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PLC - Chapter 3- Logic Concept
-0 The Binary concept

Binary concept 2005 33¢80:0330080069 ©wpcddli Binary concept o3 eggooatmonpdian
00082:83[0300051 pown-8:ds (93) S:aqpCs(Light)oopd ¢& (ON) e58E0p5n 305 (OFF)
658800001 9005 (switch) 2005 Open [g6 e8E20p51 Close [gdes8E0p5m eebom (motor)
00d0d:00056wnEs(running) e$8E0p5n o (stop) e58E0pdn Digital System gp:oa€ seefgsacs
§j(two state condition) 200§§Ea005i signal §fgE: (Signal activated) (98) o§gE: (not activated),
high (a3) Low 1 ON (a3) OFF 1 Open (23) Close ©20p030303 saafgmecs | §jr30505¢
006§ RE 0od§jEoon|gdesSacpdi od Two State concept (Binary concept) 20p5 Decision
qPegla§ 320305 356[gd[gboopdn =298 | oa€esdlgaon: 20p5 Binary Number System
1006003 326[gdo0pdi Binary Number System (a3) Binary concept 20p5 PLC qpsai
function Block qpegicpbeé $E Digital Computer gpzeil 26[gd(fundamental) socomodepsgp:
[§62005

o)oop60p¢E Binary 1 20p5 Signal §[g€:03 adc8o0p5i Binary 0 205 Signal o§gC:
(absence of signal) o3qpSpg&so0pSi Digital System gp:apE oysscfgzacs  §je(two state) o3

oopp820p) Voltage Level | 9[g€ cudlgoopdi +V volt $¢ 0V volt 0303 Table 3-1 op¢
G65[goonz0pdi Volt 00892005 oofgp: Volt 0089000d sa6dlC:dlodea: () 323clodsa: (more

positive) Sqpz00pdi 0068lood) Binary 1 (a3) Logic 1 63 TRUE 1 ON i HIGH 02005 328¢ludgps
296 qpdpRse(gpad(Gs Binary 0 (93) Logic 0 03 FALSE 1 OFF | LOW 02005 2283lodqps
(3065035 elgpadoopd

Logic 1 (+V) Logic 0 (OV) Example
Operating Not operating Limit switch
Ringing Not ringing Bell
On Off Light bulb
Blowing Silent Horn
Running Stopped Motor
Engaged Disengaged Clutch
Closed Open Valve

Table 3-1. Binary concept using positive logic.

9-J Logic Function

Table 3-1 og€esdlgoonoopd more Positive Voltage o Logic 1 32g®a005¢0500p51 3505:0005
(Less positive voltage)o3 Logic 0 22[g62005005000:00001 885620052008 3a8086[g0ocd
6gEg|05200500500gEs [gd20pdN

Table 3-2 o3¢ Logic 0 o3 positive voltage level s2fg6 p5pR8:000500500p51 Occurrence
of event 0069§[§E:03 Logic 0 [gEa0050a520051 Non Occurrence of event o3 Logic 1
[g&0005905 2005k Less positive voltage level [gEaoo5e0bo0p5 Table 3-1 ¢ Positive Logic 20p5
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22054{g[e5$03100 (conventional) §i[gdoop5n 93ead Negative logic 20p5 application qp3aog05
sneodely 6000pd (convenient) $00:§fgdo0p5N

Logic 1 (+V) Logic 0 (OV) Example
Not operating Operating Limit switch
Not ringing Ringing Bell
Off On Light bulb
Silent Blowing Horn
Stopped Running Motor
Disengaged Engaged Clutch
Open Closed Valve

Table 3-2. Binary concept using negative logic.

Binary concept 2005 physical quantities (Binary variables) qps sacfgsacs J s (two
state) o3 0 $¢ 1 [gCeudoopdi mcfgencs | §keas0d 00685 3a6[gea65000§E00gdEE 05
J90053200) Binary variable qpsedl:od(8s g§o0pdqronda? True 1 (a3) False 0 326[g306s
06§ §elgSesdlgd soodrondenpamnepdi PLC gp:aopd logical statement gp:ad 226(gde)
di{godgIEdgpiqead (Make decision) (0300051 PLC qpsoogpd Digital equipment qps
[§8[o3e0006[e3pE AND 1 OR $& NOT 020pd 26[gd (fundamental) Logic function p §jgod
206[gde) Operation qpggiepdfogo0pdn ad function qpeedl:od[: Binary Variable gp:od
Statement safgboopdeeon0d[30005

Function o3¢:09¢ 0p5smdgiod (rule) gpsgfoqoopdi Bopdsmnbqod (rule) gpisaq
o008 (result) 3000560:00051 835gode0:a0001 3B8E e (Symbol) gps&ozoopdn
52200006 C:00C:6095320305 08 (result of statement) 03 output vP200500d Galadoopdi
output 03 326085m036p (Y) [g&aocdecdendgoopdi Statement gpseil 3ac[geaes(Condition)
qp:od input (A $E B) qpzop 20090050005 input $& output j 90003 saefgsacs  § (two
state variable) [gCewd[g8Eo0pd

Inputs } Output

¢ 3-1. Symbol for the AND function.)
¢ 3-1 2005 AND gate 00696l 2060500 (Symbol) [g620051 AND function o39[gé
665[goosgCslgdoopdi Input gpzza:ads True (1) [g99200 AND output 20p5 True (1) [gdaopdi

9-J° “AND"” Function

The AND output is True (1) only if all inputs are True (1).
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A—

e
I

AND Truth Table
Inputs Output
A B Y
0 0 0
0 1 0
1 0 0
1 1 1

¢ 3-2 Two-input AND gate and its truth table.

