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Section 1: What a PLC Is (Beginner-Friendly Explanation) 

A Programmable Logic Controller  usually shortened to PLC is a specialised industrial 

computer designed to run machines, processes, and equipment. While it looks 

nothing like a desktop PC and doesn’t run normal software, the core idea is the 

same: it takes information in, processes it, and sends instructions out. 

Where a normal computer runs apps, a PLC runs control logic. Its entire purpose is to 

make decisions automatically based on the conditions of the machine or process it is 

controlling. 

At the simplest level, every PLC performs three essential tasks: 

1. It monitors what’s happening through its inputs. 

2. It decides what to do using the program stored inside it. 

3. It controls equipment through its outputs. 

This loop repeats constantly, thousands of times per second, allowing the PLC to 

react quickly and consistently. 

PLCs are used everywhere in industry. You’ll find them in: 

 manufacturing plants 

 food and beverage production 

 water and wastewater treatment 

 oil and gas facilities 

 packaging lines 

 HVAC and building automation 

 conveyor systems 

 pumping stations 

 energy and utility systems 

If something needs to start, stop, open, close, measure, count, or react to changing 

conditions, a PLC is usually involved. 
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Why PLCs Exist 

Before PLCs were invented, machines were controlled using relays, timers, and 

hard-wired circuits. Changing how a machine behaved meant physically rewiring 

panels  a slow, expensive, and error-prone process. 

PLCs replaced all of that with a single device that can be reprogrammed in seconds. 

Instead of rewiring, you simply change the logic. Instead of dozens of relays, you 

have one CPU. Instead of guessing what’s wrong, you have diagnostics and status 

information. 

This shift made automation: 

 faster to design 

 easier to modify 

 more reliable 

 safer 

 easier to troubleshoot 

It’s the reason PLCs became the backbone of modern industry. 

What Makes a PLC Different from a Normal Computer 

Although a PLC is technically a computer, it’s built for a completely different 

environment and purpose. 

A PLC is designed to: 

 run 24/7 without crashing 

 survive heat, vibration, dust, and electrical noise 

 react to inputs in milliseconds 

 control equipment safely 

 handle real-world electrical signals 

 continue operating even during faults or disturbances 

It doesn’t run Windows, it doesn’t browse the internet, and it doesn’t run apps. It 

runs one program, continuously, with absolute reliability. 
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The Role of the PLC Program 

Inside every PLC is a user-written program that defines how the machine behaves. 

The program is made up of logical instructions such as: 

 “If this switch is pressed, start the motor.” 

 “If the level is high, stop the pump.” 

 “If the temperature is too low, open the valve.” 

 “If the emergency stop is active, shut everything down.” 

The PLC doesn’t “think” for itself  it simply follows the logic you give it. This makes 

PLCs predictable, consistent, and safe. 

Why Understanding PLC Basics Matters 

Whether you’re a technician, apprentice, engineer, or someone moving into 

automation, understanding PLC fundamentals gives you the foundation to work on 

almost any industrial system. 

Once you understand: 

 what a PLC is 

 how it reads inputs 

 how it processes logic 

 how it controls outputs 

you can apply that knowledge to any brand, any industry, and any machine. 
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Section 2: Why PLCs Replaced Hard-Wired Control 

Before PLCs became the standard, industrial machines were controlled using 

hard-wired circuits made from relays, timers, contactors, and physical wiring. Every 

function of the machine  from starting a motor to sequencing a process  was 

achieved by connecting electrical components together in a fixed arrangement. 

This approach worked, but it came with serious limitations. As machines grew more 

complex, the wiring became harder to design, harder to modify, and harder to 

troubleshoot. Even small changes required hours of panel work, and large changes 

often meant ripping out entire sections of wiring and starting again. 

PLCs were created to solve these problems. Instead of relying on physical wiring to 

define how a machine behaves, a PLC uses software logic. The wiring becomes 

simple and standardised, and the behaviour of the machine is controlled by the 

program inside the PLC. 

This shift transformed industrial automation. 

The Problems with Hard-Wired Control 

Hard-wired systems had several major drawbacks: 

1. Difficult to Modify 

If a customer wanted a machine to behave differently, even something simple like 

adding a delay or changing a sequence, the panel had to be rewired. This meant: 

 downtime 

 labour costs 

 risk of wiring mistakes 

 limited flexibility 

Every change required a technician with electrical skills and time on site. 

2. Limited Complexity 

As machines became more advanced, the number of relays and wires needed grew 

rapidly. Panels became crowded, hot, and difficult to maintain. Some control 

strategies were simply too complex to implement with relays alone. 
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3. Hard to Troubleshoot 

Finding a fault in a relay panel often meant tracing wires, checking contacts, and 

manually testing components. There was no diagnostic information, no status 

indicators, and no way to see what the system “thought” was happening. 

4. Wear and Tear 

Relays and mechanical timers physically move. Contacts wear out, coils burn out, and 

components fail over time. This made hard-wired systems less reliable and more 

maintenance-intensive. 

How PLCs Solved These Problems 

PLCs replaced physical wiring logic with software logic, bringing several major 

advantages. 

1. Easy to Modify 

Changing how a machine behaves is now as simple as editing the program. No 

rewiring, no new components, no panel redesign. This makes PLC-controlled systems 

far more flexible and adaptable. 

2. Capable of Complex Control 

PLCs can handle: 

 sequences 

 timing 

 counting 

 interlocks 

 analog control 

 communication 

 safety logic 

All of this would be extremely difficult  or impossible  with relays alone. 

 

 

3. Built-In Diagnostics 
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PLCs provide real-time information about: 

 input and output status 

 faults 

 timers and counters 

 communication 

 internal logic states 

This makes troubleshooting faster, safer, and more accurate. 

4. High Reliability 

PLCs are solid-state devices with no moving parts. They are designed to run 

continuously in harsh industrial environments. This dramatically reduces maintenance 

and increases uptime. 

The Result: A Complete Shift in Industrial Automation 

The introduction of PLCs changed how machines were designed, built, and 

maintained. Instead of relying on physical wiring to define behaviour, engineers 

could now design logic in software. Machines became: 

 more reliable 

 easier to modify 

 easier to scale 

 easier to troubleshoot 

 more capable 

 safer 

This is why PLCs became the backbone of modern automation — and why 

understanding them is essential for anyone working in industry today. 

