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ABSTRACT

Oil  م Industry has م  مbecome م the most م  م important part م of م  مSudan م

Economyم andم isم playingم theم mainم roleم forم countryم incomes.م 

Whiteم Nileم Petroleumم Operatingم Companyم (WNPOC)م isم oneم ofم 

theم Oilم Operatingم Companiesم whichم hasم beenم producingم crudeم 

oil  مof مone م;2006 مsince م its  مfields مrunning م is  مMala م fieldsم whichم 

compriseم theم followingم subم fields:

• Malaم Main,م 

• Malaم North,

•  مand مEast مMala م

• Malaم Southم East.

Whenم theseم  fieldsم wereم commissionedم andم started-up,  م thereم 

appeared  م continuous  م power  م outages  م in  م the  م Electricalم 

Distributionم System.م Oneم ofم theم causesم ofم theseم outagesم isم dueم 

toم unsatisfactoryم performanceم ofم protectiveم devices.م Asم aم resultم 



of  م that,  م continuous  م power  م interruptions  م and  م oil  م productionم 

defermentم haveم takenم place.م 

Theم objectiveم ofم thisم projectم isم toم investigateم theم problemsم ofم 

the  م unsatisfactory performance م of م  م protective devices م  م in  م theم 

aspects  م of  م relay  م settings  م and  م enable  م of  م additional  م relayم 

features.م Theم investigationم isم doneم byم usingم reputedم softwareم 

namedم “Electricalم Transientم andم Analysisم Programم (ETAP)”.

The  م Data  م Gathering  م and  م Single  م Line  م Diagram  م (SLD)  م wereم 

establishedم andم ETAPم softwareم wasم usedم toم modelم theم SLDم andم 

enteredم requiredم dataم ofم theم equipmentم andم thenم verified,م afterم 

thatم haveم toم runم Shortم Circuitم Studyم andم Relayم Co-ordinationم 

study  م and  م finalized  م with  م analysis  م and  م discussion  م for  م theم 

obtainedم outcomesم andم results.م 

المستخلص

 مأصبحت مصممنانعة ما لنفممط ممممن ما لصممنانعانت ما لممتى متشممكل  ما لجممزء ما لهمممم مفممى ما قتصمماند

ا لسودا ن موتلعب ما لدور ما لرئيسى مفى ممدخلت ما لدولة م. م م

 متعتبر مشركة ما لنيل  ما لبيض ملعمليانت ملبترول مإحممدى ما لشممركانت ما لعممانمله مفممى ممجممانل

 مم، مأحممد محقممول2006ا لنفط مفى ما لسودا ن موصانرت ممنتجه ملخانم ما لنفممط ممنممذ معممانم م

 مويتكون ممن ما لفرع:حقل  ممانلهمذه ما لشركة ميعرف مب

مانل ما لرئيسية•

مانل ما لشمانلية م•



مانل ما لشرقية•

مانل ما لجنوبية ما لشرقية•

 مظهرت مقطوعانت ممستمرة مفى منظانم ما لتوزيععندمان مبدا ت مهمذه ما لحقول مفى ما لعمل ،

 ما لكهربى، ما حدى ممسببانت مهمممذه ما لقطوعممانت ميعممزى ملعممدم مكفممانءة مأجهممزة ما لحمانيممة.

وكنتيجة ملذلك ما صبحت مهمنانلك مقطوعانت ممستمرة مأدت ما لى منقص ما لنتانج.

 ما لهدف ممن مهمذا  ما لمشروع مهمو ما لبحث مفمى معمن ممشمانكل  معمدم ما لكفمانءة مفمى منظمانم

 مأجهزة ما لحمانية ما لكهربانئية ما لتى متتمثل  مفى موضع مقيم مضبط مجديدة مللمرحل  موتفعيل 

بعض ما لخصانئص مله.

 م مبانسممتعمانل مبرنانمممج مدرا سممة موتحليممل  ما لحممانلت ما لعممانبرةوقد متمممت معمليممة ما لتقصممى

 موسوف متبدأ ما لطريقه ما لمتبعه مللحل  مبجمع مبياننانت ما لمعدا ت مومممن مثممم ما نشممانء مرسممم

 متخطيطى ممفرد م ملهان مثم متمثيلهان معلى ما لبرنانمج موبعد مذلك ميتم مإدخممانل ما لبياننممانت ملكممل 

 ممعده موبعدهمان ميتم ما لتدقيق مفى مهمذه ما لبياننانت مومممن مثممم متشممغيل  ما لبرنانمممج مللحصممول

 معلى منتانئج، مبعدهمان متبدا  معملية ما لتحليل  مو ما لمنانقشة ممن مأجل  ما لحصممول معلممى ما لنتممانئج

وا لتوصيانت. م

ABBREVIATIONS LIST

ACR Automaticم Circuitم Re-closure

ACSR Aluminumم Conductorم Steelم Reinforced

CPF Centralم Processingم Facility

CPP Centralم Powerم Plant



DGFF De-Gassingم andم Flaringم Facility

DOL Directم Onم Line

EF Earthم Fault

ESP Electricalم Submersibleم Pump

ETAP Electricalم Transientم andم Analysisم Program

Iم Dم Mم T Inverseم Definiteم Minimumم Time

IEC Internationalم Electro-technicalم Committee

IEEE Instituteم ofم Electricalم andم Electronicم Engineering

LVDB Lowم Voltageم Distributionم Board

MCC Motorم Controlم Centre

MCCB Moldedم Caseم Circuitم Breaker

OC Overم Current

OGM Oilم Gatheringم Manifold

ONAF Oilم Naturalم Airم Forced

ONAN Oilم Naturalم Airم Natural

PCP Progressiveم Cavityم Pump

RMU Ringم Mainم Unit

SLD Singleم Lineم Diagram

UPS Un-Interruptibleم Powerم Supply

VCB Vacuumم Circuitم Breaker

VCU Vacuumم Controlم Unit

VSD Variableم Speedم Drive

WNPOC Whiteم Nileم Petroleumم Operatingم Company
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ELECTRICAL POWER SYSTEM



CHAPTER ONE

ELECTRICAL POWER SYSTEM

1.1 INTRODUCTION:

Withم theم increasingم dependenceم onم electricityم supplies,م inم bothم 

developingم andم developedم countries,م theم needم toم achieveم anم 

acceptable  م level  م of  م reliability,  م quality  م and  م safety  م at  م anم 

economicم priceم becomesم evenم moreم importantم toم customers.م Aم 

furtherم requirementم isم theم safetyم ofم electricityم supply.م Aم priorityم 

ofم anyم supplyم systemم isم  thatم  it well مbeen مhas م  مand مdesigned م

properlyم maintainedم inم orderم toم limitم theم numberم ofم faultsم thatم 

mightم occur[1] م.

1.2 ELECTRICAL NETWORKS:



Theم primaryم aimم ofم anyم electricityم supplyم systemم isم toم meetم allم 

customers’  مdemands م for .energy م Power م  مgeneration م is  مcarried م

out  م wherever  م it  م achieves  م the  م most  م economic  م selling  م costم 

overall.  م The  م transmission  م system  م is  م used  م to  م transfer  م largeم 

amounts of م energy م  م to major م  م load ,centers م while م  مdistribution م

systemsم carryم theم energyم toم theم furthestم customerم usingم theم 

most appropriate م  مvoltage م level, where م  م the  م transport of م  مvery م

largeم amountsم ofم powerم overم largeم distancesم necessitiesم extraم 

high  م voltage  م system,  م sometimes  م termed  م major  م or  م primaryم 

transmission.م Highم Voltageم networksم transportم largeم amountsم 

ofم powerم withinم aم particularم regionم andم areم operatedم eitherم asم 

interconnectedم systemم orم discreteم groups.م 

figure1.1 مillustratesم  theم  interrelationم of  م theم variousم networksم 

[2].  مsubstations مEHV/HV مfrom مsupplied مare مnetworks مH.V مThe م

which  م themselves  م are  م supplied  م by  م inter-regional  م EHV  م lines.م 

HV/MV  م transforming  م substations  م situated  م around  م each  م HVم 

network  م supply  م individual  م MV  م networks.  م The  م HV  م and  م MVم 

networksم provideم suppliesم directم toم largeم customers.



Figم م:1.1 م EHV/HV/MV/LVم networkم arrangement

1.3 ELECTRICAL DISTRIBUTION NETWORK:

Theم vastم majorityم ofم customersم areم connectedم atم lowم voltageم 

and  م supplied  م via  م MV/LV  م distribution  م substations  م and  م theirم 

associated  م networks,  م as  م shown  م in  م figure  م 1.2[2].  م Theseم 

distribution  م networks  م can  م be  م divided  م to  م two  م parts,  م primaryم 

distributionم networksم andم secondaryم distributionم networks.م 



Figم:1.2 م Blockم schematicم ofم transmissionم andم distributionم ofم powerم system

1.3.1 PRIMARY DISTRIBUTION SYSTEMS.

Theم primaryم distributionم systemم isم thatم portionم ofم theم powerم 

networkم betweenم theم distributionم substationم andم theم utilizationم 

transformers.  م The  م primary  م distribution  م system  م consists  م ofم 

circuits,  م referred  م to  م as  م primary  م or  م distribution  م feeders  م thatم 

originateم atم theم secondaryم busم ofم theم distributionم substation.م 

The  م distribution  م substation  م is  م usually  م the  م delivery  م point  م ofم 

electric power م  م in  م largeم  industrial or م commercial م  مapplications م

[2].



Theم Nominal  مsystem مdistribution مPrimary مof مVoltages مSystem م

voltagesم rangeم from2.4 مkVم to69.0 مkV.م 

1.3.2 SECONDARY DISTRIBUTION SYSTEMS:

The  م secondary  م distribution  م system  م is  م that  م portion  م of  م theم 

network  م between  م the  م primary  م feeders  م and  م utilizationم 

equipment.  م The  م secondary  م system  م consists  م of  م step-downم 

transformers  م and  م secondary  م circuits  م at  م utilization  م voltageم 

levels.  م Residential  م secondary  م systems  م are  م predominantlyم 

single-phase,م butم commercialم andم industrialم systemsم generallyم 

useم three-phaseم power.م 

The  م Secondary  م Voltage  م Levels  م for  م a  م particular  م secondaryم 

system  م are  م determined  م by  م the  م loads  م to  م be  م served.  م Theم 

utilizationم voltagesم areم generallyم inم theم rangeم ofم120 م toم600 م Vم 

 م.[2]

1.4 TYPES OF DISTRIBUTION SYSTEMS:

Various  م circuit  م arrangements  م are  م available  م for  م powerم 

distributionم system.م Theم basicم circuitsم areم:[2] م 

• Simpleم radialم system

• Expandedم radialم system

• Primaryم selectiveم system

• Primaryم loopم system

• Secondaryم selectiveم systemم andم 

• Secondaryم spotم network.

1.4.1 SIMPLE RADIAL DISTRIBUTION SYSTEM:



In  م the  م simple-radial  م system, distribution م  م is at م  م the  مutilization م

voltage.م Aم singleم primaryم serviceم andم distributionم transformerم 

supplyم all  م.equipment مof مduplication مno مis مThere م.feeders مthe م

Systemم investmentم  isم  theم  lowestم ofم all circuit م  م.arrangements م

Operation  م and  م expansion  م are  م simple.  م Reliability  م is  م high  م ifم 

qualityم componentsم areم used,م however,م lossم ofم aم cable,م primaryم 

supply, or م  م transformerم will cut م off م .service م ,Further م  مelectrical م

service  م is  م interruptedم when any م piece م of م  م service  مequipment م

must  م be  م de-energized  م to  م perform  م routine  م maintenance  م andم 

servicing.

1.4.2 EXPANDED RADIAL DISTRIBUTION SYSTEM:

Theم advantagesم ofم theم radialم systemم mayم beم appliedم toم largerم 

loadsم byم usingم aم radialم primaryم distributionم systemم toم supplyم aم 

numberم ofم units

Substations  م located  م near  م the  م load  م centers  م with  م radialم 

secondary  م systems,  م the  م advantages  م and  م disadvantages  م areم 

similarم toم thoseم describedم forم theم simpleم radialم system.

1.4.3 PRIMAY SELECTIVE DISTRIBUTION SYSTEM:

Protection  م against  م loss  م of  م a  م primary  م supply  م can  م be  م gainedم 

through  م use  م of  م a  م primary  م selective  م system.  م Each  م unitم 

substation  م is  م connected  م to  م two  م separate  م primary  م feedersم 

through  م switching  م equipment  م to  م provide  م a  م normal  م and  م anم 

alternate  م source. When م  م the normal م  م source  م feeder  م is  م out  م ofم 

serviceم forم maintenanceم orم aم fault,م theم distributionم transformerم 

isم switched,م eitherم manuallyم orم automatically,م toم theم alternateم 

source.



Anم interruptionم will until مoccur م  مthe مto مtransferred مis مload مthe م

alternate .source م Cost م  م is somewhat م higher م  م thanم  for a م  م radialم 

systemم becauseم primaryم cableم andم switchgearم areم duplicated.

