
Introduction to Industrial Mechatronics Technology

Key concepts, components, and applications for a solid foundational understanding.

1. What Is Mechatronics?

Aspect Definition

Origin Fusion of Mechanics, Electronics, Control, and Information technology.

Goal Create smart, adaptable, and efficient systems that can sense, decide, and act.

Industrial

Focus

Integration of mechatronic subsystems into manufacturing, process, and material

?handling equipment.

2. Core Disciplines & Their Roles

Discipline Typical Functions in Industrial Mechatronics

Mechanical Engineering
Design of structures, kinematics, dynamics, power transmission,

and ergonomics.

Electrical/Electronic

Engineering

Power electronics, motor drives, sensors, actuators, wiring, and

PCB design.

Control Engineering
Modeling, analysis, and synthesis of feedback controllers (PID,

state?space, adaptive, robust).

Computer/Software

Engineering

Real?time operating systems, embedded firmware, HMI/SCADA,

data acquisition, and networking.

Systems Engineering
Architecture definition, integration, verification, and lifecycle

management.

3. Typical Mechatronic Sub?Systems in Industry

1. Sensors & Transducers

Types: Proximity, inductive, photoelectric, encoder, strain?gauge, temperature,

pressure, vision cameras.
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Purpose: Convert physical variables ? electrical signals for monitoring and control.

2. Actuators

Electric: Servo motors, stepper motors, DC drives, linear actuators.

Hydraulic/Pneumatic: Cylinders, pumps, valves (used where high force or speed is

required).

Smart Actuators: Integrated drive + encoder + controller (e.g., intelligent servomotors).

3. Power Electronics & Drives

Inverters, choppers, DC?DC converters, variable?frequency drives (VFDs).

Provide regulated power and enable speed/torque control.

4. Control Hardware

PLCs (Programmable Logic Controllers), PACs (Programmable Automation

Controllers), DCS (Distributed Control Systems), motion controllers, micro?controllers,

FPGA boards.

5. Communication & Networking

Fieldbuses: CANopen, Profibus, DeviceNet, Modbus.

Industrial Ethernet: EtherNet/IP, PROFINET, EtherCAT, TSN (Time?Sensitive

Networking).

Wireless: Wi?Fi, 5G, Bluetooth Low Energy (for non?critical diagnostics).

6. Human?Machine Interface (HMI) & SCADA

Touch panels, graphic displays, web dashboards, mobile apps.

Provide visualization, alarm handling, and operator control.

7. Software Layers

Low?level: Real?time firmware, motor control loops (e.g., 1?kHz PWM).

Mid?level: Motion planning, trajectory generation, safety logic.

High?level: Production scheduling, data analytics, predictive maintenance.
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4. System Architecture – Typical Layout

[ Sensors ] ? [ Signal Conditioning ] ? [ A/D Converter ] ?

 [ Controller (PLC/PC) ] 

      ?                                                    |

      |                                                    ?

[ Actuators ] ? [ D/A Converter ] ? [ Power Electronics ] ?

 [ Power Supply ]

Feedback Loop: Sensor ? Controller ? Actuator ?
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