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Foreword

TheUnitedNationsIndustrialDevelopmentOrganization(UNIDO)isaspecializedagencyunderthe
UnitedNationssystemtopromotegloballyinclusiveandsustainableindustrialdevelopment(ISID).
TherelevanceofISIDasanintegratedapproachtoallthreepillarsofsustainabledevelopmentisrec-
ognizedbythe2030AgendaforSustainableDevelopmentandtherelatedSustainableDevelopment
Goals (SDGs), which willframe United Nations and country efforts towards sustainable
developmentinthenextfifteenyears.UNIDO’smandateforISIDcoverstheneedtosupportthecre-
ationofsustainableenergysystemsasenergyisessentialtoeconomicandsocialdevelopmentandto
improvingqualityoflife.Internationalconcernanddebateoverenergyhavegrownincreasinglyover
thepasttwodecades,withtheissuesofpovertyalleviation,environmentalrisksandclimatechange
nowtakingcentrestage.

INSHP(InternationalNetworkonSmallHydroPower)isaninternationalcoordinatingandpromoting
organizationfortheglobaldevelopmentofsmallhydropower(SHP),whichisestablishedontheba-
sisofvoluntaryparticipationofregional,subregionalandnationalfocalpoints,relevantinstitutions,

utilitiesandcompanies,andhassocialbenefitasitsmajorobjective.INSHPaimsatthepromotionof
globalSHPdevelopmentthroughtriangletechnicalandeconomiccooperationamongdeveloping
countries,developedcountriesandinternationalorganizations,inordertosupplyruralareasinde-
velopingcountrieswithenvironmentallysound,affordableandadequateenergy,whichwillleadto
theincreaseofemploymentopportunities,improvementofecologicalenvironments,povertyallevi-
ation,improvementoflocallivingandculturalstandardsandeconomicdevelopment.

UNIDOandINSHPhavebeencooperatingontheWorldSmallHydropowerDevelopmentReportsince
year2010.Fromthereports,SHPdemandanddevelopmentworldwidewerenotmatched.Oneofthe
developmentbarriersinmostcountriesislackoftechnologies.UNIDO,incooperationwithINSHP,

throughglobalexpertcooperation,andbasedonsuccessfuldevelopmentexperiences,decidedto
developtheSHPTGstomeetdemandfromMemberStates.

TheseTGsweredraftedinaccordancewiththeeditorialrulesoftheISO/IECDirectives,Part2(see
www.iso.org/directives).

AttentionisdrawntothepossibilitythatsomeoftheelementsoftheseTGsmaybesubjecttopa-
tentrights.UNIDOandINSHPshallnotbeheldresponsibleforidentifyinganysuchpatentrights.

Ⅲ
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Introduction

SmallHydropower(SHP)isincreasinglyrecognizedasanimportantrenewableenergysolutiontothe
challengeofelectrifyingremoteruralareas.However,whilemostcountriesinEurope,Northand
SouthAmerica,andChinahavehighdegreesofinstalledcapacity,thepotentialofSHPinmanyde-
velopingcountriesremainsuntappedandishinderedbyanumberoffactorsincludingthelackof
globallyagreedgoodpracticesorstandardsforSHPdevelopment.

TheseTechnicalGuidelinesfortheDevelopmentofSmallHydropowerPlants(TGs)willaddressthe
currentlimitationsoftheregulationsappliedtotechnicalguidelinesforSHPPlantsbyapplyingthe
expertiseandbestpracticesthatexistacrosstheglobe.Itisintendedforcountriestoutilizethesea-
greeduponGuidelinestosupporttheircurrentpolicy,technologyandecosystems.Countriesthat
havelimitedinstitutionalandtechnicalcapacities,willbeabletoenhancetheirknowledgebaseinde-
velopingSHPplants,therebyattractingmoreinvestmentinSHPprojects,encouragingfavourable
policiesandsubsequentlyassistingineconomicdevelopmentatanationallevel.TheseTGswillbe
valuableforallcountries,butespeciallyallowforthesharingofexperienceandbestpracticesbe-
tweencountriesthathavelimitedtechnicalknow-how.

TheTGscanbeusedastheprinciplesandbasisfortheplanning,design,constructionandmanage-
mentofSHPplantsupto30MW.

● TheTermsandDefinitionsintheTGsspecifytheprofessionaltechnicaltermsanddefinitions
commonlyusedforSHPPlants.

● TheDesignGuidelinesprovideguidelinesforbasicrequirements,methodologyandprocedurein
termsofsiteselection,hydrology,geology,projectlayout,configurations,energycalculations,

hydraulics,electromechanicalequipmentselection,construction,projectcostestimates,eco-
nomicappraisal,financing,socialandenvironmentalassessments—withtheultimategoalofa-
chievingthebestdesignsolutions.

● TheUnitsGuidelinesspecifythetechnicalrequirementsonSHPturbines,generators,hydrotur-
binegoverningsystems,excitationsystems,mainvalvesaswellasmonitoring,control,pro-
tectionandDCpowersupplysystems.

● TheConstructionGuidelinescanbeusedastheguidingtechnicaldocumentsfortheconstruction
ofSHPprojects.

● TheManagementGuidelinesprovidetechnicalguidanceforthemanagement,operationandmain-
tenance,technicalrenovationandprojectacceptanceofSHPprojects.

Ⅳ
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TechnicalGuidelinesfortheDevelopmentofSmallHydropower
Plants-Design
Part6-2:ElectricalSystem

1 Scope

ThisPartoftheDesignGuidelinessetsforththegeneralrequirementsforthedesignoftheelectrical
systemofansmallhydropower(SHP)station,anddefinesspecifictechnicalrequirementsforthe
selectionandarrangementofconnectionstothepowersystem,mainelectricalconnection,ground-
ing,lighting,relayprotection,controlsystemandotherelectricalequipment.

2 Normativereferences

Thefollowingdocumentsarereferredtointhetextinsuchawaythatsomeoralloftheircontent
constitutesrequirementsofthisdocument.Fordatedreferences,onlytheeditioncitedapplies.For
undatedreferences,thelatesteditionofthereferenceddocument(includinganyamendments)ap-
plies.

SHP/TG001,Technicalguidelinesforthedevelopmentofsmallhydropowerplants—Termsanddef-
initions.

3 Termsanddefinitions

Forthepurposesofthisdocument,thetermsanddefinitionsgiveninSHP/TG001apply.

4 Connectionofthehydropowerstationtothepowersystem(grid)

4.1 Generalrequirements

4.1.1 Thepowerdeliverypoint,transmissionvoltage,numberofoutlettransmissionlines,trans-
missioncapacity,operationmodeandtheformatofconnectiontothegridshallbedeterminedin
lightofthecharacteristicsofthehydropowerstationandtherequirementsofthepowersystem.

4.1.2 Theoutputvoltageandthecircuitnumberoftheoutletlineofthepowerstationshallbesim-
plifiedasfaraspossibleinlightofthesystemandthesiteconditions.

1
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4.1.3 Theconnectionshallbedesignedonthebasisofbothlong-termandshort-termperspectives,

andseveraloptionsshallbeformulatedfortechnicalandeconomiccomparison.

4.2 Deliverables

4.2.1 Thefollowingdesignresultsshallbesubmittedforthedesignoftheconnectionofthehydro-
powerstationtotheelectricalsystem:

a) Geographicsystemconnectiondiagramandsingle-linewiringdiagram;

b) Transmissionvoltage,numberofcircuitsofoutletlinewithdifferentvoltagelevels,directions
andconnectingpointsforeveryoutletline,maximum/minimumtransmissioncapacity,andan-
nualmaximumloadutilizationhours;

c) Requirementsofthesystemforthemainelectricalconnectionofthepowerstation,including
theroleandstandingofthepowerstationinthesystem,andtheoperatingmodeofthepower
station;

d) Requirementsofthesystemforthemaintransformerofthepowerstation,suchasthetypeand
voltage-regulatingmodeofthemaintransformer,thegroundingmodeoftheneutralpoint,and
theimpedance;

e) Whetherthegeneratoroperatesasphasemodulation;

f) Requirementsofthesystemforthegeneratorparameters,excitationparametersandexcitation
modes,includingtheratedvoltageandallowablevariationrange,theratedpowerfactorsand
allowablevariationrange,temporary-statereactance,shortcircuitratio,momentofinertia,

maximumchargingcapacityandphase-regulatingcapacity,peakvaluemultipleoftheexcitation
voltageandoverspeed;

g) Requirementsofthesystemforautomaticoperation,communicationandrelayprotectionofthe
powerstation.

4.2.2 Whenthepowerstationisrequiredtobeequippedwithparallelreactors,thetype,voltage,

capacityandconnectionmodeofthereactorsaswellastheparametersandinsulationlevelofthe
neutralreactorshallbedetermined.

5 Mainelectricalwiringdesign

5.1 Generalrequirements

Themainelectricalwiringshallmeetthefollowingrequirements:
2
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a) Itshallmeettherequirementsofpowersupplyreliabilityandpowerqualityofusersorpower
systems.

b) Itshallbesimpleandclear,easytooperateandmaintain,withcertainflexibility.

c) Itshallmeettheoperationalrequirementsofthepowerstationattheearlystageandinthefinal
stage,andthetransitionbystagesshallbetakenintoaccount.

d) Itshallbedesignedonthebasisofthefollowingbasicdata:

1) Installedcapacityofthepowerstation,thenumberofturbine-generatorunits,andthewa-
terenergydatasuchastheregulatingperformance,utilizationhoursandfirmcapacityof
thewaterreservoir;

2) Importanceofthepowerstationinthepowersystemanditsoperatingmode,thegeo-
graphicalwiringdiagramimpedancediagramconnectedtothepowersystem;

3) Voltageleveloftheoutletline,numberofcircuitsandtheirinputsequence,therequire-
mentsfortrenddistributionandtraversingpowerundermaximum/minimum operating
mode,andthevalueofthepowerexchangedbetweentwolevelsofboostedvoltage;

4) Quantityofthestation-servicepowersources,theirconnectionmodes,andthedemandon
thenear-zonepowersupply;

5) Requirementsforautomaticoperationandthedispatchingmodeofthepowerstation;

6) Requirementsofthepowersystemforthephase-regulating,voltage-regulatingandleading
phaseoperationsofthepowerstation;

7) Requirementsofthepowersystemforvoltageregulationandrangeofthetransformer;

8) Requirementsofover-voltagefortheconnectionofthepowerstationwithinthestableand
restrictedrangeofthesystem;

9) Projectlayoutandtransportation.

e) Onthepremiseofmeetingthebasicrequirements,thedesignoftheconnectionshallmeetthe
specificlayoutconditions.

5.2 Type,characteristicsandapplicabilityofthemainelectricalconnection

Thetype,characteristicandapplicabilityofthemainelectricalconnectionoftheSHPstationarerec-
ommendedinTable1andTable2.

3
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Table1 Voltageconnectionofgenerator

Nameofthe
connection

Schematic
diagram

Advantagesanddisadvantages Applicability

Unitconnection

1.Thecapacityofthemaintransformer
isasthesameasthatofthegenerator,

andtherangeofthefaultisminimal;

2.Theconnectionissimple,clearand
flexible;

3.Minimumgeneratorvoltageequipment
isrequired,andthelayoutissimple;

4.Therelayingprotectionissimple;

5.Thenumberofthemaintransformers
andhigh-voltageelectricalequipmentis
increased.

Applicable to the power
stationswithhighreliability
requirements,orapplicable
tothepowerstationscon-
structedinphases.

Expandedunit
connection

1.Two(ormorethantwo)unitscon-
nectedtoone maintransformer,and
therangeofthefaultisrelativelylarge;

2.Theconnectionissimple,clear,and
easytooperateandmaintain;

3.Thenumberofoutletcircuitsfrom
thehigh-voltagesideofthemaintrans-
formerisreduced.

1.Applicabletothepower
stationsthatplayimportant
rolesinthegrid,with4or
moreunits;

2.Applicabletotheordinary
powerstationswitharela-
tivelysmallnear-zoneload.

Single-bus
connection

1.Thereisasmallnumberof main
transformers;

2.Therearemorecomponentsforgen-
eratorswitchgearinstallation;

3.Whenthebusortheisolatingswitch
connected to the bus fails or is
repaired,thepowerofentirestation
willbecutoff.

Applicabletothe ordinary
SHP stations with a
relatively large near-zone
load.

Sectional
single-bus

connectionwith
isolatingswitch

1.Whenanysectionofthebusandthe
isolatingswitchconnectedtoitfailsor
isrepaired,thestationonlyneedsto

poweroffforashorttime,andafter
the sectional isolating switch is
opened,theunitconnectedtoanother
sectionofthebusmayresumetosend
electricitytothegrid;

2.Whenthesectionalisolatingswitch
failsorisrepaired,theentirestation
willbecutoff.

Theuseofthesectioniso-
latingswitch mayleadto
loaded misoperation,soit
israrelyused.

4
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Table1(continued)

Nameofthe
connection

Schematic
diagram

Advantagesanddisadvantages Applicability

Sectional
single-bus

connectionwith
circuitbreaker

Whenanysectionofthebusandthei-
solatingswitchconnectedtoitfailsor
isrepaired,theunitconnectedtoan-
othersectionofthebusmaycontinue
tosendelectricitytothegrid.

1.Applicableto the SHP
stationsthatplayimportant
rolesinthegrid;

2.Applicabletothepower
stations whichhave many
unitsandnear-zoneload.

