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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
Part1:HydraulicTurbines

1 Scope

ThisPartoftheUnitsGuidelinesspecifiesthetechnicalrequirements,maincomponentstructureand
materialrequirements,thesupplyscope,spareparts,technicaldocumentsaswellasthebasicre-
quirementsforinspectionandacceptance,packing,transportation,storage,installation,testing,
commissioning,contractualperformancetesting,operationandmaintenanceforthesmallhydro-
power(SHP)hydraulicturbines.

Thisdocumentisapplicabletothehydraulicturbinesunderthefollowingconditions:

a) Theunitcapacityislessthan10MW;

b) ForFrancisandPeltonturbines,thenominalrunnerdiameterislessthan1.0m;

c) Foraxial-flow,diagonalandtubularturbines,thenominalrunnerdiameterislessthan3.3m.

2 Normativereferences

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

ISO780,Packaging—Distributionpackaging—Graphicalsymbolsforhandlingandstorageofpacka-
ges

ISO1940-1,Mechanicalvibration—Balancequalityrequirementsforrotorsinaconstant (rigid)
state—Part1:Specificationandverificationofbalancetolerances

ISO10816-5,Mechanicalvibration—Evaluationofmachinevibrationbymeasurementsonnon-rota-
tingparts—Part5:Machinesetsinhydraulicpowergeneratingandpumpingplants

IEC60193,Hydraulicturbine,storagepumpsandpump-turbines—Modelacceptancetests

IEC60308,Hydraulicturbine—Testingofcontrolsystems
1
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IEC60545,Guideforcommissioning,operationandmaintenanceofhydraulicturbines

IEC60609-1,Hydraulicturbines,storagepumpsandpump-turbines—Cavitationpittingevaluation—
Part1:Evaluationinreactionturbines,storagepumpsandpump-turbines

IEC60609-2,Cavitationpittingevaluationinhydraulicturbines,storagepumpsandpump-turbines—
Part2:EvaluationinPeltonturbine

IEC 60994,Guideforfield measurementofvibrationsand pulsationsin hydraulic machines
(turbines,storagepumpsandpump-turbine

IEC61116,Electromechanicalequipmentguideforsmallhydroelectricinstallations

IECTR61364,Nomenclatureforhydroelectricpowerplantmachinery

IEC62006,Hydraulicmachines—Acceptancetestsofsmallhydroturbines

CCH-70-3,SteelCastingsforHydraulicMachines

SHP/TG001,Technicalguidelinesforthedevelopmentofsmallhydropowerplants—Termsanddef-
initions

3 Termsanddefinitions

Forthepurposesofthisdocument,thetermsanddefinitionsgiveninIECTR61364andSHP/TG001
apply.

4 Serviceenvironmentconditions

Operatingconditionforthehydraulicturbinesspecifiedasperthisdocumentisforgeneralwater
qualitysituations.Whenthewatercontainsobviouschemicallycorrosivesubstances,sedimentor
othersolids,orthegascontentexceedsthegeneralwaterquality,itshallbeseparatelydetermined
bythesupplierandtheuserthroughmutualnegotiation.

NOTE Whenthewatercontainsasmallamountofsedimentorthewearstrengthisnothigh,itcanbedeemedtobe
thegeneralwaterquality.

5 Technicalrequirements

5.1 Generalrequirements

5.1.1 Themainparametersofthehydraulicturbinesshallbeselectedinaccordancewiththebasic
2

SHP/TG003-1:2019



parametersandcharacteristicsofthehydropowerstationsforthedesignofthehydraulicturbinesso
astoensurethattheturbinesoperatesafely,reliably,stablyandefficiently.Theturbinerunnerse-
lectedshouldundergothemodeltestandbeaccompaniedbyrelativelycompletetestdata;thetur-
bineprototypeandthemodelefficiencyconversionshallbecarriedoutaccordingtoAppendicesA
andB,andthecorrectionbyworkmanshipandforirregularpartsshallbeconsidered.

5.1.2 Thestructuraldesignofthehydraulicturbineshallmeetthearrangementrequirementforthe
powerhouseofthehydropowerstation,withconsiderationgiventotherelationshipamongthegen-
erator,governorandmainvalve,andshallbeconvenientforroutineinspectionandoverhaul;the
transportationconditionsshallcomplywiththeactualsituationofthehydropowerstation.

5.1.3 Thesafetymarginshallbereservedforthecalculationofthestructuralstrength,andthe
componentsoftheturbineshallbefreefromanyresonanceandharmfuldeformationundervarious
workingconditionsincludingloadrejection.

5.1.4 Thepassagecomponentsoftheturbineshallcomplywiththeprototyperequirementsof
IEC60193.

5.1.5 Therunnerandtheflywheelshallbesubjectedtothestaticbalancingtestandshallcomply
withtherequirementsofgradeG6.3inthestandardISO1940-1.

5.1.6 Whentheturbineisoperatingundervariousconditions,themaximumtemperatureofthe
guidebearingmetalshelllubricatedbythinoilshallnotexceed70℃,andthemaximumoiltempera-
tureshallnotexceed65℃;themaximumtemperatureofelasticmetallic-plasticbearingshellshall
notexceed55℃andthemaximumoiltemperatureshallnotexceed50℃.

