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Preface

Technological advances in recent years have resulted in the development of the
programmable logic controller (PLC) and a consequential revolution of control engineering.
This book, an introduction to PLCs, aims to ease the tasks of practicing engineers coming
into contact with PLCs for the first time. It also provides a basic course for students in
curricula such as the English technicians’ courses for Nationals and Higher Nationals in
Engineering, giving full syllabus coverage of the National and Higher National in
Engineering units, company training programs, and serving as an introduction for first-year
undergraduate courses in engineering.

The book addresses the problem of various programmable control manufacturers using
different nomenclature and program forms by describing the principles involved and
illustrating them with examples from a range of manufacturers. The text includes:

* The basic architecture of PLCs and the characteristics of commonly used input and
outputs to such systems

* A discussion of the number systems: denary, binary, octal, hexadecimal, and BCD

* A painstaking methodical introduction, with many illustrations, describing how to
program PLCs, whatever the manufacturer, and how to use internal relays, timers,
counters, shift registers, sequencers, and data-handling facilities

* Consideration of the standards given by IEC 61131-3 and the programming methods of
ladder, functional block diagram, instruction list, structured text, and sequential function
chart

* Many worked examples, multiple-choice questions, and problems to assist the reader
in developing the skills necessary to write programs for programmable logic
controllers, with answers to all multiple-choice questions and problems given at the end
of the book

ix
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x Preface

Prerequisite Knowledge Assumed

This book assumes no background in computing. However, a basic knowledge of electrical
and electronic principles is desirable.

Changes from the Fifth Edition

The fourth edition of this book was a complete restructuring and updating of the third edition
and included a more detailed consideration of IEC 61131-3, including all the programming
methods given in the standard, and the problems of safety, including a discussion of
emergency stop relays and safety PLCs. The fifth edition built on this foundation by
providing more explanatory text, more examples, and more problems and includes with
each chapter a summary of its key points. The sixth edition has a new Chapter 1 with a
comparison of relay, microprocessor and PLC controlled systems, an updated consideration
of commercial PLCs, and more discussion of the merits and problems of the various PLC
programming methods given by the IEC 61131 standard. Chapter 2 has had some new
material on sensors included. The discussion of sequential function charts in Chapter 6 has
been rewritten to give more detail of the method. In Chapter 10 the part concerned with the
sequencer has been rewritten. The section of Chapter 13 concerned with forcing has been
extended and Chapter 14 has had more case studies added.

Aims
This book aims to enable the reader to:

* Identify and explain the main design characteristics, internal architecture, and operating
principles of programmable logic controllers.

* Use PLCs of different sizes and from different manufacturers.

*  Use commonly used input and output devices with PLC systems, taking account of their
characteristics.

*  Explain the processing of inputs and outputs by PLCs so that input and output systems
can be used correctly with PLCs.

* Use communication links involved with PLC systems, recognizing the protocols and
networking methods involved.

* Use ladder programs involving internal relays, timers, counters, shift registers,
sequencers, and data handling to tackle applications.

* Identify safety issues with PLC systems so they can be used safely.

*  Use methods used for fault diagnosis, testing, and debugging.
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Timers

In many control tasks there is a need to control time. For example, a motor or a pump might
need to be controlled to operate for a particular interval of time or perhaps be switched on
after some time interval. PLCs thus have timers as built-in devices. Timers count seconds or
fractions of seconds using the internal CPU clock. This chapter shows how such timer
function blocks can be programmed to carry out control tasks.

9.1 Types of Timers

PLC manufacturers differ on how timers should be programmed and hence how they can be
considered. A common approach is to consider timers to behave like relays with coils that
when energized, result in the closure or opening of contacts after some preset time. The timer
is thus treated as an output for a rung, with control being exercised over pairs of contacts
elsewhere (Figure 9.1a). This is the predominant approach used in this book. Some treat a
timer as a delay block that when inserted in a rung, delays signals in that rung from reaching
the output (Figure 9.1b).

There are a number of different forms of timers that can be found with PLCs: on-delay, off-
delay, and pulse. With small PLCs there is likely to be just one form, the on-delay timers.
Figure 9.2 shows the IEC symbols. TON is used to denote on-delay, TOF off-delay, and TP
pulse timers. On-delay is also represented by T—0 and off-delay by 0—T.

On-delay timers (TON) come on after a particular time delay (Figure 9.3a). Thus as the
input goes from O to 1, the elapsed time starts to increase, and when it reaches the time
specified by the input PT, the output goes to 1. An off-delay timer (TOF) is on for a fixed
period of time before turning off (Figure 9.3b). The timer starts when the input signal
changes from 1 to 0. Another type of timer is the pulse timer (TP). This timer gives an output
of 1 for a fixed period of time (Figure 9.3c), starting when the input goes from 0 to 1 and
switching back to O when the set time PT has elapsed.

