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Abstract

The objective of thigesearchto study and understand the technology
and function of the latest developed relays with the main focus on the
preparation of the relay setting and uploading therthe relays and check
correct operation of the relayods zor

The thesis first describes the protection system of the transmission lines
with the recently constructed high voltage transmission line linking shagara
110KV substation with Local market lng/oltage 110KV substation.

This line is protected using numerical relays type MicoM P442.

The thesis then describes the theory of distance protection together with
the evolution of protective relay. The function of numerical relays type P442
is describedData is collected from the transmission line and calculated the
setting to fed to the relay by using software (MicoM Studdalording tothe
data which inserted to the numerical relay has been excepted the relay
operated i n corr ecetanyworerlap witheoiher zomes.t h o
Lastly conclusion and recommendation are made.
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CHAPTER ONE
INTRODUCTION

1.1 Overview

Electrical energy is known to be the most popular form of energy,
because it can be transporteasily at high efficiency and reasonable cost.
The first electrical power stations supplied the direct current (DC) power for
the consumers and distributed it by underground cables, butideea#H
excessive power loess Rivhere R represent the cable staice and | is the
current) at low voltage, the companies could deliver electrical energy only a
short distance from their stations.

With the invention of the transformers to raise the level of the
alternative voltage or alterative current (AC) for trarssmon and distribution
and the invention of induction motors to replace DC motors, the advantage of
AC system became apparent, and made AC system prevalent. Another
advantage of the AC system is that to lack of commutators in the AC
generators, more powean be produced conveniently at high voltages.

In recent years, the vast enterprise of supplying electrical energy
presents many engineering problems which provided the engineers with a
variety of challenges. The entire design must be predicated on ditoma
control and not on the slow response of human operations which has made it
possible to design and construct economic and reliable power systems capable
of satisfying the continuity growth in demand for electrical energy. In this,
power system protectioand control play a significant part, and progress in
design and development in these fields has necessarily had to keep pace with
advances in the design of primary plant, such as transformers, switchgears,
and overhead lines.

The problem of combining fagault clearance with selective tripping

of plant is a key aim for the protection of power systems. To meet these



requirements, higispeed protection systems for transmission and primary
distribution circuits that are suitable for use with the automatatosure of
circuit breakers are under continuous development and are very widely
applied.

Distance protection, in its basic form, is a aomt system of protection
offering considerable economic and technical advantages. Unlike phase and
neutral overcuent protection, the key advantage of distance protection is that
its fault coverage of the protected circuit is virtually independergoofce
iImpedance variationd].

The kilovolt standards for high voltage transmissiamesi used in
Sudan electrical network are 500KV,220KVand 110KV.The generation
consists of hydro generation which is far away from the load center and
thermal generation which is concentrated in the load center which is
surrounded by 220KVand 110KV transms lines known as Khartoum
rings. The Blue Nile transmission line connect Roseries hydro power station
with the load center throw 220KV transmission line. The 500KV transmission

line connect Merowe hydro power station with the load center.
1.2 Problem Statement

There is unacceptable operation in zone two when the fault occurs at
distribution sides (LV).

1.3 Objectives

I. obtain Correct operation of the numerical relay in all zones.
li. maintain continuity supply to grid.

lii. improve the power system reliability.

Iv. Inrease the sensitivity of protection system.

v. Obtain full information about the faults.



1.4 Methodology

Several stages were taken in order to ensure that the deljestives
of the project were achieved. The first stage of this projesessary dataf
transmission line between Shagara and Laotgadket substations was
obtained. The seconstage; CT and VT ratio were selected, and then the
setting wascalculated according to IEEE and IEC standafd® third stage;
numeric relays fromOmicron which offers then last version of numerical
relays in the field of protection were usecdmaler to obtain full and advanced

protection of theransmission line.

1.5 Project Layout

In chapter one introduction. In chapter two represent the literature
review of protetion system, types of faults, and relays technology. In chapter
three the present distance protection, and distance relays and their
characteristics. The numerical relay, its application at distance protection, and
the results are present in chapter fairchapter five present the conclusions

and recommendations.



CHAPTER TWO
LITERATURE REVIEW

2.1 Electric Power System

An electric Power system refers to a network that constitutes electrical
components/machines used in the generation, tiaagm and consumption
of electric powef2]. The diagram below illustrates a complete electric power
system. It involves generation, transmissaoil distribution of electric power
to various categories of consumers. The generation plant is normally located
far from the load center. There are different levels of electric power
consumption depending on the purpose for which a consumer uses gjectricit
Electrical power consumers may be industrial, commercial or domestic. These
consumers require different levels of electric power supply. In order to meet
their specific needs, certain devices that adjust the voltage levels accordingly
have to be used.ofhe of those components include: step up and step down
transformers, capacitor banks, protective deveteg3]. The purpose of the
eledric transmission system is the interconnection of the eleetrgrgy
producing power plants or generating stations with the loads. A-pivase

AC system is used for most transmission ljgdt is shown in Figurg2.1).
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Fig.2.1 Generation, transmission and distribution of electrical power.
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2.2 Nature and Causes of Faults

Faults are caused by insulation failures or by conducting path failures.
Most of faults in transission line caused by overvoltage due to lightning,
switching surge or external faults (
2.2.1Typesof Faults

They are three types of fault such as:

I. Symmetrical faults(ls a thregphase shottircuited with ground or

without ground).
ii. Unsymmetrical faults;(LG, LLG, LL, and open circuit).
lii. Simultaneous faults;(The same or different types of faults occurring

at the same or different point of the line).



2.2.2 Effect ofFaults

The most dangerous type of fault is shortuiting. It has effects to
power system if it remains uncleared:

I. Heavy current causes damage.

ii. Arcs cause fire hazards.

lii. Reduce in the supply voltage.

iv. Unbalance supply voltage and current effected to load
(machine).

v. Loess of system stability.

vi. It causes an interrtipn of supply to consumers, thereby
causing a loss of revenue.

