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Abstract:

The continuous monitoring of transmission line protection relay is desirable to ensure the
system disturbance such as fault inception is detected in transmission line. Therefore, fault on
transmission line needs to be detected, classified, and located accurately to maintain the stability
of system. This project presents design enhancement and development under voltage relay in
power system protection using MATLAB/Simulink. The under-voltage relay is a relay that has
contacts that operate when voltage drops below a set voltage which is used for protection
against voltage drops to detect short circuit and others. This study is carried out for all types of
faults which only related with one of the parallel lines. For the overall of operation conditions,
the sample data were generated for the system by varying the different fault types and fault
location. This design system proposes the use of MATLAB/ Simulink based method for fast

and reliable fault classification and location for a various type of fault.

Keywords: Voltage relay, Transmission line protection relay, Under-voltage Fault types

and fault location.
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Introduction:

The power system is of essential importance in electrical power systems. The parameters
that define the quality of a power system are voltage and frequency stability. Moreover, an
upper limit on the current flowing through a power system is also vital to maintain. Operating
conditions of a power system and connected loads are not necessarily always predictable, which
causes power system to deviate from its standard operating values. One of many factors greatly
affecting the voltage, frequency and current flow of a power system is the development of
faults. A defect in a transmission line of the power system can cause current to stop flowing
through that system is known as fault [1]. Its occurrence can be due to separate conductors,
carrying different potential differences, coming into contact with one another. Usually, in the
cases of faults, an unintended flow of current is established between at least two phases or at
least one phase and the ground. As such, a fault that affects every phase similarly is termed as
a "symmetrical fault”. In the case, where some phases still remain unaffected, the fault termed

as an “asymmetrical fault", proves difficult in its analysis [2, 3].
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In a circuit transmission line, the fault can damage or disrupt the power system in several ways

such as fault give rise to abnormal operating condition, become an unstable system and can
cause the equipment to operate improperly. Within an interconnected power network system,
if any type of short-circuit fault occurs, both current and voltage deviate from its normal values.
So both, the current and voltage can be used to identify the fault and to operate the circuit
breaker. Normally transmission lines have some voltage drop so even in normal conditions
voltage supplied are slightly less than the normal value. Under voltage relay is used for
protection to detect the fault location through the distance with the accurate fault type. This
design system proposes the use of Matlab/ Simulink based method for fast and reliable fault
classification and location for various types of fault.
Objective:
The aim of this paper is to design enhancement and development under voltage relay in
power system protection using MATLAB/Simulink. The main objectives are:
1. To simulate a three-phase load supplied using a power-source of 400V in the form
of a three-phase voltage.
2. To design an under-voltage relay by using MATLAB/Simulink.
3. To analyse the effect of various categories of faults such as phase-to-phase, line-to-
ground, double-line-to-ground, and three-phase-to-ground faults, at their specific
location based on the load voltage profile.

Project Scope:

The scope of this paper is to design enhancement and development under voltage relay in
power system protection which is use the method of logic gates decision as the under-voltage
relay to work and in case of the under voltage, it will trigger after the forced fault applies at the
system. This method was used to protect the three-phase power system when the relay
protection trips the circuit breaker connecting with load and voltage source in caseload voltage
is dropped below a preset limit due to any fault. The MATLAB/ Simulink software is used to
simulate the power system model for the output and input mapping methods. This simulation
is covered with several of the fault-types which are line-to-ground (LG), line-to-line (LL) and
three-line (LLL) faults, double-line-to-ground (LLG) and three-line-to-ground (LLLG) faults

that functions at their specific location.
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Literature Review:

One integral component of power systems is the transmission line as it forms an important
link to the generating station. The probability of encountering faults is greater in a transmission
line, so it’s essential to promptly and accurately classify them. This paper will explain about
types of faults, factor affecting faults in the transmission line, a faction of the relay and what is
under voltage relay with it uses [4, 5]. Many approaches use a mathematical tool like MATLAB,
Simulink, PSIM and many more to design the under-voltage relay. Furthermore, it also
summarizes several past of works based on other methods which used to classify fault type and

designing the under-voltage relay which related to this project.