The time duration for which a timer has been set is termed the preset and is set in multiples
of the time base used. Some time bases are typically 10 ms, 100 ms, 1 s, 10 s, and 100 s.
Thus a preset value of 5 with a time base of 100 ms is a time of 500 ms. For convenience,
where timers are involved in this text, a time base of 1 s has been used.

W. Bolton: Programmable Logic Controllers, Sixth Edition. http://dx.doi.org/10.1016/B978-0-12-802929-9.00009-1
© 2015 Elsevier Ltd. All rights reserved. 225
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226 Chapter 9

Timer coil

Timer

contacts
A/Time delay
set by timer

HH

Timer Output

—

Zifi(\):ted T_ime delay before input
signal reaches output
(a) (b)
Figure 9.1: Treatment of timers.
TON TOF TP
BOOL IN Q BOOL BOOL——IN Q}—— BOOL BOOL——IN Q+—— BOOL
TIME PT ET TIME TIME——PT ET—— TIME TIME ——PT ET+—— TIME
On-delay timer Off-delay timer Pulse timer

Figure 9.2: IEC 61131-1 standards: IN is the Boolean input. Q is the Boolean output.
ET is the elapsed time output. PT is the input used to specify the time delay or
pulse duration required.

Input l:l Input ’_I Input ’—‘
Elapsed Elapsed Elapsed
time time time /—
Timer Timer Timer

output output output

<+“—> <+“—> <+—>
PT PT PT
(a) On-delay timer (b) Off-delay timer (c) Pulse timer

Figure 9.3: Timers: (a) on-delay, (b) off-delay, and (c) pulse.

9.2 On-Delay Timers

All PLCs generally have on-delay timers; small PLCs possibly have only this type of timer.
Figure 9.4a shows a ladder rung diagram involving a on-delay timer. Figure 9.4a is typical
of Mitsubishi. The timer is like a relay with a coil that is energized when input In 1 occurs
(rung 1). It then closes, after some preset time delay, its contacts on rung 2. Thus the output
occurs some preset time after input In 1 occurs. Figure 9.4b, an example of a possible
Siemens setup, shows the timer to be a delay item in a rung, rather than a relay. When the
signal at the timer’s start input changes from 0 to 1, the timer starts and runs for the
programmed duration, giving its output then to the output coil. The time value (TV) output
can be used to ascertain the amount of time remaining at any instant. A signal input of 1 at
the reset input resets the timer whether it is running or not. Techniques for the entry of
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Timers 227

Input In 1 Timer TON S is Boolean start input.
X400 T450 K5 Input In 1 To Q2.0 TV is_ _durgtion of time
LD X400 10.0 TON : specification.

A 0.0 Ris Boolean reset.
out '5I'450 ’7 s Q ( LKT 5.2 Blis current time value

SR TO in binary word.

P

Timer Output

T450 Y430 LD  T450 | KT5.2—TV Bl A TO BCDis currenttime
OUT Y430 —R BCD = Q2.0 value in BCD word
Q is Boolean output,
(@ (b) indicating state of timer.
10,0 TO 00,0
( X001 Y020
1s=TB H }_ 00010 TON TOO1 — }{
P=10
() (d)
Input
1:012/01
TON Input ] The enable bit EN is set to 1
TIMER ON DELAY ( EN ) Time when there is a logic path to
TIMER T4:0 the timer. The done bit DN
TIMEBASE1:0 | py EN indicates the status of the
PRESET 5 Time  timer and is set to 1 when the
ACCUM 0 accumulated value equals
) T the preset value. If EN is not
Timer Output Time  setto 1 for | hi
T4.0 001210 set to 1 for long enough for
‘ /- DN /_¥ the preset time to be
44 < > Time realized, then DN remains
‘ \\ Dela at 0.
() DN y

time

Figure 9.4: Timers: (a) Mitsubishi, (b) Siemens, (c) Telemecanique, (d) Toshiba,
(e) and Allen-Bradley.

preset time values vary. Often it requires the entry of a constant K command followed by
the time interval in multiples of the time base used. Figures 9.4c, 9.4d, and 9.4e show
ladder diagrams for Telemecanique, Toshiba, and Allen-Bradley, respectively. The Allen-
Bradley timer symbol shows the type of timer concerned, the timer address, and the time
base that indicates the increments by which the timer moves to the preset value, such as
0.001 s, 0.01 s, 0.1 s or 1s. The preset value (PRE) is the number of time increments that
the timer must accumulate to reach the required time delay, and the accumulator (ACC)
indicates the number of increments that the timer has accumulated while the timer is active
and is reset to zero when the timer is reset (useful if a program needs to record how long a
particular operation took). The Allen-Bradley timers have three Boolean bits for ladder
logic control: a timer enable bit (EN), which goes on when the timer accumulator is
incrementing, a timer done bit (DN), which goes on after the set time delay, and a timer
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228 Chapter 9

timing bit (TT) that is on when the accumulator is incrementing and remains on until the
accumulator reaches the preset value.

All the programs shown in Figure 9.4 turn on the output device after a set time delay from
when there is an input.

