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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

SHP/TG003-2:2019



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
Part2:HydroTurbineGenerator

1 Scope

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

transportation,storage,installation,operationandmaintenanceforthesmallhydropower(SHP)

three-phase50Hzor60Hzsalientpolesynchronoushydroturbinegeneratorwithratedcapacityup
to12.5MWAconnectedtoahydroturbine.

2 Normativereferences

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

plies.

ISO1680,Acoustics—TestCodefortheMeasurementofAirborneNoiseEmittedbyRotatingElec-
tricalMachines

IEC60034-1,RotatingElectricalMachines—RatingandPerformance

IEC60034-2-1,DeterminingLossesandEfficiencyfromTests

IEC60034-2A,MeasurementofLossesbytheCalorimetricMethod

IEC60038,IECStandardVoltages

IEC60050-411,ElectrotechnicalVocabulary—Part411:RotatingMachinery

IEC-60085,Classificationofthematerialsfortheinsulationoftheelectricalmachines

SHP/TG001,Technicalguidelinesforthedevelopmentofsmallhydropowerplants—Termsanddefi-
nitions

1
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3 Termsanddefinitions

Forthepurposesofthisdocument,thetermsanddefinitionsgiveninIEC60034-1,IEC60050-411
andSHP/TG001apply.

4 Serviceconditions

Thegeneratorshallbeinstalledintheshelteredplantandshallbeabletooperatecontinuouslyunder
thefollowingserviceconditions:

a) Thealtitudeisnotmorethan1000m.Whenthegeneratorisusedintheplacewithanaltitude
exceeding1000m,thereductionofthedielectricpropertiesandthedecreaseoftheaircooling
effectshallbeconsidered,andtheusershallnegotiatewiththesupplier;

b) Thecoolingairtemperatureisnotmorethan40℃;thewaterinlettemperatureoftheheatex-
changersofthegenerator,suchastheaircoolerandoilcooler,isnothigherthan28℃norlow-
erthan5℃;

c) Therelativehumidityintheplantisnotmorethan85%;

d) Thedesignaccelerationvaluescorrespondingtotheseismicintensitiesoftheservicesiteareas
showninTable1.

Table1 Designaccelerationvaluesunderdifferentseismicintensities

Designaccelerationvalue
Seismicintensities

7 8 9

Horizontaldirection 0.2g 0.25g 0.4g

Verticaldirection 0.1g 0.125g 0.2g

NOTE gisthegravitationalaccelerationofthesitewherethegeneratorisused.

5 Technicalrequirements

5.1 Basictechnicalrequirements

5.1.1 Ratedcapacityoutput

Underthefollowingconditions,thegeneratorshallbeabletooutputratedcapacity:

a) Thedeviationbetweenthevoltageanditsratedvalueshallnotexceed±5%attheratedrotation
2
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speedandtheratedpowerfactor;

b) Thedeviationbetweenthefrequencyanditsratedvalueshallnotexceed±1%attheratedvolt-
ageandtheratedpowerfactor;

c) Attheratedpowerfactor,whenthevoltageandthefrequencydeviatesimultaneously(thede-
viationsdonotexceed±5%and±1%respectively)andbothdeviationsarepositive,thesum
ofthedeviationsshallnotexceed6%;ifbothdeviationsarenegativeoronedeviationisposi-
tivewhileanotherdeviationisnegative,thesumoftheabsolutevaluesofthepercentagesof
bothdeviationsshallnotexceed5% (thegeneratorshallbeabletooperatecontinuouslywhen
thedeviationsofvoltageandfrequencyexceedtheaforesaidvalues;atthis moment,the
outputcapacityshallensurethattheexcitingcurrentdoesnotexceedtheratedvalueandthe
statorcurrentdoesnotexceedtheratedvaluebymorethan105%).

5.1.2 Ratedpowerfactor

Theratedpowerfactorofthegeneratorshouldnotbelowerthan0.8(lagged).

NOTE Iftheuserhasspecialrequirements,theratedpowerfactormaybedeterminedbythesupplierandtheuser

throughnegotiation.

5.1.3 Ratedvoltage

Theratedvoltageofthegeneratorshallbedeterminedbytheuserandthesupplierthroughnegotia-
tion,andshallcomplywiththeprovisionsofIEC60038.Thefollowingvoltagegrades(kV)shall
preferablybeselected:0.4,0.48,0.69,3.15,3.3,4.16,6.3,10.5and11.

5.1.4 Ratedrotationspeed

TheratedrotationspeedofthegeneratorshallpreferablybeselectedfromTable2:

Table2 Theratedrotationspeedofthehydroturbinegenerator Unit:r/min

50Hz 60Hz

1500,1000,750,600,500,428.6,375,333.3,300,

250,214.3,200,187.5,166.7,150,142.9,136.4,

125,115.4,107.1,100,93.8,88.2,83.3,75

1200,900,720,600,514.3,450,400,360,300,257.2,

240,225,200,180,171.5,163.7,150,138.5,128.5,

120,112.6,105.8,100,90

5.2 Electricalcharacteristics

5.2.1 Capacity

5.2.1.1 Itisallowedtoincreasetheactivepowervalueofthegeneratortotheratedcapacity(ap-
3
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parentpower)valuebyimprovingthepowerfactor.Ifrequiredbytheuser,themaximumcapacity
maybesetforthegenerator;atthismoment,thepowerfactor,electricalparametervalue,allowa-
bletemperatureriseandtheperformanceofthegeneratorrelatedtocontinuousoperationshallbe
determinedbythesupplierandtheuserthroughnegotiation.

5.2.1.2 Thegeneratorshallhavethelong-termcontinuousleadingphaseandlagphaseoperation

performance.Theallowableleadingphaseandlagphasecapacityandoperationscopeaswellasthe
allowablechargingcapacityoftheno-loadlineshallbedeterminedbythesupplierandtheuser
throughnegotiation.

5.2.2 Efficiencyandloss

5.2.2.1 Ratedefficiency

Theguaranteedvaluefortheratedefficiencyofthegeneratoroperatingatratedcapacity,ratedvolt-
age,ratedpowerfactorandratedrotationspeedshallbespecifiedintheordercontractsignedby
andbetweenthesupplierandtheuser.

