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ABSTRACT

Protection engineers face difficulties to choose dhitable protection scheme in the practical Tifleey can find,
in some cases, the need to choose inordinate pimoteschemes. In this paper, by using MATLAB SIMBIK some of
the most common protection functions are simulaté@. model introduced in this paper has subjeaiatifferent types of
faults and the results are monitored to ensuredlebility of the model. This simulation of thegtection relay enables to
have full control to choose and also to modify angtection scheme and to monitor its results saiit save cost and time

to make an optimum selection of the protection swse
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INTRODUCTION

A power system is vulnerable to faults, either tlwenatural disasters or by misoperation of theesystiue to
operators' negligence. This can result in permadantage to power system components leading to denadile costs for
their replacement and in longer disconnections @fgy supply to customers, which is highly undedeafihis sets a
requirement for a power system to sustain faultsilevprotection systems should minimize the damagemportant
components and the effect of faults as much ashgesg his is achieved by using power system pitaaadechniques and
methodologies [1]. Microprocessor-based relays hieder own algorithms for monitoring the power syst through
current and voltage inputs from CTs and VTs respelgt Protection relays are thoroughly tested gsiglay test sets to
confirm their reliability and safe operation befawemmissioning them in a substation. With the atwnReal-Time
Simulators and compact reconfigurable I/O contrs|léarge power systems can be simulated and tiediavior can be

analyzed in both steady state and faulted conditjiah

The purpose of protection relays is to detect # md give a trip order to the switching devicattls closest to
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Figure 1: Typical Microprocessor Multifunctions Relay [3]
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The use of microprocessor based multifunction eiayon the increase due to the advantages they siith as
communications, measurements, simplified wiring) eeduced space requirements. One of the mostulifés that face
the protection engineers is to select the optimuategtion scheme. This paper discusses modeldhénmiost common
protection functions by using MATLAB SIMULINK and amitoring the power system before, during and &fterfault.
This model will save costs for selecting the suégirotection scheme because it will help the mtiode engineer to adjust

many variables to get the optimum protection scheme
THE MICRO PROCESSORBASED RELAY

» Benefits & Shortcomings of Microprocessor-Based Ray

In late 1960’s when researchers ventured into #eeaf computers for power system protection. Thgmpts
and the advances in the Very Large Scale Integrate8l) technology and software techniques in tB&ds led to the

development of Microprocessor-based relays thaeé st offered as commercial devices in 1979 [4].
Benefits of the microprocessor-based relays:
* They provide many functions that were not availablelectromechanical or solid-state designs.

* The cost per function of microprocessor-based seigjower compared to the cost of their electrdmedaal and

solid-state counterparts.
e They allow users to develop their own logic schenresuding dynamic changes in that logic.

» They require significantly less panel space thangpace required by electromechanical and soltd-sistems

that provide similar functions.

 They place significantly less burden on instrumgahsformers than the burden placed by the reldythe

previous technologies.
* They have reporting features, including sequenavents recording and oscillography.
» They have the ability to perform self-monitoringdeself-testing functions.
Shortcomings of Microprocessor-based Relays:

» They have short life cycles. While each generatbmicroprocessor-based systems increases theidaabtity

compared with the previous generation, the paahange makes the equipment obsolete in shortestime

e They are more susceptible to transients because afature of the technology compared to the systamit with

the electromechanical technology.