BOQO - ?-O

Input j 9[gd20pd Push Button 1 (BP1) $& Push Button 2 (BP2) $690% 008G $050005: 3
(Press) ¢o0o0gE (ON [96¢2002) Alarm Horn ©3308[4p5e0q$320305 Logic gate 1 truth Table $&
Electric Circuit 1 Ladder Diagram (Circuit ) qps[g eodfgeo:dh

Solution
i T PB1 PB2 Alarm Horn
—0 0— ,
PB2 Not pushed (0) Not pushed (0) Silent (0)
Not pushed (0) Pushed (1) Silent (0)
— O O/ Pushed (1) Not pushed (0) Silent (0)
Logic Representation Pushed (1) Pushed (1) Sounding (1)
Line Voltage Line Voltage (Common)
L L2
PB1 PB2
I - ’_4
O O O O l
Electrical Ladder Circuit
PB1 PB2
—l . -
O © O ©
__+
y ]
Electrical Circuit
9-J-J The "OR” Function
Inputs Output

¢ 3-3. Symbol for the OR function.
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¢ 3-3 2000 OR gate 008903 2060d00 (Symbol) [gewSgoonzoopdi OR function o dlge
c65{goosgCslgdoopdi
The OR output is True (1) if on or more inputs are True (1).
OR gate @il input qpe3sd:ze5050 305005002 input 0 9 True [gdog€ output 20p5 True (1)
[§62005

AND function (AND Gate) $¢ OR function (OR Gate ) 0303¢ input cAlCsqp:gg8E
3205c0p5s output © 9a00§epdi $ 3-4 03¢ OR function il True Table 03 eedlgaon:aopd input
qPeszadial (§68§E2005 Combination odsae[gde) output Y a3cocdeuioomzoogd

A OR Truth Table
Y Inputs Output

B

A B Y

0 0 0

0 1 1

1 0 1

1 1 1

¢ 3-4. Two-input OR gate and its truth table.
goR ¥-J
Input j 9[gd20p5 Push Button (BP1) & Push Button (BP2) 0332505 052005 Push Button
00699 860qE (ON [gdagi€) Alarm Horn 8205090560605 Logic Gate 1 true tables& Circuit

o3eeEageedlgdh
Solution
PB1
i ARG, PB1 PB2 Alarm Horn
PB2 Not pushed (0) Not pushed (0) Silent (0)
__O_I_ Not pushed (0) Pushed (1) Sounding (1)
Pushed (1) Not pushed (0) Sounding (1)
Logic Representation Pushed (1) Pushed (1) Sounding (1)
PB1
i
O O
PB2

1]
| =%

O_I_C [ Alarm
Horn

Electrical Circuit
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Line Voltage Line Voltage (Common)
L1 L2
PB2
PB1
A =

Electrical Ladder Circuit
9-J-0 The "NOT” function

¢ 3-5 NOT function 03 2060500 (Symbol) [gEewd(gooazaopbi NOT function & input o
FALSE (0) [96cqi€ output 20pSTRUE (1) [gboopdn s2[g§3acpsaandgE input oo True (1) [goog€
output 2005 FALSE (0) [g®20p51 NOT Gate i Operation ¢o input & state o3e[gpEg&(inverse)
0060 (0000 dBelogpé NOT Gate o3 inverter vpcopbseslcogd

NOT Truth Table

_ Input Output
Input output =~ A @ A
npu utpu L " A
NOT 0 1
1 0
¢ 3-5. Symbol for the NOT function. ¢ 3-6. NOT gate and its truth table.

oofgpeoon AND function $¢ OR function gpaseoroondsagoden NOT function ogé
input 0089005 200AG[gEegda0pd 588 E[FE[gB205n NOT function o3 codoopds
saadigecedeon AND gate (a3) OR gate o3[gEa3e) 3203giecp§oopS

& 9-6 o3& NOT Operation $¢ vol:el true table o3ewblgoonoopdi A saedlogon: ( Bar)
mee:olq A 3:2[gdesdlg[ge:a00d NOT A o3 qpdpg&eaodi

NOT function s2090b000paB[qESEqS (Visualize cv5e8) S0od:a000i AND $E OR o3ei
function o3 a3[gE8ES (Visualize cpoq) cguSa005n 8cgudi[gEagudaopbi Beadd NOT function
2000 320988:6C:(3s1 32098 3209208[032005
20038:03¢ q&{gooni00dag/0d (p) giod
(0) 1 93 0 8856200520p93203C:6gegON

() logic 1 2005 HossdgE(qpeeoonsadye) TRUE I HIGH | ON [gdoopdi logic 1 205 Device
00dGje§jeod Activate cpde860g0520001 pown- Output Y=1 [gdog€ cedomad

ceniqffgdoopdi
(p) logic 0 2005 dessmigE (qpieoosdgE) FALSE | LOW 1 OFF (462000 logic 0 20p5 device

m&fﬁl:@m:o% deactivate C\P(Sq%@@ooéu
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pow>- Output Y =0 [8g€ 6650200305205 200006 Bsefgeresad algpt:adagié NOT
function 0303200051 powd- logic 0 2005 Device & Active co5c8agi€ NOT function o3
32093q00p01 powd- output Y=0 [gdagi€ eedomadeent:qilgdoopdi NOT function aopbsaadsol
200
(2) NOT 332034gj00p5n logic 0 (low condition) [gdogi€ Device ood§jsjzod Active cpbe$
(9) Logic 1 (High Condition) [gbcg Device 006§s§jzo? deactivate cpoq§sacod NOT
033223000
62200503¢ NOT function 6399:002:000% poed | 9036w5{gEo200dN
NOT function o3 AND $& OR function qpslg&saoddgiecodoreandaopds vcospowrogE NOT
function oo&9ap5:03 00n2d:000:20001
gO? P9

Selector switch (S1) 205 ON 65200022805 Level switch (L1) 20p5 20059050008
20p0eqa[g¢ (level) a3veepade (NOT ON ) [gdagiE (0o[gE505gbyC) Solenoid value (V1)
3g&eoqedl (ON) logic gate 1 True Table $& Circuit gp:o3esd[gol

