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0.0 Definition

Programmable Logic Controller (PLC) 03 Computer §p5:0p0003 226[gd¢]

microprocessor gpig¢ oopSeeondaoniGe Control function gp:escdCgrda$320305 integrated
Circuit qpod 20055g|002:00001 0050|r5CcEiqp0E 29:0005 Automated machine gp:s& process
qpod Control ap6$320305 3266000 pR&loxpeqIodyp: (instructions)o? 936:0p5:000:8EB: o3

instruction qpz3203&: PLC gpion coda3E eaonlqodeu:dCaopdi op&logpiqiodgp: (instructions)en
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Figure 1-1. PLC conceptual application diagram.

PLC qp20d sa§jpre0o05p5:qpegC 328¢ludge ad[oq00p01 2a§eq:ediean PLC &
2283lo0en “PLC 2005 industrial Computer 0o06§gd[G: Central Processing Unit (CPU

o3a3030005n) $& onfgpzeomn field device gp:a interfacing circuitry [gE §oSe005a00:0000
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Figure 1-2. Small PLC with built-in I/O and
detachable, handheld programming unit.

Figure 1-3. PLC system with high-density I/O (64-
point modules).
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9.) woes Programmable Logic Controller

006§ 6o0503¢ Automation industry S $pdi0posa0dss808igp: 65000808 Gilagad

agod§oopdiadspdiopongpalopé PLC gpieil 83E:qp: 03:on0daa0cd  Control System
ond9d:el architecture 3360lg[gEa0pd vpsogodyp: (Philosophical approach )

copbagpEiadamnoopdn Hardware $& 2005e3€e00 spdsopangprocnecn Software $¢
2005838505:00006p00Rd: 320p000300B(GIE 5050300052
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(o)

m2e0¢[gCoopd Microprocessor spdsoponsacodypsst  electronic spS:opaogpeeloé
PLC @i scan time 3ej[g$e0§ao00pdn 005052 PLC gpsell cpdeeonEaodgps
$Bqelgdeorooph

PLC qpscizngudse00:dq) Gooicodeom(Be eqgsiopdde) $05:0000000
eqgSispdiooneomelops Fo§),comesepgpiogE Relay gpseil esepogt PLC
QP03 320:03:32005(G (0300201

PLC 006903E§8C2005 input/output (1/0) qp:de) qpeqpsa0n ddefopé

eqp §Soqe0:00001

PLC g2 0000005000 36) pranepdgéensanangdn intelligent [gdoonaogdi interface
qpP:oR€ PID loop gp: Ol§aonfgCa protocol qpego[gé Communicate cob8E[GEa High
level language [46co0> BASIC ! Ci Pascal o3q¢ eqpoo:8E[gts od[gdaopdi
Mechanical 8&&:qp:de] comCiSod:000d00005

Special interface gp:03 saaddg)] 224),600> device gp:od PLC $¢ cB05§0d
§05s005(Connect) §Eo0p51 3220:qpo0pd Special Interface gpse>  thermocouple
Qs strain gauge qpzsé fast response input qpgfgda0pdN

32600:c0ded:6000 PLC gp:0g€ 1/0 point 9 _jedlole) salofkads PLC qp:apE 1/0 point ©ooo

0830 e (word) o J9ooo ©§0386:e0p0:8E005 memory do€aopdi PLC gpesmscdiadcdopd
industrial 3¢ sagpadizacddyecyfear 1/0 system gpzdlo€oopdn Programming  co68Ea005

feature qpz$& Local communication Network $¢ 00503058C200)  interface qpzdlo€aopbiPLC

qp:opE object oriented programming tool qpssé IEC 1131-3 standard o3  saae[gdoonoopd

language gp:dloCaopdi
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Figure 1-4. Allen-Bradley’s programmable controller family concept with several PLCs.

BASIC $& C 0030300 High-level language qpa3con5$§Eaond PLC gpaopd
peripheral device gpzs¢ 33aguSongo program eqeS€a0odn PLC gpsoopd Data gpio? 38agudongd
03€03058E20051 manipulating cp68E2051

Ladder diagram instruction qpsog& Advanced functional block instruction
qpedlo€amneomaloé software gpicigdiad38[gEwriaonoopdi
§loaCeqodqpiepeggcs (Diagnostics) $¢ saenigpaeg[gt: (fault detection) g&sqpSqp:
032000500[gEselopE PLC gps) [9dese0m fault gpio? 938E[g8a machine $E Field device qps)
[gdedlese00m fault gpio? a38E[gEs03ea[gE Process sa0p8:S [gdedleseoofault gpo3ad§8Eaopd

Control application gpzeac305 83262000 ©053600003055j05¢| (Complex calculation)
qpPelgdeoon gauging 1 balancing $¢ statistical computation gp:o3copds PLC o ogoSqodeo:
882005

Data handling $¢ manipulation instruction gpzcopd:3S 0320005607 EsgSanoopd Data
qP:038:00054gC: (storage) 1 tracking coS[gCs 3acg&gpsoopd Data gp:o3 retrieve cod[ge: 020pd
data acquisition cpScSsgpeaBeopd: 3¢) comEigSgr0E8Eamn[Blgdaopdi