Theratedefficiencyofthegeneratorshallbeasfollows:

a) Thegeneratorwitharatedcapacityof0.6MVAto1.25MVA,withanefficiencyof90%
to95%;

b) Thegeneratorwitharatedcapacitygreaterthan1.25MVAto2.5MVA,withanefficiencyof
90%to96%;

c) Thegeneratorwitharatedcapacitygreaterthan2.5MVAto6.25MVA,withanefficiencyof
92%to96.5%;

d) Thegeneratorwitharatedcapacitygreaterthan6.25MVAto12.5MVA,withanefficiencyof
93%to97%.

5.2.2.2 Weightedaverageefficiency

Theweightedaverageefficiencyistheweightedaveragevaluecorrespondingtothegeneratoreffi-
ciencyatratedvoltage,ratedrotationspeedandspecifiedpowerfactorandunderdifferentcapacity
conditions.Theguaranteedvalueoftheweightedaverageefficiencyshallbespecifiedintheorder
contractsignedbyandbetweenthesupplierandtheuser.

TheweightedaverageefficiencyofthegeneratormaybecalculatedbymeansoftheFormula(1).The
weightingcoefficientshallbeprovidedbytheuser.

4
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η=Aη1+Bη2+Cη3 …………………………(1)

where

A,BandC…… arethecorrespondingtotheweightingcoefficientatthespecifiedpowerfactor
andundercapacityconditions,andA+B+C+……=1;

η1、η2andη3…… arecorrespondingtotheefficiencyvaluesatthespecifiedpowerfactor,capacity
andweightingcoefficient.

5.2.2.3 Loss

5.2.2.3.1 Thelossandefficiencyofthegeneratorshallbemeasured withthedirectmethod,

indirectmethodorcalorimetricmethod.Thelossesinclude:

a) Copperlossofthestatorwinding;

b) Copperlossoftherotorwinding;

c) Coreloss;

d) Lossfromwindandfriction;

e) Lossoftheguidebearing;

f) Lossofthethrustbearing(onlythelossapportionedtotherotatingpartofthegeneratoriscon-
sidered);

g) Strayloss;

h) Lossfromtheexcitationsystem;

i) Electricalandfrictionlossesofthebrushes;

j) Otherlosses.

5.2.2.3.2 FordeterminingthelossvalueI2Rofthewindings,theDCresistanceofthewindings
shallbeconvertedintothevaluesatthereferenceworkingtemperaturecorrespondingtoinsulation
classmarkedonthegeneratornameplate.Ifthetemperatureriseortheratedtemperatureis
specifiedtobelowerthanthethermalclassificationofthestructure,itsreferenceworkingtempera-
tureshallbespecifiedasperthelowerthermalclassification,asshowninTable3.

5
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Table3 Referenceworkingtemperaturespecifiedasperthethermalclassificationofthe
hydroturbinegeneratorinsulation

Thermalclassificationoftheinsulationstructure Referenceworkingtemperature℃

130(B) 95

155(F) 115

180(H) 130

5.2.3 Electricalparametersandtimeconstant

Theelectricalparameterssuchasthesynchronousreactance,transientreactance,ultra-transientre-
actance,shortcircuitratioandtimeconstantofthegeneratorshallmeettheoperationalrequire-
mentsoftheelectricpowersystemandshallbespecifiedintheordercontractsignedbyandbe-
tweenthesupplierandtheuser.

5.2.4 Totalharmonicdistortionfactor

Whenthestatorwindingofthegeneratorisconnectedwiththenormalfunctioningconnectionmeth-
od,thetotalharmonicdistortion(THD)factorofthelinevoltageshouldnotexceed5%attheno-
loadratedvoltageandratedrotationspeed.

5.2.5 Temperatureriseofcomponentslikethewindingsandstatorcore

Thegeneratorshallbeabletooperatecontinuouslyforalong-termundertheserviceconditionsand
theratedworkingconditionsspecifiedinSection4,andthetemperatureriselimitvalueofitsstator
winding,rotorwindingandstatorcoreshallcomplywiththeprovisionsofTable4.Statorandrotor
shallbeprovidedwithinsulatingmaterialwithtemperatureclassificationof130(B)orhigher.

Table4 Allowabletemperatureriselimitvalueofthestatorwinding,rotorwindingand
statorcoreofthehydroturbinegenerator

Componentsofthehydro
turbinegenerator

Maximumallowabletemperatureriselimitvalueforinsulatingmaterialsof
differentlevels(K)

130(B) 155(F)

Thermometer
methodTh

Resistance
method

R

Embedded
temperature
detector

methodETD

Thermometer
methodTh

Resistance
methodR

Embedded
temperature
detector

methodETD

Statorwinding — 80 85 — 100 105

Statorcore — — 85 — — 105

Rotorwindingoftwolayersor
more 

— 80 — — 100 —

Single-layerrotorwinding with
exposedsurface

— 90 — — 110 —

Collectingring 75 — — 85 — —

6
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5.2.6 Correctionofthetemperatureriselimitvalueundernon-referenceoperatingconditions
andratings

5.2.6.1 Whenthegeneratorisusedinplacesatanaltitudeof1000mto4000m,andthemaximum
environmentairtemperatureisnotmorethan40℃,itstemperatureriselimitvaluemaynotbecor-
rected.Whenthealtitudeishigherthan4000m,itshallbedeterminedbythesupplierandtheuser
throughnegotiation.

5.2.6.2 Whenthegeneratorisusedinplacesatanaltitudenohigherthan1000m,andthemaxi-
mumtemperatureoftheambientairorcoolingairattheaircooleroutletofthegeneratorisdifferent
than40℃,thetemperatureriselimitvaluespecifiedinTable4maybecorrectedasfollows(which
onlyappliestothemeasurementwiththeembeddedtemperaturedetectormethod):

a) Whenthecoolingairtemperatureisbelow40℃,thetemperatureriselimitvalueshallincrease
bythedifferencevalueofthecoolingairtemperaturebelow40℃;

b) Whenthecoolingairtemperatureishigherthan40℃butlowerthan60℃,thetemperaturerise
limitvalueshalldecreasebythedifferenceofthecoolingairtemperatureabove40℃;

c) Whenthecoolingairtemperatureishigherthan60℃,thedecreaseinthetemperatureriselimit
valuemaybedeterminedbythesupplierandtheuserthroughnegotiation.