50% of total faults occur on overhead lines hence it is overioas! |
thatrequired more attention while planning and design protective schemes for
power system. The cost of protective equapingenerally works out to be
about 5% of the total cost of the sysféin

2.3 Power §stemProtection

A branch of electrical power engineering that deals with protection of
Power system from faults is known as power system protection. It does this
by isolating the faulted parts of the system from the rest of healthy electrical
network[5]. The diagram below shows a modéhl power protection system.

It is shown in Figurd2.2).



Fig.2.2 power system protection

The main aim of power system protection schesé switch off a
section thatis faulty in the system from the remaining live system. This
ensures that the remaining portion is able to function aat@ily locking out
chances oflamage that may be caused by fault current.

A circuit breaker closes automatically as a result of trip sigrials i
receives from the relay whenever a fault is deteckbd. basic philosophy of
a powerprotection system is that system faults cannot be prevented from
flowing in the system but can be stopped from spreading in the system.
2.3.1 Importance ofPower SystemProtection

Occurrence of fault is hazardous to both electric power user and the
electric system itself. To the user, life is of most important concern. The main
concern of the system is to ensure a stable supply of electric power to
consumer and to ensutieat the electrical components do not get destroyed.
In summary, power protection is necessary to:

I. User/Personneknsure safety i.e. Prevent injury/accident.

ii. Electrical equipment to protect the equipment from cases of over
current, overvoltage and dquency drift that can destroy the
equipment.

lii. General SafetyPrevent secondary accidents that occur as a result of

system fault like fire.



iv. Power Supply Stability Ensures a continuous and stable supply of
electrical power.
v. Operation CostEnsure optimaoperating efficiency so as to reduce

equipment maintenance/replacement cost.

2.3.2Protective Zones

A protective zone is the separate zone which around each system
element. The significance of such a protective zone is that any fault occurring
within a gven zone will cause the tripping of relays which cause opening of
all circuit breakers located within that zoes shown in Figurg2.3).

The boundaries of protective zones are decided by the location of the
current and voltage transformels. practice,various protective zones are
overlapped. The overlapping of protective zones is done to ensure complete
safety of each and every element of the system, otherwise there could be
some portion which is left out and remains unprotefgd

Generator

! Bus protection
protection zones

zZone Transmission line

II"\. fo ."III protection zone one
/- ey e TR e e B N

Transformer Bus protection
protection zone Zone

Fig.2.3 Protection zones marked.



2.3.3 Types oProtection Systems

Implementation of power system protection can be done in two ways.
These are: the unit protemn and norunit protection, ORmain and backup
protection2].

I. Unit Protection
The unit protection scheme protects a defidiserete zone bounded

by the potection system. Differential relay protection is normally employed
in this schemdit is shown in Figurég2.4).

]

(%]
—

el |
Curtetit
SERnsOr

Fig.2.4: Unit protection
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ii. Non-Unit Protection
The NonUnit protection protects a syste&rone ad can overlap with
another protection zone in the system. This scheme ensures an isolation of the

entire circuit (a larger area) in case a fault occurs as illustrated in figure
below, It is shown in Figuré2.5).

Transfortner Sone

L —— e o e —_—

Geftenator - Transformer Zone “Bus Zone—
Fig.2.5 Non-unit protection
iii. Primary Protection or MainrBtection
The primary protection is the first line défenseand is responsible to

protect all the power system elements from all types of faililts

9



iv. Back-up Protection:

As already mentioned there are times when the primary protection may
fail. This could due to failure of the CT/VT or relay, or failure of the circuit
breaker. One of the possible causes of the circugtkarefalure is the failure
of the tripbattery due to inadequate maintenance. We must have a second line
of defensein such a situation. Therefore, it is a normal practice to provide
another zonef protection which should operate and isoléwe faulty éement
in case therimary protection fails. A little thought will convince the reader
that the baclup protection should not have anything in common with the
primary protection. It should also preferably be located at a place different
from where the primry protection is located. Further, the bagkprotection
must wait for the primary protection to operate, before issuing the trip
command to its associated circuit breakers. In other words, the operating time
of the backup protection must be delayed &y appropriate amount over that
of the primary protection. Thus, the operating time of the ‘gckrotection
should be equal to the operating time of primary protection plus the operating
time of the primary circuit breakjéi.
2.3.4Power Protection Hements

There are four types of these elements, namely instrument
transformers, switchgears, protective gears and station batteries.

I. Instrument Tansformers: these include current transformers and
voltage transformers. Instrument transformers step down current
and voltage from the power line to level that can be measured
safely.

ii. Switchgears switchgears basically include circuit breakers
Circuit breakers are the main part of a protection system. They
break contacts of the system in case of a fault. They include

minimum oil, bulk oil, SF6, vacuum and air blast circuit

10



breakers. Mechanisms of operation of circuit breakers include:
hydraulc, solenoid, spring and pneumé2ic

lii. Protective @ar: consists of protective relays like voltage,
current, impedance, frequency and power relaysgdasn
operating parameter, definite time, inverse time, and stepped
relays, classified according to operating characteristic,
differential and over fluxing relays classified according to logic.
When a fault occurs, relay sends signal to relay to the tircui
breaker completing its circuit thus making it to tip.

Iv. Station Batteries:all circuit breakers in a power system operate
using direct current. Ae current is provided by battery banks
that are installed together with the circuit breaker. It is thus an
essential element in a power protection syst#ns shown in
Figure(2.6).

