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Dc Motor Speed Control Using Pid Controllers DC Motor Speed Control Using PID
Controllers A Comprehensive Guide DC motors are ubiquitous in various applications
from robotics and industrial automation to automotive systems and consumer
electronics Precise speed control is often crucial for optimal performance While simple
methods exist ProportionallntegralDerivative PID controllers offer superior accuracy
stability and responsiveness This guide provides a comprehensive understanding of
utilizing PID controllers for DC motor speed control covering theory implementation and
troubleshooting I Understanding PID Control Theory A PID controller adjusts the motors
input typically voltage or PWM signal based on the difference between the desired
setpoint and actual motor speed This difference called the error is processed by three
distinct terms Proportional P Term This term is proportional to the current error A larger
error results in a larger corrective action The equation is Poutput Kp error where Kp is
the proportional gain A high Kp provides fast response but may cause oscillations
Integral I Term This term addresses persistent errors It accumulates the error over time
ensuring the system eventually reaches the setpoint even with a constant small error
The equation is Ioutput Ki error dt where Ki is the integral gain A high Ki eliminates
steadystate error but can lead to overshoot and instability Derivative D Term This term
anticipates future error based on the rate of change of the current error It dampens
oscillations and improves the systems response time The equation is Doutput Kd
derrordt where Kd is the derivative gain A high Kd reduces overshoot but can make the
system too sluggish II Hardware and Software Requirements To implement PID control
for a DC motor youll need DC Motor The chosen motors specifications voltage torque
speed are critical Motor Driver This circuit amplifies the control signal to drive the motor
protecting the controller from high currents Examples include Hbridges L298N DRV8835
and dedicated 2 motor driver ICs Microcontroller MCU An MCU Arduino ESP32 Raspberry
Pi handles the PID calculations and sends control signals to the motor driver Speed
Sensor Accurate speed measurement is essential Options include encoders optical
magnetic potentiometers or Halleffect sensors Power Supply Provides sufficient voltage
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and current for both the MCU and the motor III StepbyStep Implementation 1 Sensor
Integration Connect the speed sensor to the MCU and calibrate it to obtain accurate
speed readings 2 PID Algorithm Implementation Write the PID algorithm in your chosen
MCUs programming language C Python This involves calculating the error applying the P
I and D terms and limiting the output to stay within the motor drivers capabilities ¢
Example Arduino code snippet float Kp 05 Proportional gain float Ki 01 Integral gain
float Kd 001 Derivative gain float error integral derivative output float prevError 0 void
pidControlfloat setpoint float currentSpeed error setpoint currentSpeed integral error dt
dt is the time elapsed since the last iteration derivative error prevError dt output Kp
error Ki integral Kd derivative Limit the output to the motor drivers range output
constrainoutput 255 255 Example range 255 to 255 prevError error Send output to
motor driver 3 Motor Driver Interfacing Configure the MCU to send the PID output signal
to the motor driver This might involve PWM Pulse Width Modulation for smooth speed
control 4 Tuning the PID Gains This crucial step involves adjusting Kp Ki and Kd to
achieve 3 optimal performance Start with small values and gradually increase them
observing the systems response Techniques include ZieglerNichols method and
trialanderror 5 Testing and Refinement Thoroughly test the system under various
conditions adjusting the PID gains as needed Observe for oscillations overshoot and
steadystate error IV Best Practices and Pitfalls Antiwindup Prevent integral windup
integral term growing excessively during saturation by limiting the integral term or using
antiwindup strategies Filtering Use filters eg moving average to smooth noisy sensor
readings improving PID performance Gain Scheduling Adapt PID gains based on
operating conditions eg different loads Avoid overshooting High Kp or Ki can cause
instability and overshoot Start with low gains and increase gradually Deadband
Implement a deadband around the setpoint to avoid unnecessary adjustments for minor
errors Proper grounding and shielding Minimize electrical noise to ensure accurate
sensor readings V Examples and Applications PID control for DC motors finds
applications in Robotics Precise control of robot arm movements Industrial automation
Speed control of conveyor belts and machinery Automotive systems Electronic throttle
control and cruise control Drone control Stabilizing drone flight and controlling propeller
speed VI Summary PID controllers offer a powerful and versatile method for precise DC
motor speed control Understanding the theory implementing the algorithm and carefully
tuning the gains are crucial for achieving optimal performance This guide provides a
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starting point for building reliable and accurate DC motor speed control systems
Remember to always prioritize safety when working with electrical systems and
highpower motors VII FAQs 1 What is the ZieglerNichols method The ZieglerNichols
method is a tuning technique that involves finding the ultimate gain Ku and ultimate
period Pu by gradually increasing 4 the proportional gain until the system starts to
oscillate continuously Then Kp Ki and Kd are calculated based on Ku and Pu 2 How do I
handle sensor noise Implement a lowpass filter to smooth the sensor readings before
feeding them to the PID controller Moving average filters are a simple and effective
option 3 What causes integral windup Integral windup occurs when the integral term
continuously accumulates error during periods of saturation when the controller output
reaches its limits This can lead to overshoot and slow response after the saturation ends
4 How can I improve the systems response time Increasing the proportional gain Kp
generally improves response time but it can also lead to oscillations Carefully balance Kp
Ki and Kd to achieve a fast response without instability 5 What are some common
reasons for a PID controller not working correctly Incorrect gain tuning sensor noise
faulty wiring limitations of the motor driver and improper grounding are common causes
of PID controller malfunction Systematic troubleshooting and careful consideration of
each component are essential
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the subjects in the book pid control new design methods and applications chapters
range from fundamental aspects of pid proportional integral derivative controller design
theory to industrial applications and complex process control systems the book covers
topics such as basic considerations for the digital implementation of pid controllers
tuning methods of fuzzy pi controllers analytical design of a closed control loop
controller identification and control of unstable systems using pitops process
identification and controller tuning optimizer simulator and the design and development
of servo drive control system based on dsp digital signal processor the book highlights
several advantages including the efficiency of pid proportional integral derivative
controllers which is demonstrated both theoretically and practically showcasing their fast
and stable response it also emphasizes their ability to reduce errors and improve the
performance of control systems as well as their simplicity ease of tuning and the
practical methods presented to enhance pid controllers the book is intended for a broad
audience including academics and industrial specialists such as professors researchers
designers and students