1.4.4 LOOP PRIMARY RADIAL DISTRIBUTION 

SYSTEM:

Theم loopم primaryم systemم offersم nearlyم theم sameم advantagesم 

andم disadvantagesم asم theم primaryم selectiveم system.م Theم failureم 

ofم theم normalم sourceم ofم aم primaryم cableم faultم canم beم isolatedم 

andم serviceم restoredم byم sectionalizing.م Findingم aم cableم faultم inم 

the  م loop,  م however,  م may  م be  م difficult  م and  م dangerous.  م Theم 

quickest way م  م to  م find a م  م fault  م is  م to  م sectionalize  م the  م loop  مand م

reclose,  م possibly  م involving  م several  م reclosing  م at  م the  م fault.  م Aم 

sectionم mayم alsoم beم energizedم at ,ends مboth م  م thus,  مaffecting م

anotherم potentialم danger.م Theم costم ofم theم primaryم loopم systemم 

may  م be  م somewhat  م less  م than  م that  م of  م the  م primary  م selectiveم 

system.م Theم savingsم mayم notم beم justified,م however,م inم viewم ofم 

theم disadvantages.

1.4.5 SECONDARY SELECTIVE RADIAL DISTRIBUTION 

SYSTEM:

When  م a  م pair  م of  م unit  م substations  م is  م connected  م through  م aم 

normally  م open secondary م  م tie  م circuit  م breaker,  م the  م result  م is  مa م

secondaryم selective-radial  م.system مdistribution م If  م theم primaryم 

feeder  م or  م a  م transformer  م fails,  م the  م main  م secondary  م circuitم 

breaker  م on  م the  م affected  م transformer  م is  م opened  م and  م the  م tieم 

circuit  م breaker  م is  م closed.  م Operation  م may  م be  م manual  م orم 

automatic. ,Normally م  م theم stationsم operateم asم radial  م.systems م



Maintenance  م of  م primary  م feeders,  م transformer,  م and  م mainم 

secondary  م circuit  م breakers  م is  م possible with م only م  مmomentary م

powerم interruption,م orم noم interruption,م ifم theم stationsم mayم beم 

operated  م in  م parallel  م during  م switching.  م With  م the  م loss  م of  م oneم 

primaryم circuitم orم transformer,م theم totalم substationم loadم mayم beم 

suppliedم byم oneم transformer.م Inم thisم situation,م however,م ifم loadم 

sheddingم isم toم beم avoided,م bothم transformersم andم eachم feederم 

must  م be  م oversized  م to  م carry  م the  م total  م load.  م A  م distributedم 

secondary  م selective  م systemم has pairs م of م  م unit  م substations  م inم 

differentم locationsم connectedم byم tieم cablesم andم normallyم openم 

tieم circuit .breakers م  مbe مmay مsystem مselective مsecondary مThe م

combinedم withم theم primaryم selectiveم systemم toم provideم aم highم 

degreeم ofم reliability.

1.5 THE LAYOUT OF THIS THESIS:

This  م thesis of مproblems مabout مspeaks م  مMala م fields’  مprotection م

systemم whichم wereم discoveredم atم theم commencementم activitiesم 

of  م commissioning  م phase  م for  م Transmission  م Line  م System  م andم 

Substations,  م there  م appeared  م unsatisfactory  م performance  م ofم 

protectiveم devicesم dueم toم variousم reasons,  مare مreasons مsuch م

summarizedم inم theم coreم chapterم ofم thisم thesisم i.e.م chapterم four,م 

other  م chapters,  م such  م as  م chapter  م one  م and  م two  م spoke  م aboutم 

electricalم networksم andم protectionم systemم respectively,م chapterم 

threeم spokeم aboutم theم electricalم distributionم systemم ofم block5 مAم 

and  م the  م last  م chapter  م spoke  م about  م conclusion  م andم 



recommendationsم forم thoseم whoم willم comeم afterم toم implementم 

andم carryم outم furtherم improvement.

Based  م on  م the  م above,  م this  م thesis  م is  م purposed  م to  م assist  م inم 

minimizing  م of  م power  م interruption  م in  م Mala  م fields’  م electricalم 

network  م by  م carrying  م out Co-Ordination م Study م using م  م reputedم 

softwareم namedم asم Electricalم Transientم andم Analysisم Programم 

(ETAP),م inم additionم toم thatم isم toم generateم recommendations.

In  م order  م to  م achieve  م the  م above  م objectives,  م a  م certainم 

methodologyم wasم followedم andم canم beم summarizedم asم follows:م 

 Gather  م data  م for  م all  م electrical  م equipment  م (generators,م 

motors,م transmissionم system,م switchgearsم …etc).م 

 Establishم overallم Singleم Lineم Diagramم (SLD)م م 

 Modelم ofم SLDم onم ETAPم software.م 

 Dataم Entryم onم theم modeledم SLD.

 Verifyم ofم theم enteredم data.

 Assumptionsم andم methodم ofم calculations.

 Runم ofم ETAPم softwareم and

 Generateم report.



CHAPTER TWO

PROTECTION SYSTEM

CHAPTER TWO

PROTECTION SYSTEM

2.1 INTRODUCTION:



Protection  م Systemم  is  م a  م complete  م arrangement  م of  م protectionم 

equipmentم andم otherم devicesم requiredم toم achieveم aم specifiedم 

function  م based  م on  م a  م protection  م principle.  م The  م purpose  م ofم 

protectiveم devicesم isم:[1] م 

• Toم detectم faultم quicklyم andم toم enableم isolationم ofم minimumم 

partم ofم powerم systemم toم isolateم theم fault

• Toم preventم damageم toم theم system

• Toم maintainم continuityم ofم supplyم and

• Toم minimizeم areaم shedding

Theم protective devices م can م detect م  م the occurred م  م fault or م  م theم 

abnormality  م flowing  م of  م current  م in  م the  م system  م or  م in  م theم 

equipmentم unitم viaم usingم ofم variousم methods,م theseم methodsم 

are:

• Magnitudeم ofم currentم measure

• Currentم inم abnormalم pathم (earth)

• Currentم balanceم (currentم in=currentم out)

• Voltageم balance

• Detectingم ofم power

• Changeم ofم parameters-Zم inم distanceم protection

• Damageم– م buchholzم protection

• Non-electricalم parameters-م temperature,م pressure…etc

Theم protectionم schemeم isم aم collectionم ofم protectionم equipmentم 

providing  م a  م defend  م function  م and  م including  م allم 



equipment/components  م required  م to make م  م the  م scheme  م,work م

suchم equipmentم like:

• Circuitم breakers

• Transducersم (CT,م VT)

• Communicationم Links

• Relays

• Fuses

The  م performance  م of  م protection  م system  م has  م basic  م principlesم 

concepts,م theseم includeم theم following:

• Discrimination

• Sensitivity

• Stability

• Reliability

2.2 PROTECTIVE RELAYS:

Thereم areم manyم typesم ofم relaysم dueم toم developmentم ofم usedم 

techniques;م theseم typesم compriseم ofم electromechanicalم relays,م 

staticم relays,م digitalم relaysم andم numericalم relays[10] م.

2.2.1 Electromechanical relays

They  م work  م in  م the  م principle  م of  م  م  م mechanical  م force  م causingم 

operationم ofم aم relayم responseم toم aم stimulus.م Theم mechanicalم 

forceم isم generatedم throughم currentم flowم inم oneم orم moreم windingم 

on  م magnetic  م core  م or  م cores,  م hence  م given  م the  م termم 



electromechanicallyم relay.م Theم Electromechanicalم relaysم canم beم 

classifiedم intoم severalم differentم typesم asم follows:

• Attractiveم armature

• Movingم coil

• Induction

• Motorم operated

• Thermal

• Mechanical

2.2.2 Static Relays

Theم termم impliesم thatم theم relayم hasم noم movingم partم aم protectionم 

relay.م Theم formم staticم refersم toم theم absenceم ofم theم movingم partsم 

toم createم theم relayم characteristic.م Theirم designم isم basedم onم theم 

useم ofم analogueم devicesم ofم coilsم andم magnetم toم createم theم relayم 

characteristic.

2.2.3 Digital Relays

Digital  م protection  م relays,  م introduced  م a  م step  م change  م inم 

technology  م microprocessors  م and  م microcontrollers  م replacedم 

analogueم circuitsم andم areم usedم inم relaysم toم implementم relaysم 

function.م Comparedم toم staticم relays,م digitalم relaysم introduceم A/Dم 

conversion  م of  م all  م measured  م analogue  م quantities  م and  م use  م aم 

microprocessorم toم implementم theم protectionم algorithm.

2.2.4 Numerical Relays



Theم distinctionم betweenم digitalم andم numericalم relaysم restsم onم 

points  م of  م fine  م technical  م details.  م They  م can  م view  م as  م naturalم 

development  م of  م digital  م relays,  م as  م a  م result  م of  م advances  م inم 

technology.  م Typically,  م they  م use  م a  م specialized  م Digital  م Signalم 

Processorم (DSP)م asم theم computationalم hardware,م togetherم withم 

theم associatedم softwareم tools.

2.3 BASIC PROTECTION SCHEMES:

The basic م protection م  م scheme comprises م of م  م unit  م systemم andم 

non-unitم System.

2.3.1 UNIT SYSTEM

Reliesم onم comparisonم ofم inputم andم outputم quantities[6] م

• Ifم same,م thenم systemم isم healthy

• Ifم different,م thenم systemم fault,م thisم includes:

• Currentم balanceم forم Feederم protection

• Pilotم wireم differentialم forم Transformerم protection

• Carrierم Currentم forم Generatorم protection

2.3.2 NON-UNIT SYSTEM

Canم detectم aم fault,م butم preciseم detectedم zoneم isم notم defined,م 

usuallyم  includesم simpleم Overم Currentم (OC),  م IDMT,م  Impedanceم 

(distance).

Discriminationم isم byم Currentم Gradingم andم Timeم Grading[6] م.

2.3.2.1 OVER CURRENT AND EARTH FAULT PROTECTION:



Anم overم currentم (O/C)م relayم isم aم deviceم whichم operatesم ifم theم 

currentم isم aboveم aم preم setم pickupم levelم forم aم certainم time.م Theم 

connectionم arrangementم forم theم overم currentم andم earthم faultم 

protectionم isم shownم inم figure2.1 م.

Figم:2.1 م Connectionم diagramم forم overم currentم andم earthم faultم relay

Theم overم currentم elementsم (I>)م respondم directlyم toم theم phaseم 

currentsم andم theم earthم faultم elementم respondsم toم theم sumم ofم 

theم phaseم currents.م Duringم normalم balancedم operationم theم sumم 

ofم theم phaseم currentsم isم zero.م The3 م-Phaseم overم currentم withم 

Inverse  م Definite  م Minimum  م Time  م (IDMT)  م time/currentم 

characteristics  م provide  م protection  م against  م phase-phase  م andم 

three  م phase  م faults  م and  م sometimes  م phase  م to  م earth  م faultsم 

(although  م this  م may  م not  م be  م the  م primary  م intention  م of  م thisم 

protection)  م on  م feeders.  م There are م over م  م current  م elements  مon م

eachم phaseم andم ifم theم currentم exceedsم aم pre-setم pickم upم valueم 

theم relayم startsم toم timeم out.م Theم timeم ofم operationم isم dependentم 



onم theم currentم asم aم multipleم ofم theم pickupم setting.م Toم addم moreم 

flexibility,  م inم additionم toم theم pickupم settingsم thereم  is  مanother م

settingم calledم timeم multiplierم settingم /Timeم delay.م Byم changingم 

theم timeم multiplierم theم userم canم obtainم anyم desiredم fractionم ofم aم 

timeم fromم aم basicم curveم plotted.م Theم curvesم areم standardizedم 

soم thatم theم relaysم ofم differentم makesم canم beم usedم withم identicalم 

time-currentم characteristics.

 م

• CO-ORDINATION OF PROTECTIVE DEVICES:

Co-ordinationم isم theم selectiveم operationم ofم protectiveم devicesم toم 

reduceم damagingم effectsم ofم shortم circuitsم byم disconnectingم onlyم 

theم affectedم partsم ofم theم system.م Thisم minimizesم theم portionم ofم 

theم systemم affectedم byم aم faultم orم otherم disturbance[6] م.

Forم instance,م atم substationم whereم thereم areم twoم orم moreم seriesم 

protective  م devices  م between  م the  م fault  م point  م and  م the  م powerم 

supply,م theseم devicesم mustم beم coordinatedم toم ensureم thatم theم 

device  م nearest  م the  م fault  م point  م will  م operate  م first.  م The  م otherم 

upstreamم devicesم mustم beم designedم toم operateم inم sequenceم toم 

provideم back-upم protection,م ifم anyم deviceم failsم toم respond.م Thisم 

is  م called  م selective  م coordination.  م To  م meet  م this  م requirement,م 

protectiveم devicesم mustم beم ratedم orم setم toم operateم onم minimumم 

overم current,م inم minimumم time,م andم stillم beم selectiveم withم otherم 

devicesم onم theم system.م Whenم theم aboveم objectivesم areم fulfilled,م 

maximumم protectionم toم equipment,م production,م andم personnelم 

willم beم accomplished.م Protectionم andم coordinationم areم oftenم inم 



directم oppositionم withم eachم other.م Protectionم mayم haveم toم beم 

sacrificed  م for  م coordination,  م and  م vice  م versa.  م It  م is  م theم 

responsibilityم ofم theم electricalم engineerم toم designم forم optimumم 

coordinationم andم protection.م Thisم isم sometimesم moreم artم thanم 

science.م Theم figم2.2 م illustratesم aم coordinationم ofم substation.

