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Aogunsaiantiudonas uagaruaunITIKT
Indf dqulngvirulagdaludfiniudivssuy
muaNgamiveanamfidudetniuiou
ity LagsruumuaUiinaau e
Ingd

nHELRY 4

grruauszuulnin

(Control Panel)

[ 6 4 v
WugudnarsnisauauaunsalauUaene
wazgunsallussuumssilinunduiouiaun




A1519% 2.1 (s19)

nAYLAY

Yagunsal

Y o
KUIN

UL 5

\ATDIFUYDILE
mguﬁau (Circulating
Pump)

vt fidevewnaiiludothanudeundesiu
Tinyudeuluszuvedsdelies nanfoazsi
siifidsiifuanieiesludgunsaiildvesvian
Ypuvidauanasunnnudeu antufaviniisiu
Frunisanamarudeundundulusuainy
Soulval Fauindosguraamannyuiioudosd
gm51n15t%a (Flow Rate) LagA11u6 U
(Discharge Head) Funzay wazda1u190
1017 ULAUEEANIY (Friction Loss) 52l
Aatunieluronaszgunsaliliveanarion
wansnlunsesle

MUY 6

JEUUNOVYUIEY
Yaunad (Circulating
Pipe System)

vhnthitdsdhifudeuainuariednduluggunsal
ldupavmdeuniogunsaiuaniudsumiuiou
uazdIudY 9 ¥9ITE U VenyuEuYe LAl
sespanuausoulas uazsolignsassuvienlu

NULLRY 7

1&nsa4 (Strainer)

siwtinfinsesdsanusnuaznznouifudiegly

suuvienyuisuveunal lnedosindsldngos
fivionagnveaaTosguIaumamyuivy Tned
A IENNIVeNY LR UTD L

UL 8

f9lae1n1@ (Deaerator)
y3analanl

fwthitlaeuvionssenefinauiuinsudeuly

suugonld f1psonianasgfutisuinn
ulvaziinalauszansainlunissuuazanam
ASoumesinuanas

U8 9

H95UNISVYNF

(Expansion Tank)

Ywthiisessumsvensivesitiudoulussuy
Lﬁaﬁflﬁuqmmﬁqﬁu LLazLﬁafwﬁuqmﬁgﬁ
anas vwiludsdunisveneiaglnasonuia
¥aldszuuilihduiiunaonnan Tneldile
Is¥umnufeusunsevisiigauvndldaud 300 °C
drfuluszuvazagneiavialiusuasifiviu
Useanal 20% Se¥umsveneiiasdosinidligs
nszuuvietsfudoulane yonaniifasded
Auqifisenediazsesiunisueeivasingy
ol




A1519% 2.1 (519)

Y o
KUIN

NUBLAY Yagunsnl
wneaw 10 | Sufiuresmal (Storage | iinthitsosfutndufiduandsdunisvenssa a4
Tank or Drain Tank) | a1t uldlunsdidiifudenlussuulasy
ANuTaugelaunfinlilAnn1svengduInay
uivoonin wasdeduthitdnethifudousanain
sruvnnudsedlilunsdiinnsgeuingeszuy
vangian 11 | gunsaifildvesvandou | lugunsaifiviiminiduaanufeuainiidudou
vidogunsoiuandsy | udrdiemenufeusieludmandusinidesnis
AUTou (Heat aufou 1y in3aseulan w3 Aesddui
Exchanger) Dudu
vinelay 12 | gunsalnsiadugaungd | viwthiteuaiioshlulilunisaiugugumgl
(Temperature Sensor) | ¥83U 83t a3 (Temperature Indicator and
Controllen) Insfinasinssgunsaingradu
Qmugﬁﬁﬁamwv?fmazaanmmm%qﬁﬁLﬁm
dhitudou uaziiudestewds
yaneiav13 | wesiaaruiusesvan | Foshadediveniadinasyioniseanuosaios
(Pressure Indicator or | Andatidufou Tnsansiarausudessiuei
Pressure Gauge) lneg1atioy 1.5 1vednuaueyyInldau
GG LLazé}’aqam&%ﬁﬁamq@mw’mm%‘ladg‘u
yauvamyuiguiuldnses lnguinsinaiy
Fudossrualdearaaufuinauazaf
AN
yaneiay 14 | Gullsf luns@fiiaraaiasguaasimamyuiouiive
madivenadestiaiiiugou desineau
55y (Safety Relief Valve) fitan1soonves
wosridaiiuteu tasdosorienseantes
fudsfodgdeiunisuesdnieduiy
yomas Srnsresliifudadnfiveniadn
uazoonuashuds LLazﬂ']iamé‘?ﬁuﬁiﬁﬂagﬂu
sefufigenindedunisvenediniedauiu
VAR
oy 15 | esesinnislvaves Fofndaiersanuasiaiuauounnvie

2894al (Flow Meter)

YBRATBINLLAUNLUTDU




A1519% 2.1 (519)

NUBLAY Yagunsnl wthil
weae 16 | gunsallaig i iUalderniasznineiiinisniey
younarfildifudouiniudeu welweinia
vunluanveamardiliidudorhnmdouiiogu
szuU dosfnnegunsallafing (Arr Venting)
(Manea 16) fszsuuvisluusnaiiiiteazay
vaneay 17 | Udedleidie (Chimney | vimihfiszuieledeannviesinlnigusseinie
or Stack)
vnelan 18 | 11d1u18n1d (By-pass | vimthiiusuussUsununisinavesveanaiily
Valve) Duderhamudeulussuulimnzay
weaY 19 | 1atata (Stop vt Adauazdaiunslvavesisiulusyuy
Valve)
wnatay 20 | violivesmendildidude | Wuvefildveanaafildidudevininudoud
UIAUTOUILIEAD 18N vUriearinan 1 uluifuuudesy
(Expansion Line) nMsvenedavemennariiliiludotauien
ey 21 | viensaesziureavand | Wausunsirdeumsiiuveavarfilddudech
Tadudethanudeu AINTBUNBUNITEY Frs il udoi
(Oil Check Line) ANUSBULANSTUUNS e Ll viaﬁaﬂégaagﬁﬁa%’u
NIIVYIEA?
WeaY 22 | 2181iRuuessadfily Tiedndureanarflddudethanudoud

Judeiimnudeu Oil
Filing Valve)

gsvuu Aeslalvatinluvaziiuszuuldou




M19197 2.2 gUnsalau 9 Nanasluszuuveaesasiulnuiusoukasseuuny ey

YDA
yogunsnd Wil
JUlawarnILAu FoIRARIUULALATNINAUNSDUSIITULALIBUNUANAINS U

wieanuiladiiudou niedesunisvgedindaiuguiu 3
RS

W58 (Access Door)

fngnnnsyinsuuiafuindsSeildlunsetn nanedied
faidandsmndsazanogluiounuuilgiun o1avliiaa
nssedntunelureantle dilsfoasviminissuioniny
fuainnisssdaeanuanioamilng edesiunudsne
yaslasiadiauargunanl aztuindestuindiiusoudld
Fowmdavaniefmduiemas asindedsfoiitoniny
Uaeanelunisldau

Judpuhdugou (Filling
Pump)

YnndduvavaIntdidudeiianusoudiasuiuasaslul
wazldiduglovasnarmdidudsvianuseulussuurane

QUIUAUAINLS DU

(Insulation)

Fosdaliinsuaniufuanudeuiiduedosiudaiidudou
viodwenval uazgunsaleng q AdeamaiiAund 85 °C lag
gravgivesitawiudedliandd 60 °C luvuzildnuiaios
sdiaidiufeu

MA2@UN (Three-

way Valve)

MndneuAuguvgivesgunTainanildsuaiuseulule
AUVHMUTADINTT

AITTUIYDINIALAY

AU alve1n1enasA1wduluseu1ee0nUuUsISUNIS

g (Heating Up 281862 1T 9NNTIEVI0IN AN INTZUY

Valve)