this is the biggest most comprehensive and most prestigious compilation of articles on
control systems imaginable every aspect of control is expertly covered from the
mathematical foundations to applications in robot and manipulator control never before
has such a massive amount of authoritative detailed accurate and well organized
information been available in a single volume absolutely everyone working in any aspect
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of systems and controls must have this book

the early 21st century has seen a renewed interest in research in the widely adopted
proportional integral differential pid form of control pid control in the third millennium
provides an overview of the advances made as a result featuring new approaches for
controller tuning control structures and configurations for more efficient control practical
issues in pid implementation and non standard approaches to pid including fractional
order event based nonlinear data driven and predictive control the nearly twenty
chapters provide a state of the art resumé of pid controller theory design and realization
each chapter has specialist authorship and ideas clearly characterized from both
academic and industrial viewpoints pid control in the third millennium is of interest to
academics requiring a reference for the current state of pid related research and a
stimulus for further inquiry industrial practitioners and manufacturers of control systems
with application problems relating to pid will find this to be a practical source of
appropriate and advanced solutions

practical guidance on how to apply process control fundamentals to solve real world
control problems practical process control design with industrial applications presents
process control essentials and control strategy design fundamentals for modern day dcs
work environments it uses a unique instructional approach a process analysis and
process understanding framework that enables readers to better understand and more
effectively use process control fundamentals process analysis operating objectives and
business drivers guide the identification of control objectives and facilitate control
strategy designs of realistic control applications for real world unit operations filling a
gap in the literature coverage includes merging process analysis process understanding
and real world plant operations with process control essentials and design fundamentals
detailed discussion of real world design issues and realistic process specific control
strategies methods used to ensure acceptable control performance continues when
various what if issues arise how process control design fundamentals are applied in
important unit specific control strategies how best to apply specific control attributes
control direction control options pid proportional action standard dcs functionality
algorithms and or function blocks and corporate or site standards input signal validation
to develop control strategies that achieve control objectives with acceptable control
performance practical process control design with industrial applications is an essential
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reference for control engineers and process engineers who support process control
activities in an operating plant dcs vendor control application specialists and epc
company project engineers who support process control activities in capital projects