5.1.7 Thehighestpointoftheoutletsectionofthereactionturbinedrafttubeshallhaveasub-
mergeddepthnotlessthan300mm.

5.1.8 Thecomponentsoftheturbineanditsaccessoriestobesubjecttopressuretestingshallbe
testedwiththetestpressureinthefactory.

a) Withregardtothestrengthhydrostatictest,thetestpressureshallbe1.5timesthedesign
pressure(includingthepressurerise)buttheminimumpressureshallnotbelessthan0.4MPa.
Thetestpressureshallbemaintainedfor15minutes.Thepressurepartsshallbefreefromab-
normalphenomenalikeharmfuldeformationandleakage.Thehydrostatictestsforthemetalspi-
ralcaseofthereactionturbineandthewaterdistributionpipeoftheimpulseturbinemaybecar-
riedoutaccordingtothecontractrequirements;

b) Withregardtothepressure-tighttest,thetestpressureshallbe1.25timestheactualworking
pressure,thepressureshallbemaintainedfor30minutesandthereshallbenoleakage;

c) Withregardtotheleaktest,thetestpressureshallbetheactualoperatingpressure,thepres-
3
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sureshallbemaintainedfor8hoursandthereshallbenoleakage;

d) Thetestpressureforthecoolershouldbe2timestheactualoperatingpressurebutshallnotbe
lessthan0.4MPa.Thepressureshallbemaintainedfor60minutesandthereshallbenoleakage.

5.1.9 Theautomaticcomponentsandthehydroturbinegoverningsystemshallsatisfythestart-up,

normaloperation,normalshutdownandemergencyshutdownrequirementsoftheunit,andbefitted
withthenecessarydetectionprotectorandsignaltransmittingdevicestosendsignalsortoshut
downthemachineinatimelymannerwhentheunitencountersanabnormalsituation.

5.2 Operatingstressandsafetyfactor

5.2.1 Theoperatingstressofallthecomponentsshallnotexceedtheallowablestressspecified.
Undernormaloperatingconditions,thestressonthecross-sectioncalculatedbythetypicalformula
shallnotbemorethantheallowablestressspecifiedinTable1;underspecialoperatingconditions,

thestressonthecross-sectioncalculatedbythetypicalformulashallnotbegreaterthan2/3ofthe
yieldlimitofthematerial.

5.2.2 Withregardstothepartsandcomponentssubjecttoshearingandtwistingmoment,themax-
imumshearingstressshallnotexceed21MPaforthecastiron,andshallnotexceed70%oftheal-
lowabletensilestressforotherferrousmetals.Themaximumshearingstressofthespindleandthe
guidevanestemshallnotexceed60%oftheallowablestress.

5.2.3 Whenpre-stressisrequired,thepartslikebolts,screwsandconnectingrodsshallbesubject
tothepre-stresstreatmentandthepre-stressofthepartsshallnotexceed7/8oftheyieldstrength
ofthematerial.Theloadoftheboltsshallnotbelessthan2timesthedesignloadoftheconnected
part.

Table1 Allowablestressofthecomponentsundernormaloperatingconditions
Unit:MPa

Nameofmaterials
Allowablestress

Tensilestress Pressurestress

Greypigiron U.T.S/10 70

Carboncaststeelandalloycaststeel U.T.S/5orY.S/3 U.T.S/5orY.S/3

Carbonsteelforging Y.S/3 Y.S/3

Carbonsteelplateforthemainstressed
member 

U.T.S/4 U.T.S/4

Highstrengthsteelplatefortheheavily
stressedmember 

Y.S/3 Y.S/3

Othermaterials U.T.S/5orY.S/3 U.T.S/5orY.S/3

NOTE1 U.T.Sreferstotheultimatetensilestrength;

NOTE2 Y.Sreferstotheyieldingstrength.

4
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5.2.4 Withregardtothestressanalysisresultsobtainedwiththefiniteelementmethod,thelocal
stressvaluemayexceedtheaforesaidallowablestressvalue.Undernormaloperatingconditions,the
maximumstressshallnotexceed2/3oftheyieldstrengthofthematerial.Underspecialoperating
conditions,themaximumstressshallnotexceedtheyieldstrengthofthematerial.

5.2.5 Themaximumstressonthecomponentsoftherunnershallnotexceed1/5oftheyieldlimit
ofthematerialwhentherunnerbladesoftheFrancisturbineandKaplanturbineareoperatingnor-
mallyundertheexpectedmaximumloadconditions,andshallnotexceed2/5oftheyieldlimitofthe
materialatthemaximumrunawayspeed.Themaximumstressonthecomponentsoftherunnershall
notexceed1/18oftheyieldlimitofthematerialandthefatiguestrengthshallbecheckedwhenthe
impulserunnerisoperatingnormallyundertheexpectedmaximumloadconditions.

5.2.6 ThemaximumcombinedstressSmaxofthespindle[seeformula(1)]shallnotexceed1/4of
thematerial’syieldlimit.

Smax=(S2+3T2)1
2 …………………………(1)

where

S isthesumoftheaxialstressandthebendingstressarisingfromthehydraulicpower,dynamic
loadandstaticload;

T isthetwistingshearingstressunderthemaximumpowerofthehydraulicturbine.

