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ABSTRACT

This project objective is to study to control the temperature with PLC by using the serial
port in the SCADA. Using the temperature simulator that have a thermal generator (Heater) is a
variable output and feedback the measure of the temperature with thermocouple that is a
variable input. Using the ladder programs and the PID function of the PLC to control process
feedback of First Order. Variable of the process can be shown on a computer screen with the
program OPC Server working with the WinCC graphic serve as HMI (Human Machine Interface) to
watch and track variable process.
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FBINI3

MAMUANLLY  PID. UsEnaumiemAIuANKUY  Proportional  (P) fAuANLUY
Integral (1) MAIUANLUY Derivative (D) Henduaislaw (Transfer function) ¥ai

m(e) = K, (e() + = Joetde + T, =Y (2.1)

log K, = Monsuengrasinauanuuy P (Proportional Gain)

T; = A8 Integral (Integral Time)
T, = A8 Derivative (Derivative Time)

MUl 2.1 auiulsidhdygpumuaumleiususunssunin (mv) Aldani
ATUAN PID ugnimunmenudiuisenindyyinidifmauauiusudsnssuiuns
(pv) Nudanuedmsentmng (sp) IﬂUﬁmmé’uﬁuﬁ'ﬁqnf{nw%uaqﬁungmm‘ﬁms
pruRugpIuRLUSULA Taaami (Asiimesesiaiun PID) Fedynumunuveash
muauasiulunun3snsmuauituuiegdiiiaznansely



2.3 nN38IN5AUANTBINSATUANLULTBUNEGUY

2.3.1 N3IPINITAIVANUUY ON-OFF
AI d =
MSAUANIUY ON-OFF  ilumsmunuuuuihendauasienldlunmseiuau

nszvUNSTIlineINsAuNeInsIgs Tlnamseuauazyiauiies 2 aanuy fe \Ua (100%)
uln (0%) Wity A381NMIAIUANKUL ON-OFF faguii 2.2

Control output

A
i
Fonax T e —
|
L 4 . .
i A {(Direct Action)
|
Foin > :J >
=£ 0 +& Error
Dead band

“ -
E‘lj'ﬂ 2.2 HEAMINIBINITAIVANLUY ON-OFF

NNUA 2.2 wudinAIrNRaaRAs NN ATINGS (+E) AneWINNTDI
mvguazUdsuan 0% Wu 100% Wemmmaanndsuliosnidfings (€ Atawinm
YOIIAUANITIUABLIN 100% 1T 0% Aneiwnitoglugasanuuust (Dead Band) a¢li
finswasuaudediladiosduimnnmadeanuiibildaaliioueunds
Sudusoniibifintinamwuituietiosiuns ON = OFF vesiuluduavsiligunsel
muRuvenssuunsidsumdenis uitaamuuudiinedlinhatnwsazasiilian
AULTIEINSIYBINITATUANANAY NTEINASAIANLUL ON-OFF dnunsaifuduaunsdssil

0% e < —¢€
i = toos e > +¢ @2
e m(t) = Ay UAITUANYIBLD WINNYDITIAIUAL
e(t) = ANATINAAIALAADY
1 1 2
€ = SUBIFNAMLUL

2.3.2 N3YINIAIVANIUY Proportional(P)

N3OIMSAIVANLLY P U AN MHNUBIIAMUANITUUSAUATITUAIA
AaAIAGEN e MFANuRMIARRBLTIRIINTY Al miwnvesTImURNTaETiA I A
wazdhimueaaedouliiitiosas  Anenmvashauanfeimtesamunions
muAuuuy P annsaideuduaunislewil

my(t) = Kye(t) + m (2.3)



do  m,(6) = AnewWinnuasimUANLLY Proportional
K, = 9n519818U8IAIUANLUY Proportional
m = fhl,mﬁwmaqﬁ’aﬂwﬂuﬁﬁwmwmmmmﬁauwhﬁ’umé
AIATUANKUY P U’mma'm"'l'um Proportional Band (PB) tmum'i’l'nm K, @ PB
D mwaammﬂmmmLﬂaausvmwmmwwmaammuauum 0-100% faaums (2.4)

PB= 100% (2‘4)
Kp

Control output

A
100 % ’
Yo ™ I
KPQ > Kpl
I
' i Kpl
! | I
| I f
I | |
| 1 |
0% ' S
0 Error
l¢—pB —>]

oo ]
o | < "
JUN 2.3 uansnuanURveInieIn1IAIuANLUL Proportional
dorde 19an301MIAIUANKUY Proportional fla lidwnsaiindeanidnle

2.3.3 NIPINTAANLUY Integral())
NIBINNIAIVANKUY | WiBaRNsaEoNdnagamiiedn nMsmuamwuLHIin (Reset
Control)  TnsAnanimvvasmmunumldanmsmeiuinomamelinsvesiag
ﬂmmm‘é‘auﬁianaﬂqmﬁ’ummﬁﬁL‘%'am"l BRTIVHILVOITIATUANLUY | (Integral Gain) A3
aumseluil
m;(t) = K, f, e(t)dt + 77 (0) (2.5)
wo  my(e) =eneninvesdaunuY ntegral

K, = 9N 1VIBVBIRIUANIUY Integral
Jy e(t)dt = ﬁuﬁﬁwummﬁﬂmmﬂmﬂmﬁau
m;(0) = Anaminnvasiimunuiing ¢ wihiugud

HAYEINTLINITATIUANLUY | um..,m'lﬁ‘lmnﬂaawL‘umu'[us.,uuua.fﬁ’maﬂmwamu
(Overshoot) veasEUUMARTUAILE witndensmuauiiagaiulyes linanavaueivel
NITUIMITIAY HANDUALBIVDINTHINITAIVANLUY | LLammgUw 2.4



Control output

JUN 2.4 LamINaNBUANDIVBINIIINSAIVANLLY Integral

23.4 fﬁﬂ’lﬂ"l‘iﬂ'JUF!HLl‘UU Derivative (D)

NIINSAIVANLUY D 5enBnTeMiinnIsmMUANKUUSHIId (Rate Action)
a 3 s du s o A ! A 1
Iy e winnrasimugurztuagivenimsasuudameisinnunanedousre
-] J 1 P :5’ (=1 v J ' =3 4 Vel
nan suivimmmAaIAeasuiilantalugueld wasAovinniamsaUdouwasliil

' E3 a - 4 = o w 1 ' @ o
AT Wanuaaandaunasuilay dasunmsnsevinnenanil dRsInsnsevin (Rate
Action) seaunIsae Wi

de(t
mp(t) = Kp %

(2.6)
W mp(t) = ANLDIVIWNVBINIAIUANLUY Derivative
Kp = BRTIVYIBYBIIAIVANLUY Derivative
de(t) 1 2 o
- = AIATINARINAROUMIAT t

A

\/\/\\/ » Time
Zero error /

v Large slope

d a ) -
EU‘VI 2.5 LLE’iﬂ\‘IFl'laﬂ’NNﬂC‘]EJUﬂ‘IJEN‘UﬂQﬂ'iEl']ﬂ’]'ﬁﬂ’J‘U?}?JLL‘UU Derivative

2.3.5 N3WINTIAIVANUUY Proportional-Integral(Pl)

a v 1 oa ] a a o o o w1
FI')ZJ‘Iﬂﬂa’YJJJ’)LLa’J’)’lﬂ'iEl’]ﬂ’]‘iﬂ’JUQlJLLUU P uu RJS:LIBE]WL‘EY]LHWUU YIN1INIVAAT

saviniaansovildlasnmadfiunsenismuauuuy |l faduaunisienivnuesii
ATUANKUY PI 1] flaauns

mp(t) = M+ Kpe(t) + KpK; _fote (t)dt (2.7)



ED)
mp;(t) = 7+ K.e(t) + %f;e (t)dt (2.8)
L
P
e kK. =K, uavk =1/
L
T; = AMA1 Integral
Py
Setpoint L
Error
Control output
A
L
o LoV >

l:‘ al 1) -~ - -
FUN 2.6 LAY NNARDVELEIUBINTEINMIATUANIUY Pl (Direct action)

2.3.6 N3BINITAIUANIUY Proportional-Derivative (PD)

ﬂ']'i‘l.]‘iuﬁlflﬁﬂ‘ﬁﬂ’iﬂ’]ﬂ']‘iﬂ')UﬂllLlUU P EQMﬂUﬂ'SEﬂﬂ']‘Sﬂ'JUﬂJJLLUU D L‘W@‘WﬂM
C-lﬁ(ﬂﬂU?l‘llﬂx'l‘UENi"UU'i’]ﬂLTJ‘UULWH] 1!JJJNﬁIﬂEJC-‘I‘S<1ﬂﬂNﬁﬂBUﬁ‘UOQ‘Uﬂﬁ"‘UUﬂE‘I.ﬂ'I’JL’FN"H %\1

aumiLmﬂwwuaan'smmiﬂ:mﬂmmu PD LLammaumsma'lUu
mpp (). = 7 + Kpe() + Kpkp =

de(t)

mpD(t) =m+ K e(t) + K Td.
gle 1, =7,

Ty ANI81 Derivative

i

(2.9)

(2.10)



PV
Selpoint. P e ke o et e l o i iy 5
Error
i 1
1
Control output I!
A
|
Lo
g R
- Rate action
Short (Derivative)
Proportional
0 >

t

< o -
EU‘VI 2l Ltammamemamuauawaammmsmuammu PD

2.3.7 N3BIMIATUANUUU Proportional-Integral-Derivative (PID)
nniildnarnud wielinanouduawassyuumuauiiaussauzAdulumy
foensalingensaauRuts 3 wutsaniu Fanzvihildnsenmamuauuuy PID Titeunis
Fosiluil
de(t)

mP’D(t) = m-+ er(t) + KPK[ fot e(t)dt N e KPKD N (2.11)
3o
mP]D(t) =m+ Kce(t) > I’:‘_ffﬂt e(t)dt + K(_‘Td dzgt) (2.12)

Control output
A

o ) ' =
EUVI 2.8 LLﬁﬂGFI'JE]EJ'NNﬂﬂ@Uﬁuad‘UDQﬂSEﬂﬂ’ﬁﬂ'l'UF]llLL‘U‘U PID
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2.4 msUiuAwiinesvaaAIuAuled

maiimvauiilealuldlunismununszuiumseng SududesuFurmisifines
LN T 1R TARTRECET iellsnansuauasiiimuenuioants Fansm
Avlivesveshmunuiilediausovilivansds  viifinsanansaneuaees
NTFUIUMTNINNIVARBUNTEUUNTSUAL W sTaunsal VISR eNguin I
adinmani  uavdnlngerinsanandeulelilavnmannnnillasuaud 39%es
Ziegler-Nichols 1WuAs#lssumuemnniigalumajoa

2.4.1 msdiuAmslinesvasiinruauiiled Tae3Svas Ziegler-Nichols

= 1

nMIme K, T; war T, 9vluegiunmudnuaizvananauausidingues

aca ]

< o a ad ' = o q w '
ﬂi:U’Jum'Sﬂf_]ﬂmUF}zJ ‘ﬂﬂllag 2 Ay lLﬂaﬁ']ﬁJJf\]ﬂll\iVill']EJY]'\]57“114”?1‘5]91}311@\1&1@“5']?9@

1 9

nszvIuNsieduMLUUTUIUla difwaiugegaliiu 25% faguii 2.9

Control output

A $

1 T U

0 »

t
o 1V s o -l o o v oaa L )
U 2.9 uamAminiiunneimsiiielgnisusuaieds Ziegler-Nichols

2.4.1.1 75 Process Reaction Curve
iﬁﬁnswwﬁwwwsﬁﬁmas"uaqﬁhmuquﬁlaﬁmnwaﬂauauaqmimaq

nszvumsuwuugUilialigneuausedyaiudunmuuuiiudule.  Tasfinssuaunslunsali
3¢aifl Pole #iam Origin 3olali! Dominant complex-conjugate poles FitiunanauausIve
nanaldludnuusugui S huamevauswweaalifidnvuziusui s F3dedldlils)
naneuausranmamsouenisuluiamiimenssuiums (Delay time
to) uazaIANiveInsEUIUNTS (Time constant : T) Tnsanududuidatuyaiidsnsins
\eauugean Lﬁuﬁazs%’ﬂr‘f‘uLmuL’JaﬁLLaxLﬁummemﬁwﬂ a7 Cl) = K

