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ABOUT COURSE :
INDUSTRIAL
AUTOMATION SENSORS
AND MOTORS

The pace of technological advancement is constantly
accelerating, and automation is rapidly transforming how
businesses operate and industries function. Lake Washington
Institute of Technology (LWTech), a leading provider of
innovative technology education, is at the forefront of this
exciting shift. Through our commitment to career-focused
education, LWTech offers the “Industrial Automation Sensors
And Motors” course. This course equips students with the
knowledge and skills necessary to thrive in the automated
workplace of tomorrow.

Course Highlights:

1. Fundamentals of Sensors

* Explore various sensor types, such as Potentiometer
Sensors, Optical Rotary Encoders, LVDTs, and
Angularity Sensors.

* Understand sensor principles, including Optical
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Proximity Sensors, Slotted Coupler/Opto Interrupter,

and Hall-Effect Proximity Sensors.
2. Load Sensors and Pressure Sensing Technologies

* Learn about Load Sensors and Pressure Sensing
Technologies.

* Dive deep into Bonded-Wire Strain Gauges,
Semiconductors, Low-Force Sensors, and Pressure

Sensors.
3. Temperature, Flow Control, and Vision Sensors

* Understand Temperature Sensors, Flow Sensors, and
Liquid-Level Sensors.
* Explore Vision Sensors: Components and Edge

Detection techniques.
4. DC Motors

* Study Direct Current Motors and their types.

* Explore Motor Control techniques including
Permanent Magnet Motor Reversing, DC Motor
Control from an AC Source using an SCR, Braking in
DC Motors, and Brushless DC Motors.

5. Stepper Motors
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* Gain insight into Stepper Motors and their precision in
movement.

* Learn about Stepper Motor Control, Torque-Speed
Curve, Permanent Magnet Motors, and Variable

Reluctance Stepper Motors.
6. AC Motors

* Explore AC Motors, Waveforms, Transformers, and
Electrical Safety measures.

* Understand various types of Induction Motors,
including Single-Phase, Split-Phase, Two-Capacitor,
Three-Phase, and AC Servomotors.

* Gain insights into Synchronous Motors, Power Factor

Correction, and AC Motor Control Techniques.

Investing in Your Future Success
By choosing LWTech’s “Tndustrial Automation Sensors
And Motors” course, you'll gain valuable skills like:

* Implementing and managing automated systems

* Analyzing data and optimizing processes

* Troubleshooting and maintaining automated
equipment

* Communicating effectively within an automated work

environment
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Join Us in Shaping the Future

LWTech is dedicated to preparing students with the skills
needed to excel in the ever-changing tech environment. Get
started today, and discover how our “Introduction to
Automation” course can empower you to thrive in the
automated workforce.

Visit https://www.lwtech.edu/ to learn more about
LWTech’s ” Industrial Automation Sensors And

Motors” course and how it can prepare you for a

successful career in the age of automation.

\ 7

. LAk WASHINGTON
INSTITUTE OF TECHNOLOGY ™

IWTech.edu
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TABLE OF CONTENT

This course dives into the important topic of automation and
gives you the knowledge and skills to work in a field that is

changing quickly. A sneak peck at what you’ll look into:

* Fundamentals of Sensors : Understanding
Potentiometer Sensors as Position Sensors, Optical
Rotary Encoders, LVDT, Angularity Sensors, Optical
Tachometers, Toothed Rotor Tachometers, DC
Tachometers, and Proximity Sensors, Limit Switches,
Optical Proximity Sensors, Slotted Coupler/Opto
Interrupter, and Hall-Effect Proximity Sensors,
Understanding Induction Motors: Theory, Types,
Speed-Torque Curves, and Applications

* Load Sensors and Pressure Sensing Technologies :
Understanding types Load Sensors, Bonded-Wire Strain
Gauges, and Semiconductors, A Comprehensive guide
on Low-Force Sensors, Pressure Sensors

* Temperature, Flow Control, and Vision Sensors :
Temperature Sensors, Flow Sensors, Liquid-Level
Sensors, and Understanding Vision Sensors:

Components and Edge Detection

* PartI: DC Motors — Understanding Motor
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Technologies : Understanding Direct Current Motors,
Permanent Magnet Motors, Motor Control: Permanent
Magnet Motor Reversing, DC Motor Control from an
AC Source using an SCR, Braking in DC Motors, and
Brushless DC Motors

* DPartII: Stepper Motors — Precision in Every Step :
Stepper Motors I : Understanding Precise Movement,
Stepper Motor Control: Torque-Speed Curve,
Permanent Magnet Motors, and Variable Reluctance
Stepper Motors

e Part IIT: AC Motors — Harnessing the Flow : Exploring
AC Motors, Waveforms, Transformers, and Electrical
Safety, Understanding Induction Motors: Theory,
Types, Speed-Torque Curves, and Applications, Single-
Phase, Split-Phase, Two-Capacitor, Three-Phase, and
AC Servomotors, Understanding Synchronous Motors,
Power Factor Correction, and AC Motor Control

Techniques
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PART |

FUNDAMENTALS
OF SENSORS

This module provides a strong introduction to sensors, the
essential building blocks for perception in automated systems.

Key Learning Objectives:

* Sensor Types and Applications: Students will explore
a variety of sensors used in automation, including
potentiometers, encoders, LVDTSs, angularity sensors,
and proximity sensors (optical, slotted coupler, and Hall
effect). Each sensor type has unique applications within
automated systems.

* Sensor Principles: The module dives into the
underlying principles behind different sensor
technologies. This understanding is crucial for eftectively
selecting and implementing sensors in automation
projects.

* Informed Decision-Making: By understanding sensor
operation and how they respond to stimuli, students will
be well-equipped to make informed decisions when

designing and implementing automated systems.
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Overall Benefit:

Upon completing the module, students will have a solid
foundation in sensor technologies, allowing them to approach
real-world automation challenges with confidence and

expertise.
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1.

UNDERSTANDING
POTENTIOMETER
SENSORS AS POSITION
SENSORS

Introduction

Position sensors play an important role in various industries,
enabling precise measurement and control of object positions.
Among the diverse types of position sensors, the
potentiometer sensor stands out as a versatile device. In this
reading material, we will delve into the fundamentals of
position sensors, using the potentiometer sensor as a primary
example. Additionally, we will explore common challenges
such as loading error, linearity error, and resolution.

Overview of Position Sensors

Position sensors are devices that measure the displacement,
rotation, or position of an object and convert it into an
electrical signal. This signal can then be used by control

systems to monitor movement or provide feedback for precise
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positioning. Position sensors find applications in numerous

fields, including:

* Robotics — Guiding robotic arms for accurate
movements.

* Automotive Systems — Monitoring steering wheel angle,
pedal positions, and anti-lock braking systems (ABS).

* Consumer Electronics — Volume controls in audio
equipment, joysticks in gaming consoles, and trackpads
in laptops.

* Industrial Automation — Positioning cutting tools in
CNC machines and maintaining conveyor belt

alignment.
Types of Position Sensors

* Resistive Sensors (Potentiometer, Rheostat)

* Inductive Sensors (Inductive Proximity Sensor)
* Capacitive Sensors

* Optical Sensors (Encoder, Photoelectric Sensor)

* Magnetic Sensors (Hall Effect Sensor)

Potentiometer Sensor as a Position Sensor

The potentiometer, a widely used position sensor, offers a
simple yet effective design. It consists of a resistive element,
typically a long, thin track made of carbon or other conductive

material, and a wiper that slides along this track. As the wiper
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moves, the resistance between the wiper and one end of the
track changes. This change in resistance directly corresponds
to the position of the wiper, generating a continuously varying
voltage output.

Advantages of Potentiometer Sensors:

* Simplicity and Cost-Effectiveness: Potentiometers are
relatively inexpensive and straightforward to
manufacture.

* Continuous and Smooth Output: They provide a
continuous analog output signal that reflects the wiper’s
position.

* High Resolution (in certain applications): With a
ﬁne—grained resistive element, potentiometers can

achieve high resolution for precise measurements.
Applications of Potentiometer Sensors:

* Volume Controls: The familiar volume knob in audio
equipment utilizes a potentiometer to adjust the audio
level.

* Joysticks and Game Controllers: Potentiometers
translate joystick movement into electrical signals for
control in games.

* Motor Control Systems: Potentiometers can be used
to provide feedback on motor shaft position, allowing

for closed-loop control systems.
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Below in Fig. 1, is the picture of a potentiometer as a
position sensor showing application as a rotary pot and

linear motion pot.

Honslanco
rrienal — W
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Figure 1: Rotary pot and Linear-motion pot (Adapted

trom “Modern control technology: components and systems” by

Kilian, Christopher T., West Publishing Co., 1996.)

Fig. 2, below, shows a pot that detects the angular
position of a robot arm. In this case, the pot body is held
stationary, and the pot shaft is connected directly to the
motor shaft. 10 volts is maintained across the (outside)

terminals of the pot


https://www.amazon.com/exec/obidos/ASIN/0314066314/acmorg-20
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Figure 2: Robotic arm that detects angular position and its
electric circuit (Adapted from “Modern control technology:
components and systems” by Kilian, Christopher T., West

Publishing Co., 1996.)

Common Challenges in Position Sensors

While potentiometers are valuable tools, some limitations

are essential to consider:

* Loading Error: Loading error occurs when the external
load applied to the sensor affects its performance. It can
lead to inaccuracies in position measurement. Strategies
such as using proper mounting techniques and
considering the sensor’s load capacity help mitigate

loading errors.

Loading Errvor = VNL— VL
Where, VNL= output voltage with no load, and V=
output voltage with load

Fig. 3, shows a loading error when the pot wiper is


https://www.amazon.com/exec/obidos/ASIN/0314066314/acmorg-20
https://www.amazon.com/exec/obidos/ASIN/0314066314/acmorg-20
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connected to a circuit with an input resistance that is
not considerably higher than the pot’s resistance. When
this happens, current flows out through the wiper arm,
robbing current from the lower portion of the resistor

and causing the reading to be low.

T8 1oy
o
-
b
- N Rezinfinibe R=infinie
s ™ |Interface Clroult) irierdace Circel]
-
5V ’ Ll -,
<, " 100 k 0 i'"r'lr_uh" [ —
= sk s -
=
la] Pat Is unlosded; ne armar (&) Pof ks unbaaded: no eror

Figure 3: Loading error circuit

* Linearity Error: Ideally, the output voltage should
change linearly with the wiper position. However,
imperfections in the resistive element or mechanical
design can cause deviations from a perfectly linear
relationship. Calibration and careful design can

minimize this error.

Linearity Error = (AR * 100) / Roy,

Where AR = minimum resistance

error, and Rpor = total pot resistance
Linearity error refers to deviations from the ideal

linear relationship between the physical position and
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the sensor’s output. Calibration and careful design can
minimize linearity errors, ensuring accurate position
measurements across the entire range. Fig. 4 shows the

linearity error of a pot: ideal vs actual.

Hagiztanoo

A actual (oo posaisdliy]

350
Sha® angla A

Figure 3: Linearity error (Adapted from “Modern control

technology: components and systems” by Kilian, Christopher T.
, West Publishing Co., 1996.)

* Resolution: The smallest change in position that the
sensor can detect is its resolution. Resolution is
important for applications requiring high precision.
Factors like the physical design of the sensor and the

presence of noise can influence resolution.

In digital systems, the resolution usually refers to the
value of the least significant bit (LSB) because that is
the smallest change that can be reported. For an analog

device such as a potentiometer, resolution refers to the


https://www.amazon.com/exec/obidos/ASIN/0314066314/acmorg-20
https://www.amazon.com/exec/obidos/ASIN/0314066314/acmorg-20
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smallest change that can be measured. It is usually
expressed in percentages.
% Resolution = (AR / R¢or) *
100)
Where AR = small change in resistance, and
Rtot= total resistance
Factors Affecting Resolution: Physical design of the
sensor — Analog-to-digital converter (ADC) resolution
— Noise in the sensor’s environment
Improving Resolution: Increasing the sensor’s
precision — Enhancing signal processing algorithms -
Minimizing external noise sources
Deepen your understanding: Watch the accompanying
lecture video to delve deeper into the concepts covered in the

reading.

@ One or more interactive elements has been
excluded from this version of the text. You

can view them online here:

https; nwa.pr ks.

nehakardami2/?p=5#o0embed-1
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One or more interactive elements has been
excluded from this version of the text. You

can view them online here:

https.:/lopenwa.pressbooks.pub/
nehakardam1i2/?p=5#0embed-2




12 | OPTICAL ROTARY ENCODERS

2.

OPTICAL ROTARY
ENCODERS

Introduction

Optical rotary encoders are the digital mainstays of motion
control.They act as the eyes of a system, precisely measuring
and reporting the rotational position of a shaft. Unlike their
magnetic counterparts, optical encoders use light to achieve

this feat, offering several advantages.

* Function: They convert the angular movement of a
shaft into electrical signals. These signals indicate the
rotational position (angle) and sometimes even direction
(clockwise or counter-clockwise).

* Operation: A light source (LED) shines on a patterned
disc (grating). As the shaft rotates, the disc interrupts the
light path, generating electrical pulses detected by a
photodetector. The pattern and number of pulses
determine the position and movement.

* Benefits:

> High accuracy and resolution: They can detect very

small angular movements.
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° Immunity to electrical interference: Unlike
magnetic encoders, they are not affected by stray
magnetic fields.

° Wide range of operating environments: They
function well in various conditions due to the non-
contact nature of light detection.

* Applications: They are used extensively in robotics,
CNC machines, 3D printers, telescopes, and any
application requiring precise control of rotational

movement.

Optical rotary encoders provide a reliable and accurate way to
“see” the position of a shaft, making them a vital component
in modern automation systems.

We’ll discuss two types: absolute, which knows the exact
location, and incremental, which counts the turns. We’ll also
look at how we decode data and connect incremental encoders
to computers.

Understanding Optical Rotary Encoders

Optical Rotary Encoders are electro-mechanical devices
that convert the angular position of a shaft into electrical
signals. They find extensive applications in robotics,
automation, and motion control systems.

Figure. 1 shows an optical rotary encoder that produces
angular position data directly in digital form, eliminating any

need for the ADC converter. A light source and photocell
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arrangement are mounted so that the slots pass the light beam

as the disk rotates.

S\ W2 -
3

A
%S F\ _
.

Figure 1: Optical Rotary Encoder (Adapted from “Modern
control technology: components and systems” by Kilian,

Christopher T., West Publishing Co., 1996.)
Dypes:

1. Absolute Optical Encoders

2. Incremental Optical Encoders

Absolute Optical Encoders

Absolute Optical Encoders produce a unique binary or
Gray code for each position in a full rotation. This allows them
to directly indicate the absolute position of the shaft without

the need for referencing.



https://www.amazon.com/exec/obidos/ASIN/0314066314/acmorg-20
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Figure 2: An absolute optical encoder using straight binary

code (Adapted from “Modern control technology: components

and systems” by Kilian, Christopher T., West Publishing Co.,
1996.)

Advantages: immediate position information upon startup;
high accuracy and resolution

Applications: robotics, precision machinery and Aerospace
systems

Incremental Optical Encoders

Incremental Optical Encoders generate a series of pulses as
the shaft rotates. These pulses indicate relative motion and

require a reference point for absolute positioning.

= Light s
. g ighl sz
AT :
o S
(RS
i L ; oy - "‘.;.
Pomlion senso. g | )
Oy 3 . by
Refurenge sen s _-1'_‘_"‘__;‘ k \ j;:"
L/ i} x\i
A
L g
o

Figure 3: An incremental optical encoder (Adapted from
“Modern_control technology: components and_systems” by

Kilian, Christopher T., West Publishing Co., 1996.)
Advantages: cost-effective; simplicity in design; high speed

and resolution

Applications: motor control systems Conveyor systems
Speed and position sensing

Decoding using D-type Flip-Flop

Decoding  Principles: D-type Flip-Flops are commonly

employed in decoding pulse signals from Incremental Optical


https://www.amazon.com/exec/obidos/ASIN/0314066314/acmorg-20
https://www.amazon.com/exec/obidos/ASIN/0314066314/acmorg-20
https://www.amazon.com/exec/obidos/ASIN/0314066314/acmorg-20
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Encoders. By converting the pulses into binary values, D-type
Flip-Flops facilitate the interpretation of rotational movement
and direction. Fig. 4 shows a single D-type flip-flop and two
AND gates to make a decoder.

CCW

v, 4D Q iy
= Count-down
Flip-flop

CW

Vi »ee LK { :
cL Q - C::l.ml-up
*

LI I
LT
e [
Figure 4: Decoding using D-type flip-flop (Adapted from

cow

W

“Modern control technology: components and systems” by
Kilian, Christopher T., West Publishing Co., 1996.)

Implementation: quadrature decoding for direction sensing;

pulse counting for position determination; state diagrams for
encoding logic
Interfacing Incremental Encoders to a Computer
Hardware Interfaces: Interfacing Incremental Encoders
with computers requires appropriate hardware interfaces. This
can include microcontrollers, interface ICs, and signal
conditioning circuits to ensure reliable communication.
Software Integration: Software programming is essential for

interpreting encoder signals and translating them into


https://www.amazon.com/exec/obidos/ASIN/0314066314/acmorg-20
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meaningful data for computer applications. This involves
developing algorithms for position calculation, error
correction, and real-time monitoring.

Advanced Insights into Optical Rotary Encoders

Building on the foundational understanding of Optical
Rotary Encoders, this extended reading material explores
advanced concepts such as signal processing, resolution
considerations, and the latest trends in encoder technology.
We will delve into the intricacies of signal decoding using
microcontrollers, the impact of resolution on precision, and
how emerging technologies are shaping the future of optical
encoders.

Signal Processing in Optical Encoders

Microcontroller-Based Decoding: In modern applications,
microcontrollers play a crucial role in decoding the signals
generated by Optical Rotary Encoders. These intelligent
devices process the pulse outputs, enabling sophisticated
control and feedback mechanisms in various systems.

