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Some basic rules for ladder diagrams are as follows:
|. A ladder diagram is read lik

€ a book; from left to right and from top to bottom.

2. The verucal power lines (rails) of the ladder diagram represent the voltage poteniial of the

circuit. The potential could be AC or DC. and varies in voltage from 6 V 1o 480 V. Standard
labeling for the rails 1s L1 and L2, L] is AC high or hot for AC circuits, and positive or
plus (+) for DC circuits. L2 is AC low or neutral for grounded AC circuits, and negative or
minus (—) for DC circuits. The rails may also be marked X1 and X2 when the voltage po-
tential 1s denived from a transformer.

Dev_ices Or components are shown in order of importance whenever possible. In Figure 7-3
the STOP button is shown ahead of the START button, For safety reasons, the STOP button
has a higher order of importance than the START button.

Electrical devices or components are shown in their normal condition. The normal condi-
tion of electrical diagrams is the circuit deenergized (OFF) and with no external forces
such as pressure, or flow. etc.. acting on the device. The STOP button is shown closed be-
cause that is the normal position for the STOP button. The holding contacts (2 and 3) of
coil M are shown open. This is the normal position for these contacts when coil M 1s deen-
ergized. The normally open (N.O.) M holding contacts 2 and 3 do not close untl there is a
eomplete path for current flow to coil M. When coil M energizes. M contacts 2 and 3 close.

providing a parallel path for current flow with the START button.
. Contacts associated with relays, timers, motor starters. and the hike. always have the same

number or letter desienation as the device that controls them. This labeling method holds

- L = C - - = _r_.‘__.u‘
true no matter where the contacts(s) appear in the circuit. For example. in Figure | J_IIII'.‘
N.O. holding contacts 2 and 3 are controlled (activated) by motor starter coil M. Therelore,
the contacts are identified with the letter M.

6. All contacts associated with a device change position when the device 1s energized.

Figure 7—4 shows a control relay (CR) controlled by a switch (S-1) on Rung 1 of _the Ia_d-
der diacram. Rune 2 shows a normally closed (N.C.) control relay contact i Sfes with

a green indicator lamp. Rung 3 shows a normally open (N.O.) control relay contact in
series with a red indicator light.

.

CONTROL
"'r‘-. i \'r
. SWITCH {CR lﬂ £
—— \

ROL
EES; \  INDICATOR l

CONTROL
RELAY

Figure 7—4 Three Rung Ladder Diagram

- .
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oo v Th o | ke qughts due to a COmpleg 2 ?Evme‘?tl?lm P;ﬂ“rm 2 START function are normally wired in parallel. Figure 7-7 shows
F S aormally clo N.C2) control relay contacts. These ., Wwo switches (A and B) wired in parallel to coe s e
e = ' 1 EAEIEY €0 S Cop. T . | parallel to control a red indicat . .
ol : . nosifion ‘open when t_he‘ control rely, ) ton, if either switch A or B is closed. the red lamp \'u'illtlighl S au Pl bonhgtis
- mpleting the path for current floy,
n Rung 2 open, while the N o CR
[um OFF the green lamp in g,
ﬁjﬂ !ﬁ]ﬂ)" remains Cneryz

1ns open, and the n(}l'll'lﬂ"j, Open R

A
! }F\‘.]f d( “_;_ﬂ_iﬁiﬁﬂﬁffgim&. the contacys {\F_‘)
cinRung 2and N.O. in Rung 3; | Bo/ SR |

tion are normally wired in Series

ng

&d

| Figure 7-7 Two Switches Wired in Parallel

L2 | When switches or contacts are wired in parallel, they are said to have an OR relation-
o | ship. The OR relationship requires that either A or B be closed for the red indicator
- | lamp to light. A truth table for this concept is shown in Figure 7-8.
. | :
| INDICATOR
| SWITCH | SWITCH | LAMP
1
‘ A | B R
, ‘ OFF OFF OFF
ey —yise 1 : OFF ON ON
L rema -E‘lpsed for the lamp to | ON OFF ON
. When switches and/or | ON ON ON
ionship. The AND rele-
:JA A Fieure 7-8 Truth Table for Parallel Devices
tothight. A truth table for 1gure r -

With this understanding of what a ladder diagram is, and the rules that apply to 1L 2. dis-
cussion of a basic motor STOP/START eircuit (shown in Figure 7-2) can begin.

BASIC STOP/START CIRCUIT

As stated earlier in this chapter, the wiring diageam in Figure 7-1 is great for showing actual phys-
ieal location of the circuit wiring and the components. It does not, rhuwerver. show the EI_ELIHL_JI_ re-
lationship of the devices as simply as the ladder diagram. The wiring diagramis used for ongina
installation and some troubleshooting, whereas the ladder diagram is used (0 show the electrical
@aﬁnuslﬁp of the components, and to speed understanding of how the circuit works.
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ThE _]'.il._(l#“ dmgdn:rfl has F’Wﬂ the “working language™ of electricians and electrical engineers for
many years, and helps explain why most programmable controllers are programmed using ladder

logic. While this method of programming is welcomed by some, it has frustrated other PLC users
who have not been exposed o, or trained in. RELAY LADDER LOGIC.

SEQUENCED MOTOR STARTING

R!ﬂaﬁ' ladder diagrams can become large and complex. It is not the purpose of this text to cover
them in great detail. but instead to discuss the basic rules and present some concepts (o enhance
understanding of circuits that are discussed in later chapters.

Figure 7-11 shows a ladder diagram for a circuit that stans three motors.

