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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-Units
Part6:Monitoring,Control,ProtectionandDCPowerSupply
System

1 Scope

ThisPartofUnitsGuidelinesspecifiesthetechnicalrequirementsaswellasthebasicrequirements
forthesupplyscope,spare parts,technicaldocuments,testing,inspectionandacceptance,

packing,transportation,storage,installation,training,operationandmaintenanceforsmallhydro-

power(SHP)stationmonitoring,controlandprotectionandtheDCpowersupplysystem.

2 Normativereferences

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

plies.

IEC60255-5,ElectricalRelays—Part5:InsulationCoordinationforMeasuringtheRelaysandthe
ProtectionEquipment—RequirementsandTests

IEC60255-22-1,MeasuringRelaysandtheProtectionEquipment—Part22-1:ElectricalDisturbance
Tests—1MHzBurstImmunityTests

IEC60255-22-2,MeasuringRelaysandtheProtectionEquipment—Part22-2:ElectricalDisturbance
Tests—ElectrostaticDischargeTests

IEC60255-22-3,MeasuringRelaysandtheProtectionEquipment—Part22-3:ElectricalDisturbance
Tests—RadiatedElectromagneticFieldImmunity

IEC60255-22-4,MeasuringRelaysandtheProtectionEquipment—Part22-4:ElectricalDisturbance
Tests—ElectricalFastTransient/BurstImmunityTest

IEC60255-22-5,MeasuringRelaysandtheProtectionEquipment—Part22-5:ElectricalDisturbance
Tests—SurgeImmunityTest

1
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IEC61131-3,Programmablecontrollers—Part3:Programminglanguages

SHP/TG001,Technicalguidelinesforthedevelopmentofsmallhydropowerplants—Termsanddef-
initions.

3 Termsanddefinitions

Forthepurposeofthisdocument,thetermsanddefinitionsgiveninthenormativereferencesapply.

4 Serviceconditions

4.1 Environmentalconditions

4.1.1 Theequipmentshallbeinstalledindoorsorinweather-protectedplacesandshallbeusedin
theenvironmentwithcleanairandwithoutexplosivehazards.Theambientairshallbefreefromga-
sesandconductivedusttopreventcorrosionofthemetalanddamagetotheinsulation.

4.1.2 Thealtitudeshallnotexceed2500m.Whenusedinplaceswithanaltitudeover2500m,itis
necessarytoconsiderthereductionofdielectricpropertiesandthedecreaseoftheaircooling
effect,andtheusershallnegotiatewiththesupplier.

4.1.3 Ambienttemperaturerequirement:

a) Computerroomandcentralcontrolroomforstation-levelcontrol:18℃to30℃;

b) Localcontrolunit(LCU):-5℃to40℃;

c) Dailyaveragevaluefortheambienttemperaturedoesnotexceed35℃.

NOTE Iftheindoorambienttemperatureexceedstheaforesaidrange,theusershallsodeclareto,ornegotiatewith,

thesupplier.

4.1.4 Relativeairhumidityrequirement:

a) Computerroomandcentralcontrolroomforstation-levelcontrol:45%to65%;

b) LCU:20%to90% (nocondensation).

4.1.5 Dustpreventionmeasuresshallbeconsideredforthesystemequipmentaccordingtothedif-
ferentinstallation places;in particular,temporary protection measuresshallbetakenatthe
2
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beginningoftheconstructionandwhentheLCUisputintooperationinstages.Referencevaluefor
thedustparametersoftheequipmentserviceplaceis:thequantityofdustwithitsparticlesizelar-
gerthan0.5μshallbelessthan18000particles/L.

4.1.6 Vibrationandshockresistancerequirementsofthesystemequipment:

a) Computerroomandcentralcontrolroomforstation-levelcontrol:Thevibrationfrequencyshall
bewithintherangeof5Hzto200Hzandtheaccelerationshallnotbegreaterthan5m/s2;

b) LCU:Thevibrationfrequencyshallbewithintherangeof5Hzto500Hzandtheacceleration
shallnotbemorethan10m/s2;

c) Forearthquake-proneregions,theequipmentstructureshallbedesignedwiththecorresponding
specialconsiderations.

4.2 Powersupplyconditions

Withinthefollowingpowersupplyvoltageandfrequencyrange,thepowersupplyformonitoring,

protectionandtheDCpowersupplysystemshallfunctionproperlyandshallnotbedamagedwithin
thefollowingpowersupplyvoltagerange:

a) ACpowersupply:

Inputvoltagevariation:

110× (85%to110%)V

220× (85%to110%)V

380× (85%to110%)V

b) Allowabledeviationoffrequency:±10%

c) DCpowersupply:

220× (85%to115%)V

110× (85%to115%)V

4.3 Otherconditions

Otherspecialserviceconditionsshallbedeterminedbyandbetweenthesupplierandtheuser
throughnegotiation.

3
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5 Technicalrequirements

5.1 Technicalrequirementsofthemonitoringsystem

5.1.1 Hardwarerequirements

5.1.1.1 Station-levelcontrolandlocal-levelcontrolshallbesetaccordingtothecontrolhierarchy
andtheequipmentofthehydropowerstationandshallusetheopen,hierarchicalanddistributedsys-
temstructure.Theconfigurationprincipleofthemonitoringsystemshallbe:

a) Thestation-levelcontrolmayhaveadedicatedcontrolsystemorthededicatedwithredundant
controlsystemasrequired.

b) Thelocal-levelcontroliscomposedofseveralsetsofLCUasperthecontrolledequipment(such
asthehydroturbinegeneratorunit,switchyard,commonstationauxiliariesandhydromechani-
calgates).

c) Thestation-levelcontrolandthelocal-levelcontrolshallusethestarEthernetorloopEthernet
structure.

5.1.1.2 Themonitoringsystemequipmentmaybeclassifiedaccordingtothefollowingprinciples:

a) Theequipmentofthecomputermonitoringsystemmaybeclassifiedintotwocategoriesasper
thelayout:station-levelcontrolequipmentandlocal-levelcontrolequipment;

b) Theequipmentofthecomputermonitoringsystemmaybeclassifiedintothreecategoriesasper
thegeneralpurposemodule:computerandauxiliaryequipment,networkcommunicationequip-
mentandpowersupplyequipment.

5.1.1.3 Configurationandtechnicalrequirementsofthestation-levelcontrolcomputer(orproces-
sor):

a) Thewordlengthoftheprocessorshallnotbelessthan64bitsandthemainfrequencyshallnot
belessthan1GHz;

b) Thecomputermemoryshallhavesufficientcapacityandreserveover40%allowanceinthedis-
tribution;

c) Thecomputersystemstorageshallhavesufficientstoragecapacitytosupportthestorageman-
agementofthesystemdocuments,theapplicationdocuments,andthereal-timeandhistorical
data(includingaccumulatedinformationondaily,monthlyandannualbasis)forimplementing
thecontrolsystem.
4
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5.1.1.4 ConfigurationandtechnicalrequirementsoftheLCU:

a) TheLCUshallbeabletooperateseparatelyafterithasbeenseparatedfromthestation-level
controlcomputersystem,meanwhileitmaybefittedwithatouchscreentorealizethelocal
monitoring;

b) TheLCUmaybefittedwiththetemperaturemeasuringdevice,rotationspeedmeasuringand
controldevice,synchronizingdeviceandthenecessaryinstrumentsaccordingtothedesignre-
quirements;

c) TheLCUmaybeconfiguredwiththeintelligentcommunicationmanagementunit.Theintelligent
communicationmanagementunitshallhavesufficientcommunicationinterfacestocommunicate
withtheintelligentequipmentsuchastheexcitationsystemandthegovernorsystem;mean-
while,itshallbefittedwiththenetworkcommunicationinterfacetocommunicatewiththesta-
tion-levelcomputer;

d) TheLCUforthehydroturbinegeneratorunitshallbeconfiguredwiththeemergencyshutdown
button;

e) ThelogiccontrollerconfiguredfortheLCUshallmeetthefollowingbasicperformancerequire-
ments:

1) Scanningrate:≤1.8ms/k;

2) Storagecapacity:≥512kB;

3) HaveatleastthecommunicationinterfaceoftheRS-485busmode;

4) ThecapacityoftheI/Opointshallbemorethanactuallyavailablecapacityandshallreserve
allowanceofnolessthan10%.

5.1.1.5 Configurationprincipleofthesynchronizingdevice:

a) Thesynchronizingpointshallbeconfiguredwiththeautomaticquasi-synchronizingdeviceand
themanualquasi-synchronizingdevice;

b) Theautomaticquasi-synchronizingdeviceshouldemploythemicrocomputer-basedproduct.