Figم:2.2 م Protectionم Co-ordination

Forم faultم,1 م breakerم Fم onlyم willم operate.م Similarly,م forم faultم,2 م 

breaker  م E  م alone  م shall  م operate.  م In  م case  م of  م improper  م co-

ordination,م forم faultم,1 م breakersم Dم orم Aم mightم operate.م Similarly,م 

forم faultم,2 م breakersم Bم orم Aم mightم operate.

• OBJECTIVE OF CO-ORDINATION

With  م implementation  م of  م Coordination,  م the  م following  م will  م beم 

achieved:



• Helpsم toم reduceم unnecessaryم downtime.

• Providesم recommendedم settingsم forم adjustableم tripم circuitم 

breakersم andم relays.

• Helpsم increaseم coordinationم (selectivity)م betweenم devices.

• Identifiesم deficienciesم inم systemم protection.

• Providesم recommendedم solutionsم toم helpم correctم problemم 

areas.

• Reviewsم andم discusses  م the use م of م devices مsystem م  مwith م

respectم toم Nationalم internationalم standards

• OVER CURRENT CO-ORDINATION:

Theم overم currentم coordinationم definesم asم definesم over-currentم 

discriminationم asم "theم operatingم characteristicsم ofم twoم orم moreم 

over-currentم protectiveم devicesم suchم that,م onم theم incidenceم ofم 

over-currents  م within  م stated  م limits,  م the  م device  م intended  م toم 

operateم withinم theseم  limitsم doesم so,  مnot مdo مothers مthe مwhile م

operate”.  مadopted مstrategy مThe م to  مcoordinate م theم protectiveم 

devices mainly مdepends م current مrated مthe مon م  م (In) -short مand م

circuitم currentم (Ik)م valuesم inم theم consideredم pointم ofم network.م 

Coordinationم canم beم classifiedم intoم theم following:

• Currentم discrimination

• Timeم discrimination

• Timeم andم Currentم Discrimination

Total  م discrimination means م  م “over-current  م discrimination  م suchم 

that,  م in  م the  م case  م of  م two  م over-current  م protective  م devices  م inم 

series,  م the  م protective  م device  م on  م the  م load  م side  م providesم 

protectionم withoutم trippingم theم otherم protectiveم device”.م Partialم 

discriminationم meansم “over-currentم discriminationم suchم that,م inم 



theم caseم ofم twoم over-currentم protectiveم devicesم inم series,م theم 

protectiveم deviceم onم theم loadم sideم providesم protectionم upم toم aم 

givenم over-currentم limitم withoutم trippingم theم other”.

• Current Discrimination

Thisم typeم ofم discriminationم isم basedم onم theم observationم thatم theم 

closerم theم faultم comesم toم theم network’sم feeder,م theم greaterم theم 

short-circuitم currentم willم be.م Weم canم thereforeم pinpointم theم zoneم 

where  م the  م fault  م has  م occurred  م simply  م by  م calibrating  م theم 

instantaneous  م protection  م of  م the  م device  م upstream  م to  م a  م limitم 

valueم higherم thanم theم faultم currentم whichم causesم theم trippingم ofم 

the  م device  م downstream.  م We  م can  م normally  م achieve  م totalم 

discriminationم onlyم inم specificم casesم whereم theم faultم currentم isم 

notم veryم highم (and Co-ordination مProtection م  مwith مcomparable م

theم device’sم ratedم current)م orم whereم aم componentم withم highم 

impedance  م is  م between  م the  م two  م protective  م devices  م (e.g.  م aم 

transformer,م aم veryم longم orم smallم cable...)م givingم riseم toم aم largeم 

difference  م between  م the  م short-circuit  م current  م values.  م Theم 

devices’م time-currentم trippingم curvesم areم generallyم usedم forم theم 

study.م Thisم solutionم is:

• rapid;

• Easyم toم implementم and;

• Inexpensive.

The  م following  م simple  م radial  م distribution  م system  م isم  shown  م inم 

figureم;[8] م2.3 م theم figureم illustratesم theم principleم operationم ofم 

currentم discrimination:



Figم:2.3 م Currentم Discrimination

Forم aم faultم at  مthe مgiven مis مcurrent مshort-circuit مsystem مthe م,F1 م

highestم valueم andم theم relayم controllingم theم circuitم breakerم atم Cم 

setم toم operateم atم thatم faultم current,م inم theoryم protectم theم wholeم 

ofم theم cableم sectionم betweenم Cم andم B.م 

Discrimination  م by  م current  م is  م not  م a  م practical  م proposition  م forم 

correct  م grading  م between  م the  م circuit  م breakers  م at C م and م  م.B م

However,  م the  م problem  م changes  م appreciably  م when  م there  م isم 

significant  م impedance  م between  م the  م two  م circuit  م breakersم 

concerned.م Ifم theم faultم occursم atم F4,م theم short-circuitم currentم isم 

givenم theم lowestم value,م Forم thisم reason,م aم relayم controllingم theم 

circuitم breakerم atم Bم andم setم toم operateم atم thatم valueم ofم current,م 

margin would م not م operate م  م for a م  م fault at م F4 م  مwould مand م thusم 

discriminateم withم theم relayم atم A.

• Time Discrimination

Thisم typeم ofم discriminationم isم anم evolutionم fromم theم previousم 

one.م Theم settingم strategyم isم thereforeم basedم onم progressivelyم 

increasing  م the  م current  م thresholds  م and  م the  م time  م delays  م forم 

trippingم theم protectiveم devicesم asم weم comeم closerم toم theم powerم 

supply .source م As م  م in  م the case م of م current م ,discrimination م  م theم 



studyم  is  مof مcomparison مa مon مbased م theم time-currentم trippingم 

curvesم ofم theم protectiveم devices.م Thisم typeم ofم coordinationم is:

• Easyم toم studyم andم implement;

• Relativelyم inexpensive;

• Enables  م to  م achieve  م even  م high  م discrimination  م levels,م 

dependingم onم theم currentم ofم theم upstreamم device;

• Allowsم aم redundancyم ofم theم protectiveم functionsم andم canم 

sendم validم informationم toم theم controlم system.

However,  م the  م tripping  م times  مand م the energy م  م levels  م that  م theم 

protectiveم devicesم (especiallyم thoseم closerم toم theم sources)م letم 

throughم areم high,م withم obviousم problemsم concerningم safetyم andم 

damageم toم theم componentsم evenم inم zonesم unaffectedم byم theم 

fault.

The  م following  م simple  م radial  م distribution  م system  م isم  shown  م inم 

figure  م 2.4  م [8],  م which  م illustrates  م the  م principle  م timeم 

discrimination.

Figم2.4 م Timeم Discrimination

Overم currentم protectionم isم providedم atم B,م C,م Dم andم E,م thatم is,م atم 

theم  in  م feedم endم of of مsection مeach م  م theم power .system م  مEach م

protection unit م  م comprises a م delay مdefinite-time م over م  م currentم 



relayم inم whichم theم operationم ofم theم currentم sensitiveم elementم 

simplyم initiatesم theم timeم delayم element.

Providedم theم settingم ofم theم currentم elementم isم belowم theم faultم 

currentم value,م thisم elementم playsم noم partم inم theم achievementم ofم 

discrimination.  م For  م this  م reason,  م the  م relayم  is  م sometimesم 

describedم asم anم ‘independentم definite-timeم delayم relay’,م sinceم 

itsم operatingم timeم isم forم practicalم purposesم independentم ofم theم 

levelم ofم overم current.م Itم isم theم timeم delayم element,م therefore,م 

whichم providesم theم meansم ofم discrimination.م Theم relayم at B م  مis م

setم atم theم shortestم timeم delayم possibleم toم allowم theم fuseم toم blowم 

forم aم faultم atم Aم onم theم secondaryم sideم ofم theم transformer.م Afterم 

theم timeم delayم hasم expired,م theم relayم outputم contactم closesم toم 

tripم theم circuitم breaker.م Theم relayم atم Cم hasم aم timeم delayم settingم 

equalم toم t1م seconds,م andم similarlyم forم theم relaysم atم Dم andم E.م Ifم aم 

faultم occursم at at مrelay مthe م,F م B م in مoperate مwill م t م  مand مseconds م

theم subsequentم operationم ofم theم circuitم breakerم at  مclear مwill مB م

theم faultم beforeم theم relaysم atم C,م Dم andم Eم haveم timeم toم operate.م 

Theم timeم interval  مbe مmust مsetting مtime مrelay مeach مbetween مt1 م

longم enoughم toم ensureم thatم theم upstreamم relaysم doم notم operateم 

beforeم theم circuitم breakerم atم theم faultم locationم hasم trippedم andم 

clearedم  the  م fault. main مThe م of مdisadvantage م  م this  مof مmethod م

discriminationم isم thatم theم longestم faultم clearanceم timeم occursم 

forم faultsم inم theم sectionم closestم toم theم powerم source,م whereم theم 

faultم levelم (MVA)م isم highest.

• Discrimination with Time and Current

Each  م of  م the  م above  م two  م methods  م described  م so  م far  م has  م aم 

fundamental  م disadvantage.  م In  م the  م case of م  م discrimination  مby م



timeم alone,م theم disadvantageم isم dueم toم theم factم thatم theم moreم 

severeم faultsم areم clearedم inم theم longestم operatingم time.م Onم theم 

other  م hand,  م discrimination  م by  م current  م can  م be  م applied  م onlyم 

whereم thereم isم appreciableم impedanceم betweenم theم twoم circuitم 

breakersم concerned.م Itم isم becauseم ofم theم limitationsم imposedم byم 

the  م independent use م of م either م  م timeم or current م  مco-ordination م

that  م the  م inverse  م time  م over  م current  م relay  م characteristic  م hasم 

evolved.  م With  م this  م characteristic,  م the  م time  م of  م operation  م isم 

inverselyم proportionalم toم theم faultم currentم levelم andم theم actualم 

characteristicم isم aم functionم ofم bothم ‘time’م andم 'current'م settings.م 

figureم2.5 م shownم belowم  illustrates  م the characteristics م of م  م twoم 

relaysم operationم givenم differentم current/timeم settings[2] م.

 م



Currentم (A)

Figم:2.5 م Twoم relaysم operationم (Timeم& م Currentم Discrimination)

Forم aم largeم variationم inم faultم currentم betweenم theم twoم endsم ofم 

the  م feeder,  م faster  م operating  م times  م can  م be  م achieved by م  م theم 

relays  م nearest  م to  م the  م source,  م where  م the  م fault  م level  م is  م theم 

highest.م Theم disadvantagesم ofم gradingم byم timeم orم currentم aloneم 

are  م overcome.  م The  م selection  م of  م over  م current  م relayم 

characteristics  م generally  م starts with م  م selection of م  م the  م correctم 

characteristicم toم beم usedم forم eachم relay,م followedم byم choiceم ofم 

the  م relay  م current  م settings.  م Finally  م the  م grading  م margins  م andم 

henceم timeم settingsم ofم theم relaysم areم determined.م Anم iterativeم 

procedure  م is  م often  م required  م to  م resolve  م conflicts,  م and  م mayم 

involve  م use  م of  م non-optimalم  characteristics,  م current  م or  م timeم 

gradingم settings.م Theم relaysم whichم areم usedم withم thisم typeم ofم 

discrimination  م are  م called  م Inverse  م Definite  م Minimum  م Timeم 

(IDMT).

2.4      CO-ORDINATION PROCEDURES:

Stepم one: Establishم theم Singleم Lineم Diagramم (SLD)م ofم theم powerم 

systemم involved.

Stepم two: Showم relevantم dataم suchم asم impedancesم inم ohmsم perم 

centم orم perم unitم ofم all  مrotating م,transformers مpower م

machine,م feederم circuits…etc.

Stepم three: Calculateم faultم currentم inم variousم points

Stepم four: The  م maximum  م load  م current  م through  م protectionم 

devices.



Stepم five: Chooseم plugم settings

Stepم six: Chooseم equivalentم CTم current.

Stepم seven: Chooseم Timeم Multipleم Settings.