A. Types of Faults

By definition, a fault in electrical circuits is the divergence of current or voltage readings
from those expected from the circuit. There are two primary types of faults that may be
encountered in electrical power-systems: Symmetrical and asymmetrical faults These can be
further divided into five different categories namely, single-line-to-ground (SLG), line- to-line
(LL), double-line-to-ground (LLG), three-phase (LLL), and three-phases-to-ground (LLLG)
faults. From these the LLL and LLG faults are symmetrical faults [6, 9]. Below will explain the

type of fault that will be focused on this paper.

B. Single-Line-to-Ground Fault (SLG)

The single-line-to-ground fault is caused by the contact of a single conductor with the
ground or neutral phase. This type of fault accounts for approximately 70% of 80% fault
occurrences in electrical power-systems. The Figure 1 provided below illustrates the scenario
where a line from the three-phase system has broken insulation and is met with the ground

causing a single-line-to-ground fault.

C. line-to-line fault (LL)

A line-to-line fault is encountered in the case two lines of the three-phase system come
into contact and cause a short circuit. The primary reason observed for the occurrence of this
type of fault is strong wind blows, as they cause displacement in the conductors allowing them
to come into contact with one another. The Figure 2 below illustrates the scenario where two
phases are brought into contact causing a “flashover” to occur between them. [7, 10] The fault

is considered to lie within the two phases “a” and “b” in order to analyze the fault as a
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symmetrical fault keeping phase “a” as the reference, as such it is considered to be “upfaulted”.

This category of faults accounts for on average 15% to 20% of fault occurrences.

D. Double-line-to-line fault (LLL)

The double-line-to-ground faults occur in the condition that two phases in addition to
having contact with one another also touch the ground, as illustrated by Figure 3. The
occurrence of these faults is approximately 15% to 20%. In the case that only the two phases

meet one another due to the influence of wind is termed as a line-to-line fault. [7, 11]

E. Three-phase fault

Three-phase faults are commonly referred to as symmetrical (balanced) faults as every
conductor in this system is concurrently short circuited with each other as they are connected
directly, a configuration termed as a “bolted” connection. This type of fault is the same
irrespective of its connection to the neutral (ground) phase [8, 12]. The Figure 4 below

illustrates this category of fault i.e., all three phases are in contact with each other.

F. Three-phase-to-ground fault
The Figure 5 below illustrates the condition of three-phase-to-ground faults where all
three phases in the system i.e., “a”, “b” and “c”, are in addition to one another in contact with

the neutral phase or the ground. [8, 13]
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Figure 1: Single line to ground fault Figure 2: Line to line fault (LL)
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Figure 3: Double line to ground fault Figure 4: Three phase fault
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Figure 5: Three phase to ground fault
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Subject and Methods:
A. Introduction

The illustrated and discussed the method of a three-phase load fed by a three-phase voltage
power source simulation. Moreover, design back up protection by using an under-voltage relay
as seen in Figure 6. Furthermore, analyze the effect of various types of faults at their specific
location based on the load voltage profile. The project was carried out by using the
MATLAB/Simulink to simulate the circuit.
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Figure 6: Block diagram of a protection system

LiAL

B. Implementation in MATLAB/Simulink

From the basic introduction discussed above. Here the explanation of how designed the
circuit by using Simulink of MATLAB. Simulink is a powerful tool for simulating the power
system protection relay. Figure 7 provides a general view of different protection system phases

that is conducted in a sequential manner to make sure that protection system achieves its

purposes.

