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1. LEARNING OBJECTIVES

Learning objectives are specific, measurable statements of what you hope to
accomplish or learn during your internship.

Each objective should be clear and concise.

Think about what you want to gain from this internship experience.

Setting goals and learning objectives provides a means for evaluation of your

experience.

Writing the learning objectives is a collaborative effort between you and your

faculty advisor.

Each learning objective should be specific, realistic, measurable and have a
completion date within the time frame of the internship.

A measurable learning objective is a clear statement of what and how you are
planning to accomplish your goals.

There are three types of learning objectives: Academic, Professional and personal.




2. COMPANY PROFILE

At inYantra, we provide complete end-to-end PCB Assemblies & Box-Build Integration and
Cable / Wire harness solutions to our esteemed customers. PCB assembly and Cable / Wire
Harness assembly are our core competency. and we are well equipped with the latest
technology and machinery to meet our current and future customers’ increasing demands.
inYantra focuses on High Mix (low to medium volume production), combined with benefits to
the customer in professional industrial electronics. We are well equipped to manufacture both
RoHS and Non-RoHS compliant products. inYantra has also developed its competency in
giving complete solutions to the clients, right from Concept to Prototyping, Sampling and
Production.

inYantra’s expertise includes manufacturing of Automotive, Power Electronics, Military,
Consumer, Medical, Gaming, Alternative Energy and many other key areas of industrial
applications.



https://inyantra.com/pcb-assembly/
https://inyantra.com/box-built-assemblies/

3. ABOUT COMPANY

inYantra is an 1SO 9001:2015 & TS 16949:2009 certified Electronics Manufacturing Services
(EMS) company with Sonoma Management Partner (SMP) as the holding company. We were
established in 2002 and are located in Pune, India. We at InYantra believe in providing end-to-
end solution in the manufacturing of PCB Assemblies and Box- Building integration. PCB
assembly is our core competence and we are equipped with the latest technology machinery to
meet the increasing demands of our current and future customers. We focus on high mix, low
to medium volume production, combined with benefits to the customer in the area of
professional industrial electronics. We have set up to manufacture both RoHS and Non-RoHS
compliant products and have developed strengths in giving entire solution to the clients — from
Concept to Prototyping to Sampling to Production. inYantra’s expertise includes Automotive,
Power Electronics, military, consumer, medical, gaming, Alternative Energy and many other
key areas of industrial applications.

InYantra’s state-of-the-art production, testing facilities and modern infrastructure, including an
exclusive line for green manufacturing, make it one of India’s leading EMS companies. It also
has the expertise and capability to manufacture an extensive range of SMD & THD boards with
3D - X-Ray and the latest the latest packaging of QFPs, Multiple BGAs, LGAS/QFNSs,
MBGAs, Fine Chip ICs, 0402/ 0201/ 01005 chips, Wire/Chip Bonding and provide new
product development service from NPI to volume manufacture on Print to Build basis.

Address: InYantra Technologies Pvt.Ltd.
At Shinde wadi Post Shirwal,
Tal.Khandala, Dist.Satara 412801

CIN — U72900PN2002PTC017168.
Maharashtra (India).

Call us at - +91 9511903752

Email - info@inyantra.com
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4. COMPANY ACTIVITIES

ISO 9001:2015 Consulting Services in India helps companies to eliminate the training
investment on the new employees. Just one of the best practices with which you can

save time and cost.
ISO 9001 Certification in India helps companies to continually improve and satisfy

your customers with which you can directly increase the profit margin.
Third Party Inspection




5. INTRODUCTION

5.1 PCB Assembly Services Provider in India.

inYantra is a leading EDMS Company, very well recognised as a PCB Assembly services
provider in India. We provide complete Electronics Services ranging from Printed Circuit
Assembly to Complete System Integration and Box Build. We ensure that our customers
objectives are met through our trusted-on time delivery and quality Manufacturing Services or
Products.

We specialize in quick-turn around services for highly complex and advanced PCB assembly
and systems manufacturing for meeting dynamic business needs.

Our highly skilled & competent engineering and manufacturing team are well versed with latest
technology and process to help our customers with complete solutions for all kinds of PCB
assembly requirements.

5.2 Box Build Assemblies

InYantra provides an end-to-end manufacturing service that extends well beyond PCB
assembly. We are providing integrated manufacturing services to deliver a complete product
to our customer We have a highly skilled team with a state-of-the-art manufacturing setup that
ensures every system built meets the highest standards of workmanship, quality, and reliability.

A Vendor Development

A Product Life Cycle Management

Ain-house Manufacturing of PCBA's

A Functional Testing

A Heat-run Tosts

A Drop-shipping and cogist Support throughout India (operational & environmental)
Packaging & Labelling

5.2 Cable/Wire Harness Assembly

InYantra provides cable assembly and wire harness to a wide range of industries which are
installed in a variety of end use applications. Following the IPC/WHMA-A-620 workmanship
standards, our facility has the capability to manufacture power and signal cable assemblies to
your specification.

Single core wires and multi core cables

Automated wire processing including cut, strip, crimp and tinning processes

Crimp force monitoring as standard

100% electrical test

IPC/WHMA-A-620 standards

DFM assistance

Global sourcing for AVL and alternative components

Vertical integration opportunities for utilising group manufacturing capabilities in raw
cable.




6. WEEKLY OVERVIEW OF INTERNSHIP ACTIVITIECS

DATE

DAY

NAME OF THE TOPIC/MODULE COMPLETED

13/2/23

MONDAY

Introduction of PCB

14/2/23

TUESDAY

PCB Assembly

15/2/23

WEDNESDAY

PCB Soldering

16/2/23

THURSDAY

IQC Testing

17/2/23

FRIDAY

UPS Fitting

18/2/23

SATURDAY

Dispatch & Packing

DATE

DAY

NAME OF THE TOPIC/MODULE COMPLETED

20/2/23

MONDAY

Wire Harness

21/2/23

TUESDAY

PCB Assembly

2212123

WEDNESDAY

PCB Soldering

23/2/23

THURSDAY

IQC Testing

24/2/23

FRIDAY

UPS Fitting

25/2/23

SATURDAY

Dispatch & Packing




DATE

DAY

NAME OF THE TOPIC/MODULE COMPLETED

27/2/23

MONDAY

Wire Harness

28/2/23

TUESDAY

PCB Assembly

1/3/23

WEDNESDAY

PCB Soldering

2/3/23

THURSDAY

IQC Testing

3/3/23

FRIDAY

UPS Fitting

4/3/23

SATURDAY

Dispatch & Packing

DATE

DAY

NAME OF THE TOPIC/MODULE COMPLETED

6/3/23

MONDAY

Wire Harness

8/3/23

WEDNESDAY

PCB Assembly

9/3/23

THURSDAY

PCB Soldering

10/3/23

FRIDAY

IQC Testing

11/3/23

SATURDAY

UPS Fitting

13/3/23

MONDAY

Dispatch & Packing




7. OBJECTIVE OF PCB TESTING

A PCB is made up of different elements, each of which affects the overall performance of
then electronic circuit. The minimum set of tests to be performed should include the following
checks:

Electrical conductivity, including measurement of leakage currents;

Mechanical resistance;

Welds quality;

Cleanliness (weather resistance, including humidity and corrosion);

Lamination, which tests the laminate’s resistance to peeling by force or application of
heat;

Copper plating, tested with tensile strength and analyzing the resulting elongation;
Environmental test, especially for PCBs which operate in humid environments;
Component polarity, orientation, alignment, and placement.

Fig.7.1 PCB Testing




8.SCOPE OF STUDY

PCB board testing aims to rate its yield and quality, and make sure the design was not
damaged during

assembly. These PCB checks are usually run on prototypes or small batches. They
examine boards for

probable electrical short circuits, imperfect solder joints, and test their functionality.




9. METHODOLOGICAL DETAILS FOR PCB TESTING

Several PCB testing methods are available, and no single one will catch every
problem or meet the requirements of every designer. Each testing method should be considered
closely to determine if it meets the specific needs of your manufacturing environment. Some
factors to consider include the type of product you’re testing, the problems you’re testing for
and the reliability of the test method. To give you an overview of the testing methods
available, we’ve summarized the main qualities of four popular types of PCB testing
methods below:

In-Circuit Test (ICT):-In-circuit testing is a popular PCB testing method that many PCB
manufacturers prefer to employ, and it can find 98% of faults. This testing method uses
special PCB testing steps and equipment, including:

Functional Circuit Test:-A functional circuit test is exactly what it sounds like — it tests
the

function of the circuit. This type of testing always comes at the end of the manufacturing

plan, using a functional tester to check whether a finished PCB performs to
specifications.

3. Electrical PCB Testing During Manufacturing:-Electrical testing is also performed
during

manufacturing to check for any faults, impedance deviations, or conductive residues
from

soldering:

Continuity test: This measurement checks for opens and shorts with DC current in a
bare board.

5.In-circuit testing: This test also measures for the presence of opens and shorts, as well
as specific voltage/current values on test points.




10. BENEFITS OF PCB TESTING

Many companies see PCB testing as an absolute must due to the many advantages
it providesthem. Check out some of the following top advantages of PCB testing:

e Bug identification: The primary benefit of PCB testing is that it helps identify
problems in PCBs. Whether the issue lies in functionality, manufacturability or
elsewhere, PCB tests identify issuesin a PCB design and layout so that designers
can adjust accordingly.

Time savings: PCB testing in the early stages can help save time in the long
run, allowing designers to identify major issues during the prototyping

stage.

Cost reduction: PCB testing prevents wasteful production of faulty products by using
prototypes and small-scale assemblies to test the products.. This step helps to
significantly reduce production costs.

Increased safety: Since PCBs are often used in essential electronic technologies, their
failure cancause major issues for a company’s productivity or an organization’s
ability to perform essentialservices. A defective PCB could cause a fire, potentially
putting those near it in danger. Testing prior to manufacturing can also ensure
machines and workers aren’t damaged or injured due toan improper design during
production.

While thorough testing isn’t necessary for all types of PCBs, especially matured products
well into their product life cycle, the majority of new PCB designs need robust and frequent
testing of thedesign process. By establishing an appropriate PCB testing procedure for your
organization’s needs, you can experience the benefits of PCB testing.



https://www.mclpcb.com/blog/pcb-layout-considerations/
https://www.mclpcb.com/blog/benefits-of-prototyping-pcbs/
https://www.mclpcb.com/blog/benefits-of-prototyping-pcbs/

11. CONCLUSION

Regardless of which method is chosen, PCB testing represents a fundamental step in
the electronic design process, able to save a lot of time and money, identifying possible
defects affecting the circuit before it reaches final production. In general, an appropriate
combination of the inspection and test methods mentioned above is able to detect all possible
defects, with variable costs depending on the specific application and complexity of the circuit
under test.
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ABSTRACT

Machine induction motors are one of the most widely used motors in industrial and commercial
applications. However, they are also prone to a variety of faults. such as bearing failure, winding
failure. and stator failure. These faults can lead to downtime, costly repairs, and even safety
hazards. Early detection and diagnosis of machine induction motor faults is essential to preventing
these problems. However, traditional fault detection methods are often expensive, time-consuming,
and require specialized expertise.

loT-based machine induction motor fault detection systems offer a more efficient and cost-effective
solution. These systems use sensors to collect data on the motor's operating parameters, such as
vibration, current, and temperature. The data is then transmitted to a cloud server using an loT
platform, such as Blynk.The cloud server uses machine learning algorithms to analyze the data and
detect any abnormalities. If an abnormality is detected, the system can send an alert to the user via
the Blynk app.

loT-based motor fault detection systems are a promising new technology that has the potential to
revolutionize the way that we maintain and operate electric motors. By using a combination of
sensors, microcontrollers, and machine learning algorithms, these systems can continuously
monitor motors for faults in real time and detect a wide range of faults. loT-based motor fault

detection systems can also be used to predict faults before they occur, which can help to prevent

downtime and costly repairs.
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LOT-BASED INDUCTION MOTOR FAULT DETECTION SYSTEM (2023-24)
m

1. INTRODUCTION

1.1 Overview:

Machine induction motors are one of the most w idely used motors in industrial and
commercial applications. However. they are also prone to a variety of faults, such as bearing failure.
winding failure. and stator failure. These faults can lead to downtime, costly repairs, and even
safety hazards. Early detection and diagnosis of machine induction motor faults is essential to
preventing these problems. However, traditional fault detection methods are often expensive, time-
consuming, and require specialized expertise. Ot-based machine induction motor fault detection
systems offer a more efficient and cost-effective solution. These systems use sensors to collect data
on the motor's operating parameters, suchr as vibration, current, and temperature. The data is then
transmitted to a cloud server using an oT platform, such as Blynk. The cloud server uses machine
learning algorithms to analyse the data and detect any abnormalities. If an abnormality is detected,

the system can send an alert to the user via the Blynk app.

1.2 Problem Statement

e Induction motors are the workhorses of industry, powering countless applications from
machinery in factories to pumps in water treatment plants. Despite their robustness,
induction motors are susceptible to various faults that can significantly impact operations.
Traditional methods for induction motor fault detection, such as periodic vibration analysis
or visual inspections, are often time-consuming, labour-intensive, and may not provide
early enough warning of impending problems.

e This project aims to address these challenges by developing a low-cost, user-friendly, and
efficient system for induction motor health monitoring and fault prevention using the
Internet of Things (1oT) technology. By c¢ontinuously monitoring key health parameters of
the motor and employing intelligent algorithms for anomaly detection, the system can

provide early warnings of potential faults, enabling proactive maintenance and preventing

costly downtime.

B e )
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1.3 Objective

The objectives of the loT-based machine induction motor fault detection system using ESP32 are

as follows:

* To develop a low-cost and easy-to-implement system for detecting faults in machine
induction motors. To use the ESP32 microcontroller to collect data from sensors and
transmit it to a cloud server. To use machine learning algorithms to analyze the data and
detect abnormalities. To send alerts to the user via the Blynk app in case of abnormalities.
To improve the efficiency, reliability, and safety of machine induction motors. Specific
objectives of the project include.

» To design and implement a hardware circuit that connects the ESP32 microcontroller to the
vibration sensor, current sensor, témperature sensor, and IR sensor. To develop firmware
for the ESP32 microcontroller to read the data from the sensors and transmit it to the cloud
server using the Blynk app. To develop a machine learning model to analyze the sensor
data and detect abnormalities. To develop a Blynk app to display the sensor data and send

alerts to the user in case of abnormalities,

/Pugcl

NESGOL, PUNE
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Computer Engineering | categorizes faults into machine
2. | Techniques for Better
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Motor Fault

Detection.

Estonia Viadimir
Department of Industrial

Engineering.

o
Viktor
RjabtsikovDepartmentof | The principle of Digital Twin
Digital Twin Electrical Power (DT) is to create a connection
Seivice Uit Engineering and between a physical asset and its
Development Mechatronics, Tallinn | corresponding virtual twin estab-
3 - University of lished by generating real-time Very
tductisn Technology, Tallinn, data using sensors. DT can be good

used for real-time condition
monitoring, fault detection, opti-
mization, prognosis, and lifetime

prediction.
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3. METHODOLOGY

T'he following is a proposed methodology for developing an loT-based machine induction motor
fault detection system using ESP32:

1. Hardware Design

The first step is to design the hardware circuit that will connect the ESP32 microcontroller to the
vibration sensor, current sensor, temperature sensor, and IR sensor. The circuit should be designed

to ensure that the sensors are properly powered and that the signals from the sensors are properly

conditioned before being fed to the ESP32 microcontroller.

2. Firmware Development

Once the hardware circuit is designed, the next step is to develop firmware for the ESP32
microcontroller. The firmware should be responsible for reading the data from the sensors,

processing the data, and transmitting it to the cloud server using the Blynk app.
3. Machine Learning Model Development

Once the firmware is developed, the next step is to develop a machine learning model to analyze
the sensor data and detect abnormalities. The machine learning model can be trained using a dataset

of sensor data collected from known faulty and non-faulty machine induction motors.
4. Blynk App Development

Once the machine learning model is developed, the next step is to develop a Blynk app to display
the sensor data and send alerts to the user in case of abnormalities. The Blynk app can be developed

using the Blynk loT platform.
5. Integration and Testing

Once the hardware circuit, firmware, machine learning model, and Blynk app are developed, the
next step is to integrate them and test the system. The system should be tested using a variety of
scenarios Lo ensure that it is able to accurately detect faults in machine induction motors.

N P
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6. Deployment

Once the system is tested and validated. it can be deployed in real-world environments. The system

can be deployed on a machine induction motor and monitored using the Blynk app.

m
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4. BLOCK DIAGRAM AND DESCRIPTION

Fig 4.1 Block Diagram of Induction DC/AC Motor Fault Detection

4.1 Description of Block Diagram

4.1.1 Esp 32

The ESP32 is a low-cost, low-power system on a chip (SoC) series with Wi-Fi and dual-mode
Bluetooth capabilities, developed by Espresso Systems. It is widely used in [oT (Internet of Things)
projects and other applications requiring connectivity due to its rich set of features and flexibility.

Here are some key Chac eristics of the ESP32:

Wi-Fi and Bluetooth: The ESP32 supports 2.4 GHz Wi-Fi (802.11 b/g/n) and dual-mode Bluetooth

(Classic and BLE), making it versatile for various wireless communication applications.

Processing Power: It features a dual-core Xtensa X6 microprocessor, with clock speeds up to 240

MHz's Some variants come with a single-core processor.

Memory: The ESP32 includes 520 KB of SRAM and typically has around 4 MB of flash memory.

Variants with different amounts of flash memory are available.

e ————————
NESGOL, PUNE Page2



—

e

JOT-BASED INDUCTION MOTOR FAULT DETECTION SYSTEM [2023-24]

GPIO Pins: It has a large number of GPIO (General Purpose Input/Output) pins. which can be
configured for various functions such as ADC (Analog to Digital Converter). DAC (Digital to

Analog Converter), PWM (Pulse Width Modulation), 12C. SP1. UART, and more.

power Management: The ESP32 is designed for low power consumption. with several power-

saving modes, making it suitable for battery-operated devices.

Security: It includes various security features such as secure boot, flash encryption. and

cryptographic hardware acceleration.

Development Environment: It is supported by the Arduino IDE, Espresso’s own ESP-IDF (loT
Development Framework), and other environments, making it accessible for both beginners and

advanced users.

Wide Range of Applications: Due to its featureé, the ESP32 is used in a variety of applications

including home automation, industrial automation, health monitoring, smart agriculture, and more.

The ESP32's combination of connectivity, processing power, and flexibility has made it a popular

choice for developers and hobbyists alike looking to build connected devices.
4.1.2 Vibration Sensor

A vibration sensor is used to measure the amount of vibration in a machine. This can be used to
detect faults such as bearing wear, shaft misalignment, and unbalanced rotors. Vibration Sensors
are vibration monitoring equipment used widely by plant maintenance teams to find insight regard-
ing equipment or piping performance. Using vibration sensors and studying the data from these
devices, engineers can predict possibilities of equipment failure and they can safeguard major
equipment from breakdown by taking proper action. A vibration sensor is a device used to measure
mechanical vibrations and oscillations. It can detect the presence, magnitude, direction or fre-
quency of movement caused by various sources such as shocks, machinery operation faults and
environmental conditions including wind gusts and earthquakes. Vibration sensors are typically
accelerometers that feature piezoelectric crystals which convert kinetic energy into electrical sig-

nals when subjected to acceleration forces in any axis.

#
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1l

Ihey help industries with predictive maintenance programs enabling them to identify problems

carly on before they become major issues requiring expensive repairs down the line. By tracking

changes oceurring over time through continuous monitoring it helps maintain optimal production
ciated

performance levels for long-term sustainability goals while reducing operational costs asso

with disruptive downtime events due to unexpected components failures or improper alignment
issues causing machine imbalance behaviour patterns at critical points in product assembly lines
processes across different industrial sectors from manufacturing facilities all the way up to alter-
native macroeconomic landscapes like oil refineries itself operating offshore platforms million

miles away out there surrounded by boundless deep sea waters depths.

Depending on the application requirement, the sensitivity of these vibration sensors may vary, the
usual range is from 10 mV/g to 100 mV/g. Vibration sensors consist of a crystal of piezoelectric
material to which is attached a seismic mass. When the crystal is stressed, an electric signal is
produced which is measured as output data. Vibration sensing technology helps protect sensitive
equipment from catastrophic damage caused by vibrations outside the recommended range. Sen-
sors can even be used to monitor health or vibration levels in industrial processes and machines
that involve moving parts such as pumps, engine$, motors and more. Vibration sensors are devices

that detect vibration, shock, and sound. They can be used in machinery to detect problems before

they happen.

4.1.3 Current Sensor

A current sensor is used to measure the amount of current flowing through a circuit. This can be

used to detect faults such as short circuits, overloads, and motor stalls. Current sensors are vital

components in various electrical and electronic systems, enabling the monitoring and management
of electrical currents flowing through circuits. They are indispensable in diverse applications, from
simple power supply units to complex industrial machinery and advanced electric vehicles. A

current sensor is a device that detects electric current in a wire and generates a signal proportional

to that current, The generated signal could be analog voltage or current or a digital output. The

generated signal can be then used to display the measured current in an ammeter, or can be stored

for further analysis in a data acquisition system, or can be used for the purpose of control.

The sensed current and the output signal can be:

NESGOI, PUNE Page 9
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* Alternating current input - Analog output, which duplicates the wa
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Binol ; _ shape of the sensed current.
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Direct current i —Uni = i
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4.1.4 Temperature Sensor

A temperature sensor is used to measure the temperature of a machine. this can be used to detect faults such
as overheating bearings, windings, and oil. a temperature sensor is a device, typically, a thermocouple or
resistance temperature detector, that provides temperature measurement in a readable form through an
electrical signal. a thermometer is the most basic form of a temperature meter that is used to measure the
degree of hotness and coolness. temperature sensors find applications in various sectors. some prominent
examples include: industrial processes: temperature monitoring is essential in various industries like
chemical, petrochemical, and food processing. here, sensors like thermocouples are widely used. a
temperature sensor is a device, typically, a thermocouple or resistance temperature detector, that provides
temperature measurement in a readable form through an electrical signal. Temperature sensors are simple

devices that sense the degree of cold or heat and transform it into a simple unit. But, do you ever
think about how the temperature of the soil, land boreholes, great concrete dams, or houses is
detected? Well, this is done by using some of the particular temperature sensors. Visit here to see

what is a temperature sensor clearly. We :employ them in various applications in our daily lives,

such as domestic water heaters, refrigcrators,'microv'vaves, or in the form of thermometers.

Generally, they have a wide range of usages, and the geotechnical controlling area is one of them.

They are utilized in this field to control the cond

ations in them according to seasonal changes.
1

ition of concrete structures, bridges on soil or

water, etc., for structural vari

4.1.5 IR Sensor

An IR sensor is used to measure the speed of a rotating object. This can be used to detect faults

motor overload, and motor underlo
ct of the surroundings. An IR sensor can measure the heat

, . ad. IR sensor is an electronic device. that
such as belt slippage,

emits the light in order to sense some obje . ‘
ects the motion Usually, in the infrared spectrum, all the objects radiate

of an object as well as det
Page 10
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some form of thermal radiati - .
some radiation. These types of radiations are invisible to our eyes, but infrared sensor

an detect these radiati i :
can detect adiations. An infrared sensor includes two parts namely the emitter & the receiver

(transmitter & receiver), so this is jointly called an optocoupler or a photo-coupler. Here, IR LED
is used as an emitter whereas the IR photodiode is used as a receiver. The photodiode used in this
is very sensitive to the infrared light generated through an infrared LED. The sensor output can be
decided by the IR receiver depending on the intensity of the response. Infrared sensors are

classified into two types like active IR sensor and passive IR sensor. This active infrared sensor

includes both the transmitter as well as the receiver. In most of the applications,

the light-emitting
diode is used as a source.

1

There are two types of IR sensors are available and they are -

o Active Infrared Sensor —Active infrared sensors consist of two elements: infrared source
and infrared detector. Infrared sources include the LED or infrared laser diode. Infrared de-
tectors include photodiodes or phototransistors. The energy emitted by the infrared source is

reflected by an object and falls on the infrared detector.

o Passive Infrared Sensor —Passive infrared sensors are basically Infrared detectors. Passive
infrared sensors do not use any infrared source and detector. They are of two types: quantum
and thermal. Thermal infrared sensors use infrared energy as the source of heat. Thermocou-
ples. pyroelectric detectors and bolometers are the common types of thermal infrared detec-
tors. Quantum type infrared sensors offer higher detection performance. It is faster than ther-
mal type infrared detectors. The photo sensitivity of quantum type detectors is wavelength

dependent.
4.1.6 Voltage Regulator

Voltage Regulator Specifications -

« Input voltage range: The range of voltages that the voltage regulator can accept as input.
+  Output voltage: The voltage that the voltage regulator produces as output.

 Current rating: The maximum current that the voltage regulator can deliver.

fp“
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Jropout voltage: The mini .
» Dropoutvoltage: The minimum voltage difference between the input voltage and the output
voltage th

atis required for the voltage regulator to operate properly.
o |

.oad regulation: The amount of change in the output voltage when the load current
changes.

Line regulation: The amount of change in the output voltage when the input voltage
changes.

Temperature coefficient: The amount of change in the output voltage per degree Celsius
change in temperature.

4.1.7 Buzzer

A buzzer or beeper is an audio signalling device, which may be mechanical, electromechanical,
or piezoelectric (piezo for short). Typical uses of buzzers and beepers include alarm devices, tim-
ers, train and confirmation of user input such as a mouse click or keystroke. The pin configuration of the
buzzer is shown below. It includes two pins namely positive and negative. The positive terminal of this is
represented with the *+* symbol or a longer terminal. This terminal is powered through 6Volts whereas the
negative terminal is represented with the ‘- ‘symbol or short terminal and it is connected to the GND termi-
nal. The working principle of a buzzer depends on the theory that, once the voltage is given across a piezo-
electric material, then a pressure difference is produced. A piezo type includes piezo crystals among two
conductors. Once a potential disparity is given across these crystals, then they thrust one conductor & drag

the additional conductor through their internal property. So, this continuous action will produce a sharp
sound signal,

Types of Buzzers —

A buzzer is available in different types which include the following.

¢ Piezoelectric

¢ Electromagnetic

¢ Mechanical

¢ Electromechanical

* Magnetic

NESGOI. PUNE Page 12
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A buzzer 1s an efficient component to include the features of sound in our system or project. It is

an extremely small & solid two-pin device thys it can be simply utilized on breadboard or PCB. So

in most applications. this component is widely used

4.1.8 DC Motor

An electric motor is an electrical machine that converts electrical energy into mechanical energy.
Most electric motors operate through the interaction between the motor's magnetic
field and electric current in a wire winding to generate force in the form of torque applied on the
motor's shaft. An electric generator is mechanically identical to an electric motor, but operates in
reverse, converting mechanical energy into electrical energy. It is based on electromagnetic
induction, where a conductor carrying current (normally a coil of wire) placed in a magnetic field
experiences force to rotate. This rotation is used té perform mechanical work. A DC motor or direct
current motor is an electrical machine that transforms electrical energy into mechanical energy by
creating a magnetic field that is powered by direct current. When a DC motor is powered. a
magnetic field is created in its stator. The field attracts and repels magnets on the rotor; this causes

the rotor to rotate. To keep the rotor continually rotating, the commutator that is attached to brushes

connected to the power source supply current to the motors wire windings.

The magnetic field in a brush DC motor is produced by cufrent sent through a commutator and
brush that are connected to the rotor. Brushes ar¢ made of carbon and can be separately excited or
self-excited. The stator is the enclosure that contains the components of the motor and contains the
magnetic field. The winding of the coil on the rotor can be in a series or parallel to form either a
series-wound DC motor or shunt wound DC meotor. The commutator is an electrical switch that
reverses the current between the rotor and the external power source. It is a method of applying
electrical current to the windings and produces a steady rotating torque by reversing the current
direction. The sections of the commutator are attached to the windings on the rotor through a set

of contact bars that are set in the shaft of the motor.

