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ABSTRACT

Fault measurement is an important part of measurement and instrumentation Engineering,
thousands of cables are laid underground every year and it is impossible at the time of writing
this project to avoid faults in those laid cables, there is a need for the exact fault location to be
detected when cables are laid underground. Underground cable fault detectors prevent
unnecessary digging out of cables when the faults occur, when the device measures the exact
location of the cable fault it saves time and cost of hiring manpower for unnecessary digging
out of cables. This project was achieved using an Arduino R3 board and a voltage divider
regulator using a voltage divider resistance measurement technique. This project actually
measures the resistance in the cable and determines the length of the cable and an abnormal
length measurement indicates that there is a fault in the cable. The main advantage of this
project is that it is cheaper than other solutions available in the matket today. This project is
useful in the Telecommunication cables and in every urban area where cables are laid.
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CHAPTER ONE

1.0 JNTRODUCTION

The goal of this project is 10 determine disconnected cable from base station in kilometers using
an Arduino Uno R3 board, The underground cable framework is a typical practice followed in
numerous urban Zones. There are npumerous electrical, phone and other cables are laid
underground. Many time issues happen because of development works. Around then it is hard

to uncover fault because engineers cannot determine the correct arca of the fault.

Link is a gathering of a protected cables which 1s used for transmitting force or corresponding
signals. Fundamentally, links are of two sotts: overhead links and underground links. An
overhead link is one which is used for the transmission of data on utility posts. The principle
of favorable position of overhead links is that when a fault happens, it is simple to recognize
the fault yet the burden in these links effortlessly gets influenced because of the ecological
factors such as snow, Storms, overwhelming precipitation falls, etc., Underground links are
intended to keep away from the detriment caused in overhead links. Be that as it may, when
the fault happens in an anderground  Tink, identification what's mOre, fixing of those
shortcomings is difficult and furthermore time taking as they are covered underground. Despite
the drawbacks the use of underground link framework for transmission of intensity also,
correspondence motions in substantial urban areas aic generally expanding due to its own
points of interest and efficiency. For the most part one runs over various kinds of issues, for
example, cut off, circuit and earth faults in the underground links, what's more, the procedure

of fault following without knowing the area identified with that specific link is difficult. {1]
Different types cable faults

1. Short circuit Fault

Short out can be controlled by estimating obstruction between two links toward one side (base

station). The estimation of opposition discloses to us the correct area of short out.
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Figure 1.1 Short circuit fault

2. Open Circuit Fault

Open Circuit can be identified by estimating the capacitance between two wires. Capacitance
© of link changes as pet the length. The length of link fluctuates dependent on the area of link
cut (open). As the link 1s open parallel wire capacitance gets diminished dependent on this we
can compute the fault area.
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Figure 1.2 Open circuit fault

3. Earth fault

Farth fault happens when the link protection ges harmed. In this case every one of the
conductors in the link interact with the earth also, because of this the current don't flow through
the heap. Up 10 this point, many have actualized circuits for recognizing shott out flaws and
carth shortcomings. In this project, we have broadened the circuit for reco gnizing open circuit

fault alongside short-circuits flaws. (2]
METHODS OF FAULT DETECTICN

The methods of fault detection are given below:
1. Disconnected Method

" This technique utilizes an exceptional instrument to try out administration of \ink in the field.

Disconnected strategy is ordered into twO strategies, for example, tracer technique and terminal

strategy-

2. Tracer Method




[n this strategy fault of the link can be recognized by strolling on the link Jines. Fault area is
signified from clectromagnetic flag or capable of being heard flag. This strategy is utilized to

discover the fault area precisely. (2]
3. Terminal Method

Terminal strategy 1s utilized to recognize the arca of the fault in a link from one end or both
the closures without following. This strategy is utilized to discover general regions of the fault

to quicken following on covered link. [2]
1.1 BACKGROUND OF THE PROJECT

The background of this project is to locate the correct arca of the fault. The undertaking utilizes
the standard idea of Ohms law i.e., when a low DC voltage is connected at the feeder end
through a Cable lines, at that point current would differ contingent on the area of fault in the
link. In the event that there is a short out (Line to Ground), the voltage crosswise over
arrangement of cables, which is then encouraged to inbuill ADC of Arduino board to create

exact advanced information for presentation in kilometers.