 

 

 

Section 3:  Core Hardware Components of a PLC System 
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Although PLCs come in many shapes, sizes, and brands, every system is built from 

the same essential hardware elements. Once you understand these building blocks, 

you can walk up to almost any PLC panel in the world and recognise what you’re 

looking at. 

This section breaks down the major components in a simple, practical way  no 

brand-specific details, just the universal concepts that apply to all PLCs. 

1. The CPU (Central Processing Unit) 

The CPU is the “brain” of the PLC. It’s responsible for: 

 running the user program 

 reading inputs 

 updating outputs 

 handling communication 

 storing data 

 performing diagnostics 

Inside the CPU you’ll find: 

 a processor 

 memory for the program and variables 

 communication ports 

 status LEDs 

 sometimes built-in inputs and outputs 

The CPU executes the control logic continuously, thousands of times per second. 

Everything else in the PLC system exists to support the CPU’s ability to make 

decisions. 

 

 

 

2. Input Modules (Digital and Analog) 
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Inputs allow the PLC to “see” what’s happening in the real world. 

Digital Inputs 

These detect simple on/off conditions such as: 

 pushbuttons 

 limit switches 

 proximity sensors 

 pressure switches 

 float switches 

A digital input is either 1 (on) or 0 (off)  nothing in between. 

Analog Inputs 

These measure continuously changing values such as: 

 temperature 

 pressure 

 flow 

 level 

 speed 

Analog inputs convert a voltage or current signal into a numerical value the CPU can 

use. This allows the PLC to make decisions based on real measurements, not just 

binary states. 

3. Output Modules (Digital and Analog) 

Outputs allow the PLC to control equipment. 

 

 

 

 

Digital Outputs 
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These switch devices on or off, such as: 

 motors 

 solenoid valves 

 relays 

 alarms 

 indicator lights 

A digital output sends a simple on/off signal to the device. 

Analog Outputs 

These send variable signals to control things like: 

 valve position 

 motor speed 

 heater power 

 pump speed 

Analog outputs allow the PLC to control equipment proportionally, not just in binary 

steps. 

4. Power Supply 

Every PLC system requires a stable power supply. The power supply converts 

incoming mains or DC power into the voltage the PLC needs to operate. 

It typically provides: 

 power for the CPU 

 power for input/output modules 

 sometimes power for field devices 

A reliable power supply is essential because PLCs are designed to run continuously. 

Any instability can cause unexpected shutdowns or faults. 

 

5. Communication Ports and Networks 
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Modern PLCs rarely operate alone. They often communicate with: 

 HMIs (Human-Machine Interfaces) 

 SCADA systems 

 variable speed drives 

 remote I/O racks 

 other PLCs 

 sensors and instruments 

Common communication methods include: 

 Ethernet-based networks 

 serial communication 

 fieldbus systems 

 industrial protocols 

Communication allows the PLC to exchange data, coordinate with other systems, and 

provide operators with real-time information. 

6. Optional Expansion Modules 

Most PLCs can be expanded to suit the needs of the machine or process. Expansion 

modules may include: 

 extra digital inputs 

 extra digital outputs 

 analog input/output modules 

 communication modules 

 specialty modules (counters, temperature inputs, motion control, etc.) 

This modular approach allows a PLC system to grow without replacing the entire 

controller. 

 

7. The Programming Device 
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Although not part of the PLC hardware itself, a programming device is essential. This 

is usually a laptop running PLC programming software. It allows you to: 

 write and edit the program 

 download the program to the CPU 

 monitor live values 

 troubleshoot faults 

 adjust parameters 

Once the program is loaded, the PLC runs independently  the laptop is only needed 

for configuration and maintenance. 

Why Understanding the Hardware Matters 

Knowing the hardware components helps you: 

 understand how the PLC interacts with the real world 

 troubleshoot faults more effectively 

 design or modify control systems 

 recognise what each module does when looking inside a panel 

 communicate clearly with electricians, technicians, and engineers 

Every PLC system  from the smallest machine controller to the largest plant-wide 

system  is built from these same core elements. Once you understand them, the rest 

of PLC programming and troubleshooting becomes far easier. 

 

Section 4: Digital and Analog Signals Explained Simply 

Every PLC interacts with the real world through signals. These signals tell the PLC 

what is happening and allow it to control equipment. Although there are many types 

of sensors and devices, all PLC signals fall into two main categories. These are digital 

signals and analog signals. Understanding the difference between them is essential 

because it affects how the PLC reads information and how it makes decisions. 

 

Digital Signals 
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A digital signal is the simplest type of signal a PLC can receive or send. It has only 

two possible states. It is either on or off. True or false. One or zero. There is no 

middle value. 

Digital inputs are used for devices that only need to report a simple condition. 

Examples include: 

 a pushbutton that is pressed or not pressed 

 a limit switch that is made or not made 

 a proximity sensor that detects an object or does not detect it 

 a pressure switch that has tripped or has not tripped 

When a digital input is on, the PLC stores a value of one in its memory. When it is off, 

the PLC stores a value of zero. The PLC then uses these values in the program to 

decide what actions to take. 

Digital outputs work in the same simple way. They turn equipment on or off. 

Examples include: 

 starting or stopping a motor 

 energising a solenoid valve 

 switching on an alarm 

 turning on an indicator light 

Digital signals are used when the PLC only needs to know whether something has 

happened, not how much or how far. 

Analog Signals 

Analog signals provide the PLC with information that can vary continuously. Instead 

of only two states, an analog signal can represent a wide range of values. This allows 

the PLC to measure real world conditions that change gradually. 

 

 

 

Common examples of analog measurements include: 
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 temperature 

 pressure 

 flow rate 

 tank level 

 speed 

 position 

An analog input converts a voltage or current signal into a numerical value that the 

PLC can use. This value might represent a temperature in degrees, a pressure in bar, 

or a level in percent. The PLC can then make decisions based on these values. For 

example, it can slow down a pump as the level approaches a set point or open a 

valve gradually instead of fully on or fully off. 

Analog outputs allow the PLC to control equipment in a proportional way. Instead of 

simply switching something on or off, the PLC can send a variable signal to control 

things like: 

 the speed of a motor 

 the position of a valve 

 the power delivered to a heater 

This makes analog control essential for processes that require accuracy and smooth 

adjustment. 

