failures of the PV1 and PV2. Typical actions in response
to these failures are displayed in Figure 3. In case of the PID loops with/without
feedforward path (see Figures 3(a) and 3(c)), there are similar actions in the presence of
PV1 failure by switching the operating mode of the PID block to ‘MAN’ and holding the
output of the PID block at the last MV value. However, the presence of PV2 failure has no
significant effect on the PID block operation for the loop with feedforward path (see Figure
3(b)) [17]. The PID block still operates in ‘AUT’ mode by utilizing the last valid ‘Good’
value of the PV2 for computing its output. Based on functions of failure status propagation
and failure mode shedding, two concepts referred to as ‘Pattern1’ and ‘Pattern2’ in Figures
4(a)-4(b), respectively, are specified for improving safety of the PID loops with/without
feedforward path when detecting PV1 sensor failure. To enhance safety of the PID control
loops with/without feedforward path in combination with actual valve position signal in the
event of PV1 and PV3 failures, other two concepts referred to as ‘Pattern3’ and ‘Pattern4’
in Figures 5(a)-5(b) and 5(c)-5(d), respectively, are also defined.

From Figures 4 and 5, the solid and dash-dotted lines represent the wiring and virtual
interconnections between blocks for data transfers, respectively, while the dotted line
represents the PV2 input connection for feedforward path. The PV1 and PV2 indicator
blocks perform the input and alarm processing to detect failures of the LIT and FIT
transmitters, respectively. The PV3 indicator with deviation (DV) alarm executes the input
and alarm processing to detect the deviation of the PV3 from the desired MV value for
indicating failure of the LCV positioner. To generate the MV, the manual loader (ML)
block performs the operating mode selection between cascade (CAS) mode and ‘MAN’
mode. The output of the PID block becomes the MV when setting the target mode of the

Failure ‘MAN* mode ‘AUT’ mode with ‘MAN’ mode
with last MV last ‘Good’ PV2 with last MV
N| PID N[ PID PID
PV1 out PV1 OUT N uT
[ | ; l

BIN Failure BIN ailure
[ Pv2 ] My | [pvi ] [ MV ]
(feedforward input) (feedforward input)
(a) PV1 failure (b) PV2 failure (c) PV failure

FIGURE 3. Typical actions in response to failures for PID loops with/without feedforward
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(a) ‘Pattern1’ for PV1 sensor failure (b) ‘Pattern2’ for PV1 sensor failure
FIGURE 4. Concepts for improving safety of PID loops with/without feedforward path
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(d) ‘Pattern4’ for PV3 actuator failure

TABLE 2. Four patterns specified for safety enhancement of the interested process control

Pattern

Fault-State Action

Fault-Recovery Action

1

a. Force the preset safe value to be
the MV signal when detecting PV1
failure.

b. Force the target mode of the PID block
into ‘MAN’ when detecting PV1 failure.

a. Force the preset safe value to be
the MV signal when detecting PV1
failure.

b. Force the target mode of the PID block
into ‘MAN’ when detecting PV1 failure.

c. Force the target mode of the ML block
into ‘MAN’ when detecting PV1 failure.

a. Force the preset safe value to be
the MV signal when detecting PV1
failure.

b. Force the target mode of the PID block
into ‘MAN’ when detecting PV1 failure.

d. Force the target mode of the PID block
into ‘MAN’ when detecting PV3 failure.

a. Force the preset safe value to be
the MV signal when detecting PV1
failure.

b. Force the target mode of the PID block
into ‘MAN’ when detecting PV1 failure.

c. Force the target mode of the ML block
into ‘MAN’ when detecting PV1 failure.

d. Force the target mode of the PID block
into ‘MAN’ when detecting PV3 failure.

e. Force the target mode of the ML block

into ‘MAN’ when detecting PV3 failure.