PLC gp200p5 cd20[god68 [QelGeeoon Control System gpe3a|gd qo00pdesSE[R[gdaopdn

008002:200500053¢P:000d §&:6e0rEEOYP:n? Gu:E0pdN PLC gpaopd oofgpzeoon Control
System (PLC 00p0520p3) $¢800503008E20051 (Communicate co68E2000)
0$0005pOepECSigpi3a0g05 Schedule 6qpa38E[gE: (scheduling production) 1 PLC s failure

[g0e5[gE:03[g$88E[gE: 0cdgpiqdes(gts () Process gpideosgdesgt:a? o88E[gE:cgdoopd
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adeloE PLC gp:o0pd voe50050c0dcsigpiel 6omnE:adqodgdean saqpdencagiyuns(High
quality) 633¢& $¢ 0rS0005gE3mEgEen: (High productivity) 6308 esoaEgndeu:Eaopd

0-p  Principle of Operation
& 1-5 09€[goo:00p03203¢E: PLC 00693 323¢8:  J 3E: cloCoopdi
(») Central processing unit §§

(®)  Input/output interface system o3 [g®a00i

| Motor Starter
_O I . - - 8 _/\/_ =
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Input Central Processing Unit Output
Modue [ (CPU) =P \odule
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/ \ | g w Inputs 5 ﬁ
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Programmin tor
ogra g Operatol Pushbutton Pushbutton
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Figure 1-5. Programmable controller block diagram

Central Processing Unit (CPU) 2005 PLC clicp6e8008qusoog| 320100203 038:q)0
002200001 & 1-6 03E CPU 00893 Gl§aoon Component () 903es5lgoomzoogdi
(o) Processor
(J) Memory §&
(p) Power supply o3[gd200i
PLC 00d9el 220060060 (operation) ¢0 sa0g$gEscosoopdi
Field device gp:$C PLC § Input/output (1/0) System o3 8Eum[ojeqps [§¢ §ode00d
(Connect) conz0pdi Field device qpzaopd 00532805208C:qps 93 ,00pod process 00895 feom
sensor $& actuator qpgfgdlog0005
Field device qp:ooé limit switch qpsi pressure transducer qpsi push button qpsi
motor starter qps Solenoid ©20p3 discrete device gps 930005 Analog input/output device

o30S
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Discrete Input Discrete Output
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I/0 interface 2005 CPU $& Input (information provider) information Geosoopd input
$C Controllable Device qpsgda0pd Output oBsafogaope salgeacpseondoguddlesmt
[opsé[g6 eeonCgndeuiongdi

REAL WORLD
Processor Memory T
INPUT/QUTPUT 1
Power
Suppl
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Figure 1-6. Block diagram of major CPU components

Operation cv6e$00 CPU 2005 6830053l0dcs o o’ caongodeosoogdi
(0)  Field device ¢ input data 03005920051 9Bewrod data o input interface
©0D80C CVE2e05200I
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())  Memory o33 copd[Be 938:90p5:000:0005 instruction gps ( Control program) 32038

83250005 control action g0 ceongoda0p0n execute cpdaopdi perform cvdaodi

(p)  Output interface 9ooeo¢ output device 8393 output signal coodeosoopdi write
00620051 update 62051 80303 0sdoD0y| 383305320382 input vod[gE:s (reading) |
memory o303 program 2203&: execute cpd[gEssE output update cvG[gE:od “Scanning
" 00620pd0resledo0pdn & 1-7 03¢ Scan 0089 39003 0gOgE eudlgoomzoopd

SCAN

R

READ m

EXECUTE (2)

WRITE

I

Figure 1-7. Illustration of a PLC scan.

¢ 1-8 03¢ field device gp:03 controller $& §ode00d0m input/output system ood9
SclanOnd eed[goon00oSi
?

Interface 35000en external device qpsode e sa§jeqeaon signal qpese external
device 2Beusdeomn Fa§§Eeoo Signal gqp:ad [gfgE8s[ge: (Conditioning cvd[gE: ) [gdoopdi Push
button 1 limit switch 1 Analog sensor | Selector switch §§ thumb wheel switche qp:oaé
input  interface § terminal § dlo[3qpdgE §ode005 130051 o3 device gp: CV59q§o0Rd data
g0 incoming Signal vpesledaopbi control cpS[gdeepd motor startergps solenoid valve
qpe Pilot light qpssC Position Valve qps 02095032005 output interface § terminal qpsd
Alom[rqpegCodeondaonioogd System power supply 2005 83266000 power 03
006a056320¢ (8260100001
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Figure 1-8. Input/output interface.

Programming device qpggdo0pd Personal computer (a3) miniprogramming  unit o303
PLC c132805323C:008933(gd vo00dwodeon a36a0500 Programming device gpsaopd PLC memory

309808 program  gpioopdog&iqeaogndadsndoopdn  PLC3a0p8:a  control program  gp:

c0pbog8iqs
conq$8o0pdi

Monitor codg8320305 PLC $& Programming device o303 §ob5s005 (connect)

— Smal PLC

= handheld
= programming unit

Figure 1-9. (a) Personal computer used as a programming device and a miniprogrammer unit.