L1 L2
CR1
—_ L1
¢ QJ\C O ¢
gt CR1-1 S1 V1
L1 $—| S /\/ 4

Electrical Ladder Circuit

S1 —

- V1 $1 L1 (L1) V1

' D_/\/_ 0 0 1 0

o—O 0 1 0 0

J > 1 0 1 1

. . 1 1 0 0

Logic Representation
Truth Table

©odgS 1 oJpownogt Field device element o3 Not function $&o3ad:q§s20305 Normally

Closed (NC) sa[gb00n:60p§o0pdn Switch (PB2)aop5 normally open [gdeeseon (Not Normally
Open) ojpowdei logical representation ¢ push botton switch og€ad:epd NOT function o3 20
codonfgCendlgaopd [Bdo0pd powd  J 903 NOT 2060500 (Symbol) o3 Gate @i input csepage
0o2s§oopdi AND gate & output (8509053) NOT 2060500 (Symbol)o3con:agé Negate (a3)
invert [gdo0p51 AND gate & output o3 NOT function copboon:aqi& NAND gate [g6o0p5n (00spd:
negated AND gate [g620001)
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PB1 PB1 PB2 Alarm Horn
— ﬁ Alarm Horn
PB2 Not pushed (0) Not pushed (0) Silent (0)
| o Not pushed (0) Pushed (1) Silent (0)
O O0—) Pushed (1) Not pushed (0) Sounding (1)
Logic Representation Pushed (1) Pushed (1) Silent (0)
PB2
T
o © Qlo

= B
Electrical Circuit
Line Voltage Line Voltage (Common)
L1 L2
PB1 PB2
1 h/]
O O QlO |
?-J-G NAND Gate
A NAND Truth Table
Y Inputs Output
B — A -] Y
@ 3-7. Two-input NAND gate and its truth table. g ‘13 1
1 0 1
1 1 0

& 3-7 0E NAND gate @i logic symbol $¢ truth table o3ewd[gaon:oopSi OR gate &
output § NOT 2060500 (symbol)oopdagiEaopds 820060000e0r080001 OR gate ¢l normal
output o3 function copdaonieannelopE NOR gate [g8aop5n & 3-8 0 NOR gate &il logic symbol

5C truth table o3ewed[gaonoopdi
A

¢ 3-8. Two-input NOR gate and its truth table.

NOR Truth Table
Inputs Output
A B Y
0 0 1
0 1 0
1 0 0
1 1 0

607820005028 (WWW.acmv.org)
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-9 Principle of Boolean and Logic

o)oosp603E Boolean Algebra 3a6[oypEigaco0:8050m 0ewdjgeo:dh 23600 Control
Program qp:sC conventional Ladder Diagram qpsog€ Boolean statement qpzod saadslg)
000560q§320305 (complex logical statement gpz03000568020500056065320305) Boolean
technique gp:0352:0059503 2001

00GE 95003¢ 206036cpde George Boole o Boolean Algebra o3 00o8aB0gE3 200
logical reasoning $& Ancient philosophy gp:o3€ 2a0d:gjg$320305[gd20pSH goeoge0dda0d
“logical statement”qpso? cgudongEsn:aopdddgtg$copdeqroondEapd

opbo [gpdsdypiesnad3E:0a¢ Digital logic qped] ogssamn(Biesn0d Boolean Algebra copd
Digital logic statement qpzo 3[gp:80d[g[gE: (analyze) esd[g[gE: ( express) [g cv[g8EF205u
Digital logic statement qpsaopS TRUE $CFALSE 1 0 $& 1 020000 Binary state gps [gGoon
c65lgoosgCslgdoopdi

Digital logic $& Boolean logic 030005 Binary state o3 3a6[gé00:0003 logic gps [§620251
adelopE 0odslond) logic gate gp:o3 Boolean gate gpopes]edecpdoopdi logic gate (a3)
Boolean gate gp:clooopS network o3 Boolean network upealsdoopdi PLC language o o€
Boolean language vpealadoopd

¢ 3-9 306[gd Digital logic function gpgfgda0pd AND 1 OR 1 NOTo303 saa[gd Boolean
operator qps=a(gdlg§copdewdlgoonoopdi operator qps§ @oadi{o3: (capital letter) o3 =
ad5{g|0o:00001 AND operation o3 sae[gpodcoogamn (multiplication sign) (e) [gEesSlgoozaogdi
OR function o3 3aeAlC:coagam (addition sign) (+) [gEesdlgoon:oopdn NOT operation o3encds
(Letter) el sacdlogE oon: (Bar) copde) cedjgoon:aodi

Logical Symbol Logical Statement Boolean Equation
A TN Y=A+B
v Yis 1if AAND Bare 1 or
B—| Y= AB
R\_ - .
A— X . .
| vy Yis 1if AOR Bis 1 Y=A+B
B—y
- Q v Yis1if Ais 0
Yis 0if Ais 1 ¥=A

Q 3-9. Boolean algebra as related to the AND, OR, and NOT functions.