4.1.9 Power Supply (SMPS)

A switched-mode power supply (SMPS) is 12V and 2Amp are used in this project. also called

switching-mode power supply, switch-mode power supply, switched power supply, or simply

NESGOI, PUNE Page 13
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«witcher. is an electronic powe

rsupply that j , S

it SMPR frsnsh INcorporates a switching regulator to convert electrical
ver .. s nsio

po* "l power AC to DC Source. A switching regulator is integrated

- 1o an electronic .
into an electronic power supply called a switch mode power supply (SMPS), which is sometimes

. verts electrical power. An SMPS, like other kinds of
power supplies. converts current and voltage characteristics while transferring power from an
AC or DC source (often mains power: see AC adapter) into DC loads, like a personal computer.
Switched-mode energy sources can also be significantly lighter and more compact than linear
power supplies since their transformers can be considerably smaller. This is due to the fact that,
in contrast with the 50 to 60 Hz mains frequency, it works at a high rate of switching that extends
from a few kHz to several MHz the power supply architecture and the need for EMI
(electromagnetic interference) suppression in commercial systems lead to a typically
significantly higher component count and accompanying circuit complexity despite the smaller
transformer. Switching regulators are employed in SMPS devices to maintain & regulate the output
voltage by turning on or off the load current. The mean value between on and off is the appropriate
power output for a system. The SMPS reduces depletion strength because, in contrast to the linear
power supply, it carries transistor switches between low dissipation, full-on as well as full-off

phases and spends significantly fewer seconds in high dissipation cycles.

AC-DC Converter SMPS Working — i

The input supply in this sort of SMPS is AC, and the output is DC. This AC power is converted to

DC using rectifiers and filters. This erratic DC voltage is applied to the impacted circuits for power

factor correction. This is due to a low current p'uise that occurs near the voltage peak inside the

rectifier. ;

Page 14

NESGOI, PUNE



CHAPTER 05

CIRCUIT DIAGRAM




WCTION MOTOR FAU
|u|!i\~.ll)|\lttll< 1OTOR FAULT Dy 2l

— .
| —

| |

| ird !

Du o
1
\
—
- |
¢
i ® |
[ |
r |
} |
)
. 1
\ | 1
l 9
| =
| i
| - 1
p— | .
|
] 1 1 1
| !
[ |
13 [ . I’
1
!
|
.
| '
|
1
1
) 1
| |
T
| !
| 1
]
L
| . &l
13 | 1
. 1
|
|
bl
-
. | B —
| T T W S

m

NESGOI, PUNE



ST AT T e T

T

FBASEDINDUCTION MOTOR FAULT ppyscr,
o — | ON SYS 1M
ey TS5 1TEM

Fig 5.1 Circuit Diagram of Induction DC/AC Motor Fault Detection
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5.1 Working of Circuit Diagram

5.1.1 Vibration Sensor connecteq to the E§p32

vibration Sensor Connection - The vibration sensor is attached

T securely to the motor to capture
accurate vibration data.

The vibration sensor module has three pins: VCC, GN D. and DO (Digital Output).
« VCC: Connect to the 3.3V power supply.

« GND: Connect to the common ground.

DO: Connect to a GPIO D35 pin-of the ESP32. This pin will output a high signal when
vibration is detected.

Vcc

DO

» GPIO GND
GND

Esp 32
Vibration *
Sensor

Fig 5.1.1 Vibration Sensor connected to the Esp32

» Connect the 3.3V pin on the ESP32 to the VCC pin no.13 on the vibration sensor.
« Connect the GND pin on the ESP32 to the GND pin no.2 on the vibration sensor.
« VCC (Red Wire): Connect to the 3.3V pin no.2 of the ESP32.

«  GND (Black Wire): Connect to the GND-pin no.13 of the ESP32.

+ DO (Green Wire): Connect to a GPIO D35 pin on the ESP32.
|

5.1.2 Current Sensor connected to the Esp32

!
Current Sensor Connection - The output of the current sensor should be connected to one of the

analog input pins D32 of the ESP32.

*  The current sensor module has three pins: VCC, GND, and DO (Digital Output).

NESGOI, PUNE Fage 16
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« VCC:Connect 1o the 33V Power supply
« GND: Connect to the commop ground

« DO: Conne

ctto a GP] b o ;
| - O D32 P of the ESP32. This pin will output a high signal when
Current 1s detected.

Connect the GND pPIn on the ESP32 to the GND pln no.3 on the current sensor.

VvcCc

DO |———» p32

GND

Esp 32
Current

Sensor

Fig 5.1.2 Current Sensor connected to the Esp32

« Connect the GND pin on the ESP32 to the GND pin no.3 on the current sensor.
» Ac load is connected to the power supply of plug nos.

» Ac Source are connected to the DC Motor.

¢ VCC (Red Wire): Connect to the 3.3V pin no.12 of the ESP32.

« GND (Black Wire): Connect to the GND pin no.3 of the ESP32.

» DO (Green Wire): Connect to a GPIO D32 pin on the ESP32.

5.1.3 Temperature Sensor connected to the .Esp32

[t

Temperature Sensor Connection-

* The Temperature sensor module has three pins: VCC, GND, and DO (Digital Output).
«  VCC: Connect to the 3.3V power supply.

«  GND: Connect to the common ground.

o
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» DO: Connect to a GPIO GNp pin of

the ESP32 . This pin wi T
Femperature is detected, his pin will output a high signal when

—_—
VCC

DO
| GPIO GND
GND

Ternperatur. Esp 32
Sensor

A

Fig5.1.3 Temperature Sensor connected to the Esp32

» Connect the 3.3V pin on the ESP32 to the VCC pin no. D1 on the temperature sensor.
« Connect the GND pin on the ESP32 to the GND pin no. D2 on the temperature sensor.
« VCC (Red Wire): Connect to the 3.3V pin no. D1 of the ESP32.

« GND (Black Wire): Connect to the GND-pin no. D2 of the ESP32.

+ DO (Green Wire): Connect to a GPIO D4 pin on the ESP32.

5.1.4 LCD connected to the Esp32
LCD Connections-

e VCC: Connected to the VIN
e VIN: Connected to the power supply.

e GND: Connected to the ground.
« DI: Connected to the SCL (Serial Clock Line) of the LCD (LCOD).

e D2: Connected to the SDA (Serial Data Line) of the LCD (LCO1).

e SCL: Connected to D1 of the ESP32.
e SDA: Connected to D2 of the ESP32.

———— Page 18
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Fig 5.1.4 LCD connected to the Esp32

e DI: Connected to the SCL (Serial Clock Line) of the LCD (LCO1).
o D2: Connected to the SDA (Serial Data Line) of the LCD (LCO1).
» DI8: Connected to the EN pin of the LCD (LCO1).

e DI7: Connected to the RS pin of the LCD (LCO1).

o DI16: Connected to the D7 pin of the LCD (LCO1).

e D4: Connected to the D6 pin of the LCD.(LCOI).

e DI5: Connected to the D4 pin of the LCD (LCO1).

e RS: Connected to D17 of the ESP32.

e EN: Connected to D18 of the ESP32.

e D4: Connected to D15 of the ESP32.

e D6: Connected to D4 of the ESP32.

e D7: Connected to D16 of the ESP32.

e SCL: Connected to D1 of the ESP32.

e SDA: Connected to D2 of the ESP32.

¢ VCC: Connected to a 3.3V power supply.

« GND: Connected to the ground.

5.1.5 IR Sensor connected to the Esp32

n used to detect the rotation speed of the motor by counting the

IR Sensor Connections - Ofte

interruptions in the IR beam.

: s 2
e VCC: Connect to the 3.3V pin of the ESB

Page 19
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e  GND: Connect to the ground (GND) Pin of the ESP39
» OUT (Digital Output): Connect tg 4 digigay input GPIO D6 pin of the ESP32.

ourt

| GPIO D6
GND

IR Sensor Esp 32

Fig 5.1.5 IR Sensor connected to the Esp32

IR Speed Sensor: Detects the rotational speed of the motor by counting pulses from an encoder or

reflective surface.

* IR Temperature Sensor: Measures the surface ltemperature' of the motor.

m
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6. HARDWARFE SECTION

6.1 Microcontroller (Esp32)

A microcontroller is a sm '
S all compute : : . .
processor, memory, and i puter on a single integrated circuit (IC) containing a
. . 5 /. an 1 )
fel I o peripherals. Microcontrollers are used in a wide
variety of electronic ices. i : )
) devices, including cars, appliances, robots, and industrial systems.

e The following are some of the key specifications of microcontrollers:

Processor: Th i : !
€ processor Is the brain of the microcontroller and is responsible for executing

instructions. The speed of the processor is measured in megahertz (MHz) or gigahertz
(GHz).

e Memory: Microcontrollers have two types of memory: ROM (read-only memory) and
RAM (random access memory). ROM stores the microcontroller's program code, while
RAM stores data that is being processed. The amount of ROM and RAM available on a

microcontroller varies depending on the model.
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Fig 6.1 : Microcontroller
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o 1O peripherals: 1/0 peri

ports, and timers.
6.2 Vibration Sensor
A vibration sensor is used to
detect fault h as b measure the amount of vibration in a machine. This can be used
to detect faults such as beari : :
Ng Wwear, shaft misalignment, and inbilkaEed sators. VikGkan

sensors are typically acc
p Y accelerometers that feature piezoelectric crystals which convert kinetic

rey into electri i '
energy ctrical signals when subjected to acceleration forces in any axis

Fig 6.2 Vibration Sensor

Specification : Value

Piezoelectric
Type

100mV/g
Sensitivity

0.1Hz to 100Hz
Frequency Range

5Vito 12V
Power Supply
Analog voltage
Qutput
RESNSSNIINE B

Table 6.2 Specifications of Vibration Sensor

m
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. 1 Current Sensor
e

NSOr 18 used .y
rrent ﬂowin
g lhrough

reuits,
_ overloads, and motor stalls, The
power Supply unis

a circuit. This can be

Jiverse applications, from simple Y are indispensable in

10 complex industrial machinery and

current or a digital output,

Fig 6.3 Current Sensor

Specification Value
Hall Effect
Type
0A to 100A
Range
+1%
Accuracy
SVito 12V
Power Supply
Analog voltage
Output

I

Table 6.3 Speciﬁcatiéns of Current Sensor

)
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6.5 IR Sensor

ad. IR sensor is an i i ¢
¢ , electronic device, that
omits the light in order to sense some object of the Situn

dings. An IR sensor can measure the heat

. e Usually, in the infrared spectrum,
<ome form of thermal radiation. These types of radiations are invisible t

. O our eyes, but infrared sensor
can detec . i

of an object as well as detects the motion,

all the objects radiate

Fig 6.5 IR Sensor

Specification Value
Type _ Reflective
Range . 2cm to 15cm
Accuracy +5%
Power Supply 5V
Output ' Digital signal

Table 6.5 Specifications of IR Sensor
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JTem perature Sensor
O

\ (emperature Sensor is used to measyre the tem

Perature of 4 Machine. This ¢

faults such as  overheating bearingg winding an be used to detect
- : ) S,

_ and  oil, i -
iclude: industrial - processes: lemperature =S JRATIRERS. examploe

Monitoring g essential

. » : § in various industries like
chemical. petrochemical, and food Processing. here sens

ors like thermoc i
: : . ouples are wid :
iemperature sensor is a device, typically, ; b

a thermocoy

ple or resistance tempe
) rature detector, that
pro\ides temperature measurement in 5 rea :

dable form through an electrical signal. Temperature

gree of cold or heat ang transform it into a simple unit.

Fig 6.4 Temperature Sensor

Specification Value
NTC Thermistor
Type
-50°C to 150°C
Range
+0.5°C
Accuracy
T 3.3Vto 5V

Power Supply

Analog voltage

Output

Table 6.4 Specifications of Temperature Sensor
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0.0 Buzzer

77 . i hee - - .
\ buzzer Of beeper is an audio signa]j
‘ Ing devij
iIce, whij
» Whi

or I,“-/m:h.‘&:ll'ic (piezo for short). Typ;

(imers. rain and confirmati
on of .
pnnciplc of a buzzer depend USEr Input such ag 5 moi
S on the t ' se click or key
heory that, once the volt keystroke. The working
age is given a
cross a piezoelectri
ric

material. then a pressure di
ifference i
€ 1S produced. A piezo ty
pe includes pi
piezo crystals
among two

conductors. Types of Buz
J zers A buzzer i
Zer 1s .
I'1s an efficient component
to include th
e features of sou
sound

in our system or project. It i
) . It 1s an extrem
ely small & solid two-pi d
-pin device thus it i
can be 51mply

U“]l Aed 0 breadboard or l C Q
n B S -ll most a
7 o1 t pplicatiOHS' thls Compo i
‘ ) nent 1s V\"’ide]}J USEd

{

6.7 Voltage Regulator

Voltag
oltage Regulator Specifications

L] In B
put voltage range: The range of voltages that the yoltage regulator can accept as input

«  Output voltage: The voltage that the volta
ximum current that the volta
oltage difference between th
lator to operate properly.

ge regulator produces as output.

* Current rating: The ma ge regulator can deliver.
*  Dropout voltage: The minimum v e input voltage and the output
quired for the voltage regu

ot of change in the hen the load current

voltage that is re
output voltage W

* Load rcgulation:The amou

changes.

Page 26
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Line regulation: The

amount of
change in th
¢ o
changes. utput voltage when the input voltage

remperature coefficient: The

: a
. mount of change in the output vol ‘elsi
— put voltage per degree Celsius

10.220
50893 sorIm DFMA(1a])

Yo
i S

{DPAK)
sO123 PsoP-8

Fig 6.7 Valtage Regulator

6.8 DC Motor

An electric motor 1S an electrical machine that converts electrical energy into mechanical energy.

operate through the interaction between the
enerate force in the form of torque applied on the

an electric motor, but operates in

Most electric motors motor's magnetic

field and electric current in a wire winding to g
erator is mechanically identical to

electrical energy.

motor's shaft. An electric gen

reverse, converting mechanical energy into

Fig 6.8 DC Motor
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6.9 power Supply (SMPS)

A SW iiched-mode power supply (SMP

power supply. switched power su IS), also called switching-mode
= owe ; .
incorporates d switching r e T Simply switcher, i P R
inc g regulator to convert | » 15 an electronic power supply that
ectrical pow . . -

er efficient|

y. S

ACto DC Source.
‘ MPS transform power

Fig 6.9 Power Fupply .(SMPS)

Specification l * Value
Input . 110/220 Volt
I —
Power 24 Watt.
A DIy
Accuracy ' +15%
—————*"""__f_____-——-—————-’_‘-’______
DC Output Current ' 2 Amp
///
DC Output voltage 12 Volt
//

Table 6.9 Speciﬁcations of Power Supply (SMPS)

J’PM
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(0 Other Components
{

, Other components that may be required include a breadboard, jumper wires, a power
supply- and an LCD display (optional) for hardware components:

Microcontroller: ESP32.

, Breadboard: A breadboard, also known as a solderless breadboard, is a reusable
prototyping platform that allows you to build and test circuits without soldering.

o Jumper Wires: Wire gauge: 22 AWG stranded copper.

o Resistors: This is the main specification of a resistor and is measured in ohms (). Resistors
come in a wide range of resistance values, from milliohms (mQ) to gigohms (GS2).

o Capacitor: This is the main specification of a capacitor and is measured in farads (F).
Capacitors come in a wide range of capacitance valués, from picofarads (pF) to millifarads
(mF). |

« Voltage Regulator: The range of voltages that the voltage regulator can accept as input.
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7. SOFTWARE SECTION

7.1 Arduino IDE;
Development Environment Setup:

; _ . —
¢ Install the Arduino IDE (https:/support.arduino.cc/hc/en-us/articles/360019833020
Download-and-install-Arduino-IDE) and the ESP32 development package following the
official guide (https://docs.espressif.com/projects/esp-idf/en/v4. 1/get-started/index.html).

e Download the Blynk app (https://blynk.io/) for your smartphone or tablet.

Fig 7.1 Arj‘d:uino IDE

i i i [ - aﬂd

live debugger. The Arduino Integrated Development Environment - or Arduino Software
even a live de .

- ) 3 g g - g - ‘ a t Wil lan 1¢
<

for common functions and a series of menus.
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77 Blvnk Console:

Blynk App Configuration:

o Creale anew Blynk Project and add the ne

cessary widgets for display ing:
Vibration sensor readings (

gauge or graph)
e Motor current (gauge or ar

aph)

e Motor temperature (gauge or graph)

* Speed (value display, if using IR sensor)
e Buttons or sliders (optional) for speed control (if applicable)
e Create virtual pins for

cach sensor and control element, noting the
ware pins on the ESP32.

ir corresponding hard-

I

Fig 7.2 Blyink Console

b b dir e connected devices on the Blynk
Blynk.C le is a web application that allows users to ¢onfigure connected device )
ynk.Console is ¢ .
: © USErs remotely control and monitor
latf including application settings. It also allows users to remotely contrc
plattorm, including ¢ ) . ol wailats
. . 2r ‘er-inc-air updates.
levi devices, users, organizations, and locations, and perform over-the-air uy
dcvices., manage devices, Uuscrs,

. - Sers 1o i H manage
A= (i{. [ 1 H'ﬂﬂwaglrt,‘ I)Id' UUI']T"I li'hll d“l‘i\\h users to hlllkd d”d n =
Hl\‘“k( 'lli]SUiL’ |‘! a I()\ -codc 10

M

Page 31
NESGOI, PUNE



101 BASED INDUCTION

|2023-24]

connected hardware. The Blynk latform, ;
tart collbcting:d Platform allows Users to connect almost any electronics hardware to the
internet. start coliecung data from devi . ¢ 5 hardware to the
o _ 1ces, and monitor and control them remotely | , here in the

world. Data from devices can be stored aggregatéd b y from anywhere in the
’ + and visualized in

il easy-to-build bile and web
cations. Blynk.Console has a mobile PP that works i b b y-to-build mobile and we
¢ hardwar

: ow the platform s ickstz
ouide starts automatically. p works, and then the Quickstart

7.3 ESP32 Code Development:

e Include necessary libraries for sensor communication, Blynk, Wi-Fi connectivity, and (op-
tionally) PWM for speed control.

» Configure Wi-Fi credentials and connect the ESP32 to your Wi-Fi network.

* Initialize communication with Blynk using your project's authentication token.

L ]

Set up sensor reading functions using appropriate library functions or code specific to your
chosen sensors.

e Implement logic to:

* Read sensor values periodically (e.g., every 100 Ms).

* Apply signal processing techniques for vibration analysis (e.g., FFT or envelope detection)
if needed.

.

Scale sensor readings for appropriate display units (e.g., volts to degrees Celsius for tem-
perature. "

¢ Define thresholds for high temperature and other fault conditions.

¢ Send sensor data to Blynk virtual pins for real-time visualization.

o Check for threshold exceedances and trigger alerts:

o Display warnings or alarms in the Blynk app.

e Optionally, send push notifications or email alerts for critical situations.

* Implement speed control features (if using PWM):

* Read user input from Blynk buttons or slfders.

e Convert user input to PWM duty cycle values.

«  Control motor speed using PWM signals on an appropriate motor driver pin (consider safety

precautions when working with high voltage/current.)

Page 32
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: ditions (e.g.. normal operation, high
temperature, vibration increase) (e.g. p , hig

o Refine the code and thresholds baged on test results

Consider implementi o o ok .
o p ng data logging for historical analysis and future fault detection opti-
mization.

e Ifusing a breadboard for prototyping, transition to a more permanent enclosure for deploy-
ment in the final application, i

m
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Fig 8.1 Flow Chart of Induction DC/AC Motor Fault Detection

8.2 Algorithm

Step1: Start.

Step2: First test to the vibration sensor.

Step3: Collect data from the cloud.

Step4: If values crosses threshold value the alert send to the mobile.

Steps: Show the output on mobile and motor status was detected.

NifS(](J[‘ PUNE Page 34
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Stepo: Second test to the Current sensor.,

step7: Collect data from the cloud,

step8: If values crosses threshold value the alert send to the mobile
Step9: Show the output on mobile ang motor status was detected.
Step10: Third test to the Temperature sensor.

Step11: Collect data from the cloud.

Step12: If values crosses threshold value the alert send to the mobile

Step13: Show the output on mobile and motor status was detected.

Step14: End.

s —

Page 35
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s OB
SR.NO COMPONENT QUANTITY PRICE
| ESP 32 | 1200
2 Vibration Sensor l 270
3 Current Sensor I 210
4 Temperature Sensor I 150
3 IR Senso.r 1 200
6 Breadboard 1 220
7 Jumper Wires 5 100
8 Power Supply (SMPS) I 750
9 Motor | 420
10 Node MCU Amica I 485
11 L.CD Board (16%2) | 260

Total Cost: - 4265

Table 9.1 Project Budget

Page 36
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Fig 10.1 Result of Induction DC/AC Motor Fault Detection

The loT-based induction motors has shown promise and the ability to improve motor performance

and issue finding. Comprehensive data to track the motor's health has been made available through

the integration of numerous sensors, including temperature, vibration, current, voltage. and speed

sensors. Potential problems and irregularities were effectively identified by the system, which

promptly raised alerts to notify operators. Additionally, by
n cost savings by preventing unscheduled downtime and cutting repair

reducing superfluous stress on the

motor. which might result i

costs. Additionally, the cloud-based solution u
the findings demonstrate the considerable influence of lot

tilizing the Blynk IoT platform has provided scalable

and secure data storage. Overall,
technology in industrial motor applications, opening the path for improved industrial. The Blynk

of all sensors-output like three-phase voltages, phase currents, the

server shows the output

ynk mobile app serves as the primary interface for users to

temperature, of the motor. The Bl
ry offers a variety of pre-built widgets that can be

monitor and control the motor. The Blynk libra

user interface. To connect the har

dware components with the Blynk

customized to create a tailored

NESGOI, PUNE
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e micros-'m“l‘(‘““'-' or data acquisition - .
P programmed to integrate the Blynk library

« the microcontroller t i .
lmst‘”“h]w the 0 establish a connection with the Blynk cloud server, facilitati
. server, facilitating

_ exchange ©

f data between the h
he ardware and the app. The Blynk platform also offers a

. feature that can be co

nnuhcatm" fea nfigured to send alerts to users based on predefined conditions or
sers can set [

ihrc-‘h”]ds‘ Users can set specific thresholds for motor health parameters, and if any parameter

e,\cceds the defined limits or if a fault is detected. notifications can be sent to the Blynk app

The following 18 @ step-by-step overview of the working process of an loT-based motor fault

Jetection system:

» The sensors collect data about the motor's vibration, temperature, current, and voltage.

+ The microcontroller processes the data from the sensors.

+ The machine learning algorithms are used to identify patterns in the data that indicate the

presence of a fault.

. If a fault is detected, the system alerts the operator and provides recommendations for

corrective action. ;

The system can also be programmed to take corrective action automatically, such as shutting down

the motor to prevent further damage.

”
o
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. ADYV

( AN IAGES, DISAD\/ANIAGES AND APPLICATIONS

l L.

(1.1 Advantages:

are are several advantages to usi ik I'
here are S€ SIng an [oT-based m
motor fault detectio
n system:

Real-time monitoring: An [oT-
g 0T-based system can monitor the health of motors in real time,

ywing for earl i .
REARE IS Y detection of faults. This can help to prevent unexpected motor failures
and reduce downtime.

ote monitoring: 4 |
» Remote monitoring: An loT-based system can be used to monitor motors remotely, which

is especially useful for motors that are located in difficult-to-reach locations.

« Predictive maintenance: An loT-based system can be used to predict motor failures before
they occur. This allows for preventive maintenance to be scheduled, which can help to

extend the life of motors and reduce maintenance costs.

« Improved efficiency: An IoT-based system can help to improve the efficiency of motor
operations by providing insights into motor performance. This information can be used to

optimize motor settings and reduce energy consumption.

. Low-Maintenance Champions — Induction motors are low-maintenance champs that re-
quire minimal attention throughout their lifespan. Thanks to their simple design and robust
construction, they rarely need repairs or replacements. This means fewer headaches for us-

ers and more time to enjoy the wonders of technology. It’s like having a trusty sidekick that

never lets you down.

 The working of the motor is independent of the environmental condition. This is because

the induction motor is Robust and mechanically strong.

« A Squirrel cage induction motor does not contain Brushes, Slip rings and Commutators.

Due to this reason, the cost of the motol
motor 10 add external res

¢ is quite low. However, Slip Rings are used in

: istance to the rotor winding.
Wound type induction

NESGOI, PUNE
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In addition to these adv :
to these advantages, 1oT-based motor fault detection systems are also relatively
inexpensiv /10 i Thi : :
p ¢ and easy to install. This makes them a viable option for communities of all
sizes.
Ov = :
erall. loT-based motor fault detection systems offer a number of advantages over

traditional motor maintenance methods. They can help to improve safety, reliability.

efficiency, and reduce costs.

11.2 Disadvantages:

¢ Power-Appetite Monsters — Induction motors have a ravenous appetite for electrical
power. They require a significant amount of electricity to operate efficiently. While this
might lead to higher energy consumption, it’s crucial to balance it out with the benefits they
bring, such as reliability and versatility. It's like having a mighty dragon that needs plenty

of fuel to unleash its power.

o Sensitive to Voltage Fluctuations — Induction motors can be a tad sensitive to fluctuations
in electrical voltage. When the voltage varies too much, it can affect their performance and
efficiency. However, fear not, for there are solutions in place, such as voltage stabilizers,
to ensure a steady supply of power. It’s like having a motor that needs a stable environment

to perform its best.

e Bulky and Heavy — Induction motors are known for their robust construction, but this can
also make them bulky and heavy. Their size and weight might pose challenges when it
comes to installation and mobility. However, keep in mind that their strength and reliability
often outweigh this drawback. It’s like having a hulking giant that might need a bit more

space but guarantees powerful performance.

o Limited Speed Control — Unlike some other motor types, induction motors have limita-
tions when it comes to precise speed control. While they excel in providing consistent
power, adjusting their speed with high precision can be a bit tricky. But don’t worry, young

minds. for technology is always evolving, and advancements are being made to improve

speed control capabilities.

ik
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« Complex Starting Mechanism — Induction motors require a special starting mechanism,
known as a starter, to get them up and running smoothly. This starting process adds a layer
of complexity, and sometimes, extra equipment is needed. However, once the motor is run-
ning, it operates like a well-oiled machine. It’s like having a puzzle that requires an extra
step to unlock its full potential

l

e A single phase induction motor, unlike a 3-phase induction motor, does not have a self-

starting torque. Auxiliaries are required to start a single-phase motor.

o Speed control of an induction motor is very difficult to attain. This is because a 3-phase
induction motor is a constant speed motor and for the entire loading range, the change in

speed of the motor is very low.

e Due to poor starting torque, the motor cannot be used for applications which require high

starting torque.
11.3Applications:

loT-based motor fault detection systems can be used in a variety of industries and applications,

including:

« Manufacturing; loT-based motor fault detection systems can be used to monitor motors in
manufacturing facilities to prevent downtime and costly repairs. This can lead to increased

productivity and profitability.

« Oil and gas: loT-based motor fault detection systems can be used to monitor motors in oil
and gas facilities to prevent accidents and environmental damage. This is especially

important in hazardous environments.

« Mining: loT-based motor fault detection systems can be used to monitor motors in mining
operations to improve safety and efficiency. This can lead to reduced downtime and

increased production.

e ——
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e P

ower generation: |oT-
based motor fayly detection systems can be used to monitor motors
In power generation plants to improve reliability and prev

ent outages. This can help to
ensure a stable supply of electricity to consumers.

Transporta 1 .
portation: ToT-based motor fault detection systems can be used to monitor motors in

transportati i '
p on systems, such as trains and buses, to improve safety and reliability. This can
help to reduce accidents and delays.

Water and wastewater treatment: loT-based motor fault detection systems can be used to

monitor motors in water and wastewater treatment facilities to prevent downtime and ensure

the safe and efficient delivery of water and wastewater services.

The versatility and durability of induction motors make them suitable for various

applications. In the following sections, we will delve deeper into these applications and

discuss the impact of induction motors in different industries.

Induction motors play a significant role in industrial applications due to their high power
output and ruggedness. They are commonly used in industries such as manufacturing,
where they power large machines and conveyors. In the oil and gas industry, these motors

are used for driving compressors, pumps, and fans.

In addition to these specific applications, IoT-based motor fault detection systems can also be used

in a variety of other ways to improve safety, reliability, and efficiency in a wide range of industries.