;2082 G 5C § o3& CPU $¢ input/output interface o3ma[g§eacps cvb03Eea00Egodd0d
eed[goon:oopdn 200861 q & © 030E Input/output system gpssacforpEiadeudgoontoogd
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9.G PLCs gp:$& Other Types of Controls

0.G.o PLC $& Relay control

098300050 gpigoan  =EqERumgps  oSesqpgpisC  codROogP:  GeIErR§ooRd
cegfiondeen  PLC o 200digjg$o08eoos [gdo0pdi PLC $E Relay Control o3el egps$:8C:ondt:
$C o 8ed odecponeodiodor :§§0E[0300p5 WEe§NRE =o§|,e00 Control System
8&Esoqpion odon:e5[03e0[gda0pdN

006503320505[gb20pd High quality $¢ High Productivity g§esE PLCgp: oo
6e008g0d 6L a0 We5EFS0RE PLC gpsel egpgsioopd sacgSoyeotiamneomnelope PLC
$C relayodel ogpgsiod §E:0008 ocdsabeomcun PLC qpsl 8202000505 qpsga§aopdi PLC
based System $C hardwired relay system odeq:qudqS$sacged Designer qpzoopd 630053

cesgfiqpgra’ coggsigqfadsnadaogdi

() 3203qgjaopd Control logic 2005 eogenfg[gEe|pcdes c32608 of 1

(9) High reliability c8=a0[g€:q of !

(0) qaopdesep 3203053208:00p5 F8noyEoy |

(©0) 6§2E$0RE JgCuwrrapd gbieeomCapd 82208E¢ fof |

(c) sagSocnzaoyEs control logic 0od9ad:0’ [g[gEaS$cdendy §of |

(©) opp8o0p control logic oo&jE03 Sagpseoon 0adgP:opt saddggs 8320g §of |
(60) afpoSondfogt cobootaficdandy Gl i

(@) 90cdIE: mpEaedod o3gdaodi

¢ 1-10 09€[goon:00pd=e038: PLC oB320q| [9E:9¢ esepordionsy 006q008 Es000d

control panel 0692000320051 Relay qpzod 82095{gidlon 3a09§[03eG: dloon|o3gp:
§0G0Re5$00d 320&[03sw2:0000 Control panel 0od9[gpdeedi
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c} 1-10 The uncluttered control panel of an installed PLC system

Contol  System  008920p5 en=mcpE:cd3a600c8e(gplicdes (flexibility) (o8) future

growth (e§08on§§apt 0%:§.9$c82260qi€) PLC o3zaaddgootaopdi eogpean Control  logic
[GlgCelgpticde$c8dlon PLC o332084gj0o&aobi

32095$0360mE:a000 cycle time () sacpd[g§aopd scan time §qS$clesa00yE  relay
od3p0digogoopdiRelay Controlelizaodt: cpSagdode $00:8E0p5m Bead qodgseacySap:Bs
qodeqi€ Down time sacg§fosp coonelopE ofegedgdCoopd

9.G.J PLC $¢ Computer Control
PLC 9003828 CPU $& 3260960905 computer 33038:§ CPU 0@l architecture ¢o

320p0n0E[gd20p51 32§),6000 characteristic 900 sagpd:cudoglepsoopd

0) PLC gz ( Computer $E00po0pdeagoden ) 03 acgSedidkoopd
0odgaa0csiesepyp: (industrial environment) gpzopElopgpddesnt 8&Edgrpdoomoopdi
Gooqp 8380060020009 PLC 205 electrical Noise 1 electromagnetic interference 1 mechanical
vibration $&  humidity qpz 2005 sahgp:0? $8E2001

J) PLC el Hardware & Software qpso3 electrician ¢ technician o sacgudooan
2:00)g8Ce3nt 83CE:pboon:a0pdi Field device gp:od §05e005q$ (connect) 320305
sneolelyesant [gopdaonoogd

) 03E:qi00qpegpogewsdagd Seft-diagnosing interface circuit qps AgEselope
eomEignzacpdocpdaopdesep (malfunction [gdoopdesep)o?d 3203307 0R&[ge0:8E00
320905000 A3cpudondsoesaopds [grodoo:aopdi Software programming qpzaod
conventional relay Symbol qpzo3 saads{gjooneomaelogpt 3a09s cgudapaopdi

GomE:000509$ (WWw.acmv.org)



Programmable Ii)qic Controller

PLC o §:qCsgneaontqodognanpd o3g ood9a’ Computer [g& control capdolon

program qpegos¢  task qpgaod oofgEs05 computer cdlopé caonlgodeoiq§adzadaopbi PLC
System qpzoopd  0o[gobsgods 36jd¢) poceapd[gCeniaoogd intelligent [(g6awroopdn Complete
PLC System qpzaopb multi processor gpsdlo€omnGs 1 cpdeseqpdod oodGEsodee0nEgodsets
(multitasking capabilities) §oon(Blgdaopdn

PLC 00692005 CPU 000932038:§ program gpzgnod  processor qpegolgé c8ea6200)
005cSiqpiad 6eonCgrde0Eooodi

c} 1-11 PLC system with multiprocessing and multitasking capabilities.