START

L1 L2
STOP | OL1 OLZ OL3
¥ e . ol i 1
HUNG'i ‘—iylgé_._o G {::1:} HH I\%\_“TI 3
M-3
| |
| |
M-1
RUNG 2 & ‘, | @ !
M-2 T
(R
RUNG 3 o |l I \M-3) +

Figure 7-11 Three Motor Start Circuit

Rung 1 contains the STOP/START buttons and the motor starter coil M-1 for Motor 1. lfmln.'cdlil;l;
[yt - t . - = - | = - aate = -,,.‘l !
the hﬂlﬂing contacts wired in parallel with the START button artj not M-1 u_:rr:m_;lz bﬁ;;“&\iomr
Lo | PN X o 1 o » sealed in. or maintained, unless I
e concts, With this arnsate Runidld'?mnm;:xh:h:h-ltI contacts in Rung 2 must close o
| 1d1t10nany, ¥ - s =
Starter 3 energizes and closes its contacts. £ natl) s S s L Motor
Erlt{;r:ﬂiiz Mm;r Starter 2 (M-2) and M-2 contacts in turn must close in Rung 3 hi'lfﬂffi-fli M
| . : = Livi==) « g pdel RS R us:
5(&1‘5&!‘3 (M-3). When the START button of this circuit is pushed. 1t operates ;1; tlu_] QWS
| .1'. M-1 t:hleﬁrgizeq closing the N.O. M-1 contacis in Rung 2 and energizes V-=.
B = ] - . 2 5 : S RAPSUTE _1.
BEbL2 N0, contacts clos 17 Rm;g 3 d“té L“:T?—lﬁ;i:il;u contacts to keep the circuil energized
it o | close and act as g conlack:
3. M-3 N.O. contacts 1n R_un g
after the START button 1s released.

qu: .-TJ'H-S-SEQHEHFE happf:uh‘ Hh”ﬂ.‘.‘f fHSIHHF{ilry{il'lt.'i'f"w,_-.

: e M-2 in Rung 2 when the nor-
- Uy .« M-1 which deenergizes M-21n - :
4. Pushi ST on deenergizes M-1 8 5 e M2 contacts in Rung 3
I i: ?Pnht?:r:ctw 2o np:n M-2's deenergizing Opens the M 2 E;.n:;arlspl:“ £
| A-1 CONEdLES SH H | . 1-3c ‘(s u j
Imlgeggz::ﬁzﬂ M-3. With M-3 deenergized, the N.O. M-3 contacis in =
k LF oLl .
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OUTPUT

| INPUTA | INPUTB | ouTeuT |
0 0 | o
0 1 | 0
1 | o | o
Tl = i RS

Figure 7-13 Two Input AND Gate with Truth Table

Figure 7-14 shows AND logic for two programmed input devices wired in series o an oufput
device.

INPUT A INPUT B QUTRPUT :
| 1 l | _“ . '
| | | |

Figure 7-14 Two Input Devices Wired in Series with Truth Table

ﬁgﬂﬁ: 7'—1_5 shows a two imput OR gate.

QUTPUT

- -0 0| >
- | = | m

Figure 7-15 Two Input OR Gate with Truth Table
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Figure 7-18 Normally Closed CR Contact Controlling a Lamp with NOT logic.

AS li_::i.ng as 1th single pole switch (S, ) that is wired in series with the CR coil is open, CR 1s OFF

orsetto b. With CR OFF, the logic for the normally closed contacts will be TRUE, and the lﬂﬂ't}';

will be ON. When S, is closed, CR will energize. tum ON, the normally closed CR contacts will

;;{p_ﬁ-p’,--and the light will be turned OFF. The truth table refiects the actiodn of the' CR coil that con-

trols the action of the CR contacts. It may help to understand the truth table if we think that the

normally closed CR contacts are controlled by the CR coil. If the CR coil of OFF, or set lo 0, we
nverter. j’hﬂ inverter. or NOT can think of the CR normally closed contacts also being closed. or set to 1. As the mput will be in-
tis OFF. or set to 0. then the .Héﬁeﬁ_'-whﬂn the CR coil is energized, or set to 1, then the output device controlled by the NC con-
- output will be OFF, or set 10 tacts will be FALSE, or set 10 ().

the output line 1s used to indi . | |

' The programmable controller will use NOT logic in the same way 4s described above. If the out-
put device is set to (), or OFF, any normally closed contacts associated with the output device with
'.it!jﬁz-rga‘ﬂﬁ address will also be set to 1. The NOT logic will be used in the next chapter for the
‘Examine Off instruction. When a normally closed contact 1s addressed with the same address as an
“output coil. the normally closed contact will be true as long as the output coil is OFF. or FALSE.

By combining the NOT gate with the AND gate, we gel what 1s called a NAND gate. Figure 7-1%
shows 4 [wo-input NAND gate with a truth table.

INPUT A _\\\ OUTPUT

INPUT B GE——

/
4

1 Truth Table OUTPUT
1
1
=€-rung 1
gized, or OFF, the 0
1l be TRUE anc
act controlling ¢ Figure 719 NAND Gate with Truth Table
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only be TRUE whey, (. :; - =

/et To help understand the logic T
ivalent relay circuit, gEusin e OgIc of the NOR gate, consider the ladder diagram in Figure 7-22

+—Co0 €8)
INPUT B

B
0
1
0
1

=

e TN AN Figure 7-22 Ladder Diagram with NOR Logic

d output wi .

se input B is still open. or sel
rted llt{!llt will again remair ‘From this figure we can see that if either input A or B is closed the control relay (CR) coil will ener-
Ell_-'mi'll be set to ), or g"-i:ze: and the normally closed contacts in Rung 2 will open and turn OQFF the output. With this con-
s A and B open, CR would ﬁéﬁf&ﬁqu, the only time the output lamp will light is if both switch A and B are open, or set 0 0.
ut device to go FALSE, or 10 |
ed in the truth table. The final logic gate that will be covered is the Exclusive OR gate (XOR). The exclusive OR gate
with truth table is shown in Figure 7-23.

2]

NPUTA \\ S

N QUTRUT
INPUT B ".f'
v,

B
0
1
0
1

Figure 7-23 XOR Logie Gate with Truth Table
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ST(:LT @
FLOAT A
] SWITCH PUMP = = @ | OURruy
o & 0 0 1 0
_ { % 0 1 0 0
| (B) 0 1 1 1
. 1 0 0 0
& 1 0 1 1
. OR
B C AND OUTPUT 1 1 0 0
1 1 1 1

Figure 7-25 Combining an OR gate and an AND gate.