9.2.1 Sequencing

As an illustration of the use of a TON timer, consider the ladder diagram shown in

Figure 9.5a. When the input In 1 is on, the output Out 1 is switched on. The contacts
associated with this output then start the timer. The contacts of the timer will close after the
preset time delay, in this case 5.5 s. When this happens, output Out 2 is switched on. Thus,
following the input In 1, Out 1 is switched on and followed 5.5 s later by Out 2. This
illustrates how a timed sequence of outputs can be achieved. Figure 9.5b shows the same
operation with the format used by the PLC manufacturer in which the timer institutes a signal
delay. Figure 9.6¢ shows the timing diagram.

Figure 9.6 shows two versions of how timers can be used to start three outputs, such as three
motors, in sequence following a single start button being pressed. In Figure 9.6a, the timers
are programmed as coils, whereas in Figure 9.6b, they are programmed as delays. When the
start push button is pressed, there is an output from internal relay IR1. This latches the start
input. It also starts both timers, T1 and T2, and motor 1. When the preset time for timer 1 has
elapsed, its contacts close and motor 2 starts. When the preset time for timer 2 has elapsed, its
contacts close and motor 3 starts. The three motors are all stopped by pressing the stop push
button. Since this is seen as a complete program, the end instruction has been used.

9.2.2 Cascaded Timers

Timers can be linked together (the term cascaded is used) to give longer delay times than are
possible with just one timer. Figure 9.7a shows the ladder diagram for such an arrangement.
Thus we might have timer 1 with a delay time of 999 s. This timer is started when there is
an input to In 1. When the 999 s is up, the contacts for timer 1 close. This then starts timer 2.

In1 Out1 In1 Out 1

A AP "

Out 1 Timer TON| pocet | Out 1 Out 2 owr [ 1

O R e T

e +“—>
5.5 s delay
| *< } Presetto 5.5 s Out2
(a) (b) (c)

Figure 9.5: Sequenced outputs.
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Timers 229

Motor 2

—
-

-

-

Stop

Timing diagram

Start Stop IR1 Start Stop IR1
IR1 IR1
IRt TON T IR1 T1 IR2
I TON
——( H Y Hw®e(
IR1 TON T2
— } IR T2 IR3
TON
IR1 M/qtor1 I Q‘( }
| k ) IR1 Motor 1
T1 Motor 2 | ( )
1 | ( ) IR2 Motor 2
T2 Motor 3 — —( }
] }—< )7 IR3 Motor 3
END : :
END +—
(a) (b)
Figure 9.6: Motor sequence.
TON X400 T450 K999
N1 Timer 1
Preset — LD X400 Int
— —( — 999 OUT T450
T450 T451 K100
TON K 999 Timer 1
Timer 1 Timer 2 — — LD  T450
Preset OuUT T451 Timer 2
] 100 Tas1 Y430 K 100
: LD  T451
Timer2 Out 1 —
OUT Y430 Out 1

0

(c)

Figure 9.7: Cascaded TON timers.

||

999 s delay |
1

|

100 s delay

|

Timing diagram

This has a delay of 100 s. When this time is up, the timer 2 contacts close and there is an
output from Out 1. Thus the output occurs 1099 s after the input to In 1 started. Figure 9.7b
shows the Mitsubishi version of this ladder diagram with TON timers and the program
instructions for that ladder.
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230 Chapter 9

9.2.3 On/Off Cycle Timer

Figure 9.8 shows how on-delay timers can be used to produce an on/off cycle timer. The
timer is designed to switch on an output for 5 s, then off for 5 s, then on for 5 s, then off
for 5s, and so on. When there is an input to In 1 and its contacts close, timer 1 starts.
Timer 1 is set for a delay of 5 s. After 5 s, it switches on timer 2 and the output Out 1. Timer
2 has a delay of 5s. After 5 s, the contacts for timer 2, which are normally closed, open.
This results in timer 1 in the first rung being switched off. This then causes its contacts in
the second rung to open and switch off timer 2. This results in the timer 2 contacts resuming
their normally closed state, and so the input to In 1 causes the cycle to start all over again.

Figure 9.9 shows how the preceding ladder program would appear in the format used with
a timer considered as a delay rather than as a coil. This might be the case, for example, with
Siemens or Toshiba. When input In 1 closes, the timer T1 starts. After its preset time, there is
an output to Out 1 and timer T2 starts. After its preset time there is an output to the internal
relay IR1. This opens its contacts and stops the output from Out 1. This then switches off
timer T2. The entire cycle can then repeat itself.

In1 T2 T1 K5

/| i In1 l
<+>» Time

T T2 K5 T1 5s

A e

T1 Out 1 T2 1 [ ]

A o

Time

Figure 9.8: On/off cycle timer.