HntnssuievsaalngludauininuSaunveedIunniy
Usndludesunisvenedy 1iszuieeanundadaiuraaman

y19u1uaY (Over Flow

Line)

aeluriosfudaniufoudiulngez@uiluiiinwesienuilng Tneddaw
(Burner) YiuiifinauidoinduarernidludnduiimnzausonsdunUagaauysal a1
Soufiinduainnisdumiasdemguesvarbadudonudou wu tituiilvasgnieluae
vigvniiu (Heating Coil) FsRnstagsavuinaoannivyl vinlisdunsluuneldsuay
Souruigumglasty iewndosgureamaimyuiiensiau (Circulating Pump) tsfuluae
vieazgnulifiedouiioanainiaiestniiaidudeulugsruuvioatsuan 9ntuttuds
gaungigeazddludagunsainliveunarfou wiegunsaluaniudsuniiuiou (Heat
Exchanger) iftamaimarudoulsifundnfausidsasiligaumaitiduanasssanm 30-50
°C Juagiunsoonuuy niuthifuazgnasluiidslaainie (Deaerator) Lieldvosoiniaii
919U uagkadslUgadiesunIsueufa (Expansion Tank) Wlasesiunisveneiavesniiud
gaungilas (luunswuudsldenianazdssunsvenedazegluyaneliu) Unddidlasinieuas
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feseasunisvensfazinasligeaniissdugeanuasszuuvioindu duifufioonainds
sosdunmsveneiaasgnaslugildnses (Strainer) iledndudsandsn mntuazgngaiiiaies
gurssvauisudiedstaluduaiestuiathifufoudiefuauioudnass lnsssuvay
houduasduinaeana fuesfiuissuunisinuligendudounn uiauaie
udszuumsvhauveneiesiidmituiouiifasdesigunsainmuaumsvhaudnuanesie
iielsinnsvhaugndes

2.3 SUUAIUANLATEINNTAUNSIUTY [11-12]

2.3.1 szuuinwanulasadis
syuusnwAuUaensiy (Safety Control System) ﬂizﬂauﬁ'gaqﬂﬂiaiﬁwiaiﬂﬁ
n)  gnaseinwsziuvsamadildifuderhniudou
gnaseinunszivvesvailiidudetirniudeu (Level Switch) vhuihidesiy

[

yoaaniudstiauseuluszuvanas visaliusunalivissns Tnsazdndeliludesuns
YY1

a 6 v

?) aedindreunnivesvainididudatianusou

3 U
Y a A

ainddringamgiivennarildudeiininusou (Safety Thermostat) l4iile
v A o I3 ¥

Uesnuvesvaldiludethanusausuniesniasesiidnuiuseuligumglguiundiani
Amualiluannsgiu

<3
a s v Al =)

f) antinnngmngillolde

9 Y
v a a

ainddringmmniiloide (Flue Gas Safety Thermostat) vinntindidosiiulails
pungileidovasdledeiargaiunindiidimunlinungnine vingungiledege
1nnIsnauansienainauinUsnlunsaema s el e e
14 8uderhaudeuluiowntsiy (Heating Coil)
) @IndANUAULANKIN
aAndanusiuuaneins (Differential Pressure Switch) iwtiiinsiaaeuaztesiulails

dnsnisluavesweaualfidudetheudousnninamnesgiuiinivuali

2.3.2 szuuAuANaM)ivaAsasitn oy
sTUUMIUANUNHvaLATeanilnuiuTeu (Temperature Control System)
nthnauauguvgivesmanlddudetnudeuninasesinidaunduieulvedly

[

sEAUfRINIsldunaeana lngasdsdyaunisiiiluauauueimnes (Servomotor)

TLSMTaNIRIN 1Y e lgafundtAmInsguiimuall ssuunIuALeMngl
vadnya el ludassuuauaunisvinuve st iteddlida i,

2.3.3 STUUATUANATTINGIUYBIAILKN
TLUUAIUANNITYINNUIBIIKT (Burner Control System) vivtiifiAIuANnIg
anuresiiaenadesivaungiivesveanaintdidudeiiniuiouiisenis wazd
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[
1Y

TunauluN1TINUNYNADY TEUUATUANNITINUVBITINIABIIUS AU ST UUAIUAY
gaungiivesvesmarnldidudeuiainudon ssuuaiuaudands uagszuuinwiaiy
Uaensy

234 szwmuquﬁ?amﬁa

sruUMUANITEINAY (Fuel Oil Control System) Usznaudegunsaifsil

n) anaalihgudemas

anmnliiiguitemnds (Fuel Oil Preheater) shntifiguintuiemasiidiany
nilngs Wilguvniifigudeudiodngium Woananumiaadimnganfuiumuuy
FI9 9

1) Dudadoinds

fudadomds (Fuel Oil Transfer Pump) shwiiildsdnguasarunua ity
Houndsidouliimnlfmngan

A ldnsesiifudemas

lénsosintudamaa (Fuel Ol Filten Musndsanysaniolnausanainmitsiy
Houda e lilideaemdnluvhemdemsudiim

2.4 wénmsilieu Ladder Diagram wagAndsiugnu [13-14]

PLC 68111910 Programmable Logic Controller 1Jugunsaiaiunun1snicuves
wspsdnslulssnugaamnssuvdanis fannsalusunsmsauedidulunaidosnsls
Tnefimsgamnudflunnivlsunsudmiuauaunisiauresgunsalsi o fidefudumnes
Laztendnmras PLC MsAndy PLC Juinifiegaussasilunsimildunimsasauaulnii
wuutiadlulssnugnanvngsy 3nasiedainanianugeinlunseoniuuuariivuin
2asfineutdng Audefilunsadannsuisdfostinafuaislsuaumn nsiien
PLC Whumaunuanunsaandamninala

N1IMIVANTAIUT AanisAIuANaIRUNTInuYesgUnsallussuulvaLlivauny
SoulwFolusunsuitldimunlind dyanalunsaiuaugunsaidanngasndudygnde-
Ualvigunsal 1y wawes laduuegindl Lasnaonkaning bN1TAIUANAITHINUYDY
gUnsnl uenanazRinnsandeulumsvhmudisiiansanteulunshaus i
Tunmsviaueie

Ladder Diagram dn1funundgdnuwaifiarunsagaislassaiaudidlonisvinau

>

'
o o

WiIa191 PLC Uszuianaaze feyamids (Instructions) vinaulaedgnisieuasludiu

[
Y [ I3

1 o v 1 o [ LY 1 [ [
nigauduazdeyalumiieaiudity svgniniulusia (Code) ldarunsadaivluy
dnwaurved Ladder Diagram lalaenss dsluglddsdndudendlagnmds imszynddaiu
LUaIN 137N Ladder Diagram 1ulas



2.4.1 ﬁﬂﬁaﬁugm
n) Ads Load (LD), Load NOT (LD NOT)
A&3 Load %38 Load NOT tumssudunnaindiudumne

LD | ]

LD NOT M

000.00
| | . Address Instruction Operands
| | -—= Instruction
00000 LD 00000
000.00 00001 Instruction
M A nsteuction 00002 LDNOT 00000
00003 Instruction

Ul 2.2 fetnafds Load Wag Load NOT
1) A1ds AND, AND NOT

A3 AND 1150 AND NOT 1luddsilfunuisaseunsy

AND | |

AND NOT M

000.00 001.00 002.00

H }_M_‘ }‘ _____ e Address | Instruction | Operands
00000 LD 00000
00001 AND NOT 00100
00002 AND 00200
00003 Instruction