.Flgure 7-26 shows a ladder diagram with four contacts that control an output device. We can see

jﬁ‘nm the diagram that to turn on the output, the following combinations of contacts are required.
A and C

A and D
B and D

By combining two OR gates and an AND gate, we can duplicate the Togic of the four contacts, as
shown in Figure 7-26 and verified by the truth table.

A G QUTPUT U5
| { y—
+ &
B D I 1
- |
r |

mfompm
S

S IR (I [P (N I e S e T = = == N === N

-l-l-.la-&-l-lﬂ—i—l-llﬂﬂcﬂnm

D
0
1

0
1

0
1

0
1
0
1

0
1

0
1
0
1

J_nggd_ngca.hcﬂ—l—hﬂﬂﬁ

8
0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1

7-26 Combining OR and AND Gates

Figure
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CHAPTER

Relay Type Instructions

Objectives

After completing this chapter, you should have the knowledge to:

* Uinderstand the EXAMINE ON instruction. i
 Understand the EXAMINE OFF instruction.

* Write and understand the logic for a standard STOP/START motor circuit

The next step in understanding how the programmable logic controller works is to learn how lad-
der logic 18 changed into processor logic. The actual programming 15 accomplished using either a
desktop, hand-held programming device. or computer. Figures 8-1a shows a Modicon Micro PLC
and the Modicon Hand-Held Programmer for programming and monitoring. Figure 8=1b shows
the keyboard of the hand-held programmer.

8_1a Madicon Micro and Hand-Held Frogrammes
(Courtesy of Modicon Ing.)

Figure
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Nate. A; ;g::ed earlier in the text, the terms current flow
various manufacturers to indicate that a circuir i
3 €U

and power flow are often used by the
ymplete, or logically true.

Figure 82 shows a simple circuit containi :
3_3 . Equivalsrl:; Elin*u%t L{Zfﬁlﬂlniﬂg a single pole switch and a lamp for an output. Figure
Bradley PLC-5 format. A -a;‘c'u“ “h&-n programmed with a PLC. Addresses shown are Allen
“0" S : i _ preceding a word and bit number indicates an : - o _*

P ng a word and bit address indicates an output By

12010 0012 |

00 0

Figure 8-3 Equivalent Circuit Programmed with a PLC

In Figure 8-2, if the switch is closed. current flows through the switch contacts and the lamp
lights. In Figure 83, the single-pole swilch is shown as a normally open contact symbol with the
address 1:010/00. Referring back to the memory structure in Chapter 3. the address EO10/D0 s bit
00 of /O image word 010 using PLC-5 format. The lamp. or output, is shown as a eircle, and is
given the address 0:012/01. The output is actually bit 01 of output image word O12.

pen contact symbol tells the processor
\- if a closed (ON) condition is found.
true, the processor IS instructed

Because of the way this program 1s written. the normally ©
10 look at address location [-010/00 (the single-pole switch
then the logic of the circuit Is true. When the logic of the circuilis

10 turn ON output 0:012/01. There is, 1n reality, no actual electrical connection between the switch
)10/ «sor that turns the lamp ON or OFF de-

(1:010/00) and the lamp (0:012/01). Instead, it is the proce : . |
‘pending on the logic of the prografm that is written and the status of the input device.

Figure 84 shows the switch and lamp

0. contact symbol in the program th
an ON condition. If the switch is open {
not twrn on the lamp. On the next processot scan, how

ON, the logic of the circuil will be true, and the processor W

as they are wired to their respective /O modules. It is the
at iells the processor {0 axamine the single-pole switch for
(OFF), the program logic is not true and the processor will
over. if the switch has been closed, it will be
ill turn ON the lamp.
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Devices Wired to I/O Modules
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Yhen the switch is closed. (he bi
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K @5 1EWs ; : o
As Z-T?&f:naf; g;r:;ﬁgﬁi;he normally open contact instruction as a request to examine a given ad-
dr _‘-:-E'S. o 5 o el NIt is n:jft:rred 10 an EXAMINE ON instruction. The opposite instruc-
tion, the normally closed contact, is referred 1o as an EXAMINE OFF instruction

These _imlrut_’:linnﬁ are also referred 1o as examine if closed
shown in Table 8-1.

(XIC) and examine if open (XIO) as

Table 8-1 Examine If closed (XIC) and Examine If Open (XI10)

Examine On

Examine Off

—ill= —N—

Normally Open Normally Closed

Examine if Closed Examine if Open

XIC X0

The EXAMINE OFF instruction is only logically true when the device referenced 1s OFF, or
open. Figure 8-6 shows the EXAMINE OFF instruction now used for address 1:010/00. The
processor is asked to examine the address location for an OFF (open) condition. If an OFF condi-
tion'is found, then the instruction is logically true and the output 0:012/01 would be tumed ON.
If. on the other hand, the switch was found to be ON (closed), the logic would be false and the
lamp would not be turned ON.

H C—

00 01

Figure 8-6 EXAMINE OFF Instruction

At first these two instructions may seem to be contrary to the logic of hardwired contacts, 50 1t 1S
ll'npnrtant to remember that these are instructions to the processor, and are not hardwired contacts.
A reyiew of both instructions seems appropriate.

EXAMINE ON

request to examine the address of the contact for an ON c:nn'dumn, Il‘ﬁlh‘e_ N.O.[FT;T;I hﬁpﬁ?ﬁilﬁi
@_ﬂﬂfa.ss.and if the real-world input tle\lit:t{ is closed, crr‘Of‘\-. IhL pr?f:b?f Fgr - gir D o
a bit set to 1, or ON., is a true condition, and a logic path :::-;lslsi tl’rlml:ig‘;l‘ _"- C‘;": r:q:e § i e
\OFF. and the contact would be false as far as the logic of the ladder diag :

‘would not allow a logic path.
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When the STOP button is released or closed again, bit 00 is again set to 1. or ON (Figure 8—8¢).

