
control speed of dc motor
DC motors are ubiquitous in a vast array of applications, from simple toy cars to complex
industrial machinery. A core requirement for many of these applications is the ability to
precisely control the speed of DC motor operation. This control is not just about making
things go faster or slower; it's about achieving optimal performance, efficiency, and
functionality. Whether you're a hobbyist building a robotics project, an engineer designing
an automated system, or simply curious about how these versatile machines work,
understanding how to manipulate their rotational velocity is crucial. This comprehensive
guide will delve into the various methods and technologies available for effectively
controlling DC motor speed, covering fundamental principles, practical implementations,
and essential considerations. We will explore the relationship between voltage, current,
and speed, and then move on to dissecting common control techniques like Pulse Width
Modulation (PWM), voltage control, and more advanced methods.
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Understanding the Fundamentals of DC Motor
Speed

At its heart, the speed of a DC motor is intrinsically linked to the voltage applied across its
terminals and the magnetic field strength within the motor. A fundamental principle
governing DC motor operation is that speed is directly proportional to the applied voltage,
assuming other factors remain constant. This means that increasing the voltage will
generally result in a higher rotational speed, and decreasing the voltage will slow the



motor down. However, this relationship isn't always linear, especially under varying load
conditions. The internal resistance of the motor windings and the inductance also play a
role, creating a more complex dynamic. Understanding these basic electrical principles is
the first step in effectively learning how to control speed of DC motor.

Another critical factor influencing DC motor speed is the magnetic field. In permanent
magnet DC motors, the magnetic field is generated by permanent magnets, and its
strength is relatively constant. In wound-field DC motors, the magnetic field strength can
be adjusted by varying the current flowing through the field windings. This provides an
additional lever for speed control, independent of the armature voltage. The interplay
between armature voltage, armature current, motor resistance, and magnetic field
strength dictates the motor's speed and torque output. Proper management of these
parameters is key to achieving precise and efficient speed control.

Methods to Control Speed of DC Motor

Several distinct methods exist to effectively control the speed of DC motor applications,
each with its own advantages and disadvantages. The choice of method often depends on
the specific requirements of the application, such as the need for precision, efficiency, cost
constraints, and the type of DC motor being used. Some of the most common and widely
employed techniques include adjusting the applied voltage, utilizing Pulse Width
Modulation (PWM), and manipulating the magnetic field strength in wound-field motors.
Each of these approaches offers a different way to influence the motor's rotational velocity
and torque characteristics.

The goal of any speed control method is to provide a predictable and repeatable way to set
and maintain the motor's speed under various operating conditions. This might involve
simple on/off cycling, gradual acceleration and deceleration, or precise speed holding even
when the load on the motor changes. Understanding the nuances of each method allows
for the selection of the most appropriate solution for a given task, ensuring optimal
performance and efficiency in the end application.

Pulse Width Modulation (PWM) for DC Motor Speed
Control

Pulse Width Modulation, commonly known as PWM, is arguably the most popular and
efficient method to control the speed of DC motor. This technique doesn't actually change
the voltage level applied to the motor; instead, it rapidly switches the voltage on and off.
The "width" of the "on" pulse relative to the total period of the cycle determines the
average voltage delivered to the motor. By varying this duty cycle, we can effectively
control the motor's speed. For example, a higher duty cycle (longer "on" time) means a
higher average voltage and thus a faster motor speed, while a lower duty cycle results in a
slower speed.



The advantages of PWM are significant. It offers excellent efficiency because the
switching elements (like MOSFETs or transistors) are either fully on or fully off during
their respective periods, minimizing power dissipation. This results in less heat generation
and greater power efficiency compared to simply reducing the voltage through resistive
methods. Furthermore, PWM provides good torque at low speeds, a characteristic that is
often desirable in many applications. Modern microcontrollers are well-suited to
generating PWM signals, making it an accessible and versatile control strategy.

High Efficiency: PWM minimizes power loss by switching components between fully
on and fully off states.

Good Torque at Low Speeds: The rapid switching can provide sufficient torque
even at very low rotational velocities.

Wide Speed Range: Allows for a broad spectrum of speed adjustments, from near
standstill to maximum speed.

Digital Control: Easily implemented and controlled using microcontrollers and
digital logic.