0.§ PLC $& Personal Computer

Control application gps320305 Personal Computer (PC) qpzaopd PLC gpseil [§Eonad
00pod0y 2EqE uxzagpPIpmm vpeojo3000dbi PC 03¢ saadigjoon:oopd CPU $& PLC o3
3209¢g|002:0000 CPU el architecture 03w 0080300001 93600 field device gp:o? §ods00d
(connect) & woppd[ojeon industrial  PC gpio3 o05gadessgp: (industrial - environment ) §
o325 320348 E0pdn Beadd field device qp:o? §odsoad(Connect) CvdgS 90530051 1/0
interface Cord qpzod =aaddg)q) field device qpo? §odsoad(Connect) qoopdi PLC s
moadd{gjes(o3gdoopd Ladder Diagram programming gpscopds Personal Computer qps$
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:0dqqSelgdSEeon Ladder Diagram qp:od saadsgjes[oilgdo0pd PLC cowdisacged
troubleshooting cpoqSaa005328§005
Personal Computer qp:o% PLC c0wo:qp:n  Ladder Diagram qp:eq:o§q$ Programming
Device qp23a[g6320gj00pdn Personal Computer qpzad PLC system qpzog€ networking cpdeqs
Documentation cpbq$i Data qps process cpoq§s¢ information gp: Display co6q§o3
20905320%¢q[o0pdI
Mainframe computer $& PLC qpssofogpsogE Personal Computer onfoypsd 23[gd ce00Cgod

Main
Computer
System

AN

y
£

W

Computer

= ===
I rErE

PLC

c} 1- 12 A personal computer used as a bridge between a PLC system and a
main computer system.

PLC oBaac[gdoopd control System qps§ 22§),6000 Software 0005c05opgpso0pd PC o3
CPU 33(g® 32004g0n0b{e300p01 saads{goopd programming gpsen International Electrotechnical
Commission (IEC) 1131-3 Standard 3303&ggbo0pdi ( IEC 1131-3 ¢ 6§§635:qp:0d 3203300y
c805§0002:0000 Language qp: [g900pdn ) TEC 1131-3 20p5 sequential function chart qpggé
Gedlgoonoopd Graphic representation Language [gdoopdi Ladder diagram gpsi functional block
qpa instruction list qpsC  structured text  gpsdlo&aopdi Software cocdpEagP:a00d 1/0
hardware interface — card gpslgjcpSecy coodcpdenyedeon o8 a5 PC 320385 copdef
Communication Card qp:c005c05[0300001 a3 Personal Computer 3203E:§ Communication card
©0o0s0¢ PLC 1/0 Hardware module gp:03 80059305 (Communicate co)$Ea001

0.6 PLC saop[qesepyp:

PLC qp203 005gandess (industry) qpeemscd:onl 3200400000 adqpd[o3joadgps (steel
mill) og|ecSqp: (paper plant) ©2:6000507$00050052005005¢4p: (food processing Plant)
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Slopogods 0adb§qp: (Chemical plant) $¢ aqGoddlodsx:a00dcdqp: (Power plant)qpsog PLC
qp0d 22800 3203goopdi PLC qpsoogd control cod[gasEooabedEoopdadedsdod
c0660:8E20001 ¢&[gla dod[gtionopdagudonanpd dBge od) 66agEend30pd Process qp:od

control co68Ea00u

CHEMICAL/PETROCHEMICAL
Batch process

Finished product handling
Materials handling

Mixing

Off-shore drilling

Pipeline control

Water/waste treatment

GLAsSs/Fim
Cullet weighing
Finishing
Forming

Lehr control
Packaging
Processing

FooD/BEVERAGE
Accumulating conveyors
Blending

Brewing

Container handling

Distilling

Filling

Load forming

Metal forming loading/unioading
Palletizing

Product handling

Sorting conveyors
Warehouse storage/retrieval
Weighing

LumBER/PULP/PAPER
Batch digesters

Chip handling

Coating
Wrapping/stamping

PLC gp2on 6e00Egodeui§aobandesegps  330:0d:030% onspdoplqegqs  ofgoSeon @om: 1-2

MANUFACTURING/MACHINING
Assembly machines
Boring

Cranes

Energy demand
Grinding
Injection/blow molding
Material conveyors
Metal casting

Milling

Painting

Plating

Test stands

Tracer lathe

Welding

METALS

Blast furnace control
Continuous casting
Rolling mills
Soaking pit

MINING

Bulk material conveyors
Loading/unloading

Ore processing
Water/waste management

Power

Burner control

Coal handling
Cut-to-length processing
Flue control

Load shedding

Sorting
Winding/processing
Woodworking

038620:c052009 PLC 0069 3006006003 6w5goo:a00i

GomE:000509$ (WWw.acmv.org)