5.1.1.6 Configurationandtechnicalrequirementsofthepowersupply:

a) Thestation-levelcontrolofthecomputermonitoringsystemshallbeequippedwiththeuninter-
ruptiblepowersupply(UBS)ortheinverterpowersupply.IncaseofexternalACpowerloss,

theUPScapacityshouldbeenoughforthecomputermonitoringsystemequipmenttoworkcon-
5
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tinuouslyfornolessthan2hours;theinvertercapacityshouldnotbelessthanthemaximum
poweroftheentirecomputermonitoringsystemequipment.Thelocal-levelcontrolshallbe
equippedwiththestabilizedvoltagesupplyandtheswitchingpowersupplywithAC/DCinput
simultaneously,whiletheinverterpowersupplymaybeequippedaswell,whennecessary;

b) Theuninterruptiblepowersupplyortheinverterpowersupply,stabilizedvoltagesupplyand
switchingpowersupplyusedbytheequipmentofthecomputer monitoringsystem shall
functionnormallyandshallnotgetdamagedunderthepowersupplyconditionsstipulatedinthis
standard;

c) Theequipmentofthecomputermonitoringsystemshallnotgetdamagedwhentheinputvoltage
dropstothelowerlimitorthepositiveandthenegativepolaritiesarereversed.

5.1.1.7 Configurationprincipleforlightningprotection:

a) Thecommunicationinterfaceshallbefittedwiththesurgeprotectivedevice;

b) Theanalogueinputsignalfedintothecentralcontrolroomshallbefittedwiththesurgeprotec-
tivedevice;

c) TheACinputterminaloftheDCpowersupplysystemshallbefittedwiththevoltageprotector;

d) Thepowersupplyinputterminalandthevoltageinputterminaloftherelayprotectiondevice
shallbefittedwiththesurgeprotectivecircuit.

5.1.1.8 Technicalrequirementsfortheearthingsystem:

a) Thecomputermonitoringsystemshallbeearthedwiththecommonearthinggridofthehydro-
powerstation;theearthingresistanceshallnotbemorethan4Ωandthisearthinggridshallnot
beconnectedtothelightningprotectionearthinggridforthehydropowerstation;

b) Toavoidearthingcirculatingcurrentorgroundnoiseinterferenceandforthesafetyofthe
equipment,theenclosure,theACpowersupply,thelogiccircuit,thesignalcircuitandtheca-
bleshieldlayerofthecomputermonitoringsystemequipmentshallbeearthedaccordingtothe
followingprinciples:

1) Theequipmentenclosureortheexposednon-current-carryingmetalpartsshallbeearthed;

2) TheisolatedACpowersupplyshallbeearthedwhenthevoltageexceeds150V;

3) Allthenon-isolatedcomputerDCcircuits(includingtheDCpowersupply,thelogiccircuit
andthesignalcircuit)shouldonlyhaveoneearthingpoint;

6
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4) Whenthecommoncircuitinallofthenon-isolatedcomputerDCcircuitsisearthedontwo
ormorepoints,theearthpotentialdifferencebetweenanytwopointsshallnotbemore
thantheallowablenoiseoftheequipmentatanytime;

5) Whenalltheexternalinterfacedevicesinanycabinet(orasetofdevices)areisolated,the
cabinetenclosure,ACpowersupply,computerDCpowersupplyandcableshieldlayershall
shareoneearthingpointinthatcabinet.Thecomputerlogiccircuitshallbeconnectedtothe
commonearthingpointofthecabinetatonlyonepointinthecabinet;

6) Thereshallnotbetwoseparateearthinggridsinonepieceofequipmentorintheadjacent
equipment;

7) Theearthingofthesignalandcableshieldlayershallbedesignedconsideringtheearthing
pointofthecorrespondingsensorortheotherconnectedequipment,avoidingearthingon
twopointsandselectingone-pointearthingatthereceivingequipmentterminalofthecom-
putermonitoringsystem,asappropriate.

c) Theearthingwiresintheequipmentcabinetwhichisapartofthecomputermonitoringsystem
shouldbeshort.Thecommonearthplateinthecabinetshallemployacopperbarwithacross
sectionofmorethan50mm2;

d) Thecabinetortheenclosureshallbeearthedontheendurablemetalcontacts;

e) Whenthetestinginstrumentusedforthecomputermonitoringsystem,thepowersupplycon-
nectionandtheearthingconnectionshallbeprovidedforthetestinginstrument.

5.1.2 Softwarerequirements

5.1.2.1 Theoperatingsystemprovidedshallbethemulti-taskandmulti-useroperatingsystem.

5.1.2.2 Thedatabaseconsistsofthecentralizedordistributeddatabasewhichshallcomplywiththe
followingrequirements:

a) Thestructuredefinitionofthedatabaseshallincludeallthedataitemsrequiredforthehydro-
powerstationmonitoringandmanagement;

b) Thedatabaseshallprovideconvenientapplicationinterfacesthatcanbedirectlyusedbyother
commercialdatabases;

c) Thedatabaseshallsupportquickaccessandreal-timeprocessing;

d) Thedatabaseshallbeabletoensuretheintegrityanduniformityofthedata;
7

SHP/TG003-6:2019



e) Thedatabaseshallbeabletosetormodifythedataonline;

f) Theanalogueinputshallhavetheattributeslikethedeadzoneofmeasurement,deadzoneofze-
roreading,deadzoneofalarm,out-of-limitvalueandengineeringunitarytransformation;

g) Thereal-timedatabaseshallhaverelevantattributeslikealarmpermission,thedataqualitycode
orcontrollocking;

h) Thehistoricaldatabaseshallprovideconvenientandreliablehistoricaldatastorage,andquery
andbackupfunctions.

5.1.2.3 Technicalrequirementsfortheapplicationsoftware:

a) Thecomputermonitoringsystemshallprovidetheapplicationsoftwareforperformingallthe-
monitoringfunctions;

b) Providingthetrainingsimulationapplicationsoftware(optional);

c) Providingtheonlineconditionmonitoringandtheremoteoperationandmaintenanceapplication
software(optional);

d) Theapplicationsoftwareshallbeofstructuralmodularsoftware,andthefunctionalsoftware
moduleortaskmoduleshallbeintegralandindependent;

e) Theapplicationenvironmentshallbedesignedsothattheusercouldsafelysupplement,modify
ortransplanttheapplicationsoftware;

f) Theapplicationsshallcomplywiththestandardsfortheinternationalopensystem,adoptthein-
terfacespecification meeting theIEC 61131-3 standards and provide favourable system
expansioncapacity.

5.1.3 Functionalrequirements

5.1.3.1 Technicalrequirementsforthedatacollectionfunction:

a) Datacollectionofthestation-levelcontrol:

1) Collectallkindsofdataonthelocal-levelcontrolsinrealtime;

2) Receivecommandinformationanddataonthevariousdispatchinglevels;

3) Receivedatainformationfromsystemsotherthanthecomputermonitoringsystemofthe
hydropowerstation.

8
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b) Datacollectionofthelocal-levelcontrolshallbeableto:

1) Collectallkindsofanalogueinput(AI)(includingRTDsignal),digitalinputofthestatus
(DI)anddigitalinputoftheaccumulationinrealtimeandsimultaneouslyoutputtheana-
logueoutput(AO)andthedigitaloutput(DO);

2) Collectdatafromtheintelligentdevicesinrealtime;

3) Receivecommandinformationanddatafromthestation-levelcontrol.

5.1.3.2 Technicalrequirementsforthedataprocessingfunction:

a) Analogdataprocessing:

Itshallconsistoftheengineeringunittransformationprocessing,measurementzerovaluepro-
cessing,measurementdeadzoneprocessing,upperandlowermeasurementlimitsprocessing,

measurementrationalityprocessing,deadzoneprocessingoftheupperandlowermeasurement
limits,off-limitandgradedoff-limitalarmprocessing.

b) Statusdataprocess:

Itshallconsistofthestatusshiftprocessing,contactchatterpreventionprocessingandalarm
processing.

c) Dataprocessingoftheeventsequencerecords:

Itshallconsistofthestatusshiftprocessing,contactchatterpreventionprocessing,timestamp
processingandalarmprocessing.Therequiredresolutionshallbe≤2ms.

d) Mainparametertrendanalysisprocessing:

Recordthevariationtrendsofsomeofthemainparameterssuchastheoutputfromthehydro
turbinegeneratorunit,thebearingtemperature,oilgrooveoiltemperature,maintransformer
oiltemperatureandthewaterlevelofthehydropowerstationaccordingtodifferenttimeinter-
vals(samplingtime)soastoformtrenddisplaycurves.

e) Trippingreviewprocessing:

Recordthevarioustrippingandkeeptherecordswhenthetrippingoccurs.Thetrippingreview
recordsconsistofthepre-trippingandpost-trippingperiods.Thedurationandsamplinginterval
ofthetwoperiodsshallbeadjustable.Accidentrecordingtimeshouldnotbelessthanoneyear.

f) Historicaldataprocessing:
9
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Dothestatisticalanalysisandcalculationprocessingofthereal-timedatatoformhistoricaldata
recordsandprovidehistoricaldataretrievalandquerymeans.Thehistoricaldatashallbedefined
intothefollowingclassifications:trendcategory,accumulatedvaluecategory,averagevalue
categoryandmaximum/minimumvaluecategory.