The output (0:012/01) is not energized, however, as the START button (bit 01) 1s O (QFF). and the
holding contacts (b1t 01 of word 012) are cleared 10 0 (OFF).

16 15 14 13 12 14 10 07 06 05 04 03 02 01 00

0

000000000000]10’1

INPUT IMAGE WORD 010

17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00
ololo|o|o } 0|o|o } ol o \ ololo! o | o|o
OUTPUT IMAGE WORD 012 | |

Figure 8—8e Bit Status for Input Image Word 010 and Output Image Word 012

With STOP Button Released

Another way to look at the normally open and normally closed symbols used for programming the
PLC is called the relay analogy.

For the sake of discussion, imagine that each input device is connected to an invisible control relay
inside the input module, and that each control relay has one normally open and one normally

closed contact as shown in Figure 8-9.

Connect one lamp to the n

L1 12

—_—

STOP
START
=i

Figure 8-9 Imaginary Control Relays Wired to an Input Module

ormally open contacts, and another lamp to the normally closed contacts

of CR-1, as shown in Figure 8-10.

L1 L2

=
STOP 00 :
¢ oin——O—1F

|

ik LAMR 1
1 — O
CH[1 LAMP 2\‘0’.
N O

N.O. and N.C. CR-1 Contacts

Figure §-10 Lamps Wired (O
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The rules for contacts that répresent re

al-world input dey

:.__&%14& ices are shown in Figures 8—14a and
= NORMALLY
|| NORMALLY

open T

— ; - : CLOSED
_m .-:1; zul;tglmg device is ON, the normally open - When the controlling device is ON, the normally closed
ﬂﬁheﬁ the u‘ﬁntrnliing device is OFF, th e T Ope .
1= S e normally open | |- When the controlli -

contact i NG device is OFF, the normally closed
—a L __contact is closed.

Figure 8—14a Normally Open Contact

Fi ih N :
of an External Input igure 8-14b Normally Closed Contact

of an External Input

There are fln invi§ihle control relays in the input modules, and there are also no symbols on the

‘programming device for STOP buttons, START buttons. limit switches, and the like. As lone as

,:rg_la)rgunlacl :symbﬂls must be used in place of regular input symbols, the relay analogy is an easy

:_‘.ra_}:j't’n explain why normally open contacts are pmgrammed o represent n{;rl'ﬂﬂ]l}f closed inpﬁt
eVviCces.

Itdues not matter which approach you use to understand the logic behind the way that PLCs are
pmgrammed as long as you do understand it. The author believes that the EXAMINE ON and
EXAMINE OFF approach is the easiest and clearest way to look at programming. The conversion
of ladder diagram to PLC program will be quite simple once you clearly undersiand the concept of
EXAMINE ON and EXAMINE OFF.

Clarifying EXAMINE ON and EXAMINE OFF

metlie previous discussion and examples, it appears that all input devices. whether they are nor-

mally open or normally closed, are programmed as N.O. contacts to achieve the desired results in
the ladder diagram. For many circuit applications this is true, and a big advantage of this program-
ming technique is the ability to turn single-pole input devices into double-, three-, or four-pole de-
wices in the circuit. Figure 8—15 shows a double-pole pressure switch (PS-1) controlling two
outputs: motor 1 and motor 2.

L1 L2
PS-1 oL

RUNG #1 &—0-T © M)
: —
1 | O.L.
. | -

#2 '__OIEG

Figure 8-15 Double Circuit Pressure Switch
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Even though only double, three, and four poles were
memory 8ize) Lo the num imes an i L.

g:;u“l:}' This )pmgramminhmt F]fhupwh an input device can be addressed and used in a programmed
: g. echnique allows for six-pole, seven-pole, eight-pole, anc :

yices [0 be programmed using only a ?iiﬂﬂ]f-[‘}l_ﬂﬂ discrete i}ﬂk-ice pole. eight-pole. and so on. de-

mentioned, there 18 no limit (exceptl user

"171"%-?"' i :;““3"_ m_':“e"_“PP'l“i“ii"an and circuits that normally require two- or three-pole devices
}hat: E:iﬂih:;?;}:";; hlngéc-pnlc dcwr{es when programmed for a PLC. Examples. are Idnuhle-pnl;':
1L SWILC rward and reversing circuits, and double-pole pressure switches f ‘d 1

;qutqulers._ sure swilches Ior duplex

w';a}ilh.ﬂilpl‘t::rgrﬂl‘rlm:j ngF{:.'UIIIﬂC[H (N.O. or N.C.) which are controlled by outputs, the familiar standard
e ay .:..F'g.’“dl.b used. . Igure 3-i?.u shows a standard STOP/START station: with pilot lights, Lamp |
.;g_grgen) Il‘l .103@5 power |5_a1_~'ailuble. and lamp 2 (red) indicates the eircuit 18 activated. Figure
8—17b shows how the circuit is programmed. -

15 12
24 l-ima 1:010 L0l 0:012
L | | | | | £
—IA—s [ LT T LI |\
bl A 01 02 03 00
0:012
| |
| |
= , 0012 L 0:012
~LavMP1 | LA LAMPY ¢y
(©) d |
/ 00 01
N i 0:012 0:012
~ LAMP 2 I LAMP2  ,
P ? | | Pany
\ 00 02

Figure 8-17b Programmed Circuit for

1
Figure 8-17a Ladder Diagram for STOP/START
STOP/START Station with Indicator Lamps

Station with Indicator Lamps

RUN mode, lamp 1 lights due to the N.C. contacts 0:012/00.
0:012/00 energizes, N.C. conlacts 0:012/00 open
N.O. contacts 0:012/00 close (go truel, lamp 2
true to complete the circuit logie.