#

3 ]
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12. FUTURE SCOPE

. future scope of the 1oT-ba e o
The sed machine induction motor fault detection system using ESP32 is

. promising. The system :
very P Y has the potential to be used in a variety of new and innovative ways

Here are some specific examples of future applications for the syst
stem:

Predictive maintenance:
e: The system can be used to predict when a machine induction motor

is likely to fail. This i '
y 1s information can be uged to schedule preventive maintenance and avoid
unplanned downtime,

~ d' o i . 0 . '
Condition-based monitoring: The system can be used to monitor the condition of machine

induction motors in real time. This information can be used to identify potential problems
before they lead to a failure.

« Remote monitoring: The system can be used to remotely monitor the health of machine
induction motors from anywhere in the world. This can be useful for businesses that have

a large number of motors spread out over a wide area.

« Asset optimization: The system can be used to optimize the performance of machine

induction motors by identifying and addressing areas where they are inefficient.

 Energy savings: The system can be used to save energy by identifying and addressing

problems that are causing motors to waste energy.

In addition to these specific applications, the loT-based machine induction motor fault detection
system using ESP32 can also be used to improve the safety and reliability of machine induction

motors in a variety of ways. For examplé, the system can be used to prevent motor failures that

could lead to fires or other accidents.
Overall. the loT-based machine induction motor fault detection system using ESP32 has the

potential to revolutionize the way that machine induction motors are monitored and maintained.

The system has the potential to improve cfficiency, reliability. safety, and energy savings.l am

excited to see how this technology develops

f machine induction motors in

in the future and how it is used to improve the

a variety of industries.

performance and safety o
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13. CONCLUSION

[oT-based motor fault detectio m
ns \
revolutionize the way that w S e Promising new technology with th i
| o y Wi e potential to
maintain and Operate electric motors. By using bination of
. a combination o

monitor motors for faults in real ti
eal time and detect a wide range of faults. [oT-based motor fault

detection systems can also be used to predict faults bef
downtime and costly repairs. The IoT-b clote they occur, which can help toiprevent
: 0l-based machine i i 3 :
R . hine induction motor fault detection system using
t o ogy with the potemial to revolutionize the way that machine induction
motors are monitore intai ;

. and maintained. The system is accurate, reliable, and cost-effective, and it
can be scaled to meet the needs of different users and applications. The system has a wide range of
applications, including in i PRI TR

pp g industrial manufacturing; commercial buildings, power generation plants,

oil and gas industry, transportation, and water ahd wastewater treatment. The system can also be

used to monitor a variety of machine induction motor parameters, such as vibration, current,

temperature. The system still has some challenges that need to be addressed, such as complexity,

power consumption, security and privacy. reliability, and maintenance. However, these challenges

_built hardware platform and software framework, using low-power

can be addressed by using a pre
s and encryption

sensors and actuators and optimizing the firmware code, using strong password

and implementing authentication and authorization mechanisms, using high quality hardware
components and designing the system with redundancy, and using sensors with long calibration

intervals and developing a robust fi pectively.

rmware update mechanism, res
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1. Introduction

Industrial training is an integral part of academic curriculum, aimed at bridging the gap
between theoretical knowledge and practical application in real-world scenarios. This report
encapsulates my four-week industrial training experience at Sahyadri Udyog, Pune, a small-
scale industry specializing in manufacturing precision machining parts for various
companies.

During my time at Sahyadri Udyog, I learned a lot about modern machining processes with
the help of experienced professionals. This introduction starts my report where I'll talk about
what I did during my training, the things I learned, the problems I faced, and what I learned
from them. I want to show how important training like this is for people who want to be
engineers and share what I discovered during my time at Sahyadri Udyog.

2. Overview of Sahyadri Udyog

Sahyadri Udyog is a Pune-based industrial unit renowned for its expertise in producing high-
quality machining components. The company's primary focus lies in CNC, VMC, milling,
and lathe operations, catering to the diverse needs of its clientele. With a dedicated workforce
and state-of-the-art machinery, Sahyadri Udyog has carved a niche for itself in the machining
industry.




3. Objectives of Industrial Training

The objectives of our industrial training at Sahyadri Udyog were:

- To gain hands-on experience in CNC, VMC, milling, and lathe operations.

- To understand the intricacies of machining processes and their applications.

- To learn about quality control measures and precision engineering techniques.

- To observe the workflow and operational dynamics of a small-scale industrial setup.

- To enhance problem-solving and decision-making skills in a real-world manufacturing
environment.

4. Methodology

During the four-week training period, I actively engaged in various activities under the
guidance of experienced professionals at Sahyadri Udyog. The methodology adopted
included:

- Observation: I closely observed the machining processes and workflow in different
departments of the company.

- Hands-on Training: I received practical training in operating CNC machines, VMCs,
milling machines, and lathe machines.

- Guidance and Mentorship: Experienced technicians and engineers provided valuable
guidance and mentorship, assisting me in understanding the nuances of machining operations.

- Project Work: I undertook small projects to apply theoretical knowledge to practical tasks,
thereby honing my skills further.




5. CNC Operations

CNC (Computer Numerical Control) machines play a pivotal role in modern machining
processes. During my training, I gained insight into:

- Setting up CNC machines for specific machining tasks.
- Programming CNC machines using CAM (Computer-Aided Manufacturing) software.
- Operating CNC machines to produce precision components with tight tolerances.

- Troubleshooting common issues encountered during CNC operations.




6. VYMC Operations

Vertical Machining Centers (VMCs) are widely used for milling, drilling, and tapping
operations. My training in VMC operations encompassed:

- Understanding the components and functionalities of VMCs.
- Fixture design and setup for holding workpieces securely.

- Tool selection and toolpath generation for efficient machining.

- Optimization techniques to improve productivity and reduce cycle times.




7. Milling Operations

Milling is a fundamental machining process used for shaping solid materials. At Sahyadri
Udyog, I learned about:

- Different types of milling operations, including face milling, end milling, and slot milling.
- Selection of milling cutters based on material properties and machining requirements.
- Work piece clamping techniques and cutting parameters optimization.

- Surface finish and dimensional accuracy control in milling operations.




8. Lathe Machine Operations

Lathe machines are essential for turning, facing, and threading operations. My training in
lathe machine operations involved:

- Setup and alignment of work pieces in lathe chucks or collets.
- Selection of cutting tools and determination of cutting speeds and feeds.
- Turning operations to produce cylindrical components with precise dimensions.

- Thread cutting and knurling operations using lathe machines.




9. Challenges Encountered

During the training period, I encountered several challenges, including:

- Programming complexities in CNC machines.
- Machining inaccuracies due to tool wear and machine vibrations.
- Material deformation and chip evacuation issues in milling operations.

- Setup and alignment difficulties in lathe machining.

10. Solutions and Recommendations

To overcome the challenges faced during the training, the following solutions and
recommendations are proposed:

- Continuous learning and skill development in programming and operating CNC machines.

- Regular maintenance and tool inspection to minimize machining inaccuracies.

- Implementation of advanced cutting strategies and tool coatings to improve milling
performance.

- Enhanced training programs focusing on lathe machine setup and alignment techniques

10




11. Conclusion

The four-week industrial training at Sahyadri Udyog provided invaluable insights into the
world of precision machining. Through hands-on experience and mentorship, [ gained
proficiency in CNC, VMC, milling, and lathe operations. The training not only enhanced my
technical skills but also instilled in me a deeper understanding of the complexities involved in
modern manufacturing processes.

Some Moment of Qur Training
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INTRODUCTION

An automatic rotary material storage system is a type of automated storage and retrieval
system (ASRS) that uses a rotating carousel to store and retrieve materials. Rotary storage
systems are typically used to store small to medium-sized items, such as tools, spare parts,
and finished products. They are ideal for applications where space is limited, as they can
provide high-density storage in a relatively small footprint.Rotary storage systems typically
consist of a series of vertical shelves or carriers that are mounted on a rotating carousel. The
carousel is powered by a motor, and can be rotated in either direction to bring the desired
shelf or carrier to the operator. The operator can then pick or deposit items from the shelf or
carrier, as needed.It is simple to operate with the employee storing material in the system at
the ground level. Once the employee leaves the incorporated safety zone the compartment is
automatically stored material by the system rotating to lift the stored material compartment
away from the bottom central position. This leaves an empty compartment available at the
ground level for the next material to be stored in. The stored materials are easily retrieved by
pushing the button for the relevant position number of the compartments material stored in.
This causes the required compartment to rotate down to ground level ready for the employee
to enter the safety zone and receive material out of the system. Except all other systems use a
large ground area, Rotary storage System is developed to utilize maximum vertical area in the
available minimum ground area. It is quite successful when installed in minimum It is simple
to operate with the employee storing material in the system at the ground level. Once the
employee leaves the incorporated safety zone the compartment is automatically stored
material by the system rotating to lift the stored material compartment away from the bottom
central position. This leaves an empty compartment available at the ground level for the next

material to be stored in. The stored materials are easily retrieved by pushing the button for the

relevant position number of the compartments material stored in. This causes the required
compartment to rotate down to ground level ready for the employee to enter the safety zone

and receive material out of the system. Except all other systems use a large ground area,
Rotary storage System is developed to utilize maximum vertical area in the available
minimum ground area. It is quite successful when installed in minimum areas which are well
established and are suffering with shortage of area for storing material in industry. Although

the construction of this system seems to be easy, it will be par from understanding without

the knowledge of materials, chains, sprockets, and machining operations, kinematic and

dynamic mechanism. The Rotary Storage System for material such as material stored in

storeroom, tools and equipment stored in cupboard etc, have been implemented on a huge

scale. But these systems have a major disadvantage of large space consumption and worst

management of organisation which is successfully eliminated with the use of a rotary storage

Page 5
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LITERATURE REVIEW

[1] Shivprasad D Shinde, Omkar S Mande, Aditya N Malvadkar et.al “Design and
Manufacturing of Rotary Material Storage System” In industries, materials (which are
available in raw material, finished parts, assembly parts etc.) are kept in a storeroom with
stock and mix-up parts to each other which may be damage. So, secure tools, raw material,
manufactured parts, and assembly parts of industry have stored in rotary storage system. This
system is very useful for material storage in industrial application. Storage compartments
rotate by using chain and sprocket mechanism. It is simple to operate with the employee to
store the material in the system at the ground level. Each employee has a unique ID for store
material in compartments and retrieved material from compartments.

[2] Dinesh Yadav, Govindraj Bandewar, Pratap Pande, “AUTOMATIC ROTARY
MATERIAL STORAGE SYSTEM USING RFID” Now days in industry, materials (which
are available in raw material, finished parts, assembly parts etc.) are kept in a storeroom with
stock and mix-up parts to each other which may be damage. So, secure tools, raw material,
manufactured parts, and assembly parts of industry have stored in rotary storage system. This
system 1S very useful for material storage in industrial application. Storage compartments
rotate by using chain and sprocket mechanism. It is simple to operate with the employee to
store the material in the system at the ground level. Each employee has a unique ID for store
material in compartments and retrieved material from compartments. Traditional systems
have a major disadvantage of large space consumption and damaging material which is
successfully eliminated with the use of a rotary storage system. Moreover, the latter provides
the added benefits of flexible operation without the need of an attendant and added security
and least chances of material damage. Since the model makes use of composite parts. it is
easy to assemble and dismantle and is thus more convenient than the traditional storage
systems. The idea is to storage and move material with no disturbance to the already stored
material in rotary storage system. Once the employee leaves the incorporated safety zone the
system rotating to lift the stored material compartment away from the bottom to central
position. This leaves an empty compartment available at the ground level for the next
material to be stored in. The stored material is easily retrieved by pushing the button for the
relevant position number in which material is stored. This causes the required material
compartment to rotate down to ground level ready for the employee of industry to enter the

safety zone.

[3] Mohummad Shariful Islam, Afshana Morshed Tithi et.al “Launching Automated Rotary
Parking System: Towards Traffic Congestion Free Dhaka City” . Bangladesh is the most

- “
 [Type text] Page 7




densely _populated city in the whole world, which is visible more in the capital city Dhaka.
People have to suffer and valuable times are being wasted for this chronic quandary. Lack of
proper planning of the city, different speed vehicles on the same road, over population,
inadequate road space, unplanned stoppage or parking etc. are responsible for causing the
traffic congestion in Dhaka City. Among those insufficient/unplanned parking system is one
of the main reasons for causing traffic congestion. The automated rotary car parking system
is the best and suitable because of its less utilization of space compared to other systems. It is
a friendly parking system due to the non-utilization of noise/pollution related mechanism.
The aim of this paper is to develop an automated car parking system with a minimum cost for
reducing congestion in Dhaka city.

[4] Omar Sabah Al-Dahirce, Raja Ariffin Raja Ghazilla “Design of a Compact Energy
Storage with Rotary Series Elastic Actuator for Lumbar Support Exoskeleton” Lumbar
support exoskeletons with active and passive actuators are currently the cuttingedge
technology for preventing back injuries in workers while lifting heavy objects. However,
many challenges still exist in both types of exoskeletons, including rigid actuators, risks of
human-robot interaction, high battery consumption, bulky design, and limited assistance. In
this paper, the design of a compact, lightweight energy storage device combined with a rotary
series elastic actuator (ES-RSEA) is proposed for use in a lumbar support exoskeleton to
increase the level of assistance and exploit the human bioenergy during the two stages of the
lifting task. The energy storage device takes the responsibility to store and release passive
‘mechanical energy while RSEA provides excellent compliance and prevents injury from the
human body’s undesired movement. The experimental tests on the spiral spring show
‘excellent linear characteristics (above 99%) with an actual spring stiffness of 9.96 Nmy/rad.

‘The results demonstrate that ES-RSEA can provide maximum torque assistance in the ascent

‘phase with 66.6 Nm while generating nearly 21 Nm of spring torque during descent without

turning on the DC motor, Ultimately, the proposed design can maximize the energy storage

of human energy, exploit the biomechanics of lifting tasks. and reduce the burden on human

‘effort to perform lifting tasks.

[5] Anuradha S. Parab, Prof. P. N. Gore et. al “A Review on Automated Storage and Retrieval
System” Automated Storage and Retrieval Systems are commonly used to store and retrieve
ariety of products in warchousing, distribution centers and now a days in service
: }zimhmgnt also. This paper presents a detailed study of AS/RS which focuses on
ation, physical design of system, selection of control policies best suitable for the
nents. A Majority of literature presents travel time expressions of unit load systems
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' the produmwty of the designer, improve the quahty of design, improve
ations through documentation, and to create a database for manufacturing. CAD
‘often in the form of electronic files for print, machining, or other manufacturing
ns. The term CADD (for Computer Aided Design and Drafting) is also used.

¢ in designing electronic systems is known as electronic design automation (EDA).
chanical design it is known as mechanical design automation (MDA) or computer-aided
g (CAD), which includes the process of creating a technical drawing with the use
ter software.

software for mechanical design uses either vector-based graphics to depict the objects

ynal drafting, or may also produce raster graphics showing the overall appearance of
objects. However, it involves more than just shapes. As in the

drafling of technical and engineering drawings, the output of CAD must convey
n, such as materials, processes, dimensions, and tolerances, according to

on-specific conventions.

be used to design curves and figures in two-dimensional (2D) space; or curves,

and solids in three-dimensional (3D) space.

" is an important industrial _art extensively used in many applications,

otive, shipbuilding, and acrospace industries, industrial and architectural
~and many more. CAD is also widely used to produce computer

r M__egec_ts in movies, advertising and technical manuals, often called
sonten ation. The modern ubiquity and power of computers means that even
- md .shampoo dispensers are designed using techniques unheard of by

ﬂware), and discret; gﬁerent!a] geometry.

for object shapes, in particular, is occasionally
ed geomemc dcmgn (CAGD)
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USES:

Computer-aided design is one of the many tools used by engineers and designers and is used
in many ways depending on the profession of the user and the type of software in question.

CAD is one part of the whole Digital Product Development (DPD) activity within the Product

Lifecycle Management (PLM) processes, and as such is used together with other tools, which
are either integrated modules or stand-alone produets, such as:

. Computer-aided engineering (CAE) and Finite element analysis (FEA)

5 Computer-aided manufacturing (CAM) including instructions to Computer Numerical
Control (CNC) machines

. Photorealistic rendering and Motion Simulation.

. Document management and revision control using Product Data Management (PDM).

CAD is also used for the accurate creation of photo simulations that are often required in the
preparation of Environmental Impact Reports, in which computer-aided designs of intended
buildings are superimposed into photographs of existing environments to represent what that
locale will be like, where the proposed facilities are allowed to be built. Potential blockage of
view corridors and shadow studies are also frequently analysed through the use of CAD.

CAD has been proven to be useful to engineers as well. Using four properties which are
history, features, parameterization, and high-level constraints. The construction history can be
used to look back into the model's personal features and work on the single area rather than
the whole model. Parameters and constraints can be used to determine the size, shape, and
other properties of the different modelling elements. The features in the CAD system can be
used for the variety of tools for measurement such as tensile strength. yield strength,
electrical or electromagnetic properties. Also, its stress, strain, timing or how the element gets
affected in certain temperatures, etc.

There are several different types of CAD, each requiring the operator to think differently
about how to use them and design their virtual components in a different manner for each.

There are many producers of the lower-end 2D systems, including a number of free and open-
source programs. These provide an approach to the drawing process without all the fuss over
scale and placement on the drawing sheet that accompanied hand drafting since these can be
adjusted as required during the creation of the final draft.

3D wireframe is basically an extension of 2D drafting (not often used today). Each line has to
‘be manually inserted into the drawing. The final product has no mass properties associated
‘with it and cannot have features directly added to it, such as holes. The operator approaches
 these in a similar fashion to the 2D systems, although many 3D systems allow using the
Wn'eﬁ'amc model to make the final engineering drawmg views.
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COMPONENT USED

1. Frame

The frame is usually made of mild steel. It is strong enough to withstand all types of loads in
working condition. All other parts are fitted to the frame. Frame is helping the supporting of
the various light load support, Frame shows the good aesthetic loop. every machine should
have required the good frame design. Frame material should have high strength because
frame balancing of another machine load. in ours project the frame showing important role.
the vertical pulley and sprocket are mounted on vertical support of the frame. Main whole
project assembly our project mounted on frame. The proper selection of material for the
different part of a machine is the main objective in the fabrication of machine. For a design
engineer it is must that he be familiar with the effect, which the manufacturing process and
heat treatment have on the properties of materials. The Choice of material for engineering
purposes depends upon the following factors: Availability of the materials. Suitability of
materials for the working condition in service. The mechanical properties of the metals are
tﬂbse, which are associated with the ability of the material to resist mechanical forces and
ﬁi& We shall now discuss these properties as follows: Strength: It is the ability of a material
? resist the externally applied forces Stress: Without breaking or yielding. The internal
mﬁtunce offered by a part to an externally applied force is called stress.

ties of Mild Steel: M.S. has a carbon content from 0.15% to 0.30%. They are easily

able thus can be hardened only. They are similar to wrought iron in properties. Both




ultimate tensile and compressive strength of these steel increases with increasing carbon
content. They can be easily gas welded or electric or arc welded. With increase in the carbon

percentage weld ability decreases. Mild steel serves the purpose and was hence was selected

because of the above purpose

Basic Frame

The hollow square pipes of material of mild steel are selected for the frame. The pipes are cut
into required size by cutting machine. The end of the pipes cut into 45 degree (angle) to form
rectangular frame. After cutting, the end of the square pipes is grinded so that it became
smooth and convenient for welding. The square pipes are welded together to form a

rectangular basic frame.

2. Arduino

Nowadays, with Microcontrollers being relatively cheap and readily available in the market,
making a purchase decision on a suitable one to pick might a hard task to handle. However,
there’s one particular model that’s good to start with for users. That model is the

ATmega328p, an 8-bit AVR microcontroller.

ATmega328P is a high performance yet low power consumption 8-bit AVR microcontroller
that’s able to achieve the most single clock cycle execution of 131 powerful instructions
thanks to its advanced RISC architecture. It can commonly be found as a processor in
Arduino boards such as Arduino Fio and Arduino Uno.

Features:

High endurance non-volatile memory segments

In system self-programmable flash program memory

[Type text] Page 19
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moment) set up within the shaft a set up within the shaft permits the power to
hines linked up to the shaft. In order to transfer the power from one shaft to
e various members such as pulleys, gears etc., are mounted on it. These members
ith the forces exerted upon them cduses the shaft to bending. In other words, we may
‘a shaft is used for the transmission of torque and bending moment. The various
are mounted on the shaft by means of keys or splines. The shafts are usually

but may be square or cross shéped in section. They are solid in cross section but

ld wiper motors are components in the car, that function on a power supply- with
of moving wiper blades in a smooth and systematic motion. Just like other motors,
_..ml:)ter functions to rotate continuously in one direction once it is converted to a
forth motion. The standard voltage requirement for the wiper motor is 12 volts DC.
system in a running automobile usually puts out between 13 and 13.5 volts, so
y the motor can handle up to 13.5 volts with no problem. Wipers are powered by
ic motor, usually mounted on the firewall or under the cowl (the area under the
base). The motor activates linkage that moves the wiper arms back and forth. On

rear window wiper, a separate motor powers the one in the rear.

Page 21




| metal is metal that is formed into thin, flat pieces. Sheet metal is generally produced in
than 6 mm. It is one of the fundamental forms used in metalworking and can be
t into a variety of different shapes. Thicknesses can vary significantly. Extremely
‘'sheet metal are designated as “foil” or “leaf”. Pieces thicker than a quarter of an
nated as “plate”. Countless everyday objects are constructed from sheet metal.
um, brass, copper, cold rolled steel, mild steel, tin, nickel and titanium are just a few
f metal that can be made into sheet metal. Sheet metal has applications in car

ntial components in various mechanical systems and play a significant role

Page 22
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the smooth, efficient, and reliable operation of machinery. Here are some of the

ance and benefits of bearings: Smooth Operation, Alignment Tolerance,
and Support, Load Handling, Versatility Noise and Vibration Reduction,
»f Friction, Load Distribution.

;aud sprocket:

Input Output

: that are used to transmit motion and force from one sprocket to another are

ower transmission chains. Unlike gears that have to mesh to transmit motion and

onto the shaft. The sprocket is then rotated until the keyways in the sprocket and
p. A rectangular piece of steel bar called a key is slid into the keyways to prevent
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, @s the most advanced CAE software, provides users with simulation
ng: structure, fluid, electromagnetic, heat transfer, and other fields. It is
most advanced engineering simulation technology integration platform, with
friendly interface, convenient pre- processing and post-processing functions,
ensive solution functions.
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ut affecting the accuracy of the calculation results, the method of dividing

appropriately selected to save calculation time.
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II | Nodes 923378
| Efements 492449

model, it contains 923378 nodes and 492449 elements.

ies are complex or the range of length scales of the flow is large, a
ahedr: mesh can be created with far fewer cells than the equivalent mesh
quadrilateral/hexahedral elements. This is because a triangular/tetrahedral mesh
ng of cells in selected regions of the flow domain. Structured
xahedral meshes will generally force cells to be placed in regions where they
d. Unstructured quadrilateral/hexahedral meshes offer many of the advantages

ahedral meshes for moderately-complex geometries.

ometries, use quadrilateral/hexahedral meshes.,
y complex geometries, use unstructured quadrilateral/hexahedral meshes.
\plex geometries, use triangular/tetrahedral meshes with prism layers.

plex geometries, use pure triangular/tetrahedral meshes.
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ation or opening of a physical object, into two or more portions, through

f an acutely directed force. Implements commonly used for cutting are the
- in medicine and science the scalpel and microtome. However, any
ect is capable of cutting if it has a hardness sufficiently larger than the
Tﬁnd if it is applied with sufficient force. Even liquids can be used to cut
_ with sufficient force (see water jet cutter). The material as our required

ed for this operation is power chop saw. A power chop saw, also known

power tool used to make a quick, accurate crosscut in a work piece at a
uses include framing operations and the cutting of moulding. Most
ively small and portable, with common blade sizes ranging from eight to

op saw makes cuts by pulling a spinning circular saw blade down onto

ntrolled motion. The work piece is typically held against a fénce.
se cutting angle between the plane of the blade and the plane oﬁhej
. In standard position, this angle is fixed at 90°. A 9“““’-‘!
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culptural process that joins materi
heat to melt the parts together and allc

m lower temperature metal-joini

ot melt the base metal.

tal, a filler material is typically adc
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be melted b i
_ Y alternating current i the secondary open-circuit voltage is

t is continuously regulateq (magnetic dispers

ion) by turning the hand
e of the machine, which makes it possible to

select the current value,

cial graded scale, with the utmost precision. To prevent the service

B exceeded, all of oy Machines are fitted with an automatic overload
cuts of the power SUpply (intermittent use) in the event of an overload.
st then wait for a few minutes before returning to work. This welding
4 used only for the purpose describeq in this manual. Read the entire
» manual before installing, using or servicing the equipment, paying special
chapter on safety precautions. Contact your distributor if you do not fully

instructions. The time required for this operation is 120 minutes.

le is usually not made through a circular cutting motion, though the bit
;d the hole is usually made by hammering a drill bit into the hole

hort movements. The hammering action can be performed from

g:m AnyScanner
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_Th
;grlnder
.A'ngle grinders can be

i m0t°

have an adjustable gua

anices adhesion or wettabil
ity, solder ability, corrosion resistance, tarnish resistance,

resistance, wear resista
/ nce, hardness, modify electrical conductivity, remove burrs

chemical
aMﬂ,-m:her surfac

ues can be used
to restore original dimensions to salvage or repair an item. An

technid
mﬁnished s

e machme used for this operation is hand grinder. An angle grinder, also k
used for cutting, grinding and p

e flaws, and co
ntrol the surface friction. In limited cases some of these

urface is
is often called mill finish. The edges with grinder using grinding wheel.

nown as a side

or disc grinder, is a handheld power tool olishing.

powered by an electric motor, petrol engine or compressed air. The

r drives 2 geared head at a right-angle on which is mounted an abrasive discor @
t-off disc, either of which can be replaced when worn. Angle grinders typically

rd and a side-handle for two-

thinner cu
handed operation. Certain angle

employing 2 sanding disc
ard plastic, phenolic

ired. The time

grinders, depending on their speed range, can be used as sanders,

pad or disc. The backing system is typically made of h

with a backing
e amount of flexibility des

resin, or medium-hard rubber depending on th

required for this operation is 20 minutes.

Polishing: -

iny surface by rubbing it or using a

ating a smooth and shi

chemical action, leaving @ surface with 2 significant specular r

polishing is the process of cre
eflection (still limited by the
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n of variable costs : utomated storage and retrieval systems reduce the variable

by reducing the need for manual labor for tasks such as picking, storing,
d inventory replenishment.

manual, repetitive storage and retrieval costs: As mentioned, AS/RS solutions
eed for manual labor by automating manual, repetitive storage and retrieval tasks.

these tasks increases accuracy and efficiency while also freeing up human
cus on higher-value activities.

safety: Human workers who handle manual, repetitive tasks for several hours can
atigue and muscle strain, increasing the risk of errors and injury. Likewise, errors
erating heavy equipment in a manufacturing or warehouse environment can be
resulting in injury or death.By automating these tasks, AS/RS solutions eliminate
1at can hinder efficiency and safety while eliminating the fatigue and physical
man workers. AS/RS equipment can also move materials and loads that are too
humans to carry, reducing workplace injuries resulting from lifting.

ace utilization: Shelving and proper grouping of items are vital in warehouses and
centers. Raw materials, work-in-progress, and finished goods inventories need to
hed regularly to keep processes moving without interruption. Warehouses and
centers alike depend on effective space utilization to maintain a healthy bottom

RS solutions require narrower aisles compared to facilities that require enough
human workers and equipment such as forklifts to pass through, often with bi-
traffic. Narrower aisles free up more storage space for goods and materials,
ehouses and DCs to store more items without expanding the facility. Facilities
better use of vertical space, as automated storage and retrieval systems can
reach higher storage locations than human workers.
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COST

2000

SHA

500

PEDESTRAL BEARING

1000

CHAIN SPROKET

1000

1600

RELAY

300

WIPER MOTOR

5000

TOTAL

11400/-

cos

DET

7]
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4 KHAS

INDUSTRIES

2020, having its

Khas Industries is a 4 years old Partnership Firm incorporated on 18-Sep-
Road,

registered office located at Plot No. C-36, Jejuri Industrial Area MIDC Jejuri, MIDC

Pune, Maharashtra.