U 2.3 fetnadids AND uaz AND NOT

A) Ad3 OR, OR NOT

Ad3 OR #199 OR NOT LJum&anlaunuisasvuiu

12



OR _
OR-NOT _
000.00
Instruction Address | Instruction | Operands
00000 LD NOT 00000
001.00 00001 | ORNOT | 00100
00002 OR 00200
002.00 00003 | Instruction
sUfil 2.4 feg13fds OR kaz OR NOT
) A1ds OUT, OUT NOT
Md3 OUT vde OUT NOT tludaondmnaluiidruiodng
ouT AO—{
OUTNOT 4@—{
000.00 100.00 ,
| Address | Instruction | Operands
H | Q—{ 00000 LD 00000
00001 ouT 10000
000.00 100.00
| Address | Instruction | Operands
H | @‘{ 00000 LD 00000
00001 | OUTNOT 10000

Uil 2.5 fhetnadds OUT waz OUT NOT

13



2) A1ds Timer

&1 TIMER Wumdstiunal lnefiveaduinudanazdl Timer Tld 256 ¢

TIM N:TC Number (vanaiaaaas Timer)
N 000-255
SV 3
SV: Set Value (Awianan)

AnATi(#) sisennsdrade IR,SR,AR,DM,HR, LR

000.00 000.01 Zz0 - R T
| T
0 00000 LD 00000
#50
TIMO00O 100.00 (geas AND NOT 00001
| |
' O—‘ 00002 TIM 000 #050
TIII\I//I1000 100.01 WiV Y 1 -
! va
00004 ouT 10000
END(01)
00005 LD NOT TIMO000
Ladder Diagram 00006 ouT 10001
00007 END (01)

U 2.6 Fhegradds TIMER

N = Timer Number (ua3 000 - 255) dend1azld Timer safivila
SV = Set Value fsanan [imuninagly Timer fanaiuiuwinle sanwes SV fifivus
fuwgﬂ@mé’w 0.1 Wiswlaaduszeznaiass Tned

1. fvun SV urhasil #0000-9999 (000.0-999.9 Funit gaude 0.1 Fundh)

2. mvum SV 1Ju weswmsa IR, SR, AR, DM, HR, LR Tneldendanandiduemed
0000-9999 lunesmnsadisndiadniina (ehfitmunazgausie 0.1 Funiduiortunis
FAUALUUAIAIT)
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2) A1d9 Counter
A& Counter Lumdaiu Tnefineaduinudanazil Counter Y 256 ¢

CNT N:TC Number (vuneazaas Counter)
N 000-255
Y »
SV: Set Value (Fsisanwnuiv)

AnAsfi(#) vidensdnada IR,SR,AR,DM,HR,LR

000.00 Address Instruction Operands
|| CNT
000.02 000 00000 LD 00000
|| #0010
CNTO00 100.00 000 LD 00002
| |
I O—| 00002 CNT 000 #0010
END(01) 00003 LD CNTO000
00004 out 10000
Ladder Diagram 00005 END (01)

'
Y 1 Y

JUN 2.7 d9e19A1ds Counter

o

N = Counter Number (tua% 000 - 255) daninazld Counter fafiinla

SV = Set Value msasuautiuiieldmmundnagli Counter 1 fyanaduwaduduud
pdsudamii Contact ta1wnuss Counter Fsawiauralad
1. ftviun SV 1SusnAsil #0000-9999
2. mvus SV 10U wonlesa IR, SR, AR, DM, HR, LR Tngldrnaasnuauuiiduaasi 0000-
9999 lunannsaitsnsdadninils
CP = v11iu Lﬁaﬁé’fgapmauwmiuédwﬁmﬁ&Juamuzmﬂ OFF T ON hanflund Counter
WHUNDUNAIA 1
R = 91 Reset ilai] ”ﬁgmmﬁuwm%’wmﬁﬁmﬁ 1219 NAYBY Counter NYATIULALATTU
183 Counter azgn Reset ndulUTUARIT LAY (SV)

%) A& End

nadeulsunsumnads dWeduganmadeulusunsuudrnzdosuiemis
END (01) v dnlaifidndedl Wlagldvinisda Run TusunsuiliBeuiu PLC aiia Eror Tay

dann PLC Irluanana Error/Alarm @undagfinAng uagasditondu “NO END INST”
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Usngegivinge LCD Wuuansliiiuinlufidds END (01) Tunsdlilusunsuagliaunse
RUN 19 insnegasiiufiedsulsunsuaunnassnlstdamds END (01) e

2.4.2 Yofvunvasnsiligy Ladder
n) 910 Ladder Diagram #33U7 2.8 aglalanunsnideulusunsuld dnludeulan
Ladder Diagram fiau lnewdigulvisiusnaasinumileuau dagun 2.9

000.00 000.02

H

=
o

o
80
o

000.01 000.03 100.01

000.01 000.04  000.03 100.00
o~ | |
|| ||

000.00

000.00 000.04 000.03 100.01

4 4—0

gﬂﬁ 2.9 Ladder Diagram ‘ﬁﬁﬂ
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¥) @ 93U Ladder Diagram n15UsEaRaNaaENANsuInsyinauaInggluayinty ag
megaluguil 2.10

000.00 000.04 100.00

000.01 000.02

Ladder Diagram A

;5‘1]17; 2.10 Ladder Diagram 78 vkilsianiSes

[

911 Ladder Diagram A 8u1&@uia 000.00, 000.02 kaw 000.03 a1z “ON” A
ldaunsavilvitendng 100.01 u “ON” lalae deliuy dldagaesiinisdasedusunsudey
Tysdselyinnsviausinisnsevianngeluvan A Ladder Diagram B Tugudl 2.11

000.01 000.02 000.04 100.00

e e

000.00 000.02 000.03 100.01

[ F ==

000.00

000.01

Ladder Diagram B
3UM 2.11 Ladder Diagram #13@i3e1auen

A) S1uruntIAeuuNATY NO war NC vesdunn/iandng Siad uaslndiwes
(TIMYAA10 05 (CNT) azdin1sTuanifiovrundouluswnsudusiuuuinlafldniuainy
Uszasdvosflld urfsegelsinunisdeulusunsuifagdemeguusendnruinves
Tswnsulduinmafiazanunsavinle SeaziuTeusiisuliniuly Ladder Diagram A was



18

Ladder Diagram B avdanaiulainn1siflieulu Ladder Diagram B @unsausendnmdals
2 mda luragilusunsuinulamiioududgui 2.12

000.00 000.01 100.00

| O

000.02 000.03

—

Ladder Diagram A

Address Instruction Operands
00000 LD 00000
00001 LD 00001
00002 LD 00002
00003 AND 00003
00004 OR AND
00005 AND LD
00006 outT 10000

000.02 000.03 00.00 100.00

R o)

000.01
| |
|
Ladder Diagram B

Address Instruction Operands
00000 LD 00002
00001 AND 00003
00002 OR 00001
00003 AND 00000
00004 out 10000

35U 2.12 N5y Ladder Diagram 731U 3UUsTindaenI
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1) Wedesnsliiendwn “ON” masanataziinisldunlan (Flag) MIuwuy“ALWAYS
ON” (253.13) Tu SR area undudradadoule Wiesnliauisonenssdiondnnlalaenss
U Bus Bar weiniidesnduduutefds 1w INTERLOCK CLEAR, JUMPEND way STEP

100.00 !

i >

| 00001 100.00 :/
X
P~ O

Ladder Diagram ﬁgﬂ

a

5U# 2.13 Ladder Diagram Tun1smiuawiednaiiauaggn

o w

9 Suunthdudaildlunisdeoynsuvieruuliitasfnagldilafldtuogifun
AOINNTVR LY

2) W Wimenn 9 fagdl Auxliary Contact isldsmilulusunsuls waganusalddiuy
Lyidndn

v) ldasnsa@eulusunsalvimhdudaegiumimdianaesdld suandusui 2.14

| | 000.01000.02 10000 :/
N by
N Nl O‘| !