This project is amassed with an arrangement of resistors speaking 10 link length in KM's and
¢ault creation is made by an arrangement of resistors at each realized KM to cross check the
precision of the equivalent. The fault happening at a specific separation and the individual stage
is shown on LCD interfaced to the Arduino toard. Further this project upgraded by estimating
capacitance of link which can even find the open circuited link. Power Transmission should be
possible in both overhead and additionally in underground cables. But not at ail like
underground links the overhead links have the downside of being effortlessly inclined to the
impacts of rainfall, snow, thunder, lightning etc. This requires links with reliability, increased
safety, ruggedness what's more, more prominent service. Underground links are favored in
numerous regions uncommonly in urban places., When it is apything but difficult to distinguish
and revise the shottcomings in overhead line by negligible observation, it isn't conceivable to
do as such in an underground cable. As they ate covered somewhere down in the dirt it is
difficult to identify the anomalies in them. Even when a fault is found to be available it is
exceptionally hard to distinguish the cortrect area of the fault. This prompt digging of the whole
region to recognize also, rectify the fault which causes wastage of cash what's more, labor. It

is important to know the cotrect area of shortcomings in the underground links. [3]



1.2 STATEMENT OF THE PROBLEM

The target of this task is 10 decide the separation of underground link fault from base station in
kilometers using an Arduino Uno R3 board. The underground link framework is a typical
practice followed in numMerous urban regions. While a fault happens for reasons unknown,
around then the fixing procedure identified with that specific link i troublesome because of

not knowing the correct arca of the link fault.

The proposed project is to locate the correct arca of the fault. The project uses the standard idea
of Ohms law i.e., when alow DC voltage is connected at the feeder end through an arrangement
resistor (Cable lines), at that point current would shift contingent on the area of fault in the link.
In the event that there is a short out (Line to Ground), the voltage crosswise over arrangement
resistors changes in like manner, which is then encouraged to inbuilt ADC of Arduino board

to create exact computerized information for presentation in kilometers.

This project i8 achieved by testing different types of cables and how their resistance changes
with length to get the precise value of resistance for every jength of a cable. Further this project
can be upgraded by using a capacitor in an air conditioner circuit to gauge the impedance which

can even find the open circuited link, not at all like the short-circuited fault just utilizing

resistors in DC circuit. [4]
1.3 MOTIVATION

My motivation about underground cable fault detector that underground cable links offer a
moderate and legitimate arrangement for basic parts and now and again the whole length of
overhead high voltage clectrical cables. With proper innovation used in suitable spots, the

natural effect of underground links can be limited.
There are different motivations about underground cable fault detector using Arduino are:

. Underground cable fault detector using Arduino need less maintenance
_ Underground cable fault detector using Arduino can detect all short circuit faults

. Underground cable fault detector using Arduino is cost effective.

1

2

3

4. Underground cable fault detector using Arduino have less complexity.

5. Arduino underground cable fault detector can be used for any type of cable.
6

Arduino underground cable fault detector can be used for any type of cable.



1.4 SIGNIFICANCE OF STUDY

This project provides a method of measuring an underground cable fault with a with Arduino
R3 feedback network. The device is different from other previous devices because if provides
a cheap way of measuring an underground cable fault without compromising its accuracy.
This project can be used to detect underground cable faults in various industries and

underground telecommunication lines.

1.3 PROJECT AIM AND OBJECTIVES

The aim of this project is to design and construct an underground cable fault detector that is
capable of locating the exact fault location of cable using Arduino Uno R3. The objectives of

this project are:

1. To design a low-cost method of detecting cable faults in underground cables without
compromising its efficiency.
2. To determine the extent of which resistance varies in cable of various lengths and materials.

3. To use Arduino R3 feedback pins for testing the resistance and length variation of cable.

1.6 SCOPE OF THE PROJECT

The undertaking identifies just the area of the circuit fault in underground link line, yet it can
likewise be reached out to recognize the area of an open circuit fault. We are able to recognize
the correct area of short circuit fault in the underground link from feeder end in kilometers by
using Arduino Uno R3 board. In future, this task can be executed 10 ascertain the impedance
by using a capacitor in an AC circuit furthermore, ‘n this manner measure the open circuit fault.
We have assessed the area of short circuit flaws also, open circuit fault in the underground link
from base station in kim by utilizing Arduino. In future, we can to identify earth fault using an

Arduino keyboard and a GPS module.
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CHAPTER TWO
LITERATURE REVIEW

2.0 [NTRODUCTION

A large number of researchers have made their contributions towards developing techniques
for underground cable fault measurement. The different underground measuring methods
they applied have made my task different from each one of them. In this chapter, I will

review past works on underground cable fault detection.