Fig.2.6. Station battery

2.3.5Functional Requirementof Protection Relay
In order for a protection relay to operate effectively, it must have the
following qualities:
I. Reliability: power protection relays should remain inoperative always
as long as a fault does not occur. But when a fault occurs, they should

respond asujckly as possible.
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il. Selectivity: it must only operate on the section that has experienced a
fault to avoid unnecessary power outs due to wrong detections. It
should also respond only when a fault occurs.

li. Sensitivity: The relaying equipment should be hygdensitive so that
it can be relied on to provide the required detection.

Iv. Speed: the relaying equipment must operate at the required speed. It
should not delay so as to give time for system equipment to get
destroyed. It should also not be too fastaase undesired operation.

v. Stability: Stable to the external fault condition or the fault occur
outside the zone protected.

vi. Adequateness: The protective system must provide adequate protection
for any element of the system. the adequateness of the syetelne
assessed by considering following factors

a. Rating of various equipment.

b. Cost of the equipment.

c. Location of the equipment.

d. Probability of abnormal condition due to
internal and external causes.

e. Discontinuity of supply due to the failure of
the equiprent.

Vil. Simplicity and economyThe protective system should be as
simple as possible so that it can be easily maintained. The protection
cost should not be more than 5% of the total cost. But if the
equipmentsto be protected are very important, the economic

constraints can be relaq&gl
2.4 Protective Relay

Relaying is the branch of electric power engineering concerned with
the principles of design and opera

Oprcatieve rel ayso) t hat d econglitohss anda b n @
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Initiates corrective action as quickly as possible in order to returpaver
system to its normal state. The quickness of response is an essential element
of protective relaying systems response times of the order of a few
milliseconds are often required. Consequently, human intervention in the
protection system operation is not possible. The response must be automatic,
quick and should cause a minimum amount of disruption to the power
systenj8].

The last thirty years have seen enormous changes in relay technology.
The electromechanical relay in all of its differdatms has been replaced
successively by static, digital and numerical relays, each change bringing with
it reductions and size and improvements in functionality. At the same time,
reliability levels have been maintained or even improved and availability
significantly increased due to techniques not available with older relay types.
This represents a tremendous achievement for all thsdved in relay
design and manufactygg.
2.4.1 Electromehanical Relays

These relays were the earliest forms of relay used for the protection of
power systems, and they date back around 100 years. They work on the
principle of a mechanical force operating a relay contact in response to a
stimulus. The mechanitéorce is generated through current flow in one or
more windings on a magnetic core or cores, hence the term electromechanical
relay. The main advantage of such relays is that they provide galvanic
isolation between the inputs andtputs in a simple, clag and reliable form.
Therefore, theseelays are still used for simple on/off switching functions
where the output contacts carry substantial currerits.is shown in
Figurg?2.7).

13



Fig.2.7: Attracted armature relay.

Electromechanical relays can be classified into several diffenges as

follows:
I attracted armature.
. moving coil.
lii.  induction.
iv. thermal.

V. motor operated.

vi.  mechanical

However, only attracted armature types have signifiagptication at this
time, all other typesdving been superseded by more modern equivalents. It

has limitedbecaus¢he moving parts required repeating maintenHtjce

2.4.2 Static Relays

The expansion and growing complexity of modern power systems have
brought a nee for protective relays with a higher level of performance and
more sophisticated characteristics. This has been made possible by the

development of semiconductors and other associated components which can

14



be utilized in relay designs, generally referre@s$ solidstate or static relays.
Il n a protection relay, the term 0Ost:
create the relay characteri$tic8].

Early versions used discrete devices such as transistors and diodes in
conjunction with resistors, capacitors, inductors, etc., they can be viewed in
simple terms as an analogue electronic replacement for electromechanical
relays, with some additional flexibilityn settings and some saving in space
requirements. A number of design problems twatle solved in static relays.

In particular, the relays generally requireefiable source of D.C power and
measures to prevent damage to vulnerable electric circuit®oHas devised.
this typeused have limitedt is more sensitive to temperature and voltage

transientf9]. It is shown in Figurg.8).

Fig .2.8 types of static relays

2.4.3 Digital Relays

Digital protection relays introduced a step change in technology.
Microprocessors and microcontrollers replaced analogue circuits used in
static relays to implement relay functions. Early examples began to be

introduced into service around 1980, and, witiprovements in processing

15



capacity, can still be regarded as current technology for many relay
applications. However, such technology will be completely superseded within
the next five years by numerical relays.

Compared to static relays, digital relapsroduce A/D conversion of
all measured analogue quantities and use a microprocessor to implement the
protection algorithm. The microprocessor may use some kind of counting
technique oruse the Discrete Fourier Transform (DFT) to implement the
algorithm. However, the typical microprocessors used have limited
processing capacity and memory compared to that provided in numerical
relays. The functionality tends therefore to be limited and restricted largely to
the protection function itself. Additional funotiality compared to that
provided by an electromechanical or static relay is usually available, typically
taking the form of a wider range of settings, and greater accuracy. A
communications link to a remote computer may also be provided.

The limited powe of the microprocessors used in digitalays restrict
the number of samples of the waveform that can be measured per cycle. This,
in turn, limits the speed of operation of the relay in certain applications.
Therefore, a digital relay for a particularopection function may have a
longer operation time than the static relay equivfléntt is shown in
Figurg2.9).

16



Fig.2.9 types of digital relays

2.4.4 Numerical Relays

The distinction between digital and numericdhyerestson points of
fine technicaldetail, andis rarely found inareas other than Protection. They
can be viewed asatural developments of digital relays as a result of
advances in technologyt is shown in Figur@.10) Typically, they use a
specialzed digital signal processor (DSP) as the computatidraadware,

together with the associated software tools.