ThemaximumstressthatincorporatesthemaximumcombinedstressSmaxcalculatedbytheformula
(1)andthestressconcentrationshallnotexceed2/5oftheyieldlimitofthematerial,andthetwis-
tingshearingstressofthespindleshallnotexceed42MPaatthemaximumoutputofthehydraulic
turbine.Thespindleofthetubularturbine withtransverseshaftshallbesubjecttothefatigue
strengthcheck.

5.3 Generalrequirementsforthestructuraldesignandmaterials

5.3.1 Thestructuraldesignoftheturbineshallbeconvenientforinstallation,maintenanceanddis-
mantling.Thedamageablepartsshallbeconvenientforinspectionandreplacement,andthemain
structuralcomponentsshallhavesufficientstrengthandrigidityunderalltheexpectedconditions.

5.3.2 Thestructuraldesignoftheturbineshallensurethatthefollowingpartscouldbereplaced
whenthemaincomponentslikethegeneratorrotor,stator,turbinerunnerandmainshaftarenotre-
moved:

a) Guidebearingshell/pads,coolerandtheturbineshaftglandsealingelement;

b) Sealingelementsandpistonringsoftheturbineservomotor,thewaterdistributordrivecompo-
5
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nentsandtheprotectingcomponentsofthereactionturbine;sealingelementsfortheKaplan
turbineblades;

c) Tailwaterbend,guidebearingshellandcooler,sealingelementfortheturbineshaft,waterdis-
tributordrivecomponentandtheprotectingcomponentsofthehorizontal-shaftturbine;

d) Nozzleanddeflectoroftheimpulseturbine.

5.3.3 Thestandardpartsoftheturbineshallbeuniversalandthesparepartsshallbeexchangeable.

5.3.4 Thewaterdistributorofthereactionturbineshallbefittedwiththeguidevanefracturepro-
tectorandtheguidevanemaximumopeninglimiter.Theguidevaneprotectorshallbeabletoauto-
maticallysendthealarm.

5.3.5 Theaxialclearanceoftheverticalturbineshallensurethattherotatingpartcouldbeliftedto
theexpectedheightwhenthegeneratorrotorisjackedupagainstthestator.

5.3.6 Theheadcoverofthereactionturbineshallbefittedwithreliabledrainagefacilities;thewa-
terlevelcontrolandsignaldevicesusedfordrainageshallbereliable.

5.3.7 Theturbineshallbefittedwiththerunawaypreventionfacility.Theturbinecanruncontinu-
ouslyfor5minatthehighestrunawayspeed,andtherotatingpartsoftheturbineshallbefreefrom
harmfuldeformation.

5.3.8 Thetopofthespiralcaseinletsectionbehindthemainvalveoftheverticalturbineshallbe
fittedwithreliableautomaticaircompensationanddischargedevices.

5.3.9 Theman-doorshallbesetinthedrafttubeoftheFrancisturbine,theaxialflowturbine,the
tubularturbineandtheturbinewitharunnerdiameterof1.4mormore;thediameteroftheman-
doorshouldnotbelessthan500mm.Thewatertestvalveshallbesetbelowtheman-door.

5.3.10 Thematerialsoftheturbinecomponentsshallhavegoodfatigueresistance,cavitationre-
sistance,wearresistanceandcorrosionresistanceadaptivetothewaterqualityconditionsofthe
hydropowerstation.Theturbinerunnerandothercavitation-proneandwearingcomponentsshallbe
madeofcavitationresistantandanti-wearingmaterialsorthenecessaryprotectivemeasuresshallbe
taken.Whentheprotectivemeasureofstainlesssteeloverlayingisused,thethicknessofthestain-
lesssteelafterprocessingshallnotbelessthan2mm.

5.3.11 Theimportantweldsofthemaincomponentsoftheturbineshallbesubjectedto100%ul-
trasonicnon-destructiveflaw inspection;thecomponents withhighstressorthesuspicious

positionsmaybereviewedbyradiographicorultrasonicdiffractioninspection.
6
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5.4 Specificrequirementsfordifferenttypesofhydraulicturbines

5.4.1 Francisturbine

5.4.1.1 Theturbinerunnershallhavesufficientstrengthandrigidity,andthecast-weldstructure
shouldbeadopted;thebladesmaybecastorforged.Thebladesectionshouldbeprocessedbyusing
thenumericalcontrolmethod.

5.4.1.2 Thenumberofrunnerbladesshallbethesameasinthemodel,thepassagesurfaceshallbe
smoothandtheprofileoftherunnersurfaceshallbesimilartothemodel.

5.4.1.3 Therunnershallbemadeofmaterialswithcavitationresistance,wearingresistanceand
goodweldingperformance.Therunnermaybeallstainlesssteelorbeassembledandweldedwith
thestainlesssteelbladesandthealloysteeluppercanopyandbottomring.

