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IEC 61131-3 PLC Programming Languages: Unlocking the Power of Industrial
Automation

iec 61131 3 plc programming languages form the backbone of modern industrial
automation, providing standardized ways to program programmable logic
controllers (PLCs). If you’ve ever wondered how factories automate complex
processes or how machines communicate seamlessly on the production line, the
answer often lies in these specialized programming languages. Understanding
IEC 61131-3 not only helps engineers and technicians streamline automation
projects but also ensures compatibility and flexibility across various
hardware platforms.

What is IEC 61131-3 and Why Does It Matter?

The IEC 61131 standard, developed by the International Electrotechnical
Commission (IEC), defines programming languages and guidelines for PLCs. The
third part, IEC 61131-3, specifically focuses on programming languages,
setting a global benchmark for industrial automation software development.
Before this standard, PLC programming was fragmented, with manufacturers
using proprietary languages, which made maintenance, training, and
integration complicated.

IEC 61131-3 brings uniformity and interoperability to PLC programming, making
it easier for engineers worldwide to write code that can work across
different PLC brands and systems. This standardization is crucial in
industries where reliability, safety, and efficiency are paramount.

Exploring the Five IEC 61131-3 PLC Programming
Languages

One of the most significant contributions of IEC 61131-3 is the definition of
five distinct programming languages tailored to various programming styles
and requirements. Each language offers unique advantages, catering to
different types of control logic and user preferences.

Ladder Diagram (LD)

Ladder Diagram is perhaps the most familiar PLC programming language,
especially for technicians with an electrical background. It visually
resembles electrical relay logic, using graphical symbols that look like
rungs on a ladder. LD is highly intuitive for those accustomed to wiring



diagrams, making it ideal for straightforward sequential control tasks.

Its visual nature allows quick troubleshooting and easy understanding, which
is why it remains popular in industries like manufacturing and process
control. Ladder Diagram excels in representing simple on/off control and
relay logic, but it can also handle complex functions with the right
programming techniques.

Function Block Diagram (FBD)

Function Block Diagram takes a modular approach by using blocks representing
functions or operations. These blocks are interconnected to define the
control flow, making FBD a favorite for engineers who prefer a graphical
programming style but need more flexibility than LD offers.

FBD is excellent for reusability because function blocks can be created once
and used repeatedly across programs. This modularity supports efficient
software development and maintenance, especially in complex automation
systems. It’s widely employed in process control, HVAC systems, and motion
control applications.

Structured Text (ST)

Structured Text is a high-level, text-based programming language resembling
Pascal or C. It is designed for complex algorithms, data handling, and
mathematical operations that graphical languages might struggle to express
clearly.

Programmers who are comfortable with traditional coding often find ST more
powerful and efficient for developing intricate logic, such as PID control
loops, data manipulation, or diagnostic routines. The language supports
variables, loops, conditional statements, and functions, making it a
versatile choice across many industrial automation scenarios.

Instruction List (IL)

Instruction List is a low-level, assembly-like language that provides
granular control over the PLC’s operations. It is concise and efficient,
suitable for programmers who want to optimize performance or work closer to
machine-level instructions.

Although IL was part of the original IEC 61131-3 standard, it is being phased
out in favor of more modern languages like Structured Text due to
maintainability concerns. Nonetheless, understanding IL can be useful for
legacy systems or specialized applications requiring tight control.



Sequential Function Chart (SFC)

Sequential Function Chart is a graphical language designed to model
sequential processes and state machines. It organizes control logic into
steps and transitions, making it ideal for batch processing, machine
sequencing, and complex state-driven operations.

SFC enhances clarity by breaking down processes into manageable stages, each
representing a specific part of the sequence. This structure simplifies
debugging and provides a clear overview of the control flow, which is
invaluable for process engineers managing intricate workflows.

Benefits of Using IEC 61131-3 PLC Programming
Languages

Adopting IEC 61131-3 programming languages brings several key advantages that
improve automation project outcomes:

Standardization: Enables developers to use a common set of languages,
reducing learning curves and improving collaboration.

Portability: Programs can be transferred between different PLC hardware
with minimal changes, increasing flexibility.

Maintainability: Clear syntax and standardized structures make code
easier to read, troubleshoot, and update.

Reusability: Function blocks and modular programming promote reuse,
saving time and minimizing errors.

Flexibility: Multiple languages cater to various programming styles and
application complexities.