AARNRRNY
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S
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M

Fig.2.1Q types of numerical relays
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CHAPTER THREE
DISTANCE PROTECTION

3.1 Introduction

Overcurrent relays, which were quite adequatdegttve devices for
radial circuits, are not generally capable of being properly coordinated for
meshed transmission systems. Because of this inadequacy rclroget
relays, other types o€lays have been devised that are more selective and that
have peformance features that make them more applicable to the needs of
high voltage transmission circuits. Distance relays are often a first choice for
replacing overcurrent relays when the overcurrent relays are found to be
inadequate for an applicatid®].

Distance protection provides shaitcuit protection for universal
application. It provides the basis for network protection in transmission
systems and meshed distribution systems. While classic chgpaotection,
based on electronechanical or static technology, are still in wide use, the
state of the art today are muitinctional micreprocessor devices. They
communicate with centralized control systems and may be operated with
personal computers lobaor from remote. The basic operating principles of
distance protection also apply to the new technology. Numerical signal
processing, and intelligent evaluation algorithms facilitate measuring
techniques with increased accuracy and protection funcudahsimproved
selectivityf11].

The problem of combining fast fault clearance with selective tripping
of plant is a key aim for the protection of powsrstems. To meet these
requirements, high speed protection systems for transmission and primary
distribution circuits that arsuitable for use with thautomatic reclosure of
circuit breakers are under continuous development and are very widely

applied. Distance protection, in its basic form, is a nont system of
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protection offering considerable economic and technical advantages. Unlike
phase and neutral overcurrent protection, the key advantage of distance
protection is that itsfault coverage of theprotectedcircuit is virtually

independent of source impedance variations.

Z =108
= . — Z,=412 _
PR o [ T+ T S | '_I;;*'
b ' 115KV F
Ry
pPPpupT
— X o 7!
Moz v T

Relay R1 setting7380A (@)

-— 7.=1002

o ] L]

— Z,=402
[ ] = I 3 / E
P-E
115kV =
) —=— 99T mlb)

Therefore, for relay operation for line fault,
Relay curent setting <6640A and >7380A
This is impractical, overcurrent relay not suitalMust use Distance or Unit
protection
Fig.3.1: Advantages of distance over overcurrent protection

This is illustrated in Figure 3,Wwhere it can be seen thatercurrent
protection cannot be applied satisfactorily. Distance protection is
comparatively simple to apply antdcan be fast in operation for faults located
along mostof a protected circuittican also provide both primaand remote
backup functons in a singlescheme. It caeasily be adapted tweate a unit

protection schem&hen applied with asignaling channel. In this form it is

19



eminently suitable for application with higipeedauto reclosingfor the

protection of criticatransmission lind4].
3.2 Principle of Distance Relays

Since the impaance of a transmission linepsoportional to its length,
for distance measurement itappropriate to useralay capable of measuring
theimpedance of a lineputo a predeterminedopt (thereach point). Such a
relay i described as a distance reday is designed to epate only for faults
occurringbetween the relay location and theesgdd reach point, thusvyig
discriminaton for faults that may occur idifferentline sectons. The basic
principle of dstance protection involves thdivision of the voltge at the
relaying point by theneasured cuent. The apparent impedancecsdculated
is comparedwith the reach point impedanck.the measured impedea is
less than theéeach pointimpedance, it is assumdidat a fault exists on the
line betweenthe relay and the reach poifthe reach point of a relay is the
point along the lie impedance locus thas intersected by the boundary
characteristic of the relagince this $ dependent on thatio of voltageand
current and the phase andgdetween them, it may be plotted on an R/X
diagram. Thdoci of power system impedances asrség the relayduring
faults, power simgs and load variations may p#tted on the samgiagram
and in this manner thperformance of the relay in the presence of system

faultsand disturbances may be studigd
3.3 Relay Performance

Distance relay performae is defined in terms of reaeltcuracy and
opemting time Reach accuracy is@mparison of the actuahmic reach of
the relay undeipractical conditions withhie relay setting value in ohms.
Reach accuracy particularly deperaisthe level ofvoltage presented to the
relay under fault conditionS he impedane measuring techniques employed
in particular relaydesigns also have an impa0perating times can vawyith

fault current, with faultposition relative to the relay setg, and with the
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point on the voltagewave at which the fault occur®epending onthe
measuring techniques employed irparticular relay design, mearing signal
transient errorssuch as those produced by Capacitor Voltage Transformers or
saturatingC T 6 s , can al s wlayaperaton ®refdulyslose ol a y
the reach point. lis usual forelectromechanidaand static distance relays to
claim both maximmm and minimum operating timeslowever, for modern
digital or numerical distance relayte variation between these is small over
a wide range ofystem operating conditionsdfault positiongl].
3.3.1 Electromechanical/Static Distance Relays

With electromechanical and earlier static relay desitres magnitude
of input quantities particularly influencetoth reach aceacy and operating
time. It was customary to presennformation on relay performancey
voltage/reach curves, as shown in Figur, 3and operating time/fault
position curves for various values sfy st em | mpedance r aft

shown in Figure 3.3where:

P — (3.1)
and
ZS = system source impedance behind the relay location.

ZL = li ne impedance equivalent to relay reach setting.
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Fig.3.2: Typical of impedance reachcacacy characteristics for zone 1
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Fig.3.3: Typical operation timeharacteristics for Zone 1 phagkase faults

Alternatively, the above information was combined irfamily of
contour airves, where the fault positi@xpressed as a percentajehe elay
setting is plottechgainst the source to linmpedance ratio, as illustratéal

Figure 3.4,
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3.3.2 Digital/Numerical Distance Relays

Digital/Numerical dstance relays tend to have mop®nsistent
operating tmes. They are usually slightsjower than somef the older relay
designs whenoperating under the besonditions, but their maximum

operating times arelso less under adverse waveforronditions or for

boundary fault conditionj§].