Why the Difference Matters 

Digital signals are simple, fast, and reliable. They are perfect for safety circuits, 

interlocks, and basic machine control. Analog signals provide detail and precision. 

They allow the PLC to respond to real measurements and control processes 

smoothly. 

Most industrial systems use a mixture of both. A pump might start with a digital 

signal but adjust its speed based on an analog level or pressure reading. A heater 

might turn on with a digital output but regulate its temperature using an analog 

feedback loop. 

Understanding the difference between digital and analog signals is a key step in 

learning how PLCs interact with the real world. Once you can recognise which type of 
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signal a device uses, the rest of the control strategy becomes much easier to 

understand. 

Section 5: Number Systems Explained Simply 

PLCs work with electrical signals, but inside the controller everything is processed as 

numbers. To understand how a PLC stores information and makes decisions, you 

need a basic understanding of the number systems it uses. You do not need to be a 

mathematician. You only need to understand the simple ideas behind each system 

and why they matter. 

The three number systems used most often in PLC work are binary, hexadecimal, and 

binary coded decimal. Each one serves a different purpose and helps the PLC 

represent information in a compact and efficient way. 

Binary Numbers 

Binary is the most important number system in PLCs. It uses only two digits. These 

are zero and one. Every value inside the PLC is stored using combinations of these 

two digits. 

A single binary digit is called a bit. A bit can only be on or off. True or false. One or 

zero. This matches perfectly with the way PLCs read digital inputs and control digital 

outputs. 

When several bits are grouped together, they can represent larger values. For 

example: 

 eight bits can represent values from zero to two hundred and fifty five 

 sixteen bits can represent values from zero to sixty five thousand 

 thirty-two bits can represent very large values 

Binary is the foundation of all PLC data. Even when you see a decimal number on a 

screen, the PLC is storing it internally as binary. 

 

 

 

Hexadecimal Numbers 
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Hexadecimal is another number system used in PLCs. It uses sixteen symbols instead 

of ten. These symbols are zero to nine and the letters A to F. Hexadecimal is not used 

for calculations in most PLC programs. Instead, it is used because it provides a 

compact way to display large binary values. 

Every hexadecimal digit represents four binary bits. This means a long string of 

binary digits can be shown as a short and readable hexadecimal value. This is useful 

when viewing memory addresses, status words, communication data, and diagnostic 

information. 

You do not need to convert hexadecimal values by hand. You only need to recognise 

that hexadecimal is a compact way of showing binary information. 

Binary Coded Decimal 

Binary coded decimal, often called BCD, is a system that represents each decimal 

digit using four binary bits. It is used by some devices that display numbers directly, 

such as thumbwheel switches or certain types of counters. 

Why Number Systems Matter in PLC Work 

You do not need to memorise binary tables or perform conversions manually. What 

matters is understanding why these systems exist and how they relate to PLC 

operation. 

Binary is used because PLCs work with on and off signals. Hexadecimal is used 

because it makes long binary values easier to read. BCD is used because it matches 

the way humans write numbers. 

Once you understand these basic ideas, you will find it much easier to read PLC data, 

troubleshoot problems, and understand how values are stored inside the controller. 

Section 6: Data Types You Will Actually Use 

Inside a PLC, every piece of information is stored in a specific format called a data 

type. A data type tells the PLC how to interpret the value. It defines how many bits 

are used, what range of values is allowed, and how the PLC should treat the 

information. 

You do not need to memorise every data type that exists. In real industrial work, only 

a small number of them are used regularly. Once you understand these core types, 

you can read and write most PLC programs with confidence. 
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Boolean Values 

A boolean value is the simplest data type. It can only be true or false. One or zero. 

On or off. This matches perfectly with digital inputs and digital outputs. 

Examples of boolean values include: 

 a start button is pressed 

 a limit switch is made 

 a motor is running 

 an alarm is active 

Boolean values are used everywhere in PLC logic because most decisions are based 

on simple conditions. 

Integer Values 

An integer is a whole number. It has no decimal places. Integers are used for 

counting, indexing, and storing values that do not require fractions. 

Common uses include: 

 counting bottles on a conveyor 

 storing the number of cycles completed 

 selecting a recipe number 

 tracking the position of a step in a sequence 

There are several sizes of integer values, but the most common are: 

 eight bit integers 

 sixteen bit integers 

 thirty two bit integers 

Larger integers can store larger numbers. The important point is that integers are 

used when you need whole numbers only. 

Real Values 

A real value is a number that can include decimal places. This makes real values 

essential for measurements that require accuracy. 
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Examples include: 

 temperature 

 pressure 

 flow rate 

 tank level 

 speed 

Real values allow the PLC to work with precise information. For example, a 

temperature of twenty-three point seven degrees cannot be stored as an integer, but 

it can be stored as a real value. 

Real values are also used in calculations such as scaling, averaging, and proportional 

control. 

Timers and Counters 

Timers and counters are special data types used for time based and count based 

operations. 

A timer stores information such as: 

 the preset time 

 the elapsed time 

 whether the timer has finished 

A counter stores: 

 the current count 

 the target count 

 whether the count has been reached 

Although timers and counters are not numbers in the usual sense, they behave like 

structured data types that contain several related values. 

Strings and Text Values 

Some PLCs allow the use of text values called strings. These are used for messages, 

labels, and communication with operator screens. Strings are not used in basic 

control logic, but they are useful for displaying information to operators. 
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Examples include: 

 alarm messages 

 status messages 

 product names 

 operator prompts 

Strings are not essential for beginners, but it is helpful to know they exist. 

Why Data Types Matter 

Choosing the correct data type is important because it affects how the PLC stores 

and processes information. Using the wrong type can cause unexpected behaviour, 

incorrect calculations, or wasted memory. 

In practical PLC work, you will use boolean values, integers, real values, timers, and 

counters every day. These types form the foundation of most control programs. Once 

you understand them, you can read and write logic with far greater confidence. 

Section 7: The PLC Scan Cycle 

Every PLC operates in a continuous loop known as the scan cycle. This cycle is the 

heartbeat of the controller. It repeats over and over again from the moment the PLC 

enters run mode until the moment it is stopped. Understanding the scan cycle is 

essential because it explains how the PLC reacts to inputs, how it updates outputs, 

and why timing matters in real control systems. 

