
Actuators are devices that convert various forms of energy into mechanical motion, playing a

crucial role in automated systems and robotics. Understanding different actuators is vital for

mechanical engineers, as they form the foundation of many industrial, automotive, and

aerospace applications.

Module III: Actuators

Overview

1. Pneumatic and Hydraulic Actuators

Pneumatic Actuators

Working Principle: Use compressed air to produce linear or rotary motion.

Types: Cylinders (double-acting, single-acting), rotary actuators.

Applications: Automation in manufacturing, robotics, clamping, positioning systems.

Advantages:

Fast response and movement.

Simpler maintenance compared to hydraulic systems.

Limitations: Less force output than hydraulic actuators; compressibility of air affects

precision.

Hydraulic Actuators

Working Principle: Use pressurized hydraulic fluid to generate motion.

Types: Hydraulic cylinders, motors.

Applications: Heavy machinery (excavators, presses), aircraft landing gear, industrial

automation.

Advantages:

High force and precise control.

Smooth, steady movement.

Limitations: Prone to leakage; requires careful maintenance; heavier and larger than

pneumatic systems.



Electric motors convert electrical energy into mechanical motion. Key types include DC, AC,

BLDC, servo, and stepper motors.

2. Electric Motors

DC Motors

Operation: Powered by direct current.

Features: Simple speed control via voltage adjustment.

Uses: Toys, small appliances, automotive applications.

AC Motors

Operation: Powered by alternating current.

Types: Induction motors, synchronous motors.

Applications: Home appliances, industrial fans, pumps.

BLDC (Brushless DC) Motors

Operation: Electrical commutation using sensors or electronics, instead of brushes.

Advantages: High efficiency, longer life, lower maintenance.

Common Uses: Drones, electric vehicles, hard drives.

Servo Motors

Description: Precise control of angular or linear position, velocity, or acceleration.

Applications: Robotics, CNC machinery, camera autofocus.

Stepper Motors

Operation: Move in discrete steps, allowing precise positioning.

Advantages: Open-loop control.

Applications: 3D printers, CNC machines, robotic arms.

3. Solenoids and Relays

Solenoids

Working Principle: Electromagnetic devices that convert electrical energy into linear

motion.

Applications: Door locks, automotive starter systems, valves.



Active materials are substances that change their properties (such as shape or dimension) in

response to external stimuli.

Actuator Type Energy Source Motion Type Key Applications

Pneumatic Compressed Air Linear/Rotary Manufacturing, automation

Hydraulic Fluid Pressure Linear/Rotary Heavy machinery, robotics

DC Motor Electrical (DC) Rotary Toys, small devices

AC Motor Electrical (AC) Rotary Appliances, industry

BLDC Motor Electrical (DC) Rotary Drones, electric vehicles

Servo Motor Electrical Rotary/Linear Robotics, CNC machines

Stepper Motor Electrical Stepped Rotary Printers, positioning devices

Solenoid Electrical Linear Locks, valves, automotive

Relay Electrical Switch Automation, circuit protection

Piezoelectric Actuator Mech/Electrical Micro-Motion Sensors, precision actuators

Shape Memory Alloy Actuator Thermal/Electrical Linear/Shape Medical, robotics, couplings

Relays

Function: Electrically operated switches using an electromagnet to mechanically operate

one or more contacts.

Applications: Circuit protection, automation, switching large currents using low-power

signals.

4. Active Materials

Piezoelectric Materials

Principle: Generate electric charge when mechanically stressed and vice versa.

Applications: Sensors, actuators, vibration control, ultrasonic transducers.

Shape Memory Alloys (SMA)

Properties: Metals that "remember" and return to their original shape when heated after

being deformed.

Popular Example: Nickel-titanium (Nitinol).

Applications: Medical devices (stents), actuators, couplings, robotics.

Summary Table: Actuators Comparison



Understanding these actuators and materials enables mechanical engineers to design and

control automated systems effectively, optimizing for speed, precision, force, and reliability in a

broad range of real-world applications.