2.1 RELATED WORKS

The authors in [5] worked on an underground cable measuring technigue using the Murray
loop test, this method uses 2 transmitter and receiver unit. In order to Jetermine the location
of fault in a cable, first, the cable is isolated from both ihe feeder end and consumer end using
a megger 10 check the type of fault in the cable, after isolating the cable, the core and shielded
from the underground cable and it is then connected to the output terminals of the transmitter
unit. The transmitter unit consists of step up iransformer with output controller and delay
timer for injecting & series of high voltage pulse streains into the faulted cable shortly after
the cable fault has been established. The receiver unit is traced along the length of the cable.
The fault in the UG cable produces arcing which is accomplished by high frequency noise.

The effect of noise caused by arcing voltage 18 received by @ recelver.

In [6], the authors used a bridge circuit used for Jocating faults in underground of underwater
cables. It uses the principle used in potentiometer experiment. One end of the faulted cable is
connected through a pair of resistors to the voltage source. A null detector is also connected.

The other end of the cable is shorted. The bridge is brought to balance by changing the value

of the resistors.

In[7], the aquthors proposed a modified Mugray Joop test using & GSM module which is an
improvement of authors [6] work. The system Proposed system is used to find out the exact
{ocation of the fault and sends an SMS with details to a remote mobile phone using GSM

module.

Authors [8] worked on a project is to determine the underground cable fault. This project uses
the simple concept of computer tomography theory, when any fault like shotrt cireuit occurs,

voltage drop will vary depending on the length of fault in cable, since the current varies



computer tomo graphy 18 used to calculate the varying current, the signal conditioner
manipulates the change in voltage, and a microcontroller is used to make the necessaty

calculations so that the fault distance is displayed by 10T devices

Authors [9] proposed an impedance-based fault location method for phase-to-phase and three
phase faults. This method measures impedance by using a distance relay and the super
imposed current factor to discriminate the fault location. The method they proposed 18

sensitive to the measured impedance accuracy and super imposed current factor.

In [10], the authors, they used shunt admittances between the corc and sheath, and the sheath
and earth. The method they proposed first determines all these impedances and admittances
from the cable dimensions, cable material properties, and the earth parameter conduction and
skin effects. Next, the admittance matrix of a single cable, relating the voltages and currents
at its two ends, is then calculated from the given dimensions and material properties of the
cable, and earth conductivity. The admittance matrix of the cable can then be compared with

the experimental admittance matrix obtained from the oltage and current measurements at

the ends of the cable.

Authors [11-13] worked on estimating the parameters of a multi-conductor transmission line
and that of a single-phase transformer that can be found in [11-13]. The practical utility of the
proposed approach used in [11-13] s that this approach is able to determine the component
parameters analytically without using the well-known estimation theory using existing
methods. The proposed work is sufficient to determine the cable parameters from a single set

of simultaneous measurements at the two ends of the cable and know whether the ageing

process has started in the cable.

Authors [14-16] proposed a multi-conductor transmission line and that of a single-phase
transformer, the practical utility of the proposed apptoach used in [13-17] is that this
approach is able to determine the component parameters analytically without using the well-
known estimation theory used in existing methods. The proposed method is better than [11-
13] because it is sufficient to determine the cable parameters from a single set of
simultaneous measurements at the two ends of the cable and know whether the ageing

process has started in the cable.

The authors in [17) presented behaviour of simultaneous fault signals in distribution
underground cable using dead weight tester (DWT). The simulations were performed using

ATP/EMTP, and the analysis behaviour of characteristics signals was Performed using a

7



deadweight tester. Varjous case studies were carried out including the single faults and

simultaneous faults.

Authors [18] presented underground cable fault detection and identification with Fouriet
analysis. They proposed a method using impedance calculation via sending end voltage and
differential voltage can be used for differentiating between the different types of cable defects

from phase information. It needs study to be conducted to find the best way of visualizing the

results, especially the magnitude response.

Authors [19] presented an automatic fault location method using TDR. This method uses
acquired data from an existing time domain reflectometer (TDR) instrument. It enables the

engineer of TDR equipment to locate a short circuit cable faults without user interpretation.