The scan cycle is simple, but it is the foundation of all PLC behaviour. Once you 

understand it, many aspects of programming and troubleshooting become much 

clearer. 

The Four Stages of the Scan Cycle 

Although different PLC brands may describe the scan in slightly different ways, the 

process always follows the same basic pattern. The PLC performs four main tasks in 

order. 

1. Read Inputs 

At the start of each scan, the PLC reads the current state of all input channels. This 

includes digital inputs and analog inputs. The PLC stores these values in an internal 

memory area. This memory snapshot is called the input image. 



Elite providers of Measurement and 
Control Solutions 
 

21 
 

The important point is that the PLC does not read inputs continuously during the 

scan. It reads them once at the beginning of the cycle. The program then uses these 

stored values for the rest of the scan. 

2. Execute the Program 

After reading the inputs, the PLC begins to execute the user program from top to 

bottom. It evaluates each instruction using the values stored in the input image. The 

program may set internal bits, update timers, perform calculations, or prepare output 

values. 

During this stage, the PLC does not yet update the physical outputs. It only updates 

the output image, which is another internal memory area that holds the intended 

output states. 

3. Update Outputs 

Once the program has finished running, the PLC copies the output image to the 

actual output channels. This is when motors start, valves open, lights turn on, and 

alarms activate. The outputs remain in this state until the next scan updates them 

again. 

4. Perform Diagnostics and Communication 

At the end of the scan, the PLC performs internal checks and handles communication 

tasks. This may include: 

 checking for faults 

 updating communication with other devices 

 refreshing data for operator screens 

 managing network traffic 

These tasks ensure that the PLC remains healthy and connected. 

 

How Fast Is the Scan Cycle 

PLC scan times are usually measured in milliseconds. A simple program may scan in 

one or two milliseconds. A larger program with many instructions, communication 

tasks, and analog processing may take longer. 
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The important point is that the scan is fast enough that the PLC appears to react 

instantly. Even though the PLC works in a loop, the cycle is so quick that the machine 

behaves smoothly and consistently. 

Why the Scan Cycle Matters in Real Work 

Understanding the scan cycle helps you avoid common mistakes and design better 

control logic. 

Inputs are not read continuously 

If a very short pulse occurs between scans, the PLC may miss it. This is why high-

speed counters and special input modules exist. 

Outputs only update at the end of the scan 

If your logic changes an output several times during the program, only the final state 

at the end of the scan will reach the physical device. 

Timers and counters depend on scan time 

Timers do not run faster than the scan. If the scan is slow, timers may appear to lag. 

Race conditions can occur 

If two parts of the program try to control the same output, the instruction that runs 

last will win. Understanding the scan helps you avoid this problem. 

The Scan Cycle in Simple Terms 

The PLC works like this: 

 look at the inputs 

 think about what to do 

 update the outputs 

 check itself and communicate 

 repeat 

This loop never stops while the PLC is running. It is the core of how every PLC 

behaves, regardless of brand or size. 
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Once you understand the scan cycle, you can predict how the PLC will react in almost 

any situation. This knowledge is essential for programming, troubleshooting, and 

designing reliable control systems. 

Section 8: Basic Logic Concepts 

Every PLC program is built from simple logical ideas. These ideas are the building 

blocks that allow the controller to make decisions. Even the most complex 

automation systems are created by combining these basic concepts in different ways. 

Once you understand them, you can read and write PLC logic with far more 

confidence. 

This section explains the essential logic concepts used in PLC programming. These 

concepts apply to every brand and every programming language, even though the 

symbols and instructions may look slightly different. 

The Idea of Logic 

Logic is the process of deciding what should happen based on certain conditions. In 

a PLC, logic is expressed as instructions that evaluate inputs, internal bits, timers, 

counters, and other values. The PLC then uses the results to control outputs. 

At its core, PLC logic answers simple questions such as: 

 Is this condition true 

 Are both conditions true 

 Is at least one condition true 

 Has something changed 

 Should the output remain on 

These questions form the basis of all control strategies. 

 

 

 

 

AND Logic 
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AND logic means that two or more conditions must be true at the same time before 

an action can occur. If any condition is false, the result is false. 

A simple example is a motor that can only start when: 

 the start button is pressed 

 the emergency stop is healthy 

 the guard door is closed 

All conditions must be true. If even one is false, the motor will not start. AND logic is 

used for safety checks, interlocks, and any situation where multiple requirements 

must be met. 

OR Logic 

OR logic means that only one of several conditions needs to be true for the result to 

be true. If any condition is true, the action can occur. 

Examples include: 

 a machine can stop if the stop button is pressed or if a fault occurs 

 an alarm can activate if the level is high or if the pressure is high 

OR logic is used when there are multiple ways to trigger the same action. 

NOT Logic 

NOT logic simply inverts a condition. If the input is true, the result is false. If the input 

is false, the result is true. 

Examples include: 

 a fan runs when a temperature switch is not made 

 a warning light turns on when a sensor is not healthy 

NOT logic is often used for fail safe conditions and for detecting when something is 

missing or inactive. 

 

 

Latching Logic 
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Latching is a method used to keep an output on even after the original start 

condition is no longer present. The output stays on until a separate stop condition 

occurs. 

A common example is a motor start circuit: 

 the start button turns the motor on 

 the motor stays on because the logic holds itself on 

 the stop button breaks the latch and turns the motor off 

Latching is essential for maintaining states such as running, active, enabled, or ready. 

Interlocks 

An interlock is a condition that prevents an action from happening unless certain 

requirements are met. Interlocks are used to ensure safety and correct operation. 

Examples include: 

 a heater cannot turn on unless the fan is running 

 a valve cannot open unless the pump is stopped 

 a conveyor cannot run unless the guard is closed 

Interlocks protect equipment and prevent dangerous situations. 

Sequencing 

Sequencing is the process of performing actions in a specific order. Many machines 

follow a sequence such as: 

 step one extend a cylinder 

 step two wait for a sensor 

 step three start a motor 

 step four check a condition 

 step five move to the next stage 

Sequences are built using combinations of AND logic, OR logic, latching, and timers. 