Chapter 1 Introduction to ProgLrammabIe Logic Controller

0-q PLC Product Application Ranges

6 1-13 g€ PLC gpsei product range o} 0qodB[gE cudlgoontoopdi a0 o3y
0e8m§620500p0: CL0HEoY 0RE  I>rRSeRad0EaDN
PLC eqpogodod 300 9 382000
(0) 80598 PLC gp: (micro PLCs)
() PLC sacodensgp: (small PLCs)
(p) PLC sacoodongpe(medium PLCs)
() PLC 3a[0B:omeqp: (large PLCs) $&
(§) 320Q8[03se2:0005 PLC gps (very large PLCs) o3[g&o005u

Input/Output point 9 j §c00d $p5:0q€ micro PLC 336003EAloEa0pbi 80598 PLC gp: (micro
PLCs)0RE 0uS30gC 1/0 9 )90 0 o 9 2208§0ono5(0300001 PLC 3acocdengp: (medium PLC)

g€ 1/0 GG 90 00 JG 9320380053005

Complexity and Cost

>

32 64 128 512 1024 2048 4096 8192

/O Count

Figure 1-13. PLC product ranges.

PLC sa{o¥:onzqp: (large PLC) 03€ 1/0 g0 j 9¢  Gopk 93208 §oood(0300p5n 3a0g§[0fentonpd
PLCqps (very Large PLC) 03€ 1/0 joge 90 o0p j 9920a3§005(0300001

GomE:000503$ (Www.acmv.org)



Programmable Logic Controller

(b) (©)

(d)

Figure 1-14. (a) Mitsubishi’s smallest print size PLC (14 I/0O), (b) PLC Direct DL105 with 18
I/0 and a capacity of 6 amps per output channel, (¢) Giddings & Lewis PIC90

capable of handling 128 I/O with motion control capabilities, (d) Allen-Bradley’s

PLC 5/15 (512 I/0O), (e) Omron’s C200H PLC (1392 I/O), and (f) Allen-Bradley’s

PLC 5/80 (3072 I/0).

¢ 1-14 03¢ PLC gp: 3280832008:030305¢) G0d[goozaopd

$1-1303¢ A, B $& Codo0pd codesaopdesepqpgdoopd

PLC 329053002:030305¢] 1/0 point 32663203051 memory sagodssens Programming Language:
Software function $& oolgpreoonzagEdgpiogolgedo3oopdn PLC product gpseil range qpssé
characteristic gp:03c305¢) 88 =aaddges G206 control codesgpist 030582009 PLC o3
egegjoS8E200i

0-0 Ladder Diagram $& PLC

Operation Sequence gp:o3 electrical $p54g¢ esge8ayE Ladder Diagram o3
320)¢qoopdi Ladder Diagram o3e§08506AIC:qpigpign 3€esant 90050005 3209:gjesa38S:00d
Ladder Diagram qp:20p5 Field device gps 2ogiCqi€s 22[g$ 22008 059005 220065003
ew5[goopdn Device 0069 activation [goag€ (turning on [g6cgi€) [3j0aE 2005005000200
( predetermined sequence  of event) 3203 oofgp: Device 006903 ¢&[gE: (On/Open) caodcEs
8ad[gEs aodGE: (Off/ Close) [gopbeuseoapd Logic o3 Ladder Diagram [g& esd[g[gs [gdoopd
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©com0m Ladder Diagram g0l ©odqp:sE Equipment qpzo? control codo0pd
hardwired Logic circuit g0 ced[ge$( represent codgs) sacg0deaadigor20p5m cooon0sE
apadegpraoneoonelope industrical standard afgboopd§aonaogdi

PLC gpedog&ecnfBiesnod Ladder Diagram qp:o? c8adaonscm: coadd
220)4gj0on[o300p5r 30guSonmnmaadg§E[gls industry oodeadion cvn5$32835005(g[gE:
Circuit o3 Ladder Diagram qp:on 2260008:ad:6000 $5gEesdgaon§E[gtadelops sm:adon
QEeqode 32ad:gjron[0300001 Gepuoelan sadigoopd Ladder Diagram gpsadsaspdicadlg[ae)
PLC qp2opC 300d4gjoopdn PLC qpsé Ladder Diagram gp:od sa0digiqoopd qpdgudeqioden
Control Operation qp:c? 88805q)g> ( more reliable manner) $¢ se0p$3007) $pd:e80E
[Aeebasigdaogh

009mn 3203q0opd Slom|Begp: sae: wogsesl PLC gp:opE Software instructiongps
=:[gd Ladder Diagram gpseqeq] 820030005 Ladder Diagram gpsoopd s28qi€8omgpest
oQogBengp: snde[Padoopd 99000000m:006gdoopdl oJereRd codeagpPoSadiogt
control system qps3aciopE: cudlgepog€ PLC operation 1 Scanning 1 instruction programming
oaopdedlomegp: dloCesaddedi

-

<o
AN
TR1 "—— e
S1 S1

—©® @

TR1 TR1 \

Closes a preset time
after S1 closes

c? 0-0§) Simple electrical ladder diagram.