Khas Industries is a leading manufacturer and supplier of clectrical machines with a notable
specialization in EOT Cranes. This report outlincs the specifications, functions, production

processes, and operational aspects of EOT Cranes, as well as details about the company’s

product range.

The major activity of Khas Industries is Manufacturing, Sub-classified into Repair and
installation of machinery and equipment and is primarily engaged in the Installation of industrial

machinery and equipment. Khas Industries is classified as Small enterprise in the financial year

2023-24. It has its unit situated at Pune, Maharashtra.

1. Company Overview

Khas Industries is dedicated to designing, manufacturing, and supplying a range of electrical
Machines, including EOT Cranes. The company's focus is on providing reliable, high-quality

products for the electrical sector. The company is known for its adherence to industry standards,

commitment to quality, and excellent customer service.




Table of Contents

1. Introduction
o Overview of HVAC Systems
o Importance of Electrical Systems in HVAC
. Wecek 1: Introduction to HVAC Electrical Systems
o Electrical Components Overview
o Activities and Observations
. Week 2: Electrical Components in HVAC Systems
o Detailed Description of Electrical Components
o Wiring and Circuitry
. Week 3: Troubleshooting and Diagnostics
o Diagnostic Tools and Techniques
o Case Studies of Electrical Issues
. Week 4: Electrical Safety and Standards
o Safety Protocols and Best Practices
o Inspection Procedures
. Week 5: Energy Efficiency and Sustainability
o Energy-Efficient HVAC Technologies
o Analyzing Energy Consumption
. Week 6: Project and Presentation
o Project Description and Objectives
o Methodology and Implementation
o Results and Findings
o Presentation Preparation and Delivery
o Feedback and Reflections
. Conclusion
o Summary of Key Learnings
o Personal and Professional Growth
o Future Directions in HVAC Electrical Systems




Introduction

verview of HVAC Systems
stems are integral to

HVAC stands for Heating, Ventilation, and Air Conditioning. These S¥ cent of
maintaining indoor comfort in residential, commercial, and industrial environments. Each Cc’)fmrlzoble g
an HVAC system plays a specific role in regulating the indoor climate to ensure a com orta

healthy atmosphere.

1. Heating
level during colder

rtable
outdoor

aise the indoor temperature (o a comfo
ounteract the cold

Heating systems are designed to t
warmth and ¢

weather. The primary function of heating systems is to provide
- temperatures.

Common Heating Systems Include:

Furnaces: These use cither gas, oil, or electricity to generatc heat. The heated air is then distributed

throughout the building via ducts.
Boilers: These systems heat water or stea

underfloor heating systems.
Heat Pumps: These devices can provide both heating and cooling. They transfer heat from outside to

inside, even in cooler weather.

m which is then distributed through pipes to radiators or

Role in Indoor Climate Control:

Ensures a warm and comfortable indoor environment during winter months.
« Helps prevent freezing of pipes and other cold-related issues.

2. Ventilation

indoor air with fresh outdoor air to maintain air quality and

Ventilation is the process of exchanging
lling humidity, reducing indoor pollutants, and improving

remove contaminants. It helps in contro
overall indoor air quality.

Common Ventilation Methods Include:

Natural Ventilation: Utilizes natural forces like wind and temperature differences to circulate ai
rculate air

through windows, vents, and other openings:
Mechanical Ventilation: Uses fans and ducts to circulate and filter air. This includes syst lik
s systems like

exhaust fans, supply fans, and ba lanced ventilation systems.

Role in Indoor Climate Control:

by removing pollutants such as smoke, odors, and excess moistu
S re.

« Enhances indoor air quality
| humidity levels and preventing issues like mold growth

s Helps in maintaining optima




3. Air Conditioning

midifying indoor air to create a

Air Conditioning systems are responsible for cooling and dehu :
heat and moisture from the air.

comfortable environment during hot weather, They work by removing

Common Air Conditioning Systems Include:
d distribute it throughout the

» Central Air Conditioners: These systems cool air at a central location an
building via ducts. :
* Split Systems: Comprising an indoor and an outdoor unit, these systems are often used in residential
settings. The indoor unit cools the air and the outdoor unit releases the absorbed heat.
Window Units: These arc compact systems installed in windows to cool individual rooms

Major Components of HVAC Systems

HVAC systems are complex and consist of various components working together to regulate indoor
climate. Here’s an in-depth look at the major components involved in heating, air conditioning, and
ventilation systems:

1. Heating Units

1.1 Furnaces

« Function: Furnaces are designed to generate heat and distribute it throughout a building.
« Types:
o Gas Furnaces: Burn natural gas or propane to produce heat. They usc a heat exchanger to
transfer the heat to the air which is then distributed via ducts, ;
o Electric Furnaces: Usc electric heating elements to produce heat. They are typically less
efficient than gas furnaces but are uscd where gas is not available.
o Oil Furnaces: Burn heating oil to generate heat, often used in areas where oil is a more
cconomical option than gas.
« Components:
o Burner: Where fuel is burned to create heat.
Heat Exchanger: Transfers heat from the burner to the air.
Blower Motor: Circulates air over the heat exchanger and through the ductwork.
Thermostat: Controls the temperature settings and activates the furnace when needed.

o]
©
(o]

1.2 Boilers

Function: Boilers heat water or steam, which is then circulated through pipes to radiators or
under floor heating systems.
o« Types:

o]
o]

Steam Boilers: Produce steam that is distributed through pipes to radiators.
Hot Water Boilers: Heat water that circulates through bascboards, radiators, or in-floor heating

systems.
Heat Exchanger: Transfers heat 10 the water or steam.

Circulator Pump: Moves hot water through the system,




2. Air Conditioning Systems

2.1 Central Air Conditioners

e Function: Central air conditioners cool air at a central location and distribute it throughout the building

via ductwork.
o Components:
Evaporator Coil: Absorbs heat from indoor air.
o Condenser Coil: Releases absorbed heat to the outside air.
o Compressor: Moves refrigerant between the evaporator and condenser coils.
o Expansion Valve: Regulates the flow of refrigerant into the evaporator coil.

2.2 Split Systems

e Function: Split systems consist of an indoor unit and an outdoor unit, often used in residential
applications.

e Components: .

o Indoor Unit (Air Handler): Contains the evaporator coil and blower. It circulates cooled air

throughout the space.
o Outdoor Unit (Condenser): Contains the condenscr coil and compressor. It expels heat to the

outside air.

2.3 Window Units

« Function: Window air conditioners are compact units designed to cool a single room or small space.

» Components:
o Evaporator Coil: Cools the air inside the room,
o Condenser Coil: Expels heat to the outside.
o Fan: Circulates the cooled air within the room and expels heat outside.

3. Ventilation Systems

- 3.1 Natural Ventilation

« Function: Relies on natural air flow to ventilate a building.

« Components: . _ .
o Windows and Vents: Allow outdoor air to enter and indoor air to exit,

o Architectural Design: Building orientation and window placement are designed to enhance
natural air flow. :

Functionality: How HVAC Systems Waork Together to Maintain Comfortable Indoor Environments

HVAC systems arc designed to creatc a comfortable indoor environment by integrating three primary

6 etions: heating, ventilation, and air conditioning. Each of these functions plays a distinct role, but
together, they ensurc that indoor spaces remain comfortable, healthy, and energy-efficient. Hcre's’how

these systems work to gether:




1. Heating
Function:

* The heating component of an HVAC system is responsible for raising the indoor temperature to :
comfortable level, particularly during colder months. This ensures that occupants remain warm an
comfortable even when outside temperatures are low.

How It Works:

Thermostat Setting: The thermostat, a control device located inside the building, is set to the desired
temperature.

Heating Activation: When the indoor temperature falls below the set point, the thermostat signals the
heating system to activate.

Heat Generation: The heating unit (furnace, boiler, or heat pump) generates heat either through burning
fuel (gas, oil) or using electricity. _ .
Heat Distribution: The generated heat is distributed through the building using a system of ducts (in the

case of a furnace) or pipes (in the case of a boiler). Heat pumps can also distribute heat through air or
water systems. '

Temperature Regulation: The thermostat monitors the indoor temperature and adjusts the heating
system’s operation to maintain the desired temperature.

. 2. Ventilation
Function:

e Ventilation is essential for maintaining indoor air quality. It involves the exchange of indoor air with fresh
outdoor air to remove contaminants and regul_ate humidity levels. Proper ventilation helps prevent issues
such as mold growth, stale air, and buildup of indoor pollutants,

How It Works:

Air Exchange: Ventilation systems bring in fresh outdoor air while ex
be achieved through natural means (open windows, vents) or mechanic
Air Filtration: Air handling units often include filters to remove p
incoming air. . . -
Humidity Control: Some ventilation systems are equipped with humidifiers
optimal humidity levels. . 5,

Controlled Airflow: Mechanical ventilation systems use fans and ductwo
controlled airflow throughout the building.

hausting stale indoor air. This can
al systems (fans, HRVs),

articulates and pollutants from the
or dehumidifiers to maintain

tk to ensure consistent and

3, Air Conditioning

Function:

Ai nditioning systems are designed to cool the indoor n.ir and remove exce
. ol:ngnablc environment during hot weather. They also help in maintaining indo
c

the air.

S8 pumidity, creating a
Or air quality by filtering




" How It Works:

Thermostat Setting: Similar to heating, the thermostat is sct to the desired cooling temperaturc. _
Cooling Activation: When the indoor temperature riscs above the set point, thel thermostat 51g1_1.als.th.e air,
Heat Absorption: The air conditioners evaporator coil absorbs heat from the indoor air, cooling it in the
process.

Heat Rejection: The absorbed heat is transferred to the refrigerant an
condenser coil.

Air Circulation: The cooled air is then circulated throughout the building via ducts or fans.

Humidity Control: The air conditioner also dehumidifies the air by condensing moisture onto the
evaporator coil.

d expelled outside through the

Importance of Electrical Systems in HVAC

Electrical Integration: How Electrical Systems l-;’nwer and Control HVAC Components

_ HVAC systems rely heavily on electrical systems for their operation, functioning, and control. Electrical
integration involves powering HVAC components and managing their performance to ensure efficient
and reliable climate control. Here’s a detailed look at how electrical systems integrate with HVAC
components:

1. Power Supply and Distribution

1.1 Electrical Power Supply

Source of Power: HVAC systems are powercd by the building’s electrical supply, which is typically
provided by the main electrical panel. This pancl receives electricity from the local power grid and
distributes it to various circuits throughout the building. -
Voltage and Amperage: HVAC components operate at different voltage levels and amperages. C

: . : « Co
residential HVAC systems use 120V or 240V, while commercial systems may use higﬂer ‘%O]tagcsnz?on
480V). Proper circuit sizing and breaker ratings are essential for safe and reliable operation -8

1.2 Circuitry and Wiring

Wiring: Electrical wiring connt.acts HVAC components to the power source. This includes hj h-volta
wiring for major components like compressors and motors, as well as low-voltage wiring ?01. contrg;}?

systems. .
Circuit Breakers: Protect HVAC components from electrical faults and overloads. Circuit breakers

automatically disconncct the power in case of a fault, preventing damage to the equipment and ensuri
ng
safety.

2, Control Systems

2.1 Thermostats

Thermostats are control devices that monitor and regulate the tem

Function: )
als to the HVAC system to turn on or off based on the desired t

They send sign

Types: i adi
o Manual Thermostats: Allow users to set and adjust temperature manually

perature within a building.
tmperature settings.




t schedules for temperature changes throughout

o Programmable Thermostats: Enable users 10 s¢

the day.
Smart Thermostats: Offer advanced features such as remote access,

integration with home automation systems.

learning capabilities, and

2.2 Relays and Contactors

the operation of HVAC components by opening or

« Relays: Electromechanical switches that control
h on or off various parts of the system, such as the

closing clectrical circuits. They are used to switc

blower motor or compressor.,
« Contactors: Heavy-duty relays designed to handle high currents, They are
components like the compressor and outdoor fan in air conditioning systems.

used to control major

3. Sensors and Feedback Mc;:hanisms

3.1 Temperature Sensors

vide feedback to the control system.

« Function: Measure the temperature of the air or components and pro
djusting the operation of heating or

Temperatures sensors help maintain the desired indoor climate by a
cooling components.

3.2 Humidity Sensors

« Function: Monitor indoor humidity levels and provide feedback to the control system. These sensors help
maintain comfortable humidity levels by adjusting the opcration of dehumidifiers or humidifiers.

4. Motors and Drives

4.1 Motors

« Function: Power various components within the HVAC system, such as fans, pumps, and co
Motors convert clectrical energy into mechanical energy to drive these components ’ Mpressors.
o Types: . _ _
o Blower Motors: Drive the circulation of air through the ductwork.
o Condenser Fan Motors: Cool the refrigerant in air conditioning syst .
: ems -
condenser coil. R by moving air over the

o Pump Motors: Power water or refrigerant pumps in heating and cooling systems

4.2 Variable-Speed Drives

. Function: Control the speed of motors based on the system’s demand. Variable-speed drives i
energy efficiency and comfort by adjusting motor speed to match the required per f"'l"nr;an ives improve
ce.

o Types: . .
o Variable Frequency Drives (VFDs): Adjust the frequency of the electrical s
motor speed. A al supply to control
o Variable Speed Blower Motors: Adjust the airflow rate to improve ¢ .
. ) prove comfort and efficiency.




5, Safety and Monitoring

5.1 Safety Devices

o isconnecting power in
e Overload Protectors: Protect motors and other components from overheating by disco gp

case of excessive current. _ i nditions b
 Limit Switches: Monitor temperature or pressurc levels and prevent unsafe operating co Y

shutting down the system if necessary. -

5.2 Monitoring Systems

* Building Management Systems (BMS): Centralized systems that monitor and control HVAC systems,
providing real-time data on performance, energy usage, and system status. L

* Remote Monitoring: Allows for off-sitc monitoring and control of HVAC systems, providing
convenience and enhancing maintenance capabilities.

~ Integration and Coordination

**1. System Coordination:

» Integrated Controls: Modern HVAC systems integrate control functions across heating, cooling, and
ventilation components. This integration ensures that the system operates efficiently and responds
appropriately to changes in indoor conditions. . - ;

* Communication Protocols: Advanced HVAC systems use communication protocols like BACnet or
Modbus to enable components to exchange information and work together seamlessly.

¥*2. Energy Efficiency:
e Smart Controls: Energy-cfficient HVAC systems use smart

performance and reduce energy consumption. Features like do
algorithms enhance overall efficiency.

controls and sensors to optimize
mand-based operation and adaptive

. Week 1: Introduction to HVAC Electrical Systems

o Electrical Components Overview
o Activities and Observations

Electrical Components Overview in HVAC Systems

HVAC systems rely on a variety of electrical components to engyr
effectively. These components play crucial roles in powering, controlji
elements of heating, ventilation, and air conditioning systems, Below is
components in HVAC systems and their functions.

e they functjon efficiently and
ng, and monitoring the different
an overview of the key electrical

== ———




1. Power Supply and Distribution
1.1 Main Electrical Panel

« Function: Distributes electrical power from the utility grid to various circuits within the building,
including those that power HVAC systems.
« Components:
o Circnit Breakers: Protect the electrical circuits by automatically disconnecting in case of an
overload or short circuit. -
o Main Disconnect: Allows for the complete disconnection of power to the HVAC system for
maintenance or emergencies.

1.2 Wiring

» Function: Connects the various electrical components of the HVAC system to the power supply and to
each other. '

s+ Types:

o High-Voltage Wiring: Used for components like compressors, motors, and heating elements that
operate at 240V or higher.

o Low-Voltage Wiring: Used for control circuits and sensors, typically opcrating at 24V or less.

2. Control Systems

2.1 Thermostats

- Function: Monitor and regulate the indoor temperature by controlling the HVAC system’s operation
« Types: '

o Manual Thermostats: Require manual adjﬁstmcnts to set and change temperature.

o Programmable Thermostats: Allow users to sct schedules for temperature changes throughout
the day.

o Smart Thermostats: Offer remote access, leaming algorithms, and integration with home
automation systems.

2.2 Relays

« Function: Act as electrical swilches that control the operation of various HVAC components
or closing circuits.

e Types:

o Electromechanical Relays: Utilize an electromagnet to switch circuits.

o Solid-State Relays: Use electronic components to switch circuits, offering faster sisponse s

by opening

2.3 Contactors

« Funection: Heavy-duty relays used to control high-current components like compressors and condenser

fans.

e Components: - ;
o Coil: Energized by the control circuit to pull in the contacts.

o Contacts: Open or close to allow or interrupt the flow of electricity to the component




e ————

3. Motors and Drives

* 3.1 Motors

Function: Convert electrical encrgy into mechanical cnergy to power components such as fans, pumps,

and compressors,

Types: _

o Blower Motors: Drive the circulation of air through the
systems. '

o Condenser Fan Motors: Move air across the con

o Pump Motors: Power pumps that circulate water or r

ductwork in heating and cooling

denser coil to release absorbed heat.
efrigerant in heating and cooling systems.

3.2 Variable-Speed Drives

« Function: Adjust the speed of motors based on system demand, improving energy efficiency and
performance.

L ]

+ Types: ‘

o Variable Frequency Drives (VFDs): Control motor speed by varying the frequency of the
electrical supply.
ECM (Electronically Commutated Motors): Provide variable speeds and energy cfficiency by
using electronic control.

4. Sensors and Feedback Me::hanisms

4.1 Temperature Sensors

« Function: Measure the temperature of air or components and provide feedback
: : to the contro
maintain the desired temperaturc. | system to
o Types:
o Thermostats: Measure temperature by varying resistance.
o RTDs (Resistance Temperature Detectors): Measure tem :
. # § perature based o
in a metal. n resistance changes

4.2 Humidity Sensors

Function: Measurc indoor humidity levels and provide

feedback to th _
dehumidification or humidification. ¢ control system for adjusting

Types:

Capacitive Humidity Sensors: Measure humidity based on chan

o
Resistive Humidity Sensors: Measure humidity based on chang

o

ges in capacitance,
¢S In electrical resistance

4.3 Pressure Sensors
Function: Monitor air or fluid pressure within the HVAC
proper operation.

Types: !
Differential Pressure Sensors: Measure the difference betwe
: €N (WO pressure points,

- .
ystem and provide feedback for maintaining




o Absolute Pressure Sensors: Measure pressure relative to a vacuum.

5, Safety Devices

5.1 Overload Protectors

. . . = erlt
« Function: Protect motors and other components from overheating by disconnecting the power if curr

exceeds safe levels.

o« Types: ) )
o Thermal Overload Relays: Use a bimetallic strip that bends with temperature to disconnect

POWET.
o Electronic Overload Protectors:
disconnect power

Usc electronic sensors to detect overload conditions and

5.2 Limit Switches

« Function: Monitor temperature or pressure levels and prevent unsafe operating conditions by shutting

down the system if necessary.
o Types:
o High-Temperature Limit Switches: Prevent overheating by shutting off the system if

temperatures exceed a safe level.
o Low-Pressure Switches: Prevent operation under low-pressure conditions to protect

components.
Activities and Observations in HVAC Systems

During an internship or practical experience in HVAC systems, various activities and observations are
~ crucial for understanding the operation, maintenance, and troubleshooting of these systems. Below is a
detailed description of typical activities and observations that interns might engage in while working

with HVAC systems.

1. Installation and Setup -

1.1 Activities:

« Component Installation: Assisting in the installation of major HVAC components such :
conditioners, heat pumps, and ventilation systems. This involves positioning units, con as furnaces, air
and wiring electrical components. > necting ductwork,

» System Configuration: Setting up control systems, including thermostats and control

+ Leak Testing: Conducting leak tests on refrigerant lines and other critical collnecﬁz::ls.

system is scaled and operating efficiently. to ensure the

1.2 Observations:

Component Placement: Noting the correct positioning of compon .
manul:"acmrcr specifications and building codes. ponents and ensuring adherence to
« System Integration: Observing how different components '

that all connections are secure and correctly installed.
« Initial System Operation: Monitoring the initial start-up of the system to check f,
vibrations, or operational issues. _ Or any unusual noises,

ar i
¢ connected and Integrated, and verifying
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2. Maintenance and Servicing

2.1 Activities:

« Routine Inspections: Performing regular inspections

wear and tear,

of HVAC systems to check for
and electrical

corrosion, and other signs of potential issues. This includes checking filters, belts,

connections. .
Cleaning: Cleaning components such as air filters, coils, and ductwork to maintain system efficiency and
indoor air quality. :
Replacement of Parts: Replacing worn-out or malfunctioning parts,
and ensuring that new components are installed correctly. '

such as filters, belts, or thermostats,

2.2 Observations:

Condition of Components: Observing the condition of various components during inspections and

noting any signs of deterioration or potential failure.

§ystem Efficiency: Measuring system performance before and after maintenance activities to assess
improvements in efficiency and operation.

Common Issues: Identifying common issues such as clogged filters, faulty wiring, or refrigerant leaks,
and understanding how they affect system performance.

T8 Troubleshooting and Diagnostics

3.1 Activities:

Fault Detectiu.n: Using_diagnostic tools and techniques to identify issues within the HVAC system. This
includes checking electrical circuits, sensor readings, and system pressures.
Pr_ohlfem Sol}’lng: Appllymg problem-solving skills to address and resolve issues. This might involve
adjusting settings, repairing or replacing faulty componcnts, and re-testing the system
System Testing: Conducting tests to verify that the system o Sai :

ste ) perates correctly after repair,
This includes checking temperature and humidity levels, airflow, and el ectric)t;I readin{.:gs i o

3.2 Observations:

13

Efficiency Assessment: Assessing the overall efficiency of the HVAC s

Error Codes: Observing and interpreting error codes or warni i
: ¢ s ng si _
diagnostic tools. & signals from control panels and
System Behavior: Noting how the system behaves under different iti
. . : conditio : .
irregularities or issues. ns and load levels to identify
Repair Effectiveness: Evaluating the effectiveness of repairs or adj :

3 : ; ustmen : cr .
issues and restoring system functionality. . 15 in resolving the identified

4, System Optimization

4.1 Activities:

f . Ste :
consumption, performance metrics, and system output. ystem by measuring energy

Adjustments: Making adjustments to system settings, such as airflow rates o
i rt
improve performance and energy efficiency. Cmperature thresholds, to




4.2 Observations:
ics, such as energy usage and

Performance Metrics: Observing changes in system performance metr

temperature control, after optimization activitics. .
. Usc[; Feedback: ('ialhcring:p feedback from users or building occupants about changes in comfort levels
and system performance.

« System Behavior: Monitoring the sys
improvements are effective and sustainable.

sure that

tem's response to adjustments and upgrades to en

5. Safety and Compliance

5.1 Activities:

re that HVAC systems comply with safety standards
g that safety devices are

« Safety Checks: Conducting safety checks to ensu
and regulations. This includes checking electrical connections, verifyin
operational, and ensuring proper ventilation.

» Code Compliance: Verifying that installations and repairs adher
standards. g

o Training: Participating in training sessions on safety practiccs, proper handling of refrigerants, and
emergency procedures. ' '

e to local building codes and industry

5.2 Observations:

» Safety Issues: Obscrving and identifying any potential safety hazards, such as exposed wires, gas leaks
or improper ventilation. ,
o Compl.iance Adherence: Ensuring that all work is performed in accordance with safety codes and
regulations, and documenting compliance as required.
» Emergency Readiness: Evaluating the system’s preparedness for i i i
_ ; emergenci
effectiveness of safety devices and response protocols. 8 2, Toclding .Te

Week 2: Electrical Components in HVAC Systems

o Detailed Description of Electrical Components
o Wiring and Circuitry

Detailed Description of Electrical Components in HVAC Systems

Electrical components are critical to the operation of HVAC (Heati

A eat ot g
Conditioning) systems. They ensure that HVAC systems are powgre d lgg;ltrz’ﬁn:lllatlon, anc! Air
effectively. Here’s a comprehensive description of the key electrical c(;m 0 oy R monitored
systems: ponents found in HVAC

1. Power Supply and Distribution

1.1 Main Electrical Pancel

e Function: The central hub that distributes electrical power from the utilit
within the building, including HVAC systems.
Components:

Y supply to various circuits




1.2 Wiring
ents and cnsures proper connections.

«  Function: Delivers electrical power to HVAC compon

» Types: ; :
'.po High-Voltage Wiring: Typically used for major components like com

operating at voltages such as 240V or 480V, . at 24V. This
o Lr:)w-\'ollage Wiring: Used for control systems aqd Sf:nsors. g opcrating
includes wiring for thermostats, relays, and control circuits.

pressors and motors,

enerally

2. Control Systems

2.1 Thermostats

« Function: Regulate the temperature within a space by controlling the operation of the HVAC system.

+ Types: )
o Manual Thermostats: Require manual adjustments to se temperature. Simple and
straightforward.
o Programmable Thermostats: Allow users to set tempe
day, improving energy efficiency.
o Smart Thermostats: Feature connectivity options for remote control via smartphones, learning
algorithms to adjust settings based on user behavior, and integration with home automation
systems. .

rature schedules for different times of the

2.2 Relays

» Function: Act as electrical switches that control the operation of HVAC components by opening or
closing circuits. '

e Types:
o Electromechanical Relays: Use an electromagnet to actuate i
o 2 the switch. i ;
control applications. h. Common in various
o Solid-State Relays: Utilize electronic components for switching, offering
and greater reliability. - ' S

faster response times

2.3 Contactors

Function: Heavy-duty relays that control high-current components such as
handle the switching of power to major parts of the HVAC system,

o Components:

o Coil: Energized by a low-voltage control circuit to pull in the contacts

o Contacts: Open or closc to control the flow of electrical power to the ';?Omponent

compressors and fans. They

3. Motors and Drives

3.1 Motors

« Function: Convert electrical energy into mechanical energy to drive vq
Ll

fans, compressors, and pumps. rous HVAC com onents i
p pump p ts like




i ting and cooling
o Blower Motors: Drive the circulation of air through thcd ductwork in heating
systems. Typically, they are either single-speed or multi-speed. . e
Cyosnde:{ser Fan Motors: Move air across the condenser coil to 1€
(o]

; i r units. . .
refrigerant. Often found in outdoo ter or refrigerant in systems like h

o Pump Motors: Power pumps that circulate wa

or cooling.

ydronic heating

3.2 Variable-Speed Drives
d, enhancing energy efficiency and

« Function: Adjust the speed of motors bascd on system deman

performance.
» Types:
o Variable Frequency Drives (VFDs
electrical supply. Useful in managing
o FElectronically Commutated Motors (ECMs): Provi
by using electronic control mechanisms. Often used in

djusting the frequency of the

): Modify motor speed by a

airflow and optimizing performance. .
Je variable speeds and improved efficiency

blower motors and circulator pumps.

4. Sensors and Feedback Mechanisms

4.1 Tempcrature Sensors

« Function: Measure the temperature of air or components and provide feedback to control systems to
maintain desired tempcratures.

+ Types:

o Thermistors: Mcasure temperature by changing resistance. Common in residential HVAC

systems.
o RTDs (Resistance Temperature Detectors): Use resistance changes in a metal to measure

temperature. Known for accuracy and stability, often used in industrial applications.

4.2 Humidity Sensors

Function: Monitor indoor humidity levels and provide feedback for adjusti L _
i , t
dehumidification. justing humidification or
e Types:
o Capacitive Humidity Sensors: Measure humidity based on changes i s .

in both residential and commercial systems. £CS In capacitance. Widely used

o Resistive Humidity Sensors: Measure humidity based on changes in electrical resist
: ' istance.

5. Safety Devices

5.1 Overload Protectors

« Function: Protect motors and other components from overheatin
disconnect power when an overload condition is detected.
¢« Types:
o Thermal Overload Relays: Utilize a bimetallic strip that bends with
Sower, ' ith temperature to disconnect
o Electronic Overload Protectors: Use clectronic sensors to monj
power in case of overload. nitor current and disconnect

g due to excessive current. They
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Wiring and Circuitry in HVAC Systems

. T : itionin
Wiring and circuitry are essential components of -HV.AC (Heating, Ventilation, a.nd Alrsf;(::llilltf:gleni)
systems, enabling the transmission of power, control signals, ?nd data bet.ween vanotés sy \ .
Proper wiring and circuitry design ensure the efficient and reliable operation of HVAC systems.