Voltage Control for DC Motor Speed

Voltage control is the most straightforward method to control the speed of DC motor. As
previously mentioned, the speed of a DC motor is directly proportional to the applied
voltage. By simply reducing the DC voltage supplied to the motor, its speed will decrease.
This can be achieved through various means, such as using a variable voltage source like a
potentiometer in conjunction with a power transistor, or by employing linear voltage
regulators.

However, this method is generally less efficient, especially when significant speed
reduction is required. When voltage is reduced using a rheostat or potentiometer, the
excess voltage is dissipated as heat, leading to considerable power loss. Linear voltage
regulators also dissipate power to maintain a constant output voltage, though they are
more controlled than simple resistive methods. While simple to implement, the inefficiency
of voltage control methods often makes them less suitable for applications where power
consumption or heat generation is a concern. For applications requiring only minor speed
adjustments or where efficiency is not a primary concern, voltage control can be a viable
option.

Back EMF and its Role in Speed Control

Back electromotive force, or back EMF, is a fundamental phenomenon in DC motors that
plays a crucial role in their operation and, consequently, in their speed control. As a DC



motor rotates, its armature windings cut through the magnetic field lines, inducing a
voltage in the windings themselves. This induced voltage opposes the applied voltage,
hence the term "back EMF." The magnitude of this back EMF is directly proportional to
the motor's rotational speed and the strength of the magnetic field.

The relationship between applied voltage (V), back EMF (Eb), armature resistance (Ra),
and armature current (Ia) is described by the equation: V = Eb + IaRa. At a steady state,
the motor's speed will adjust such that the back EMF generated counteracts the applied
voltage, allowing a specific armature current to flow. This current determines the torque
produced by the motor. Therefore, to increase the speed, the back EMF must decrease
relative to the applied voltage, which is achieved by increasing the applied voltage or
weakening the magnetic field. Understanding this dynamic is essential for predicting and
influencing motor behavior when trying to control speed of DC motor.

Sensors for DC Motor Speed Feedback

For applications requiring precise and stable speed control, especially under varying load
conditions, incorporating sensors to provide feedback on the motor's actual speed is
crucial. This feedback allows a control system (like a microcontroller) to make adjustments
to the motor's input, ensuring it maintains the desired speed. Several types of sensors are
commonly used for this purpose, each with its own advantages and principles of operation.

Hall Effect Sensors: These sensors detect magnetic fields. By mounting magnets on
the rotating shaft of the DC motor and placing Hall effect sensors nearby, a pulse is
generated for each rotation or a portion of a rotation. The frequency of these pulses
directly correlates to the motor's speed.

Optical Encoders: Optical encoders use a disc with slots or patterns mounted on
the motor shaft and a light source/detector. As the shaft rotates, the light beam is
interrupted, generating pulses. Incremental encoders provide a stream of pulses
proportional to speed and position, while absolute encoders provide a unique digital
code for each shaft position.

Tachometers: Traditional tachometers are small DC generators that produce a
voltage directly proportional to their rotational speed. This output voltage can be
measured to determine the motor's speed.

Back EMF Measurement: In some cases, the back EMF generated by the motor
itself can be measured and used as an indirect indicator of speed. This method is
contactless but can be more complex to implement accurately, especially at very low
speeds or under high load variations.

Utilizing speed feedback allows for closed-loop control systems. In a closed-loop system,
the desired speed is set as a target. The sensor measures the actual speed, and this
measurement is fed back to a controller. The controller compares the actual speed to the



target speed and adjusts the motor's input (e.g., PWM duty cycle) to correct any
discrepancies. This ability to continuously monitor and adjust is what enables precise
speed regulation and makes it possible to control speed of DC motor with high accuracy.

Choosing the Right DC Motor Speed Control
Method

Selecting the most appropriate method to control speed of DC motor hinges on a careful
evaluation of the application's specific requirements and constraints. Factors such as the
desired speed range, the need for precise speed regulation, efficiency targets, budget
limitations, and the type of DC motor being used all play a significant role in this decision-
making process.

For applications demanding high efficiency and precise speed control, particularly over a
wide range of speeds, PWM is generally the preferred choice. Its ability to deliver high
torque at low speeds and its compatibility with digital control systems make it versatile for
everything from robotics to industrial automation. If simplicity and cost are the primary
drivers, and efficiency is less of a concern, basic voltage control using a variable resistor
or a linear regulator might suffice for applications with only minor speed adjustment
needs.