Stepم eight: Consider  م the  م starting  م current  م requirements  مof م

motors  م and  م the  م starting  م and  م locked  م rotor/stallingم 

timesم ofم inductionم motors

Stepم nine:Considerم theم transformerم inrush,م thermalم withstandم 

andم damageم characteristics

Stepم ten: Chooseم suitableم Time/Currentم Curveم (IDMT)[8] م

2.5 APPLICATIONS  OF  I.D.M.T.  OVERCURRENT 

RELAYS:

The  م current/time  م tripping  م characteristics  م of  م Inverse  م Definiteم 

Minimumم Timeم (IDMT)م relaysم mayم needم toم beم variedم accordingم 

toم theم trippingم timeم requiredم andم theم characteristicsم ofم otherم 

protectionم devicesم usedم  in  م theم network. For م  م,purposes مthese م

the  م international  م standards  م IEC/IEEE  م define  م a  م number  م ofم 

standardم characteristicsم asم follows:

• Standardم Inverseم (SI)

• Veryم Inverseم (VI)

• Extremelyم Inverseم (EI)

• Definiteم Timeم (DT)م and

• USم inverseم (IEEE/USم only)

Theم figureم2.6 م illustratesم theم IEC/UKم curvesم asم follows:



Figم:2.6 م IEC/UKم curves

Where:

Curveم1 م representsم Standardم Inverseم (SI)

Curveم2 م representsم Veryم Inverseم (VI)

Curveم3 م representsم Extremeم Inverseم (EI)

Curveم4 م representsم Longم Timeم Inverseم (LI)

Theم figureم2.7 م illustratesم theم IEEE/USم curvesم asم follows:



Figم:2.7 م IEEE/USم curve

Where:

Curveم5 م representsم Moderatelyم Inverseم (MI)

Curveم6 م representsم Veryم Inverseم (VI)

Curveم7 م representsم Extremeم Inverseم (EI)

Curveم8 م representsم USم Inverse

Curveم9 م representsم USم shortم timeم Inverse

Theم IEC/UKم IDMTم curvesم[5] م conformم toم theم followingم formula:

 م م م م

(1 م- م2) م..………….………………

Theم IEEE/USم IDMTم curvesم[4] م conformم toم theم followingم formula:



(2 م- م2) م….……………………… م. م م م م

Where:

tم= م operationم time

β=م constant

I=م measuredم current

Iم s=م currentم thresholdم setting

α=م constant

Lم= م ANSI/IEEEم constantم (zeroم forم IEC/UKم curves)

Tم= م Timeم multiplierم settingم forم IEC/UKم curves

TDم= م Timeم dialم settingم forم IEEE/USم curves

2.5.1 IDMT Characteristics

Accordingم toم theم equationم(1-2) م andم equationم(2-2) م andم basedم 

onم theم constantsم valuesم,[5] م theم IDMTم curvesم canم beم describedم 

asم shownم onم theم followingم tableم no2.1 م:



Tableم2.1 م IDMTم characteristics

The  م IEC  م extremely  م inverse  م curve  م becomes  م definite  م time  م atم 

currentsم greaterم than20 مxsetting.م Theم IECم standard,م veryم andم 

long  م time  م inverse  م curves  م become  م definite  م time  م at  م currentsم 

greaterم than30 مxsetting.م Theم rectifierم curveم becomesم definiteم 

timeم atم currentsم greaterم than8 مxsetting.

2.5.2 Time Multiplier Settings (TMS) for IEC/UK 

curves

Fromم equationم no.[5]1-2 م

Tableم2.2 م TMSم- م IEC



2.5.3 Time  Dial  Settings  (TDS)  for  IEEE/US 

curves

Fromم equationم no.[2]1-2 م

Tableم2.3 م TDSم- م IEEE

2.5.4 Definite Time (DT) characteristic
Accordingم to [5],م theم DTم rangeم isم asم shownم inم theم followingم 

table

Tableم2.4 م DTم- م IEEE

2.5.5 Reset characteristics

Allم inverseم resetم curvesم conformم toم theم followingم formula[5] م:

 م= مtreset م م م م م م م م م م م م م م م م م م م م م م م م م م م م م

 م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م(3 م- م2) م…………………

Where:

tresetم م timeم inم seconds

Sم= م م م م م Constant



Mم= م م م م I/Is

TDم   مby مemployed مthat مas مsetting مSame) مSetting مDial مTime م= م

IDMTم curve)م forم allم IEC/UKم curves.

Theم reset  مcharacteristic م is .only مtime مdefinite م all مFor م  م IEEE/USم 

curves,  م the  م reset  م characteristic  م can  م be  م selected  م as  م eitherم 

inverseم curveم orم definiteم time.م Theم definiteم timeم canم beم setم toم 

zeroم accordingم toم internationalم standardم IEC.م Rangeم0 م toم100 م 

secondsم inم stepsم ofم0.01 م seconds[5] م.

The  م Inverse  م Reset  م characteristics  م are  م dependent  م upon  م theم 

selectedم IEEE/USم IDMTم curveم asم shownم inم theم tableم below[5] م:

Tableم2.5 م IRم- م IEEE

2.5.6 Inverse Reset Characteristics

RIم Curve in electromechanicalم hasم beenم includedم inم theم firstم 

andم secondم stageم characteristicم settingم optionsم forم Phaseم Overم 



currentم andم Earthم Faultم protections.م Theم curveم isم representedم 

byم theم followingم equationم م م:[5] م 

(4 م- م2) م…….…………..……………… م م م م م م م

Where:

Kم isم adjustableم fromم0.1 م toم10 م inم stepsم of0.05 م.

2.6 GRADING MARGIN FOR SELECTIVITY:

Over  م current  م device  م settings  م are  م chosen  م to  م provide  م anم 

acceptableم compromiseم betweenم sensitivityم andم selectivityم inم 

over  م current  م protection.  م Selective  م coordination  م is  م generallyم 

achieved  م by  م using  م the  م following  م minimum  م recommendedم 

margins  م between  م device  م characteristics  م according  م to  م IEEEم 

standards:

• Relay -  Relay  coordinationم requiresم  (1)  م that  م thereم beم aم 

minimumم ofم0.2 م toم0.40 م secondsم timeم marginم betweenم theم 

relayم curvesم atم theم maximumم faultم currentم toم accountم forم 

theم interruptingم timeم ofم theم circuitم breaker.

• Fuse - Fuse  coordinationم requiresم thatم theم totalم clearingم 

timeم ofم theم downstreamم fuseم curveم beم lessم thanم%75 م ofم theم 

minimumم meltم timeم ofم theم upstreamم fuseم curveم toم accountم 

forم pre-loading.

• Relay  -  Fuse  coordination  م requires  م a  م minimum  م  م0.12

secondم timeم marginم betweenم theم curvesم orم thatم theم totalم 

clearingم timeم ofم theم downstreamم fuseم curveم toم beم lessم thanم 

.curves مrelay مthe مof م90%



• Low  voltage  breaker  -  Low  voltage  breaker 

coordinationم requiresم onlyم thatم theم plottedم curvesم doم notم 

intersect  م since  م all  م tolerances  م and  م operating  م times  م areم 

includedم inم theم publishedم characteristicsم (clearم separation)

• Fuse - Relay coordinationم requiresم aم minimumم0.2 م secondم 

timeم marginم betweenم theم curves.

• Fuse  -  Low  voltage  breaker  coordination  م requires  م aم 

minimum  م 25%  م margin  م between  م the  م upstream  م fuseم 

minimum  م melt  م curve  م and  م the  م downstream  م breakerم 

maximumم timeم curve.
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3.1 INTRODUCTION

Whiteم Nileم (5B)م Petroleumم Operatingم Companyم Ltd.م (WNPOC)م isم 

a  مestablished مcompany م in ,Khartoum م Republic م of م  مand مSudan م

has  م the  م right  م of  م exploration  م and  م development  م in  م Block  م 5Aم 

located  م in  م the  م south  م part  م of  م the  م Sudan  م about  م 950  م kmم 

(approximately)م southم toم Khartoum.م Theم Block5 مAم comprisesم ofم 

theم followingم developmentم fields:

• Tharم Jathم field,م 

• Malaم Mainم fieldم andم 

• Malaم Satelliteم fieldsم (MM,م MN,م MEم andم MSE).

3.2 ELECTRICAL DISTRIBUTION SYSTEM of BLOCK 

5A FACILITIES:

The  م Electrical  م Distribution  م System  م is  م comprised  م of  م Centralم 

Power  م Plant  م (CPP),  م Transmission and مSystem م  م LV  مDistribution م

Systemم asم follows:

3.2.1 Central Power Plant (CPP):

Theم CPPم consistsم ofم sixم mediumم speedم dualم fuelم (diesel/crude)م 

engines  م (the  م engine  م starts  م using  م diesel  م then  م running  م withم 

crude/dieselم andم stopsم usingم diesel)م mountedم inم twoم separateم 

halls,م threeم unitsم atم each.م   مby مmanufactured مare مengines مThe م

MAN  م B  م and  م W,  م model  م 18V  م 32/40,  م the  م alternators  م areم 

manufactured  م by  م ABB Oy م  م type  م (AMG ,(1120MR08PSE م  م  م9.858

kVA,م11 م kV,م50 م Hzم andم0.8 م PFم each.

Theم CPPم hasم Lowم Voltageم Mainم Switchboardم (LVMS)م whichم  isم 

connectedم toم theم followingم Lowم Voltageم loads:-



• Dieselم auxiliaryم switchboardم (DAS)م forم each.م 

• LVم Switchboardم ofم Main-Intakeم Substations.

• CPPم Fuelم Treatmentم Systemم (FTS).

• Blackم Startم Generatorم (BSG)م mainم switch.

• CPPم Commonم Auxiliaryم Switchboardم (CAS)م mainم switch

• CPPم Buildingم Serviceم Switchboardم (BSS)م mainم switch

The  م generated  م power  م capacity  م of  م the  م CPP  م is  م 30  م MWsم 

(approximately)م supplyingم powerم toم theم followingم locations:

3.2.1.1 Wellhead Facilities:

Theم crudeم oilم isم liftedم eitherم byم Electricم Submersibleم Pumpم (ESP)م 

or Cavity مProgressive م .(PCP) مPump م Electrical مThe م  مdistribution م

Systemم atم wellheadم isم asم follows:

• Powerم atم Wellheads

At  م the ,Wellheads م power م  م is  م supplied via م 33kV م cable م  م  م/

overhead  م transmission  م line  م (OHTL)  م ring  م distributionم 

systemم from33 مkVم Compactم substationم forم ESPم andم LVم forم 

PCP  م from  م LV  م paned  م located  م inside  م the  م Compactم 

Substation.

• Powerم atم Oilم Gatheringم Manifoldsم (OGMs)

Power  م at  م the  م OGMs  م is  م supplied  م from  م 400V  م from  م theم 

nearestم Wellhead.

3.2.1.2  Central Processing Facility (CPF):



Portionم ofم theم generatedم powerم isم providedم toم theم CPFم facilitiesم 

asم follows:

• Powerم atم CPF

Theم powerم  is  مsteps مand مCPP مthe مfrom م11kV مat مreceived م

downم to6.6 مkVم atم CPFم Substationم beforeم itم furtherم stepsم 

downم by6.6 مkV420 م/ مV,م distributionم transformersم toم feedم 

the  م LV  م loads  م of  م CPF. One م Emergency م  م Diesel  م Generatorم 

(500kW)  م set  م is  م provided  م at  م CPF  م to  م cater  م for  م theم 

requirementsم ofم theم essentialم  loadsم andم isم connectedم toم 

the400 مVم busم ofم LVم Switchgearم/ م MCC.م 

• HVم& م LVم Switchgearم andم MCCم atم CPF

HVم andم LVم switchgearsم/ م Motorم Controlم Centersم (MCC)م areم 

suitableم for  م installationم  inم anم  indoorم substationم andم areم 

designedم toم theم minimumم requirementم asم follow:

• Metalم clad,م compartmentalizedم andم fullyم withdrawable

• Vacuumم circuitم breakerم (VCB)م forم HVم switchgear

• ACB  م and  م Molded  م Case  م Circuit  م Breaker  م (MCCB)  م for  م LVم 

switchgear.

• Direct-On-Line  م (DOL)  م starter  م unit  م with  م VCU  م for  م 6.6kVم 

motorم م starter

• VCUم forم variableم speedم drivesم panels

• DOLم starterم withم MCCBم& م contactorم andم overloadم relayم 

for 400V م .motors م  م For 6.6kV م motor م  م feeders,  م switchboards  مor م

MCCs  م are  م provided  م with  م circuit  م breaker  م and  م electronicم 

multifunction  م motor  م protective  م relays.  م LV  م motor  م feeders  م inم 

switchboardsم andم MCCsم areم providedم withم MCCBم forم motorم withم 



contactorم/ م overloadم relayم combinationم starter.م م Protectiveم relayم 

isم anم electronicم type.

Allم transformerم feedersم andم incomersم/ م outgoingم feedersم 

from  م /  م to  م HV  م and  م LV  م switchgear  م are  م protected  م byم 

electronicم relays.

Allم electronicم relaysم inم HVم& م LVم switchgearم& م HVم MCCم areم 

suitable  م for  م interface  م with  م PMS  م (Power  م Managementم 

System)م throughم serialم linkم communication.م 

•  مTransformers مDistribution م

• Transformers م11/33kV م م م

Theم transformersم haveم twoم winding,م copperم (Cu)م 

woundم ONAN/ONAF,م theم transformersم areم locatedم 

adjacentم toم Main-Intakeم Substation.م Theم transformersم 

areم%5± م on-loadم tapم changerم arrangementم 

• 11/6.6kVم Transformers

The  م transformers  م have  م two  م winding,  م Copper  م (Cu)م 

woundم ONAN/ONAF,2 مx100%م forم mediumم voltageم loadم 

toم theم CPFم plantم area.م Theم transformersم areم locatedم 

adjacentم toم theم plantم substation.م Theم transformersم areم 

.arrangement مchanger مtap مoff-load م±5%

• 6.6/4.0kVم Transformers

The  م transformers  م have  م two  م winding,  م copper  م (Cu)م 

wound  م for  م medium  م voltage  م VSD  م panel  م loads.  م Theم 

transformers  م are  م located  م adjacent  م to  م the  م plantم 

substation.  م The  م transformers  م are  م%5± م off-load  م tapم 

changerم arrangement.