1. Power Wiring

* Purpose: Delivers electrical power to major HVAC components, such as compressors, motors, and

heating elements. This wiring generally handles higher voltages (e.g., 240V or 480V).
* Types of Wiring:

o Single-Phase Wiring: Typicall
and neutral) and a ground wire,

© Three-Phase Wi ring: Common in commercial
efficient power distribution and higher capacity. T

L.1 High-Voltage Wiring \
y used in residential HVAC systems. It includes two wires (live l

and industrial HVAC systems, providing more

tinvolves three live wires and a ground wire, |

1.2 Conduit and Cable Types

* Conduit: Protects and routes hi
o Rigid Metal Conduit R
physical damage risk.

o Intermediate Metal Conduit (IMC): Lighter than RMC
© Flexible Conduit: Allows for il1

» Cable Types:
© Non-Metallic Sheathed Cable (NM

gh-voltage wiring. Common types include:

MC): Provides heavy-duty protection and is used in areas with high

Cable): Often used for residential applications to ca
power to HVAC units, ¥ Ty
o Armored Cable (BX Cable): Provides additional mechanjcal protection and is used in
commercial or industrial environments,

2.1 Low-Voltage Wiring

* Purpose: Carries control signals between
Operates at lower voltages (typically 24V).
e Types of Wires:
o Thermostat Wires: Usually 18-gauge wircs, color-coded to indicate their functiomnc.
* Red (R): 24V power supply unctions;
*  White (W): Heating control
*  Yellow (Y): Cooling control
= Green (G): Fan control
o Control Wiring: Conncects components like relays, contactors, and sepg
wires, often in-twisted pairs for signal integrity, ors. Uses 18 to 22

thermostats, control

2. Control Wiring J
panels, relays, and other components, l

-gauge
2.2 Wiring Techniques
e Twist-On Wire Connectors: Secure and insulate connections between multiple wires Also k
wire nuts, nown as

17



n control circuits.

g secure connections i .
allowing easy connection and

Common for splicing wires and creatin
in control panels,

« Wire Nuts: A
ks: Organize and connect WIrES

« Terminal Bloc
disconnection. .

3, Circuitry and Components

3.1 Circuit Breakers

from overloads and short circuits by interrupting the power supply when

« Function: Protect circuits
necessary.

e Types:

o Single-Pole Breakers: Protect single-phase circuits,

o Double-Pole Breakers: Protect 240V circuits, often use

such as compressors and electric furnaces.

suitable for lower-current devices.
d for high-power HVAC components

3.2 Contactors and Relays

« Contactors:
o Function: Heavy-duty switches that control high-current components such as compressors and

condcns_cr fans. They arc activated by a low-voltage control circuit.
o Operation: When energized, the contactor pulls in the contacts to allow high-voltage power (0

flow to the component.

« Relays:
o Function: Intermediate switches inc

Week 3: Troubleshooting and Diaznostics

o Diagnostic Tools and Techniques
o Case Studies of Electrical Issues

Diagnostic Tools and Techniques in HVAC Systems

_ Diagnosing issues in HVAC (Heating, Ventilation, and Air Conditioni
: il : ’ in aqui ;
tools and techniques to identify problems accurately and efficiently. ggrgflitrclgis requires a variety of
HVAC systems operate optimally and maintain comfort and efficiency. Here’s aa§n0§tlcs ensure that
diagnostic tools and technigues used in HVAC systems: etailed overview of ’

1. Diagnostic Tools

1.1 Millimeters :

« Function: Measure electrical properties such as voltage, current, and resistance. Essenti 1 fi
. ntial for diagnosin
.

clectrical issues in HVAC systems.
o Types:

o
often include features like data hold, min/max readings, and continuity testi
sting,

Analog Multimeters: Use a ncedle to display readings on a scale. Whi]
be useful for detecting trends and variations. » While less common, they can

Digital Multimeters (DMM): Provide precise readings of volta
S 8¢, current, and resista
. nce. They '



1.2 Clamp Meters

a conductor without disconnecting the wire. Useful for

«  Function: Measure the current flowing through -

dingnosing current-related issues in motors and other high-current compo

» Types: : HVAC applications.
. ; t (AC) and are used for most pp
o AC Clamp Meters: Measure alternating curren (AC) & in systems with DC componens

o DC Clamp Meters: Measure direct current (DC) and arc use

- 1.3 Thermometers and Temperature Probes

+ Function: Measure temperatures of various components and air streams to ensure they are within
specified ranges.

* Types: :

o Infrared Thermometers: Provide non-contact temperature measurements. Useful for checking

surface temperatures of components like coils and ducts.
o Thermocouples and RTDs: Provide contact temperature measurements and are used for more

precise and stable readings.

Case Studies of Electrical Issues in HVAC Systems

Undcrstan.ding electrical issues in HVAC (Heating, Ventilation, and Air Conditioning) systems through
case studies helps in diagnosing similar problems in the future and in learning best practices for

troubleshooting and resolution. Below are detailed case studies of common electrical issues found in
HVAC systems:

- Case Study 1: Faulty Contactor in a Residential Air Conditioner

Issue: The air conditioner in a residential home was not turning on. The thermosta

- , t was set to i
mode, but the outdoor unit did not start, and there was no airflow from the indoor ’ 900 ting

unit,

Diagnosis:

1. Visual Inspection:
o Observed that the outdoor unit was silent, with no signs of operation.
o Checked the electrical panel and confirmed that the circuit brea
tripped.
2. Testing:
o Used a multimeter to check for voltage at
contactor.
o Tested the thermostat wires for continuity and confirmed they were wo
3. Component Testing: :
o Disconnected the wires from the contactor and tested the cont
coil showed an open circuit.

ker for the AC unit was not

the contactor terminals. Found ng voltage reaching th
e

rking con-cctly_

actor coil with g multimeter, The

Resolution:

« Replaced the faulty contactor with a new one.
o Verified that voltage was reaching the new contactor and that it was correctly closi
circuit when activated by the thermostat. 10sIng and opening the




~ Lessons Learned:

i iti : s they arc common points of
Regular maintenance should include checking the condition of contactors, as they

failure. .
Proper testing procedures for clectrical com
replaced.

ponents ensure that faulty parts arc correctly identified and

Case Study 2: Tripped Circuit Breaker in a Commercial HVAC System

Issue: In a commercial building, the HVAC system was expf:riencing. frequent tr'ppifn%t Oif thilfi‘lf;i‘:;
breaker. This caused intermittent loss of cooling and heating, leading to discomfort 10Or
occupants.

Diagnosis:

1. Visual Inspection: :
o Inspected the electrical panel and found that the circuit breaker for the HVAC system was
frequently tripping.
o Checked for any visible signs of overheating or damage in the wiring,
2. Testing:
o Used a clamp meter to measurc the current draw of the HVAC system. Found that the system was
drawing significantly more current than its rated capacity.

o Tested the insulation resistance of the wiring and found low resistance, indicating potential
insulation breakdown.

3. Component Testing:

o Checked the compressor and blower motor for any signs of mechanical issues or excessive wear.
o Discovered that the compressor was drawing excessive current due to a failing capacitor.

Resolution:

o Replaced the faulty capacitor with a new one. -
« Repaired or replaced any damaged wiring and ensured proper insulation,

o The system was re-tested to confirm that the current draw was within acceptable limi
; ‘ muits
breaker no longer tripped. and that the

Lessons Learned:

« Capacitors are critical for proper operation a_nd should be checked during routine maintena
« Over current issucs can be caused by failing components or insulation problems :.ce_
addressed promptly to avoid circuit breaker tripping. : » Which should be

Case Study 3: Thermostat Wiring Issue in an HVAC System

Issue: A residential HVAC system was not responding to temperature changes set on ti
The system remained at a constant temperature regardless of adjustments. e thermostat.




Diagnosis:

al Inspection: . o - et sertinas,
L. Vist: Che[::kcd the thermostat for any obvious signs of ddm‘ag‘r,: \(;l; ::1(; iy comneitsd
o Inspected the thermostat wiring and found that the wire

e ' . was present but
% Tcstomgl.sz a multimeter to test the thermostat terminals for voltage. Found that voltage p

not consistent with expected levels. _ _ . : ity issues.
o Measured continuity across thermostat wires and found intermittent connectivity

3. Component Testing: . orn and not
op Disconnectedgand inspected the thermostat. Found that the internal contacts were w

making proper connections.

Resolution: .

* Replaced the faulty thermostat with a new one.
* Ensured all wiring connections were secure and correct, ded t
* Tested the new thermostat to verify that it correctly controlled the HVAC system and responded to

temperature changes.
Lessons Learned:

* Thermostats are critical for controlling HVAC systems and should be replaced if they show signs of
internal wear or malfunction.
*  Proper wiring and secure connections are essential for reliable thermostat operation.

Week 4: Electrical Safetv and Standards

o Safety Protocols and Best Practices
o Inspection Procedures

.

Safety Protocols and Best Practices in HVAC Systems

Safety protocols and best practices are essential in HVAC (Heating, Ventilation, an
systems to ensure the safety of personnel and the efficient operation of the syste
guidelines helps prevent accidents, ensures system reliability, and mainta
environment. Here’s a comprehensive overview of safety protocols and best
systems:

d Air Conditioning)
m. Adhering to these
Ins a safe working
Practices for HVAC

1. General Safety Protocols

1.1 Personal Protective Equipment (PPE)
* Gloves: Protect hands from sharp edges, hot surfaces, and electrical shock,
» Safety Glasses: Prevent eye injury from debris, chemicals, or particles,

 Hard Hats: Protect against head injuries, especially in construction Of Maintenanee -
* Hearing Protection: Use ear protection in environments with high noise levels, eas,

21
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1.2 Safety Training eration, safety
; . tem O )
« Regular Training: Ensure all personnel receive ongoing (raining on HVAC system op

St et o ant handling and other relevant
» Certification: Obtain certifications suc

industry certifications.

h as EPA Section 608 for refriger

1.3 Safety Signage

. rotatin
«  Warning Signs: Display signs to indicate hazards such as high voltage, hot surfaces, and .

machinery. .
»  Labels: Clearly label electrical panels, disconnect switches, and other critical components.

1.4 Lockout/Tagout Procedures

* Purpose: Prevent accidental energization of equipment during maintenance or repair.

* Steps:
o Isolate Energy Sources: Turn off and disconnect power sources. _
o Lock and Tag: Apply lockout devices and tags to indicate that equipment is under maintenance.
o Verify: Ensure that all energy sources are de-energized before starting work.

L.5 First Aid and Emergency Procedures

» First Aid Kits: Maintain accessible and well-stocked first aid kits.

* Emergency Contacts: Post emergency contact information and procedures prominently,
* Training: Train personnel in basic first aid and CPR.

2, Electrical Safety
2.1 Power Disconnection

*  Turn Off Power: Always disconnect power before workin.

g on electrical component
 Verify De-Energization: Usc a voltage tester or multimet D v

er to confirm that circuits are de-energized.

2.2 Grounding and Bonding

» Proper Grounding: Ensure all electrical systems are properly grounded ¢ .
equipment damage. o Pfeyent electric shock and

» Bonding: Bond electrical components and systems to ensure equal '
thentlal and preVEnt . .
. static dlSCharge.
2.3 Electrical Inspections
* Regular Inspections: Conduct periodic inspections of wiring, connectiong
. o S, a -
of wear, damage, or overheating, nd electricq] panels for signs
* Repair or Replace: Address any issues promptly to prevent clectrical failur
¢ €S or safety hazards

2.4 Circuit Protection

» Circuit Breakers: Ensure that circuit breakers are correctly rated and functioning properl
erly,




3. HVAC System Safety

3.1 Equipment Handling

Proper Lifting Techniques: Use appropriate lifting equipment and techniques to handle heavy
components.

Secure Components: Ensure that all components are securely mounted and stabilized to prevent
movement or vibration.

3.2 Refrigerant Handling

Leak Detection: Regularly check for refrigeraht leaks using leak detectors or UV dye.

Proper Storage: Store refrigerants in well-ventilated areas and follow manufacturer guidelines for
handling and storage.

4. Handling and Storage of Tools and Materials

4.1 Tool Maintenance

= Inspect Tools: Regularly inspect tools for damage or wear before use,
* Proper Use: Use tools according to manufacturer instructions and for their intended purposcs.

4.2 Safe Storage

« Organize Tools:
accessibility.

Secure Hazardous Materials: Store hazardous materials, such as chemicals or refrigerants, in approved
. . )
containers and locations. .

Storc tools and materials -in designated areas to prevent accidents and improve

5. Emergency Response and Preparedness

5.1 Emergency Plan

o Develop a Plan: Create a comprehensive emergency response plan for various scenarios inchudin
electrical accidents, chemical spills, and fire. ? g

e Communicate; Ensure all personnel are familiar with emergency procedures and evacuation routes

5.2 Fire Safety

o Fire Extinguishers: Equip work areas with appropriate fire extinguishers and cnsure they are easily
accessible. _ o
e Fire Drills: Conduct regular fire drills to ensure readiness in the event of a fire emergency

6. Best Practices

6.1 Documentation and Record-Keeping

« Maintain Records: Kcep accurate records of maintenance, repuirs, and inspections,
« Update Documentation: Regularly update manuals and schematics to reflect any changes or upgrades



6.2 Compliance with Regulations

* Adhere to Standards: Follow local, national, and international standards and regulations related to
HVAC systems and safety. , .
* Stay Informed: Keep abreast of changes in regulations and industry standards.

Inspection Procedures in HVAC Systems

Inspection procedures are vital for ensuring the efficient operation, safety, and longevity o_f H_VAC
(Heating, Ventilation, and Air Conditioning) systems. Regular inspections help identify potential issues
before they become major problems, optimize performance, and maintain system reliability, Here’s a
comprehensive guide to inspection procedures for HVAC systems; -

L. Pre-Inspection Preparations

1.1 Review Documentation

* System Manuals:
system,

* Maintenance Records: Check
recent repairs,

Familiarize yourself with thé manufacturer’s manuals and specifications for the HVAC

previous inspection and maintenance records for any recurring issues or

* 1.2 Safety Precautions

* Power Disconnection: Ensure that the HVAC sy
avoid electrical hazards.

* Personal Protective Equipment (PPE
hearing protection.

stem 1s powered off before performing inspections to

): Wear appropriate PPE, including gloves, safety glasses, and

2. Visual Inspection

2.1 General Condition

¢ Check for Physical Damage: Look for any ‘Signs of damage to components, such as dents,
corrosion. '

» Inspect Surroundings: Ensure that the area around the HVAC system is clean an
or debris. '

rust, or

d free from obstructions

2.2 Equipment Components

o Inspect the Condenser Unit: Check the condenser fou: signs of damage, and ensure that the fins are
straight and clean. Look for leaks around the refri gerant llr.les. . ‘
e Examine the Evaporator Coil: Inspect the coil for dirt, damage, or ice buildup, which can affect

. cct‘;‘li;:é;nfl}:e Air Handler or Furnace: Look for any signs of wear, damage, or leaks in the air handler or

furnace,




3. Electrical System Inspection

3.1 Electrical Conncctions
or loose connections.

: arical connections for signs of wear, corrosion, :
k all electrical conne g b e, Lok -y

« Inspect Wiring: Chee
/ - that circuit breakers arc properly rated

« Examine Circuit Breakers: Ensure
signs of overheating.

3.2 Components Testing
« Test Contactors and Relays: Use a multimeter 10 check the functionality of contactors and relays.

Ensure they are operating correctly and not showing signs of wear. oo
e Check Transformers: Verify that transformers are delivering the correct voltage and functioning

properly.

- 4. Mechanical System Inspection

4.1 Motors and Fans

e Inspect Motors: Check for signs of overheating, unusual noises, or vibration. Ensure that motors are
properly lubricated and functioning correctly. '
« Examine Fans: Inspect fan blades for damage or dirt buildup. Ensure that fans are balance

operating smoothly.

d and

4.2 Belts and Pulleys

« Check Belts: Inspect belts for wear, cracks, or stretching. Ensure that belts are properly tensioned and

aligned. .
o Examine Pulleys: Ensure pulleys are in good condition and properly aligned with the belts.

5. System Performance Inspection
" 5.1 Temperature and Pressure Measurements

e Measure Air Temperature: Use a thermometer to measure the temperature of the air enteri
exiting the system. Compare these temperatures to manufacturer specifications, ey aud

o Check Refrigerant Pressure: Use manifold gauges to measure refrigerant pressures, E

pressures are within the acceptable range for the system. ' - Enaure that

5.2 Airflow and Ventilation

Measure Airflow: Use an anemometer to measure airflow at various points in the system. Check fi
sysem., or

proper airflow and distribution.
« Inspect Ductwork: Look for leaks, obstructions, or damage in the ductwork. Ensure that ducts ar
¥ ' ¥ S arc

properly insulated and sealed.
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and Sustainabilit

Week St
o Energy-Efficient HVAC Technologics
o Analyzing Encrgy Consumption

Encrgy-Efficient HVAC Technologies

| itioni i ial for
Ventilation, and Air Conditioning) tcc.hnologlcs are cn:mThBse
and minimizing environmental impact.

Energy-cflicient HVAC (Heating,
ce performance and efficiency.

lowering utility costs,
technologics leverage advanced design, materials, and controls to 'cnhan
Below is an overview of various encrgy-efficient HVAC technologics:

1. High-EfTiciency Equipmclit

1.1 High-Efficiency Furnaces

. . . 0
» Features: Furnaces with a high Annual Fuel Utilization Efficiency (A}:" UE) rating, typically above 90 't'f'-
« Benefits: Improved fuel combustion and heat transfer efficiency, leading to reduced energy consumption

and lower heating costs.
» Examples: Condensing furnaces that capture and utilize flue gas heat.

1.2 High-SEER Air Conditioners

« Features: Air conditioners with a high Seasonal Energy Efficiency Ratio (SEER) rating, generally above
16.
Benefits: Higher efficiency in cooling, resulting in lower electricity use and reduced cooling costs.

Examples: Variable-speed compressors that adjust cooling output based on demand.

1.3 Heat Pumps ‘

Features: Devices that provide both heating and cooling with high efficiency. Look for high Heating
Seasonal Performance Factor (HSPF) and SEER ratings. '

Benefits: Efficient energy use for both heating and cooling, especially in moderate climates.

Examples: Geothermal heat pumps that use the earth’s stable temperature for heating and cooling.

2. Advanced Thermostats and Controls

2.1 Programmable Thermostats
Features: Allow users to set temperature schedules based on time of day and occupancy.
Benefits: Reduces energy usc by adjusting temperatures when the building is unoccupied or during non-

peak hours,
Examples: Thermostats with learning capabilities that adapt to user behavior.

2.2 Smart Thermostats

.

o Features: Connect to Wi-Fi and can be controlled remotely via smartphone apps,
o Benefits: Offers real-time temperature control and energy usage insights, enabling optimized heating and

cooling schedules. |

J



2.3 Zoning Systems

t temperature controls.
reducing overall energy use by

Features: Divides a building into different zones wi{l'{ indf:pt:ﬂdGﬂ o
Benefits: Allows for tailored temperature settings in different areas,

heating or cooling only occupied spaces. ’ .
Exa m?ﬂcs: Motorized-dampers and zone controllers integrated with the HVAC system.

3. Encrgy Recovery Systems

3.1 Heat Recovery Ventilators (HRVs)

*  Features: Transfer heat from outgoing stale air to incoming fresh air.
* Benefits: Improves indoor air quality while minimizing energy loss, as the recovered heat reduces the
need for additional heating.

3.2 Energy Recovery Ventilators (ERVs)

* Features: Similar to HRVs but also transfer moisture between incoming and outgoing air streams.

* Benefits: Enhances comfort by managing humidity levels and reducing energy required for
dehumidification or humidification.

* Examples: ERVs that adjust to varying humidity levels in different seasons.

4. Efficient Insulation and Sealing

-

4.1 Insulation Materials

» Features: High-performance insulation materials such as spray -foam, cellulose, and fiberglass with high
R-values.

* Benefits: Reduces heat loss or gain, enhancing the efficiency of the HVAC system by maintaining
desired indoor temperatures. -

4.2 Air Sealing

e Features: chhniques and materials used to seal gaps and cracks in the building envelope.
» Benefits: Prevents air leaks that lead to energy loss and reduces the load on HVAC systems.
» Examples: Weather-stripping, caulking, and foam sealants applied to doors, windows, and ducts,

Analyzing Energv Consumption in HVAC Systems

Analyzing energy consumption in HVAC (Heating, Ventilation, and Air Conditioning) systems is
crucial for identifying inefficiencies, reducing opcrating costs, and improving overall system
performance. Effective analysis involves eyaluatmg various factors that contribute to energy usage and
implementing strategies to optimize efficiency. Here’s a comprehensive guide to analyzing energy
consumption in HVAC systems:




1. Understanding Energy Consumption Metrics

Measurements
n. It indicates

1.1 Energy Consumption |
d to measure electricity consumptio

o kWh (Kilowatt-hours): The standard unit of energy Use |
g or cooling capacity of

i ) d over time. _
the total amount of clectrical energy consume : oo Bty
BTU (British Thermal Units): A unit of heat energy used to measure

VAC cquipment. ‘ : nding how efficiently
. gFM (Cc?llll;lpcl 1;?:-lct per Minute): A measurement of airflow, r understanding
air is moved through the system.

important fo

1.2 Key Performance Indicators (KPIs)

SEER (Seasonal Energy Efficiency Ratio): Measures the cooling efficiency of air conditioners and heat
il;?nl?é gﬁiﬁsEP?uItlTaIt}:isl;isz::?;;atEegie;;glz;?:m;;:;ures the efficiency of heating systems. A higher
. }ﬁ?};’? laiitifgaSi:;isfa;?cll’fffﬂrrnmafcgrE:::ltl::rr.-): Measures the efficiency of heat pumps in heating

mode. Higher HSPF values indicate better efficiency.

2. Data Collection and Analysis

2.1 Energy Audits
 Purpose: Conduct a comprehensive assessment of the HVAC system to identify areas where energy 1s

being wasted and to evaluate overall efficiency.

e Process: :
o Inspect System Components: Examine equipment, ductwork, insulation, and controls.

o Measure Energy Use: Record electricity and fucl consumption over a specific period.

2.2 Monitoring and Metering
o Energy Meters: Install energy meters to measure real-time electricity consumption of HVAC
components. _
o Data Loggers: Usc data loggers to track temperature, humidity, and system operation over time.

2.3 Benchmarking

Compare with Standards: Use benchmarks and industry standards to compare energy consumption and

cfficiency against similar buildings or systems.
Identify Baseline: Establish a baseline of energy consumption to measure improvements or identify

anomalies.

3. Identifying Sources of Energy Inefficiency

3.1 Equipment Performance
» Efficiency Ratings: Compare the actual performance of HVAC equipment against its efficiency ratings
(e.g., SEER, AFUE).
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: intenance that may affect
« Maintenance Issues: Look for signs of wear, damage, Of inadequate mainte

performance.

3.2 System Design and Configuration

: : ; ildi -sized or under-sized units can
+  Sizing: Ensure HVAC equipment is properly sized for the building. Over-si

lead to inefficiencies. . . for
«  Zoning: Evaluate the effectiveness of zoning and whether the system is appropriately configured fo

different areas.
3.3 Insulation and Sealing

* Ductwork: Check for leaks, poor insulation, or incorrect installation in ductwork. | o e
* Building Envelope: Inspect insulation, windows, and doors to ensure they are adequately sealed an
insulated.

3.4 Operational Practices

Thermostat Settings: Analyze thermostat settings and programming for optimization. Incorrect settings
can lead to unnecessary Energy use,

Operating Hours: Review system operating hours to identify if the system is running when not needed.

Regular Maintenance: Implement a preventive maintenance schedule to keep equipment running
efficiently.

Filter Replacement: Regularly replace air filters and clean components to ensure optimal performance.

Week 6: Project and Presentation

o Project Description and Objectives
o Methodology and Implementation
o Feedback and Reflections

Project Description and Objectives in HVAC Systems

1. Project Description

1.1 Overview

_ The project aims to enhance the efficiency, performance, and sustainability of an HVAC (Heating,

Ventilation, and Air Conditioning) system within a specific building or facility, The project involves a
comprchensive cvaluation of the existing HVAC system, identification of inefficiencies and areas for
improvement, and implementation of advanced technologies and practices to optimize energy
consumption, reduce operational costs, and improve indoor comfort.




1.2 Scope

i ing i 1s, and overall
System Assessment: Evaluate the current HVAC system, including its components, controls,

performance. ' t cnc; ’
Encrgy Analysis: Conduct an energy audit to analyzc current energ

potential savings. .
Technological Upgrades: Investigatc and integrate cnCrgy-

enhance system performance, . .
Implcmentatim?: Develop and execute a plan for upgrading or modifying the HVAC system based on the

findings from the assessment and analysis. _ ) .
Monitoring: Establish procedures for ongoing monitoring and maintenance to ensure sustained efficiency

and performance.

y consumption and identify arcas for

cfficient technologics and equipment to

1.3 Background

_ The HVAC system in question serves a commercial or residential building, and it may be experienc'ing
issues such as high energy bills, inconsistent indoor temperatures, or frequent breakdowns. The project
secks to address these issues by implementing modern HVAC solutions and best practices in system
design and operation.

2. Project Objectives

2.1 Improve Energy Efficiency

Objective: Enhance the overall energy cfficiency of the HVAC system to reduce energy consumption and
operational costs. :

Approach:
o Conduct a detailed energy audit to identify inefficiencies.
o Implement high-efficiency equipment, such as high-SEER air conditioners, high-AFUE furnaces
and advanced thermostats. - ’
o Upgrade insulation, ductwork, and sealing to minimize energy losses.

- 2.2 Optimize System Performance

« Objective: Improve the performance of the HVAC system to ensure consistent indoor comfort and
reliability. :
o Approach:
o Assess and recalibrate system controls and scttings.
o Implement advanced controls and automation for better performance management.
o Conduct system balancing and ensurc proper ventilation and airflow.

Methodology and Implementation in HVAC Systems

Effective methodology and implementation are essential for optimizing HVAC (Heating, Ventilation
and Air Conditioning) systems to enhance performance, reduce energy consumption, and improw;
indoor comfort. This section outlines a systematic approach to methodology and implementation for an
HVAC system project, from initial assessment to final review.




|| 1. Methodology

1.1 Initial Assessment

identi i ment.
+  Objective: Understand the current state of the HVAC system and identify arcas for improve

e Activitics: ) . - ” .
o System Evaluation: Conduct a comprehensive review of the existing HVAC system, including

equipment, controls, and infrastructure: ‘ _ oy
Energy Audit: Perform an energy audit to measure current encrgy consumption and identify

inefficiencies. : ; d usage
o Data Collection: Gather data on system performance, maintenance history, and energy usage.

1.2 Analysis and Planning -

* Objective: Develop a detailed plan for optimizing the HVAC system based on the assessment findings.
e Activities: ' o -
o Performance Analysis: Analyze data collected from the initial assessment to identify key issues
and inefficiencies. )
o Benchmarking: Compare current performance against industry standards and best practices.
© Solution Identification: Identify and evaluate potential solutions, including equipment upgrades,
system modifications, and energy-saving measures.
o Feasibility Study: Assess the feasibility and cost-effectiveness of proposed solutions,

1.3 Design and Specification

* Objective: Create detailed designs and specifications for the selected solutions,
* Activities:
o Design Development: Develop detailed designs for system upgrades or modifications, including
technical specifications and schematics. -
o Equipment Selection: Choose appropriate high-efficiency equipment and components based on
the design requirements.
o Cost Estimation: Prepare a cost estimate for implementation, including equipment, installation,
and operational costs. -

Feedback and Reflections in HVAC Electrical System Internshig

1. Feedback

1.1 Feedback from Supervisors

+ Performance Evaluation: Summarize the feedback received from your supervisors regarding
your performance. Include insights into -your strengths and areas where you excelled. For
example: . |

- o "My supervisor commended my proactlvelapproach in troubleshooting clectrical issues in HVAC
. systems. They noted my ability to quickly grasp complex electrical diagrams and apply
| theoretical knowledge to practical problems."