 

Why Logic Concepts Matter 
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These basic logic ideas are the foundation of every PLC program. Once you 

understand AND, OR, NOT, latching, interlocks, and sequencing, you can interpret 

almost any control strategy. You will also find it easier to design your own logic, 

troubleshoot faults, and understand how different parts of the program interact. 

The next section will apply these concepts to simple ladder logic examples that show 

how real control instructions work in practice. 

Section 9: Simple Ladder Logic Examples Explained in Words 

Ladder logic is one of the most common programming methods used in PLCs. It was 

created to look like electrical relay diagrams so that electricians and technicians 

could understand it easily. Even though modern PLCs are far more advanced than 

relay panels, ladder logic remains popular because it is clear, visual, and easy to 

follow. 

This section explains simple ladder logic examples using plain language. There are no 

symbols or diagrams. Instead, each example is described in a way that helps you 

understand the idea behind the logic rather than the appearance of the instructions. 

The Basic Structure of Ladder Logic 

Ladder logic is arranged in horizontal lines called rungs. Each rung represents a small 

piece of logic. The PLC reads the rungs from top to bottom during the scan cycle. 

Every rung has two sides: 

 the left side contains the conditions 

 the right side contains the action 

If the conditions on the left side are true, the action on the right side becomes true. If 

the conditions are false, the action becomes false. 

This simple idea is the foundation of all ladder logic. 

 

 

 

 

Example One: A Simple Start and Stop Circuit 
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This is the most common example in PLC training. It shows how a motor can be 

started and stopped using two pushbuttons. 

The logic works like this: 

 When the start button is pressed, the motor output turns on 

 When the stop button is pressed, the motor output turns off 

 The motor stays on after the start button is released because the logic holds 

itself on 

This is called a latch. The latch keeps the motor running until the stop button breaks 

the circuit. This behaviour is identical to a traditional relay-based motor starter. 

This example teaches two important ideas. The first is that ladder logic can hold an 

output on. The second is that the stop button must always be in the path of the logic 

so that it can break the circuit at any time. 

Example Two: A Motor That Runs Only When a Guard Is Closed 

Many machines require safety conditions before they can operate. In this example, a 

motor can only run when the guard door is closed. 

The logic works like this: 

 The guard switch must be in the safe position 

 The start button must be pressed 

 The stop button must not be pressed 

If all of these conditions are true, the motor output turns on. If the guard door opens 

at any time, the motor turns off immediately. 

This example shows how AND logic is used to enforce safety conditions. All required 

conditions must be true before the action can occur. 

Example Three: An Alarm That Activates From More Than One Condition 

Some alarms need to activate when any one of several conditions becomes unsafe. In 

this example, an alarm sounds if the level is high or if the pressure is high. 

 

The logic works like this: 
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 If the level switch is active, the alarm turns on 

 If the pressure switch is active, the alarm turns on 

 If both are active, the alarm still turns on 

This is OR logic. Only one condition needs to be true for the alarm to activate. This 

example shows how ladder logic can combine multiple triggers into a single output. 

Example Four: A Delay Before Starting a Fan 

Timers are used when an action needs to occur after a delay. In this example, a fan 

should start five seconds after a start signal is received. 

The logic works like this: 

 When the start signal becomes true, the timer begins counting 

 The timer counts for five seconds 

 When the timer finishes, the fan output turns on 

If the start signal turns off before the timer finishes, the timer resets and the fan does 

not start. 

This example shows how timers allow the PLC to control time-based events without 

using physical delay relays. 

Example Five: A Sequence with Two Steps 

Many machines operate in steps. In this example, a cylinder must extend first, and 

then a motor must start only after the cylinder has fully extended. 

The logic works like this: 

 Step one extend the cylinder 

 The PLC waits for the cylinder extended sensor 

 When the sensor becomes true, step two starts the motor 

This example shows how ladder logic can control sequences by waiting for specific 

conditions before moving to the next stage. 

 

Why These Examples Matter 
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These simple examples demonstrate the core ideas behind ladder logic: 

 conditions on the left 

 actions on the right 

 AND logic 

 OR logic 

 latching 

 timers 

 sequencing 

Once you understand these concepts, you can interpret most basic PLC programs. 

Real industrial programs are built from these same ideas, just combined in larger and 

more detailed ways. 

Section 10: Common Real World PLC Applications 

PLCs are used in almost every industry because they are reliable, flexible, and able to 

control both simple and complex processes. Once you understand the basic concepts 

of inputs, outputs, logic, and the scan cycle, you can begin to recognise how PLCs are 

used in real situations. This section describes common applications in plain language 

so you can see how the ideas you have learned apply to actual equipment and 

processes. 

These examples are not tied to any specific brand or sector. They show the universal 

ways PLCs are used to control machines and keep industrial systems running safely 

and efficiently. 

 

 

 

 

 

 

Pumping Systems 
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Pumps are one of the most common pieces of equipment controlled by PLCs. A 

typical pumping system may include: 

 start and stop buttons 

 level switches 

 pressure switches 

 flow sensors 

 motor starters 

The PLC monitors the conditions and decides when to start or stop the pump. It may 

also protect the pump by stopping it if the pressure is too low, if the level is too high, 

or if a fault occurs. Many water and wastewater systems rely on PLCs to control 

pumps automatically without constant operator attention. 

Conveyor Systems 

Conveyors are used in manufacturing, packaging, and distribution. A PLC controls the 

motors, sensors, and safety devices that keep the conveyor moving smoothly. 

A conveyor system may include: 

 start and stop stations 

 product sensors 

 jam detection 

 speed control 

 emergency stop circuits 

The PLC ensures that the conveyor runs only when it is safe and that it stops 

immediately if a problem is detected. It can also coordinate several conveyors so that 

products move through the process in the correct order. 

 

 

 

 

Heating and Temperature Control 
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Many industrial processes require accurate temperature control. PLCs work with 

temperature sensors and heating elements to maintain the correct conditions. 

A typical system may include: 

 a temperature sensor 

 a heater or burner 

 a fan or cooling device 

 safety switches 

The PLC reads the temperature and adjusts the heater output to keep the process 

within the desired range. It can also shut the system down if the temperature 

becomes unsafe. 