• 6.6/0.42kVم Transformers



The  م transformers  م have  م two  م winding,  م copper  م (Cu)م 

wound,6.6 مkV/0.42kV,2 مx100%م forم powerم distributionم 

to  م CPF  م plant  م area  م including  م power  م supplies  م toم 

generator  م auxiliaries.  م Transformers  م are  م locatedم 

adjacentم toم theم CPFم Plantم Substation.م Allم distributionم 

transformers  م have  م ±5%  م off-load  م top  م changerم 

arrangementم inم%2.5 م steps.

• 400Vم Emergencyم Dieselم Generator

400V  م Emergency  م Diesel  م Generator  م is  م provided  م toم 

ensure continuity م of م electrical م  م supply  م for  مessential م

equipmentم followingم lossم ofم normalم supply.م Inم normalم 

operatingم conditions,م emergencyم switchboardم isم fedم 

fromم theم normalم supply.م Inم theم eventم ofم totalم lossم ofم 

normalم supply,م thisم boardم willم beم fedم automaticallyم 

from  م an  م emergency  م diesel  م generator.400Vم 

Emergency  م generator  م is  م a  م star  م connected  م andم 

neutralم isم solidlyم earthed.

• Variableم Speedم Drivesم (VSD)

The  م VSDs  م are  م provided  م to  م run  م the  م Feed  م pumpم 

motors.م Theم supplyم isم takenم from6.6 مkVم switchgearم 

to  م theم converter  م transformers  مwhere م theم supply  م isم 

stepped down م  م to  م the  م required  م voltage  م to  م run  م theم 

motors.

• AC  م and  م DC  م UPS  م with  م batteries  م and  م distributionم 

boards

400V,  م three-phase,  م four-wireم  inputم and230 مVم,%1± م 

50Hz1 م,%1± م-phase,م twoم wiresم output,م staticم ACم UPSم 



systemم withم ventedم typeم Nickelم Cadmiumم batteryم forم 

 مconfigured مis مsystem مUPS مThe م.backup مminutes م180

into  م 2x100%  م redundancy  م capacity.  م UPS  م systemم 

consists of م ,supply مUPS م normal م bypass م supply م  مand م

maintenanceم bypassم supply.  مis مUPS مThe م feedingم allم 

Instrumentation,م DCSم andم telecommunicationم loads.م 

Oneم numberم of units مDC م24V م  مAH مadequate مhaving م

capacity  م is  م provided  م to  م cater  م to  م the  م following  م DCم 

loads:

• breakers مcircuit مthe مof مloads مTripping م

• load مControl/indication م

• Protectiveم relayم supply

• .load مInstrumentation م

:following مthe مof مconsists مsystem مThe م م م م م م م م م م

Two  م 100%  م capacity  م battery  م chargers  م (float  م cumم 

equalizingم charger),م twoم setsم ofم sealedم maintenanceم 

free,  م valve  م regulated  م type  م lead  م acid  م battery  م withم 

eightم hoursم supportم time.م Batteryم  is  مthe مin مhoused م

battery  م charger  م cabinet,  م inside  م a  م separateم 

compartment  م and  م complete  م with  م an  م integral  م DCم 

distribution .board م  م The DC م  م supply unit م  م capacity  م isم 

designedم toم supplyم%100 م plantم DCم  loadsم andم withم 

.capacity مspare م20%

3.2.2 Block 5A Transmission System:



Theم Electricalم Transmissionم Systemم ofم Block5 مAم comprisesم ofم 

bothم ofم Overheadم Transmissionم Lineم (OHTL)م andم Underم Groundم 

Cableم (UGC),م theم powerم isم generatedم atم11 م kV,م thenم isم steppedم 

upم toم33 م kVم transmissionم systems,م whichم isم comprisedم ofم Tharم 

Jathم transmissionم systemم andم Malaم fieldsم transmissionم systemم 

asم follows:

3.2.2.1 Thar Jath Transmission System:

Theم Tharم Jathم (TJ)م FSFم comprisesم ofم Stepped-upم Substationم (TJم 

Main-Intakeم Substation)م atم whichم theم powerم whichم isم generatedم 

byم CPPم atم11 م kVم isم stepped-upم to33 مkVم busbar,م henceم transmitم 

via circuit مdouble م  مtransmission م33kV م lineم  toم Ringم Mainم Unitsم 

(RMU)م locatedم atم wellheads.م Theم Electricalم Distributionم Systemم 

hasم theم followingم electricalم details:-م 

• About27 مkmم ofم33 م kVم singleم circuitم ACSRم overheadم 

transmissionم lineم 

• 33kV  م Main-Intake  م substation  م with  م two33kV  م VCBم 

incomerم feeders,م twoم outgoingم feedersم andم aم bus-tie.

• Two  م numbers  م of  م 20/25MVA  م 11/33kV  م ONAN/ONAFم 

step-upم powerم transformers.م 

• Twenty  م Seven  م number  م of  م 33kV  م Ring  م Main  م Unitsم 

(RMU)م ofم variousم types,م (i.e.م3 م+ م2 م,2 م+ م2 م and2 م+ م3 م)م 

housedم inم Compactم Substations.م Fourم numbersم ofم theseم 

RMUsم areم equippedم withم circuitم breakersم togetherم withم 

theirم respectiveم protectionم relaysم whileم theم othersم areم 

equipped  م with  م load  م break  م switches.  م The  م compactم 

substations  م also  م consist  م of  م 33/0.42kV  م 300kVAم 



transformers  م and  م a  م Low  م Voltage  م Distribution  م Boardم 

(LVDB)م each.

• 33kVم cablesم fromم H-polesم toم RMUs

• 600/1000Vم gradeم cablesم fromم LVDBم toم wellheadم pumpم VSDs

• 33kVم cablesم fromم RMUsم to33 مkV/420Vم transformers

•  م(ESP) مSubmersible مElectrical مto مRMU مfrom مcables م33kV م

Skid

• 600/1000Vم gradeم cable  مchemical مand مLVDB مbetween م

injectionم skidم andم outdoorم lightم atم wellheadم andم OGMs.

3.2.2.2  Mala  Fields  (MM,  MN,  ME  and  MSE) 

Transmission System:

Malaم Fieldsم (Malaم Mainم andم Malaم Satelliteم fields)م FSFم compriseم 

ofم Step-upم Substationم (Malaم Main-Intakeم Substation)م atم whichم 

theم powerم isم generatedم byم CPPم atم11 م kVم isم stepped-upم to33 مkVم 

busbar  م hence  م transmit  م via  م double  م circuit  م Overheadم 

Transmission  م Line  م System  م (OHTL)  م to  م Mala  م DGFF  م Substationم 

whichم isم locatedم aboutم38 م kmم Northم Westم toم Tharم Jathم field.م Theم 

Electrical  م distribution  م System  م has  م the  م following  م electricalم 

systemم details:م 

• Aboutم32 م kmم ofم33 م kVم Doubleم circuitsم ACSRم OHTLم 

fromم Malaم Main-Intakeم Substationم toم DGFFم Substation.

• Aboutم15 م kmم ofم33 م kVم Doubleم circuitsم ACSRم OHTLم toم 

FSFم ofم Malaم Fields.

• Aboutم10 م kmم ofم33 م kVم Singleم circuitsم ACSRم OHTLم atم 

FSFم ofم Malaم Fields.



•  م 33kV Main-Intake م  م substation with م  م two 33kV م  مVCB م

incomerم feeders,م twoم outgoingم feedersم andم aم bus-tie.

• Two  م numbers  م of  م 16/20MVA  م 11/33kV  م ONAN/ONAFم 

step-upم powerم transformers.م 

• Twenty  م Seven  م number  م of  م 33kV  م Ring  م Main  م Unitsم 

(RMU)م ofم variousم types,م (i.e.م3 م+ م2 م,2 م+ م2 م and2 م+ م3 م)م housedم inم 

Compact  م Substations.  م Three  م numbers  م of  م these  م RMUs  م areم 

equippedم withم circuitم breakersم togetherم withم their  مrespective م

protectionم relaysم whileم theم othersم areم equippedم withم loadم breakم 

switches.م Theم compactم substationsم alsoم consistم of33/0.42 مkVم 

350kVA  م transformers  م and  م a  م Low  م Voltage  م Distribution  م Boardم 

(LVDB)م each.

• 33kVم cablesم fromم H-polesم toم RMUs

• 600/1000V  م grade  م cables  م from  م LVDB  م to  م wellheadم 

pumpم VSDs

• 33kVم cablesم fromم RMUsم to33 مkV/420Vم transformers

• 33kV  م cables  م from  م RMU  م to  م Electrical  م Submersibleم 

(ESP)م Skid.

• 600/1000Vم gradeم cableم betweenم LVDBم andم chemicalم 

injectionم skidم andم outdoorم lightم atم wellheadم andم OGMs.
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4.1 INTRODUCTION:

The  م problems  م of  م Mala  م fields’  م protection  م system  م wereم 

discovered  م when  م commissioning  م activities  م began  م forم 

transmissionم lineم systemم andم substationsم ofم Malaم Fieldsم whichم 

comprisesم ofم Malaم Mainم (MM),م Malaم Northم (MN),م Malaم Eastم (ME)م 

and  م Mala  م South  م East  م (MSE),  م there  م appeared  م unsatisfactoryم 

performanceم ofم protectionم system.م Theم problemsم gotم worseم andم 

worse  م particularly  م after  م the  م introduction  م of  م additional  م newم 

loads.م م 

Theم mal-functionم orم unsatisfactoryم performanceم ofم protectionم 

systemم ledم toم powerم outagesم andم resultedم intoم significantم oilم 

productionم deferment.



4.2 INVESTIGATION  OF  MALA  FIELD’S 

PROTECTION SYSTEM MAL-FUNCTION:

Theم problemsم ofم protectionم systemم forم Malaم Electricalم Networkم 

Systemم canم beم summarizedم asم follows:

• The  م overall  م Single  م Line  م Diagram  م (SLD)  م was  م not  م properlyم 

establishedم afterم introductionم ofم newم fields/wells.

• CTsم areم ratedم theم sameم at6.6 مkVم and33 مkVم busesم atم Malaم DGFFم 

Substation.

• Someم metersم doم notم indicateم currentsم at6.6 مkVم systemم atم Malaم 

DGFFم Substation.م Thereم haveم beenم someم feedersم whereم feederم 

currentsم areم notم shownم inم Malaم DGFF.

• CTsم areم notم properlyم sized.م Someم CTم ratiosم inم Malaم areم foundم toم 

beم quiteم highم inم comparisonم withم theم loading.م 

• Improperم coordinationم ofم protectiveم relaysم atم variousم locations.م 

There generally م have م been م  م  م inconsistency  م in  م the  مprotection م

settingsم ofم breakersم thusم givingم goodم scopeم forم grading.م 

• Lackم ofم detectionم ofم lowم earthم faultم currentsم atم RMUsم andم theم 

CPFم locations.

• Theم existingم settingsم inم theم CPPم areم notم ascertained.

• Improperم settingsم onم automaticم circuitم re-closers.

4.3 SOLUTION  FOR  THE  SYSTEM  OF  MALA 

ELECTRICAL NETWORK:

Itم canم beم saidم that,م thisم problemم whichم isم verifiedم earlier,م canم beم 

expectedم toم beم solvedم intoم twoم differentم aspectsم asم follows:



• Toم study  م the overall م  م systemم via conduction م of م  مprotection م

systemم studyم usingم reputedم softwareم i.e.م Electricalم Transientم 

andم Analysisم Programم (ETAP)م asم shownم inم Appendixم No.01 م.

• To  م replace  م the  م mal-functioned/failure  م hardware  م (e.g.  م CT,م 

VT...etc)

Theم firstم optionم isم adoptedم andم consideredم forم thisم stageم whileم 

theم otherم optionم isم consideredم forم thoseم whoم willم comeم after.

4.3.1 Protection System Study:

Firstly,م theم studyم startedم withم dataم gatheringم forم equipmentم atم 

site available مand م ,documents م  م theم gatheredم equipment  مdata م

areم summarizedم asم perم Appendixم Noم,02 م theم dataم includesم theم 

followingم equipment.

• Generators

• Loads

• Overheadم Transmissionم Linesم (OHTL)

• Protectionم Devices

• Automaticم Circuitم Re-closer(ACR)

• HVم& م LVم breakers

• Powerم Cables

• Systemم Earthing

After confirmation م of م data م ,gathering م a م Single م Line م  مDiagram م

(SLD)م forم Malaم fieldsم hasم beenم establishedم asم perم Appendixم Noم 

 م.03



4.4 STUDY FLOW CHART:



            NO   YES

4.5 ASSUMPTIONS OF CALCULATIONS:

Theم followingم assumptionsم hadم beenم consideredم asم follows:

• Theم emergencyم generatorsم areم assumedم toم beم OFF.

•  م All  مCPP مexcept مOPENING مare مbreakers مcircuit مcoupler مbus م

panelم and0.4 م-CPP-Stationم Auxiliaryم Transformerم (SAT).

• Onlyم oneم earthingم (Zigzag)م transformerم isم inم serviceم andم theم 

otherم isم standby.

• Allم loadsم areم assumedم toم beم inم serviceم forم maxم shortم circuitم 

current.

• Allم transformersم areم assumedم toم beم inم service.

• Coordinationم studyم isم basedم onم theم RMUم OPENم points.م 

• Automatic Circuit م  مRe-closers م (ACR)م protects  م theم ringsم andم 

backup  م the  م fuses  م of  م the  م RMUs,  م whereas  م the  م fuses  م areم 

primaryم protectionم forم theم loads.