$0-08) 2000 §eqC:o0pd Diagram 006903 eedlgoondGan 03003 Go-ok og€ PLC b
(PLC format) [gCe[pEscd cudjgoo:aopdi 2003[ggssageden coadeoz ogé 1/0 field device
QP03 input output interface gp:og€ §o5e005 (connect) conzoopdi doxfodegp: (Hardwiring
qp2) 03 Ladder program sa[gdelgpCicdoonioopdn woalon  panel 320385 eoglgCecp§oopd
dloxmfodegps (Hardwire gps) 03 PLC & CPU 22038: S softwired sofgdeoglgefgéndadadoopd
CPU 20p5 input gpseil status (a3) oo§aBegqpiod 0odupGe program oo §C:000:00003203Es
2005e38ep circuit element gpzod energize cvSeo:0001 3, 65005 output interface
qPeoonsod output device gpzad control coSo0R0N
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L1 L2 L1 L2

PB1 PB1 LS1 PL PL

«J‘LGATI—O—%

LS
Lo o HH
LS2
—%@

—{ ] represents input module —0 represents output module

c} 1-16 PLC implementation of Figure 1-15.

Instruction 03E:03 PLC & memory so038:5 reference address [gCewbgoonzoopdn
Address gp:00p5 Alphanumeric value qpggdoopdi powd Push Button (PB1) 03 PLC s2038:3
PB1 §0000[9g¢ cwdlgoon:oopd oofgps device gpigdeoon Limit Switch (LS1) $& (LS2)
030300pd: Boyadutaesdlgaonoogdi

3208 0 $& § 03¢ 320[gd Address cozspdiqp: (Basic Addressing technigue)
oBewd|goonzoopdn 3208 6 03¢ input $& outpout o wiring connection gpszacfopEiad
ced[goonzoopd
pown - 1-1 2005 hardwired $& PLC circuit o3¢l opoBagps (similarity) gpio3eedlgaon:oopdi
poe>  1-1

& o-og 0gE Pilot Light (PL) ™ ON” 33[gba8eepodqs secfgsecs $69036wdlgaonioopdi
Limit switchLS1 20p5 Close [gb[8s push Botton PB1 @addga Limit switch (LS2) eoodgés
Close [go0pd=aslogt Pilot Light (PL) 20p5 “ON” mac[geecsad eepadcd6epdn PLC circuit
qP:p 3008:0305§eom (Series) event qpzon Pilot Light (PL) 3ob[gé: (OFF) o8 &gt
(ON) o3[gdeoa0di

6 1-15 og€[goonoopd 2203¢: Pilot Light (PL) o3 ON [gbeowd input configuration
qpod PLC diagram [g& ewdlgoln Hardwired (oBse3[gdh

6 1-17 03¢ [968E1 §8E2005 configuration qpzod eedlgoonzaopdi (¢ 1-15 038005 Pilot
Light (PL) o3 ON [gdeoepd circuit 3203051 salgpeepCadanoopd Connection gpsoge
Power §e5200003 66H[ya$320305 (4620 ospbsa0pd PLC Circuit qpsod programming
00620095058 (33,) device qp:o? monitoring co620pdsp5sgb0pd Pilot Light (PL) o3 ON
[gdeo0pd configuration 3a5p5:e0: | G §8Ea00N
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0. PLC ciizanzoongiodyp:

PLC gpseil architecture 00p5 00d9qC:Bo8dgrdgdesant (Modular) [gdesant
[g1c96 00020005 [gfgE elgplacdes agudanoopd (flexible [gdoopdn) cd=abgedgpisaq Software
$C hardware qp:o3 om3a038: GlpidurEaotdi coad§odiesoopd PLC 20pd
BeonPagi¢ memory SqpfBa 1/0 capacity dqpz 2005 PLC [g& cBcpudSon6s0E8Ea00n 38
Bodgqes (reliability) c33260000s08lqp: $Ec068l00sl (repeatability) [gapdasadsada00d

control cpcsgpe3a0305 PLC qp:ad 3200dg8Co0pdn co8mpes(9C PLC qpeaciogpC:oddy)
GROX0D0SIYG:ErGDI control $& 2005e3E0pd[gocosagpiad 38eomEinSen

elgqEs8amaroaofydoaopd
Hardwired Description PLC
No Event
PB1 151 PL|  Takes Place i PB1 LS1 PL JL,
o 05O  eB1isopen ol —hHH HOH KOO
5 LS1is Open LS1 5
Lol LS2 is Open 0-|:]- _'is—
1 PL is OFF
s Ls2
PB1 PL PB1
151 % PB1 is Closad PB1 LS1 PL +F L,
1 o0 (StisOpen H HOH '<>',C)\—
LS2is Open LS1 .
Ls2 PL is OFF o _H|ts?
0—-%_\ —|
Ls2
PP st PL | payisclosed ¥t PB1 LS1 PL g
t o~ LStisOpen H H1 FOR>O0-
LS2is Closed LS1
Ls2 PLis OFF o _H| 52
: H
Ls2
PB1 PL PB1 PL
1S4 % PB1 is Closed PB1 LS1 PL Ny
1 T LS1isClosed H FO '<>',.T
LS2is Open
Ls2 PLis ON
0-%_\
o L
0 b PB1is Open
o LS1is Closed
Ls2 LS2is Closed
! PLis ON

