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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.

Ⅱ
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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.

Ⅲ
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TechnicalGuidelinesfortheDevelopmentofSmallHydropower
Plants-Units
Part4:ExcitationSystem

1 Scope

ThisPartoftheUnitsGuidelinesspecifiesthetechnicalrequirementsaswellasthebasicrequire-
mentsforthesupplyscope,spareparts,technicaldocuments,inspectionandacceptance,packing,

transportation,storage,installation,operationandmaintenanceforthesmallhydropower(SHP)ex-
citationsystem.

ThisDocumentappliestothesynchronousmachineexcitationsystem.

2 Normativereferences

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

IEEEStd421.1,StandardDefinitionsforExcitationSystemsforSynchronousMachines

IEEEStd421.2,IEEEGuideforIdentification,Testing,andEvaluationoftheDynamicPerformance
ofExcitationControlSystems

IEEEStd421.3,Highpotentialtestrequirementsforexcitationsystemsforsynchronousmachines

IEEE421.4,IEEEGuideforthepreparationofexcitationsystemspecifications

IEEEStd421.5,IEEERecommendedPracticeforExcitationSystemModelsforPowerSystemStabil-
ityStudies

IEC60034-16,ExcitationSystemsforSynchronousMachines

IEC60529,ClassificationofDegreesofProtectionProvidedbyEnclosures

SHP/TG001,Technicalguidelinesforthedevelopmentofsmallhydropowerplants-Termsanddefi-
nitions

1
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3 Termsanddefinitions

Forthepurposesofthisdocument,thetermsanddefinitionsgiveninIEEEStd421.1,IEEEStd421.2,

IEEEStd421.5,IEC60034-16,IEC60529,SHP/TG001apply.

4 Serviceconditions

4.1 Environmentalconditions

4.1.1 Theequipmentshallbeinstalledindoorsorinweather-protectedlocations,shallbeusedin
theenvironmentwithcleanairandwithoutexplosiverisk;andthereshallbenogasorconductive
dustwhichcouldcorrodethemetalanddamagetheinsulationintheambientair.

4.1.2 Thealtitudeshallnotexceed2500m.Whentheequipmentisusedinplaceswithanaltitude
over2500m,thereductionofthedielectricpropertiesandthedecreaseoftheaircoolingeffect
shallbeconsidered,hencetheusershallnegotiatewiththesupplier.

4.1.3 Theambienttemperaturefortheexcitationequipmentshallbe:

a) Theindoorambienttemperatureshallbe-5℃to40℃;

b) Thestoragetemperatureshallbe-15℃to40℃;

c) Thedailyaveragevalueoftheambienttemperatureshallnotbehigherthan35℃.

NOTE Iftheindoorambienttemperatureexceedstheaforesaidrange,theusershalldeclarethistoornegotiatewith
thesupplier.

4.1.4 Themonthlyaveragemaximumrelativehumidityoftheservicesiteshallnotbehigherthan
90% (withoutcondensation)inthewettestmonth,meanwhilethemonthlyaverageminimumtem-
peratureshallnotbehigherthan25℃inthesamemonth.

4.1.5 Dustproofmeasuresshallbeconsideredforthesystemequipmentaccordingtothedifferent
installationsites;temporaryprotectionmeasuresshallbetakenespeciallyattheinitialstageofthe
constructionandwhenthelocalcontrolunitisputintooperationinphases.Thereferencevaluesfor
thedustparametersontheservicesiteoftheequipmentshallbethatthequantityofdustwithgrain
sizebiggerthan0.5μshallbelessthan18000grains/L.

4.1.6 Thesystemequipmentshallbeabletobearthefollowingvibration:

a) Theaccelerationshallnotbemorethan10m/s2whenthevibrationfrequencyisintherangeof
2
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10Hzto500Hz;

b) Specialconsiderationsshallbegivenfortheequipmentstructurewhentheequipmentisusedin
earthquake-proneregions.

4.2 Powersupplyconditions

Withinthefollowingpowersupplyvoltageandfrequencyrange,thestaticrectifierexcitation
systemanddevicesshallbeabletoensurethatthegeneratorcouldoperatecontinuouslyandstably
foralongtermundertheratedworkingconditions;

a) ForAC380(415)/220Vsystem,theallowabledeviationofthevoltageshallbe-15%to+10%
oftheratedvalueandtheallowabledeviationofthefrequencyshallbe±10%;

b) FortheDC220/110Vsystem,theallowabledeviationofthevoltageshallbe-15%to+10%
oftheratedvalue.