Quadrature Encoding: Quadrature encoding, involving two
pulse channels with a phase shift, allows for precise
determination of both position and direction. Microcontroller
algorithms interpret these signals, making quadrature
encoding a widely adopted method for signal processing in
incremental encoders.

Resolution Considerations in Optical Encoders

Resolution in optical encoders refers to the smallest angular

displacement that the device can detect. Higher resolution
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provides finer position control but may come with increased
computational requirements.

Factors Influencing Resolution: Optical disc design; signal
conditioning circuitry; encoder electronics and processing
capabilities

Trade-offs: Achieving higher resolution often involves trade-
offs, such as increased complexity, cost, and potential
sensitivity to external factors. Engineers must carefully balance
these considerations based on the specific requirements of
their applications.

Emerging Trends in Encoder Technology

Nanotechnology  Integration: ~ The  integration  of
nanotechnology into encoder design is an emerging trend,
offering the potential for ultra-high resolution and enhanced
durability. Nanoscale components enable more precise
measurements and contribute to the miniaturization of
encoder systems.

Wireless Connectivity: Advancements in wireless technology
are influencing encoder design, allowing for remote
monitoring and control. Wireless-enabled encoders find
applications in scenarios where wired connections are
impractical or challenging.

Enhanced Environmental Resistance: Modern encoders are
designed to withstand harsh environmental conditions,
including  extreme  temperatures,  vibrations, and
contaminants. This trend ensures the reliability and longevity

of optical encoders in diverse industrial settings.
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For further explanation: A video lecture following this

reading material provides additional insights and clarifications

@ One or more interactive elements has been
excluded from this version of the text. You
can view them online here:
https; nwa.pr ks.

nehakardami2/?p=134#oembed-1

E One or more interactive elements has been
excluded from this version of the text. You

can view them online here:

https.:/lopenwa.pressbooks.pub/
nehakardam12/?p=134#oembed-2
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3.

EXPLORING SENSING
TECHNOLOGIES: LVDT,
ANGULARITY SENSORS,
OPTICAL
TACHOMETERS,
TOOTHED ROTOR
TACHOMETERS, DC
TACHOMETERS, AND
PROXIMITY SENSORS

Introduction

Sensors play an important role in the field of automation
in detecting physical phenomena.This reading material aims
to provide insights into several sensing devices, including the
Linear Variable Differential Transformer (LVDT), Angularity
Sensors, Optical Tachometers, Toothed Rotor Tachometers,

DC Tachometers, and Proximity Sensors.
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Linear Variable Differential Transformer (LVDT)

The LVDT is a precision displacement sensor that converts
linear motion into an electrical signal. Its design involves a
movable core and three coils that enable precise measurements
of linear displacement.

How it Works: As the core moves within the transformer,
it induces voltages in the coils. The resulting signals are then
processed to determine the displacement of the core. LVDTs
are known for their accuracy, reliability, and ability to operate
in harsh environments. Figure. 1 shows that if the iron core is
exactly in the center, the voltages induced on the secondaries
by the primary will be equal and when the core is moved a little
to the right. In that case there is more coupling to secondary 2,

so its voltage is higher, while secondary 1 is lower.
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Figure 1: Linear Variable Differential Transformer

(Adapted from “Modern control technology: components and
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systems” by Kilian, Christopher T., West Publishing Co.,
1996.)

Angularity Sensors

Angularity sensors measure the angular displacement of an
object. These sensors find applications in robotics, automotive
systems, and machinery where monitoring rotation is critical.

Working — Principle: Angularity sensors wuse various
technologies, such as Hall Effect or optical encoding, to detect
and measure angular movement. They are crucial for
applications where knowing the exact angle of rotation is
essential.

Optical Tachometers

Optical tachometers are devices that measure the rotational
speed of an object. They use optical sensors to detect markings

or reflective surfaces on a rotating object.
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Figure 2: Optical Tachometer (Adapted from “Modern

control technology: components and systems” by Kilian,
Christopher T., West Publishing Co., 1996.)

Operation: As the object rotates, the optical sensor detects
changes in light intensity or reflections, converting them into
electrical signals. The frequency of these signals corresponds to
the rotational speed of the object.

Toothed Rotor Tachometers

Purpose: Toothed rotor tachometers are specifically designed
to measure the speed of rotating machinery. They utilize a

toothed wheel attached to the rotating object.

Sanans

[Varisbis - e
Reluctance) m —

Figure 3: Toothed-Rotor Tachometer (Adapted from
“Modern control technology: components and systems” by
Kilian, Christopher T., West Publishing Co., 1996.)

Detection Method: As the teeth pass a sensor, electrical

pulses are generated. The frequency of these pulses provides
information about the rotational speed, making toothed rotor
tachometers valuable in industrial applications.

DC Tachometers

DC tachometers are devices that measure the speed of a
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rotating object by generating a direct current (DC) voltage
proportional to the rotational speed.

Principle of Operation: They often use a permanent magnet
and a rotating coil or a magnetic field variation to produce a
voltage proportional to the rotational speed. DC tachometers
find applications in control systems and motor speed
monitoring.

Proximity Sensors

Proximity sensors detect the presence or absence of an
object within a certain range without physical contact. They
play a crucial role in automation, security, and manufacturing
processes.

Working Mechanism: Proximity sensors use various
technologies, including inductive, capacitive, ultrasonic, or
optical methods. When an object enters the sensor’s range, it
triggers a response, providing information about the object’s
presence or position.

Deepen your understanding: Watch the accompanying
lecture video to delve deeper into the concepts covered in the

reading.

@ One or more interactive elements has been
excluded from this version of the text. You
can view them online here:
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4.

LIMIT SWITCHES,
OPTICAL PROXIMITY
SENSORS, SLOTTED
COUPLER/OPTO
INTERRUPTER, AND
HALL-EFFECT
PROXIMITY SENSORS

Introduction

Sensing technologies are the backbone of automation,
offering precise detection and control in various applications.
This reading material aims to provide a comprehensive
understanding of limit switches, optical proximity sensors,
slotted couplers/opto interrupters, and Hall-Effect proximity

SENSOrs.

1. Limit Switches

Limit switches are mechanical devices used to detect the
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presence or absence of an object and often act as safety
devices in machinery. Fig. 1, shows the limit switch
mounted on a moving part of a bridge.
Types of Limit Switches:
1. Mechanical Limit Switches: Utilize physical contact
with an object to trigger a response.

2. Non-Contact Limit Switches: Utilize proximity

sensing without direct physical contact.

Figure 1: Limit Switch (“File:Asatech ASA-9829B-

B01-01 — tray motor and limit switch-3262.ipg”

by Raimond Spekking is licensed under CC BY-SA 4.0.)
Applications: — Conveyor systems — Machine tool
positioning — Safety interlocks in industrial equipment

2. Optical Proximity Sensors

Optical proximity sensors use light to detect the presence


https://commons.wikimedia.org/w/index.php?curid=58659353
https://commons.wikimedia.org/w/index.php?curid=58659353
https://commons.wikimedia.org/wiki/User:Raymond
https://creativecommons.org/licenses/by-sa/4.0/?ref=openverse
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or absence of an object within a certain range, offering
non-contact sensing.

Working Principle: These sensors emit light, and when
an object interrupts the light beam, it triggers a response.
The two main types are reflective and transmissive optical

proximity sensors.
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Floppy disk

Photodatacion

() Countng cane om a comvayar ball (b1 Detecting “read anly”
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Figure 2: Optical proximity Sensors (Adapted from
“Modern control technology: components and systems” by

Kilian, Christopher T., West Publishing Co., 1996.)

Applications: — Object detection in manufacturing

lines — Counting and sorting in logistics — Elevator door
control systems

Slotted Coupler/Opto Interrupter (Optical Proximity
Sensor)

Design and Operation: The slotted coupler, also
known as an opto interrupter, consists of an infrared
emitter and receiver housed in a slot. When an object
interrupts the infrared beam, the interruption is

detected.


https://www.amazon.com/exec/obidos/ASIN/0314066314/acmorg-20
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Applications: — Printer paper detection - RPM sensing
in motors — Object counting in industrial automation

3. Slotted Couplers and Opto Interrupters.

In the automation and control systems, precision often
hinges on the ability to detect the presence or absence
of an object. Slotted couplers, also known as opto
interrupters (Figure 3), play a critical role in this
domain. Slotted couplers and opto interrupters are
optoelectronic devices that utilize light to detect objects.
They share a similar design, consisting of a light source
(emitter) and a light detector (sensor) positioned on
opposite sides of a narrow slit or slot. When an object
disrupts the light path between the emitter and
detector, the sensor output changes, signaling the

presence of the object.
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Figure 3: Slotted couplers and Opto-interrupters (“Various
slotted opto-couplers with scale, 1983” by Werk fiir
Fernsehelektronik is licensed under CC BY-SA 4.0.)

* Inner Workings of Slotted Couplers and Opto-
Interrupters

1. Light Source: Slotted couplers and opto-


https://commons.wikimedia.org/w/index.php?curid=140921276
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interrupters employ various light sources depending
on the application. Common choices include
infrared (IR) LEDs, visible LEDs, or incandescent

lamps.

2. Light Detection: The light detector converts the
received light signal into an electrical signal.
Photodiodes, phototransistors, and

photodarlingtons are commonly used detectors.

3. Signal Processing: The electrical signal from the
detector is processed by internal circuitry, often an
integrated circuit (IC). This processing amplifies
the signal and converts it into a logic-level output

(high or low) suitable for digital circuits.

* Applications: These versatile sensors find application in
a wide range of industries due to their ability to perform

non-contact object detection:

> Position Sensing: In applications like robotic arms
and automated assembly lines, slotted couplers
precisely detect the position of objects or

mechanical components.

° Object Counting: Production lines and conveyor
systems often rely on these sensors to count objects

passing through a specific location.
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° Speed Measurement: By detecting the rotation of
a shaft or wheel with slots or holes, slotted couplers

can be used to measure the speed of rotating objects.

> Safety Interlocks: Opto interrupters play a crucial
role in safety systems by ensuring that machines

come to a halt when a safety barrier is breached.

> Line Following and Obstacle Detection: Mobile

robots and automated guided vehicles (AGVs)

utilize slotted couplers to follow lines or detect
obstacles on their path.

* Choosing the Right Sensor: Several factors influence

the selection of a slotted coupler or opto interrupter for a

specific application:

° Operating Distance: The distance between the
emitter and detector.

° Object Size: The sensor should be able to reliably
detect objects of interest.

° Detection Speed: The sensor’s response time for
detecting the presence or absence of an object.

> Output Type: Open-collector, voltage output, or
analog output depending on the application’s
needs.

° Environmental Considerations: Factors like

temperature, dust, and moisture resistance.
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2. Hall-Effect Proximity Sensors

Hall-Effect proximity sensors utilize the Hall Effect to
detect the presence or absence of magnetic fields,

making them suitable for various applications (Figure
4).

Figure 4: Hall-effect proximity sensor (Adapted from

“Modern control technology: components and systems” by
Kilian, Christopher T., West Publishing Co., 1996.)

Working Mechanism: When a magnetic field is
present, the Hall sensor outputs a voltage change,
signaling the presence of the magnetic field and
triggering the sensor.

Applications: — RPM sensing in motors — Position
sensing in automotive applications — Magnetic door

switches


https://www.amazon.com/exec/obidos/ASIN/0314066314/acmorg-20
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Lecture video available: Enhance your learning with the

video lecture that follows this reading.

@ One or more interactive elements has been
excluded from this version of the text. You
can view them online here:
https; nwa.pr ks.

nehakardam12/?p=147#oembed-1
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UNDERSTANDING
INDUCTION MOTORS:
THEORY, TYPES,
SPEED-TORQUE
CURVES, AND
APPLICATIONS

Induction motors are the industrial workhorses, driving
everything from pumps and compressors to fans and
conveyors. This reading material aims to provide a
comprehensive overview of induction motors, including their
theory of operation, different types, speed-torque curves, and
applications.

Theory of Operation:

* Induction motors operate based on the principle of
electromagnetic induction, discovered by Michael
Faraday.

* When an alternating current (AC) is applied to the
stator windings, a rotating magnetic field is produced,

which induces currents in the rotor windings.
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* These induced currents generate a secondary magnetic
field in the rotor, which interacts with the rotating
magnetic field in the stator, producing torque and

causing the rotor to rotate.
Squirrel Cage Motors:

* Squirrel cage induction motors are the most common
type of induction motors used in industrial applications.

* They feature a rotor with short-circuited conductors
resembling a squirrel cage, hence the name.

* Squirrel cage motors are rugged, reliable, and cost-
effective, making them ideal for applications requiring

continuous operation and high torque at low speeds.
Speed-Torque Curves in Induction Motors:

* Speed-torque curves illustrate the relationship between
the motor’s speed and torque output.
* Ininduction motors, the speed-torque curve typically

exhibits a characteristic shape with distinct regions:
Fig 1: Typical induction motor torque-speed-current curve.
* D Pull-up Torque Region: At low speeds, the motor

can produce maximum torque, enabling it to start and

accelerate the load.
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* D Stable Operating Region: In this region, the motor
operates at a relatively constant speed and torque,
delivering power to the load.

* D Breakdown Torque Region: Beyond a certain point,
the motor experiences a sharp decrease in torque,
indicating its inability to maintain speed under

increasing load.
Single-Phase Motors:

* Single-phase induction motors are commonly used in
residential and light commercial applications where
three-phase power is not available.

* They operate on the same principle as three-phase
induction motors but require additional starting
mechanisms such as capacitors or shaded poles to

generate a rotating magnetic field.
Split-Phase Induction Motors:

* Split-phase induction motors are a type of single-phase
motor that uses a split-phase winding configuration to
generate a rotating magnetic field.

* They feature two sets of windings: a main winding and
an auxiliary winding with a phase shift.

* Split-phase motors are used in applications such as

household appliances, air conditioners, and pumps
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where moderate starting torque is required.

Induction motors are versatile and reliable machines widely
used in industrial, commercial, and residential applications.
By understanding their theory of operation, different types,
speed-torque characteristics, and applications, engineers and
technicians can select, operate, and maintain induction motors
effectively to meet the diverse needs of modern industry.
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5.

FUNDAMENTALS OF
SENSORS - REVIEW
QUESTIONS

Hand holding magnifying glass among a lot of questions.

Finding answers to questions and solving problems

(PC: “Hand holding magnifying glass among a lot of

questions. Finding answers to questions and solving
problems” by wuestenigel is licensed under CC BY 2.0.)

Questions to review:

1. Short Answer: Explain the difference between a
potentiometer sensor and an optical rotary encoder. In what
types of automation applications might you use each sensor?

2. Multiple Choice: A slotted optical coupler is a type of
proximity sensor. How does this sensor detect the presence
or absence of an object? a) By measuring a change in voltage
across a resistor. b) By detecting a change in magnetic field. c)
By interrupting a light beam. d) By measuring the force exerted
on the sensor.

3. Challenge Question: Imagine you are designing an


https://www.flickr.com/photos/30478819@N08/51598322415
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automated watering system for plants. What sensor(s) would
you use and why? Explain your reasoning.

4. True or False: All sensors convert the physical quantity
they measure into an electrical signal.

5. Application Problem: A robotic arm needs to precisely
measure the angle of its elbow joint. Which type of sensor
(potentiometer, encoder, LVDT) would be most suitable, and
why?

6. Open-ended: Discuss the advantages and disadvantages
of using strain gauge sensors compared to pressure sensors for
measuring force in an automated system.

7. Matching: Match the following sensor types with their

corresponding applications:

Temperature sensor
Flow sensor
Vision sensor

Load sensor

i) Monitoring liquid level in a tank
ii) Detecting the presence of a moving obje
iii) Measuring air temperature in a greenho

iv) Verifying the weight of a package on a

8. Design Challenge: You are tasked with designing a security
system for a home. Briefly describe two different sensor types
you would use and how they would function within the

security system.
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9. Think-Like-an-Engineer: Hall effect sensors are
commonly used in proximity sensing applications. Explain the
scientific principle behind the Hall effect and how it is utilized
in these sensors.

10. Research and Report: Choose a specific sensor
technology introduced in this module (e.g., ultrasonic sensor,
LVDT) and research its real-world applications beyond
industrial automation. Prepare a short report summarizing

your findings.
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PART I

LOAD SENSORS
AND PRESSURE
SENSING

TECHNOLOGIES

This module delves into the load sensors and pressure sensing
technologies, important for measuring force and pressure in
various automation applications.

Key Learning Objectives:

* Load Sensor Technology: Students will explore
difterent load sensor technologies, including bonded-
wire strain gauges and semiconductors. They will
understand how these sensors convert applied force into
a measurable electrical signal.

* Force Measurement: The module focuses on the
principles behind low-force sensors, enabling students to
accurately measure minute forces in automated systems.

* Pressure Sensing Techniques: Understanding of
pressure sensors will keep students with the knowledge

to select and implement these sensors for various
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pressure measurement applications.

Overall Benefit:

By understanding the load sensors and pressure sensing
technologies, students gain the ability to effectively integrate
these sensors into their automation projects. This knowledge
gained from this module will help students to tackle challenges

requiring precise force and pressure measurement.
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UNDERSTANDING
TYPES LOAD SENSORS,
BONDED-WIRE STRAIN
GAUGES, AND
SEMICONDUCTORS

Introduction

Load sensors, also known as force sensors, are vital
components in various industries, enabling precise
measurement of forces and loads. This reading material
provides an extensive exploration of load sensors, delving into
types, bonded-wire strain gauges, semiconductors, low-force
sensors, and pressure sensors.

Understanding Load Sensors

Load sensors are devices designed to measure forces and
loads applied to an object. They find applications in fields such

as manufacturing, aerospace, healthcare, and robotics.
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S

Figure 1: Load sensor (“Load Cell — 10kg, Straight Bar
(TAL220)” by 1QalrkFunElectromc: is licensed under CC BY
Types of Load Sensors

1. Strain Gauge Load Cells: Strain gauge load cells measure
the deformation (strain) in a material subjected to a load.
These are versatile and widely used in industrial
applications due to their accuracy and reliability.

