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INTRODUCTION TO
PROGRAMMABLE LOGIC
CONTROLLERS 2ND EDITION: A
COMPREHENSIVE GUIDE TO
MASTERING INDUSTRIAL
AUTOMATION

Industrial  automation  forms  the
backbone of modern manufacturing, and
at the heart  of  this  revolution lies the
Programmable Logic Controller, or PLC.
For engineers, technicians, and students
looking to deepen their understanding of
t h i s  c r i t i c a l  t e c h n o l o g y ,  t h e
Introduction To Programmable Logic
Controllers 2nd Edition  has  become
an  essential  resource.  This  updated
edition builds on the strong foundation
of  the  original  text,  offering  fresh
insights into the hardware, software, and
practical applications that define today's
automated  systems.  Whether  you  are
new  to  the  field  or  seeking  to  refresh
your  knowledge,  this  guide provides  a
thorough exploration of  PLC principles,
programming techniques, and real-world
deployment strategies.
The second edition arrives at a pivotal
moment in industrial history. As factories
embrace  the  Internet  of  Things  (IoT),
edge  computing,  and  advanced  data
analytics,  the  role  of  the  PLC  has
expanded  beyond  s imple  re lay
replacement.  Modern  controllers  now
handle complex motion control, process

automation,  and  network  integration.
Understanding  these  developments
requires a resource that is both current
a n d  c o m p r e h e n s i v e ,  a n d  t h e
Introduction To Programmable Logic
Controllers  2nd  Edition  delivers
exactly  that.

What Is a
Programmable
Logic Controller?
A  Programmable  Logic  Controller  is  a
ruggedized digital computer used for the
automation  of  electromechanical
processes.  Unlike  general-purpose
computers, PLCs are designed to operate
in  harsh  industrial  environments,
tolerating  extreme  temperatures,
vibration, humidity, and electrical noise.
They monitor  inputs  from sensors  and
physical  switches,  execute  a  user-
defined  program,  and  control  outputs
such  as  motors,  valves,  and  indicators.
The  key  distinction  of  a  PLC  is  its
deterministic  behavior.  In  an  industrial
setting,  timing  and  reliability  are
paramount.  A  PLC  guarantees  that  its
control  program runs  in  a  predictable,
repeatable  cycle,  ensuring  that  critical
processes remain synchronized and safe.
This reliability is why PLCs have replaced
traditional relay logic in virtually every
sector  o f  manufactur ing ,  f rom
automotive assembly to food processing
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to pharmaceutical production.

The Evolution of
PLCs and the
Significance of
the Second
Edition
The first  PLC emerged in the late 1960s
as  a  solution  to  the  inflexibility  of
hardwired  relay  panels.  These  early
controllers  were  programmed  using
ladder logic,  a graphical language that
mimicked electrical schematics. Over the
d e c a d e s ,  P L C s  h a v e  e v o l v e d
dramatically,  incorporating  faster
processors,  expanded  memory,
networked  communications,  and
advanced  function  blocks.
The  Introduction  To  Programmable
Logic Controllers 2nd Edition reflects
this  evolution.  While  the  first  edition
provided a solid grounding in PLC basics,
the second edition expands its scope to
cover  contemporary  topics  such  as
Ethernet/IP, PROFINET, safety PLCs, and
the integration of PLCs with SCADA and
MES systems. This update ensures that
readers  are  not  only  learning  classic
principles  but  also  preparing  for  the
demands of Industry 4.0.
Another  critical  addition  in  the second
edition  is  the  inclusion  of  hands-on
exercises  using  popular  simulation
software. These exercises allow readers
to write, test, and debug programs in a
virtual  environment  before  applying
them to physical hardware. This practical
approach accelerates learning and builds
confidence.

Key Components
of a PLC System
A typical PLC system consists of several
hardware  and  software  components
working in concert. Understanding these
parts  is  essential  for  anyone  studying
the  Introduction  To  Programmable
Logic Controllers 2nd Edition.

CENTRAL PROCESSING UNIT (CPU)
The CPU is the brain of the PLC. It reads
the  program  instructions,  processes
input  data,  and  updates  outputs
accordingly. Modern CPUs are capable of
executing thousands of instructions per
millisecond, enabling real-time control of
fast-moving processes.