Areas for Improvement: Reflect on any constructive criticism provided. Describe how this

feedback has helped you identify areas for growth. For example:




T e = v et ——

tion skills. While my technical work was

pcumenta ! '
ataining detailed records of repairs and

" received feedback on improving my docu .
strong, there was room for improvement in mai

modifications."

o}

1.2 Sclf-Assessment
essment of how you performed throughout the internship.

llenges faced. For example: ' ' B
ated to HVAC electrical systems, including wiring ;in:
whic

« Sclf-Evaluation: Provide your own ass
Highlight specific achievements and cha
o "I successfully completed several tasks rel ; . :
troubleshooting. However, 1 found complex clectrical schematics challenging at times,
required additional study and practice."”
« Personal Growth: Reflect on how the internship contribute
growth. For example:
o "This internship enhanced my understanding of HVAC electrical
problem-solving skills. 1 gained confidence in applying theoretical ¢
scenarios."

d to your personal and professional

systems and improved my
oncepts to real-world

2. Reflections

2.1 Learning Experience

« Skills Acquired: Reflect on the specific skills and knowledge you gained during the internship.
For example:

o "l _acquircd hands-on experience with HVAC clectrical systems, including installation,
maintenance, and troubleshooting. I also improved my ability to read and interpret electrical
diagrams." )

« Challenges Faced: Discuss any challenges or difficulties you encountered and how you
addressed them. For example:

o "One challenge was understanding the integration of electrical systems with HVAC controls. I
addrcs;s;ed this by seeking guidance from my supervisor and dedicating cxtra time to study rclat;zd
materials."

2.2 Application of Knowledge

o Practical Application: Reflect on how you applied your academic knowledge in the internshi
For example: P-
o "I applied my knowledge of electrical principles and HVAC systems to real-world problems, such
as diagnosing faulty wiring and optimizing system performance."” '
e Problem-Solving: pescribc specific instances where you used problem-solving skills. For
example: S
o "When faced with a malfunctioning thermostat, I used’ diagnosti 5 :
techniques to identify and resolve thcgissue effectively." . KBS tooks: and tonblestivotiig
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|

Lonclusion

Summarize your overall experience @
experience has prepared you for your future

«  Overall Experience: "Overall,

he internship. Emphasize how the

nd key takeaways from 1
cctions on the learning process.

carcer and any final refl

ensive understanding of

the internship provided a compreh
It was a rewarding

HVAC clectrical systems and offered valuable practical experience.

c..\.pcricf\tc that enhanced my technical skills and professional development.”
Final Thoughts: "I am grateful for the opportunity to work with a skilled team and gain hands-

on experience in the HVAC industry. The knowledge and skills acquired will serve as a strong
foundation for my future career in electrical engincering.”
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ABSTRACT

This study investigates the desipn and performance ol a novel drone transmitter model

aimed at improving communication reliability and efficiency. The transmitter is engineered to
enhance signal strength and stability, leveraging advanced modulation techniques and error
correction algorithms to mitigate interference and data loss. The research includes both theoretical
analysis and practical implementation, with extensive simulations and real-world testing to
evaluate the system's effectiveness. Results indicate that the proposed model significantly extends
operational range, reduces latency, and supports high data rate transmission, making it suitable for
applications requiring precise control and real-time data transfer. This work provides valuable
insights into the development of more resilient and efficient communication systems for drones.
paving the way for their expanded use in various ficlds.A drone remote, also known as a drone
controller or transmitter, is a handheld device used to operate and control an unmanned aerial
vehicle (UAV), commonly referred to as a drone. This device typically communicates with the
drone via radio frequencies, allowing the operator to manage the drone's flight path, speed, altitude.
and other functionalities. The drone remote often includes features such as joysticks for
maneuvering, buttons for specific commands, a display screen for real-time data and video feed,
and customizable controls to suit various flying needs and preferences. The primary purpose ofa

drone remote is to provide precise and reliable control over the drone, ensuring safe and effective

operation across different applications
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1.1 Introduction

Introducing the Drone Remote, a groundbreaking project that redefines the standards of A
drone remote, also known as a drone controller or transmitter, is a handheld device used to operate
and control an unmanned aerial vehicle (UAV), commonly referred to as a drone. This device
typically communicates with the drone via radio frequencies, allowing the operator to manage the
drone's flight path, speed, altitude, and other functionalities. The drone remote often includes
features such as joysticks for mancuvering, buttons for specific commands, a display screen for
real-time data and video feed, and customizable controls to suit various flying needs and
preferences. The primary purpose of a drone remote is to provide precise and reliable control over
the drone, ensuring safe and effective operation across different applications piloting. As drones
become increasingly integral to various fields, from aerial photography and cinematography to
agriculture, surveillance, and emergency response, the need for a sophisticated, reliable, and user-
friendly control system is paramount. The Drone Remote addresses this need by offering an
innovative blend of advanced technology and ergonomic design, tailored to enhance both amateur

and professional drone operations.

Our Drone Remote is equipped with state-of-the-art features designed to provide users with
the ultimate control experience. It boasts a robust communication system that ensures a long-range,
stable connection between the drone and the operator, reducing the risk of signal loss even in
challenging environments. The remote’s intuitive interface allows for customizable controls,
enabling users to tailor the system to their specific needs and preferences. This flexibility makes it
suitable for a wide range of applications, from capturing stunning aerial footage to performing

precise, complex maneuvers required in commercial and industrial contexts.

One of the standout features of the Drone Remote is its real-time video transmission
capability. This feature provides operators with a live feed from the drone’s camera, ensuring they
can make real-time adjustments to their flight path and camera settings. This is particularly
valuable for tasks that require high precision, such as inspection, mapping, and search-and-rescue

missions.

Ergonomically designed for extended use, the Drone Remote fits comfortably in the hands,
reducing fatigue during long operations. Its durable construction is built to withstand the rigors of
fieldwork, ensuring reliability and longevity. Moreover, the remote’s interface is designed with

1
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simplicity and ease of use in mind, featuring a clear display and intuitive controls that can be

mastered quickly, even by beginners.

In addition to its technical prowess, the Drone Remote is backed by robust software
support. Regular firmware updates ensure the system remains at the cutting edge of technology,
continually improving performance and adding new features. Comprehensive user manuals and
customer support services are also available, ensuring that users have access to the assistance they

need to maximize their experience.

The Drone Remote is not just a controller but a comprehensive system that enhances the
overall drone piloting experience. By combining advanced technology, ergonomic design, and
robust support, it empowers users to achieve more with their drones, whether they are flying for
fun or undertaking critical professional tasks. Embrace the future of drone piloting with the Drone

Remote, and take your aerial endeavors to new heights.

1.2 Need
A remote control for a drone is essential for several reasons:

1. Precise Control: A remote allows for precise control over the drone’s movements,

including altitude, direction, and speed. This is crucial for navigation, especially in

complex environments.
2. Safety: By maintaining direct control, the operator can respond quickly to obstacles,

changes in weather, or other unexpected situations, reducing the risk of accidents.

3. Range and Connectivity: Dedicated remote controls often provide better range and

more stable connections compared to smartphone-based controls, ensuring reliable

operation even at greater distances.

4 Advanced Features: Many remotes come with additional features like dedicated

buttons for takeoff and landing,

enhancing the overall functionality of the drone.
Remote controls are designed to be ergonomic and user-friendly, making

camera control, and programmable flight paths,

3. Ergonomics:
them more comfortable to us¢ for extended periods compared to touch-screen

interfaces on mobile devices.

NESGI DEPT. OF ELECTRICAL ENGG.
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Overall, a drone remote is a critical component for ensuring effective and safe drone operation,

providing the operator with the necessary tools to manage the drone cfficiently.

1.3 Objective

The primary objectives of a drone remote control are:

19

Navigation and Control: To allow the operator to control the drone’s flight, including
takeoft, landing, and maneuvering in the air. This includes adjusting altitude, speed,
and direction.

Safety Management: To ensure safe operation by allowing immediate response to
emergencies or unexpected obstacles, minimizing the risk of accidents and damage.
Enhanced Flight Experience: To provide a user-friendly interface with tactile
feedback, making it easier and more intuitive to control the drone, especially in
complex environments or during precision tasks.

Extended Range and Stability: To maintain a reliable connection with the drone over
long distances, ensuring consistent control and communication.

Access to Advanced Features: To enable the use of advanced functionalities such as
GPS-based flight planning, camera controls, and automated flight modes. enhancing
the drone’s capabilities for various applications.

Data Transmission: To facilitate real-time data and video transmission from the drone

to the operator, allowing for immediate analysis and decision-making.

Overall, the objective of a drone remote control is to provide comprehensive, reliable, and

intuitive control over the drone, ensuring effective operation and maximizing the drone’s

potential for various uses.

NESGI DEPT. OF ELECTRICAL ENGG.
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2.1 Literature survey
A literature survey on drone remote control projects reveals several key areas of research and

development, focusing on different aspects of drone technology and control methods.

1. Remote Sensing and Applications: Drones are extensively used in remote sensing across
various ficlds such as agriculture, forestry, mining, and environmental monitoring. They are
equipped with various sensors like optical, infrared, and LiDAR to capture high-resolution
images and data. Research in this area often addresses the challenges of data processing,
integration with neural networks, and the development of end-to-end solutions for specific
applications

2. Gesture-Based Control: Gesture control is a significant area of research, aiming to make drone
operation more intuitive. Techniques involve using body gestures captured through sensors such
as the Kinect or Leap Motion Controller. Studies have shown the effectiveness of using hand
gestures for controlling drones, which can enhance user experience and accessibility. Key
projects include the development of open-source libraries for gesture control and the use of
motion controllers for precise navigation

3. Arntificial Intelligence and Autonomous Systems: Al plays a crucial role in the advancement of
autonomous UAV networks. Research in this field focuses on integrating Al for network
resource management, planning, routing protocols, and energy efficiency. Al techniques such as
machine learning are used to improve the autonomous capabilities of drones, making them more
efficient and capable of performing complex tasks with minimal human intervention. Security
and privacy are also critical areas addressed through Al-based solutions to ensure safe operations
in dvnamic environments

4. Human-Drone Interaction: Enhancing the interaction between humans and drones involves
exploring new interfaces and control methods. Studies include using virtual reality and
exoskeletons for immersive control experiences, which can be particularly useful in applications
requiring precise maneuvers and situational awareness).

5. Networked UAV Systems: Another important research area is the development of networked
UAV systems for various applications, including communication, surveillance, and disaster
management. These systems rely on advanced networking protocols and Al to manage the

swarm behavior of multiple drones, ensuring efticient and coordinated operations

NESGI DEPT. OF ELECTRICAL ENGG,
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This survey highlights the diverse and interdisciplinary nature of drone remote control projects
encompassing advances in sensor technology, Al, human-computer interaction, and networked
systems. For a comprehensive understanding, it is recommended to explore specific studies and

reviews in these areas to gain deeper insights into the current trends and future directions

NESGI DEPT. OF ELECTRICAL ENGG.
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2.2 History

The history of drone remote control technology is an intriguing journey that spans several

decades and encompasses advancements in various fields such as radio technology, aviation, and

computer science. Here’s a CONCISe Overview:

Early Beginnings (Pre-World War II)
- 1910s-1920s: The concept of unmanned aerial vehicles (UAVs) began in the early 20"

century. During World War 1, attempts were made to develop rudimentary drones. The

Hewitt-Sperry Automatic Airplane, created by Elmer Sperry and Peter Hewitt, was one of

the earliest experiments in 1916, using gyroscopic stabilization and radio control.

World War 11 Era

1930s-1940s: Significant progress occurred during World War II with the development of

the Radioplane OQ-2, which became the first mass-produced drone. It was used primarily

for target practice for anti-aircraft gunners. The OQ-2 was controlled via radio signals,

representing a major step forward in remote control technology.

Cold War and Technological Advancements

1950s-1970s: The Cold War spurred advancements in drone technology for

reconnaissance purposes. Notable examples include the Ryan Firebee drones, which were
used extensively for intelligence gathering. Remote control systems became more

sophisticated, incorporating more reliable radio frequencies and better control
mechanisms.

Transition to Modern Era

1980s-1990s: Advances in microelectronics and computer technology significantly
improved the capabilities of remote-controlled drones. This period saw the development

of more versatile and compact drones with better communication systems, such as GPS

for navigation and more precise radio control.

21* Century and Commercialization

NESGI DFPT OF FLECTRICAL ENGG.
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- 2000s-Present: The 21* century marked the proliferation of drone technology into the
commercial and consumer markets. The development of user-friendly, GPS-guided, and
smartphone-controlled drones made them aceessible to hobbyists and professionals alike.
Companies like DII revolutionized the market with intuitive remote control systems that
integrated advanced features such as live video feed, automated flight paths, and obstacle

avoidance
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3.1 Block Diagram

3.1 Fig transmitter
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3.2 Components

Assembling a drone remote controller iny

1 : olves several essential components. Here's a detailed
list of the required parts along with the

it functions:

Core Components

1. Microcontroller/Processor

Microcontrollers are essential components in drone remotes, as they provide the necessary

processing power for controlling the various functions of the remote and communicating with the

drone. Several microcontrollers are commonly used in drone remotes, depending on the specific

requirements and functionalities desired. Some popular microcontrollers used in drone remotes

include:

Arduino: Arduino boards are widely used in DIY drone projects due to their ease of
use, extensive community support, and versatility. Boards like the Arduino Uno,
Arduino Nano, or Arduino Mega can be utilized in drone remotes for basic to
moderately complex functionalities.

* STM32: STM32 microcontrollers from STMicroelectronics are popular choices for
commercial drone remotes. They offer a range of performance levels and features
suitable for different remote control applications. Boards like the STM32F4 or
STM32F7 series are commonly used.

e ESP32: The ESP32 microcontroller from Espressif Systems is known for its
integrated Wi-Fi and Bluetooth capabilities, making it suitable for drone remotes that
require wireless communication with the drone, as well as connectivity with other
devices or networks.

e Raspberry Pi: While not a microcontroller in the traditional sense, Raspberry Pi

single-board  computers are sometimes used in more advanced drone remotes for

their higher processing power and capabilities. They can run full-fledged operating
systems and support a wide range of programming languages and software

frameworks.
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¢ PIC: Microcontrollers from Microchip Technology's PIC family are also utilized in

These microcontrollers can be programmed using various development environments and

languages such as Arduino IDE, C/C++, Python, etc., depending on the specific requirements
and preferences of the developer or designer. Additionally, they can be interfaced with other

components such as joysticks, buttons, displays, and wireless modules to create fully functional
drone remotes.

3.2 Fig . Arduino,
2. RF Module

Radio Frequency (RF) modules are integral components of drone remote controls, facilitating

wireless communication between the remote controller and the drone. Several RF modules are

commonly used in drone remotes, each with its own features and capabilities. Some popular RF

modules for drone remotes include:

¢ 2.4GHz Transceivers: These modules operate in the 2.4GHz frequency band and

provide bi-directional communication between the remote and the drone. They offer

relatively long-range transmission, low latency, and resistance to interference. Examples

include NRF24L01, CC2500, and A7105 modules.

Bluetooth Low Energy (BLE) Modules: BLE modules enable communication between
. uetoo ow I ?

the remote and the drone using Bluetooth technology. They are commonly used in
10
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smartphone-controlled drones or drone remotes that require connectivity with mobile

devices. Examples include [1M-10 and HC-05 BLE modules.

7 . . P = . , ) ,
WiFi Modules: WiFi modules allow for high-speed wireless communication between the
remote and the drone over local WiFi networks. They are suitable for drones that require

video streaming or other hi gh-bandwidth data transfer capabilities. Examples include
ESP8266 and ESP32 modules.

* LoRa Modules: LoRa (Long Range) modules utilize low-power, long-range
communication technology, making them suitable for drone remotes that require
extended range capabilities. They operate in the license-free sub-GHz frequency bands

and are ideal for applications where maintaining communication over long distances is

critical.

* RFM69 Modules: RFM69 modules are popular for their long-range capabilities in the
433MHz and 868/915MHz frequency bands. They offer reliable communication over
extended distances, making them suitable for drone remotes operating in environments

with potential signal interference or obstacles.

* Xbee Modules: Xbee modules provide reliable wireless communication in the 2.4GHz
and 900MHz frequency bands. They offer features such as mesh networking and point-
to-point communication, making them suitable for complex drone remote control systems

or applications requiring multi-node communication.

* Sub-GHz Transceivers: Modules operating in the sub-GHz frequency bands (e.g.,
433MHz, 868MHz, 915MHz) are commonly used for long-range drone control
applications. They offer improved range compared to 2.4GHz modules, making them
suitable for remote areas or environments with obstacles.When selecting an RF module
for a drone remote, factors such as range, power consumption, data rate, and
compatibility with existing hardware and protocols should be considered to ensure

reliable and efficient communication between the remote control and the drone.

11
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“(Radio Frequency ) module .
RF (Ks q : les used in dronee Yerve essential functions in establishing wireless

ommunication between ) _
cor the drone and 1S temote control unit. Here are the primary functions of

RF moduales in drones:

« Control Signal Trans
2 ‘n ml“h'“ lhl‘ I!I "‘f‘ll"'r ““"‘l“]l\ (f!"l‘“' q.un__ﬂalv‘ frnm ”"- rfr"fl'f

control unit to th y y : :
¢ drone. These signals typically include commands for theottle, prtch,

roll. vaw, and o , -
o Jd other hgin parameters, The RE module ensures that these commands are

transmitted reliably and in real-time 10 control the drone’s movement accurately

¢ Teclemetry Data Transmission: In addition to control signals, the RF module may also
transmit telemetry data from the drone 1o the remote control unit. Telemetry data includes
vital mformation such as the drone's altitude. speed, battery voltage, GPS coordinates,
and sensor readings. This data allows the operator to monitor the drone’s status and
performance during flight.

« Signal Reception: The RF module in the drone receives signals from the remote control
unit. including control commands and possibly other data such as firmware updates or
configuration changes. It ensures that these signals are received accurately and decoded
properly 1o initiate the appropriate actions on the drone.

¢ Signal Processing: RF modules often include onboard processing capabilities to handle
signal modulation, demodulation, error correction, and other tasks necessary for relable

communication. This processing ensures that communication between the drone and the

remote control unit is robust and resistant to interference.
Frequency Management: R modules manage the frequencies and channels used for
communication to avoid interference from other wireless devices operating in the same

frequency band. Frequenc) hopping spread spectrum (FHSS) and other techniques may
be employ ed to enhance reliability and security.

*  Range Optimization: RF modules optimize communication range by adjusting
transmission power and emplo) ing antenna diversity techniques W maximize signal
s -

inimi ' 1ol acles or environmental conditions on signal
, : Illlpm.l of obstacles o
:.lrcnglh ﬂﬂd minimize lht

quality.

12
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] .\c(‘lll “ V 3"“' l’ nery n . yorate encry ‘“ m and
. " A "i“ . L0 ‘Nses ; may .N( Or |
I ’ I" ome ca CSs, '{I ""NI"IC" ni .. mnco l 0 1 ‘I " a '

authentication mechani
nis ik .
M 10 secure communication between the drone and the remote

control unit. protect; :
protecting against unauthorized access of tnmpering.

Overall, RFF modules are critical o _
ntical components of drone communication systems, enabling reliable

and eflicient wireless ¢co e 2
: control and 1¢ lemetry exchange between the drone and its operator, T hey

sure that commands ; mitte
en are transmitted accurately and that telemetry data is received in real-time.

allowing for sate and responsive drone operation

N ¥
0
9

Yt P
>

3.3 Fig. RF module

3. Control Sticks (Gimbals)
Drone remote controls typically use gimbals rather than control sticks. Gimbals provide more

precise control over the drone's movement by allowing the user to manipulate the drone’s pitch,

roll, and yaw independently. This setup is preferred for its accuracy and responsiveness,

in situations where fine adjustments are necessary, such as aerial photography or

especially
en offer customizable features and ergonomic designs to

videography. Additionally, gimbals oft
enhance the user experience during prolonged use.

: ary depending on the specific
: hals use rone remote controls can vary
The control sticks and gimbals used in d

are widely used in the drone industry’:

13
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1. FrSky Taranis XD Plus: 71
' v s: This re y S ; ,
sy . cmote controller s popular among drone enthusiasts and
=(u¢ y 1 ale 4
gh=quality gimbals wiy, Hall efTect sensors for precise control
2. Spektrum DX series: Spokir : '
- pektrum offers o range of remote controllers suitable for drones,
eaturing erg ic desioie
£ ergonomic designs and smooth gimbals for precise control,
3. Futaba: Futaba produces n variee, o«
T1s produces a variety of remote controllers for drones, including the T1657
an SZ. which fe s hi i
_ ature high-quality gimbals with customizable tension and response
settings.
4. DJI: DJI's ren
10te controllers, such as those for the Phantom and Mavic scries drones,
feature built-in gi Fnd :
in gimbals optimized for controlling DJI drones with precision and ease of
use.
5. FlySky: FlySk . g :
d ySky: FlySky offers affordable remote controllers with decent quality gimbals suitable

for entry-level drone pilots.

These are just a few examples, and there are many other brands and models available on the
market. each with its own unique features and specifications. Ultimately, the choice of control

sticks and gimbals depends on factors such as budget, personal preference, and the specific

requirements of the drone pilot.

=
¢ 1§

S’

3.4 Fig. Control stick
The specifications of control sticks used in drone remote controls can vary depending on the

brand and model. However, here are some common specifications and features you might find:
0 s
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e Number of Axes: L :
s: Control sticks typically have two axes: one for controlling pitch and
roll (usuallv tt ick
( ¥ the left stick) and one for controlling yaw and throttle (usually the right

stick). Some advanced controllers may have additional axes for controlling camera tilt or
other teatures.

* Range of Motion: The control sticks should have a smooth and precise range of motion
to .allm\' for fine adjustments in drone movement. Higher-end controllers may have
adjustable tension settings to customize the feel of the control sticks.

e Hall Effect Sensors: Many premium controllers use Hall effect sensors in their control
sticks, which provide precise and reliable input without the need for mechanical
potentiometers that can wear out over time.

* Centering Mechanism: Control sticks should return to a centered position when
released, ensuring that the drone maintains its current attitude and doesn't drift
unintentionally.

* Ergonomics: The design of the control sticks should be ergonomic, allowing for
comfortable use over extended periods of time. Some controllers may feature adjustable
stick lengths or angles to accommodate different hand sizes and preferences.

e Customization: Advanced controllers often allow users to customize the sensitivity and

response curves of the control sticks to suit their flying style and preferences.

Durability: Control sticks should be durable enough to withstand regular use and

potentially rough handling. Quality materials and construction contribute to longevity and

reliability.

Compatibility: Ensure that the control sticks are compatible with your specific drone and

remote control system. Different brands and models may use different connection types

or protocols.

of the specifications and features to consider when evaluating control sticks

These are just some
to choose sticks that meet your needs and preferences for

for drone remote controls. It's essential
optimal control and flying experience.

5. Switches and Buttons

15
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Drone remote controls typically fe

functionality beyond the control stieks, 1

llllll‘c i \"““L‘I‘\' hl‘ S\\'ilCllt‘S “"(I |‘Ill|l(\115 Ih{“ pl.“\,idc udlli‘il"“ﬂl

re are some common switches and buttons found on

drone remote controls and their typical uses:

Flight Mode Switeh: This switeh allows the pilot to toggle between different flight
nqucs. such as manual mode. GPS-assisted mode, and return-to-home mode. Each mode
offers different levels of control and assistance from the drone's light controller.
Arming/Disarming Button or Switch: This button or switch is used to arm and disarm
the drone’s motors. Arming is typically required before takeofT to ensure that the motors
respond to throttle inputs, while disarming is necessary to shut down the motors safely
after landing.

Camera Controls: Many drone remote controls feature buttons or switches dedicated to
controlling the onboard camera. These may include buttons for capturing photos,
starting/stopping video recording, adjusting camera settings (such as exposure or white
balance), and controlling gimbal movement.

Return-to-Home Button: This button triggers the drone to automatically return to its
takeofT point or designated home location. It's a safety feature that can be useful if the
drone loses connection with the remote control or if the pilot needs to bring the drone
back quickly in an emergency.

Gimbal Control Dials or Wheels: These dials or wheels allow the pilot to adjust the
orientation of the camera gimbal in real-time, enabling smooth and precise control over

the camera angle for capturing aerial footage.

Trim Buttons: Trim buttons are used to make minor adjustments to the drone's flight

controls, such as pitch, roll, and yaw, to ensure that the drone flies level and responds
, ;

accurately to control inputs.
Customizable Function Buttons: Some remote controls feature programmable function
buttons that can be assigned to various ¢
modes, activating auxiliary features, Of triggering specific flight maneuvers.

on: This button allows the pilot to cycle through difterent

asks or settings, such as switching between flight

Telemetry Display Butt

telemetry data displayed on the re .
tance from the pilot.

mote control's screen, such as battery voltage, GPS

signal strength, altitude, and dis
16
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e These are just a few ex :
E Xamples WA *
amples of the switches and buttons commonly found on drone

remote controls, The specific —_—
specific layout and functionality may vary depending on the brand

and model of the remote
CCco i : It y y ~ . .
control, as well as the features of the drone it's designed to

control.

Drone remote controls incorporate various (v — . .
porate various types of switches and buttons to provide pilots with
recise control over the 'S o " -
P drone’s functions and features, Here are some common types of switches

and buttons found on drone remote controls:

* Toggle Switches: Toggle switches are manually operated switches that can be flipped
between two or more positions, They are commonly used for functions such as
arming/disarming the motors, switching between flight modes, or activating specific

flight features.

e Push Buttons: Push buttons are momentary switches that are pressed to make or break
an electrical connection. They are ofien used for functions such as capturing photos,
starting/stopping video recording, triggering return-to-home, or initiating other

predefined actions.

 Rotary Dials or Knobs: Rotary dials or knobs are used for analog input and adjustment.

They allow pilots to make precise adjustments to settings such as camera gimbal tilt,

throttle trim, or other configurable parameters.

Trim Buttons: Trim buttons are small buttons used to make minor adjustments to the

drone's flight controls, such as pitch, roll, and yaw. They help to fine-tune the drone's

response and stability during flight.

¢ Slider Switches: Slider switches are linear switches that can be moved along a track to

h their position They are sometimes used for functions such as adjusting throttle
change :

sensitivity or controlling auxiliary features.

17
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“'Is: * s leett 1 i
Mode se lection buttons allow pilots to switch between

manual mode, GPS-ggcicqe )
>-assisted mode, altitude hold mode. or other predefined flight modes.

e Function Buttons: Funet;
. unction buttons are programmable buttons that can be assigned to
various tasks or fe .
| atures based on the pilot's preferences, They provide quick access to
commonly used functi
¥ used functions or shorteuts, such as switching between camera modes,

tivati ‘aypoi Syt :
activating waypoint navigation, or triggering specific flight maneuvers.

e Power Switch: The Power switch is used to turn the remote control unit on or off,

conserving battery power when the remote control is not in use.

e These are just a few examples of the types of switches and buttons commonly found on
drone remote controls. The specific layout and functionality may vary depending on the
brand and model of the remote control, as well as the features and capabilities of the

drone it is designed to control.

6. Power Supply

Drone remote controls typically use rechargeable lithium-ion batteries as their power supply.
These batteries offer a good balance of energy density, weight, and rechargeability, making them
suitable for powering remote controls during extended periods of use.The specific battery

capacity and voltage can vary depending on the brand and model of the remote control, as well

as the features and power requirements of the drone it's designed to control

C Rating of
LIPO baltary

3.5, Fig . LIPO battery

18

NESGI DEPT. OF ELECTRICAL ENGG.



Qumlcnptel‘(lmlw transmitter

Remote control batteries usually range from around 7.4 volts to 11.1 volts (28 to 38 lithium-ion
batteries) and typically have capacities ranging from 1000mAh to 3000mAh or more.Some
advanced remote controls may also feature built-in battery management systems (BMS) to
monitor battery health, prevent overcharging or over-discharging, and optimize performance and
lifespan. Additionally, remote controls may include a variety of charging options, such as USB
charging ports or dedicated battery chargers, allowing users to recharge the remote control

batteries conveniently between flights

7. Telemetry Module

Telemetry modules used in drone remote control systems enable bidirectional communication
between the drone and the remote control unit. These modules gather data from various sensors
onboard the drone and transmit it to the remote control unit in real-time. Similarly, they can also
receive commands and instructions from the remote control unit to adjust settings or initiate

actions on the drone.