5.1.3.3 Technicalrequirementsforthealarmprocessingfunction:

a) Whensomemalfunctionoccurs,thealarmshouldsound.Itshouldbeanaudiblealarmandthe
displayontheannunciationwindowshouldappear.Thealarmsoundortheaudiblealarmshall
distinguishthemalfunctionandthefailure.Thesoundmaybereleasedmanuallyorautomatically
withatimedelay;

b) Thealarmdisplayinformationshalldisplaythealarm messageonthecurrentimage(including
theoccurrencetimeofthealarm,themalfunctionnameandthenature).Thedisplaycolourshall
varyalongwiththecategoryofthealarminformation.Ifthealarmobjectisdisplayedonthecur-
rentimage,theicon(orparameter)ofthisobjectwillflashanditscolourwillvary.Theflashing
signalshallbereleasedonlyafterbeingconfirmedbytheoperators;

c) Convenientconfigurationimageshallbeprovidedforthemalfunctionandfailurealarminforma-
tionsothatthemalfunctionandfailurealarminformationcouldbeaudiblysenttoaudiblyrele-
vantpersonnelbymobilephone(optional);

d) Convenientconfigurationmeansshallbeprovidedforthemalfunctionandfailurealarminforma-
tionsothatthemalfunctionandfailurealarminformationcouldbesenttothedesignatedmobile
phonethroughtheshortmessageplatformofthemobilephone(optional).

5.1.3.4 Technicalrequirementsforthecontrolandregulationfunction:

a) Controlmodesettingoftherunningequipment:

1) Control/regulationmodesettingoftheremotedispatchingterminal/station-levelcontrol
(whetherthecontrolandregulatingmodesaresetseparatelyshallbedeterminedaccording
tothespecificdispatchingrequirements);

2) Controlmodelsettingofthestation-levelcontrol/local-levelcontrol;

3) Automatic/manualcontrolmodesettingoftherunningequipment;

4) Controlauthorityofthecommonequipment/auxiliaryequipmentofthehydropowerstation
shallbedeployedaccordingtothemanagementpatternofthehydropowerstation.

b) Manualoperationofthesinglecontrolledequipment:
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Theoperators mayoperate withthe man-machineinterfaceequipmentofthestation-level
controlorlocal-levelcontrol,completethecontrolandregulationofthesingleequipmentand
considerthesafelocking.

c) SequencecontrolandregulationoftheLCUofthehydroturbinegeneratorunit:

1) Normalstart-up/shutdownsequencecontrolandemergencyshutdownsequencecontrolof
thehydroturbinegeneratorunit;

2) Rotationspeedandactivepowerregulationofthehydroturbinegeneratorunit;

3) Voltageandreactivepowerregulationofthehydroturbinegeneratorunit.

d) SequencecontroloftheswitchyardLCU:

TheswitchyardLCUshallbeabletorealizethereversesequencecontrol(locking)ofthediscon-
nectorandtheopen/closesequencecontrolofthecircuitbreaker.

e) Regulationmodeoftheautomaticgenerationcontrolortheactivepowerjointcontrol(option-
al):

1) Adjustthepoweraccordingtothedailyloadcurvegivenbytheloaddispatchcentre;

2) Adjustthepowerautomaticallyaccordingtotheactivepowervaluesetbytheoperatoron
dutyatthehydropowerstation;

3) AdjustthepowerautomaticallyaccordingtothesetvalueoftheAGCofthepowergrid;

4) Adjustthepoweraccordingtothesystemsequencecontrolmode;

5) Adjustthepoweraccordingtothewaterlevelcontrolmode.

f) Regulatingmodeoftheautomaticvoltagecontrolorreactivepowerjointcontrolofthehydro
turbinegeneratorunit(optional):

1) Adjustaccordingtodailyadjustmentcurveofhighvoltagebusvoltageofhydropowersta-
tiongivenbythesystemdispatcher;

2) Adjustaccordingtothevoltagevalueofthehighvoltagebusorthetotalreactivepower
givenbytheoperator;

3) Adjustaccordingtothevoltagelimitvalueofthehighvoltagebusofthehydropowersta-
tion.

11
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5.1.3.5 Technicalrequirementsfortheman-machineinterfaceandoperation:

a) Thecomputermonitoringsystemshallperformtheman-machineinterfacefunctionsincluding
theimagedisplay,tableprinting,parametersetting,andoperationcontrolandmaintenance
managementbyusingthefollowinginterfaceequipment:

1) Operatorstationofthestation-levelcontrol,engineerstationandprinter;

2) Localoperatingscreen;

3) Portableworkstationormovableoperatorstation.

b) Man-machineinterfaceandtheoperatingrequirementsofthestation-levelcontrol:

1) Theman-machineinterfaceofthestation-levelcontrolservesasthemainmeansforthehy-
dropowerstationoperatorsto monitorandcontroltheoperationofthehydropower
station;theinteractionsbetweentheoperatorsandthecomputermonitoringsystemare
realizedbythedisplayer,keyboard,mouseandprinteroftheoperatorstation;

2) Inaccordancewiththehierarchicalandauthority-separationdesignprinciple,theoperator
shallonlyperformtheoperationmonitoring,controlregulationandparametersettingfor
thehydropowerstationequipment,butshallnotmodifyortestthevariousapplication
software;

3) Theoperatingmethodsoftheman-machineinterfaceshallbeuser-friendly,simple,flexible
andreliable,thedialoguepromptsshallbeclearandaccurateandremainconsistentinthe
dialogueapplicationsoftheentiresystem;

4) Thecontrolledequipmentshallbeselectedandcontrolledonlyonthesameoperatorsta-
tion;

5) Theoperatingstepsintheoperationprocessshouldbesimplifiedandshallhavethereliabil-
itycheckandlockingfunctions;

6) Theimagecallingmodeshallbeflexible,reliableandquickinresponse,theimageshallbe
calledintheautomaticmodeorthesummoningmode;theautomaticmodeisusedformal-
functions,failureandprocessmonitoring,andthesummoningmodeisusedrandomlyby
theoperator;

7) Anyman-machineoperations(includingparametermodificationandconfigurationmodifica-
tion)shallberecordedintheoperationrecord.

c) Man-machineinterfaceandtheoperatingrequirementsofthelocal-levelcontrol:
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1) Theoperatorsmayrealizethemonitoringandcontrolofthecorrespondingequipment
throughtheman-machineinterfaceequipmentofthelocaloperatingscreenorthemovable
operatorstationortheportableworkstation;

2) Theoperatingscreenshallhavethefunctionofswitchingovertotheremoteandlocal-level
controlmodes;inthelocal-levelcontrolmode,theremotecommandwillbelockedbutthe
datacollectionandtransmissionwillnotbeinfluenced;

3) Inthelocal-levelcontrolmode,therelevantoperationsshallbesafe,reliableandsimple,

andshallprovidetheoperationalauthorityfortherelevantcontroloperationsonthetouch
screen(optional);

4) Intheremotecontrolmode,theoperatorsshallonlymonitorwiththelocalman-machine
interfaceequipmentbutshallnotcarryoutcontroloperationsotherthanemergencyopera-
tions;

5) Emergencyshut-down(includingthemanualandsequencecontrolprocess)operationof
thehydroturbinegeneratorunitandtheclosingoperationofthemainvalve/quickshutoff
gateshallnotbeinfluencedbytheremote/local-levelcontrolmode.

5.1.3.6 Technicalrequirementsforsystemcommunication:

a) Thecommunicationsbetweenthecomputermonitoringsystemandthedispatchingautomation
systematvariousdispatchinglevels:

Forrealizingthetelemetering,remote signalling,remoteregulating and remote control
functionsofthedispatchingautomationsystem(includingcascadedispatching)overthehydro-
powerstation,themonitoringsystem mayreceivethecommandinformationfromthevarious
dispatchinglevelsfromtimetotimeandtransmitthereal-timeworkingcondition,operatingpa-
rametersandrelevantinformationofthehydropowerstationtothem.

b) Thecomputermonitoringsystemcanrealize:

1) Communicationwiththeelectricenergymeasuringsystem;

2) Communicationwiththegatecontrolsystem;

3) Communicationwiththeexcitation,governor,relayprotectionandfaultrecordingmanage-
mentsystem;

4) Communicationwiththefirealarmsystem;

5) Communicationwiththetelevisionmonitoringsystem;
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6) Communicationwiththeautomatichydrologicalmeasuringandreportingsystem;

7) Communicationwiththestatusmonitoringandthefaultdiagnosissystem;

8) CommunicationwiththeDCpowersupplysystem.

c) Communicationbetweenthestation-levelcontrolandthelocal-levelcontrol:

1) Datacollection;

2) Transferthecontrol/regulatingcommandandothernecessaryinformation(suchaswater
headoftheunit);

3) Communicationdiagnosis.

d) CommunicationbetweentheLCUandintelligentdevices:

TheLCU shallbeabletocommunicate withthecontroldevices (suchasthegovernor,

excitationsystem,intelligentdevicesoftheswitchyard,theintelligentdeviceofthestation
servicesystem,thedrainagecontrolsystem,aircompressorcontrolsystem,andtheheating,

ventilatingandairconditioningsystems).