2. Piezoelectric Load Cells: Piezoelectric load cells utilize
crystals that generate electrical charges when subjected to
mechanical stress. They are known for their quick
response and suitability for dynamic force
measurements.

3. Hydraulic Load Cells: Hydraulic load cells use hydraulic
fluid to measure force. They are durable and capable of
handling heavy loads, making them suitable for

industrial environments.

Bonded-Wire Strain Gauges
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Bonded-wire strain gauges stand as indispensable
components in the realm of precision measurement, providing
accurate insights into material strain and deformation. This
detailed reading material aims to unravel the intricacies of
bonded-wire strain gauges, shedding light on their design,
working principles, applications, and significance in the world

of engineering and material science.
* Design and Construction

Construction Materials: Bonded-wire strain gauges typically
consist of a thin wire or foil made from materials with high
resistance and good mechanical properties, such as constantan
or Karma.

Backing Material: The wire is bonded to a backing material,
which is usually made of a flexible carrier that ensures the
strain gauge can conform to the surface of the object under

measurement.



48 | UNDERSTANDING TYPES LOAD SENSORS, BONDED-WIRE
STRAIN GAUGES, AND SEMICONDUCTORS

Compression Tension

W~

EX

4

strain gauge
sensor (qty 4)

R2

Tension Compression

Figure 2: Bonded Wire Strain Gauges (“Wheatstone bridge

with gauges.png (modified)” by Dabrams3is licensed
under CC BY-SA 4.0.)

* Working Principles

Strain Measurement: When a material undergoes deformation
due to an applied force, the bonded-wire strain gauge deforms
along with it. This deformation causes a change in the
electrical resistance of the wire.

Wheatstone Bridge Configuration: The strain gauge is often
part of a Wheatstone bridge circuit, where changes in
resistance result in an output voltage proportional to the
applied strain. This voltage can then be correlated to the

magnitude of the force or stress.

* Applications
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Load Cells: Bonded-wire strain gauges are extensively used in
load cells, contributing to the accurate measurement of forces
and weights in applications ranging from industrial scales to
aerospace components.

Stress Analysis in Structures: In structural engineering, these
gauges are applied to analyze and monitor the stress
distribution in materials, ensuring the structural integrity of
bridges, buildings, and other infrastructure.

Material Testing: Bonded-wire strain gauges are employed
in material testing laboratories to assess the mechanical
properties of various substances, aiding in the development of

robust and durable materials.
* Installation Considerations

Surface Preparation: To ensure accurate measurements, the
surface where the strain gauge is applied must be meticulously
prepared, often involving cleaning and roughening to optimize
adhesion.

Temperature Compensation: Temperature variations can
impact the accuracy of strain measurements. Compensation
techniques, such as using multiple gauges with different
temperature  coefficients, are employed to mitigate

temperature effects.

* Role of Semiconductors in Load Sensing
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Integration in Sensor Elements: Semiconductors are integrated
into the sensor elements of load sensing devices to enhance
their sensitivity and precision. This integration allows for
accurate measurement of changes in electrical properties
corresponding to applied forces.

Signal Processing: Semiconductors are employed in signal
processing circuits within load sensors, facilitating the
conversion of raw sensor data into meaningful and
interpretable information. This includes amplification,

filtering, and analog-to-digital conversion processes.
* Types of Semiconductors Used in Load Sensors

Silicon (Si) and Germanium (Ge): Silicon and germanium are
widely used semiconductors due to their favorable electrical
properties. Silicon, in particular, is the most common material
in semiconductor manufacturing.

Compound ~ Semiconductors: Gallium arsenide (GaAs),
indium  phosphide (InP), and other compound
semiconductors are utilized in specialized load sensors where
specific material properties are required.

Semiconductor-Based Strain Gauges

Strain-Sensitive  Semiconductor  Materials:  Certain
semiconductors exhibit changes in electrical resistance when
subjected to mechanical strain. These materials are employed
as strain gauges in load sensing applications.

Wheatstone Bridge Configuration: Semiconductor strain
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gauges are often configured in Wheatstone bridge circuits,
where changes in resistance due to strain result in a measurable

output voltage.

Figure 3: Semiconductor Force Sensor (Photo courtesy of

Vishay Intertechnology is licensed under CC BY-SA 2.0.)
* Benefits of Semiconductor Integration

High Sensitivity: Semiconductors offer high sensitivity to small
changes in electrical properties, making them ideal for precise
load sensing applications where accuracy is paramount.
Miniaturization and Integration: Semiconductors enable
the miniaturization and integration of load sensing
components, allowing for the development of compact and

multifunctional sensors suitable for various environments.
* Applications and Innovations

Load Cells and Force Sensors: Semiconductor-based load cells


https://www.flickr.com/photos/vishay/48015917597/
https://creativecommons.org/licenses/by-sa/2.0/?ref=openverse
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and force sensors find applications in industrial scales,
automotive systems, and robotics, providing accurate and real-
time force measurements.

Smart  Load  Sensing ~ Systems: ~Advancements in
semiconductor technology contribute to the development of
smart load sensing systems with features like wireless
communication, real-time monitoring, and integration with
Internet of Things (IoT) platforms.

Deepen your understanding: Watch the accompanying
lecture video to delve deeper into the concepts covered in the

reading.

@ One or more interactive elements has been
excluded from this version of the text. You
can view them online here:
https; nwa.pr ks.

nehakardam12/?p=180#o0embed-1
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7.

A COMPREHENSIVE
GUIDE ON LOW-FORCE
SENSORS

Low-Force Sensors

Low-force sensors play an essential role in precisely
measuring delicate forces across various industries. This
chapter delves into their design, working principles,
applications, and advancements, highlighting  their
significance.Low-force sensors are specialized instruments
designed to detect and measure extremely small forces with
high accuracy. They are crucial in applications demanding
precision, such as biomedical devices, microelectronics, and

research instrumentation.
* Design and Construction
Sensitive Materials: Low-force sensors utilize materials with

exceptional sensitivity to minute forces. These materials can

include:
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> DPiezoelectric crystals
° Thin-film resistors

> Semiconductor-based strain gauges

Microfabrication Techniques: Advanced manufacturing
techniques, like microfabrication and MEMS (Micro-Electro-
Mechanical Systems), are often employed to create sensors

with microscopic components, enhancing sensitivity (Fig. 1).
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Figure 1: Low-Force Sensor (Adapted from “Modern
control technology: components and systems” by Kilian,

Christopher T., West Publishing Co., 1996.)

* Working Principles of Low-Force Sensors

Piezoelectric Effect: Certain low-force sensors function based
on the piezoelectric effect. In this phenomenon, specific
materials generate an electrical charge in response to
mechanical stress. This charge can be measured and correlated
with the applied force.

Strain-Sensitive Materials: Other sensors utilize materials

with high strain sensitivity, such as thin-film resistors or


https://www.amazon.com/exec/obidos/ASIN/0314066314/acmorg-20
https://www.amazon.com/exec/obidos/ASIN/0314066314/acmorg-20
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semiconductor strain gauges. Changes in resistance due to

applied force are then translated into force measurements.
* Applications of Low-Force Sensors
Low-force sensors find applications in various sectors:

° Biomedical Devices: In medical applications like
prosthetics, precise force feedback is crucial. Low-
force sensors play a vital role here. They are also used
in medical testing equipment and tactile sensors for
robotic surgery.

> Microelectronics Manufacturing: The
microelectronics  industry  employs low-force
sensors for handling and testing delicate electronic
components during manufacturing processes.

° Research and Development: Research laboratories
utilize low-force sensors for materials testing,
tribology studies, and other applications where

accurate measurement of small forces is essential.
* Calibration and Accuracy Considerations

Calibration Techniques: Calibrating low-force sensors is
critical for ensuring accuracy. Various calibration techniques,
including deadweight calibration and traceable force

standards, are employed to verify and adjust sensor readings.
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Environmental Factors: The sensitivity of low-force sensors
makes them susceptible to environmental factors such as
temperature and humidity. Calibration procedures often
include compensations for these variables to maintain
accuracy.

Recent Advancements and Future Trends

Nanotechnology Integration: Recent advancements in
nanotechnology contribute to the development of ultra-
sensitive low-force sensors capable of detecting forces at the
nanoscale.

Smart Sensors: Integration with smart technologies like
wireless communication and data logging capabilities is a
growing trend in low-force sensor development. This enables
real-time monitoring and integration into IoT (Internet of
Things) systems.

For further explanation, a video lecture following this

reading material provides additional insights and clarifications.

@ One or more interactive elements has been
excluded from this version of the text. You
can view them online here:

https:/lopenwa.pressbooks.pub/
nehakardam12/?p=182#oembed-1
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8.
PRESSURE SENSORS

Pressure Sensors

Pressure sensors are an important category among the types
of load sensors. They play a critical role in various industries
by measuring the force exerted by fluids (liquids or gases) on
a surface. This chapter delves into how they function and the

different types commonly used.
* Working Principles of Pressure Sensors

A pressure sensor (Figure 1) converts the force exerted by a
fluid into a measurable electrical signal. There are three main

working principles employed in pressure sensors:

° Mechanical Deformation: This principle utilizes a
component that physically deforms under pressure.
The extent of deformation is then translated into an
electrical signal. Examples include Bourdon tubes
and bellows.

° Piezoelectric Effect: Certain materials, like quartz

crystals, exhibit the piezoelectric effect. When
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pressure is applied, these materials generate a
corresponding electrical charge, proportional to the
applied pressure.

° Strain Gauge Technology: This approach utilizes
strain gauges, which are tiny resistors that change
their resistance when physically stretched or

compressed due to applied pressure. This change in

resistance is then converted into an electrical signal.

Figure 1: Pressure sensor (“Foam pressure sensor matrix”
by Plusea is licensed under CC BY 2.0.)

* Different Types of Pressure Sensors


https://www.flickr.com/photos/64586501@N00/29113179310
https://www.flickr.com/photos/64586501@N00
https://creativecommons.org/licenses/by/2.0/?ref=openverse
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Here’s a closer look at some prevalent pressure sensor types:

> Bourdon Tubes: These iconic C-shaped tubes
bend slightly in response to pressure. The degree of
bending is measured and converted into an electrical
signal. They are commonly used for measuring
moderate to high pressure in industrial applications.

° Bellows: These consist of flexible, corrugated metal
chambers that expand or contract under pressure.
The displacement is then converted into an
electrical signal. Bellows are well-suited for
measuring high pressure and offer excellent
sensitivity.

> Semiconductor Pressure Sensors: These utilize a
microscopic diaphragm etched onto a silicon chip.
Pressure applied to the diaphragm causes a minute
deflection, altering the electrical properties of the
chip, which is then measured electronically. They
offer high accuracy and a compact size, making

them ideal for diverse applications.
* Applications of Pressure Sensors

The applications of pressure sensors are vast and encompass

various industries:

° Industrial Automation: Pressure sensors are used



60 | PRESSURE SENSORS

in monitoring and controlling fluid pressure in
hydraulic and pneumatic systems, ensuring proper
operation of machinery.

° Automotive Industry: They play a crucial role in
monitoring engine performance (oil pressure), tire
pressure monitoring systems (TPMS), and
controlling fuel injection systems.

> HVAC Systems: Pressure sensors are essential for
regulating air pressure in heating, ventilation, and
air conditioning systems.

° Medical Devices: They are used in blood pressure
monitors, respiratory equipment, and other
medical devices requiring precise pressure
measurement.

> Aerospace Industry: Pressure sensors are vital for
monitoring fuel pressure, cabin pressure, and other

critical parameters in aircraft.

For a more in-depth exploration of pressure sensors, a
video lecture is available following this chapter. This lecture
will provide further explanations and demonstrations of the

concepts discussed.

@ One or more interactive elements has been
excluded from this version of the text. You
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can view them online here:

https.:/lopenwa.pressbooks.pub/
nehakardam12/?p=194#0embed-1
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0.

LOAD SENSORS AND
PRESSURE SENSING
TECHNOLOGIES -

REVIEW QUESTIONS

Hand holding magnifying glass among a lot of questions.

Finding answers to questions and solving problems

(PC: “Hand holding magnifying glass among a lot of

questions. Finding answers to questions and solving
problems” by wuestenigel is licensed under CC BY 2.0.)

Questions to review:

1. Multiple Choice: Strain gauges are a type of load sensor.
How do strain gauges convert applied force into an electrical
signal? a) By measuring a change in resistance due to physical
deformation. b) By generating a voltage proportional to the
force applied. ¢) By detecting a change in magnetic field. d) By
measuring the light intensity emitted by the sensor.

2. Short Answer: Explain the difference between bonded-

wire strain gauges and semiconductor strain gauges. Which


https://www.flickr.com/photos/30478819@N08/51598322415
https://www.flickr.com/photos/30478819@N08/51598322415
https://www.flickr.com/photos/30478819@N08/51598322415
https://www.flickr.com/photos/30478819@N08
https://creativecommons.org/licenses/by/2.0/?ref=openverse
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type might be preferable for a high-precision force

measurement application, and why?

3. Application Problem: An automated assembly line

requires a

sensor to detect when a robot arm has properly

inserted a delicate component. What factors would you

consider when selecting a suitable force sensor for this

application?

4. Challenge Question: Imagine you are designing a self-

adjusting bicycle suspension system. How could pressure

sensors be used to improve the riding experience?

5. True or False: Pressure sensors can only measure the

pressure of liquids.

6. Open Ended: Discuss the advantages and disadvantages

of using hydraulic pressure sensors compared to electronic

pressure sensors for monitoring fluid pressure in a large

industrial machine.

7. Matching: Match the following pressure sensor types

with their corresponding applications:

ii)

Piezoelectric sensor
Bourdon tube pressure sensor
Diaphragm pressure sensor

Differential pressure sensor

Measuring pressure difference across a £

Detecting high-frequency pressure fluct

iii) Monitoring boiler pressure in a power

iv)

Measuring air pressure in a car tire
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8. Design Challenge: You are tasked with designing a system
to weigh packages on a conveyor belt. Describe two different
approaches you could take using load sensors, and the
advantages and disadvantages of each.

9. Think-Like-an-Engineer: Pressure sensors are often
used in conjunction with other sensors in automation
applications. Explain why this might be necessary and provide
an example.

10. Research and Report: Choose a specific pressure
sensor application mentioned in the module (e.g., blood
pressure monitoring, aircraft altitude measurement) and
research the specific sensor technology used. Prepare a short
report detailing the sensor type, its operating principle, and its

advantages for that particular application.
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PART Il

TEMPERATURE,
FLOW CONTROL,
AND VISION
SENSORS

This module explores essential sensor technologies for
monitoring temperature, flow control, and visual information
in automated systems.

Key Learning Objectives:

* Temperature Sensors: Students will gain a
comprehensive understanding of various temperature
sensor types, including their functionalities and
applications.

* Flow Control Sensors: The module delves into flow
sensors, equipping students with the knowledge to
measure and regulate fluid flow within automated
systems. Students will explore different flow sensor
technologies and their applications in various scenarios.

* Liquid-Level Sensors: Understanding liquid-level

sensors is important for applications where monitoring
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or controlling liquid volume is necessary. Students will
explore the principles behind these sensors.

* Vision Sensors: In this section, students will learn
about the components that make up vision sensors and
delve into edge detection techniques, a fundamental

concept in image processing used by vision sensors.

Overall Benefit:

By having a knowledge of temperature, flow control, and
vision sensing technologies, students gain the ability to design
automated  systems capable of monitoring critical
environmental conditions and interacting with their
surroundings through visual information. This will help

students create robust and versatile automation solutions.
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10.

TEMPERATURE
SENSORS

Introduction

Temperature sensors play an important role in various
applications across industries. They are used to measure and
monitor temperature variations, providing vital data for
process control, safety systems, and environmental
monitoring. This reading explores four prominent
temperature sensor technologies, highlighting their working
principles, applications, and key characteristics.

Exploring Four Temperature Sensor Technologies

Bimetallic Temperature Sensors:

° Function: Bimetallic temperature sensors are based
on the principle of differential thermal expansion.
Two dissimilar metals are bonded together, and
their varying expansion rates with temperature
changes cause the bimetallic strip to bend. This
bending translates into a measurable temperature
indication.

° Working Mechanism: As temperature rises, one
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metal expands at a faster rate compared to the other,
resulting in a curvature of the bimetallic strip.
Conversely, a temperature decrease bends the strip
in the opposite direction (Fig. 1). The extent of this
bending is directly correlated to the temperature

change.

Figure 1: Bimetallic Temperature Sensors (“OLD — Happy

Macro Mondays” by Carol (vanhookc) is licensed under CC
BY-SA 2.0.)

° Applications: Bimetallic temperature sensors are
popular due to their simplicity, affordability, and
reliability. They are widely used in thermostats,
automatic  temperature control  devices in
appliances, and industrial temperature monitoring
systems for applications with moderate temperature

ranggs.


https://www.flickr.com/photos/97651299@N00/44876326191
https://www.flickr.com/photos/97651299@N00/44876326191
https://www.flickr.com/photos/97651299@N00
https://creativecommons.org/licenses/by-sa/2.0/?ref=openverse
https://creativecommons.org/licenses/by-sa/2.0/?ref=openverse
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Thermocouples:

o

Function: Thermocouples operate based on the
Seebeck effect, which generates a voltage at the
junction of two dissimilar metals when subjected
to a temperature difference. This voltage is directly
proportional to the temperature variation between
the hot and cold junctions of the thermocouple.

