
Overview of Mechatronics

Integrated engineering of mechanical, electrical, electronic, and control systems

1. Definition & Scope

Aspect Description

Mechatronics

A multidisciplinary field that combines mechanical engineering, electronics,

control engineering, and computer science to design and develop

intelligent, adaptable, and efficient systems.

Goal
Create products that are smarter, more reliable, and cost?effective by

leveraging the strengths of each discipline.

Typical

Applications

Robotics, automotive systems, manufacturing equipment, medical devices,

consumer electronics, aerospace, and smart home/IoT products.

2. Core Sub?Disciplines

Sub?discipline Key Elements
Typical Contributions to a

Mechatronic System

Mechanical Engineering

Kinematics, dynamics, structural

design, materials,

thermodynamics

Provides the physical structure,

motion mechanisms, and load?

bearing capabilities.

Electronics/Electrical

Engineering

Power electronics, sensors,

actuators, circuits, signal

conditioning

Supplies power, converts energy,

measures physical variables, and

drives mechanical motion.

Control Engineering

Modeling, feedback control, PID,

state?space, adaptive & robust

control

Governs system behavior,

ensures stability, accuracy, and

desired performance.

Computer Science /

Embedded Systems

Microcontrollers, real?time

operating systems, programming,

communication protocols, AI/ML

Implements control algorithms,

data processing, user interfaces,

and network connectivity.
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3. System Architecture

[ Sensors ] ? [ Signal Conditioning ] ? [ Microcontroller / DSP ] ?

 [ Control Algorithm ] ? [ Actuators ]

          ?

                                                               ?

          ???????????????????????? Feedback Loop 

?????????????????????????

1. Sensors – Convert physical quantities (position, force, temperature, etc.) into electrical

signals.

2. Signal Conditioning – Amplify, filter, and digitize sensor outputs.

3. Processing Unit – Microcontroller, FPGA, or DSP executes control software.

4. Control Algorithm – Determines actuator commands based on sensor feedback.

5. Actuators – Motors, solenoids, piezo elements, etc., generate mechanical motion or force.

4. Design Methodology

Phase Activities Tools & Techniques

1. Conceptual

Design

Define system objectives,

functional requirements, feasibility

study.

Brainstorming, functional block

diagrams, SWOT analysis.

2. Modeling &

Simulation

Create multi?domain models

(mechanical, electrical, control).

MATLAB/Simulink, ANSYS, SolidWorks

Motion, Modelica.

3. Detailed Design
Select components, size actuators,

design PCB, mechanical layout.

CAD (SolidWorks, CATIA), EDA tools

(Altium, KiCad), motor selection charts.

4. Prototyping
Build hardware prototype, integrate

software, perform bench tests.

Rapid prototyping (3D printing),

Arduino/STM32 dev boards, test rigs.

5. Testing &

Validation

Verify performance against specs,

reliability, safety.

HIL testing, data acquisition (NI DAQ),

statistical analysis.

6. Production &

Maintenance

Finalize design for manufacturing,

create documentation, plan

service.

PLM systems, GD&T, preventive

maintenance schedules.
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5. Key Technologies & Components

Category Examples Typical Use Cases
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