5.1.3.7 Technicalrequirementsforthesystemself-diagnosisandself-recoveryfunction:

a) Whenthecomputermonitoringsystemisrunningonline,thehardwareandthesoftwareinthe
computermonitoringsystemshallbesubjecttoself-diagnosis;whenanyfailureisdiagnosed,it
shallautomaticallysendoutthesignal;withregardtotheredundantequipment,itshallauto-
maticallyswitchovertothespareequipment;

b) Self-recoveryfunction,includingthe monitoringtimer (watchdog)andtheself-starting
functionsofthesoftwareandhardware;

c) Powerdownprotectionfunction.

5.1.3.8 Otherfunctionalrequirements(Optional):

a) Communicationwiththehydrologicalmeasuringandreportingsysteminthereservoirtorealize
thelinkagebetweenthehydrologicalmeasuringandreportinginformationandtheautomaticgen-
eratorcontrol;

b) Communicationwiththedammonitoringsystemtorealizethelinkagebetweenthedammonito-
ringinformationandtheautomaticgeneratorcontrol;
41

SHP/TG003-6:2019



c) Communicationwiththeequipmentconditionmonitoringsystemtorealizethelinkagebetween
theequipmentconditionmonitoringinformationandtheautomaticgeneratorcontrol;

d) Realizationofthe“unattended”operationmodethroughtheremotesystemoperationandmain-
tenance;

e) Powerstationintelligentizationandsmartlevelimprovementbasedonfulluseofnewtechnolo-
giessuchasbigdata,cloudcomputingandtheInternetofThings.

5.2 Technicalrequirementsforrelayprotection

5.2.1 Relayprotectionperformancerequirements:

a) Therelayprotectiondeviceshallsatisfytheselectivity,fastacting,andsensitivityand
reliabilityrequirements;

b) Microcomputer-basedsystemshallbeprovidedfortherelayprotectiondevice;theconfigura-
tionofthemicroprocessorshallnotbelowerthanthatofa16bitsmicrocomputer;

c) TherelayprotectiondeviceshallbefittedwiththeRS-485communicationinterfaceortheEth-
ernetportforcommunicatingwiththemonitoringcomputersystem;

d) Thesettingandsensitivityverificationoftheconfiguredrelayprotectionshallcomplywiththe
requirementsofthedesigndocuments;

e) Thetimingmodeandaccuracyoftherelayprotectiondeviceandthecomputermonitoringsys-
temshouldcomplywiththerequirementsofthedesigndocuments.

5.2.2 Relayprotectionconfigurationrequirements:

a) Theelectricalequipmentinthehydropowerstationshallbeconfiguredwithprimaryprotection
andbackupprotection(localbackuporremotebackup),ormayadditionallybefittedwithauxil-
iaryprotectionwhennecessary.Thespecificconfigurationschemeshallcomplywiththere-
quirementsofthedesigndocuments.

b) Ifthepowergridrequiresthehydropowerstationtohavethevoltageandfrequencycontrol
functions,thevoltageandfrequencyemergencycontroldeviceortheremotecontrolsystem
shallbesoequippedaswell.

5.2.3 Technicalparameterrequirementsoftherelayprotectiondevice:

a) Ratedparameters
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RatedACinput:

Voltage:100Vor110V(linevoltage)or100V/3or110V/3 (phasevoltage)

Current:5Aor1A

Frequency:50Hzor60Hz

Powersupplyvoltage:DC110Vor220V;AC110Vor220V

b) Powerconsumption

ACcurrentcircuit:Whentheratedcurrentis5A,eachphaseshallnotbemorethan1VA;

whentheratedcurrentis1A,eachphaseshallnotbemorethan0.5VA.

ACvoltagecircuit:Eachphaseshallnotbemorethan1VAattheratedvoltage.

DCpowersupplycircuit:Powerconsumptionforeachprotectorshouldnotbegreaterthan
10W (staticstate)or15W (workstatus).

c) Overloadcharacteristics

Long-termswitch-onofthecurrentcircuit:twicetheratedcurrent

Short-termswitch-onofthecurrentcircuit:20timestheratedcurrent;10sisallowable

Long-termworkofthevoltagecircuit:1.5timesratedthevoltage

Contactcapacity:Long-termswitch-onDC220V/5A

d) Protectiveactionaccuracy

Constantvalueaccuracyoftheaction:±2.5%

Constantvalueaccuracyofthetime:±1%or±40ms

Frequencydeviation:±0.05Hz

Slipfrequencyconstantvalue:±5%

e) Measurementaccuracy

Voltage/current(effectivevalue):0.5%
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Frequency:±0.05Hz

Power:1%

Powerfactor:1%

5.2.4 Theinsulationvoltagewithstandperformanceofthedeviceshallcomplywiththerequire-
mentsofIEC60255-5.

5.2.5 Anti-interferenceperformancerequirementsoftherelayprotectiondevice:

a) Impulseanti-interferencetest

Thedeviceshallpassthe1MHzImpulseinterferencetestofseverityLevel3asspecifiedin
IEC60255-22-1,andtheperformanceaftertestingshallmeetthestandardrequirements.

b) Electrostaticdischargeanti-interferencetest

ThedeviceshallpasstheelectrostaticdischargetestofseverityLevel4asspecifiedin
IEC60255-22-2,andtheperformanceaftertestingshallmeetthestandardrequirements.

c) Radiatedelectromagneticfieldanti-interferencetest

Thedeviceshallpasstheradiatedelectromagneticfieldanti-interferencetestofseverityLevel
4asspecifiedinIEC60255-22-3,andtheperformanceshallmeetthestandardrequirementsafter
testing.

d) Fasttransientanti-interferencetest

Thedeviceshallpassthefasttransientanti-interferencetestofseverityLevel4asspecifiedin
IEC60255-22-4,andtheperformanceaftertestingshallmeetthestandardrequirements.

e) Surgeanti-interferencetest

Thedeviceshallpassthesurgeanti-interferencetestofseverityLevel3asspecifiedin
IEC60255-22-5,andtheperformanceaftertestingshallmeetthestandardrequirements.

5.3 TechnicalrequirementsfortheDCPowersupplysystem

5.3.1 BasicconfigurationrequirementsfortheDCpowersupply:

a) TheDCpowersupplysystemshallemploythemicrocomputermonitoringdeviceandthehigh-
frequencychargermodule,andthechargermoduleshallbeconfiguredinthemodeofN+1;
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b) TheDCpowersupplyshallbefittedwiththeinsulationmonitoringdeviceandthebatterydetec-
tingdevice.TheinsulationmonitoringdeviceshallbeabletodetecttheDCbuspositiveandneg-
ativevoltageandtheinsulationresistancetoground.

5.3.2 RequirementsforthemicrocomputermonitoringfunctionoftheDCpowersupply

a) Measurement:VoltageoftheDCsystembus,outputvoltageandcurrentofthechargerand
voltageanddischargecurrentofthestoragebattery;

b) Signal:over-highandover-lowDCsystembusvoltage,DCsystemearthing,chargeroperating
modeswitchingandfailure;

c) Control:Start-up,shutdownandoperatingmodeswitchingofthecharger;

d) Interface:ThecommunicationinterfacemayemployRS-485ortheEthernet.

6 Supplyscopeandspareparts

6.1 Monitoringsystem

Thehardwareofthemonitoringsystemshallincludethecomputercontrolequipment,local-level
controlequipment,communicationequipment,inverterpowersupplyandtheUPS;thesoftware
shallincludetheoperatingsystem,databaseandapplications.

6.2 Relayprotectionsystem

Therelayprotectionsystemshallconsistoftherelayprotectionequipmentfortheoutgoingline,the
transformerandhydro-generatorofthehydropowerstationandthepowergrid’sstabilitycontrol
equipment.

6.3 DCpowersupplysystem

TheDCpowersupplysystemshallconsistoftheDCpowersupplymonitoringmodule,thecharger
moduleandthebattery.

6.4 Otherequipmentandspareparts

Thefollowingequipmentandsparepartsmaybespecifiedtobeprovidedintheordercontract
signedbetweenthesupplierandtheuser,andmaynotbeprovidedifnotstipulated:

a) Automaticinstruments;
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b) Electricenergymeasuringequipment;

c) Auxiliarycontrolequipment;

d) Dispatchingcommunicationequipment;

e) Televisionmonitoringsystem;

f) Spareparts.

7 Technicaldocuments

Thesuppliershallsubmitthenecessarytechnicaldocumentstotheuser,mainlyincluding:

a) Systemblockdiagram,theequipmentlistandtheequipmentconnectiondiagram;

b) Layoutdiagramandwiringdiagramoftheequipmentinthecabinet;

c) Technicaldataforthehardware;

d) Listofthesystemsoftwareandapplications;

e) Softwareuseandmaintenanceinstructions;

f) Documentsfortheoutsourcedequipment;

g) Equipmentinstallationdrawings;

h) Equipmentdeliveryinspectioncertificate.

