Basic Concept of Control System

Control Engineering is concerned with techniques that are used to solve the following six
problems in the most efficient manner possible.

(a)The identification problem: to measure the variables and convert data for analysis.

(b)The representation problem: to describe a system by an analytical form or mathematical
model

(c)The solution problem: to determine the above system model response.

(d)The stability problem: general qualitative analysis of the system

(e)The design problem: modification of an existing system or develop a new one
(F)The optimization problem: from a variety of design to choose the best.

The two basic approaches to solve these six problems are conventional and modern approach.
The electrical oriented conventional approach is based on complex function theory. The modern
approach has mechanical orientation and based on the state variable theory. Therefore, control
engineering is not limited to any engineering discipline but is equally applicable to aeronautical,
chemical, mechanical, environmental, civil and electrical engineering. For example, a control
system often includes electrical, mechanical and chemical components. Furthermore, as the
understanding of the dynamics of business, social and political systems increases; the ability to
control these systems will also increase.

A control system manages commands, directs or regulates the behavior of other devices or
systems using control loops. It can range from a single home heating controller using a
thermostat controlling a domestic boiler to large Industrial control systems which are used for
controlling processes or machines. A control system is a system, which provides the desired
response by controlling the output. The following figure shows the simple block diagram of a
control system.
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Traffic lights control system is an example of control system. Here, a sequence of input signal is
applied to this control system and the output is one of the three lights that will be on for some
duration of time. During this time, the other two lights will be off. Based on the traffic study at a
particular junction, the on and off times of the lights can be determined. Accordingly, the input
signal controls the output. So, the traffic lights control system operates on time basis.
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Basic terminologies in control system

System: A combination or arrangement of a number of different physical components to form a
whole unit such that that combining unit performs to achieve a certain goal.

Control: The action to command, direct or regulate a system.

Plant or process: The part or component of a system that is required to be controlled.
Input: It is the signal or excitation supplied to a control system.

Output: It is the actual response obtained from the control system.

Controller: The part or component of a system that controls the plant.

Disturbances: The signal that has adverse effect on the performance of a control system.

Control system: A system that can command, direct or regulate itself or another system to
achieve a certain goal.

Automation: The control of a process by automatic means

Control System: An interconnection of components forming a system configuration that will
provide a desired response.



Actuator: It is the device that causes the process to provide the output. It is the device that
provides the motive power to the process.

Design: The process of conceiving or inventing the forms, parts, and details of system to achieve
a specified purpose.

Simulation: A model of a system that is used to investigate the behavior of a system by utilizing
actual input signals.

Optimization: The adjustment of the parameters to achieve the most favorable or advantageous
design.

Feedback Signal: A measure of the output of the system used for feedback to control the system.
Negative feedback: The output signal is feedback so that it subtracts from the input signal.

Block diagrams: Unidirectional, operational blocks that represent the transfer functions of the
elements of the system.

Signal Flow Graph (SFG): A diagram that consists of nodes connected by several directed
branches and that is a graphical representation of a set of linear relations.

Specifications: Statements that explicitly state what the device or product is to be and to do. It is
also defined as a set of prescribed performance criteria.

Open-loop control system: A system that utilizes a device to control the process without using
feedback. Thus the output has no effect upon the signal to the process.

Closed-loop feedback control system: A system that uses a measurement of the output and
compares it with the desired output.

Regulator: The control system where the desired values of the controlled outputs are more or less
fixed and the main problem is to reject disturbance effects.

Servo system: The control system where the outputs are mechanical quantities like acceleration,
velocity or position.

Stability: It is a notion that describes whether the system will be able to follow the input
command. In a non-rigorous sense, a system is said to be unstable if its output is out of control or
increases without bound.

Multivariable Control System: A system with more than one input variable or more than one
output variable.

Trade-off: The result of making a judgment about how much compromise must be made between
conflicting criteria.
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The objectives of a control system include:

Operational efficiency: Ensure that activities are performed as per standards, and avoid
unnecessary actions

Cost-effectiveness: Determine the best action to take with the least amount of time, effort, and
cost

Disturbance rejection: Reduce the impact of disturbances on the system's performance
Stability: Understand how the system will respond to different inputs and disturbances
Predictive: Anticipate deviations and take corrective action before they cause financial losses
Compliance: Ensure that the organization complies with laws and regulations

Accuracy: Ensure that financial reporting is accurate and reliable

Effectiveness: Ensure that the organization's operations are effective
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Classification of control system:

e Natural control system and Man-made control system:

Natural control system: It is a control system that is created by nature, i.e. solar system,
digestive system of any animal, etc.

Man-made control system: It is a control system that is created by humans, i.e. automobile,
power plants etc.

e Automatic control system and Combinational control system:

Automatic control system: It is a control system that is made by using basic theories from
mathematics and engineering. This system mainly has sensors, actuators and responders.

Combinational control system: It is a control system that is a combination of natural and man-
made control systems, i.e. driving a car etc.

e Time-variant control system and Time-invariant control system:

Time-variant control system: It is a control system where any one or more parameters of the
control system vary with time i.e. driving a vehicle.

Time-invariant control system: It is a control system where none of its parameters vary with
time i.e. control system made up of inductors, capacitors and resistors only.

e Linear control system and Non-linear control system:

Linear control system: It is a control system that satisfies properties of homogeneity and
additive.

Homogeneous property: f(x +y) = f(x) + f(¥)
Additive property: f(ax) = af(x)

Non-linear control system: It is a control system that does not satisfy properties of homogeneity
and additive, i.e. f(x) = x3

e Continuous-Time control system and Discrete-Time control system:

Continuous-Time control system: It is a control system where performances of all of its
parameters are function of time, i.e. armature type speed control of motor.

Discrete -Time control system: It is a control system where performances of all of its
parameters are function of discrete time i.e. microprocessor type speed control of motor.



e Deterministic control system and Stochastic control system:

Deterministic control system: It is a control system where its output is predictable or repetitive
for certain input signal or disturbance signal.

Stochastic control system: It is a control system where its output is unpredictable or non-
repetitive for certain input signal or disturbance signal.

e Lumped-parameter control system and Distributed-parameter control system:

Lumped-parameter control system: It is a control system where its mathematical model is
represented by ordinary differential equations.

Distributed-parameter control system: It is a control system where its mathematical model is
represented by an electrical network that is a combination of resistors, inductors and capacitors.

e Single-input-single-output (SISO) control system and Multi-input-multi-output
(MIMO) control system:

SISO control system: It is a control system that has only one input and one output.

MIMO control system: It is a control system that has only more than one input and more than
one outpult.

e Open-loop control system and Closed-loop control system:

Open-loop control system: It is a control system where its control action only depends on input
signal and does not depend on its output response.

Closed-loop control system: It is a control system where its control action depends on both of
its input signal and output response.
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Effects of feedback system:

Feedback systems play a crucial role in various domains, including engineering, business,
education, and biology. The effects of feedback systems can be broadly classified into positive
effects and negative effects, depending on how feedback is managed and its influence on the
system.

1. Positive Effects of Feedback Systems



Stability and Regulation — Feedback helps maintain equilibrium in a system by adjusting
responses based on input. For example, in biological systems, homeostasis (such as body
temperature regulation) relies on feedback loops.

Improved Performance — In business and education, feedback helps individuals and
organizations refine their strategies, improve skills, and enhance productivity.

Adaptation and Learning — Feedback enables continuous improvement by helping a
system adapt to changing conditions. Al models, for example, use feedback to learn and improve
accuracy over time.

Error Correction — Negative feedback helps reduce errors and prevent deviations from
desired outcomes, ensuring precision in systems like autopilot controls and thermostats.

Efficiency Optimization — Feedback allows systems to adjust their operations for maximum
efficiency, such as in energy management or production systems.

2. Negative Effects of Feedback Systems

A\ Instability and Oscillations — Poorly designed feedback loops can cause excessive
corrections, leading to instability or oscillations (e.g., a poorly tuned thermostat rapidly turning
on and off).

A\ Delays and Lag — Feedback with a delayed response can lead to inefficient control, causing
overshooting or slow reactions (e.g., delays in economic policy changes leading to inflation
spikes).

A\ Overcorrection or Saturation — Excessive feedback can overwhelm a system, leading to
extreme or unintended behaviors, such as micromanagement in organizations reducing employee
autonomy.

A\ Reinforcement of Undesirable Behaviors — Positive feedback in the wrong context can
amplify problems. For example, in social media, algorithms reinforcing biased content can create
echo chambers.
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Basic elements of open loop system:

An open-loop system is a type of control system where the output does not influence the input.
It operates based on a predetermined input and does not adjust based on feedback. The basic
elements of an open-loop system include:

=

Input — The external signal or command that initiates the operation of the system.

2. Controller — A device or mechanism that processes the input and sends a control signal
to the actuator.

3. Actuator (Process) — The component that executes the action based on the control
signal, such as a motor or heating element.

4. Output — The final result or response of the system, such as movement, temperature

change, or speed.

Key Characteristics:
« No feedback mechanism
« Simple and cost-effective

e Prone to errors due to external disturbances

Example: Electric Kettle

e Input: User sets the power level.

o Controller: Electrical circuit supplies power to the heating element.
o Actuator: Heating element warms the water.

o Output: Water gets heated.

Since there is no automatic adjustment based on the actual water temperature, this is an open-
loop system.
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Basic Elements of a Closed-Loop System:

A closed-loop system is a type of control system where the output is continuously monitored
and compared with the desired input to make necessary adjustments. This system includes a
feedback mechanism that helps maintain accuracy and stability.

Main Elements of a Closed-Loop System:

1. Input (Reference Signal) — The desired value or setpoint that the system aims to
achieve.

2. Controller — A device that processes the input signal and generates a control action
based on the error signal.
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Actuator (Process/Plant) — The component that carries out the required action based on
the controller’s command.