G‘fmzuﬁaﬁ{;"udwiau'uaﬁz‘uua:ﬁgnU'izmmlﬁ'iﬁ'mswué’ué’uwﬁmuuﬁmwﬂdmm
(FOPDT) Ag

G(s) = $9 = Zetes (2.13)
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A
Step chan,
\ tep ge
0 » Time
‘,4-—- Tangent Line
Apv 5
o
Amy
>  Time

< W i ) e, g
JUN 2.10 uanawanpuauaagui S weuiulaeldds Process Reaction Curve
Ziegler-Nichols lafmundwes Ky, Tiuar Tadmiumaivmuuuuing fmsa 2.1

A 1 - 3 ar L aal &
M990 2.1 tLﬁﬂ\]ﬂ’l‘W"ﬁ']l]ma‘i'ﬂﬂx‘lﬁ’l')ﬂ'JUF]EJLLUUGI'N‘]C‘I’]JJ'J‘G Process Reaction Curve

Controller Type Proportional | Integral Derivative
Gain Time Time
\Kee VX, Ty
Proportional only .~ P Hpy, T A 1
' E(E)
Proportional-Integral Pl 09 /7 B.33Lg%° f
7 ()
Proportional-Integral-Derivative PID L Z YT 2.0ty 0.5Lq
&)

2.4.1.2 33 Ultimate Method
Wilgmamwsiineiveswmuauiilofninmsdinananauausives

nzvUnLUUgUlafignmuauimefmuauwuy P Aedygrauduwmuuuiuiule Tneusu
il K, WEesq  JunansudussvanszIumMsiamsunisegeieiiles  (Sustained

- . W I a 3 v 1 i, & Y w =
Oscillations) twamevauswIaliinnsunisegudeiiies Bmsiiasldlils uanafagui

211
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Control output

< a 1 1 o4 - [ .
UM 2.11 uanmanouauaanianIsun e nmeiies Weusulasldis Ultimate

method.
PINUUMIANVE
K., (Critical Gain) A9 INTINTVEIENVT WNARBUALD A NANNTT
UNNBEWRDLLDY
P, (Oscillation Period) AB AULIANTBINITENBENRBLRY

i A ¥ o 1 a o s ] a P
Ziegler-Nichols lafmunA1uas Ky, T; was T, SmSumanauauuuumagfims i 2.2

= ' = < @ ' ac .
19190 2.2 lLﬁﬂQﬂ’]W']‘i']!JLﬂﬁ'ﬁ‘ﬂ?NGl’Jﬂ’J'UﬂlJLLUUFIN']FY]J.I'?ﬁ Ultimate Method

Controller Type Proportional | Integral Derivative
Gain Time Time
Proportional only i Kcr / 2 1 =
Proportional-integral Pl @ Ki?Z . 2CNEY /1. & 4
Proportional-Integral-Derivative PD | K., / 1.7 Tcr / 2 Tcr / 8

mMsrmamATMilinesuasmaua PID Tae3tuss Ziegler-Nichols 1u lilldiiu
Ailifiamseitenhlulfouldiud uasiidmaiugen 25%  auindnliudduiss
TndiAsawiniy grvausssowimsufudinsfime Avaiuuvasden (Fine Tuning) 8n
Afanils

2.4.2 msuiudmnsiinesvasiinluauiilen 1aeis Damped Oscillation
Wifuuzunanis Ultimate Method Tae Harriott wiveldlunsdiinisusuen

) I ! LY 1 ) 1 Aﬂl “ 4
VI Kp luagnalsinu u,mwamaUauamanmlmnmmiLLn'NammaLuaq Llﬂﬂdﬂdzﬂﬂ 212
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Control output
A

= VW - - ") ac .
JUN 2.12 uammeansinisiden Y Weoudulagis Damped Oscillation

5 Damped Oscillation azUFummvaIK, lUIUKARUALBIABLIATBITTUUAIUAL
] L ﬂl e 5 U/ J v A o 1
wuugulniionsuden % gl nnduindves P uaslires K,(1/,) Wedwanmen
- -t
Kp,TfLLao Tq MU

K, = K,(1/4)
T, = P/15
Td = P/6

2.4.3 n1sUuRWITIEilABIvaIRIAIUANNLER 1a83 Trial & Error Close-Loop
Tuning | oy
Bidemsvaasatiou k., K, daeulnsa uidunarivilisyuvauga

i]"unaumigu '

1. L%'uwﬁaﬂnﬂw'uaq Process variable (PV)

2.\ K; way K, Wugud

3. @0 K, Andoe

4. Wasu PID Controller 'lﬁagﬂuiﬂm Auto

5. vinaeuszuulasiaBur Set point WadLNAT damping U8455UU

6. Uiue K, WiaiuiSesq ausyuull dampire sudeanis vise Wiy quarter-

amplitude decay (Decay Ratio ~ 0.25) A43U (b)
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PV

Cntically damped
Overdamped

Underdamped

>
(a)

Each positive overshoot is 1/4 of the previous.

> f
| (b}

Figure 15-77. Process vanable reponses: (a) overdamped, critically damped.
underdamped. and (b) quarter ampitude

g‘l]‘l?‘l 2.13 wameen quarter-amplitude decay (Decay Ratio ~ 0.25)

7. M5euudedl Offset 5ing Set point uag Process variable TWHUSU Ki vinfuaulald
Offset

2.5 mw%’ﬁummﬁmﬁuﬁuﬁaa%

PLC (Programmable Logic Controller) ‘H‘iaﬁﬂauﬂﬂim’;’] PC (Programmable
Controllen) Tufttial¥Ain PLC wwiv PC iitetlosfumnnduauusiin PC (Personal
Computer)

PLC Wugunsaififsduiiumn eldmunumsareasiesinsviestuusie
wwnsHaduuui fnashiadifedie madumenasniswasuwacioulaluns
updiawgeen wandleldmuluuug uihduiavesdiadendey ildumatiosnm
Tunseaugu fufuilegiu PLC Fudurmauninasiiad wse PLC Weniliiendh
aunsoderiniugunsaiiuna/ieineldlaenss venantufsuadsulumnsuaunyd
ansaldaulaiui :’héfmmiﬁ]vLﬂé‘auﬁaulﬂmiamﬁaﬁ'ﬂﬁ’tﬂamiLﬂéauLtﬂaq
Iﬂ‘mnsmmuu uanni PLC Jeannsoldausutugunsalfug wu wdeenuisiae,
\w3asus (Printer) uaxszuu RFID \usulutlagiiuuenain PLC favlﬂzmmmumm (Stand
alone) wén feamnsana PLC ‘Via’lﬁf‘] ftnmetuiunietis (Network) Lwammums
vhomwessruuliiussavsnminndetudndae  audiuldiinisTdon  pLC finudangu
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wnnhnslimnaesiiaduuuidaniulutiigiulssnugnamnssusiig 394 pLc dula
wanlumsmuauMaiuTeuAensI @A uUNUSIANTEY  PLC  mudnyny
meuenlaidu 2 vila Aa

2.5.1 ¥1Ava4 PLC
1378701509un PLC mulassasavisednvmeneuantewu 2 ils fe

2.5.1.1 PLC wflau@en (Block Type PLCs)
PLC Usutail asyaudiulszneuvimnves PLC agluvdonideaniu T
Menitiudisznana mhoanud madunaeng wasunasteln aunsauaniiiogng
PLC wuv Block Type Tﬁtﬁuﬁd‘gﬂﬁl 2.14

CP1L/H CPM2A
3U# 2.14 uansgusne PLC il Block Type

«_d@wysznauvas PLC wuu Block Type
luiitiazansoeing PLC wuu Block Type w83 OMRON U CPIL uay

CP1H
@ Power suppiyfinput terminat bloc
(DBM{CJ‘!W-WO‘I)
O
: rarel
\ B
o0o0 o ; oo
(- ) [ R RN
R -E-F-N-] i L-E-E-N-N-]
=
H
©J
@ Memory Casseze @ Two Option Board slots ® Outpust terminl block

5U# 2.15 Tesaaiansuon 409 PLC
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1NFUT 2.15 aursoeduisamnETeuazd AR

(D e uunAe3 (Battery)

@ o “z'ry’wiaumia‘lwuazauwm (Power Supply/Input Terminal)
@ A Faadsumitenun (Memory Cassette)

@ #e tdoudvuiileiumeinfnededns (Option Board slots)
®) s -r'?wimmﬁv!m (Output Terminal)

® e wesmFeuserugunsaitiorlusunsy (USB Port)

@ e guﬂ"s'uamaan (Analog Adjuster)

s '

AD TINDBUNAAMIVRUIAEN setting (External analog setting input)
fin WasRuEBEUNA/LD16WA (Expansion I/O Unit Connector)
aal v - J - L ' =
lunsdimvhuieansiiudnuduwaieing aunsaldmhevensdune/
13 . " ) a ¢ " v oo ¢
@MWA (Expansion /O Units) - tiNaiiudnunusunmiemwaldlasniseadhivesnvene
dumm 1WA (Expansion /0 Unit Connector) amnsauanalassadrsvomieveneduns/

WwnAlARIIUN 2.16

b b I )3

b

©

gﬂﬁ 2.16 ULANIMNYYLILDUNG/ 105G (Expansion /O Units)

- Yafuazdaideva PLC wuu Block Type

1. fimnadnannsasanaladedae 1. MESANTINBUNS/lBRNAL50
Y < a Yy ' a
WMINEAUNUAUANTLIALENY wiulsitioundPLC wiinluga
% v 4 a ¢ = =

P, annsaldauununasiiadla 2. Waduaaonnadeyalaganil

3. difaiduiiey iuilaidunns Apai1 PLC panluvisgaviliszuu
adinmansuarlangudy q " foamgainautIsTasIamile

4. fimmgnnuuuuiavieluga 3. didulmiliidenlynudesndn PLC
Tudwaueuns/iowmainviniu wiinluga

: w v 1 1 =t =l =Y dl d' ] I a
Wiamluvhtereluaznanntis PLC Snvlianisdanondruusznausingg senaniu
\3un71 PLC wialuga (Modular Type PLCs)
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2.5.1.2 PLC %ilaluga (Modular Type PLCs) #5au3a (Rack Type PLCs)
PLC  afiafidoutsznauusiazduazannsonenoenaniuldiuusas

luga (Modules) 1iumaBunn/ioing avegludiuvedlugadunn/io1wa (Input/Output
Units)  Fsemnsadenlfaniléidnaslilugauaioumaiodinn  dailiidonldnumans
JUuvuevvgldidudunnedradieavunn 8 /16 9a wialuadiwnedairvunn 4/8/12/16
W TuagfuiuresPLC Mo

Tudhurasinszmanauazmhennudnysmegludigluga (CPU Unit) tsianansa
wWasuwuinues CPU Unit Whmnzaumuanudesnisiéom wu pLC JU CS1 awdl CPU
Wwenldumateguidu Ju CS1G-CPU42H axiimnuuananaiu PLC $u CSIHCPUGSH (Madoa
il PLC mszna CS1 wdlouiu) assuuinmiuguadlusunsuuazns
seafudnnuBuna/osiwn udu

druusznousie] wes PLC wilalugaiindnumiausiu ieesnislénuavgminn
rosmiu vispuldidureuaimeslunsidenratusywitegin 1y Ju.cQM1 /
CQM1H w38 CIM/H/G usturesuld Backplanelunissamgiinsag winsneiu ileliausn
Tnusmiuldanunsesniedne PLC wllslugaldfuansgui 217

i

1 s
U 2.17 uanagushened PLC siialiga

a ) ' v A ' 1 v a ﬂl v
animogN PLC 3u A1 ssldmpuuamaslumatausiausiaslugardnaneiu el
annsavihusuiuls asuandluzun 2.18