this book focuses on those functionalities that can provide significant improvements in
proportional integral derivative pid performance in combination with parameter tuning in
particular the choice of filter to make the controller proper the use of a feedforward
action and the selection of an anti windup strategy are addressed the book gives the
reader new methods for improving the performance of the most widely applied form of
control in industry

this book presents tuning rules for pi and pid controllers for processes with time delay it
comprehensively compiles using a unified notation the tuning rules proposed over six
decades 1942 2002 categorises the tuning rules and gives application information about
each rule and discusses controller architecture and process modelling issues and the
performance and robustness of loops compensated with pi or pid controllers the book
will be useful to practitioners in control and instrument engineering as well as students
and educators in technical colleges and universities

recognising the benefits of improved control the second edition of autotuning of pid
controllers provides simple yet effective methods for improving pid controller
performance the practical issues of controller tuning are examined using numerous
worked examples and case studies in association with specially written autotuning
matlab programs to bridge the gap between conventional tuning practice and novel
autotuning methods the extensively revised second edition covers derivation of
analytical expressions for relay feedback responses shapes of relay responses and
improved closed loop control and performance assessment autotuning for handling
process nonlinearity in multiple model based cases the impact of imperfect actuators on
controller performance this book is more than just a monograph it is an independent
learning tool applicable to the work of academic control engineers and of their
counterparts in industry looking for more effective process control and automation

the material presented in this volume represents current ideas knowledge experience
and research results in various fields of control system design
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provides a useful reference source on system structure and control covers linear
systems nonlinear systems robust control implicit system chaotic systems singular and
time varying systems

annotation the authors of the best selling bookpid controllers theory design and
tuningonce again combine their extensive knowledge in the pid arena to bring you an in
depth look at the world of pid control a new book advanced pid controlbuilds on the
basics learned in pid controllers but augments it through use of advanced control
techniques design of pid controllers are brought into the mainstream of control system
design by focusing on requirements that capture effects of load disturbances
measurement noise robustness to process variations and maintaining set points in this
way it is possible to make a smooth transition from pid control to more advanced model
based controllers it is also possible to get insight into fundamental limitations and to
determine the information needed to design good controllers the book provides a solid
foundation for understanding operating and implementing the more advanced features
of pid controllers including auto tuning gain scheduling and adaptation particular
attention is given to specific challenges such as reset windup long process dead times
and oscillatory systems as in their other book modeling methods implementation details
and problem solving techniques are also presented

optimization of industrial systems including the latest industrial solution based practical
applications this is the most comprehensive and up to date study of the optimization of
industrial systems for engineers scientists students and other professionals in order to
deal with societal challenges novel technologies play an important role for the
advancement of technology it is essential to share innovative ideas and thoughts on a
common platform where researchers across the globe meet together and revitalize their
knowledge and skills to tackle the challenges that the world faces the high complexity of
the issues related to societal interdisciplinary research is the key to future revolutions
from research funders to journal editors policymakers to think tanks all seem to agree
that the future of research lies outside disciplinary boundaries in such prevailing
conditions various working scenarios conditions and strategies need to be optimized
optimization is a multidisciplinary term and its essence can be inculcated in any domain
of business research and other associated working dynamics globalization provides all
around development and this development is impossible without technological
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contributions this volume s mission is at the core of industrial engineering all the
manuscripts appended in this volume were double blind peer reviewed by committee
members and the review team promising high quality research this book provides deep
insights to its readers about the current scenarios and future advancements of industrial
engineering