* They have a significant number of settings. Thedased number of settings may pose problems in giregnéhe

settings and in conducting functional tests [4] [1]
» Major Functional Blocks of a Typical Microprocessor Relay

The block diagram of a typical microprocessor-basgldy is shown in Figure 2. The MicroprocessoraRel

samples voltages and currents, which, at the peystem level, are in the range of hundreds of\kilibss and kilo amperes
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respectively. The levels of these signals are redugy voltage and current transformers. The outpéittistrument
transformers are applied to the analog input subsy®f the relay. This subsystem electrically isgdathe relay from the
power system, reduces the level of the input velsagonverts currents to equivalent voltages amibves high frequency
components from the signals using analog filtefse Butputs of the analog input subsystem are appliehe analog
interface, which includes amplifiers, multiplexexsd analog-to-digital (A/D) converters. These congrds sample the

reduced level signals and convert their analogl$eteeequivalent numbers that are stored in merfdry

| Power System |

| Digital Input I | Digital Output |
¥ L 2

1
Analog
Ealee

I CONTROL I

MICRO-COMPUTER l |

RELAY

Figure 2: Block Diagram of a Typical MicroprocessorBased Relay [4]

The status of isolators and circuit breakers in gbever system is provided to the relay via the tdlginput
subsystem and are read into the microcomputer menorelaying algorithm, which is a part of the swdire, processes
the acquired information. The algorithm uses sigmatessing techniques to estimate the magnituddsaagles of
voltage and current phasors. In some cases, thedney of the system is also measured. The compuaedtities are
compared with pre-specified thresholds (settings§lécide whether the power system is experiencifgubd/abnormal
operating condition or not. If it is, the relay dera. command to open one or more circuit breakersdlating the faulted
zone of the power system. The trip output is trdtiedh to the power system through the digital ottpubsystem.
The relay settings and other vital information atered in non-volatile memory of the relay. Randaceess memory
(RAM) is used for storing data temporarily. The gowupply to a relaying microcomputer must be atdé even when
the system supply is interrupted. Arrangements thierefore, made to provide energy to the relayngunormal and
abnormal operating conditions of the power systémn [

The signal and data flows in these relays are shaviigure 3. The relay is isolated from the powgstem by
using auxiliary transformers which receive analagnals and reduce their levels to make them swtétt use in the
relays. Since the A/D converters can handle voltam®@y, the currents are passed through precigsistors to convert

them to voltages proportional to the currents #] [

Figure 3: Signal Flow Diag'rém_ of a Numerical Relay4]
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During digital processing, high frequency composesan appear to belong to the fundamental frequelasg.
This phenomenon is referred to as aliasing. Toqrealiasing from affecting the relaying functioasiti-aliasing filters
(which are low pass filters) are used along witle @#nalog input isolation block. After being quaetizby the
A/D converter, analog electrical signals are désttiby discrete values of the samples taken affiggemstants of time.
These discrete numbers are processed by using imah@ethods. The digital signals, also called bira contact inputs,

are applied to the relay via optic isolators thature physical disconnection of the relay frompberer system [4] [6].

THE NETWORK ARCHITECTURE
Substation Understudy

In this paper the model is applied on 66/11KV satish (ALKOBA substation). The substation consistshree
incomings connected to double bus bar system. Tisesiebus coupler and bus riser dividing the ineaysiinto two and
one. There are three 25MVA 66/11KV transformerse tfirst transformer is connected to six outgoingdd a
100KVA 11/0.415KV auxiliary transformer, the secomdnsformer is connected to six outgoings, and tted
transformer is connected to three outgoings andK¥@011/0.415KV auxiliary transformer. First, by melihg three
phase power sources, power transformers, curransformers, voltage transformers, power cablesuitibreakers,
bus-bar system, and protection relays, then appldifferent types of faults to the system by usiMATLAB
SIMULINK. Figure 4 shows the system understudy #rfault location.
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Figure 4: 66/11KV ALKOBA Substation Single Line Diagram

S

MODELED PROTECTION FUNCTIONS

In this paper, some of micro processor based reliagtions will be simulated then tested by applyidifjerent

faults to it and monitor its responses. The miacpssor based relay can be simulated generadliyasn in figure 5.

Analog A/D Relav Relay
. ¢! - d\.
pre- P Converter ¥ . elay

] algorithm logic
nrocessing

Input

Currents Trip <

Command
Figure 5: Block Diagram of a Microprocessor-Based Blay [6]
The relay model will be connected on the 11KV basthen applying different faults.