CPU Rach
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< = = kY o 1
U 2.18 uansviinves PLC wilaluga ldrouuaweslunsideuste
@ PLC qu CS1 997 Backplane Tunisideudeusazlugaiindeiuiel
o 1 s a CJ
sty dananalugui 2.19

s
VO Units -2 ,
Special VO Units 1 ey

Memory Card
CS1 CPU Bus Units

O Connecting Cable

= a a % i 1
3U# 2.19 wanawilnues PLC wiinluga 7ild Backplane lunisideusde

- doAuardaiduvase PLC vlinluaa

7
as

WinveesEuulaaeiawaRnnal

Qa i seumdlaidioudu PLC wu Block

#naq AffoenmsTdematiiu Back plane Type MO Wty

2. @sueaInIBuNA/Ag1ewala

1NNV Block Type

3. qunsaiduna/ednaidsgalngania
annsanenawizlunaiiuluden ik
syuuanIaviinseale

4. flgiin uarguuuunsinsedoasli

\@enldanannniuwuy Block Type

Wi PLC usiavwlinvziinuanifuansieiu PLC Suillngitu axdinnanifuas
v oA o ' ' =] = - v VW
Handuiiawaug 1nnd1 PLC JudndeaunsanlFeuiisuliiiuanuuanaaianiss
maluil
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100 3n 160 3n 256 A 5,120 99
Max.) 1 1 1 1
AURLUTUNTU(Max.) 2 KWords 10 KSteps 20 KSteps 250 KSteps
prwsilunisUsvinawa | 0.72 YIS 0.55 S 0.1US 0.04 HS
nues/ianimes 128 4,096/4,096 | 4,096/4,096 4,096/4,096
MNeANNI UL :
- 1,024 Words | 32K Words 32KWords 32KWords
Sruvdeans » CompoBus/S | CompoBus/S |+ Controller Link [+ Ethernet
* Host Link  Host Link » CompoBus/D [+ Sysmac Link
= NT Link * NT Link > Ethernet = Profibus-DP
e 1:1 Link e 1:1 Link > Protocol Macro + Modbus
» Modbus-RTU p 57099580 b SIUNITEUY
- Componet | #oasnilu doansiiilu
PLC Judn? - | quannai

2.5.2 anildlumsiSeulusunsuliiu PLC
PLC wiiazBvavzldnunlumsiBoulusunsuiitodsi PLC Yanusnuaany
fesnsuansneiugemnasgu EC1131-3 Tiwnmsgunwisieg saniiu 5 wuuny
JUiuana $radnall nwaiiionlfunniigaite Ladder Diagram wsazfuntunitiefidnwoe
ATB99SAIUANUULSLRE daumwiiteadusufuasiita Function Block



1) Sequential Flow Chart Language

| £

2) Structure Text Language
D: =B*B - 4*A*C;
IF D < 0.0 THEN Nroots .= 0;
ELSIFD =0.0THEN
Nroots:= 1;
X1 = -BI2.0A)
ELSE Nroots := 2;
X1:= (-B+sqri(D))/ (2.0°A) ;
X2 = (-B-sqrt{D)) / (2.0°A) ;
END_IF

3 Function Block Diag

1
£

Call (Nesting)

Function block (ST 1ang_uaga)

FROXT A L,
rAYYE X
FESAT =00 e
wow

4) Instruction List Language

Label: LD al {*result := a1*)
ADD{ a2 {"delayed ADD, result := a2*)
MUL{ a3 {*delayed MUL, result ;= a3*)
suB a4 (“result ;= a3 - a4*)
) {"executs delayed MUL,")

("result ;= a1 + (82"(a3 - ad) *a5)")

ADD  ab (*al + (a2*(a3 - a4)*a5) + a6")
§T res ("store current result in res*)

20
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5) Ladder Diagram

wz'ﬁmnv‘ﬂﬁﬁuué’mmﬁlﬁumﬁaﬂﬂ‘sLm'iu'l,ﬁf’fu PLC uf luhdenaluas
namisqunsaitlilunstleulusunsuliffu PLC FaaendniinoasBondad
2.5.3 gunsaldmiumsiusunsuy

sl PLC v avdesdaulusunsuliiu PLC rou agunsalililumstiou
Tusunsulifu PLC i anunsaudsldiiu 2 Ussuam

2.5.3.1 Ataulusunsuuuuiieiie (Hand Held Programmer)

usazBeariidaFunuansait 9u OMRON 93Fann Programming

Console sy annsnensaehaliiiiueguil 2.20 lutlagtu PLC vl voseeusoulaily
14 Programming Console luma@sulusunsuudamsrzldnuen

CSW-CNe2s

{for M PC/AT or compatiole, 2m)
CSW-CNG2S

{for BM PC/AT or compatble, Bm)

:I ar I -
3Un 2.20 wanasUsulusunsuwuuiiede (Programming Console)

na@gulusunsulviiu  PLC Iﬂams'h'f Programming - Console sztlouliuniw
Statement List %38 Mnemonic (Wu Fds LD, AND OR thumaawumu ansoisenly
ewuiﬂﬂm'iﬂmﬂuwaauum Programming Console 1u wAdlasipanisldnuiteidusug i niley
lupLC a'm'ﬁnl.'sﬂni-mu"lﬂﬂaminm!mmn'l‘umaqwmw

n13l4 Programming Console fifafnssfifiravannlunisindeudne uazanise
wnwildazmnidesnilvunadn LmﬂmmaEma'l.ums'lmmsﬂwamﬂwﬂﬁm'ﬂﬂmwaa
guUnsalimaiiiRnsnmednsls 7 mi;.,awm PLC 1o lwhdedsluaznaniagunsaidlily
msteulusunsuliiu PLC Bnvilaniisie Aeufiumedduyana (Personal Computer)
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2.5.3.2 ppuRanes
annsolglumsi@sulusunsulitu PLC 10 Teeldausiuiugeniung
(Software) lawzaed PLC ey 1ty PLC w89 OMRON a¢ldwensurdiieden
uanaaiuly asnsendatnaldigu
= Syswin Support Software
» CX-Programmer
HlstuszuuufiRnmsaaud Window XP 3ulU w3 Window NT Fawanduasineg
wanillgnitmuntuiielity PLC fulmifedstunothatu CX-Programmer Snnswain
tﬂutaa%%’uﬁqﬁyuﬁ'aﬂq Wioseeiuiy PLC Julmiq wazilandu
Twmiq wes PLC
Fnsrenoufnnesiu PLC auisauandliisiugai

XW2Z~2008-Y
{for IBM PC/AT or compatiblc)
XW2Z-5008-V
(for IBM PC/AT or compatible, 5m)
i
!
: iodhiinetn RS-232 304 PLC
V' Teemss eananldléit PLC yoju
Coaneeting Cable
COMI-CTF2. :
(for IBM PCJAT or compatible) souiinedn RS-232 wes PLC
m——@_‘, CPMUCPMIAKCPM2A. (Thifiu

o a " ay - fw
U 2.21 uansBnseelduneuiamesiu PLC

NewProect 4

1 @B NewPLOYCS1G) Stop/Prog:
52 Symboks
710 Tabie
F Settngs

(2] Memory cad
Enot log
PLC Clock
- @ Memory
2 @ NewProgram (00)
22 Symbols

6 Sectionl
& run

PLC NewPLCT [PLC Model TS16 CPUAZ ) —————
/Piogram Hame  NewPLC1/NewPrograml]

3UM 2.22 fegavensinag (Cx-Programmer)
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Tefvamsldindesmeuiweslunstenivsunsuliiu PLC Ae Taude wily
n3dild Cx-Programmer SaufusguuUfURing Window 13Ut 2.22 viussiiudniadeu
Tsunsuilunw Ladder Diagram auifunisihdydnwaline whunldunumsieumds vin
Tidlateisaunndnidendaydnvainieg 3andruves Toolbar ueNINTUE Toolbar duq
hdenldeudshwninnasly Programming Console datfuamnsoaguldinmstioulusunsu
iy PLC awnsavinlel 2 35Re n1sld Programming Console uasnisliipiosnouiiumes a

£
=1 '

Tuegiuanuazninvewld luiderelusznanisssuunmsiaredeasves PLC
2.5.4 szuvudeans (Communications)

syuvdeansves PLC Aansi PLC lusieldnusinfugunsaidug ifeligunsaldu
AUANNTTINATUYEY PLC %38 Tk PLC Wmaugunisvineuesgunsaldu vie iussuudly
'Lumil,t,aﬂmaﬂusuauaivmw PLC fiu PLC Al Fedaqiu PLC amnsavirlusiesauiugunsal
’uaqwammﬂu wiagunsalmeuanaeEvieiy Lwamuﬂm1wmwﬂaasvuu’lﬁlﬂuaﬂulmama
ety mmmmwaamwaumavawa%umamanlumuauﬂu ¥BNNii PLC ustay
judsilszuunsfiasodeatsureguuuunsnsnaiudae Wy PLC fudnaslinnuanunsalums
fasiodeansidiiasnin PLC fulwa) gy PLC U CP1 anusaldsruudeansidiame
Compobus/S, Host link, 1:1-4ink, NT link mmwawumwu CJ1 w38 CS1 wonnaely
ssuuiidussuunishndedoansitugufilu PLC Juidnuds mmamamﬂmaaaa'ﬁluaﬂwmv
8¢ Ethernet l6i8ndae annsauansiediesuuuunis faredeansued PLC lifssuit 2.23

Ul 2.23 szuumsinsiedeansues PLC Tulsasmugnamngsu (PLC Network)
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2.5.5 1A598519299 PLC
Trssas1reneluves PLC Lmavauuavﬂsmaunummumuiv‘uummumsﬁ
45817971 PLC ﬁﬁs‘]‘U%ﬂE]Ul‘Uﬂ’JEJEI’JuEI’IﬂEUﬂﬁU‘VT 73

TUunaNARD T
® Stand alone

aunInibunm auUnIniiowing
® wind - ® waonlW
® #innind - ® nauunanef

” w i
® (7uitad = @ Digital Controller
® Digital Controller o Tafiuuouin
Etc. Etc.

L 1 t

=TT

mauMdTNEY
Uﬁ 2.24 lpazunsuniely PLC

2/
bl o e ] as

anlagvunsudsuit 2.24 PLC asfidnussnauddnyseiuioun 5 dousall
. @iy (CPU; Central Processing Unit)
. WEAINTT (Memory Unit)
. MABUNA (Input Unit)
. MALINA (Output Unit)
. mmmaamawaamu (Power Supply Unit)
EJUWVN 5 ﬁ?ULﬁJ@‘U?“‘ﬂ@UL‘Zﬂﬂ?E)ﬂuLLﬂ'Jﬂﬁ]“"ﬂﬁWEJL‘Uu PLC ”tjmwuawﬁ'lmmmmulﬂ

o

LWi'ﬁgHUWQWNMUW%LLﬁoﬂmﬁMUG}ﬂGu

Y

L A W N -

=

2,551 ‘Uﬁgl (CPU; Central Process Unit)

FigsemingUsvanananan imihissuiananisyhaunidaues
a’mmaq auAlFT UL waammﬁﬂivmawam} gndsaenludiusngg muiiseylisedds
Hdues Fgaglinalunsyszmatmsesa ¥ waaﬂmmaaﬂﬁummawwa LAYAIINETIVDY
TUsunsufidieudie

Unfud@igasldlulasTuswawe svuinsdous 4 90, 8 On, 16 O, 32 Tn,
64 Un w39 128 Tnu¥inay ‘iﬂaﬁf’ﬁﬂgmazmuwmﬁasﬁmmamwmaﬁﬁ’ﬂlﬁlﬁhﬁ’uﬁaﬁw‘lﬁ’
PLC Tuwsiazufiawannsadneiutives vioudinseiivihmelu PLC visguagldlaias -
TUswanwasta 2 deiwihnu namsussnanaiazsini PLC Aldlulaslusiwawes
ST ooTtal )

ngunfiudinisidentteru PLC asdonainnisusegndldaudsilild
9 (Usen) ligiudnldlalasTuswawediu viewesorlslunisaianies pLC Walu
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nmwmsmman'l-u PLC m‘luumssuuLuaswia'iwm‘lu'[ﬂs'lﬂswamasﬁlwmmmsn
Laaﬂmnﬂmanumu WU SuuBuna/e1n,, fmnL‘sﬂumiﬂsumauaﬂaqmaq UIA
Auglusunsy uazdeya usu

2.5.5.2 mi8Aau1 (Memory Unit)
mnammmuJuaUnsmﬁ'l-mnuT.Uiunmua.fuauamq‘] 999 PLC A3
&4l PLC ¥197u (RUN) Tuashielusunsunasdeyalumhsanusunysznananisiau
dwiumhemusildauiidaeiu 2 e fe