8 Factoryinspection

8.1 Test,inspectionandacceptancerules

8.1.1 Factorytestsandinspections

SeeAppendixAforthefactoryinspectionitems.Factorytestsandinspectionsshallmeetthefollow-
ingrequirements:

a) Thedevicesmatchedwiththeequipmentshallbesubjectedtoqualitycontrolaccordingtothe
relevantprovisions;
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b) Theequipmentshallbeinspectedandtestedintheproductionprocess,andcompletedetailed
recordsshallbekept;

c) Theequipmentshallpasstheinspectionbythesupplier’squalityinspectiondepartmentbefore
delivery.Duringtheinspection,ifanyitemfailstocomplywiththeprovisionsofthetechnical
specificationsfortheinspectedproduct,thedefectsshallbeeliminated;aftertheproductpas-
sestheinspection,thecompliancecertificateshallbeissuedbythequalityinspectiondepart-
ment.

8.1.2 Pre-deliveryinspectionandacceptance

Thepre-deliveryinspectionandacceptanceshallmeetthefollowingrequirements:

a) Ifthetechnicalspecificationsfortheinspectedequipmentrequirestheproducttobeinspected
beforedelivery,thesuppliershallinformtheuserinadvancepriortothedatespecifiedinthe
technicalspecificationsaftercompletingthefactorytestsandinspections;

b) Thepre-deliveryinspectionandacceptanceshallbejointlycarriedoutbythesupplierandthe
user;

c) Inthepre-deliveryinspectionandacceptanceprocess,thesuppliershallmainlyberesponsible
for: 

1) Reportingtotheuseronthesystemconfiguration,factorytestingandinspectionresults;

2) Preparingthepre-deliveryinspectionandacceptanceoutline;

3) Providinglistofthetestinginstrumentsandequipmentfortheacceptance;

4) Conductingthetestsspecifiedintheacceptanceinspectionoutline.

d) Inthepre-deliveryinspectionandacceptanceprocess,theusershallbemainlyresponsiblefor:

1) Discussing,reviewingandmodifyingthepre-deliveryinspectionandacceptanceoutline,

andfinalizingthepre-deliveryinspectionandacceptanceoutline;

2) Supervisingandreviewingthepre-deliveryacceptancetests.

e) Attheendofmainlypre-deliveryinspectionandacceptance,thepre-deliveryacceptancesum-
maryshallbesignedbyandbetweenthesupplierandtheuser,andthepre-deliveryacceptance
resultsshallbeevaluated.Iftheequipmentstillhasdefects,thetreatmentsuggestionandcom-
pletiondeadlineshallbeproposedintheacceptancesummaryandthedefectsshallbetreatedby
thesupplier.
02

SHP/TG003-6:2019



8.2 Inspectionoftheequipmentappearance,software/hardwareconfigurationandtechnical
documents 

8.2.1 Inspectionoftheequipmentappearance

8.2.1.1 Theequipmentsurfaceshallbefreefromanyobviouspits,scratches,cracks,deformation
andcontamination.Thesurfacecoatingandplatingshallbeuniformandfreefrombubbling,fractu-
ring,peelingandwearing.Themetalsparepartsshallbetightlyfastenedandfreefromanymechani-
caldamages.

8.2.1.2 Theinstallationandinternalconnectionoftheinternalcomponentsshallbecorrect,firmand
tight.Theoperationsofthekeyboards,switches,buttonsandothercontrolcomponentsshallbe
flexibleandreliable.Thelayoutandinternalwiringofthewiringterminalsshallbereasonable,tidy
andlegiblymarked.

8.2.2 Inspectionofsoftware/hardwareconfiguration

8.2.2.1 Inspectthehardwareconfigurationoftheequipment.Itsquantity,modelandperformance
shallcomplywiththeprovisionsofthetechnicalspecificationsfortheinspectedproduct,andthe
hardwareshallbereasonablylaidout.

8.2.2.2 Inspecttheequipment’shardwareconfiguration,documentsanditscarriers,whichshall
complywiththeprovisionsofthetechnicalspecificationsfortheinspecteditem.

8.2.3 Inspectionoftheequipmenttechnicaldocuments

Thetechnicaldocumentsrelatedtotheequipment(includingtheoutsourcedsupportingequipment)

shallbecomplete,detailed,uniformandvalid.

8.3 Functionandperformancetests

8.3.1 Datacollectionandprocessingfunctiontest

8.3.1.1 Analoguedatacollectionandprocessingfunctiontestingrequirements:

a) Analoguedatacollectionfunctiontest

TheanaloguedataincludestheACcurrent,ACvoltage,DCcurrent,DCvoltage,temperature
signalandwaterlevelsignal,relevanttotheLCU,therelayprotectiondeviceandtheDCpower
supplysysteminthehydropowerstation.

Thecorrespondinganaloguesignalgeneratorshallbeconnectedthroughtheanalogueinputter-
minal,tochangetheoutputoftheanaloguesignalgenerator,andcalculatetheerroroftheana-
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loguedatacollection,shallcomplywiththeprovisionsofthetechnicalspecificationsofthein-
spectedproduct.

b) Analoguedataprocessingfunctiontest

Thecorrectnessoftheanaloguedisplayandtheoff-limitrecordsshallbechecked.Itsoff-limit
alarmstartvalueandman-machineinterfacedisplaycontentsshallbeconsistentwiththeprovi-
sionsoftechnicalspecificationsfortheinspectedproduct.

8.3.1.2 Digitaldatacollectionandprocessingfunctiontestingrequirements:

a) Digitaldatacollectiontest

ThedigitaldataincludesthepositionsignalsandthestatussignalsrelevanttotheLCU,relaythe
protectiondeviceandtheDCpowersupplysysteminthehydropowerstation.

Thecorrespondingdigitalsignalgeneratorshallbeconnectedthroughthedigitalinputterminal,

andshallbesubjectedtoinputsignalshifttestingaccordingtothespecificmeasuringpointre-
quirement.Thedisplayandtherelevantrecordsshallbeinspectedthroughtheman-machinein-
terfaceofthemonitoringsystemandshallbeconsistentwiththeactualinputandthetechnical
specificationsfortheinspectedproduct.

b) Digitaldataprocessingfunctiontest

Thecorrectnessofthedigitaldatashiftdisplayandtheeventsequencerecordshallbechecked.
Theshiftdisplay,eventrecordsequenceandman-machineinterfacedisplacecontentsshallbe
consistentwiththeprovisionsofthetechnicalspecificationsfortheinspectedproduct.

8.3.1.3 Calculateddatacollectionandprocessingfunctiontestingrequirements:

a) Currentworkingconditionsofthewater-turbinegenerator,transformerandconnectioncircuit,

theactiontimes,runningtimeandoverhaultimeofthemain/auxiliaryequipment,powerand
theelectricenergyarecalculateddata.

b) Theinputconditionsshallbesimulatedaccordingtothedigitalmodelofthemeasuringpoint
specifiedinthetechnicalspecificationsfortheinspectedproduct,toinspectthecorrectnessof
datacollectionandprocessing,whichshallcomplywiththeprovisionsofthetechnicalspecifi-
cationsfortheinspectedproduct.

8.3.2 Outputchanneltest

8.3.2.1 ThedigitaloutputsincludethedigitaloutputoftheLCU,thetrippingandalarmoutputof
therelayprotectiondeviceandthealarmoutputoftheDCpowersupplysystem.Thedigitaloutput
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channeltestrequiresthat:

a) Theoutputterminalofthedigitaloutputchannelshallbeconnectedtoamulti-meterformonito-
ringtheoutputstatus;

b) Thedigitaloutputshallbesetto“0”or“1”attheman-machineinterfaceordebuggingterminal
ofthemonitoringsystem;

c) Theexternalmulti-metershallbeconnectedtotheoutputterminaltoinspectthecorrectnessof
outputchannelactions.

8.3.2.2 Theanalogueoutputshallincludethecurrent,voltage,power,temperatureandwaterlevel
signalswhicharetransmittedat4mAto20mAor0Vto5V.Theanalogueoutputchanneltestre-
quiresthat:

a) Thetestinginstrumentwithaccuracyatleastonelevelhigherthantherequirementsofthetech-
nicalspecificationsoftheinspectedproductshallbeconnectedtotheoutputterminalofthean-
alogueoutputchannel;

b) Thesetvalueofanalogueoutputshallbechangedattheman-machineinterfaceorthedebugging
terminalofmonitoringsystem;

c) Theaccuracyoftheanalogueoutputcalculatedasperthemeasuredvaluewiththeexternalin-
strumentshallcomplywiththeprovisionsofthetechnicalspecificationsfortheinspectedprod-
uct.