Mixing and Batch Processes 

Food production, chemical processing, and many other industries use mixing 

systems. A PLC controls the sequence of steps required to produce a consistent 

batch. 

A mixing process may involve: 

 filling a tank 

 adding ingredients 

 mixing for a set time 

 heating or cooling 

 emptying the tank 

The PLC ensures that each step happens in the correct order and that the process 

repeats the same way every time. This improves quality and reduces operator 

workload. 

Packaging Machines 

Packaging machines often use fast and precise movements. PLCs control the timing 

and coordination of sensors, cylinders, motors, and cutters. 

 

Common tasks include: 
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 detecting product position 

 sealing or cutting film 

 filling containers 

 applying labels 

 counting finished items 

The PLC ensures that each action happens at the right moment. Even small timing 

errors can cause jams or wasted material, so the PLC plays a critical role in keeping 

the machine running smoothly. 

Building and Facility Control 

PLCs are also used outside traditional industrial settings. Many buildings use PLCs to 

control: 

 ventilation 

 lighting 

 pumps 

 fans 

 alarms 

 access systems 

A PLC can monitor conditions and adjust equipment automatically to maintain 

comfort, safety, and energy efficiency. 

Safety and Interlock Systems 

Safety is a major part of industrial automation. PLCs monitor safety devices such as: 

 emergency stop buttons 

 guard switches 

 light curtains 

 pressure mats 

 safety relays 
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If a dangerous condition is detected, the PLC can stop equipment instantly. Safety 

logic is designed to be simple, reliable, and easy to verify. 

Why These Applications Matter 

These examples show how PLCs are used in real situations. Although the equipment 

may vary, the principles remain the same: 

 read inputs 

 process logic 

 control outputs 

 protect equipment 

 maintain safe operation 

Once you understand these ideas, you can apply them to almost any machine or 

process. PLCs are everywhere, and the skills you are learning will help you work 

confidently in many different environments. 

Section 11: Beginner Mistakes and How to Avoid Them 

Everyone who starts working with PLCs makes mistakes. It is a normal part of 

learning. The important thing is to understand the common problems so you can 

avoid them and build good habits early. This section highlights the mistakes that 

beginners make most often and explains how to prevent them in real industrial work. 

These points come from practical experience. They are the issues that cause 

downtime, confusion, and unnecessary troubleshooting. Once you know them, you 

will be far more confident when working with PLCs. 

Mistake One: Forgetting That Inputs Are Read Only at the Start of the Scan 

Many beginners assume the PLC reads inputs continuously. It does not. The PLC 

reads all inputs once at the beginning of the scan and then uses those stored values 

for the rest of the cycle. 
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This can cause problems such as: 

 missing very short pulses 

 logic reacting later than expected 

 confusion when a sensor changes state but the program does not respond 

immediately 

How to avoid it: Remember that the scan cycle controls everything. If you need to 

detect fast signals, use special input modules or high-speed functions. 

Mistake Two: Writing Logic That Fights Against Itself 

A common beginner error is creating two different rungs that try to control the same 

output in different ways. Because the PLC scans from top to bottom, the last 

instruction wins. This can cause unpredictable behaviour. 

How to avoid it: Control each output from one clear location in the program. If you 

need multiple conditions, combine them in a structured way instead of spreading 

them across the program. 

Mistake Three: Forgetting to Include a Stop Condition 

Beginners sometimes create logic that turns something on but forget to include a 

condition that turns it off. This can happen with latching circuits, timers, and 

sequences. 

How to avoid it: Always ask yourself two questions. What turns this on. What turns 

this off. If you cannot answer both, the logic is incomplete. 

Mistake Four: Misunderstanding Normally Open and Normally Closed Signals 

Many sensors and switches use normally closed contacts for safety. Beginners often 

assume that a true signal always means safe, and a false signal always means unsafe. 

This is not always correct. 

How to avoid it: Check the real behaviour of the device. Understand whether the 

signal is safe when it is on or safe when it is off. Never guess. 

Mistake Five: Using the Wrong Data Type 

Beginners sometimes store values in the wrong format. For example, storing a 

temperature as an integer when it needs decimal places, or storing a counter value in 

a boolean. 
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This leads to incorrect calculations and unexpected behaviour. 

How to avoid it: Choose the data type that matches the information. Use boolean for 

true or false. Use integers for whole numbers. Use real values for measurements. 

Mistake Six: Forgetting About Safety Conditions 

It is easy to focus on the main function of the machine and forget about safety. 

Beginners sometimes write logic that starts equipment without checking guards, 

emergency stops, or interlocks. 

How to avoid it: Always include safety conditions in the logic. Make sure the machine 

cannot start unless all safety devices are in the correct state. 

Mistake Seven: Not Testing One Step at a Time 

Beginners often write a large block of logic and then try to test everything at once. 

This makes troubleshooting difficult because you do not know which part of the logic 

is causing the problem. 

How to avoid it: Test each part of the logic separately. Confirm that each rung 

behaves correctly before moving on to the next. 

Mistake Eight: Ignoring the Real World 

A PLC program may look perfect on the screen, but the real world is messy. Sensors 

fail, signals bounce, and equipment does not always behave exactly as expected. 

How to avoid it: Think about what can go wrong. Add checks, delays, and conditions 

that make the system more robust. Always consider the physical equipment, not just 

the logic. 

Mistake Nine: Not Using Comments 

Beginners often skip comments because they think they will remember what the 

logic does. They will not. Comments are essential for understanding the program 

later and for helping others work on the system. 

How to avoid it: Add clear comments that explain the purpose of each rung. Good 

comments save hours of troubleshooting. 

Mistake Ten: Trying to Make the Program Too Clever 

Beginners sometimes try to write complex logic when a simple solution would work 

better. This makes the program harder to understand and maintain. 
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How to avoid it: Keep the logic simple. Use clear steps. Use plain conditions. A simple 

program is easier to troubleshoot and far more reliable. 

Why These Mistakes Matter 

Avoiding these mistakes will make you a better PLC technician or engineer. You will 

write cleaner logic, troubleshoot faster, and understand how real systems behave. 

Most importantly, you will build confidence by knowing how to prevent the problems 

that catch beginners out. 