- MheANTIEIATI (RAM: Random Access Memory)

. m.i’mmmchmai (ROM: Read Only Memory)

» MihoAuT1$IAI (RAM: Random Access Memory) TUSLmsmLa“uaua
ﬁa”ﬁamu‘[mm’ﬂmuﬂnammu’[umuu ﬂmauummaRAM Lualuﬂﬂtaumvm’h'ﬂﬂsLLﬂsuLLa*'
Toyameluiuit dnfumelu pLC q.uwm'm.,uv.mmmasmiawa:ga (Backup Battery) 10117
d13eadioya (Backup Data) n3diflumdn (Main Power Supply) Lisnelwliiu PLC domns
sviafe limsiinznenuumpeidises (Backup Battery) nsailifilnael pLC

« MIAINT18735 (ROM: Read Only Memory) iumtiheniusidnuiianile
Tngitfoyalu ROM hisndusesdivumasidsasiaya winitgmswanlumsididsloya
(Time Access) §1nd1 RAM Ssuningliglitiiuin PLC asfimbasmandldowia RAM waz
ROM Tufiuag

ROM witeentiu 3 wiia éail

1) PROM (Programmable ROM)

2) EPROM (Erasable Programmable ROM)

3) EEPROM (Electrical Erasable Programmable ROM)

PROM oty ROM fuusn @outoyaastulfifivsaiaien ﬁﬂtﬁﬂuﬁaualﬁauU'szﬁ%U
NazLdeu T.umm'mmnaumL'uuu'lwﬁlman Slefinswmuuniuguy EPROM Fsannsa

] v

leuteyansdvldvatonss I.WENLLﬂ‘u’l'ﬂLﬂUmEJLiﬁ\'IQﬁﬁS'ﬂ’JIE)Laﬁﬂ’ﬂuI.UumSﬂU‘UEJHﬂ‘[u‘UU

(7 [

sednyarammaliiléias FoiliAsmmmzninauienniy wiseaalunsdnisioyad
faindn RAM g

misldnumheaudilu pLe

- RAM aldifulusunsuuazdeyaiivhanuannsds RUN/STOP PLC

- ROM ezlddmiunensinaiszuu (System Software) uazitugndises
11J3|,msm|,a~'uana (Backup Program and Data) Lwa{]aanun‘smﬂﬂ‘iunwua"‘uaualu RAM

weld c’ﬁ.‘umu'mm%uma‘éﬂmnsmLa“uauaL'U'ﬂUw RAM Twnaila

2.5.5.3 madunn (Input Unit)
MABUNAYEI PLC ﬁﬁﬂﬁ'ﬂﬁ%’uﬁ’mmmﬁuwm‘ﬁ'ﬂmuﬂaaé’mmm dudnly
melu PLC gunsaiBuwm (Input Device) A1aq wmmmanumﬂauwmlmuu ANITOUARN
mamﬂmmmﬂmmmmu
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< ' ia '
3UN 2.25 uamgunsaiounnmieg

aﬂnsnmmmsnmmﬂanumﬂauwm PLC lsidnaanitunguq msﬂw 2.25 \pgngu
o) Jﬂ‘imuma.,nauaumﬁmmmsmmﬂauwm PLC uansanusanly naﬂﬂmuaﬂnﬁmumav
neu amUuﬂaqﬁnm'uauamummmaﬂnimuma“wmnau teAmidlatunauntsvine
uazamsarovsligndies

aﬂnsmwmmmanumﬂauwmm PLC aUnsmmanammazgmmmauwm/nmmwm
WU Inverter, Dagltal Signal, Controller, mmumuamwnu Wwulge i unAY [Wudy Sududea
mﬂ’mu'lmnﬂaq Faanmsounstildlutuguie ADINITNALANATEA
aUnsmuu‘] WnunIAdune PLC

mﬂmewm'umaﬁﬂ‘smﬂ"mamwm’[maan'bmuvrmauuu snamﬂauwm PLC 17935
AADUNABYUANSUUULTUN LwasaasuaUnsmauwm’lumavuuu'lumm.,an

2.6 33uUu SCADA

SCADA ﬁ‘;uﬂam’\nﬂm'j'l Supervisory-Control And Data Acquisition Wuszuu
nIIRERULarIATITiTeyauUY  Realtime THlunisnsinasuaniuzarenauiiseununis
auressruumURlugRamnsIILazIIMASINEN 9 Wy ywusulnsenaudedns
madssn mstmbids  msdansdundany anawnssunsnduiiuuas e
gaamnTsuell gravnsaseneusasud msvude nssuaunsiuedeslulsslnindugy
Mognmslinuuld ScAbA avsasutoyaiu mstiluaveswsuvaniifisduluviovuds
';'mé'f'nmsm%’uuéﬁdaé’mmmLtﬂ"aLﬁau‘lﬁwﬁ’nmuwsw lagasvinmsdadoyageaiunanaves
iUy SCADA usu uananify SCADA ovimihiifnauazUssnaradeyadildan
519U739 9 Wy PLC, Controller, DCS, RTU uduansdayanminee viodsdyaio
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ﬂ’JUﬂl!ﬂ’I'iﬂLl’)imﬂﬂ'l‘] wumnamwnn-uaqaﬂn'smmmuwnm 'lwmmsﬂmaﬂn'smumﬂuﬂu
Tnedsari PLC w3aController wmmmaaa Wi SCADA mmimnuswswﬂauaﬂﬂmﬂ
's.,UumUﬂumuum"l.'ﬂuﬁ’iu'uauamalnwunmuwsa‘lﬂﬁunsuauq mmmmum‘hﬂmmlm
SCADA uumﬂﬂua'zu‘lumuﬁ'wﬂumLanua.,'lwmwmaan'ﬁuamwa LLanuJauu‘uaua ED)
ATUANSEUUAN 9 3Indunan Lwanwswqqﬂuwaaszuusauwauwuﬁnu NoAUN TS
pgndaluuasiinuTInGIRBIANISalia 9 Ffindu sUU SCADA Tutaguiiauansa
'lum'iﬁams AIUAN wazUszananadeyaan I/0 vesaunsalitu PLC, DCS, RTU lagesediui
Lnu'ﬁuauau I/O uin uav‘lmiumswwuﬂwummmmmsaﬁummmaqmﬂwu 9 valdnuy
st meLinnasnun

2.6.1 1A598579993 SCADA (Architecture)

SCADA uusmulasiaingniauaslaaessesivAe Client uaz Data Server u3®
Sondu q rserver Taeit Client ﬁaﬂauﬁaLﬂa‘i‘ﬁ%’ULLazﬁqﬁau“aiﬂé’q Data Server lneila
Client ﬁﬂvuamwam5ﬁwnwaﬁuuumuam‘ﬁu wanadunsiin nsmuvuseiiios veszuy
LmLmauLuammLwﬁm‘smamawsammmsmeau wusiu s Client mmmmmumumﬂu
&9 Data Server Lwaaqazytyﬂmlﬂaa PLC, DCS w30 Controller 8nvaaniie du Data Server
sximthiifaseriu PLC, DCS, Controller #38 RTU 6N 9 Lwaivatymﬂmuaxaqa:ymw"&ﬂm
Client waz3un15789va3In Client tﬁamuquqﬂn‘mi PLCUay Controller fi1a 9 Client Wa
Data Server duluafAindeiusussuuiniethy Ethemet faguit 2.26

Ethernet

d t %2 (4 L4 s
5UN 2.26 Tassainemuensauiivuesssuu SCADA

IN3UN 2.26 U Controller as@nsionugunsal Field Instrument §13 9 gy
\Wuwes Siad Wusuierhdyaaanly¥iiu Data Server

2.6.2 1AT9AT9AUYDINUIT (Software Architecture)
Tassadadugeinuasvassyuu SCADA tuiiteiidemsiuie SCADA IHmalulad
'lum'saaa'ﬁnua'ﬁmm (Wu PLC, DCS) fin 9 Aulumugudn wunisld Driver awizves
fHAR SCADA Wiledoansiu PLC, DCS (Hudu m’luﬁﬂwuumimwuﬂmmmunawﬂa OPC
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& 4  a v - v ﬁ Y woa
Tuegadgmmsldnalulagiawzaulunisdoans  uenamiudaliarnuannsalunis
uimsdeyaliifiu Client Asandwasiiafiosnm Taseadrsfureiviuafues SCADA uanslé
e A

PagUN 2.27

3Ui 2.27 Tassasasumesuasunsssuy SCADA
i http://archive.wunjun.com/bigdaddy/3/244.html (15/12/2556)

mnwﬁ 2.27 aswuiTludauves SCADA Server 1iu mﬁﬁﬂ@iaﬁu PLC ¥30 Cbntroller
uu wﬂﬂmmu Driver w38 OPC Tnaii OPC uae Driver ﬂ’lmimummwu Read / Wnte Ve
81u1BYaN PLC WD Lﬂaumauamaﬂemu‘lﬂﬂq PLC 'l

SCADA Server mwmmmmmwaua RTDB (Real Time Data Base) ﬁlﬁmn PLC
uddslifUSCADA Client Tnufi SCADA Server unasvtavasiiasieriu SCADA Client #u
DDE Server mm’lnmmsnmmwauamn PLC wnglusunsuiaiu MS Excel w3o Iﬂme
Client Bu ) finnreny DDE Server 161 SCADA umsspanuuuly SCADA Server vt
n5793U Alarm wazfulilu Alarm DB w3etfudeyatiitiu Historian 13lu Log DB Huduiite
dalvl Alarm Display Was Log Display naila SCADA Client ol

dmivdu Development  Environment uuil"‘uuasmum‘a‘aanuuu‘um SCADA
goiasiu 9 meuwﬂUna.,mﬂ'iama'lum'sa'i'NLLa.Ammsn'i'm[n (Graphic  Editor)
w3esdielunsianislusinitadratumn (Project Editor) fidesiielumsihduazdsesn
Text file MfiuAnauiigisiurosnshndeu Driver wie OPC Serverld

<
2.6.3 Tassa¥dunsiedns (Communications)
- ] . P ' o '
N13daa133EnIN Client-Server azdaansiuluslansalaevitluigu TCP/P Tng
Client asfianariumisiiiinaiuie Tag nulu Server iusnisdeyameguuuuiiuandraiuly
v a o o A = < 2 v
ANUENAR (UTNSAIA1IN Server laA84 1/0 989 PLC finsiudsunas Wusy
nsdeansiugunsaitiu Server IxvinIsaTvdeUAINgUnsalnuTIsanigldnu
myuald (Defined polling rate) laservvsaniulumunisfinesssandns 9 Tngdh
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Controller azdsimsilimeimuiigniaaveliiiu Data Server wauAavaizsu (Time
Stamp) m’:‘ﬁ'am‘sﬁuaﬂnmiﬂaq Data Server ﬁv'ua’ml.flums‘aiamiuuu Modbus, Profibus,
CAN bus tHusiu ﬂuaﬂnuu’m‘imun”rsaaﬁﬁ-umwnsmuu 9 e Tuthgtuiims
a3 OPC Server wauuauumsmmmamammmumqthuwmnmamuﬂsauﬂauaﬂnﬁmwn
Ussiam uauumiwwm'lumm'lﬂmaﬂﬂsnﬁvm " st RaLile

2.6.4 lAsaa9dumasine (Interface)
n’liﬁﬂﬁiai Wi Data Server fiugunsain3aszwing Data Server Way Data Server
wagu Client u finsuandu Driver aanuunugmainAllalanzyeLsasHdn mamm
;Jﬂ'1'5nmuﬂmmmu'uaaaumasLwﬂ'uumuJu OPC (OLE for Process Control) @siiaau
iaﬂLsﬂun'riaaa'rma.,usmwagaiﬂaumﬂﬁm OPC Foundation Suifussdnsudnluns
Amumnasguiasdenenmalulagliudandn  opc - Jadunasgrunansiidaniaann
e
mshnrerfuguteyameusnuas SCADA Software Hu fin1sadwliannsadnsiols
tu ODBC (Open Data Base Connectivity), OLEDB (Linking and Embedding Data Base),
DDE (Dynamic Data Exchange) tdusu Lﬁa'lﬁmmmuamuﬁau'i;'azg,aw%aﬁwmsLﬁu*ﬁauﬁl”i
Tugwideyaguuuusine g luthgtuiimsimunliawisoiaserulusing ERP s 4 1wy SAP
Wusuldene