Output — The actual response of the system, such as speed, temperature, or position.
Feedback Sensor — A device that measures the actual output and sends it back to the
controller.

Comparator (Error Detector) — Compares the actual output with the desired input and
generates an error signal, which is used to adjust the system.

Key Characteristics:

Uses feedback to adjust performance.
More accurate and stable compared to open-loop systems.
Can self-correct errors and disturbances.

Example: Air Conditioner (Thermostat-Based AC)

Input: Desired temperature is set (e.g., 24°C).

Controller: Thermostat processes the input and sends signals to the compressor.
Actuator: The compressor adjusts cooling based on the signal.

Output: Room temperature changes.

Feedback Sensor: Temperature sensor measures the actual temperature.
Comparator: If the room temperature deviates from the set value, the system makes
adjustments accordingly.

Because this system continuously monitors and adjusts itself, it is a closed-loop system.
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Open Loop Control System:

An open loop control system is a type of control system in which the system’s output does not
have any effect on its input and, therefore, does not have any feedback.

Open loop system is also known as non feedback control system because it does not depend on
the any previous output or any continuous output of the system. In this type of system input is
provided to the system and the output is generated without taking any feedback from the
output.



Some key points about open loop control systems include:

Lack of feedback path from output to input

Output is not adjusted based on actual system behavior
Controller functions independently of system response
Simple and economical design

Not suitable where accuracy and tight control are required.
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Block Diagram of Open Loop Control System:

In the Open loop control system the output of the System is fixed accordingly to the input
provided. It does not get influenced by the System's Feedback. The basic of the Block
diagram is given below

Control

5i9n°|7_:_ Controlled _
process

Input ===% Controller “ Output

Open Loop Control System

In this Block Diagram,



Input: The Input represents the desired set point that the System should achieve.
Controller: The Controller is like Processing block which Process the input and generates
the Control signal based on the Algorithms and Commands provided to it.

Controlled Process: The Controlled Process Represents the Physical System that is
controlled by the Controller Block. It could Mechanical, Electrical or any other system based
on the Requirements.

Output: The Output is the response of the system to the control signal generated by
the controller.

As seen above, the output of the plant is independent of any feedback path. The controller
generates signals irrespective of whether the actual output matches the desired one or not.
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Working of Open Loop Control System:

Firstly the input signal is converted to electronic signal through input device after detection,
after this signal passes to the processor for further process.

Then the controller converts the signal to output signal with the accuracy that the desired the
output signal's value should match with input signal's value and the signal is send to output
device.

When the input signal is processed through controller and then passed to the output device
then the output device converts the signal to electrical signal which controls system's output.

So that's how the open loop control system works with the process of the signal and this system
is basically used where the output signal is not feedback controlled also this is simple to
operate .
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Characteristics of an Open Loop Control System:

Characteristics of the Control systems are given below
No Feedback: In this System there is no feedback from the output to adjust the input of the
system so, the errors and disturbances cannot be corrected.
Stability: As there is absence of the feedback in the system, the errors in the system is not
corrected which leads to reduce the stability of the system.
Fast Response: Open loop System can provide fast feedback as there is no feedback loop
present.
Simple Design: These systems are simpler in design compared to closed-loop systems.
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Applications of Open loop Control System:

Open-loop control systems are well-suited for applications where precise control and feedback
are not critical. Some common applications include:
Light Switches: Turning on/off a light switch is a simple open-loop control system
application.
Simple Appliances: Devices like blenders and toasters often use open-loop control for basic
operations.
Traffic Signals: Traffic lights follow predefined schedules without adjusting to real-time
traffic conditions.
Robotics: This system can be implemented in the simple robotics where precise feedback is
not required.
Manufacturing Processes: This system can be used to control parameters such as
temperature, pressure ,speed based on the Set points
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Advantages and Disadvantages of Open Loop Control System:
Advantages:

Cost Effectiveness: This configuration is simple to design and cost effective since it utilizes
straight network and the feedback path needs not to be considered.

Easy to maintain: This configuration is easy to maintain as and when any error occurs it
gets easily detected due to simplicity in the circuit design.

Fast response: Due to minimal circuitry fast response is associated with this type of
configuration since feedback path is not involved so the delay is also less.

Disadvantages:

Less accurate: As there is no check in the output produced because feedback is not there so
the accuracy of this type of system is slightly compromised.

Limited Adaptability: This system works based on the Predefined inputs and doesn’t
dynamically Adapts to the changes.

Lack of Robustness: Due to their reliance on predetermined control signals, open-loop
systems may be less robust in dealing with uncertainties or unexpected event.
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Example for Open Loop Control System:

Open-loop control systems find applications in various real-world scenarios

o Electric Fan: As mentioned earlier, the regulation of fan speed using a regulator is a classic
example of an open-loop control system. The input is the electrical power, controller is
centrally located shaft that rotates and the output is the fan's rotational speed.

e Oven Temperature Control: Many ovens operate based on open-loop control systems. In
this case we set the desired temperature and the oven heats up to that temperature without
continuously monitoring the actual temperature.

e Washing Machine Cycle Selection: When we choose a washing machine cycle based on
the type of clothes, the machine follows a predefined program without constantly measuring
the water temperature or the state of the clothes.

« Remote Control for Electronic Devices: Remote controls for TVs and other electronic
devices send commands without receiving feedback about whether the device successfully
executed the command.
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Closed Loop Control System:

A closed loop control system, also known as a feedback control system, is a control
mechanism that uses feedback to automatically control a system. It monitors the output and
compares it with the desired result to minimize errors. This closed-loop nature helps achieve
control over the output by ensuring deviations are corrected.

In simple terms, a closed loop control system continuously measures its output (feedback),
compares it with the reference input, and adjusts itself to minimize any differences. This closed
feedback loop is the defining characteristic that gives closed-loop systems to self-correct,
adapt, and maintain stability despite disturbances - all without manual intervention. This
system can automatically correct errors by comparing the actual output with the desired output,
ensuring minimal deviation and enhancing system stability.

Examples: Automatic electric iron, missile launcher, speed control DC motor, etc.

Traffic lights control system is an example of control system. Here, a sequence of input signal
is applied to this control system and the output is one of the three lights that will be on for
some duration of time. During this time, the other two lights will be off. Based on the traffic
study at a particular junction, the on and off times of the lights can be determined.
Accordingly, the input signal controls the output. So, the traffic lights control system operates
on time basis.

The error detector produces an error signal, which is the difference between the input and the
feedback signal. This feedback signal is obtained from the block (feedback elements) by
considering the output of the overall system as an input to this block. Instead of the direct
input, the error signal is applied as an input to a controller. So, the controller produces an
actuating signal which controls the plant. In this combination, the output of the control system
is adjusted automatically till we get the desired response. Hence, the closed loop control
systems are also called the automatic control systems. Traffic lights control system having
sensor at the input is an example of a closed loop control system.

Closed-Loop Control System is used in applications where feedback and error handling are
required. It is a complex system and not economical but optimization is possible. Maintenance
of CLCS is difficult.
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Block diagram of the closed-loop system:

The block diagram of the closed-loop system is shown below. The basic elements of the
closed-loop control system include error detector, controller, feedback elements & power
plant.
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Components of Closed Loop Control System

Reference input: Reference point is also known as setpoint. Input signal provided by the
signal. This is the target output that the system is designed to follow.

Error Detector: It compares the signal obtained from feedback and the reference input. The
error detector is a crucial component in a closed-loop control system. Its primary function is
to measure the difference between the desired or reference input (setpoint) and the actual
output of the system, generating an error signal.

Controller: It is the element which produces the desired output from the actuating signal.
The controller is a crucial component that calculates the corrective action needed to
minimize the error and bring the system output closer to the setpoint.

Process: The plant or process represents the system being controlled. It could be a physical
system like a motor, chemical process, or any other dynamic system. It is the device to be
controlled.

Controlled output: It is the quantity which required to be controlled out the desired level.
The controlled output is the parameter or variable that the control system aims to control and
regulate.

Feedback : It is the part of the output signal which fed to the error detector for comparison
with reference input. This information is then compared to the reference input to determine
the error, which is the difference between the desired and actual outputs.
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Working Operation Closed Loop Control System

The fundamental working principle of a closed loop control system revolves around feedback.
Here's a step by step breakdown:

o

Set Point (Reference Input): The desired value or condition that the system aims to
achieve.

Sensor: Measures the actual output of the system and sends this information back as
feedback.

Comparator (Error Detector): Compares the actual output with the set point and
determines the error (difference).

Controller: Processes the error signal and generates a control signal to adjust the
system's input.

Actuator: Converts the control signal into a physical action to influence the system's
output.

The system continuously repeats these steps, thus maintaining the desired output by minimizing
the error. The output of the system is sensed using sensors that provide feedback. This actual
output is compared to the reference signal using an error detector which determines the
difference or error signal. The error signal is processed by a controller which determines how to
adjust the input to minimize this error. The controller output acts as a correction input to adjust
the system and drive it toward achieving the desired output state. This closed feedback loop
continues operating, constantly monitoring and correcting deviations to keep the output matching
the reference precision.
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Types of Closed Loop Control System:

Closed-loop control systems are classified into two types depending on the feedback signal
nature such as positive feedback signal and the negative feedback signal.

Positive Feedback Signal:

The closed-loop system including a positive feedback signal can be connected to the input of the
system is known as a positive feedback system. This system is also named as regenerative
feedback. The best example of this positive feedback in electronic circuits is an operational
amplifier. Because this loop can be achieved by connecting some portion of the output voltage to
the input of the non-inverting terminal through a feedback loop using a resistor.