Figure 1-17. Possible configurations of inputs and corresponding outputs.
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@oos 1-3 g€ PLC & feature qpesS 320§r32g004p2305050 32§),0% Gwd[goozadi
Hardwired control gpso? 3203:0[gd PLC gpodadsgtielopt [goCelplicdq§ aguboneamn
(flexible) control system [96eo[gE:0005 voowadizaeot [g6oopdn PLC qpod ondeol[d:
200065005 650D control $& 0od20H20PY Bm0gESYP:ad codsoCaoopd Alom(sgp:ad
o[g[alr eegpEicd [gpdeopdie0idaotbi adn3ad sacgudonmelpEicd 8Eqgse field output
device gpssC field input device gp:o3 dloxfodg (Physical wiring Connection) gpzsC s005000:
o§eomaelopElgdoopd (Hardwired System @ao3ad Input Device qpzs& output device gpsod
$ 1-18 ¢0033 control program [g&oo §odsoad (connect) conteomefopé sacgudonon

o[3o8:c3[GE 08 EE{5E05

Inherent Features
Solid-state components
Programmable memory

Small size
Microprocessor-based

Software timers/counters

Software control relays

Modular architecture

Variety of I/O interfaces

Remote I/O stations
Diagnostic indicators

GomE:000503$ (Www.acmv.org)

Benefits

« High reliability

e Simplifies changes
* Flexible control

¢ Minimal space requirements
e Communication capability

e Higher level of performance
e Higher quality products

¢ Multifunctional capability

e Eliminate hardware
e Easily changed presets

¢ Reduce hardware/wiring cost
¢ Reduce space requirements

« Installation flexibility

e Easily installed

¢ Reduces hardware cost
e Expandability

 Controls a variety of devices
¢ Eliminates customized control

e Eliminate long wire/conduit runs

¢ Reduce troubleshooting time
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e Signal proper operation

Modular I/0 interface * Neat appearance of control panel
e Easily maintained
e Easily wired
Quick I/O disconnects e Service without disturbing wiring
System variables ¢ Useful management/maintenance
stored in memory data e Can be output in report form

Softwiring il benefit o3 Solenoid 0od9[g¢ powrewsdEaopdi ¢ 1-19 a o€[gaonioopd
2038 Solonoid o3 Limit switch o [9¢ series s0050028¢ control cvS0o:a001

L1 L2

)] | AC Power
For Outputs

[ PLC

8l Common L2

Common For Inputs

(} 1-18 Programmable controller I/O connection diagram showing no physical
connections between the inputs and outputs.

¢ 1-19b o3¢ solenoid & operation o3 limit switch j9 o3 parallel 005 control
005002200051 65005 006 oodBLoERE|gPoS limit switch o3 ¢ 1-19 ¢ 03¢ [goon:aopdea03E:
G000z circuit B og&3E: S 3203C:5 c0d0O8ER0I 20wEGeq 00 program
qpee[pCegta [gCE:ad[grpdes 320305 System ood9ad:od shutdown cvdg§eadzadeo
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a36005 3a[gonss shutdown oapde$ ecdeaba0pde0n; vupodeon domodegplss
006e080os00p) Hardwired System gp:d 0303036000 6pE:cd[glsgpdes sa03053a505:
edisn§ocdef shutdown [gopde$cdeaboopdi System 00895 §0§oo5e8 shutdown
cd[gtielop 0005 qpde (production) §OadE:(at: $& odxgeoigpgded§E0pdn PLC gpsogt
§oopd software timer gp:od gogrs 22038: 82008 [ggCelgpC:d8E0pSICPU gpooRd
sgr:eom intelligent device gpisC 900593008E 20051 communicate cp&8E0p5n ddelope
controller qpsm2d:03 00090dE0:005: 0o 8Ea000N PLC gpso Message gp:o?
0005608001 Output unit oo§je§jElgE ewdlgev:§Eaopd

HARDWIRED PLC

LS1 LS2 SOL LS1 Ls2 SOL

o—%\o—ob\o—/\/—

(a) Series

LS1 SOL LS1 SOL
- ' |
LS2 LSd
(b) Paralle

LS1 LS3 SOL ITS|1 1S3 SOL
|

oo\ O
L

Figure 1-19. Example of hardwiring changes as opposed to softwiring changes.

oB33[g€ PLC gp:aopd host computer ¢ Production Data gpsi schedule qpsoaod
869839a8ep supervisory information gpzod c0od$ §€o0pdn PLC &1 I/O system gpzoge
:§:§zeoon Digital 1 Analog $C Special interface module gpzdlo€aopdi

0-00 00bsoCefgudanla: (ease of installation )