Table2 Boostedvoltagesideconnection

Nameofthe
connection

Schematic
diagram

Advantagesanddisadvantages Applicability

Transformer-
lineunit

connection

1.Theconnectionisthesimplest,and
theleastequipmentisneeded;

2.Whenthelinefailsorisrepaired,the
maintransformerwillstopworking,and
viceversa.

Applicabletothepowerstation
withonesingleoutletcircuit.

T-type
connection

Theadvantagesanddisadvantagesare
thesameasthoseofthetransformer-
lineunitconnection.

Applicabletothepowerstation
whichisnotimportantonthe

powergridandthereisanearby
transmissionline.

Outerbridge
connection

1.Theconnectionissimple,andthe
numberofhigh-voltagecircuitbreakers
isless(namelythenumberofinletand
outletcircuitsminusone);

2. When the one of the main
transformerfailsorisinspectedorre-

paired,theoperationofthelineandan-
othermaintransformerwillnotbeaf-
fected;

3.Whentheoneoftheoutletcircuit
failsorisinspectedorrepaired,the
outputofhalfthepowerofthestation
will be suspended, and after the
isolating switch is opened,allthe

power may be sentoutby another
outletcircuit.

1.Applicabletothepowersta-
tionswithtwoinletandoutlet
circuits respectively,and the
maintransformerswitching on
andofffrequently;

2.Whenthereiscrossingpower,

the outer bridge connection
shouldalsobeadopted.

5
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Table2(continued)

Nameofthe
connection

Schematic
diagram

Advantagesanddisadvantages Applicability

Innerbridge
connection

1.Theconnectionissimple,andthe
numberofhigh-voltagecircuitbreakers
isless(namelythenumberofinletand
outletcircuitsminusone);

2.Whentheoutletcircuitfailsorisin-
spectedorrepaired,theoperationofthe
maintransformerwillnotbeaffected;

3. When the one of the main
transformerfailsorisinspectedorre-

paired,anoutletcircuitwillbecutoff
temporarily,andafterthemaintrans-
formerisolatingswitchisopened,half
thepowerofthepowerstationmaybe
sentoutbythetwooutletcircuits.

Applicabletothepowerstations
withtwoinletandoutletcircuits
respectively,fewerannualutili-
zation hours, and the main
transformerfrequentlyswitching
onoroffortheoutletlineis
long.

Single-bus
connection

1.Eachcircuitoftheinletoroutletis
equipped withanindependentcircuit
breaker;

2.Whenthebusortheisolatingswitch
connectedtoitfailsorisinspectedor
repaired,the entire station willbe

poweredoff.

Applicable to the hydropower
stationsthatarenotimportantin
thepowersystemandhaveless
requirementforthecontinuityof

powersupply.The voltage of
theoutletcircuitis35(33)kV
andabove,andthetotalnumber
ofoutletcircuitsisnot more
than3to5.

Sectional
single-bus

connectionwith
isolatingswitch

Whenthebusortheconnectedequip-
mentisbeinginspectedandrepairedor
fails,theentirestationwillbepowered
off;afterthesectionalisolatingswitch
isopened,anothersectionofthebus
maysupplythepower.However,when
thesectionalisolatingswitchisbeing
inspectedandrepaired orfails,the
entirestationwillbepoweroff.

Sameasthesingle-busconnec-
tion.

Sectional
single-bus

connectionwith
circuitbreaker

Whenthebusorconnectedequipment
isbeinginspectedandrepairedoris
faulted,onlyonesectionofthebusand
thecircuitconnectedwillbepowered
off. 

Applicabletothepowerstations
thatthevoltageoftheoutletcir-
cuitis35(33)kVandabove,

andthetotalnumberofoutlet
circuitsisnotmorethan6.

6
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5.3 Configurationprinciplesoftheisolatingswitch

5.3.1 Theisolatingswitchshallmeetthefollowingrequirementsformainconnectiondesignin
equipmentinspectionandrepair:

a) Ingeneral,thebusofthegeneratorshallbeequippedwiththeisolatingswitch,anditsposition
shouldbeclosetotheoutletofthegenerator;

b) Asfortheexpandedunitconnection,whentheoutletlineisrelativelylong,thecircuitbreaker
isrelativelyfarawayfromtheturbine-generatorunit,anditisdifficulttodismantlethebuscon-
nector,asetofisolatingswitchesmaybeinstalledattheoutletofthegenerator;

c) Asforthehigh-voltageisolatingswitchofnolessthan35(33)kV,thegroundingswitchshallbe
setupononesideorbothsidesoftheisolatingswitch;

d) Asfortheincoming/outletline,voltagetransformer,lightningarrester,andbypassbuscircuit
breakersideisolatingswitch,thegroundingswitchshouldbesetuponbothsides;

e) Ingeneral,theisolatingswitchconnectedtobothsidesofthebuscircuitbreakershallbe
equippedwiththegroundingswitchonthesideofthecircuitbreaker.

5.3.2 Theconfigurationoftheisolatingswitchforthevoltagetransformer,lightningarresterand
circuitofthelightningarresterattheoutletofthehigh-voltagesideofthemaintransformershall
meetthefollowingprinciples:

a) Ingeneral,thevoltagetransformerandthelightningarresterconnectedtothebusforwhichthe
voltageislessthan110kVmaysharethesamesetofisolatingswitches;

b) Ingeneral,thelightningarresteratthehigh-voltagesideoutletofthemaintransformermaynot
beequippedwiththeisolatingswitch.

c) Whenthevoltagetransformerisinstalledonthesideoftheoutletlineandmayalsobeusedfor
communicationandprotection(exceptforthatspeciallyinstalledforbothpurposes),theisola-
tingswitchshouldbesetup.

6 Calculationoftheshortcircuitcurrent

6.1 Purposeofthecalculation

Thecalculationresultfortheshortcircuitcurrentshallprovidethebasisforthecomparisonandse-
lectionofelectricalconnectionscheme,theselectionofelectricalequipmentandcurrent-carrying
conductor,theselectionofandsettingofrelayprotection,andthedesignofgroundingsystem.

7
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6.2 Basicprinciplesforcalculation

6.2.1 Theshortcircuitcurrentusedtoverifythedynamicstabilityandthermalstabilityofthecon-
ductorandtheelectricalequipmentandthebreakingcurrentoftheelectricalequipmentshallbecal-
culatedbythedesigncapacityoftheproject,andthelong-termdevelopmentplanforthepowersys-
tem(generally5to10yearsaftertheprojectiscompleted)shallbeconsidered.

6.2.2 Whenselectingtheshortcircuitcurrentfortheconductorandelectricalequipmentinthe
electricalconnectiongrid,theimpactimposedbytheasynchronousmotorwhichhasthefeedback
effectandtheimpactimposedbythedischargingcurrentofthecapacitancecompensationdevice
shallbeconsidered.

6.2.3 Whenselectingtheconductorandelectricalequipment,theshort-circuitcalculationpoint
shallbeselectedinaccordancewiththeprincipleofthemaximumshort-circuitcurrentinnormalcon-
nectionmode.

6.2.4 Ingeneral,thedynamicstabilityandthermalstabilityoftheconductorandelectricalequip-
mentaswellasthebreakingcurrentoftheelectricalequipmentmaybecalculatedonthebasisofthe
three-phaseshortcircuit.Ifthetwo-phaseshortcircuitattheoutletofthegeneratororthesingle-
phaseortwo-phasegroundingshortcircuitintheneutralpointdirectly-groundedsystemandtheauto
transformerismoreseriousthanthethree-phaseshortcircuit,thecalculationshallbebasedonmore
serioussituations.

6.2.5 Onlythereactanceofeachcomponent(i.e.,generator,transformer,reactor,circuit,etc.)

maybeincludedinthecalculationofhigh-voltageshortcircuitcurrent.

6.2.6 Theperunitvalueshallbeadoptedforthecalculation.Ingeneral,thereferencecapacitySj=
100MVAorSj=1000MVAshallbeadopted;asforthereferencevoltageUj,ingeneral,theaverage
voltageatalllevelsshallbeadopted.

6.2.7 Thebasicassumptionsforcalculationshallmeetthefollowingrequirements:

a) Duringnormaloperation,thethree-phasesystemoperatessymmetrically.

b) Thephaseanglesoftheelectromotiveforceofallpowersourcesarethesame.

c) Bothsynchronousandasynchronousmotorsinthesystemareideal,withoutconsideringtheim-
pactofmagneticsaturation,magneticlaggingandvortexofthemotorandskineffectofthe
conductor;thestructureoftherotorisfullysymmetrical;thespatialpositionofthethree-phase
windingofthestatorisstaggeredbya120°electricalangle.

d) Themagneticcircuitofeachelementinthepowersystemisunsaturated,thatis,thereactance
valueoftheelectricalequipmentwiththeironcorewillnotchangeasthecurrent.
8
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e) Allpowersourcesinthepowersystemshalloperateundertheratedload.

f) Synchronousgeneratorsareequippedwiththeautomaticexcitationsystem (includingforced
excitation).

g) Theshortcircuitoccursatthemomentwhentheshortcircuitcurrentreachesthemaximumval-
ue.

h) Thearcimpedanceoftheshort-circuitpointandtheexcitationcurrentofthetransformerare
notconsidered.

7 Selectionofthemaintransformer

7.1 Generalrequirements

7.1.1 Thecapacityofthemaintransformershallbehigherthanthegeneratingcapacityofthecon-
nectedgenerator.Whenrestrictedbythetransportationconditions,twothree-phasetransformers
withsmallcapacitymaybeselectedandusedinparallel.

7.1.2 Theenergy-savingtransformershallbeadopted.

7.1.3 Thestandardtransformershouldbeadopted.

7.1.4 Underthecircumstancethattwotypesofhighvoltageareusedtotransmitelectricitytothe
grid,ifthetransmissioncapacityofthemedium-voltagesideaccountsformorethan20%oftheca-
pacityofthemaintransformer,athree-coiltransformeroranautotransformermaybeadopted;if
oneofthetwotypesofthevoltageisneutralandnotdirectlygrounded,athree-coiltransformer
shallbeselected.

7.1.5 Thetypeofmaintransformershallbecompatiblewiththeexternaloperationalenvironment.
Thefullyenclosedoil-immersedtransformershouldnotberecommendediftheenvironmenttemper-
aturechangesgreatly.

7.1.6 Paralleloperationoftransformersshallmeetthefollowingrequirements:

a) Thecoilconnectionisthesame;

b) Theratedvoltageoftheprimaryandsecondarycoilsarethesame(withthesametransformation
ratio); 

c) Theimpedancevoltageisthesame.
9
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7.2 Selectionofparameters

7.2.1 Theselectionoftheimpedancevoltageshallmeetthefollowingrequirements:

a) Ingeneral,theimpedancevoltageofordinarytwo-coiltransformersmaybeselectedinaccord-
ancewiththevaluespecifiedinthestandard.

b) Thepositionalrelationshipbetweenthemaximumimpedancevoltageofthethree-coiltrans-
formerandtheautotransformerwithhigh/medium/lowvoltageshallbeconsideredcomprehen-
sively.

7.2.2 Theselectionofthevoltageregulationmodeandthevoltagetapofthemaintransformershall
bebasedonthedesignrequirementsofthepowerstationconnectionsystemforthetransformer.
Thelow-voltagesidevoltageofthemaintransformerundertheoff-loadvoltageregulationmodeof
thehydropowerstationshallbethesameastheratedvoltageofthegenerator.Thevoltageofthe
high/mediumvoltagecoilofthetransformershallbe110% oftheratedvoltageofthecurrent-
bearingequipment,andshallbeequippedwith±4×2.5%taps.On-loadvoltageregulationshallbe
providedwith±8×1.25%taps.

7.2.3 Theconnectiongroupofboostertransformerof35(33)kVandaboveshouldbeselectedas
follows:

a) Thethree-phasetwo-coilpowertransformerisYNd11orYd11;

b) Thethree-phasethree-coilpowertransformerisYNYd-12-11.

7.3 Selectionofthecoolingmode

Underthecircumstancethatthelimitofthetemperatureriseissatisfied,theoil-immersednatural
aircoolingmodeshouldbeselected.

8 Selectionofhigh-voltageelectricalequipment

8.1 Generalrequirements

8.1.1 Theselectionofthehigh-voltageelectricalequipmentshallmeetthefollowingrequirements:

a) Therequirementsonnormaloperation,inspection,repair,shortcircuitandovervoltageshallbe
meeted.

b) Theequipmentshallmeettherequirementsofthelocalenvironmentalconditions.
01
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c) Theequipmentshallbetechnicallyadvancedandeconomicallyreasonable,andshallbeeasyto
maintain.

d) Thetypesofsimilarequipmentshallbeminimized.

8.1.2 Theselectionofthehigh-voltageelectricalequipmentshallbe madeaccordingtothe
followingrequirements:

a) Thehigh-voltageelectricalequipmentmaybeselectedinaccordancewiththeitemsgiveninTable3.