5.4.1.4 Thespiralcaseshallmeetthefollowingrequirements:

a) Ifthetransportationconditionspermit,thebottomringandthemetalspiralcaseshallbewelded
orcastintooneintegralpartbythemanufacturerandshallbetransportedtothehydropower
stationasawhole.Ifthedimensionofthemetalspiralcaseexceedsthetransportationrequire-
ment,itshallbedividedintoseveralsections.Thesectionsshallbetemporarilypre-assembled
onthemanufacturer’spremisesformatchingandthentransportedinpartstotheconstruction
siteofthehydropowerstationforassembling.Theanti-deformationmeasuresshallbetakenin
thetransportationprocess.

b) Thestrengthdesignofthemetalspiralcaseoftheturbinewiththeverticalshaftshallensure
thatthemetalspiralcasecouldbearthestressproducedbythemaximumpressure(including
thewaterhammerpressure)generatedunderthemaximum waterheadwithoutconsideration
giventothecombinedstressoftheconcrete.

c) Thespiralcaseandthebottomringoftheturbinewithhorizontalshaftshallbewelded(orcast)

intooneintegralpartonthemanufacturer’spremise,andthetopshallbefittedwiththeairex-
haustingdevice.

d) Thepassagesurfaceoftheassembledmetalspiralcaseshallbesmoothandshallbesubjectto
non-destructiveflawinspectionorthehydraulictestaccordingtotheprovisions.

5.4.1.5 TheFrancisturbinemaybefittedwiththenaturalairsupplydeviceforreducingvibrationor
theforcedairsupplysystemshallbefitted.

5.4.2 Axialflowturbine

5.4.2.1 Therunnerbladesectionoftheturbineshouldbemachinedbyusingthenumericalcontrol
7

SHP/TG003-1:2019



method;thenumberofbladesshallbethesameasinthemodel,thepassagesurfaceshallbesmooth
andtheprofileoftherunnersurfaceshallbesimilartothemodel.

5.4.2.2 Therunnershallbemadeofthematerialswithcavitationresistance,wearingresistanceand
goodweldingperformance.Therunnerbladeandchokesoftherunnerchambershouldbemadeof
stainlesssteel.

5.4.2.3 Thesealingelementsfortherunnerbladeofthemovablepropellerturbineshouldbemade
ofoilresistantandpressure-resistantmaterial.Therunnerandtherunnerbladeshouldbeliftedwith
specialtools;theliftingholesshouldnotbedrilledontheblades.

5.4.2.4 Theinnersurfaceoftherunnerchamberofthepropellerturbineshallbeaspherical
structureorasemi-sphericalstructure;therunnerchamberofthefixedbladepropellerturbineunit
maybeacylindricalstructure;theman-doorshallbesetontheappropriatepositionoftherunner
chamberorthedrafttube.

5.4.2.5 Theoperatingmechanismoftherunnerbladesshallbeflexible.Thecombinationdeviceshall
beaccurateandreliable.Waterisprohibitedfromenteringtherunnerhuboil-supplychamberthrough
therunnerseal.

5.4.2.6 Thefixedbladepropellerturbinemaybefittedwiththenaturalairsupplydeviceforreduc-
ingvibrationortheforcedairsupplysystemshallbeprovided.

5.4.2.7 Theaxialflowturbineshallbefittedwiththeprotectivemeasuresagainstupwardthrust.

5.4.3 Tubularturbine

5.4.3.1 Whentherunnerisofcantileverconstruction,theinfluenceoftheshaftdeflectionshallbe
takenintoaccount.

5.4.3.2 Theoperatingmechanismoftherunnerbladesshallbeflexible.Thecombinationdeviceshall
beaccurateandreliable.Waterisprohibitedfromenteringtherunnerhuboil-supplychamberthrough
therunnerseal.

5.4.3.3 Thejoiningsurfacesofinnerandouterguideringsshallbeappliedwithsealantorfitted
withsealingstrips.

5.4.3.4 Thecreepingflangeshallbesetbehindtherunnerchamberofthetubularturbineandtheex-
pansionlengthshallnotbelessthan10mm.

5.4.3.5 Heavy-hammerrunawaypreventionprotectorshallbefittedforthebulbtubularturbine.

5.4.3.6 Themanholeshallbeestablishedonthetopofinletpipeoftheshaft-extensiontypetubular
turbinenearthebulbbodyforinstalling,removingandmaintainingthecomponentsinthebulbbody.
8
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5.4.4 Peltonturbineandturgoturbine

5.4.4.1 Theabrasion-pronepositionsandtheneedles,nozzles,deflectorsandrunnershallbemade

ofcavitationresistantandwearingresistantmaterial.

5.4.4.2 Therunnershallbedesignedemployingthemono-blockcastorcast-weldstructureorsolid

forgingwiththenecessarythermaltreatmentandprovisionsforflawdetection.Duringtheoperation

period,theusershallperiodicallyinspectthecracksonthewaterbucket.Thefirstinspectionofthe

waterbucketshallbedonewithin500hoursofoperation.

5.4.4.3 Soundinsulationornoisereductionmeasuresshallbetakenontheenclosure.

5.4.4.4 Intheeventofunitloadrejection,thedeflectorshallautomaticallyandrapidlydeflectthe

watersoastopreventtherunawayoftheunit.

