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Programming industrial automation systems requires a solid grasp of ladder logic, the most widely used 

programming language for PLCs (Programmable Logic Controllers). When you work with Allen /Bradley PLCs, you’ll 

encounter the sdocuments2resource set, a collection of reference guides, example projects, and troubleshooting

notes that can accelerate your learning curve. This tutorial is designed to walk you through the essentials of ladder

logic, the specificities of Allen Bradley hardware, and how to leverage sdocuments2 to become a proficient PLC

programmer.

What is Ladder Logic?

Ladder logic is a graphical representation of electrical relay logic. It looks like a ladder with two vertical rails (the

power rails) and horizontal rungs that represent logical operations. Each rung is essentially a Boolean expression

that determines whether the output coil will energize based on the state of input contacts.

Key concepts:

•  Contacts: Represent inputs or conditions. They can be normally open (NO) or normally closed (NC).

•  Coils: Represent outputs or actions.

•  Rungs: Individual lines of logic that are evaluated sequentially.

•  Timers and Counters: Built �in functions that extend the logic beyond simple input–output relationships.

Allen /Bradley PLCs and Ladder Logic

Allen Bradley, a brand of Rockwell Automation, offers a range of PLC families such as the MicroLogix,

CompactLogix, ControlLogix, and VersaLogix. Each family shares a common ladder logic programming

environment but differs in performance, I/O capabilities, and memory.

Popular Allen /Bradley PLC Families

•  MicroLogix 1100/1200: Compact, cost �effective, ideal for small control applications.

•  CompactLogix 5000: High �performance, scalable, supports distributed I/O.

•  ControlLogix 5000: Enterprise �grade, high �speed, extensive I/O and motion capabilities.

•  VersaLogix 5000: Modular, flexible, supports a wide range of I/O modules.

Why Ladder Logic Remains Relevant

Despite the emergence of structured text and function block diagrams, ladder logic remains the lingua franca of

industrial automation. Its visual nature makes it intuitive for electricians and maintenance technicians, while its

deterministic evaluation order ensures predictable execution.

Getting Started with sdocuments2

sdocuments2 is Allen /Bradley’s curated set of documentation and sample projects. It includes:

1.  Quick �Start Guides: Step �by �step instructions for first �time users.

2.  Reference Manuals: Detailed descriptions of instructions, data types, and I/O mapping.

3.  Example Projects: Ready �to �download ladder logic files that illustrate common control scenarios.

4.  Troubleshooting Notes: Common pitfalls and how to resolve them.



Accessing sdocuments2 is straightforward. Log in to the Rockwell Automation website, navigate to the Support

section, and search for “sdocuments2”. Once downloaded, you can import the files directly into your Studio 5000 or

Logix Designer environment.

Setting Up Your Development Environment

Before diving into ladder logic, ensure you have the necessary tools installed:

•  Rockwell Automation Studio /5000 Logix Designer (for ControlLogix, VersaLogix).

•  Rockwell Automation Logix Designer (for CompactLogix).

•  Rockwell Automation Logix Designer Lite (for MicroLogix).

•  Hardware: PLC, I/O modules, and a communication cable (Ethernet/IP, serial, or USB).

•  Optional: Simatic or PLC Simulator for offline testing.

Importing sdocuments2 Projects

1.  Open Logix Designer.

2.  Choose File &gt; Open Project.

3.  Navigate to the folder where you extracted sdocuments2.

4.  Select the desired project file (.ldb or .ldb).

5.  Review the project tree to understand the rung structure and I/O assignments.

Fundamental Ladder Logic Instructions

Allen /Bradley ladder logic offers a rich set of instructions. Below are the core instructions you’ll encounter most often:

Basic Contact and Coil Instructions

•  XIC (Examine If Closed): Evaluates a normally open contact.

•  XIO (Examine If Open): Evaluates a normally closed contact.

•  OTE (Output Energize): Sets a coil to TRUE.

•  OTU (Output Unenergize): Sets a coil to FALSE.

Logical Instructions

•  AND: Logical AND operation.

•  OR: Logical OR operation.

•  NOT: Logical NOT operation.

•  EQ (Equal): Compares two values.

•  NE (Not Equal): Compares two values for inequality.

Timer Instructions

•  TIMER (TON): On �delay timer.

•  TIMER (TOF): Off �delay timer.

•  TIMER (TP): Pulse timer.

Counter Instructions

•  COUNTER (CTU): Count up.

•  COUNTER (CTD): Count down.

Building a Simple Conveyor Control System

Let’s apply what we’ve learned by creating a basic conveyor control program. The system will start when a start

button is pressed, stop when a stop button is pressed, and halt automatically if a fault condition is detected.



Hardware Overview

•  Start Button (Normally Open)

•  Stop Button (Normally Closed)

•  Fault Sensor (Normally Open)

•  Conveyor Motor (Output Coil)

•  Run Indicator LED (Output Coil)

•  Fault Indicator LED (Output Coil)

Step �by �Step Ladder Implementation

1.  Rung 1 – Start/Stop Logic: Use XIC for the start button and XIO for the stop button. The output coil energizes 

the conveyor motor.

2.  Rung 2 – Run Indicator: Mirror the state of the conveyor motor coil to the run LED coil.

3.  Rung 3 – Fault Detection: Use XIC on the fault sensor to set the fault LED coil. Add an interlock that prevents 

the conveyor motor from running while the fault LED is active.

4.  Rung 4 – Safety Interlock: Combine the start button, stop button, and fault sensor using AND and OR 

instructions to ensure safe operation.

Testing the Program

•  Use the Online & /Monitoring feature in Logix Designer to watch the rung evaluation in real time.

•  Simulate button presses by toggling the input values.

•  Verify that the conveyor motor energizes only when the start button is pressed and the stop button is not 

engaged.

•  Confirm that the fault LED activates when the fault sensor is triggered, and the conveyor stops immediately.

Advanced Ladder Logic Concepts

Once you’re comfortable with basic rungs, you can explore more sophisticated features that Allen Bradley PLCs

support.

Using Subroutines and Function Blocks

Subroutines allow you to encapsulate reusable logic. Function blocks are pre �defined routines that you can call with

parameters.

•  Subroutine Example: A safety interlock that can be called from multiple rungs.

•  Function Block Example: A PID controller for temperature control.

Implementing State Machines

State machines are powerful for managing complex sequences. Allen /Bradley ladder logic provides STATE and 

TRANSITION instructions to build finite state machines (FSMs).

Using Structured Text Within Ladder Logic

For calculations that are cumbersome in ladder logic, you can embed Structured Text (ST)blocks. This hybrid

approach keeps the visual appeal of ladder logic while allowing for more expressive programming.

Troubleshooting Common Ladder Logic Issues

sdocuments2 includes a dedicated troubleshooting section. Here are some frequent problems and how to resolve

them.

Problem: Rung Not Executing



Check the following:

•  Input values are correctly mapped in the I/O configuration.

•  No preceding rung is blocking execution (e.g., a fault condition).

•  The rung is not part of a disabled subroutine.

Problem: Unexpected Coil Energization

Common causes:

•  Incorrect contact logic (e.g., using XIC instead of XIO).

•  Faulty I/O module causing spurious input values.

•  Race conditions when multiple rungs modify the same coil.

Problem: Timer or Counter Not Resetting

Ensure that:

•  Reset conditions are explicitly defined.

•  The timer’s preset value is set correctly.

•  The counter’s count is not exceeding the maximum value.

Best Practices for Ladder Logic Programming

Following industry �standard practices not only improves code readability but also reduces maintenance effort.
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