5.2.6.3 Asforthegeneratorwhichisstartedandstoppedthreeormoretimeseveryday,thetem-

peratureriselimitvalueinTable4maybeconsideredtodecreaseby5Kto10K.

5.2.7 Bearingtemperature

Undernormaloperatingconditionsofthegenerator,themaximumtemperatureofitsbearingshallbe
measuredwiththeembeddedtemperaturedetectormethodandshallnotexceedtheprovisioninTa-
ble5.

Table5 Allowabletemperaturerisevaluesforthehydroturbinegeneratorbearings

Componentsofthehydroturbinegenerator Maximumallowabletemperaturerisevalue℃

Babbittbearingbushofthethrustbearing 75

Babbittbearingbushoftheguidebearing 70

Plasticbearingbushbodyofthethrustbearing 55

Plasticbearingbushbodyoftheguidebearing 55

Babbittbearingbushofcradle-typesleevebearing 80

Rollingbearing 95(thermometermethod)

7
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5.2.8 Specialoperatingrequirements

5.2.8.1 Thegeneratorallowsshort-timeovercurrentunderaccidentconditions.Themultiplesofthe
overcurrentofthestatorwindingandcorrespondingallowabledurationshallbedeterminedasper
Table6.However,theoccurrenceofovercurrentreachingtheallowabledurationinTable6shallnot
exceed2timesonaverageeveryyear.

Table6 Relationshipbetweenallowablemultiplesoftheovercurrentofthestator
windingandtheallowabledurationofthehydroturbinegenerator

Allowablemultiplesoftheovercurrentofthestator
(statorcurrent/statorratedcurrent)

Allowableduration
min.

1.10 60

1.15 15

1.20 6

1.25 5

1.30 4

1.40 3

1.50 2

NOTE Asforthegeneratorwithoverloadoperationrequirements(see5.2.1.1),theallowablemultiplesoftheover-
currentandthedurationofitsstatorwindingshallbedeterminedbythesupplierandtheuserthroughnegoti-
ation.

5.2.8.2 Therotorwindingofthegeneratorshallbeabletowithstand2timestheratedexcitingcur-
rentfornolessthan50s.

5.2.8.3 Whenthegeneratorisoperatingintheunsymmetricalpowersystem,ifthecurrentofany
phasedoesnotexceedratedcurrentIN,andtheratio(per-unitvalue)ofthenegativesequencecur-
rentcomponent(I2)totheratedcurrentisnotmorethan12%,thegeneratorshallbeabletooper-
ateforalongperiod.

5.2.8.4 Whenthegeneratoroperatesunsymmetricallyforashorttimeduetofailure,theallowable
productofthesquaredratio(per-unitvalue)ofthenegative-sequencecurrentcomponenttothera-
tedcurrentandtheallowableunsymmetricaloperationdurationt(s)is40s,i.e.(I2/IN)2×t=40s.

5.2.9 Connectingtothesystembysynchronization

Thegeneratorshallbeconnectedtothesystembyquasi-synchronization.

5.2.10 Mainoutgoingline,neutraloutgoinglineandphasesequence

5.2.10.1 Mainoutgoinglineandneutraloutgoingline

Thenumberofmainoutgoinglinesofthestatorwindingofthegeneratorshouldbe3or6.Thedirec-
8

SHP/TG003-2:2019



tionandlayoutoftheoutgoinglinesofthestatorwindingaswellastheoutgoingmodeoftheneutral
outgoinglinesshallbedeterminedbythesupplierandtheuserthroughnegotiation.

5.2.10.2 Phasesequence

Thephasesequencearrangementoftheoutgoingterminalofthegeneratorshouldbe:Viewedfrom
theoutgoingterminalofthegenerator,thesequenceisU,VandWhorizontallyfromlefttoright.If
anotherphasesequencearrangementistobeused,itshallbedeterminedbythesupplierandtheus-
erthroughnegotiation.

5.2.11 Insulatingpropertyandwithstandvoltagetest

5.2.11.1 Insulatingproperty

5.2.11.1.1 Theinsulationresistancevaluebetweenthestatorwindingofthegeneratorandtheen-
closureorbetweenthewindingsshallnotbelowerthanthevaluecalculatedbytheFormula(2)when
itisconvertedto100℃:

R=
UN

1000+0.01SN
…………………………(2)

where

R isthecalculatedvalueofthehotinsulationresistanceofthewindingcorrespondingtoatemper-
atureof100℃,inMΩ;

UN istheratedlinevoltageofthegenerator,inV;

SN istheratedcapacityofthegenerator,inkVA.

Asforthedryandcleangenerator,theinsulationresistancevalueRt(MΩ)ofthestatorwindingat
roomtemperaturet(℃)maybecorrectedbytheFormula(3):

Rt=R×1.6(100-t)/10 …………………………(3)

5.2.11.1.2 Whentherotorismeggertestedwitha500Vor1000Vtrameggeratroomtemperature
10℃to40℃beforeandafterthesinglemagneticpoleishung,itsinsulationresistancevalueshall
notbelessthan5MΩ.Afterhanging,theinsulationresistancevalueofthecompletewindingofthe
rotorshallnotbelessthan0.5MΩ.

5.2.11.1.3 Whenthestatorwindingofthegeneratorisintheactualcoldstate,thedifferenceinthe
DCresistanceofthevariousbranchesbetweenthemaximumphaseandminimumphaseshallnotex-
ceed2%oftheminimumvalueaftertheerrorarisingfromthedifferentlengthoftheleadwireis
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corrected.

5.2.11.1.4 ThepolarizationcoefficientR10/R1ofthestatorwindingofthegeneratorshallnotbe
lessthan2.0,itwillnotbeevaluatedwhentheratedvoltageis2.5kVorlower.

NOTE R10andR1arethemeasuredinsulationresistancevaluesin10minutesand1minutewhenthetemperatureis

lowerthan40℃

5.2.11.1.5 Dielectriclossangletangentofthenormal-statemediumofthestatorwindingofthe
generatorandthelimitvalueofitsincrementshallcomplywiththeprovisionsofTable7(itwillnot
beevaluatedwhentheratedvoltageis2.5kVorlower).