Vhen the processor is placed in the
When the START button is depressed, output
(go false), and lamp | (0:012/01) goes out.
(©:012/02) turns N, and the holding contacts (0:012/00) go

e that the output, holding contacts, N.C. contact, and N.O. contact for the lamps all have fht"
(et 7N 1Y o bit 00 of word 012, and this same bit (00) 15 refer-

l"-"f'g'_i_:_lﬁl‘iess (0:012/00). The address reters { word 1 ! , AT
‘enced four times in the ladder diagram. The EXAMINE OFF, or N.C. contact, 18 !ngwull}; true
Eﬂ“ﬂlﬂﬂlh cleared to 0 (QFF), whereas the EXAMINE ON, or N:O: contacts, are not logically
iEgﬂ ntil bit 00 is set to 1 (ON).
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17 16 15 14 13 12 .
—_— . 1 100 07 06 o5 :
| : 4 08 @2 o1 o0

) fiojojojojojofo[o]a]o 1{ojofo
INPUT IMAGE WORD 010 : 1 .

10 07

____..o. 0[O0 |0 U!Ulﬂl‘oln|0|o’|ulu'\o\1 n]
OUTPUT IMAGE WORD 012 - ' -

Figure 8-18d Bit Status f-DE' Input Image Word 010 and Output Image Word 012
With STOP Button Depressed :

A7 16 15 14 13 12 11 10 07
ololololo | 0 l 0
INPUT IMAGE WORD 010

D|I0{!0

if 168 15 14 13 12 11 10 07 ©0O6 05 04 03 02 O1 00
olololo o\oiolo\o‘o]nw 0 0'110'

OUTPUT IMAGE WORD 012

Figure 8—18e Bit Status for Input Image Word 010 and Output Image Word 012
With STOP Button Released

Chapter Summary

the PLC at first seems to be in conflict with standard luddgr
MINE ON and EXAMINE OFF are understood, the logic
‘nstruction looks for an ON condition. and will

ﬁ&ﬁfﬁfﬂy-lﬂgic used for programming
logic. But once the concepts of EXA gl
TORERE 1% and. An EXAMINE ON . ol 2
fﬁ;ﬁglzﬂu};éﬂﬁlﬁ; r;dﬂx\’ condition (a 1) is found. T.hr: EXAMINE OFF l_l]SI:TUL‘HG.ﬂ mllthtl’e
;ﬁa’ﬂ}'htme when an QFF condition (a 0) is found. Looking at the actual smu_n: Glt [}E b{:ﬁ:-“: mn
vidual I/O words is another way to help understand how the processor logi .“’:;Eé Dhll;;:;; ?
B0t examine if closed (EXAMINE ON) and the X10 or examine . aped [.h.h? > th nnnn:fii'
“Hmay be helpful. Others find that the relay analogy approach o e '

W AMIN symbols used for programming 1s
1 (EXAMIN : ally closed (EXAMINE OFF) sym o el e
(EE o ON)NJQET ﬂﬂfﬂlﬂ }l the fact that an N.C. STOP button, or d 5a_mllar closed mpgl
. Another approach lbﬂlﬂ HGEEP N. 0. contact symbol, and just have the philosophy that logic
‘must be programmed using an .4 £ S)  AllG

ive to application and don’t worry about it.
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is in the RUN position

stion 2 is program ed using a N.C. contact symho]
en (eheck all correct answers): |
After cu_m’pleting this chapter you should have the knowledge to:
| « Explain the term On Line Programming. -
' » Describe basic programming lcchniquéa.
e e l Define the term maemonic and give examples of mnemonic names.

Describe the Force On and Force Off features, and the hazards that could be associated

E}..Ef)}j!?i_iui iction,
with both.

or the following contacts:

-

bl s g

——— —
_ —
|—

The electrical symbol keys on dedicated programmers,

| ;‘f@ﬂ@}-ﬁﬂntams, N.C. contacts, branch circuit start and end. coils/outputs, fimers,
forth, use OP codes (operating codes) to tell the processor what 1o do.

ranch end” refer to the start and end of circuit
l.

or programming software, that represent
counters, and so

Note: The terms “branch circuit start” and “b
Junetions where contacls are connected in paralle
d for an OP code to tell the processor what

I
F
With a 16-bit word of memory, four bits are usually use
to do, and the remaining 12 bits are the address and tell the processor where 1o do it. When the key
for a normally open contact symbol (Examine ON) is pushed and then followed by an address, one
word of user memory is used. Four bits tell the processor to treat this as an N.O. contact, Or a re=
|| H@Eﬁﬁ‘ﬁtamine ON. The next twelve bits hold the address or locaton of the input, output, Or in-
—d ternal location with which the contact is associated.
I
‘For most PLC systems, each N.O. and N.C. contact, branch start and end, u_nd Fﬂ“ mutpun_in-
Struction requires one word of user memory, whereas tmers and counters require !mm two m‘ five.
depending on the PLC. [n reality, when a contict is entered and addressed, one full w mjd of user
memory is used. Most programmers or software programis display the mi_.:.l nl!‘ﬁﬂ?fl' ql 1.11emﬂ0r1.r1
- oping the program. The total also includes any words of

words used at the completion of developt! |
'_m‘?ﬂ‘ﬁmif any, that the processor used for internal purposes.

v
e T

two Or more words for
{0 use more of the
< | bit of a 16-bit

ord for each contact or coil, and

B aires one full W _ _
not unusual for the User memory

each timer and/or counter pmgmmmcd* it 18 258
"“”' words than the storage memory, since the storage memory only Use
‘Word 1o store the status of the various 1pU! and output devices.
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Since the user program req
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Figure 9-1b Keyboard Overlays
(Courtesy of Allen-Bradley)

Mounting
Notch :
Keytop Overiay

Figure 9-1¢ Installing an Overlay on the Keyboard
r(_-p“ﬁ'[ Y .a_f A ”r’FI‘BrEI(ﬁE_‘-'J

PROGRAMMING WITH A COMPUTER

Many companies have developed software for programming PLCs. For purposes of illustrating

how the software works, and the relative ease of programming, the author has selected the

RSLEopgix software created by Rockwell Software for programming the Allen-Bradley family of
programmable controllers. This software, in various versions, can be used to program the PLC-S,
SEE 500, or the MicroLogix family of processors. The software is Windows® based and very user
friendly. For this programming example, we will use RSLogix 500 to program an SLC 5/03
processor mounted in a 4-slot chassis as shown in Figure 9-2a.