• Theم ACRsم sequence has مadopted م  مbeen م twoم closing  مshots م

thenم  lockم outم atم permanentم faults.  مbe مcan مsequence مThis م

illustratedم asم (O-0.5S-CO-2S-COم -LOCKOUT),م whereم O=open,م 

CO=Close-Open.

• Generatorsم relaysم settingsم haveم notم beenم alteredم asم theyم 

areم coordinatedم withم otherم fieldم networkم andم anyم variationم 

could  م subsequently  م affect  م the  م coordination  م of  م the  م otherم 

stream.

•  م For ,OHTL م mutual م  مcoupling م is  مneglected م for  م lengths  م lessم 

thanم1 م Kmم length.

•  م0.3A/m مbe مto مassumed مis مcurrent مcharging م,OHTL م33kV مFor م

length.

• For  م 11kV,  م 400  م mm2 Power م  م cable,  م charging  م current  م isم 

assumedم toم beم5 م A/kmم lengths.

• .neglected مbeen مhas مresistance مArc م,circuit مshort مAt م

• Allم bus-couplerم breakersم areم treatedم asم normallyم openم statusم 

except  م for  م CPP  م 11kV  م switchboard  م treated  م as  م normallyم 

closed.

•  Theم adoptedم RMUم openم pointsم are:

• Atم MALAم mainم betweenم MM4/5م& م MM1 م

• Atم MALAم Northم betweenم MN-4م& م MN-1.

• Atم MALAم Southم Eastم betweenم MSE-9م& م MSE-1/4.

• Atم MALAم Eastم betweenم ME-1م& م MSEم Feeder-1.

4.6 CALCULATION OF SHORT CIRCUIT:



Theم shortم circuitم currentم wasم calculatedم usingم ETAPم softwareم forم 

bothم ofم minimumم andم maximumم values,م theم typesم ofم calculatedم 

shortم circuitم are:

• Lineم toم groundم Faultم 

• Threeم phaseم fault

Theم calculationم isم consideredم theم initialم symmetricalم r.m.s,م peakم 

andم steady-stateم r.m.sم short-circuitم currentsم andم theirم DCم offsetم 

atم faultedم buses.م 

4.6.1 Calculation Methods

Initial symmetrical short-circuitsم current (I”
k)م isم calculatedم 

usingم theم followingم formula[7] م:

 م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م

(1-4) م……………… م م م م م م م م م م م م م م م م م م م

Where:

Zkم isم theم equivalentم impedanceم atم theم faultم location

cم isم voltageم multiplierم factor

Unم isم theم systemم voltage

Peaks  short-circuit  current  (ip)م  is  م calculated  م using  م theم 

followingم formulaم م م م م م م م م م م م م م م م:[7] م 

(2-4) م………………..……

 م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م م



Where  مk م is  م a  م function of م  م the  م systemم R/X  م ratio  م at  م the  م faultم 

location  مk م is  م a  م factor  م can  م be  م calculated  م using  م one  م of  م theم 

followingم methods:

• Method A  - ratio مR/X م at م  م theم short-circuit  م location.  مThe م

valueم ofم the k م the مmultiplying مby مdetermined مis مfactor م  مk م

factor  م by  م a  م safety  م factor  م of  م 1.15,  م which  م coversم 

inaccuraciesم causedم afterم obtaining

the  م R/X  م ratio  م from  م a  م network  م reduction  م with  م complexم 

impedances.

• Method B  -  م Equivalent  م frequency.  م The value م of م  م the  مk م

factorم isم calculatedم usingم aم frequency-alteredم R/X.م R/Xم isم 

calculatedم atم aم lowerم frequencyم andم thenم multipliedم byم aم 

frequency-dependentم multiplyingم factor.

DC Component of Short-Circuit Current (Idc)  isم calculatedم 

forم theم minimumم delayم timeم ofم aم protectiveم deviceم basedم onم 

initial symmetrical م short-circuit م  مratio مX/R مsystem مand مcurrent م

fromم theم followingم formula[7] م:

(3-4) م..……………………

Where f م is م  م theم systemم frequency,  مtmin م is  م theم minimumم delayم 

timeم ofم  theم protectiveم deviceم underم concern,  مX/R مand م is  م theم 

systemم valueم atم theم faultedم bus.

Steady-State  Short-Circuit  current  Calculation  (Ik)م  is  م aم 

combinationم ofم contributionsم fromم synchronousم generatorsم andم 



power .grid م  م Ikم  for  م each  م synchronous generator م  م is  م calculatedم 

usingم theم followingم formula[7] م:

(4-4) م.……………………

Whereم λم isم aم functionم ofم aم generator’sم excitationم voltage,م ratioم 

betweenم itsم initialم symmetricalم short-circuitم currentم andم ratedم 

current,م otherم generatorم parameters,م andم IrGم isم theم generator’sم 

ratedم current.

Theم steady-stateم short-circuitم currentم calculatedم isم dependentم 

onم theم optionم selectedم  for Short-circuit م current م  م in  م theم Studyم 

Case  م (Minimum  م or  م Maximum).  م The  م maximum  م steady-stateم 

short-circuit  م current  م is  م used  م to  م determine  م minimum  م deviceم 

ratings.م Theم minimumم steady-stateم short-circuitم valueم isم usedم 

forم relayم coordinationم purposesم inم preventingم theم occurrenceم ofم 

inconvenienceم tripsم andم loadingم deviations[8] م.

4.7  FLOW CHART OF SHORT CIRCUIT STUDY:



4.8 RESULTS OF SHORT CIRCUIT CALCUATION

Theم outcomesم ofم shortم circuitم levelم wereم obtainedم basedم onم twoم 

enginesم areم running.م Theم resultsم ofم shortم circuitم levelم areم shownم 

onم tablesم4.1 م andم4.2 م forم minimumم andم maximumم shortم circuitم 

levelم respectively:

Table 4.1 Short Circuit-min 
Summary

Bus ID kV

3-Phase 
Fault (kA) 

L-G Fault 
(kA)

Sym
m.

Asy
mm.

Symm
.

Asymm
.

CAMP مBASE م0.4 0.41
5

6.08
7

6.36
8

5.608 5.697

0.4kV-DGFF-MDE-
A

0.40
0

5.37
6

6.09
5

5.419 6.026

0.4kV-DGFF-MDE-
B

0.40
0

5.38
9

6.10
5

5.428 6.033

0.4kV-ML01 0.40
0

8.26
6

9.42
8

8.775 9.964

0.4kV-ML02 0.40
0

8.29
9

9.46
3

8.799 9.991

0.4kV-ML03 0.40
0

8.28
2

9.44
7

8.787 9.978

0.4kV-ML06 0.40
0

8.29
7

9.46
4

8.798 9.991

0.4kV-ML07 0.40
0

8.28
2

9.44
4

8.787 9.976

0.4kV-ML4/5 0.40
0

8.24
5

9.40
4

8.759 9.947

0.4kV-MLE02 0.40
0

6.75
1

7.65
8

7.108 8.040



0.4kV-MLE1 0.40
0

6.65
6

7.53
4

7.037 7.948

0.4kV-MLEH3/H5 0.40
0

6.68
3

7.57
0

7.058 7.975

0.4kV-MLEH4 0.40
0

6.70
7

7.59
3

7.075 7.992

0.4kV-MLN01 0.40
0

6.76
1

7.66
3

7.115 8.044

0.4kV-MLN02 0.40
0

6.74
9

7.65
5

7.106 8.038

0.4KV-MLN03 0.40
0

6.76
4

7.67
4

7.117 8.051

0.4kV-MLN04 0.40
0

6.75
6

7.66
3

7.111 8.043

0.4KV-MLN05 0.40
0

6.77
5

7.69
0

7.126 8.063

0.4kV-MLN6 0.40
0

6.78
3

7.70
1

7.131 8.071

0.4kV-MLSE02 0.40
0

6.67
8

7.56
3

7.054 7.970

0.4kV-MLSE09 0.40
0

6.66
0

7.54
0

7.040 7.953

0.4kV-MLSEH03 0.40
0

6.67
6

7.55
0

7.052 7.960

0.4kV-MLSEH05 م 0.40
0

6.64
6

7.52
1

7.030 7.938

0.4kV-MLSEH06 م 0.40
0

6.67
4

7.55
9

7.050 7.967

0.4kV-MLSEH07 م 0.40
0

6.68
1

7.56
8

7.056 7.974

0.4kV-MLSEH08 0.40
0

6.66
2

7.54
1

7.042 7.954

6.6kV-MAL-DGFF-
A

6.60
0

1.42
5

1.84
6

1.680 2.192

6.6kV-MAL-DGFF-
B

6.60
0

1.43
9

1.85
8

1.693 2.204

11kV-CPP-1-A 11.0
0

6.37
5

8.58
1

0.006 0.006

11kV-CPP-1-B 11.0
0

6.37
5

8.58
1

0.006 0.006

33kV-ACAMP 33.0
0

1.16
2

1.53
2

1.233 1.601

33kV-MALA-1-A 33.0
0

1.21
5

1.72
7

1.513 2.185

33kV-MALA-1-B 33.0
0

1.21
8

1.72
8

1.516 2.187

33kV-MAL-DGFF-A 33.0
0

0.65
5

0.82
2

0.561 0.688

33kV-MAL-DGFF-B 33.0
0

0.65
9

0.82
6

0.563 0.690

33kV-ML-01 33.0 0.63 0.79 0.539 0.659



0 5 4
33kV-ML-02 33.0

0
0.64

9
0.81

2
0.552 0.676

33kV-ML-03 33.0
0

0.64
2

0.80
3

0.547 0.669

33kV-ML-4/5 33.0
0

0.62
6

0.78
2

0.530 0.647

33kV-ML-06 33.0
0

0.64
9

0.81
3

0.554 0.679

33kV-ML-07 33.0
0

0.64
2

0.80
3

0.545 0.666

33kV-ML-E01 33.0
0

0.54
5

0.64
6

0.433 0.511

33kV-ML-EH3/H5 33.0
0

0.55
8

0.66
6

0.447 0.530

33kV-ML-EH4 33.0
0

0.55
4

0.66
0

0.443 0.524

33kV-ML-N01 33.0
0

0.58
2

0.70
2

0.475 0.565

33kV-ML-N02 33.0
0

0.59
2

0.71
8

0.487 0.582

33KV-ML-N03 33.0
0

0.60
1

0.73
0

0.494 0.592

33kV-ML-N04 33.0
0

0.59
6

0.72
3

0.489 0.585

33KV-ML-N05 33.0
0

0.60
7

0.74
2

0.503 0.605

33kV-ML-N06 33.0
0

0.61
1

0.74
9

0.508 0.613

33kV-ML-SE-
01+H4

33.0
0

0.53
6

0.63
3

0.425 0.498

33kV-ML-SE-09 م 33.0
0

0.54
7

0.65
0

0.436 0.515

33kV-ML-SE-H03 33.0
0

0.53
9

0.63
7

0.427 0.502

33kV-ML-SE-H05 33.0
0

0.54
1

0.64
0

0.429 0.504

33kV-ML-SE-م H06 33.0
0

0.55
4

0.66
1

0.444 0.526

33kV-ML-SE-م H07 33.0
0

0.55
7

0.66
6

0.447 0.531

33kV-ML-SE-H08 33.0
0

0.54
8

0.65
0

0.436 0.514

ML-E-02 33.0
0

0.59
4

0.72
0

0.486 0.582

ML-SE-02 33.0
0

0.55
6

0.66
2

0.445 0.526

Ml-SE-H1/40.4 مkV 0.40
0

6.63
7

7.50
8

7.023 7.929



                    
 

     

Table 4.2 Short Circuit-max Summary        
                              

  Bus ID

  

kV

3-Phase Fault (kA) L-G Fault (kA)

Symm. Asymm. Symm. Asym
m.