Table7 Dielectriclossangletangentofthenormal-statemediumofthehydroturbine
generatorandthelimitvalueofitsincrement

Testvoltage 0.2UN 0.2UN—0.6UN

Dielectriclossangletangentoftheme-
diumanditsincrement

tanδ Δtanδ=tanδ0.6UN-tanδ0.2UN

Indexvalue(%) ≤3 ≤1

NOTE UNreferstotheratedlinevoltageofthegenerator,inkV.Foreachgenerator,acasualinspectionshallbe

carriedoutby3%.Thefrequencyofcasualinspectionsshallbedoublediffailureoftheinspection.

5.2.11.1.6 Whentheinsulationresistancevaluesofthethrustbearing,guidebearing,cradle-type
sleevebearingandembeddedtemperaturedetectorofthegeneratorwithgroundinsulationrequire-
mentsaremeasuredat10℃to30℃,theyshallcomplywiththeprovisionsofTable8.

Table8 Insulationresistancevaluesofthevariouscomponentsofthehydroturbinegenerator

Bearing
components

Insulation
resistanceMΩ

Voltageofthe
trameggerV

Remark

Thrustbearing 1

Split-typeguide
bearingbush

5

Cradle-typesleeve
bearing

1

1000

Installthethermometerintothethrustbearingandguide
bearingandmeasurebeforeinjectingthelubricatingoil.

Measurethegroundinsulationresistanceofthebearing
pedestal.

Embeddedtemperature
detector

5 250

5.2.11.2 Withstandvoltagetest

5.2.11.2.1 BeforetheACwithstandvoltagetestiscarriedoutonthegeneratorwithratedvoltage
of6.3kVorhigher,theDCwithstandvoltageandleakageshallbemeasuredforthestatorwinding
with3timestheratedvoltage.Thetestvoltageshallincreaseinastablemannerinstages;each
stageshallbe0.5timestheratedvoltageanditwilllast1minute.Theleakagecurrentshallnotin-
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creaseovertime.Thedifferenceintheleakagecurrentforthevariousphasesshallnotbegreater
than50%oftheminimumvalue.

5.2.11.2.2 Powerfrequencybreakdownvoltagevalueofthestatorwindinginsulationshouldbe5.5
to6timestheratedvoltage,andshallbeverifiedthroughthesamplingtest.

5.2.11.2.3 ThestatorwindingandtherotorwindingofthegeneratorshallbeabletosustaintheAC
withstandvoltagetestatthepowerfrequencyspecifiedinTable9(thewaveformistheactualsinu-
soidalwaveform)for1minutewithoutpuncturingtheinsulation.

Table9 Standardforthewindingdielectricwithstandvoltagetestofthehydro
turbinegenerator

Coilorwindingtest
Testvoltage,kV

UN<6.3 6.3≤UN≤13.8
Remark

Stator
winding

a) Finishedcoilproduct 2.75UN+4.5 2.75UN+6.5

b) Afterslotwedgeassemblingoff
line 

2.5UN+2.5 2.5UN+2.5

c) Atcompletionofstatorassembly 2.25UN+2.0 2.25UN+2.0

d) Statoraftertheimmersionpaint
iscured

2.0UN+2.0 2.0UN+2.0
Total

immersion

e) Atcompletionoffinalassembling
ofthegenerator

2.0UN+1.0 2.0UN+1.0

Rotor
winding

a) Atcompletionofrotorassembling
10timesratedtheexcitingvoltage +0.5
(minimumis2.0kV)

b) Atcompletionoffinalassembling
ofthegenerator

10timesratedtheexcitingvoltage +0.5
(minimumis1.5kV)

NOTE1 UNreferstotheratedvoltageofthegenerator(kV);

NOTE2 Statorwindingwhichisnottreatedbytotalimmersionwillnotbesubjectedtoitemd);dielectricstrength
testofthestatorwindingtreatedbytotalimmersionwillbecarriedoutfromitemd);

NOTE3 Forthestatorandrotortobeacceptedonsite,theACdielectricstrengthtestvalueofitswindingis
0.8timesthetestvoltagevalueuponcompletionofthegeneratorfinalassembly.

5.2.11.2.4 Asforthegeneratorwithratedvoltageof6.3kVandabove,thesinglecoilofitsstator
shallnotinceptcoronaat1.5timestheratedvoltagewhenthealtitudeoftheservicelocationis
1000morlower;duringthedielectricstrengthtestofacompletemachine,theterminalsshallbe
freefromanyobviousgoldenbrightspotsandcontinuouscoronastripsat1.05timestheratedvolt-
age.Whenthealtitudeishigherthan1000m,thetestvalueofthecoronainceptionvoltageshallbe
asfollows:

a) Coronainceptionvoltagevalueofthestatorwindingshallnotbelowerthanthevaluesobtained
bytheFormula(4):

11
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UBS=1.5UN
1-KHS

1-KHA
…………………………(4)

where

UBS isthecoronainceptionvoltageofthestatorwinding,inkV;

UN istheratedlinevoltageofthegenerator,inkV;

K isthedecliningrateofcoronainceptionvoltagealongwiththeincreaseinaltitude,Ktakes
0.1,inkm-1;

HS isthealtitudeofthetestlocationforthemotor,inkm;

HA isthealtitudeoftheinstallationlocationforthemotor,inkm.

b) Coronainceptionvoltagevalueofthecompletegeneratorshallnotbelowerthanthevaluesob-
tainedbytheFormula(5):

UJS=1.3Uϕ
1-KHS

1-KHA
…………………………(5)

where

UJS isthecoronainceptionvoltageofthegenerator,inkV;

Uϕ istheratedphasevoltageofthegenerator,inkV.

5.3 Mechanicalcharacteristics

5.3.1 Therotationdirectionspecifiedforthegeneratorshallbeseenclockwisefromthenon-driving
terminal.Ifthereisanyspecialrequirement,itshallbespecifiedintheordercontractsignedbyand
betweenthesupplierandtheuser.

5.3.2 Themomentofinertia(GD2)valueofthegeneratorshallsatisfytherequirementsforthereg-
ulationguaranteecalculationandthetechnicalandeconomicreasonabilityofthehydropowerstation.
IftheGD2valueofthegeneratorcouldnotsatisfytherequirementoftheregulationguaranteecalcu-
lationofthehydropowerstation,itshallbedeterminedbythesupplierandtheuserthroughnegotia-
tion.