PLC gpzodonbeolqfagudon[glsoopd PLC gpssil codgr:oopd 2260035603:0009 [gdoopd
006e08g§agudaneamnaloé dp§medo5o00500000001 PLC gpsel 3agudsson:
caoscudeomaelopé relay control panel 3aguSseoniondondes iz€ PLC qp:od comgn
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00680E8E20051
PLC gpseoozcod[gls 1 Modular $6[g¢ oopdesonaSaons(gtiadelopt relay control panel o

PLC 25[3693 opsalgpC:cdogi€ sacgSansolelgoopdn o Panel 32§ (Enclosure 3203€:5 o8ag€
relay qpzod 000dg] PLC 03006e088E00001) condeoy cdapudondeoepagE input output

device qp:od [0302E[gjewS conseoon terminal (Prewired terminal strip gps) 0E connection
[opdlatiaé secguSonop cpfaseo [G:8:38a0p5

1797 I

¢ 1-20 Space-efficient design of a PLC.

20R§[03e0:0000 005G FecosonesepS §eoon input/output (remote  input/output
station) qp: c8=abo0pdesepypiogtoonifenydooodi CPU ¢ remote station gqpsedod Coaxial
cable 9800pdd twisted pair wire gpig¢ §odsood (connect) conzoopdi 0338 remote
station qp:od 32034ggC:elopE Hardwired system qpesC §E:0000qE 0gpdio§od $¢
2006006089 3820050000000 Hardwired System gz 3a0R& Go:00pdesepyP:adad
Aloxm[o3gpag> 9gudondicongadaadaopdi remote subsystem gpzcon:fgéselope 3000gE
2038:5 3§ a00da00000

0-00 [g[gEad§:038:[ge: $& §| uaC:qdgpa$ (Trouble Shooting apdef) agudanlgs

PLC gpi3a0ig[gCads:aBosgls codeé & Trouble shooting cpde$ agudanoogdi
(Component) qpe3aecd:0000 solid-state 3a§jesaoniqp: [§8[0300p01 component gpzoopd
2Begp:d§[oeomaelogpE(Modular [gdeooalope) gedaopd odegitsd oo [gode)
cBepudonds0E8Eeamalopé [g[gtadsaddgs cgudopailgdoopdi 2a8magopd =a8odee
3C:qps ((component) qpzd 3e¢0egdedlon gpegqs circuit ( fault detection circuit) gz
diagnostic indicator dl§eomelopé Ges30000tes0p5 Bewrcd malfunction [§deso0p503
2388E20051
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Main
Plant
Location

Coaxial cable or
twisted pair of
wires used for
subsystem
communication

Remote Location

Sub-
system

Remote Location

Wiring to many
I/O field devices
from I/O modules

c?o- Jo Remote I/0 station installation.

PLC [9€oopdeaonndoonieamn Control System qpaqodSqoopdsaqoden field device gp:
200000006000 6l [§doopd Failure [gbqoopdaaciopEiznatigpie 0% 2005 field device
qpezacpdocodeomefopé [§doopdn  CPU  qodoopd §8:0 §% o§000fgos
qPeqo50pd §8:00  00% o§[gdoopdn 98 eadd  failure  [gO[gEigpia?

I/O interface

3209050007 B8 SEBs

eElaherlglat3Ea0ph

Field
device

failures
85%

CPU
5%

110
10%

Figure 1-22. (a) A PLC processor and
(b) an intelligent module containing several
status indicators.

c‘g 1-23 Failures in a PLC-based system.

Programming device gpseil 3a0n3508[g¢ input oBewpod output 2005 ON [gdes000di  OFF

[g6e5209503 [3p0%Ea0ph
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b

Figure 1-24. A programming device being used to monitor inputs and outputs,
with highlighted contacts indicating an ON condition.

$ 1-24 0g8eudlgoonoogd

0p52005  Equipment qod3cqi€ 0pda8s005cpbeepd ado0pb Programmed instruction
qPeodee: 202:000:8E00001 AB03ad 3a§jp§jpeo0n 3:000gEdGPE goaRdgpeloPE control
System gpzS PLC gpzell 00§93 88[gEwascmnoopdi PLC o3adeax intelligent device gpzaopd
8&8:c050pa ©$03:8Eg0: (creativity) 3a60la€ goopde] 00803 (Valuve) gponadamoopdi PLC
qpP:el 3203:30[godgp: ( benefit) c0pd 32034y cpgpsel aed 500 goopdoopd
:50:00:q§8E0000  20g05qPien :[gCed: Performance $C saeomEiad: 8odqgy (reliability)

6082005 :[gCads soqpdaneag: (High Quality) $& op§oyo§odspdiesant eaont
0560800

-End-

Memory board Analog output module
Analog input module
CPU module '

& NS e

Power supply module

R S

i 1 '
| - — : l |
| | | ‘
3 | 1 o | ||
Base m:'. "-‘ | ? ‘ ‘ .
ol b - * B | | wDummy module

1/O controller
I/0 controller connectiong cable

Cables for

‘ _ | m Output module
Input module
| Counter module, positioning module
Communication module

Connecting peripheral devices
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