a

Ladder Diagram vgn

U

a

5UN 2.14 §10819 Ladder Diagram 7w dnaiinkasgniuuil 1

%) lanunsalulsunsulviiodnmuesifediugvany q assla desdaguidelnal A
wandlugun 2.15
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000.01 100.00

e

o
S
o ¢
o
-

Ladder Diagram ‘ﬁgﬂ

a

5U# 2.15 f10819 Ladder Diagram M8 WNANHALAEQALUUN 2

¢ 2 a v 9 Naa v A o
) Laqmﬁ/\!@ﬁ@ﬂa a']ll'ﬁﬂWJEJUIU?LLT’WNIMW@GUU']UVL@LaEJ 1Uﬂ§mV]3Jﬂ'ﬁ§UNE]u16UGU@\‘1WUW

Y

UlAYALALIY

000.00 000.01 100.00

A\t

100.01

5U# 2.16 Ladder Diagram 7iguto1dnslvidliouluymiaeaiiu

fy) PLC 2gi3uuUszunanalusinsuain Address 000.00 9uUnNIzN909AI&S END sl
usn laadidnds END o19agdinargmuwnislulusunsy Miluuilliiognussasddimiunig
nageulusunsy nsdiuenlusunsuseniiudiy 9 uasdesensasadaunilulusunsy
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2.5  Astgeuluswnsy CX-ONE [15-16]
2.5.1 nsalusunsy CX-ONE 1iadn Start > All Program > Omron > CX-ONE >

CX- Programmer > CX > Programmer

daoaaoopq i ;_ 3

. ' n - .
G000 0oo#A0000A003dlowodskdRORNIOO0G
P YT ERRS S s T ? »

Il

sUdl 2.17 m3nlusunsy CX-ONE

2.5.2 MsfvuadEuiudmiunsldny
WaiUalusunsu CX-ONE uddaedintianelusunsusiagun 2.18 glddosimune

Sugulituldswnsudmnsunisldausesalud
a A g
n) AANTILUY File > New

Bltew., il
@& Open... Ctil+0

T Fon | ForceOft NextAddr] Fdbit | prormat
Gl Gl Gtk | N SPAGE et

Forgedn FnrneCancnlrmu.Jump Camment
Ci+l | B L

Ctrivd| Ctrds Ctri+Shifts1
B OHEPEAOMTLN

UM 2.18 nMsasAnsldau



W) wUIINYUUIIAIUN 2.19

22

Change PLC 4
~ Device Name ]

| ewPLCT ‘
Device Type .
|CS16/CI1G ~v| _ Settings... | ‘
Metwaork Type .
| Toolbus :_I Seftings... |

i~ Comment N

| -

RS W, ZZIR0NS SN € \ \

oK Cancel Heip

SUf 2.19 nthse Change PLC

1Y
a

a) lutes Device Type liidenguves PLC Aldauay (uiitidon CPM2¥) udn

Aan OK

F <O\\ B T R

Chan%ﬁe pLC

Device Name — — __\YL+D) )
|NewPLC1

Device Type
CS1G/CNG v

Settings. . |

CFP1H »
CFIL

CPM1 CF'M‘EAH
i

CPM2%-5~
COM1
COMIH

“AcsinH e

| Settings...

| 0K I Cancel

Help

glh'?'i 2.20 %919 Change PLC d1misuldan Device Type



1) AAndia Setting Una1sazUsnguiinang Network Setting

Change PLC
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al) AwUTINYNT1ee CX-Programmer V8.0 lvindndu Yes

=

CxX-Programmmer v8.0 3

' Make sure that there aren't any problems if the PLC is started.
. Dio you wish to switch the PLC into Monitor rode?

Yes Mo
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' Make sure that there aren't any problems if the PLC s stopped.
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Yes » Mo
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Make sure that there aren't any problems if the PLC is started.
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M1319% 3.1 Address 7lg9198sdmsumalsulusunsulunsaimsauauimawuuialy

Address Input/Output Comment

0.00 Input Blower Run

0.01 Input Blower Over Load

0.02 Input Temp HH

0.03 Input Flame Detector

0.04 Input Oil Diff Press. L

0.05 Input Boiler Start PB.

0.06 Input Boiler Stop PB.

0.07 Input Boiler Reset PB.

0.08 Input Emergency Stop

0.09 Input Buzzer Stop PB.

0.10 Input Alarm Reset PB.

0.11 Input Lamp Test PB.

1.00 Input Pre Purge Abnormal

1.01 Input Oill Flow L

1.02 Input Feedback 100%

1.03 Input Feedback 1%

1.04 Input Temp H

1.05 Input Temp L

1.06 Input Blower Auto Select
100.00 Output Blower Run Auto
100.01 Output lgnition ON
100.02 Output Main Fuel SV. Open
100.03 Output Pilot Fuel SV. Open
100.04 Output Purging Run Lamp
100.05 Output Purging Completed Run Lamp
100.06 Output Pilot Lamp
100.07 Output Pilot Completed Lamp
101.00 Output Run Lamp
101.01 Output Run Completed Lamp
101.02 Output Post Purge ON Lamp
101.03 Output Buzzer
101.04 Output Blower Over Load ANN.
101.05 Output Emergency Stop ANN.
101.06 Output Temp HH ANN.
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Address Input/Output Comment

101.07 Output Oil Flow L ANN.
102.00 Output Oil Diff Flow L ANN.
102.01 Output Flame Fail

102.02 Output Pre Purge Abnormal ANN.
102.03 Output Start Lamp ON
102.04 Output Stop Lamp ON
102.05 Output MV 100%

102.06 Output MV 1%

102.07 Output Auto Mode

3.4 M3Ussgnaldinmaiianitauedmiunsalfine

Checking Heater Self
Protection for Sart Up

Heater Protection System

NO
| (Alarm and Shutdown)

Closing Fuel
_ Alarm Reset | | Supply Valve
| Pre-Purging |
. ) . Heater
| Pilot Trial and I gnition | Manual Sto
Flame Detection
NO
Main Burner Trial and Ignition
Flame Detection
NO
Maintaining Outlet Temperature
High Temperature Detection
YES
A
I Post-Purging |

L ow Temperature Detection
o

YES
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Ready
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Start

No

No No
Temp HH Oil Flow L Flame Fall
Yes Yes Yes
\ 4 . A 4 \ 4
Annunciator Annunmatqr Annunciator Annunciator
Temp HH ON Pressure Ol Oil Flow L ON i
p Fuel H ON Flame Fail ON
'
~ Annunciator .
"I FlameFal ON |
Buzzer ON
Pilot Vave Close
Pod mrge Main Vave Close Blower Stop
Function
Blower Stop
Y
v Stop
Stop
Start
Y Y
Blower No mergency No
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A15199 3.5 WaulvYeINITHANFRUTLANTUIUNSEN 1

ASHALADU

Wouly

Fuel Pressure HH ANN.

Nnuliloruiurasgalndgaiuly

Stack Temp HH ANN.

a g dl a ! U a
\nTuillogungiivesUdesaiugaiuly

Oil Diff.Press HH ANN.

Nndudleviaundiusoulinisgasiu

Heater Run Status DCS.

LRTULLBLATBINILEAUNTUS DUV

Blower Run Status

WinduLilaBlower 1Suvinau

Flame Detector to DCS.

nduliafanlnlue e ludiveaniaeniila
REIE

A15199 3.6 Address MNAUA I rSUNSIReWTUSkASUTUNSNA 1

Address Input/Output Comment
1.07 Input Fuel Pressure HH
1.08 Input Stack Temp HH
1.09 Input QOil Diff.Press HH
1.10 Input Emergency From DCS
103.00 Output Fuel Pressure HH ANN.
103.01 Output Stack Temp HH ANN.
103.02 Output Oil Diff.Press HH ANN.
103.03 Output Heater Run Status DCS.
103.04 Output Blower Run Status
103.05 Output Flame Detector to DCS.

