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This document provides an overview and introduction to programmable logic controllers (PLCs). It discusses the basic parts and components of a PLC including the input/output section, central processing unit, memory, and programming devices. It also describes the basic principles of how PLCs operate by scanning inputs, executing a user-created program, and updating outputs. The document is intended to familiarize readers with the basic concepts and components of PLCs.Read less
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	10. ix
Preface
Programmable logic controllers  (PLCs) continue to
evolve as new technologies are added to their capabili-
ties. The PLC started out as a replacement for hardwired
relay control systems. Gradually, various math and logic
manipulation functions were added. Today PLCs are the
controller of choice for the vast majority of automated
processes. PLCs now incorporate smaller cases, faster
CPUs, networking, and various Internet technologies.
This Fourth Edition of Programmable Logic Control-
lers continues to provide an up-to-date introduction to all
aspects of PLC programming, installation, and mainte-
nance procedures. No previous knowledge of PLC sys-
tems or programming is assumed. As one reviewer of this
edition put it: “I honestly believe that someone with little
or no background to PLC systems could take this book
and teach themselves PLCs.”
The primary source of information for a particular PLC
is always the accompanying user manuals provided by the
manufacturer. This textbook is not intended to replace the
vendor’s reference material but rather to complement,
clarify, and expand on this information. With the current
number of different types of PLCs on the market it is not
practical to cover the specifics of all manufacturers and
models in a single text. With this in mind, the text dis-
cusses PLCs in a generic sense. Although the content is
of a nature to allow the information to be applied to a
variety of PLCs from different manufacturers, this book,
for the most part, uses the Allen-Bradley SLC 500 and
ControlLogix controller instruction sets for the program-
ming examples. The underlying PLC principles and
concepts covered in the text are common to most manu-
facturers and serve to maximize the knowledge gained
through attending PLC training programs offered by dif-
ferent vendors.
The text is written at a level and format understandable
to students being introduced to PLCs for the first time.
Feedback from instructors indicates that the information
is well organized, to the point, and easy to understand.
The content of this new Fourth Edition has been updated
and reflects the changes in technology since the publica-
tion of the previous edition.
Each chapter begins with a brief introduction outlin-
ing chapter coverage and learning objectives. When ap-
plicable, the relay equivalent of the virtual programmed
instruction is explained first, followed by the appropriate
PLC instruction. Chapters conclude with a set of review
questions and problems. The review questions are closely
related to the chapter objectives and require students to
recall and apply information covered in the chapter. The
problems range from easy to difficult, thus challenging
students at various levels of competence.
This new Fourth Edition has been revised to include a
number of new features:
How Programs Operate When the operation of a
program is called for, a bulleted list is used to summa-
rize its execution. The list is used in place of lengthy
paragraphs and is especially helpful when explaining
the different steps in the execution of a program.
Representation of I/O Field Devices Recognition
of the input and output field devices associated with
the program helps in understanding the overall opera-
tion of the program. With this in mind, in addition
to their symbols, we provide drawings and photos of
field input and output devices.
New ControlLogix Chapter Some instructors have
felt that students tend to get confused when switch-
ing back and forth from SLC 500 Logic to Logix
5000–based programming within the same chapter.
For this reason, a new Chapter 15 has been added that
is devoted entirely to the Allen-Bradley ControlLogix
family of controllers and the RSLogix 5000 software.
Each part of the new Chapter 15 is treated as a sepa-
rate unit of study and includes ControlLogix:
• Memory and Project Organization
• Bit-Level Programming
• Programming Timers
• Programming Counters
• Math, Comparison, and Move Instructions
• Function Block Programming
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	11. x Preface
Chapter changes  in this edition include:
Chapter 1
• Drawings and photos of real world field input and
output devices have been added.
• 50% more figures have been added to this chapter
to increase visual appeal and illustrate key concepts
further.
• Most recent photographs from major PLC
manufactures.  
• Revisions to chapter review questions and problems. 
Chapter 2
• Drawings and photos of real world field input and
output devices have been added.
• Information on the latest selection of PLC hardware
components.
• Human machine interfacing with Pico controllers
added.
• Most recent photographs from major PLC
manufactures.  
• Revisions to chapter review questions and problems. 
Chapter 3
• Improvement in sizing and placement of drawings
make explanations of the different number systems
easier to follow.
Chapter 4
• Improvement in sizing and placement of drawings
make explanations easier to follow.
• Drawings and photos of real world field input
and output devices have been added to the logic
diagrams.
Chapter 5
• Information on the ControlLogix memory organiza-
tion relocated to chapter 15.
• Program scan process explained in greater detail.
• Extended coverage of relay type instructions.
• Instruction addressing examined in greater detail.
• Addressing of a micro PLC illustrated.
• Revisions to chapter review questions and problems.
Chapter 6
• Drawings and photos of real world field input and
output devices have been added.
• Drawings and photos of real world field input and
output devices have been included in the ladder
logic programs.
• Wiring of field inputs and outputs to a micro PLC
illustrated.
• Additional coverage of hardwired motor control
circuits and their PLC equivalent.
• Revisions to chapter review questions and problems. 
Chapter 7
• Information on the ControlLogix timers relocated to
chapter 15.
• Drawings and photos of real world field input and
output devices have been included in the ladder
logic programs.
• Bulleted lists used to summarize program execution.
• Most recent photographs from major PLC
manufactures.  
• Revisions to chapter review questions and problems. 
Chapter 8
• Information on the ControlLogix counters relocated
to chapter 15.
• Drawings and photos of real world field input and
output devices have been included in the ladder
logic programs.
• Bulleted lists used to summarize program execution.
• Most recent photographs from major PLC
manufactures.
• Revisions to chapter review questions and problems. 
Chapter 9
• Drawings and photos of real world field input and
output devices have been included in the ladder
logic programs.
• Forcing of inputs and outputs covered in greater
detail.
• Differences between a safety PLC and a standard
PLC explained.
• Bulleted lists used to summarize program execution.
• Most recent photographs from major PLC
manufactures.  
• Revisions to chapter review questions and problems. 
Chapter 10
• Drawings and photos of real world field input and
output devices have been included in the ladder
logic programs.
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	12. Preface xi
• Examines  communications at all levels in an indus-
trial network in much greater detail.
• Fundamentals of PLC motion control have been
added.
• Bulleted lists used to summarize program execution.
• New photographs from major PLC manufactures.
• Revisions to chapter review questions and problems.
Chapter 15
• Completely new chapter that concentrates on the
fundamentals of ControlLogix technology.
• Includes Memory and Project Organization, Bit
Level Programming, Timers, Counters, Math
Instructions, and Function Block Programming.
Ancillaries
• Activity Manual for Programmable Logic
Controllers, Fourth Edition.
This manual contains:
Tests made up of multiple choice, true/false,
and completion-type questions for each of the
chapters.
Generic programming hands-on exercises de-
signed to offer students real-world programming
experience. These assignments are designed for
use with any brand of PLC.
• LogixPro PLC Lab Manual for use with
Programmable Logic Controllers, Fourth
Edition
This manual contains:
LogixPro 500 simulator software CD. The
LogixPro simulation software converts the stu-
dent’s computer into a PLC and allows the stu-
dent to write ladder logic programs and verify
their real-world operation.
Over 250 LogixPro student lab exercises se-
quenced to support material covered in the text.
• Instructor’s Resource Center is available to in-
structors who adopt Programmable Logic Control-
lers, Fourth Edition. It includes:
Textbook answers to all questions and problems.
Activity Manual answers to all tests.
Computer Simulation Lab Manual answers for
all programming exercises.
PowerPoint presentations for each chapter.
EZ Test testing software with text-coordinated
question banks.
ExamView text-coordinated question banks.
• Analog control covered in more detail.
• PID control process explained in a simplified
manner.
• Bulleted lists used to summarize program execution.
• Most recent photographs from major PLC
manufactures.
• Revisions to chapter review questions and problems. 