Negative Feedback Signal:

The closed-loop system including a negative feedback signal can be connected to the input of the
system is named as a negative feedback system. This kind of system is also named as
degenerative feedback. These types of systems are very stable and also enhance strength.

These systems are used to control the electronic machines like current generators, voltage
generators, and also control the machinery speed. The closed-loop control systems are used for
the below-stated requirements.
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Applications of Closed Loop Control System

Some major application areas demonstrating the widespread prevalence of closed loop control
systems include:

o Industrial Processes: Temperature/pressure control in boilers, level control in tanks,
speed control in motors.

o Automobiles: Engine idle speed control, anti-lock braking, stability control, cruise
control, automatic transmission.
Robotics: Position control, coordinated multi-axis motion, force/torque feedback.
Aircraft Systems: Autopilot, engine/flight control, navigation/guidance systems.
Household Appliances: refrigerator temperature regulation, washing machine programs,
heating/cooling systems.
Medical Equipment: ventilators, infusion pumps, monitoring instruments, prosthetics.
3D Printers: Layer-by-layer precision for extruder movements and temperature
regulation.

o Power Systems: Generator voltage/frequency regulation, automatic generation control.

The examples show how closed loop techniques have enabled a new era of automation across
industries.
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Advantages of Closed Loop Control System

Some key advantages offered by closed loop control systems include:

@)

Increased accuracy: Feedback ensures rapid error correction, allowing extremely
precise output regulation.

Improved stability: Negative feedback inherently counteracts external disturbances,
making the system less sensitive.

Wide input-output relation: Due to feedback amplification, the system can operate over
a wider range of input-output conditions.

Self-regulating operation: Feedback loops maintain automatic control without requiring
human supervision after initial setup.

Adaptability to parameter variations: Closed loop designs can compensate for
component tolerances and drifts and continue functioning optimally.

Ease of design and analysis: Standard mathematical models simplify controller design
procedures compared to open loop systems.

Applicability in complex processes: Cascaded closed loops are well-suited for
controlling multi-variable plant dynamics seen in modern automation.
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Disadvantages of Closed Loop Control System

Despite its benefits, closed loop control systems have some disadvantages:

Complexity: More complex design and implementation compared to open loop systems.
Cost: Higher cost due to additional components like sensors and controllers.
Maintenance: Increased maintenance requirements to ensure reliable operation.

The control system oscillates sometimes due to feedback signals.

Less stable operation than that of open-loop control system.

More efforts, as well as time, are required while designing the system
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Multi-Variable Control System

A multi-variable control system (also called a multi-input multi-output (MIMO) system) is a
type of control system that has multiple inputs and multiple outputs. Unlike single-variable
control systems (SISO - Single Input Single Output), these systems involve interactions between
multiple variables, making them more complex to analyze and control.

Key Features of Multi-Variable Control Systems:

1.
2.
3.

4.

Multiple Inputs and Outputs (MIMO) — More than one input affects multiple outputs.
Interdependency — A change in one variable can affect multiple outputs.

Feedback Mechanism — Uses feedback from multiple sensors to regulate various
outputs.

Coupling Effect — Inputs interact with each other, requiring advanced control strategies.

Block Diagram of a Multi-Variable Control System

Input 1 - Controller 1 - Process 1 — Output 1

Input 2 - Controller 2 - Process 2 — Output 2

However, in a multi-variable system, the outputs may be interconnected, meaning that:

Input 1 can affect Output 2
Input 2 can affect Output 1

Thus, a more realistic diagram would look like this:

Input 1 - Controller 1 - Process 1 - Output 1

\ 7

Input 2 - Controller 2 - Process 2 - Output 2

Here, cross-coupling effects occur, meaning that adjusting one variable may impact another.

Comparison: Multi-Variable vs. Single-Variable Control Systems



Feature

Single-Variable Control
System (SISO)

Multi-Variable Control System
(MIMO)

Number of Inputs &
Outputs

One input, one output

Multiple inputs, multiple outputs

Interaction Between
Variables

No interaction

Strong interaction between variables

Complexity

Simple design and analysis

More complex due to
interdependencies

Control Method

PID, simple feedback control

Advanced control methods (MPC,
Decoupling)

Examples

Home thermostat, simple DC
motor control

Aircraft control, chemical process
control

Applications of Multi-Variable Control Systems

Multi-variable control systems are widely used in industries where multiple inputs and outputs
must be controlled simultaneously.

1. Aerospace and Automotive

« Aircraft flight control systems (altitude, speed, direction)
« Autonomous vehicles (steering, braking, acceleration)
e Suspension control in modern cars (adjusts damping and stiffness)

2. Industrial Process Control

e Chemical plants (distillation column control)
o Oil refineries (temperature, pressure, and flow rate regulation)
o Power plants (boiler control, steam turbine regulation)

3. Robotics and Automation

« Robotic arms (multiple joints controlling position and force)
o Manufacturing systems (conveyor belts, robotic assembly lines)

4. Electrical and Electronics Systems

« Power grid control (voltage, frequency, power distribution)
e Multi-machine systems in factories (synchronized operations)

5. Medical Systems

e Ventilators (controlling oxygen level, pressure, and airflow)
« MRI and CT scan machines (coordinating multiple magnetic field adjustments)




Advantages of Multi-Variable Control Systems

Better Performance and Accuracy

« Simultaneously manages multiple outputs efficiently.
« More precise control compared to single-variable systems.

Optimized Resource Utilization

e Helps in energy savings (e.g., power plants, HVAC systems).
e Reduces material waste in industrial processes.

Handles Complex Systems with Interactions

o Essential for aerospace, chemical, and power plants where multiple variables interact.
e Can predict and adjust for system disturbances.

Automation and Efficiency

o Enables fully automated systems (e.g., autonomous cars, smart grids).
e Reduces the need for manual adjustments.

Improved Stability and Reliability

« Advanced control strategies help maintain system stability.
e More robust against external disturbances and errors.

AcdI-dRuad Feld ATeA (Multi-Variable Control System)

9= (Introduction)
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JTfad T FohaT B
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Time Response of Feedback Control System

Introduction

The time response of a feedback control system refers to how the system's output behaves over
time after applying an input. It helps in understanding the system's stability, speed, and accuracy.

The time response consists of two main components:
1. Transient Response — The initial response before the system settles to a steady-state.
2. Steady-State Response — The long-term behavior of the system after transients have died

out.

1. Components of Time Response

The total response of a system can be written as:
c(B)= ce(t) + cs(1)
Where:
e ¢(t)= Total response
e ¢.(t) = Transient response
e c4(t)= Steady-state response
(A) Transient Response
e The part of the response that exists before the system reaches a steady-state.
e Itincludes natural response due to system dynamics.
o Determines speed and stability of the system.

(B) Steady-State Response

« The response that remains after transient effects have disappeared.
o Determines the system's accuracy in following the input.

Standard Test Signals in Control Systems

In control system analysis, standard test signals are used to evaluate system performance,
stability, and transient response. These signals help in determining system characteristics like
rise time, settling time, overshoot, and steady-state error.



Types of Standard Test Signals

Signal Type Mathematical Expression | Laplace Transform

Impulse Input 3(b) 1
Step Input u(t) 1
S

Ramp Input tu(t) 1
SZ

Parabolic Input t2 1
21O 5

Sinusoidal Input Asin(ot) Aw

s? + @?

1. Unit Impulse Signal (3 (t))
Definition:

A unit impulse function (also called Dirac delta function) is an idealized function that has an
infinitely high peak at t=0 and zero elsewhere, with an area of 1.

,t=0
o0 = ooot;to

e Laplace Transform: L[5(t)]=1
e Use in Control Systems:
o Models sudden shocks or disturbances in the system.
o Used to find impulse response, which helps in system characterization.

2. Unit Step Signal (u(t))
Definition:
A unit step function is defined as
1,0

U= 4 0

Laplace Transform:

1
Llu®] = 3



e Use in Control Systems:
o Used to analyze step response, which represents system reaction to sudden
changes.
o Helps in measuring rise time, overshoot, and settling time.

3. Unit Ramp Signal (tu(t))

Definition:

A unit ramp function increases linearly with time.
r(t) = tu(t)

e Laplace Transform: L[r(t)] = Siz

e Use in Control Systems:
o Represents a linearly increasing input, such as a moving target.
Helps in evaluating velocity error constant (k,,)and steady-state error.

2
4. Unit Parabolic Signal (t;u(t))

Definition:

A parabolic function increases quadratically with time.

tZ
p(t) == u(®)

« Laplace Transform: L[p(D] = 513

e Use in Control Systems:
o Models acceleration-based inputs (e.g., robotic motion, vehicle acceleration).
o Helps in evaluating acceleration error constant (k,)
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(B) Fux 3rgwyr wfafsar (Steady-State Response)
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Process Control and Its Benefits

What is Process Control?

Process control refers to the use of technology, instruments, and systems to monitor, regulate,
and optimize industrial processes. It ensures that processes operate efficiently, safely, and
within desired limits by maintaining variables like temperature, pressure, flow rate, level, and
composition at set values.

Process control is widely used in industries such as chemical, pharmaceutical, food
processing, power plants, and manufacturing to improve quality, productivity, and safety.



Types of Process Control

1. Open-Loop Control System
o No feedback mechanism.
o The controller sends input without considering the output.
o Example: A washing machine, which runs for a fixed time without sensing if
clothes are clean.
2. Closed-Loop Control System
o Uses feedback to compare the actual output with the desired setpoint.
o Adjusts process parameters automatically to minimize deviations.
o Example: Air conditioners that adjust cooling based on room temperature.
3. Discrete Control System
o Operates in a step-wise manner and is event-driven.
o Common in automation like robotic assembly lines.
4. Continuous Control System
o Controls variables that change continuously over time.
o Used in industries like oil refining and power plants.
5. Batch Control System
o Controls processes that occur in batches rather than continuously.
o Example: Pharmaceutical and food industries.