N1 IR1 o
TON Out 1
% %m O—( >—
T2

TON IR1

e (-

Figure 9.9: On/off cycle timer using TON timers.
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Timers 231

9.3 Off-Delay Timers

Figure 9.10 shows how a on-delay timer can be used to produce an off-delay timer. With such
an arrangement, when there is a momentary input to In 1, both the output Out 1 and the timer
are switched on. Because the input is latched by the Out 1 contacts, the output remains on.
After the preset timer delay, the timer contacts, which are normally closed, open and switch
off the output. Thus the output starts as on and remains on until the time delay has elapsed.

Some PLCs have built-in off-delay timers as well as on-delay timers and thus there is no
need to use an on-delay timer to produce an off-delay timer. Figure 9.11a illustrates this
concept for an Allen-Bradley PLC and Figure 9.11b for a Siemens PLC, illustrating the
ladder diagram and the instruction list. Note that with Siemens, the timer is considered a
delay item in a rung rather than a relay. In the rectangle symbol used for the timer, the
0 precedes the T and indicates that it is an off-delay timer.

In1  TON Timer Out 1

Time
Out 1 Timer Out 1
Time
Timer /—

Time
Figure 9.10: Off-delay timer using TON.
Input
1:012/01 TOF
TIMER OFF DELAY N Input
TIMER T4:1 EN Time
TIME BASE 1:0 DN
PRESET 5 Time
ACCUM 0 TT ’—’
Timer Output Time
T41 0:012/10 DN ‘ ‘
44 | N ) 4——>D I Time
elay
DN time
(a) TO
0.0 f1oF| Q20 A 100
}7 S Q —f } LKT 5.2
SF TO
KT5.24TV A TO
= Q2.0

(b)
Figure 9.11: Off-delay timers: (a) Allen-Bradley, and (b) Siemens.
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232  Chapter 9

1:012/01 TOF
1:012/01

TIMER OFF DELAY N Rung 1 [ ]
TIMER T4:1 Time
TIME BASE 1:0 EN r‘
PRESET 10 -

=
ACCUM ( D'\D me

T4:1 0:013/01 DN

— ( }— Rung 2 Time
EN 0:013/01 ’_\
T4:1 0:013/02 ——» Time

1 . 10s

] L F— Rug3 5 5ia00

T
Time

T4:1 0:013/03

| 4 >7 Rung4  0:013/03 ’7
DN k Time
T4:1 0:013/04 0:013/04 ‘

— L Rung 5 Time
DN

Figure 9.12: Application of an off-delay timer.

As an illustration of the use of an off-delay timer, consider the Allen-Bradley program shown
in Figure 9.12. TOF is used to indicate that it is an off-delay rather than on-delay (TON)
timer. The time base is set to 1:0, which is 1 s. The preset is 10, so the timer is preset to 10 s.

In the first rung, the output of the timer is taken from the EN (for enable) contacts. This
means that there is no time delay between an input to 1:012/01 and the EN output. As a result
the EN contacts in rung 2 close immediately when there is an 1:012/01 input. Thus there is an
output from 0:013/01 immediately when the input 1:012/01 occurs. The TT (for timer timing)
contacts in rung 3 are energized just while the timer is running. Because the timer is an
off-delay timer, the timer is turned on for 10 s before turning off. Thus the TT contacts will
close when the set time of 10 s is running. Hence output 0:012/02 is switched on for this
10 s. The normally closed DN (for done) contacts open after 10 s, so output O:013/03 comes
on after 10 s. The DN contacts that are normally open close after 10 s, so output 0:013/04
goes off after 10 s.

9.4 Pulse Timers

Pulse timers are used to produce a fixed-duration output from some initiating input.

Figure 9.13a shows a ladder diagram for a system that will give an output from Out 1

for a predetermined fixed length of time when there is an input to In 1, the timer being
one involving a coil. There are two outputs for the input In 1. When there is an input to In 1,
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In1 TON Timer In1
: Time
Timer  Out 1 Timer
contacts | T %%Zid
: Time

(@)

In1 Timer

Out 1

[ 1

Time
Internal relay

TON

{

Internal
relay

Out 1

-

Figure 9.13: Pulse-on timer.

there is an output from Out 1 and the timer starts. When the predetermined time has elapsed,
the timer contacts open. This switches off the output. Thus the output remains on for only

the time specified by the timer.

Figure 9.13b shows an equivalent ladder diagram to Figure 9.13a but employs a timer that
produces a delay in the time taken for the signal to reach the output.

In Figure 9.13, the pulse timer has an output switched on by an input for a predetermined
time, then switched off. Figure 9.14 shows another pulse timer that switches on an output for

In1 In1 TON Timer
In1
| Time
IR2 |
IR 1 ,—l—l
— 1
| I Time
1
IR2 IR 1 IR2

IR1 Timer

In1 IR2

Figure 9.14:

_4<>7 L Time

IR 2 Timer Closed

I
contacts [
— 4( >7 Open ! ! Time

out out ]

Pulse timer on, when output ceases.
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234  Chapter 9

a predetermined time after the input ceases. This uses a timer and two internal relays.
When there is an input to In 1, the internal relay IR 1 is energized. The timer does not start
at this point because the normally closed In 1 contacts are open. The closing of the IR 1
contacts means that the internal relay IR 2 is energized. There is, however, no output from
Out 1 at this stage because, for the bottom rung, we have In 1 contacts open. When the
input to In 1 ceases, both the internal relays remain energized and the timer is started.
After the set time, the timer contacts, which are normally closed, open and switch off IR 2.
This in turn switches off IR 1. It also, in the bottom rung, switches off the output Out 1.
Thus the output is off for the duration of the input, then is switched on for a predetermined
length of time.