Working Principle: Thermocouples consist of
two dissimilar electrical conductors joined at one
end. The voltage generated at this junction (the
measuring point) is measured and correlated to the

temperature  being  monitored  (Fig.  2).
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Figure

A thermocouple measuring circuit
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2: Thermocouples (“Thermocouple circuit”

by Wtshymanski (talk) is licensed under CC BY-SA 3.0.)

o Applications: Thermocouples offer a vast

temperature range, fast response times, and
versatility, making them ideal for diverse
applications in manufacturing, food processing,
power generation, and the acrospace industry. They
are particularly suited for high-temperature
environments like furnaces and combustion

engines.


https://commons.wikimedia.org/w/index.php?curid=63338189
https://en.wikipedia.org/wiki/User:Wtshymanski
https://creativecommons.org/licenses/by-sa/3.0/?ref=openverse
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Resistance Temperature Detectors (RTDs):

° Function: RTDs (Resistance Temperature
Detectors) exploit the well-defined relationship
between the electrical resistance of a metal and
temperature variations. Platinum is commonly
preferred due to its linear and predictable resistance-
temperature characteristic.

> Working Mechanism: The resistance of the RTD
element increases proportionally with rising
temperature. By precisely measuring this resistance

change, RTDs provide highly accurate temperature

readings (Fig. 3).
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Figure 3: Resistance Temperature Detectors (RTDs)

(“Askoheat 3 kW electric water heater” by Phiarc is licensed

under CC BY-SA 4.0. and “Pt-100 temperature sensor”
by Bitjungle is licensed under CC BY-SA 4.0.)

* Applications: RIDs are the go-to choice for
applications demanding high-precision temperature
measurement. They are prevalent in scientific research,
calibration equipment, industrial process control

systems, and automotive engine management systems.
Thermistors:

o Function: Thermistors are temperature-sensitive


https://commons.wikimedia.org/w/index.php?curid=128187113
https://commons.wikimedia.org/wiki/User:Phiarc
https://creativecommons.org/licenses/by-sa/4.0/?ref=openverse
https://commons.wikimedia.org/w/index.php?curid=41080355
https://commons.wikimedia.org/wiki/User:Bitjungle
https://creativecommons.org/licenses/by-sa/4.0/?ref=openverse
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resistors exhibiting a significant change in resistance
with temperature fluctuations. They are typically
composed of ceramic or polymeric materials.

Working Mechanism: In contrast to RTDs,
thermistors exhibit a non-linear response, where
their resistance either considerably decreases or
increases with temperature variations, often
following an exponential curve (Fig. 4). This unique
characteristic makes them highly sensitive within

specific temperature ranges.

Resistance
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Figure 4: Thermistors (“ntc thermistor” by yourbartender is
licensed under CC BY 2.0. and “File:R against T for a

thermistor.png” by The original uploader was Theresa knott
at English Wikibooks. is licensed under CC BY-SA 3.0.)

* Applications: Thermistors are employed in applications
where high sensitivity and precise temperature
monitoring within a defined range are crucial. They are
valuable in temperature compensation circuits, medical
devices for fever detection, and industrial process control

systems requiring fine-tuned temperature regulation.

Comparative  Analysis of Temperature Sensor
Technologies
The selection of an appropriate temperature sensor

technology depends on various factors, including:

* Temperature Range: Thermocouples offer the most
extensive operating range, whereas RTDs and
thermistors cater to moderate temperature ranges.
Bimetallic sensors are best suited for limited temperature
spans.

* Accuracy: RTDs generally provide the highest accuracy
for precise temperature measurements.

* Response Time: Thermocouples exhibit the fastest
response time, followed by thermistors. RTDs and

bimetallic sensors have slower response times


https://www.flickr.com/photos/10164012@N00/5447374145
https://www.flickr.com/photos/10164012@N00
https://creativecommons.org/licenses/by/2.0/?ref=openverse
https://commons.wikimedia.org/w/index.php?curid=61788970
https://commons.wikimedia.org/w/index.php?curid=61788970
https://en.wikibooks.org/wiki/User:Theresa_knott
https://en.wikibooks.org/wiki/User:Theresa_knott
https://creativecommons.org/licenses/by-sa/3.0/?ref=openverse
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In summary, temperature sensors are fundamental
components in various industries. Understanding the working
principles and characteristics of distinct sensor technologies
like bimetallic sensors, thermocouples, RTDs, and thermistors
is crucial for selecting the most suitable option for a specific
application. By considering factors like temperature range,
accuracy requirements, and response time, one can ensure
effective temperature monitoring and control in diverse

environments.

For further explanation: A video lecture following this

reading material provides additional insights and clarifications

@ One or more interactive elements has been
excluded from this version of the text. You

can view them online here:

https; nwa.pr ks.

nehakardam12/?p=236#oembed-1
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11.

FLOW SENSORS

Introduction

Flow sensors play an integral role in numerous industries,
serving as the eyes of measurement systems by providing vital
data on the rate of fluid flow. This press release delves into the
fascinating realm of flow sensors, exploring various types like
Pressure-Based Flow Sensors, Ventilator Flow Sensors, Pitot
Tubes, Turbine Flow Sensors, and Flowmeters. We will unveil
their working principles, applications, and their significance in
monitoring and regulating fluid movement.

Understanding Flow Sensor Technologies

Pressure-Based Flow Sensors:

* Function: These sensors leverage a fundamental
principle: the pressure drop across a restriction in a flow
path is directly proportional to the flow rate. By
measuring this pressure differential, the flow rate can be
calculated.

* Working Mechanism: Pressure-Based Flow Sensors
often incorporate elements like orifices or nozzles to

create a pressure difference. The measured pressure drop
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is then used to determine the flow rate using established
empirical relationships (Fig. 1).

Pressure based Flow Meters

Figure 1: Pressure Based Flow Meter (Opens in a new window
Tools B .
instrumentationtools.com)

 Applications: Renowned for their reliability and
straightforward design, Pressure-Based Flow Sensors are
widely employed in industrial processes, fuel systems, and

hydraulic systems for flow rate monitoring.
Ventilator Flow Sensors:

* Function: Designed specifically for medical ventilators,
these sensors play a critical role in ensuring precise and
controlled delivery of respiratory gases during mechanical
ventilation.

* Working Principle: Ventilator Flow Sensors often
utilize either differential pressure measurements or
thermal principles to determine the flow rate of gases

entering and exiting the patient’s airways (Fig. 2).


https://instrumentationtools.com/pressure-based-flowmeters/
https://instrumentationtools.com/pressure-based-flowmeters/
https://instrumentationtools.com/pressure-based-flowmeters/
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Figure 2: Ventilator Flow Sensor (Opens in a new window®

www.intersurgical.com)

* Applications: These sensors are indispensable in
respiratory care settings, contributing to the accurate and

safe administration of respiratory support for patients.
Pitot Tubes:

* Function: Pitot Tubes are ingenious devices used to
measure the velocity of fluids. They operate based on
Bernoulli’s principle, which states that as the velocity of a
fluid increases, its pressure decreases.

* Working Mechanism: A Pitot Tube consists of a tube

facing directly into the flow of the fluid. The dynamic


https://www.intersurgical.com/products/critical-care/flow-sensors
https://www.intersurgical.com/products/critical-care/flow-sensors
https://www.intersurgical.com/products/critical-care/flow-sensors
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pressure sensed by the tube provides valuable

information about the fluid’s velocity (Fig. 2).
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Figure 3: Pitot Tube (Opens in a new windoww
www]1.grc.nasa.gov)

* Applications: Commonly used in airplanes for airspeed
measurements, Pitot Tubes are also employed in various

industrial applications to measure fluid velocities.

Turbine Flow Sensors:

* Function: These sensors utilize a rotating turbine
positioned within the fluid stream. The rotational speed
of the turbine is directly proportional to the flow rate,

enabling accurate flow measurements.


https://www1.grc.nasa.gov/beginners-guide-to-aeronautics/pitot-static-tube-speedometer/
https://www1.grc.nasa.gov/beginners-guide-to-aeronautics/pitot-static-tube-speedometer/
https://www1.grc.nasa.gov/beginners-guide-to-aeronautics/pitot-static-tube-speedometer/
https://www1.grc.nasa.gov/beginners-guide-to-aeronautics/pitot-static-tube-speedometer/
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* Working Mechanism: As the fluid flows through the
turbine, it exerts a rotational force, causing the turbine
blades to spin. The sensor then converts this rotational

speed into flow rate data.

* Applications: Turbine Flow Sensors are valued for their
high accuracy and responsiveness, making them
beneficial in industries like water management, process

control, and automotive fuel systems.
Flowmeters:

* Function: Flowmeters are comprehensive devices
designed to measure the volume of fluid passing through
a specific point over a given time. They encompass
various technologies, including magnetic, ultrasonic, and

vortex lowmeters.

* Working Mechanism: The working principle of a
flowmeter depends on the specific technology it employs.
For instance, magnetic flowmeters use induced voltage to
measure fluid velocity, while ultrasonic flowmeters utilize

sound waves to determine the flow rate.

* Applications: Flowmeters are extensively used in
industries such as chemical processing, water treatment,
and oil and gas, providing precise and real-time flow

measurements for effective process control.
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In conclusion, understanding the different types of flow
sensors, their working principles, and their applications
empowers engineers and technicians to select the most suitable
sensor for their specific needs. By leveraging these technologies,
we can ensure efficient and safe fluid flow management across
diverse applications.

A lecture video is provided below to explain the

concepts covered in the reading.

@ One or more interactive elements has been
excluded from this version of the text. You
can view them online here:
https; nwa.pr ks.

nehakardami2/?p=258#o0embed-1
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12,

LIQUID-LEVEL SENSORS

Introduction

In today’s industrial world, liquid-level sensors play an
important role, acting as the watchful guardians of tanks and
containers. These ingenious devices provide precise
monitoring and control of fluid levels, ensuring efficient
operations and safety across diverse applications. In this
reading, we will learn about liquid-level sensors, exploring
both discrete-level and continuous-level types, their working
principles, functionalities, and key considerations for selecting
the most suitable sensor for your needs.

Understanding  Liquid-Level Sensors:  Discrete
Detectors vs. Continuous Monitors

Discrete-Level Detectors:

* Function: Discrete-level detectors operate on a binary
principle, providing an on/off or high/low output to
indicate whether the liquid level has reached a
predetermined threshold. They are ideal for applications
requiring simple level monitoring or triggering actions at

specific fill points.
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Figure 1: Discrete Level Detector (Opens in a new window
G
R www.researchgate.net)
* 'Types of Discrete-Level Detectors:
> Float Switches: These workhorses utilize
buoyancy. A float connected to a switch rises or
falls with the liquid level, activating or deactivating
the switch accordingly.
o Capacitive Sensors: These ingenious sensors
measure changes in capacitance caused by the
liquid’s presence. As the liquid touches the sensor,

it alters the electrical properties, triggering the


https://www.researchgate.net/figure/The-application-of-magnetic-sensor-on-water-level-detection-10_fig6_329423759
https://www.researchgate.net/figure/The-application-of-magnetic-sensor-on-water-level-detection-10_fig6_329423759
https://www.researchgate.net/figure/The-application-of-magnetic-sensor-on-water-level-detection-10_fig6_329423759
https://www.researchgate.net/figure/The-application-of-magnetic-sensor-on-water-level-detection-10_fig6_329423759
https://www.researchgate.net/figure/The-application-of-magnetic-sensor-on-water-level-detection-10_fig6_329423759
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sensor.

° Optical Sensors: Light plays a starring role in
these sensors. They use light transmission or
reflection to detect liquid levels. When the liquid
reaches a specific point, it disrupts the light beam
or alters its reflection, signaling the sensor.

* Applications and Considerations: Discrete-level
detectors find favor in various industries, including
automotive (coolant reservoirs), water management
(tank overflows), chemical processing (vat filling), and
food and beverage (bottling lines). When selecting these
sensors, consider the liquid type, environmental
conditions (temperature, pressure, corrosiveness),
desired accuracy, response time, and installation

constraints.
Continuous-Level Detectors:

* Function: Continuous-level detectors provide a more
nuanced picture, offering real-time, analog output data
that reflects the precise level of liquid in a container. They
are the go-to choice for applications requiring

continuous monitoring and precise level control.
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Figure 2: Continuous Level Detector (Opens in a new

windowﬂwww.azosensors.com)

* Types of Continuous-Level Detectors:

> Hydrostatic Pressure Sensors: Imagine the
pressure exerted by a column of water — that’s the
principle behind these sensors. They measure this
pressure, which is directly proportional to the
liquid level, for accurate level determination.

> Ultrasonic Sensors: Working like sonar, these
sensors emit high-frequency sound waves that
bounce off the liquid surface and return. By
measuring the time it takes for the sound waves to
travel, the sensor calculates the liquid level.

° Radar Sensors: Radar sensors function similarly
to ultrasonic sensors, but they use electromagnetic
waves instead of sound waves. This allows for

precise level measurement even in challenging
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environments.

> Guided Wave Radar Sensors: These advanced
sensors utilize guided microwave signals that travel
along a probe inserted into the liquid. By analyzing
changes in signal reflection due to varying liquid

levels, they provide accurate level measurements.

* Applications and Considerations: Continuous-level
detectors are the workhorses of industries like oil and gas
(inventory management), pharmaceuticals (sterile tank
monitoring), ~ wastewater  treatment  (overflow
prevention), and petrochemicals (process control). Key
considerations for selection include the type of liquid,
operating temperature and pressure, tank size and shape,
accuracy requirements, presence of obstructions or
agitators in the tank, and compatibility with the process

environment.

Conclusion: Choosing the Right Sensor for Your Needs
Liquid-level sensors, whether discrete or continuous, are
essential tools for ensuring efficient and safe liquid handling
in numerous industries. By understanding the different types,
their working principles, and the considerations for selecting
the most appropriate sensor, you can implement effective level
monitoring and control systems tailored to your specific needs.
With the right sensor in place, you can guarantee smooth
operations and safeguard your processes from potential

hazards.
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Deepen your understanding: Watch the accompanying
lecture video to delve deeper into the concepts covered in the
reading. The first part of this lecture video covers the Liquid

SENsor.

@ One or more interactive elements has been
excluded from this version of the text. You
can view them online here:
https; nwa.pr ks.

nehakardam12/?p=280#o0embed-1
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13.

UNDERSTANDING
VISION SENSORS:
COMPONENTS AND
EDGE DETECTION

Introduction

Vision sensors are an integral part of machine vision
systems, utilizing various components to capture and process
images for a wide range of applications. Some of the key
components of vision sensors include lighting, lenses, image
sensors, controllers, and communication protocols[1]. These
sensors use images captured by a camera to determine the
presence, orientation, and accuracy of parts, and they differ
from image inspection systems in that the camera, light, and
controller are integrated together, simplifying installation and
operation[3]. Image sensors, a vital component of vision
sensors, are responsible for converting incoming light into an

electrical signal that can be analyzed or stored[4].

Vision Sensor Image 1
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Figurel: Vision Sensor [6]

These sensors enable machines to “see” and interpret visual
data, allowing for automation, quality control, and safety
enhancement. In this reading material, we’ll delve into the
components of vision systems and explore the concept of edge
detection, a fundamental process in image analysis.

Components of Vision Systems:

1. Image Capture Device: At the heart of any vision
system lies the image capture device, which could be a
camera or an array of cameras. These devices capture
visual information from the surroundings and convert it
into digital signals for processing.

2. Lens: The lens focuses light onto the image sensor,
ensuring clarity and precision in capturing images.
Difterent lenses may be used depending on factors such
as focal length, field of view, and depth of field
requirements.

3. Light Source: Adequate illumination is essential for
high-quality image capture. Vision systems often
incorporate various lighting techniques, including LED
arrays, strobes, or ambient lighting, to ensure optimal
visibility of objects.

4. Image Processing Unit: This unit processes the digital
signals received from the image capture device. It
includes hardware and software components responsible

for tasks such as image enhancement, feature extraction,
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and pattern recognition.

5. Communication Interface: Vision systems often
integrate with other systems or networks for data sharing
and decision-making. Common communication
interfaces include Ethernet, USB, and industrial

protocols like Modbus or Profinet.

In addition to the components, vision sensors are capable of
performing various tasks such as edge detection, presence
detection, orientation determination, and accuracy inspection.
They can be used for multi-point inspections and are known
for their wide field of view, allowing detection even when the
target position is not consistent [3]. Furthermore, vision
sensors can be integrated into different platforms, including
PC-based systems, standalone vision systems, and simple
vision sensors, offering flexibility in their application [2].

How does the vision sensor work?

Vision sensors work by utilizing various components to
capture and process images for a wide range of applications.
The main function of the image sensor (Figure 1) is to capture
light and convert it to a digital picture while balancing noise,
sensitivity, and dynamic range[1]. These sensors use images
captured by a camera to determine the presence, orientation,
and accuracy of parts, and they differ from image inspection
systems in that the camera, light, and controller are integrated
together, simplifying installation and operation [3]. Once the

field of view is set, an operator can run vision tools within
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the entire range of the target to inspect multiple features,
completeness, or orientation—all in a single image [4].

Vision sensors perform inspections by first capturing an
image, finding an object or feature in the image, and then
searching for certain characteristics on that object or feature.
They can be used for tasks such as edge detection, presence
detection, orientation determination, and accuracy inspection.
These sensors can handle multiple inspection points per target
and can detect products or packages by pattern, feature, and
color [5].

In terms of components, vision sensors share common
components with vision systems, including lighting, lenses,
image sensors, controllers, vision tools, and communication
protocols [S]. The lens captures the image and presents it to
the sensor in the form of light, while the image sensor converts
light into a digital image, which is then sent to the processor
for analysis [5].

Different types of vision sensors and their applications

Vision sensors come in various types, each with its own set
of applications. These sensors use images captured by a camera
to determine the presence, orientation, and accuracy of parts,
and they differ from other types of sensors such as fiber optic,
proximity, and ultrasonic sensors. Some of the different types
of vision sensors and their applications include:

Monochrome Model: This type of vision sensor captures
images using a monochrome camera and is suitable for

applications where the color of the object is not a critical
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factor. It is commonly used for tasks such as presence
detection, orientation determination, and accuracy inspection
[3].

Color Model: Vision sensors equipped with color cameras
are capable of capturing and processing images in color. They
are suitable for applications where color differentiation is
important, such as identifying products or packages by their
color or detecting variations in color intensity [3].