Benefits of Process Control

1. Improved Product Quality

o Maintains consistent output by reducing variations.
o Ensures adherence to industry standards and regulations.

2. Increased Efficiency and Productivity

o Optimizes resource usage, reducing waste and energy consumption.
e Minimizes human intervention, improving efficiency.

3. Enhanced Safety

e Prevents hazardous conditions by monitoring and controlling variables.
e Reduces risks in industries like chemical plants and nuclear power stations.

4. Cost Savings

e Reduces material wastage and energy costs.
e Minimizes downtime by detecting faults early.



5. Faster Response to Changes

o Automatically adjusts process parameters in real time.
« Handles disturbances efficiently without manual intervention.

6. Compliance with Regulations

o Ensures processes meet legal and environmental standards.
e Helps industries avoid fines and legal issues.

7. Remote Monitoring and Control
e Modern systems allow monitoring and control from remote locations.

o Example: SCADA (Supervisory Control and Data Acquisition) systems in power
grids.

Applications of Process Control

1. Chemical and Petrochemical Industry

« Controlling temperature, pressure, and flow in chemical reactions.
« Example: Oil refineries, gas processing plants.

2. Power Plants

o Regulating steam pressure, fuel flow, and generator output.
o Example: Thermal, nuclear, and hydroelectric plants.

3. Food and Beverage Industry

« Maintaining temperature, mixing ratios, and sterilization.
o Example: Dairy processing, brewing, and packaging.

4. Pharmaceutical Industry

« Ensuring precise drug formulation and sterilization.
o Example: Vaccine production, tablet manufacturing.

5. Water Treatment Plants

« Controlling pH levels, filtration, and chemical dosing.
o Example: Drinking water purification, wastewater treatment.

6. Automotive and Manufacturing Industry



e Automating assembly lines, welding, and painting.
o Example: Robotic arms in car manufacturing.

93T fAF=9T (Process Control) 311X 8 =T8T
gfshaT fAa=or #7182 (What is Process Control?)
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93T fAI=9T & 9 (Types of Process Control)
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9fShaT fAI=I0T & ST (Benefits of Process Control)

1. ﬁwﬁm (Improved Product Quality & Consistency)

g 3UTG Y [0TereT o1 TR F1Te T@at & 3R Areren fafardert s arerer giaRed swar
gl
fafie=t 3ehr AT 3R TFR AT 1 70 W 7 A FAT g

2. gaTaT 31X 3eutasar # gafer (Increased Efficiency & Productivity)

TATYAT (Resources) T TEY 3TN HIAT ¢, o aw 3raflrse (Waste) 3R FaiT @ua
(Energy Consumption) & gxdl 81
FH AT §EARIT (Less Human Intervention) & ST JfedT &y HTaaT Tl 8|

3. GR&T A GUR (Enhanced Safety)



[ ssnfaa @i feafaat ot ager @ aar #53F 37¢ Va1 ¢ |
T fa® 4T (Chemical Plant) 31T 9X#ATO] @49 (Nuclear Plant) SHE S @ o)
3cIaN A GHTHI3AT hT HHTEAT hl hef AT ¢ |

4. 9T & T9d (Cost Savings)

Fd ATT (Raw Material) 3R FST Y @ad FY F7 FI4T 8, STQ 3cuTeT AeTd gedr gl
AT ¥ ggol GIET (Breakdowns) T AehdT §, OO I@RWTT T T & gl g

5. TREd=T & 9fa ast 9fAfshar (Faster Response to Changes)

gfshaT fAT=oT JuTTelT aTedl a3t (Disturbances) T UdT o9 FadTfold €9 &
AT HTaT &1

[ 3retraege ot 1 Aeher 9T &1 A &9 & Fefod @t gl

6. fraraAt A ATTHT FT 31T (Regulatory Compliance)

[ 75 wotmel a3eR 3R 3¢9t & qATaRoiir 3R ATt ATeTahl @1 Arelet it Red il B
TATAT 1 SoeTaet el W odlet aTel HHES (Fines) 3T FIegst FATATIN & ToTAT 5 |

7. Rae Afaeer 3R Ferer (Remote Monitoring & Control)

3meyfereh Gfshar =0T gonferar guey T4 (Remote Locations) & faRTeT 31X fg=or
$T 31egAf & §

SCADA (Supervisory Control and Data Acquisition) fRIEEH T 3u3er gty 318 31k
STl geiere goTiforat & forar Srar g1

wfshar fa=r=or & 3reT9aeT (Applications of Process Control)

1. TS 3T IerHfAHe 37T (Chemical & Petrochemical Industry)

4 amaae, g 31 warg & & SafEa e
B4 3emeor: o Rersely, 39 T8Thior T3 |




2. FST 3cdTge (Power Plants)

$T9 T &1 (Steam Pressure), $8+T 9aTg (Fuel Flow), 3R STeiYeX 3T3eYe (Generator
Output) & fAIRT HEET|
3ETEIOT: Y, TATY] 3N STef faegd §a 7|

3. @TeH 3 97 34T (Food & Beverage Industry)

ATIHATe fAr2r=oT, fAHT 31eTaTe (Mixing Ratios) 1T s7@&dY (Sterilization) &I GiA e
T
3ETOT: ST FEEHOT, 3, 3R JehfSia|

4. 3itwefir 3ger (Pharmaceutical Industry)

&ar fa#ATor (Drug Formulation) 3 sTaE<Y (Sterilization) FY T&wdT =TT T@T
3ETEOT; CIehT 3cdTedd, caeic faldToT|

5. STel 39 4T (Water Treatment Plants)

pH ¥R, Ster fedest (Water Filtration) 3 THTRIST I (Chemical Dosing) T frarfaa
hIAT|
3ETEOT: UFSTel [C fAHT0T, TIRISE ST IUAR |

6. 3iterAfeT 3iR faATor 3g@NeT (Automotive & Manufacturing Industry)

4 3rdwel amsat, afeger sy 9fEer &) waanfara sam=m)
B4 3ereor: &R fATor & Qeifes 3med|

Control actions

An automatic controller compares the actual value of the system output with the reference input
(desired value), determines the deviation, and produces a control signal that will reduce the
deviation to zero or a small value. The manner in which the automatic controller produces the
control signal is called the control action. The controllers may be classified according to their
control actions as

1) Two position or on-off controllers



2) Proportional controllers

3) Integral controllers

4) Proportional-plus- integral controllers

5) Proportional-plus-derivative controllers

6) Proportional-plus-integral-plus-derivative controllers

A two position controller has two fixed positions usually on or off. A proportional control system
is a feedback control system in which the output forcing function is directly proportional to error.

A integral control system is a feedback control system in which the output forcing function is
directly proportional to the first time integral of error.

A proportional-plus-integral control system is a feedback control system in which the output
forcing function is a linear combination of the error and its first time integral.

A proportional-plus-derivative control system is a feedback control system in which the output
forcing function is a linear combination of the error and its first time derivative.

A proportional-plus-derivative-plus-integral control system is a feedback control system in
which the output forcing function is a linear combination of the error, its first time derivative and
its first time integral.

Many industrial controllers are electric, hydraulic, pneumatic, electronic or their combinations.
The choice of the controller is based on the nature of plant and operating conditions.

Controllers may also be classified according to the power employed in the operation as

1) Electric controllers

2) Hydraulic controllers

3) Pneumatic controllers

4) Electronic controllers.

ICEELIRE ) L0

TaTfeld e [@Fed 3Ecye & aredider Al & Jolell Hesl A9e (A Hiel)

¥ T g, faaers AuiRa atar g, 3R U A0 Hahd 3cdee X § ST fawrers
HI YT IT Th BIC AT doh A H | 57 sk & Taanfed @ Fzsor




Hohd 3o HIaT § 39 AII0T AT gl SA1ar &1 FIFT & 3T [FFor Shamsit
& 3TAR afiepel fohar ST Fehell
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6) MUTIh-CAg-3 I A-Cold-cgcToel flT=eh
A Rufd s # & AR Rufaar gidr € s 3meAd ) are a1 & g
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Two-Position (On-Off) Controllers

A Two-Position Controller, also known as an On-Off Controller, is the simplest type of
automatic control system. It operates by switching the output between two discrete states:

Fully ON (100% output)
& Fully OFF (0% output)

The controller turns ON when the process variable (measured parameter) falls below the desired
setpoint and turns OFF when it exceeds the setpoint.

Key Characteristics:

v’ Simple and cost-effective

v Easy to implement

v’ No intermediate control—only ON or OFF states
v’ Works best for slow and less-sensitive processes

Working Principle of On-Off Controllers

1. The controller monitors the process variable (PV) (e.g., temperature, pressure, or
level).

2. It compares PV with the set point (SP) (desired value).

3. If PV < SP, the controller switches ON the actuator.

4. 1If PV > SP, the controller switches OFF the actuator.

@ This leads to continuous cycling (hysteresis) around the set point.

Hysteresis in On-Off Controllers

Since an On-Off Controller switches between two states, it can cause frequent rapid switching
(chattering). To prevent this, a dead zone (hysteresis band) is introduced.

< Hysteresis is the small difference between the ON and OFF switching points, reducing
unnecessary switching.



Example: A thermostat with a setpoint of 25°C may turn ON at 24°C and turn OFF at 26°C
instead of switching at exactly 25°C.