M15199 3.7 Address Nlad1nsuniseuluswensulunsain 1

Address Input/Output Comment
0.00 Input Blower Run
0.01 Input Blower Over Load
0.02 Input Temp HH
0.03 Input Flame Detector
0.04 Input Oil Diff Press. L
0.05 Input Boiler Start PB.
0.06 Input Boiler Stop PB.
0.07 Input Boiler Reset PB.
0.08 Input Emergency Stop
0.09 Input Buzzer Stop PB.
0.10 Input Alarm Reset PB.
0.11 Input Lamp Test PB.




An519% 3.7 (510)

Address Input/Output Comment

1.00 Input Pre Purge Abnormal

1.01 Input Oill Flow L

1.02 Input Feed Back 100%

1.03 Input Feed Back 1%

1.04 Input Temp H

1.05 Input Temp L

1.06 Input Blower Auto Select

1.07 Input Fuel Pressure HH

1.08 Input Stack Temp HH

1.09 Input Oil Diff.Press HH

1.10 Input Emergency From DCS
100.00 Output Blower Run Auto
100.01 Output lgnition ON.
100.02 Output Main Fuell-2 SV. Open
100.03 Output Pilot Fuel 1-2 SV. Open
100.04 Output Purging Run Lamp
100.05 Output Purging Completed Run Lamp
100.06 Output Pilot Lamp
100.07 Output Pilot Completed Lamp
101.00 Output Run Lamp
101.01 Output Run Completed Lamp
101.02 Output Post Purge ON Lamp
101.03 Output Buzzer
101.04 Output Blower Over Load ANN.
101.05 Output Emergency Stop ANN.
101.06 Output Temp HH ANN.
101.07 Output Oil Flow L ANN.
102.00 Output Oil Diff flow L ANN.
102.01 Output Flame Fail
102.02 Output Pre Purge Abnormal ANN.
102.03 Output Start Lamp ON.
102.04 Output Stop Lamp ON.
102.05 Output MV 100%
102.06 Output MV 1%
102.07 Output Auto Mode

50
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51

Address Input/Output Comment
103.00 Output Fuel Pressure HH ANN.
103.01 Output Stack Temp HH ANN.
103.02 Output Oil Diff.Press HH ANN.
103.03 Output Heater Run Status DCS.
103.04 Output Blower Run Status
103.05 Output Flame Detector to DCS.
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gunsal
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Emergency from DCS
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Main fuel Valve 1 Auto
Toggle Switch)
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Tl msunsiaaeuaniug Togsle switch 1eglu
annug Auto n3eli 61 Toggle switch aioglu
annuy Auto axldarunsaaiuaula

Main Fuel Valve 2 Auto (New
Toggle Switch)

Al miunsivdeuaniue Toggle switch 1eglu
an1uy Auto n38ly 61 Toggsle switch aioglu
annuy Auto azldaiunsaaifinaula

Pilot LPG Valve 1 Auto (New Toggle
Switch)

Tlidmiunsiraeuaniue Toggle switch 1oglu
a071ug Auto n3abi 61 Toggle switch aioglu
anuy Auto azldansasiiuaula

Pilot LPG Valve 2 Auto (New Toggle
Switch)

1l3dmTunsIadeuanIue Toggle switch 1aglu
an1uy Auto n3ali 61 Togsle switch laioglu
gaug Auto agldanunsasfiuaula

Pilot LPG Valve 3 Auto (New Toggle
Switch)

fl3dmsunsiaaauaniIue Togsle switch noglu
anug Auto wsalid 91 Toggle switch laioglu
an1ug Auto azlianansasniusule

Remote Set Point to DCS

\aueadFudynIudunmuia1n Remote Set
Point From DCS waafikoadnagdsdypyialuan
DCS tauanImsauyazSudyamain DCS
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Nouly

Heater Operating to DCS

Wndulilansesniiniiuseusiiiuaieg

Heater Fail to DCS

WnTuLlamIaenilauisiuseuin Interlock
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Pressure Switch L ANN.
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Address Input/Output Comment
1.07 Input Remote Set Point From DCS
1.08 Input Emergency From DCS
1.09 Input Pressure Switch L
1.10 Input Main Fuel Valve 1 Auto
1.11 Input Main Fuel Valve 2 Auto
2.00 Input Pilot LPG Valve 1 Auto
2.01 Input Pilot LPG Valve 2 Auto
2.02 Input Pilot LPG Valve 3 Auto
103.00 Output Pilot Fuel 3 SV. Open
103.01 Output Pressure Switch L ANN.
103.02 Output Remote Set Point to DCS
103.03 Output Heater Operating to DCS
103.04 Output Heater Fail to DCS
103.05 Output Flame Detector to DCS.

A15199 3.11 Address Nlad@msunslsuluswnsulunsdin 2

Address Input/Output Comment
0.00 Input Blower Run
0.01 Input Blower Over Load
0.02 Input Temp HH
0.03 Input Flame Detector
0.04 Input Oil Diff Press. L
0.05 Input Boiler Start PB.
0.06 Input Boiler Stop PB.
0.07 Input Boiler Reset PB.
0.08 Input Emergency Stop
0.09 Input Buzzer Stop PB.
0.10 Input Alarm Reset PB.
0.11 Input Lamp Test PB.
1.00 Input Pre Purge Abnormal
1.01 Input Oil Flow L
1.02 Input Feed Back 100%
1.03 Input Feed Back 1%
1.04 Input Temp H
1.05 Input Temp L




a15197 3.11 (6i0)

Address Input/Output Comment
1.06 Input Blower Auto Select
1.07 Input Remote Set Point From DCS
1.08 Input Emergency From DCS
1.09 Input Pressure Switch L
1.10 Input Main Fuel Valve 1 Auto
1.11 Input Main Fuel Valve 2 Auto
2.00 Input Pilot LPG Valve 1 Auto
2.01 Input Pilot LPG Valve 2 Auto
2.02 Input Pilot LPG Valve 3 Auto
100.00 Output Blower Run Auto
100.01 Output Ignition ON
100.02 Output Main Fuel 1-2 SV. Open
100.03 Output Pilot Fuel 1-2 SV. Open
100.04 Output Purging Run Lamp
100.05 Output Purging Complete Run Lamp
100.06 Output Pilot Lamp
100.07 Output Pilot Complete Lamp
101.00 Output Run Lamp
101.01 Output Run Complete Lamp
101.02 Output Post Purge ON Lamp
101.03 Output Buzzer
101.04 Output Blower Over Load ANN.
101.05 Output Emergency Stop ANN.
101.06 Output Temp HH ANN.
101.07 Output Oil Flow L ANN.
102.00 Output Oil Diff Flow L ANN.
102.01 Output Flame Fail
102.02 Output Pre Purge Abnormal ANN.
102.03 Output Start Lamp ON
102.04 Output Stop Lamp ON
102.05 Output MV 100%
102.06 Output MV 1%
102.07 Output Auto Mode
103.00 Output Pilot Fuel 3 SV. Open
103.01 Output Pressure Switch L ann.
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a15197 3.11 (i0)

Address Input/Output Comment

103.02 Output Remote Set Point to DCS
103.03 Output Heater Operating to DCS
103.04 Output Heater Fail to DCS
103.05 Output Flame Detector to dcs.
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[Program Name @ NewProgram ]
[Section Name : in_ouf]
In put
onoaoo I: 0.00 Wﬂ;‘m blower run
(DO0000 i el
bl
0000mM I: IEI.EH W0 blower over load
(00D002) i .,
' bl
—— WEOZ | Temp HH
(000004) 1 ' 11
| Temp HH
nooana | I:I{:I.EIE WP_?E flame detector
(D0DO0E) i bl
]
| flac
| oo4 w04 G
000004 | oil diff press. L
jooooosy 1 | O
| il di...
|
AW - |:Iu.? "‘"'ﬂ.\”ﬁ boiler start pb
(0ooodoy =1 NV
il ..
I: 0.08 W06 ;
000006 . % boiler stop pb
(o0omz) —— C 7
bailer =...
0000 20.07 Wo.07 boiler reset pb
(00001 4) [ =" WL
bail. ..
oooape | 002 WBDE | Emergency Stop
(DODO1E) 1 i
Emerg...
I: 0.08 wWio.09
000009 Buzzer stop pb
(ooomEy ——1 C 7
Buzz
I: 0.10 W00
000010 Alarm Reset pb
joooozoy ——1 | O
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I: 011 Wo.11
0o00 Lamp test
(000022) i o, "
lamp te...
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000015
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000018
{000022)