ML block to ‘CAS’, whereas the MV is manually set by the operator when setting the
target mode of the ML block to “MAN’. The SQ1 and SQ2 blocks are used to manage
sequential operations in response to PV1 and PV3 failures, respectively. Table 2 shows four
patterns specified for safety enhancement of the interested control by adding fault-state and
fault-recovery actions, which are software-based mechanisms for upgrading capabilities of
traditional loops. The ‘Pattern1’ and ‘Pattern2’ provide the actions specified in response to
PV1 failure for the Loopl and Loop2. The ‘Pattern3’ and ‘Pattern4’ provide the actions
specified in response to PV1 and PV3 failures for the Loop3 and Loop4. It should be noted
that, for fault-recovery action implemented in the PID block in the event of PV1 failure, the
block itself automatically forces its desired target mode of operation into ‘MAN’.

3. Descriptions of Proposed Safety Enhancement. To design control drawings based on
the specified patterns shown in Table 2 for improving safety of four interested PID control
loops in Table 1, the CENTUM VP DCS (version R6.02.00) [28] with the CONT module
(or field control station) modeled AFV10D is utilized as an illustrative host system. Eight
control drawings designed by using function blocks available in the DCS host are depicted
in Figures 6-9. Based on ‘Patternl’ and ‘Pattern2’, four control drawings referred to as
L1P1, L2P1 and L1P2, L2P2 are displayed in Figures 6(a)-6(b) and 7(a)-7(b), respectively.
For safety improvement based on ‘Pattern3’ and ‘Pattern4’, the remaining four control
drawings referred to as L3P3, L4P3 and L.3P4, L4P4 are illustrated in Figures 8(a)-8(b) and
9(a)-9(b), respectively. Table 3 gives assignments of the addresses for receiving analog
inputs from the Al module and transmitting analog output to the AO module as well as the
function blocks for representing logical processing units. For each function block, the tag is
represented in upper part, whereas the type is represented in lower part. Five different types
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TABLE 3. Address/function block assignments for eight designed control drawings

Address/Tag | Block Type Description

%%PV1 Input connection address to get the LIT measurement
%%PV?2 Input connection address to get the FIT measurement
%%PV3 Input connection address to get the return of actual LCV
%%MV Output connection address to set the LCV position
LIT-AIl PVI Indicating the LIT output (PV1) and its failure status
FIT-AI2 PVI Indicating the FIT output (PV2) and its failure status
LCV-AI3 PVI-DV | Indicating the LCV position (PV3) and its failure status
LIC-OP PID Executing control computation to adjust the MV value
LCV-MO MLD-SW | Selecting the source of the MV to be sent to the LCV

SQ1-L1P1, ST16 Executing fault-state action in the ‘LCV-MO’ block in

SQI1-L2P1, response to PV1 sensor failure

SQI-L3P3,

SQ1-L4P3

SQI-L1P2, ST16 Executing fault-state and fault-recovery actions in the

SQ1-L2P2, ‘LCV-MO’ block in response to PV1 sensor failure

SQI1-L3P4,

SQ1-L4P4

SQ2-L3P3, ST16 Executing fault-recovery action in the ‘LCV-MO’ block

SQ2-L4P3 in response to PV3 actuator failure

SQ2-L3P4, ST16 Executing fault-recovery action in the ‘LIC-OP’ and

SQ2-L4P4 ‘LCV-MO’ blocks in response to PV3 actuator failure




of function blocks, which are supported by the CENTUM VP DCS, include the input
indicator block (PVI), input indicator block with deviation alarm (PVI-DV), PID block,
manual loader block with operating mode switching (MLD-SW), and sequence table block
(ST16). The ‘AUT’ is the normal operating mode for the PVI, PVI-DV, ST16, and PID
blocks, and the ‘CAS’ is the normal operating mode of the MLD-SW block. The ‘LIT-AI1’
and ‘FIT-AI2’ blocks perform the input and alarm processing to detect sensor failures of the
PV1 and PV2 signals, respectively. During normal conditions, the ‘LIC-OP’ block’s output
is determined by the target mode. The outputs of the ‘LIC-OP’ blocks in ‘AUT’ mode for
‘Loop2’ and ‘Loop4’ are computed by PID algorithms based on the deviation of the PV1
from the desired control setpoint. For ‘Loopl’ and ‘Loop3’, the PV2 feedforward inputs are
added to control outputs of PID computations for providing the ‘LIC-OP’ blocks’ outputs in
‘AUT’ mode. However, the outputs of the ‘LIC-OP’ blocks in all interested loops in ‘MAN’
mode are manually set by the operator through a process visualization program running in
the DCS host. The ‘LCV-AI3’ block detects actuator failure by calculating the difference
between the PV3 return signal of the actual LCV position and the output of the ‘LCV-MO’