Table3 Itemsforselectionofhigh-voltageelectricalequipment

No. Item
Rated
voltage
(kV)

Rated
current
(A)

Rated
capacity
(kVA)

Rated
breaking
current
(kA)

Stabilityofshort
circuitcurrent

Thermal
stability

Dynamic
stability

1 Circuitbreaker √ √ √ √ √

2 Isolatingswitch √ √ √ √

3 Currenttransformer √ √ √ √

4 Voltagetransformer √

5 Fuse √ √ √

6 Loadswitch √ √ √ √

7
Current-limiting

reactor
√ √ √ √

8 Arcsuppressioncoil √ √ √

9 Postinsulator √ √

10 Wallbushing √ √ √ √

b) Theambienttemperatureattheinstallationpositionoftheelectricalequipmentmaybeselected
inaccordancewithTable4.Whentheambienttemperatureatinstallationpositionishigherthan
+40℃ (Maxlimit+60℃),theratedcurrentshallbereducedby1.8%forevery1℃thatthe
temperaturerises.

Table4 Ambienttemperatureforselectionofelectricalequipment

Installation

place
Maximumambienttemperature(℃)

Minimumambient
temperature(℃)

Outdoor Annualmaximumtemperature
Annualminimum
temperature

Indoorreactor
Maximumventilationtemperatureaccordingtothe

ventilationdesign

Others(Indoor)
Ventilationdesigntemperature,oraveragemaximum

temperatureinhottestmonthplus5℃

11
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8.2 Selectionofthehigh-voltagecircuitbreaker

8.2.1 Theparametersofthecircuitbreakershallbeselectedinaccordancewiththeitemsgivenin
Table5.

Table5 Calculationformulasforselectionofthecircuitbreaker

No. Selectionbasis
Calculation
formula

Unit

1 Operatingvoltage Umax≥Ug V

Umax:Maximum allowableoperatingvoltageofthe

circuitbreaker;

Ug:Maximumoperatingvoltageofthecircuit.

2 Operatingcurrent In≥Ig A

In:Long-term allowable operating currentofthe

circuitbreaker;

Ig:Continuousoperatingcurrentofthecircuit.

3 Breakingcurrent Idn≥Idt kA

Idn:Ratedbreakingcurrentofthecircuitbreaker;

Idt:Shortcircuitcurrentofthecircuitattsecond(in

general,thetvalueshallbetheactualbreakingtime
ofthecircuitbreakers,i.e.thesumoftheactiontime
oftherelayprotectionandinherentbreakingtimeof
thecircuitbreaker).

4 Makingcurrent iGn≥ich kA

iGn:Peakvalueoftheratedclosingcurrentofthecir-

cuitbreaker;

ich:Peakvalueoftheshortcircuitimpactcurrentof

thecircuit.

5
Verifiedonthebasisof
thethermalstability

Qt≥Qdt

Qt=I2
t·t

kA2·s

Qt:Allowablethermaleffectofthecircuitbreaker;

Qdt:Thermaleffectoftheshortcircuitcurrentofthe

circuitattsecond;

It:Thermalstabilitycurrentofthecircuitbreaker;

t:Actiontimeofthethermalstabilitycurrent.

6
Verifiedonthebasisof
thedynamicstability

igf≥ich kA
igf:Peakvalueofthelimitcurrentofthecircuit

breaker.

8.2.2 Theselectionofthetypeofcircuitbreakershallmeetthefollowingrequirements:

a) ThevacuumorSulfurHexa-Fluoride(SF6)circuitbreakermaybeselectedforthecircuitof3kV
orabove.

b) Whenthevacuumcircuitbreakerisselectedasthegeneratorcircuitbreaker,itshallbeequipped
withthesurgeprotectiondeviceorresistance-capacitanceabsorber.

c) Whentheoutputvoltageofthegeneratoris400V,theaircircuitbreakermaybeadoptedasthe
generatorcircuitbreaker.
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8.3 Selectionoftheisolatingswitch

8.3.1 Theparametersoftheisolatingswitchshallbeselectedinaccordancewiththeitemsgivenin
Table6.

Table6 Calculationformulasforselectionoftheisolatingswitch

No. Selectionbasis
Calculation

formula
Unit

1 Operatingvoltage Umax≥Ug V

Umax:Maximum allowableoperatingvoltageofthe

isolatingswitch;

Ug:Maximumoperatingvoltageofthecircuit.

2 Operatingcurrent In≥Ig A

In:Long-termallowableoperatingcurrentoftheiso-

latingswitch;

Ig:Continuousoperatingcurrentofthecircuit.

3

Verifiedonthe

basisofthe

thermalstability

Qt≥Qdt

Qt=I2
t·t

kA2·s

Qt:Allowablethermaleffectoftheisolatingswitch;

Qdt:Thermaleffectoftheshortcircuitcurrentofthe

circuitattsecond;

It:Thermalstabilitycurrentoftheisolatingswitch;

t:Actiontimeofthethermalstabilitycurrent.

4

Verifiedonthebasis

ofthedynamic

stability

igf≥ich kA

igf:Peakvalueofthelimitcurrentoftheisolating

switch.

ich:Peakvalueoftheshortcircuitimpactcurrentof

thecircuit.

8.3.2 Theselectionofisolatingswitchtypeshallmeetthefollowingrequirements:

a) Thetypeofisolatingswitchshallbedeterminedbycomprehensivecomparisoninlightofthein-
stallation location,environmental conditions,type of power distribution device and
requirementsoflayout.

b) Asfortheisolatingswitchforvoltagesof35(33)kVandaboverequiredforremoteoperation
shallbeoperatedbyelectricalcontrolmechanismandshallbeequippedwithmanualcontrol
mechanism.

8.4 Selectionofthecurrenttransformerandthevoltagetransformer

8.4.1 Theselectionandcalculationofcurrenttransformershallcomplywiththerequirementsin
Table7.
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Table7 Calculationformulasfortheselectionofthecurrenttransformer

No. Selectionbasis
Calculation
formula

Unit

1 Operatingvoltage Umax≥Ug V

Umax:Maximumallowableoperatingvoltageof

thecurrenttransformer;

Ug:Maximumoperatingvoltageofthecircuit.

2 Operatingcurrent In1≥Ig A

In1:Ratedcurrentoftheprimarycoilofthecur-

renttransformer;

Ig:Continuousoperatingcurrentofthecircuit.

3
Verifiedonthebasis

ofthethermal
stability

Kt≥
It

In1

whichmayalsobe
writtenas:

Kt≥
Qdt

In1
×103

Kt:Thermalstability current ofthe current

transformer;

It:Thermalstabilitycurrentofthecurrenttrans-

former(normallyexpressedby1second);

Qdt:Thermaleffectcausedbytheshortcircuit

current(kA2·s).

4
Verifiedonthebasis

ofthedynamic
stability

igf≥ich

or

Kd≥
ich

2In1
×103

kA

igf:Peakvalueofthelimitcurrentofthecurrent

transformer;

ich:Peakvalueoftheshortcircuitimpactcurrent

ofthecircuit;

Kd:MultipleoftheDynamiccurrent.

5
Thecurrenttransformershallalsobeselectedandverifiedinaccordancewiththedifferentrequirementsfor

protectionandmeasurement,andthesecondaryload,precisionlevelandmultipleof10%.

8.4.2 Theselectionofthevoltagetransformershallcomplywiththefollowingrequirements:

a) Selectionofvoltagetransformertype:

1) Electromagneticvoltagetransformerwithsolidinsulationorplasticshellshouldbeselected

forindoordistributiondevicesatorbelow1kV;

2) For35(33)kVindoordistributiondevices,theelectromagneticvoltagetransformerwith

solidinsulationshouldbeselected.For35(33)kVoutdoordistributiondevices,theelectro-

magneticvoltagetransformerwithsolidinsulationoroil-immersedinsulationwhichissuit-

ablefortheoutdoorenvironmentshouldbeselected;

3) For66kVoutdoordistributiondevices,theelectromagneticvoltagetransformerwithoil-

immersedinsulationshouldbeselected;

4) For110(132)kVsystem,thecapacitorortheelectromagneticvoltagetransformermaybe

selected;
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b) Selectionofvoltagetransformerparameters:

1) Theratedprimaryvoltageofthevoltagetransformershallbedeterminedbythenominal
voltageofthesystemused;

2) Theratedsecondaryvoltageofthevoltagetransformershallbeselectedinaccordancewith
theapplicationofthetransformer:asforthesingle-phasetransformerusedfortheconnec-
tionofthelinesofthethree-phasesystem,itsratedsecondaryvoltageshallbetheline
voltage;asforthesingle-phasetransformerusedforconnectionbetweenaphaseofthe
three-phasesystemandtheground,itsratedsecondaryvoltageshallbethephasevoltage;

theratedsecondaryvoltageoftheresidualvoltagewindingofthevoltagetransformershall
bethelinevoltagewhentheneutralpointofthesystemiseffectivelygrounded,andshall
bethelinevoltagedividedby3whentheneutralpointofthesystemisnoteffectively
grounded;

3) Thequantity,capacityandaccuracylevelofthesecondarywindingsofthevoltagetrans-
formershallmeettherequirementsofmeasurement,protectionandsynchronousandauto-
maticdevices.

8.5 Selectionofthehigh-voltageloadswitchandthehigh-voltagefuse

8.5.1 Thehigh-voltageloadswitchshallbeselectedonthebasisoftheitemsgiveninTable8.

Table8 Calculationformulasforselectionofthehigh-voltageloadswitch

No. Selectionbasis
Calculation
formula

Unit

1 Operatingvoltage Un≥Ug kV
Un:Ratedvoltageoftheloadswitch;

Ug:Maximumoperatingvoltageofthecircuit.

2 Operatingcurrent In≥Ig A
In:Ratedcurrentofthehigh-voltageloadswitch;

Ig:Continuousoperatingcurrentofthecircuit.

3 Breakingcurrent Idn≥I kA

Idn:Maximum breakingcurrentofthehigh-voltage

loadswitch;

I:Short-timemaximumoverloadcurrentofthecir-
cuit.

4
Verifiedonthe
basisofthe

thermalstability

Qt≥Qdt kA2·s

Qdt:Thermaleffectcaused bythe shortcircuit

current(kA2·s);

Qt:Allowablethermaleffectoftheloadswitch.

5
Verifiedonthe
basisofthe

thermalstability

igf≥ich kA

igf:Peakvalueofthelimitcurrentoftheloadswitch;

ich:Peakvalueoftheshortcircuitimpactcurrentof

thecircuit.

8.5.2 Thehigh-voltagefuseshallbeselectedinaccordancewiththeitemsgiveninTable9.
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Table9 Calculationformulasforselectionofthehigh-voltagefuse

No. Selectionbasis
Calculation
formula

Unit

1 Operatingvoltage Umax≥Ug kV

Umax:Maximumallowableoperatingvoltageofthe

equipment;

Ug:Circuitoperatingvoltage.

2 Operatingcurrent In≥Inj≥Ig A

In:Ratedcurrentofthefuse;

Inj:Ratedfusingcurrent;

Ig:Continuousoperatingcurrentofthecircuit.

3 Breakingcapacity

Sdn≥Sd

or
Idn≥Id

Sdn:Ratedbreakingcapacityofthefuse(MVA);

Sd:Shortcircuitcapacityofzerosecond(MVA);

Idn:Ratedbreakingcurrentofthefuse(kA);

Id:Secondarytransientcurrentoftheshortcircuit
(kA).

4
Protection

characteristics

1)Forhigh-voltagefuseusedtoprotectthepowertransformer,theratedcurrent
ofmeltmaybeselectedbymeansofthefollowingformula:

Inj=KstIn

(Kstcoefficient:Whentheautomaticstartingofthemotorisnotconsidered,the

valueshallbe1.1to1.3;whentheautomaticstartingisconsidered,thevalue
shallbe1.5to2.0;Inistheratedcurrentonthehigh-voltagesideofthetrans-

former);

2)Forthefuseusedtoprotectthepowercapacitor,theratedcurrentofmelt
maybeselectedbymeansofthefollowingformula:

Inj=KrInc(Krcoefficient:Asforthedrop-typehigh-voltagefuse,thevalueshall

be1.2to1.3;asforthecurrent-limitingtypehigh-voltagefuse,whenthereisone

powercapacitor,thevalueshallbesetas1.5to2.0;whenthereisagroupof

powercapacitors,thevalueshallbesetas1.3to1.8;IncistheRatedcurrentof

thepowercapacitorcircuit.).

8.6 Selectionofthehigh-voltagecompleteswitchgear

Thehigh-voltagecompleteswitchgearshallbeselectedonthebasisoftheparametersgivenin
Table10.

Table10 Performanceparametersofthehigh-voltagecompleteswitchgear

No. Name Performanceparameter Remarks

1 Type Movabletype,fixedtype

2 Ratedvoltage 3.6,7.2,12,40.5kV

3 Ratedcurrent 630,1250,1600,2000,2500,3150,4000and5000A

4 Ratedfrequency 60Hz,50Hz
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Table10(continued)

No. Name Performanceparameter Remarks

5 Ratedinsulationlevel Tobedeterminedinaccordancewiththerelevantstandards

6
Ratedshortcircuit
breakingcurrent

16,20,25,31.5,40,50,63kA

7
Ratedshortcircuitclosing

current(peakvalue)
2.5timesthecorrespondingratedshortcircuit

breakingcurrent

8
Ratedshort-time
withstandcurrent

16,20,25,31.5,40,50,63kA

9
Ratedpeakwithstand

current
2.5timesthecorrespondingrated

short-timewithstandcurrent

10
Ratedshortcircuit

duration

Theratedshortcircuitdurationis4s.Asforthe
high-voltageswitchcabinetequippedwiththeloadswitch,

theratedshortcircuitdurationmaybesetas2sor4sas

pertherequirementoftheuser.