9.5 Retentive Timers

Some PLCs also have retentive timers. A retentive timer (RTO), such as that of Allen-
Bradley (Figure 9.15), lets the timer start and stop without resetting the accumulated

value. The retentive timer operates the same as a TON timer except that the accumulator
is not reset when the timer enable goes to 0 and continues to increment whenever the
enable bit goes to 1. When the accumulator bit reaches the preset value, the timer timing
bit goes to 0 and the done bit to 1 and the accumulator bit remains in that state until a reset
instruction is received.

Input
1:012/01 RTO Input l | [ ‘
RETENTIVE TIMER ON 1:012/01 | I | )
TIMER T4:2 EN EN Ilﬁ: i—l Time
TIME BASE 1:0 DN T T T
— 1 1 .
PRESET 100 : . : Time
ACCUM 0 Preset ---}+ ! '
Timer Output |
T4.1 0:012/10 "
s By '
1 1 1
‘l ‘ \ } ACC 1 ! Aql:cumuIaFor
| | value! retained -
DN ! ' o 1 Time
1 I 1 ! 1
! |
Input V—\ :
1:012/02 T4.2 l i ' Time
| fesH o — E—
Time ,
RES [ ]
Time
Figure 9.15: Allan-Bradley retentive timer.
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Timers 235

9.6 Programming Examples

Consider a program (Figure 9.16) that could be used to flash a light on and off as long as
there is some output occurring. Thus we might have both timer 0 and timer 1 set to 1 s.
When the output occurs, timer 0 starts and switches on after 1 s. This closes the timer

0 contacts and starts timer 1. This switches on after 1 s and, in doing so, switches off timer 0.
In so doing, it switches off itself. The lamp is on only when timer O is on, and so we have
a program to flash the lamp on and off as long as there is an output.

As an illustration of programming involving timers, consider the sequencing of traffic lights
to give the sequence red only, red plus amber, green, and amber, then repeat. A simple
system might just have the sequence triggered by time, with each of the possible states
occurring in sequence for a fixed amount of time. Figure 9.17 shows the sequential function
chart and a possible ladder program to give the sequence.

As another illustration of the use of a timer, consider Figure 9.18, which is a program to
initially switch on motor 1 and its signal lamp 1, then after a time set by the timer to switch
off motor 1 and signal lamp 1 and switch on motor 2 and signal lamp 2. When there is an
input, the timer starts. Until the timer has timed out, the closed timer contacts remain closed
and so motor 1 and lamp 1 are on; the open timer contacts remain open and so motor 2 and
lamp 2 are off. When the timer has timed out, the closed timer contacts open and switch off
motor 1 and lamp 1; the open timer contacts close and switch on motor 2 and lamp 2.

Figure 9.19 shows an example of where a TON timer and a TOF timer are both used to
control a motor. The first rung starts with a start switch that is latched by the TON timer so
that the input to it remains on, even when the start switch is no longer activated. After the
delay time of the TON timer the motor is started. The motor is stopped by input to the Stop
input, but the motor continues running for a time delay set by the TOF timer before finally

stopping.

. Timer O
Output  Timer 1 TON

w (} Output I—

Timer 1 Timer 0
Timer 0 TON
— < >— Timer 1

Timer 0 Lamp
- (e [

END

Figure 9.16: Flashing light.
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236 Chapter 9

Start Red
Start State 0 4| )
| Start Red

State0 | Redonly 4‘

Amber Timer 3 Red

T iz (O

20s

State 1 [— Red + amber

Red Timer 1 Red

-+ Time 20 s State 1 TON
N Q )—

State 2 |— Green only 2min Amber

-+ Time 2 min >7

Amber Timer 2 Green

State 3 — Amber only State 2 TON
4| }— IN Q 4< >,
- Time 20 s 20s
Timer 3

State 3 Green Amber

. T

2 min

END

Figure 9.17: Traffic light sequence.

Summary

Timers are often considered to behave like relays with coils, which, when energized, result
in the closing or opening of contacts after some preset time. However, some manufacturers
treat a timer as a delay block, which, when inserted in a rung, delays signals in that rung from
reaching the output. A number of forms of timers can be found with PLCs: on-delay TON,
off-delay TOF, and pulse TP. With small PLCs there is likely to be just one form: the
on-delay timer. With an on-delay timer, after the timer is switched on, the contacts close
after a preset time. With an off-delay timer, contacts do not open until the elapse of the preset
time after the timer is switched on. A retentive timer (RTO) lets the timer start and stop
without resetting the accumulated time value.
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Input TON Timer
] \
Timer M[Otor 1
- >
Timer LEmp 1
Timer Mfotor 2
- >
Timer kmp 2
- 3
END K

[
Timer

Motor 1

f

\ Lamp 1

Motor 2

Lamp 2

Figure 9.18: Program to switch on in sequence motor 1 and then switch it off and switch

Start 1:012/01

motor 2 on.