000018
(000041}

000020
(000042)

000021
{000045)

000022
(000047}

000023
(DO0D4E)y

I: 1.00

Lamp test

W1.00
— | O
Prepur...
TODDM
S —
timer wa...
TODO3
| —
timer wa...
1. Wi
— | O
oill Flow L
1.0 w02
— | O
Fe...
I:1.03 Wih1.02 wW1.03
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Fe... Po...
I:1.04 W04
—i O
temp H
Iz 1.05 W1.05
e | e
] L
temp L
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| 1 =
| N | L
bl
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W00.00 Q: 100.00
— T
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Bilow...
W00.01 o 100.M
— | O
ignition on
W00.02 Q: 100.02
=
mgin fu...
W100.03 < 100.03
|1 ™y
[ L
pilot fu...
W00.04 2 100.04
— | O
Prundgi...
VWO 11
| L
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Pregurge abnormal

oil Flow L

Feed back 100%

Feed back 156

temp H

temp L

blower auto select

Blower Run auto

igmithom on

main fuel sv_.open

pilot fuel sv.open

Prunging run lamp
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=
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L
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Q100,07
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pil...

W11

_| R
Lamp test

W101.00

Q: 101.00

=
Rumn lamp

W11
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Lamp test

Wi01.M

@ 101.M

Run ...

W11
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Lamp test
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L
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po...
W11

L
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pilct complete lamp
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Run comglete lamp

post purge on lamg
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000031

(oooo7E) ——
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W101.02
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i 101.03
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W250.00
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buzzer
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{ A
buzzer

W250.05
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buzzer

Wi01.04
]
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Q: 101.04

I
blovw..

W11
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Lamp test

W101.08
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Emerg...

Wl 11
Sy E—
Lamp test

Wio1.08
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temp ...

W11
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blower over load ann.

Emergency stop ann.
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62



000034
(DO0022)

000035
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W101.07
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start |...

W11
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Lamp test
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W11
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W102.05
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—
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ol flow L ann.

oil diff flow L ann.

flame fail ann.

Pre purge abnorm...

start lamp on

stop lamp on

my 1005
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[Program Mame . NewProgram1]

[Section Mame : Stage_1_ready]
chack ready

ooz

—

WoLOF Wws00.00
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W04
S —
il di...
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TODM
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temp L
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000004
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V.08
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Wi02.04
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stopla...
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—
stopflag  Blow...
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1 ¢ O
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(D00155) I 4 1-F {_r
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stop flag
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000a0ne
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end stage 1
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[Program Name : NewProgram1]

[Section Name : Stage_ 2 pre_purge]

0o0o0o0o W1.08 VWOLDS WEOD.03 TOM3 W500.00
o017 —1 | | | {1 - {71
blow: . ol endst... Po... ...
W00.00 We.02
=l —Lz]
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W5.01
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temp L
WDI.'.G WE00.01 W100.00
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boiler s ready ...
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V.00 TIM
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blow... " L
#2100
Wi00.00
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Blow.
nooan? TOODO W1D0.05 WE0D .04 WEOD. OO W500.01
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timer 55~ |Prungi... endst.. rea.. ready ...
Wii2.05
L ]
10036
wiba.or We00.03 Yu5.03 W02 05
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A end st... stop flag
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000003
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| timer &s
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Wi02.05 TOOOS Wh5.03 WE00.00 WWEDD.01
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Wi00.04
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V10004
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W100.05
_| |_ i
Prungi...
Wi100.05
[1] O
Wro0.05 W500.00 Ws00.01 WHio2.07 W03
| 1 -1 =i e e AN WY
Prungi... |rea.. ready ... Al siop flag
Wio2.08 W03
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v 1% Fe..
V0208
SR O
Tind
(2]
ooo2
#50
WiD0.05 W03 W100.00 WuE00 04
— = 1} O
Prungi.... Fel. Blow...
Wi500.04
{ 1
end st
TOOO3 V350,00
— | {—
timer wa...
TOOo1
_| PR J
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| prunging timer

Prunging run lamp

Prunging comple...

mw 1%

| timer wait fesdba. .

end stage 2

prepurge abnommal
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[Program Name : NewProgram1]
[Section Name : Stage_3 pilat]
Wa00.04 WE.OD TIM . .
000000 timer for pilot
(ooozagy —— -1 H g
endst.. tempH oons
#30
oooom VYu5.03 TOOD4 WE00.00 Wis00.01 TOO08
(po0242) —=F || 4-F 4 44— 1]
stopflag timerf.. rea.. ready ... ffla.
e I
W5DO.05 w1000 e
ignition on
C—F o—|"
end pil_..
73 /o || time wait pilot valve
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#10
oooonz TOODS WD1.01 Wa00.00 WiS00.01 W03
(ooo2sz) 1 | - - i o 44— 1]
time wa... [Fun ... FEa... ready ...  stopflag
\Wi00.08
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pilct lamp
VSO WiD0.0G ]
ilot kamy
Lid=—l4= T i X
temp H
TOODS TOOOg W5.03 WW5.00
0ooao3
(ooozen) F—1 | == - == D) -~
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W100.03 2
|E O pilot fuel sv.open
W00.03 W500.01 WE.O4 WE.02 iy
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002y — + A s P
pilot fu... |ready ...  blower up
Wue.02
._| — 4
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oooogs | W03 WiD0.03 TM | flame detec comfirm
{000270) 1 F 1T 1
fla... pilot fu... oo
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000007
{D00220)

O0000S
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(0002807

000010
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TODOG WrD1.01 WE0D.00 WiS00.01 WE.O3
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fla. Run ... rea... ready ... stopflag
VWSO w0007
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temp H
W0.03 W1D0.03 TOoOs TIM
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W00 WWE.DE Wha.O03 Wi1.04
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Wiaa0.00
L — i
igniti-..
WW3B0.00
] ',
Wasl.oo WWOLO3 W1 .02 15
— Sl i} 1%} N
igniti.... fla... po... po..
TIM
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0014
#30
TODDG WH00.00 Ws00.01 Wu5.00 Wa.03
. 4 4 - 411}
fla... rea ready ... tempH stop flag
Wia00.05
L | — i
end pil...
WWE00 05
1] O
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pilct complete lamp

| Flame detec fail

igniticn status

| Flame detec fail

end pilot stage
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000008
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oooooy
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[Program Mame : NewProgram1]

[Section Mame : Stage 4 Run]

Wis00.05 TIM
[|
)
end pil... oacs
#30
VuE.00 WE.O3 TOoos Ws00.00 WE00.01
—-F -t i1 - = [ 1]
temp H stopflag waitne... rea.. ready ...
w100.02
L] 9,
)
TIké
(2]
0002
#30
WiD0.02 W500.00 WE00.01 WW5.03
— | 4-F 4 4 DL
mainfu... rea.. ready ...  siop flag
Wili.00
[ O
L
Yu0.a3 Wb0.oz2 TIM
I |
fla miaim fu.. N0
#30
TOOM0 WEDO.00 WE00.01 W5.03 iS00
— | 3-F - o 4 {1]
fla... red... ready ... - sitopflag,  tempH
W1i01.01
| —
Run ...
W00
1] O
et
Yu0.a3 W00.oz2 TIM
—-F [
fla mizin fu.. LU
#20
TOO10 TIM
L
fla. b
#100
TOO12 VusD0.06
— | C
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| wait next stage

main fuel sv.open

| close pilot valve

Fun lamp

| flame detect confirm

Run comgplete lamp

| flame detect fail

| wait to auto mode

end run stage
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000002
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[Program Mame . NewProgram1]

[Section Mame : Stage &5_Autc COMN]

WaD0.08 WiD1.02 Ws00.00 Wa00.01 WE.O3
— | - 4-F 4 111
endr... po... rea... ready ... stopflag

Wi02.0v7
SN E— 4
A

W102.07
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|
temp H temp L

Wu5.00
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temp H
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Wub.ar
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temp H ug
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temp L temp Hup
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temp H up

temp L
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rea... igniti... ready ... ho..