CESSOR 5-POIN 2-POINT 16-B0INT
PROCESSOR 16-POINT 12-PC OIN'

FOREREVETEY GR. 03 ! INPUT I INPUT | OUTPLT
1746-P1 1747-L.532 MODULE MODULE MODULE

— —

o
— e —

Figure 9-2a SL.C 5/03 Processor Mounted in a 4-Slot Chassis
. Wi = -
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Figure 96 Screen After Processor Information has been Stored

!“_. ' '[b?t side of the screen shows the Project Tree while the right side of the screen is e |
ing Area. Either area can be increased in size, ‘minimized. or closed by left clicking the
I.E"Er -11 e u| i mm;’]ﬂm&m

Under th the projeet tree, the main folders are Help, Controller, Multipoint Monitor, Program Files
ww.mmames.@uﬁxmﬁﬁﬁmﬂm, and Data Base. Not all of these folders will be dis- |
 cussed since the intent of this section is mere jﬂit_aﬂlum'ata the relative ease of programming usin

the E@Lﬁgmmm.,mmdﬂﬁﬁﬁ € programmin,
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~ Double E%gaﬁn#ﬁ&nﬁmﬂéhfﬁl\ﬂ” opens the folder and produces the screen shown in Figure 9-
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Double clicking on Controller Properties produces the sereen

S - — Pm_‘_grumming a PLC #* jiEii

screen, we can see the number of program files and data files
used and the memory left. In the screen shown th
Memory Left areas. because no prog

Controller Properties ]

Gene !Ecrr-n-bfl Patsserds | Cortiofes Crmmuncasons |

Procasssy Type

1747-1532C/D 5/03 CPU - 16K Mem 05302

Procestoy Name | TEST
Progtam Crechoum 0
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Piozam e
Data Fres
Memoy Uked

L&

Memary Left

ok = Heip I

Figure 9-8 Controller Properties Screen

Closing out Controller Properiies and double clicking on the /O Confi
the screen shown in Figure 9-9. From this screen. we can configure the U/

SLC 5/03 processor is installed in a 4-slot chassis. From this window select either a 4-slot. 7

10-slot, or 13-slot chassis by clicking the button on Rack 1.
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Figure 9-9 10 Configuration Screen

shown in Figure 9-8. From this
. and also determine the memory
€r€ 1S an (*) in both the Memory Used and
gram has been dey eloped yet and no memory has been used.

ouration symbol produces
0. As stated Ldrhu.l'. the
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Figure 9-12 Power Supply Loading Window

This window estimates the loading of the rack. In this illustration, the estimated S-volt current
Joad in mA (milliamps) is 861 and the 24-volt current load is estimated at 355 mA. This window
also estimates the margin of mA load that s proy ided by a 1746-P1 power supply bey ond the mA
load for the mix of VO currently installed. The estimate for the S-volt current is 1139 mA. We

ould add an additional 1139 mA of load before the P1 power supply would be at full capacity.
he message at the bottom of the window
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mfswmdﬂ“;: ot mud‘jlmh" “fllhi ﬁ_l"‘w'i ﬂ'_ll"ti.'f words nf_ the input file. The first address 1:1.0 indi-
cates this is an mputr © installed in slot 1. If we refer back to Fieure 9-2a. the 16-point input
ﬁﬁdulﬂ' was md'm:d mslulh::d n slot 1. Also, in Figure 9-11, an i;ipul mc‘:d!;ﬂe l?-lff—f*lﬁ 5&5
shown in}‘slfl"e‘j A 51‘:‘1.1 of the 4-slot chassis. The individual output devices are represented by
pits 0 mmugh 15. Again note that the hit addresses are in decimal format. not in m:tai like the
:.A-uﬁm-:_BrﬂdlE}" PLC-2 and PLC-5 families of PLCs. ‘ ‘
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The next two addresses are 1:2.0 and 1:2.1. These addresses indicate that an input module is in-
stalled yn slot'2 but requires two 16-bit words of memory. If we refer back to Fiﬂﬁre 9-2a again, a
jjﬁ;pq‘inl input module was installed in slot 2. Figure 9-11 showed that input module 1746-1#32
?.i?ﬂﬁ-in'slﬂ'llfd in slot'2 of the 4-slot chassis. Because this input device has 32 points. or terminals, it

requires two words of memory as shown in Figure 9-14.

From this Window, each bit (input device) can be assigned a Symbol and a Deseription. The sym-
hol tells what the device is and the description explains what it does. The symbol and the descrip-
tion are entered by typing the information into the appropnate box. For the example in Figure
;ﬁi-'l'_ﬁ“,_;ifor address 1:1.0/0, the symbol was identified as a PB 1 (pushbutton 1). and the description
45 Stop. This is the address that will be used for the STOP button in the STOP/START circuit to be
programmed. The information for each connected input device can be entered in this same man-
Her Information also can be assigned to input and output devices as the program is being written.
If this is the case, the symbol type and description will be shown automatically when a Data File
window 1s opened.
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As with the Input Data File, each output devi e e W

VICE can be given # cv : 2 .
screen. “ given 4 symbol and a description from this
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'tend"'d to show the power of the RSI oo Eix softw information that can be obtained is in-
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Figure 9-18 Programming Screen

iTHe box at the upper left-hand side of the programming screen has four zeros (0000) inside the
box> The four zeros indicate Rung 0000. To start to develop a program, single click on the New
ﬂﬂﬂg. button above the program area. The New Rung button is the first button and uses this sym-
Dol --I—|. Figure 919 shows the screen with the new rung added.
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Figure 9-26 Second Contact Added

Bm‘:ﬁuse all'unnecessary zeros will not be displayed, double click on the (?) and enter the address
I:1/1 for the START button. Figure 0-27 shows the START button contacts with the address I:1/]
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Figure 9-30 START Button with Symbol and Description Notations

To add the holding contact from the Molor Starter, poinl the arrow at the lower left-hand comer of the
BRANCH START instruction and click. This causes the heavy line to appear as shown in Figure

O-11.