Chapter 11
• Drawings and photos of real world field input and
output devices have been included in the ladder
logic programs.
• Improvement in sizing and placement of drawings
make explanations of the different math instructions
easier to follow.
• Bulleted lists used to summarize program execution.
• Most recent photographs from major PLC
manufactures.  
• Revisions to chapter review questions and problems. 
Chapter 12
• Drawings and photos of real world field input and
output devices have been included in the sequencer
programs.
• Improvements to sequencer line drawings designed
to make this instruction easier to follow.
• Bulleted lists used to summarize program execution.
• Most recent photographs from major PLC
manufactures.  
• Revisions to chapter review questions and problems. 
Chapter 13
• Drawings and photos of real world field input and
output devices have been added.
• Safety issues examined in greater detail.
• Extended coverage of practical troubleshooting
techniques.
• Improvement to PLC grounding diagrams makes
this function easier to follow.
• Bulleted lists used to summarize program execution.
• Most recent photographs from major PLC
manufactures.  
• Revisions to chapter review questions and problems.
Chapter 14
• All pertinent information from Chapters 14 and 15
of the 3rd edition have been incorporated into this
chapter.
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P
rogrammable Logic Controllers  makes it
easy to learn PLCs from the ground up! Up-
to-the-minute revisions include all the new-
est developments in programming, installing, and
maintaining processes. Clearly developed chapters
deliver the organizing objectives, explanatory con-
tent with helpful diagrams and illustrations, and
closing review problems that evaluate retention of
the chapter objectives.
CHAPTER OBJECTIVES overview the chapter, letting stu-
dents and instructors focus on the main points to better grasp
concepts and retain information.
Here, drawings and photos of real-world input and
output devices have been included
In Chapter 14, students not only read about but can also see how
HMIs fit into an overall PLC system, giving them a practical
introduction to the topics
Chapter Objectives
After completing this chapter, you will be able to:
2.1 List and describe the function of the hardware
components used in PLC systems
2.2 Describe the basic circuitry and applications for
discrete and analog I/O modules, and interpret typical
I/O and CPU specifications
2.3 Explain I/O addressing
2.4 Describe the general classes and types of PLC
memory devices
2.5 List and describe the different types of PLC
peripheral support devices available
pet10882_ch02_017-042.indd 17
Figure 8-20 Alarm monitor program.
TON
TIMER ON DELAY
Timer
Time base
Preset
Accumulated
T4:5
1.0
1
0
CTU
COUNT-UP COUNTER
Counter
Preset
Accumulated
C5:1
1
0
Ladder logic program Output
L2
T4:6
C5:1
DN
T4:5
DN
C5:1
DN
FS
FS
SS
C5:1
RES
Light
Light
TON
TIMER ON DELAY
Timer
Time base
Preset
Accumulated
T4:6
1.0
1
0
OFF ON
L1
Inputs
FS
SS
DN
T4:5
DN
EN
EN
CU
DN
DN
DN
pet10882_ch08_149-175.indd 158 6/30/10 5:08 PM
Chapter content includes rich illustrative detail and extensive
visual aids, allowing students to grasp concepts more quickly
and understand practical applications
Figure 14-7 Human machine interface (HMI).
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Additional coverage of  communications and control networks
utilizes clear graphics to demonstrate how things work
BULLETED LISTS break down processes to helpfully sum-
marize execution of tasks
Figure 14-48 Typical SCADA system.
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An entirely new chapter on ControlLogix has
been added to familiarize students with the
entire Allen-Bradley family of controllers
and RSLogix 5000 software
Figure 15-1 Programmable automation controllers (PACs).
Source: Image Used with Permission of Rockwell Automation, Inc.
scan time.
The scan is normally a continuous and sequential pro-
cess of reading the status of inputs, evaluating the control
logic, and updating the outputs. Figure 5-8 shows an over-
view of the data flow during the scan process. For each
rung executed, the PLC processor will:
• Examine the status of the input image table bits.
• Solve the ladder logic in order to determine logical
continuity.
pet10882_ch05_071-094.indd 77 6/30/10 5:07 PM
• Update the appropriate output image table bits, if
necessary.
• Copy the output image table status to all of the out-
put terminals. Power is applied to the output device
if the output image table bit has been previously set
to a 1.
• Copy the status of all of the input terminals to the
input image table. If an input is active (i.e., there is
electrical continuity), the corresponding bit in the
input image table will be set to a 1.
6/30/10 5:07 PM
Diagrams, such as this one illustrating an overview of the func-
tion block programming language, help students put the pieces
together
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END-OF-CHAPTER REVIEWS are  structured to reinforce
chapter objectives
EXAMPLE PROBLEMS help bring home the applicability
of chapter concepts
1. Convert each of the following binary numbers to
decimal numbers:
a. 10
b. 100
c. 111
d. 1011
e. 1100
f. 10010
g. 10101
h. 11111
i. 11001101
j. 11100011
2. Convert each of the following decimal numbers to
binary numbers:
a. 7
b. 19
c. 28
d. 46
e. 57
f. 86
g. 94
h. 112
i. 148
j. 230
3. Convert each of the following octal numbers to
decimal numbers:
a. 36
b. 104
c 120
6. Convert each of the following hexadecimal num-
bers to binary numbers:
a. 4C
b. E8
c. 6D2
d. 31B
7. Convert each of the following decimal numbers to
BCD:
a. 146
b. 389
c. 1678
d. 2502
8. What is the most important characteristic of the
Gray code?
9. What makes the binary system so applicable to
computer circuits?
10. Define the following as they apply to the binary
memory locations or registers:
a. Bit
b. Byte
c. Word
d. LSB
e. MSB
11. State the base used for each of the following num-
ber systems:
a. Octal
b. Decimal
c. Binary
CHAPTER 3 REVIEW QUESTIONS
pet10882_ch03_043-056.indd 55 6/30/10 5:06 PM
1. The following binary PLC coded information is to
be programmed using the hexadecimal code. Convert
each piece of binary information to the appropriate
hexadecimal code for entry into the PLC from the
keyboard.
a. 0001 1111
b. 0010 0101
c. 0100 1110
d. 0011 1001
2. The encoder circuit shown in Figure 3-17 is used
to convert the decimal digits on the keyboard to a
binary code. State the output status (HIGH/LOW) of
A-B-C-D when decimal number
a. 2 is pressed.
b. 5 is pressed.
CHAPTER 3 PROBLEMS
c. 7 is pressed.
d. 8 is pressed.
3. If the bits of a 16-bit word or register are numbered
according to the octal numbering system, beginning
with 00, what consecutive numbers would be used to
represent each of the bits?
4. Express the decimal number 18 in each of the fol-
lowing number codes:
a. Binary
b. Octal
c. Hexadecimal
d. BCD
Figure 3-17 Diagram for Problem 2.
Decimal
number
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Binary-coded
0100 output
High
High
Low
Low
Low
Encoder
A
B
C
D
4 input
High
7 8 9
4 5 6
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0
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9
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E
ANCILLARIES THAT WORK
Expanded  on and updated from the previous edition, this new edition includes an outstanding instructor support package:
• ExamView and EZ Test question test banks for each chapter.
• PowerPoint lessons with animations that help visualize the actual process.
• Activity Manual contains true/false, completion, matching, and multiple-choice questions for every chapter in the text. So that
students get a better understanding of programmable logic controllers, the manual also includes a wide range of programming
assignments and additional practice exercises.
• On-line Instructor’s Resource Center.
In addition, for students, this edition also has available:
• LogixPro PLC Lab Manual for use with Programmable Logic Con-
trollers Fourth Edition, with LogixPro PLC Simulator. This manual
contains:
• LogixPro 500 simulator software CD. The LogixPro simulation
software converts the student’s computer into a PLC and allows the
student to write ladder logic programs and verify their real-world
operation.