Measurement and Inspection: Vision sensors are
commonly used for measurement, pass/fail decisions, and
other observable characteristics relating to product quality.
They can be utilized for tasks such as detecting defective
objects, measuring the size of objects, and performing
character recognition [2][3].

Pattern Searching: Vision sensors are equipped with
image processing capabilities that allow them to perform
pattern searching. This feature is useful for identifying specific
patterns or features within an image, making them suitable for
applications such as pattern matching and object recognition
[4].

Flexibility and Multi-Point Inspections: Unlike other
types of sensors, vision sensors can handle multiple inspection
points per target and are known for their wide field of view,
allowing detection even when the target position is not
consistent. This makes them suitable for applications
requiring flexibility and the ability to inspect multiple features

within a single image [1][6].
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In summary, vision sensors play an important role in
automated inspection in manufacturing, offering benefits such
as increased throughput, higher quality, and lower costs.
Vision sensors come in different types, each tailored to specific
applications such as monochrome or color-based inspections,
measurement, pattern searching, and flexibility in handling
multiple inspection points per target. These capabilities make
vision sensors a versatile solution for a wide range of industrial
inspection tasks across various industries. Understanding the
various components and capabilities of vision sensors is
essential for making informed choices when integrating them
into industrial processes [7].

Deepen your understanding: Watch the accompanying
lecture video to delve deeper into the concepts covered in the
reading. The second part of this lecture video covers the vision

SEnsor.

@ One or more interactive elements has been
excluded from this version of the text. You

can view them online here:

https; nwa.pr ks.

nehakardam12/?p=297#oembed-1
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14.

TEMPERATURE, FLOW
CONTROL, AND VISION
SENSORS - REVIEW
QUESTIONS

Hand holding magnifying glass among a lot of questions.

Finding answers to questions and solving problems

(PC: “Hand holding magnifying glass among a lot of

questions. Finding answers to questions and solving
problems” by wuestenigel is licensed under CC BY 2.0.)

Questions to review:

1. Multiple Choice: Thermistors and resistance
temperature detectors (RTDs) are both types of temperature
sensors. What is the key difference in their operating principle?
a) Thermistors have a positive temperature coefficient, while
RTDs have a negative temperature coefficient. b) Thermistors
are more suitable for high-temperature measurements, while
RTDs are better for low-temperature ranges. ¢) Thermistors

are typically slower to respond to temperature changes


https://www.flickr.com/photos/30478819@N08/51598322415
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compared to RTDs. d) Thermistors require a constant voltage
source, whereas RTDs operate on a current-based principle.

2. Short Answer: Explain the difference between a positive
displacement flow sensor and a turbine flow sensor. In what
types of applications might you use each sensor?

3. Application Problem: A 3D printing machine requires
a sensor to monitor the temperature of the filament during
printing to ensure consistent quality. What factors would you
consider when selecting a suitable temperature sensor for this
application?

4. Challenge Question: Imagine you are designing a smart
irrigation system for a garden. How could a combination of
flow sensors and liquid-level sensors be used to optimize water
usage?

5. True or False: Vision sensors require a direct line of sight
to the object they are detecting.

6. Open Ended: Discuss the advantages and disadvantages
of using infrared temperature sensors compared to
thermocouple sensors for measuring the temperature of a
moving object on a conveyor belt.

7. Matching: Match the following vision sensor

components with their corresponding functions:

Camera lens
Image sensor
Image processing unit (IPU)

Illumination source
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i) Focuses light onto the image sensor

ii)
iii)

iv)

Converts light into an electrical signa
Analyzes the captured image data

Provides light for the camera to captur

8. Design Challenge: You are tasked with designing a system
to automatically sort colored balls on a conveyor belt. Describe
the key functionalities of the vision sensor system you would
develop for this task.

9. Think-Like-an-Engineer: Edge detection is a
fundamental concept in image processing used by vision
sensors. Explain the purpose of edge detection and how it can
be used to identify objects in an image.

10. Research and Report: Choose a specific application
of vision sensors mentioned in the module (e.g., facial
recognition, object sorting in a warehouse) and research the
image processing techniques used to achieve the desired
functionality. Prepare a short report summarizing your

findings.
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PART IV

PART |: DC MOTORS
- UNDERSTANDING
MOTOR
TECHNOLOGIES

This module dives into Direct Current (DC) motors, a
fundamental building block for many automated systems, and
explores various control techniques to regulate their operation.

Key Learning Objectives:

* DC Motor Fundamentals: Students will gain a
thorough understanding of the working principles and
difterent types of DC motors, including brushed DC
motors and permanent magnet DC motors.

* Motor Control Techniques: The module explores
various techniques for controlling DC motors,
including:

° Permanent Magnet Motor Reversing: Students
will learn how to control the direction of rotation
of permanent magnet DC motors.

> DC Motor Control from AC Source using
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SCR: This section explores how to use a Silicon
Controlled Rectifier (SCR) to control a DC motor
powered by an Alternating Current (AC) source.

° Braking in DC Motors: Students will delve into
methods for braking DC motors, a crucial aspect of
safe and efficient operation in automated systems.

> Brushless DC Motors (BLDC Motors): The
module introduces brushless DC motors, a
variation of DC motors known for their efficiency
and controllability. Students will explore the

principles behind BLDC motors.

Overall Benefit:

By understanding DC motor fundamentals and control
techniques, students gain the ability to select, control, and
implement DC motors effectively in their automation
projects. This knowledge will help students to design systems

with precise motor operation and efficient control.
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15,

UNDERSTANDING
DIRECT CURRENT
MOTORS

Electric motors play an important role in our daily lives,
powering a wide range of devices from household appliances
to industrial machinery. Among the various types of electric
motors, Direct Current (DC) motors are particularly
important due to their versatility and efficiency. This guide
aims to provide students with a detailed understanding of DC
motors, covering their definition, importance, distinctions
from Alternating Current (AC) motors, basic components,
working principles, types, electromotive force (emf), and
voltage regulation.

Definition and Importance of Electric Motors:

Electric motors are electromechanical devices that convert
electrical energy into mechanical energy. They operate based
on the principles of electromagnetism, where the interaction
between magnetic fields and electric currents generates
rotational motion. Electric motors are widely used in various

applications, ranging from industrial machinery and
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transportation systems to household appliances and renewable
energy technologies.

Importance of Electric Motors:

1. Versatility and Ubiquity: Electric motors are versatile
and can be found in almost every aspect of modern life.
They power a vast array of devices, including fans,
pumps, compressors, conveyors, electric vehicles, and
HVAC systems, among others.

2. Energy Efficiency: Compared to many other forms of
mechanical power generation, electric motors are highly
efficient. They can convert a high percentage of electrical
input power into useful mechanical output power,
leading to energy savings and reduced operating costs
over time.

3. Environmental Benefits: Electric motors contribute to
environmental sustainability by reducing reliance on
fossil fuels. When powered by renewable energy sources
such as solar, wind, or hydroelectric power, electric
motors can significantly lower greenhouse gas emissions
and mitigate the impact of climate change.

4. Quiet and Clean Operation: Electric motors operate
quietly and produce minimal vibration compared to
internal combustion engines. This characteristic makes
them ideal for applications where noise and vibration
control are important, such as in residential areas,

hospitals, and office buildings.
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5. Control and Automation: Electric motors offer precise
control over speed, torque, and direction of rotation,
making them essential components in automated
systems and robotics. This level of control enables
enhanced productivity, improved safety, and greater
flexibility in industrial processes.

6. Reliability and Durability: Electric motors are known
for their reliability and long service life when properly
maintained. They have fewer moving parts compared to
combustion engines, reducing the likelihood of
mechanical failures and the need for frequent
maintenance.

7. Scalability and Adaptability: Electric motors come in
various sizes and configurations to suit different
applications and power requirements. From miniature
motors used in electronic devices to large industrial
motors powering heavy machinery, their scalability and

adaptability make them indispensable across industries.

Distinction between AC and DC Motors:



106 | UNDERSTANDING DIRECT CURRENT MOTORS

Features AC Motors DC
Motors
Power Alternating  Direct
Source Current Current
Induction Brushed
Common
and and
Types

Synchronous  Brushless

Current  Periodically

.. Constant
Direction Reverses

Basic Components of a DC Motor:

* Stator: Stationary part of the motor containing the field
winding.

* Rotor: Rotating part (armature) carrying the load
current.

* Commutator: Reverses the direction of current in the
armature winding.

* Brushes: Conduct current between the stationary and
rotating parts.

* Field Winding: Creates a magnetic field in the stator.

Types of DC Motors:
DC motors are classified into various types based on their

construction and application:

* DC Series Motor
e DC Shunt Motor
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* Compound DC Motor (Cumulative and Differentiated)

* Permanent Magnet DC Motor

Working Principle of DC Motor:

DC (Direct Current) motors operate based on the
principles of electromagnetism, where the interaction between
magnetic fields and electric currents produces rotational
motion. There are several types of DC motors, including
brushed DC motors and brushless DC motors, each with its
own working principles. Here, we’ll delve into the detailed
working principles of brushed DC motors, which are more

commonly encountered in various applications:

e

Figure 1: Direct Current Electrical Motor Model (“File:Ejs

Open Source Direct Current Electrical Motor Model Java
Applet (DC Motor ) 80 degree split ring.gif” by Lookang
many thanks to Fu-Kwun Hwang and author of Easy Java

Simulation = Francisco Esquembre is licensed under CC BY-
SA 3.0.)
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https://commons.wikimedia.org/w/index.php?title=User:Lookang&action=edit&redlink=1
https://commons.wikimedia.org/w/index.php?title=User:Lookang&action=edit&redlink=1
https://creativecommons.org/licenses/by-sa/3.0/?ref=openverse
https://creativecommons.org/licenses/by-sa/3.0/?ref=openverse
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Construction:

* Abrushed DC motor consists of two main components:
the stator and the rotor.

* The stator is the stationary part of the motor and
contains one or more sets of coils, known as field
windings, which produce a magnetic field when current
flows through them.

* The rotor, also called the armature, is the rotating part of
the motor and typically consists of a cylindrical core

with multiple coils wound around it.

M Ko

Figure 2: Brushed dc motor assembly (“Brushed dc motor
assembly” by Iliakriv: Ilia Krivoruk is licensed under CC BY-
SA 3.0.)
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Figure 3: Small DC Motor Rotor (“Small DC Motor
Rotor” by Jjmontero9 is licensed under CC BY-SA 3.0.)

Commutation:

Commutation is the process of reversing the direction of
current flow in the armature windings to maintain
continuous rotation.

* Inbrushed DC motors, commutation is achieved using a
commutator and brushes.

* The commutator is a segmented cylindrical device
mounted on the rotor shaft. It is connected to the
armature windings and rotates with the rotor.

* The brushes are conductive contacts that press against

the commutator segments. They supply current to the

armature windings and reverse the direction of current


https://commons.wikimedia.org/w/index.php?curid=26139701
https://commons.wikimedia.org/w/index.php?curid=26139701
https://commons.wikimedia.org/wiki/User:Jjmontero9
https://creativecommons.org/licenses/by-sa/3.0/?ref=openverse

110 | UNDERSTANDING DIRECT CURRENT MOTORS

flow as the commutator rotates.

When a DC voltage is applied across the field windings and
the armature windings, a magnetic field is generated in the
stator and rotor. The interaction between these magnetic fields
produces a torque on the rotor, causing it to rotate. As the
rotor rotates, the commutator segments come into contact
with the brushes, switching the direction of current flow in
the armature windings. This reversal of current flow creates a
continuous rotating magnetic field, maintaining the rotation
of the rotor.

Torque and Speed Control:

* The torque produced by a brushed DC motor is
proportional to the strength of the magnetic field and
the current flowing through the armature windings.

* Speed control of brushed DC motors is typically
achieved by varying the voltage applied to the motor.
Increasing the voltage increases the speed, while

decreasing the voltage decreases the speed.

Advantages and Disadvantages of DC Motor:
Advantages:

* Simple construction and relatively low cost.
* Good torque and speed control characteristics.

* Suitable for applications requiring variable speed and
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torque.
Disadvantages:

* Brush and commutator wear over time, requiring
periodic maintenance.

* Limited lifespan compared to brushless DC motors.

* Potential for sparking and electromagnetic interference

due to brush and commutator action

In conclusion, brushed DC motors are widely used in various
applications due to their simplicity, controllability, and cost-
effectiveness. Understanding their working principles is
essential for designing and implementing efficient
electromechanical systems.

Electromotive Force (emf):

Electromotive force (EMF) is a fundamental concept in
electromagnetism and electrical engineering. It refers to the
voltage or electrical potential difference generated by a source
such as a battery, generator, or any device capable of supplying
electrical energy. EMF is measured in volts (V).

Here are key points to understand about electromotive

force:

1. Source of Energy: EMF is the force that drives electric
charges to move through a circuit. It represents the

energy per unit charge supplied by the source, providing
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the potential for charges to flow from one point to
another.

2. Not a Force: Despite its name, electromotive force is
not a force in the traditional sense. It is a potential
difference, often represented by the symbol ¢ (epsilon),
that pushes charges through a circuit. EMF is analogous
to the pressure difference in a fluid flow system.

3. Direction: EMF always has a defined direction,
indicating the direction in which positive charges would
move within the circuit. For example, in a battery, the
positive terminal has a higher potential than the negative
terminal, establishing the direction of current flow.

4. Internal Resistance: Real sources of EMF, such as
batteries and generators, have internal resistance. This
resistance represents the opposition to the flow of
current within the source itself and results in a voltage
drop across the internal components when current
flows.

5. Open Circuit Voltage: When no current is flowing
through a circuit connected to a source of EMF, the
voltage measured across the terminals is called the open
circuit voltage. This voltage represents the full potential
difterence supplied by the source, without any current
flowing.

6. Terminal Voltage: When a load is connected to the
source and current flows through the circuit, the voltage

measured across the terminals may differ from the open
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circuit voltage due to the voltage drop across the internal
resistance. This voltage is referred to as the terminal
voltage.

7. Conservation of Energy: EMF obeys the law of
conservation of energy. The work done by the source to
move charges through the circuit is equal to the electrical
energy transferred to the load and any energy dissipated

as heat due to resistance.

Voltage Regulation:

Voltage regulation in the context of a motor refers to the
ability to maintain a consistent voltage supply to the motor,
ensuring optimal performance and preventing issues such as
overvoltage or undervoltage conditions. This is achieved
through the use of motor voltage regulators, which
continuously monitor and adjust the voltage to keep the
motor operating within its optimal voltage range.

In the case of a DC motor, voltage regulation is crucial for
controlling the motor’s speed and ensuring efficient operation.
By adjusting the voltage supplied to the motor, the speed and
torque output can be controlled, allowing for smooth and
reliable performance across a range of operating conditions.

Motor voltage regulators work by sensing the output
voltage of the motor and adjusting it according to a set
reference voltage. This is typically done using a comparator
or feedback control loop, which compares the output voltage

with the reference voltage and adjusts the output accordingly.
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In summary, voltage regulation is essential for maintaining
the efficient and reliable operation of motors, and motor
voltage regulators play a key role in achieving this by ensuring
that the motor operates within its optimal voltage range.

For more in-depth learning, please see the lecture

below:

@ One or more interactive elements has been
excluded from this version of the text. You

can view them online here:
https; NWa.pr ks.

nehakardam12/?p=370#oembed-1

@ One or more interactive elements has been
excluded from this version of the text. You
can view them online here:
https:/lopenwa.pressbooks.pub/
nehakardam12/?p=370#0embed-2

Reference:
Kilian, Christopher T. Modern  control  technology:
components and systems. West Publishing Co., 1996.
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106.

PERMANENT MAGNET
MOTORS

Permanent magnet motors are a type of electric motor that use
permanent magnets in their rotor assembly, allowing them to
operate without the need for additional power to generate a
magnetic field. This design results in a highly efficient motor
that is capable of delivering high torque and speed, making

them suitable for awide range of applications [1].

Figure 1: TQ-230 Permanent Magnet Synchronous
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Traction Motor and YQ-275 Squirrel-cage Asynchronous
Traction Motor 20191020 133441 (“TQ-230 Permanent

Magnet Synchronous Traction Motor and YQ-275 Squirrel-

cage Asynchronous Traction Motor 20191020 133441 by #
E/N\FET is licensed under CC BY-SA 4.0.)

Design and Construction

The key components of a permanent magnet motor include
the rotor, which contains the permanent magnets, and the
stator, which generates a rotating magnetic field. The
interaction between the magnetic fields of the rotor and stator
causes the motor to rotate [1].

The choice of permanent magnet material is a critical factor
in the performance of the motor. Different materials offer
varying levels of magnetic strength and temperature resistance,
which can affect the motor’s efficiency, power output, and
operational temperature range. Commonly used materials
include ferrite, neodymium, and samarium-cobalt [1].

Performance and Efficiency

One of the main advantages of permanent magnet motors
is their high efficiency. Because they do not require additional
power to generate a magnetic field, they can deliver more
power output for a given amount of electrical input compared
to other types of motors. This makes them an energy-efficient
choice for many applications [1].

The performance of a permanent magnet motor can also
be influenced by the design of the motor and the choice of

magnet material. For example, the arrangement of the magnets
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in the rotor and the design of the stator can affect the motor’s
torque and speed characteristics. Similarly, the choice of
magnet material can influence the motor’s efficiency and
power output [1].

Applications

Permanent magnet motors are used in a wide range of
applications due to their high efficiency and power output.

They are commonly found in the following areas:

¢ Electric Vehicles (EVs): In the realm of EVs, PM
motors are a driving force (pun intended!), contributing
to extended battery life and increased driving range due
to their efficient energy use [1].

* Industrial Powerhouse: The high torque and speed
capabilities of PM motors make them ideal for industrial
machinery, ensuring smooth and powerful operation
[1].

* Beyond the Big Picture: PM motors extend their reach
to household appliances, power tools, and even robotics,

bringing efficiency and power to our everyday lives [1].