Some common telemetry modules used in drone remote control systems include:

Radio Telemetry Modules: These modules utilize radio frequency (RF) communication

to transmit telemetry data between the drone and the remote control unit. They often
operate in the 2.4 GHz or 900 MHz frequency bands and can provide telemetry data such
as GPS coordinates, altitude, battery voltage, motor RPM, and more.

Bluetooth Telemetry Modules: Bluetooth telemetry modules allow for wireless
communication between the drone and a compatible smartphone or tablet using Bluetooth

technology. These modules are often used in conjunction with mobile apps that provide

telemetry data visualization and configuration options.
Wi-Fi Telemetry Modules: Wi-Fi telemetry modules create a local wireless network
between the drone and a connected device, such as a smartphone or tablet. They enable

the transmission of telemetry data and live video feed from the drone to the connected

device for monitoring and control purposes.
Cellular Telemetry Modules: Advanced drone systems may incorporate cellular

telemetry modules, which use cellular networks to transmit telemetry data over longer

19
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distances: Phese modyley
v“l Ve \
caurasiioal ateay. l ey Mol monitorng wd « onttal af the drone aver vast
!" Rt L \ N ‘v\'""l \ " P Ladad
bedicnted Tet \ e tange neitomal i lelemutry systems
cdieated Telemetry Sy - Ll
AR AL TS )
SO drome manulnetirery offer propirietiary lrl.v_-,,,.‘_”},

Ay dosipne lor the
svstems often provigde cnhanee leleme

svstems that are specilie
) \ R
I dromes remaote control units, ‘| hese

Yy dotn eeurney, relinbility, and imegration with

the manutacturer's ecosvate '

Overall, telemetry modules plav
: C8 play i eruedal role in enabling pilots 1o monitor the status of

thetr drones in real-time Lt
e and make inforped decisions during flight operations, They

enhance safety, situatio e
\ tonal awareness, ad overall control capabilities for hoth

recreational and professional drone usery

Several telemetry modules are ¢ , ,
Severs Yy modules are commonly used in drone remole control systems Lo facilitate

communication between the drone and (he pilot, Here are a few examples:

FrSky S.Port Telemetry: FrSky, o popular manufacturer of remote control systems for
drones, offers S.Port telemetry modules that enable bidirectional communication between
FrSKy transmitters and compatible drones. ‘These modules transmit telemetry data, such
as GPS coordinates, altitude, battery voltage, and more, to FrSky remote control units for
real-time monitoring by the pilot.

Pixhawk Telemetry Radios: Pixhawk is a widely used open-source autopilot platform
for drones, and it supports telemetry radios for communication between the drone and
ground control stations. These telemetry radios operate on various frequencies, such as
433 MHz or 915 MHz. and utilize the MAV Link protocol to transmit telemetry data and
ground station.

commands between the drone and the
g manufacturer of consumer and professional drones,

DJI Lightbridge: DJI, a leadin
-quality video transmission and telemetry data

offers the Lightbridge system for high

. 3 = « provide
communication. Lightbridge modules provi |
n DJ1 drones and remolte controllers, enabling

long-range, low-latency video streaming

H H " e
and telemetry data transmission betwee
ters and control the
¢ the Crossfire system, a long-range RC

drone with precision.

pilots to monitor flight parame |
wckSheep (1BS) offer

: Team Bl o e
TBS Crossfire: | ¢ control applications. Crossfire telemetry

. smot
link designed for FPV drones and reme
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These are just a few examples nl'lclcmctl'y module
Ch e

modules provide robug, low-lnfe
L] ‘|"

; : COMMIN e
receivers, allowing [oy relinble Wention hetw

CoOntrol gy felemoryy

CENTHS transmitters and

distances. datn ransmission aver extended

FlySky FS-iA6B Recef
3 VEr with "'eleme !
drones, and the FS-iAGH peeiy | emetry: FlySky producon emote control sysitems for
,t.'- I..' ' : " L
telemetry data, such as receiy i Cquipped wily telemetry eapabititles, 1t enn transmit
. O voltape, RSS |
lhpe, RSS) (Reeeived Signal Strenpgth Indiention), and

other flight parameters, b
WAL 5, back 1o ¢ TR
Lo compatihle FIySKy transmitiers for monitoring by the

pilot.

ied in drone remaote control systems,

Different manufacturers may offer their
y offer their own telemetry solutions with unique features and

compatibility with their respective remote control systems and drones

8. Firmware/Software

Drone remote ¢ s utilize oL T
ontrols utilize various types of firmware and soflware (o provide pilots with

control over their drones and to enhance the overall flight experience. Here are the main types:

N 1
ESGI DEPT, OF ELECTRICAL EN

Remote Control Firmware:

o System Firmware: This is the core firmware that runs on the remote control unit

itself. It controls the basic functions of the remote control, such as processing user

inputs from buttons and switches, managing telemetry data, and communicating

with the drone.

Radio Firmware: Many remote controls use radio transmitter modules that have
their own firmware. This firmware governs the radio transmission protocols,

cation between the remote control and the drone,

ensuring reliable communt

2.Drone Firmware:

io Firm . .
o Flight Controller 1 (light dynamics, stability, and

i . c
installed in the dron¢. It controls the dron

21
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response (o user inputg Flip

ht co
v ol ; ntroller 13 : -
the drone, lnmlcmcnlirlp " firmware is responsible for stabilizing

Mighy
M modeg T
+ind executing autonomous flight functions.

Electronic §
‘ Speed Congye

Ontroller (e 1.
controlling the speeq ey Firmware: ESCs are responsible for
*Speed of (he dy i A
dll)nc'q n v
s Motors, FSC i .

: e b I O iIrmware /
motors respond (g throttle Commang ¢ determines how the
ands

from the flight controller, ensuring smooth

and precise motor control during f1jgpy

3 .Companion Software:

a,

GﬂTlInd Control Station (GCS) Software: GCS software is used on external
devices such as laptops, tablets, or smartphones to interact with the drone and
remote control system, It provides features such as telemetry data display, flight
planning, mission execution, and firmware update management. Examples of

GCS software include Mission Planner, QGroundControl, and DJI Assistant.

Mobile Apps: Many drone manufacturers provide companion mobile apps that
allow pilots to control and monitor their drones using smartphones or tablets.
These apps often offer features such as live video streaming, camera control,

flight telemetry, and in-app flight planning. Examples include DJI GO, DJI Fly,
and Skydio. '

PC Software: Some remote control systems come with PC software for
advanced settings, updating firmware, and analyzing flight data. This

configuring '
more advanced users or professional drone

software is typically used by

operators.
are used in drone remote control systems.

W
These are the primary types of firmware and soft iy
Each plays a crucial role in ensuring safe; reliable, and enjoy

22
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9. Ergonomic Grips

Drone remote controls often iy,
COI e e -
wing prolonged use. These o Porate ergonomic £rips 1o enhance comfort and usability
uring © HHESE grips are des; .
esigned to fit comf: i
. o comfortably in the hand and ide
cure grip, reducing fatipue i : ! A provieed
secure g & faligue and IMproving control precision. Here are some
. . T ~ . ) ' " 8 Bl
ergonomic grip features found i drone remoe ¢ I n
ontrols

.

ntoured Shape: i
o Co pe: The grip contoyrs to the natural shape of the hand, providing a

omfortable and sec ;
" ure hold. This helps reduce strain on the hand and fingers during

extended use.

e Textured Surface: The grip may feature 5 textured surface or rubberized material to improve
grip and prevent slippage, especially in humid or sweaty conditions.

 Palm Rests: Some remote controls haye built-in palm rests or padded areas to support the
palm and wrist, reducing pressure points and fatigue during long flight sessions.

* Adjustable Hand Straps: Some remote controls come with adjustable hand straps or
lanyards that allow the user to secure the controller to their hand. providing added stability
and reducing the risk of accidental drops.

* Customizable Grip Sizes: Advanced remote controls may offer interchangeable grip sizes or
adjustable grip angles to accommodate different hand sizes and preferences.

Integrated Controls: Ergonomic grips often incorporate integrated control buttons or

switches within easy reach of the user’s fingers, allowing for quick access to essential

functions without having to adjust hand position.
¢ Balanced Weight Distribution: The grip design may distribute the weight of the remote

control evenly across the hand, reducing strain on specific areas and promoting a more

comfortable grip. s
Enp ergonomic grips with built-in ventilation or

€
* Heat Dissipation: Some remolc controls featur ,
ent overheating and discomfort during prolonged use.

heat dissipation channels to prev
nhancing the user experience and usability of drone
ne

Ove ic.pri a vital role i .
rall, ergonomic grips play ¢ comfort, precision, and control.

. ith greate
femote controls, allowing pilots to 11y with g
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10 Spcakcrfﬂuzur

. -ers or buzzers are ¢
«,pcnl».cr.\ or buzzers are Commonly yyed ;
) sed in dyg

ne

r1de g ; remote ¢ wnla :
ly to provide auditory feedback (q . 10te controls for various purposes,
e

rimari i
P PiloL. Here's how they! i
§ ieyre typically employed:

status Alerts: The speaker or by

. ,’cr M o ' i
eemi different tones or sounds to indicate the status
= " L ol -

of the remote control or the drope For examp|
' "Xample,

when the remote control is powereq 't may emit a series of beeps to indicate
cdon or off, when it establishes a connection with th
drone. or when the battery [eve] 5 low ! ction with the

Error Warnings: In the event of
an error or malf; unction, such as si gnal loss, low battery

oltage, or sensor fail ,
;:IO I ;0 S Thc:::::: ::;csall:;r or‘buzzcr can emit specific alarm sounds to alert the
. P pilots take appropriate action to address the problem
and prevent accidents or damage 1o the drone.
+ Flight Mode Confirmation: When switching between different flight modes or activating
specific features, such as return-to-home or altitude hold, the speaker or buzzer can provide
confirmation feedback to the pilot through audible cues. This helps ensure that the pilot is
aware of the selected mode or action.
User Interface Feedback: In some remote controls with advanced user interfaces, the
speaker or buzzer may provide feedback in response to user inputs, such as button presses or
menu navigation. Audible feedback can help confirm user actions and enhance the overall
user experience.

Lost Model Alarm: Some remote controls feature a lost model alarm function, where the

speaker or buzzer emits a loud, continuous tone if the connection with the drone is lost or if

the drone moves out of range. This helps pilots locate and recover the drone in case of a

flyaway or loss of control.
in drone remote controls, providing pilots

s
Overall, speakers or buzzers are valuable componen

‘tuat / etection, and flight
With essential auditory feedback to aid in situational awareness, error de g

Contro|,
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11. External PPorts

Drone remote controls oflen fopy SRV
0 .
WS ENLCN ports 1o enable connectivity with other

devices and peripherals, as well gy O provide addin
\ .
additionnl fun Honality, Here are some common

ay (e TNy WY (S " " ) )
external ports tound in drone FeMote contraly:

e Cha ‘il\ﬂ Port: 1his por .
com;:lihlc charger. It inl\:ll\"‘nl::-\::-:hc l.L ot controls interal battery 1o be charged using a
| & USEstandard connectors such us Micro-UISB, USB-C, or
proprictary connectors depending on (he remote control model,
», AN e i h .

e Data Port: Some remote controls feature o data port for transferring firmware updates, flight
logs. Tand other data to and from o computer or mobile device, This port may use USB or
proprictary connectors,

« Headphone Jack: In remote controly with audio output capabilities, a headphone jack allows
the user to connect headphones or external speakers for monitoring audio alerts or
communication,

*  MicroSD Card Slot: Some remote controls include a MicroSD card slot for storing flight
logs. firmware updates, and other data locally. This allows users to casily transfer data
between the remote control and other devices.

* Auxiliary Ports: Remote controls may have auxiliary ports for connecting additional

accessories or peripherals, such as external antennas, signal boosters, or specialized control

devices.

* Expansion Ports: Advanced remote controls may feature expansion ports or interfaces for
connecting modular accessories or add-on modules, such as telemetry modules, video
transmission systems, or advanced control pancls.

¢ External Antenna Ports: In remote controls with removable or adjustable antennas, external

antenna ports allow for the connection of antennas with different gain characteristics or

specialized antennas for long-range communication.
controls offer video output ports, such as HDMI or

* Video Output Ports: Some remole - nip N
ral displays or goggles for PV (First Person View)

analog video output, for connecting exte

flying.

25

NESGI DEPT, OF ELECTRICAL ENGG.



Quadcopterdrone try NSmittey

These external ports enhance the \'crsali“!y d
and fyp

Ctionaljty
and Connect :

awide r

users (0 customize their setypg of drone remote controls, allowing

petter flying experience, ange of devices and peripherals for a

4.1 features

1. Frequency Band:

- Ensure compatibility with your drone's receiver, typically 2.4 GHz or 5.8 GHz

2. Number of Channels:

- More channels (6, 8, 10, or mor. €) allow for greater control and additional functions.

- Consider the maximum distance you'll be flying. Higher-end transmitters offer longer ranges.

4. Transmission Power:
- Affects range and signal stability. Be mindful of local regulations.
5. Telemetry:
- Real-time data such as battery status, GPS coordinates, and altitude sent back to the

transmitter.

6. Ergonomics:

- Comfortable design, weight, and grip for xtendsd 158,

7. Display and Interface:

ttings.
-LCD or OLED screens for telemetry data and setting
jon and configuration.

- User-friendly interface for easy nav igat

8. Programmability:
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- tD mix » e v 4
Custom es, switch assignments, g Might mod
es,

9. Gimbals:
- High-quality. adjustable gimbals for precise control
rol.

- Hall effect sensors for durability ang accuracy
e ¢ .

10. Failsafe Features:

- Automatic return-to-home or landing protocols in case of signal loss
11. Compatibility:

- Support for popular protocols (e.g., DSMX FrSky, FlySky)

- Ensure compatibility with your drone's receiver and flight controller.
12. Battery Life:

- Long-lasting, rechargeable batteries with level indicators and low-battery warnings.

13. Expansion and Upgradability:
- Firmware updates and expansion ports for additional modules (e.g., long-range modules,

extra switches).

14. Build Quality:

- Durable construction for field use.

15. Price and Brand Reputation:
- Balance your budget with the brand’s reputation for quality and support.
es, you'll selecta transmitter that offer

By prioritizing these featur |
enhancing your overall flying experience.

use, and compatibility with your drone,
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4.1 Working

A drone remote control works by se

pilot to command its moveme

nding s;j
ling signals from the controller to the drone, allowing the

nts and functions - ;
lunetions. Here’s g breakdown of how it typically works:

Radio Signals: Th ,
g € remote control uses radio frequency signals, often in the 2.4 GHz or

5.8 GHz band 8 .
S, 10 communicate with the drone. These si gnals contain the commands

from the pilot

Cf)ntrol Sticks and Buttons: The remote has control sticks and various buttons. The left
stick usually controls the throttle (up/down) and yaw (rotation left/right), while the right
stick controls pitch (forward/backward) and roll (left/right).

Transmitter and Receiver: The remote control has a transmitter that sends the pi[of‘s
inputs as radio signals. The drone has a receiver that picks up these signals and translates
them into action

Telemetry Data: Many modern drones provide feedback to the remote control in the form
of telemetry data, which includes information like battery level, GPS location, altitude,
and speed. This data helps the pilot make informed decisions during flight.

Pairing: Before flying, the remote control and drone must be paired to ensure they can
communicate without interference from other devices. This process usually involves
turning on the drone and remote in a specific sequence or pressing a button to sync them.

FPV (First-Person View): Some advanced remotes have screens or support for connecting

smartphones/tablets to display live video feed from the drone’s camera. This feature is

crucial for precise navigation and aerial photography.

28
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LT

4.2. Fig . Drone and transmitter

g. Safety Features: Modern drone remotes often include features like return-to-home, which

commands the drone to return to its takeoff point, and geofencing, which restricts the

drone’s flight to predefined areas to avoid restricted zones.

Overall, the drone remote control acts as the intermediary between the pilot’s commands and the

drone’s actions, ensuring a smooth and responsive flying experience.

29
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5.1Types of drone controller

There are several types of drop
c C i L] -
ontrollers, each designed to cater to different needs and

erences of drop <
prefer 1€ operators, [ere Sasummary of the main typ
. 'PCS:

1.Tranditional remote control :

For a traditional remote ¢o od wi
ntrol used with drones, you'll typically find a set of standard features

designed for flight contro] a ‘.
and navigation, Here's what you might expect to see on such a remote:

a. Control Sticks: - :
The primary method for controlling the drone's movement is through

control sticks. i pi i
s. These sticks typically include a left stick for throttle and yaw (rotation)
control, and a right stick for pitch and roll control.

b. Trim Buttons: Trim buttons are used to make minor adjustments to the drone's flight
controls, allowing the pilot to fine-tune the drone's response and stability.

c. Mode Switches: These switches allow the pilot to toggle between different flight modes,
such as manual mode, GPS-assisted mode, and return-to-home mode. Each mode offers

different levels of control and assistance from the drone's flight controller.

Antenna -
Handle «
~ Switch B {SwB)——\
L~ \ h N7 & —Swilch C (SwC)
PG MARA] / — Switch D (SwD)
- HOOK
/5 AN af Right stick -
Lefttrims ¢ f 0 e. ity
\ j \
Lell stick == Right lrims .
— " - ..n
A i OK key
Up (Key) - "“J*.J’i ,‘ —Cancel key -
'll.,ul-_-.'__f_ s <4 \
Down (Key) Yy .,Ed,’k;’“ﬁu! = 1| ——
LCD aisplay i N Rt AL
Binding(Key) - -
smitter

5.1. Fig. Dron¢ tran

GG.
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d. ..\rming/l)isurminu B
Utton o) S
SWiteh: T
the drone's motors Arming i Heh: This button or Switeh is used to arm and disarm
h E IS typically ' |
. N required hef '
; . : welore takeolr
respond to throty]e MPULS, While disarm: elore takeofl o ensure that the motors
sarmiy

. 1 : i.\ ‘Cegy ]
after landing, & I8 necessary o ghut down the motors safely

~

Camera Controlg (ir
g S (Capplicabley. 12
o lbite le): For drones Cquipped with cameras, the remote control
a) s or SWitche vl bos .
ches dedicaqeq 1o controlling the camera. These may include

buttons for capturiy
S i 12 ph i :
S PRotos, starting/ Slopping video recording, and adjusting camera

settings.

f. Return-to-Home Button: Tp; :
n: This button triggers the drone (o automatically return to its

takeofT point or des;j n: .
: l gnated home location, It's a safety feature that can be uscful if the

rone 10ses connecti i
ction with the remote control or if the pilot needs to bring the drone

back quickly in an emergency.

LCD Display Screen: Many remote controls feature an LCD display screen that provides

f!Q

important flight information such as battery level, GPS signal strength, altitude, and
distance from the pilot. This screen may also display telemetry data from the drone in
real-time.

h. Antenna: The remote control will have an antenna for transmitting and receiving signals

to and from the drone. Some models may feature adjustable or removable antennas for

improved signal range and performance.

These are the basic components you would find on a traditional remote control designed for

flying drones. Depending on the specific model and manufacturer, there may be additional

features or variations in design

2.Smartphone/Tablet Controllers:
method of controlling drones, often

ffer an alternative .
d to traditional remote controls. These

Smartphone or tablet controllers 0 |
¢ compare

:uitive interfac
roviding a more portable and intuitive In

ivi 5‘ ; i ate \\'i[h thc
.r 55 C lcctl\’ll 10 communic
3 § d Wi CILbb com
p"’ an

; ilea
-ontrollers typically leverage mobile ap
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grone. Here are some key feapyreg

controllers for drone contro]:

a.

Quﬂdcopterdrone ""'“Smincr

Nponeng
Sv A
You mighy lind in smartphone or tablet

Mobile App Interface: Sma
» SMartphonge op
T table

installed on the device o Provide g Leontrollers rely
c llSer in

on dedicated mobile apps
il - lerface
ual joysticks for flight con

settings for adjusting flight paramete
fu rs.

& i PEME S Suich for controlling the drone, These apps

tr
ol buttons for camera functions, and

virtual Joysticks: The mobi .
bile app typically includes virtyal Joysticks on the devi
¢ device's

!OUChS En, Zl”OWing l.le.'l'S tO CUI“]
cre Ol the drone's movement by manipulat' 2 t iti
ng lle posmon 0‘

these virtual sticks. One jovsti
ick
Joystick controls throttle and yaw (rotation), while the other controls

pitch and roll.

vroscopic Control: :
t(Ij;ir smal:tphone :: tle'lbsl(e)::) l:::::'l(: E:: SdSUPP‘O“ gyroscopic control, allowing users to tilt
o - rone's movement. This feature can provide a more
intuitive and immersive flying experience, especially for beginners.
Telemetry Display: The mobile app may display telemetry data from the drone in real-time,
such as battery level, GPS coordinates, altitude, and distance from the pilot. This information
helps users monitor the drone's status and flight parameters during operation.
Camera Control: For drones equipped with cameras, the mobile app often includes controls
for adjusting camera settings, capturing photos, and starting/stopping video recording. Users

can preview the live video feed from the drone’s camera directly on their smartphone or

tablet screen.

Map View: Some mobile apps include a map view that displays th
This feature can be useful for navigation, waypoint

e drone's current position

and flight path overlaid on a map.

planning, and tracking the drone's moveme
ced mobile apps may support
r trigger predefined actions b

nts during flight.
gesture control, allowing users to

Gesture Control: Advan .
y making gestures on the

perform specific flight maneuvers o
device's touchscreen.

Wireless Connectivity: Smart
_Fi or Bluetooth. Th
lity during flight.

rollers typically connect 10 the drone

{
one or tablet con
e d for physical cables and allows for

| j is eliminates the nee
wirelessly via Wi

greater mobility and flexibi
32
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;)"mlt'nph'rlll'um- trannmingg,

gmartphone or tnblet controffey, ol
_ Y

' I'n (N '
especially Torcasual usery ap 1y, o

N e
innery ecensihe

l Who MY not hyye
Hility f Mobile deyjee, I

Wiy 1o contro) drones,

atev leverage the power
1 hey I ! POWer i ye neeess o dedicated remote controls

s

ex )criL‘llUC. ) (e ,
| Provide o rich and immersive flying

R

A

r———

A
A @‘F

—= C];:_"- - _'_ZT)

T [
Lt ]

3 =

5.2 Fig. Drone control with smartphone and tablet

3.FPV (First-Person View) Controllers:

rson View (FPV) control for drones involves using a live video feed from an

ntrol the drone from a first-person perspective. Here's how

First Pe
onboard camera to navigate and co

FPV control typically works:

a. Onboard Camera: The dron¢ is equipped with a camera, usually a small, lightweight

-quality video in
he pilot's viewing device.
ransmitted wirelessly from the drone to a

camera capable of capturing high real-time. This camera is mounted on the
capable

its a live video feed tot
mera's video feed ist
{'s remotc control 0

drone and transm
b. Vid itter: The ca
eo Transmitter: ¢ viewing device. The video

receiver, typically located on the pilo
33
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nsmitter may use analop o digitq) ir
(ran:

S, § s analog FPV systems
yerating on frequencieg like 5.8 GHz o digit
0}

al systems like DJI's OcuSync or FPV Air Unit.
as Fpy goggle
d from e
al and displays

Reeeiver: The pilot's viewiy

[ ¢

& deviee, Such S ora smartphone/tablet with an
FPV app. receives the live y

tdeo fee drone's camerg via the

receiver. The receiver
Jecodes the video sign
e

iton the
surroundings fyop, its pe

Remote Control: While flying in Fpy mod
d.

s , ; i
sereen, providing the pilot with a real-tim
rSpective,

.
view of the drone's

¢, the pilot uses a remote control unit to

mote contrgl typically
itch, and roll, allowing the pilog 1o 1,
piteh,

T - e i > ick rO throltl L] y 1
nancuver the drone. 1 he y ncludes control sticks for ¢, yaw
I L}

avigate the drone based on the five video feed.
any FPV pilots use Fpy goggles, which are specialize

. l‘ % [ i i idco fCCd

Headset or Display Device: M

headsets that provide

with
pilots may use a smartphone or tablet
\Y% ice's screen.
i ' ideo feed on the device's sc
3 which displays the vi
an FPV app,

it telemetry
also transmit te
try Data: In addition to the video feed, FPV systems may lude information such as
; el " i include in
kT d to the pilot's viewing device. This data can inc
the drone
data from

{ V-d-n important
volla i ilOt, pro i]amng imp
]} PS OOl‘d il‘lales altitllde, ﬂnd dlstancc from the p
c G c >
balle { l g ’

1 P
trol with FPV

Fig. Drone con
5.3 lg'

. . o
de range of applications, including
ide r

bles a Wi

heir dr
to fly t ‘
ots e This ena

: . jences.
Overall, FPV control allows P s in rea ying experienc
’ sec
sec exactly what the drone hy, racing &0
: 1y
acrial photography, videograp
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4.Gr¢umtl Control Stationg (GCS)

. ‘ontrol Stations (i o
Ground Control Stations (GCS) ar
. ¢ Soltwar

‘ e applicnti
interact with drones [y Plcations or systems
and inter STrom the py » systems used to monitor. ¢

. Eround, Tyeqe sttions prowi fut, control,
managin. S Provide a centralized interface for

5.4. Fig. Drone control with GCS

various aspects of drone operations, including flight planning, mission execution, telemetry

monitoring, and data analysis. Here are some key features and components of ground control

stations for drone control:

Flight Planning Tools: GCS software typically includes tools for planning and creating
e waypoints, set flight paths, specify altitude and speed

flight missions. Users can defin
mous or semi-autonomous flight.

settings, and customize other parameters for autono

b. Mission Execution: Once a flight mission 1 planned, the
time. Users can start, pause, resume, ot abort missions as needed,

ss as it follows the predefined flight path.
plays telemetry data from the drone in real-time,

GCS allows users to execute and

monitor the mission in real
and monitor the drone's progre

C. Telemetry Monitoring: GCS software dis
GPS coordinates, altitu

1
onitor the drone's status an

h de, battery voltage, speed, heading, and
roviding inf i uch as .
providing information d performance during

sensor readings. This data helps users m

flight operations.
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. Al .
ol"“h."l,mdmm tumsmlm...

| Live Video Feed: Many GCs SVster
d ay! .

amera, Allowing users 1¢ viee, Video stresc.:

camer L 10 View he o MECaming fromy yhye drone's anboard
a1 tor tasks such ne no “ISPective -

useful for tasks such ag yeyiq) phuummhl e realtime, 1 leature s especially

pata Logging and Annlysis: GOy

v, \'illt.'lll:!ll]lll\'

» il surveillane
| dance
SONMwape

May logp (¢
W gy logs, analy
future OPerationg,

Geo-Fencing and Safery g

ater analysis. Users cap revie l"""““)’ dinta Mhght parameters for

—_— ¢ perf . ; T
or anomalics to improye Petformance metrics, and identify trends

Catures: Some

Ges Sys
‘ | D SYSems support peo.
features to define virtyg| boundarie i

S and restrieg the
drone from straying into restricted airsp

fencing and safety

drone's flight grea, This helps prevent the

ace or Imzurdnus areas,

Integration with Externg) Devices: GEg e .

heral has GPS 3 software May integrate with external devices and
sripherals, such as G SCeivers s .

perph . ‘ receivers, joy sticks, radios, or ground-based sensors, to enhance

functionality and contro] options.

h. Firmware Management: Some G systems offer firmware management capabilities,
allowing users to update the firmware of the drone's components (such as flight controllers,
cameras, or other onboard systems) directly from the GCS interface.

i. User Interface Customization: GCS software often allows users to customize the user

interface, layout, and display settings to suit their preferences and workflow.

Overall. Ground Control Stations are essential tools for managing drone operations efficiently,
safely, and effectively. They provide pilots and operators with centralized control and situational

awareness, enabling a wide range of applications in industries such as acrial photography,

mapping, agriculture, inspection, and public safety.

S.Gesture-based Controllers |
; iaque and intuitive way to pilot drones using
Ilers for drone control offer a unique and intut W

Gesture-based controllers for

. ically use
sontrollers typ _ e .
° and translate them into flight commands.
es

sensors, cameras, or other motion-

hand gestures and movements. These tur
; 1 the pilot's gestu
racking technologies to interpret the pil control generally work:
o .)r drnnc
Here's b based controllers 1t
OW gesture-basc
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onterdrone ftr
Quslll‘""““ e lmnsmium.

