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The Mechatronics Field

How engineers design machines that sense, think, and act — automatically.

Mechanical Engineering Program  |  Foundations of Mechatronics



1 What Is the Mechatronics Field?
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The Mechatronics field focuses on designing machines that can monitor and 

collect data, analyze the data, and respond to their environment by taking 

appropriate action.

Students study electronics, control systems, mechatronics, computer 

programming, and get introduced to Artificial Intelligence (AI) tools.

WHERE IT'S APPLIED

Robotics

Machines that sense their surroundings and physically act on them.

Drones

Autonomous flight systems that navigate and respond in real time.

Industrial Automation

Factory systems that monitor and adjust themselves with minimal 

human input.

Smart Home Technologies

Connected devices that sense conditions and respond automatically.



2 From High School Physics to Engineering Practice
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Every principle in this field builds directly on conservation laws you already know — engineering just formalizes them into tools for building intelligent, 
automated systems.

Energy → Efficient Energy Conversion

The conservation of energy is applied to design 

efficient systems that convert mechanical 

motion into electrical energy, like in robots and 

automated machines.

Momentum → Motion Control

The conservation of momentum is the basis of 

motion control, safely adjusting motor torque 

under variable loads.

Mass → Automated Fluid Systems

The conservation of mass is utilized in 

automated fluid systems, like water distribution 

networks and fuel supply lines, where sensors 

monitor flow rates and correct them if leaks are 

detected.



3 Efficient Energy Conversion
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What Engineers Design For

Energy conservation means the mechanical motion of a robot or machine 

can be captured and converted into electrical energy instead of being lost as 

waste heat. Engineers design systems that recover this energy wherever 

motion naturally slows or stops.

ENGINEERING APPLICATION

Regenerative Braking in Robots and Machines

Applied energy conversion

Many robotic and automated systems use regenerative braking, where an electric motor 

briefly runs in reverse as a generator during deceleration — converting motion that would 

otherwise be wasted as heat back into stored electrical energy.

Why It Matters

Every extra minute of battery life in a mobile robot depends on how much motion energy the system recaptures instead of wastes.

Lesson: an efficient machine isn't one that never loses energy — it's one that gets as much of it back as possible.



4 Motion Control and Motor Torque
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What It States

The conservation of momentum is the basis of motion control — the 

systems that decide exactly how much torque a motor should apply at any 

instant. As a load changes, the controller must adjust torque smoothly to 

keep motion safe and precise.

ENGINEERING APPLICATION

Adjusting Torque Under Variable Loads

Applied motion control

A robotic arm picking up objects of different weights must continuously recalculate how 

much torque each motor needs — too little torque stalls the motion, too much causes 

dangerous overshoot or damage to the payload.

Why It Matters

Motion control systems are what let a robot handle an unpredictable real-world load safely, not just a load it was pre-programmed for.

Lesson: control isn't about applying maximum force — it's about applying exactly the right amount, moment to moment.



5 Automated Fluid Systems
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What It States

The conservation of mass means flow rate in must equal flow rate out 

somewhere in a fluid system, or the difference is going somewhere it 

shouldn't — like a leak. Automated fluid systems use this principle directly 

to monitor their own health.

ENGINEERING APPLICATION

Leak Detection in Water and Fuel Networks

Applied automated monitoring

Sensors placed throughout a water distribution network or fuel supply line continuously 

compare flow rates at different points; when mass conservation doesn't balance, the 

automated system flags a likely leak and can trigger a shutoff before major loss occurs.

Why It Matters

Automated leak detection can catch a failure in minutes that might otherwise go unnoticed for days.

Lesson: a well-instrumented system can catch its own mistakes — but only if it's built to check its numbers constantly.



6 Three Governing Principles, Side by Side
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Conservation Law Mechatronics Application Key Technology

Conservation of Energy Efficient Energy Conversion Regenerative braking in robots and machines

Conservation of Momentum Motion Control Adaptive motor torque under variable loads

Conservation of Mass Automated Fluid Monitoring Leak detection in water and fuel networks



7 Designing Intelligent, Efficient Systems
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Beyond individual sensors and motors, students learn to develop intelligent 

systems that optimize energy use, reduce waste, and improve efficiency.

This means combining electronics, control systems, and AI tools into a single 

system that senses, decides, and acts — continuously.

THE MECHATRONICS LOOP

Sense

Collect data about the environment or system state through sensors.

Analyze

Process that data, often with AI tools, to decide what action is needed.

Act

Take physical action through motors, actuators, or other mechanisms.



8 Why This Matters for Future Mechanical Engineers
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Builds on What You Know

High school concepts of energy, momentum, 

and mass become the exact tools used to design 

machines that think and act on their own.

Merges Multiple Disciplines

Mechatronics blends mechanical, electrical, and 

software engineering into one integrated skill 

set.

Shapes the Next Generation of 

Automation

Every efficient robot, drone, or smart system 

depends on engineers applying these principles 

correctly.



“A system that senses, thinks, and acts — is no longer just a 

machine.”

— The Mechatronics Principle
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