0.4 BASE CAMP 0.415 7.072 7.342 6.421 6.498
0.4kV-DGFF-MDE-A 0.400 6.296 7.100 6.314 6.978
0.4kV-DGFF-MDE-B 0.400 6.309 7.111 6.323 6.985
0.4kV-ML01 0.400 9.753 11.080 10.299 11.662
0.4kV-ML02 0.400 9.791 11.123 10.327 11.693
0.4kV-ML03 0.400 9.773 11.103 10.313 11.679
0.4kV-ML06 0.400 9.791 11.125 10.327 11.695
0.4kV-ML07 0.400 9.771 11.099 10.312 11.676
0.4kV-ML4/5 0.400 9.728 11.051 10.280 11.640
0.4kV-MLE02 0.400 7.934 8.965 8.318 9.383
0.4kV-MLE1 0.400 7.818 8.809 8.232 9.269
0.4kV-MLEH3/H5 0.400 7.851 8.855 8.257 9.302
0.4kV-MLEH4 0.400 7.879 8.880 8.277 9.321
0.4kV-MLN01 0.400 7.946 8.970 8.326 9.386
0.4kV-MLN02 0.400 7.932 8.963 8.317 9.382
0.4KV-MLN03 0.400 7.950 8.985 8.329 9.398
0.4kV-MLN04 0.400 7.940 8.971 8.322 9.388
0.4KV-MLN05 0.400 7.965 9.007 8.340 9.414
0.4kV-MLN6 0.400 7.974 9.020 8.347 9.423
0.4kV-MLSE02 0.400 7.845 8.846 8.252 9.295
0.4kV-MLSE09 0.400 7.824 8.819 8.237 9.276
0.4kV-MLSEH03 0.400 7.840 8.827 8.249 9.282
0.4kV-MLSEH 05 0.400 7.806 8.793 8.224 9.257
0.4kV-MLSEH 06 0.400 7.841 8.842 8.249 9.293
0.4kV-MLSEH 07 0.400 7.849 8.854 8.255 9.301
0.4kV-MLSEH08 0.400 7.826 8.819 8.238 9.276
6.6kV-MAL-DGFF-A 6.600 1.653 2.121 1.927 2.497



6.6kV-MAL-DGFF-B 6.600 1.668 2.136 1.941 2.510
11kV-CPP-1-A 11.000 10.627 15.204 0.007 0.007
11kV-CPP-1-B 11.000 10.627 15.204 0.007 0.007
33kV-ACAMP 33.000 1.569 2.108 1.563 2.040
33kV-MALA-1-A 33.000 1.693 2.533 2.024 3.061
33kV-MALA-1-B 33.000 1.697 2.534 2.027 3.063
33kV-MAL-DGFF-A 33.000 0.808 0.992 0.655 0.786
33kV-MAL-DGFF-B 33.000 0.812 0.997 0.657 0.788
33kV-ML-01 33.000 0.780 0.954 0.628 0.750
33kV-ML-02 33.000 0.799 0.978 0.643 0.771
33kV-ML-03 33.000 0.790 0.967 0.637 0.763
33kV-ML-4/5 33.000 0.768 0.937 0.616 0.736
33kV-ML-06 33.000 0.799 0.980 0.646 0.775
33kV-ML-07 33.000 0.789 0.965 0.634 0.759
33kV-ML-E01 33.000 0.655 0.754 0.497 0.572
33kV-ML-EH3/H5 33.000 0.673 0.780 0.514 0.594
33kV-ML-EH4 33.000 0.668 0.772 0.508 0.587
33kV-ML-N01 33.000 0.706 0.828 0.547 0.637
33kV-ML-N02 33.000 0.721 0.850 0.562 0.656
33KV-ML-N03 33.000 0.731 0.866 0.571 0.669
33kV-ML-N04 33.000 0.725 0.856 0.565 0.660
33KV-ML-N05 33.000 0.741 0.882 0.583 0.685
33kV-ML-N06 33.000 0.747 0.892 0.589 0.694
33kV-ML-SE-01+H4 33.000 0.644 0.736 0.486 0.556
33kV-ML-SE- 09 33.000 0.658 0.759 0.501 0.577
33kV-ML-SE-H03 33.000 0.647 0.742 0.489 0.561
33kV-ML-SE-H05 33.000 0.650 0.745 0.492 0.564
33kV-ML-SE- H06 33.000 0.668 0.774 0.510 0.590
33kV-ML-SE- H07 33.000 0.673 0.780 0.514 0.595
33kV-ML-SE-H08 33.000 0.659 0.758 0.500 0.575
ML-E-02 33.000 0.722 0.851 0.561 0.657
ML-SE-02 33.000 0.670 0.775 0.510 0.589
Ml-SE-H1/4 0.4kV 0.400 7.795 8.778 8.216 9.245



4.9 CO-ORDINATION STUDY

Where there are two or more series protective devices between the fault point 

and the power supply, they must achieved that the device nearest the fault point 

will operate first and the other upstream devices must be designed to operate in 

sequence to provide back-up protection, if any device fails to respond. This is 

called selective coordination.

Theم coordinationم studyم isم basedم onم phaseم Overم Currentم (OC)م 

and  م Earth  م Fault  م (EF)  م OC  م and  م priority  م of  م co-ordination  م isم 

considered.

4.9.1  Co-ordination Priorities

• Transformerم primaryم overم currentم deviceم coordinatesم withم 

theم inrushم currentم point.

• Transformerم secondaryم overم currentم deviceم coordinatesم 

withم theم transformerم damageم curve.

•  مwith مcoordinates مcharacteristic مdevice مcurrent مOver م

downlineم cableم damageم curve.م Inم virtuallyم allم cases,م ifم theم 

longم timeم settingم ofم theم deviceم isم notم aboveم theم cableم 

ampacity,م thenم theم damageم curveم willم notم beم exceeded.

• Inم aم switchgearم line-up,م theم mainم overم currentم deviceم 

coordinatesم withم allم feedersم overم currentم devices.



• Forم aم normallyم closedم tieم breakerم withم twoم normallyم closedم 

mainم breakers,م theم tieم breakerم coordinatesم withم theم mainم 

breaker.م Withم aم normallyم openم tieم breaker,م theم tieم breakerم 

isم setم theم sameم asم theم mains.

• Theم firstم ofم threeم devicesم inم seriesم inم aم faultم currentم pathم 

coordinatesم withم theم thirdم deviceم inم theم path.

4.10 RESULTS OF CO-ORDINATION STUDY:

Accordingم toم theم shortم circuitم levelم andم theم philosophyم ofم co-

ordination  م prioritization,  م the  م results  م of  م recommended  م relaysم 

settingsم areم displayedم adjacentم toم existingم relayم settingsم onم theم 

followingم summarizedم table4.3 م:

Tableم No.م4.3 م Existingم andم Recommendedم Relaysم settings

Sr. 
No

Tag / 
Description

Locati
on

Mak
e / 

Mod
el

Symb
ol

CT 
Ratio

  Existing OC/EF 
Setting

 

Recommended OC/EF 
Setting        (2G-1G)

Time Delay/Inst. Time Delay/Inst.

Cur
ve 

Type

P/U 
Settin

g

Time 
settin

g

Curv
e 

Type

P/U Setting Time 
settin

g

1

CPP_G01_REM
545, Generator-1 

Incomer

CPP

A
B

B
 / 

R
E

M
 

51 600/1 IEC 
NI

1.15 0.80 IEC 
NI

1.15 0.80

50 DT 6.20 0.60 DT 5.50 0.60

51N 20/1 - - - - - -



50N DT 5% In 0.50 DT 5% In 050

2 CPP_G02_REM
545, Generator-2 

Incomer

CPP

A
B

B
 / 

R
E

M
 5

45 51 600/1 IEC 
NI

1.15 0.80 IEC 
NI

1.15 0.80

50 - 6.20 0.60 DT 5.50 0.60

51N 20/1 
(CBC

T)

- - - - - -

50N DT 5% In 
& 5% 

Un

0.50 DT 5% In & 5% 
Un

0.50

3 CPP_G03_REM
545, Generator-3 

Incomer

CPP

A
B

B
 / 

R
E

M
 5

45 51 600/1 IEC 
NI

1.15 0.80 IEC 
NI

1.15 0.80

50 - 6.20 0.60 DT 5.50 0.60

51N 20/1 
(CBC

T)

- - - - - -

50N DT 5% In 
& 5% 

Un

0.50 DT 5% In & 5% 
Un

0.50

4 CPP_G04_REM
545, Generator-4 

Incomer

CPP

A
B

B
 / 

R
E

M
 5

45 51 600/1 IEC 
NI

1.15 0.80 IEC 
NI

1.15 0.80

50 - 6.20 0.60 DT 5.50 0.60

51N 20/1 
(CBC

T)

- - - - - -

50N DT 5% In 
& 5% 

Un

0.50 DT 5% In & 5% 
Un

0.50

5 CPP_G05_REM
545, Generator-5 

Incomer

CPP

A
B

B
 / 

R
E

M
 5

45 51 600/1 IEC 
NI

1.15 0.80 IEC 
NI

1.15 0.80

50 - 6.20 0.60 DT 5.50 0.60

51N 20/1 
(CBC

T)

- - - - - -

50N DT 5% In 
& 5%

0.50 DT 5% In & 5% 
Un

0.50

6 CPP_G06_REM
545, Generator-6 

Incomer

CPP

A
B

B
 / 

R
E

M
 5

45 51 600/1 IEC 
NI

1.15 0.80 IEC 
NI

1.15 0.80

50 - 6.20 0.60 DT 5.50 0.60

51N 20/1 
(CBC

T)

- - - - - -

50N DT 5% In 
& 5% 

Un

0.50 DT 5% In & 5% 
Un

0.50

7 CPP_M_IA_RE CPP

A
B

B
 

51 750/1 IEC 1.00 0.46 IEC 1.00 0.33



F545, OG-1 to 
Mala

/ R
E

F
 5

45 VI NI

50 DT 5.00 0.30 DT 13.80 0.35

51N 20/1 
(CBC

T)

- - - - - -

50N DT 5% In 0.50 DT 5% In 0.50

8 CPP_M_IB_RE
F545, OG-2 to 

Mala

CPP

A
B

B
 / 

R
E

F
 5

45 51 1500/
1

IEC 
VI

0.50 0.46 IEC 
NI

0.50 0.33

50 DT 2.50 0.30 DT 6.90 0.35

51N 20/1 
(CBC

T)

- - - - - -

50N DT 5% In 
& 5% 

Un

0.50 DT 5% In & 5% 
Un

0.50

9 SEF-TR-ML-01 Mala 
Intake

A
R

E
V

A
 / 

P
12

0 SEF 500/1 DT 0.10 0.00 IEC 
VI

0.15 1.50

REF 500/1 DT 0.10 0.00 - - -

10 SEF-TR-ML-02 Mala 
Intake

A
R

E
V

A
 / 

P
12

0 SEF 500/1 DT 0.10 0.00 IEC 
VI

0.15 1.50

REF 500/1 DT 0.10 0.00 - - -

11 ML33_ICA_GE
M, Incomer-1, 

Mala main 
intake

Mala 
Intake

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
45 51 500/1 IEC 

B
400A 0.35 IEC 

A
0.46 0.32

50 DT 1.25K
A

0.20 DT 1.99 0.672

51N 500/1 - - - IEC 
A

0.14 0.54

50N DT 0.10 1.50 DT 1.51 0.66

67N - - - - - -

12 ML33_ICB_GE
M, Incomer-2, 

Mala main 
intake

Mala 
Intake

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
45 51 500/1 IEC 

B
0.80 0.35 IEC 

A
0.46 0.32

50 DT 2.50 0.20 DT 1.99 0.672

51N 500/1 - - - IEC 
A

0.14 0.54

50N DT 0.10 1.50 DT 1.51 0.66

67N - - - - - -



13 ML33_BC_GE
M, Buscoupler, 

Mala main 
intake

Mala 
Intake

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 500/1 IEC 

B
0.50 0.32 IEC 

A
0.47 0.24

50 DT 2.50 0.15 DT 1.96 0.47

51N 500/1 - - - IEC 
A

0.10 0.53

50N DT 0.10 1.30 DT 1.41 0.47

67N - - - - -   -

14 ML33_OGA_G
EM, OG-1 to 
Mala DGFF

Mala 
Intake

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 500/1 IEC 

B
0.50 0.28 IEC 

A
0.44 0.24

50 DT 2.50 0.05 DT 1.92 0.26

51N 500/1 - - - IEC 
A

0.09 0.48

50N DT 0.10 1.10 DT 1.43 0.26

67N - - - - - 60˚

15 ML33_OGB_G
EM, OG-2 to 
Mala DGFF

Mala 
Intake

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 500/1 IEC 

B
0.50 0.28 IEC 

A
0.44 0.24

50 DT 2.50 0.05 DT 1.85 0.26

51N 500/1 - - - IEC 
A

0.09 0.48

50N DT 0.10 1.10 DT 1.43 0.26

67N - - - - - 60˚

16

MDG33_ICA_

GEM, Incomer - 
1, Mala DGFF

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 500/1 IEC 

B
0.30 0.46 IEC 

A
0.40 0.16

50 - - - - - -

51N 500/1 - - - IEC 
A

0.08 0.33

50N DT 0.10 0.60 - - -

67N - - - - - 60˚

17 MDG33_ICB_G
EM, Incomer-2, 

Mala DGFF

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 500/1 IEC 

B
0.30 0.46 IEC 

A
0.40 0.16

50 - - - - - -

51N 500/1 - - - IEC 
A

0.08 0.33

50N DT 0.10 0.60 - - -



67N - - - - - 60˚

18 MDG33_BC_G
EM, Buscoupler, 

Mala DGFF

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 500/1 IEC 

B
0.30 0.40 IEC 

A
0.32 0.14

50 - - - - - -

51N 500/1 - - - IEC 
A

0.08 0.33

50N DT 0.10 0.55 - - -

67N - - - - - -

19 ML33_MMA_G
EM, OG Mala 

Main - 1

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 50/1A IEC 

B
0.20 0.60 IEC 

A
0.12 0.15

50 DT 1.40 0.07 DT 1.61 0.07

51N 50/1A - - - IEC 
A

0.05 0.16

50N DT 0.10 0.50 - - -

67N - - - - - 60˚

20 ML33_MMB_G
EM, OG Mala 

Main - 2

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 50/1A IEC 

B
0.20 0.60 IEC 

A
0.12 0.15

50 DT 1.40 0.07 DT 1.61 0.06

51N 50/1A - - - IEC 
A

0.05 0.16

50N DT 0.10 0.50 - - -

67N - - - - - 60˚

21 ML33_MNA_G
EM, OG Mala 

North – 1

DGFF
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 50/1A VI 0.15 0.75 IEC 