TOF Motor delay timer

T4:.0

TIMER ON DELAY

TIMER T4:0
TIME BASE 1:0

PRESET 10
ACCUM

Start 1:012/01

@)
6

T4.0 DN

Stop 1:012/02

Stop 1:012/02

TIMER OFF DELAY EN Motor
TIMER T4:1
TIME BASE 1:0
PRESET 10 DN
ACCUM 0:013/02
T4:(|) 'I|'4:1 Motor
4{ I /\| K T4.1 DN
DN DN
Motor

"

3
-
[ ]
[ ]
—

Timing diagram

Figure 9.19: Motor delayed start and delayed switch off.
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Problems

Problems 1 through 21 have four answer options: A, B, C, or D. Choose the correct answer
from the answer options. Problems 1 through 3 refer to Figure 9.20, which shows a ladder
diagram with an on-delay timer, an input (In 1), and an output (Out 1).

1. Decide whether each of these statements is true (T) or false (F). When there is an input to

In 1 in Figure 9.20:

(i) The timer starts.

(i) There is an output from Out 1.

A . TG T

B. () T@Gi)F

C. F@T

D. () F@i)F

2. Decide whether each of these statements is true (T) or false (F). The timer in Figure 9.20
starts when:
(i) There is an output.
(ii) The input ceases.
A TG T
B. 1) TaG)F
C. OFG@T
D. ) F@Gi)F

3. Decide whether each of these statements is true (T) or false (F). When there is an input to

In 1 in Figure 9.20, the output is switched:

(i) On for the time for which the timer was preset.

(i1) Off for the time for which the timer was preset.

AL TG T

B. ) T(aG)F

C. WF@T

D. ) F@GiF

In1 TON Timer

H—CF

In1 Timer Out 1

Figure 9.20: Diagram for Problems 1 through 3.
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In1 In2 Out1 In1 In2 Out 1
44 H Timer
Out 1 TON Timer Out 2
[ TON
Timer Out 2

Figure 9.21: Diagram for Problems 4 through 6.

Problems 4 through 6 refer to Figure 9.21, which shows two alternative versions of a ladder
diagram with two inputs (In 1 and In 2), two outputs (Out 1 and Out 2), and an on-delay
timer.

4. Decide whether each of these statements is true (T) or false (F). When there is just an
input to In 1 in Figure 9.21:
(i) The timer starts.
(i1) There is an output from Out 2.
A . TG T
B. () T(i)F
C. WF@T
D. () F@Gi)F

5. Decide whether each of these statements is true (T) or false (F). When there is just an
input to In 2 in Figure 9.21:
(i) The timer starts.
(i1) There is an output from Out 2.
A . TG T
B. () T@Gi)F
C. WF@T
D. ) F@Gi)F

6. Decide whether each of these statements is true (T) or false (F). When there is an input to
In 1 and no input to In 2 in Figure 9.21, there is an output from Out 2 that:
(i) Starts immediately.
(i) Ceases after the timer preset time.
AL TG T
B. (i) T (i) F
C. WF@T
D. (i) F (i) F
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7. The program instruction list for a Mitsubishi PLC is LD X400, OUT T450, K 6, LD
T450, OUT Y430. An input to X400 gives:
A. An output that is on for 6 s then off for 6 s.
B. An output that lasts for 6 s.
C. An output that starts after 6 s.
D. An output that is off for 6 s, then on for 6s.

8. The program instruction list for a Telemecanique PLC is L 10,0, = TO, L TO, = O0,0.
When there is an input to 10,0 there is:
A. An output that is on for 6 s then off for 6s.
B. An output that lasts for 6 s.
C. An output that starts after 6 s.
D. An output that is off for 6 s, then on for 6 s.

Problems 9 and 10 refer to the program instruction list for a Mitsubishi PLC: LD X400, OR
Y430, ANI T450, OUT Y430, LD X401, OR M100, AND Y430, OUT T450, K 10, OUT
M100.

9. Decide whether each of these statements is true (T) or false (F). When there is a
momentary input to X400:
(i) The output from Y430 starts.
(i1) The output from Y430 ceases after 10 s.
A TG T
B. ) TaG)F
C. OFGT
D. () F@GiF

10. Decide whether each of these statements is true (T) or false (F). The output from Y430:
(i) Starts when there is a momentary input to X401.
(i) Ceases 10 s after the input to X401.
A TG T
B. () T@ai)F
C. OFGT
D. ) F@Gi)F

Problems 11 and 12 refer to Figure 9.22, which shows a system with an input (In 1), an
on-delay timer, and an output (Out 1). The timer is set for a time of 6 s. The graph shows
how the signal to the input varies with time.