TABLE 4. ST16 block assignments for providing safety enhancement of Table 2

Block Tag | Step | Rule | Block Input Condition | Block Output Action Action
in Table 2
SQI1-L1PL, | 1 1 | IfLIT-AIl.ALRMis | LCV-MO-IFS.PV is a. Fault-
SQI1-L2P1, ‘10P-’. activated (or ‘high’). State
SQ1-L3P3, 2 | IfLIT-AIl.ALRMis | Go to Step2.
SQ1-L4P3 ‘10P°.
2 3 | IfLIT-AIl.ALRM is | LCV-MO-IFS.PV is
not ‘[OP-’ and ‘IOP’. | deactivated (or ‘low”).
Go to Stepl.
SQI1-L1P2, | 1 1 | IfLIT-AIl. ALRMis | LCV-MO-IFS.PV is a. Fault-
SQI-L2P2, ‘I0P-’. activated (or ‘high”). State
SQI1-L3P4, 2 | IfLIT-AIl.ALRMis | LCV-MO.MODE is c. Fault-
SQI1-L4P4 TP, forced into ‘MAN’. Recovery
Go to Step2.
2 3 | IfLIT-AI1. ALRM is | LCV-MO-IFS.PV is
not ‘IOP-" and ‘IOP’. | deactivated (or ‘low’).
Go to Stepl.
SQ2-L3P3, | - 1 | IfLCV-AI3.ALRMis | LCV-MO.MODE is d. Fault-
SQ2-L4P3 ‘DV+’. forced into ‘MAN’. Recovery
2 | IfLCV-AI3.ALRM is
‘DV-".
SQ2-L3P4, | - 1 |IfLCV-AI3.ALRMis | LCV-MO.MODE and | d. Fault-
SQ2-L4P4 ‘DV+’. LIC-OP.MODE are Recovery
2 | IfLCV-AI3.ALRM s | forced into ‘MAN". e. Fault-
‘DV-’. Recovery




block, which is used for selecting the source of the MV signal to be sent to the LCV
positioner. This means that the MV signal is determined by target operating mode of the
‘LCV-MO’ block. In ‘CAS’ mode, the MV is equal to the ‘LIC-OP’ block’s output, while
the operator sets the MV value directly in ‘MAN’ mode. In order to establish fault-state and
fault-recovery actions in response to sensor and actuator failures detected by the ‘LIT-AIl’
and ‘LCV-AI3’ blocks, respectively, the sequence control functions are realized by utilizing
the ST16 blocks. In the presence of PV1 failure, the ‘low-alarm’ and ‘high-alarm’ statuses
of the LIT-AI1.ALRM parameter are stated as ‘IOP-" and ‘IOP’ (or ‘IOP+’), respectively. In
the event of PV3 failure, the ‘low-alarm’ and ‘high-alarm’ statuses of the LCV-AI3.ALRM
parameter are stated as ‘DV-" and ‘DV+’, respectively. Table 4 illustrates the steps and rules
programmed in the ST16 blocks in the designed control drawings to provide the actions
specified in Table 2, which are based on functions of status propagation and mode shedding
during failure conditions. Figures 10(a)-10(d) show the flowchart diagrams for sequential
operations of the ST16 blocks. In addition, based on its default algorithm, the target mode
of the ‘LIC-OP’ block is automatically set to ‘MAN’ when detecting the ‘IOP-> or ‘IOP’
status (b. in Table 2). After the PV1 failure has been resolved, the target mode of the
‘LIC-OP’ block remains in ‘MAN’. Until the operator sets “AUT’ for the target mode, the
‘LIC-OP’ block can resume its automatic control function.