GomE:0005098 (WwWw.acmv.org) Page 9
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9-9-0 AND operation
& 3-9 AND gate 006903C input signal [géeom A $¢ B AG: output signaloopd Y
[§®2005n output o3 logical statement [§¢e32005313203E:605[g§E 2005

A $C B 2005 1 [96qi€ Y 2005 1 [gdaopbu
Yisl if AANDBarel.
Y= AeB

632005313203E:320009050058E20001 Y equals A ANDed  with B, eegooniesdlgoopdeasloge
Boolean 2060>00[gd20pd (*) [AND operation 320305] 03gj§000iG: Y=AB 076008000

?-9-J OR operation
OR gate 00d90p¢ input signal qps A $¢ B 303 output signal ¢o Y [gd20pdi
"OR” output o3 logical statement [§¢e33005Cl2203E:66:000:8E 000N

Y= A+B
"Y equals A ORed with B.” 0pocdeap§oopdi

9-9-9- Not Function
Y 2005 A el e[gpiy§fgdoopdi Y is reverse of A.
Boolean Expression [§& ¢32005013203¢:6q88E0001

Y=A
Y equals to NOT A
B.E Y2 A+B 03¢ 0pe05eoopdi

@u: 3-3 0E Boolean Operation ANDing(AND cpS[gEs) ORing (OR cod[gs) & inversion (NOT
cv[gts) afadesdlyoomoogd

220380005 logic combination g$320305 function gp: epSa3adedliodurqepda’
Gedlgoonzopd

1. Basic Gates. Basic logic gates implement simple logic functions. Each logic
function is expressed in terms of a truth table and its Boolean expression.

AT\ a8 A AB AJ{)& AJ‘]__>W A e A
B—] / B—} Bj_ Bﬂ_l__ \

GomE:0005098 (WwWw.acmv.org) Page 10
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A |B|AB A|B|AB A|B|A+B
o|0| O 00| 1 0|0| O
o|1] 0 01 1 01| 1
1(0]0 110] 1 110 1
T11] 1 11110 T11] 1
AND NAND OR

AlB|A+B AlA
olof| 1 01
o|1]| o 1|0
10| o
1[1] o
NOR NOT

A+B

2. Combined Gates. Any combination of control functions can be expressed in
Boolean terms using three simple operators: (¢), (+), and (7).

A= AB
5 | Y=AB+C
C

A_

)Y (A+B)(C)

:DVD“‘A*B“C’

A+B=B+A
AB =BA

(A+B)=AB
(AB)=A+B
A=A 1=0 0=1
A+AB=A+B

Commutative Laws

De Morgan’s Laws

AB-eAC+BC = AC+BC

3. Boolean Algebra Rules. Control logic functions can vary from simple to very
complex combinations of input variables. However simple or complex the functions
may be, they satisfy the following rules. These rules are a result of a simple combi-
nation of basic truth tables and may be used to simplify logic circuits.

Associative Laws
A+B+C)=(A+B)+C
ABC)=(AB)C

Distributive Laws
AB+C)=AB+AC
A+BC=(A+B)(A+QC)

Law of Absorption
A(A+B)=A+AB=A

Table 3-3 Logic operations using Boolean algebra.

GomE:0005098 (WwWw.acmv.org)
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9-G Order of Operation §§ Group Sign

AND | OR | NOT 02003 Boolean operation [gap&a0p03a83209(Order) 2005 320§
F6eg[3po0pdI operation (p62005 3283209 (0rder)eonagi€ expression © g§jooRd §awdS Logic
value 20p5c0pb:0po8c86epbevrodeol

poenzees[9C input signal A1 B $& C odloCaopd expression Y=A+B ¢ C 03 oo

ocoeBign OR operation [gcvd[G:e AND Operation cpbqs (A+B) o C 0pee002:02:20001

AND Operation [gcpS[Bse OR operation [gopSe$ A+ (B ¢ C) 0peqpomz002:a000N

(A+B) » C $& A+ (B * C) 03el oS (result)o3aopd opoBaddepbovnodeon Boolean expression

QP8 grouping coagan (sign) qpslgdo0pd cooda0pbsnEs-parentheses () qps 1 Bracket [] gp: |

Brace qp: 9300p0d Vinculum g€ eqgoontesdlyconigEiefog€ vcowdsgo NOT operation

(inversion) co63l 30300 AND operation cp&Sli OR operation 6365205806 ool
o)opSinbiang 22000503E605(436000 Boolean expression Y=A+B  C 03¢ grouping

sing odlo€eomelopé B $& C o AND operation cod[Be 6005 qos $& B o3 OR operation

[gepSalgdaoehs

Y=A+B « C & operation cpSqepd 328320903 B[Gees005 expression 03 oJjo3 Y=A+BC 8¢

qCzuigaqeoo§EoopdiBoolean expression qp: § AND operator o3[go56)eaao:eaoqoopdi

Boolean expression Y=A+BC o3& B $& C o3 32qCad: AND operation [gjcpSaddlon

c00520p5:098:-parentheses () 32038:3 copdgSecd cur 9Bea0d A $¢ B 0330gC8ig0 OR

operation [gjcpoqepSedag€ () ad03E copdegegsadaodi

coodo0p5:098:-parentheses (), Bracket [ 1, Brace { } 02009 grouping sign qpzo3ods)

operation order g8 633eapq$368E 032001 Grouping sign qp3odze] Gaglgeo:a0dI

Y1=Y2 +Y5[X1(X2 + X3)] + {Y3[Y4(X5 + X6)]}

Hardwired logic qpsog€ timing 1 sequencing $& control @205 control function
qP:a3cd0dq) Device §jodsoad(connect) da3lgpzlr300p0n hardwired $Eeopaopdsagoden PLC
qp:op¢ logic function gp:03 sacgudonme[ypEad§EfgEsgdo0pd 1 hardwired logic qpzaod
APy see08005090500:6006ePE elpEdagiE dom[Brgpa? [gede)
[g3oobopqaoghy

PLC gp:6il 3200:6078:059/050 32090Samp(g[gelpt:cd §E[gEigdoopdio p-ooa 20p5
Hardwired Relay Logic Circuit [gd20pSi ¢ p-oob 2005 a3 Hardwired Relay Logic Circuit o3 PLC

Ladder Diagram [g®a3e[gpE:c00:0[gda0pd 1 & p-00a $E6 p-00 b 032005 HRLC $& LD odel
0p8qodgPindeed [goon:aopdi Hardwired Relay Logic Circuit soens software instruction

2306 gpEgClgdoopdi Belop¢ Ladder Diagram o3 Software vpesladoopd

GomE:0005098 (WwWw.acmv.org) Page 12
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5. Application of De Morgan’s Laws. De Morgan’s Laws are frequently used to
simplify inverted logic expressions or to simply convert an expression into a usable
form.