A
0.05 0.17

50 - - - DT 0.64 0.39

51N 50/1A - - - IEC 
A

0.05 0.16

50N DT 0.10 0.40 - - -

67N - - - - - 60˚



22 ML33_MNB_G
EM, OG Mala 

North - 2

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 50/1A VI 0.15 0.75 IEC 

A
0.05 0.17

50 - - - DT 0.30 0.38

51N 50/1A - - - IEC 
A

0.05 0.16

50N DT 0.10 0.40 - - -

67N - - - - - 60˚

23 ML33_MSEA_
GEM, OG Mala 
SE - 1

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 100/1

A
IEC 
B

0.20 0.60 IAC 
INV

0.12 1.36

50 DT 1.40 0.07 DT 0.62 0.37

51N 100/1
A

- - - IEC 
A

0.05 0.16

50N DT 0.10 0.50 - - -

67N - - - - - 60˚

24 ML33_MSEB_
GEM, OG Mala 

SE - 2

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 100/1

A
IEC 
B

0.20 0.60 IEC 
INV

0.12 1.35

50 DT 1.40 0.07 DT 0.77 0.37

51N 100/1
A

- - - IEC 
A

0.05 0.16

50N DT 0.10 0.50 - - -

67N - - - - - 60˚

25 ML33_OGTA_
GEM, OG, 

DTX-03

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 50/1A IEC 

B
0.10 0.20 IEC 

B
0.08 0.46

50 DT 1.00 0.00 DT 2.21 0.01

51N 50/1A - - - IEC 
A

0.05 0.08

50N DT 0.10 0.40 DT 0.15 0.01

67N - - - - - 60˚

26 ML33_OGTB_ DGFF- G
E

 

51 50/1A IEC 0.10 0.20 IEC 0.08 0.46



GEM, OG, 
DTX-04

Mala

M
U

LT
IL

IN
 / 

S
R

 7
50 B B

50 DT 1.00 0.00 DT 2.21 0.01

51N 50/1A - - - IEC 
A

0.05 0.08

50N DT 0.10 0.40 DT 0.15 0.01

67N - - - - - 60˚

27 SEF-TR-DG-01 DGFF-
Mala

A
R

E
V

A
 / 

P
12

0 SEF 500/1 - - - IEC 
SI

0.05 0.275

REF 500/1 DT 0.10 0.00 - - -

28 SEF-TR-DG-02 DGFF-
Mala

A
R

E
V

A
 / 

P
12

0 SEF 500/1 - - - IEC 
SI

0.05 0.275

REF 500/1 DT 0.10 0.00 - - -

29 ML6.6_ICA_GE
M, 6.6KV 

Incomer-1, Mala 
DGFF

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 500/1 IEC 

B
0.50 0.23 IEC 

B
0.27 0.38

50 - - - DT 5.27 0.26

51N 500/1 - - - IEC 
A

0.05 0.19

50N DT 0.10 0.40 DT 0.65 0.43

67N - - - - - -

30 ML6.6_ICB_GE
M, 6.6KV 

Incomer-2, Mala 
DGFF

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 500/1 IEC 

B
0.50 0.23 IEC 

B
0.27 0.38

50 - - - DT 5.27 0.26

51N 500/1 - - - IEC 
A

0.05 0.19

50N DT 0.10 0.40 DT 0.65 0.43

67N - - - - - -

31 ML6.6_BC_GE DGFF- G
E

 

51 500/1 IEC 0.50 0.16 IEC 0.20 0.27



M, 6.6KV 
Buscoupler, 
Mala DGFF

Mala

M
U

LT
IL

IN
 / 

S
R

 7
50 B B

50 - - - DT 4.80 0.26

51N 500/1 - - - IEC 
A

0.05 0.19

50N DT 0.10 0.30 DT 0.65 0.22

67N - - - - - -

32 ML6.6_OGA_G
EM, OG to 

DTX-01

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 50/1A IEC 

B
0.10 0.35 IEC 

C
0.05 1.33

50 DT 1.20 0.00 DT 1.82 0.01

51N 50/1A - - - IEC 
A

0.05 0.10

50N DT 0.10 0.02 DT 1.01 0.01

67N - - - - - -

33 ML6.6_OGB_G
EM, OG to 

DTX-02

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 50/1A IEC 

B
0.10 0.35 IEC 

C
0.05 1.33

50 DT 1.20 0.00 DT 1.82 0.01

51N 50/1A - - - IEC 
A

0.05 0.10

50N DT 0.10 0.02 DT 1.01 0.01

67N - - - - - -

34 ML6.6_TR400_
GEM, OG to 

DTX-05

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 100/1 - - - IEC 

B
0.35 0.37

50 - - - DT 8.75 0.01

51N 50/1 - - - IEC 
A

0.25 0.1

50N - - - DT 4.65 0.01

67N - - - - - -

35 MDBMLA_GE
M MDB 

Incomer-1

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 400/1 IEC 

B
1.50 0.35 IEC 

C
0.88 0.83

50 - - - DT 20.00 0.01

51N 400/1 VI 1.50 0.35 IEC 
A

0.30 0.09

50N - - - - - -

67N - - - - - -



36 MDBMLB_GE
M MDB 

Incomer-2

DGFF-
Mala

G
E

 M
U

LT
IL

IN
 / 

S
R

 7
50 51 400/1 IEC 

B
1.50 0.35 IEC 

C
0.88 0.83

50 - - - DT 20.00 0.01

51N 400/1 VI 1.50 0.35 IEC 
A

0.30 0.09

50N - - - - - -

67N - - - - - -

37 ML_06A_SIF, 
RMU Incomer-

1, MM-6

MAL-
06

T
H

Y
T

R
O

N
IC

 / 
S

IF
 5

60
0 51 400/1 IEC 

B
0.20 0.50 IEC/

BS-A
0.15 0.32

50 - - - DT 2.97 0.36

51N 400/1 - - - IEC/
BS-A

0.03 0.35

50N DT 0.10 0.20 - - -

38 ML_06B_SIF, 
RMU Incomer-

2, MM-6

MAL-
06

T
H

Y
T

R
O

N
IC

 / 
S

IF
 5

60
0 51 400/1 IEC 

B
0.20 0.50 IEC/

BS-A
0.15 0.80

50 - - - DT 1.55 0.95

51N 400/1 - - - - - -

50N DT 0.10 0.20 - - -

39 ML_02A_SIF, 
RMU Incomer-

1, MM-2

MAL-
02

T
H

Y
T

R
O

N
IC

 / 
S

IF
 5

60
0 51 400/1 IEC 

B
0.20 0.50 IEC/

BS-A
0.15 0.80

50 - - - DT 1.55 0.95

51N 400/1 - - - - - -

50N DT 0.10 0.20 - - -

40 ML_02B_SIF, 
RMU Incomer-

2, MM-2

MAL-
02

T
H

Y
T

R
O

N
IC

 / 
S

IF
 5

60
0 51 400/1 IEC 

B
0.20 0.50 IEC/

BS-A
0.15 0.32

50 - - - DT 2.33 0.36

51N 400/1 - - - IEC/
BS-A

0.04 0.36

50N DT 0.10 0.20 - - -



41 ML_07A_SIF, 
RMU Incomer-

1, MM-7

MAL-
07

T
H

Y
T

R
O

N
IC

 / 
S

IF
 5

60
0 51 400/1 IEC 

B
0.20 0.30 IEC/

BS-A
0.15 0.80

50 - - - DT 1.55 0.95

51N 400/1 - - - - - -

50N DT 0.10 0.10 - - -

42 ML_07B_SIF, 
RMU Incomer-

2, MM-7

MAL-
07

T
H

Y
T

R
O

N
IC

 / 
S

IF
 5

60
0 51 400/1 IEC 

B
0.20 0.30 IEC/

BS-A
0.15 0.80

50 - - - DT 1.55 0.95

51N 400/1 - - - - - -

50N DT 0.10 0.10 - - -

4.11 RESULTS DISCUSSION AND THE EXISTING 

RELAY SETTINGS:

Fromم theم aboveم shownم tableم whichم displaysم bothم ofم existingم 

andم recommendedم OC/EFم relaysم settings,م itم  isم observedم that,م 

there  م is  م variance  م between  م the  م existing  م and  م recommendedم 

OC/EF ,setting م  م for  م instance,  م settings of م Generator-1 م  م incomerم 

thatم isم displayedم inم rowم noم,1 م all  مrecommended مand مexisting م

settings  م (curve  م type,  م TMS,  م 50N/51N  م and  م 51)  م are  م remainingم 

sameم exceptم theم settingم ofم50 م whichم showsم difference/varianceم 

thatم wasم changedم5.5 م to6.5 م.

Alsoم settingsم ofم Malaم Main-Intake-Incomerم thatم isم displayedم inم 

rowم no11 م,  م theم existingم settingsم  for ,51 م  مas مare م50N مand م50 م

followsم respectively:

Curveم type: IECم B DT DT

P/Uم Setting: 400A(0.8) م 1.25 0.1

TMS: s م0.35 s م0.2 1.5



Whileم theم recommendedم settingsم  for  مas مare م50N مand م50 م,51 م

followsم respectively:

Curveم type: IECم A DT DT

P/Uم Setting: (0.46) مA م230 1.99 1.51

TMS: s م0.32 s م0.672 0.66

Fromم theم aboveم values,م itم isم observedم thatم theم settingsم relevantم 

toم51 م thatم includeم curveم typeم andم P/Uم settingsم haveم changedم toم 

new values م  م that  م are  م IEC A م  م and 230 م  م (decreased), while م  م theم 

settingsم relevantم toم50 م thatم includeم P/Uم settingم andم TMSم haveم 

changedم toم1.99 م and0.672 مsم (bothم settingsم areم increased),م theم 

lastم oneم isم theم settingsم relevantم to50 مNم thatم includeم P/Uم settingم 

and  م TMS  م have  م changed  م to  م 1.51  م (increased)  م and  م 0.66sم 

(decreased).

These  م changes  م are  م occurred  م due  م to  م the  م CT  م errors  م of  م DCم 

transientم valuesم ofم faultم 

Moreم overم that,م whenم takeم aم lookم forم rowم noم24 م thatم displaysم 

feeder  م settings  م of  م Mala  م South  م East-Outgoing  م feeder2,  م theم 

existingم settingsم (curveم type,م P/Uم settingsم andم TMS)م forم51/50 م 

and50 مNم areم IECم B,0.6 م,0.28 مs/DT,م0.07 م,1.4 م andم DT,م0.5 م,0.1 م 

respectively, for مsettings مnew مrecommended مthe مwhile م  م51/50 م

are  م changed  م to  م IEC  م INV,  م 0.12,  م 1.35/DT,  م 0.77,  م 0.37  م andم 

remainingم sameم for50 مNم exceptم enablesم ofم additionalم featuresم 

i.e.67 مNم (forwardم direction).م Theseم changesم areم occurredم dueم toم 

theم CTم errorsم ofم DCم transientم valuesم ofم faultم م 



Theم sameم comparison/discussionم canم beم conductingم forم allم 

otherم givenم existing/recommendedم settingsم inم theم aboveم tableم 

noم.4.3 م 
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION 

Theم objectiveم ofم thisم thesisم wasم toم investigateم theم problemم ofم 

protectiveم devicesم atم Malaم Fields,  مwas مstudy مthe مaccordingly م

carriedم outم basedم onم theم studyم flowم chartم andم theم resultsم wereم 



obtainedم viaم usingم ofم ETAPم softwareم whichم characterizedم withم 

massiveم library,م updatingم ofم libraryم andم generationم ofم report.م 

Theم reportedم dataم wereم analyzedم andم concludedم asم follows:

• Theم settingsم (curveم type,م pick-upم settingم andم timeم delayم 

settings)م areم consideredم forم protectionم of50 م,50/51 مN/51N.

• Some of م  م additional  م features  م e.g.  م directionality  م (67N)  م isم 

consideredم duringم occurrenceم ofم Earthم Fault.

• The  م relevant  م settings  م of  م protective  م devices  م includingم 

automatic  م Circuit  م Re-closer  م have  م been  م provided  م underم 

boundaries.م 

• Thereم isم varianceم betweenم theم existingم andم recommendedم 

settings due م  م to CT م errors م of م  مDC م transient values م  مwhen م

exposesم toم aم fault.م 

• Noم voltageم deteriorationم inم theم electricalم networkم ofم Malaم 

Fields.

• The CPP م  م is having م enough م capacity م  م to  م cater  مadditional م

futureم load.

• Inم caseم ofم usingم singleم generatorم toم caterم allم theم system,م 

theم valueم ofم transformerم in-rushم currentم isم higherم thanم theم 

faultم value.

5.2 RECOMMENDATIONS



Basedم onم theم resultsم producedم fromم thisم study,م theم followingم 

areم recommendedم toم thoseم whoم willم comeم after:

• Toم implementم theم recommendedم relaysم settings.

• Toم enableم theم recommendedم additionalم real’sم features.

• Toم carryم outم furtherم studiesم suchم asم Stabilityم Studyم andم 

Arc-Flashم study.

• To  م continuously  م update  م the  م overall  م SLD  م wheneverم 

additionalم loadsم areم added.

• Toم replaceم theم overم sizedم CTم withم suitableم ones.
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