To activate the fault-state action (a. in Table 2) when detecting the ‘IOP-’ or ‘IOP’ status
by performing operations of the ‘SQI1-L1P1°, ‘SQ1-L2P1°, ‘SQ1-L3P3’, and ‘SQ1-L4P3’
blocks as shown in Figure 10(a), the LCV-MO-IFS.PV parameter is set to ‘high’ logic state.
The actual mode of the ‘LCV-MO’ block automatically changes to the tracking (TRK)
mode then the MV signal is forced to equal the predefined safe value. After the PV1 failure
has been fixed, the LIT-AI1.ALRM is not the ‘IOP->and ‘IOP’. Then the LCV-MO-IFS.PV
is set to ‘low’ state to deactivate the specified fault-state action. To provide the fault-state
and fault-recovery actions (a. and c. in Table 2) during the detected ‘IOP-’ or ‘IOP’ status
by running functions of the ‘SQI-L1P2’, ‘SQ1-L2P2°, ‘SQ1-L3P4’, and ‘SQI1-L4P4’
blocks as depicted in Figure 10(b), the LCV-MO-IFS.PV and LCV-MO.MODE parameters
are set to ‘high’ and ‘MAN’, respectively. Then the preset safe value becomes the MV
signal, and the target mode of the ‘LCV-MO’ block is forced into “MAN’. After the PV1
failure has been corrected, the LIT-AI1. ALRM is not ‘IOP-" and ‘IOP’. Then the fault-state
action is deactivated by setting the LCV-MO-IFS.PV to ‘low’. The ‘LCV-MO’ remains in
‘MAN” actual operating mode, while the ‘LIC-OP’ block remains in initialization manual
(IMAN) mode. To initiate the fault-recovery action (d. in Table 2) when detecting the
‘DV+’ or ‘DV-’ status by running operations of the ‘SQ2-L3P3’ and ‘SQ2-L4P3’ blocks as
illustrated in Figure 10(c), the LCV-MO.MODE is set to ‘MAN’. Therefore, the target
mode of the ‘LCV-MO’ block becomes ‘MAN’. After the PV3 failure has been fixed, the
‘LCV-MO’ remains in its ‘MAN’ actual mode. Until the operator sets ‘CAS’ for the target
mode of the ‘LCV-MO’, the MV signal then is equal to the ‘LIC-OP’ block’s output. To
provide the fault-recovery actions (d. and e. in Table 2) during the detected ‘DV+’ or ‘DV-’
status by executing functions of the ‘SQ2-L3P4’ and ‘SQ2-L4P4’ blocks as displayed in
Figure 10(d), the LCV-MO.MODE and LIC-OP.MODE parameters are set to ‘MAN’. The
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FIGURE 10. Flowchart diagrams for sequential operations of the ST16 blocks used

target modes of the ‘LIC-OP’ and ‘LCV-MO’ blocks then become ‘MAN’. This means that
the actual modes of these two blocks are ‘IMAN and ‘MAN’, respectively, until the
operator intervenes by changing the target modes to be their normal operating modes.

4. Simulation Results from DCS Test Function. To confirm the feasibility of the proposed
safety enhancement, all control drawings designed for providing the fault-state and



fault-recovery actions were simulated by utilizing virtual test function of the DCS host
used. Simulations were carried out to test the configured functions of four control drawings
in the presence of PV1 failure and four control drawings in the presence of PV1 and PV3
failures. The values for failure detections were chosen as: ‘IOP-’ = -6.3%, ‘IOP’ (or ‘IOP+’)
=106.3%, ‘DV+’ = 10%, and ‘DV-" = 10%. The preset safe value for fault-state action was
set to 10%, and the setpoint of tank level control was set to 50%.

Table 5 gives the conditions defined for simulations to observe the operability of all
designed control drawings. Figure 11 illustrates an example of graphic displays created for
user interface in simulations. Figures 12(a) and 12(b) show the examples of ‘Set Data’
window used to set data status of the LIT-AIl.RAW for simulating the ‘PV1-IOP-’ and
‘PV1-10P’ conditions, respectively. To save space, only the test results of the L3P4 control
drawing that provides the highest possible degree of safety among the interested current
loops are illustrated in Figures 13-16 for examples of observation of fault-state and
fault-recovery actions when detecting PV1 and PV3 failures.