4.3 Otherconditions

Otherspecialserviceconditionsshallbedeterminedbythesupplierandtheuserthroughnegotiation.

5 Technicalrequirements

5.1 Performancerequirements

5.1.1 Whenthefieldvoltageandcurrentofthegeneratorarenotgreaterthan110% ofitsrated
fieldvoltageandcurrent,theexcitationsystemshallbeabletooperatecontinuously.

5.1.2 Thefieldforcingvoltageandcurrentamplificationoftheexcitationsystem shallbe
consideredasperthefollowingsituation:

a) Fortheunitwithacapacitylessthan5MWorthebrushlessexcitationsystem,itshouldnotbe
lessthan1.5;

b) Fortheexcitationsystemoftheunitwithacapacityof5MWto10MW,itshouldnotbeless
than1.8;

c) Thespecialrequirements,ifany,shallbedeterminedbythesupplierandtheuserthroughnego-
tiation.

5.1.3 Theallowablefieldforcingshallnotbelessthanfor10s.durationnormorethanfor50s.du-
ration.

3
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5.1.4 Withregardtothevoltageresponsetimeoftheexcitationsystem,therisetimeshallnotbe
morethan0.1sandthedroptimeshallnotbemorethan0.15s.

5.1.5 Theexcitationsystemshallensurethattheregulationaccuracyoftheterminalvoltageofthe
generatorishigherthan±1% (fortheunitwithacapacitymorethan5MW),±2.5% (fortheunit
withacapacityof0.5MWto5MW)or±5% (fortheunitwithacapacitylessthan0.5MW).

5.1.6 Theexcitationsystemshallensurethatthevoltageregulationsettingofthegeneratortermi-
nalsis ±10%,therangeisnotmorethan1% andtheregulationcharacteristichasfavourable
linearity.

5.1.7 Theexcitationsystemshallensurethattheallowablevariationofthegeneratorvoltageis
±0.5%oftheratedvaluewheneverthefrequencyvaluechangesby1%undertheno-loadoperation
conditionofthegenerator.

5.1.8 Theexcitationregulatorshallensurethatthevoltagecouldbestablyandsmoothlyregulated
withintherangeof30%to110%oftheno-loadvoltage.

5.1.9 Thevariationrateofthevoltagepre-setvalueshallnotbehigherthan(1% UN)/snorlower
than(0.3%UN)/s.

5.1.10 Transientvoltageregulationratioandvoltagerecoverytimeoftheexcitationsystemshall
meetthefollowingrequirements(Low-voltageunits:theratedvoltageofthegeneratoris690Vand
below;High-voltageunits:theratedvoltageofthegeneratorismorethan690V):

a) Suddenloadrejection:Thetransientvoltageamplification(overshoot)underthesuddenrejec-
tionratedloadoftheturbinegeneratorattheratedpowerfactoristhat:

1) 20%forthelow-voltageunits;

2) Notmorethan15%oftheratedvalueforthehigh-voltageunits;

3) Thefrequencyofoscillationshallnotbemorethanthreetimes;

4) Theregulationtimeshallnotbemorethan5s;

b) Suddenloadincrease:Whentheratedreactiveloadissuddenlyappliedtotheturbinegenerator,

thetransientvoltageisthat:

1) -20%oftheratedvalueforthelow-voltageunits;

2) -15%oftheratedvalueforthehigh-voltageunits;
4
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c) Thevoltagerecoverytimeafterthesuddenloadchangesshallcorrespondtotwotypesoftransi-
entvoltageincreaseordecreaseasspecifiedina)andb)andshallnotbemorethan1.5sand
2.5srespectively;

d) Stepresponse:Whenthehigh-voltagegeneratorisunderno-loadconditionandthestepre-
sponseis±10%,thevoltageovershootshallnotbemorethan50% ofthestepamount,the
oscillationshallnotbemorethantwiceandtheregulationtimeshallnotbemorethan3s;

e) Voltagebuild-upfromzero:Iftheexcitationsystemissuddenlyputintooperationsothatthe
terminalvoltageoftheturbinegeneratorrisesupfromzerototheratedvaluewhentheturbine
generatorisoperatingundertheno-loadconditionandtherotationspeediswithintherangeof
(0.95to1.05)oftheratedspeed,thevoltageovershootshallnotbemorethan10%ofthera-
tedvoltage,thefrequencyofoscillationshallnotbemorethanthreetimesandtheregulation
timeshallnotbemorethan5s.