These benefits contribute to lower development costs, faster project
delivery, and more reliable automation systems.

Practical Tips for Mastering IEC 61131-3
Programming

If you’re diving into IEC 61131-3 programming, here are some helpful pointers
to enhance your skills and outcomes:



Choose the Right Language for Your Task

Not every language fits all scenarios. For example, use Ladder Diagram for
simple relay logic or quick troubleshooting, Structured Text for complex
calculations, and Sequential Function Chart for processes requiring clear
state transitions. Combining languages within a single project is also common
and supported by many PLC programming environments.

Leverage Function Blocks

Function blocks encapsulate functionality and promote reuse, making your code
modular and easier to maintain. Many PLC vendors provide libraries of pre-
built function blocks that you can adapt for your needs, speeding up
development.

Follow Naming Conventions and Documentation

Clear, consistent naming and thorough documentation not only help you but
also others who might work on your code later. This practice reduces errors
and simplifies debugging.

Test and Simulate Before Deployment

Modern PLC programming software often includes simulation tools. Use them to
validate your logic and catch issues before running the program on actual
hardware, saving time and preventing costly mistakes.

How IEC 61131-3 Influences Modern Automation
Trends

The impact of IEC 61131-3 extends beyond traditional PLC programming. As
Industry 4.0 and IIoT (Industrial Internet of Things) reshape manufacturing,
the standard supports integrating PLCs with advanced systems. Many modern
platforms extend IEC 61131-3 languages with features like object-oriented
programming and cloud connectivity, blending tried-and-true methods with
cutting-edge technologies.

Moreover, the standard’s focus on portability and modularity aligns perfectly
with the growing demand for scalable and interoperable automation solutions.
Companies adopting IEC 61131-3 compliant tools often find it easier to
upgrade systems, add new features, or integrate with data analytics
platforms.



Common Software Tools Supporting IEC 61131-3
Programming

Several industry-leading software environments support IEC 61131-3 languages,
making it easier for automation professionals to develop and manage PLC
programs:

Siemens TIA Portal: Supports LD, FBD, ST, and SFC, used widely in
manufacturing and industrial plants.

Codesys: A popular vendor-neutral platform supporting all five IEC
61131-3 languages with extensive libraries and simulation capabilities.

Rockwell Studio 5000: While proprietary, it incorporates IEC 61131-3
principles and supports multiple languages, primarily for Allen-Bradley
PLCs.

Beckhoff TwinCAT: Supports IEC 61131-3 languages and integrates tightly
with PC-based control systems.

Choosing the right development environment depends on your hardware, project
needs, and familiarity with programming languages.

Understanding the Role of IEC 61131-3 in PLC
Programming Careers

For aspiring automation engineers and technicians, mastering IEC 61131-3 PLC
programming languages is a valuable skill that opens doors across industries
such as manufacturing, automotive, food and beverage, and energy. Employers
highly value professionals who can work with standardized languages, as this
expertise ensures faster project turnaround and better system reliability.

Many technical training programs and certifications now include IEC 61131-3
as part of their curriculum, reflecting its importance in the field. Hands-on
experience with various languages and tools can set candidates apart in a
competitive job market.

---

Getting comfortable with IEC 61131-3 PLC programming languages is a rewarding
journey that combines logic, creativity, and technical skill. Whether you’re
controlling simple machinery or orchestrating complex industrial processes,
these languages provide a powerful framework to bring automation projects to
life efficiently and reliably. As technology evolves, the principles and



languages defined by IEC 61131-3 will continue to play a foundational role in
industrial automation worldwide.

Frequently Asked Questions

What is IEC 61131-3 in PLC programming?
IEC 61131-3 is the third part of the IEC 61131 standard, which defines
programming languages and guidelines for programmable logic controllers
(PLCs) to ensure consistency and interoperability in industrial automation.

Which programming languages are defined in IEC
61131-3?
IEC 61131-3 defines five programming languages for PLCs: Ladder Diagram (LD),
Function Block Diagram (FBD), Structured Text (ST), Instruction List (IL),
and Sequential Function Chart (SFC).

What are the advantages of using IEC 61131-3
standard languages?
The advantages include improved portability and maintainability of code,
better standardization across different platforms, easier understanding and
collaboration, and support for both graphical and textual programming
approaches.