8.3.2.3 Otherdataprocessingfunctionsincludingtheaccidentreviewfunctionandotherfunctions
specifiedinthetechnicalspecificationsfortheinspectedproductshallbetestedsothat:

a) Itsstartingconditionsshallbesimulatedtoinspecttheprocessingcorrectnessaccordingtothe
provisionsofthetechnicalspecificationsfortheinspectedproduct;

b) Thedisplayandtherelevantrecordsshallbeinspectedthroughtheman-machineinterfaceofthe
monitoringsystem,whichshallbeconsistentwiththeactualinputandthetechnicalspecifica-
tionsfortheinspectedproduct.

8.3.3 Relayprotectionfunctionandperformancetest

Therelayprotectionofthehydropowerstationshallincludetherelayprotectionsfortheconnection
circuit,maintransformerandhydroturbinegeneratoras wellastheemergencycontrolofthe
voltagefrequency.Therelayprotectionperformancetestrequiresthat:

a) Allsignalsrelevanttotherelayprotectionshallbeinputtedthroughtheleading-outterminalof
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thecabinets;

b) Theprotectivecurrentandvoltageshallbeprovidedbytherelayprotectiontestinginstruments,

andthecorrectnessoftherelayprotectionfunctionandperformanceshallbetested;

c) Thedisplayandtherelevantrecordsshallbeinspectedthroughtheman-machineinterfaceofthe
monitoringsystemandshallbeconsistentwiththeactualinputandthetechnicalspecifications
fortheinspectedproduct.

8.3.4 DCSystemfunctionandperformancetest

Thefollowingfunctionsandperformanceshallcomplywiththerequirementsofthetechnicalspecifi-
cationsfortheinspectedproduct:

a) Accuracyofthevoltageregulationandcurrentregulation;

b) Storagebatterycapacity;

c) Charging-dischargingtestrequirement;

d) DCbusvoltageregulationfunction;

e) DCbusandoutgoingfeederinsulatingproperty.

8.3.5 Man-machineinterfacefunctioninspection

Thefollowingman-machineinterfacefunctionshallcomplywiththerequirementsoftheproduct
technicalspecifications:

a) Correctnessoftheimagedisplayandcopy;

b) Correctnessoftheimagedynamicdisplaybychangingthedataandstatusimputedfromthepro-
ductionprocessinterface;

c) Correctness,uniquenessandreliabilityofthecontrolcommand;

d) Correctnessandreliabilityoftheparametersandstatussettingormodification;

e) Correctnessofthealarm,prompt,audio,voice,logginginandauthority;

f) Correctnessofthevariousreportformsandprintings;

g) Correctnessofthehistoricaldataquery;
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h) Thesystemshallnotmakeamistakeorcrashwhentheundefinedkeyisoperated;

i) Inspecttheotherman-machineinterfacefunctionsspecifiedbythetechnicalspecificationsfor
theinspectedproduct.

8.4 Testofthepowersupplyadaptivecapacity

Whenanyparameterofthevoltage,frequencyandwaveformoftheexternalpowersupplyunder
normaltestatmosphericconditionsisattheextremevaluestipulatedinthetechnicalspecifications
fortheinspectedproduct(whiletheothersareatratedvalues),theinspectedsystemshallworkre-
liably,anditsfunctionandperformanceshallcomplywiththeprovisionsofthetechnicalspecifica-
tionsfortheinspectedproduct.

8.5 Insulationresistancetest

Accordingtotheratedinsulationvoltageofthetestedcircuit,theinsulationresistancebetweenthe
livepartsofthedevicewhichisnoteartheddirectlyandthenon-livemetalpartsaswellastheen-
closure,andbetweenthecircuitswhichareelectricallydisconnectedshallbetestedwiththetrameg-
ger.Thetestrequiresthat:

a) TheinsulationresistanceofthecircuitstogroundaswellasthatbetweentheACcircuitandthe
DCcircuitshallnotbelessthan100MΩ;

b) TheconnectionofthecircuitstogroundaswellasthatbetweentheACcircuitandtheDCcir-
cuitshallbeabletosustainthetestwith50Hz/60Hz,2kV(effectivevalue)ACcheckvoltage
foroneminute,andshallbefreefromflashoverorinsulationbreakdown;

c) Theconnectionofthecommunicationinterfacetogroundshallbeabletosustainthetestwith
50Hz/60Hz,500V(effectivevalue)ACcheckvoltageforoneminute,andshallbefreefrom
flashoverorinsulationbreakdown.

8.6 Continuous-currenttest

Inaccordancewiththeprovisionsofthetechnicalspecificationsfortheinspectedproduct,theprod-
uctshallbesubjectedtocontinuous-currenttestingfornolessthan72hoursafterbeingtestedfor
theotherinspectionandacceptanceitems.Intheinspectionprocess,theoptionaltestorinspection
shallbecarriedoutatafixedinterval(suchasevery12hours).Thetestshallbesuspendedina
timelymannerifanyproductqualityproblemisfound,andresumedaftertheproblemissolved.

8.7 Pre-deliveryinspectionandacceptance

Whenthetechnicalspecificationsfortheinspectedproductrequirespre-deliveryinspectionandac-
ceptancebeforedelivery,theuserandthesuppliershalltestinaccordancewiththeinspectionand
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acceptanceoutlinejointlypreparedbybothparties.Thetestsspecifiedintheinspectionandaccept-
anceoutlineincludethefullorpartialcontentsofthepre-deliverytestsandinspections.

9 Siteacceptance

9.1 Environmentalconditionsforthesitetestingandacceptance

Unlesstherearespecialprovisionsforenvironmentalconditionsfortheenvironmentaltestsorinthe
technicalspecificationsfortheinspectedproduct,theothertestsmentionedinthisdocumentshall
becarriedoutunderthefollowingconditions:

a) Ambienttemperature:15℃to35℃;

b) Relativehumidity:45%to75%;

c) Atmosphericpressure:86kPato106kPa.

Whenthetestcouldnotbecarriedoutunderstandardatmosphericconditions,theactualconditions
shallbefilledoutonthetestreport.

9.2 Sitetestandacceptancerules

9.2.1 Thesitetestsandacceptanceshallbejointlycarriedoutbytheuser (includingthe
supervisor,thesamebelow)andthesupplierfortheinstallationandcommissioningafterthe
productisdeliveredtothesite.SeeAppendixAforthesitetestingandacceptanceitems.

9.2.2 Theresponsibilitiesofthesupplierandtheusershallbeclarifiedinthesitetestingandac-
ceptanceprocess:

a) Responsibilitiesofthesupplier

1) Preparationofthesitetestingandacceptanceoutline;

2) Relevantinspectionandcommissioningtestsoftheproductonsite;

3) Submissionofthesitecommissioningtestreport.

b) Responsibilitiesoftheuser

1) Discussingandmodifyingthesitetestingandacceptanceoutline,supplementingthecon-
tentsrelevanttotheon-siteequipmentandsafetyaswellasreviewingandapprovingthe
sitetestingandacceptanceoutline;
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2) Coordinatingforthesitecommissioningtest,andcompletingthesafetymeasuresforthe
potentialhazardsthreateningthemainandauxiliaryequipmentandpersonalsafetyonsite;

3) Organizingandsupervisingthesitecommissioningwork.

9.2.3 Whenanydefectswhichmaketheequipmentfailtocomplywiththetechnicalspecifications
ofinspectedequipmentaredetectedduringthesitecommissioningtest,therequirementsforthe
treatmentandthedeadlineshallbeproposedintheintermediatesiteacceptancesummary,andthe
defectsshallbetreatedbythesupplier.

9.2.4 Ifthesitetestingandacceptancearecarriedoutinstages,theintermediatesiteacceptance
summaryshallbesignedbyandbetweenthesupplierandtheuseraftertheequipmentpassesthe
testingandacceptanceinspectionateachstage;attheendofallsitetestsandacceptanceinspec-
tions,thefinalsiteacceptancedocumentshallbesignedbyandbetweenthesupplierandtheuser.

9.3 Inspectionoftheequipmentappearance,software/hardwareconfigurationandthetech-
nicaldocuments

9.3.1 Inspectionoftheappearance

Sameasthecorrespondingsectionoftheinspectionoftheequipmentappearancein8.2.1.

9.3.2 Inspectionoftheequipmentsoftware/hardwareconfiguration

Sameasthecorrespondingsectionoftheinspectionoftheequipmentsoftware/hardwareconfigura-
tionin8.2.2.

9.3.3 Inspectionoftheequipmenttechnicaldocuments

Sameasthecorrespondingsectionoftheinspectionoftheequipmenttechnicaldocumentsin8.2.3.
Meanwhile,itisnecessarytoprovidetheequipmentdeliveryinspectioncertificate.

9.4 Siteunpacking,installationandwiringinspections

9.4.1 Siteunpackinginspection

Aftertheequipment(includingthetechnicaldocuments)withinthesupplyscopearrivesatthedes-
tination,theusershallberesponsibleforinspectingwhetherthegoodscontainerisdamagedandin-
spectingthequantityofthearrivedgoods.Whenunpackingthecontainerforinspectionbeforethe
installation,theusershallgiveadvancenoticetothesupplier,andthelattershallcometothesiteor
entrusttheusertocountandacceptthepacking,appearanceandquantityofthegoodsafterreceiv-
ingsuchnotice.
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9.4.2 Systeminternalwiringinspection

Thecorrectnessofthewiringbetweenthedevicesinthemonitoringsystemshallbeinspected,

whichshallbeconsistentwiththedesignandconstructiondrawings.