5.1.11 Theexcitationsystemshallbeabletofunctionproperlyunderthefollowingpowersupply
conditions:

a) Voltagerange:Theexcitationsystemshallbeabletomaintainnormalfunctioningwhenthefluc-
tuationrangeoftheACoperatingpowersupplyvoltageoftheexcitationsystemis70% to
130% withinashorttime(notexceedingthedurationofthefieldforcing);thestandbyoperat-
ingpowersupplyshallbeusedtoensurethattheaforesaidrequirementismetwhentheoperat-
ingvoltagefluctuationexceedstheaforesaidrange;

b) Frequencyrange:Theexcitationsystemshallbeabletomaintainnormalfunctioningwhenthe
frequencyattheterminalsofthegeneratoriswithintherangeof45Hzto70Hz.

5.1.12 Theexcitationsystemshallbedesignedwithconsiderationgiventotheovervoltageinthe
excitationcircuitofthegeneratorrotorandtoensurethattheinstantaneousvalueattheoutgoing
terminalofthemagneticfieldwindingshallnotbemorethan65%ofthetestvoltagepeakspecified
in5.1.16.

5.1.13 Excitationinitiatingmethodsincludetheexcitationinitiatingwiththeresidualvoltageand
theexcitationinitiatingbyseparateexcitation:

a) Excitationinitiatingwiththeresidualvoltage:Theexcitationshallbereliablyinitiatedwhenthe
voltageatthegeneratorterminalsisgreaterthan2%oftheratedvalue;

b) Excitationinitiatingbyseparateexcitation:Thecapacityoftheexcitationinitiatingpower
supplyemployingthestaticrectifierexcitationshallnotbegreaterthan10%oftheno-loadexci-
tationcurrentoftheturbinegenerator.

5.1.14 Exceptfortheexcitationsystemforthesmallturbinegeneratorwhichrealizesde-excitation
5
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byshuttingdown,theotherexcitationsystemsshallhavethede-excitationcapacityandensurereli-
ablede-excitation.

5.1.15 Withregardtotheexcitationequipment(excludingtherotatingexciter)employingforced
cooling,thenoisevaluepercabinet(soundpowerlevelattheposition1mfromthecabinet)shall
notbegreaterthan80dB(A).

5.1.16 Withstandvoltagetestshallmeetthefollowingrequirements:

a) Theelectriccircuitsoftheexcitationsystemshallbeabletosustainthewithstandvoltagetest
withoutimpairingtheinsulation.

b) Withregardtotheelectriccircuit(exceptfortherotatingelectricalmachinery)directlycon-
nectedtothemagneticfieldwindingorthroughtherectifier,thetestvoltageshallbe10times
theratedfieldvoltagebutshallnotbelessthan1500Vwhentheratedfieldvoltageofthetur-
binegeneratoris500Vorlower.Withregardtotheelectriccircuitnotdirectlyconnectedtothe
magneticfieldwinding,thetestvoltageshallbe1000Vwhentheratedvoltageis60Vorlow-
er,andshallbe2timestheratedvoltageplus1000Vbutshallnotbelessthan1500Vwhenthe
ratedvoltageishigherthan60V.

c) Thetestvoltageforon-siteacceptanceofthehydropowerstationshallbe75%ofthespecified
testvoltage;therepeatableandrepairedtestvoltageshallbe65%ofthespecifiedtestvoltage.

d) Thetestvoltageshallbeaneffectivevalueofthepowerfrequencyalternatingcurrentsine
wave.Itswaveformshouldbeclosetothesinewaveandthetesttimeis60s.

5.1.17 Themetalstructureoftheself-containedexcitationsystemshallbefittedwiththegrounding
terminal,andlegiblymarkedwiththesymbol .Thegroundingterminalshallnotbeusedforother

purposes.