• Over 250 LogixPro student lab exercises sequenced to support ma-
terial covered in the text.
xvii
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	19. 1
1
Programmable Logic
Controllers (PLCs)
An  Overview
This chapter gives a brief history of the evolution
of the programmable logic controller, or PLC.
The reasons for changing from relay control sys-
tems to PLCs are discussed. You will learn the
basic parts of a PLC, how a PLC is used to con-
trol a process, and the different kinds of PLCs
and their applications. The ladder logic language,
which was developed to simplify the task of pro-
gramming PLCs, is introduced.
Chapter Objectives
After completing this chapter, you will be able to:
1.1 Define what a programmable logic controller (PLC) is
and list its advantages over relay systems
1.2 Identify the main parts of a PLC and describe their
functions
1.3 Outline the basic sequence of operation for a PLC
1.4 Identify the general classifications of PLCs
Image Used with Permission of Rockwell Automation, Inc.
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	20. 2 Chapter 1  Programmable Logic Controllers (PLCs)
Programmable controllers offer several advantages
over a conventional relay type of control. Relays have to
be hardwired to perform a specific function. When the
system requirements change, the relay wiring has to be
changed or modified. In extreme cases, such as in the auto
industry, complete control panels had to be replaced since
it was not economically feasible to rewire the old panels
with each model changeover. The programmable control-
ler has eliminated much of the hardwiring associated with
conventional relay control circuits (Figure 1-2). It is small
and inexpensive compared to equivalent relay-based pro-
cess control systems. Modern control systems still include
relays, but these are rarely used for logic.
In addition to cost savings, PLCs provide many other
benefits including:
• Increased Reliability. Once a program has been
written and tested, it can be easily downloaded
to other PLCs. Since all the logic is contained in
the PLC’s memory, there is no chance of making
a logic wiring error (Figure 1-3). The program
takes the place of much of the external wiring that
would normally be required for control of a process.
Hardwiring, though still required to connect field
devices, is less intensive. PLCs also offer the
reliability associated with solid-state components.
• More Flexibility. It is easier to create and change a pro-
gram in a PLC than to wire and rewire a circuit. With a
PLC the relationships between the inputs and outputs
are determined by the user program instead of the
manner in which they are interconnected (Figure 1-4).
Original equipment manufacturers can provide system
updates by simply sending out a new program. End
users can modify the program in the field, or if desired,
security can be provided by hardware features such as
key locks and by software passwords.
• Lower Cost. PLCs were originally designed to re-
place relay control logic, and the cost savings have
been so significant that relay control is becoming
1.
1 Programmable Logic Controllers
Programmable logic controllers (Figure 1-1) are now the
most widely used industrial process control technology.
A programmable logic controller (PLC) is an industrial
grade computer that is capable of being programmed to
perform control functions. The programmable controller
has eliminated much of the hardwiring associated with
conventional relay control circuits. Other benefits include
easy programming and installation, high control speed,
network compatibility, troubleshooting and testing conve-
nience, and high reliability.
The programmable logic controller is designed for
multiple input and output arrangements, extended tem-
perature ranges, immunity to electrical noise, and resis-
tance to vibration and impact. Programs for the control
and operation of manufacturing process equipment and
machinery are typically stored in battery-backed or non-
volatile memory. A PLC is an example of a real-time sys-
tem since the output of the system controlled by the PLC
depends on the input conditions.
The programmable logic controller is, then, basically
a digital computer designed for use in machine control.
Unlike a personal computer, it has been designed to op-
erate in the industrial environment and is equipped with
special input/output interfaces and a control programming
language. The common abbreviation used in industry for
these devices, PC, can be confusing because it is also the
abbreviation for “personal computer.” Therefore, most
manufacturers refer to their programmable controller as a
PLC, which stands for “programmable logic controller.”
Initially the PLC was used to replace relay logic, but its
ever-increasing range of functions means that it is found in
many and more complex applications. Because the struc-
ture of a PLC is based on the same principles as those
employed in computer architecture, it is capable not only
of performing relay switching tasks but also of performing
other applications such as timing, counting, calculating,
comparing, and the processing of analog signals.
Figure 1-1 Programmable logic controller.
Source: (a–b) Courtesy GE Intelligent Platforms.
(a) (b)
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	21. Programmable Logic Controllers  (PLCs) Chapter 1 3
obsolete except for power applications. Generally,
if an application has more than about a half-dozen
control relays, it will probably be less expensive to
install a PLC.
• Communications Capability. A PLC can communi-
cate with other controllers or computer equipment to
perform such functions as supervisory control, data
gathering, monitoring devices and process parameters,
and download and upload of programs (Figure 1-5).
User program
PLC
Figure 1-3 All the logic is contained in the PLC’s memory.
Figure 1-4 Relationships between the inputs and outputs
are determined by the user program.
Contactor Light Solenoid
Outputs
Inputs
Pushbutton Limit switch Sensor
• Faster Response Time. PLCs are designed for high-
speed and real-time applications (Figure 1-6). The
programmable controller operates in real time,
which means that an event taking place in the
field will result in the execution of an operation or
output. Machines that process thousands of items
per second and objects that spend only a fraction
of a second in front of a sensor require the PLC’s
quick-response capability.
• Easier to Troubleshoot. PLCs have resident diag-
nostics and override functions that allow users to
(a)
(b)
Figure 1-2 Relay- and PLC-based control panels. (a) Relay-
based control panel. (b) PLC-based control panel.
Source: (a) Courtesy Mid-Illini Technical Group, Inc.; (b) Photo courtesy Ramco
Electric, Ltd.
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	22. 4 Chapter 1  Programmable Logic Controllers (PLCs)
easily trace and correct software and hardware prob-
lems. To find and fix problems, users can display the
control program on a monitor and watch it in real
time as it executes (Figure 1-7).
1.2 Parts of a PLC
A typical PLC can be divided into parts, as illustrated in
Figure 1-8. These are the central processing unit (CPU),
the input/output (I/O) section, the power supply, and the
programming device. The term architecture can refer to
PLC hardware, to PLC software, or to a combination of
both. An open architecture design allows the system to be
connected easily to devices and programs made by other
manufacturers. Open architectures use off-the-shelf com-
ponents that conform to approved standards. A system
with a closed architecture is one whose design is propri-
etary, making it more difficult to connect to other systems.
Most PLC systems are in fact proprietary, so you must be
sure that any generic hardware or software you may use
is compatible with your particular PLC. Also, although
the principal concepts are the same in all methods of pro-
gramming, there might be slight differences in address-
ing, memory allocation, retrieval, and data handling for
different models. Consequently, PLC programs cannot be
interchanged among different PLC manufacturers.
There are two ways in which I/Os (Inputs/Outputs) are
incorporated into the PLC: fixed and modular. Fixed I/O
(Figure 1-9) is typical of small PLCs that come in one
package with no separate, removable units. The processor
and I/O are packaged together, and the I/O terminals will
have a fixed number of connections built in for inputs and
outputs. The main advantage of this type of packaging is
lower cost. The number of available I/O points varies and
usually can be expanded by buying additional units of
fixed I/O. One disadvantage of fixed I/O is its lack of flex-
ibility; you are limited in what you can get in the quanti-
ties and types dictated by the packaging. Also, for some
models, if any part in the unit fails, the whole unit has to
be replaced.
Modular I/O (Figure 1-10) is divided by compartments
into which separate modules can be plugged. This fea-
ture greatly increases your options and the unit’s flexibil-
ity. You can choose from the modules available from the
manufacturer and mix them any way you desire. The basic
modular controller consists of a rack, power supply, pro-
cessor module (CPU), input/output (I/O modules), and an
operator interface for programming and monitoring. The
modules plug into a rack. When a module is slid into the
rack, it makes an electrical connection with a series of con-
tacts called the backplane, located at the rear of the rack.
The PLC processor is also connected to the backplane and
can communicate with all the modules in the rack.