5.3.3 Thegeneratorandtheauxiliarymachinedirectlyconnectedtoitshallbeabletooperatefor
5minutesatmaximumrunawayspeedandshallnotbecomeadverselydeformedanddamaged.
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5.3.4 Thestructuralstrengthofthevariouscomponentsofthegeneratorshallbeabletosustainthe
3sthree-phasesuddenshort-circuittestattheratedrotationspeedandno-loadvoltagethatisequal
to105%oftheratedvoltageandshallnotbeadverselydeformed.Meanwhile,itshallbeabletoun-
dertakea20sshort-circuitfailureattheratedcapacity,ratedpowerfactorand105% oftherated
voltageandstableexcitingconditionsandshallnotbeadverselydeformedordamaged.

5.3.5 Thestructuralstrengthofthegeneratorshallbeabletoundertaketheactionoftheunbalanced
magneticpullproducedbytheshortcircuitofhalfofthemagneticpolesoftherotor,andshallnot
beadverselydeformedordamaged.

5.3.6 Afterthestatorandrotorofthegeneratorareassembled,thedifferencebetweenthemaxi-
mumorminimumvalueofthestatorin-radiusandrotorex-radiusanditsdesignradiusshallnotbe
morethan±4%ofthedesignairgapvalue.Thedifferencebetweenthemaximumvalueorminimum
valueoftheairgapbetweenthestatorandtherotoranditsaveragevalueshallnotbemorethan
±8%ofitsaveragevalue.

5.3.7 Theallowabledoubleamplitudevibrationofthegeneratorshallcomplywiththeprovisionsin
Table10.

Table10 Allowablevibrationlimitvalueofthevariouscomponentsofthehydro
turbinegenerator Unit:mm

Hydroturbine
generator
unittype

Items

RatedrotationspeednN/(r/min)

nN<100100≤nN<250 250≤nN<375 375≤nN≤750750<nN

Verticaltype
Verticalvibrationofthebracket
withthrustbearing

0.08 0.07 0.05 0.04 0.03

Verticaltype
Horizontal vibration of the
bracketwithguidebearing

0.11 0.09 0.07 0.05 0.04

Horizontal
type

Verticalvibrationofthebearings
atvariouspositions

0.11 0.09 0.07 0.05 0.04

NOTE Thevibrationvaluereferstothedoubleamplitudevalueofthehydroturbinegeneratorunitunderallkindsof
stableoperatingconditionsexceptforover-speedoperation.

5.3.8 Thenoiselevelofthehydroturbinegeneratorshallnotbegreaterthanthatspecifiedin
Table11.

Table11 Noiselevelofthehydroturbinegenerator

Unitmode Positionofmeasurement
RatedspeednN/(r/min)

nN≤250 250<nN<750 nN≥750

Verticalunit
Verticaldistance1mabovetheouter
edgeoftheuppercover

80dB(A) 85dB(A) 90dB(A)

Horizontalunit
1mawayfromtheunitatthenon-
transmissionend

80dB(A) 85dB(A) 90dB(A)
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5.3.9 Afterthegeneratorandtheturbineareassembled,thefirst-stagecriticalspeedofrotationof
therotatingpartofthehydroturbinegeneratorunitshallnotbelessthan120% ofmaximumruna-
wayspeed.

5.3.10 Theverticaldeflectionvalueoftheload-bearingframeofthegeneratorshallnotbemore
than1.5mmundertheactionofmaximumaxialload.

5.4 Basicrequirementsofthestructure

5.4.1 Thestructuralstyleofthegeneratorshallbedeterminedaftertechnicalandeconomicanalysis
andcomparisoninaccordancewithtypeoftheturbine,rotationspeedofthehydroturbinegenerator
unit,ratedcapacity,powerhousetypeandoperatingstabilityofthehydroturbinegeneratorunit.

5.4.2 Theconnectionbetweenthegeneratorandthedriveendshouldemploytherigidorflexible
coaxialdrivestructurebutshouldnotemploythebeltdrivestructure.Whenitisnecessarytoem-
ploythebeltdrivestructure,itshallbedeterminedbythesupplierandtheuserthroughnegotiation.

5.4.3 Thegeneratorwiththerollingbearingstructureshouldnotbeartheaxialthrust;asforthe
generatorrequiredtobeartheaxialthrust,theloadvalueshallbedeterminedbythesupplierandthe
userthroughnegotiation.

5.4.4 Thegeneratorwiththeslidingbearingstructureshouldemploytheself-circulationbearing,

andthehorizontalturbinegeneratorunit(excludingtheshaft-extensiontabularturbinegeneratoru-
nit)shouldpreferablyhavethestructurewithtwosupportingpoints.

5.4.5 Therotorforthegeneratorwitharatedcapacityabove1MVAshallbefittedwiththedamp-
ingwinding(orstructurewiththedampingfunction).Therotorforthegeneratorwitharatedcapac-
ityof1MVAorlesswillnotbefittedwiththedampingwinding;wherenecessarytofit,itshallbe
determinedbythesupplierandtheuserthroughnegotiation.

5.4.6 Thestructureoftheverticalhydroturbinegeneratorshallbeconvenientformaintenanceand
overhaul.Ifthestructurepermits,thegeneratorshouldbedesignedsothatitslowerrackandthere-
movablecomponentsofthehydraulicturbinecouldpassthroughtheinnerdiameterofthestator
corewithouttheneedtoremovethestatorwheninstallingandoverhauling.

5.4.7 Thehydroturbinegeneratorunitcouldbestartedwhentheoiltemperatureoftheoilgroove
isnolowerthan10℃forthethrustbearingandtheguidebearingwiththebearingalloybush,and
thegeneratorcouldbestartedimmediatelyafteritstops.Thehydroturbinegeneratorunitcouldbe
startedwhentheoiltemperatureoftheoilgrooveisnolowerthan5℃forthethrustbearingand
theguidebearingwiththeelasticmetalplasticbearingbush,andthegeneratorcouldbestartedim-
mediatelyafteritstops.

5.4.8 Ifthegeneratorneedstobefittedwiththeelectricheatingdehumidificationsystem,itshall
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bedeterminedbythesupplierandtheuserthroughnegotiation.