The following functions will be modeled:
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» Differential Protection (87)

Differential protection is a unit-type protectioor fa specified zone or piece of equipment. It iselblaon the fact
that it is only in the case of faults internal ke tzone that the differential current (differenevieen input and output
currents) will be high. However, the differentiairent can sometimes be substantial even withouintemnal fault.
This is due to certain characteristics of curreamsformers (different saturation levels, nonliitezs) measuring the input
and output currents [6]. Figure 6 shows the bloigdgihm of the differential relay. The differentiglay model receive
analog signal from the current transformers that@mnected before and after the protected equipthen this signals
are converted into digital signal by using A/D certer then the relay calculate the rms value optimary and secondary

currents then calculate the average of the priraadysecondary currents.
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Figure 6: Block Diagram of the Differential Relay

In the healthy case there won’t be difference betwgrimary and secondary currents, but the relayvad small
variation between primary and secondary currentalee of different saturation levels and nonliriesriof current
transformers. In case of internal fault the relalf detect the difference between the primary aadosidary currents so it

will send command to trip the CB.

Figure 7 shows the percentage-based curve. Themage-based curve comprises a number of segmeritd)

are defined as follows:
* Alow set point (Ids)
» 2 straight lines crossing zero and with adjustahdges (1d/It and 1d/It2)
e The slope change point.

The curve must be set so that it can protect igdfinst current-sensor measurement errors ansfdramation
errors, which can be attributed to the tap changerthermore, the protection function must be miadi®une to power

shunts on auxiliary windings.
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Figure 7: The Tripping Curve of Differential Relay
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Figure 8 shows the connections of the current foangrs in the system; it will be connected befane after the
11KV bus bar. In this model we use 5P10 currentsti@rmers. 1000/1A current transformer is connetigfre the bus

bar and 200/1A current transformers are connedtedch outgoing.

Main Bus Differentiol Reloy

Feeder 1 Feeder2  Feeder3 Feedera  Feeder 5 Feeder 6  Feeder 7

Figure 8: Current Transformers Connections [8]

To test this model, it will be subjected to faulside the protection zone, 11KV bus bar, and amdthgt outside

the protection zone.
Case (1) Internal Fault

The current for phase A, faulty phase, will jumpnr 920A in the healthy case into 15344A during féndt.
This high current value is necessary to be instedasly tripped because it can produce a seveteudige energy.
Figure 9 shows the current and voltage waves duniggnal differential fault. Both voltages for geA and phase C will
drop by 40% while voltage for phase B will incre&sel0% during the fault. After clearing the fabit disconnecting the

faulty area, the voltage returns to its healthyeal

| | | | i ‘

Figure 9: The Current and Voltage Waves during Intenal Differential Fault
Case (2) External Fault

CTs perform reasonably in most operating scenafadthfully reproducing primary current as a secanydcurrent,
with little distortion or error. C37.110, the IEEEuide for the Application of Current Transformersed for Protective
Relaying Purposes [9] allows that a ANSI C-classoBiinected to a standard burden should have no timamel 0% error at
20 times rated voltage. In practice, modern C-cl2Es have an error of 1% to 2%, and keep this kéghl of accuracy

over their operating life.

Table 1 shows that when the RMS values of the ntiakthe downstream, the value of the differenaeent as a
percentage from the current passing through botk @id the current transformer statuses. As shbevdifferential relay
model wont trip as the Id % didn’t reach to 40%gufe 12 shows the current and voltage waves dwxternal fault.