The power supply supplies DC power to other modules
that plug into the rack (Figure 1-11). For large PLC systems,
this power supply does not normally supply power to the
field devices. With larger systems, power to field devices is
Figure 1-7 Control program can be displayed on a monitor
in real time.
PLC Monitor
Figure 1-5 PLC communication module.
Source: Photo courtesy Automation Direct, www.automationdirect.com.
Figure 1-6 High-speed counting.
Source: Courtesy Banner Engineering Corp.
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(b) Fixed type
Power supply
Communications
Input
section
Output
section
Memory
CPU
M
(a) Modular type
Central
Processing
Unit (CPU)
Programming device
Memory
Input
sensing
devices
Output
load
devices
Program Data
Optical
isolation
Input
module
Output
module
Processor Module
Optical
isolation
Power supply
module
Figure 1-8 Typical parts of a programmable logic controller.
Source: (a) Courtesy Mitsubishi Automation; (b) Image Used with Permission of Rockwell Automation, Inc.
Figure 1-9 Fixed I/O conﬁguration.
PL
Input
connections
Common power bus
Common return bus
Output
connections
Processor PLC
provided by external alternating current (AC) or direct cur-
rent (DC) supplies. For some small micro PLC systems, the
power supply may be used to power field devices.
The processor (CPU) is the “brain” of the PLC. A typi-
cal processor (Figure 1-12) usually consists of a micro-
processor for implementing the logic and controlling the
communications among the modules. The processor re-
quires memory for storing the results of the logical op-
erations performed by the microprocessor. Memory is also
required for the program EPROM or EEPROM plus RAM.
The CPU controls all PLC activity and is designed so
that the user can enter the desired program in relay ladder
logic. The PLC program is executed as part of a repeti-
tive process referred to as a scan (Figure 1-13). A typical
PLC scan starts with the CPU reading the status of inputs.
Then, the application program is executed. Once the pro-
gram execution is completed, the CPU performs internal
diagnostic and communication tasks. Next, the status of
all outputs is updated. This process is repeated continu-
ously as long as the PLC is in the run mode.
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The I/O system forms the interface by which field de-
vices are connected to the controller (Figure 1-14). The
purpose of this interface is to condition the various sig-
nals received from or sent to external field devices. Input
devices such as pushbuttons, limit switches, and sensors
are hardwired to the input terminals. Output devices such
as small motors, motor starters, solenoid valves, and in-
dicator lights are hardwired to the output terminals. To
electrically isolate the internal components from the
input and output terminals, PLCs commonly employ an
optical isolator, which uses light to couple the circuits to-
gether. The external devices are also referred to as “field”
or “real-world” inputs and outputs. The terms field or
real world are used to distinguish actual external devices
that exist and must be physically wired from the internal
user program that duplicates the function of relays, tim-
ers, and counters.
Figure 1-11 The power supply supplies DC power to other
modules that plug into the rack.
Source: This material and associated copyrights are proprietary to, and used
with the permission of Schneider Electric.
Power supply
Figure 1-12 Typical PLC processor modules.
Source: Image Used with Permission of Rockwell Automation, Inc.
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Figure 1-13 Typical PLC scan cycle.
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Figure 1-10 Modular I/O conﬁguration.
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A programming device is used to enter the desired pro-
gram into the memory of the processor. The program can
be entered using relay ladder logic, which is one of the
most popular programming languages. Instead of words,
ladder logic programming language uses graphic symbols
that show their intended outcome. A program in ladder
logic is similar to a schematic for a relay control circuit.
It is a special language written to make it easy for peo-
ple familiar with relay logic control to program the PLC.
Hand-held programming devices (Figure 1-15) are some-
times used to program small PLCs because they are inex-
pensive and easy to use. Once plugged into the PLC, they
can be used to enter and monitor programs. Both compact
hand-held units and laptop computers are frequently used
on the factory floor for troubleshooting equipment, modi-
fying programs, and transferring programs to multiple
machines.
A personal computer (PC) is the most commonly used
programming device. Most brands of PLCs have software
available so that a PC can be used as the programming
device. This software allows users to create, edit, docu-
ment, store, and troubleshoot ladder logic programs (Fig-
ure 1-16). The computer monitor is able to display more
logic on the screen than can hand-held types, thus sim-
plifying the interpretation of the program. The personal
computer communicates with the PLC processor via a se-
rial or parallel data communications link, or Ethernet. If
the programming unit is not in use, it may be unplugged
and removed. Removing the programming unit will not
affect the operation of the user program.
A program is a user-developed series of instructions
that directs the PLC to execute actions. A programming
language provides rules for combining the instructions
so that they produce the desired actions. Relay ladder
logic (RLL) is the standard programming language used
Input module
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Field device
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+ –
240 VAC
M
Field device
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R
Y
Figure 1-14 Typical PLC input/output (I/O) system connections.
Figure 1-15 Typical hand-held programming device.
Source: Photo courtesy Automation Direct, www.automationdirect.com.
pet10882_ch01_001-016.indd 7
pet10882_ch01_001-016.indd 7 7/23/10 9:01 PM
7/23/10 9:01 PM
 


	26. 8 Chapter 1  Programmable Logic Controllers (PLCs)
with PLCs. Its origin is based on electromechanical relay
control. The relay ladder logic program graphically rep-
resents rungs of contacts, coils, and special instruction
blocks. RLL was originally designed for easy use and un-
derstanding for its users and has been modified to keep up
with the increasing demands of industry’s control needs.
1.3 Principles of Operation
To get an idea of how a PLC operates, consider the simple
process control problem illustrated in Figure 1-17. Here a
mixer motor is to be used to automatically stir the liquid
in a vat when the temperature and pressure reach preset
values. In addition, direct manual operation of the motor
is provided by means of a separate pushbutton station.
The process is monitored with temperature and pressure
sensor switches that close their respective contacts when
conditions reach their preset values.
This control problem can be solved using the relay
method for motor control shown in the relay ladder dia-
gram of Figure 1-18. The motor starter coil (M) is energized
when both the pressure and temperature switches are closed
or when the manual pushbutton is pressed.
Now let’s look at how a programmable logic controller
might be used for this application. The same input field
devices (pressure switch, temperature switch, and push-
button) are used. These devices would be hardwired to an
appropriate input module according to the manufacturer’s
addressing location scheme. Typical wiring connections
for a 120 VAC modular configured input module is shown
in Figure 1-19.
The same output field device (motor starter coil) would
also be used. This device would be hardwired to an appropri-
ate output module according to the manufacturer’s addressing
location scheme. Typical wiring connections for a 120 VAC
modular configured output module is shown in Figure 1-20.
Figure 1-16 Typical PC software used to create a ladder logic program.
Source: Image Used with Permission of Rockwell Automation, Inc.
Pressure
sensor
switch
Motor
Temperature
sensor switch
Manual pushbutton station
Figure 1-17 Mixer process control problem.
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Figure 1-18 Process control relay ladder diagram.
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Figure 1-19 Typical wiring connections for a 120 VAC
modular conﬁgured input module.
Source: Photo courtesy Automation Direct, www.automationdirect.com.
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Figure 1-20 Typical wiring connections for a 120 VAC
modular conﬁgured output module.
Source: Photo courtesy Automation Direct, www.automationdirect.com.
Next, the PLC ladder logic program would be con-
structed and entered into the memory of the CPU. A
typical ladder logic program for this process is shown in
Figure 1-21. The format used is similar to the layout of
the hardwired relay ladder circuit. The individual symbols
represent instructions, whereas the numbers represent the
instruction location addresses. To program the controller,
you enter these instructions one by one into the proces-
sor memory from the programming device. Each input
and output device is given an address, which lets the PLC
know where it is physically connected. Note that the I/O
address format will differ, depending on the PLC model
and manufacturer. Instructions are stored in the user pro-
gram portion of the processor memory. During the pro-
gram scan the controller monitors the inputs, executes the
control program, and changes the output accordingly.