The first part for design from began to end model the power system protection from generation

TRANSMISSIGN—

VOLTAGE -

TRIPSIGNAL ——

to load and relay and circuit breaker. The final circuit of the designed protection system.
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Figure 7: General flowchart of protection system design

C. Mechanism of under voltage Relay
The under-voltage relay is designed using logic gates. The flowchart of this algorithm is

described below in Figure 8. The basic algorithm behind its working is explained below:
a) Measure RMS value of transmission line.
b) Compare this RMS value with the minimum set value of voltage.

c) If RMS value is less than the set value for 3ms then trigger the breaker to open state

and jump to step 5.
d) Ifnot, then keep the breaker in close state and go back to step 1 for some fault scenario.
e) Then wait for a reset signal to reset the relay back to its original state.

f) Go back to step 1 to repeat this process for some fault case.
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Figure 8: Mechanism of under voltage relay

D. Implementation of Under Voltage Relay in MATLAB/Simulink

The algorithm explained above is implemented in MATLAB as discussed below:
a) Measure the voltage of transmission line of each phase and convert it into RMS value.

b) Then, RMS voltage is compared with the minimum voltage level set for tripping,

which is 90V. The output is inverted.

c) As, the designing of this relay from a practical perspective, making sure that fault
occurred is persistent rather than a glitch in a system is confirmed by introducing the

delay in tripping time. So, a delay of 3ms is introduced using a delay block.
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d) The output delay is fed into S-R flip-flop which will decide whether the system should

continue to work or stop. At this stage, the output of delay unit and reset button decided

the triggering status of the relay. Blocks up to this stage.

E. Truth table of top three flip-flops
The truth table of top three flip-flops is explained below, for both the cases when the voltage
of the system is above and below the limit of triggering. This can be divided into four regions

of operations, as shown in Figure 9.

' 1 Vine_D1)

1.4V

1.2V

10—

0.8v—
0.6
04—

0.2V
R1 R2 R3
T1 T2 T3 T4

0.0V

-0.2v—

-0.4v—

0.6V T T T T T T
0.0s 0.4s D35 1.2% 1.65 205 245 2.8% 328 31.6% 4.08

Figure 9: Regions of operations

Then, the R1 (From T=0 to 0.2 sec) and R3 (From T=0.2 to 0.4) are a normal operating region,
whereas R2 is fault region. More precisely R3 (From T=0.5to 1) is said to be as RESET region

because reset again to close state:
a) R1: When the voltage of the system is above the triggering limit:

As the voltage of the system is more than the minimum voltage required for triggering. By using
this data, the following truth table can be constructed. The truth table for top three Flip Flops
and the truth table for the lowest F/F reset.

b) R2: When the voltage of the system is below the triggering limit (a fault has occurred):

As the voltage of the system is less than the minimum voltage required for triggering. By using
this data, the following truth table can be constructed as below table. The truth table for top

three Flip Flops is given in Table 3.4 and the truth table for the lowest F/F reset.

¢) R3: When the system is to reset again:
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As the voltage of the system is more than the minimum voltage required for triggering but now

the reset signal is on. So, using this data the following truth table can be constructed. First, the

truth table for fourth Flip Flops will change and the truth table for the upper three Flip Flops.

F. Simulation Results

First will see that designed relay is working on five of the faults in the transmission line.
So, run the simulation with all the data discussed above and the output that confirms the

satisfactory working of the relay is shown below.

G. Three phase to ground fault

In this Figure 11 the sinusoidal waves are the voltages of the transmission line for phase A,
B, and C. It can be seen that as the red square wave shape of fault timer becomes active then
after a delay of 3ms the under-voltage relay opens in Figure 10. So, the designed model is fine.
Then, to confirm that does this system triggers according to the minimum voltage set of 246.5V
(RMS) for three phases. This is confirmed by the graph of RMS values of voltages as shown
Figure 13. The comparison of the time values plots the graph showing time comparison among

the fault, relay tripping and reset of relay the y, as shown Figure 12.
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H. Phase-to-phase fault

Phase-to-Phase faults occurs when two phases from the three-phase electrical system are

brought into contact and cause a short-circuit. The position at which the phase-to-phase fault

lies (Figure 15), exhibits a reduced voltage and a higher current in comparison to the third un-

faulted phase

(Figure 14).
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I. Phase-to-ground fault

Single-phase to ground faults occur when a single phase from the three-phase electrical
system comes into contact with the ground causing a short-circuit. Figure 16 illustrates the
wave-form exhibited by a phase-to-ground fault on a 400V three-phase system, where it can be
observed that the A-phase (faulted phase) shows a lower voltage. Additionally, Figure 17
represents different stages of the voltage wave-form in terms of amplitude height and timing

I.e., the initial two cycles show the pre-fault voltage, the following four cycles show the voltage
during fault, and the last cycle is of the post fault voltage.