According to De Morgan’s Laws:

PLC op€00q/epd Ladder Diagram logic gp:03 326[gd (Base) logic function (AND, OR
$C NOT) 23§z} 00dogi€Beandcopdieomé edlE:bgjeaodropbieomts 0opbesmnd
ep§oopdi Ladder Diagram logic gp:oopd Value gpagE[aca 3od[gedycpdesi

cudomgpieentf: qogyrpoes 0oop)d instruction gp: [§do0pdi PLC o38E:e0q$ Command
qps 1 instruction gp: 0560003] GqEoD200E program a3ewpad Control program wresl 200N

a3 program qp:cd 6qEoos0pd GdmEq style so§jp§zod language vrGalsdo0pSN
200)3qP:000d language ¢ Ladder Diagram $& Boolean [goopS

50082 @ (chapter 9) Programming qp23>6{o3pC:03326:00:805¢Egoo:a00i
eqpuoatanonpdion 03:g3030009 Control language 0odjse> Ladder Diagram [goopSn Ladder
Diagram qp:o3 contact symbology vpesloopdi Ladder Diagram S oo instruction qpsoopd
Normally Open $& Normally Close 02003 relay equipment contact symbols qpsfgdaopdi

Contact symbology 2095 control logic qpzadeedge$se0305 3o8eqC:e0:s00:0009
[§©200p5u relay control schematic qp:o? 206o500(symbol)qpsgEesdlolgHlgdaopdi
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9.G PLC dircuit $& logic contact soeaboogp:

1 PB3 =
PB1 PB2 START Al
STOP STOP | M1 oL's1

PB4
START
il
M1
S
SWITCH CR1
g
SOL1
]
PL1
A
»
PB5 PB7 /\')“\

EMERGENCY B0 START i i
STOP (B M2 oL2
M2
PBY

START Al
| M3 OL's3
]
—e
M3
PB10 T Al
i START i .
s P
O—QJ_D—T—O QO +
M4 PL2
I 1} .
= SEL3 I~ A
SWITCH M5 oLS
| — o o - O £ —e
M6 OL's6
— O
M7 OL's7
M8 All OL's8
O—H41—

¢ 3-10a Hardwired relay logic circuit.
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L1 L2 L1 L2
0 1 2 30 M1 e
PB1 OL's1
-ato—{ o H HHHHH—O— KO+
I [ | [
PB2 d
PB3 20
1
X
581 4 SOL1
X ) p—N\—

\PL1,

N
M2 oL

ég
I
Q= Or O

:

All
PB7 M3 OL's3

+
~
I,
1.
O

M1 OL's4

3 o}

B 12
_Lr\".a

CR& s

L 35 \PL2,
5 oy o O—
s2 14 15 37 /M5\0L5
By [ R Ry O K-O+F
h_SEL?a 37 40 M6 OL's6

o o—{ - H O— KO
37 41 M7 oL's7
=y O— KO
a7 42 M8 oOL's8
A I

(} 3-10b PLC ladder diagram implementation of Figure 3-10a.
220000¢] controller language 20p5 Ladder Diagram [g6cg€ ocoesasolaalgd §[Gsoon:

relay logic ¢ programming (CS) 25[3693, a[pE:q§adoopdi 30005¢) controller language 205
Boolean mnemonics, [g6cg€ contact symbology egpé:q$ecdeon Bead 38qC:colagn
§2200p588q85C ©abonGsgpem[yd 05Dy 9BEse0p5:95350305 Relay Logic ¢ PLC logic
a3e[gpEep§oopdi @ux: p-6 a 0gE Hardwired logic (Relay Logic) ¢ (PLC logic) o3
e[gpEe002:003 $0573(gd Gwdlgoooopd
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$p-00 20p50%20[gpdda0pd Ladder circuit [g620p0n circuitondeg)C:Baalgdoopdsgoood
0p8&2005n circuit 00d9gE:8S output 00&98AGa0N A circuit 0od9gE:8ad rung (9Bewrod
network) 200500560p§o0pdi Befope rung 2005 contact symbology [g6o0p5 (PLC (& output
006§§js03 control apE2005) 328,600 controller qpsS rung o 02d90cH3gpreoon multiple
output gp000d60s§Eapdi 936005 30D30003EgE rung 0od9gE output o 9o3axncpcdeo:
ep§aopdi & p-00 a 20p5 hardwired circuit [§620p9 Gp-00 © top rung o3esdjgoon:aopdi & o-
oob 2005 efgps000009 PLC circuit ¢ top rung o3ee(geonsaogd

PLC diagram o3& PLC @i I/0 interface 03€on6s08002:0005 field input output device
qPz0loCoopd [4od$aopd (complete) PLC Ladder Diagram 0o8903¢€ rung edlEsqpagndlo€oogdi
rung 0od903E:0005 output interface 028903 control co620p5n output interface 2005 output
device 00d95E§ 059005 (connect)oo:a05n output device 2005 equipment 0o6§§jgdBs PLC ¢
60332003 information 2203&: ()onadeo: output signal 32038:(a3) §Es0003 instruction 2203
[gleo6e80aEgadELs0pd

L1 PB3 L2
PB1 PB2 START Al
STOP STOP M1 OL's1
+—alo——alo—e—o s
PB4
START
—o
M1
(a)
L1 L2 L1 L2

All

'g M1 or's1

~
Qs

PB2 3
PB3
| 30

(b)
(';) 3-11(a) (a) Top rung of the hardwired circuit from Figure 3-10 and (b) its
equivalent PLC circuit.