this book discusses the theory application and practice of pid control technology it is
designed for engineers researchers students of process control and industry
professionals it will also be of interest for those seeking an overview of the subject of
green automation who need to procure single loop and multi loop pid controllers and
who aim for an exceptional stable and robust closed loop performance through process
automation process modeling controller design and analyses using conventional and
heuristic schemes are explained through different applications here the readers should
have primary knowledge of transfer functions poles zeros regulation concepts and
background the following sections are covered the theory of pid controllers and their
design methods tuning criteria multivariable systems automatic tuning and adaptation
intelligent pid control discrete intelligent pid controller fractional order pid controllers
extended applications of pid and practical applications a wide variety of researchers and
engineers seeking methods of designing and analyzing controllers will create a heavy
demand for this book interdisciplinary researchers real time process developers control
engineers instrument technicians and many more entities that are recognizing the value
of shifting to pid controller procurement

the effectiveness of proportional integral derivative pid controllers for a large class of
process systems has ensured their continued and widespread use in industry similarly
there has been a continued interest from academia in devising new ways of approaching
the pid tuning problem to the industrial engineer and many control academics this work
has previously appeared fragmented but a key determinant of this literature is the type
of process model information used in the pid tuning methods pid control presents a set
of coordinated contributions illustrating methods old and new that cover the range of
process model assumptions systematically after a review of pid technology these
contributions begin with model free methods progress through non parametric model
methods relay experiment and phase locked loop procedures visit fuzzy logic and
genetic algorithm based methods introduce a novel subspace identification method

8 Dc Motor Speed Control Using Pid Controllers



Dc Motor Speed Control Using Pid Controllers

before closing with an interesting set of parametric model techniques including a
chapter on predictive pid controllers highlights of pid control include an introduction to
pid control technology features and typical industrial implementations chapter
contributions ordered by the increasing quality of the model information used novel pid
control concepts for multivariable processes pid control will be useful to industry based
engineers wanting a better understanding of what is involved in the steps to a new
generation of pid controller techniques academics wishing to have a broader perspective
of pid control research and development will find useful pedagogical material and
research ideas in this text

selected peer reviewed papers of the 6th china japan international conference on
mechatronics cjcm 2010 sept 10 12 2010 zhenjiang jiangsu china

the relay feedback test rft has become a popular and efficient in process identification
and automatic controller tuning non parametric tuning of pid controllers couples new
modifications of classical rft with application specific optimal tuning rules to form a non
parametric method of test and tuning test and tuning are coordinated through a set of
common parameters so that a pid controller can obtain the desired gain or phase
margins in a system exactly even with unknown process dynamics the concept of
process specific optimal tuning rules in the nonparametric setup with corresponding
tuning rules for flow level pressure and temperature control loops is presented in the
text common problems of tuning accuracy based on parametric and non parametric
approaches are addressed in addition the text treats the parametric approach to tuning
based on the modified rft approach and the exact model of oscillations in the system
under test using the locus of a perturbedrelay system Iprs method industrial loop tuning
for distributed control systems using modified rft is also described many of the problems
of tuning rules optimization and identification with modified rft are accompanied by
matlab code downloadable from extras springer com 978 1 4471 4464 9 to allow the
reader to duplicate the results non parametric tuning of pid controllers is written for
readers with previous knowledge of linear control and will be of interest to academic
control researchers and graduate students and to practitioners working in a variety of
chemical mechanical and process engineering related industries

since the foundation and up to the current state of the art in control engineering the
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problems of pid control steadily attract great attention of numerous researchers and
remain inexhaustible source of new ideas for process of control system design and
industrial applications pid control effectiveness is usually caused by the nature of
dynamical processes conditioned that the majority of the industrial dynamical processes
are well described by simple dynamic model of the first or second order the efficacy of
pid controllers vastly falls in case of complicated dynamics nonlinearities and varying
parameters of the plant this gives a pulse to further researches in the field of pid control
consequently the problems of advanced pid control system design methodologies rules
of adaptive pid control self tuning procedures and particularly robustness and transient
performance for nonlinear systems still remain as the areas of the lively interests for
many scientists and researchers at the present time the recent research results
presented in this book provide new ideas for improved performance of pid control
applications

this volume contains the proceedings of the 1999 ieee international symposium on
intelligent control the wide variety of topics covered include timed discrete event
systems learning genetic and fuzzy systems emotions in psychology and neural
networks and a panel discussion on autonomy
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