5.2 Systemfunctionrequirements

5.2.1 Excitationregulatorshallhavethefollowingbasicfunctions:

a) Theunitwithacapacityofmorethan5MW mayhavetworegulationchannelswhichmaybe
doubleautomaticchannelsoroneautomaticchannelplusonemanualchannelfortheredundancy
oftheequipment.Tworegulationchannelsshallbemutuallystandbyandbetraceableforeach
other,andcouldbeswitchedoverautomaticallyandmanually.Whenswitching,thevoltageat
theterminalsoftheturbinegeneratororthereactivepowerhasnoobviousfluctuation;

b) Themicrocomputer-basedexcitationregulatorshallhavethefunctionofcommunicatingwiththe
hostcomputer.Thecommunicationmayberealizedwiththepoint-to-pointmethod;
6
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c) Localandremoteoperationfunction;

d) Over-excitationlimitingfunction;

e) Under-excitationlimitingfunction;

f) V/Flimitingfunction(optional);

g) Differenceregulationfunction;

h) Manual/automaticexcitationswitch-onfunction;

i) Gridvoltagetracefunction;

j) Capableofmeetingthebasicrequirementsofthemonitoringsystem;

k) PSSfunction(optional);

l) ProvideforVARorPFControlSystemforthemicrocomputer-basedexcitationregulator(op-
tional).

5.2.2 Powerrectifieroftheexcitationsystemshallhavethefollowingfunctions:

a) Coolingfanhasthefunctionsofautomaticswitchingandalarmincaseofwindstop;

b) Fusefailurealarmfunctionofthefastactingfuse;

c) Pulsevanishingdetectionandalarmfunction.

5.2.3 De-excitationequipmentshallmeetthefollowingrequirements:

a) Linearde-excitationshouldbeusedfortheunitwithacapacityoflessthan5MWorwithanex-
citationcurrentoflessthan500A;

b) Theexcitationsystemshallprovidetheconnectionpointforshunttrippingthecircuitbreakerat
theoutletoftheturbinegeneratorwhenthede-excitationswitchtripsoffbymistakeinthegrid-
connectedoperationprocess.

5.2.4 Rotorovervoltageprotectionshallmeetthefollowingconditions:

a) Theunitwithacapacitymorethan5MWorwithanexcitationcurrentofmorethan300Ashall
beprovidedwiththeexcitationwindingovervoltageprotection;

7

SHP/TG003-4:2019



b) Theovervoltageprotectionfortheelectronicjumperwiththesinglebranchshallnotbeconnect-
edtothefuseinseries.

5.2.5 Themaindetectionfunctionsshallinclude:detectionofthetriggerpulse,detectionofthe
synchronouscircuitoftheexcitationregulator,detectionofthevoltagetransformerdisconnection,

detectionofthefastactingfuseofthepowerrectifieranddetectionofthefaultoftheregulation
channel.

5.2.6 Theexcitationsystemshallbeabletooutputthefollowingsignals:

a) Lossorfaultoftheregulatedpowersupplyfortheregulator;

b) Faultoftheregulatorchannel;

c) Lossofthepowersupplyfortheoperationcontrolcircuitoftheexcitationsystem;

d) Faultofthepowerrectifiercabinet;

e) Actionofexcitationlimiter;

f) Voltagetransformerdisconnection.

5.2.7 Theexcitationsystemshallhavethefunctionsofindicatingtheexcitationcurrent,fieldvolt-
ageandvoltageattheterminalsofthegenerator.

5.3 Othertechnicalrequirements

5.3.1 Excitingtransformershallmeetthefollowingrequirements:

a) Theautomaticswitchorthefastactingfuseshallnotbeinstalledonthehighvoltagesideofthe
excitingtransformer;

b) Theasymmetryofthethree-phasevoltageoftheexcitingtransformershallnotbe more
than5%;

c) Shieldingandgroundingshallbeappliedbetweentheprimaryandthesecondarywindings;

d) Theshortcircuitimpedanceoftheexcitingtransformershouldbewithintherangeof4%
to8%;

e) Thewiringgroupofthethree-phaseexcitingtransformershouldbeofY/dmode.

5.3.2 Thevoltagetransformerandthecurrenttransformershallmeettheoperatingrequirementsof
8
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theexcitationsystemandtheaccuracylevelshallnotbelowerthan0.5.

5.3.3 Theprotectionleveloftheexcitationequipmentshallmeetthefollowingrequirements:

a) TheprotectionleveloftheexcitationregulatorcabinetshallbehigherthanIP30;

b) TheprotectionleveloftheexcitationpowerrectifiercabinetshallbehigherthanIP20;

c) Theprotectionlevelprovidedbytheenclosureoftheexcitingtransformer(indoorinstallation)

shallbehigherthanIP20.