Input gpzs¢ 2005382005 symbol gp:0? 92038§000d (Desired) Logic gpiq§ss 005
200§:0305 (series)eoo0dc0pbieome: | 3[GEooGE(parallel) 6ooScopdieomEs Boupod
$0Gjprd:60IC:4) Ga05RdieomE:§ods005(connect)ecp§ogoopdi o input symbol ¢poaogd PLC
& input interface Sconeepadgjodeoad(connect) consoopd input device gpzad a3udens(goopd
input device gpz20p5 PLC 0093 field data qpso? cosdoopd
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Programmed rung concept ooeomooep:oaé hardwired relay Ladder rung qp: )
0050000033000 EHHY:[gEgd0pdI Hardwired Relay Logic Circuit qpsd
2§:§jre000 output gpo? control apde830305 input device gpsa3§o59005 (connect) coxsgEs
[gB20p5n Activate [gdoopds26l 0B input device qpsoopd circuit 3038203 gi60d current
0390058:9E[g|c30500001 aJewrod Bieso0pd current o3[gode)(Break)cBoda00b1036o3p¢ output
device 205 g&[g€: (ON) Boupod Bod[gEs (OFF) [gdedlconaogdi

Ladder rung 501§eoon input symbol 2005 §jo59005 (connect)oonsoogd input device

©000560: 2003 input signal o3 a3udensgjoopdi controller ¢00005c8052005 output signal
2000059005 00220009 (connect) output device 0da3 eepodagnz0pdi

Input Devices Output Devices
Push button Pilot light
Selector switch Solenoid valve
Limit switch Horn

Proximity switch Control relay
Timer contact Timer

Table 3-4. ON/OFF input and output devices.

9.6 PLC §=00dgjoopd Address gp:

Rung 00893 §o00d Symbol 03E:200305 reference number gp:§q§ad3a6a00i
reference number a320p5¢> memory col3§o0pd address [§®aop51 memory edl§esepoddesi
address [§® 20p51 c0o5§o0$0%: (current status) o3 memory cd§esepodde) reference number
0009[g¢ 9B6:e05:000:00051 Besepad address [gEaoodeodesdgoopdi Field signal 0od920pd
input (a3) output interface 00995¢ §odsond(Connect)adodayi€ address 2005 signal wire
006808002000 terminal $E¢2005e3E2005n address 205 & input/output terminal [gdoopSn
input (23) output o696l address o3 control logic program § (030590600205
[036601:qp2gn03:8E 20051 control logic 0> 3208§o0e00509:8E 20001 03a308:8E[gC:0005
PLC & comCsgsaopd feature 0od9[gdoopdi

220:00090D

Relay type hardwire qps§ o3c393 additional contact 00693326310 additional Hardwire
0069 0060058320001 PLC 59008 cBo06000056$§E2000n Section 5-4 $& 6-2 0303E 1/0
qPes 00520052005 PLC memory gpesaaoppEsendgoontoopdn & 3-12 0g88eqCeao0) electional
Ladder circuit $¢ 0o&: circuit 03 PLC logic 33ge(gpEsaonzdodesdigaonoogdi
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“real” field device or?eéT oaé push button (PB1) push button (PB2) Limit switch (LS1)
$C pilot light (PL1) 030005 PLC &l input $& output module o33 §ods005 (connect )

0008080000005 & 3-13 o 03d5H
o real field device qps3an:d:320305 reference number 03058§0300051 controller

g 2000 reference number sa[gdOctal numbering (Base 8) $& Decimal numbering (Base
10) 0303 numeric address gp:3a(gd 3203gjcons0005

Ladder circuit qps§ contact gpzsan:ds close [gdoopd3aslogE complete electrical path
[9edlon Bcircuit (line) o3€§oopd output o3 energize [gdeooogdi output (pilot light PL1) 03
energize [g6@020001 “ON” 602001 pown- Pilot light PL1 “ON” cog§ 6320054l condition

9lopdéqepSy

(o) PB1 03 8conzqepdi
() LS1 2005 “CLOSE” [gdesqupdl  a3ewrod
(o) PB2 (ﬁgooo:q@én
() LS1 2005 “CLOSE” [gbe 566001
:2000501206[g3265 | §j20505 0 §j:§jz00pd complete circuit o3 (§dcoa001 complete
electrical path o3[gde00m cd3260005 agGedgdiza:ad ss0C:eoG: Pilot light 03cwés cooodi

L1 Jlizk
PB1 LS1 2]
0 e W PN
PB2
il
o O
Electrical Ladder Circuit
Field Input Devices Control Program Field Output Devices
A N A
L N - e N o x.\\ P i 5 i, ~
L1 L2 L1 L2
PL1
pBLL | 30I | 32I :ID \/
oot 0 <&
PB2
7 1 K}

LS1

—ao—f=H

PLC Implementation
c? 3-12 . Electrical ladder circuit and its equivalent PLC implementation.
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InputSﬁ l— Qutputs
(30, 40 ] _
31% 41®-
32 429
335 3Q
CPU 340y | 44
35 45
369 469
3?@ 4?@
PB1
i ooy
—0 O0— —{0—
PB2 i
i il
0 O
LS1
X0
c} 3-13. Field devices from Figure 3-12 connected to I/O module.

o3 electrical ladder circuit 03&ad:002:0005 logic 030 PLC circuit 0g&saads{g§Eaodi
PLC control program o3¢ agqi6edgésaa: (power) 2005 address 30 (PB1) $¢ address 32 (LS1)
03¢ g& address 31 (PB2) $¢ address 32 (LS1) 030GEs 8:e08:0m output 40 (PL1) 03 “ON”
co20pdi output 40 2005 light PL1 [98[8: Address 40 § interface terminal $& §odso05(connect)
00500:0001 Address 30 1 31 (a3) 32 o303 power Go:g$320305 LOE:030000 interface terminal
address 301 31 $& 32 $¢ §059005 (connect) codzqepd

[$esas!]