5.4.4.5 ThePeltonturbinemaybefittedwiththereversebrakenozzleaccordingtotheneeds.

5.4.4.6 Thedischargingheadandtheaerationheightshallmeetthesafeandstableoperationre-

quirementsoftheturbinesoastopreventitsefficiencyfrombeinginfluenced.

5.4.4.7 Theenclosureshallhavesufficientstrengthandrigidity,andhaverelativelygoodanti-vi-

brationperformance.

5.4.4.8 Theinletpipeandnozzleassemblyshallbesubjecttohydraulictesting.

5.4.5 Cross-flowturbine

5.4.5.1 Therunnershallbesafeandreliable,designedasperthefatiguestrength,havesufficient

strengthandrigidityandbefreefromcracks.

5.4.5.2 Thegulpvalveforadjustingthewaterlevelinthedrafttubeshallbeinstalledontherack.

5.4.5.3 Ifthewaterdistributorismanuallyandelectricallycontrolled,thereliablelimitswitchshall

beset.Theelectricalmachineshallbefittedwiththeoverloadprotectorandthereliablemanual/e-

lectricalswitchingdevicetoensurethattheelectricalmachinecouldbeswitchedoffinmanualoper-

ationmode.

5.4.5.4 Thedischargingheadshallensurethattheturbineoperatessafelyandstablyandthatitsef-

ficiencyisnotinfluenced.
9
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5.5 Hydraulicperformanceguaranteeinthesteadystate

5.5.1 Powerguaranteeofthehydraulicturbine

Theratedpowerofthehydraulicturbineundertheratedwaterheadandthepowerundermaximum
waterhead,weightedaveragewaterhead,minimum waterheadandotherparticularwaterhead
shallbeguaranteed.

5.5.2 Efficiencyguaranteeofthehydraulicturbine

Theoptimalefficiencyofthehydraulicturbine,theweightedaverageefficiencywithinthescopeof
theoperatingwaterheadsandtheefficiencyatotherparticularoperatingpointsshallbeguaranteed.

5.5.3 Maximumrunawayspeedguaranteeofthehydraulicturbine

Themaximumrunawayspeedoftheturbineshallensure:

a) TheFrancisturbineandthefixedbladepropellerturbineshalltaketherunawayspeedproduced
undermaximumwaterheadandthemaximumopeningoftheguidevanes;inparticularcases,

thisshallbeagreedbythesupplierandtheuserthroughnegotiation;

b) Theimpulseturbineshalltaketherunawayspeedproducedundermaximumwaterheadandthe
maximumopeningofthenozzle;

c) TheKaplanturbineshalltakethemaximumrunawayspeedproducedwithinthescopeoftheop-
eratingwaterheadsunderthecoordinatedoperatingconditions(oncam)oftheguidevanesand
therunnerbladesoftheturbine.Underspecialconditions,asagreedbyboththesupplierandthe
demander,itcanbeconsideredthatthemaximumrunawayspeedcanbeensuredwithintheop-
erationwaterheadrangeundertheconditionthatthecombinedrelationshipisbroken.

5.6 Guaranteeofthecavitation,cavitationpittingandabrasion

5.6.1 Thecavitationperformanceoftheturbineshallbeguaranteed.

5.6.2 Thecavitationpittingdamageguaranteeofthereactionturbineshallmeettheprovisionsof
IEC60609-1underthegeneralwaterqualitycondition.Thecavitationpittingdamageguaranteeofthe
impulseturbineshallmeettheprovisionsofIEC60609-2underthegeneralwaterqualitycondition.
Theoperatingrecordsshallbekeptbytheuserwithintheguaranteeperiod,andshallatleastcontain
thedataonwaterhead,power,operatingtimeandthecorrespondingtailwaterlevel.

5.6.3 Whenthesedimentconcentrationisrelativelyhighinthepassageway,theabrasionofthe
01
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turbinecomponentsmaybedeterminedaccordingtotheflowratethroughtheunit,thesediment
concentration,sedimentcharacteristicsandoperatingconditionsofthehydropowerstation,anda-
greedbythesupplierandtheuserthroughnegotiation.

5.7 Steadyoperationrangeofthehydraulicturbine

5.7.1 Underno-loadcondition,theturbineshallbeabletooperatestably.

5.7.2 Withinthescopeofthespecifiedmaximumandminimumwaterhead,theturbineshalloper-
atestablywithinthepowerrangelistedinTable2.

Table2 Guaranteedpowerscope

Typeofhydraulicturbine
Guaranteedpowerrangeoftheunitunder

correspondingwaterhead(%)

Francisturbine (45to100)

Fixedbladepropellerturbine (75to100)

Kaplanturbine (35to100)

Impulseturbine (25to100)

NOTE FortheFrancisturbine,ifexcessivevibrationoccursintheguaranteedoperatingrangethesuitablemeasures
shallbetakentopreventvibrations.

5.8 Vibration

5.8.1 Underthevariousoperatingconditions(includingloadshedding),thecomponentsofthetur-
bineshallnotproduceresonanceorharmfuldeformation.

5.8.2 Withintheguaranteedstableoperatingrange,thevibrationoftheturbineshallbeevaluated
inaccordancewithISO10816-5.ThemeasurementmethodshallbesubjecttoIEC60994.