Applications of On-Off Controllers

Thermostats (Heating and cooling systems)
Water level controllers (Tank filling systems)
Pressure switches (Air compressors)
Refrigeration systems (Temperature regulation)
Light control systems (Automatic street lights)

ko E

Advantages of On-Off Controllers

Simple and easy to design

Low cost and reliable

No complex calculations required
Suitable for slow-response systems

Disadvantages of On-Off Controllers

K Causes oscillations around the setpoint

K Not suitable for precise control

& Can cause wear and tear in mechanical components due to frequent switching
K Inefficient for fast or highly sensitive processes

a-RRufa (On-Off) A=+

a-FRufa faa=s= (Two-Position Controller), 5 3i=1-3iT% fAd=& (On-Off
Controller) 3T &gl JTAT &, ¥ WA YHR H Tgaifad AIF0r gomrell (Automatic
Control System) &I I ahdo or Rufaat (States) H T F:aT &

4 qof w7 & =1 (ON - 100% 3T3eYe)
X qF ¥ & 9 (OFF - 0% 3MT3qe)

s Auas &1 Fdare qg T &



o S« 9fshaT =X (Process Variable - PV) dcuise (Setpoint - SP) & o =er
ST &, o 39 ON g e 2
« S PV cuiEe @ FUT T4 AT §, @ gaF OFF g Sfar 2

HET VAT (Key Characteristics):

v T 3R FeEdt (Simple & Cost-effective)

v ] &IAT AT (Easy to Implement)

v 1§ Aegadt fufa s€1 (Only ON or OFF States)

v fi#lt 3k F7 wagaftar ufkant & e sugwa (Best for Slow & Less-

Sensitive Processes)

HIA-3T6 "% &1 & Rgeuia (Working Principle)

1. o= 9fFar =X (PV) & AT 1

2. PV 3R ¥euige (SP) & qaem FaT gl

3. gfe PV < SP, af f@u=s wf$a (ON) & Srar gl
4. gfg PV > SP, ar fauas fafSwsa (OFF) & S gl

¢ I YOIl oeaR 419 3 &g (Switching ON & OFF) gidT &dr ¢, ored
REIRT (Hysteresis) 3cdeT & TehdT &l

fReR¥W (Hysteresis) 31T gasr sfaar

I 3T-30Te T AF & Rufaal & s wtar 8, I8 &3 9] a6 @ 91 3k
d¢ (Frequent Switching) &l &TaT g1 38 REAT &3 (Hysteresis Band) AT 33
e (Dead Zone) & ATEIA & AIRT fFar Frar &1

@ REIAY dT v Ter I giar § Siel I3 ON ¥ OFF & ffaa & & A=r
IEECECTGIR



S 3aTEIoT:

3R TH gAFEET T Jeuse 25°C g, ar o B{ef@a & I8 25°C o R*drR ON
3R OFF ghm| aifhsT afg REYf@w d3 1°C @r S, ar g 24°C ) ON 3k
26°C WX OFF g, G ad 3reraeas Eafder & gl

ITeT-3T% =t F AT (Applications)

1 yAfeee (Thermostat) - A9ATT @30T (Heating & Cooling Systems)

2 o TaX faaas (Water Level Controller) - &l d Sl TR @a=or

3 g9 f®awa (Pressure Switches) - TR YT H R HIF0T

4 YreereT f@¥eH (Refrigeration Systems) - fhor 31X vdl. & amHe [I=or
5 3erdfesw dse Fela (Automatic Light Control) - e s {wea

HTT-3ITF fATTFHT & 7 (Advantages)

" 3 ¥EaT (Simple & Low Cost)

3@d faegweigar (High Reliability)

g Ffed ToraT Y 3MaeTFAT AT (No Complex Calculations Needed)
tfieft ufthansit & faw 3ugwa (Suitable for Slow-Response Systems)

HTA-3TF AT Hr AT (Disadvantages)

X 3iifAererT (Oscillations) 3cdest FI@T § - Aedlse & MHUTE 3M3<Ye ON 3R
OFF gl T gl

¥ O+ Agaor i FHT (Lack of Precision Control) - Ig sae ar fEufaat &

F AT B

¥ A & Rafer @ & 3UHIT @IT & Adhd & (Frequent Switching Causes
Wear & Tear)l



X O 3R wagafier afkamat & AT spagaa (Not Suitable for Fast or

Sensitive Processes)|

Proportional-plus- integral controllers:

The proportional controller commonly known as Pl controller is an essential part of the
Industrial Automation and Control system. It is a closed-loop feedback control mechanism that
aims to adjust the process variable by manipulating the variable based on the error between the
set point and the process variable. It strikes a balance between quick response to deviations and
long-term error elimination.

A Proportional-Plus-Integral (PI) Controller is a type of feedback control system used to
maintain a desired output by adjusting the control input. It combines two components:

1. Proportional Control (P) — Reacts to the current error (difference between setpoint and
actual value) to provide an immediate response.
2. Integral Control (1) — Accounts for the accumulation of past errors to eliminate steady-
state error and improve accuracy.
Mathematical Representation
The control output u (t) of a PI controller is given by:
u(t) = Kpe(t) + K;e(t)dt
Where:
« K,=Proportional gain
e K; = Integral gain

e e(t)= Error signal (setpoint - process variable)
o e(t)dt = Integral of the error over time

Advantages of Pl Controllers
« Eliminates steady-state error (unlike a pure proportional controller).

e Provides a balance between fast response (from PPP) and accuracy (from I11).
« Simple to implement compared to full PID controllers.



Disadvantages

e Can introduce overshoot and oscillations if not tuned properly.
« Integral action can cause "integral windup," where the accumulated error leads to
excessive control action.

Applications

o Industrial process control (temperature, pressure, speed, etc.).
e Motor speed control.
e Robotics and automation systems.

WaRAd-cag-3¢Rre (PI) faaa:
et oo 9@ HHAAR W Pl f@d=s & &9 # Se Srar g, e waeree
3R f=oT yorel 1 U A BEAT §1 FE T &g o Bisdes 0T dF § foreenr
3¢ge Yedige 3R gfthar =X & & AT & R W W ;G T Tfhar @ A
AR & &1 I8 fauee & fav caRa gfafsar iR Qeerfos e 3eaes &
HJolel ST B

TaRd-cad-g8ae (Pl) A= U YR &7 disds fFg=sor gomelr (Feedback
Control System) g, fSi&er 3udler fohell fAFea & 3MEeye @I difSd TR W T=1C
G & fow fohar SaT €1 I8 & AR & fAee §or 8idT ¢

1. WaReer f&g=or (P - Proportional Control) - AT Jie (Error) 9 gfafshar
T & R gl wfafsar aar B

2. g&arer fAF=or (1 - Integral Control) - f@elr Jfedt (Past Errors) &l dwg
A & 3R - e (Steady-State Error) &I AT ¥l # #Heg
LTl &

afordisr rfdcafda (Mathematical Representation)

Pl fadses & 3M3eqe u(t) Aefai@d FHieor @ caerd fhar ST &

u(t) = Kpe(t) + Kie(t)dt



« K, = 9IHIReTel AT (Proportional Gain)

e K; = &&arer 3T (Integral Gain)

o e()=7C Haha (Error Signal) = deuise - TRTdh AT
« e(t)dt =JfC FT THRFOT (Integral of the Error)

Pl =% & 87 (Advantages)

fer-feufd Jfe (Steady-State Error) &I HATCH & &
dt ufafssar (Fast Response) 3R 3T @&ear (High Accuracy) el adT gl
PID TR & Jolell § el AR & 8 B

Pl faa=® $f AT (Disadvantages)

X s JEeE (Overshoot) 3R Fuet (Oscillations) 3cdesl X FHhT &
X e T30 (Integral Windup) &I GHET &1 bl &, f@d a9t e &1 qa
0T S A AR gIHAd FX GohaTT B

Pl =% ¥ 3r[9aNT (Applications)

@ 3w gfskar AIF0T (Industrial Process Control) - dT9AT, gaTd, YdTg
3mfe|

@ A Tz AT (Motor Speed Control)|

@ VaIeFT 3R Taaras yumelr (Robotics & Automation Systems)]

Proportional-Plus-Derivative (PD) Controller:

A proportional Integral Derivative controller also called a PID controller, is a widely used
feedback control mechanism in industrial automation. It aims to regulate a process variable by
adjusting a manipulated variable based on the error between the set point and the actual
process variable.

A Proportional-Plus-Derivative (PD) Controller is a type of control system that improves
system response by combining:

1. Proportional Control (P): Reacts to the present error and provides immediate
correction.



2. Derivative Control (D): Predicts future error based on its rate of change and provides a
damping effect, reducing overshoot and improving stability.

Mathematical Representation

The control output u(t) of a PD controller is given by:
d
u(t) = Kpe(t) + Kdae(t)

Where:
« K,=Proportional gain

e Kg4= Derivative gain
e e(t) =Error signal (Setpoint - Process variable)

. %e(t): Derivative of the error

Advantages of PD Controllers

Improves system stability by reducing oscillations.
Enhances transient response by damping overshoot.
Speeds up system response by anticipating error trends.

Disadvantages

& Cannot eliminate steady-state error as it lacks an integral term.
K Sensitive to noise, especially in high-frequency signals.