Authors [20-21] developed a resilient incipient fault location élgorithm in the ime-domain,
which utilizes data collected by PC monitors to estimate the fault location in terms of the line
impedance by taking into account the ar¢ voltage associated with the incipient cable faults.
The algorithm they proposed predicts cable fault location between two adjacent manholes.
The ANNs are a family of statistical learning algorithm inspired by biological neural
networks and are used to appropriate functions that depends on the large number of inputs.

The proposed algorithm pin-points the exact fault in the underground cable.

Authors {22} proposed an underground cable fault detector using a shock discharge method,
high voltage surge tester is used to generate spark at fault position which produces noise and
vibrations in fault site set and exact fault point is located by detecting the fault. The surge
wave device is a high voltage pulse generator consisting of a dc power supply and a high
voltage capacitor. The power supply is used to charge the capacitor into the cable under test.
It thé voltage is enough t0 break the fault, the energy stored into the capacitor is suddenly
discharged into the cable producing sound and vibrations which is also called “thump” and
this device i8 called as voltage thumper and is called as shock discharge method. The result
found in author [22] proposed technique provides satisfactory result and will be very useful in

the development of power systems protection schemes in the future.

Authors {23] proposed a system that uses robot technology, @ detection robot consists of a
signal generator part and robotic part. Short circuit cable is checked for its continuity by
passing through a 3 KHz low frequency signal. A signal generator can be used to generate
this signal. The AC signal passing {hrough wire produces a magnetic field ayound it. This

magnetic field is sensed by the robot using a inductor circuit. The AC signal sensed by robot

8



is then amplified using a L M386 circuit. This amplified signal is then rectified and converted
to DC. DC level is provided to the analog input of microcontroller. Microcontroller converts
this analog input to digital signal. Based on the program pro grammed in the microcontroller
the robot movement is controlled. When the robot reaches the point where the discontinuity
lies, the magnetic field will be zero. In such case the input signal at the analog input port will
e substantially low. When the input signal strength is less than 10 (binary reading), the P1C
is programmed 10 display, short circuit Detected and is displayed in LCD.

Authors [24] improved on [23] design by adding a GSM and SMS technology, their proposed
system is made up of robot designed who will find out cotrect location of fanlt then by using
GSM technology SMS will send cable information to the main control room. The engineer

can directly dig at that point and fix the issue.

Authors [25] used simple OHMs law is used to locate the short circuit fanlt. A DC voltage 1s
applied at the feeder end through a series resistor, depending upon the length of fault of the
cable current varies. The voltage drop across the series resistor changes accordingly, this

voltage drop is used in determination of fault location.

Authors [26-27], proposed a system that will combine Arduino and OHMs law where a low
DC voltage is applied at the fecder end through a series resistor. The current would vary
depending upon the length of the cable fault in case there is a short circuit of LL or LG ete.
The series tesistor voltage drop changes accordingly which is then fed to an ADC to develop

precise digital data which the programmed microcontroller would display the same in Kilo

meters.

Authors [28-33], developed a system whose circuit consists of a power supply, [30-31] used 4-
line display, Arduino and resistance measurement circuit. To induce faults manually in the kit,
fault switches are used. Fault switches are used which are arranged in three rows with each row
having 4 switches. The fault switches: have 2 positions, No fault position(NE) and fault
position(F). The main component of the underground cable fault detection circuit is low value
resistance measurement. It is constructed using a constant current source of around 100mAmMps.
It can measure very low value resistance as the cables have around 0.01 Ohm/meter resistance.

The circuit is able to measure the exact fault location in a cable.

The authors in [34] woiked on a high voltage radar technique that overcomes the 200 Q
limitation of low-voltage radar. Tn addition to the TDR, an arc reflection filter and surge

generator is required. The surge generator is used to create an arc across the shunt fault which

5



creates a momentary short circuit that the TDR can display as a downward-going reflection.
The filter protects the TDR from the high voltage pulse generated by the surge generator and
routes the low-voltage pulses down the cable. Arc reflection is the most accurate and easiest
pre-location method. The fault is displayed in relation to other cable landmarks such as splices,
taps and transformers and no interpretation is required. Arc reflection makes it possible for the
TDR to display “before” and “after” traces ot cable signatures. The “before” trace is the low-
voltage radar signature that shows all cable landmarks but does not show the downward
reflection of a high resistance shunt fault. The “after” trace is the high-voltage signature that
includes the fault location even though its resistance may be higher than 200 . This trace is
digitized, stored and displayed on the screen and the cursors are positioned in order to read the
distance to the high resistance fault.