5.8.3 Undernormaloperatingconditions,therelativevibration(runout)oftheshaftshallnotex-
ceed75%ofthetotalclearanceofthebearing.

5.8.4 Thecriticalspeedoftheunitshaft-bearingsystemofthehydroturbinegeneratorunitshallbe
determinedthroughcalculationbythesupplieroftheturbineandthegenerator.Thefirst-ordercriti-
calspeedoftheunitshaft-bearingsystemshallnotbelessthan120% ofthemaximumrunaway
speed.

5.9 Maximumtransientspeedandmaximum/minimumtransientpressure

Whentheunitissheddingloadfullyorpartially,thepressureriseinthespiralcase,thepressurere-
ductioninthedrafttubeandtheturbinespeedriseshallnotexceedthedesignvalues.

11
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5.10 Waterleakageoftheguidevanesorthenozzle

5.10.1 Underratedwaterhead,thewaterleakageofthenewcylindricalguideapparatusshallnotbe
greaterthan3‰ oftheratedflowofthehydraulicturbine.Thewaterleakageofthenewtapered
guideapparatusshallnotbegreaterthan4‰oftheratedflowofthehydraulicturbine.

5.10.2 Thenewnozzleoftheimpulseturbineshallbefreefrom waterleakagewhenitisfully
closed.

5.11 Noise

Whentheturbineisrunningnormally,thenoisemeasuredattheposition1mawaythefloorofthe
turbinepitshallnotbemorethan90dB(A),thenoisemeasuredattheposition1mawayfromthe
man-doorofthedrafttubeshallnotbemorethan95dB(A),thenoisemeasuredattheposition1m
awayfromtheimpulseturbineenclosureshallnotbemorethan90dB(A)andthenoisemeasuredat
thepositionwithina1mscopearoundtherunnerchamberofthetubularturbineshallnotbemore
than90dB(A).

5.12 Reliabilityindex

Underthegeneralwaterqualitycondition,theturbineshallhavethefollowingreliabilityindices:

a) Theavailabilityshallnotbelessthan99%;

b) Theaveragelifeoftheturbineshallnotbelessthan35years.

6 Supplyscopeandspareparts

6.1 Supplyscope

6.1.1 Hydraulicturbine:Fromtheflangediskconnectedtothegeneratorshaft,includingtherun-
ner,turbineshaft,bearing,shaftseal,enclosure,standring(tubularseat),runnerchamber,guide
apparatus,metalspiralcaseandinletsection,pitliner,drafttubecone,drainageinstallationand
othersupportingequipment;

Theturbinewithhorizontalshaftalsoshallincludetheinletelbow,flange,flywheelandflywheel
guardandbrake;theimpulseturbineshallincludethedistributionpipe,enclosure,nozzle,needle,

needletravelmechanismanddefector.

6.1.2 Pressurediversionequipment:Thejunctionpipefromthetailendofthepenstockofthe
hydropowerstationtothespiralcaseinletoftheturbine,theadjusterofthesteelpipe,itsflange,

connectingbolts,expansionjointandtheconnectingflange ofthe expansionjointshallbe
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determinedbythesupplierandtheuserthroughnegotiation.

6.1.3 Hydraulicmonitoringinstrumentandtheautomaticcomponents:Includingtheinstruments
andrelevantpanelcabinetsformonitoringthepressure,temperatureandvacuumoftheturbineand
itsauxiliaryequipmentduringtheoperation;thedifferentialpressuresignalmeter,liquidlevelsignal
meter,liquid-flowannunciatororflowtransmitter,temperatureannunciator,hydrauliccomponents,

pneumaticcomponentsonoil,airandwaterpipelinesforsatisfyingthedemandsofautomaticcon-
trol;theremoteannunciator,speedmeasuringdeviceandvarioustransmittersspecifiedintheorder
contractsignedbythesupplierandtheuser;andtheconnectingcables(totheterminalboxofthe
turbinepit)betweenthecomponentsintheturbinepitandtheequipment.Specificautomaticre-

quirementsshallbedecidedbythesupplierandtheuserthroughnegotiation.

6.1.4 Pipelinesandthefittings:Theoilpipes,airpipes,waterpipes,connectorsandbracketsbe-
tweenindividualdevicesinthecompletesetofequipment.Fortheincompletesetofequipmentof
thereactionturbinewithverticalshaft,thepipelinesandfittingsshallbesuppliedtothefirstpairof
flangesortheservomotorflangeoftheequipment,andtheflangesshallbeprovidedinpairs.Forthe
incompletesetofequipmentofthetubularturbine,thepipelinesandfittingsshallbesuppliedonthe

position1mtotheman-doorortheservomotorflangeoftheturbine,andtheflangesshallbepro-
videdinpairs.

6.1.5 Dedicatedtoolsandspecialtoolsforinstallationandoverhaulshallbeprovided.

6.2 Spareparts

TheitemsandthequantityofsparepartsfortheturbineshallbesubjecttotheprovisionsofTables
C1,C2,C3andC4inAppendixC,orshallberegulatedinthecontractbybothparties.