Section 12: Troubleshooting Basics 

Troubleshooting is one of the most valuable skills in PLC work. Machines stop, 

sensors fail, and processes behave in unexpected ways. When this happens, the PLC 

becomes your best tool for finding the cause of the problem. Good troubleshooting 

is not guesswork. It is a clear and structured process that helps you identify the fault 

quickly and safely. 

This section explains the basic approach used by technicians and engineers when 

diagnosing issues in PLC controlled systems. These principles apply to every industry 

and every brand of PLC. 

Start With Safety 

Before touching anything, always make sure the system is safe. This means: 

 stopping the machine if required 

 isolating power when necessary 

 confirming that moving parts cannot start unexpectedly 

 following site procedures 

Troubleshooting is never more important than safety. A safe system allows you to 

work calmly and think clearly. 
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Step One: Check the Operator Screen or Indicators 

Many systems have an operator screen or indicator lights that show the status. These 

may display: 

 alarms 

 sensor states 

 running conditions 

 fault messages 

This information often points directly to the problem. If the system has no screen, the 

PLC itself usually has status lights that show whether inputs and outputs are active. 

Step Two: Look at the Inputs 

Most faults begin with an input that is not in the expected state. The PLC cannot 

make the correct decision if it is receiving incorrect information. 

Check the following: 

 Is the sensor powered 

 Is the wiring intact 

 Is the device physically working 

 Does the PLC input light match the real condition 

If the input light on the PLC does not change when the device changes state, the 

problem is usually in the field wiring or the device itself. 

Step Three: Look at the Outputs 

If the inputs are correct, check the outputs. Ask yourself: 

 Is the PLC trying to turn the output on 

 Is the output light on the PLC active 

 Is the device receiving power 

 Is the device itself faulty 

If the PLC output light is on but the device is not running, the issue is usually in the 

wiring, the relay, or the equipment. 
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If the PLC output light is off, the logic is preventing the output from turning on. This 

means the next step is to check the program. 

Step Four: Follow the Logic 

Open the program and monitor it live. This allows you to see exactly what the PLC is 

thinking. Look at the rung that controls the output and check each condition. 

Ask yourself: 

 Which condition is false 

 Which interlock is preventing the action 

 Is a timer still running 

 Is a counter waiting for a value 

 Is a latch holding something off 

Follow the logic step by step. The false condition usually reveals the cause of the 

problem. 

Step Five: Check for Simple Issues First 

Many faults are caused by simple problems such as: 

 a loose wire 

 a dirty sensor 

 a tripped overload 

 a blocked valve 

 a blown fuse 

 a stuck switch 

Always check the simple things before assuming the problem is complex. This saves 

time and avoids unnecessary changes to the program. 
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Step Six: Consider Recent Changes 

If the system was working yesterday and is not working today, something has 

changed. This may include: 

 a new part installed 

 a sensor moved 

 a parameter adjusted 

 a new batch of material 

 a recent program update 

Understanding what changed often leads directly to the cause of the fault. 

Step Seven: Use a Structured Approach 

Good troubleshooting is methodical. Do not jump randomly between ideas. Instead: 

 start with the symptoms 

 check the inputs 

 check the outputs 

 follow the logic 

 confirm the physical equipment 

 test one thing at a time 

This approach prevents confusion and helps you find the fault quickly. 

Why Troubleshooting Skills Matter 

Troubleshooting is one of the most important skills in automation. A technician who 

can diagnose faults quickly saves time, reduces downtime, and improves safety. A 

clear and structured approach also builds confidence. The more you practice, the 

faster and more accurate you will become. 

Understanding how the PLC reads inputs, processes logic, and controls outputs gives 

you a powerful advantage when solving problems. With these basics in place, you 

can approach any fault with a calm and logical mindset. 
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Section 13: Glossary of PLC Terms 

This glossary provides clear and simple explanations of common terms used in PLC 

work. It is designed for beginners, so every definition is written in plain language 

without technical complexity. You can refer to this section whenever you come across 

a word or phrase that is new to you. 

Analog Input 

A signal that represents a continuously changing value such as temperature, 

pressure, or level. The PLC converts this signal into a number it can use in the 

program. 

Analog Output 

A signal sent from the PLC to control equipment in a variable way. Examples include 

controlling the speed of a motor or the position of a valve. 

Boolean 

A data type that can only be true or false. It is used for digital inputs, digital outputs, 

and logical conditions. 

CPU 

The central processing unit of the PLC. It runs the program, reads inputs, updates 

outputs, and performs communication and diagnostics. 

Counter 

A function inside the PLC that counts events such as pulses, items, or cycles. It stores 

the current count and activates when a preset value is reached. 

Digital Input 

A signal that can only be on or off. Examples include pushbuttons, switches, and 

proximity sensors. 

Digital Output 

A signal from the PLC that turns equipment on or off. Examples include motors, 

solenoid valves, and indicator lights. 
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Input Image 

A memory area inside the PLC that stores the state of all inputs at the start of each 

scan. The program uses these stored values during the scan. 

Interlock 

A condition that must be true before an action can occur. Interlocks are used to 

ensure safety and correct operation. 

Latch 

A method used to keep an output on even after the original start condition is no 

longer present. The output stays on until a separate stop condition occurs. 

Logic 

The set of conditions and instructions that determine how the PLC makes decisions. 

Logic is the core of every PLC program. 

Output Image 

A memory area inside the PLC that stores the intended state of all outputs. The PLC 

copies this image to the physical outputs at the end of the scan. 

Program Scan 

The continuous cycle the PLC performs. It reads inputs, executes the program, 

updates outputs, and performs diagnostics. This cycle repeats many times per 

second. 

Real Value 

A number that can include decimal places. Real values are used for measurements 

that require accuracy such as temperature or pressure. 

Sequence 

A series of steps that must occur in a specific order. Many machines operate using 

sequences controlled by the PLC. 

Sensor 

A device that detects a physical condition such as position, temperature, pressure, or 

level. The sensor sends a signal to the PLC. 

Set Point 
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A target value used in control systems. For example, a temperature controller may 

aim to maintain a set point of twenty degrees. 

Timer 

A function inside the PLC that measures time. Timers are used for delays, time based 

actions, and process control. 

Troubleshooting 

The process of finding and fixing faults in a system. Troubleshooting involves 

checking inputs, outputs, logic, wiring, and equipment. 