Applications of PD Controllers

€ Robotics & Automation: Provides precise motion control.
@ Cruise Control in Vehicles: Helps in reducing speed fluctuations.
@ Aerospace & Drones: Enhances stability and maneuverability.

yada-caw-sRafea (PD) Aaas:

et g sRafea s 9@ PID fag=sr ot &gt orem g, 3ilcaifaes
TadTelel H SO ¥ & 3901 RaT JTe arem $hisde @I90T a7 & S9aT 36820




e dige AR aeafas gfsar @ & @ T & IUR | O 7w W A
ARSI &¥eh 9fshar @X &I fafaafaa e g

Aaestd-cag-3Rdfed (PD) A9a® v g &1 Fg=For yumelr & o Rwea &
gfaferar & 9ga¥ S99 & AT @ gl ST Aol Hiar g

1. wraRster fa=or (P - Proportional Control): a#eT 3¢ (Error) T widfshar
T § IR A GUR Tl e g

2. sRAfes faw=or (D - Derivative Control):: 3@ & uRade @ & (Rate of
Change of Error) @I €417 # I@dT § 3R Ueh YaJATG FUR FeTel T g,
@ 3R & g1 § 3R FERar sec &

aforehir fAeaf@a (Mathematical Representation)

PD fad=er &7 3m3eqe u (t) AeAfafed aHieRor garT sged fhar ST ¢

d
u(t) = Kpe(t) + Kdae(t)

o K, =99ese 31 (Proportional Gain)

o K4=3Rafea a1 (Derivative Gain)

o e(t) =3 Hehe (Error Signal) = YeUISE - ArEdeh Aol
. %e(t): e &I 3/ashersl (Derivative of Error)

PD faara& & M7 (Advantages)

&Eeca & fEuRar (Stability) 7 FUR #ar g

3Tt gfAfhar (Transient Response) &I 9§ STl & 31X 3HIRRE FA FT ol
I & HaST & A (Future Error Trends) & YaTelHTeT ofaehy E€eH T iy
eI gl

PD fad=& #if @A (Disadvantages)



X ER-feufa 3fe (Steady-State Error) Y THATCT =Tl Y Hehell, Fifeh SHA ST
IGREMIGRNGI
X 3= 3mgfa Fhdl (High-Frequency Signals) & 2T (Noise) & 9 Hdestefier 8T gl

PD faa® & 3re[9aNT (Applications)

@ NeifeFw 3R T@ETeT (Robotics & Automation): §&te a1fa fAI=0T (Precise Motion
Control) & forT|

@ argal # For AT (Cruise Control in Vehicles): I1fd # 3dR-Ted & HH F &
o

@ TRIAY 3 T AFFAT (Aerospace & Drone Control): fEeRar 3Rk arfasierar #r
YR I & |

Proportional-Plus-Integral-Plus-Derivative (PID) Controller:

A proportional Integral Derivative controller also called a PID controller is a widely used
feedback control mechanism in industrial automation. It aims to regulate a process variable by
adjusting a manipulated variable based on the error between the set point and the actual
process variable.

A Proportional-Integral-Derivative (PID) Controller is one of the most widely used control
systems in engineering and automation. It combines three types of control actions:

1. Proportional Control (P): Reacts to the present error and provides an immediate
correction.
2. Integral Control (1): Accumulates past errors to eliminate steady-state error.
3. Derivative Control (D): Predicts future errors by considering the rate of change of error,
improving system stability.
Mathematical Representation

The control output u(t) of a PID controller is given by:
d
u(t) = Kpe(t) + Kje(t)dt + Kd&e(t)

Where:



« K, = Proportional gain

K;= Integral gain

K4 = Derivative gain

e(t) = Error signal (Setpoint - Process variable)
e(t)dt = Integral of error

d L
* I e(t)= Derivative of error

Advantages of PID Controllers

Provides fast response (p), eliminates steady-state error (i), and improves stability (d).
Works well for complex systems with varying dynamics.
Widely applicable in industrial automation, robotics, and process control.

Disadvantages

K Difficult to tune correctly (setting Ky, Kj, and K values).
K Sensitive to noise due to derivative action.
& Can lead to instability if not properly tuned.

Applications of PID Controllers

@ Temperature Control: Used in HVAC systems and industrial furnaces.

¥ Motor Speed & Position Control: Found in robotics and servo systems.

@ Process Control: Used in chemical plants, power plants, and manufacturing.
@ Drone & Aircraft Control: Helps maintain stability and smooth flight.

WA d-cad-gdaa-tad-3Rafed (PID) Auas:

et géarer sRafea s 9@ PID fag=sr ot &gt orem g, 3ilcaifas
TadTelel H S ¥ & 3901 RaT Mo Tl hisde @I90T a7 & SdaT 36820
de Uise 3N areafash 9ishdl T & o fiE & HUR W g T aw = &

ARG S 9fhar @ & Rafaa e g

gaesa-sdara-sRafea (PID) aa® T <ags &9 & 39T HI S arelr [T

qumelr &, S e YRR & Ad=or Rarst & sedr &

1. WaRee faa=or (P - Proportional Control): aci#e ¢ (Error) W gfafshar

HIAT & 3R A GUR YTl FcT g



2. g&grer fAF=0T (I - Integral Control): [oell Jfedl & Siisar & 3R &R-
feafa 3¢ (Steady-State Error) &I @#ATCd &ar &1

3. sRafta faw=or (D - Derivative Control): Ji¢ & uRace & &I &1 &=l &
@ &, Tad 3awee (Overshoot) A AT § 3R FERRAT Jed g

o 3rfReafda (Mathematical Representation)

PID fadseh & 3M3eqe u(t) AeIfai@d F#ieor carT egerd fohar ST &:

u(t) = Kpe(t) + Kje(t)dt + Kd%e(t)

« K, = WIS AT (Proportional Gain)

o K;= 3&13re A (Integral Gain)

« Kg= sRafea a1 (Derivative Gain)

. e(t) = JfC WHa (Error Signal) = Aedise - aafds Al
« e(Ddt = Jf& FT THROT (Integral of Error)

. %e(t): JfC T 3rdehelel Derivative of error

PID %% & 7 (Advantages)

det wfdfshar (Fast Response) &l & 3R f&R-f&ufd e & gacd #xar gl
Ed womeh &r f&Rar (Stability) & FUR T § AR HEGRQE B HA B Bl
Mefis Faare (Industrial Automation), Usifeéad (Robotics), 3R gfsRar
fa=7oT (Process Control) & Tl &9 & ST FHIar &l

PID f&@a& $r @A (Disadvantages)

X e dld § T AT HideT Bl § (KK, 3 Ky I HE T 31aeTeh § )|
X 3RafeT Far & #RoT AR (Noise) & fa Hdcaiefiel & Iehar gl
X afE |@é o1 @ <A @ fRar = A HFERREAT (Instability) 3cqeet T Hehell B

PID faa=& & 391 (Applications)



@ auA fAg=or (Temperature Control): HVAC f&¥e# 3R 3ficaifaies scfeat
(Furnaces) #|

@ #ex afa 3t FRufa fAa=or (Motor Speed & Position Control): Jsifead 3
gaf fBTeH (Servo Systems) #H|

¢ 3@ ufkar =0T (Process Control): Tra&fA® §IF (Chemical Plants),
U] Tefie 3R HAegtheraRar A

@ 3 3R R#E fAF=or (Drone & Aircraft Control): FERRET 3R 3311 & Fars &9
¥ §ATC @A A

Components of a Control System
A control system is a system that regulates the behavior of a process or device to achieve a

desired output. It consists of several components that work together to monitor, compare, and
adjust system performance.

Main Components of a Control System
1. Input (Setpoint)

o ltis the desired value that the system should achieve.
o Example: In an air conditioning system, the user sets the temperature to 24°C.

2. Process/System (Plant)

e The process that needs to be controlled.
« Example: The air conditioner cooling the room.

3. Controller

o It processes the error signal and determines the corrective action.
e Types of controllers:

o Proportional (P) Controller

o Proportional-Integral (PI) Controller

o Proportional-Integral-Derivative (PID) Controller

4. Feedback System
e Measures the actual output and sends it back to the controller.

« Example: A temperature sensor in an AC measures the room temperature and sends it
back to the system.



5. Comparator (Error Detector)

o Compares the setpoint (desired value) with the actual output.
« If there is a difference (error), the controller takes corrective action.

6. Actuator

e The device that applies the controller's output to the system.
o Example: A motor in an AC that adjusts the cooling based on control signals.

7. Output (Controlled Variable)

« The final result after the control action.
o Example: The room temperature reaching 24°C in an AC system.
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Construction, working and concept of ac servomotor:

A servomotor acts like a rotary actuator that is mainly used to change electrical input into
mechanical acceleration. This motor works based on servomechanism wherever the position
feedback is utilized for controlling the speed & the final location of the motor. Servo motors turn
& get a certain angle based on the applied input. Servo motors are small in size but they are very
energy efficient. These motors are classified into two types like ac servomotor & dc servomotor
but the main difference between these two motors is the source of power used. The performance
of a DC_servo_motor mainly depends on voltage only whereas an AC servo motor depends on
both the voltage & frequency.
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What is AC Servo Motor?

A type of servomotor that generates mechanical output by using AC electrical input in the
precise angular velocity form is called an AC servo motor. The output power obtained from this
servomotor mainly ranges from watts to a few 100 watts. The operating frequency of ac servo
motor ranges from 50 to 400 Hz.

An AC servomotor is a specialized type of electric motor used in servo systems to provide
precise control of position, velocity, and acceleration. It operates on alternating current (AC)
and is commonly used in industrial automation, robotics, CNC machines, and aerospace
applications.

AC servomotors are different from conventional AC motors as they offer fast response, high
efficiency, and better accuracy in closed-loop control systems.

AC servomotors are generally two-phase induction motors or synchronous motors with
specific design modifications to improve their dynamic performance.
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Main Components:

1. Stator
o The stator has two windings: main winding (fixed) and control winding
(variable).
o The control winding receives input voltage to regulate speed and torque.
The stator is the component of the motor that does not rotate and comprises the
coils that create the rotating magnetic field given electricity from the source. The
speed of operation of the motor depends on the number of poles of the stator.
2. Rotor
o The rotor is usually squirrel cage type or drag-cup type (lightweight to reduce
inertia).
o Some servomotors use wound rotors for better performance.
The rotor is the rotating component of the motor with a permanent magnet or a
field, which is usually formed of electromagnets. The working of the motor is
based on the idea that the rotor creates torque through interaction with the stator's
magnetic field.
3. Shaft & Bearings
o Bearings are used to support the shaft, especially the rotor, and they provide low
friction for rotational movement.



o The shaft transmits motion, and high-precision bearings ensure smooth operation.
4. Feedback Mechanism (Tachometer/Encoder)

o In modern servomotors, an encoder or resolver provides feedback to the controller
for precise motion control. This is one of the crucial features that update the
position of the motor, its velocity, and direction. The encoder or resolver supplies
signals to the motor controller, which helps the motor control gain accurate
control.