Maintaining Optimal Performance: Voltage Regulation
Voltage regulation is an important aspect of permanent
magnet motor operation. Maintaining a consistent voltage
supply to the motor ensures optimal performance and
prevents issues such as overvoltage or undervoltage conditions.

This is achieved through the use of motor voltage regulators,
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which continuously monitor and adjust the voltage to keep the
motor operating within its optimal voltage range [2].

In conclusion, permanent magnet motors offer a number
of advantages over other types of electric motors, including
high efficiency, high power output, and the ability to operate
without the need for additional power to generate a magnetic
field. These characteristics make them a popular choice for a
wide range of applications, from electric vehicles to industrial
machinery. Understanding the design and operation of
permanent magnet motors is essential for making informed

decisions about motor selection and application [1] and [2].

@ One or more interactive elements has been
excluded from this version of the text. You
can view them online here:
https; nwa.pr ks.

nehakardami2/?p=381#oembed-1

@ One or more interactive elements has been
excluded from this version of the text. You
can view them online here:
https:/lopenwa.pressbooks.pub/
nehakardam12/?p=381#oembed-2
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17.

MOTOR CONTROL:
PERMANENT MAGNET
MOTOR REVERSING, DC
MOTOR CONTROL FROM
AN AC SOURCE USING
AN SCR, BRAKING IN DC
MOTORS, AND
BRUSHLESS DC
MOTORS

Permanent Magnet Motor Reversing

Permanent magnet motors are widely used in various
applications due to their efficiency and reliability. Reversing
the direction of rotation in these motors is essential for many
industrial processes and automation systems.

Techniques for Reversing: Reversing the direction of
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rotation in a permanent magnet motor can be achieved

through several methods, including:

* Changing the polarity of the voltage applied to the
motor terminals.

* Reversing the direction of current flow in the motor
windings.

* Using electronic motor controllers with built-in

reversing capabilities.

Applications: Permanent magnet motor reversing is crucial
in applications such as conveyor systems, robotics, and
automotive systems where bidirectional motion is required.

DC Motor Control from an AC Source using an SCR:

Direct current (DC) motors are often preferred for their
simplicity and controllability. However, in some applications
where only an alternating current (AC) power source is
available, it becomes necessary to convert AC to DC for motor
control.

SCR (Silicon Controlled Rectifier) Control: An SCR-
based circuit can be used to convert AC to DC and control the
speed of a DC motor. The SCR acts as a rectifier, converting
the AC input into a pulsating DC output, which can then be
smoothed using capacitors.

Advantages: SCR-based DC motor control offers

simplicity, efficiency, and robustness. It provides a cost-
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effective solution for applications where precise speed control
of DC motors is required but only AC power is available.
Braking in DC Motors:
Braking is an essential aspect of motor control, allowing
for the rapid deceleration and stopping of rotating machinery.
In DC motors, braking techniques vary depending on the

application and the desired braking characteristics.

* Dynamic Braking: In dynamic braking, the motor’s
kinetic energy is converted into electrical energy by
short-circuiting the motor terminals. This energy is
dissipated as heat in resistors or returned to the power
supply.

* Regenerative Braking: Regenerative braking is
employed in some DC motor systems to recover energy
during braking. Instead of dissipating the energy as heat,
it is fed back into the power supply or stored in a battery
for reuse.

* Applications: Braking in DC motors is crucial in
applications such as electric vehicles, elevators, cranes,
and machine tools where precise control of acceleration

and deceleration is required for safety and efficiency.

Brushless DC Motors:
Brushless DC (BLDC) motors offer numerous advantages

over traditional brushed DC motors, including higher
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efficiency, longer lifespan, and reduced maintenance

requirements.

Figure 2: Brushless DC Motor ( “Blaupunkt CR-4500 —

drive unit — tape Drive Capstan, brushless DC electric
motor-9992” by Raimond Spekking is licensed under CC BY-

SA 4.0. and “2-coil 10-blade DC brushless motor”
by Materialscientist is licensed under CC BY-SA 4.0.)

*  Working Principle: BLDC motors operate using
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electronic commutation rather than mechanical brushes
and commutators. They typically employ sensors or
sensorless techniques to detect the rotor position and
control the switching of the stator windings.

» Applications: BLDC motors are widely used in
applications such as electric vehicles, drones, HVAC
systems, and industrial automation due to their superior
performance, reliability, and controllability.

*  Advancements: Recent advancements in BLDC motor
technology include the development of high-efficiency
motor designs, advanced control algorithms for
improved performance, and integration with smart

control systems for enhanced functionality.

By understanding and implementing these advanced motor
control techniques, engineers can optimize the performance,
efficiency, and reliability of electric motor systems in a wide
range of applications. Whether it’s reversing the direction of
a permanent magnet motor, converting AC to DC for DC
motor control, implementing braking mechanisms, or
harnessing the benefits of brushless DC motors, these
techniques play a crucial role in modern electromechanical
systems.

Deepen your understanding: Watch the accompanying
lecture video to delve deeper into the concepts covered in the

reading.
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PART I: DC MOTORS -
UNDERSTANDING
MOTOR TECHNOLOGIES
- REVIEW QUESTIONS

Hand holding magnifying glass among a lot of questions.

Finding answers to questions and solving problems

(PC: “Hand holding magnifying glass among a lot of

questions. Finding answers to questions and solving
problems” by wuestenigel is licensed under CC BY 2.0.)

Questions to review:

1. Multiple Choice: Brushed DC motors and permanent
magnet DC motors are both common types of DC motors.
What is the key difference in their component design that
affects motor operation? a) Brushed DC motors use
permanent magnets for stator field generation, while
permanent magnet DC motors rely on electromagnets. b)
Brushed DC motors have a higher torque output compared
to permanent magnet DC motors. ¢) Permanent magnet DC

motors are generally less efficient than brushed DC motors.
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d) Brushed DC motors require more complex control circuits

compared to permanent magnet DC motors.

2. Short Answer: Explain the basic operating principle of

a brushed DC motor. How does the commutation process

ensure continuous rotation of the motor shaft?

3. Application Problem: An automated feeder system for

a bottling plant requires a DC motor to precisely control the

speed of a conveyor belt. Which DC motor control technique

(permanent magnet motor reversing, SCR control, braking)

would be most suitable for this application, and why?

4. Challenge Question: Imagine you are designing a robot

that climbs walls. How could you potentially use DC motors

with braking capabilities to improve the robot’s climbing

performance?
5. True or False: Silicon Controlled Rectifiers (SCRs) can

only be used to turn DC motors on and off.

6. Open Ended: Discuss the advantages and disadvantages

of using brushed DC motors compared to brushless DC

motors for a small, battery-powered robot.

7. Matching: Match the following DC motor control

techniques with their corresponding functionalities:

Permanent magnet motor reversing
SCR control
Braking
Speed control with Pulse Width Modulati

Allows for dynamic control of motor spee
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ii) Rapidly stops the motor shaft rotation

iii) Changes the direction of motor rotatio

iv) Controls the motor power by regulating

8. Design Challenge: You are tasked with designing a system
to control the opening and closing of a motorized door.
Describe the key components you would need and how DC
motor control techniques would be implemented to achieve
this function.

9. Think-Like-an-Engineer: Many automated systems
utilize gearboxes in conjunction with DC motors. Explain the
purpose of gearboxes and how they can affect the performance
of a DC motor in an automation project.

10. Research and Report: Choose a specific application
of DC motors mentioned in the module (e.g., electric vehicles,
power tools) and research the additional control systems used
to optimize motor performance in that application. Prepare a

short report summarizing your findings.
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PART V

PART II: STEPPER
MOTORS -
PRECISION IN
EVERY STEP

This module explores stepper motors, a type of electric motor
prized for their precise and controllable movements, making
them ideal for various automation applications requiring high
accuracy.

Key Learning Objectives:

* Stepper Motor Fundamentals: Students will gain a
solid understanding of stepper motor principles,
including how they achieve precise movement through a
step-by-step rotation mechanism.

* Stepper Motor Control: The module delves into
controlling stepper motors, including how to control
factors like speed, direction, and number of steps.

* Torque-Speed Curve: Students will explore the
relationship between torque (rotational force) and speed

in stepper motors, a crucial concept for selecting and
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operating stepper motors effectively.
* Stepper Motor Types: The module explores two main
types of stepper motors:

° Permanent Magnet Stepper Motors: Students
will learn how permanent magnets are used to
create the rotating force in these motors.

° Variable Reluctance Stepper Motors: This
section explores variable reluctance stepper motors,
which rely on the principle of varying magnetic

attraction to achieve rotation.

Overall Benefit:

By understanding the stepper motors and their control
mechanisms, students gain the ability to integrate these motors
into automated systems requiring precise positioning and
controlled movements. This knowledge empowers them to

create high-performance and reliable automation solutions.
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19.

STEPPER MOTORS I :
UNDERSTANDING
PRECISE MOVEMENT

Think of a motor that doesn’t spin continuously, but moves in
precise, controlled steps. This is the magic of stepper motors,
behind everything from 3D printers and robotic arms to disk
drives and camera lenses. Unlike their DC motor cousins,
stepper motors excel in controlled, step-by-step movements,
making them ideal for applications demanding high accuracy.

The Heart of Stepper Motors: Electromagnetism in
Action

A stepper motor is a fascinating interplay between
electromagnetism and mechanical design. It consists of two

main parts:

* Rotor: This is the rotating part of the motor, typically
made of a permanent magnet with teeth or notches
machined around its circumference.

* Stator: The stationary part of the motor, housing

electromagnets strategically arranged around the rotor.
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The magic happens when we energize the stator’s
electromagnets in a specific sequence. This creates a rotating
magnetic field that “drags” the permanent magnet rotor along,
causing it to rotate in distinct steps. Each step corresponds to a
single electrical pulse applied to a particular electromagnet.

Think of it like a game of follow the leader. The rotating
magnetic field is the leader, and the permanent magnet rotor,
with its defined teeth, is compelled to follow in its footsteps,
aligning itself with the ever-shifting magnetic pull.

The beauty of stepper motors lies in their precise control.
By carefully controlling the timing and sequence of these
electrical pulses, we can dictate the number of steps the motor
takes, the direction it rotates (clockwise or counter-clockwise),
and even the speed of rotation. This makes them ideal for

applications like:

* 3D Printers: Precise movement of the printing head for
creating intricate designs.

* CNC Machines: Controlled movement of the cutting
tool for precise machining operations.

* Disk Drives: Accurate positioning of the read/write
head on the disk surface.

* Camera Lenses: Controlling the zoom and focus

mechanisms for sharp images.

Beyond the Basics: Different Types of Stepper Motors

While the basic principle remains the same, there are
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different types of stepper motors with their own unique
characteristics. Permanent Magnet Variants, and Load Effects
Stepper motors are electromechanical devices widely used for
precise control of rotational motion. They are characterized by
their ability to move in discrete steps, making them ideal for
applications requiring accurate positioning and speed control.
In this reading material, we’ll delve into the types of stepper
motors, focusing on permanent magnet stepper motors, and

explore how varying loads affect their performance.

Here’s a quick glimpse at the types of stepper motors:

A B

Figure = 1:  Stepper ~ Motor  (“Stepper  motor”
by pl:Wikipedysta:Harkonnen2, oryginak:

pl.Wikipedysta:Ras is licensed under CC BY-SA 4.0.)
Permanent Magnet (PM) Stepper Motors:

* Permanent rnagnet stepper motors are among the most

common tprS of stepper motors.
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* They consist of a rotor with permanent magnets and a
stator with multiple windings, typically arranged in a
toothed configuration.

* By energizing the stator windings in a specific sequence,
the magnetic field interacts with the permanent

magnets, causing the rotor to move in discrete steps.
Variable Reluctance (VR) Stepper Motors:

* Variable reluctance stepper motors operate based on the
principle of magnetic reluctance.

* They feature a rotor with teeth and a stator with salient
poles.

* As the stator windings are energized, the rotor aligns
itself to minimize the magnetic reluctance, resulting in

precise step movements.
Hybrid Stepper Motors:

* Hybrid stepper motors combine the features of both
permanent magnet and variable reluctance designs.

* They offer improved performance, higher torque
density, and smoother operation compared to other

stepper motor types.

Permanent Magnet Stepper Motors:

A permanent magnet stepper motor is a type of stepper
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motor that utilizes a permanent magnet in the rotor. It
operates based on the attraction or repulsion between the
permanent magnet rotor and the stator electromagnets. When
electrical pulses are applied, the rotor moves in discrete steps,
providing precise control over its position. This type of motor
offers advantages such as compact size, low losses, and low
maintenance due to the absence of external excitation.
However, it is limited in power and torque capabilities
compared to other types of stepper motors. Additionally, it
provides lower efficiency and draws substantial power

regardless of load, leading to energy wastage.

Figure 2: Inside a Permanent Magnet Stepper Motor

(Explain That Stuft, https://www.flickr.com/photos/euphy/
8587102970)

The advantages and disadvantages of using a permanent
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magnet stepper motor over other types of stepper motors are
as follows:

Advantages:

* Compact Size: Permanent magnet stepper motors are
compact and small in size, making them suitable for
various applications where space is limited[1].

* Low Losses: Due to the absence of any external
excitation, the losses are less, resulting in higher
efficiency[1].

* Low Maintenance: The absence of any external
excitation also leads to lower maintenance requirements,
reducing overall operational costs[1].

* Control Flexibility: They can be connected to an
external circuit to control the speed of the motor,
providing flexibility in operation[1].

* Wide Speed and Torque Range: Permanent magnet
stepper motors can be operated in a wide range of speeds
and torques, offering versatility in different
applications[1].

* Lower Cost: They are typically less expensive than
hybrid stepper motors, making them a cost-effective

choice for various applications|3].
Disadvantages:

e Limited Power Applications: Due to limitations in the
pPp



STEPPER MOTORS |: UNDERSTANDING PRECISE
MOVEMENT | 139

permanent magnet, they cannot be used for high-power
applications[1].

* Limited Torque: The torque produced by permanent
magnet stepper motors is limited, which may restrict
their use in certain high-torque applications[1].

* Limited Life: The life of a permanent magnet is limited,
which can affect the overall lifespan of the motor[1].

* Low Efhiciency: Stepper motors, including permanent
magnet types, provide low efficiency and draw
substantial power regardless of load, leading to energy

wastage[4].

Effect of Load on Stepper Motors: The performance of
stepper motors can be affected by variations in load, including
changes in torque requirements and mechanical resistance.

Increasing the load on a stepper motor can lead to:

* Reduced speed and acceleration: Stepper motors may
struggle to overcome higher torque demands, resulting
in slower movement and longer acceleration times.

* Increased power consumption: Stepper motors may
draw more current to maintain torque levels, leading to
higher power consumption and potential overheating.

* Loss of steps: Excessive loads can cause stepper motors
to lose steps, resulting in inaccurate positioning and

compromised performance.
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Selecting the Right PM Stepper Motor:
By understanding the different types of PM steppers and
how load affects their performance, you can select the right

motor for your specific application. Consider factors like:

* Required torque: Choose a motor with sufficient
torque to handle the expected load at the desired speed.

* Desired speed: Select a motor capable of achieving the
targeted rotational speed while maintaining accuracy
under load.

* Positioning accuracy: Consider the motor’s step angle
and choose one that offers the necessary level of
precision for your application.

* Cost and size: PM steppers come in various sizes and
price ranges. Find a balance between these factors that

best suits your needs.

In summary, stepper motors play an important role in various
applications requiring precise control of rotational motion.
Understanding the different types of stepper motors,
including permanent magnet variants, and how load variations
affect their performance is essential for students and engineers
working with electromechanical systems. By optimizing
stepper motor selection and operation, engineers can ensure
reliable and efficient performance in their applications.

Deepen your understanding: Watch the accompanying
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lecture video to delve deeper into the concepts covered in the

reading.

@ One or more interactive elements has been
excluded from this version of the text. You
can view them online here:

https; NWa.pr ks.

nehakardami2/?p=406#o0embed-1
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STEPPER MOTOR
CONTROL:
TORQUE-SPEED CURVE,
PERMANENT MAGNET
MOTORS, AND
VARIABLE RELUCTANCE
STEPPER MOTORS

Stepper motors are electromechanical devices used for precise
control of rotational motion. They operate by converting
electrical pulses into discrete mechanical steps, making them
suitable for applications requiring accurate positioning and
speed control. In this reading material, we will explore the
torque-speed curve of stepper motors, delve into the
characteristics of permanent magnet (PM) stepper motors,
and discuss the operation of variable reluctance stepper
motors, including the four-phase stepper motor design.
Understanding the Power Curve: Torque vs Speed

Imagine a map guiding us through the capabilities of a
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stepper motor. This map is the torque-speed curve,
illustrating the relationship between the motor’s rotational

speed and its torque output (Figure 1).
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Figure 1: Torque-Speed Curve for a typical AC motor
(Source:  https://commons.wikimedia.org/wiki/File:Torque-
Speed_Curve_for_a_typical_AC_motor.jpg)

The curve typically showcases three distinct regions:

* Pull-in Region: At low speeds, the motor reigns
supreme, generating its maximum torque. This allows it
to overcome inertia and kick-start rotation.

* Pull-out Region: As speed increases, the motor’s grip
on torque weakens, reaching a point where it can no
longer hold its position against external forces.

* Continuous Operation Region: Here, the motor finds

its sweet spot, balancing speed and torque for
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continuous operation.

Understanding the torque-speed curve is essential for selecting
the appropriate stepper motor for a given application and
optimizing its performance.

Permanent Magnet (PM) Stepper Motors: The
Workhorses of Precision

Permanent magnet (PM) stepper motors are the workhorses
of the stepper motor world. They utilize permanent magnets
embedded in the rotor to generate a magnetic field. These

motors offer a winning combination of:

* Simplicity: Easy to operate and integrate into control
systems.

* Reliability: Durable and dependable for long-term use.

* Cost-Effectiveness: A budget-friendly option for many

applications.

PM stepper motors shine in applications requiring high
holding torque and precise positioning. They’re a common
sight in printers, CNC machines, robotics, and other motion
control tasks.