11
Ratedvoltageofthe

breaking/closingcoilandthe
auxiliarycircuit

Standardvoltagesuchas:DC:110V,

220V;AC:220V,380V

8.7 Selectionandlayingofthecable

8.7.1 Thepowercableshouldbeflame-retardantcable.Thehigh-voltagepowercableshouldbein-
sulatedwithflame-retardantcross-linkedpolyethylene.Flame-retardantarmouredcableshouldbe
usedinplacesvulnerabletomechanicaldamage.Thecontrolcableshouldbemadeofcopper-core
plasticflame-retardantcable.Ifthereistherequirementofanti-electromagneticinterference,the
shieldedflame-retardantcableshallbeselected.

8.7.2 Thepowercableandthecontrolcableshouldbelaidseparately.Whentheyarelaidonthe
samesideoronthesamecabletray(orbridge),thecontrolcableshallbelaidbelowthepowercable.

8.7.3 Thedepthofburiedcableshouldnotbelessthan700mm.Whenthethicknessofthefrozen
soillayerexceeds700mm,measuresshallbetakentopreventthecabledamage.

8.7.4 Theholesontheupperandlowerendsofthecableshaftandonthewall,cabinetandfloor
wherethecabletraversesshallbesealedwithnon-flammablematerial.

9 Overvoltageprotectionandgrounding

9.1 Overvoltageprotection

9.1.1 Thedirect-lightningovervoltageprotectionofhydropowerstationsshallmeetthefollowing
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requirements:

a) Lightningrodorlightningconductorofthedirect-lightningovervoltageprotectionforthehydro-
powerstationshallmeetthefollowingrequirements:

1) Theprotectionrangeshallincludetheswitchyard,switchingandotherequipment,the
main/auxiliarypowerhousesandbuildingsadjacenttothemain/auxiliarypowerhouses;

2) Ingeneral,themainpowerhouse,maincontrolroomandpowerdistributiondeviceroomof
thehydropowerstationisnotequippedwiththedirect-lightningprotectiondevices.The
mainpowerhouse,maincontrolroomandpowerdistributiondeviceroominthestrong
lightningareashouldbeequippedwiththedirect-lightningprotectiondevices.Thelightning
rodinstalledfortheprotectionofotherequipmentshouldnotbeinstalledontheroofofthe
separatemaincontrolroomandswitchroomupto35kV;

3) Thelightningrodinstalledonthemainpowerhouseforprotectingtheotherequipment,the
lightningstripinstalledontherooforthemetalroofwhichmaybeusedasthelightningar-
restershuntmeasuresshallbetaken,orequippedwiththecentralizedgroundingmat,and
thegroundingpointoftheequipmentshallbekeptasfaraspossibleawayfromtheground-
enteringpointofthegroundingwireofthelightningrods,andthegroundingwireofthe
lightningrodshallbekeptasfarawayfromtheelectricalequipmentaspossibleandother
back-flashoverprotectivemeasuresshallbetaken;

4) Themaincontrolroom withdirect-lightningprotectiondeviceontheroof,themetalroof
ofthepowerdistributiondeviceroomupto35kVorthemetalstructureontheroof,the
metalcasingoftheequipmentandthemetalskinofthecableshallbeallgrounded.Therein-
forcingbarsinthereinforcedconcreteroofshallbeweldedintoanetandgrounded.Non-
conductiveroofshallbeprotectedbylightningstrips,thegridoflightningstripsshallbe
8mto10m,andgroundingwiresshallbesetupevery10mto20m,andsuchgrounding
wiresshallbeconnectedwiththemaingroundinggrid,andacentralizedgroundingdevice
shallbeinstalledattheconnectionpoint.

5) Themetalcasingoftheequipment,themetalskinofthecableandthemetalcomponentsof
thebuildingontheroofshallbegrounded;

6) TheshellofGISequipmentinstalledoutdoormaynotbeequippedwithdirect-lightningpro-
tectiondevice;

7) Lightingprotectionshouldbeusedforhydropowerstationsandsubstationsinthevalley.

b) Thelightningrodinstalledonthestructureorontheroofshallcomplywiththefollowingre-
quirements:
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1) Lightningrodshouldbeinstalledonthestructureroofofdistributiondevicewith110kV
andabove.Intheareawithsoilresistivitygreaterthan1000Ω·m,theindependentlight-
ningrodshouldbeinstalled;otherwise,measurestoreducethegroundingresistanceorim-
provetheinsulationshallbetakenthroughcalculation;

2) Asfora66kVpowerdistributiondevice,thelightningrodmaybeinstalledontheframe-
workorroof;however,intheareawherethesoilresistivityismorethan500Ω·m,the
independentlightningrodshouldbeinstalled;

3) Lightingrodsshouldnotbeinstalledontheframeworkorroofofthehigh-voltagedistribu-
tiondeviceswith35kVofvoltageorless;

4) Thelightningrodinstalledontheframeworkshallbeconnectedtothegroundingmat,and
shallbeprovidedwithacentralizedgroundingdevicenearby.Ontheframeworkequipped
withlightningrods,theairdistancebetweenthegroundedportionandtheliveportionshall
notbelessthanthelengthoftheinsulatorstring;however,intheareawheretheairispol-
luted,ifthereisanydifficulty,theairdistancemaybedeterminedonthebasisofthe
standardlengthoftheinsulatorstringintheareawheretheairisnotpolluted.

c) Theindependentlightningrod(conductor)shallcomplywiththefollowingrequirements:

1) Theindependentgroundingdeviceshouldbesetup.Intheareawherethesoilresistivityis
nothigh,theearthresistanceshouldnotexceed10Ω.Ifthereisanydifficulty,theground-
ingdevicemaybeconnectedtothemaingroundingmat,butthelengthoftheunderground
connectionpointbetweenthelightningrodandthemaingroundingmatalongthegrounding
bodyshallnotbelessthan15m.

2) Theindependentlightningrodshallnotbesetupinaplacethatpedestriansfrequentlywalk
through,andthedistancebetweenthelightningrodanditsgroundingdeviceandtheroad
orthe mainentranceshouldnotbelessthan3 m;otherwisethevoltageequalizing
measuresshallbetaken.

9.1.2 Thelightning-invasion-waveovervoltageprotectionshallmeetthefollowingrequirements:

a) The35(33)kVto110(132)kVoverheadtransmissionlinewithoutlightningconductorinthe
wholeline,lightningconductorshallbeinstalledintheinletsectionof1kmto2kmofthesub-
station.

b) Agroupoflightningarrestersshallbesetuponthesideoftheisolatingswitchorthecircuit
breakerofthe35(33)kVto110(132)kVincoming/outlettransmissionline.

c) Asforthecable-typeincominglineofwhichthevoltageis35(33)kVormore,lightningarrester
shallbeinstalledattheconnectionbetweenthecablewith35(33)kVandabovecableinletsec-
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tionandtheoverheadline,anditsgroundedendshallbeconnectedwiththemetalskinofthe
cable.

d) Configurationsofthelightningarresterintheopenhigh-voltagepowerdistributiondeviceof
35(33)kVandabovehydropowerstationswithoverheadincoming/outletlinesshallmeetthe
followingrequirements:

1) Everygroupofthebusshallbeequippedwiththelightningarrester.Alllightningarresters
shallbeconnectedtothemaingroundingmatofthepowerplantwiththeshortestground-
ingwire,andthecentralizedgroundingdeviceshallbesetupnearby;

2) Doublecircuitpolesandtowersareusedfortheoverheadincoming/outletline,whichmay
bestruckbylightningatthesametime.Whendeterminingthemaximumelectricaldistance
betweenthelightningarresterandthetransformer,thelinesshallbedeemedtobeonecir-
cuit;anditisadvisabletoavoiddisconnectingonecircuitinthethunderstorm.

e) Asforthetransformerwithungroundedneutralpointsintheeffectivegroundingsystem,ifthe
neutralpointareclassifiedinsulatedandnoprotectionclearanceisinstalled,aneutralmetalox-
idelightningarrestershallbeinstalledattheneutralpoint.Asforthetransformerintheground-
ingsystemwhichhashighresistanceandforwhichtheneutralpointisnotgroundedandthearc
suppressioncoilisgrounded,itsneutralpointshouldbeequippedwiththemetaloxidelightning
arrester.

f) Asforthethree-windingautotransformerconnectedtotheoverheadline,ifthelow-voltage
windingofthetransformer(includingthethree-windingtransformerconnectedwithtwomo-
tors)mayoperateintheopened-circuitstateandthetwo-windingtransformerofthehydropow-
erstationwillsendthestation-serviceelectricityinreverseddirectionbythehigh-voltageside
whenthegeneratoriscutoff,thenthelightningarrestershallbesetupontheoutletlineofthe
low-voltagewindingofthetransformer;however,ifsuchwindingisconnectedtothemetal
skincablewhoselengthisnotlessthan25m,thelightningarrestermaybeomitted.

g) Thelightning-invasion-waveovervoltageprotectionforthegas-insulatedswitchgears(GIS)

substationshallmeetthefollowingrequirements:

1) AsfortheGISsubstation withoutcablesegmentontheincomingline,metaloxide
lightningarrestershallbeinstalledattheconnectionpointbetweenGISpipeandoverhead
line,anditsgroundedendshallbeconnectedwiththemetalcasingofthepipe;

2) AsfortheGISsubstationwithcablesegmentsontheincomingline,metaloxidelightning
arrestershallbeinstalledattheconnectionpointbetweenthecablesegmentsandtheover-
headline,anditsgroundedendshallbeconnectedwiththemetalskinofthecable.Asfor
thethree-corecable,themetalskinonitsendshallbeconnectedwiththemetalcasingof
theGISpipeandgrounded;singlecorecableshallbegroundedbymetaloxidecableprotector;
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3) WhetherthemetaloxidelightningarrestershallbeinstalledintheGISsubstationoftheca-
blewiththewholelengthoftheincominglineshallbedeterminedbycheckingaccordingto
thepossibilityoflightningovervoltagewaveinvadingtheotherendofthecable.

9.2 Grounding

9.2.1 Theearthresistanceshallmeetthefollowingrequirements:

a) Theearthresistanceoftheeffectivegroundingshallmeetthefollowingrequirements:

R≤2000/I …………………………(1)

where

R isthemaximumearthresistanceinconsiderationofseasonalchange,inΩ;

I isthemaximumground-enteringcurrentpassingthroughthegroundingdeviceusedforthe
calculation,inA(effectivevalue).

b) Theearthresistanceofthegroundingwhichisnotdirectlygroundedshallmeetthefollowingre-
quirements:

R≤120/I …………………………(2)

TheearthresistanceRshouldnotexceed4Ω.

9.2.2 Measurestoreducetheearthresistanceshallmeetthefollowingrequirements:

a) Thehydropowerstationmaybeequippedwithunderwatermanualgroundingdevicessoasto
reducetheearthresistance.Forexample:tobesetupinthewaterreservoir,upstreamcoffer-
dam,constructiondiversiontunnel,tailwaterchannel,downstreamriverornearbylow-resis-
tivitywatersource.Suchdeviceshallbeinstalledintheareasbelowtheminimumwaterlevelin
thewaterreservoirorthediversionsystem.

b) Whenthereisalow-soil-resistivityareaorwatersourceavailablenearthehydropowerstation,

theexternalgroundingmeasuresmaybeadoptedtoreducetheearthresistance.

c) Whentheundergroundsoilresistivityofthehydropowerstationanditsnearbyareasislowor
thereisundergroundwater,whilethesurfacesoilresistivityishigh,deep-wellgroundingmay
beadopted.

d) Inaplacewherethedeep-wellgroundingmodeandtheexternalgroundingmodecannotbe
used,whentheareaofthegroundingmatisnottoolarge,themanualresistancereduction
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measuresmaybeadoptedinlightofon-siteconditionsandtechnicalandeconomiccomparison,

soastoreducetheearthresistance.Themanualresistancereductionmeasuresincludetheuse
oftheresistancereductionagent,electrolysispoleandreplacementwithlow-resistivitymateri-
als.

9.2.3 Thehigh-voltagepowerdistributiondeviceshallbeequippedwiththevoltageequalizingmat.
Thedesignforthevoltageequalizationshallmeetthefollowingrequirements:

a) Theouteredgeofthevoltageequalizingmatshallbeclosed,eachangleoftheouteredgeshall
bearcshaped,andtheradiusofsucharcshouldnotbelessthanhalfoftheintervalbetweenthe
voltageequalizingstraps.Horizontalequalizingstrapshallbelaidinthevoltageequalizingmat,

andtheburyingdepthshouldbe0.6mto0.8m;

b) Theinternalcontactpotentialdifferenceandtheexternalsteppotentialdifferenceshallbetaken
asthesafetystandardinthedesignofthevoltageequalizingmat.Theallowablevaluesofthe
contactpotentialdifferenceandthesteppotentialdifferencearespecifiedasfollows:

1) Intheeffectively-groundedshortcircuitcurrentsystem,whenanysingle-phasegrounding
faultorsame-pointtwo-phasegroundingfaultoccursintheelectricalgrid,thecontactpo-
tentialdifferenceandthesteppotentialdifferencegeneratedshallnotexceedthefollowing
values:

Ej=
174+0.17ρb

t
…………………………(3)

Ek =
174+0.17ρb

t
…………………………(4)

where

Ej istheallowablevalueforthecontactpotentialdifference,inV;

Ek istheallowablevalueforthesteppotentialdifference,inV;

ρb isthesoilresistivityofthesurfacewherethepersonstands,inΩ·m;

t isthedurationofthegroundingshortcircuitfault,whichshallbeassameasthedurationof
thegroundingfaultusedinthethermalstabilityverificationofthegroundingdevice,ins.