TABLE 5. Conditions for simulations of the designed control drawings
Condition Description
PV1-NR | Set data status of LIT-AI1.RAW to be normal by using ‘Set Data’ window.
PV1-IOP- | Set data status of LIT-AI1. RAW to be ‘10P-’ by using ‘Set Data’ window.
PVI1-IOP_ | Set data status of LIT-AI1.RAW to be ‘IOP+’ by using ‘Set Data’ window.
PV3-NR | Set the difference between LCV-AI3.RAW and LCV-MO.MV to be less
than 10%.
PV3-DV- | Set LCV-AI3.RAW to be less than LCV-MO.MV, and their difference is
greater than 10%, then ‘DV-’ is detected.
PV3-DV+ | Set LCV-AI3.RAW to be greater than LCV-MO.MYV, and their difference is
greater than 10%, then ‘DV+’ is detected.

PID LOOP WITH FEEDFORWARD PATH IN COMBINATION WITH ACTUAL VALVE POSITION SIGNAL

FIGURE 11. Example of graphic displays created for user interface in simulations
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(a) before detecting ‘IOP-"  (b) when detecting ‘IOP-"  (c) after clearing ‘IOP-’
FIGURE 13. Operations of the ‘SQ1-L3P4’ block in response to PV1 failure

The operations of the ‘SQ1-L3P4’ block in response to PV1 failure before detecting the
‘IOP-’, when detecting the ‘IOP-’, and after clearing the ‘IOP-’ are illustrated in Figures
13(a)-13(c), respectively. Before and after experiencing the PV1 failure (see Figures 13(a)
and 13(c)), the online statuses of the CO1 and C02 conditions during normal operation are
‘N’ (shown in the red font color), and the current operation of the ‘SQ1-L3P4’ is in ‘Stepl’
(‘01’ shown in green background) to check whether ‘Rulel’ (CO1) or ‘Rule2’ (C02) is true.
If the ‘IOP-’ status is detected under ‘PV1-IOP-’ condition (see Figure 13(b)), the online
statuses of the CO1 and C02 are ‘Y’ and ‘N’ (shown in red font color), respectively, and the
current operation of the ‘SQ1-L3P4” is in ‘Step2’ (‘02’ shown in green background).

The online statuses of function blocks in the L3P4 from virtual test in response to PV1
failure are displayed in Figures 14(a)-14(c). Before detecting ‘IOP-’ status under ‘PV1-NR’
condition (see Figure 14(a)), all function blocks operate in their normal modes, and the
operation of the ‘SQ1-L3P4’ is in ‘Stepl’ (01). During ‘PV1-IOP-’ condition (see Figure
14(b)), the ‘SQI1-L3P4’ can detect the ‘IOP-’ status, and its operation is switched to ‘Step2’
(02). The ‘LIT-AI1’ block propagates the ‘IOP-’ status to the ‘LIC-OP’ block, and the
fault-state action in the ‘LCV-MO’ block is initiated by forcing the preset value of 10% to
be the MV. The correctness of the desired fault-state action is determined by the ‘LCV-AI3’
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FIGURE 14. Online statuses of function blocks in the L3P4 in response to PV1 failure

block’s output, which equals the actual LCV position signal. It is seen that the output of the
‘LCV-AI3’ block is also 10%. In addition, the target modes of the ‘LIC-OP’ and ‘LCV-MO’
blocks are forced into ‘MAN’. Based on mode shedding in response to PV1 failure, the
actual modes of the ‘LIC-OP’ and ‘LCV-MO’ blocks change to ‘IMAN’ and ‘TRK’,
respectively. After clearing the ‘IOP-’ status, the actual mode of the ‘LCV-MO’ returns back
to ‘MAN’ mode (see Figure 14(c)). The predefined safe value is used as the initial value to
restart the LCV valve positioner. If the operator sets the target mode of the ‘LCV-MO’
block to ‘CAS’, the actual mode of the ‘LIC-OP’ will be placed in ‘MAN’. Until the
operator changes the target mode of the ‘LIC-OP’ to ‘AUT’, the L3P4 can return to its
automatic control function.