9.4.3 Siteinstallationandexternalwiringinspection

Thecorrectnessoftheinstallationofthemonitoringsystemonsiteaswellastheconnectionofthe
monitoringsystemtotheon-siteworkingprocess,thepowersupplysystemandtheearthingsystem
shallbeinspected,whichshallbeconsistentwiththedesignandconstructiondrawings.

9.5 Functionandperformancetests

9.5.1 Datacollectionandtheprocessingfunctiontest

Sameasthesectiononthedatacollectionandprocessingfunctiontestin8.3.1.

9.5.2 Outputchanneltest

Sameasthesectionoftheoutputchanneltestin8.3.2.

9.5.3 Relayprotectiontest

Relayprotectionrestrequirements:

a) Currentandvoltageforthetestshallbeprovidedbytherelayprotectiontestinginstrument.All
thevoltageandcurrentsignalsrelevanttotherelayprotectionshallbeinputtedthroughthe
leading-outterminalofthecabinets;

b) Correspondingcircuitbreakershallbecontrolleddirectlywiththeprotectiveactionoutlet;

c) Thedisplayandtherelevantrecordsshallbeinspectedthroughtheman-machineinterfaceofthe
monitoringsystemandshallbeconsistentwiththeactualinputandthetechnicalspecifications
fortheinspectedproduct.

9.5.4 Synchronizationtest

Synchronizationtestrequirements:

a) Currentandvoltageforthetestshallbeprovidedwiththerelayprotectiontestinstrument.All
thevoltagesignalsrelevanttothesynchronizationoperationshallbeinputtedthroughthelead-
ing-outterminalofthecabinets;
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b) Correspondingcircuitbreakershallbedirectlycontrolledwiththesynchronizingoutlet;

c) Thedisplayandrelevantrecordsshallbeinspectedthroughtheman-machineinterfaceofthe
monitoringsystemandshallbeconsistentwiththeactualinputandthetechnicalspecifications-
fortheinspectedproduct.

9.5.5 Powerregulationfunctiontest

9.5.5.1 Activepowerregulationtestrequirements:

a) Inspectthelimitvaluesandtheprotectiveparametersrelevanttotheactivepowerregulation,

whichshallbeerror-free;

b) Quittheautomaticregulationprocessoftheactivepowerandthereactivepower;

c) Executethe“electricitygenerating”processofthehydroturbinegeneratorunittostartthe
hydroturbinegeneratorunitandconnectittothepowergrid;

d) Initiatetheactivepowerregulationprocess;

e) Underthepremiseofavoidingthevibrationregion,changethegivenvalueoftheactivepower
by10%oritsintegermultiplesuntilthemaximumpossiblevariationvalueoccursintheopera-
tionprocess,changetheactivepowerregulationparameterandmaketheactivepowerregula-
tionqualitymeetthesiteoperationrequirements;

f) Monitorandmanuallyregulatethereactivepowerofthehydroturbinegeneratorunitinthetes-
tingprocesssoastomeettheoperationrequirements.

9.5.5.2 Reactivepowerregulationtestingrequirements:

a) Inspectthelimitvaluesandtheprotectiveparametersrelevanttothereactivepowerregulation,

whichshallbeerror-free;

b) Quittheautomaticregulationprocessoftheactivepowerandthereactivepower;

c) Executethe“electricitygenerating”processofthehydroturbinegeneratorunittostartthe
hydroturbinegeneratorunitandconnectittothepowergrid;

d) Initiateactivepowerregulationprocess;

e) Underthepremisethattheoperatingconditionsofthehydroturbinegeneratorunitsopermit,

changethegivenvalueofthereactivepowerby10%oritsintegermultiplesuntilthemaximum
possiblevariationvalueoccursintheoperationprocess,changethereactivepowerregulation
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parameterandmakethereactivepowerregulationqualitymeetthesiteoperationrequirements;

f) Monitorandmanuallyregulatetheactivepowerofthehydroturbinegeneratorunitinthetesting
processsoastomeettheoperationalrequirements.

9.5.6 Automaticgenerationcontrol(AGC)functiontest(optional)

9.5.6.1 RequirementsfortestingoftheAGCfunctionsin“Station”mode:

a) SettheAGCworkingmodeto“Station”and“Open-loop”totestthecorrectnessoftheloaddis-
tributionoperationandthestart-up/shutdowndirectionsoftheAGCindifferentcontrolmodes;

b) SettheAGCworkingmodeto“Station”and“Closed-loop”totesttheeffectivenessoftheload
distribution,powerregulationandstart-up/shutdownoperationoftheAGCindifferentcontrol
modes.

9.5.6.2 RequirementsfortestingoftheAGCfunctionsin“Dispatch”mode:

a) SettheAGCworkingmodeto“Dispatch”and“Open-loop”totestthecorrectnessofthevarious
functionsoftheremoteAGC(suchasmodificationofthevoltagecurveandthesetvalueofthe
totalactivepoweroftheentirestationfromthedispatchingside);

b) SettheAGCworkingmodeto“Dispatch”and“Closed-loop”totesttheexecutioncorrectnessof
thevariousfunctionsoftheremoteAGC.

9.5.7 Automaticvoltagecontrol(AVC)functiontest(optional)

9.5.7.1 RequirementsfortestingoftheAVCfunctionsin“Station”mode:

a) SettheAVCworkingmodeto“Station”and“Open-loop”totestthecorrectnessoftheloaddis-
tributionoperationoftheAVCindifferentcontrolmodes;

b) SettheAVCworkingmodeto“Station”and“Closed-loop”totesttheloaddistributionandpow-
erregulationexecutioneffectsoftheAVCindifferentcontrolmodes.

9.5.7.2 RequirementsfortestingoftheAVCfunctionsin“Dispatch”mode:

a) SettheAVCworkingmodeto“Dispatch”and“Open-loop”totestthecorrectnessofthevarious
functionsoftheremoteAVC(suchasmodificationofthevoltagecurveandsettingofthetotal
reactivepowerorthewholestation);

b) SettheAVCworkingmodeto“Dispatch”and“Closed-loop”totesttheexecutioncorrectnessof
thevariousfunctionsoftheremoteAVC.
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9.5.8 Real-timeperformanceindexinspectionandtest

9.5.8.1 Real-timeperformanceindexinspectionshallincludetheinspectionofthedatacollection
cycleaswellasthesettingvalueoftheparametersoftheAGCandtheAVCrelevanttotheexecu-
tioncycle;theresultsshallcomplywiththeprovisionsofthetechnicalspecificationsfortheinspec-
tedproduct.

9.5.8.2 Requirementsfortestingofthereal-timeperformanceindex:

a) Testofthetimewhentheanalogueinputsignalissuddenlychangedtothedatadisplayonthe
image;

b) Testofthetimewhenthedigitalinputisshiftedtotheimageblockontheimageorthedatadis-

playischanged,orthealarminformationorsoundissent;

c) Testofthetimefromthesendingofthecommandtotheexecutionofthecontroloutputby
theLCU;

d) Testoftheman-machineinterfaceresponsetime:

1) Responsetimeforcallingnewimage;

2) Real-timedatarefreshtimeonthedisplayedimage;

3) Timefromthegeneratingoftheanaloguedataeventtothedisplayofthealarminformation
ontheimageandthemakingofthesound;

4) Timefromthegenerationoftheeventsequencerecordtothedisplayofthealarminforma-
tionontheimageandthemakingofthesound;

5) Timefromthegenerationofthecalculateddataeventtothedisplayofthealarminforma-
tionontheimageandthemakingofthesound.

e) Testofthedual-machineswitchovertime:Whenquittingthemainmachinemanually,thespare
machineshallbeputtoworkautomaticallyandtheswitchovertimeshallbemeasured;inthe
switchoverprocess,noerrororcrashofthesystemshalloccur;

f) Otherreal-timeperformanceindicesshallbetestedaccordingtothetechnicalspecificationsfor
theinspectedproduct;Thereal-timeperformanceindicesshallcomplywiththeprovisionsof
thetechnicalspecificationsfortheinspectedproduct.
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9.5.9 Externalcommunicationfunctiontest

9.5.9.1 Accordingtotheprovisionsofthetechnicalspecificationsfortheinspectedproduct,the
functionofcommunicationbetweentheinspectedsystemandthevariousdispatchingaswellasthe
otherexternalsystemsandequipment(suchasthewaterregime,informationmanagementsystem
ofthehydropowerstation,automaticdevicesandintelligentinstruments)shallbetestedbysimula-
tingthePCcommunicationoffsideorbydirectlyusingtherealequipmentinaccordancewiththe
communicationprotocol,whichshallcomplywiththeprovisionsofthetechnicalspecificationsfor
theinspectedproduct.