2) Inthenon-directgroundingshortcircuitcurrentsystem,whenanysingle-phasegrounding
faultoccurs,thecontactpotentialdifferenceandthesteppotentialdifferenceofthe
groundingdeviceofthepowerequipmentshallnotexceedthefollowingvalues:
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Ej=50+0.05ρb …………………………(5)

Ek =50+0.2ρb …………………………(6)

9.2.4 Thegroundingdeviceshallmeetthefollowingrequirements:

a) Thegroundingmatshallbeconnectedbyatleasttwomaingroundinglinestoformthegrounding
systemfortheentireproject.Themaingroundinglinesshouldbefarapartfromeachother,and
themaingroundinglinesshouldbetheflatsteelwithacrosssectionofnolessthan50mm×
6mmortheroundsteelwithadiameterofnolessthan20mm.

b) Thenaturalgroundingconductorswhichmaybeusedforgroundinginclude:

1) Reinforcingbarinthesurfacelayerofthereinforcedconcreteofthehydraulicstructurein
contactwithwaterordampsoil;

2) Metalliningofthepenstock,tailwatercanalandtailwaterpipe;

3) Hydromechanicalstructuresofvariousgatesortrashracks;

4) Metalpostorreinforcingcageofthebuilding;

5) Water-supplysteelpipeburiedunderground;

6) Metalwellpipe.

c) Thehorizontalgroundingbodymaybemadeofroundsteelorflatsteel;theverticalgrounding
bodymaybeanglesteel,roundsteelorsteelpipe.Thelengthoftheverticalgroundingbody
shouldbe2.5mto3.0m,andtheburieddepthshouldbe0.6mto0.8m.

d) Theconnectionbetweenthegroundinglineandthegroundingbodyshouldbewelded;thecon-
nectionbetweenthegroundinglineandtheelectricalequipmentmaybeboltedorwelded.

e) Theneutralpointofthemaintransformerorgeneratordirectlygroundedorgroundedbyarc
suppressioncoilshallbeconnectedwiththegroundingbodyorthemaingroundingline,andthe
separategroundingwireshallbeused.Whentheneutralpointofthetransformerisgrounded,

thereshallbetwogrounding wiresconnected withthedifferent mainlinesofthe main

groundingmat.

f) Everygroundedportionoftheelectricalequipmentshallbeconnectedwiththemaingrounding
lineviaaseparategroundingwire,anditisprohibitedtoconnectseveralportionstothesame
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groundingline.

g) Theconnectionofthereinforcingbarsinconcreteusedasgroundingbodyshallbeweldedand
weldedintooneatthesectionpoint.

h) Thesectionalareaofthesteelgroundinglineshallmeettherequirementsforcurrentcarryingca-

pacity,thermalstabilityduringtheshort-circuitautomaticcut-offperiodandthevoltageequali-
zation,andshallnotbelessthanthespecificationsasspecifiedinTable11.

Table11 Minimumspecificationsforthesteelgroundingbodyandthegroundingline

Type Specification
Aboveground

Indoor Outdoor
Underground

Roundsteel Diameter(mm) 8 10 12

Flatsteel
Crosssection(mm2) 75 100 120

Thickness(mm) 3 4 4

Anglesteel Thickness(mm) 2.5 3 4

Steelpipe Wallthickness(mm) 2.5 3 4

10 Lightingsystem

10.1 Thepower-supplyforworkinglightingandemergencylightingofthepowerstationshallbeset
upseparately.Workinglightingshallbesuppliedbythestation-servicepowersystem.Emergency
lightingmaybepoweredbyabatterybankwhenallACpowerisgone.

10.2 Thepremisesandmainpassageswhereworkmustbecontinuedaftertheworkinglightingis
interruptedshallbeequippedwithindependentemergencylighting.Fortheoutdoorswitchgearin-
stallation,theemergencylightingisnotrequired.

11 Layoutofmainelectricalequipmentinsideandoutsidethepowerstation

11.1 The maintransformerand switchyard should be closeto the powerhouse.Whenthe
switchyardandthemaintransformerarearrangedseparately,themaintransformershallbeinstalled
nearthegeneratorswitchgearinstallationroom.

11.2 Theswitchgearinstallationwith6kVto35kVmaybearrangedindoorwithacompleteswitch-

gear,oroutdoor.Theswitchgearinstallationwith66kVormorepreferablybearrangedoutdoor.
However,inthepollutedareaorifterrainconditionsarerestricted,enclosedassembledswitchgear
mayalsobeadopted.
42

SHP/TG002-6-2:2019



11.3 Thecentralcontrolroomshallbesetupinaccordancewiththeautomaticcontrolmodeofthe
powerstation.The centralcontrolroom areashallbe determinedinlightofthe quantity,

arrangementrequirementsandarrangementmodeofthecontrolpanels.

12 Relayingprotectionandsecurityautomaticequipment

12.1 Generalrequirements

12.1.1 Therelayprotectiondeviceshallmeettherequirementsofreliability,selectivity,sensitivity
andquickaction.Theminimumsensitivitycoefficientofrelayingprotectionshallmeettheprovisions
inTable12.

12.1.2 Theselectionandconfigurationoftherelayingprotectionshallmeettherequirementsofthe
mainelectricalconnectionofthepowerstation,andinconsiderationoftheoperationalflexibilityof
thegridandpowerstation.

12.1.3 Therelayprotectiondeviceshallbeputintooperationsynchronouslywiththeprotected
equipmentofthepowerstation.

12.1.4 Theelectricalequipmentandtransmissionlinesshallbeequippedwithmainprotectionand
backupprotectiondevices.

Table12 Minimumsensitivitycoefficientoftherelayprotection

Categoryof

protection
Typeofprotection Component

Sensitivity
coefficient

Remarks

Mainprotection

Longitudinal
differential

protectionfor

generatorand
transformer

Startingcurrentofthe
differentialcurrent
element

1.5 —

Currentquick-break

protectionfor

generator,

transformerand
lines

Currentelement 1.5

Calculatedasshort
circuitatthe
installation

positionofthe

protection

Completecurrent
differential

protectionforbus

Startingcurrentofthe
differentialcurrent
element

1.5 —

Incompletecurrent
differential

protectionforbus

Differentialcurrent
element

1.5 —
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Table12(continued)

Categoryof

protection
Typeofprotection Component

Sensitivity
coefficient

Remarks

Backupprotection

Remotebackup
protection

Current,voltageand
impedanceelements

1.2

Zero-sequenceor
negative-sequence
directionalelement

1.5

Calculated as short
circuitattheadjacent
electrical equipment
andtheendofline
(The short circuit
currentshallbemore
than1.5timesthe
accurate operating
currentoftheimped-
anceelement),while
the relaying action
maybetakenintoac-
count.

Nearbackup
protection

Current,voltageand
impedanceelements

1.3

Negative-sequenceor
zero-sequence
directionalelement

2

Calculated on the
basisofshortcircuit
attheendofline

Auxiliaryprotection
Currentquick-break

protection 
1.2

Calculated on the
basisofshortcircuit
at the installation

positionofthepro-
tectionundernormal
operatingmode

12.1.5 Thecurrenttransformerequippedwithvariousprotectiondevicesshallmeettherequire-
mentsofeliminatingprotectivedeadzonesandreducingtheimpactcausedbythefaultsofthecur-
renttransformer.

12.1.6 Ifthebreakingofthesecondarycircuitofthevoltagetransformerleadstomalfunctionofthe
protectiondevice,thebroken-linelockingdeviceshallbeinstalledsoastogivethewarningsignal.If
thebreakingofthesecondarycircuitwillnotleadtomalfunctionoftheprotectiondevice,onlythe
voltagecircuitbreakingsignaldevicemaybeinstalled.

12.1.7 Automaticreclosingdeviceshouldbeinstalledon10kVandabovevoltagecircuitsequipped
withcircuitbreakers;whenthereisapowersupplyontheoppositeside,thelineshouldbe
equippedwiththesynchronization-checkorno-voltage-checkautomaticreclosingdevice.

12.1.8 Thepowerstationwhichhastwoormorestation-servicetransformersshallbeequipped
withtheautomaticinputdeviceforthebackupstation-servicepowersource.
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12.2 Generatorprotection

12.2.1 Generatorprotectionshallmeetthefollowingrequirements:

a) Thegeneratorshallbeequippedwithcorrespondingprotectionforthefollowingfaultsandab-
normaloperations:

1) Internalphasetophaseshortcircuitofthestatorwinding;

2) Groundingofthestatorwinding;

3) Externalphasetophaseshortcircuitofthegenerator;

4) Overvoltageofthestatorwinding;

5) Overloadofthestatorwinding;

6) Overloadofthefieldwinding;

7) One-pointgroundingofexcitationcircuit;

8) Abnormalreductionorlossoftheexcitationcurrent;

9) Disconnectionfromthesystemduringphase-regulatingoperation;

10) Reversepowerofthegenerator;

11) Abnormalfrequency;

12) Otherfaultsandabnormaloperations.

b) Generatorprotectionshould,inlightofthenatureofthetroubleortheabnormaloperating
mode,respectivelyacton:

1) Shutdown:cut-offthecircuitbreakerforthegenerator,dischargethefield,andclosethe
guidevane;

2) Disconnectionandde-excitation:cut-offthecircuitbreakerforthegenerator,discharge
thefieldandclosetheguidevanetotheunloadedposition;

3) Disconnection:cut-offthecircuitbreakerforthegeneratorandclosetheguidevanetothe
unloadedposition;
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4) Reductionoftheoutput:reducetheoutputoftheturbinetoaspecifiedvalue;

5) Reductionoftheimpactrangeofthetrouble:forexample,cut-offtheotherpre-
determinedcircuitbreaker;

6) Tripping:firstclosetheguidevanetotheunloadedposition,andthencut-offthecircuit
breakerforthegeneratorandcarryoutde-excitation;

7) Signal:sendthesoundandopticalsignals.

12.2.2 Thephasetophaseshortcircuitprotectionforthestatorwindingofthegeneratorandits
outletconnectingleadsshallmeetthefollowingrequirements:

a) Thegeneratorof1MWoraboveshallbeequippedwithlongitudinaldifferentialprotectionwhich
shallserveasthemainprotectionfortheInternalphasetophaseshortcircuitofthestator
windinganditsconnectingleads.Theprotectionshallimmediatelyleadtoshutdown.Thegener-
atorlessthan1MWshallbeequippedwiththecurrentquick-breakprotectionwhichshallserve
asthemainprotectionfortheinternalphasetophaseshortcircuitofthestatorwindingandits
connectingleads.Theprotectionshallimmediatelyleadtoshutdown.

b) Whenthereisacircuitbreakerbetweenthegeneratorandthetransformer,thegeneratorshould
beequippedwithaseparatemainprotection.

c) Thethree-phaseconnectionschemeshallbeadoptedforlongitudinaldifferentialprotection.

12.2.3 Thesingle-phasegroundingfaultprotectionforthestatorwindingofthegeneratorshall
meetthefollowingrequirements:

a) Differentgroundingprotectionshallbesetupinlightofgeneratorneutralgroundingmodeand
generatorgroundingcurrentallowablevalue.Theallowablecurrentofthesingle-phasegrounding
faultcurrentofthestatorwindingofthegeneratorshallbethevaluespecifiedbythemanufac-
turer.Ifthereisnospecifiedvalue,thedatalistedinTable13maybeused.

Table13 Allowablevalueforthesingle-phasegroundingfaultcurrentofthe
statorwindingoftheturbinegenerator

Ratedvoltageofthegenerator(kV)
Allowablevalueofthegrounding

current(A)

6.3 ≤4

10.5 ≤3

b) Whenthesingle-phasegroundingfaultcurrent(withoutconsideringthecompensationroleof
arcsuppressioncoil)ismorethantheallowablevalue,thesingle-phasegroundingprotection
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devicewhichhasselectivityshallbesetup.Theprotectionshallactonthesignalwithatime
limit.However,whenthearcsuppressioncoilquitsoperationortheresidualcurrentismore
thantheallowablevalueofthegroundingcurrentforanyotherreason,theprotectionshalllead
toshutdown.Whenthesingle-phasegroundingfaultcurrentislessthantheallowablevalue,the
single-phasegroundingmonitoringdevicemayactonthesignal,andwillleadtoshutdown,if
necessary.Inordertoinspectwhetherthereisagroundingfaultbeforethegeneratoriscon-
nectedinparallelwiththesystem,theprotectiondeviceshallbeabletomonitorthevalueof
thezero-sequencevoltageattheterminalofthegenerator.

c) Thedifferentsingle-phasegroundingprotectiondeviceorthesingle-phasegroundingmonitoring
devicemaybesetupinlightofthedifferentgroundingmodeofgeneratorneutralpoint.