The model doesn't trip.
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Figure 10: Flux and Exciting Current Hysteresis duiing Core Saturation [8]
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Figure 11: Measured CT Secondary Current during Satration [38]
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Table 1: The Voltage Wave during Internal Differental Fault

Differential
I2rms (A) | Id (%) CTs Status Model Status
5000 10 Both CTs in linear region. Doesn't Tr|p
8000 16 Both CTs in linear region. Doesn't Tr|p
9950 14.95 | CT2 saturated. CT1 in Linear region  Dwdgip
12000 20 Both CTs in saturation region. Doesn’pTfi
13000 20 Both CTs in saturation region. Doesn’pTfi

Jdms = the rms value of the current at the secondaky si

a6 = ((I- 1))/ 1) = the rms of the difference between currentbatrimary side ¢) and
the secondary sidg then divide by the secondary currenj (I

CT= current transformer at the primary side

CJT= current transformer at the secondary side

|

Figure 12: The Current and Voltage Waves during Ex¢rnal Fault
» Voltage-Restrained over Current Protection (50/51V)

Correct over current relay application requireswiesalge of the fault current that can flow in eadcrtpof the
network. The relay settings are first determinedjitce the shortest operating times at maximum fhaels and then
checked to see if operation will also be satisfactd the minimum fault current expected. Among #agious possible
methods used to achieve correct relay co-ordinatenthose using either time or over current, oombination of both.
The common aim of all three methods is to give extrdiscrimination [1]. Figure 13 shows the blodc&gilam of the over
current relay. The over current relay model receimalog signal from the current transformers thatcnnected before
the protected equipment then this signals are ctenvénto digital signal by using A/D converter thihe relay calculate

the rms value of the three phase currents themleddctheir average.
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Figure 13: Block Diagram of the over Current Relay
There are three cases:
» Healthy Case:if the current is less than the twice (adjustatiie)pickup current.

* Inverse Case:if the current is greater than twice (adjustakle® rated current but less than seven times

(adjustable) the pickup current. The model enathlegrotection engineer to choose any inverse cteiatics.

» Definite Time: if the current is greater than seven times (adpis) the pickup current. The model enables the

protection engineer to choose the multiples ofgilskup current for definite time tripping.

Figure 14 shows the North American IDMT relay cloéesaistics. In our relay model we will use USco8.
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Figure 14: North American IDMT Relay Characteristics [11]

Figure 15 shows the tripping curve of voltage-r@std over current protection. To ensure correappimg
command the voltage restrained function can be eyegl that if the voltage drops less than 80% ofated value, the

pickup current will be adjusted to new value acauydo the voltage level according to eq.1
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Figure 15: The Tripping Curve of Voltage-Restrainedover Current Protection

I Is (4” 02)
=—X|4—-0.
573 U,

Equation 1: Voltage-Restrained Current Setting

43 |

To test this model, fault will be projected at tlecations at the beginning, and at the end of thtgang cable.

Figure 16 shows the fault locations.

“he F2

{ILE MEDICINE 1
1000 kid

11 kv
182.9 &

Figure 16: Fault Locations

He model will be adjusted to US CO8 Inverse charstics with TD = 0.5 and 400A pickup current. Btjan 2
shows the US CO8 Inverse.

t—TD{(5'95)+018}
7 \iz-1 '

Ir = (I/Is), where Is = relay settingrrent
TD = Time Dial setting

Equation 2: US CO8 Inverse [11]
Case (1) Fault Location at F1

By using 50/51V protection; the fault occurs at43€c. It will draw 900A and the voltage will drop 5.6KV
during the fault. Then it will be restored to 11k¥ter clearing the fault after 0.0437sec. as shiomiigure 17.
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Figure 17: The Current and Voltage Waves at F1 durig over Current Fault under 50/51V Protection

By using 50/51N protection; the fault occurs at48€x. It will draw 900A and the voltage will drop 5.6KV
during the fault as shown in figure 18. Then itl\wi restored to 11KV after clearing the fault afile045sec.

/ L‘:;/,I {hj';]-/_m

Case (2) Fault Location at F2

By using 50/51V protection; the fault occurs at4a€c. It will draw 378A and the voltage will drop 5.1KV
during the fault as shown in figure 19. Then itl\wi restored to 11KV after clearing the fault afidd474sec.