The authors in [35-40] improved on the previous design in [34] by working on an lIoT enabled

underground cable fault detection system. The basic principle behind the system is Ohms law.

When fault occurs in the cable, the voltage varies which is used to calculate the fault distance.
The system consists of Wi-Fi module,
Microcontroller, authors [37] used an ATmega328P Micro controller and Real-Time Clock.

Authors [41-42] added an 8051 microcontroller to locate the exact type of fault and its location

in the cable. [43-44] worked on using various embedded system to make the TDR method of

underground cable fault measurement more accurate.

10




CHAPTER THREE

3.0 METHODOLOGY

Underground cable fault measurement device is an important instrument in the field of
measurement and instrumentation in electronics Engineering for measuring and locating
exact cable faults without digging the entire length of the cable. Underground cables are
difficult to assess because they are buried, fault which oceurs in an underground cable might
involve digging through the entire Jength cable which increases manpower, waste time and
affects the economy of a nation at large. Faults in underground cables are inevitable as at the
time of writing this report, faults can occur in a cable due to excess current, underground
heating or artificial disaster. Underground cable measuring device is also nseful in detecting
faults in underground telecommunication lines like fiber optics cable.

This project was constructed with Arduino Uno R3 board and other components, I am using
16x2 LCD for this project to display the result of an underground cable fault. The resistance
measuring device gives the digital equivalent length of an underground cable fault by taking a
feedback from pin 2 of an Arduino Uno R3 board. The power circuit ensures that 12V gets to
the rectifier unit, the rectifier unit with the LM7808 voltage regulator ensures that exactly 8v

gets into the LCD to get a bright and clear display.

3.1REQUIREMENTS AND SPECIFICATIONS

The circuit is constructed using an Arduino Uno R3 board and an LM317T voltage divider
regulator, [useda 16 X 2 Liquid Crystal Display (L.CD) to display the underground cable
fault, the LCD is connected to the feedback pins of the Arduino board from pin 1-7, Which is

compared to the base resistor set in the circuit.

The simulation is done with Proetus software and assumes that the Arduino board is already
powered but in the implementation of the circuit an 8V power supply was supplied to the
Arduino board to ensure that the board is powered and the LCD get the required 5V from the

Arduino board to ensure the brightness is up to standard.

Circuit diagram for the project is shown below:

11




& New Project - Pratets 8 Professional - Schematic Capture - m .

. File Edit View Tocl Besign Graph Debug Library Template System  Help
DEEHD A WEE &80
e g B e

B Deign v, [T 4 o B8 B

I [acs
§ g [ARDUNG UNG

5 ER-12VI153U slsbishileiek | sEEREE]
& s [ERMIZZVIIDSU =

" {LEAmEL i

b

O fnEwzs £ ® ]
7 {ULN2GDA gncenagPeds
g * *
e !
‘i £
H @ Wil
i
4@
1A
H
H
i
5
i

1

Fig 3.1 Circuit diagram (Proteus circuit simulation)

1. Step down transformer

A step down transformer is the first part of the regulated power supply. To lower the 230v

AC, we need a step down transformer to get our desired. 12v output. The main features of a

step down transformer are:

1. Power transformers are desired to operate on a low impedance source at a single
frequency
2. It is necessary to build with a sufficient dielectric

3. The volt amplifier of each winding or secondary winding is added to the secondary VA
total. To this are added losses.

4, Raising the temperature of a transformer is decided on two well-known factors, namely
unit decided on two well-known factors namely losses provided by the transformer

dissipation heating or cooling. [45]

12




Fig 3.2 A transformer

2, Dicedes

A rectifier is used to convert alternating current into direct current by pulses. Semiconductor
“diode is used as a grinding member because of its property to conduct current in one

direction. Generally, there are two types of rectifiers.

1, Half wave rectifiers

2. Full wave rectifiers

In half wave rectification, only the half cycle of the positive side of the wave is corrected
which is inefficient. For the sake of this project, full wave rectification was used. A hybrid

diode network was used to achieve full wave rectification for this project.

Fig 3.3 Hybrid diode

3. Voltage regulators

A voltage regulator is an electrical controller designed to automatically maintain the same

voltage level. In this project, 8V voltage regulator connected to the end of a power supply is

required. The choice of the voltage regulator is because the Arduino required input is 7-12V,
7808 regulator was used to achieve this result 78 represents a positive power supply while 08 |

represents the output voltage of the regulator.