2.6.5 lassddeanuanunsalunisvenessuy (Scala_bility)
Scalability Aeanuannsalunissessutassevengsyuy SCADA fudiudng 9 WU
/O wasgunsal Controller warduiuiAdes SCADA Client iy wisnssamrafuszuy
SCADA vasgviedu 9 1Wusiu dvn Data Server Whiwwy Driver Hddamemaluladianis
lumsnsefugunsal AiduiSasdnnlumsdesets sy Driver viaUseanansainse
Ifaw SCADA Software UndWetviatiu damnidiuiimndiosaifusginiumng e
Hagiulivuunlimnsgiunasie opc taudlutligwil

2.6.6 Tas9ai19n13d138958UV (Redundancy)

SCADA Software @ulwaiiinnuannsalunisydsessuuead Data Server
Taoiiile Data Server innrudadasfiasdamulil Data Server Bndmilvhaunuit Tsez
finmsimuareuiinusdulifl Client J19:lideninseriu Data Server flwuiiotianany
Jadeuiniy

luvedilugaiivimiiiidanisdu Redundancy Hormesvimihianussnisniie

\Jugenindeyaisuinann Data Server titothludsliiiu Client dha q srelunsdiiid
Client S1wuannfnsoagiu Data Server s‘htﬁmu;umaﬁfmufh'if"u'[um'iu?in’rs%'ayawaq
Data Server Lwi'l-'ﬂaﬂwusmwaua Client 'lv:ﬂsummunaumv‘lﬂiu-uaua’lmumna'dﬂ'sm
ke muuiumawmmmm Redundant mm‘wmﬂLﬂuwsumamauaamaaaﬂa’m Client
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' - =t v o v o o v v = - =t o
7199 Bnvieanila Data Server axldvimmihiuinmsdeyaliudlwuniiosgaiion Jallau
Tadilunsuinisdoya

2.6.7 wihiimsieau (Functionality)
naifionsiinesvesgunsal vanefinnaausalumsishionguues
wisilmaslugunsalitu 170 ves PLC \Husu Anueansaves Data Server lunisimus
wimesla snldetraion Feuldedraier wiesemtadou Judu

2.6.8 FLUULEAINALUY MMI (Man Machine Interface)
AepmEnsalumsuannansieveunsalluguuuy ns1iin - e
dogdnwal wwunm Judu Tneannsadenlesdnvusnisiasuuamainsiinmdriiu
#151fned91n Data Server 18 Amuanansalumsdsutiszuunsfiney nstiaadn

anduulenetimesdwalud /O aps PLC Wy

amuansalunsiamsnsaiindu nrste s msimuansiedoulmuuusg 4
WU MV mimﬁauﬁwu?ﬁﬂLL%ﬂmnﬁm_,tymwm Data Server msuannadynyulu
sUuuuileiwazinaiauuusin g mathiiina Winussoandeg mstulnawes Hudy A

waniiudenSsuiieunrmiannsauss SCADA Software Wadu

2.6.9 :i:UUuamnsmﬁmucyﬁmtwwiatﬁm (Trending)

Trending Li’Jum'mmmsn’[umswé‘am‘mﬂrs_imﬁ'mﬁ’u"[ﬂuuaammﬁmmmwh
foy 104970 Data Serverlagpinazaninsondendynaldvaredynonty 8 - 24 dryayeu
wioufulunlivhader  elausaSeudioudyaaindanls LLa.,Tujai’ﬁﬁ’ﬂa'”nava%'wq
vm'wmwaammmmm’lmﬁendmg 9198iANaRNsaluns ‘zmargrmmwwaam LAZVEANIS
waamLwaLaaummwwaam'luuma.,'ammﬂmmam'uaqp'ﬂ'ummaa UBNYINUNSNEENE"9
a'wm'smaan"lmw"'lwLﬂum‘swaamwu‘lﬂvzju Time plot, Logarithmic plot, Strip Chart, Bar
Chart, Circular, X-Y plot Judu ‘uanmnuumauwammmmmmm Historian wsa*uaua
ammnmmnuﬁ'lua"m'uauaaanmwaam 1§8nea 1ns Trending Module foradiuuuy
ActiveX Control ﬂammsnmhﬂ'wu'luuawwammauwauuauumsmm ActiveX ¢

2.6.10 FEUULIIADY (Alarm)
SCADA Software d@luaiiissuundadoulny Alarm Display 3vSudtyeyamn

L v}
'
s

910 Alarm DB TuElNSCADA Server Tng Alarm DB aunsafiasyhnsimuareufigsduine
idyaaiilanidusmsiiveslunsudafoutte uasiimswissedures Priority, Limit
ag19ls uduse uuu.mLmaummmmm"l.nu‘uauam‘sLmLmau‘li‘luﬁ'luwaua*l}mnmm 9
Iaaiu MS sQL Server, MS Access, Oracle, MS Excel 1{usiu LLa.,mqwammsmmmaanm

o) = = S 15
Lﬂuswauulugﬂuuumswwria Lmu{]ulﬂanma
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2.6.11 NISNI9IUUUU Automation
[ a ) v al 1 ql o 1 o I3 173
WuAUAM1509 SCADA YiTmuiaing q aunAIvun 1wy d98id waneteniny
WUy lnstance Message vuntige [Ualusmigeduy 9 mwauaaamwaua L‘UﬂT.‘UiLI.ﬂiJJ
iaduidiansus (Husu muammmﬁlﬂwmn Data Server wasdarmunfiadtaty

2.6.12 MIAINUATWRAILY (Application Development)

msmwumﬂauﬂmwu wusnmaaumsmwumwvmﬂﬂaﬂumsmmawsa Tag
Tan9a1n Data Servermuui)ummmmi Define #30@314 Tag i Data Server fiauin Tag el
AvFIMINLN Address mm'lmaaaﬂnﬁm (PLC, DCS, RTU, Controller mqq)TﬂaWﬂUmmm
mm'smmﬂauwﬂLi*du"lﬂawafmhnaummlm wazansn Export g Data Server &y
15] mnuu‘[ﬂmniuﬂaﬂau 9 ¥83 SCADA Software Hslpatous foqw'iﬂauwnmjuﬁmwummi
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2.7 OPC (OLE for Process Control (OPC)

OLE (Object Link and Embedding Interface) asusnludgavas OPC iiissnnly
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3. DC. Power Supply

3.1.2 d@oudiaiiunig
Woefjifin1s Factory Automation n1edwnidnssunisinay A
Aminssurnans aniumaluladnsgaoundndinnmmsainnseds

3.2 MIWIEIUAIVANMTINIUAUAIWUTBUNY

Tuﬂﬁw@aaaLﬁaﬁnmU"mnﬁv'imuﬁmﬁmﬂiﬁww agauiumslaenisdoun s
NUNaITY DC. Power Supply 0-10 VDC Wiy Heater LLé"sﬁwmidmmmamﬁaul‘mlﬂ']ﬁ
a9 Thermocouple uwamawlmﬂwuauawﬁ A/D Analog Input Unit maamiaamuam
PLC LwaltJmu'Jm‘lwmuﬂmiJaamuﬂaui‘lu 0-FAQ e ﬁanmwumuﬂaauwmm
ﬂiymuﬂ’l?ﬂﬁﬂﬂ 3.f Ltaﬂum'mfamaamzy"lmsumw Temperature Simulator fuiniad
AUAN PLC mgﬂw R

Temperature

Simulator

JUT 3.1 FudsBunnvenszuunis



3

A10UNTNAADY
1. Temperature Simulator Eanlnuaainduiidusmis Manual
2. YMsAeIeasANsUT 3.2
3. @sulusunsumsyhauny Ladder SU 3.3

urnpBoulWaildann
Thermocouple

U 3.2 ns\lansiadyansening Temperature Simulator fulA3asniuRw PLC

(Progam Manve | Beafogran 1]

SactonMamné | Tadbanl)

0Pl
PR

[E] < (0D >

[THE =

DIAZ10 €2
S || S

(L]} END
DO0C0 4

sU# 3.3 uandlusunsy Ladder

4. fwusrmsdimasiiiu DM000-DM003 vasda Scaling-SCL( Jlaonndas
AUFUT 3.4 wazn Min. Max. Iidenadasiugui 3.4



38

Value after conversion
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Il 3.4
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8.2) ¥1MN13M9A1 communication 1aefsunal Port Setting Timsanu Network
Y i
setting Y84 CX-Programmer ¢93U71 3.14 Uazguii 3.15
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8.3) Lﬁaﬁﬂmiﬁy’am:-fhml.é"; AN “Open” uag “Connect”
8.4) 5un3 Trend Graph Tnemsaanii “Online”
8.5) FNfifean1s Plot Graph axagil DM600-605
DM600 (SV) wanadunsinaunns
DM601 (PV) Waadld@uns naden
DM602 (MV1) wanstdunsinadimaas
DM603 (MV2) wanaidunsmaviiiy
DM604 (MV3) uanaidunsmatina
DM605 (MV out) uanaidunsmEvuy
= Ustitled - X Progiarmer - ([Running] - NewPLC1.NowPrograme? Section [Diogrami]
['Db"uuﬁ " e .l'—' TR 4LTH ISR Yt s BT RS W o%ad

S b T L A Y RS b |10 & g | % e Bz W 1 S
nEFRS &7 Y
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93;;:3;“?““*“" S/s/al 8iR) , ()9
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Ul 3.16 Lanswuwiee Data Memory l4lunis Plot Graph
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5. muadeyalv DM030 Tngtienarniuy Memery / DM uagluin Monitor g
LiJaau&uaualmmmtmaammu PLC £ Online ¢

10, waﬂmiuwﬂ‘lﬂammanv{ “Online” Bna%s

1. Y5 “OFF” a3nd8umn 0.00 T PLC

3.5 AnwnanauausInIsndeuinuudiussauladae PID

NANSANRUNIT 3.0 \unsmuauuuunseuilinaslinanevaussassuvlu
Snwauenile mmumsmmuu:umasauLﬂmmﬁaﬂwummmmu PID aziinudnngugslu
Limﬂ’liﬂ‘iUﬂ’]mLLU‘SmSﬂ’JUﬂM muma‘tﬁlﬂwamauauawnunnmumsm’lumaLsumu
wazYIEnN AT mgﬂﬂ 3.17
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- 1A3BIAIUAN PLC mauAsdmeiteddy PID

» Heater (88n18lu Temperature Simulator)

* Thermocouple (’:)E‘J:mﬂ'lu Temperature Simulator)

Set Value (5V) Output

Heater P

Thermocouple

< ~
JUT 3.17 wansudenlaozunsuuarnszuiuniuauiuysouln

° o/ 1 ' J o ] o
dwsunsyuiuns m SV iduAndmneiidmunldlasnsslumiesaudwes
< =y L = a v o
\ATeImIUAN TETUNMSAIUANAIUA 0-100% Taeiluuavnalunisdeuldsunsunivauliiu
PLC anuuh 3.18

Scaling
0-100 to 0-4096 Plot Graph
{064} (Q-FFF)

0-100% (BC
0-64 (HEX)

)

HEX SV data to Controller

‘v‘ o o o I'/ o
JUN 3.18 uamsdduuazudonmainsiteulsunsuimun Sy

daur1 PVAduanysiilaninnisianszuiumsauidnmme A/D Analog
oo & v A ) 1y g ' o w o - |
Input Unit $1Lunosiinsuivuasanveglugnudeatuiuan SV Waliia3asmuan PLC
draludAnnaldsely Tasfuumilunisdeulyswnsumuanlity PLC mugui 3.19

AfD
HEX data

Analog I/P PV data 0-100%

~3.38 to 10 Vdc

HEX data

Scaling
HEX to 04096 Plot Graph
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PV datato
i Controller
R

< o w o =i ' '
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PV data to graph
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' | e v 1 ' Iz -
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hradwsiilsianludsdiu D/A Analog Output Unit dwdutiouussiulwiinliiy Heater