5.5 Ventilationandcoolingsystem

5.5.1 Thegeneratormayemploythefollowingventilationandcoolingsystem:

a) Open-typeself-ventilationandcoolingsystem:Usuallyappliestothegeneratorwitharatedca-
pacityof1MVAorless;

b) Duct-basedventilationandcoolingsystem:Usuallyappliestothegeneratorwitharatedcapacity
above1MVAbutlessthan4MVA;

c) Closedcirculationventilationandcoolingsystem:Usuallyappliestothegeneratorwitharated
capacityabove4MVA.

5.5.2 Coolingwaterpressureoftheaircoolermayusuallybedesignedasper0.15MPato0.3MPa,

ortheworkingpressuremaybedeterminedaccordingtotheactualsituationandconfirmedbythe
supplierandtheuserthroughnegotiation.Thetestwaterpressureofthecoolershallbe1.5timesof
theworkingwaterpressure(minimumpressureshallnotbelowerthan0.4MPa).Thetestshalllast
60minutes.

5.6 Brakingsystem

5.6.1 Thegeneratorwiththerollingbearingstructurewillnotbefittedwiththebrakingdevice.

5.6.2 Theverticalhydroturbinegeneratorwiththeslidingbearingstructureshallbefittedwiththe
brakingdevice.Theverticalhydroturbinegeneratorwitharatedcapacityabove1MVAshouldbefit-
tedwithasetofmechanicalbrakingdevicesoperatedwithcompressedairorpressureoil.Thebra-
kingsystemshallbeabletojackuptherotatingpartofthehydroturbinegeneratorunitwiththehy-
draulicoilandbereliablylocked.

5.6.3 Whenthehorizontalhydroturbinegeneratorwiththeslidingbearingstructureneedstobefit-
tedwiththebrakingdevice,itshallbedeterminedbythesupplierandtheuserthroughnegotiation.

5.6.4 Whenthegeneratorisprovidedwiththemechanicalbrake,thecompressedairwithapres-
sureof0.5MPato0.7MPamaybeused,orpressureoilmaybeusedasthebrakingmedium.The
mechanicalbrakingsystemshallbeabletocontinuouslyapplybrakingandtostoptherotatingpartof
thehydroturbinegeneratorunitfrom20%to30%ratedrotationspeed(10%to20%forthegener-
atorwithplasticbearingbush)withinthespecifiedtime.Whentherotationtorqueproducedbythe
hydroturbinegeneratorunitduetothewaterleakageoftheturbineguidevaneisnotgreaterthan
1% oftheratedrotationtorqueoftheturbine,themechanicalbrakingsystemshallapplybrakingand
stopthehydroturbinegeneratorunit.
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5.7 Fireextinguishingsystem

Thesettingofthefireextinguishingsystemshallmeetthefollowingrequirement:

a) Forthegeneratorwitharatedcapacityof12.5MVA,thestatorwindingheadmaybefittedwith
waterfireextinguishingapparatus.

b) Thegeneratorwitharatedcapacitylessthan12.5MVAmaynotbefittedwithfireextinguishing
apparatus;

c) Thesettingofthefireextinguishingsystemofthegeneratorshallbeselectedaccordingtothe
firefightingstandardofthecountry.

5.8 Detectingsystem

5.8.1 Residualpressurevelocitymeasuringdeviceshallbesetforthegenerator.Ifothermethodsof
speedmeasurementareadopted,theyshallbeagreedbybothsupplierandbuyer.

5.8.2 Formeasuringthetemperatureofthestatorwindingandstatorcore,itisnecessaryto
embedelectricresistancethermometers,inthequantitiesasfollows,inthestatorgrooveofthe
generator:

a) Zeroforthegeneratorwitharatedcapacityof1MVAorless;

b) Sixforthegeneratorwitharatedcapacityabove1MVAbutlessthan12.5MVA.

5.8.3 Formeasuringthetemperatureofthethrustbearingandtheguidebearing,itisnecessaryto
embedtheelectricresistancethermometers(signalthermometers)inatleastthefollowingquanti-
ties:

a) Fouraretobeembeddedinthethrustbearingbushonthegeneratorwitharatedcapacityabove
1MVA,twoareembeddedintheguidebearingbush,oneisembeddedinthethrustbearingoil
grooveandoneintheguidebearingoilgroove;

b) Onetobeembeddedinthethrustbearingoilgrooveandoneintheguidebearingoilgrooveof
thegeneratorwitharatedcapacityof1MVAorlessformeasuringthetemperatureofthehot
oilintheoilgroove.Ifelectricresistancethermometers(signalthermometers)needtobeem-
beddedinthethrustbearingandtheguidebearing,itshallbedeterminedbythesupplierandthe
userthroughnegotiation;

c) Atleastoneistobeembeddedinthecradlesleevebearingofthehorizontalhydroturbinegen-
erator;ifthecradlesleevebearingisfittedwiththethrustbearing,atleastonethermometeris
embeddedinthethrustbearingbush.
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5.8.4 Oneelectricalresistancethermometerformeasuringthecoolairtemperatureshallbeembed-
dedoneachaircooler;eachofthetwoaircoolersofeveryhydroturbinegeneratorshallbeequipped
withonethermometerformeasuringthehotairtemperature;onethermometerformeasuringthe
hotairtemperatureshallbeembeddediftherearetwoorfeweraircoolers;thethermometersshall
beconvenientforreplacement.

5.8.5 Theautomaticdetectionsystemusedonthegeneratorshallbeconfiguredaccordingtothe
decisionofthesupplierandtheuserthroughnegotiation,suchastheliquidleveldetector,cooling
waterflowindicator,water-in-oildetector,pressuredetector,heatinganddryinganddehumidifica-
tiondetector.

Thetypeandperformancerequirementsofeachautomaticdetectionsystemanddeviceaswellas
theconfigurationofthecomputermonitoringsysteminterfaceshallbedeterminedbythesupplier
andtheuserthroughnegotiation,andthecommunicationinterfaceshallbeprovidedwithRS-485.

5.9 ExcitationSystem

Thegeneratorshallbeprovidedwiththeself-shuntexcitationthyristorrectificationexcitationsys-
tem.Ifotherexcitationmethodsareadopted,theyshallbeagreedbyboththesupplierandthebuyer.