POWER SUPPLY

The power supply converts incoming AC
or DC power to the voltages required by
the CPU, I/O modules, and other internal
components.  Reliable  power  is  critical;
many  industrial  installations  include
uninterruptible power supplies (UPS) to
prevent data loss during outages.

INPUT/OUTPUT (I/O) MODULES

I/O modules interface the PLC with the
physical  world.  Digital  input  modules
read  signals  from  switches,  push
buttons,  and proximity  sensors.  Digital
output  modules  control  relays,  lights,
and contactors. Analog modules handle
continuous signals such as temperature,
pressure, and flow rate measurements.

PROGRAMMING DEVICE

In the past, programming was done with
dedicated handheld units.  Today,  most
PLCs are programmed using software on
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a  standard  PC.  The  second  edition  of
Introduction To Programmable Logic
Controllers guides readers through the
use of popular IDEs such as RSLogix 500,
Siemens TIA Portal, and CODESYS.

COMMUNICATION INTERFACES

PLCs  commun ica te  w i th  o the r
controllers, computers, and field devices
using  protocols  such  as  Modbus,
Profibus, DeviceNet, and Ethernet/IP. The
second edition provides an overview of
these  networks,  helping  readers
understand how to integrate PLCs into
larger automation architectures.

How PLCs Work:
The Scan Cycle
The operation of  a  PLC is  based on a
continuous  loop  called  the  scan cycle.
This cycle consists of three main phases:
input  scan,  program  execution,  and
output scan. During the input scan, the
controller  reads  the  status  of  al l
connected input devices and stores this
data  in  memory.  During  program
execution, the CPU processes the user's
logic based on the snapshot of inputs.
Finally,  during  the  output  scan,  the
results  are  written  to  the  output
modules, updating the physical devices.
The scan cycle time varies depending on
the complexity of the program and the
speed  of  the  CPU,  but  it  is  typically
measured  in  milliseconds.  For  most
industrial  applications,  this  speed  is
more than adequate. However, for high-
speed processes such as packaging or
printing,  engineers  must  carefully
optimize  program  logic  to  ensure
consistent  timing.
The  Introduction  To  Programmable

Logic  Controllers  2nd  Edition
dedicates an entire chapter to the scan
cycle,  explaining  how  to  read  timing
diagrams, troubleshoot scan delays, and
design programs that respect real-time
constraints.

Programming
Languages for
PLCs
The  International  Electrotechnical
Commission  (IEC)  standard  61131-3
defines  five  programming  languages  for
PLCs. The second edition covers all  five,
with  particular  emphasis  on  the  most
widely used languages.

Ladder Logic (LD): The original
PLC language, ladder logic uses
graphical symbols to represent
relays and contacts. It remains the
most popular choice for discrete
control applications due to its
intuitive, schematic-like
appearance.
Functional Block Diagram
(FBD): FBD uses blocks connected
by signal flow lines. It is
particularly well suited for analog
signal processing and continuous
control loops.
Structured Text (ST): A high-
level textual language similar to
Pascal or C. ST is ideal for complex
mathematical operations and data
handling.
Instruction List (IL): A low-level,
assembly-like language. IL is less
common today but still used in
legacy systems.
Sequential Function Chart
(SFC): SFC breaks a process into



4

4 Introduction To Programmable Logic Controllers 2nd Edition 2023-02-06

steps and transitions, making it
excellent for batch and sequential
processes.

Readers  of  the  second  edition  will  find
code  examples  in  multiple  languages,
along  with  guidance  on  selecting  the
best  language  for  a  given  application.
This  versatility  is  a  hallmark  of  the
modern PLC programmer.

Applications of
PLCs in Industry
PLCs are found in virtually every sector
of industry. Their flexibility and reliability
make  them  indispensable  for  tasks
ranging from simple machine control to
complex plant-wide automation.

MANUFACTURING AND ASSEMBLY

In  automotive  plants,  PLCs  control
robotic  welding  stations,  conveyor
systems,  and  painting  booths.  They
coordinate  the  movement  of  parts
through  assembly  lines,  ensuring  that
each  workstation  receives  components
at the correct time.

PROCESS CONTROL

In  chemical  plants,  oil  refineries,  and
water treatment facilities, PLCs monitor
temperature,  pressure,  and  flow  rates.
They  execute  PID  control  loops  to
maintain  process  variables  within  tight
tolerances,  improving  product  quality
and  safety.