12.2.4 Thenearbackupprotectionfortheexternalphasetophaseshortcircuittroubleofthegener-
atorandthefarbackupprotectionforthephasetophaseshortcircuittroubleoftheadjacentelement
shallmeetthefollowingrequirements:

a) Non-self-shuntgeneratorshouldbeequippedwithover-currentprotectioninitiatedbythecom-
binedvoltage(includingthenegative-sequencevoltageandlinevoltage).Thecurrentshouldbe
suitablefortheneutralsidecurrenttransformerofthegenerator.Incasethesensitivityfailsto
meettherequirements,thenegative-sequenceover-currentprotectionmaybeadded.

b) Self-shuntgeneratorshouldbeequippedwiththelow-voltageover-currentprotectionwithcur-
rentmemory.Thecurrentshouldcomefromtheneutralpointsidecurrenttransformerofgener-
ator.

c) Whentheprotectionservicesforremotebackupprotectionforadjacentelement(transformer),

theprotectionsensitivityshallbeverifiedinaccordancewiththephasetophaseshortcircuitat
theendofprotectionzone,andtheprotectionzoneshouldnotexceedtherangeoffirstsection
ofprotectionforadjacentlines.

d) TheprotectiondevicesspecifiedinarticlesofthisSectionshouldbeequippedwithtwotime
limits.Theshortertimelimitshouldbeusedtoreducetherangeoffaultimpact,oractfordis-
connectionandde-excitation.Thelongertimelimitshouldbeusedtostopthemachine.

e) Thebackupprotectionforthegeneratorandgenerator-transformerunitoperatedinparalleland
theprotectionforthephasetophaseshortcircuittroubleoftheconnectionbusshallhavethe
necessarysensitivitycoefficient,whichshouldnotbelowerthanthevaluespecifiedinTable15.

12.2.5 Thegeneratorshallbeequippedwithovervoltageprotection,whosesettingvalueshallbe
determined by insulation of the stator winding.The overvoltage protection shalllead to
disconnectionandde-excitationorshutdown.

12.2.6 Thegeneratorshallbeequippedwithoverloadprotectionofstatorwindingwithtime-limit
92
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actiononsignal.

12.2.7 Thegeneratorshallbeequippedwiththespecialprotectiondeviceforone-pointgrounding
oftheexcitationcircuit.Theprotectiondeviceshallbeabletoeffectivelyeliminatetheimpactofthe
DCandACcomponentintheexcitationcircuit.Theprotectionwillactonthesignalwithatimelim-
it,whichshouldreducetheloadforsmoothshutdown,andmayleadtotripping,ifpermissible.

12.2.8 Thegeneratorshallbeequippedwithde-excitationprotection,whichshallactonthediscon-
nectionfromthesystemwithatimelimit.

12.2.9 Asfortheturbine-generatorunitunderphase-regulatingoperationcondition,theprotection
ofpowersystemdisconnectioni.e.lossofpowershallbeprovided.Theprotectiondevicemaypro-
tectedwithlow-frequencyprotection,andwillleadtoshutdownwithatimelimit.

12.2.10 Asfortheabnormaloperationmodeinwhichthegeneratorislikelytooperateasamotor,

thereversepowerprotectionshouldbeprovided.Theprotectionwillleadtodisconnectionwitha
timelimit.

12.2.11 Thegeneratorshallbeequipped withabnormalfrequencyprotection.Undernormal
operationconditions,theabnormalfrequencyprotectionforthegeneratorshallactasperthesetting
valueofthunder-frequencyload-reducingdeviceoftheelectricalgrid.Theactionofthisprotection
shallleadtode-excitationortripping.

12.3 Maintransformerprotection

12.3.1 Themaintransformerprotectionshallmeetthefollowingbasicrequirements:

a) Phasetophaseshortcircuitofthewindinganditsoutletleads,andsingle-phasegroundingshort
circuitatneutralpointdirectlyorthroughthesmall-reactancegroundedside;

b) Over-currentcausedbyexternalphasetophaseshortcircuit;

c) Over-currentandneutral-pointovervoltagecausedbyexternalgroundingshortcircuitintheneu-
tralpointdirectlygroundingorsmallreactancegroundingpowergrid;

d) Single-phasegroundingfaultonthenon-effectivegroundingsideatneutralpoint;

e) Interturnshortcircuit;

f) Overload;

g) Dropofoillevel;
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h) Hightransformeroilandwindingtemperature,hightankpressureandcoolingsystemfailure.

12.3.2 Thegasprotectionshallmeetthefollowingrequirements:

a) Theoil-immersedtransformer,loadedvoltageregulationdeviceandhigh-voltagecableterminal
boxembeddedinthetransformeroiltankshallbeequippedwithgasprotection,servingasthe
mainprotectionforthetransformerwindinginter-phase,inter-turn,inter-layershortcircuit,

single-phasegroundingshortcircuitatthedirectly-groundedsideoftheneutralpoint,andinter-
nalshortcircuitofthevoltage-regulatingdeviceandthehigh-voltagecableterminalbox.

b) Lightgasprotection:ifoil-immersedtransformer,loadedvoltageregulationdeviceandhigh-
voltagecableterminalboxfailtoproduceslightgasoroilleveldrop,itshallimmediatelyacton
thesignalinstantaneously.

c) Heavygasprotection:ifalargeamountofgasisgeneratedinoil-immersedtransformer,loaded
voltageregulationdeviceorhigh-voltagecableterminalbox,thecircuitbreakeroneachsideof
thetransformershallbedisconnectedinstantaneously.

d) Appropriatemeasuresshallbetakenforgasprotectiontopreventthefalseoperationofthegas
protectioncausedbyafaultorvibrationofthegasrelay.

12.3.3 Themainprotectionfortheshortcircuitfaultoftheoutletline,bushingandinteriorofthe
transformershallmeetthefollowingrequirements:

a) Asforthegeneratortransformerunitconnectionmode,whenthereisacircuitbreakerbetween
thegeneratorandthetransformer,thetransformershouldbeequippedwithaseparatemain
protection.

b) Thetransformerforwhichthecapacityisnotlessthan2MVAshallbeequippedwithlongitude
differentialprotection.

c) Thelongitudedifferentialprotectionshallimmediatelytripthecircuitbreakersonbothsidesof
thetransformer.

12.3.4 Thebackupprotectionforphasetophaseshort-circuitshallmeetthefollowingrequire-
ments:

a) Thebackupprotectionforphasetophaseshort-circuitofthetransformershallserveasthe
backupforthemainprotectionofthegeneratorandtheadjacentelements(transformer).The
protectionshallbesufficientlysensitiveforphasetophasebusshortcircuitonbothsidesofthe
transformer.Whentheprotectionservesastheremotebackupfortheadjacentconnection,the
requirementfortheprotectionsensibilitymaybeappropriatelyreduced.
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b) Thebackupprotectionforphasetophaseshort-circuitofthetransformershouldbetheovercur-
rentprotection.Iftheovercurrentprotectioncannotmeetthesensibilityrequirements,the
overcurrentprotectioninitiatedbythecombinedvoltage(negative-sequencevoltageandline-
to-linevoltage)orthecombinedcurrentprotection(negative-sequencecurrentandovercurrent
protectioninitiatedbythesingle-phasevoltage)shouldbeadopted.Theprotectionwilltripthe
correspondingcircuitbreakerinadelayedmanner.

c) Inlightofthedifferentsystemandpowersupplyfortheconnectiononeachside,different
backupprotectionforphasetophaseshort-circuitofthegeneratorshallbesetup.Theprotec-
tionshouldbeabletoreflectthefaultbetweenthecurrenttransformerandthecircuitbreaker,

andtherequirementsshouldbemetasfollows:

1) Asforthetwo-windingtransformerandthethree-windingtransformerwiththesingle-side
powersupply,thebackupprotectionforphasetophaseshort-circuitshouldbesetupon
bothsides.Thenon-power-supply-sideprotectionhastwoorthreetimelimits.Withthe
firsttimelimit,theprotectionwillcutoffthebus-connectedorsectioncircuitbreakeron
thisside,toreducetherangeoffaultimpact;withinthesecondtimelimit,theprotection
willcutoffthecircuitbreakeronthisside;withinthethirdtimelimit,theprotectionwill
cutoffthecircuitbreakersonbothsidesofthetransformer.Theprotectiononthepower
supplysidehasatimelimit,andwillcutoffthecircuitbreakersonbothsidesofthetrans-
former.

2) Asforanytwo-windingtransformerorthree-windingtransformerwhichhaspowersupply
ontwoorthreesides,thebackupprotectionforphasetophaseshort-circuitoneveryside
mayhavetwoorthreetimelimits.Thebackupprotectionforphasetophaseshort-circuit
maybeequippedwiththedirectionelement,andthedirectionshouldpointatthebuson
eachside,butthebackupprotectionwhichwillcutoffthecircuitbreakersonbothsidesof
thetransformershallnotbeequippedwiththedirectionelement.

3) Ifthereisnospecialbusprotectiononthelow-voltagesideofthetransformer,orthe
backupprotectionforphasetophaseshort-circuitonthehigh-voltagesideofthetrans-
formerisnotsufficientlysensitiveforthelow-voltagesidebusphasetophaseshortcir-
cuit,twobackupprotectionforphasetophaseshort-circuitshallbesetuponthelow-volt-
agesideofthetransformer.Thesetwobackupprotectionareconnectedtodifferent
currenttransformers.

4) Asforthegeneratortransformerunitconnection,nobackupprotectionforphasetophase
short-circuitwillbesetuponthelow-voltagesideofthetransformer,butthebackuppro-
tectionforphasetophaseshort-circuitinstalledonthegeneratorneutralpointsideshallbe
usedasbackupprotectionforphasetophaseshort-circuitofthetransformerandthe
branchlineandoutsidethehigh-voltageside.

12.3.5 Thesingle-phasegroundingovercurrentandovervoltagebackupprotectionshallmeetthe
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followingrequirements:

a) Inthepowergridwhereneutralpointisdirectlygrounded,suchasatransformeroperatedby
neutralpointdirectlygrounded,zerosequencecurrentprotectionshallbesetupfortheover-
currentcausedbyexternalsingle-phasegrounding,andthefollowingrequirementsshallbemet:

1) Theboostertransformerwithneutralpointdirectlygroundedmaybeprovidedwiththe
two-section-typedelayedzero-sequenceovercurrentprotection,andtwotimelimitsmay
besetforeachsectiontoreducetheimpactrangeoffaultwithintheshortertimelimit,or
toswitchthecircuitbreakeronitsside;theprotectionwillleadtotrippingofthecircuit
breakersonbothsidesofthetransformerforalongtime.

2) Forautotransformerandthree-windingtransformerwhoseneutralpointonhigh/medium-
voltage-sidearedirectlygrounded,directionelementshallbesetupwhenthereisselective
requirements,andthedirectionshallpointtothebusoneachside.

3) Thezero-sequencecurrentprotectionfortheordinarytransformershallbeconnectedtothe
secondarywindingofthecurrenttransformerontheoutletlinefromthetransformer
neutralpoint,andthezero-sequencecurrentdirectionprotectionmayalsobeconnectedto
thezero-sequencecircuitthethree-phasecurrenttransformeronthehigh/mediumvoltage
sides.

4) Thezero-sequencecurrentprotectionfortheautotransformershallbeconnectedtotheze-
ro-sequencecircuitofthethree-phasecurrenttransformeronthehigh/medium voltage
sides.

5) Thezero-sequenceovercurrentprotectionmaybeaddedtotheneutralpointcircuitofthe
autotransformer.

b) Inthepowergrid whereneutralpointisdirectlygrounded,iftheneutralpointofthe
transformerwithpowersupplyonthelow-voltagesidemayoperatewithorwithoutground-
ing,theovercurrentcausedbyexternalsingle-phasegroundingandthevoltagerisecausedby
thelossofthegroundedneutralpointshallbeprotectedinaccordancewiththefollowingpro-
visions:

1) Thezero-sequencecurrentprotectionshallbesetuptomeettherequirementsforthedi-
rectgroundingoftheneutralpointofthetransformer.Inaddition,thezero-sequenceov-
ervoltageprotectionshallbesetup.Whenthepowergridconnectedtothetransformer
losesthegroundedneutralpoint,thezero-sequenceovervoltageprotectionwillleadto
trippingofthecircuitbreakersonbothsidesofthetransformerwithinthetimelimitof
0.3sto0.5s.

2) Thedischarginggapshallbesetupattheneutralpointofthetransformer.Thezero-se-
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quencecurrentprotectionshallbesetup,andthezero-sequencecurrentprotectionshall
beprovidedtoreflectzero-sequencevoltageandgapdischargingcurrent.Whenthepower
gridisgroundedinsinglephaseandthegroundedneutralpointislost,thegapzero-se-
quencecurrentvoltageprotectionwilltripoffthecircuitbreakersonbothsidesofthe
transformerwithin0.3sto0.5stimelimit.

c) Inthepowergridwithnon-effectiveneutralpointgrounding,forthezero-sequenceovervoltage
protectionshallbeinstalledfortheovervoltagecausedbysingle-phasegroundingfaultinsidethe
transformeranditsoutletline.

12.3.6 Overloadprotectionshallbeinstalledaccordingtotheactualpotentialoverloadofthetrans-
former.

12.3.7 Theprotectionforthetemperature,oiltankpressure,oillevelandcoolingsystemshall
meetthefollowingprovisions:

a) Thetemperatureprotectionshallbesetup.Thetemperatureprotectionmaybedividedintotwo
levels:temperatureriseandhightemperature.Thetemperatureriseshallbeactedonthesignal
whilethehightemperatureshallbeactedonthecircuitbreakeroneachsideofthetransformer.

b) Thehigh/lowtransformeroillevelprotectionshallbeprovided.Allthehigh/lowoillevelprotec-
tionshallimmediatelyactonthesignal,andmayalsoleadtotrippingofthecircuitbreakerson
bothsidesofthetransformer,ifnecessary.

c) Theforcedoil-circulationaircoolingortheforcedoil-circulationwatercoolingtransformershall
beequippedwiththecoolingsystemfaultprotection.

d) Asforincreasedpressureinthetransformeroiltank,thepressurereleasingprotectionshallbe
provided.Theprotectionshallimmediatelyactonthesignal,andifnecessary,theactionmay
alsoleadtotrippingofthecircuitbreakersonbothsidesofthetransformer.