6 Supplyscopeandspareparts

6.1 Supplyscope

6.1.1 Thegeneratorbodyanditsaccessories.

6.1.2 Thesupplyofthecompletepackageoftheexcitationsystemshallbedeterminedbythesup-
plierandtheuserthroughnegotiation.

6.1.3 Dedicatedtoolsandspecialtoolsforinstallationandoverhaul.

6.2 Spareparts

6.2.1 Theitemsandthequantityofthemainsparepartsforthegeneratorshouldbesubjecttothe
provisionsofAppendixA.

6.2.2 Othersparepartsshouldbedeterminedbythesupplierandtheuserthroughnegotiation.

7 TechnicalDocuments

Thesuppliershallsubmitthenecessarytechnicaldocumentstotheuser,mainlyincluding:
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a) Arrangementplan,foundationdrawingandembeddedpartsdiagramofthegenerator;

b) Generalassemblydrawingofthegenerator,assemblydrawingofthevariouscomponentsofthe
generator,overalldimensionsandlayoutplanoftheaircooler,schematicdiagramforliftingof
therotor,schematicdiagramforinstalling/removingofthethrustblockandtheschematicdia-
gramoftheunit’sbarring;

c) Mainelectricalparametersofthegenerator,andthedimensionsandweightofthemaincompo-
nents;

d) No-load,short-circuitcharacteristiccurveandefficiencycharacteristiccurveofthegenerator;

e) Schematicdiagramandlayoutplanofthebrakingsystem,oil,waterandairpipelinelayout
drawingofthegeneratoranddetaileddiagramfortheauxiliaryconnectionofthegenerator;

f) Installation,useandmaintenanceinstructions,deliveryinspectionreport,anddeliverydetails
ofthegenerator.

8 Inspectionandacceptance

8.1 Eachproductshallpasstheinspectionbeforebeingdelivered,andshallbeaccompaniedbythe
productqualityinspectioncertificate.

8.2 Thegeneratorwhichcouldbesubjectedtogeneralassemblyandstart-upandtrialrunatthe
supplier’spremiseshallbeinspectedandacceptedaccordingtothedeliverytestsandcommissioning
testitemsinTableB.1.

8.3 Thegeneratorwhichcouldnotbesubjectedtogeneralassemblyandstart-upandtrialrunatthe
supplier’spremisesshallbeinspectedandacceptedaccordingtothehand-overtestitemsinTable
B.1.

8.4 Thesuppliershallprovidetheconformitycertificates,materialchemicalcomponentsandme-
chanicalpropertyreportsforthekeycomponentsofthegeneratorincluding:

a) Materialchemicalcomponents,mechanicalpropertiesandnon-destructivetestingofthespindle
forgings;

b) Materialchemicalcomponentsandmechanicalpropertiesoftherotorspider(magnetyoke);

c) Materialchemicalcomponentsandmechanicalpropertiesoftherunnerplateforgings;

d) Magnetizationcharacteristicandlossofthesiliconsteelsheet;
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e) Wiresize,electricconductivityanddielectricstrengthofthewinding.

8.5 Fortheequipmenttobeassembledonthesiteofthehydropowerstation,thework-piecedi-
mensionsandassemblingdimensionsofthecomponentsshallbecheckedbeforedelivery,andthe
components(statorsplitframe,discrotorspider,assemblingandcoverplatesofguidebearingand
thrustbearingaswellastheassemblingofthewindscreen)shallbepre-assembled,asappropriate,

bythesupplier.

8.6 Siteacceptanceincluding:

a) Thestart-upandtrialrunitemsforacceptanceshallbecarriedoutaccordingtothestart-upand
trialrunitemsinTableB.1;

b) Theperformancetestitemsforacceptanceshallbecarriedoutaccordingtotheperformance
testitemsinTableB.1.

9 Nameplate,packing,transportationandstorage

9.1 Nameplate

Thematerialsandengravingmethodofthenameplatesshallensurethatitstextisnottobeoblitera-
tedduringtheentireserviceperiod,andthefollowinginformationshallbemarked:

Nameandmodel;ratedcapacity(MVA,kVA),ratedvoltage(V),ratedcurrent(A),ratedfrequen-
cy(Hz)andratedpowerfactor(cosφ);ratedrotationspeed(r/min.)andrunawayspeed(r/min.);

ratedexcitingvoltage(V)andratedexcitingcurrent(A);numberofphases,connectionmethodfor
thestatorwindingandinsulationgrade;countryname,manufacturername,deliverydateandthe
productsnumber.

9.2 Packing,transportationandstorage

9.2.1 Thepackingshallbedeterminedbythesupplierandtheuserthroughnegotiationandshall
complywithrelevantprovisionsoftheimportingcountryoftheequipment.Specialrequirementsfor
theequipment,ifany,shallbemarkedonthepackingcontainer.

9.2.2 Thepackingcontainershallbemanufacturedaccordingtotheencasingdrawing.Thefollowing
informationshallbemarkedontheoutsideofthecontainer:

a) Usernameandaddress;

b) Suppliernameandaddress;
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c) Name,modelandserialnumber;

d) Netweight,grossweight,centreofthegravitylineofthepackingcontainer,positionofthe
slingsandtheoveralldimensionsofthepackingcontainer;

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

9.2.3 Beforepacking,thefollowingpreparationsshallbemade:

a) Inspectwhethertheequipmentappearancegetsdamaged;

b) Takethenecessaryrust-preventionandanti-deformationmeasuresfortheexternalmachining
surfaceoftheequipment;

c) Removethefragileandvibration-sensitivecomponentsandmeters,andpackthemseparately;

d) Fixthemovablepartsintheequipmentwiththegeneratorbody;

e) Ensurethatthespareparts,compliancecertificateandrelevanttechnicaldocumentsthatac-
companytheequipmentarecomplete,wrapthemproperlyandaffixtheminproperposition.

9.2.4 Afterthepackingcontaineroftheequipmenthasbeenopenedafterbeingdeliveredtothesite
ofthehydropowerstation,theequipmentshallbestoredintheshelteredwarehouse,thestorage
temperatureshallnotbelowerthan5℃,shallbeprotectedfromdampnessandmoisture,shallbe
properlystoredandshallnotbestackedatwill.

10 Installation,useandmaintenance

10.1 Installation

Itshallbeinstalledin accordance withthe provisions ofthe productinstallation,use and
maintenanceinstructionsprovidedbythesupplier.

10.2 Operationandmaintenance

Theoperationandmaintenanceshallcomplywiththeprovisionsofthenormativereferences,thein-
stallation,useand maintenanceinstructionsprovidedbythesupplieras wellastherelevant
operationspecificationsforthehydropowerstation.