Is Instruction List (IL) still commonly used in IEC
61131-3 programming?
Instruction List (IL) has been deprecated in the latest IEC 61131-3 editions
due to its low-level nature and is less commonly used; developers tend to
prefer Structured Text (ST) or graphical languages like Ladder Diagram (LD)
instead.

How does Structured Text (ST) differ from Ladder
Diagram (LD) in IEC 61131-3?
Structured Text (ST) is a high-level textual programming language similar to
Pascal, suitable for complex algorithms, while Ladder Diagram (LD) is a
graphical language resembling electrical relay logic, ideal for simple
control and easy visualization.

Can IEC 61131-3 languages be mixed within a single



PLC program?
Yes, IEC 61131-3 allows mixing multiple programming languages within a single
project, enabling programmers to use the best language suited for each part
of the application.

What role does Sequential Function Chart (SFC) play
in IEC 61131-3 programming?
Sequential Function Chart (SFC) is used for structuring the control logic
into steps and transitions, making it ideal for modeling sequential processes
and state machines in industrial automation.

Are IEC 61131-3 programming languages supported by
all PLC manufacturers?
Most major PLC manufacturers support IEC 61131-3 languages to various
extents, but the level of support and tooling may vary, so it is important to
verify compatibility with the specific PLC platform.

How can one get started learning IEC 61131-3 PLC
programming languages?
To get started, one can study the IEC 61131-3 standard documentation, use
simulation software or PLC programming environments like CODESYS or Siemens
TIA Portal, and practice by developing small control applications using
different languages defined in the standard.

Additional Resources
IEC 61131-3 PLC Programming Languages: A Comprehensive Analysis

iec 61131 3 plc programming languages represent the cornerstone of
programmable logic controller (PLC) development and automation systems
worldwide. As industrial automation continues to evolve, understanding the
standardized programming languages under IEC 61131-3 becomes essential for
engineers, programmers, and system integrators aiming to optimize control
systems with flexibility and interoperability. This article delves into the
intricacies of these programming languages, examining their origins,
features, practical applications, and the implications for modern industrial
automation.

Understanding IEC 61131-3: The Standard



Framework

The IEC 61131 standard, published by the International Electrotechnical
Commission, defines the requirements for programmable controllers and their
associated peripherals. Part 3 of this standard, often referenced simply as
IEC 61131-3, specifically addresses programming languages for PLCs. This
subset provides a universal framework for software design, ensuring
consistent structure, portability, and maintainability across diverse
hardware platforms.

Before IEC 61131-3, PLC programming was often manufacturer-specific, leading
to fragmented development environments and limited interoperability. By
introducing a suite of standardized languages, the standard aimed to
streamline programming efforts, reduce training overhead, and facilitate code
reuse. The adoption of IEC 61131-3 programming languages is now widespread in
industries such as manufacturing, process control, and building automation.

Core IEC 61131-3 PLC Programming Languages

IEC 61131-3 defines five primary programming languages, each suited to
different programming styles and project requirements. These languages can be
broadly categorized into textual and graphical types, offering versatility
for engineers with varied backgrounds.

1. Ladder Diagram (LD)

Perhaps the most recognizable and historically dominant PLC programming
language, Ladder Diagram mimics electrical relay logic schematics. It uses a
graphical interface consisting of rungs and contacts, making it accessible
for electricians and technicians familiar with control circuits.

Key features of Ladder Diagram include:

Visual representation resembling relay logic

Ease of troubleshooting and debugging

Widely supported across PLC platforms

Despite its popularity, LD may become cumbersome for complex algorithms due
to its graphical nature, limiting scalability in highly data-driven
applications.



2. Function Block Diagram (FBD)

Function Block Diagram language emphasizes modularity and reusability by
encapsulating functions within blocks interconnected by lines representing
data flow. FBD is well-suited for process automation where signal processing
and control logic benefit from block-oriented design.

Advantages of FBD include:

Intuitive data flow visualization

Encouragement of modular programming

Facilitation of complex function implementation without deep textual
coding

FBD’s graphical nature may, however, lead to complex diagrams that are
difficult to manage without disciplined structuring.

3. Structured Text (ST)

Structured Text is a high-level, Pascal-like textual language designed for
complex control algorithms, mathematical computations, and data handling. It
supports variables, loops, conditional statements, and user-defined
functions, making it powerful for advanced automation requirements.