6 Supplyscopeandspareparts

6.1 Supplyscope

6.1.1 Excitationdeviceshouldincludetheregulationcontrol,powerrectificationandde-excitation
protectionunitsorloops.

6.1.2 Otherequipmentwithinthesupplyscopeshallbedeterminedbythesupplierandtheuserac-
cordingtotheorderrequirements.

6.2 Spareparts

Thesuppliershallprovidethenecessarysparepartsforthedamageablecomponents,amongwhich
thequantityofsparepartsforthepowerrectifiercomponentsandthefastactingfusesshallnotbe
lessthan30%oftheusageamount;thesupplyscopeandthequantityofothersparepartsshallbe
determinedbythesupplierandtheuserthroughnegotiation.

7 Technicaldocuments

Thesuppliershallsubmitthenecessarytechnicaldocumentstotheuser,mainlyincluding:

a) Technicalspecification;

b) Operationinstruction;

c) Deliverytestreportandthecompliancecertificate;

d) Unitandtheoveralldebuggingoutlines;

e) Systemschematicandtheoperationschematicdiagram;
9
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f) Listofthemainpartsandthewiringdiagramofthepanel/cabinet;

g) Outsideviewandtheinstallationdrawingoftheequipment;

h) Deliverylist;

i) Technicaldataofthesub-contractedproducts;

g) Othernecessarytechnicaldatafortheinstallation,operationandmaintenance.

8 Tests

8.1 Deliverytest

Thefollowingdeliverytestsshallbecarriedoutasfollows.Theproductcouldbedeliveredonlyafter
passingthetests.

a) Standardtestitems:shallcomplywithTableA.1;

b) Othertestitems:shallbedeterminedbythesupplierandtheuserthroughnegotiation.

8.2 Sitetests

Sitetestsitemsinclude:

a) Standardtest:shallcomplywithTableA.1;

b) Othertestitems:shallbedeterminedbythesupplierandtheuserthroughnegotiation.

8.3 Typetests

Withregardtothenewtrial-producedexcitationequipmentorthefinalizedexcitationequipment,

thetypetestshallbecarriedoutfortheexcitationsystem whentheprocessorthekeycomponent
(ormaterial)changesmightinfluencetheproductperformance.Thetypetestitemsinclude:

a) Measurementoftheceilingvoltageamplification,responseratioandresponsetimeoftheexci-
tationsystem;

b) Measurementofthevoltagesettingrangeattheterminalsofthesynchronousgenerator;

c) Measurementofthesteady-statevoltageregulationratio;
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d) Measurementofthevoltageregulationratio;

e) Measurementoftheadjustmentrangeofthemanualcontrolunit;

f) Testofthesuddenloadincreaseandthesuddenloadrejection;

g) Testoftheautomatic/manualswitching;

h) Testoftheratedvoltageestablishment;

i) TestoftheexcitationsystemoperationandtheoperationalreliabilitywhentheDC,ACvoltage
andfrequencyforcontrolvarywithinthespecifiedrange;

j) De-excitationtest;

k) Testoftheratedcurrentoftherectifyinginstallation;

l) Measurementoftheexcitationequipmentnoise;

m) Maximumandminimumambienttemperaturetest;

n) Trialoperationtest;

o) Allthedeliverytestitems.

9 Nameplate,packing,transportationandstorage

9.1 Nameplate

Thematerialsandengravingmethodofthenameplatesshallensurethatthetextsarenotobliterated
duringtheentireserviceperiodandthenameplateshallcontainthefollowingitems:

Suppliername,equipmentnameandequipmentmodel;ratedoutputvoltageandratedoutputcur-
rent;operatingcontrolpowersupply;productnumberanddeliverytime.

9.2 Packing

9.2.1 Thepackingshallbedeterminedbythesupplierandtheuserthroughnegotiation.Specialre-
quirementsoftheequipment,ifany,shallbemarkedonthepackingcontainer.

9.2.2 Theproductshallhaveinternalpackingandexternalpackingcontainers,theplug-inboxshall
befirmlylockedandfastened,thepackingcontainershallbefittedwiththedustproof,rainproofand
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anti-vibrationmeasures,andshallbeprovidedwiththehoistingfacilityandmarks.

9.2.3 Theinspectionsoftheproductbeforepackingmainlyinclude:

a) Whethertheaccessories,spareparts,compliancecertificateandrelevanttechnicaldocuments
oftheproductarecomplete;

b) Whethertheproductappearancegetsdamaged.

