
Introduction to Industrial Mechatronics Technology

Key concepts, components, and applications for a solid foundation

1. What Is Mechatronics?

Aspect Definition

Origin
Coined in the 1960s (Japan) to describe the synergy of MEchanical, Electrical, and C

omputer engineering.

Scope
Integration of mechanical systems, electronics, control theory, and computer science to

create smart, adaptive machines.

Goal
Improve performance, reliability, flexibility, and cost?effectiveness of industrial

equipment.

2. Core Disciplines in Industrial Mechatronics

Discipline Typical Contributions Example in Industry

Mechanical Engineering
Design of structures, kinematics,

dynamics, power transmission.

Robotic arms, conveyor

frames.

Electrical/Electronic

Engineering

Power electronics, sensors, actuators,

wiring, PCB layout.

Drives, motor controllers,

I/O modules.

Control Engineering
Modeling, feedback loops, PID, state?

space, adaptive control.

Motion control loops,

process regulation.

Computer Engineering /

Software

Embedded firmware, PLC/SCADA

programming, HMI, networking.

Real?time control software,

IoT data acquisition.

Systems Engineering
Architecture, integration, testing,

lifecycle management.

Design of a complete

production cell.

3. Typical Mechatronic Sub?Systems

1. Sensors & Transducers

Introduction to Industrial Mechatronics

Technology



Types: proximity, encoders, strain gauges, temperature, pressure, vision.

Role: Convert physical variables ? electrical signals.

2. Actuators

Electrical: DC/AC motors, stepper motors, servomotors, linear actuators.

Hydraulic/Pneumatic: cylinders, valves (often combined with electronic control).

3. Power Electronics

Converters: AC?DC (rectifiers), DC?AC (inverters), DC?DC (buck/boost).

Drives: VFDs, servo drives, chopper circuits.

4. Control Hardware

PLCs (Programmable Logic Controllers).

Industrial PCs, DCS (Distributed Control Systems).

Embedded microcontrollers (e.g., ARM Cortex?M, DSPs).

5. Communication & Networking

Fieldbuses: CANopen, PROFIBUS, EtherCAT, Modbus, DeviceNet.

Industrial Ethernet, OPC-UA, MQTT for IIoT.

6. Human?Machine Interface (HMI)

Touch panels, SCADA graphics, augmented reality overlays.

4. System Architecture – A Layered View

+---------------------------------------------------+

| 1. Application Layer (HMI, SCADA, MES)            |

+---------------------------------------------------+

| 2. Control Layer (PLC, DCS, Motion Controllers)  |

+---------------------------------------------------+

| 3. Communication Layer (Ethernet, Fieldbus)      |

+---------------------------------------------------+

| 4. I/O & Sensor/Actuator Layer (Analog/Digital)  |

+---------------------------------------------------+
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| 5. Power Layer (Mains, Drives, UPS)              |

+---------------------------------------------------+

Each layer abstracts the one below, allowing modular design and easier troubleshooting.

5. Design Process for an Industrial Mechatronic System

1. Requirement Analysis

Performance specs (speed, torque, accuracy).

Environmental constraints (temperature, vibration, IP rating).

Safety standards (ISO 13849, IEC
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