Another voltage divider regulator (LM317T) was used during the project. LM317T is an
adjustable voltage regulator They are designed to supply more than 1.5 A of load current with

an output voltage adjustable over a 1.2 to 37 V range. The nominal output voltage is selected

13




by means of a resistive divider, making the device exceptionally easy to use and eliminating

the stocking of many fixed regulators. Key features of an adjustable voltage regulators are:

1. Output voltage range: 1.2 to 37 V

2. Output current in excess of 1.5 A

3. 0.1% line and load regulation

4, Floating operation for high voltages

5. Complete series of protections: current limiting, thermal shutdown and SOA control
Tn the case of this project, adjustable voltage control regulator was used to measure the

resistance of the cable to locate short circuit fault distance in the cable [46]

Fig 3.4 Voltage regulator
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Fig 3.5 78xx voltage regulators table

4. Liquid Crystal Display (LCD)

L.CD known as Liquid Crystal display is the eye of the project. LCD display used in this
- project is 16 X 2 display. 14 pins are connected to the Arduino boards for feedback and
output. LCD takes power directly from the Arduino board (5V) power supply. It displays the

distance of the cable fault according to the C++ code.
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Fig 3.6 Liquid Crystal Display
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Fig 3.8 Liquid Crystal Display pins description

5. Arduino Uno R3 board

The Arduino UNO is an open-source microcontroller board base the Microchip ATmega328P
microcontroller and developed by Arduino.ce. The board is equipped with sets of digital and
analog input/output (I/O) pins that may be interfaced to various expansion boards (shields)
and other circuits. The board has 14 Digital pins, 6 Analog pins, and programmable with the
Arduino IDE (Integrated Development Environment) via a type B USB cable. 1t can be
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powered by a USB cable or by an external 9-volt batery, though it accepts voltages between
7 and 12 volts. Arduino Uno programming language is C-++ which code was used to measure

the distance of the cable in my project. {47]

pir ]

3.10 Arduino Uno architecture

_ 6. Resistors

A resistor is a passive two-terminal electrical component that implements electrical resistance
as a circuit element. In electronic circuits, resistors are used to reduce current flow, adjust
signal levels, to divide voltages, bias active elements, and terminate transmission lines,
among other uses. High-power resistors that can dissipate many watts of electrical power as
heat, may be used as part of motor controls, in power distribution systems, or as test loads for
generators [48]. Resistors are very important components of both electrical and electronics

engineering. In this project resistors are used to limit voltage and to measure an unknown

resistance.
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Fig 3.11 Resistors

Color | Digit {Multiplier|Tolerance {%)
Black o | 10° (1)

Brown | 1 10' 1
Red 2 10° 2
Orange| 3 10°

Yeliow | 4 io?

Green | 5 10° 0.5
Blue 6 10" 0.25
Violet 7 10’ 0.1
Grey 8 10°

White 9 10°

Gold 10" 5
Silver 10° 10
{none) 20

Fig 3.12 Resistor colour coding table
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7. C++ programming language

C++ is a middle-level programming language developed by Bjarne Stroustrup starting in
1979 at Bell Labs. C++ runs on a varicty of platforms, such as Windows, Mac OS, and the
various versions of UNTX. This tutorial adopts a simple and practical approach to describe
the concepts of C++. C++ programming language is simple, fast, object oriented and

efficient. C++ is used in programming the Arduino board with full instruction on how code

running and feedback measurement. [47]

Fig 3.13 C++logo

3.2 Design

This system was constructed using Arduino Uno R3, LCD and voltage regulators voltage

- regulator is used to divide the resistance of the cable and the resistance of the known resistor
with the help of the voltage divider theorem. The Arduino Uno R3 board is powered by an
8V power supply through the power supply unit of the circuit.

The design of the project was started with the drawing of the block diagram, the block
diagram gave the whole concept of what the project would look like and how the components

of the project would communicate to give a perfect design. The block diagram of the project

is shown below:
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Power supply

A 12V input is received from the transformer is fed into the for diodes according to the
arrangement shown above the output of the diode is a pulsating DC and it is fed into the input
of the 8V regulator. The 8V regulator is directly connected to the power input of the Arduino
Uno R3 board.
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Figure 3.15 Rectifier circuit
Control Unit

The circuit is consisting of a 4-line liquid crystal display, Arduino and resistance
measurement circuit. Main component of the underground cable fault detection circuit is low

- value resistance measurement. It is constructed using a constant current source of
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100mAmps. It can measure very low value resistance as the cables have around 0.01
Ohm/meter resistance. The iterative values obtained overtime is used to calculate the distance
to tesistance ration of cable and it is used to calibrate the Arduino Uno R3 board. This circuit
can measure resistance up to 50-ohm, maximum cable length the circuit is able to check is

2500 meters
Software Unit

For the software, I used Arduino Uno desktop application which is built on a C++ platform.
The Arduino pins are connected directly to the LCD and a pin was used for the feedback
from the transistor. The output of LM317T is connected to pin A0 of the Arduino Uno R3

board for feedback measurement.