For the program to operate, the controller is placed
in the RUN mode, or operating cycle. During each op-
erating cycle, the controller examines the status of input
devices, executes the user program, and changes outputs
accordingly. Each symbol can be thought of as a set of
normally open contacts. The symbol is considered to
represent a coil that, when energized, will close a set of
contacts. In the ladder logic program of Figure 1-21, the
coil O/1 is energized when contacts I/1 and I/2 are closed
or when contact I/3 is closed. Either of these conditions
provides a continuous logic path from left to right across
the rung that includes the coil.
A programmable logic controller operates in real time
in that an event taking place in the field will result in an
operation or output taking place. The RUN operation for
the process control scheme can be described by the fol-
lowing sequence of events:
• First, the pressure switch, temperature switch, and
pushbutton inputs are examined and their status is
recorded in the controller’s memory.
• A closed contact is recorded in memory as logic 1
and an open contact as logic 0.
• Next the ladder diagram is evaluated, with each
internal contact given an OPEN or CLOSED status
according to its recorded 1 or 0 state.
• When the states of the input contacts provide logic
continuity from left to right across the rung, the
output coil memory location is given a logic 1 value
and the output module interface contacts will close.
• When there is no logic continuity of the program
rung, the output coil memory location is set to logic 0
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	28. 10 Chapter 1  Programmable Logic Controllers (PLCs)
and the output module interface contacts will be
open.
• The completion of one cycle of this sequence by the
controller is called a scan. The scan time, the time
required for one full cycle, provides a measure of
the speed of response of the PLC.
• Generally, the output memory location is updated
during the scan but the actual output is not
updated until the end of the program scan during
the I/O scan.
Figure 1-22 shows the typical wiring required to im-
plement the process control scheme using a fixed PLC
O/1
Motor
starter
coil
I/1
I/1
Pressure
switch
I/2
I/2
O/1
Temperature
switch
I/3
I/3
Manual
pushbutton
L2
L1
Inputs Output
Program
Monitor
inputs
Checks the
inputs
Execute
program
Change
outputs
...
Executes control
program
...
And updates the
outputs
...
M
OL
Figure 1-21 Process control PLC ladder logic program with typical addressing scheme.
I1
I1 I2 I3
L1 L2
I2 Q1
I3
L1
L2
M Starter
Inputs
Pressure
Temp
PB
Outputs
Program
Q1 Q2 Q3 Q4
Figure 1-22 Typical wiring required to implement the process control scheme
using a ﬁxed PLC controller.
Source: Image Used with Permission of Rockwell Automation, Inc.
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controller. In this example the Allen-Bradley Pico con-
troller equipped with 8 inputs and 4 outputs is used to
control and monitor the process. Installation can be sum-
marized as follows:
• Fused power lines, of the specified voltage type and
level, are connected to the controller’s L1 and L2
terminals.
• The pressure switch, temperature switch, and push-
button field input devices are hardwired between
L1 and controller input terminals I1, I2, and I3,
respectively.
• The motor starter coil connects directly to L2 and in
series with Q1 relay output contacts to L1.
• The ladder logic program is entered using the front
keypad and LCD display.
• Pico programming software is also available that
allows you to create as well as test your program
using a personal computer.
1.4 Modifying the Operation
One of the important features of a PLC is the ease with
which the program can be changed. For example, assume
that the original process control circuit for the mixing op-
eration must be modified as shown in the relay ladder dia-
gram of Figure 1-23. The change requires that the manual
pushbutton control be permitted to operate at any pres-
sure, but not unless the specified temperature setting has
been reached.
If a relay system were used, it would require some re-
wiring of the circuit shown in Figure 1-23 to achieve the
desired change. However, if a PLC system were used, no
rewiring would be necessary. The inputs and outputs are
still the same. All that is required is to change the PLC
ladder logic program as shown in Figure 1-24.
1.5 PLCs versus Computers
The architecture of a PLC is basically the same as that
of a personal computer. A personal computer (PC) can
be made to operate as a programmable logic control-
ler if you provide some way for the computer to re-
ceive information from devices such as pushbuttons
or switches. You also need a program to process the
inputs and decide the means of turning load devices
off and on.
However, some important characteristics distinguish
PLCs from personal computers. First, unlike PCs, the
PLC is designed to operate in the industrial environ-
ment with wide ranges of ambient temperature and
humidity. A well-designed industrial PLC installation,
such as that shown in Figure 1-25, is not usually af-
fected by the electrical noise inherent in most industrial
locations.
Unlike the personal computer, the PLC is programmed
in relay ladder logic or other easily learned languages.
The PLC comes with its program language built into its
memory and has no permanently attached keyboard, CD
drive, or monitor. Instead, PLCs come equipped with ter-
minals for input and output field devices as well as com-
munication ports.
Computers are complex computing machines capable
of executing several programs or tasks simultaneously
and in any order. Most PLCs, on the other hand, execute a
single program in an orderly and sequential fashion from
first to last instruction.
PLC control systems have been designed to be easily
installed and maintained. Troubleshooting is simplified
by the use of fault indicators and messaging displayed
on the programmer screen. Input/output modules for
connecting the field devices are easily connected and
replaced.
L1 L2
Manual
pushbutton
120 VAC
Motor
starter
coil
Temperature
switch
Pressure
switch
M
OL
Figure 1-23 Relay ladder diagram for the modiﬁed
process.
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Motor
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I/2
Temperature
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pushbutton
Figure 1-24 PLC ladder logic program for the modiﬁed
process.
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Software associated with a PLC but written and run on
a personal computer falls into the following two broad
categories:
• PLC software that allows the user to program and
document gives the user the tools to write a PLC
program—using ladder logic or another program-
ming language—and document or explain the
program in as much detail as is necessary.
• PLC software that allows the user to monitor
and control the process is also called a human
machine interface (HMI). It enables the user to
view a process—or a graphical representation of a
process—on a monitor, determine how the system
is running, trend values, and receive alarm condi-
tions (Figure 1-26). Many operator interfaces do
not use PLC software. PLCs can be integrated with
HMIs but the same software does not program both
devices.
Most recently automation manufacturers have responded
to the increased requirements of industrial control systems
by blending the advantages of PLC-style control with
that of PC-based systems. Such a device has been termed
a programmable automation controller, or PAC (Fig-
ure 1-27). Programmable automation controllers combine
PLC ruggedness with PC functionality. Using PACs, you
can build advanced systems incorporating software capa-
bilities such as advanced control, communication, data
logging, and signal processing with rugged hardware per-
forming logic, motion, process control, and vision.
1.6 PLC Size and Application
The criteria used in categorizing PLCs include functional-
ity, number of inputs and outputs, cost, and physical size
(Figure 1-28). Of these, the I/O count is the most impor-
tant factor. In general, the nano is the smallest size with
less than 15 I/O points. This is followed by micro types
(15 to 128 I/O points), medium types (128 to 512 I/O
points), and large types (over 512 I/O points).
Matching the PLC with the application is a key factor
in the selection process. In general it is not advisable to
Figure 1-26 PLC operator interface and monitor.
Source: Courtesy Rogers Machinery Company, Inc.
Figure 1-27 Programmable automation controller (PAC).
Source: Photo courtesy Omron Industrial Automation, www.ia.omron.com.
(a)
(b)
Figure 1-25 PLC installed in an industrial environment.
Source: (a–b) Courtesy Automation IG.
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buy a PLC system that is larger than current needs dic-
tate. However, future conditions should be anticipated to
ensure that the system is the proper size to fill the current
and possibly future requirements of an application.
There are three major types of PLC application: single-
ended, multitask, and control management. A single-
ended or stand-alone PLC application involves one PLC
controlling one process (Figure 1-29). This would be a
stand-alone unit and would not be used for communicat-
ing with other computers or PLCs. The size and sophisti-
cation of the process being controlled are obvious factors
in determining which PLC to select. The applications
could dictate a large processor, but usually this category
requires a small PLC.