J. Double phase to ground fault

The Double-phase-to-ground fault is the occurrence of a fault due to the short-circuit of two
phases from the three-phase electrical system in addition to connection with the neutral phase
or ground (Figure 19). The unintentional current path produced by such a fault will cause the
voltage at the two faulted phases to be reduced and the voltage at the ground to be elevated to

a value higher than the third un-faulted phase (Figure 19).

K. Three-phase fault

Figure 20 illustrates the voltage-waveforms for a three-phase fault in a 230V electrical
system, with the three phases labelled as “A”, “B”, and “C”. The two initial cycle of the diagram
show the pre-fault voltage, the following four cycles illustrate the voltage during the fault, and
the last cycle shows the post fault voltage. The peak voltage, marked on the y-axis of the graph
that denotes the voltage readings, is found to be 325V (230V x 2) for this system. Likewise,
the period of a single cycle, denoted by the x-axis in degrees, is calculated to be 16.7 ms (1
cycle = 360 degrees). Using satellite clocks the data that may help to analyze the fault is time
stamped, along with corresponding root-mean-square value of the voltage. The voltage is
restored while the current is disrupted in the case the fault is corrected, as such the Figure 21
shows the voltage variations due to a fault in a transmission-line. On the condition that the
position of the fault is in close proximity to the terminals of the transformer, the volage on all
three phases would be negligible throughout the period the fault remains active. Likewise, in
the situation where the position of the fault is along the transmission line the voltage is disrupted

by the opening of the breaker that is designed to set apart the fault carrying region.

Wherever three-phase electrical systems are utilized this type of fault should be expected
and prepared for. However, in the process of transmission, these faults prove less possibility of
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occurrence owing to the adequate separation given to the three conductors. Conclusively,

identification of faults in power systems can be challenging. Usually, phase to ground faults are

anticipated as restricted types of faults

Conclusions:

In the conclusion the electrical power system is a very important part of the power system,
there are different types of faults have different effects on power system parameters. Therefore,
a protection system is greatly required, which monitors the different portions of a power system
for different parameters. To analyze the effect of various types of faults (phase to ground fault,
phase to phase fault and three phase fault, double phase to ground fault and three phase to a
ground fault) at their specific location based on the load voltage profile. The power system of
under voltage to study of design enhancement and development under voltage relay in power
system protection using MATLAB/Simulink software. Simulink is a visual simulation tool of
MATLAB, incorporates power system or algorithm models and export simulation results to
MATLAB for further analysis. To simulate a three-phase load fed by a three-phase voltage
power source of 400V.

In a circuit transmission line, the fault can damage or disrupt the power system in several
ways such as fault give rise to abnormal operating condition, become an unstable system and
can cause the equipment to operate improperly. Under voltage, the relay is used for protection
to detect the fault location through the distance with the accurate fault type. This design system
proposes the use of MATLAB/ Simulink based method for fast and reliable fault classification
and location for various types of faults.

Identification of faults in power systems can be a challenging task. Usually, phase to ground
faults are anticipated as restricted types of faults. The primary focus in categorizing faults in
terms of phases and ground is for calculation of set-points for protective-relays, as well as
research concerning the transient stability and co-ordination of these devices. In general, phase
related faults are coupled with phase-relays and ground related faults are coupled with ground-
relays. Research regarding the transient stability of these relays is directed towards reducing
the time taken to resolve faults or at the very least reduce them to single-line to ground faults,
to allow generators both in close proximity and those at a greater distance to keep

synchronization with one another.
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