Code used for the project

1. /* Arduino Based Underground Cable Fault Detection */

2. //include the library code:

3. #include <LiguidCrystal.h>

4. //initialize the library with the numbers of the interface pins

5. LiquidCrystal led(7, 6, 3, 4, 3, 2);

6. const double Rc = 0.01; //Cable Resistance per meter its 0.01 Ohm/Mtr
7. void setup() {

8. // set up the LCD's number of columns and rows:

9. led.begin(16, 4);

10. // Print a message to the LCD.

11. led.print ("Cable Fault ");

12.} '

13. void loop() {

14. double Vx=(5.0/1024.0) * analogRead(A0); //Voltage across Rx

15. double Rx = Vx / (1.25/12); //Cable Resistace (1 25/R2)=I Constant Current Source
16. //Display Cable Resistance

17. led.setCursor(0, 1); // set the cursor to column 0, line 2

18. led.print("Res:");

19. led.print(Rx);

20. led.print(" Chm");
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21. //Display Fault Location
22. led.setCursor(0, 2); // set the cursor to column 0, line 3

23. led.print("Dist:");
24. led.print((Rx/Rc)/2); //Find Location of Fault
25. led.print(" Mtr"™);

26. }
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CHAPTER FOUR

4.0 TESTING, ANALYSIS AND DISCUSSION

The processes, procedures and testing of this project are described in details in this chapter.

CONSTRUCTION PROCEDURE

In building this project, the following procedures were dully followed

1. Purchasing of materials needed for the project

ii. Testing of the components involved in the project

iii. Drawing a sketch for better understanding of the project
iv. Testing the completed system

v. Implementation of the design of the project

After purchasing the materials, I tested components by using a digital multimeter and latter
tested the components by arranging them in a breadboard and after arranged the components
into the Vero board, I soldered the components carefully into the Vero board after and I

positioned the circuit neatly into the casing after.
INSTALLATION OF THE COMPLETED DESIGN

The project can be used effectively to measure underground cable fault, It is recommended

that the system is plugged into a 200-220v power supply to avoid wrong readings.

This system can be placed anywhere there is power supply but should be kept away from

water and dangerous gasses.
PACKAGING

The packaging of this project is started arranging the components circuit and the remaining
component to the adapter box, the transformer is bolted to the body of the adapter box while
the remaining components were glued to the adapter box. External components such as the

Liquid Crystal Display and the light emitting diode are all included in the casing.

ASSEMBLING OF SECTIONS

Having achieved the casing and finishing the construction of the system, the assembling and

component casing followed. The sections were laid out and assembled into the casing where

the general coupling took place.
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Finally, the main plug and the LED were brought out of the casing, they are the external part
of the project. The cable is cormected to a 13 Amp socket and the whole casing is

permanently screwed together.

4.1 TESTING

At this stage, the system is due for testing and operation. The system operations were tested

with the following steps:

i Getting different types of cables.

ii. The system is connected to the power supply.

ii. The cable fault is manually measured.

iv. The project hardware is used to measure cable fault.
4.2 ANALYSIS

The table below shows the difference between manual measurement and device

measurement.
Manual reading (cm) | Project reading (cm)
102 101
130 130
170 169
200 200
400 400

Table 4.1 Manual measurement and device measurement comparison

The table below shows the graph of device measurement against actual measurement.
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Figure 4.1 Device measurement against manual measurement

COST ANALYSIS

The cost of the project and the quantity of materials purchased are listed in the table below:

Materials/components Description Quantity | Unit price Total price
(naira) (Naira)
Transformer 12V/220V, 500mA | 1 500 500
Rectifier 1 100 100
Plug 1 100 100
Resistors 5 10 50
LCD I 1500 1500
Arduino Uno R3 1 3000 3000
Connecting wire 1 300 300
Led (solder) 1 200 200
Soldering iron 1 700 700
Voltage regulators 2 200 400
Multimeter 1 2000 2000
Vero board line 1 100 100
Bread board 1 500 500
Adapter box Casing 1 1500 1500
Shipping & transportation 1 3200 3200
Total 14150

Table 4.2 Cost estimate of the project
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4.3 PROJECT MANAGEMENT
The following processes were entailed in the management of the project

4,3.1 PROJECT SCHEDULE

This section shows the task that were carried out in executing this project and the time taken

to complete each task. The chart below represents the project schedule.