/7%

By using 50/51N protection; the fault occurs at48€x. It will draw 378A and the voltage will drop 5.1KV
during the fault as shown in figure 20. But thetagé will not restore to 11KV because it don't détine fault as the

current value is less than the pickup current.Hedault continues without clearing it.
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Over and under Frequency Protection (81H/81L)

The deviation of the frequency from the rated systeequency indicates unbalance between the getepatwer
and the load demand. If the available generatidarge compared to the consumption by the load ecea to the power
system, then the system frequency is above thd ratlie. The over-frequency protection functiorussially applied to
decrease generation to control the system frequekiogther possible application is the detectionunintended island
operation of distributed generation and some coessinin the island, there is low probability tHa¢ fpower generated is
the same as consumption; accordingly, the deteatibmigh frequency can be an indication of islangemtion.

Accurate frequency measurement is also the critéddothe synchro-check and switch functions [1].

The over frequency relay model receive analog $ifjpan the voltage transformers that are conneetféer the
protected equipment then this signals are convertex digital signal by using A/D converter theretihelay model
calculates the frequency of the voltage signal theerages it, then the model compares it with #rired system
frequency. In the healthy case there won't be diffiee between them, but if the frequency measwgdugher so the
model will send command to trip the CB instantarspuo disconnect the unnecessary loads then itpeoes the
frequency again if the frequency still high the rabsend signal to trip the generator. Figure 2wshthe block diagram

of the over/under frequency relay.

Load
Shedding

Frequency|  |Averaging

L To The Generator
Signal RMS

(B

Figure 21: Block Diagram of the over/under Frequeng Relay
To test this model, the model is connected on H€Vibus-bar then increase the frequency to be 6aHZsec.

Under frequency occurs due to the excess overldadng an overload, generation capability of thearator
increases and reduction in frequency occurs. Theepaystem survives only if we drop the load sd tha generator
output becomes equal or greater than the connéza€d If the load increases the generation, thegquency will drop and
load need to shed down to create the balance bettheegenerator and the connected load. The ratdiah frequency
drops depends on the time, amount of overload &swan the load and generator variations as trguéecy changes.
Frequency decay occurs within the seconds so weotarrect it manually. Therefore automatic loaédding facility

needs to be applied [1].
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The under frequency relay model receive analogasifjom the voltage transformers that are conneaftst the
protected equipment then this signals are convartamd digital signal by using A/D converter theretihelay model
calculates the frequency of the voltage signal theerages it, then the model compare it with theuired system
frequency. In the healthy case there won'’t be dhfiee between them, but if the frequency measusrenhier so the model
will send command to trip the CB instantaneouslydigconnect the unnecessary loads then it compghesfrequency
again if the frequency still high the model sengnai to trip the generator. Figure 12 shows thelpldiagram of the
differential relay.

To test this model, the model is connected on tH€V/1bus-bar then power source with 40HZ will be ceated at
Osec. The system will be subjected to under frequexrfter 0.04sec. The under frequency relay modeta the under
frequency then it sends the tripping signal toGieto trip the loads after 0.04sec. Figure 22 shihwssystem frequency.

Figure 22: The System Frequency

The current falls down to zero after 0.03sec dfiad shedding. Figure 23 shows the current anchgelivaves
under under-frequency fault. After disconnecting thads the voltage signal doesn't restored totimgalase, this means
that the power source is the source of under freguso the relay model send signal to the relay phatect the power
source to trip.

o LR

CONCLUSIONS

This paper models differential protection functi¢8?7), voltage-restrained over current protectiomcfion
(50/51V), and over and under frequency protectiamcfion (81H/81L) by using MATLAB SIMULINK. The ppmosed
model was tested under various faults.

Results indicate that the model successfully detihet faults and protect the system. So this moatebe used by

protection engineers as a guide to facilitate cimgpihe suitable protection scheme.
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