7 Technicaldocuments

Thesuppliershallsubmitthenecessarytechnicaldocumentstotheuser,mainlyincluding:

a) Arrangementdiagramsoftheturbineanditsauxiliaryequipment,thefoundationdrawingand
drawingoftheembeddedparts,thedimensionsofthelargestpartsandtheweightoftheheavi-
estparts.

b) Generalassemblydrawingoftheturbine,singlelinedrawingofthespiralcaseandthedraft
tube,assemblydrawingoftheturbinecomponents,andthearrangementdiagramofthepipe-
linesoftheturbineanditsauxiliaryequipment.

c) Modelledcombinedcharacteristiccurveandtheperformancecurveoftheturbineandtherela-
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tionshipcurvebetweentheguidevaneopeningortheturnangleorthenozzleopeningandthe
servomotorstroke.

d) Drawingsanddataontheassemblyandarrangementoftheturbineanditsauxiliaryequipment.

e) Installationandlayoutdiagramsofthecontrolcabinetsandautomaticequipmentforcontroland
monitoringincludingautomatictheoperationdiagramoftheturbine,oil,airandwatersystem
diagrams,andthescheduleoftheturbinemeasuringinstruments.

f) Installation,operationandmaintenancemanualsfortheturbineandtheauxiliaryequipment,in-
spectionandtestreports,guaranteecertificatesandpackinglist.

8 Inspectionandacceptance

8.1 Factoryinspectionandtests

8.1.1 Theusermayparticipateinthefollowinginspectionsandtestsinthemanufacturingprocess
forthemaincomponentsoftheturbine:

a) Inspectionandtestingofthephysicaldimensions,runnerbladeprofile,machiningprecision,

surfaceroughnessandinterchangeabilityofthemaincomponents;

b) Theinspectionofthealignmentoftheturbineshaftwiththegeneratorshaftaftercombinedrea-
mingoftheholesforthecouplingbolts.Theinspectionofthealignmentoftheshaftsshallbe
implementedbythegeneratormanufactureriftheturbineandthegeneratoraremanufacturedby
differentmanufacturers;

c) Assemblyandstaticbalancetestingoftherunner;

d) Hydraulictestingandsealtestofthepressure-bearingmembers;

e) Theimportantweldsofthemaincomponentsoftheturbineshallbesubjectedto100%ultrason-
icnon-destructiveflawinspection.Thecomponentswithhighstressorthesuspiciouspositions
maybereviewedbyradiographicinspection;

f) Inspectionofthe waterpassagecomponentsaccordingtotheprototyperequirementsof
IEC60193;

g) Inspectionofthepre-assemblyoftheguideapparatusofthereactionturbineandinspectionof
theguidevaneclearances;
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h) Hydrostatictestofthemetalspiralcaseofthereactionturbineandthedistributionpipesofthe
impulseturbine;tobeperformedasrequired.

8.1.2 Allthecomponentsoftheturbineshallbeinspectedand/ortestedaccordingtothedrawing
requirements.Thequalifiedsuppliersshallbeevaluatedfortheprocurementofthestandardparts.

8.1.3 Theflangedjointsurfacesoftheequipmentshallbesmoothandburr-free.Thejointgapshall
beinspectedwitha0.05mmfeelergauge,andthegapshallnotbepassedthrough;thereshallbeno
gaparoundtheassemblingboltsandpins.

8.1.4 Attentionshallbepaidtothematchingmarkswhenassemblingthecomponents.Whenmulti-
pleunitsarebeinginstalled,eachunitshallbeassembledwithcomponentshavingthemarksofsame
series.Thecomponentsormeasuringpointsofthesamekindshallbenumberedintheassemblingre-
cord.Withregardtothefixedcomponents,thecomponentsshallbenumberedclockwise(viewed
fromtheturbinegenerator’sterminal,similarlyhereinafter)from +Y.

8.1.5 Whentheequipmentcontainerissubjectedtothekeroseneleakagetest,itshalllastatleast
4hrsandthecontainershallnotleak.Aftertheleakagetest,thecontainershouldnotusuallybedis-
assembledagain.

8.1.6 Thecomponentsoftheturbineshallbesubjectedtosurfacepre-treatmentandpaintingpro-
tectioninthesupplier’sfactoryaccordingtotherequirementsofthedesigndrawing;thecompo-
nents(includingtheweldsappliedontheconstructionsiteofthehydropowerstation)tobecoated
withthefinishingcoatontheconstructionsiteofthehydropowerstationshallbepaintedaccording
tothedesignrequirements;itscoatingshallbeuniformandfreefromanybubblesandwrinkles,and
thecolourshallbeuniform.

8.1.7 Thespiralcaseweldingshallmeetthefollowingrequirements:

a) Thebuttweldclearancebetweenthedifferentsections,andbetweenthespiralcaseandthe
stayringshallusuallybe2mmto4mm,theoverlappingoftheflow-passingsurfaceshallnot
exceed10%oftheplatethickness;themaximumoverlappingofthelongitudinaljointshallnot
bemorethan2mmandthemaximumoverlappingofthecircumferentialweldshallnotbemore
than3mm;

b) Thelengthofthesectionwithlocalclearanceofthegrooveexceeding5mmshallnotexceed
10%oftheweldlength,anditisallowedtotreatitatthegroovebyoverlaying;

c) TheweldappearanceshallbeinspectedaccordingtotheprovisionsofTable3.
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Table3 Appearanceinspectionoftheweldsontheturbinespiralcase Unit:mm

No. Items Allowabledefectdimension

1 Cracks Notallowed

2 Surfaceslag Notallowed

3 Undercut
Thedepthshallnotexceed0.5,thecontinuouslengthshallnotexceed100
andthecumulativelengthoftheundercutonbothsidesshallnotbemore
than10%ofthetotalweldlength.