5. Housing:

o Though the entire assembly is enclosed, it is designed in such a way that internal
parts of the assembly are well protected from the environment and mechanical
force.

6. Cooling Mechanism:

o In some cases, depending on the kind of motor used and where it is applied, it

may contain a cooling system to reduce the system heat produced by the motor.
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Construction of AC Servomotor:

Generally, an AC servo motor is a two-phase induction motor. This motor is constructed by
using a stator and a rotor like a normal induction motor. Generally, the stator of this servo motor
has a laminated structure. This stator includes two windings that are placed 90 degrees apart in
space. Because of this phase variation, a rotary magnetic field is generated.

Control

voltage
form

servogmplifier

Control
winding

The first winding is known as the main winding or also known as fixed phase or reference
winding. Here, the main winding is activated from the constant voltage supply source whereas
the other winding like the control winding or control phase is activated by the variable control
voltage. This control voltage is simply supplied from a servo amplifier.
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Generally, the rotor is available in two types squirrel cage type & drag cup type. The rotor used
in this motor is a normal cage-type rotor including aluminum bars fixed in slots & short-circuited
through end rings. The air gap is kept minimum for maximum flux linking. The other type of
rotor like a drag cup is mainly used where the inertia of the rotating system turns low. So this
helps in decreasing power consumption.
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Working Principle of AC Servomotor

The working principle of the ac servo motor is; firstly, a constant ac voltage is given at the
stator’s main winding of the servomotor and another stator terminal is connected simply to the
control transformer throughout the control winding. Because of the applied reference voltage, the
synchronous generator’s shaft will rotate at a specific speed & obtains a certain angular position.

AC supply
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____ amplifier
Controlled
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| Synchronous
Generator
Stator
Control =
Transformer S ACsupply

In addition, the control transformer’s shaft has a specific angular position that is compared to the
angular point of the synchro generator’s shaft. So the two angular positions comparison will
provide the error signal. More particularly, the levels of voltage for the equivalent shaft positions
are evaluated which produces the error signal. So this error signal communicates with the present
voltage level at the control transformer. After that, this signal is given to the servo amplifier so
that it generates uneven control voltage.

By this applied voltage, again the rotor achieves a specific speed, starts revolution & maintains
until the error signal value reaches zero so attaining the preferred position of the motor within the
AC servomotors.

Tl gafAeT 1 FF Rguia:

T gaf A F A AYUid §; T8 Ugd, HAlAY & T A HEY a3 W
T R wE dieest fear Srar § 3R Us ey TeX fAAT I hgld asfser &
HATEIH  Shelel JTHBAT H SNST ST gl 9] TG dlecsl & HROT, [HhTd Seiel
&l eMe U fafrse a1fad & gAem 3R v AfRed o fEafa g )




AC supply

|—QQ9JL}

Fixed Phase
Servo-
amplifier

Controlled :

Phase :

Control
Transformer

AC supply

g% 37lmar, [AIF0T TEBER & AHe H T fafdse woly fyufa gdy § S
Jorell 8l SIeiReY & Aoe & HivliT g & & St g1 Safav ar oy Fufaat
ot qE Hhd Yol S| 3w @AY & @, GAJed ave [Fufadt & fav
dlecsl & T @ Hedichod AT ST & S IfE Tohed 3cUead AT 81 o T§ I
Hohd fAIF0T TEHRR W dadAT dieesl TR & 1T §IR aXdl &1 38% 96, I8
Hohd TAl TFIepRR & f&ar Srar & arfe I8 3es [@Isor diees 3cded
g o] dleesl @, e & AeX v fARIse aifd ured &¥ar §, Tehy oEller & il
¢ 3R a9 do S0 I@AT § SI9 de [ A Hhd A QT T FAE g Sl g,
58 YR T FafAled & fiar A f gudier fufa urea gidr 21

Transfer Function of AC Servo Motor

Analyzing the control systems that involve the use of an AC servo motor requires
comprehending the transfer function of this motor. The transfer function is the mathematical
representation of the input-output characteristics of the system in the frequency domain.

In general, when dealing with power amplifiers or an AC servo motor, the transfer function is
deduced based on the motor's electrical and mechanical properties. It ordinarily encompasses
motor responsiveness such as resistance, inductance, as well as inertia and the characteristics of
the feedback system. The transfer function also helps analyze the dynamic performance,
stability, and ability of the motor to respond to controller signals.
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Characteristics of AC Servo Motor

As much as an AC servo motor is a highly specialized product, its application is favored by
enhanced motion control in practical use. Some key characteristics include:

e High Torque at Low Speed: AC servo motors are able to develop high torque
throughout the low-speed range and, therefore, will not degrade inside momentum and
constantly needed force.

e Precision and Accuracy: The feedback mechanism enables precise control of the motor
position speed and acceleration, reducing errors and variance.

e Smooth Operation: Since the sinusoidal back EMF and the closed loop system are used,
the operation is smooth, perfect, and vibration-free.

e Wide Speed Range: AC servo motors are usable at high speeds, and performance does
not degrade over low speeds; hence, they are useful in various applications.

e Quick Response: A closed-loop feedback system enables one to control the motor in real
time, hence enabling a very fast response to the motion.

e Low Inertia: AC servo motors normally have low rotor inertia, which means they must
accelerate and decelerate quickly, which is so relevant in dynamic types of applications.
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Advantages of AC Servo Motor

The main advantages of AC servo motors make this component highly useful in contemporary
automation and control systems. Some of the key advantages include:

e High Efficiency: AC servo motors are developed to remain highly efficient and to
transform a vast amount of electrical and mechanical energy, thus consuming less energy.

e Precise Control: A closed-loop feedback system also makes it possible to control
position, speed, and acceleration, and as a result, the performance is well controlled.

o Versatility: AC servo motors can be applied to almost all fields, such as robotics, CNC
machines, appliances, etc. because they have high applicability and a large speed range.

o Reliability: AC servo motors are very dependable because of the rigid structure and
sophisticated control circuits, which are easy to maintain and have a long service life.
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Disadvantages

For precise motion control, AC servo motors require additional control systems and have
a more complex design.

The use of more complex control systems, like amplifiers and feedback mechanisms, is
required when using AC servo motors.

The feedback components of AC servo motorsare subject to wear and tear
namely resolvers and encoders.

Noise is produced while operating if proper wiring guidelines aren't followed.

AC servo motors may use more power than regular AC motors when they are working
faster or with larger loads.
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AC Servo Motor Applications

The applications of AC servo motors are numerous, covering almost all fields in technology and
all sectors of industry. Some common applications include:

Robotics: AC servo motors are widely adopted in robotics for the purpose of controlling
the degrees of freedom in joints or actuators, thus making robots perform very specific
tasks with precise movements.

CNC Machines: The products under this category include computer numerical control
(CNC) machines in which AC servo motors are used to drive cutting tools that accurately
machine materials.

Automation Systems: In a conveyor system, AC servo motors, robots, or any other
apparatus act as controllers of the conveyor, as well as for the smooth running of the
plant.



o Aerospace: In the aerospace industry, AC servo motors are employed in the control
systems of aircraft and spacecraft to manage the major parts with exactitude.

e Medical Equipment: Medical-related appliances like Magnetic Resonance Imaging
(MRI) equipment, surgical Robots, and Infusion pumps also need AC servo motors due
to their accuracy and effectiveness.
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Construction, working and concept of synchronous motor:

Definition: The motor which runs at synchronous speed is known as the synchronous motor. The
synchronous speed is the constant speed at which the motor generates the electromotive force.
The synchronous motor is used for converting the electrical energy into mechanical energy.

A synchronous motor is an alternating current (AC) motor that operates at a constant speed,
known as synchronous speed, which is directly proportional to the frequency of the supply
current and inversely proportional to the number of poles of the motor. The rotor of a
synchronous motor rotates at the same speed as the rotating magnetic field produced by the
stator, hence the term "synchronous."
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Construction of Synchronous Motor:

A synchronous motor is an AC motor in which the rotor rotates at the same speed as the
synchronous speed of the stator's rotating magnetic field. It consists of the following main parts:
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(a) Stator:

e The stator is the stationary part of the motor.

o It consists of a laminated core with slots for three-phase winding.

o The three-phase winding is energized with an AC supply to produce a rotating magnetic
field.

(b) Rotor:

e The rotor is the rotating part of the motor.

e It consists of a field winding mounted on a laminated iron core.

o The field winding is energized by a DC supply through slip rings and brushes (in the
case of a wound rotor) or permanent magnets (in the case of a permanent magnet
synchronous motor).

e The rotor can be either:

o Salient Pole Rotor (used for low-speed applications).
o Cylindrical Rotor (used for high-speed applications).

(c) Excitation System:

o A DC supply is provided to the rotor winding to produce a magnetic field.
« This supply is called "excitation” and can be provided using external DC sources like
batteries or exciters.

(d) Bearings and Frame:

o Bearings support the rotor and allow smooth rotation.
e The frame encloses the motor and provides structural support.

(e) Slip-rings and brushes:

e There are two slip-rings made of phosphor bronze fitted on the shaft.
« Two carbon brushes are kept touching the slip-ring via this arrangement, the rotor is fed
by DC obtained from the rotating exciter.
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Working Principle of Synchronous Motor:

A synchronous motor is a type of AC motor that works on the principle of electromagnetic
fields. The working of a synchronous motor is divided into three stages: excitation,
synchronization, and steady-state operation.