3.4 Zones of Protection

Careful selection of the agh settings and tripping timés the various
zones of measurement enables correct coordination between distayse
on a power system.

Basic distance protaon will comprise instantanes directional Zone
1 protection andne or mordime delayed zones. Typicakach and time
settings for a 3zone distance protection are shown in Figure 3.5. Digital

and numerical distancelags may have up to five zonesime set to measure
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in the revese direction. Typicakettings for three forwartboking zones of
basic distanceprotection are given inthe following subsections. To
determine the settings for a paui@r relay design or foa particular distance
teleprotection scheme, involvingendto-end signalling the relay

ma n u f a anstwatiens shaild be referred 1.
3.4.1 Zone 1 Setting

Electromechanical/static relays usually have a resstting of up to
80% of he protected line impedance fastantaneos zone 1 motection. For
digital/numericaldistance relays, settings of up to 85% may be safe. The
resulting 1520% safetymargin ensures that there is rnisk of the Zone 1
protectionoverreaching the protectelihe due to ewors in the current and
voltagetransformers, in awracies in line impedance dmeovided for setting
purpases and errors of relay settiagd measurement. Otlwase, there would
be a loss ofliscrimination with &st operating protection on tf@lowing line
section. Zoe 2 of thedistance protectiomust cover the remaining 20%
of the lind1].
3.4.2 Zone 2 Setting

Ensure full cover ofthe line with allowance for theources of error
already lised in the previous section, theach setting of theZone 2
protection should be at leak20% of the potected line impedance. In many
applications it is conmon practice to set the Zonea&ach to be equal to the
protected line section +50% tife shortest adjacent line. Where possible, this
ensureghat tre resulting maximum effective Zone 2 reach doet extend
beyond theminimum effective Zone 1 reaadf the adjacent line prettion.
This avoids the need grade the Zone 2 time settings betweestigam and
downstream relaydn electromechanical andasic relays, Zone 2 protection
Is provided either by separatéements or by dgnding the reach of the Zone
1 elements after a time @8l that is initiated by a fauliletector. In most

digital and mmerical relays, the Zon@ elemeis are implemented in

24



software. Zone 2 tripping must béme-delayed to ensure gradivgth the

primary relaying aplied to adjacent circuits théll within the Zone 2 each.

Thus complete coverage afline section is obtained,itl fast clearance of

faults inthe first 8085% of the line and somewhat sloweearance of faults

in the remaining section of the lifig. All zonesshown in Figurg3.5)

_ Lam  LaF
lime F %
Zy; f—*—* Zn
r_Sq_:urcl: H 1 . 4 S-n:f:l:
1 Y. N A
1, Ly
I = i
L= —— .
firme + Laxp _ L3kR

Figure 3.5: Typichtime/distance characteristiés three zone distance

protection

Zone 1 =80-85% of protected line impedance
Zone 2 (minimum) = 120%f protectedine
Zone 2 (maximum) <protected line + 50% of shortest second line
Zone 3F =1.2 (protected line +longest second line)
Zone 3R = 20% of protected line
X = Circuit Breaker tripping tira
Y = Discriminating time
3.4.3 Zone 3 Setting

Remote backip protetion for all faults on adjacentines can be
provided bya third zone of protection thad time delayed to diseninate
with Zone 2 protectiorplus circuit breaker tripimme for the adjeent line.
Zone3 reach should be set tblaast 1.2 times the impedanmesented to the
relay for a fault at the remote end of the second line sectn.
interconnected pogr systems, the effect of fadtrrentinfeedat the remote

busbars willcausethe impedance presentdd the relay to be much greater
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than the actual impedance to the fault and this neelds taken into accat
when setting Zone 3. In sonsgstems, variations in the remote busbésed
canprevent the appdation of remote baekp Zone 3protection but on radial
distribution systems with singlend infeed, no difficulties should arj&¢
3.4.4 Settings for Reverse Reach and Other Zones

Modern digital or numecal relays may have additionahpedance
zones that can batilized to provide additional protection foctions. For
example, where thirst three zones are sa$ above, Zone 4 might be uded
provide backup proection for the local busbar, pplying a reverse reach
setting of the order 025% of the Zone 1 reach. Alternatively, one of the
forwardlooking zones (typically Zoe 3) could be set with a smaélverse
offset reach fronthe origin of the R/X diagramn addition to its érward
reach setting. An offsetmpedance measurement chaeaistic is non
directional One advantage of aondirectional zone of impedance
measurement ihat it is able to operate far closeup, zereimpedance fault,
in situations wher¢here may be no healtlphase voltage signal or memory
voltage signal aailable to allow operation of directional impedanceone.
With the offsetzonetimed el ay bypassed, there can
ont o Faul t o6tectiors Thisks)required avhetbere ardine voltage
transformers, to provide fast tripping in thevent of accidental line
energizationwith maintenanceearthing clamps left irposition. Additional
impedance zones may be deployed as part of a distance protection
scheme used in oqunction with a teleprotection signalinghanndll].
3.5Distance Relay Characteristics

Some numerical tays measure the absolute fafipedance and then
determine whether operation riequired according tanpedance boundaries
defined onthe R/X diagramTraditional distance relays amdimerial relays
that emulate the impedance elemenfstraditional relays danot measure

absolute impedance.
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They compare the measar fault voltage with a repliozoltage derived
from the fault current and the zommpedance setting tdetermine whether
the faut is within zone or oubf-zone. Distance relay ingplancecomparators
or algoithms which emulate tradition@lomparators are clsified according
to their polarcharacteristics, the nurar of signal inputs they havand the
method by whth signal compasons are madéhe common types compare
either therelative amplitudeor phase of two inputjuantities to obtain
operatingcharacteristics that aretleer straight lines or circlewhen plotted
on an R/X diagram. At each stage dfstance relay design ebion, the
development ofmpedance operating chataristic shapes angbphistication
hasbeen governed by the technoloayailable andhe acceptable cost. Since
many traditional relays arestill in service and since sommumerical relag
emulate the thniques of thdraditional relays, a brief reviewf impedance
comparators is justifigd].