Tudnwusieiudesfinisuuussgrumsauauligndes Tasiiuumsunmadeu
v o o
TWsunsumuaslifiu PLC augud 3.20
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PiD

Scaling B8 Convert to
controlier

HEX to .bCD HEX
{0-FFE} [Min-Max}

! Convert ta BCD MV data to graph
e o
BCD

d o ar o 2 =l ¥
JUM 3.20 uansddivuazudonmdinsideulusunsulian My

V..« to Heater

PV (HEX)

A1AUTUNITNAADY
1. Temperature Simulator (denamdinun aglusumis Manual
2. FRNIINUUA 3.11

3. Wsulusunsunsinauamguin 3.21
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Loseen oy
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w3)
<eLPRlGE

fales: ]

Bhcc et eld

5U# 3.21 wandlusunsa Ladder

%1115 Online luuimiapaanush DM Wewdeunisuile
vwafildannisdiiiunist 3.2 uas 3.3 uiSuguny ¥ el
daapanatumsnraly Plot graph 7 Full Scale 4096 ldvoyaadlu
DMO00-DMO07 waz DM010-DMO17

, e
1NATTEN 3.1

WUIUAIINA Uoya s SCL( )
DMO000 P1 (A1 Min Tuwuaunu ) #1380 Ay
DM001 P1+1 (a1 Min Tulwaunu X) e Ax
DM002 P1+2 (fn Max lutwiunu Y) wse By
DMO003 P1+3 (A1 Max luwtaunu X) Se Bx
DM010 P2 (A1 Min Tuwuiunu v) w3e Ay
DMO11 P2+1 (A1 Min Tutuiunu X) w58 Ax
DMO12 | P2+2 (A1 Max Tuwwuaunu Y) %38 By
DMO013 P2+3 (A1 Max Tuwwiunu X) 3e Bx
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o
INANTNIN 3.4

AN Uoya Ashudsanda ScL( )
DMO004 P3 (A1 Min Tutwaunu Y) 1u BCD
(Ay)
DMO005 : P3+1 (A1 Min Tuwwaunis X) 1y
HEX (Ax)
DM006 ' P3+2 (A1 Max Tuwuaunu Y) 1y
BCD (By)
DMO07 P3+3 (A1 Max Tusuaunu X) 1u
HEX (Bx)
DMO014 P4 (A1 Min Tuwuawnu Y) 1y BCD
(Ay)
DMO15 Pa+1 (A1 Min Tuwwiunu X) 1u
HEX (Ax)
DMO016 P4+2 (77 Max Tuwuaunu ) 1y
BCD (By)
DMO17 PA+3 (A7 Max Tuuuaunu X) u
HEX (Bx)

10.

11

AMvuaAYeyaR s PID adlu DM110-DM116

o 1] o ] v ld
Svihmsamilvasmiienidt DM uas Wsunsumsianliiuieiesauay

PLC
AsTABUMMgNRD NI BB mmdAndlieglusaumia Linear
YauzLAoIuR “ON” @inddunm 0.00 tonuAnIHUTBNE WD Tien
4 Run TWswnsunsiiany
VIAABINTHILTERIE PID danadifiys SV, PV wax MV Tnsulaeuy
Foujail DMO30 (SV) Wiuiuuaiann 0, 20, 40, 609 dainAnised
Wasuuagwes DM210 (PV) svnnumduazldaumnauiiy
¥im5Uuiin Trend Graph Yaataudunm DM040 (SV) uay DM210 (PV)

- DM040 (SV) uaaaidunsinduna

» DM210 (PV) uanaidunsmadigen
Wasumueandves Temperature Simulator 'lﬁaq’luﬁmwﬁq Manual
VUBLAITY “OFF” aIngdunm 0.00 T PLC

- yhnswasumsudslwilviuends PID ¢l

12.1 Wague P flaq sauddwinlumanios Tuvasn Ti uas Td Saildn
WAy %ulﬁwamauauaaﬁﬁﬁqﬂ uauRnNSMNaNAGBITaa SV, PV uay
MV
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12.2 viwe Ti 1aq iievinisaslanesynvasnsyuiunis videans Ti th
NANBUEUDIT A ANanBUALBIIMUNEaUAUNTEUIUNS W TuTinns vuE
NPADIVI SV, PV hay MV

3.6 werlusunsudmsunisieusio OPC Server uaz SCADA

TUsunsudmiunsifousio OPC Server donldlusunsy KEPServerEx Safiusslovs
Tumsuanifeudeyaiusewing SCADA fiuead auftamed wiegunsaldug aunsavinis
gunazifurily Memory Area vasiinead Taereuduldnudesdinismvuslasiadisves
griauwrifideusiouazaihs Tag lunemmsafisdesnsuelinesan

luduvaamsdisunsiiin SCADA EenldlUsLATN WInCC (Window Control Center)
%qL‘TJW@Wﬁi,n%ﬁ'l‘ﬁuﬂ'ﬁﬂ’mﬂm'mmNﬁwmswﬁmLLamﬁumumsé’mTuﬁ'ﬁ AU
DADNNUNDS ma'LwanmUsmau‘[uﬂaﬁhﬁmmsmamuﬂﬂwﬂ wiawalnddoya way
MYTEuY mmmva;ummuawumqmuammwm's‘mmwammqqmlﬂ
d1runTvnay

1. ¥msaing Channel wag Device Tinsamusuvesiineadidonty

New Channel - Device Driver

;'Slieelhdwicuhqwumhum!o
‘Iienhamd

The drop-down kst below contans Lhe names of
iemndlimluuuaiulalndmm.syuun

Device driver
[OmonHoat Lk o

[¥]Enable disgnostes

LW e e TN
g‘lJ fi3.22 wansnIstdanttnved Device driver

X

New Device - Model

The device pou are defining uses a device
driver that supports more than one model. The
st below shows al supported models.

[Select a model that best desciibes the device
defining.

[ <Back J[ Net> ] [ cancel | [ Heb

U7 3.23 wanen19iden Device model
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2. Wiy Static Tag lunanwsaisfasnsaundodeaun 91 Tag AFaensey
wagstdyuiiaedl

eurn sV Tushumisueniasa DM0030 Tuguves BCD
21uA1 PV lTusumisuesinsa DM0101 Tuguves BCD
81uA1 MV Tudmisueninsa DM0050 Tuguves BCD

gurgaumgillusiumisueniasa DM0022 luguves BCD

lag Properties Z]
Genetal Scaling
‘ Idzntilication
Name: |V . q é _I ._J
s [0M iy =4l
Description; | s o | —] i
oG |
Dala pioperlies
Daabper [BCO | %
f Chontscooss [Resdte %
Scan rate: [1?07 '7; milkceconds
Nate: The scan rate is only used for clent applications that do not
specily a rate when referencing this tag [e.g.. non-OPC clents)
" | A T AT A - - T A W . i

31]17!: 3.24 L@AINIFH9AT Tag Properties

3. YASEAYN tag Muvdswennsaniiu N Inenisnavy quick client waa
\Heniveuaz juvosgunsnd

8 0PC Quick Client - Untitled *

il Gwron <200, _Stalistics
3 Omronc00h._Systen

Fle Edt Vew Took tep

DEd s - e SR8 X

= i Kepware. KEPServerEX VS It 1 i PataType | | vohey RL
B _syuew Eomwon <2005y Werd 0 14:40)
2 Cmeon,_Statistics )0 0n.c200 MY Weed 2 144
@ Omeon._Sysem e 50 200 PV Werd 1 14:40
= | Omron.c200h Domeon £200k Tamp Wioed S} 14:40)

< »
Tewe Evert ~
144041 Added 7 ks to
144041 Added growp ‘Orwe. .,
14 40:41 Added 2T kamsto g
14°40:41 Added ¢ ke ta or
~
Resdy Rer Count: 79

JUT 3.25 LananIge1ves tag Tukannsafilsdeeniseuniaifeue

a. \Beudafunsniin SCADA Tu WincC Tagvinnaifiy Driver OPC.chr Tag
Management
5. yhnasiiw Driver Connection udaldA1 OPC Server Name Wingarfu Tu
TUstnsu KEPServer



OFC connection |

Server fereoa 4]
OFC Server Hame

Start the zarver on tis computer:

B8 0PC Quick Client - Untitled =
Tools Help
DEMH ze «@F &P X

52 Omvon._Statistics
[l Omeon._System
() Omeon.c200h
(2 Omeon.c200h,_Statistics
(5 Orron.c200h, _System
$ i = >
Date Te o o TEvent . A
O coj0ejz01s 14:05:46 Added 7 kems togr ...,
O 25/04j2015 14:05146 Addad group ‘Oro,..
O 29j01/2015 14:05:46 Added Z0tems ta g
O z5/04i2015 14:05146 Added 4 Itams o ar
-
ey Iem Count: 79
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3U#1 3.26 udnsn139aAn OPC connection

6. W Tag PnasnmisiansAmiufiient vy KEP server

3.7 Weunsindnsunisuanswa

nisdeunsaiinmiusnsuanmsisaumtang Graphics Designer dailugnusznay
vodlUsunsy WinCC filddmsusenuuumineefitiushnarssswhaldiuaiosins Te
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NANISNAADI

4.1 gruAuANNSINUAIAILUTBUNN
MulsBuwnvenszuums e musuadoulidiléann Thermocouple 91nn73
naasatouuswiulnihain DC. Power Supply Wiy Heater Agampfinazusandoulwiind
Talean Thermocouple HAnTu 28.4-107.8 aswwaidoa uaz 2.853-10.79 Thas faudns
Tumsneit 4.2 Farmnatumsvdsuuwaswesdayadh A/D Analog Input Unit 7eaiaas
AauAn PLC iy 475-FA0

= a = ' ) w
A1319% 4.1 (WINANA519N 4.2 m'lmﬂumﬁlﬁmnmsmam)

WYANIN UGHE s sAds SCLL )
DMO000 0 P1 (A7 Min Tuwuaunu ) wse Ay
DMO001 475 P1+1 (A1 Min Tuiuaunu X) w3e Ax
DM002 4096 P1+2 (A7 Max luwwaunu Y) wse By
DM003 FAO P1+3 (A1 Max luluaunu X) w3e Bx
A5 4.2
No. | wsesiuditouls 2UNNIN wsandaulniiildann A/D, Wd121 %38
Heater Thermocouple Thermocouple DM20
iy, BCD HEX
1 0.000 28.4 2.853 1141 475
2 0.101 28.6 2.872 1149 47D
3 0.200 28.8 2.890 1156 484
q 0.300 2.1 2973 1169 491
5 0.401 29.5 2.962 1185 4A1
6 0.500 30.1 75 1210 4BA
7 1.001 25.7 3.585 1434 59A
8 1.499 64.5 6.487 2595 A23
9 2.013 107.8 10.79 4000 FAO
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nalra adaigsawin s el diliann Thermocouple i
s wduditlanl Heater
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wsunaaulilivalaann Thermocou ple (volt)
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Se AN
a8 nante

dy 1 dl Y o L 24 dl = 1 gj 1 Y o ¥ ¢ Y 1%
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Lidnsdllas visdu Bnnsnudlidaudailen uagsesanedsisdvesenarsynasandnisluly



4.2 guAUANNTIINUMUAIUUTE NI

o I3 - v o s
MILUILDMNNDINTZUIUMS A UseduiUauliiu Heater

IJ as ¥ ! a
aoul 1 nslaudygrumunuainunasiiglnnsinisuen anmsdeuunseiu

o’ 1 1 4 1 - AI i s G‘ U s ] ar &
dunatuihfiagamaiiGuiingasuwlasauiisussiulniuid 0.8 Thad wasi
=~ X d 1 a I a dl = 1 1 s
fgagaiAusadulniingy 1.6 Taad (1iesan Voltage Input 183 A/D HAwindu 0-10 v