Consider the motor type. For permanent magnet DC motors, voltage and PWM are the
most common control methods. For wound-field DC motors, adjusting the field current in
addition to or instead of armature voltage offers another layer of control, allowing for a
broader speed range. If precise speed holding under dynamic load changes is paramount,
a closed-loop system incorporating speed feedback sensors will be necessary, regardless
of whether PWM or voltage control is used as the primary actuation method.

Practical Considerations for DC Motor Speed
Control

Beyond understanding the fundamental methods to control speed of DC motor, several
practical considerations are vital for successful implementation. These include selecting
appropriate motor driver components, managing heat dissipation, understanding torque
requirements, and ensuring electromagnetic compatibility (EMC).

The components used to implement speed control, such as transistors, MOSFETs, and
driver ICs, must be capable of handling the voltage and current demands of the motor.
Over-specifying components can increase cost, while under-specifying them can lead to
failure. Heat dissipation is also a critical factor. High-power motors or applications
operating at high duty cycles will generate heat, and appropriate heatsinks or cooling
methods may be necessary for the motor and any power electronics.



Component Selection: Choose motor drivers (e.g., H-bridges, MOSFETs, motor
driver ICs) rated for the motor's voltage and current.

Heat Management: Implement heatsinks or active cooling for components that
generate significant heat during operation.

Torque Requirements: Ensure the chosen speed control method and motor can
deliver the necessary torque at the desired speeds.

Noise and EMC: Switching control methods like PWM can generate electrical noise.
Consider filtering and shielding to mitigate electromagnetic interference.

Startup Current: DC motors can draw significant current during startup. Ensure
the power supply and driver circuitry can handle these transient currents.

Braking and Direction Control: Many speed control circuits also incorporate
features for dynamic braking or reversing motor direction, which may require
additional circuitry like an H-bridge.

Furthermore, when using PWM, the switching frequency needs to be chosen carefully. Too
low a frequency can lead to audible noise and jerky motor operation. Too high a frequency
can increase switching losses and may exceed the capabilities of the switching
components. Understanding the motor's inductance and resistance is also important for
tuning control parameters for optimal performance.

Advanced DC Motor Speed Control Techniques

While PWM and basic voltage control are widely used, more advanced techniques exist to
achieve even greater performance and precision in controlling the speed of DC motor.
These methods often involve more sophisticated control algorithms and hardware,
enabling robust operation under complex conditions.

One such technique is Proportional-Integral-Derivative (PID) control. PID controllers are
feedback control loop mechanisms that are widely used in industrial control systems and a
variety of other applications requiring continuously modulated control. A PID controller
continuously calculates an error value as the difference between a measured process
variable and a desired setpoint. It attempts to minimize the error by adjusting the control
output. For DC motor speed control, the PID controller would adjust the PWM duty cycle
based on the error between the desired speed and the actual measured speed, providing
highly stable and responsive speed regulation, even in the face of disturbances.

Other advanced methods include Field-Oriented Control (FOC), though this is more
commonly associated with AC motors but can be adapted for DC brushless motors, and
state-space control. These methods require a deeper understanding of motor dynamics
and advanced electronics but can offer superior performance in terms of efficiency, torque
ripple reduction, and transient response. Implementing these advanced techniques often



involves dedicated motor control processors or FPGAs, and a thorough understanding of
motor modeling and control theory.

Frequently Asked Questions

What is the most common method for controlling the
speed of a DC motor?
The most common method is Pulse Width Modulation (PWM). By varying the duty cycle of
the pulsed voltage supplied to the motor, the average voltage seen by the motor changes,
thus controlling its speed.

How does varying the voltage affect DC motor speed?
For a brushed DC motor, the speed is directly proportional to the applied voltage,
assuming the load torque remains constant. Increasing the voltage increases the motor's
speed, and decreasing it decreases the speed.

Are there any alternatives to PWM for DC motor speed
control, and what are their pros and cons?
Yes, linear voltage regulation is an alternative. It involves using a variable resistor
(rheostat) or a linear voltage regulator. Pros: Simpler circuitry, less electrical noise. Cons:
Inefficient as excess power is dissipated as heat, leading to wasted energy and requiring
heat sinks.