12.3.8 Thelow-voltagestationservicetransformershallbeequippedwiththeprotectioninaccord-
ancewiththefollowingprovisions:

a) Thecurrentquick-breakprotectionshallbesetup,asthemainprotectionforphasetophase
shortcircuittroubleofthewindingandthehigh-voltagesideoutletlineofthetransformer.The
protectionshallimmediatelyleadtotrippingofthecircuitbreakersonbothsidesofthelow-
voltagestationservicetransformer.Thecapacityofthelow-voltagestationservicetransformer
shallbenotlessthan2MVA.Whenthesensibilityofthecurrentquick-breakprotectionfailsto
meettherequirements,thedifferentialprotectionmayalsobeprovided.

b) Theovercurrentprotectionshallbeprovided,servingasthebackupprotectionforthephaseto
phaseshortcircuitfaultofthetransformerandtheadjacentelements.
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c) Thehigh-voltagesidemaysharethesingle-phasegroundingprotectionwiththeconnectedbus,

ratherthanbeequippedwiththeseparatesingle-phasegroundingprotection.

d) Whenthelow-voltagesideneutralpointofthetransformerisdirectlygrounded,thezero-se-
quenceovercurrentprotectionshallbeprovided,asthebackupprotectionforsingle-phase
groundingshortcircuitfaultonthelow-voltagesideofthetransformer.

e) Theoil-immersedtransformershallbeequippedwiththegasprotection.Whenslightgasisgen-
eratedcausedbyfaultinsidethetransformertankortheoilleveldrops,theprotectionwillact
onsignal;whenalargeamountofgasisgenerated,theprotectionshallimmediatelyleadto
trippingofthecircuitbreakersonbothsidesofthetransformer.

f) Temperatureprotectionshallbeprovidedwhentheoiltemperatureofthereactiontransformer
andwindingtemperaturerise.Thetemperatureprotectionmaybedividedintotwolevels:tem-
peratureriseandhightemperature.Thetemperatureriseshallactonthesignal,whilethehigh
temperatureshallactonthecircuitbreakeroneachsideofthetransformer.

12.4 Busprotection

12.4.1 Theusageofbusprotectionshallmeetthefollowingprovisions:

a) Asforthe3kVto10kVsegmentedbusanddoublebusinparallel,backupprotectionofthegen-
eratorandthetransformermaybeusedtorealizethebusprotection.Specialbusprotection
shallbeinstalledunderthefollowingcircumstances:

1) Whenitisnecessarytoquicklyandselectivelyremoveasectionoragroupofbusfault,in
ordertoinsurethesafeoperationofpowerstationandpowergridandreliablepower
supplyofimportantloads;

2) Whenthelinecircuitbreakerisnotallowedtocutofftheshortcircuitinfrontoftheline
reactor,

b) Specialbusprotectionshallbeinstalledforthe35(33)kVto110(132)kVbusofthepowersta-
tion,andwhenthetroubleonthe110(132)kVsinglebusorthe35(33)kVto66kVbusinsig-
nificant,thepowerstationmustbequicklycutoff,thespecialbusprotectionshallbeprovided.

12.4.2 Thespecialbusprotectionshallmeetthefollowingrequirements:

a) WhentheACcircuitisabnormalorbroken,thebusdifferentialprotectionshallbeinitiatedand
thealarmshallbegiven.

b) Whenasetofchargedbusorasectionofthebusisconnectedtoafaultbus,thebusprotection
shallbeabletodisconnectthefaultbusinaquickandselectivemanner.
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c) Thebusprotectionshallbeabletodisconnectthefaultyportionduringalltheoperatingmodes
ofthemainconnection.

d) Thebusprotectionshallusethecurrenttransformerwiththedifferenttransformationratio.

e) Asforvariousexternalfaults,thebusprotectionshallnotactincorrectlyowingtotemporary
saturationofthecurrenttransformercausedbythenon-periodiccomponentoftheshortcircuit
current.

f) Thebusprotectionshallbeconnectedwithasetofspecialsecondarycoilsofthecurrenttrans-
former.

g) Afterthebusprotectionoperation,appropriatemeasuresshallbetakenforthecircuitwithout
branchesand withlongitudinalprotectiontoenablethecontralateralcircuitbreakertotrip
rapidly.

h) Thebusprotectiononlyrealizesthethree-phasetrippingexit,andthecircuitbreakerconnected
tothebusshallbeallowedtoshareitstrippingexitcircuitforfailureprotection.

12.4.3 Thebypasscircuitbreaker,thebus-connectedcircuitbreakerusedasthebypassorthesec-
tioncircuitbreakershallbeequippedwiththeprotectiondevicewhichcansubstitutethelineprotec-
tion.Duringtheperiodwhenthebypasscircuitbreakerisusedasasubstituteforthein-linecircuit
breaker,ifitisnecessarytomaintainthelongitudinalprotectionoperationoftheline,asetoflongi-
tudinalprotectionofsuchlinemaybeswitchedtothebypasscircuitbreaker,orothermeasuresmay
betaken,soastoensurethatthebypasscircuitbreakerwillcontinuetooperatewithlongitudinal
protection.

12.4.4 Thebus-connectedorsectioncircuitbreakershouldbeequippedwiththephase-currentor
zero-sequencecurrentprotection,asthechargingprotectionforthebus.

12.5 Coordinationandinterfacebetweentheprotectionandothersystems

Theprotectiondevicesshallbeabletocommunicatewiththecomputermonitoringsystemofthe
powerstation,andthefollowingspecificrequirementsshallbemet:

a) Theprotectiondeviceanditsoutletcircuitshallbeabletooperateindependentlywithoutthe
computermonitoringsystem.

b) Variousinputsrequiredbythecircuitsbasedonthelogicjudgmentoftheprotectiondeviceshall
bedirectlyconnectedtotheprotectiondevice,andshallnotpassthroughthecomputermonito-
ringsystemanditscommunicationnetwork.

c) Theprotectiondeviceshallbeabletocommunicatewiththeprotectioninformationsub-station
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ofthepowerstation,anduploadanddownloadthefollowingtypesofinformation:

1) Identificationinformationandinstallationpositioninformationofthedevice;

2) On-offinput(suchasthepositionofthecircuitbreaker,andthepressingplateforprotec-
tion);

3) Abnormalsignals(includingabnormalsituationofthedeviceandtheabnormalsituationof
theexternalcircuit);

4) Faultinformation(recordoffaults,andrecordofthesequenceofincidentsrelatingtothe
internallogicquantity);

5) Measuredvalueoftheanaloguequantity;

6) Specifiedvalueandrangenumberofthedevice;

7) Controlinformationaboutthecomputermonitoringsystem,circuitbreakertrippingandthe
closingcommand.

d) Theprotectiondeviceshallbeabletoreceivetheclocksynchronizationsignalfromthesatellite
clocksystem.

e) Thecommunicationprotocolbetweentheprotectiondeviceandthecomputermonitoringsys-
tem/protectioninformationsubstationshallcomplywiththeprovisionsoftherelevantstand-
ards.

13 Excitationsystem

13.1 Selectionoftheexcitationsystem

13.1.1 Thecontrolmodeandmaincircuitsoftheexcitationsystemshallbeselectedonthebasisof
theexcitationmodeandtheoperatingmodeofthegenerator.Theparametersoftheexcitation
transformer,powerunitandde-excitationdeviceshallbecalculatedandtheexcitationsystemshall
beselectedonthebasisoftheparametersofthegenerator.

13.1.2 Basicdataforselectionoftheexcitationsystem:

a) Excitationmodeandforcedexcitationmultiplesofthegenerator;

b) Ratedpowerofthegenerator;
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c) Ratedvoltageofthegenerator;

d) Ratedcurrentofthegenerator;

e) Ratedpowerfactorofthegenerator;

f) Ratedfrequencyofthegenerator;

g) Ratedexcitationvoltageofthegenerator(orexciter);

h) Ratedexcitationcurrentofthegenerator(orexciter);

i) Unloadedexcitationvoltageofthegenerator(orexciter);

j) Unloadedexcitationcurrentofthegenerator(orexciter);

k) DCresistance(75℃)oftheexcitationwinding.

13.2 Selectionoftheexcitationmode

Therotatingexcitationmodeshallemploythebrushlessexcitation.Thestaticexcitationmodeshall
employtheself-shuntexcitation.

13.3 Self-shuntstaticsilicon-controlledexcitationsystem

13.3.1 Theexcitationregulatorshallmeetthefollowingrequirements:

a) Themicrocomputershouldbeadoptedtocompletethecalculationforregulationandcontrol(P,

PI,PID);

b) Themeasurementsignalstobecollectedbytheexcitationregulatorshallincludethegenerator
end voltage,generator active power,generatorreactive power,generatorfrequency,

excitationvoltageandexcitationcurrent;

c) ThePIDcontrolalgorithmshouldbeadoptedastheregulationalgorithmoftheexcitationregula-
tor;

d) Whenthepowersystemfailsandthegeneratoroutputvoltagedecreasessharply,theexcitation
regulatorshallcarryouttheforcedexcitation;

e) Whentheexcitationregulatorcausestheovervoltageduetotheincreasingspeedofturbine-
generatorunit,itshallcarryoutforcedde-excitation;
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f) Theturbine-generatorunitwhichmeetsallthefollowingconditionsshallbeequippedwiththe
powersystemstabilizer(PSS):

1) Mainturbine-generatorunitinthesystem;

2) Turbine-generatorunitwhichisinlong-distanceandweakcontactwiththesystem;

3) Turbine-generatorunitwhichoperatesatthehighpowerfactorforalongtime.

13.3.2 Theexcitationsystemshallemploytheresidualvoltageexcitationmode,whilesupportedby
theseparateexcitation.Theexcitationcurrentoftheexcitationsystemshallnotbemorethan10%
to20%oftheunloadedexcitationcurrentofthegenerator.

13.3.3 Thede-excitationunitshallmeetthefollowingrequirements:

a) Duringthede-excitation,thereversevoltageoftheexcitationwindingshallbecontrolledwithin
30%to50%ofthevoltageusedinthewindingwithstandtesttogroundinthedeliverytest.

b) Asforthethree-phasefull-controlbridgerectificationcircuit,theinverterde-excitationmode
shallbeadoptedfornormalshutdown.Underfaultconditions,thelinearornon-linearde-excita-
tionmodemaybeadopted.Theselectionofthede-excitationmodeandthecalculationofthe
parametersshallmeetthefollowingrequirements:

1) Thelinearde-excitationmodeissuitableforthegeneratorwithsmallexcitationcapacity
andlowexcitationvoltage.Itsresistancevalueshallbeselectedas4to5timesofthere-
sistanceoftheexcitationwindinginthegeneratorat75℃;thecapacityshallbeconsidered
at10%oftherotorenergystorageunderratedoperatingconditions.

2) Thenon-linearde-excitationmodeissuitableforthegeneratorwithhighexcitationcapacity
andhighexcitationvoltage.

c) Thefollowingconsiderationsshallbeconsideredintheselectionofthede-excitationswitch:

1) Theratedcurrentvalueismorethan110%oftheratedexcitationcurrent;

2) Theratedvoltagevalueismorethan110%oftheratedexcitationvoltage;

3) Theratedinsulationvoltageismorethan200%ofratedexcitationvoltage;

4) Themaximumbreakingcurrentismorethan300%oftheratedexcitationcurrent;

5) Theaccumulatedpeakvalueofthearcvoltageatthebrokenpositionismorethanthesum
ofthepeakvalueoftheforcedexcitationvoltageandthemaximumresidualvoltageonboth
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endsofthenon-linearresistance,orismorethanthesumofthepeakvalueofthemaxi-
mumexcitationvoltageandthemaximumexcitationcurrentmultipliedbythelinearresist-
ance;

6) TheACcircuitbreakershallnotbeusedastheDCde-excitationswitch.

13.3.4 Excitationtransformershallmeetthefollowingrequirements:

a) Technicalrequirementsfortheexcitationtransformer:

1) Connectionmode:theconnectionmodeshouldbeY/△-11;asforthesecondaryterminal
voltageofthetransformer,themulti-tapoutputmodeshouldbeadopted;

2) Theshortcircuitimpedanceoftheexcitationtransformershallbewithin4%to8%;

3) Thehigh-voltagesideoftheexcitationtransformershouldnotbeequippedwiththeauto-
maticswitchorthequickfuse;

4) Asrequiredfortheprotection,thecurrenttransformermaybeequippedonthesecondary
sideofthetransformer;

5) Theasymmetricaldegreeofthethree-phasevoltageonthelow-voltagesideoftheexcita-
tiontransformershallbenomorethan5%.

b) Typeselectionoftheexcitationtransformer:

1) Therearetwotypesoftheexcitationtransformers:drytypeandoil-immersedtype.The
conditionsofapplicationshallmeetthefollowingrequirements:

① Ordinarydrytype:suitableforthelow-voltageturbine-generatorunit.Theinsulation
materialwithhighflameretardanceandahighinsulationlevelshallbeadopted;

② Epoxy-resindrytype:suitableforthehigh-voltageturbine-generatorunit;

③ Oil-immersedtype:suitableforoutdoorinstallation.Thistypeshouldnotbeadoptedin
anenvironmentwhichhasarelativelyhigherrequirementforfireprotection.