": a al v A u i
WAz ingumgiilagegainssanm 100 ssnwaided ) wanwiagui 4.2

AN5199 4.3
No. | wsesuittloul DM200 MmN
Heater BCD HEX Thermocouple
1 0.000 0 0 28.5
2 0.101 044 02C 28.9
3 0.200 087 057 29.2
q 0.299 130 082 9.7
5 0.401 174 OAE 30.3
6 0.500 217 0D9 30.9
7 0.599 260 104 #1.4
8 0.701 304 130 32.2
9 0.799 347 158 - 33.2
10 0.899 390 186 34.5
11 1.001 434 1872 36.4
12 1.100 477 1DD 38.4
15 1.199 520 208 41.0
14 1.301 564 234 45.6
15 1.400 607 25F 53.1
16 1.499 650 28A 68.4
17 1.601 694 2B6 100.2
18 1.700 737 2E1 107.1
19 1.799 780 30C 108.7
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natnAIuduNg Iz L};‘:{‘J'J;l (L b ‘lléiaite;;f]'i"wémi":' Heater

120
100
80

60 |

qruuaii (C)

40 |

20

0 0.5 1 1.5 2
i e Heater (Volt)

a A oA

3UT 4.2 uanansdsuulaswasgamgiideditouusasy

ABUT 2 ARy INAIUANIINTYR D/A Analeg Output Unit ASUALYES DMO14-
DM017 8849 ndeyaildainm1snsdi 4.3

ﬂ"li']\iﬁ 4.4
WUIBAINT Ugya FinsaudsArds SCL( )
DMO004 0 P1 (A1 Min Tuwuawnu Y) 1y BCD (Ay)
DMO005 0 P1+1 (A1 Min Tudwannu X) W HEX (Ax)
DMO006 4096 P1+2 (A Max Tuwwaun v) 1y BCD (By)
DMOQ7 64 P1+3 (A1 Max Tulawny X) 1y HEX (Bx)
DM014 347 P2 (7 Min Tuwuawnu-y) 1u BCD (Ay)
DMO015 0 P2+1 (1 Min Tuswannu X) 1w HEX (Ax)
DMO016 694 P2+2 (AN Max Tuttaunu Y) 1 BCD (By)
DMO17 FFF P2+3 (A1 Max Tuwatnu X) 1y HEX (Bx)

nsdeutayaannym D/A Analog Output Unit H1TUSUATY Ladder # DM030 Lﬂu
0-100% WisufuAwswuiiteuly Heater 1y 0.799-1.601 Thad anuansaaomseh
4.5 UERIFINS NG 4.3



15799 4.5

No. | %, DM030 |  wssstuiitlowlss gaumnd DM200 | Wd100
Heater o BCD HEX
1 0 0.799 33.8 347 158
2 10 0.880 35.0 382 17
3 20 0.959 36.2 416 1A0
q 30 1.039 37.6 451 1C3
5 40 1120 39.7 486 16
6 50 1.201 41.9 521 209
7 60 1.279 45.8 555 228
8 70 1,360 519 590 20E
9 80 1.441 61.7 625 271
10 90 1,519 80.7 659 293
11 100 1,600 102.6 694 286

e ias smandas e diayalit DMO30 6 s sdvnslanli

Heater

100 ‘
20
60 |

40

1017w DIMO30

20

0 & A\ | (&L S G ] L
0 0.2 0.4 0.6 0.8 L 1.2 1.4 1.6 1.8

wsadundouTh Heater (volt)

JUW 4.3 uamsmnudTussyniieeyalu DMO30 v tssfuiitewl Heater



4.3 nanevduaIMsIARBUTIMUVARUsaUTN
{J.:umaumiﬁmsmqquﬁﬂm Thermocouple fifeansauamiundntasdslairu
AAuAl PID imsUeuuaguAswiuain Analog I/0 983 PLC a¢ldimiuduiusvassa

wUsiuBunuaziawiwndagui 4.4
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AT 4.6
A Uoya Asusda SCL( )
DM000 0000 P1 (A Min luwwiunu Y) w30 Ay
DMO001 0548 P1+1 (A1 Min Tunwiunu X) e Ax
DM002 4096 P1+2 (fi1 Max Tuwuaunu Y) w3e By
DMO003 OFAO P1+3 (A1 Max Tuuaunu X) w3e Bx
DM010 0000 P2 (A1 Min Tutwaunu Y) w38 Ay
DMO011 0548 P2+1 (A1 Min Tuuannu X) n3a Ax
DM012 0100 P2+2 (A1 Max luiuaunu Y) w3e By
DM013 OFAQ P2+3 (A1 Max luwuaunu X) 39 Bx
mﬂaﬁ 4.7
No. | DM030 | DM040 Wd121 Wd100 DM101 | geaunadl
% °C
BCD BCD | HEX | BCD HEX BCD BCD
(AI0) (A1)
1 0 0 548 | 1352 | 15B 347 0 33.8
2 10 410 56C | 1388 | 17E 382 2 34.7
3 20 819 5A0 | 1440 | 1A0 416 4 36.0
a 30 1229 | 5E0 | 1504 | 1C3 451 6 37.6
5 40 1638 | 638 | 1592 | 1E6 486 10 39.8
6 50 2048 | 6B4 | 1716 | 209 521 14 42.6
7 60 2458 | 7644|1892 | 228 555 21 47.3
8 70 2867 | 844 | 2116 | 24 590 29 52.9
9 80 3277 | 980 | 2432 | 271 625 a1 60.8
10 90 3686 | C68 | 3176 | 293 659 68 79.4
11 100 4096 | FAO | 4000 | 2B6 694 100 101.1
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IF Temperariue Control Panel for €200

Z&emsC ™

00500 a1000 ” 00 2000 02500 0% 00 03500 Q400 04500 oS00 05600

Corholer Paamesi
wasroumy Contial Panel

B2 uwvin

SU#l 4.4 uanadn PV ’ummumaﬁﬂumummmu PID

4.4 Namauﬁuaamsmﬁauﬁtmumﬁma'sau‘ﬂﬂﬁ’f’m PID

Ws8unHIves Thermocouple wmaaﬂﬁﬂmﬂmﬂuwaﬂimamummuﬂu PID
“bWﬂ‘iﬂﬁﬂ']‘i‘lJ‘iUﬂ’] PID Controller kuy Trial & Error Close-Loop Tunmg W393dN15a09Rn
a83gn LiﬂJWUﬂ’]MHﬂﬂ’]W"Ii’]NLF\Bi‘UE}Q PID Tu DM110-DM116 L‘U‘Uﬂﬂu

. :DM110 0000 . Set Value (SV)

C+A \ :Op111 0800  Proportional Band (PB)
C+2  :DM112 0000 = Ti (Integral Constant)
C+3  :DM113 0000 Td (Derivative Constant)
C+4 :DM114 0032 Sampling Period

C+5 :DMI115 0000 Reverse Action

C+6 :DMI116 0404 I/Q range 12 bit

dlevinisBeusn sV (Set Value) wuuaiann 0%, 50%, 0% lagidennnassiian
Proportional Band (PB) # 800, 500, 200 waz 100 AMNaSUSNBMEU8INTINIBIAT SV Lay
PV fiduiinuanasiazuil 4.5-4.8



IF Temperartue Contral Panel for C200

B S e gCY

.EMEEEE

00500 B1000 a1500 ¢ 200 a2500 e300 Q3500 040 00

ortiched P sl
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\F Temperariue Control Panel for C200
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IF Temperariue Conirel Panel for C200
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POLLILI ISP PP,

P_On

MOV(21)

I: 121

SCL(17)
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MOV(21)

DM210
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BIN(23)
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DM100

BIN(23)

b

Source word

First parameter ‘word
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Scaling
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BCD To Binary
Source word

Result word
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BIN(23) [ BCD To Binary
DM40 Source word
DM110 Result word
PID(E0) H PID Control
DM100 Input data word
DM110 First parameter.wu'd
DM160 Oukput word
BCD(24) [{ Binary To BCD
DM160 Source word
DM170 Result word
MO¥(21) H Move
DM170 Source word
DM605 Destination
SCL(17) Scaling
DM160 Source word
D24 First parameter word
DMS0 Result word
SCL(17) Scaling
DM160 Source word
DM14 First parameter word
DM200 Result word
BIN(23)  [{ BCD To Binary
DM200 Source word
Q: 100 Result word
END{O1 End




Data Conversion

Section 5-18

Flags

Example

ER: Incorrect digit designator, or data area for destination exceeded.

Indirectly addressed DM word is non-existent. (Content of *DM word is
not BCD, or the DM area boundary has been exceeded.)

In the following example, the 2"d byte of LR 10 and the 15t byte of LR 11 are con-
verted to hexadecimal values and those values are written to the first and se-
cond bytes of IR 010.

o?c;g) P Address | Instruction Operands
LR 10 00000 | LD 00000
HR 10 00001 | @HEX(—)
p— LR 10
HR 10
010

HR 10 [0]1]1]o0]
tR12 [3[5]3[4] tr11 [a[2[3]2] LR10 [3]1[3]0]

Conversion to
hexadecimal

010 [0]0]2]1]

9-18-12 SCALING - SCL(—)

Ladder Symbols Operand Data Areas -
S: Source word
SCL(—) — 1 @SCL(—)
IR, SR, AR, DM, HR, TC, LR, #
S S
P1: First parameter word

P1 P1
IR, SR, AR, DM, HR, TC, LR

R R

Limitations

Description

198

R: Result word

IR, SR, AR, DM, HR, LR

P1 and P1+2 must be BCD.
P1 through P1+3 must be in the same data area.
P1+1 and P1+3 must not be set to the same value.

SCL(—) is used to linearly convert a 4-digit hexadecimal value to a 4-digit BCD
value. Unlike BCD(24), which converts a 4-digit hexadecimal value to its 4-digit
BCD equivalent (Shex — Spcp), SCL(—) can convert the hexadecimal value ac-
cording to a specified linear relationship. The conversion line is defined by two
points specified in the parameter words P1 to P1+3.

When the execution condition is OFF, SCL(—) is not executed. When the execu-
tion condition is ON, SCL(—) converts the 4-digit hexadecimal value in S to the
4-digit BCD value on the line defined by points (P1, P1+1) and (P1+2, P1+3) and
places the result in R. The result is rounded off to the nearest integer. If the result
is less than 0000, then 0000 is written to R, and if the result is greater than 9999,
then 9999 is written to R.



Data Conversion Section 5-18

The following table shows the functions and ranges of the parameter words:

Parameter Function Range Comments

P1 BCD point #1 (Ay) | 0000 to 9999 —

P1+1 Hex. point #1 (Ax) | 0000 to FFFF Do not set P1+1=P1+3.
P1+2 BCD point #2 (By) | 0000 to 9999 —

P1+3 Hex. point #2 (Bx) | 0000 to FFFF | Do not set P1+3=P1+1.

The following diagram shows the source word, S, converted to D according to
the line defined by points (Ay, Ax) and (By, Bx).

Value after conversion

(BCD)

Big = = = = “ais = & 2 wimEine

A\( """"

Value before conversion
Ax s By (Hexadecimal)

The results can be calculated by first converting all values to BCD and then using
the following formula. ;

Results = By —[(By — Ay)/(Bx — Ax) X (Bx~ S)]

Flags ER: The value in P1+1 equals that in P1+3,

Indirectly addressed DM word is non-existent. (Content of *DM word is
not BCD, or the DM area boundary has been exceeded.)

P1 and P1+3 are not in the same data area, or other setting error.

EQ: ON when the result, R, is 0000.

Example When 00000 is turned ON in the following example, the BCD source data in DM
0100 (#0100) is converted to hexadecimal according to the parameters in DM
0150 to DM 0153. The result (#0512) is then written to DM 0200.

03000 Address | Instruction Operands
! @scLi—)
DM 0100 00000 | LD 00000
DM 0150 00001 | @SCL{—)
i DM 0100
DM 0150
DM 0200
DM 0150 | 0010 { omo100 | 0100 |
DM 0151 | 0005 ‘
DM 0152 | 0050
DM 0153 | 0019 [ omo200 [ 0512 ]

L
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In this case, the input data word, IR 010, contains #0014, and f(0014) = #0726 is
outputto R, IR 011.

Y
$1F20

$0F00| - -

ST G e

$0726
$0402 ;
00 ) ' ' X
$0005 $0014 $001A $05F0
5-21-6 PID CONTROL - PID(—)
Ladder Symbol Operand Data Areas
> S: Input word
—1 PID(—)
IR, SR, AR, DM, HR, LR,
S
C: First parameter word
= IR, SR, DM, HR, LR
o D: Output word
IR, SR, AR, DM, HR, LR
Limitations ~C and C+32 must be within the same data area.