I’ REL e =0 - Tz « JLAD T =

: Fm !ﬂ By rﬂ-| i= i"'-- oT - __' :lﬁﬂ
5 '..m'a;-g:g}:ﬁugg -

E ‘.-u. i-t:ﬁ-:m :w_ |

- =

™ - = .—:

| ¥ .
< vus ] ——jli i — m— e — n — - —r
= — — _— —i K —

=t

- - = wlid 1_3_-

o Ny L o e 70 |

m__ o F - ——

Figure 9-31 Heavy Line in Lower Left Comner
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_ o1 aft yalues were given, That was because

alues Table 9-1 Mnemo
hat @ F | has been developed, we can open ihy | ' nic Names for Commonly Used Instructions

SOrY 0T qn ha ﬁiﬁi‘é used. Figure 2—16 shows the 1 INSTRUCTION \
miEH_MImwiwlpﬁjﬂcl TEST used SCEVEN in. I
w there are 12281 instruction words Examine if Closed (Examine ON) \

MNEMONIC NAME
XIG

Examine if Open (Examine OFF) X0

I
1_
Output Energized ] OTE
Branch Start \ asT

_Nekt Branch NXB

Branch End BND

QUHJU! Latch OTL

| Output Unlatch oTuU

One-Shot Rising | OSR

Timer On-Delay TON

| Timer Off-Delay TOF

Retentive Timer _ RTO

e —

Count Up CTU

w| 0
== i : Count Down CTD

llf T ]r-n1|'r nu St 1 1:— en & h“inj”"h \ l,.l WWDtdS Used | -:. 'HESE‘l l RES

——————

By 1I.lS‘,I?ﬂg the mnemonic names astead of clicking on the symbol buttons at the top of the pro-
gfﬂl'ﬂl‘mng area, programs can be entered mare quickly. The mnemonic names are ty ped 1n Stnngs
ﬂlﬂ space between each mnemonic name and address. Figure 9-37 shows the STOP/START
:mte"lilt ladder diagram that represe nts the circuit prev jously progre ammed,

PB 2 MOTOR STARTER
I -_m ART), then a BRANCH START HE STOP
R l,,r mhar contact (holding cor STOP

2 anstruct '."'l.l'.".'?.l.lﬂ ‘I.-H-l‘-.-*r

G MNEMONIC STRING

software ﬂﬂt re.ﬂuces the time and

1is som referred to as the
""”. jan kriow the mnemonic narc: 0t
1051 CC ;mulu;ﬂb‘"ﬂ' ;’:ﬂﬁMlﬂn-Bradk} I

Figure 9-37 Basic STOP/START Circuil
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Enter the mnemonic string by typing in the information,

XB XIC O qﬂg,.h 0:3/0 |
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Figure 10-5 Parallel Output Format

OhenBECs like the Allen-Bradley PLC-5, allow multiple outputs that can be ON or OFF at dif-
ﬁl’e peimes. depending on the network logic (illustrated in Figure 10-6).
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Figure 10-6 Multiple Outputs
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Figure 10-10 Hardwired Circuit

[f the circuit shown in Figure 10-10 was programmed into user memory as shown in Figure
”[:um ?-t the processor would ignore contact combination F. D. B. C hecause it would require
powel r;ﬂuw {Iuﬂlf continuity) from right to left. If combination E D. B. C was required, the circuit
would be reprogrammed as shown in Figure 10-11h.
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Figure 10-11a Circuit Improperly Programmed

Figure 10-11b Circull Properly Programmed
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Fro mu.’;.; n-- standing of how a STOP/STAR
ON and E F INE OFF instructions, it is ¢

:l.  WOL 1 bB for the STOP button 1o be

T vircut works. and an onde rﬂmdmﬂ of the EXAMINE
dS¥ 10 522 that the only way the circuit could be logically

b wired open. By usine
- -:_ 1s| u stion 1s true and the circuit energizes when the STT;( [Jh;t( :1 EFP(F)P :Zm_}?m u;r;_}:i\il;f;
LA PARS 1S
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< Stopped, or tummed OFF. is if the STO :
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*'LJ“" iﬂ PBSS]bIE 10 complete the logic of the circuit and enermize the equipment, but impossible 1o
\deenergize the equipment. With the wire broken, changes in the <tatus of the STOP bunnnp;_annm be
conveyed to the processor. and the circuit and/or equipment cannot be deenersized.

Sa ,i,rj; eiNote: All STOP buttons must be wired so that a failure of
J,,u:r;{,-;-r Lﬂlﬂ} break logic continuity and turn the circuit OFF. A

'.",|',?_l_-_“ A ﬂ'ICEJ ﬂﬂd pragram the circuil 50 that l.i' the real- world d

dition, no I;.g.,-sqffg' hazard.

the switch or a broken wire will
good programmer will always

evice fails, i1 creates a safe con-

H_HTEA“:I]I; Gﬁ‘hﬂ of \'-*ifiﬂ“ STOP buttons in the N 0. pﬂuﬂlnn Wwas common d'-.lﬁl"i" the 1980<. If an
eli lan or teehnieian finds equipment wired in this fashion, he or she should change the stop
|.~.mu}|‘b 9'N.C: and the PLC program from EXAMINE OFF to EXAMINE ON.

The S Jltr ART button should be wired normally open (N.O.) and programmed with an EXAMINE
N ,Lr‘ﬁn ctmn. As a general rule. all input devices. except STOP buttons, are wired normally
ppenand given EXAMINE ON instructions in the program.