9.5.9.2 Forthechannelwiththeredundancyconfiguration,thesparechannelshallbeautomatically
puttoworkiftheworkingchannelisquitmanuallyandnoerrorofcrashingofthesystemshalloccur
intheswitch-overprocess.

9.5.10 Applicationeditfunctiontest

Theapplicationeditfunctions(suchasthemodification,additionanddeletionoftheimages,meas-
uringpointdefinition,tablesandcontrolprocesses)oftheinspectedproductshallbetestedaccord-
ingtotheprovisionsofthetechnicalspecificationsfortheinspectedproduct,whichshallcomply
withtheprovisionsofthetechnicalspecificationsfortheinspectedproduct.

9.5.11 Systemself-diagnosisandself-recoveryfunctiontest

Thefollowingitemsshouldbetested:

a) Poweronorrestartthesystem,andinspectwhetherthesystemcouldbestartednormally;

b) Simulatethefailureoftheapplicationsystem,andinspectwhetherthesystemisself-recov-
ered;

c) Simulate the failures of the various functional modules,peripheral equipment and
communicationinterfaces,andinspectwhetherthecorrespondingalarmsandrecordsarecor-
rect;

d) Forequipmentwiththehotstandbyredundancyconfiguration(suchasthemainmachine,net-
workandLCU),simulatethefailureoftheworkingequipment,inspectwhetherthestandby
equipmentcouldbeactivatedastheworkingequipment,whetherthedataisconsistentafter
switchingoverandwhetherthetasksarecontinuouslyexecuted;thesystemshallnotcrash.

9.5.12 CPUloadrateperformanceindextest

AsforthesystemwithclearprovisionfortheCPUloadrate,theindicessuchastheCPUloadrate,
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memoryoccupancyandmagneticdiskuserateshallbedisplayedandrecordedthroughthecommand
oroperatingsysteminterfaceonthecomputer,andtheirmaximum valuesshallbeworkedout
throughstatistics.

10 Nameplate,packing,transportationandstorage

10.1 Nameplate

Thematerialsandprintingmethodofthenameplatesshallensurethatthetextsarenotobliterated
duringtheentireserviceperiod,andthefollowinginformationshallbemarked:

Suppliername,equipmentname,equipmentmodel,productnumberanddeliverydate.

10.2 Packing

10.2.1 Thepackingcontainershallbemanufacturedaccordingtothepackagingdrawing.Thefollow-
inginformationshallbemarkedontheoutsideofthecontainer:

a) Consigneeandaddress;

b) Supplierandaddress;

c) Equipmentmodel,nameandnumber;

d) Equipmentnetweight,grossweight,centreofthegravitylineofthepackingcontainer,posi-
tionoftheslingsandoveralldimensionsofthepackingcontainer;

e) Wordingsandmarkslike“HandlewithCare”,“KeepAwayfromMoisture”and“DonotPutUp-
sideDown”.

10.2.2 Rain-proof,damp-proof,mould-proof,dust-proof,anti-vibrationandsalt-spray-proofmeas-
uresshallbetakenfortheequipmentpackingaccordingtothedifferentrequirementsfortheequip-
mentandthetransportationmodes.

10.2.3 Beforepacking,thefollowingpreparationsshallbemade:

a) Inspectwhethertheequipmentappearancegetsdamagedandwhetherthereisdustonthesur-
face;

b) Removethefragileandvibration-sensitivecomponentsandmeters,andpackthemseparately;

c) Getthespareparts,compliancecertificateandrelevanttechnicaldocumentsreadyalongwith
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theequipment,wrapthemproperlyandaffixintheproperposition.

10.2.4 Nameandquantitylistedonthepackinglistshallbeconsistentwiththematerialobjectsand
thedrawingsinthecontainer.

10.2.5 Thepackingoftheequipmentforexportshallcomplywiththeoftherelevantcountries’

provisionsconcerninginspectionandquarantine.

10.3 Transportation

Thesuppliershalldesignatetheapplicabletransportationtoolsandtransportationrequirementsfor
theequipment.Thetransportationandthehandlingshallbeimplementedaccordingtothemarkson
thepackingcontainer.Thenumberofpackages,thenumberofcases,markings,thedeliverytime
andthetrainnumbershallbenotifiedbythesuppliertotheconsigneeupondelivery.

10.4 Storage

Thepackedequipmentshallbestoredinthewarehousewithanambienttemperatureof-25℃to
+55℃andrelativehumidityofnotmorethan85%;thewarehouseshallbefreefromanyacid,

alkali,salt,corrosiveorexplosivegasesandstrongelectromagneticfields,andbeshallprotected
fromdust,rainandsnow.Thesuppliershallensurethattheequipmentshallnotberustedortheac-
curacyshallnotbereducedduetoimproperpackingundertheabovestorageconditionswithin
12monthsfromthedateofdelivery.

11 Installationandtraining

11.1 Installation

11.1.1 Installationguide

Thesuppliershallberesponsibleforthesiteinstallation,testingandcommissioning ofthe
equipmenttotheuser’ssatisfactionandthesuppliershallassigntechnicianstoworkatthesite.

11.1.2 Installationspecifications

Installationshallbecarriedoutasperthisdocumentaswellasrelevantthestandardsandspecifica-
tions.

11.1.3 Installationtestrecords

Afterinstallation,theuserandthesupplier’stechniciansshallcomprehensivelytesttheequipment
andformulatecompletetestrecords.

43

SHP/TG003-6:2019



11.2 Training

11.2.1 Thesuppliershallorganizetrainingonaspectsoftheequipmentoperation,dailymaintenance
andmalfunctiontreatmentfortheuser.

11.2.2 Reasonabletrainingplanshallbeformulatedandtrainingdocumentsshallbeproperly
preparedfortheusertraining.

11.2.3 Theusertrainingshallbecarriedoutinstagesandpreferablyinthreestages:

a) Pre-deliverytraining:Beforetheequipmentisdelivered,theusershallassignpersonneltopar-
ticipateinthedeliveryinspectionoftheequipmentatthesupplier’spremisesandreceivesys-
tematictrainingonaspectsoftheoryandpractice;

b) On-sitetraining:Aftertheequipmentarrivesattheinstallationsite,theusershallassignper-
sonneltoparticipateinthesiteinstallation,testingandcommissioningoftheequipment,and
receiveoperationaltraining;

c) Operationaltraining:Aftertheequipmentisputintooperation,asrequired,theusershall
assignpersonneltoreceivehands-onoperationaltrainingatthepowerplantortherealtimedig-
italsimulatoratthesupplier’spremiseorinsomeinstitutehavingsuchafacility.

12 Qualityguaranteeperiod

Underthepremisethattheproductisproperlystored,installedandused,theproductqualityguar-
anteeperiodshallbeoneyearafterthedateonwhichthe72-hourtrialoperationiscompleted,or
twoyearsafterthedeliverydateofthelastbatchofgoods,whichevercomesearlier.Iftheequip-
mentgetsdamagedorisunabletofunctionproperlyduetothemanufacturingqualityduringthequal-
ityguaranteeperiod,thesuppliershallrepairorreplaceitfreeofcharge.
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AppendixA
(Normative)

Inspection,acceptancetests

TableA.1 Inspection,acceptancetestsandtestitems

No. Inspectionitems
Factory

inspection
Site

acceptance

1
Inspectionoftheproductappearance,software/hardwareconfiguration
andthetechnicaldocuments

√ √

2 Testoftheanaloguedatacollectionandtheprocessingfunction √ √

3 Testofthedigitaldatacollectionandtheprocessingfunction √ √

4 Testofthecalculateddatacollectionandtheprocessingfunction √ √

5 Testofthedigitaloutputchannel √ √

6 Testoftheanalogueoutputchannel √ √

7 Testoftheotherdataprocessingfunction √ √

8 Testoftherelayprotectionfunctionandperformance √ √

9 Voltageandcurrentstabilizationtestofthedirectcurrentsystem √ √

10 Inspectionofthestoragebatterycapacity √ √

11 Charge-dischargetest √ √

12 TestoftheDCbusvoltageregulationfunction √ √

13 TestoftheDCbusandtheoutgoingfeederinsulatingproperty √ √

14 Testoftheman-machineinterfacefunction √ √

15 Testofthepowersupplyadaptivecapacity √ √

16 Insulationresistancetest √ √

17 Continuous-currenttest √ √

18 On-siteunpacking,installationandwiringInspections √

19 Synchronizationfunctiontest √ √

20 Powerregulationfunctiontest √ √

21 Automaticgenerationcontrol(AGC)functiontest √ √

22 Automaticvoltagecontrol(AVC)functiontest √ √

23 Real-timeperformanceindexinspectionandtesting √ √

24 Communicationfunctiontest √ √

25 Testoftheapplicationeditfunction √ √

26 Testofthesystemself-diagnosisandself-recoveryfunctions √ √

27 CPUloadrate,memoryoccupancyperformanceindextest √ √

28 Otherfunctionaltests √ √
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