The operations of the ‘SQ2-L3P4’ block in response to PV3 failure before detecting the
‘DV-’, when detecting the ‘DV-’, and after clearing the ‘DV-’ are displayed in Figures 15(a)
-15(c), respectively. In the event of the ‘DV-’ under ‘PV3-DV-’ condition (see Figure
15(b)), the online (red) status of the C02 input condition is ‘Y’ (shown in the red font
color). Before and after experiencing the failure (see Figures 15(a) and 15(c)), the online
(green) statuses of the CO1 and C02 conditions during normal operation are ‘Y’ (shown in
the light blue font color). The online statuses of function blocks in the L3P4 in response to
PV3 failure are illustrated in Figures 16(a)-16(c). From Figure 16(a), all function blocks



perform in their normal modes under ‘PV3-NR’ condition. In the presence of the ‘DV-’
status by setting the PV3 to zero and the MV to 50% (see Figure 16(b)), the ‘SQ1-L3P4’
forces the target modes of the ‘LIC-OP’ and ‘LCV-MO’ blocks into ‘MAN’. Based on
mode shedding in response to PV3 failure, the actual modes of the ‘LIC-OP’ and
‘LCV-MO’ blocks are ‘IMAN’ and ‘MAN’, respectively. From Figure 16(c), after clearing
the ‘DV-’ status, the ‘LCV-MO’ block still remains in ‘MAN’. Until the target modes of the
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TABLE 6. Test results of eight control drawings designed for safety enhancement

Control | Defined Fault-State Action Fault-Recovery Action
Drawing | Condition
L1P1, | PVI-IOP- | LCV-MO-IFS.PV is high. | LIC-OP.MODE is ‘MAN’.
L2P1 PVI-NR | LCV-MO-IFS.PV is low. LIC-OP.MODE remains in ‘MAN’.
PVI1-IOP | LCV-MO-IFS.PV is high. | LIC-OP.MODE is ‘MAN’.
PVI-NR | LCV-MO-IFS.PV is low. LIC-OP.MODE remains in ‘MAN”,
L1P2, | PVI1-IOP- | LCV-MO-IFS.PV is high. | LCV-MO.MODE and
L2P2, LIC-OP.MODE are ‘MAN"’.
PVI-NR | LCV-MO-IFS.PV is low. LCV-MO.MODE and
LIC-OP.MODE remain in ‘MAN’.
PV1-IOP | LCV-MO-IFS.PV is high. | LCV-MO.MODE and
LIC-OP.MODE are ‘MAN’.
PVI-NR | LCV-MO-IFS.PV is low. LCV-MO.MODE and
LIC-OP.MODE remain in ‘MAN’.
L3P3, | PV1-IOP- | LCV-MO-IFS.PV is high. | LIC-OP.MODE is ‘MAN’.
L4P3 PVI-NR | LCV-MO-IFS.PV is low. LIC-OP.MODE remains in ‘MAN”,
PV1-IOP | LCV-MO-IFS.PV is high. | LIC-OP.MODE is ‘MAN’.
PVI-NR | LCV-MO-IFS.PV is low. LIC-OP.MODE remains in ‘MAN”.
PV3-DV- | - LIC-OP.MODE is ‘MAN’.
PV3-NR | - LIC-OP.MODE remains in ‘MAN”.
PV3-DV+ | - LIC-OP.MODE is ‘MAN”’.
PV3-NR |- LIC-OP.MODE remains in ‘MAN’,
L3P4, | PV1-IOP- | LCV-MO-IFS.PV is high. | LCV-MO.MODE and
L4P4 LIC-OP.MODE are ‘MAN"’.
PVI-NR | LCV-MO-IFS.PV is low. LCV-MO.MODE and
LIC-OP.MODE remain in ‘MAN”’.
PVI-IOP | LCV-MO-IFS.PV is high. | LCV-MO.MODE and
LIC-OP.MODE are ‘MAN’.
PVI-NR | LCV-MO-IFS.PV is low. LCV-MO.MODE and
LIC-OP.MODE remain in ‘MAN’.
PV3-DV- | - LCV-MO.MODE and
LIC-OP.MODE are ‘MAN’.
PV3-NR | - LCV-MO.MODE and
LIC-OP.MODE remain in ‘MAN’.
PV3-DV+ | - LCV-MO.MODE and
LIC-OP.MODE are ‘MAN’.
PV3-NR | - LCV-MO.MODE and

LIC-OP.MODE remain in ‘MAN”’.