A multitask PLC application involves one PLC control-
ling several processes. Adequate I/O capacity is a signifi-
cant factor in this type of installation. In addition, if the PLC
would be a subsystem of a larger process and would have to
communicate with a central PLC or computer, provisions
for a data communications network are also required.
A control management PLC application involves one
PLC controlling several others (Figure 1-30). This kind
of application requires a large PLC processor designed to
communicate with other PLCs and possibly with a com-
puter. The control management PLC supervises several
PLCs by downloading programs that tell the other PLCs
what has to be done. It must be capable of connection to
all the PLCs so that by proper addressing it can communi-
cate with any one it wishes to.
Memory is the part of a PLC that stores data, instruc-
tions, and the control program. Memory size is usually
expressed in K values: 1 K, 6 K, 12 K, and so on. The
measurement kilo, abbreviated K, normally refers to
1000 units. When dealing with computer or PLC memory,
however, 1 K means 1024, because this measurement is
based on the binary number system (210 = 1024). Depend-
ing on memory type, 1 K can mean 1024 bits, 1024 bytes,
or 1024 words.
Although it is common for us to measure the memory
capacity of PLCs in words, we need to know the num-
ber of bits in each word before memory size can be accu-
rately compared. Modern computers usually have a word
size of 16, 32, or 64 bits. For example, a PLC that uses
8-bit words has 49,152 bits of storage with a 6 K word
capacity (8 3 6 3 1024 5 49,152), whereas a PLC using
32-bit words has 196,608 bits of storage with the same
6 K memory (32 3 6 3 1024 5 196,608). The amount
Figure 1-28 Typical range of sizes of programmable
controllers.
Source: Courtesy Siemens.
Figure 1-29 Single-ended PLC application.
Source: Courtesy Rogers Machinery Company, Inc.
Figure 1-30 Control management PLC application.
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Table 1-1 Typical PLC Instructions
Instruction Operation
XIC (Examine ON) . . . . . . . . . . . . Examine a bit for an ON condition
XIO (Examine OFF) . . . . . . . . . . . Examine a bit for an OFF condition
OTE (Output Energize). . . . . . . . . Turn ON a bit (nonretentive)
OTL (Output Latch) . . . . . . . . . . . Latch a bit (retentive)
OTU (Output Unlatch) . . . . . . . . . Unlatch a bit (retentive)
TOF (Timer Off-Delay) . . . . . . . . . Turn an output ON or OFF after its rung has been OFF for a preset time interval
TON (Timer On-Delay) . . . . . . . . . Turn an output ON or OFF after its rung has been ON for a preset time interval
CTD (Count Down) . . . . . . . . . . . Use a software counter to count down from a specified value
CTU (Count Up). . . . . . . . . . . . . . Use a software counter to count up to a specified value
of memory required depends on the application. Factors
affecting the memory size needed for a particular PLC
installation include:
• Number of I/O points used
• Size of control program
• Data-collecting requirements
• Supervisory functions required
• Future expansion
The instruction set for a particular PLC lists the differ-
ent types of instructions supported. Typically, this ranges
from 15 instructions on smaller units up to 100 instruc-
tions on larger, more powerful units (see Table 1-1).
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1. What is a programmable logic controller (PLC)?
2. Identify four tasks in addition to relay switching
operations that PLCs are capable of performing.
3. List six distinct advantages that PLCs offer over
conventional relay-based control systems.
4. Explain the differences between open and propri-
etary PLC architecture.
5. State two ways in which I/O is incorporated into
the PLC.
6. Describe how the I/O modules connect to the pro-
cessor in a modular-type PLC configuration.
7. Explain the main function of each of the following
major components of a PLC:
a. Processor module (CPU)
b. I/O modules
c. Programming device
d. Power supply module
8. What are the two most common types of PLC pro-
gramming devices?
9. Explain the terms program and programming lan-
guage as they apply to a PLC.
10. What is the standard programming language used
with PLCs?
11. Answer the following with reference to the process
control relay ladder diagram of Figure 1-18 of this
chapter:
a. When do the pressure switch contacts close?
b. When do the temperature switch contacts close?
c. How are the pressure and temperature switches
connected with respect to each other?
d. Describe the two conditions under which the
motor starter coil will become energized.
e. What is the approximate value of the voltage
drop across each of the following when their
contacts are open?
(1) Pressure switch
(2) Temperature switch
(3) Manual pushbutton
12. The programmable controller operates in real time.
What does this mean?
13. Answer the following with reference to the process
control PLC ladder logic diagram of Figure 1-21 of
this chapter:
a. What do the individual symbols represent?
b. What do the numbers represent?
c. What field device is the number I/2 identified
with?
d. What field device is the number O/1 identified
with?
e. What two conditions will provide a continuous
path from left to right across the rung?
f. Describe the sequence of operation of the
controller for one scan of the program.
14. Compare the method by which the process control
operation is changed in a relay-based system to the
method used for a PLC-based system.
15. Compare the PLC and PC with regard to:
a. Physical hardware differences
b. Operating environment
c. Method of programming
d. Execution of program
16. What two categories of software written and run on
PCs are used in conjunction with PLCs?
17. What is a programmable automation controller
(PAC)?
18. List four criteria by which PLCs are categorized.
19. Compare the single-ended, multitask, and control
management types of PLC applications.
20. What is the memory capacity, expressed in bits, for
a PLC that uses 16-bit words and has an 8 K word
capacity?
21. List five factors affecting the memory size needed
for a particular PLC installation.
22. What does the instruction set for a particular PLC
refer to?
CHAPTER 1 REVIEW QUESTIONS
1. Given two single-pole switches, write a program
that will turn on an output when both switch A and
switch B are closed.
CHAPTER 1 PROBLEMS
2. Given two single-pole switches, write a program that
will turn on an output when either switch A or switch
B is closed.
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5. Write a program for the relay ladder diagram shown
in Figure 1-32.
3. Given four NO (Normally Open) pushbuttons (A-
B-C-D), write a program that will turn a lamp on if
pushbuttons A and B or C and D are closed.
4. Write a program for the relay ladder diagram shown
in Figure 1-31.
120 VAC
S3
TS1
PB1
S2
S1 PS1
L1
Figure 1-32 Circuit for Problem 5.
LS2
120 VAC
S1 LS1
L1
Figure 1-31 Circuit for Problem 4.
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	35. 17
This chapter exposes  you to the details of PLC
hardware and modules that make up a PLC con-
trol system. The chapter’s illustrations show the
various subparts of a PLC as well as general
connection paths. In this chapter we discuss
the CPU and memory hardware components,
including the various types of memory that are
available, and we describe the hardware of the
input/output section, including the difference be-
tween the discrete and analog types of modules.
Chapter Objectives
After completing this chapter, you will be able to:
2.1 List and describe the function of the hardware
components used in PLC systems
2.2 Describe the basic circuitry and applications for
discrete and analog I/O modules, and interpret typical
I/O and CPU specifications
2.3 Explain I/O addressing
2.4 Describe the general classes and types of PLC
memory devices
2.5 List and describe the different types of PLC
peripheral support devices available
2
PLC Hardware Components
Image Used with Permission of Rockwell Automation, Inc.
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	36. 18 Chapter 2  PLC Hardware Components
communicate operating signals through the output inter-
face to the process devices under its control.
Allen-Bradley controllers make a distinction between
a PLC chassis and rack as illustrated in Figure 2-2. The
hardware assembly that houses I/O modules, processor
modules, and power supplies is referred to as the chassis.
Chassis come in different sizes according to the number
of slots they contain. In general, they can have 4, 8, 12,
or 16 slots.
A logical rack is an addressable unit consisting of 128
input points and 128 output points. A rack uses 8 words in
the input image table file and 8 words in the output image
table file. A word in the output image table file and its cor-
responding word in the input image table file are called an
I/O group. A rack can contain a maximum of 8 I/O groups
(numbered from 0 through 7) for up to 128 discrete I/O.
There can be more than one rack in a chassis and more
than one chassis in a rack.