LOGICAL HOLDING INSTRUCTIONS

In previous programming examples we have used the output address 10 address the hluifling *_:r:_tn—
LaCLs. '_.h method of providing holding logic works we -1l in many applications and cllmmat:_:a ﬁjre
I![_v -lf|‘1!ﬁ I:Illﬂ.“.}‘ wire the hﬂ]dmﬂ' conlacts on the motor starfer. When the output address i1s also
LS *[”ia -lh’ﬂ':hﬂ]dinﬂ conlacts (logic). the circuil is maintained logically because the m_n‘{put pmnt
has |I sen‘turned ON. This 1s no guaranfec, however. that the actual molor starter connected to the

"”-'_J."._li};:g.L ﬂﬂulﬂ::has been Lm,rr-u_r.d.

TE HOLDING CONTACTS

i ‘E"“H’%‘ l‘ﬁﬂl way to know that the starter has energized is
"” motor starter to an input module point. qnd use that
o '.'-”'4"“! lhl('s 'method has many advaniages, and short of Inst
?*‘“i the motor starter has been en-_rummi

OVERLOAD CONTACTS

ire the overload contacts 10
r coil (shown in Figur
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address when pmummmuw the holding
alling 2 MOLOr SENSOF, 1S the best way
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o ver

an input mogdule, but instead to wire the
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1t "-’.j" QImnmon pl‘ilLIIEB not Lo W
(6} .14'&& nﬁicts in series with the starte

er, | .Lqu*J{‘ 'ﬁ‘n"ﬂl’lﬂad that opens the overload contacts o
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Sine if they have tripped. Any address used in the PLC prog
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r — ’ e “ Hf sen to determine if the device ; is ON or OFF. Byvie, TI;T lii:ﬁ be viewed on the program-
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[ e
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Figure 10-23 Overload Contacts Wired in Series With the Starter Coil
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Program Control
Instructions

Al ter completing this chapter, you should have the knowledge 10:
"i; Write a program using a latching relay.
» Understand the term retenrive.
* Write a Program using a master control relay.
- !lndﬁmland the | Importance of a safetv circuil.
» Describe how an immediate input instruciion could be used.
= Describe how an immediate output instruction could be vsed.
« Write a program using the jump and label instructions.
£ _ﬁwc d reason for using the temporary end instrucnon.

MASTER CONTROL RELAY INSTRUCTIONS

In standard relay control systems.
Bt mvi ‘to selected rungs. This allows selected rungs, or the
%_*j_ljﬂ_.-_n.l_'rgir “off the master control relay (MCR). Figure 11-1 shows a typical b

relay that Rﬁﬂtmlb power for the whole circuil.

astern C umrul Relay

Figure 11— 1 Hardwired Ms

4 master control is often used to control power (@ the entire cir-
whole circuit, to be deenergized by
ardwired master control
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"w[t'!l“““l il MCR zones can be created within the program usin

g pairs of MCR instructions. MCR

RUNG 1

010

’-:}3‘_— \ Ji2

TON
— TIMER ON DELAY
TIMER Td:
TIMEBASE 10/ , &
| PRE 30 I'"{FE“..-:’”__"
| ACG (11 |

Fi'gure 11-3 Two MCR Instructions Used to Create a Control Zone

& *p; 4”ﬁf' te: A Plf}'grﬂnmwd MCR must never be used 1o replace a hardwired master conirol

relay 'F;frf%w emergency shutdown.

LATCHING RELAY INSTRUCTIONS
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D 1:'1 pateh (OTL) and Output Uny; ich (OTU) ins tructi be programmed using the Allen- Bradley
£ > L

-u"_ﬁ' PL!CS

0ns used for their PLC 5. SLC 500, and

Figure 11-5 Programmed Latch and Unlatch Rungs
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Figure 11-6 Programmed Latching
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e -minl« 1 ﬂl’.ﬁ Iﬂpl!l instruction | is used when it becc
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‘Eigure 11-8 Programming an Allen-Bradley PLC-5 Immediate Input Instruction

Jgjs'g}-_ll.m"gril QL0/00 1S true, the program scan is interrupted while the input status for input image
word 12 mpdated (rack 1, module group 2). As soon as the input word has been updated, the
can con S. Bigure 11-Y shows the typical scan cycle and how 1[ is interrupted for the immedi-

of the status of the input devices in rack 1, module group 2.

IMMEDIATE INPUT INSTRUCTION
/O SCAN
>
___ PROGRAM SCAN

_ IMMEDIATE INPUT INSTRUCTION
" INTERRUPTS PROGRAM SCAN

HERE |\ IFH@GHAM—-"
RETURNS TO
PROGRAM SCAN
INTERRUPT PROGRAM SCAN
o > UPDATE INPUT IMAGE TABLE
WORD (012 I NORD WITH CURRENT
16B8I1S 1 HIE STATUS OF ASSOCIATED
FROM ONE [MIB MODULE (/0 GROUP
MODULE LR snoup 3 PROGRAM SCAN CONTINUES
GROUP WRITTEN (INPLIT) 4 PROGRAM USES'NEW
INTOINPUT IMAGE INPUT STATUS
TABLE WORD 12

(lIN)—
—_-_-_-_._ﬂ_—'_— 1

Figure 11-9 Scan [nterrupied for Immediate Input Update
- (Courtesy af Allen-Bradley)
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Figure 12-9 OFF Delay Symbols
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Figlre 12-10 compares both types of symbols used for ON detay and OFF delay timer relays.

N.O. TIME OPENING

N.C. TIME CLOSING |
OFF-DELAY

N.O. TIME CLOSING e
e ON-DELAY GEF-DELAY

-

N.O. TIME OPENING
QFF-DELAY

—li=s

N.C. TIME CLOSING

ING
N.O. TIME CLOSING OFF-DELAY

N\C. TIME OPENING
LE ON-DELAY

EEEILA‘.I'

A r.-

PN T O,

Figure 12-10 ON and OFF Delay Symbols
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TIME DELAY RELAY TIME DELAY RELAY

Figure 12-12 Instantaneous Contact Symbols
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Figure 12—-13a ON Delay Timer Circuit
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Figure 11-9 Scan [nterrupied for Immediate Input Update
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Figlre 12-10 compares both types of symbols used for ON detay and OFF delay timer relays.
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Figure 12-10 ON and OFF Delay Symbols
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