MATERIAL HANDLING

Warehouses and distribution centers rely
on PLCs to manage automated storage
and  retrieval  systems,  sortation
conveyors,  and  palletizers.  These
systems increase throughput and reduce

labor costs.

ENERGY MANAGEMENT

PLCs  are  used  in  power  generation,
renewable energy systems, and building
automation.  They  monitor  electrical
loads,  control  l ighting  and  HVAC
systems,  and  help  facilities  reduce
energy  consumption.
The  Introduction  To  Programmable
Logic  Controllers  2nd  Edition
includes case studies from each of these
sectors,  illustrating  how  theoretical
concepts  translate  into  practical
solutions.

Advantages of
Using PLCs
The widespread adoption of PLCs is no
accident.  These  controllers  offer  several
compelling  advantages  over  older
control  methods.

Flexibility: Changing a PLC1.
program is much simpler than
rewiring a relay panel. This allows
manufacturers to adapt quickly to
new products or process changes.
Reliability: PLCs are built to2.
withstand industrial conditions.
With no moving parts and solid-
state components, they offer years
of trouble-free operation.
Diagnostics: Modern PLCs3.
provide extensive diagnostic
information, including fault logs,
run-time statistics, and online
monitoring. This simplifies
troubleshooting and reduces
downtime.
Scalability: PLC systems can be4.
expanded by adding I/O modules
or networking multiple controllers
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together. This makes them
suitable for both small machines
and large plants.
Cost-Effectiveness: While the5.
initial investment may be higher
than relay logic, the long-term
savings in maintenance, flexibility,
and productivity are substantial.

What Makes the
Second Edition
Special?
The  Introduction  To  Programmable
Logic Controllers 2nd Edition  is not
merely a reprint with minor corrections.
It is a substantial revision that addresses
the  changing  landscape  of  industrial
automation. Several features distinguish
this edition from its predecessor.

UPDATED CONTENT ON
NETWORKING AND CYBERSECURITY

As PLCs become increasingly connected,
cybersecurity  has  become  a  critical
concern. The second edition includes a
new  chapter  on  industrial  network
security,  covering topics such as VLAN
segmentation,  firewall  rules,  and  secure
remote access.

COVERAGE OF SAFETY PLCS

Safety  PLCs  are  specialized  controllers
designed to implement fail-safe logic for
emergency stop systems, light curtains,
and  other  safety  devices.  The  second
edition  explains  the  principles  of
functional safety standards such as IEC
61508 and ISO 13849.

ENHANCED PEDAGOGY

Each  chapter  now  includes  learning
objectives,  review  questions,  and
practical  exercises.  An  accompanying
website provides downloadable program
files,  simulation  projects,  and  instructor
resources.

REAL-WORLD CASE STUDIES

The  second  edition  features  expanded
case studies drawn from actual industrial
installations. These studies walk readers
through the entire design process, from
requirements gathering to programming
to commissioning.

Who Should
Read This Book?
The  Introduction  To  Programmable
Logic  Controllers  2nd  Edition  is
des igned  for  a  broad  audience.
Engineering  students  will  find  it  a
comprehensive  textbook  that  bridges
theory  and  practice.  Apprentice
electricians  and  technicians  wil l
appreciate  the  clear  explanations  of
hardware  and  troubleshoot ing.
Experienced professionals can use it as a
reference for  advanced topics  such as
networking and safety systems.
The book assumes no prior knowledge of
PLCs.  It  begins  with  fundamental
concepts  and  steadily  builds  toward
more  complex  material.  This  makes  it
suitable  for  self-study  as  well  as
classroom  use.

Conclusion
Industrial  automation  continues  to
evo lve  at  a  rap id  pace,  yet  the
Programmable Logic Controller remains
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its  cornerstone.  The  Introduction  To
Programmable Logic Controllers 2nd
Edition  captures  both  the  timeless
principles  of  PLC  operation  and  the
cutting-edge  developments  that  define
the modern industrial landscape. With its
clear  explanations,  practical  examples,
and  comprehensive  coverage,  this

edition  is  an  indispensable  tool  for
anyone  seek ing  to  master  PLC
technology. Whether you are automating
a single  machine or  an entire  factory,
the knowledge contained in these pages
will  serve  as  a  solid  foundation  for
success  in  the  dynamic  world  of
industrial  control.