11. Decide whether each of these statements is true (T) or false (F). The output from Out 1 in
Figure 9.22:
(i) Starts when the input starts.
(i1) Ceases 6 s after the start of the input.
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In1 TON Timer

< In1
Timer Out 1

( Time

Figure 9.22: Diagram for Problems 11 and 12.

A . TG T
B. ) TAG)F
C. WF@T
D. ) F@GiF
12. Decide whether each of these statements is true (T) or false (F). The timer contacts in
Figure 9.22:
(i) Remain closed for 6 s after the start of the input.
(i) Open 6 s after the input starts.
A . TG T
B. ) TAGaG)F
C. OWF@T
D. ) F@Gi)F

Problems 13 through 15 refer to Figure 9.23, which shows a ladder program for a Toshiba
PLC involving internal relays, denoted by the letter R, and a TON timer with a preset of 20 s.

13. Decide whether each of these statements is true (T) or false (F). The internal relay RO00
in Figure 9.23:

X001 X002 R000
- M ( ),
J | \

R000
R000 Y020
- ( }
t \
RO0O01
TON TOO1
RO01 Y021
4{/ ( >,
| N

Figure 9.23: Diagram for Problems 13 through 15.
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(i) Is used to latch the input X001.
(i1) Is used to start the timer TOO1.
A OTG@T
B. ) T(aG)F
C. WF@T
D. () F@Gi)F

14. Decide whether each of these statements is true (T) or false (F). With no input to X002 in
Figure 9.23, the output Y020 is:
(i) Energized when there is an input to X001.
(i1) Ceases when there is no input to X001.
A TG T
B. ) TCG)F
C. ODFa@T
D. ) F@Gi)F

15. Decide whether each of these statements is true (T) or false (F). With no input to X002 in

Figure 9.23:

(1) The output Y021 is switched on 20 s after the input X001.

(i) The output Y020 is switched off 20 s after the input X001.

A TG T

B. () T (i) F

C. F@T

D. ) F(@G)F

Problems 16 through 19 refer to Figure 9.24, which shows an Allen-Bradley program, and
Figure 9.25, which shows a number of time charts for a particular signal input to 1:012/01.

16. For the input shown in Figure 9.24, which is the output from O:013/01 in Figure 9.25?
17. For the input shown in Figure 9.24, which is the output from O:013/02 in Figure 9.25?
18. For the input shown in Figure 9.24, which is the output from O:013/03 in Figure 9.25?
19. For the input shown in Figure 9.24, which is the output from O:013/04 in Figure 9.25?

20. Decide whether each of these statements is true (T) or false (F). For the ladder program
in Figure 9.26, with the timer set to 5 s, when there is an input to In 1:
(i) Out 1 is immediately activated.
(ii) Out 2 is activated after 5 s.
A O)TG@T
B. (i) T (ii)) F
C. OFG) T
D. () F(i)F
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1:012/01 TON
’7 TIMER ON DELAY {EN}

TIMER T4:1

TIME BASE 1:0

PRESET 50 ( DN)
T4:1 EN 0:013/01
T4ATT 0:013/02
T4:1 DN 0:013/03
T4:1 DN 0:013/04

Figure 9.24: Diagram for Problems 16 through 19.

Input |
R ¢ . > Time
Time
B
Time
(¢}
[ ]
Time
D
[
Time

Figure 9.25: Diagram for Problems 16 through 19.

21. Decide whether each of these statements is true (T) or false (F). For the ladder program
in Figure 9.27, with both timers set to 10 s, when there is an input to In 1:
(1) Out 1 is activated 20 s after the input occurs.
(i) Out 1 is activated for a time of 20 s.
A TG T
B. (i) T (i) F
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In1 TON Timer

Timer Out 1
Timer Out 2

-

Figure 9.26: Diagram for Problem 20.

In 1 TON Timer 1

Timer1  TON Timer 2

H—F

Timer 2 Out 1

Figure 9.27: Diagram for Problem 21.

C. OFG)T
D. (i) F (i) F

22. Devise ladder programs for systems that will carry out the following tasks:
(a) Switch on an output 5 s after receiving an input and keep it on for the duration of that
input.
(b) Switch on an output for the duration of the input and then keep it on for a further 5 s.
(c) Switch on an output for 5 s after the start of an input signal.
(d) Start a machine if switch B is closed within 0.5 s of switch A being closed; otherwise
the machine is not switched on.

Lookup Tasks

23. Look up the timers available for a particular range of PLCs.
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Ladder Programs

Appendix: Symbols

Semi-graphic form

Full graphic form

A horizontal link along which power can flow

Interconnection of horizontal and vertical power flows

Left-hand power connection of a ladder rung

Right-hand power connection of a ladder rung

Normally open contact

Normally closed contact
Positive transition-sensing contact, power flow occurs
when associated variable changes from 0 to 1.