Thesuppliershallprovide technicalsupportforsolving the problems occurring during the
installation,useandmaintenanceprocessoftheequipment,andtraintheuser’spersonnelintheas-
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pectsoftheequipment’sinstallation,useandmaintenance.

11 Qualityguaranteeperiod

Underthepremisethattheproductisproperlystored,installedandused,thequalityguaranteeperi-
odshallbeoneyearafterthedateonwhichthe72-hourtrialoperationiscompleted,ortwoyears
afterthedeliverydateofthelastbatchofgoods,whichevercomesearlier.Iftheequipmentgets
damagedorisunabletofunctionproperlyduetothemanufacturingqualityduringthequalityguaran-
teeperiod,thesuppliershallrepairorreplaceitfreeofcharge.
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AppendixA
(Informative)

Mainsparepartsforthehydroturbinegenerator

TableA.1 Mainsparepartsforthehydroturbinegenerator

No. Name Unit
Quantity

1—2units 3—4units 5unitsormore
Remarks

1
Brake block, seal ring and
spring 

Unit/set 1 1 1

2 Carbonbrush Unit/set Onesetforeachunitor2piecesforeachunit

3 Rotationsilicon piece 2piecesforeachunit

4 Brushholder Unit/set 1/4 2/4 3/4

5
Insulating plate and insulating
sleeveforthebearing

Unit/set 1 1 1

6
Temperaturemeasuring
component

Piece Oneofeachtypeforeachunit

Mandatory
spareparts

7 Statorwinding Unit/set 1/15 2/15 3/15

8 Statorslotwedge
1/3reservelevelofcoilsmultiplyingthe

numberofbranchesperslot

9 Thrustbearingbush Unit/set 1 1 1

10 Guidebearingbush Unit/set 1 1 1

11
Sleevebearingbush
(horizontalbearing)

Unit/set 1 1 1

Optional
spareparts

NOTE “Unit/set”referstothesets(orquantity)foreachunit.
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AppendixB
(Informative)

Acceptanceinspectionitemsofthehydroturbinegenerator

TableB.1 Acceptanceinspectionitemsofthehydroturbinegenerator

No. Testitems
Delivery
tests

Hand-
overtests

Start-up
andtrial

run

Perfor
mance
test

Remarks

1
Inspectionofthechemicalcomponents
andmechanicalpropertiesofthekey
componentsandmaterials

√
Accordingtotheagreement
between the supplier and
thebuyer

2
Testofthestatorcoremagnetization
(ironloss)

√
Accordingtotheagreement
between the supplier and
thebuyer

3
Dielectricstrengthinspectionofthe
formedcoilofthestator

√

Applytothesplitstatoras-
semblingcompletedonthe
constructionsiteofthehy-
dropowerstation

4
Measurementoftheinsulationresistance
ofthe windingtotheenclosureand
betweenwindings

√ √

5
Measurementofinsulationresistance
oftemperaturemeasuringcomponent

√ √

6
MeasurementoftheDCresistanceof
thewindingintheactualcoldstate

√ √

7

DC withstand voltage test of the
stator windingtotheenclosureand
betweenwindings,aswellastheleak-
agecurrentmeasurement

√ √ UN≥6.3kV

8
PowerfrequencyACwithstandvoltage
testofthe windingtotheenclosure
andbetweenwindings

√ √

9
MeasurementoftheACimpedanceof
thesinglemagneticpoleoftherotor

√ √
Accordingtotheagreement
between the supplier and
thebuyer

10 Rotorbalancetest √ √

11
Measurementofthebearinginsulation
resistance 

√ √

The resistance does not
need to be testedifthe
rollingbearingisnotfitted
withinsulation
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TableB.1(continued)

No. Testitems
Delivery
tests

Hand-
overtests

Start-up
andtrial

run

Perfor
mance
test

Remarks

12 Withstandvoltagetestofthecooler √ √

13 Withstandvoltagetestofthebrake √ √

14 Testoftheoil-air-watersystem √

15
Measurementofthebearingtempera-
ture

√ √
Ifthebearingisfittedwith
thetemperature measuring
device 

16 Dynamicbalancecalibration √ Ifnecessary

17 Inspectionofthebrakingfunction √

18 Overspeedtest √ √

19 Measurementofthephasesequence √ √

20 Measurementoftheshaftvoltage √

The resistance does not
need to be testedifthe
rollingbearingisnotfitted
withinsulation

21 Testoftheno-loadcharacteristics √ √

22 Over-voltagetest √ √

23
Three-phasestable-stateshort-circuit
test 

√ √

24 Overcurrenttest √ √

25
Measurement of the vibration and
throw 

√

26
Measurementoftheratedexcitingcur-
rentandthevoltagechangeratio

√

27
Measurementofthewindingimpedance
andthetimeconstant

√

28
Measurementofthe totalharmonic
distortion(THD)factorofthevoltage
waveform 

√

29 Measurementofthenoiselevel √

30 Temperaturerisetest √

31 Measurementofefficiencyandloss √
Accordingtotheagreement
between the supplier and
thebuyer

32
Over-excitationphasemodulationand
under-excitation leading phase
operationtest

√
Accordingtotheagreement
between the supplier and
thebuyer
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TableB.1(continued)

No. Testitems
Delivery
tests

Hand-
overtests

Start-up
andtrial

run

Perfor
mance
test

Remarks

33 Loadthrow-offtest √
To be carried out under
25%,50%,75%and100%
ofratedloads.

34 Three-phasesuddenshort-circuittest √
Accordingtotheagreement
between the supplier and
thebuyer 

35 Runawayspeedtest √
Accordingtotheagreement
between the supplier and
thebuyer 

NOTE1 Theitemsmarkedwith“√”inthetableshallbecompleted.
NOTE2 Ifthetestedequipmentdoesnothavethestructureandfunctionrelevanttoacertaintestitem,suchitem

doesnotneedtobetested.
NOTE3 ThefunctionsandpurchasedpartsnotlistedinTable12maybetestedaccordingtothesupplier’sprovi-

sions;

NOTE4 Sometestitemsamongthedeliverytestswhichcouldnotbedoneatthesupplier’spremisesmaybecar-
riedoutonthesiteofthehydropowerstationafterthehydroturbinegeneratorisinstalled.
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