What is armature voltage control, and how is it different
from field voltage control for DC motors?
Armature voltage control directly adjusts the voltage supplied to the armature windings,
which is the primary method for speed control. Field voltage control, on the other hand,
adjusts the voltage to the field windings. Reducing the field voltage weakens the magnetic
field, causing the motor to spin faster for a given armature voltage (a form of 'field
weakening' for high-speed operation).

What are the advantages of using a DC-DC converter or
a motor driver IC for DC motor speed control?
DC-DC converters (like buck converters for PWM) and motor driver ICs offer higher
efficiency compared to linear methods, precise control over speed, protection features
(overcurrent, overvoltage), and often integrate multiple functionalities, simplifying the
overall circuit design and improving performance.



Additional Resources
Here are 9 book titles, all starting with "", related to controlling the speed of DC motors,
with short descriptions:

1. Intelligent Control of DC Motor Speed
This book delves into the application of advanced control strategies for DC motor speed
regulation. It explores topics like fuzzy logic controllers, neural networks, and adaptive
control techniques, showcasing how these sophisticated methods can achieve precise and
robust speed tracking. The text provides theoretical foundations and practical examples
for implementing these intelligent systems in various industrial applications.

2. Implementing PWM for DC Motor Speed Control
Focusing on Pulse Width Modulation (PWM) as a fundamental technique, this book offers a
comprehensive guide to its application in DC motor speed control. It explains the
underlying principles of PWM, its generation using microcontrollers or dedicated ICs, and
the practical considerations for designing effective PWM-based motor drives. Readers will
learn how to optimize PWM duty cycles for efficient and smooth speed adjustment.

3. Industrial Motor Drives: Theory and Practice
This comprehensive text covers a broad spectrum of industrial motor control, with a
significant portion dedicated to DC motor speed regulation. It provides a solid theoretical
grounding in motor principles, power electronics, and control loop design, bridging the
gap between academic concepts and real-world implementation. The book includes case
studies and practical advice for selecting and configuring drive systems for various
industrial applications.

4. Automotive DC Motor Control Systems
This book specifically addresses the unique challenges and solutions for controlling DC
motor speeds in automotive applications. It discusses the integration of DC motors with
vehicle electronics, the use of sensors for feedback, and the development of efficient and
compact control circuits. Topics covered include power management, thermal
considerations, and the implementation of features like cruise control and electronic
throttle actuation.

5. Robotics and Mechatronics: Motor Control Aspects
Within the broader context of robotics and mechatronics, this book highlights the critical
role of DC motor speed control in achieving precise movement and automation. It explores
how PID controllers, servo control, and trajectory planning are employed to manage motor
speed for tasks such as robotic arm manipulation and mobile robot navigation. The text
often includes detailed examples and simulations of control systems.

6. Power Electronics for Motor Drives
This foundational text examines the power electronic converters and circuits that are
essential for controlling DC motor speed. It explains the operation of choppers, H-bridges,
and other switching power supplies, detailing how they are used to vary the voltage and
current supplied to the motor to achieve desired speed profiles. The book offers insights
into component selection, efficiency optimization, and thermal management.

7. Embedded Systems Design for Motor Control
This book focuses on the integration of microcontrollers and embedded systems for



implementing DC motor speed control. It guides readers through the process of selecting
appropriate microcontrollers, programming them for PWM generation and feedback
processing, and interfacing with motor drivers and sensors. The emphasis is on practical
design considerations for embedded control solutions.

8. Brushless DC Motor Control: Principles and Applications
While focusing on Brushless DC (BLDC) motors, many of the fundamental principles of
speed control, such as commutation strategies and PWM techniques, are transferable to
brushed DC motors. This book provides a deep understanding of electronic commutation
and advanced control algorithms, which can inform the design of efficient and precise
speed control systems for various DC motor types.

9. Feedback Control Systems: DC Motor Applications
This classic control theory textbook extensively uses DC motors as a primary example to
illustrate feedback control principles. It thoroughly covers topics like system modeling,
stability analysis, controller design (including PID), and performance optimization.
Readers gain a solid theoretical foundation in how feedback loops are used to accurately
regulate DC motor speed in the face of disturbances.
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