Key benefits of Structured Text include:

Suitability for algorithm-intensive programming

High readability for experienced programmers

Ease of code reuse and maintenance

ST, while flexible, requires programming expertise and is less visual than LD
or FBD, which may present a learning curve for technicians accustomed to
graphical languages.

4. Instruction List (IL)

Instruction List resembles assembly language and is a low-level, textual



language composed of simple instructions executed sequentially. It is
efficient for writing compact code but is less intuitive and increasingly
deprecated in favor of more expressive languages.

Characteristics of IL include:

Conciseness and fine-grained control

Steep learning curve due to low-level syntax

Limited support in newer PLC software environments

Given these factors, many automation professionals are transitioning away
from IL towards Structured Text or graphical alternatives.

5. Sequential Function Chart (SFC)

Sequential Function Chart is a graphical language designed for structuring
sequential and parallel processes. It breaks down automation tasks into steps
and transitions, enabling clear visualization of control flow, state
machines, and process sequences.

SFC offers:

Clarity in representing sequential logic

Support for parallel and conditional branching

Integration with other IEC 61131-3 languages for detailed programming
within steps

Its structured approach makes SFC ideal for batch processes, complex
sequences, and workflows that require explicit state management.

Comparative Insights into IEC 61131-3
Programming Languages

Choosing the appropriate IEC 61131-3 programming language hinges on the
specific requirements of the automation project, team expertise, and system
complexity. Below is an analytical comparison highlighting key
considerations:



Language Programming
Style Best Suited For Pros Cons

Ladder
Diagram (LD)

Graphical (Relay
Logic)

Simple control
circuits, legacy
systems

Easy to
understand,
widely supported

Less efficient for
complex logic

Function Block
Diagram (FBD)

Graphical (Block-
oriented)

Process control,
modular design

Modularity, visual
data flow

Can become cluttered
in large projects

Structured
Text (ST) Textual (High-level)

Complex
algorithms, data
manipulation

Powerful,
maintainable,
reusable

Steep learning curve
for non-programmers

Instruction
List (IL) Textual (Low-level) Compact code,

low-level control
Efficient, close to
hardware

Obsolete, difficult to
maintain

Sequential
Function Chart
(SFC)

Graphical
(Sequential logic)

Process
sequencing, batch
control

Clear state
management

Requires integration
with other languages
for detail

This comparative framework assists practitioners in aligning language choice
to project demands, balancing ease of use against scalability and complexity.

Practical Applications and Industry Adoption

In practice, many PLC programming environments support multiple IEC 61131-3
languages simultaneously, allowing developers to combine graphical and
textual languages within a single project. For instance, SFC may be used to
orchestrate process states, while ST handles complex calculations in
individual steps.

Industries such as automotive manufacturing, food and beverage processing,
oil and gas, and building automation leverage these languages to enhance
system robustness and maintainability. Additionally, the standardization
facilitates vendor-neutral programming, fostering ecosystem compatibility and
protecting investments in automation software.

Emerging Trends and Challenges

With Industry 4.0 and the rise of smart factories, IEC 61131-3 programming
languages face new challenges and opportunities. Integration with IoT
devices, real-time data analytics, and cloud platforms demands enhanced
programming flexibility and openness.

Modern PLC development tools increasingly incorporate features such as:

Advanced debugging and simulation capabilities



Support for object-oriented extensions to IEC 61131-3

Interoperability with other programming standards like OPC UA and IEC
61499

However, the transition to these advanced paradigms requires ongoing training
and adaptation, especially for teams accustomed to traditional ladder logic.
Ensuring code quality, version control, and cybersecurity also become
critical considerations in complex automation environments.

Conclusion: Navigating the Landscape of IEC
61131-3 PLC Programming

The suite of IEC 61131-3 plc programming languages provides a versatile,
standardized toolkit that has shaped industrial automation programming for
decades. By offering both graphical and textual options, the standard
accommodates diverse engineering profiles and application requirements. While
Ladder Diagram and Function Block Diagram remain popular for their intuitive
interfaces, Structured Text is gaining traction for handling sophisticated
control challenges.

Understanding the strengths and limitations of each IEC 61131-3 language
empowers automation professionals to craft efficient, maintainable, and
scalable control systems. As industrial automation continues to evolve, these
languages serve not only as programming mechanisms but as foundational
elements in the quest for smarter, more interconnected manufacturing
ecosystems.
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