WW5.00
S
temp H

Wi101.02

[ |

po...
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pil.... stop flag Pa...
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0013

#100
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[Program Name : NewProgram1]

[Section Name : Stage & Post_purge]

|| Past purge time

post purge on lamg

| post purge status
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000
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000002
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blow:....

[Program Mame . MewProgram1]
[Section Name : Alarm]
Temp HH
W0.o2 20004
— | O
Temp HH
Wud.10 W200.04 W09 W200.03
— A 1. O
Ala. Temp HH Buzz..
Wz200.03 Wa00.03
A S
Temp HH Temp HH
20003 W/101.03
—-F O
Temp HH
Wi 11 VW200.04 WW101_06
— | 4 O
Lamp test Temp HH
CF102 W200.04
— | { |
P_1s Temp HH
10 .
W200.03
S —
Temp HH
blower owver load
Y001 W200.01
— | O
blow. .
Wud.10 W200.01 Wi.0% 20002
— A 1 | O
Ala... blow... Buzz...
Wz00.02 w0002
— —
blow. .. blow....
Wa200.02 Ww250.00
—-F O
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Temp HH

Temp HH

buzzer

temp HH anin.

blower over load

blower over load

buzzer
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W01 wW200.01 W1 04
oooona
jooocay —1 -1 O

Lamp test blow...

blower over load ann.

CFi02 W200.01
— | || |
P_1s blow...

1.0..

W200.02
_| I_ .
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flame detector

000004
(000411}

T',}D“ WEE'M flame detector

flame detector
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oil diff press. L
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Y10 W200.07 Wi V20008
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Wa200.08 Wa200.08
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Wil 11 W2p0.o0rF w0200
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Lamp test il di...

CF102 W200.07
— | {1
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W200.08
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Emerg...
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e O
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il Flow L
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Ala... oil FlowlL Buzz...
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—F— — — ]
il Flow L il Flow L
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Lamp test  Prepur...

CFi0z W200.13
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Prepurge abnormal
Wv1.00 WW200.13
— | O
Prepur...
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Prepurge abnomal

Prepurge abnormal

buzzer

Pre purge abnorm...
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ABSTRACT. This article presents a technique to simplify and systematize programmable
logic controller (PLC) programming for ease of engineering. A PLC-based burner con-
trol for thermal oil heater is ezamined as an tllustrative case study. Based on the pro-
posed method, two ezample cases of PLC programming for the modified burner control
by adding input devices and alarm and shutdown conditions are described. Performance
of the proposed technique is demonstrated through experimental tests done by nine engi-
neers with difference experiences for ladder-logic-based PLC programming. Fzperimental
results show that the proposed technique provides ease of reusing and modifying the ex-
isting ladder logic code and saving of time for writing the programs.

Keywords: PLC, Programmable logic controller, Programming, Burner control, Ther-
mal oil heater

1. Introduction. A programmable logic controller (PLC), one of computerized automa-
tion controllers, is normally used in the automobile/discrete manufacturing industry [1].
A modular PLC combines central processing unit (CPU) modules with a flexible number
of analog or digital input/output (I/O) modules via a backplane bus [2]. Tt is designed
for multiple input and output arrangements. Depending on the size of the process, more
or fewer I/O cards are required. The PLC gets the process measurements via analog or
digital input cards. The results of the control logic are then written to analog or digi-
tal output cards. Programs to control machine or system operation are typically stored
in battery-backed or non-volatile memory. Usually, PLC programming is different from
conventional procedural programming in several ways. PLC programming is conceptual
about transition from states to states in order of actions. Moreover, PLC logic is con-
cerned with setting/resetting/testing boolean/numeric state variables and timers. There
are five languages used to program the PLC in ITEC 61131-3 standard: instruction list (IL),
structured text (ST), ladder diagram (LD) or commonly known as ladder logic, function
block diagram (FBD), and sequential function chart (SFC) [3,4].

Usually, PLC programming based on the LD approach is well suited to the requirements
of small systems [5-7]. The LD approach is a graphic diagram based on the circuit
diagrams of relay logic hardware. This graphic language mimics a relay logic electrical
schematic familiar to electrical technicians and engineers. However, the programs written
in the language of LD are generally thought to be difficult to modify and not suited to
support of modern flexible manufacturing processes.

The aim of this paper is to introduce a simplified and systematic technique for LD-based
PLC programming for saving time required for writing programs. The technique for the
development of PLC programs to control a burner of thermal oil heater is described as
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a case study. Two example cases of PLC LD programming to control the modifications
of the studied burner by adding input devices and alarm and shutdown conditions are
explained to show the usefulness of the proposed technique. Results from experimental
tests done by nine engineers with different PLC programming experiences are included.

2. Proposed PLC Programming Technique. In order to use the PLC to supervise
system operation, a systematic approach for PLC programming generally involves five
major steps as shown in Figure 1. The first step is a determination of the controlled
system operation. The sequence of the operation can be simply determined by the process
flow diagram. After identifying all input and output devices to be connected to the
PLC, the second step is assignment of input and output address numbers {or I/O points)
for the particular PLC being used. Next is writing of the program by following the
system sequence determined in the first step. All of the codes for each portion should
fall into orderly sections and keep each part of the code separately to easily visualize
the overall execution of the program and to help to debug the program if something is
wrong. The fourth step is storing the program into the PLC memory. After completion
of the programming, the program should be checked for any code errors by means of
diagnostic function or simulation of the whole operation. In the last step, the input and
output wiring is correctly connected according to the 1/O assignment. Onee confirmed,
the actual operation of the PLC to control the system operations can be started.

Figure 2 shows a concept of the proposed technique based on the systematic approach
in Figure 1. [t is associated with procedures in Step 2 and Step 3 to provide ease of

[ 1. Determination of the controlled system opermionj

M
7%

. Assignment of input and output address muubers]

)

3. Writing the program

(3
d
(
(

=
4. Programming into PLC memory j
b i
5. Running the controlled system j

FIQURE 1. Systematic approach for PLC programming

3. Writing the program with LD approach

2. Assignment of

address numbers

input and output [ \ | Stage | |->| Stage 2 |->| Stage 3 ’ >| Stage n
+

Additional I/O Points Additional Conditions

FIQURE 2. Concept of the proposed technique for PLC programming
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reusing and modifying LI programs implemented on PLC. Reusing the existing program is
related to utilizing codes or function modules of the software in the same control platform.
When an entire program is first laid out, sequential operation of the controlled system is
divided into portions. Keeping each portion separately allows the person working with
the program to easily reuse. A programmer can generate each portion as all-use section
of the LD that can be modified once.

