
Advanced PLC Programming Techniques

Designed as a quick?reference guide for engineers, technicians, and students

1. Overview

Aspect Why It Matters Typical Applications

Modular Programming
Improves readability, reuse,

and maintenance

Large plant automation,

distributed control systems

Object?Oriented (OO) Concepts
Encapsulates data & behavior,

reduces duplication

Motion control, robotic cells,

recipe management

Structured Text (ST) & Function

Block Diagram (FBD)

Integration

Leverages strengths of both

languages

Complex arithmetic, PID

loops, communication

handling

State?Machine Design
Provides deterministic flow for

sequential processes

Batch reactors, conveyor

sequencing, safety interlocks

High?Performance Motion

Control

Achieves precise positioning

at high speed

CNC machines, pick?and?

place robots

Network?Centric Programming

Enables distributed I/O,

redundancy, and remote

diagnostics

Industry?4.0, SCADA

integration, edge computing

Safety?Integrated Logic
Meets functional?safety

standards (IEC?61508/61511)

Emergency?stop circuits,

safety?guarded zones

2. Modular & Hierarchical Programming

2.1. Program Organization

1. Project ? Libraries ? Programs/POUs

2. Libraries contain reusable Function Blocks (FBs), Functions (FCs), and Data Types.

3. Programs (or Tasks) call FBs, forming a clear hierarchy.

2.2. Benefits
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Reusability – one FB can be instantiated many times (e.g., a generic motor controller).

Isolation – changes in a FB don’t affect other parts unless the interface changes.

Testing – FBs can be unit?tested in simulation before deployment.

2.3. Example (IEC?61131?3 ST)

(* Library: MotionLib *)

TYPE

    MotorCtrl : FB

        VAR_INPUT

            Enable   : BOOL;

            Setpoint : REAL;   (* Desired speed [rpm] *)

        END_VAR

        VAR_OUTPUT

            Actual   : REAL;   (* Measured speed *)

            Fault    : BOOL;

        END_VAR

        VAR_IN_OUT

            Params   : MotorParams;  (* Struct with PID constants, limits *)

        END_VAR

        VAR

            pid : PID;               (* Built?in PID function block *)

        END_VAR

    END_FB

END_TYPE

The same MotorCtrl FB can be instantiated for conveyor, pump, fan, etc., each with its

own Params block.

3. Object?Oriented Techniques in PLCs

OO Feature PLC Equivalent Typical Use

Class / FB Function Block Encapsulate device behavior

Inheritance
FB?derived from a base FB (e.g.,

DerivedMotorCtrl EXTENDS MotorCtrl)

Extend generic motor control

with extra diagnostics

Polymorphism
Interface FBs (e.g., IActuator) and dynamic

binding via SELECT statements

Treat different actuators

uniformly in a recipe manager
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OO Feature PLC Equivalent Typical Use

Encapsulation
PRIVATE/PROTECTED variables (supported in

many IEC?61131?3 environments)

Hide internal state from the

main program

3.1. Inheritance Example (ST)

FB AdvancedMotorCtrl EXTENDS MotorCtrl

    VAR_INPUT

        BrakeEnable : BOOL;

    END_VAR

    VAR

        brakeTimer : TON;
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