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Introduction

Motors are integral components in robotics, enabling movement and functionality in robotic
systems. They are the primary drivers that convert electrical energy into mechanical energy,
allowing robots to perform a wide range of tasks. Whether it’s moving a robotic arm, driving
a set of wheels, or adjusting the position of a sensor, motors are essential for translating
commands into physical actions. This transformation of energy is the foundation upon which
the dynamic capabilities of robots are built.

How Motors Work in Robotics

Motors are the heart of robotic systems, converting electrical energy into mechanical motion,
enabling robots to perform a variety of tasks. Understanding how different types of motors
work in robotics involves exploring their mechanisms, control methods, and applications.
Here, we delve into the working principles of the most common types of motors used in
robotics.

Types of motors used in robotics.

1.DC Motors

Working Principle

DC (Direct Current) motors operate on the principle of electromagnetic induction. They
consist of two main parts: the stator, which provides a constant magnetic field, and the rotor
(armature), which rotates within the stator.



Current Flow: When direct current flows through the motor's windings, it generates a
magnetic field around the armature.

Interaction of Magnetic Fields: The interaction between the magnetic field of the stator and
the magnetic field generated by the armature causes the rotor to turn.

Commutation: Brushes and a commutator ensure that the current direction in the armature
windings reverses at the appropriate time to maintain continuous rotation.

Applications
Small robots
Toys

DIY projects

Simple driving mechanisms

Control Method

Speed Control: This is achieved by varying the voltage supplied to the motor.

Direction Control: Achieved by reversing the polarity of the voltage.

Price Range

$5 to $50
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2. Servo Motors

Working Principle

Servo motors are designed for precise control of angular position. They consist of a DC
motor, a feedback mechanism (usually a potentiometer), and a control circuit.

Control Signal: A pulse-width modulation (PWM) signal is sent to the motor, representing
the desired position.

Feedback: The potentiometer provides feedback on the current position of the motor.

Adjustment: The control circuit compares the desired position with the actual position and
adjusts the motor's rotation accordingly to minimize the error.



Applications

Precise control applications
Robotic arms

Aircraft

Remote control vehicles

Control Method

Position Control: Achieved by varying the PWM signal.

Speed Control: Implicit in the position control process.

Price Range

$10 to $200
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3. Stepper Motors

Working Principle

Stepper motors move in discrete steps, with each step corresponding to a fixed angle of
rotation. They have multiple coils organized in groups called "phases."”

Electromagnetic Pulse: An electrical pulse sent to the motor windings generates a magnetic
field.

Step Movement: The magnetic field causes the rotor to move to the next step position.

Micro stepping: More refined control can be achieved by subdividing each step into smaller
increments.

Applications

3D printers
CNC machines
Robotics requiring precise control

Camera platforms

Control Method

Step Control: Achieved by sending pulses in a specific sequence to the motor windings.

Position Control: Achieved by counting the number of pulses sent.

Price Range
$15 to $100
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4. Brushless DC Motors (BLDC)

Working Principle

Brushless DC motors use electronic commutation instead of mechanical brushes. They have a
rotor with permanent magnets and a stator with electromagnets.

Electronic Commutation: An electronic controller switches the current in the stator
windings to generate a rotating magnetic field.

Rotor Movement: The permanent magnets on the rotor follow the rotating magnetic field,
causing the rotor to turn.

Applications

Drones
Electric vehicles
High-performance robots

Industrial automation

Control Method

Speed Control: Achieved by varying the frequency of the electronic commutation.

Direction Control: Achieved by changing the sequence of commutation.

Price Range

$30 to $300



5. Linear Actuators

Working Principle

Linear actuators convert rotational motion into linear motion using mechanisms such as
screws, belts, or hydraulic systems.

Motor Rotation: A motor (often a DC motor) rotates a screw or other mechanical device.

Linear Motion: The rotation is converted into linear motion, moving the actuator in a
straight line.

Applications
Robotic arms

Industrial machinery
Automated systems

Medical devices

Control Method

Position Control: Achieved by controlling the rotation of the motor.

Speed Control: Achieved by varying the motor speed.



Price Range
$50 to $500
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Table 1.1 Summary Table

DC Motor Small robots, toys, DIY | $5 - $50
Electromagnetic induction

Servo Motor Robotic arms, aircraft $10 - $200
DC motor with feedback

Stepper Motor 3D printers, CNC $15 - $100
Electromagnetic pulse, machines
discrete steps

Brushless DC Electronic commutation Drones, electric $30 - $300

Motor vehicles

Linear Actuator Robotic arms, medical | $50 - $500
Rotational to linear motion devices
conversion

[ J
Conclusion

The selection of the appropriate motor type is crucial in robotics to meet the specific
requirements of each application. DC motors are simple and cost-effective for basic
applications, while servo motors and stepper motors offer precise control for more advanced
tasks. Brushless DC motors provide high efficiency and performance, making them suitable
for demanding applications. Linear actuators are essential for achieving controlled linear
movements in various industrial and medical devices.

Understanding the working principles, applications, and cost implications of each motor type
allows for informed decision-making in robotic design and implementation.