3.5.1 Amplitude and Phase Comparison

Relay measuring elemen whose functionality is basedn the
comparison otwo independent quaties areessentially either amjplide or
phase comparators. Fadne impedance ements of a distance relay, the
quantities being compared are the voltage eurrentmeasured by the relay
There are numerous techniquasailable for perfornmg the compason,
depending orthe technology used. Any type of impedara®aracteristic
obtainable withone comparator is alsmbtainable with the otheAs shown in
Figure (3.6) The addition and subtractioof the signals for one type of
comparator produces the te@gd signals to obtain aimilar characteristic
using the other type. For examplepmparing V and | in aramplitude
comparator results ia circular impedance characteristentered at the origin
of the R/X diagram. Ithe sum and difference of V andare applied to the

phase comparator the result isimilar characterist{d].
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Fig.3.6: Plain impedance relay characteristic.

3.5.2 Plain ImpedanceRelay Characteristic

As shown in Figuré.8)this characteristic talseno @&count of the
phase angléetween the current and thieltage applied to it; for thiseason,
its impedance dracteristic when plotted on &1X diagram is a circle with
its center at the origin of theo-ordinates and of radsuequal to its setting in
ohms. Operation occurs for alimnpedance values less than #wting, that is,
for all points within the circle. The relagharacteristic, shown in Figure 3.6,
is thereforenon-directional and in this form would operater all faultsalong
the vector AL ad also for all fauk behind thébusbars up to an impedance
AM.

The impedance relay work corresponding to the ratio of voltage V and
current | of the circuito beprotected.There are twalements in thiselay,
the one produce a torque gportional tocurrent pperatingtorquei positive
torque) while the otherrpduce a torque proportional tmltage (estraining
torquenegativetorque) B].

When the fault occurs at point F in the protected zone then the voltage

drops while current increaseBhus,the iatio V/I i.e. the impedance reduces
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drastically than it's predetermined valdg it trips and makes the circuit

breaker openAs shown in Figuréelow:

LY — cT F
N e 0N o B
Fault
PT
%g impedance
reslay

Figure3.7:Basic operation of impedance relay.
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(c) Logic for directional and imgpdance elements at A
Fig.3.8: Combined dectional and impedance relays.
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A relay using this characteristic has three importarsiciantages:

I. it is nondirectional; it wil see faults both irfront of and behind the
relaying point and therefore requires a directiomdément to give it
correct discrimination

ii. it has noruniform fault resistance coverage

ili. it is susceptibleo power svings and heavyoading of a long line,
because of the large areaveed by the impedance circl@irectional
control is an esseat discrimination qualityfor a distance relay, to
make he relay norresponsive tdaults outside the protected énThis
can be obtained byhe addition of a separate directional control
element.

3.5.3 Directioral Impedance Relay

The directional impedance relay can be obtained by adding a
directional element in the basic impedance relay. The element can sense the
direction ofpower or current flow and relay can operate only if the direction
of power flow is in one particular direction with respect to thenpuaihere
relay is installed The impedance charagistic of a directional control
element is a straight line on the Réagram, so theombined characteristic
of the directional andmpedance relays is the seniicle APLQ shown in
Figure3.8.

By applying additional voltage to the voltage coils of an impedance
relay, thetorque equation of the relay can tedified, theadditional voltage
supplied is proportional to the line current and is called current bias. The
modified torque equation[i]

T=K1 1?1 K, (V+K 3 1)? (3.2)
where(v+kz 1) = voltage supplied to the voltage coil

T= Torque (N.M)

V=VoltagqV).

I= current(A)
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K,, K,= constant

Fig.3.9: Directional Characteristics.
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Fig.3.10:Modified directional impedance relay characteristics.

3.5.4 Reactance Relay

In this relay the operating torque is obtained by current while the
restraining torque due to@irrentvoltage directional relay. The overcurrent
element develops the positive torque and directional unit produce negative
torque.Thus,the reactance relay is an overcurrent relay with the directional
restraint. The directional element is so desigihatl maximum torque angle is
90°.This relay is anon-directionalrelay also the relay will operate even under
normal load conditions if the system is operating at or near uovtefactor
condition as shown in Figuré3.11) The reactance relay with ditemal

feature is called mho relay or admittance rgay
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Fig.3.11:Operating characteristics of reactance relay
3.5.5 Mho Relay

In the impedance relay a segi& unit required to make it directional
while the same unitannotbe used to make a reactance relay with directional
feature. The mho relay is made inherently directional by adding a voltage
winding called polarizing winding. The relay works on the measent of
admittance Y. This relay is also called angle impedance[6&lay

The mho impedance etent is generally known as such because it
charactestic is a staight line on aradmittance diagram. It cleverly ctanes
the discriminating quaties of both reach control andirectional control,
t hereby el i mi n a tproblegns thahreay ldencountéred avith r a «
separate reacland directional control ements. This is achieved by the
addition of apolarizing signal. Mho impedance elemenisre particularly
attracive for economic reasons whestectromechanical ray elements were
employed. As aesult, they have beewidely deployed worldwide fomany
yeas and their adantages and limitations are navell understood. For this
reasonthey are still emulateth the algorithms of some modern numerical
relays.The characteristic of a mho impedarelement, wherplotted on an

R/X diagram, is a circle whosgrcumferencepasses through the origin, as
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illustrated n Figure 3.8(b)This demonstragethat the impedance element is
inherently directional and shcthat it will operate only forfaults in the

forward direction along line ABAs shown in fig(3.12).