0.6 Contact symbols used in PLC

PLC o3¢ snadigoopd Contact Symbol gp: PLC S §eoon Contact qp:s electromechanical relay
Qe contact qp:el 3c0Spd(operation) ¢ 96s0Ee0Connd[m300odi poend 3-14 a 0x¢
[goon:00p5 relay A g€ Contact j 9clooopdi A-1 2005 Normally Open [gdg) A-2 2005 Normally
Close 990001 8005 relay 3203E:58e00 Coil A 2005 energize [gdocsagiE (OFF [gdesayC)
Contact A-1 20p5 Normally Open [g8[g=2c3E: Normally Open [g6e5$c366051 Contact A-2 20p5
Normally Close (99860051

200000¢) Coil A 20p5 energise [4dagE (005052 ON [gdoyE) Contact A-1 20p5 N.O ©
close 32[ga3 elgpEso2:0880pdn Contact A-2 20p5 N.C ¢ open sa{gbadalypEioz2:a8d6di
m[gpeepEadizacogpoopd coil $¢ contact “ON” $& 6lgpCaa0:0000 sa6[gEresad eudlyoon:
2001
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4® Relay Coil A
A-1
— Contact A-1 (NO)

A-2
—/|/r— Contact A-2 (NC)

(a) Standard configuration for relay coil A with normally open contact A-1 and normally closed

— : ) OFF —{ : ) ON
A-1 A-1
_| I_ Open —I I— Closed

A-2 A-2

+ Closed %/r— Open

(b) Coil A de-energized. (c) Coil A energized.
c} 3-14. Relay and PLC contact symbols showing a relay coil and normally open
and normally closed contacts.

Contact close [46cqi€ ag&od03 S:coo0pSi Power flow [gdaopdi () Continuity
[g9edleoo0pdn agidoduadenés (Circuit) 03¢ PLC § Coil gpis& 2005a3E20p5 Contact
qPe3:0d:320305 unique reference address gp:gog0p51 RA gp:oopd 00d9sE0nd9
wopoBlogeon unique [g8jogo0pd § 3-15 cpewdlgeozangd Coil 005 10 o3¢ Coil $Al05
030305¢) Normally Open $& Normally Close §fo300p51 Coil 10 330305 Normally Open $3lo5 oo
$& Normally Close $3l05 0o 03[gd20001 co03[gjg§eageden PLC S Normally Open $& Normally
Close Contact qps 2203800600005 q§§Eaopdn 98605 electromechanical relay gps3 Contact gps
82060005 0g8Eaun 3200§322005(gEa0g8E 20pd

contact A-2.

c} 3-15. Multiple contacts from a PLC output coil.
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PLC gps§ input device reference number gp:03 codslaodaleaadiy§Eoopdi multiple use
068l 20p51 $ 3-16 o3¢ limit switch (LS1) 2005 input module — reference number 20 [g&
connect cpS00:20001 03 ref no 20 PLC program o3ogE Normally Open $& Normally Close gps

208 qp2ga8Eaodi

L1 L2
LS1 20 20
t-q 0@ &4 H b
20
e
H b e
_|
Field Inputs Control Program

<°3 3-16 Input 20 has multiple contacts in the PLC control program.
Table 3-5 §A§eaon Symbol gpsoopd Relay Control Logic ¢ Contact Symbolic Logic

a3e[ypaepapt 32034g00pdi o8 Symbol gp:oopd Ladder Diagram qpscil basic instruction
qPelgdo0pSi (o305 timer $E counter instruction gpedloeon) Chapter 9 o3¢ 3¢) 9058
3280¢[gE2005 (Advanced) instruction gp:o? ewdlgoozoopd

Normally open contact [g620051 control logic &l ©p52005 input o3ead of symbol [g&
c65[g$Ea0pdn Input 00692005 connect cvSoo2a0pd switch 0d9cLESgdEEa0p5N connect
0050020005 output 0od9el contact copdelgdSEa0odn Internal output o&9:[gdSE 05
20000 status 20p5 1 [gdagiE contact 2005 close [gdagoed: ag60d current 2005 contact
o3[gode) B:e0E:a30:0860p51 320000 reference input/output 20p5 ogdagi€ contact 205 open
[90[5[9Be50866p51 Open [gbesearelogpé Current 20p5 Contact o3 [gode) 8ssoCsoz0s
a8&epbevnddeoi

Normally Closed Contact:

Output: input logic gpeadlCse) g§joopd output 03edc8a000n Output gp:o? Device
a30005 internal input [§& §ods005 (connect) ArE8E0p51 30000¢) T5IEde PR
(left to right path) § condition gpesanzadsefagiE output 2005 energized [46c86epSi 0o5p5: ON
c8&opd

200000¢) 90050005 000533 (left to right path) § condition qps san:diesaqi (True
[50q€) output 2005 De-energized [46c8&wpSi OFF [g8c3&0obn Hardwired logic ¢ PLC logic
a3e[ypCiq§za0305 Guide Line 7 903 e3anaogtesdlyconioopd (PLC Contact Symbol 7 903
63200509E66[g02:00001)
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Normally Open Contact: Program § Symbol 2095 1 [gbesag€ Contact o3 Close
[ydade[ypCaog2:0880pdi Symbol o3 refer cod0pd signal 20p5 Activated [gdc3605n (o3) ON
[§5c880p5n (B) Close [g8c8&wpdi