&Caution Do not program PID(—) in the following situations. Doing so may produce unex-
pected behavior: In interrupt programs, in subroutines, between IL(02) and
ILC(03), between JMP(04) and JME(05), and in step programming (when using
STEP(08) and SNXT(09)).

Description PID(—) carries out PID control according to the designated parameters. It takes
the specified input range of binary data from the contents of input word S and
carries out the PID operation according to the parameters that are set. The re-
sults are then stored as the operation output amount in output word D.

PID parameter words range from C through C+32. The PID parameters are con-
figured as shown below.

Word 15t012 | 11to8 [ 7tod | 3to 0
C Set value (SV)

C+1 Proportional band (P)

C+2 Tik = Integral time T4/sampling period y (See note 1.)

C+3 Tdk = Derivative time Td/sampling period y (See note 1.)

C+4 Sampling period y

C+5 2-PID parameter (o) (See note 2.) PID forward/

reverse designation

C+6 0 | Input range | 0 Output range

C+7to C+32 | Work area (Cannot be accessed directly from program.)

Note 1. What is set in words 2 and 3 is not the actual integral and derivative times,
but rather their values divided by the value of the sampling period Y.

2. Setting the 2-PID parameter () to 000 yields 0.65, the normal value.

242
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Parameter Settings

Item

Contents

Setting range

Set value (SV)

This is the target value of the process being

Binary data (of the same

number of bits as specified for
the input range)

controlled.

Proportional band

This is the parameter for P control expressing
the proportional control range/total control
range.

0001 to 9999 (4 digits BCD);
(0.1% to 999.9%, in units of
0.1%) )

Tik

This is a constant expressing the strength of
the integral operation. As this value increases,
the integral strength decreases.

0001 to 8191 (4 digits BCD);
(9999 = Integral operation not
executed)

Tdk

This is a constant expressing the strength of
the derivative operation. As this value
increases, the derivative strength increases.

0000 to 8191 (4 digits BCD)

Sampling period

This sets the period for executing the PID
operation.

0001 to 1023 (4 digits BCD);
(0.1 to 102.3 s, in units of
0.1s)

PID

forward/reverse
designation

This is the parameter that determines the
direction of the proportional operation.

0: Reverse operation
1: Forward operation

()

2-PID parameter

000: o = 0.65

Setting from 100 to 199 means
that the value of the rightmost
two digits is set from o= 0.00

This is the input filter coefficient. Normally use
0.65 (i.e., a setting of 000). The filter efficiency
decreases as the coefficient approaches 0.

to o= 0.99.
Input range This is the number of input data bits. 0: 8 bits 5: 13 bits
— E 1: 9 bits 6: 14 bits
Output range This is the number of output data bits. {The 2: 10 bits 7: 15 bits
number of output bits is automatically the same | 3 11 pits 8: 16 bits

as the number of input bits.) 4: 12 bits

PID CONTROL Operation

PID Control Method

Execution Condition OFF

All data that has been set is retained. Then the execution condition is OFF, the
operation amount can be written to the output word (D) to achieve manual con-
trol.

Rising Edge of the Execution Condition

The work area is initialized based on the PID parameters that have been set and
the PID control operation is begin. Sudden and radical changes in the operation
output amount are not made when starting operation to avoid adverse affect on
the controlled system (bumpless operation).

When PID parameters are changed, they first become valid when the execution
condition changes from OFF to ON.

Execution Condition ON
The PID operation is executed at the intervals based on the sampling period,
according to the PID parameters that have been set.

Sampling Period and PID Execution Timing

The sampling period is the time interval to retrieve the measurement data for
carrying out a PID operation. PID(—), however, is executed according to
C200HS cycle time, so there may be cases where the sampling period is ex-
ceeded. In such cases, the time interval until the next sampling is reduced.

C200HS PID control operations are executed by means of PID control with feed-
forward control (two degrees of freedom).
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When overshooting is prevented with simple PID control, stabilization of distur-
bances is slowed (1). If stabilization of disturbances is speeded up, on the other
hand, overshooting occurs and response toward the target value is slowed (2).
With feed-forward PID control, there is no overshooting, and response toward
the target value and stabilization of disturbances can both be speeded up (3).

Simple PID Control . Feed-forward PID control
(1)
/\_n N

A
' As the target response is slowed, Targetresponse ' Disturbance response
. _the disturbance response worsens. .

Wiy
4 \4

. As the disturbance response is
slowed, the target response worsens.

Overshoot

Control Operations Proportional Operation (P)

Proportional operation is an operation in which a proportional band is estab-
lished with respect to the set value (SV), and within that band the operation
amount (the control output amount) is made proportional to the deviation. If the
present value (PV) is smaller than the proportional band, the operation amount
will be 100%. If within the proportional band the operation amount is made pro-
portional to the deviation and gradually decreased until the SV and PV match
(i.e., until the deviation is 0), the operation amount will return to the previous val-
ue (forward operation).

The proportional band is expressed as a percentage with respect to the total in-
put range. With proportional operation an offset (residual deviation) occurs, and
the offset is reduced by making the proportional band smaller. If it is made too
small, however, hunting will occur.

Proportional Operation Adjusting the Proportional Band
(Forward Operation)

Operation Proportional band Proportional band too narrow (hunting occurring)

amount
A
Offset
f\}(@/\\u/\ LI

100%
5 =

\\_ IT

Proportional band too wide (large offset)

0%

SV
Proportional band just right

Integral Operation (1)

Combining integral operation with proportional operation reduces the offset ac-
cording to the time that has passed. The strength of the integral operation is indi-
cated by the integral time, which is the time required for the integral operation
amount to reach the same level as the proportional operation amount with re-
spect to the step deviation, as shown in the following illustration. The shorter the
integral time, the stronger the correction by the integral operation will be. If the
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integral time is too short, the correction will be too strong and will cause hunting
to occur.

Integral Operation

Step response
Deviation g I

"
"
'
'
L

Operation 0
amount

Pl Operation and Integral Time

Step response

Deviation I

! Pl operation

e~ ' .--- loperation
Operation 0 . . P operation
amount

Ti: Integral time

Derivative Operation (D)

Proportional operation and integral operation both make corrections with re-
spect to the control results, so there is inevitably a response delay. Derivative
operation compensates for that drawback. In response to a sudden disturbance
it delivers a large operation amount and rapidly restores the original status. A
correction is executed with the operation amount made proportional to the in-
cline (derivative coefficient) caused by the deviation.

The strength of the derivative operation is indicated by the derivative time, which
is the time required for the derivative operation amount to reach the same level
as the proportional operation amount with respect to the step deviation, as
shown in the following illustration. The longer the derivative time, the stronger
the correction by the derivative operation will be.

Derivative Operation

i Step response
Deviation Ol l

Operation 0 | L
amount
PD Operation and Derivative Time

| Ramp response
Deviation 0 l

PD operation
. . - - Poperation

Operation l B B EEEm R SR g D operation

amount

Td: Derivative time

PID Operation

PID operation combines proportional operation (P), integral operation (1), and
derivative operation (D). It produces superior control results even for control ob-
jects with dead time. It employs proportional operation to provide smooth control
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without hunting, integral operation to automatically correct any offset, and deriv-
ative operation to speed up the response to disturbances.

PID Operation Output Step Response

Ramp response

Deviation 0
PID operation
- | operation
o " P operation
peration .
amount D D operation

PID Operation Output Lamp Response

Step response

Deviation 0
PID operation
| operation
- P operation
Operation D operation
amount
Direction of Operation When using PID operation, select either of the following two control directions. In

either direction, the operation amount increases as the difference between the
SV and the PV increases.

» Forward operation: Control amount is increased when the PV is larger than the
SV.

» Reverse operation: Control amount is increased when the PV is smaller than
the SV. 3 ) ’
Adjusting PID Parameters The general relationship between PID parameters and control status is shown
below. .

» When it is not a problem if a certain amount of time is required for stabilization
(settlement time), but it is important not to cause overshooting, then enlarge
the proportional band.

Control by measured PID

When P is enlarged

» When overshooting is not a problem but it is desirable to quickly stabilize con-
trol, then narrow the proportional band. If the proportional band is narrowed too
much, however, then hunting may occur.

When P is narrowed

~7

S e
' Control by measured PID

* When there is broad hunting, or when operation is tied up by overshooting and
undershooting, it is probably because integral operation is too strong. The
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hunting will be reduced if the integral time is increased or the proportional band
is enlarged.

Control by measured PID
+ (when loose hunting occurs)

« If the period is short and hunting occurs, it may be that the control system re-
sponse is quick and the derivative operation is too strong. In that case, set the
derivative operation lower.

Control by measured PID
(when hunting occurs in a short period)

]

!

Lower D.

Flags ER: Content of DM word is not BCD, or the DM area boundary has been
exceeded.

A PID parameter SV is out of range.

The PID operation was executed but the cycle time was two times the
sampling period. PID(—) will be executed for this error only even when
ER (SR25503) is ON.

CcY: The PID operation is being executed.

Example This example shows a PID control program using PID(—).
c20
AD001 | DA0O? CPUDHS
#0 #1

Amplifier (See note below.)

Fan (Output word IR 111)

JAVAYAN
Temperature sensing element
(Output word IR 100)

Amplifier (See note below.)

Heater (Output word IR110)

Note Motors and heaters cannot be directly connected from a Analog Output Unit. An
amplifier (i.e., a current amplification circuit) is required.
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Creating the Program Follow the procedure outlined below in creating the program.

1,2,3... 1. Setthe target value (binary 0000 to OFFF) in DM 0000.

2. Input the PV of the temperature sensing element (binary 000 to OFFF) in bits
0 to 11 of word 101.

3. Output the operation amount of the heater to bits 0 to 11 of word 110 by
means of the first PID(—) instruction in the following program.

4. Output the operation amount of the fan to bits 0 to 11 of word 111 by means of
the second PID(—) instruction in the following program.

5. Convert the PV of the temperature sensing element (binary 000 to FFF) to
temperature data (0000°C to 0200°C) by means of SCL(—), and output it to

DM 0200.
Program
00000 25315
_.._' I__| ; @mov(21)
#0F00 Target value
DM0000
@Mov(21)
Parameter leading word for first
DMO0000 ) 4
PID(—) instruction
HROO
@Mov(21)
DM0000 Parameter leading word for second
PID(—) instruction
HR40
PID(—) PV of temperature sensing element
101
Heater operation amount
HR0O
110
PID(—)
101 3
Py Fan operation amount
1M1
scL 3 :
PV of temperature sensing element (binary)
101
Leading word of converted parameter
DMO100 ; f i .
Present temperature of temperature sensing
OHozeg element (°C)
END
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Note When using PID(—) or SCL(—), make the data settings in advance with a Pe-

ripheral Device such as the Programming Console or LSS.

Heater
HR 00| (DM000D) Target value HR
HR 01 0080 Proportional band
HR 02 0200 Integral time/sampling period
HR 03 0100 Derivative time/sampling period
HR 04 0001 Sampling period
HR 05 0000 Forward/reverse designation/
PID parameters
HR 06 0404 11O range
SCL Parameters Fan
DM 0100 0000 HR 40|  (DM000D)
DM 0101 0000 HR 41 0060
DM 0102 0200 HR 42 0150
DM 0103 OFFF HR 43 0100
HR 44 0001
HR 45 0001
HR 46 0404

5-22 Logic Instructions

The logic instructions — COM(29), ANDW(34), ORW(35), XORW(36), and
XNRW(37) — perform logic operations on word data.

5-22-1 COMPLEMENT - COM(29)

Ladder Symbols Operand Data Areas

COM(ZQ) _ @COM(ZQ) wWd: Compiemenl word

IR, SR, AR, DM, HR, LR

wd wd

Description

Example

Flags

When the execution condition is OFF, COM(29) is not executed. When the ex-
ecution condition is ON, COM(29) clears all ON bits and sets all OFF bits in Wd.

oo [ o [o [+ [o [ [+ [+ [e [o[ [+ [o [o] ]

15 l 00

Complement|0l1 |1|o|ol1 |1[0|o|1 [1‘0]0[1 |1|0|

ER: Indirectly addressed DM word is non-existent. (Content of *kDM word is
not BCD, or the DM area boundary has been exceeded.)

EQ: ON when the result is 0.
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