9.2.4 Thepackingoftheproductsforexportshallcomplywiththeprovisionsoftherelevantna-
tionalinspectionandquarantineregulations.

9.2.5 Thepackingguaranteetimeshallnotexceed12monthsfromthedeliverydate.

9.3 Transportation

Thesupplierandtheusershallspecifythetransportationtoolssuitablefortheequipmentandthere-
quirementsinthetransportationprocess.Thetransportationandhandlingshallbecarriedoutaccord-
ingtothemarksonthepackingcontainers.

9.4 Storage

9.4.1 Theproductsshallbestoredinthedust-freeandrainproofwarehouseswithambienttempera-
tureof-25℃to+55℃,relativehumidityofnotmorethan85%andwithoutacid,alkali,saltand
corrosiveorexplosivegasesorstrongelectromagneticfield.

9.4.2 Fromthedateofdeliverybythesupplier,thesuppliershallguaranteethattheproductsare
freefromcorrosionandaccuracyreductionduetoimproperpackingwithin12monthsunderthestor-
ageconditionsspecifiedin4.1.

10 Installation,operationandmaintenance

10.1 Installation

Theproductshallbeinstalledbytheexperiencedandwell-qualifiedcompetentprofessionals.

10.2 Operationandmaintenance

10.2.1 Beforegoingintoformaloperation,therelevanttestsshallbecarriedout,andthespecified
requirementsshallbemet.

10.2.2 The operation and maintenance shallcomply with the provisions ofthe normative
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references,theinstallation,useandmaintenanceinstructionsprovidedbythesupplieraswellasthe
relevantoperationspecificationsforthehydropowerstation.

10.2.3 Thesuppliershallprovidethetechnicalsupportforsolvingtheproblemsoccurringinthein-
stallation,useandmaintenanceprocessfortheequipment,andshalltraintheuser’spersonnelon
theaspectsoftheequipmentinstallation,useandmaintenance.

11 Qualityguaranteeperiod

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

Inspectionandsiteacceptancetest

TableA.1 Factoryinspectionandsiteacceptancetestitems

No. Testitems
Factory

inspection
On-site

acceptance

1 Testoftheexcitingtransformer √ √

2 Testofthemagneticfieldcircuitbreaker √ √

3 Testofthepowerrectifier √ √

4 Testofthenonlinearresistance √

5 Testofthesiliconcontrolledjumper √ √

6
Insulationmeasurementanddielectrictestofthevariouscomponentsofthe
excitationsystem

√ √

7
Testofthebasicunitsandtheauxiliaryunitsoftheautomaticexcitingregu-
lator

√

8 Totalstaticcharacteristictestoftheautomaticexcitingregulator √ √

9
Looptestsfortheoperation,protection,monitoring,signalandportofthe
excitationsystem

√ √

10
Testoftheexcitationinitiating,pressurerise,pressuredropandconversion
fielddepressioncharacteristics

√

11
Measurementofthevoltagesettingrangeandthepre-setvoltagevariation
speedinthevariousregulatingchannelsoftheautomaticexcitingregulator

√

12
Measurement and recording of the generator voltage-frequency
characteristicswiththeautomaticexcitingregulator

√

13
Switchingtestoftheautomatic/manualmodesandthetwosetsoftheauto-
maticregulationchannels

√ √

14 Testoftheregulatingrangeofthemanualcontrolunit √ √

15 5%or10%stepresponsetestsundertheno-loadconditionofthegenerator √

16 Detectionofthecoolingsystemfortherectifiedpowercabinet √ √

17 Noisetest √ √

18 Currentsharingtestofthepowerunitfortheexcitationsystem √ √

19
Measurementofthegeneratorvoltageregulationratiowiththeautomaticex-
citingregulator

√

20 Testofthereactiveloadadjustmentandtheloadrejectionofthegenerator √

21
De-excitationtest ofthe generator underthe no-load and the rated
workingconditions

√

22 Detectionofthetemperatureriseforallthepartsoftheexcitationsystem √
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TableA.1(continued)

No. Testitems
Factory

inspection
On-site

acceptance

23
Settingandactioncorrectnesstestsfortheauxiliaryfunctionunitsandthe

protection/detectionunits
√ √

24
12hrscontinuouscurrenttestoftheexcitationdeviceunderthelowvoltage
andhighcurrentcondition

√

25
72hrscontinuoustrialoperationoftheexcitationsystemundertherated
workingcondition

√
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