2) Theparametersoftheexcitationtransformerincludethesecondarylinevoltage,thesec-
ondarylinecurrent,capacityandturnsratiooftheprimarycoilandsecondarycoil.

c) Thecurrenttransformerandvoltagetransformerusedfortheexcitationshouldbeinstalledin
theswitchcabinetformeasurement.Thesecondarysideofthevoltagetransformeris100Vor
110V,andtheprecisionisatthe0.5level.Thesecondarysideofcurrenttransformeris5Aor
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1A,andtheprecisionisatthe0.5level.

13.4 Fieldindicationandexternalinterfaceoftheexcitationsystem

13.4.1 Theexcitationsystemshallbeequippedwiththeterminalvoltagemeter,excitationvoltage
meterandexcitationcurrentmeter,andthereactivepowermetermayalsobeconfiguredwithlarger
capacityunits.

13.4.2 Theexcitationsystemshallbeequippedwiththecommunicationinterface.

14 Automaticmonitoringsystem

14.1 Generalrequirementsforselectionofthecomputermonitoringsystem

14.1.1 Thecomputermonitoringsystemshallbeselectedaccordingtotheinstalledcapacity,unit
capacityandvoltagelevelofpowerstation,fromcomprehensiveanalysisontechnical,economic
andoperationalsafetyandreliability.

a) Asforthehydropowerstationwithatotalinstalledcapacityof5MWorabove,thefull-open
andhierarchicallydistributedcomputermonitoringsystemshouldbeadopted.

b) Asforthehydropowerstationwithatotalinstalledcapacityoflessthan5MW,theintegrated
plantmonitoringsystemshouldbeadopted.

c) Asforthehydropowerstationwhosegeneratorvoltageis0.4kVorless,thecompact-typemo-
nitoringsystemwhereinthecontrolprotectionsystemandthelow-voltageprimaryequipment
areintegratedintoacabinetshouldbeadopted.

14.1.2 Accordingtothecharacteristicsofthepowerstation,theoperatingmodeandthedispatc-
hingrequirementsofthepowersystem,thecontrolmodewithfewerpeopleondutyorunattended
modeshallbeselected.

14.1.3 Thecomputermonitoringsystemfortheentirestationshouldbeusedtorealizetheintegrat-
edautomationoftheentirestation,toimprovetheautomationlevelofthepowerstation.

14.1.4 Thecomputermonitoringsystemshallmeettherequirementsforreal-timecontrolofthehy-
dropowerstation:

a) Themonitoringofthesafeoperationoftheentirestationaswellastheacquiringandprocessing
ofthedataaspertherequirementofthesystem.

b) Theunitstart-up,gridconnectionandshutdowncanbecompletedwithonecommand.
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c) Theactivepowerandreactivepoweroftheunitcanbeautomaticallyadjusted.

d) Theautomaticandeconomicaloperationoftheentirestationcanberealized.

e) Thecommandinformationofdispatchingcanbeacceptedatanytime,whichcanmeetthefunc-
tionsofthedispatchingautomationsystemfortelemetry,remotesignal,remoteadjustment
andremotecontrolofthehydropowerstation.

14.2 Technicalrequirementsforthecomputermonitoringsystem

14.2.1 Thecommunicationfunctionofthecomputermonitoringsystemshouldberealizedbythe
communicationcontroller,andtheoperatingsystemofthecommunicationcontrollershallmeetthe
requirementsofsafeandstableoperationofthehydropowerstation.

14.2.2 Theautomaticcontrolshallmeetthefollowingrequirements:

a) Theautomaticcontroloftheturbine-generatorunitshouldberealizedwiththeprogrammable
logiccontroller(PLC).

b) Theautomaticcontroloftheunitauxiliaryequipmentoftheturbine-generatorunitandthesta-
tionauxiliariesshallberealizedbythePLC.

c) Thecontroloftheunitauxiliaryequipmentoftheturbine-generatorunitwithinstalledcapacity
oflessthan5MWandpublicstationauxiliariesmayberealizedbythePLCdistributedinvarious
localcontrolcabinets.

14.2.3 AsforthePLCthatthecommunicationwiththecomputermonitoringsystemviathebus
connection,itscommunicationinterfaceshouldbeequippedwiththesurgeprotectiondevice(SPD).

14.2.4 TheinputpointoftheanaloguequantityshouldbeequippedwiththeSPD.

14.2.5 Thecomputermonitoringsystemshallbeabletoreceivecorrectclockcheckinformation,

andrealizeclocksynchronizationofallnodesinthesystem.

14.2.6 Thestation-levelcontrolofthecomputermonitoringsystemshallbeequippedwiththein-
verteroruninterruptedpowersupply(UPS),andtheinverterpowersupplyshallbepreferred.

14.2.7 TheinverterpowersupplyortheUPSshouldbeequippedwiththeSPD.

14.3 Selectionofthemeasurementandcontrolinstruments

14.3.1 Theselectionofthemeasurementandcontrolinstrumentsshallcomplywiththefollowing
requirements:
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a) Asforthemeasurementandcontrolinstruments,theelectronicintelligentinstrumentsshallbe
preferred.Instrumentswithdigitalindicationshallhavethecommunicationinterface,tomeet
therequirementsforcommunicationwiththecomputermonitoringsystem.

b) Theelectricalquantitymeasuringinstrumentsandtheelectricalenergymetershallcomplywith
theprovisionsofthenationalstandards.

c) Thesingle-channeltemperature measuringinstrumentshallhavethetemperatureindication,

alertingandtemperaturecontrolfunction.

d) Themulti-channeltemperaturemeasuringinstrumentshouldbeusedforthetemperatureindica-
tionandalerting,butshouldnotbeusedfortemperaturecontrol.

e) Theoverspeedprotectionfortheturbine-generatorunitshallbeequippedwiththeelectrical
speedsignaldevice;theelectricalspeedsignaldevice may employtheresidualvoltage
frequencymeasurementorthetooth-discspeedmeasurementmode.

f) Asfortheremotewaterlevelmeasurementthatcannotadoptwiredcommunication,theremote
wirelessmeasurementinstrumentsshouldbeadopted.Theinstrumentsshallhavetheanalogue
quantityoutputinterfaceandthecommunicationinterface.

14.3.2 Theselectionofthesynchronousdeviceshallcomplywiththefollowingrequirements:

a) Asforthemanualsynchronizingdevice,thedigitalsynchronousmeterwiththephaseangle
compensationfunctionshouldpreferablybeadopted,followedbythecombinedsynchronous
meter.

b) Onemanualsynchronousdevice/automaticquasi-synchronousdevicesmaybesharedbytheen-
tirestation,oronesetmaybeallocatedtoeachunit.

c) Theautomaticquasi-synchronousdeviceshallhavethefunctiontoautomaticallyregulatethe
frequencyandvoltage.

15 Plantservicepowersupplyanddamareapowersupply

15.1 Powersourceoftheplantservicepowersupply

15.1.1 Theplantservicepowersupplyshallmeetthefollowingrequirements:

a) Meettheneedsofpowerloadundervariousoperatingmodes;

b) Relativelyindependentpowersupply;
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c) Nolessthantwoplantservicepowersuppliesarerequired.Whenonepowersupplyfails,an-
otherpowersupplycanoperateautomatically.

15.1.2 Theplantservicepowersupplymaybeobtainedbythefollowingmethods:

a) Connectedbythegeneratorvoltagebusortheunitlead;

b) Whenacouplingtransformerisequippedonthehigh-voltagesideofthehydropowerstation,

thepowersupplyisconnectedbythetertiarywindingofthetransformer;

c) Thepowersupplyisconnectedfromthelocalpowergrid;

d) Thedieselgeneratorisusedasthebackuppowersupply.

15.1.3 Ahybridpowersupplyisrecommendedfortheunitservicepowerandcommonpowerde-
mandoftheplant.

15.1.4 Theplantsupplysystemshallbepoweredbyaone-levelvoltage,orbyatwo-levelvoltage
(highandlow),andshallbedeterminedaccordingtotheplantsupplyload,loaddistribution,plant
layoutandlocalpowergrid.

15.2 Selectionoftheplantservicetransformercapacity

15.2.1 Thecapacityofthepowertransformerintheplantshallmeetthemaximumloadthatmay
occurundervariousoperatingmodes.

15.2.2 Whenoneplantservicetransformerisscheduledformaintenanceorfailure,theotherpower
transformersoftheplantshallbeabletobearsignificantplantsupplyloadorthemaximumplantsup-
plyloadoverashortterm.

15.2.3 Itshallbeensuredthattheplantsupplybusvoltageofamotorisnotlessthan65%ofthe
ratedvoltagewhenthemotorstartsautomaticallyafterafaultisresolved.

15.3 Damareapowersupply

15.3.1 Powerfordamareashallbesuppliedbyaspecialdamareatransformerorapublicstation
servicetransformer.Thereshallbetwoindependentpowersuppliesforsignificantloadsinthedam
area.Forparticularlyimportantflooddischargefacilities,athirdpowersupplyorspecialdieselgen-
eratorofsuitablecapacitymaybeadded.Someinsignificantloadsintheplantanddamareacanalso
besuppliedbythelocalpowergrid.

15.3.2 Thevoltageforthepowersupplyinthedamareashouldbedeterminedaccordingtothesup-
plyrange,theplanthigh-voltagepowersupplyandthelocalpowergridvoltage.
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15.4 PowersupplyinthelivingArea

15.4.1 Localpowergridstep-downtransformerispreferentiallyusedforthepowersupplyinthe
hydropowerplantlivingarea.Ifnolocalpowergridstep-downtransformerisconfigured,aspecial
transformercanbeconfiguredfortheplantsupply.

16 DCoperatingpowersupply

16.1 TheoperatingpowersupplyofthepowerstationshallbetheDCpowersupplydevicewiththe
storagebatteryandsuitablebatterychargers.Thereshallbeonlyonestoragebattery,whichshall
workinthefloatchargingmode.Whenthepowerstationiscontrolledinanexpandedplantstation
mode,twosetsofstoragebatteriesshallbeprovided.

16.2 ThevoltageoftheDCoperatingpowersupplyshouldbethestandardvoltageofDC220Vor
110V.

16.3 Thecapacityofthestoragebatteryshallmeettheneedsforcapacitywhentheentirestationis
poweredoffowingtoanaccidentandforthecapacityofthemaximumimpactload.Theaccidental
power-offtimemaybesetpreferablyas1hour,andmaybesetpreferablyas2hoursforthepower
stationoperatedintheexpandedplantstationmode.

16.4 Thestoragebatteryshouldbethevalve-controlledbattery.Thechargingandfloatchargingof
thebatteryshallbeequippedwithasetofrectificationdevices.Thechargingpowercircuitforthe
storagebatteryshallbeequippedwithcorrespondingpowerindication.

16.5 TheDCdeviceshallhavethefunctionsuchusautomaticchargeanddischargecontrol,battery
capacityandvoltagedetection,insulationmonitoringandfaultalarm.

17 Videomonitoringsystem

17.1 Thepowerstationshouldbeequippedwiththevideomonitoringsystem.Themonitoring
pointsshallbedeterminedinlightoftheproduction,operation,fire-protectionmonitoringandthe
necessarysafeguard.

17.2 Thevideomonitoringsystemequipmentshallmeettherequirementsoftheworkingenviron-
ment.

18 Communication

18.1 Thepowerstationshallbeequippedwiththein-stationcommunicationfacilities.Thepower
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dispatchingcommunicationandin-stationcommunicationmayshareaprogram-controlleddispatching
switchboard.Asforthecascadehydropowerstations,adispatchingswitchboardmaybesetupin
thecascadecontrolcentre,andaremotesubscribermodulemaybesetuponthepowerstationside
torealizevoicecommunication.

18.2 Externalcommunicationofpowerstationmaybeconductedinthefollowingways:

a) Hardwiredcommunicationcircuits(telephonetypeline,opticalcables);

b) Leasedtelephonelines;

c) Powerlinecarriesthecommunicationsystem;

d) Microwavecommunicationsystem.

18.3 Thepowersupplyforthecommunicationequipmentshallbethespecial24Vor48Vcommu-
nicationpowersupply,andthecapacityofthestoragebatterywithsuitablebatterychargershall
meetthepowersupplypreferablyfor8hours.

19 Electricalrepairandelectricaltesting

19.1 Specialelectricalrepairworkshopmaybesetupforthepowerstation,andelectricalrepair
toolsandequipmentshallbeequippedinaccordancewiththerequirementsofitsscaleandcentral-
izedmanagement.

19.2 Electricaltestroommaybesetupforthepowerstationwithinstalledcapacityof10MWor
above;thepowerstationwithinstalledcapacitylessthan10MW maybeequippedwithasimple
electricaltestroom.

19.3 Centralizedelectricaltestroomshouldbesetupforcascadehydropowerstationsandhydro-
powerstationgroupsundercentralizedmanagement.Theconfigurationstandardsoftheinstrument
andtheequipmentintheelectricaltestroommaybeimplementedaccordingtothecurrentclassifica-
tionstandards.
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