X

(a)Phase compartor inputs
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/,- = %HH\ / Restrain

Al K
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(b)Mho impedance characteristic
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Fig.3.12: Mho relay characteristic

The impedance characteristic is adjusted by settingh&nimpedance
reach, along the diameter andthe angle of displaement of the diameter
from the R axis. Angle « is known as the Relay Characteristic Angle
(RCA). The relay operasefor values of fault impedancgF within its
characteristic.

It will be noted thathe impedance reach varies witlult angle. As the
line to be protected is made uprekistance and indtance, its fault angle
will be dependent upon the relative values of R arat ¥esystem operating
frequency. Under an arcinfault condition, or an arth fault involving
additional resistance, such amwer footing resistance or fauthrough
vegetation, the valuef the resistive componerdf fault impedance will
increase to changée impedance anglélhus,a relay having a chacteristic

angle equivalent to thenée angle will undereach under redige fault
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conditions.It is usual, therefore, teet the RCA less than the limmgle, so
that it is posdile to accept a small amountfalilt resistance withdwausing
underreach. Howevenvhen setting the relay, the fiifence between the line
angle[ and the relay characteristic anglemust beknown. The resulting
characteristic is shown in Figue12(c) where AB correspds to the length
of the line tobe protected. Withe set less thaifi, the actual amourdf line
protected, AB, would be equ&d the relay settingralue AQ multiplied by

cosine [ -«). Thereforetherequired relay setting AQ is given by:

z

1 (3.3)

n

Due to the physical naturd an arc, there is a ndmear relationship
between arwoltage and arc current, whicksults in a notinear resistance.
Using the empiricaformula derived by AR. van C. Warrington, [3.1] the

approximate value of arc resistance can beszesl as:

2 A —z, (3.4)

where:
Ra = arc resistance (ohms)
L = length of arc (meters)
| = arc current (A)

On long overhead les carried on stedgbwers with overhead earth
wires he effect of arc resistance casually be neglected. €heffect is most
significant onshort overhead lireand with fault currents belo2000A (i.e.
minimum plant condition), or if the protectetine is of woodpole
corstruction without earthwires. Inthe latter case, the ¢arfault resistance
reduces theeffective eartkHfault reach of a mho Zone 1 eleméatsuch an
extent that the mayjity of faults are detected iilone 2 time. This ptdem
can usually be overcome lmsing a relay with a cespolarized mho or a

polygonalcharacterisc.
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Where a power system is resistaesthel, it should beappreciated
that this does not need to be considered with regard to the relay settings other
than the effect that reduced fawdurrent may have on the value of arc
resistance seen. The eamth resistance is in the sourbehind the relay and
only modifies the source angle asdurce to line impedancatio for earth
faults. It wouldtherefore be takemio account only when asssingrelay
performance in terms of system impedance [Htio
3.5.6 Quadrilateral Characteristic

This form of polygonal impedance chateristic is shownn Figure
3.13. Thecharacteristic is provided witforward reach andesistive reach
settings that armmdependently adjustadl It therefore provides bettegsistive
coverage than angnhotype characteristic foshort lines. This igspecially
true for earth faulimpedance measurementhere the arc resistances and
fault resistance to eartlootribute to the highest value$ fault resistance. To
avad excessive errors in trmne,reach accuracyt is common to impose a
maximumresistive reach in tens of the zone impedance reach.

Recommendations in thisespect can wslly be found inthe

appropriate relay manuals.

/ Lone 3 / I I

-] E““ -
R.r'_!
R.r.’!

Fig.3.13: Quadrilateral characteristic

37



Quadrilateral elementsitl plain reactance reach linesan introduce
reach eror problems for resistive earfaults where the angle obtal fault
current differsfrom the angle of the currenteasured by the relay. This will
be the case where tHecal and remote source voltagectors are phase
shifted with respect to each other dte prefault powe flow. This can be
overcome byselecting an alternavto use ba phase current fgrolarization
of the reactance reach line. Polygonaipedance characteristiege highly
flexible in terms offault impedance ocgerage for both phase and eddhilts.
For this reaon, most digital and numeriadiktance relays now f&r this form
of characteristic. Aurther factor is that the additional cost implications of
implementing the characteristic using discratemponent electroathanical
or early static relayechnology do not arig¥|.

3.6 Auto-Reclosing

Faults on overhead lines fall into one of three categories:

I. transient

li. semipermanent

lii. permanent

80-90% of faults on any overhead line network are transienatare.
The remaining 10920% of faults are either sefpermanenr permanent.
Trarsient faults are commonly caused by lightningesnporary contact with
foreign objects, and immediate tripping of one or more circuit breakers clears
the fault. Subsequent-energization of the line is usually successful.

Use of an autoeclose scheme t@-energize the line after a fault trip permits
successful r@nergizations of the line. Sufficient time must be allowed after
tripping for the fault arc to denergize before reclosing otherwise the arc will
re-strike. Such schemes have been the causesabstantial improvement in
continuity of supply. A further benefiparticularly to HV systems, is the

maintenance of systestability and synchronism.
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Instantaneous tripping reduces the duration of the powereaudting
from an overhead line fault @ minimum. The chance of permanent damage
occurring to the line is reduced.

The application of instantaneous protection may result in nonselective
tripping of a number of circuit breakers and emsuing loss of supply to a
number of healthy sections. Auteclosing allows these circuit breakers to be
reclosed within a few seconds. With transient faults, the overall effect would
be loss of supply for a very short time but affecting a larger number of
consumers.

When instantaneous protection is used witloaetlosing,the scheme
Is normally arranged to inhibit the instantaneptustection after the first trip.