One benefit of a PLC system is the ability to locate
the I/O modules near the field devices, as illustrated in
Figure  2-3, in order to minimize the amount of wiring
2.
1 The I/O Section
The input/output (I/O) section of a PLC is the section to
which all field devices are connected and provides the in-
terface between them and the CPU. Input/output arrange-
ments are built into a fixed PLC while modular types use
external I/O modules that plug into the PLC.
Figure 2-1 illustrates a rack-based I/O section made
up of individual I/O modules. Input interface modules
accept signals from the machine or process devices and
convert them into signals that can be used by the con-
troller. Output interface modules convert controller sig-
nals into external signals used to control the machine
or process. A typical PLC has room for several I/O
modules, allowing it to be customized for a particular
application by selecting the appropriate modules. Each
slot in the rack is capable of accommodating any type
of I/O module.
The I/O system provides an interface between the hard-
wired components in the field and the CPU. The input
interface allows status information regarding processes to
be communicated to the CPU, and thus allows the CPU to
Figure 2-3 Remote I/O rack.
Power
Processor
Input
Output
Local I/O
Stop/Start
Hopper
Motor
Power
Input
Output
Remote I/O
Communication
Sensor
On/Off
control
Figure 2-1 Rack-based I/O section.
Power
supply
0 1 2 3 4 5 6 Slot
I/O modules
Processor
module
Figure 2-2 Allen-Bradley PLC chassis and rack.
0 1 2 3 4 5 6 7
8-slot
chassis
Processor
128 I/O rack
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Slot—The slot number is the physical location of the
I/O module. This may be a combination of the rack
number and the slot number when using expansion
racks.
Word and Bit—The word and bit are used to identify
the actual terminal connection in a particular I/O mod-
ule. A discrete module usually uses only one word,
and each connection corresponds to a different bit that
makes up the word.
With a rack/slot address system the location of a mod-
ule within a rack and the terminal number of a module
to which an input or output device is connected will
determine the device’s address. Figure  2-4 illustrates
the Allen-Bradley PLC-5 controller addressing format.
The following are typical examples of input and output
addresses:
required. The processor receives signals from the remote
input modules and sends signals back to their output mod-
ules via the communication module.
A rack is referred to as a remote rack when it is lo-
cated away from the processor module. To communi-
cate with the processor, the remote rack uses a special
communications network. Each remote rack requires a
unique station number to distinguish one from another.
The remote racks are linked to the local rack through a
communications module. Cables connect the modules
with each other. If fiber optic cable is used between the
CPU and I/O rack, it is possible to operate I/O points
from distances greater than 20 miles with no voltage
drop. Coaxial cable will allow remote I/O to be in-
stalled at distances greater than two miles. Fiber optic
cable will not pick up noise caused by adjacent high
power lines or equipment normally found in an indus-
trial environment. Coaxial cable is more susceptible to
this type of noise.
The PLC’s memory system stores information about
the status of all the inputs and outputs. To keep track of
all this information, it uses a system called addressing. An
address is a label or number that indicates where a certain
piece of information is located in a PLC’s memory. Just
as your home address tells where you live in your city, a
device’s or a piece of data’s address tells where informa-
tion about it resides in the PLC’s memory. That way, if a
PLC wants to find out information about a field device, it
knows to look in its corresponding address location. Ex-
amples of addressing schemes include rack/slot-based,
versions of which are used in Allen-Bradley PLC-5 and
SLC 500 controllers, tag-based used in Allen-Bradley
ControlLogix controllers, and PC-based control used in
soft PLCs.
In general, rack/slot-based addressing elements include:
Type—The type determines if an input or output is
being addressed.
I1:27/17 Input, ﬁle 1, rack 2, group 7, bit 17
O0:34/07 Output, ﬁle 0, rack 3, group 4, bit 7
I1:0/0 Input, ﬁle 1, rack 0, group 0, bit 0 (Short
form blank 5 0)
O0:1/1 Output, ﬁle 0, rack 0, group 1, bit 1 (Short
form blank 5 0)
Figure 2-4 Allen-Bradley PLC-5 rack/slot-based addressing format.
Source: Image Used with Permission of Rockwell Automation, Inc.
O 0 : 0 1 / 00
Terminal number (bit address)
Bit delimiter
Group (0–7); 8 groups in a rack
Rack no.
File delimiter
File no.
File type (O—output; Ι—input)
Figure 2-5 illustrates the Allen-Bradley SLC 500 con-
troller addressing format. The address is used by the pro-
cessor to identify where the device is located to monitor or
control it. In addition, there is some means of connecting
field wiring on the I/O module housing. Connecting the
field wiring to the I/O housing allows easier disconnec-
tion and reconnection of the wiring to change modules.
Lights are also added to each module to indicate the ON
or OFF status of each I/O circuit. Most output modules
also have blown fuse indicators. The following are typical
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in Figure 2-9. A module is made up of a printed circuit
board and a terminal assembly. The printed circuit board
contains the electronic circuitry used to interface the
circuit of the processor with that of the input or output
device. Modules are designed to plug into a slot or con-
nector in the I/O rack or directly into the processor. The
terminal assembly, which is attached to the front edge of
the printed circuit board, is used for making field-wiring
connections. Modules contain terminals for each input
and output connection, status lights for each of the inputs
and outputs, and connections to the power supply used to
power the inputs and outputs. Terminal and status light
arrangements vary with different manufacturers.
Most PLC modules have plug-in wiring terminal strips.
The terminal block is plugged into the actual module as il-
lustrated in Figure 2-10. If there is a problem with a mod-
ule, the entire strip is removed, a new module is inserted,
and the terminal strip is plugged into the new module.
Unless otherwise specified, never install or remove I/O
modules or terminal blocks while the PLC is powered.
A module inserted into the wrong slot could be dam-
aged by improper voltages connected through the wiring
arm. Most faceplates and I/O modules are keyed to pre-
vent putting the wrong faceplate on the wrong module.
In other words, an output module cannot be placed in the
slot where an input module was originally located.
Input and output modules can be placed anywhere in a
rack, but they are normally grouped together for ease of
wiring. I/O modules can be 8, 16, 32, or 64 point cards
(Figure 2-11). The number refers to the number of inputs
or outputs available. The standard I/O module has eight
inputs or outputs. A high-density module may have up to
64 inputs or outputs. The advantage with the high-density
module is that it is possible to install up to 64 inputs or
outputs in one slot for greater space savings. The only dis-
advantage is that the high-density output modules cannot
handle as much current per output.
examples of SLC 500 real-world general input and output
addresses:
Figure 2-5 Allen-Bradley SLC 500 rack/slot-based addressing format.
Source: Image Used with Permission of Rockwell Automation, Inc.
Memory
address
Real-world
address
I 1 3 0
. /
:
File type
File number
Element number
Slot number
Module type
Subelement number
For terminals above #15
0 1
Bit number
Terminal number
O:4/15 Output module in slot 4, terminal 15
I:3/8 Input module in slot 3, terminal 8
O:6.0 Output module, slot 6
I:5.0 Input module, slot 5
Every input and output device connected to a discrete
I/O module is addressed to a specific bit in the PLC’s
memory. A bit is a binary digit that can be either 1 or 0.
Analog I/O modules use a word addressing format, which
allows the entire words to be addressed. The bit part of
the address is usually not used; however, bits of the digital
representation of the analog value can be addressed by the
programmer if necessary. Figure 2-6 illustrates bit level
and word level addressing as it applies to an SLC 500
controller.
Figure 2-7 illustrates the Allen-Bradley ControlLogix
tag-based addressing format. With Logix5000 controllers,
you use a tag (alphanumeric name) to address data (vari-
ables). Instead of a fixed numeric format the tag name
itself identifies the data. The field devices are assigned
tag names that are referenced when the PLC ladder logic
program is developed.