Section 14 — Recommended Tools for PLC Work 

Working with PLCs often requires a small set of reliable tools. These tools help you 

test signals, diagnose faults, measure values, and work safely around electrical 

equipment. You do not need an expensive kit to get started. A few well chosen items 

will cover almost everything you will encounter in real industrial environments. 

This section lists the tools that technicians and engineers use most often. Each item 

includes a simple explanation of what it does and why it is useful. You can insert your 

own links beside each tool when you build the final version of this pack. 

Digital Multimeter 

A digital multimeter is the most important tool for anyone working with PLCs. It 

allows you to measure voltage, current, and resistance. You will use it for tasks such 

as: 

 checking sensor power 

 confirming supply voltage 

 testing continuity 

 verifying output signals 

 diagnosing wiring faults 

A good multimeter is essential for safe and accurate work. 

 

Loop Calibrator 
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A loop calibrator is used for testing analog signals, especially four to twenty milliamp 

loops. It can simulate a transmitter or measure the signal coming from one. This 

makes it extremely useful when working with: 

 pressure transmitters 

 level transmitters 

 flow transmitters 

 temperature transmitters 

A loop calibrator helps you confirm that the PLC is receiving the correct analog value. 

Voltage Tester 

A simple voltage tester is useful for quick checks. It allows you to confirm whether a 

circuit is live without using a full multimeter. This is helpful when working in panels or 

checking field devices. 

Screwdriver Set 

A good set of screwdrivers is essential for working inside control panels. You will use 

them for: 

 tightening terminals 

 removing covers 

 adjusting devices 

 securing wiring 

Choose a set that includes flat blade and cross head sizes commonly used in 

industrial panels. 

Wire Strippers and Cutters 

These tools allow you to prepare and terminate wires cleanly. Good wire stripping 

prevents damage to conductors and ensures reliable connections. 

Crimping Tool 

A crimping tool is used to attach ferrules and terminals to wires. This improves the 

quality of connections and reduces the chance of loose or damaged wiring. 
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Label Printer 

A label printer is extremely useful for marking cables, devices, and panel 

components. Clear labels make troubleshooting faster and help keep the system 

organised. 

Portable Light or Head Torch 

Control panels and plant areas are often poorly lit. A small portable light or head 

torch makes it easier to see terminals, wiring, and device markings. 

Insulated Gloves 

Insulated gloves provide protection when working near live circuits. They are not a 

substitute for safe isolation, but they add an extra layer of safety when handling 

equipment. 

Small Tool Bag 

A compact tool bag keeps everything organised and easy to carry. It also prevents 

tools from being left inside panels or dropped in difficult locations. 

 

 

 

 

 

 

 

 

 

 

 

 

Section 15: Next Steps in Learning 
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You now have a solid understanding of the core ideas behind PLCs. You know what a 

PLC is, how it reads inputs, how it processes logic, how it controls outputs, and how it 

is used in real industrial systems. You also understand the basic logic concepts, 

common mistakes, troubleshooting methods, and the tools used in everyday work. 

This section explains where to go next. It gives you a clear path for building your 

skills and moving from beginner level to confident technician or engineer. You do 

not need to learn everything at once. The best progress comes from steady steps 

and real practice. 

Step One: Practice Reading Real Programs 

The fastest way to improve is to look at real PLC programs. Even simple programs 

teach you how logic is structured and how different instructions are used. 

Focus on: 

 start and stop circuits 

 interlocks 

 timers 

 counters 

 sequences 

 alarms 

Reading programs builds confidence and helps you recognise patterns that appear in 

almost every system. 

Step Two: Learn One Programming Environment Well 

Every PLC brand has its own software, but the concepts are the same. Choose one 

environment and become comfortable with it. You do not need to learn every brand. 

Once you understand one system, the others become much easier. 

 

 

 

Practice tasks such as: 

 creating a new project 
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 adding inputs and outputs 

 writing simple logic 

 monitoring live values 

 downloading and uploading programs 

This hands-on experience is essential for real progress. 

Step Three: Build Small Practice Projects 

You can learn a lot by creating small projects that simulate real tasks. These do not 

need to be complex. Even simple exercises help you understand how the PLC 

behaves. 

Examples include: 

 a start and stop circuit 

 a timer-based delay 

 a simple sequence 

 an alarm that triggers from two conditions 

 a counter that activates at a preset value 

Small projects build strong foundations. 

 

 

 

 

 

 

 

 

Step Four: Study Real Sensors and Devices 
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Understanding the field devices connected to the PLC is just as important as 

understanding the logic. Learn how common devices work, including: 

 proximity sensors 

 pressure switches 

 level switches 

 analog transmitters 

 solenoid valves 

 motor starters 

Knowing how these devices behave in the real world makes troubleshooting much 

easier. 

Step Five: Improve Your Troubleshooting Skills 

Troubleshooting is one of the most valuable skills in automation. You can improve by 

practising the structured approach described earlier. 

Focus on: 

 checking inputs 

 checking outputs 

 following the logic 

 confirming the physical equipment 

 testing one thing at a time 

Good troubleshooting saves time, reduces downtime, and builds confidence. 

 

 

 

 

 

Step Six: Learn More About Advanced Topics 
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Once you are comfortable with the basics, you can explore more advanced subjects 

such as: 

 analog scaling 

 communication networks 

 structured text 

 function blocks 

 data handling 

 process control 

 safety systems 

You do not need to learn everything at once. Choose one topic at a time and build 

your knowledge gradually. 

Step Seven: Keep Learning from Real Systems 

The best learning happens on real equipment. Every machine teaches you something 

new. Every fault improves your understanding. Every program you read adds to your 

experience. 

Stay curious. Ask questions. Observe how systems behave. Over time, you will 

develop the practical skills that separate beginners from confident professionals. 

Your Learning Journey 

You now have a strong foundation. You understand the essential concepts that 

support every PLC system. With practice, you will be able to read programs, diagnose 

faults, and design logic with confidence. 

The next steps are simple: 

 keep practising 

 keep reading programs 

 keep learning from real equipment 

 keep building your skills 
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Automation is a field where experience grows quickly. Every task you complete adds 

to your knowledge. With steady progress, you will become confident and capable in 

PLC work. 

 

 

 

 

 

 

 