For a permanent fault, the time gradecbtection will give discriminative
tripping after reclosure, resulting in the isolation of the faulted secBome
schemes allow a number of reclosures and-tinaeled trips after the first
instantaneous trip, which may result in the burning out and clearance ef semi
permanent faults. A furthdrenefit of instantaneous tripping is a reduction in
circuit breaker maintenance by reducing paec heating when clearing
transient fault$1]

3.7 Auto-Reclosing on HV Transmission Lines

The most important consideration in the application of -aetdosing
to HV transmission lines is the m&enance of system stability and
synchronism. The problems involved are dependent on whether the
transmission system is weak or strong. With a weak system, loss of a
transmission link may lead quickly to an excessive phase angle across the
circuit breaker(CB) used for reclosure, thus preventing a successtul re
closure. In a relatively strong system, the rate of change of phase angle will

be slow, so that delayed auteclose can be successfully applidd
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CHAPTER FOUR
DISTANCE RELAY p442 AND OMICRON
DEVICE TEST

4.1 Introduction

The numerical relay is the latest development in the area of power
system protection and differs from conventional ones both in design and
methods of operation anathich derives its characterisi by means of a
pre-program series of instructions and calculations (algorithms), based on the
selected settings and the measured current or voltage signaldased on
numerical (digital) devices e.g. microprocessor microcontrollers, digital
signalprocessors (DSPS) etc. This relay acquires sequential samples of the ac
guantities in numeric (digital) data form through the data acquisition system
(DAS), and processes the data numerically using relaying algorithm to
calculate the fault discriminanta@ make trip decisions. In a numerical relay,
the analog current and voltage signals monitored through primary transducers
(CTs and VTs) are conditioned, sampled at specified instants of time and
converted to digital form for numerical manipulation, aniglyslisplay and
record in. This processor provides a flexible and very reliable relaying
function there by enabling the same basic hardware units to be used for
almost any kind of relaying scheme. Thus, a numerical relay has an additional
entity, the softwre, which runs in the background and makes the relay
functional Hardware is more or less the in most all the numerical relay. The
software used in a numerical relay depends upon the processor used and the
type of the relaj].
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4.2 MICOM DistanceRelay
MICOM relays are a range of products from T&D EAI. Using

advanced numerical technology, MiCOM relays include devices designed for
application to a wide range of power syste@nplsuch as motors, generators,
feeders, overhead lines and cables. Each relay is designed around a common
hardware and software platform in order to achieve a high degree of
commonality between products. One such product in the range is the series of
distance relays. The relay series has been designed to cater for the protection
of a wide range of overhead lines and underground cables from distribution to
transmission voltage levels. The relay also includes a comprehensive range of
nonprotection featuret aid with power system diagnosis and fault analysis.

All these features can be accessed remotely from one of the relays remote
serial communications option§he distance relays offer a comprehensive
range of protection functions, for application to mamyerhead line and
underground cable circuitas shown in figure (4.1&4.2). There are 3
separate models available, the P441, P442 and P444. The P442 and P444
models can provide single and three pole tripping. The P441 model provides

three pole tripping dg[12].

Fig.4.1 MICOM p442 relay.
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Fig.4.2 MICOM p442 relay inputs and outputs.
4 .GMC3 5160MI CRON
The CMC 356 is The Universal Relay Test Set and commissioning

Tool. The CMC 356 is the universal solutiaor testing all generations and
types of protection relays. Its powerful six current sources (binase mode:

up to 64 A/ 860 VA per channel) with a great dynamic range, make the unit
capable of testing even hidturden electromechanical relays with vergh-

power demands. The CMC 356 is the first choice for applications requiring
the highest versatility, amplitude and power. Commissioning engineers will
particularly appreciate its ability to perform wiring and plausibility checks of
current transformerdy using primary injection of high currents from the test
set. The analog test signals are generated digitally using DSP technology.
This, in combination with the use of additional error correction algorithms,
results inaccurate testing signals evensatall amplitudes. The six current
and four voltage output channeksre continuously and independently
adjustable in amplitude, phase and frequency. All outputs are overload and
shortcircuit proof and are protected against external iwgltage transient
signals and ovetemperature subscription and Sampled Values simulation

functionality. Up to 12 independent channels witlw-level signals are
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available at the back of the test set, which can be used to test wdiech

have a lowlevel input facility or to control external amplifier units. By
utilizing the EnerLyzer software option, the ten binary inmita CMC 356
equipped with theELT-1 hardware option alternatively work amalog
measurement inputsihe unit then can also be used as a multiional
multimeter and transiemtecorder. Besides its operation with the powerful
Test Universe software running on a PC, the CMC 356 can also manually be
controlled with the highhflexible CMC control unit and the CMC control

Applied running on an Android Tabt or a Windows P[23] ,asshown in
figures(4.3&4.4).The CMC 356 OMICRON used in:

[T

e —

A Eelcfees): o

Fig. 4. 3 CMC 3567 OMICRON (front).

43



Fig.4. 4 CMC 35671 OMICRON (back).

I Protection Relay Test Set

a. High-burden electromechanical relays

b. Static relays

c. Numerical relays.
. Test Universe(distance)

Distance provides the functionality to define and perform tests of

distance relays by impedance element evaluationsigusingleshot

definitions in the Zplane with graphical characteristic disdtb3].
4.4 Relay Setting of Distance Protection (p442)

4.4.1 SystenData (Shagara «==mp Local Market Substation)
Line length(L)=7.8Knfkilo-meters).

Nominal voltage=110kv

Line impedances:

(Positivesequenceyl= 0.067 +j0.269 = 0.27/776.014A Y/ k m
(Negativesequence)0 = 0.262 + j1.044 = 1.07675.917A Y/ k m
z0 /z1 = 3.884 -0.102° (4.1)
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