Four-Phase Stepper Motors: Smoother Steps, Higher
Resolution

Imagine a stepper motor with four coils in its stator,
arranged in a precise pattern. That’s the essence of a four-

phase stepper motor! By strategically energizing these coils in
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a specific sequence, the motor achieves incredibly precise step
movements.

Here’s what makes them stand out:

* Improved Resolution: Four-phase motors offer
smoother and more precise movements compared to
two-phase motors.

* Enhanced Operation: They deliver a quieter and more
efficient operation, making them ideal for applications

demanding smooth, controlled motion.

Their ability to achieve finer control positions makes four-
phase stepper motors a popular choice in 3D printers, CNC
machines, and medical devices where precise motion is
paramount.

Variable Reluctance Stepper Motors: Simple, Rugged,
and Low Cost

Variable reluctance stepper motors operate on a different
principle — magnetic reluctance, the tendency of a material
to resist magnetic flux. These motors have a toothed rotor
and a stator with salient poles. When the stator windings are
energized, the rotor aligns itself to minimize magnetic
reluctance, resulting in precise step movements (Figure 2).

FAQ?7-stepper-motors-2-variable-reluctance-640x420
Figure = 2:  Variable reluctance  stepper  motor

(“FAQ7-stepper-motors-2-variable-reluctance-640x420”

by https://www.motioncontroltips.com/fag-whats-the-
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difference-between-variable-reluctance-linear-and-hybrid-
linear-steppers/ is licensed under CC BY-SA 4.0.)

Here’s what makes them a compelling choice:

* Simplicity: A straightforward design that makes them
easy to operate and control.

* Low Cost: A budget-friendly option for applications
requiring basic positioning.

* Robustness: Their simple design makes them durable

and reliable for various environments.

Variable reluctance stepper motors excel in applications where
high torque at low speeds is essential. They’re often used in
applications like industrial automation and security camera
positioning systems.

In summary, Stepper motors are versatile electromechanical
devices widely used in various industries for precise motion
control. By understanding the torque-speed curve, the
characteristics of permanent magnet and variable reluctance
stepper motors, and the design of four-phase stepper motors,
students can gain insight into the principles and applications
of stepper motor technology. These insights are invaluable for
engineers and designers working with stepper motors in fields
such as robotics, automation, and manufacturing.

For further explanation: A video lecture following this

reading material provides additional insights and clarifications


https://www.motioncontroltips.com/faq-whats-the-difference-between-variable-reluctance-linear-and-hybrid-linear-steppers
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https://creativecommons.org/licenses/by-sa/4.0/?ref=openverse
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@ One or more interactive elements has been
excluded from this version of the text. You
can view them online here:

https.:/lopenwa.pressbooks.pub/
nehakardam12/?p=412#0embed-1

@ One or more interactive elements has been
excluded from this version of the text. You

can view them online here:

https; nwa.pr ks.

nehakardam12/?p=412#o0embed-2
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21.

PART IIl: STEPPER
MOTORS - PRECISION IN
EVERY STEP - REVIEW
QUESTIONS

Hand holding magnifying glass among a lot of questions.

Finding answers to questions and solving problems

(PC: “Hand holding magnifying glass among a lot of

questions. Finding answers to questions and solving
problems” by wuestenigel is licensed under CC BY 2.0.)

Questions to review:

1. Multiple Choice: Stepper motors achieve precise
movement through a step-by-step rotation. How are these
steps controlled by the motor driver? a) By varying the voltage
applied to the motor windings. b) By sending a specific pulse
sequence to the motor driver. ¢) By physically adjusting the
position of the rotor shaft. d) By using a feedback mechanism
to continuously monitor motor position.

2. Short Answer: Explain the difference between the


https://www.flickr.com/photos/30478819@N08/51598322415
https://www.flickr.com/photos/30478819@N08/51598322415
https://www.flickr.com/photos/30478819@N08/51598322415
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operating principle of a permanent magnet stepper motor and

a variable reluctance stepper motor.

3. Application Problem: An automated assembly line

requires a stepper motor to precisely position a pick-and-place

robot arm.

What factors would you consider when selecting a

suitable stepper motor for this application?

4. Challenge Question: Imagine you are designing a 3D

printer. How could stepper motors be used to control the

movement of the print head and ensure precise filament

extrusion?

5. True or False: Stepper motors can achieve continuous

rotation at a constant speed.

6. Open Ended: Discuss the advantages and disadvantages

of using stepper motors compared to servo motors for

applications requiring precise positioning and control.

7. Matching: Match the following stepper motor control

parameters with their corresponding functions:

i)

ii)

Step size (or angle)
Stepping rate (or frequency)
Number of steps

Direction control

Determines the total distance the motor

Controls the speed of motor rotation (s

iii) Defines the number of individual steps

iv)

Specifies whether the motor shaft rotat
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8. Design Challenge: You are tasked with designing a system
to control the rotation of a satellite dish antenna. Describe the
key functionalities required from the stepper motor and its
control system to achieve precise pointing accuracy.

9. Think-Like-an-Engineer: The torque-speed curve is a
crucial concept for stepper motor selection. Explain how the
relationship between torque and speed affects the performance
of a stepper motor in an automation project.

10. Research and Report: Choose a specific application
of stepper motors mentioned in the module (e.g., CNC
machines, robotic arms) and research advanced control
techniques used to improve stepper motor performance, such
as microstepping. Prepare a short report summarizing your

findings.
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PART VI

PART IlI: AC
MOTORS -
HARNESSING THE
FLOW

This module is about Alternating Current (AC) motors, a
workhorse in many industries, and explores various control
techniques to regulate their operation. You’ll also learn about
essential safety practices when working with AC electricity.

Key Learning Objectives:

* AC Motor Fundamentals: Students will gain a
comprehensive understanding of AC motors, including
their operating principles and how they differ from DC
motors. The module will cover:

° Waveforms: Understanding the characteristics of
AC waveforms, the foundation for AC motor
operation.

° Transformers: Students will explore how
transformers are used to step up or step down AC

voltage levels, crucial for powering AC motors
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efficiently.

* AC Motor Types: This includes various AC motor

types, helping students with the knowledge to select the

most suitable motor for their application. Key topics

include:

° Induction Motors: Students will explore different

induction motor types, including:

Single-phase motors: commonly used in
household appliances.

Split-phase motors: a variation of single-phase
motors with a starting capacitor for increased
torque.

Two-capacitor motors: another variation of
single-phase motors offering improved
starting performance.

Three-phase motors: widely used in industrial
applications due to their higher efficiency and

power handling capabilities.

> AC Servo Motors: Students will learn about AC

servo motors, a type of AC motor well-suited for

applications requiring precise control of speed and

position.

* Advanced Concepts: This section explores more in-

depth topics related to AC motors:

° Synchronous Motors: Students will understand

synchronous motors, which operate at a constant
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speed in sync with the AC power supply frequency.

> Power Factor Correction: The module explores
power factor correction techniques used to
improve the efficiency of AC power delivery in
systems with AC motors.

> AC Motor Control Techniques: Students will
delve into methods for controlling AC motors,
including variable frequency drives (VEDs) for

adjusting motor speed.

* Electrical Safety: The module emphasizes the
importance of electrical safety when working with AC
motors. Students will learn about safe working practices

and potential hazards associated with AC electricity.

Overall Benefit:

By understanding AC motor fundamentals, control
techniques, and safety practices, students gain the ability to
select, control, and implement AC motors effectively in their

automation projects.
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22.

EXPLORING AC
MOTORS, WAVEFORMS,
TRANSFORMERS, AND
ELECTRICAL SAFETY

Alternating current  (AC) motors are fundamental
components in various electrical systems, powering everything
from industrial machinery to household appliances.
Understanding AC motors, the waveforms they utilize,
transformers for AC systems, and electrical safety measures is
crucial for engineers and technicians working with electrical
systems. This reading material aims to provide insights into
these topics.
AC Motors:

* AC motors are electromechanical devices that convert
electrical energy into mechanical energy through the
interaction of magnetic fields.

* They are categorized into two main types: single-phase

AC motors and three-phase AC motors.
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* Single-phase AC motors are commonly used in
household appliances and small machinery, while three-
phase AC motors are preferred for industrial
applications due to their higher efficiency and power

Olltpllt.
Single-Phase AC:

* Single-phase AC refers to an electrical system where the
voltage alternates in a single waveform.

* The waveform of single-phase AC is a sinusoidal curve,
oscillating between positive and negative values over
time.

* Single-phase AC systems are used in residential and light
commercial applications for powering lighting, heating,

air conditioning, and small appliances.
Three-Phase AC Waveform:

* Three-phase AC systems utilize three separate waveforms
that are offset by 120 degrees from each other.

* The waveform of each phase is a sinusoidal curve similar
to single-phase AC but with a phase shift.

* Three-phase AC systems offer several advantages,
including smoother power delivery, higher efficiency,
and balanced load distribution.

* They are widely used in industrial and commercial
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settings for powering large motors, machinery, and

equipment.

Three-Phase Delta to Wye Transformers:

TRANSFORMADOR, BOLADO DELTAESTRELA

- S 7
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Figure =~ 1: Delta to  star(wye)  transformers
(Source:https://commons.wikimedia.org/wiki/File:Delta-

star_config_-_Block_Diagram.png)

* Delta and wye are two common configurations used in
three-phase transformer connections (Fig 1).

* A delta connection consists of three windings connected
in a closed loop, forming a triangular shape. In a delta
connection, the windings are connected end-to-end to
form a closed loop. This configuration is often used for
power transmission and in applications requiring high

starting torque



160 | EXPLORING AC MOTORS, WAVEFORMS, TRANSFORMERS,
AND ELECTRICAL SAFETY

* Ina wye connection, one end of each winding is
connected to form a neutral point, and the other ends
are connected to the three-phase line. This configuration
allows for the use of lower voltage capacitors and can
lead to savings in cost, weight, and volume

* Delta to wye transformers is used to convert between
these two configurations, allowing for flexibility in three-

phase power distribution systems.
Electrical Safety:

* Electrical safety is paramount in any electrical system to
revent accidents, injuries, and damage to equipment.
p t accidents, inj d damage to equip t
* Safety measures include proper insulation, grounding,
overcurrent protection, and equipment maintenance.
* Personal protective equipment (PPE) such as insulated
gloves, safety glasses, and protective clothing should be

worn when working with electrical systems.
Ground Fault Interrupter (GFI):

* Ground fault interrupters, also known as ground fault
circuit interrupters (GFCls), are devices designed to
protect against electric shock.

* They monitor the balance of current flowing through
the hot and neutral conductors and trip the circuit if

they detect a ground fault.
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* GFIs are commonly used in bathrooms, kitchens,
outdoor outlets, and other areas where moisture or

water may be present to prevent electrocution.

Understanding AC motors, waveforms, transformers, and
electrical safety measures is essential for ensuring the efficient
and safe operation of electrical systems. By familiarizing
oneself with these concepts, engineers, technicians, and
electricians can design, install, and maintain electrical systems
with confidence and effectiveness.

For further explanation: A video lecture following this

reading material provides additional insights and clarifications

@ One or more interactive elements has been
excluded from this version of the text. You
can view them online here:

https.:/lopenwa.pressbooks.pub/
nehakardami2/?p=417#o0embed-1
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23.

UNDERSTANDING
INDUCTION MOTORS:
THEORY, TYPES,
SPEED-TORQUE
CURVES, AND
APPLICATIONS

Induction motors play a main role in industrial applications,
powering everything from pumps and compressors to fans and
conveyors. This reading material aims to provide a
comprehensive overview of induction motors, including their
theory of operation, different types, speed-torque curves, and
applications.

Theory of Operation:

* Induction motors operate based on the principle of
electromagnetic induction, discovered by Michael
Faraday.

* When an alternating current (AC) is applied to the
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stator windings, a rotating magnetic field is produced,
which induces currents in the rotor windings.

* These induced currents generate a secondary magnetic
field in the rotor, which interacts with the rotating
magnetic field in the stator, producing torque and

causing the rotor to rotate.
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Figure 1: Induction Motor (“Induction-motor-3a-partial”
by user:ikaxeris licensed under CC  BY-SA 3.0. and
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“Induction-motor-2” by MikeRun is licensed under CC BY-
SA 4.0.)
Squirrel Cage Motors:

* Squirrel cage induction motors are the most common
type of induction motors used in industrial applications.

* They feature a rotor with short-circuited conductors
resembling a squirrel cage, hence the name.

* Squirrel cage motors are rugged, reliable, and cost-
effective, making them ideal for applications requiring

continuous operation and high torque at low speeds.

Speed-Torque Curves in Induction Motors

The speed-torque curve of an induction motor is a graphical
representation of the relationship between the motor’s speed
(on the x-axis) and the torque it produces (on the y-axis). This
curve is crucial for understanding the motor’s performance
under different load conditions and selecting the right motor

for a specific application.

Opens in a new
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=
window = circuitglobe.com
Figure 2: Speed Torque Curve of Induction Motor (Source:

https://circuitglobe.com/torque-speed-characteristic-of-an-

induction-motor.html#google_vignette)

Key Points on the Curve:

> Starting Torque (Locked-Rotor Torque): This
is the torque developed by the motor when it is
first started from rest (zero speed). It is typically
200% to 300% of the rated torque and is essential for
overcoming the inertia of the motor and the load it

is driving.

o Pull-Up Torque: As the motor accelerates, the
torque initially decreases until it reaches a minimum
point called the pull-up torque. This is the lowest
torque the motor can develop while still accelerating

to its full speed.

° Breakdown Torque: This is the maximum torque
the motor can develop before it stalls or overheats.
Operating the motor beyond this point can damage

the motor.

° Synchronous Speed: This is the theoretical speed
at which the motor’s rotor would rotate if it were

not experiencing any slip (difference between


https://circuitglobe.com/torque-speed-characteristic-of-an-induction-motor.html
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synchronous speed and rotor speed). A perfectly
frictionless motor would never reach synchronous

speed.

° Full-Load Torque and Speed: This is the torque
developed by the motor at its rated speed and
operating conditions. This is the point on the curve
where the motor is designed to operate most

efficiently.

Understanding the Curve:

The speed-torque curve helps us understand how an
induction motor’s speed changes in response to varying
load conditions. Here’s a breakdown of what happens

in different regions of the curve:

> Starting Region (0 to Pull-Up Torque): In this
region, the motor’s speed is low, and the torque is
high to overcome the starting inertia. The motor

current is also high during this period.

° Stable Operating Region (Pull-Up Torque to
Breakdown Torque): This is the normal operating
region for the motor. As the load on the motor
increases, the motor’s speed decreases slightly to
develop more torque, following the slope of the
curve. The motor current also increases with

increasing load.
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> Stalling Region (Beyond Breakdown Torque):
If the load on the motor becomes too high, the
motor will not be able to develop enough torque
to maintain its speed. The motor will slow down
further and eventually stall if the overload persists.
Operating the motor in this region can cause

overheating and damage to the motor.
Single-Phase Motors

* Single-phase induction motors are commonly used in
residential and light commercial applications where
three-phase power is not available.

* They operate on the same principle as three-phase
induction motors but require additional starting
mechanisms such as capacitors or shaded poles to

generate a rotating magnetic field.

Types of Single-Phase Motors: There are several
different types of single-phase motors besides split-
phase motors, each with its own advantages and

disadvantages. Here are a few common ones:

° Permanent Split Capacitor (PSC)
Motors: These motors have a capacitor in series
with the auxiliary winding that is always in the

circuit, even when the motor is running at full
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speed. This makes them simpler than split-phase
motors but less efficient. They are commonly used
in fans and blowers.

> Shaded-Pole Motors: These motors have a single
winding with a shaded portion on one side. The
shaded portion creates a weak rotating magnetic
field that is enough to start the motor. Shaded-pole
motors are inexpensive and have low starting
torque, making them suitable for small applications
like turntables and record players.

> Capacitor-Start Motors: These motors are
similar to split-phase motors but use a capacitor
only during startup. The capacitor is disconnected
from the circuit once the motor reaches full speed.
This provides higher starting torque than a split-
phase motor but with better running efficiency.
Capacitor-start motors are used in applications like

refrigerators and compressors.

Applications of Single-Phase Motors: In addition to
the ones you mentioned, single-phase motors are widely
used in many other appliances and equipment,

including:

° Laundry machines
o Dishwashers

> Power tools (drills, saws, etc.)
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> Garbage disposals
° Sum pumps

> HVAC equipment (blower motors)

Induction motors are versatile and reliable machines widely
used in industrial, commercial, and residential applications.
By understanding their theory of operation, different types,
speed-torque characteristics, and applications, engineers and
technicians can select, operate, and maintain induction motors
effectively to meet the diverse needs of modern industry.

For further detail, please visit this lecture below:

@ One or more interactive elements has been
excluded from this version of the text. You
can view them online here:

https.:/lopenwa.pressbooks.pub/
nehakardam12/?p=427#oembed-1
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SINGLE-PHASE,
SPLIT-PHASE,
TWO-CAPACITOR,
THREE-PHASE, AND AC
SERVOMOTORS

AC motors are the backbone of numerous electrical systems,
providing the motive force for a wide range of applications.
This reading material aims to provide a comprehensive
overview of various types of AC motors, including single-
phase induction motors, split-phase motors with capacitors,
two-capacitor induction motors, three-phase motors, and AC
servomotors, along with their torque-speed characteristics.

Single-Phase Induction Motors:

* Single-phase induction motors are commonly used in
household appliances, small machinery, and tools.

* They operate on a single-phase AC power supply and
typically feature a starting winding and a main winding.

* Single-phase motors require additional starting
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mechanisms such as capacitors or shaded poles to
generate a rotating magnetic field and achieve starting

tOI'qHC.

Split-Phase Motors with Capacitor and Centrifugal
Switch:

* Split-phase motors with capacitors are a type of single-
phase motor commonly used in applications where
moderate starting torque is required.

* These motors feature a centrifugal switch that
disconnects the starting winding once the motor reaches
a certain speed.