Week | Week|Week 3 'Week | Week | Week | Week |Week Week | Week | Week [Week

Literaturo review | i[5 A
Task 1
Task 2
Task 3
Task 4
Task 5
Task 6
Task 7
Task 8
Task 9
Task 10

Table 4.3 Task schedule

Task description

Task 1: Information gathering stage frr— ‘ o

Task 2: Drawing the circuit diagram and block diagram ' i"i;;_.u.. Lt U;:i'l \ &. “ 3,: ;’Y
. Task 3: Acquiring the materials involved in the project. ! ?}L;;&? |

Task 4: Gathering the required codes
Task 5: Hardware prototyping

Task 6: Hardware implementation stage
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Task 7: Soldering and testing of components
Task 8: Hardware testing

Task 9: Rewriting the program code

Task 10: Casing the project

4.3.2 RISK MANAGEMENT

This project involves a lot of electronic components, over voltage due to voltage leak and
overvoltage due to malfunctioning equipment like the transformer. Electric shock was also a

risk when testing the project.

4.3.3 SOCIAL, LEGAL, ETHICAL AND PROFESSIONAL CONSIDERATION

The system has been built with a high standard of ergonomics in place, the users of the
product can easily understand the final output without further calculations. No government
laws were encountered when buying the components involved.

No hazard to health the project has zero emissions.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.0 CONCLUSION

During the course of undergoing this project has disclosed important things about cable fault
measurement to instrumentation engineering, the importance of iterative testing, cost
management and project management techniques. The importance of automatic systems for

cable fault measurement, a more efficient way of ensuring the product works without errors

for a long time.

In this project I have used the combination of LCD, Arduino Uno R3 and voltage regulators

to build a simple and accurate underground cable fault measuring technique.

This project is designed to be used in the industries, commercial areas with underground
cables, and in buried telecommunication lines. This product should be operated by a certified
professional and should be kept away from water and dangerous gasses to ensure continuous

accuracy of the device.
5.1 CONTRIBUTION TO KNOWLEDGE

By successfully finishing this project, I now fully understand how Arduino feedback loop
works, how to write programs into a microcontroller and conceptualizations of circuit layout

and design into a real-life product. Cost management was also learnt in the course of building

this project.
5.2 LIMITATIOCINS

A perfect Engineering project is desirable but seems not to exist, which means research must
be made continually to improve in technologies and the various ways engineering problems

can be solved and projects can be improved. This project in discussion suffers some

drawbacks which includes.

i. Lack of proper understanding of the components involved, the project involved a lot
of components, Arduino Uno R3 was very difficult to integrate with the project
because the value of the resistors must be subtracted from the final output of the

Arduino Uno R3 to ensure that the final output is accurate as possible.
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ii.

iii.

iv.

Inserting the various materials into the casing was also a challenge involved in the
project, the casing must be as small as possible to ensure that the device is as cheap as
possible.

The selection of microcontroller was also a challenge, microcontrollers needs to
provide fast and efficient feedback loop to ensure accurate result at all times. Arduino
Uno R3 was the most cost-effective selection for that.

The heat generated by components if not properly managed can reduce the life span of

the device.

53 FUTURE WORKS

The following are possible future advancement of this project:

ii.

iid.

Increase the range of the cables that can be measured with the device
An [/O can be added system in which users can communicate with the device to
increase the range of the system -

The system can be incorporated directly with underground cable network and sends

signals to the control room whenever a cable fault is detected.

5.4 CRITICAL APPRAISAL

The importance of underground cable fault measurement in the field of instrumentation

engineering cannot be underemphasized the project is very useful in making the project

automated instead of random manual digging which wastes time and money and also

eliminates trial and error method in checking for faults in cables.

The system is user friendly which allows the user to easily read a cable fault without needing

to do another rigorous calculation, the system is very codes allow necessary calculations to be

made before returning the cable fault to the user, it is easy to operate, mount and maintain.
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