Normally Closed Contact

Output: Rung 00698 output 20p5 energized (463660 90050203 co&seloypEs00d
cogpaSq (left to right path) contact qpssanecd: close [4oogqiEi gE:qod3alyd Power 2opd
p00000a3 B:e08s00p998l0c30giEr Output 0692005 §iode005a0:000d device 03 control
00620051 23000 program 220382 internal point 03 control ceG0pSH Internal output 9005
field device o3 control eco68Ecun PLC 320385000 interlocking [gepogSeacgod internal output
o33a03dgoopd Input: Input Contact Symbol 2005 §058005000:0009 (connect Cv500:a0d)
input oSG internal output GoodGE §058005002:0005 connect 636a05GE: input =ofyd
20056050000

Contact address: Program Symbol 03E:03 address qpzooodeode0s002:00001 address
qPey reference cpSoo:00051 Symbol 2005 §jods005002:2005 input/output o3 reference
c0S00:0qi€ o Symbol il address 2005 §ods00d0c00:0009 terminal ¢l address [gdaodi

Repeated use of contact: program 320353 input/output $& internal output o303
203§ 0060000538lgPign 3205g8E 005

Logic format: 32c8§20p5 output logic 3203E:qe0q$520305 contact gp:od 2200§:0305
(series) a3ewrad sa[gC(parallel) §o5s0058E2000n 200820305 e5$0005 contact S26630305
(no of series contacts) $& 25[qC§es$a00d Branch 86q@20305 (no of parallel Branch) o3o0p5
PLC 2o¢jp3000:5¢ 20g0d2002:030305¢) a3{gpzoopdi

@u0: 3-6a 03¢ hardwired series $& parallel circuit 0303 program logic 3a(gdo3
algpC:cd003 eudlyaonzoopdn Series circuit 20pS Boolean AND operation $&p30005n (Equivalent
[§52005n) aBelo3p¢ output “ON” [gbeoq$320305) input s30:ad:00p5 ON qupdi Parallel circuit
2005 Boolean OR operation $¢ p8o0pdn (Equivalent [g20p5n) adelopE output “ON”
[9de0q§320305 (Activate (28) Energized) input 330:00: 325050 32505:09:00092005 ON
[g0qep5n

STR 2005 New rung 0069320305 START 0p38¢nudqoopdi Out 205 rung 0069820305
output xre3ado0pd

@0z 3-6 b 20p5 @u: 3-6 a0d 226002805 EscuErewdjgoozadN
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Relay Ladder Contact or Boolean Boolean
Diagram Ladder Diagram Equation Statements
Diag g
Ls1 Ls2 SOLi Xt X2 Yl
STR X1
(a) 0—0\ -Il_ll_‘o_ Y1=X1-X2 AND X2
Series Circuit OuT Y1
LS3 SOL2 X3 Y2
H | O_ Y2 =X3+ X4 STR X3
OR X4
(b) | Ls4 _ﬁ_ OUT Y2
Parallel Circuit
LS5 cRr1 PL1 X5 C1 Y3
G+ H |—O— Y3 = (X5 + X6) + C1 gLRx)és
(c) | Lse T X6 AND C1
- OUT Y3
Series/Parallel Circuit
LS7 CrR2 PL1, X1 cC2 Y&
H I Y4 = (X7 + X10) « (C2 + C3) i:,%fm
(d) | Ls10 | CR3|” x10 | c3 STR C2
Salii i )
Series/Parallel Circuit
LS11 LS12 AL1 X11 X12 Y5
o—0_ H — |__O_ Y5 = (X11 « X12) + X13 iﬂ;ﬂ}z
(e) | LS13 X13 OR X13
OuUT Y5
Parallel/Series Circuit
LS14 LS15 CR1 X14 X15 Y6
STR X14
o—0_( - — Y6 = (X14 + X15) + (X16 + X17)  AND X15
(f) | LS16 LS17 _x|1s X17 2&0)()1(?7
. I I OuT Y6
Parallel/Series Circuit
LS14 CR1-1SOL3 X14 Cc1 Y7 s
(@) o— A (O Y7=x14-ct AND C1
Series Circuit QY
LS14 CR1-1S0L4 X14 C1 Y10 _ STR X14
|—‘|fH }— Y10=X14-C1 AND
(h) L NOT C1
Series Circuit OuUT Y10
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)I (a) Series Circuit. In this circuit, if both switches LS1 and
LS2 are closed, the solenoid SOL1 will energize.

(b) Parallel Circuit. In this circuit, if either of the two switches
LS3 or LS4 closes, the solenoid SOL2 will energize.

(c) Series/Parallel Circuits. In a series/parallel circuit, the
& result of ORing two or more inputs is ANDed with one or
(d) more series or parallel inputs. In both of these examples,
all of the relay circuit elements are normally open and
must be closed to activate the pilot lights. Normally open
contacts are used in the program.

(e) Parallel/Series Circuits. In a parallel/series circuit, the

& result of ANDing two or more inputs is ORed with one or

(f) more series inputs. In both of these examples, all of the
relay circuit elements are normally open and must be
closed to activate the output device. Normally open
contacts are used in the program.

(f) Internal Outputs. Circuit (f) controls an electromechanical
control relay. Control relays do not normally drive output
devices, but rather drive other relays. They are used to
provide additional contacts for interlocking logic. The
internal output provides the same function in software;
however, the number of contacts are unlimited and can
be either normally open or normally closed.

(g) Normally Open Contacts. In the series circuit (g), the
solenoid will energize if LS14 closes and CR1-1 is
energized. CR1-1 is a contact from the control relay CR1
in circuit (f) and closes whenever CR1 is energized. In
the program, CR1 was replaced by the internal output C1,
therefore, the program uses a normally open contact from
the internal output C1. SOL3 will energize when LS14
closes and C1 is energized.

(h) Normally Closed Contacts. In circuit (h), the solenoid
will energize if LS14 closes and CR1-1 is not energized.
The program uses a normally closed contact from the
internal output C1. SOL3 will stay energized as long as
the limit switch is closed and C1 is not energized.
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