3. Studied Heater Burner Control. Thermal fluid (hot oil) heaters are widely used in
many process heat applications including food, chemical and pharmaceutical processing.
The primary function of process heaters is to maintain the desired outlet temperature
at the desired charge rate. Besides maintaining outlet temperature, control and safety
systems are designed to maintain efficient combustion of fuel and safe operation. The
most Important function of the heater control system is to prevent the possibility of an
accumulation of combustible gas followed by accidental or improper ignition sequence
resulting in an explosion. Correct pre-ignition purging of the heater is crucial to the
safe operation of the heater. The heaters have numerous safety features to ensure they
always operate within prescribed limits. They will shutdown if an abnormal operating
condition develops. A burner used in the heater transfers energy into the process through
the combustion of fuel. A burner control involves providing ignition system with safe
operation and maintaining the desired outlet temperature. Figure 3 shows a piping and
instrumentation diagram (P&ID) of the typical heater burner control. The major steps in
burner control are checking heater self protection for start up, pre-purging, pilot trial and
ignition, main burner trial and ignition, and maintaining temperature control action. For
[/O assignment of the PLC before writing the program, there are 43 I/ O points including
19 input peints and 24 output points.

4. Applying Proposed Technique for Case Study. The main function of the burner
control system of Figure 3 is to allow and ensure the safe start-up, operation, and shutdown
of the heater. A process flow diagram of the heater burner control is depicted in Figure
4.
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FicURE 3. P&ID of typical heater burner control
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FIGURE 4. Process flow diagram of heater burner control

According the process flow diagram of Figure 4, the sequential operations are organized
and divided into eight portions. The following sequence of operations is typical of most
process heaters.

Stage 1 Check Permissives and Alarm & Shutdown: Initially, the PLC will check that all
the permissives and interlocks are in place to allow start up. The heater self protections are
in safe conditions. The interlocks are used in the configuration of the operating procedure
and logic so as to ensure the safe sequential operation of the heater particularly in start-
up and during operation. The permissives are integral parts of the start-up and light-off
procedure. The main importance of the interlocks is to detect the need for partial or total
shutdown of the heater. Alarms required for the fuel gas are common for all systems.
Alarms and shutdowns provided by the heater’s instrumentation offer added safety and
permissives to allow the system to transitions from different stages of heater operation in
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a proper and safe manner. These are high/low main fuel gas pressure, and high/low pilot
gas pressure. These are required to keep the operating pressure of the burners within the
designed parameters provided by the burner manufacturers. Other measurements and
alarms should be provided in order to protect the heater itself from improper operation.
A high stack temperature will warn of possible leakage in the convection section, resulting
in an uncontrolled fire, while a low alarm will protect from possible acid gas condensation.
A high-high stack temperature will cause a shutdown of the burner.

Stage 2 Alarm Reset: When an alarm signal is occurred, it will initiate an annunciator
providing visual and audio indications. The buzzer is activated; in the meantime, it will
send output direct to the alarm lamp, which makes the lamp light flicking. After pressing
an acknowledged push button, the buzzer is silenced but the lamp light is still steady on.
Once an alarm condition has been corrected and the reset button is pressed, then the
alarm is reset.

Stage 3 Pre-Purging: When all interlocks are cleared and permissives are at their correct
status, the pre-purging procedure is started by ‘the Burner Start Switch’. The system
will typically wait for the operator to request the heater to start, although all permissives
are in place and the heater is ready to purge. Once the pre-purging is requested, a pre-
set timer will commence, and the air dumper is opened. Assuming the timing is not
interrupted by interlock activation, it will continue until completion. Once finished, it
will notify the operator that ‘Pre-Purging is completed’ hag been accomplished.

Stage 4 Ignite Pilot: Typical each burner is provided with its own pilot and ignition
system. Once the pre-purging is completed, the operator will be notified that the system is
ready to start the pilot. The pilot header and bleed valve will energize. Instantaneously,
the individual local pilot firing valve will open and the ignition transformers will be
energized. The pilot valves and the ignition transformers will only be energized for a
maximum of 10 seconds. If the pilot flame is not detected within this time, the individual
pilot isolation valve will be closed, and then the post-purging will be initiated.

Stage 5 Light Burner: Before the burner is lit, the PLC will continue to check the
permissives to ensure that it is safe to light the burner. The two main permissives are
that there is sufficient flow in the process coils and the pilot burner is proven.

Stage 6 Maintain Outlet Temperature: Once the system is ready to be ramped up to
operating conditions. This is generally performed manually until the process variable is
close to the set point, and then the temperature controller can be switched to automatic
mode.

Stage 7 Post-Purging: Prior to re-ignition of the burner after the burner shutdown or
flame failure, a post purging shall be accomplished. Once the post-purging is requested,
a pre-set timer will initiate. All fuel valves are closed, and the air dumper is opened. It
will notify the operator that ‘Post-Purging is operated’. Once finished, it will notify the
operator that ‘Pre-Purging is completed’.

Stage 8 Heater Manual Stop: This procedure is initiated by the ‘Heater Stop Switch’.
Once the stop is requested before processing of Stage 3, the blower is stopped. Otherwise,
the main and pilot valves are stopped and then the post-purging is requested to operate.

Based on the proposed programming technique, the PLC program for use to control
the studied heater burner of Figure 3 was developed by using the CX-Programmer in the
language of LD. This developed LD code is referred as ‘the existing ladder logic code’ in
this paper, which was reused and modified in our experimental tests. The time required
for writing the existing ladder logic code is 32 hr.

5. Experimental Results. In order to demonstrate the effectiveness of the proposed
technique, two different cases of the modification of the studied heater burner control in
Figure 3 are defined as application examples for PLC programming by using the proposed
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technique. The studied burner control is modified by adding address numbers of 1/0
assignment and the conditions of alarm and shutdown.

Figures 5 and 6 show the P&IDs of the modified heater burner controls for Case 1
and Case 2, respectively. Based on the proposed systematic architecture of PLC program
with eight stages, the changes of two cases in some stages can be summarized in Table 1.
The I/O address number assignments of Case 1 and Case 2 were set to support the PLCs
modeled OMRON CP1L-M60DR-A and MITSUBISHI FX3G-40MR, respectively. The
OMRON CX-Programmer was used for writing and debugging the developed LD-based
programs as shown in Figure 7. The OMRON CX-Designer was employed for simulation
of the system operations as shown in Figure 8.
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TABLE 1. Changes of two cases in some stages of the proposed PLC pro-
gram architecture

. Added Alarm and Shutdown Conditions

Case | Number of I/O Assignment Stage of the Program | Number of Conditions
1 53 i

{input: 23, output: 30)

2 a7
{(input: 27, output: 30)
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TABLE 2. Experimental results of PLC programming done by nine engineers

No.| Hax Experience fo? Time .Used for Time AUsed for
PLC Programming | Programming for Case 1 | Programming for Case 2
1 Male Less than 1 year 20 hr 19 hr
2 | Male | Less than 1 year 26 hr 24 hr
3 | Male | Less than 1 year 28 hr 24 hr
4 | Male | Between 1-2 years 7 hr 7 hr
5 | Female | Between 1-2 years 10 hr 9 hr
6 |Female | Between 1-2 years 12 hr 12 hr
7 | Male | Between 4-5 years 8 hr 6 hr
8 | Male | More than 5 years 6 hr 6 hr
9 | Male | More than 5 years 4 hr 3 hr

Table 2 gives the results obtained from experimental tests done by nine engineers for
PLC programming by modifying and reusing the existing ladder logic code for use to
control the modified burner systems as defined of Case 1 and Case 2. The nine engineers
are working at a company providing PLC programming services for industrial automation
in Thailand.

From Table 2, it is seen that the times used for writing, debugging, and simulating the
PLC programs for use to control the modified burner systems of Case 1 and Case 2 are
less than 32 hr. This means that the proposed technique can reduce the time required for
PLC programming and offer the ease of reuse and modification of existing ladder logic
code.

6. Conclusion. In this paper, the simplified and systematic technique for PLC program-
ming has been introduced. The proposed technique has been applied to control the burner
of thermal oil heater as the case study. The usefulness of the proposed method has been
verified by the experimental tests for writing PLC programs for two different cases of
the modified heater burner controls. The results confirm that the proposed programming
technique offers not only saving of time for writing programs but also ease of reusing and
modifying the existing ladder logic code.
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