§ Motion Sensors: Gesture.y,
B ~baseq ¢
Otrg)

CIS e
Pes, or 1\ Is (] o “Quippeq With oy
ARLLUTTATEY On sensors, such s

sl‘“'es. 'IL“NIII'Q-"“.

accelerometers, gyroge

hand movements and pe
N Uiy, ) ‘

that deteet the pilot

» Cameras or Depth S detect the pilot's

8T Some pe

- Sture
depth sensors 1o capture and ang) .
Ve |

~buseq Controlle

: IS use built-in camerns
1€ pilog's ncamerns or

sensors rack the position . |
! o, orie i ments in real-time, These

sture Recogniti ) .
¢. Gest gnition Algoyig) Pilots hands and fingers.
d control|e

the nput from (e

ums: (e

ags . Sure.
recognition algorithms hyy analy base

ze IS Incorporate gesture

Motion sensors or cameras to

M\dﬂnw;“:—_—'_-_
foe semiing d‘“"‘“‘"ﬂ!lruﬂ

A

\
L] .‘\ I’I [ \ (\\\‘\ ———
. /’ ‘\\, : 3
}»\ )
O
(

/o
1

Tox avnding ebwtaddes

~

a) (b)
5.5 Fig. Geature based controller

['I'M s commands the gevture
Vibtator stimulates according 10 distance |
between drone and obstailes

d. Mapping Gestures to Flight Controls: Each gesture is mapped to a specific flight
yaw, pitch, and roll. For example, raising or lowering

control command, such as throttle, !
while tilting the hand left or right may

's altitude,
e. the pilot's hand may control the drone's altitu

control yaw or roll

f  Control Modes and Fun

. ing on th
modes and functions depending on |
rs allow pilots to

others support m

controllers may offer different control
tures and the capabilities of
s and flight

ctions: Gesture-based
e complexity of the ges
perform basic maneuver

the controller. Some contr olle ore advanced gestures for precise

i while
controls using simple gestures:

control and navigation
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,  Feedback and
: d Co i
nﬁrmatmn: Gest
ure

vilot to confi “base
I rm that the EeSture g 'sed contro) e
C

1S often provide feedback to the

been executed. Thisg feedback €N recognizeq and
Mmay be vj and the corresponding command has

of the controller., wl !
+Auditory, or haptic, depending on the desi
sign

h. Training and Calibprat;
Fation: §
*o0me g
s gesture-bageq controllers require initial
. adapt ¢ - initial trainin
improve gesture recognition 5 PL1o the piloy gor
CCuracy

calibration to recognize and

s ge

o gestures accurately. This process helps
responsiveness over time

i. Limitations and Consi
onsiderat;j
10ns: i
While gesture-based controllers offi
offer an intuitive and

hdnds-flee ‘ay to [)' 0
p Y Nave ll i i ] [+

and environmental condit;
ondition .
S. Factors sych as lighting conditions, back
ns, background clutter,

and hand speed ma
y affec
t the performance of gesture recogniti
. ition systems.

Gesture-based controllers fo
- o r drone control provide an alternative and i ive fl
experience, particularly for casu ot
al users, begi
- » DEgInners, or scenarios wh iti
impmc“cal e | o where traditional controllers are
ey offer simplicity, portability, and the novelty of controlling

drones using natural hand movements and gestur
s es.

6.Voice-controlled Controllers:

Voice-controlled controllers for drone control offer a hands-free and intuitive way to pilot drones
se controllers typically leverage speech recognition technology to

using voice commands. The
interpret the pilot's voice commands and translate them into flight controls. Here's how voice-

controlled controllers for drone control generally work:

d speech recognition

olled controllers use advance
These algorithms process the

a. Speech Recognition: Voice-contr
nd interpret the pilot's

e and identify specific ke

voice commands.
ywords and phrases related to drone

algorithms to analyze a
audio input from the pilot's voic

control.
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command Mapping: E
: Bach voie
¢ comm 5
- E and iy
For example, saying "tak s mapped 1o u specific fli
ying "take off™ iy o a specific flight control or acti
ay co ght control or action.
mmand the drone to lift off from the ground, while

saying "land” may i ’
Y Y mstruct the drone 1o dese d
Natural Language Processi scend and land safel
cessing: § afely.
. Omc VD. R
iee-controlled controllers support natural language

one y S‘III
151 g fll“ sente S
nces or n i
10r1ec complex msll'ucliOII

Confirmation and Feedb
ack: Voi
Voice-controlled controllers provide feedback to the pilot to

executed. This feedback
may b . )
Yy be auditory or visual, depending on the design of the controller

5.6. fig. Voice controlled drone

may support different control

ctions: Voice-controlled controllers
ds and the

he complexity of the voice comman
¢ voice commands to control basic flight

missions, or activate specific flight modes.

e. Control Modes and Fun

modes and functions depending on't
f the controller. Pilots can us
initiate autonomous
-controlled controlle

nsure that voice commands

capabilities 0
maneuvers, adjust Settings,
f. Accuracy and Adaptability:

recognition and robust algorithms 10 €

rs require accurate speech

Voice
are interpreted correctly
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=

iably. These contr )
and reliably ollers may also adapt 1o the pilot's voice over ime, improving

ition accuracy and reg - .
recognitio 3 ponsiy lhmugh machine learning and user feedback.

cness

imitations and Considerations: w1, . . '
Limitati ns: While voiee-controljed controllers offer a hands-free and

intuitive Way to pilot drones, they may have limitagjons in noisy environments, with
packground noise potentially interfering wig), speech recognition, Additionally, pilots must be

mindful of using voice commands in crowded or public settings where privacy and safety

considerations apply.

Voice-controlled controllers for drone contro provide a convenient and accessible way for pilots

to interact with their drones using natura] language commands, They offer simplicity, ease of use,
0

nd the novelty of controlling drones through voice interaction, making them suitable for a wide
a

nge of users, including beginners, casual users, and professionals alike.
rang
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NESGI DEPT. OF ELECTRICA

40

NGG.



Quadcoptcrdmnc transmitter

6.1 Technological Innovations ang 1

Technological innovations in drone e

funﬂit"“‘“‘)'- case of use, and versatility of

uture Trends in drone remote

mote controllere |
controllers are advancing rapidly, enhancing the

drones, Here are some notable trends and

innovations:

- . tl Illll‘l' W N ‘

incorporating more sonhicti
~ I l\ . . A n . ' > . .
phisticated user interfaces. including touchscreons, haptic

sedback e
h"‘:‘“ “Lk‘ e L.u.\h,“mmhlc controls, These interfaces allow for more intuitive
;\ptmtlmt. making it easier for users (o navigate and control drones with precision .
o "1 .

ntegration \.\ ith Mobile Devices and Apps: Many drone remotes now integrate
bcﬂlflltssly with smartphones and tablets, This allows users to use their mobile
devices as primary controllers or secondary screens, providing real-time video feeds,
telemetry data, and advanced control options. Apps often include features for flight
planning, automatic updates, and post-flight analysis
Al and Machine Learning: Al is increasingly being integrated into drone
controllers, enhancing autonomous capabilitics. Controllers equipped with Al can
assist with tasks such as automated flight paths, obstacle avoidance, and real-time
decision-making. Machine learning algorithms help drones learn from past (lights to
improve performance over time
Advanced Connectivity and 5G Integration: The adoption of 5G technology is a
significant trend, providing higher bandwidth and lower latency for drone
communications; This enables more reliable and real-time control over greater
distances, supporting applications like live video streaming, precise remote
operations, and enhanced coordination in multi-drone environments

Ergonomic and Modular Designs:
ntrollers. Ergonomic designs reduce operator fatigue during

There is a trend towards more ergonomic and

modular remote CO

extended use, while modular com
with different joysticks, buttons, and add-ons according to their specific needs

Virtual Reality (VR) and Augmented Reality (AR): VR and AR are being

¢ controls 10 provide

ponents allow users to customize their controllers

i i immersive flying experiences. VR
incorporated into dron

rs a first-person view (FPV) from the drone, enhancing

headsets can give us¢
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L

ituational awa - :
situatio reness. AR can Overlay 'Mportant flight data and navigation

information dlrecliy onto the ysep's field of view

in)pm\'ing control and safety
g. Gesture and Vojce Controls; Innovatiye control methods such as gesture recognition
and voice commands gy being developed, Gesture control allows operators to use
hand movements o direct the drone, while voice control can simplify command

inputs, making it easier 1o eXecute complex maneuvers or adjust settings on the fly
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Temole ¢
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L OF phys Nointerferenee from other wi

YStcal obggye 1er wireless

]‘l‘lt‘llti' I I
11”\‘ I ‘dj
b L.Illlllg lt'l II\SS {}I‘lel nl 0
cve

IS Constraine

les ¢

e controller and e P
L Nl the dron, an disrup communication bet
It iciween

Limited Range: Remoge
n crashes.

. . \“lgu
communication, such as radin e d by the
a8 radio (e _ Y the technology yse
frequencics or Wi-Fi. iy logy used for
" This restricts how f:
. s ar the drone can
ﬂph]lCﬂtlUlls. QSPL‘CE:\II}!

distance operations like sear
§ scarch and
rese

ravel from the operator. limir:
1 s llmlmg is

S

In scenarios requiring long-

Ue missions,

Battery Life: Despite ady;
= N ddvancee » "
ncements, battery technology still i
Stll imposes constraints on

flight time. Drones can onlv fiv :
anonly fly for 4 limited duration before needi harei
ceding rec narging or

battery replacement, affect;
QL . INg operat; :
. & Operational efficiency and range.
Latency: The delay between the operators’s i
3 o ‘ § Input and the drone’s response, known as
latency. can aftect real-time control precision. Higl :
; ind . . - High latency can make it challenging to
moate ’ TV
navigale in dynamic environments or perform delicate maneuvers accurately
o ’ i . :
Regulatory Compliance: Drones are subject to regulations regarding where, when, and
how they can be operated. Compliance with airspace regulations, privacy laws, and

restrictions on flight altitude and proximity to people and property adds complexity to

remote control operations.
Environmental Factors: External conditions such as wind, precipitation, temperature,

and lighting conditions can impact the drone’s performance and the operator’s ability to
control it effectively. Adverse weather conditions may necessitate grounding the drone

for safety reasons. |
ity threats, including hacking

Security Risks: Drones are susceptible to cybersecur
tealing sensitive dat
horized access is crucial for safe

a. Ensuring the security of

attempts aimed at hijacking control or s
rotecting against unaut
e challenges requires on
best practices (0 enhance the

- nd :
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rol. Addressing thes
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te control systems
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8.1 Advantages

, transmitters, which g
prone CIve as th
€c

0 ]'ffr

a.

b.

rQ

ESGI DEPT. OF ELECTRICALE

several advantages: mu“ication link
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trol, allow M drone transmj
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areliable connection vy drones over gre

ater dj i
distances while maintaining

' €nviron
Multiple Cha .
nnel Support:
Port: These transmitters often support multiple channel
annels,

enabling the use ;
of multi .
ple drones s:mullaneousiy without cross-interference

which is essenti
al
for complex operations or team-based activities

User-Friendly Interfaces: Many drop :
sl ) ¢ transmitters come with intuitive controls,
g esigns, and sometimes integrated displ i
ericnce and o 1splays, enhancing the user
p an mak:ng it easier for operators to maneuver drones accurately.
Telemetry and Data Feedback: High-end transmitters provide real-time
telemetry data, including battery status, GPS coordinates, altitude, and speed,

which helps operators monitor and manage drone performance effectively.
rators can often customize transmitter settings to suit

Customizable Settings: Ope
setting up flight modes, and

their specific needs, including adjusting sensitivity,

programming failsafe options.

Integrated Safety Features: Many transmitters include safety features such as
ons, geofencing, and fails
ck to a safe location if th

afe protocols, which can

return-to-home functi - '
¢ signal is lost or if the

automatically bring the drone ba

battery is low. ransmitters can be compatible

Compatibility with Various
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with a range of dron€s and access

se a single tran
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enhancing Vers

ultiple types of 4r°

Devices: )
atility and allowing
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operators to U
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environments, nb“"g drop
C Operat:
Perations iy remot h
¢ or challenygi
. gmng

Al and Machine Learning: Integration of Al i
R and machine learning can enable
h can adapt to changing environments, optimize signal
strength, and ' iti ial i ! e
gt predict and mitigate potential issues before they impact operations
Multi-Device Synchronization: Future transmitters might support seamless

synchronization with multiple devices, including ground control stations, mobile

devices, and other drones, enhancing coordinated operations and data sharing.

Improved User Interfaces: Advances in augmented reality (AR) and virtual

reality (VR) could lead to more immersi
tors to manage drones,

rones become more auton
s functions, enabling drone

ve and intuitive control interfaces,
especially in complex scenarios.

making it easier for opera
omous, transmitters

Automation and Autonomy: Asd
vanced autonomou
jal human interve
tters will likely |
quircmcnls.
ndatory in

s to

will evolve to support ad
x tasks with minin ntion.
Future fransmi
g regulatory ¢
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Regulatory Compliance:
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which ar¢

such as remote
many regions.

ensure complianc

identification and tracking
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10.1 Conclusion

The study of'q]
study ¢ droge
W lransmitey maodel |
08 proy : I ’
provided comprehensive insights into

_rechnological. operation
¢ (e s l \ “l‘“\llg l‘llld ]‘I]'nc”u"‘
aspects ol LIAY
LAV communication systems, Through

(l

mciiculnus analysis and testing, seve e
aleritical gy

COS wWere ¢ " | T

¢ examined, yielding valuable findings

an enhance the design and functiongli
ality

(hat €
“lll[rl“ T i ’
e transmitters, The teansmiters ability to

. rain a strong and relial ;
mainta! L chiable sip .
. 1. in the presence of . gnal over extended distances, The stabili £l U
jjnk in the presence of potential sources of ; s.The stability of the communication

-~ ' " "“cllblc e 'l 2
¥ &= . h’iClISII\ Y O case nee, l hl: ‘lLis”“l (”"I rl il I' I- [ o lidam
interface. £ on ease of use an ! metionality of the user
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. | cﬂlclcncy 1 S .

. g The effectiveness of encrypti |
secure communication protocols in . 8 of encryption an
s s pr(\lcclmg l]' "

: atn, ] hL' YOWCT ¢ : . . .

: act on the drone's . power consumption ol the transmitler
and its 1MP one’s operational time, T’
wal time, The transmiitter's adaptability to different types of

drones and various applications,

The comprehensi
nsive st "the i
udy of the drone transmitter model has not only validated its

rrent design and capabilitie o idanti 6
cu & p s but also identified arcas for future improvement and innovation.

o findings highlight the model’s potenti N

T RS del’s potential to significantly enhance UAV operations by
providing reliable, secure, and efficient communication. These insights form a strong foundation
search and development, aiming to further advance the field of drone technology

This conclusion summarizes the key are
rview of the study’s outcomes.

for ongoing re
as studied, the

and expand its practical applications.
findings, and their implications, providing a clear and detailed ove
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W
2| ABSTRACT
A
S Visualization of UK bank data in Power BI: we used to have the UK bank client data that we needed
3| Lo visualize in Power BI. We have made the integration with the Power BI desktop and Power BI
; | service. Below are the client requirements we have completed with the Power BI desktop.
2 And power Bl service
S
= Requirement -
A ~ Requirement 1 -
> Total no of unique customer across various regions?
) g
. ~ Requirement 2
- ~ Gender wise distribution across each region.
S » Requirement 3
q » Gender wise distribution in %
9 # Requirement 4
5 » Average balance base on job classification
» Requirement5
@ > Find top 2 customers based on sum of balance
v 7 Requirement 6
9 > Dashboard to Power bi service Implementation
3
>
D
P
4
-
s
-
-
»
. | —
2
a
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B Introduction .
&
- . x‘
. Power BRI ; . - .
S ower Bl is a collection of software services, apps, and connectors that work together to turn your
\ " unrelated sources of data into coherent, visually immersive, and interactive insights. Your data might
A i be an Excel spreadsheet, or a collection of cloud-based and on-premises hybrid data warehouses.
Eﬁ-- < Power BI lets you easily connect to your data sources, visualize and discover what's important, and
S | share that with anyone or everyone you want.
N
e
Y
) .
- 1 Power BI consists of several elements that all work together, starting with these three basics:
> :3
2 ] a « A Windows desktop application called Power BI Desktop.
. I = o An online software as a service (SaaS) service called the Power Bl service.
S l ; « Power BI Mobile apps for Windows, i0S, and Android devices.
-
- __3
._"“I o These three elements—Power BI Desktop, the service, and the mobile apps—are designed to let you

create, share, and consume business insights in the way that serves you and your role most effectively.

Beyond those three, Power BI also features two other elements:

« Power BI Report Builder, for creating paginated reports to share in the Power Bl
service. Read more about paginated reports later in this article.

« Power BI Report Server, an on-premises report server where you can publish your
Power BI reports, after creating them in Power BI Desktop. Read more about PowerBI

report server later in this article.

Motivation

[n today's data-driven world, the PowerBI internship offers a unique opportunity to immerse oneself in
the realm of business intelligence and data analytics, Through this intemship, participants can harness
the power of PowerBI to transform raw data into actionable insights, thereby driving informed
dcc}sion-making and organizational success. By gaining hands-on experience with PowerBI, interns

1
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N
\ [ — —— —_— —

™

- 1 |
Pu._“‘)
- S can develop invaluable skills in data visualization, exploration, and reporting, cquipping, them with the

MH\ H ] " - ' .
. tools needed to excel in the ficlds of data analysis and busincss intellipence, Furthermort, the
i s ﬂ 1 H : ) . . -y ' . . H w l'l
= N internship provides u platform for interns (o collaborate with profcssionals in (e field, cxchange ideas,
e a | ‘ . : ) . ’ )

3 | and contribute 1o real-world projects that have a tanpible impucel. ltimately, the motivation for

m‘ : | . : H H H § Wi
3| undertaking a PowerBl internship lics in the opportunity [0 acquire practical ukeilly, expand ones
2 | 1 b H 1 4 Ty w10l -
3 professional network, and make meaningful contributions 10 the world of data-driven decigion
Q__r_ Q making,
O“S inualize the data

| & . . . T — < . ] vy ¢ i e da A
Q.| a As today's client data 1s very important to visualize and the Power Bl tool helps o visualize )
ﬁT_‘ properly, Power Bl is a business analytics service provided by Microgolt that lets you visualize your

]“9 data and share insights. It converts data from different sources to build interactive dashboards and

N

T; business intelligence reports.
™
‘-\ ‘;
QJ ™ g A B

| oo
GJ wgﬂa'@ IL .'P.’f"l"u-w\j

-3 A i
E

S ) ;

_,l pugrnadil E
c:-l 3 Visualization
Cl 9 ° Connect to data
[ S

Transform and model the data

. Create charts and graphs

Create reports and dashboards that are collections of visuals

Share reports with others using the Power Bl service

Problem Definition

UK bank clic;1.t data wants to be visualized with the help of the Bl service.
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)
D |
) ' .
) | Power BI Desktop is a free application for single users to connect, transform, visualize, and share their
\ data with other users of the business.
3 | S _ ‘ . .
§ | UK Bank Customers Report - 2015
R O Selectatt | [0 swaCottar l: 'l‘- 30 AGE " DQ&” ne
& | 40 '] A 7 tngaa 1 [0 Cser D\.l;e O -5 4G v Oe2 e -
Q | ) Nowham freana T Whita Codar [ ae-40 aGE ~ O3 O___O
p-) L T eotand [ Other v [Doera
3 Customer 1D by Region Balance by Regicn Du.sl:merlu 8y Cuarter
9 P S S i_..-- :.lz-h‘! 1wy :&:::‘.‘ j . ane
8 5=tra @ Sl an
3 : o vale Bwa ™ ot ol out cua
"’ﬁ : 2 @ mrther loe aiaTu T oanu @ Mormtemb
an T T SIRLA]
@
- Balance by Job Classfication and Gander Average of Balance by Age [grecpeiand ®
_; Cander @ crain @Mate enoer Sometiing's wiong with ove of mere fek, Sezdctaly
af Gantes Bice_u Bl
: [ vawar |
g - N ! n ]
q g I ‘i ™ orcack Average ol Age By J=b Claseificatisn
e A s :, w TR B il e
s - C = [ .
o
s
""; — ! |
L Specification of Company
[ KasNet technologies Pvt Its is an USA based company having association of Microsoft and PMI
Here we did the Internship for six weeks and Learned the Microsoft technology and Microsoft
Certification (AZ-900)
Name - KasNet Technologies Pvt Ltd.
Hr Name- Priyanka Rao—hr@kasnetinc.com
Mentor Name — Amol Aher - amol.aher@kasnetinc.com
URL- www kasnetinc.com
3

Scanned with CamScanner



/
—7
&

y _J
» b

—

!

Y

/

¥

_'7

¥

i
$
x

Suggestions Given by Company Mentor

Our mentor recommended gett

Power BI, Cloud Services, and

BI.

Desktop and verified the data on the Power BI service.

Our mentor recommended. always
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\
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Region
©@England
®Scotland

—— 216K (53.79%) @Wales
@northern Ireland

172K (28%) —

Advantages

volves PowerBI and Microsoft Azure offers a multitude of

Embarking on an internship that in
g-edge data visualization and analytics

ages. Through PowerBI, interns gain exposure to cuttin
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| The integration of PowerBI with Azure further enhances the internship experience, enabling .
s s seamlessly connect PowerBI dashboards to Azure data sources and leverage advanced analytics
- capabilities. This integration facilitates real-time data analysis, predictive modeling, and automated
3 -
. reporting, empowering intems to deliver impactful insights to stakcholders.
~9
=3 Additionally, exposure to PowerBI and Microsoft Azure equips interns with valuable technical skills
— that arc highly sought after in today's job market. By mastering these tools, interns position themselves
. ) for success in fields such as data analysis, business intelligence, and cloud computing, opening doors
) to exciting career opportunities.
— “-\3
. Overall, an internship focused on PowerBI and Microsoft Azure offers interns the chance to develop
: practical skills, gain exposure to cutting-edge technologies, and make meaningful contributions to
e data-driven decision-making processes, laying a solid foundation for future success in the dynamic
f _ - .
T world of data and analytics.
&S
L In our Microsoft internship we have get the knowledge about the Microsoft cloud Service
.9 Microsoft Al services and Power BI Desktop and Power B service
I We successfully did the Microsoft AZ-900 global certification, which is demands in TH MNC
< 5 y g
~
~— Limitation
o Microsoft Azure and PowerBI, while powerful tools, do have limitations that users should be aware

| - of. One significant consideration is the cost associated with utilizing these platforms, as expenses can
quickly escalate, particularly for organizations with extensive data storage and processing needs.

Additionally, both platforms have steep learning curves, which may pose challenges for individuals

who are new to cloud computing or data analytics.

Another limitation is the dependency on internet connectivity, Since both Azure and PowerBI are
cloud-based services, a stable internet connection is essential for accessing data and collaborating with
colleagues. Moreover, ensuring data security and compliance can be complex, requiring careful
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pr—1 " configuration and management to protect sensitive information and adhere to relevant regulations.
[
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Customization options in PowerBI may also be limited, especially when trying to create highly
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9 customized or complex visualizations that go beyond the built-in features. Performance and scalability
3 1ssues may arise with both Azure and PowerBI, particularly during pcak usage times or when
= ;
i Processing large volumes of data.
N Imcgrming Azure services and PowerBI with existing IT infrastructure or third-party applications can
-3 also be challenging, requiring expertise in data integration and development tools. Overall, while
) ~ Azure and PowerBI offer powerful capabilities for data analytics and cloud computing, users should
-2 be mindful of these limitations and plan accordingly to mitigate potential challenges during
2 implementation and usage.
D
3 Microsoft Azure account required International Credit card due to that we are not able to create the
Azure Account but we have used the Power BI desktop and Power Bl service .
v L
Application
_‘a
3 Microsoft Azure and PowerBI find application across various industries and functions.
In finance, organizations utilize PowerBI to analyze financial data, track key performance indicators,
) and generate reports for stakeholders. Azure's cloud services are leveraged for secure data storage,
- compliance, and risk management applications.
-9 " In healthcare, PowerBl is used for visualizing patient data, monitorin g treatment outcomes, and
optimizing hospital operations. Azure enables healthcare providers to securely store and analyze
— . patient records, conduct medical research, and deploy telemedicine solutions.
-~ In retail, PowerBI helps companies analyze sales data, monitor inventory levels, and forecast demand.
o Azure's cloud infrastructure supports e-commerce platforms, enables personalized marketing
e campaigns, and facilitates supply chain optimization.
h. I In manufacturing, meferBl is employed for real-time moni19r1n g of production processes, predictive
— maintenance, and quality control analysis. Azure's [oT solutions enable the integration of sensors and
devices for data collection, as well as the implementation of predictive analytics algorithms.
In education, PowerBl is used for tracking student performance, analyzing educational outcomes, and
optimizing resource allocation. Azure supports e-learning platforms, enables secure storage of student
records, and facilitates collaboration among educators.
In government, PozwerBl assists in data-driven policy making, performance monitoring, and citizen
. J engagement initiatives. Azure's cloud services are utilized for secure data storage, disaster recovery,
i and the development of smart city solutions,
o . . .
Across all these sectors and beyond, the integration of Microsoft Azure and PowerBI cmpowers
‘ 8
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. O orgamizations to haress the power of data for informed decision-making, improved cfficiency, and
. competitive advantage.
S|
e | ‘l We have used the Power BI desktop and Power BI service, we have visualized the Data
@ ~ ‘ Data of UK bank and Health care.
-9
! Conclusion
SEY
- |. In conclusion, my internship experience with Microsoft Azure and Power BI has been immensely
- rewarding and enriching. Over the past [duration of the internship], I've had the opportunity to delve .
= deep into the world of cloud computing and data analytics, gaining invaluable insights and honing my
. : :
“-—d technical skills.
(> -3
3 Working with Azure provided me with a comprehensive understanding of cloud infrastructure,
& =9 enabling me to deploy and manage scalable solutions efficiently. I've had the chance to explore
c various Azure services, from virtual machines to containerized applications, broadening my
e : : : -
. knowledge of cloud technologies and their practical applications.
S
=~
c . S .
-~ Moreover, my immersion in Power BI has been transformative. I've learned how to harness the power
€. & of data visualization to derive actionable insights, enabling informed decision-making and driving
& 3 business growth. From creating interactive dashboards to implementing advanced analytics, I've
[ =) developed a proficiency in leveraging data to tell compelling stories and drive meaningful outcomes.
v
& 5 Beyond technical skills, this internship has cultivated my ability to collaborate effectively within
C multidisciplinary teams and communicate complex concepts to diverse stakeholders. I've had the
' 3 privilege of working alongside talented professionals who have challenged and inspired me, fostering
ot BN
hae p - a dynamic learning environment that propelled my personal and professional growth.
C-;\- ke 3
_ | .
& ‘_3 As [ reflect on my journey, I am grateful for the mentorship and guidance I've received from my
o colleagues and supervisors at Microsoft. Their expertise and support have been instrumental in
& shaping my experience and equipping me with the confidence to tackle real-world challenges,
e
C 9 .
Tl Moving forward, I am excited to apply the knowledge and skills I've acquired during this internship to
> make meaningful contributions in the field of cloud computing and data analytics. Whether it's driving
T -
q_ 3 9
<
—
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mnovation, solving complex problems, or empowering businesses to thrive in the digital age, [ am

committed to leveraging technology to create positive impact and drive change.

In closing, I am incredibly grateful for the opportunity to have been part of the Microsoft Azure and
Power BI team. This internship has been a transformative jouney, and I am eager to embark on the

next chapter of my career with newfound passion, purpose, and proficiency.
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& half month internship from 15-12-2023 to 30-01-2024 with Raj Constructions.

During the internship, Mr JADHAV ABHISHEK MANOHAR closely worked as a part of the

Engineering team at Raj Construction, Avon Vista Naik Navre Project Wakad.

He demonstrated good technical skills and strategy with a self-motivated attitude to learn new
things. we found him active and competent in executing all assigned tasks and his services were
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1. INTRODUCTION

Since 2000, RAJ CONSTRUCTION has earned a reputation for building strong teams. Whether
that means taking the initiative on design build assignments or being part of an overall team
that is led by others, bringing people and companies together to col