PC-based control runs on personal or industrial hard-
ened computers. Also known as soft PLCs, they simulate
the functions of a PLC on a PC, allowing open architecture
systems to replace proprietary PLCs. This implementa-
tion uses an input/output card (Figure 2-8) in conjunction
with the PC as an interface for the field devices.
Combination I/O modules can have both input and out-
put connections in the same physical module as illustrated
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Figure 2-6 SLC 500 bit level and word level addressing. (a) Bit level
addressing. (b) Word level addressing.
1
Inputs
Data files
Program files
Output
I:1/0
0
I:1/1
Processor memory
Input
addressing
Output
addressing
I:1/1
I:1/1
I:1/0 O:3/0
O:3/0
I:1/0
0
0:3/0
(a)
Processor
O0:2.0
(address)
Meter
analog
output
Thermocouple
analog input
I0:2.0
(address)
0
Analog
module
1 2
1 2 0
Type Slot
Address
Word Bit Inputs
O 2 0
Type Slot
Address
Word Bit
0
1
Outputs
0
1
Not
used
Not
used
IN 0
IN 0
OUT 0
OUT 0
Output Input
Power
Analog
2:20
(b)
Figure 2-7 Allen-Bradley ControlLogix tag-based addressing format.
Source: Image Used with Permission of Rockwell Automation, Inc.
Start
I_PBO
<Local:6:1.Data.0>
Input instruction
Base address
Alias tag pointing
to base address
Description assigned
to alias tag
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Figure 2-9 Typical combination I/O module.
Source: Image Used with Permission of Rockwell Automation, Inc.
0
1
2
3
4
5
6
7
Status
Inputs
Status
indicators Input Output
Input
connections
Output
connections
0
1
2
3
4
5
6
7
Outputs
Power supply
connections
Power supply
connections
Figure 2-10 Plug-in terminal block.
Terminal
block
Module
Figure 2-8 Typical PC interface card.
Source: Photo © Beckhoff Automation GmbH.
2.2 Discrete I/O Modules
The most common type of I/O interface module is the dis-
crete type (Figure 2-12). This type of interface connects
field input devices of the ON/OFF nature such as selec-
tor switches, pushbuttons, and limit switches. Likewise,
output control is limited to devices such as lights, relays,
solenoids, and motor starters that require simple ON/OFF
switching. The classification of discrete I/O covers bit-
oriented inputs and outputs. In this type of input or output,
each bit represents a complete information element in itself
and provides the status of some external contact or advises
of the presence or absence of power in a process circuit.
Each discrete I/O module is powered by some field-
supplied voltage source. Since these voltages can be of
different magnitude or type, I/O modules are available at
various AC and DC voltage ratings, as listed in Table 2-1.
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The modules themselves receive their voltage and cur-
rent for proper operation from the backplane of the rack
enclosure into which they are inserted, as illustrated in Fig-
ure 2-13. Backplane power is provided by the PLC module
power supply and is used to power the electronics that re-
side on the I/O module circuit board. The relatively higher
Figure 2-11 16, 32, and 64 point I/O modules.
Source: (all ) Photos courtesy Omron Industrial Automation, www.ia.omron.com.
Figure 2-12 Discrete input and output devices.
Indicator
lights
Signaling
column
Relays Motor
starter
Pushbuttons Selector
switch
Limit
switch
Discrete inputs
Discrete outputs
Proximity
switches
Figure 2-13 Modules receive their voltage and current
from the backplane.
Backplane power
Power
supply
Input Interfaces Output Interfaces
12 V AC/DC /24 V AC/DC 12–48 V AC
48 V AC/DC 120 V AC
120 V AC/DC 230 V AC
230 V AC/DC 120 V DC
5 V DC (TTL level) 230 V DC
5 V DC (TTL level)
24 V DC
Table 2-1 Common Ratings for Discrete
I/O Interface Modules
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• The zener diode (ZD
) voltage rating sets the mini-
mum threshold level of voltage that can be detected.
• When light from the LED strikes the phototransis-
tor, it switches into conduction and the status of
the pushbutton is communicated in logic to the
processor.
• The optical isolator not only separates the higher
AC input voltage from the logic circuits but also
prevents damage to the processor due to line volt-
age transients. In addition, this isolation also helps
reduce the effects of electrical noise, common in the
industrial environment, which can cause erratic op-
eration of the processor.
• For fault diagnosis, an input state LED indicator
is on when the input pushbutton is closed. This in-
dicator may be wired on either side of the optical
isolator.
• An AC/DC type of input module is used for both
AC and DC inputs as the input polarity does not
matter.
• A PLC input module will have either all inputs iso-
lated from each other with no common input con-
nections or groups of inputs that share a common
connection.
currents required by the loads of an output module are
normally provided by user-supplied power. Module power
supplies typically may be rated for 3 A, 4 A, 12 A, or 16 A
depending on the type and number of modules used.
Figure 2-14 shows the block diagrams for one input of
a typical alternating current (AC) discrete input module.
The input circuit is composed of two basic sections: the
power section and the logic section. An optical isolator is
used to provide electrical isolation between the field wir-
ing and the PLC backplane internal circuitry. The input
LED turns on or off, indicating the status of the input de-
vice. Logic circuits process the digital signal to the pro-
cessor. Internal PLC control circuitry typically operates at
5 VDC or less volts.
A simplified diagram for a single input of a discrete AC
input module is shown in Figure 2-15. The operation of
the circuit can be summarized as follows:
• The input noise filter consisting of the capacitor and
resistors R1 and R2 removes false signals that are
due to contact bounce or electrical interference.
• When the pushbutton is closed, 120 VAC is applied
to the bridge rectifier input.
• This results in a low-level DC output voltage that is
applied across the LED of the optical isolator.
Figure 2-14 Discrete AC input module block diagram.
L1
(120 VAC)
Input
signal
L2
Logic
circuits
To processor
(low VDC)
Input status
indicator
Zener
diode
level
detection
Power
Logic
Opto-electrical
isolation
Bridge
rectifier
Figure 2-15 Simpliﬁed diagram for a single input of a discrete AC input module.
Bridge
rectifier
Input module
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Filter
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Z
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Internal module circuit
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LED input
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R2
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C
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• When the processor calls for an output load to be
energized, a voltage is applied across the LED of
the opto-isolator.
• The LED then emits light, which switches the pho-
totransistor into conduction.
• This in turn triggers the triac AC semiconductor
switch into conduction allowing current to flow to
the output load.
• Since the triac conducts in either direction, the out-
put to the load is alternating current.
• The triac, rather than having ON and OFF status,
actually has LOW and HIGH resistance levels,
respectively. In its OFF state (HIGH resistance),
a small leakage current of a few milliamperes still
flows through the triac.
• As with input circuits, the output interface is usually
provided with LEDs that indicate the status of each
output.
• Fuses are normally required for the output module,
and they are provided on a per circuit basis, thus al-
lowing for each circuit to be protected and operated
separately. Some modules also provide visual indi-
cators for fuse status.
• The triac cannot be used to switch a DC load.
Discrete input modules perform four tasks in the PLC
control system. They:
• Sense when a signal is received from a field device.
• Convert the input signal to the correct voltage level
for the particular PLC.
• Isolate the PLC from fluctuations in the input
signal’s voltage or current.
• Send a signal to the processor indicating which sen-
sor originated the signal.
Figure 2-16 shows the block diagram for one output of
a typical discrete output module. Like the input module,
it is composed of two basic sections: the power section
and the logic section, coupled by an isolation circuit. The
output interface can be thought of as an electronic switch
that turns the output load device on and off. Logic circuits
determine the output status. An output LED indicates the
status of the output signal.
A simplified diagram for a single output of a discrete
AC output module is shown in Figure 2-17. The operation
of the circuit can be summarized as follows:
• As part of its normal operation, the digital logic cir-
cuits of the processor sets the output status accord-
ing to the program.
Figure 2-16 Discrete AC output module block diagram.
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Figure 2-17 Simpliﬁed diagram for a single output of a discrete AC
output module.
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