* Capacitors are used to create a phase shift between the
starting and main windings, enabling the motor to

produce sufficient starting torque.
‘Two-Capacitor Induction Motors:

* Two-capacitor induction motors are another type of
single-phase motor that utilizes two capacitors for
starting and running operations.

* They offer improved starting torque and efficiency
compared to split-phase motors with a single capacitor.

* Two-capacitor motors are suitable for applications such
as air conditioning units, pumps, and compressors

where high starting torque is required.
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Three-Phase Motors:

* Three-phase induction motors are widely used in
industrial and commercial applications due to their
efficiency, reliability, and robustness.

* They operate on a three-phase AC power supply and do
not require additional starting mechanisms.

* Three-phase motors offer higher power output,
smoother operation, and better speed control compared

to single-phase motors.
AC Servomotors:

* AC servomotors are precision motors used in
automation, robotics, CNC machines, and other high-
performance applications.

* They offer precise speed and position control, high
dynamic response, and low inertia.

* AC servomotors are typically operated in closed-loop
control systems, where feedback signals are used to

adjust motor speed and position.
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Stator

From the position of the rotor, 2
rotating magnetic field is created to
efficiently generate torque.

Encoder

The optical encoder ahways watches the number
Winding of rotations and the position of the shaft

Current flows in the winding to
create a rotating magnetic figld

Encoder Cable

Bearing
Ball Bearing
Motor Cable

Shaft

This part transmits the motor output pawer.
The load is driven through the transfer
mechanism (such as the coupling).

Rotor

A high-function rare earth or other
permanent magnet is positioned
extemally to the shaft

Figure 1: Construction of a Standard Servo Motor
https://www.orientalmotor.com/servo-motors/technology/
servo-motor-overview.html [6]

AC Servomotor Torque-Speed Curve:

* The torque-speed curve of an AC servomotor illustrates
the relationship between torque output and rotational
speed.

* AC servomotors typically exhibit a flat torque curve at
low speeds, indicating high torque capability even at low
speeds.

* Asspeed increases, the torque output decreases linearly,

allowing for precise control over a wide range of speeds.

Understanding the characteristics and applications of various
types of AC motors is essential for engineers, technicians, and
designers working with electrical systems. By familiarizing
themselves with single-phase, split-phase, two-capacitor, three-

phase, and AC servomotors, professionals can select, operate,


https://www.orientalmotor.com/servo-motors/technology/servo-motor-overview.html
https://www.orientalmotor.com/servo-motors/technology/servo-motor-overview.html
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and maintain motors effectively to meet the diverse needs of
modern industry and technology.

For further detail, please see the video lecture below:

@ One or more interactive elements has been
excluded from this version of the text. You
can view them online here:
https; nwa.pr ks.

nehakardam12/?p=432#oembed-1
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25,

UNDERSTANDING
SYNCHRONOUS
MOTORS, POWER
FACTOR CORRECTION,
AND AC MOTOR
CONTROL TECHNIQUES

Synchronous motors play an important role in various
industrial and commercial applications, providing precise
speed control and efficient operation. Additionally, power
factor correction techniques ensure optimal utilization of
electrical power, while advanced AC motor control methods
offer enhanced performance and flexibility. This reading
material delves into synchronous motors, power factor
correction, AC motor control techniques, and related topics.

Synchronous Motors:

* Theory of Operation: Synchronous motors operate on

the principle of synchronous rotation between the rotor
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and the rotating magnetic field produced by the stator.
Unlike induction motors, synchronous motors require
direct current (DC) excitation to maintain synchronism.

* Applications: Synchronous motors find applications in
various industries where precise speed control is
essential, such as industrial drives, synchronous
condensers for power factor correction, and
synchronous generators for power generation.

* Types: Different types of synchronous motors include
cylindrical rotor and salient pole designs, each suited for
specific applications based on factors like torque

requirements, speed range, and load characteristics.

Figure 1: Single phase low power synchronous clock motor

with removed cover (“File:Single phase low power

2

synchronous clock motor with removed cover.jpg’
by Temdor is licensed under CC BY-SA 4.0.)

Power Factor Correction:


https://commons.wikimedia.org/w/index.php?curid=65964737
https://commons.wikimedia.org/w/index.php?curid=65964737
https://commons.wikimedia.org/wiki/User:Temdor
https://creativecommons.org/licenses/by-sa/4.0/?ref=openverse
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* Power factor correction involves minimizing reactive
power consumption in electrical systems to improve
overall efficiency. It is achieved by adding capacitive or
inductive elements to the circuit to offset the effects of
reactive power.

* Capacitors are commonly used for power factor
correction, compensating for inductive loads and
improving the efficiency of electrical systems.

* By improving power factor, utilities can reduce losses in
transmission and distribution systems, leading to energy

savings and improved voltage stability.
Small Synchronous Motors:

* Small synchronous motors are compact electric
machines used in various applications, including clocks,
timers, and appliances.

* They operate on the same principle as larger
synchronous motors but are designed for low-power and
low-speed applications.

* Small synchronous motors offer precise speed control
and synchronous operation, making them suitable for

timing and synchronization tasks.
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EIFCTTE

Figure 2: Disassembled self-starting Synchronous motor

(Image source:https://commons.wikimedia.org/wiki/

File:Hammond_self_starting_synchronous_motor_disassem
bled.jpg)
AC Motor Control:

* Variable-Frequency Drives (VFDs): VFDs are
sophisticated motor control devices that regulate motor
speed by adjusting the frequency and voltage of the
applied AC power. They offer precise speed control,

energy savings, and protection features such as overload
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protection and soft starting.

* Soft Starters: Soft starters gradually ramp up the voltage
or current supplied to the motor during startup,
reducing mechanical stress and inrush current. They are
commonly used in applications where frequent starts
and stops are required, such as conveyor systems and
pumps.

* Flux Vector Control: This advanced control technique
allows for precise control over motor torque and speed
by manipulating both the voltage and frequency of the
applied power. It is often used in high-performance

applications such as robotics and machine tools.
Start-Stop Circuit for Single-Phase AC Motors:

* A start-stop circuit for single-phase AC motors allows
for manual control over motor operation, enabling users
to start and stop the motor as needed.

* The circuit typically includes a start button, a stop
button, a thermal overload relay for motor protection,

and auxiliary contacts for control signaling.
Reduced-Voltage Starting:
* Reduced-voltage starting systems are used to limit the

inrush current and mechanical stress during motor

startup.
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* Methods such as autotransformer starters, star-delta
starters, and soft starters gradually ramp up the voltage
or current supplied to the motor, reducing startup

current and torque.
Variable-Speed Control of AC Motors:

* Variable-speed control allows for precise adjustment of
motor speed to match process requirements and
optimize energy consumption.

* Techniques such as VFDs, flux vector control, and
sensorless vector control offer accurate speed regulation
and dynamic performance in AC motors.

* Variable-speed control is widely used in applications
such as pumps, fans, conveyors, and HVAC systems to

improve efficiency and productivity.

Understanding synchronous motors, power factor correction,
and advanced AC motor control techniques is essential for
optimizing the performance and efficiency of electrical
systems. By implementing synchronous motors, power factor
correction solutions, and advanced motor control methods,
engineers can achieve precise speed control, energy savings, and
improved reliability in a wide range of applications.

For further explanation: A video lecture following this

reading material provides additional insights and clarifications
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@ One or more interactive elements has been
excluded from this version of the text. You

can view them online here:

https.:/lopenwa.pressbooks.pub/
nehakardam12/?p=436#oembed-1
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20.

PART lll: AC MOTORS -
HARNESSING THE
FLOW - REVIEW
QUESTIONS

Hand holding magnifying glass among a lot of questions.

Finding answers to questions and solving problems

(PC: “Hand holding magnifying glass among a lot of

questions. Finding answers to questions and solving
problems” by wuestenigel is licensed under CC BY 2.0.)

Questions to review:

1. Multiple Choice: AC motors and DC motors are both
fundamental building blocks in automation. What is the key
difference in their power source? a) AC motors operate on a
constant voltage source, whereas DC motors require a varying
voltage. b) AC motors utilize a sinusoidal AC waveform, while
DC motors rely on a constant DC voltage. ¢) AC motors are
generally less efficient than DC motors. d) AC motors require
more complex control circuits compared to DC motors.

2. Short Answer: Explain the basic principle behind the


https://www.flickr.com/photos/30478819@N08/51598322415
https://www.flickr.com/photos/30478819@N08/51598322415
https://www.flickr.com/photos/30478819@N08/51598322415
https://www.flickr.com/photos/30478819@N08
https://creativecommons.org/licenses/by/2.0/?ref=openverse

188 | PART

QUESTIONS

I AC MOTORS - HARNESSING THE FLOW - REVIEW

operation of an AC induction motor. How does the rotating

magnetic field within the motor induce current flow in the

rotor?

3. Application Problem: A ventilation system in a

building requires an AC motor to efficiently power a large

exhaust fan. Considering the key functionalities, which AC

motor type (single-phase, split-phase, two-capacitor, three-

phase) would likely be the best choice for this application, and

why?

4. Challenge Question: Imagine you are designing an

electric car. How could AC motor control techniques, such as

variable frequency drives (VFDs), be beneficial for optimizing

vehicle performance?

5. True or False: Transformers can only be used to increase

the voltage of an AC power supply.

6. Open Ended: Discuss the advantages and disadvantages

of using single-phase AC motors compared to three-phase AC

motors for industrial automation applications.

7. Matching: Match the following AC motor types with

their corresponding applications:

i)

ii)

Single-phase induction motor
Three-phase induction motor
AC servo motor

Synchronous motor

Precise control of speed and position in

Powering industrial machinery requiring
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iii) Commonly used in household appliances

iv) Maintaining constant speed for generato

8. Design Challenge: You are tasked with designing a system
to control the speed of a conveyor belt driven by an AC motor.
Describe two different approaches to achieve this using AC
motor control techniques, and discuss the advantages and
disadvantages of each method.

9.  Think-Like-an-Engineer:  Electrical ~safety is
paramount when working with AC motors. Why is it
important to understand the concept of power factor in AC
motor applications, and how can power factor correction
techniques improve safety and efficiency?

10. Research and Report: Choose a specific application
of AC motors mentioned in the module (e.g., wind turbines,
high-speed trains) and research the additional control systems
used to ensure safety and optimize motor performance in that

application. Prepare a short report summarizing your findings.
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APPENDIX 1: GLOSSARY
OF TERMS: SENSORS
AND MEASUREMENT

This glossary provides definitions for key terms used in the
modules on Fundamentals of Sensors, Load Sensors and
Pressure Sensing Technologies, Temperature, Flow Control,
and Vision Sensors.

General Sensor Terms:

* Sensor: A device that detects and responds to a physical
stimulus or change in the environment by converting it
into a measurable electrical signal.

* Transducer: A broader term encompassing any device
that converts one form of energy into another (e.g.,
sensor, microphone, speaker).

* Measurand: The physical quantity a sensor is designed
to measure (e.g., temperature, pressure, distance).

* Resolution: The smallest detectable change in the
physical quantity a sensor can measure.

* Accuracy: The closeness of a sensor’s measurement to
the true value of the physical quantity being measured.

* Calibration: The process of adjusting a sensor to ensure
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its readings are accurate and consistent.
* Output Signal: The electrical signal generated by the
sensor in response to the measured stimulus. This can be

voltage, current, frequency, or digital data.
Load Sensor and Pressure Sensor Terms:

* Load Sensor: A sensor that measures the force or
weight applied to it.

* Pressure Sensor: A sensor that measures the pressure of
a gas or liquid.

* Strain Gauge: A device that converts mechanical strain
(deformation) into an electrical signal. Commonly used
in load sensors.

* Gauge Pressure: Pressure measured relative to
atmospheric pressure (reference pressure is 0).

* Absolute Pressure: Pressure measured relative to a
perfect vacuum (reference pressure is 0).

* Piezoelectric Sensor: A type of pressure sensor that
utilizes the piezoelectric effect to convert pressure into a
voltage signal.

* Bourdon Tube: A mechanical device used in some
pressure sensors that deflects proportionally to applied
pressure.

* Diaphragm Pressure Sensor: A type of pressure sensor

that uses a flexible diaphragm to measure pressure.
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Temperature Sensor Terms:

* Temperature Sensor: A sensor that measures
temperature.

* Thermocouple: A type of temperature sensor that
generates a voltage proportional to the temperature
difference between its two junctions.

* RTD (Resistance Temperature Detector): A type of
temperature sensor whose electrical resistance varies with
temperature.

* Thermistor: A type of temperature sensor whose
resistance changes significantly with temperature (more
than an RTD).

Flow Sensor Terms:

* Flow Sensor: A sensor that measures the rate of flow of
a fluid (liquid or gas) through a pipe or channel.

* Turbine Flow Sensor: A type of flow sensor that uses a
rotating turbine blade to measure flow rate.

* Positive Displacement Flow Sensor: A type of flow
sensor that measures flow rate by capturing a specific
volume of fluid with each cycle.

* Mass Flow Sensor: A flow sensor that measures the
mass flow rate of a fluid, taking into account both flow

rate and fluid density.
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Vision Sensor Terms:

* Vision Sensor: A sensor that captures and analyzes
visual data (images or videos) to extract information
about the environment.

¢ Camera: The core component of a vision sensor that
captures visual data.

* Image Processing: Techniques for analyzing and
manipulating digital images to extract relevant
information.

* Pixel: The smallest individual element in a digital image,
representing a single point of color or intensity.

* Resolution: The number of pixels in a digital image,
indicating the level of detail it can capture.

* Edge Detection: An image processing technique used
to identify boundaries between objects in an image.

* Thresholding: An image processing technique used to
convert a grayscale image into a binary image (black and

white).
Sensor Datasheets:

* You can find datasheets for commonly used sensors
online. Here are some resources to get you started:

> Digi-Key: https://www.digikey.com/ — Search for

specific sensor types (e.g., potentiometer, rotary
encoder, LVDT).


https://www.digikey.com/
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° Mouser Electronics: https://www.mouser.com/ —

Offers a vast library of sensor datasheets searchable

by category.
Additional Resources:

* OpenCV (Open Source Computer Vision Library):
https://opencv.org/ — A comprehensive library for real-
time computer vision applications. It includes various
image processing algorithms like edge detection and
thresholding.

* Machine Vision Inspection Systems:
https://epicsysinc.com/blog/what-are-automated-
vision-systems/ (article) — Explores how machine vision
systems utilize image processing techniques for

automated inspection tasks in manufacturing.


https://www.mouser.com/
https://opencv.org/
https://epicsysinc.com/blog/what-are-automated-vision-systems/
https://epicsysinc.com/blog/what-are-automated-vision-systems/
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APPENDIX 2: GLOSSARY
OF TERMS FOR MOTORS
AND SENSORS

This glossary provides definitions for key terms used in the
modules on DC Motors, Stepper Motors, AC Motors, and
Fundamentals of Sensors.

General Motor Terms:

* Motor: A device that converts electrical energy into
mechanical energy (rotation).

* Stator: The stationary part of a motor that typically
houses the electromagnets.

* Rotor: The rotating part of a motor that generates
torque.

* Shaft: The central axis of the rotor that transmits
rotational power.

* Torque: The twisting force generated by a motor,
measured in Newton-meters (Nm).

* Speed: The rotational rate of the motor shaft, typically
measured in revolutions per minute (RPM).

* Power: The rate at which the motor converts electrical

energy into mechanical work, measured in watts (W).



APPENDIX 2: GLOSSARY OF TERMS FOR MOTORS AND
SENSORS | 197

* Efficiency: The ratio of useful mechanical power

output to the electrical power input of the motor.
DC Motor Terms:

* Brushed DC Motor: A DC motor that uses brushes
and a commutator to achieve continuous rotation.

* Permanent Magnet DC Motor (PMDC Motor): A
DC motor that utilizes permanent magnets to generate
the magnetic field in the stator.

* Commutation: The process of switching the current
flow in the windings of a brushed DC motor to ensure
continuous rotation.

* SCR (Silicon Controlled Rectifier): A thyristor
device used for controlling power in DC motors
powered by AC source.

* H-Bridge: An electronic circuit that allows for bi-

directional control of a DC motor (forward and reverse).
Stepper Motor Terms:

* Stepper Motor: A type of DC motor that rotates in
discrete steps based on electrical pulses.

* Step Angle: The angular movement of the motor shaft
per step.

* Holding Torque: The torque that the stepper motor

can resist without losing position.
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* Microstepping: A technique that allows a stepper
motor to achieve finer positioning than its basic step
angle.

* Open-Loop Control: Controlling a stepper motor
without feedback on its actual position.

* Closed-Loop Control: Controlling a stepper motor
with feedback from an encoder to ensure accurate

positioning.
AC Motor Terms:

* AC Motor: A motor that operates on alternating
current (AC) power.

* Induction Motor: A type of AC motor where the
rotating magnetic field in the stator induces current flow
in the rotor.

* Single-Phase Induction Motor: An AC motor
powered by a single-phase AC supply.

* Three-Phase Induction Motor: A more powerful and
efficient AC motor powered by a three-phase AC supply.

* Synchronous Motor: An AC motor that maintains a
constant speed in synchronization with the frequency of
the AC power supply.

* Power Factor: The ratio of real power used by the
motor to the apparent power delivered by the AC
supply.

* Variable Frequency Drive (VFD): An electronic
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device that controls the speed of an AC motor by

varying the frequency of the AC power supply.
Sensor Terms:

* Sensor: A device that detects and responds to a physical
stimulus or change in the environment.

* Transducer: A broader term encompassing any device
that converts one form of energy into another (e.g.,
sensor, microphone, speaker).

* Resolution: The smallest detectable change in the
physical quantity a sensor can measure.

* Accuracy: The closeness of a sensor’s measurement to
the true value of the physical quantity being measured.

* Calibration: The process of adjusting a sensor to ensure
its readings are accurate and consistent.

* Proximity Sensor: A sensor that detects the presence or
absence of an object without physical contact.

* Encoder: A rotary sensor that converts shaft rotation

into electrical signals (e.g., digital pulses).
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