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Allen Bradley PLC Programming Tutorial: From Basics to Advanced Projects

Programmable Logic Controllers (PLCs) are the backbone of modern industrial automation, and among the most

trusted brands in the market is Allen Bradley. Whether you’re a budding automation engineer, a seasoned

programmer, or a plant operator looking to deepen your knowledge, mastering Allen Bradley PLC programming

opens doors to efficient, reliable, and scalable control solutions.

In this comprehensive tutorial, we’ll walk through the entire learning path—from understanding the fundamentals of

PLC architecture to designing and deploying sophisticated control logic using Allen Bradley’s flagship software,

Studio /5000. By the end, you’ll have a solid foundation to tackle real �world automation challenges confidently.
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What Is a PLC and Why Allen /Bradley?

PLCs are rugged digital computers designed for real �time control of industrial processes. Unlike general-purpose

PCs, they are built to withstand harsh environments, provide deterministic response times, and integrate

seamlessly with field devices such as sensors, actuators, and HMIs.

Allen /Bradley, a division of Rockwell Automation, has been a pioneer in PLC technology for decades. Their PLC 

family—ControlLogix, CompactLogix, MicroLogix, and Logix5000—offers scalable solutions that fit everything

from small machinery to large plant systems. The key advantages include:

•  Robust hardware architecture with modular expansion.

•  Integrated safety features for critical applications.

•  Extensive support ecosystem, including training, forums, and documentation.

•  Seamless integration with Rockwell’s FactoryTalk suite for HMI, SCADA, and analytics.

Allen /Bradley Hardware Overview

Before diving into code, it’s essential to understand the typical hardware components you’ll encounter:

•  CPU (ControlLogix/CompactLogix): The brain that processes logic.

•  Input/Output Modules: Digital, analog, and specialty modules that interface with field devices.



•  Power Supply: Provides stable voltage; often includes battery backup for safety.

•  Communication Modules: Ethernet/IP, ControlNet, DeviceNet, or serial interfaces for network connectivity.

•  Safety Modules: Dedicated safety PLCs like the Safety PLC 5000 or Safety Relay.

Each PLC family has its own architecture, but they all share the same programming principles. The following

sections will focus primarily on ControlLogix/CompactLogix, as they are the most widely used in industry.

Studio /5000 – The Programming Environment

Studio 5000 is Allen Bradley’s flagship engineering software, used for designing, programming, and commissioning

PLCs. It offers a powerful graphical interface, integrated diagnostics, and a suite of tools for documentation.

Key features include:

•  Project Explorer: Organize modules, programs, and tags.

•  Program Editor: Create and edit ladder logic, function block, or structured text.

•  Tag Database: Manage variables and data types.

•  Simulation &amp; Diagnostics: Run virtual tests and view real �time data.

•  Version Control Integration: Git, SVN, or Team Foundation Server support.

Getting Started with Studio /5000

1.  Launch Studio /5000 and create a new project.

2.  Specify the PLC model (e.g., ControlLogix 1769-L8). The software will auto �populate compatible modules.

3.  Configure network settings (Ethernet/IP address, subnet mask).

4.  Set up I/O modules by adding them to the project tree.

5.  Define tags that correspond to physical inputs/outputs.

PLC Programming Languages Explained

Allen /Bradley PLCs support several IEC /61131 �3 compliant languages:

•  Ladder Diagram (LD): Visual representation of relay logic; ideal for beginners and maintenance technicians.

•  Function Block Diagram (FBD): Graphical flow of functions; great for signal processing.

•  Structured Text (ST): High �level textual language similar to Pascal; powerful for complex algorithms.

•  Instruction List (IL): Assembly �style language; largely deprecated but still supported.

•  Sequential Function Chart (SFC): Step �by �step control flow; useful for batch processes.

In practice, most Allen Bradley projects use a combination of Ladder and Structured Text. Ladder handles

straightforward control logic, while Structured Text tackles calculations, arrays, or custom functions.

Setting Up Your First Project

Let’s walk through creating a simple control loop: a motor start �stop sequence with a safety interlock. This example

will demonstrate basic concepts and how to use Studio /5000 effectively.

Step 1: Define the Physical Setup

•  Motor: 4 �wire induction motor.

•  Start/Stop Push �Buttons (SPB, STB).

•  Emergency Stop (E �Stop).

•  Motor Run Indicator (LED).

•  Safety Relay (SR).



Step 2: Map I/O in the Tag Database

1.  Create tags for each input and output:

    

      SPB – IN1.0

2.  STB – IN1.1

3.  EStop – IN1.2

4.  MotorRun – OUT1.0

5.  SR – OUT1.1

Step 3: Build the Ladder Logic

Open the program editor and create a new rung:

•  Rung 1: Start/Stop logic

    

      Input: SPB (coil)

•  Input: STB (normally open contact)

•  Output: MotorRun (coil)

•  Input: EStop (normally closed contact)

•  Output: SR (coil)

•  Input: MotorRun (normally open contact)

•  Output: LED (coil)

Step 4: Compile and Download

1.  Click Compile to check for syntax errors.

2.  Connect to the PLC via Ethernet/IP.

3.  Download the project.

4.  Run the PLC and observe the logic in real time.

Congratulations! You’ve just built a basic Allen Bradley PLC program. The next sections will build on this foundation

to explore more advanced features.

Ladder Logic Basics

Ladder logic is the most visual programming language used in PLCs. It mimics electrical relay circuits, making it

intuitive for technicians familiar with wiring diagrams.

Key Concepts

•  Rungs: Horizontal lines representing a single logical operation.

•  Contacts: Represent input conditions (normally open or closed).

•  Coils: Represent outputs or state changes.

•  Timers (TON, TOF, TP): Provide delay functions.

•  Counters (CTU, CTD): Count events up or down.

•  Comparators (LT, GT, EQ): Compare values.

Common Ladder Elements

1.  TON (Timer On-Delay): Starts counting when the rung condition is true; latches when the preset time 

elapses.

2.  CTU (Counter Up): Increments when an event occurs; resets when a reset condition is met.

3.  Branching: Allows multiple paths to converge on a single output.



4.  Subroutines: Encapsulate reusable logic blocks.

Practical Tips

•  Use comments liberally to document each rung.

•  Group related rungs under tags or namespaces for clarity.

•  Keep rungs simple; avoid complex logic in a single rung.

•  Use subroutines for repeated patterns, such as safety checks.

Advanced Logic Techniques

As projects grow, you’ll need more sophisticated logic. Allen Bradley PLCs support a range of advanced features

that can be leveraged to build robust control systems.

1. Structured Text (ST)

Structured Text is ideal for mathematical calculations, array manipulations, or custom functions. Here’s a simple

example that calculates the average of five sensor readings:

VAR

  sensorArray : ARRAY[1..5] OF REAL;

  avgValue   : REAL;

  i          : INT;

END_VAR

avgValue := 0;

FOR i := 1 TO 5 DO

  avgValue := avgValue + sensorArray[i];

END_FOR;

avgValue := avgValue / 5.0;

2. Function Blocks (FB)

Function blocks encapsulate reusable logic. For instance, create a PIDcontroller as an FB that takes setpoint,

input, and output parameters. This promotes modularity and simplifies maintenance.

3. Sequential Function Charts (SFC)

SFC is perfect for batch processes or multi �step sequences.
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