When a 3-phase supply is connected to the stator winding, a rotating magnetic field is produced
by the stator. It rotates at a synchronous speed. Exciter produces DC voltage which is supplied
through brushes and slip-rings to the field winding of the rotor. Thus rotor poles are formed.

Rotor
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(70
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Synchronous Motor
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Similar poles try to repel each other and hence rotor poles are repelled by stator poles and the
rotor tries to rotate in an anti-clockwise direction. Now, as the stator poles are also changing their
position (rotating field), after the half revolution, the upper part of the stator will form an S pole
and the N pole will be at the bottom. Meanwhile, the rotor’s N pole reaches up to the bottom.

Since the stator N pole is formed at the bottom, there is a force of repulsion and the rotor tries to
rotate in a clockwise direction. Again after the half revolution, the stator poles will change their
position and the rotor will try to rotate in an anticlockwise direction. Due to the inertia of the
rotor, the rotor will not rotate at all. There is no unidirectional torque and hence the synchronous
motor is not self-starting.
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Advantages of Synchronous Motor

1. It can be operated at any desired power factor (unity, leading, or lagging) by changing
excitation.

It can be used for power factor correction.

3. It can be constructed with air gaps that are wider than that in induction motors. This
makes it more stable mechanically.

Electromagnetic power varies linearly with the voltage in such motors.

It offers higher efficiency, usually more than 90%, in the case of low-speed and unity
power factor applications.
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Disadvantages of Synchronous Motor

Since there is no unidirectional torque, it is not self-starting.

It requires frequent maintenance.

An external DC source is required to provide excitation.

It required additional damper windings.

Hunting (surging or phase swinging) occurs if there is a sudden change in load.
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Application of Synchronous Motor

Synchronous motors find applications across various sectors due to their efficiency and ability to
operate at constant speed.

o Synchronous motors are extensively used in industries for driving continuous process
machines like pumps, compressors, conveyor belts, and fans, where speed regulation is
critical.

o In the power generation industry, synchronous motors serve as synchronous condensers
for power factor correction purposes. Additionally, they play pivotal roles in precision
applications such as in synchronizing clocks and in robotics.

o Their capability to work under a range of power factors and their robust performance
make synchronous motors suitable for heavy-duty applications, enhancing efficiency and
operational reliability in numerous industrial processes.
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Construction, working and concept of stepper motor:

What is a Stepper Motor?
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A stepper motor is a brushless electromechanical device that converts a series of electric pulses
applied to its excitation windings into precisely defined, step-by-step mechanical shaft rotations.
The motor’s shaft rotates through a fixed angle for each discrete pulse, with this rotation being
either linear or angular. A single pulse input results in a one-step movement.

The angle through which the stepper motor shaft turns for each pulse is known as the step angle,
typically expressed in degrees.

The number of input pulses given to the motor decides the step angle and hence the position of
motor shaft is controlled by controlling the number of pulses. This unique feature makes the
stepper motor to be well suitable for open-loop control system wherein the precise position of the
shaft is maintained with exact number of pulses without using a feedback sensor.

If the step angle is smaller, the greater will be the number of steps per revolutions and higher will
be the accuracy of the position obtained. The step angles can be as large as 90 degrees and as
small as 0.72 degrees, however, the commonly used step angles are 1.8 degrees, 2.5 degrees, 7.5
degrees and 15 degrees.

TEUT Al &1 AT, & 3 sraurom:

TUX Al F4T 87

TR AT Uh ST SelaciHsidehel 3a8d@ § S 39e Idolell asfsdl 9 o]
facgd Jeu A TH H@el F FF T F IRHANYA, TROT-I-IROT J1fFh AFC GATT
A gRafda Far &1 AT 1 e T AF 3dd Tod & fav te AREd Fior @
AT &, FE A AT o I@H a1 HoiT glar g1 Th Tehel YoH FAYC h
IRUMATIEY Teh-RONT a1fd gidl g

A% Tod & U TEW AKX aqoe 58 HIUT § gAAT § 38 8T Wel & & A
ST ST g, 98 3AAR oX 3l # <gerd foham Sirar gl

AT & QU 90 gAY JoH T HEAT VI W dF el ¢ AR AT geq 6
e @ g we Ay ave f Rufa & fRifa B Srar @1 @w sed
fIATAT TR AT & 3HA-oU el A & AU 3uged dardh §, rad Fisds
O FT 39997 fFU 97 Jo@ &1 T A&7 & A1 qoe Fr @l Tafa s
@ e g

Ifg T TITe Bler g, af Ifd IFh TRON I FEIT 378 gt 3R urea Bufa &r
Géhar 38 grft| ¥ Tarer 90 3 Sdem s3r 3R 0.72 f3af Sdar oker &
Hhdl g, 8lellih, ATHAIR W SEIATAT fhU S drel T Uater 1.8 f33ft, 2.5 34,
7.5 f3afy 3T 15 T3 €




Construction of Stepper Motor:
A stepper motor consists of two main parts:
(a) Stator (Stationary Part)

o The stator has multiple electromagnet coils arranged in a circular pattern.
e When pulses of current are applied to these coils in a specific sequence, a rotating
magnetic field is produced.
e The stator winding can be arranged in bipolar or unipolar configurations:
o Unipolar Stepper Motor: Each phase has a center tap, allowing simpler control.
o Bipolar Stepper Motor: Requires an H-bridge circuit for direction control.

(b) Rotor (Rotating Part)

e The rotor is made of permanent magnets or a soft iron core with teeth.
e The rotor aligns with the stator’s magnetic field when energized.
e There are two types of rotors:
1. Permanent Magnet Rotor — Uses a magnetized rotor for precise positioning.
2. Variable Reluctance Rotor — Uses a non-magnetized rotor with teeth that align
with the stator.
3. Hybrid Rotor — Combines both permanent magnet and reluctance properties for
high precision.
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Stepper Motor Working Principles

As all with electric motors, stepper motors have a stationary part (the stator) and a moving part
(the rotor). On the stator, there are teeth on which coils are wired, while the rotor is either
a permanent magnet or a variable reluctance iron core. We will dive deeper into the different
rotor structures later. Figure shows a drawing representing the section of the motor is shown,
where the rotor is a variable-reluctance iron core.

_— /\Statod\\\\
// g //// o
e
4

v
_
e
N
-

The basic working principle of the stepper motor is the following: By energizing one or more of
the stator phases, a magnetic field is generated by the current flowing in the coil and the rotor
aligns with this field. By supplying different phases in sequence, the rotor can be rotated by a
specific amount to reach the desired final position. Figure shows a representation of the working
principle. At the beginning, coil A is energized and the rotor is aligned with the magnetic field it
produces. When coil B is energized, the rotor rotates clockwise by 60° to align with the new
magnetic field. The same happens when coil C is energized. In the pictures, the colors of the
stator teeth indicate the direction of the magnetic field generated by the stator winding.
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Advantages of Stepper Motor

Some key advantages of using stepper motors include:

O O O

o O O O

Precise positioning over full or part rotation with high resolution.

Excellent speed and position control in open loop systems without feedback devices.
Ability to start, stop and operate at constant angular velocity with high degree of
precision.

Hold their position efficiently without power due to highly detented nature.

Easy control using pulses which makes programming simpler.

Less maintenance required as there are no brushes.

Suitable for applications like CNC machines where position must be accurately
controlled.
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Disadvantages of Stepper Motor

Some disadvantages include:
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Produce less torque compared to brushed DC motors of similar size.

Vibration and resonance are likely if not designed properly.

Require driver circuit to function properly which increases cost.

Feedback devices may be required for applications requiring high level of precision.
Speed variations at higher output speeds due to limitations in response time.
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Applications of Stepper Motor

Some common applications of stepper motors include (Stepper motor applications)
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CNC machines like routers, lathes, mills, 3D printers.

Peripheral equipment like printers, scanners, plotters, tape drives and CD/DVD drives.
Industrial robotics, material handling, wafer handling equipment.

Medical equipment like blood analyzers, imaging equipment.

Automated production machinery like labeling machines.

Scientific instruments like spectroscopy equipment.

Desktop CNC machines, laser cutters, laser engravers.

CCTYV camera systems - for focus/zoom lens control.

Radio-controlled vehicles, quadcopters, cranes for positioning.
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Difference between Stepper Motor and Servo Motor

Servo motors are suitable for high torque & speed applications whereas the stepper motor is less
expensive so they are used where the high holding torque, acceleration with low-to-medium, the
open otherwise closed-loop operation flexibility is required. The difference between the stepper
motor and servo motor includes the following.

Stepper Motor |Servo Motor |
A servo motor is one kind of closed-loop
motor that is connected to an encoder to
provide speed feedback & position.

The motor which moves in discrete steps is
known as the stepper motor.

Servo motor is used where the speed is the
main priority

Stepper motor is used where control, as
well as precision, are main priorities
The overall pole count of the stepper motor|The overall pole count of servo motor
ranges from 50 to 100 ranges from 4to 12

These motors need an encoder to change
pulses to control the position.

In a closed-loop system, these motors
move with a consistent pulse

Torque is high in less speed Torque is low in high speed |
Positioning time is faster throughout short |Positioning time is faster throughout long

strokes strokes

High-tolerance movement of inertia |Low-tolerance movement of inertia \
This motor is suitable for low rigidity

mechanisms like pulley and belt Not suitable for less-rigidity mechanism
Responsiveness is high |Responsiveness is low |
These are used for fluctuating loads | These are not used for fluctuating loads |
The adjustment of gain/tuning is not

required The adjustment of gain/tuning is required
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