Negative tranistion-sensing contact, power flow occurs
when assoaciated variable changes from 1 to 0

Output coil: if the power flow to it is on then the coil

state is on

Set coil

Reset coil

Retentive memory coil, the state of the associated variable
is retained on PLC power fail

W. Bolton: Programmable Logic Controllers, Sixth Edition. http://dx.doi.org/10.1016/B978-0-12-802929-9.09993-3

© 2015 Elsevier Ltd. All rights reserved.
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376 Appendix: Symbols

Function Blocks

Semi-graphic form

Full graphic form

Horizontal and vertical lines

Interconnection of horizontal and vertical signal flows

Crossing horizontal and vertical signal flow

Blocks with connections

Connectors

___+___
\
\
\ \

\ \
_—— - = __‘__
\ \
+--+
— = | — —
L
S o
+--+
-~ =5 AV_WEIGHT >

> AV_WEIGHT > - - -

—> AV_WEIGHT>
> AV_WEIGHT —>

Commonly Encountered Blocks

BOOL is a Boolean signal, INT is an integer, REAL is a floating point number, ANY is any form of signal

Up-counter counts the number of rising edges at input CU. PV defines
the maximum value of the counter. Each new rising edge at CU
increments CV by 1. Output Q occurs after set count. R is the reset.

Down-counter counts down the number of rising edges at input CU.
PV defines the starting value of the counter. Each new rising edge at
CU decrements CV by 1. Output Q occurs when count reaches zero.

CTU
BOOL — CU Q+—— BOOL
BoOL — R
INT — PV CV— INT
CTD
BOOL — CD Q —— BOOL
BOOL — LD
INT — PV CVI— INT

BEATBOT
Ex. 1022
Page 28 of 32



Appendix: Symbols 377

Up-down counter. It can be used to count up on one input and down

on the other.

On-delay timer. When input IN goes true, the elapsed time at about
ET starts to increase and when it reaches the set time, specified by

input PT, the output Q goes true.

Off-delay timer. When input IN goes true, the output Q follows and
remains true for the set time after which the input Q goes false.

Pulse timer. When input IN goes true, output Q follows and remains
true for the pulse duration specified by input PT.

Logic Gates

AND gate

OR gate

NOT gate

NAND gate

NOR Gate

Output
Inputs &
A
Output
Inputs =1
B
A Output
1
Input
A Output
Inputs & oO—-
B
A Output
Inputs >1 oO——o
B

A
] Output

Inputs

B

BOOL —{ CU  qQul— BOOL
BOOL —CD  QD[— BOOL

BOOL —{ R
BOOL — LD
INT — PV CV—INT
TON
BOOL — IN  Q |— BOOL

TIME — PT ET— TIME

TOF
BOOL — IN Q — BOOL

TIME — PT ET|— TIME

BOOL — IN Q — BOOL
TIME — PT ET|— TIME

A
. Output
Inputs
B
A Output
Input

A
Output
Inputs
B
A ‘ Output
Inputs
B
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A A
2 Output Output
Inputs =1 Inputs
XOR Gate _B B

Sequential Function Charts

Start

Start step. This defines the step which will be activated when the PLC
is cold-started.

Transition condition. Every transition must have a condition. One that
always occurs should be shown with the condition TRUE.

Step in a program

Every step can have an associated action. An action describes the behavior Step —— N | Action
that occurs when the step is activated. Each action can have a qualifier: N
indicates the action is executed while the step is active. If no qualifier is Qualifier
indicated it is taken to be N.

D: time-delayed action which
starts after a given time.

Selective branching -|: :I-

| |
I%
L1 L]
| |

Parallel branching when the transition occurs

Convergence when both transitions occur

R
||

—

Simultaneous convergence
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Instruction List (IEC 61131-3 Symbols)

LD Start a rung with an open contact

LDN Start a rung with a closed contact

ST An output
S Set true
R Reset false

AND Boolean AND
ANDN Boolean NAND
OR Boolean OR
ORN  Boolean NOR
XOR Boolean XOR
NOT Boolean NOT
ADD  Addition

SUB Subtraction
MUL  Multiplication
DIV Division

Structured Text

X:=Y Y represents an expression that produces a new value for the variable X.

Operators

(...) Parenthesized (bracketed) expression
Function(...) List of parameters of a function

*#%* Raising to a power

—, NOT Negation, Boolean NOT

* [, MOD Multiplication, division, modulus operation
+, — Addition, subtraction

<, >, <=, >= Less than, greater than, less than or equal to, greater than or equal to
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=, <> Equality, inequality
AND, & Boolean AND
XOR Boolean XOR

OR Boolean OR

Conditional and Iteration Statements

IF ... THEN ... ELSE is used when selected statements are to be executed when certain
conditions occur.

The FOR ... DO iteration statement allows a set of statements to be repeated, depending
on the value of the iteration integer variable.

The WHILE ... DO iteration statement allows one or more statements to be executed
while a particular Boolean expression remains true.

The REPEAT ... UNTIL iteration statement allows one or more statements to be executed
and repeated while a particular Boolean expression remains true.
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