‘LCV-MO’ and ‘LIC-OP’ are changed to ‘CAS’ and ‘AUT’, respectively, the L3P4 can




resume to its normal control operation. Additionally, the online statuses of function blocks
in the L1P1, L2P1, L1P2, and L2P2 from virtual tests in response to PV1 failure as well as
the online statuses of function blocks in the L3P3, L4P3, and L4P4 from virtual tests in
response to PV1 and PV3 failures agree very well with the expected results.

Table 6 presents the virtual test results of eight control drawings designed for safety
enhancement of two PID loops with/without feedforward path in response to PV1 failure
and two PID control loops with/without feedforward path in combination with actual valve
position signal in response to PV1 and PV3 failures. It is evident that fault-state and
fault-recovery actions provided by the designed control drawings are in good agreement
with the desired actions in Tables 2 and 4. Table 7 shows the changes of target and actual
modes of the ‘LIC-OP’ and ‘LCV-MO’ blocks when detecting and after resolving PV1
failure. This ensures that the affected loops with PV1 failure shut their automatic operations
down safely by fault-state action. Similarly, Table 8 gives the changes of target and actual
modes of the ‘LIC-OP’ and ‘LCV-MO’ blocks when detecting and after resolving PV3
failure. It is confirmed that the control loops with failed actuator are not operated in ‘AUT’
mode, and they cannot immediately resume their automatic control function after the failure
has been resolved until the operator unlocks. Therefore, functions of status propagation and
mode shedding in response to sensor and actuator failures are particularly useful in basic
process control. Table 9 summarizes the comparison results between the actions of the ML,
PID, and ST16 blocks in the designed control drawings and the parameter options of FF
function blocks in the FF-based PID control with/without feedforward [8,16,17]. The ST16
blocks are the ‘SQ1-LiPk’, ‘SQ1-LiPm’, ‘SQ2-LjPn’, and ‘SQ2-LjP4’, where i (=1, 2, 3, 4)
and j (= 3, 4) are the ‘Loop’ numbers, and k (= 1, 2, 3, 4), m (= 2, 4), and n (= 3, 4) are the
‘Pattern” numbers. It is clearly seen that the fault-state and fault-recovery actions provided
by all designed control drawings are in similar way as the built-in fault-state and
fault-recovery options provided by the digital FF-based PID loops. Hence, the proposed
technique for configuration design of control drawings of four studied PID loops
with/without feedforward path can be an alternative solution for existing production plants
using conventional wiring to improve their control operations for additional level of safety.

TABLE 7. Target and actual modes of the ‘LIC-OP” and ‘LCV-MOQO’ in case of PV1 failure
Control When Detecting PV1 Failure After Resolving PV1 Failure
Drawing | LIC-OP (PID) LCV-MO (ML) LIC-OP (PID) LCV-MO (ML)
Target | Actual | Target | Actual | Target | Actual | Target | Actual
L1P1 MAN | IMAN | CAS TRK MAN | MAN CAS CAS
L2P1 MAN | IMAN | CAS TRK MAN | MAN CAS CAS
L1P2 MAN | IMAN | MAN TRK MAN | IMAN | MAN | MAN
L2P2 MAN | IMAN | MAN TRK MAN | IMAN | MAN | MAN
L3P3 MAN | IMAN | CAS TRK MAN | MAN CAS CAS
L4P3 MAN | IMAN | CAS TRK MAN | MAN CAS CAS
L3P4 MAN | IMAN | MAN TRK MAN | IMAN | MAN | MAN
L4P4 MAN | IMAN | MAN TRK MAN | IMAN | MAN | MAN




TABLE 8. Target and actual modes of the ‘LIC-OP’ and ‘LCV-MO’ in case of PV3 failure

Control When Detecting PV3 Failure After Resolving PV3 Failure
Drawing | LIC-OP (PID) LCV-MO (ML) LIC-OP (PID) LCV-MO (ML)
Target | Actual | Target | Actual | Target | Actual | Target | Actual
L3P3 MAN | MAN CAS CAS MAN | MAN CAS CAS
L4P3 MAN | MAN CAS CAS MAN | MAN CAS CAS
L3P4 MAN | IMAN | MAN | MAN | MAN | IMAN | MAN | MAN
L4P4 MAN | IMAN | MAN | MAN | MAN | IMAN | MAN | MAN

TABLE 9. Comparison of the proposed technique and the previous works [8,16,17]

Designed Control Drawings

PID Control with/without Feedforward

Block Action of Function Block Block Option of FF Function Block
SQ1- | IfLIT-AIl.ALRM is ‘IOP-’ or PID | °IFS if Bad IN’ for setting ‘Initiate
LiPk | ‘IOP’, LCV-MO-IFS.PV is Fault State’ status on its output in
(ST16) | activated. the event of ‘Bad’ input [16,17].
LCV- | IfLCV-MO-IFS.PV is AO | ‘Fault State to value’ for forcing its
MO | activated, its actual mode output to equal the preset safe value
(ML) | becomes ‘“TRK’ and its output when receiving the ‘Initiate Fault
equals the preset safe value. State’ status from the PID [16,17].
LIC-OP | If LIT-AT1.ALRM is ‘IOP-’ or PID | ‘Target to Manual if Bad IN” for
(PID) | ‘IOP’, its default algorithm sets setting its target mode to ‘MAN’ in
the target mode to ‘MAN’. the event of ‘Bad’ input [16,17].
SQ1- | If LIT-AI1.ALRM is ‘IOP-’ or AO | ‘Target to Manual if Fault State
LiPm | ‘10P’, LCV-MO.MODE is Act’ for setting its target mode to
(ST16) | forced into ‘MAN’. ‘MAN’ in case of fault-state action
LCV- | IfLCV-MO.MODE is forced [17].
MO | into ‘MAN’, its target mode
(ML) | becomes ‘MAN’.
SQ2- | IfLCV-AI3.ALRM is ‘DV+’ AO | Option is unavailable, but its
LjPn | or ‘DV-’, LCV-MO.MODE is default algorithm sets ‘Bad’ status
(ST16) | forced into ‘MAN’. on its BKCAL OUT and forces the
LCV- | If LCV-MO.MODE is forced actual mode to change in response
MO | into ‘MAN’, its target mode to the detected actuator failure [8].
(ML) | becomes ‘MAN’.
SQ2- | IfLCV-AI3.ALRM is ‘DV+’ PID | Option is unavailable, but its
LjP4 | or ‘DV-’, LIC-OP.MODE is default algorithm forces the actual
(ST16) | forced into ‘MAN’. mode into ‘IMAN” in the event of
LIC-OP | If LIC-OP.MODE is forced ‘Bad’ status of its BKCAL IN [8].
(PID) | into ‘MAN’, its target mode

becomes ‘MAN’.




5. Conclusions. To enhance safety of conventional 4-20 mA current loops with/without
actual actuator position signal in the presence of instrument failures for PID control
with/without feedforward path, a configuration design technique by using software function
blocks available in the CENTUM VP DCS host has been proposed. Eight control drawings
designed for providing not only fault-state action to bring the affected loop to predefined
safe state when detecting the failure but also fault-recovery action to return the affected
loop back to normal operation with operator intervention after clearing the failure in four
patterns have been introduced. With the proposed safety enhancement, four specified
patterns based on functions of failure status propagation and failure mode shedding can also
be applied to create control drawings that contain function blocks running on other DCS
platforms. Simulation results have been utilized to demonstrate the operability of four
control drawings in the presence of sensor failure and four control drawings in the presence
of sensor and actuator failures. A configuration design technique to provide greater safety
of multi-loop control employing traditional 4-20 mA wiring 1s the future work.
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