4 Incompletelyfilledweld Notallowed

5 Surfaceporosity Notallowed

6
Surplus
heightof
seamΔh

Manual
welding

0to2.5

Submerged-arc
welding

0to4

7
Width
ofthe
buttweld

Manual
welding

Thewidthofthegrooveshallbecoveredby2to4persideandthewelds
shalltransmitsmoothly.

Submerged-arc
welding

Thewidthofthegrooveshallbecoveredby2to7persideandthewelds
shalltransmitsmoothly.

8 Splash Tobecleanedcompletely

9 Overlap Notallowed

Withregardtothespiralcasewhichcouldnotbesubjectedtohydraulictesting,theweldsshallbe
subjectedtonon-destructivetestingincludingultrasonicandradiographictests.

8.1.8 Thestaticbalancingtestoftherunnershallmeetthefollowingrequirements:

a) Thestaticbalancestandshallbeconcentrictotherunner,thedeviationshallnotbemorethan
0.07mmandthehorizontaldeviationofthesupportshallnotbemorethan0.02mm/m;

b) Whenthesteelball,runnerplatetypebalancemethodisused,thesensitivityofthestaticbal-
ancestandshallmeettherequirementsofTable4:

Table4 Distancefromthespherecentreoftheturbinerunnertothecentreof

gravityoftherunner Unit:mm

Runnermasst/(kg) Maximumdistance Minimumdistance

t<5000 40 20

5000≤t<10000 50 30

10000≤t<50000 60 40
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8.1.9 TheoperationtestandthehydraulictestoftheKaplanturbinerunnershallbecarriedoutac-
cordingtothefollowingrequirements:

a) Thequalityoftestoilshallmeetthestandardandtheoiltemperatureshallnotbelessthan5℃;

b) Themaximumleakagetestpressureshallbemaintainedfor16hrs;

c) Duringthetest,theoperatingbladeshallbeopenedandclosedbyfulltravel(2to3)timesper
hour;

d) Theshaft-runnerjointshallnotleak;theoilleakagelimitofthesinglebladesealingdevicewith
orwithoutthetestpressureimposedshallnotexceed5mL/h;

e) Therunnerservomotorshallactstably;theminimumoilpressureforopeningandclosingshall
notusuallyexceed15%oftheratedoperatingpressure;

f) Thecurveoftherelationshipbetweentherunnerservomotortravelandthebladerotatingangle
shallbeprepared.

8.1.10 ThesealingclearancesshallmeettherequirementsofTable5,Table6andTable7:

Table5 UnilateralclearancebetweentheFrancisturbinerunnerandtheheatcoverand
bottomring(SealRing),andbetweentheaxialflowturbine/bulbturbinebladeandthe

runnerchamber Unit:mm

RunnerdiameterD1/(mm)
Clearancevalue

H≤35/(m) 35<H≤100/(m) H>100/(m)
Allowable

DeviationValue

Francisturbine

D1≤420 0.5 0.4 0.4 ±0.1

420<D1≤840 0.6 0.6 0.4 ±0.1

840<D1≤1200 (0.04—0.08)%D1

D1>1200 (0.04—0.07)%D1

Axialflowturbine/

bulbturbine

D1≤1000 (0.08—0.135)%D1

1000<D1≤2000 (0.07—0.125)%D1

D1>2000 (0.05—0.1)%D1
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Table6 Totalclearance(2A)betweentheturbineguidevanetop/bottomandthe
headcoverandbottomring Unit:mm

Runnerdiameter
D1/(mm)

ClearanceValueA

b0/D1≥0.35 b0/D1≥0.25 b0/D1≥0.2 b0/D1≥0.12 b0/D1≥0.1

D1≤420 0.20~0.50 0.15~0.35 0.10~0.28 0.06~0.22 0.05~0.20

420<D1≤840 0.25~0.60 0.18~0.45 0.12~0.35 0.08~0.28 0.06~0.23

D1>840 0.30~0.75 0.22~0.55 0.15~0.40 0.12~0.35 0.10~0.30

NOTE1 Ifnotlistedinthetable,thetotalclearancebetweentheupperandlowerendsurfacesoftheguidevane
maytake(0.1to0.2)%oftheguidevaneheight(b0).

NOTE2 Whentheupperandlowerendsurfacesoftheguidevanearefittedwiththesealingdevice,theyshallmeet
thedrawingrequirement.

Table7 Clearanceoftheverticalsurfacewhentheturbineguidevaneisfullyclosed
Unit:mm

b0/D1 b0/D1≥0.35 0.35>b0/D1>0.2 b0/D1≤0.2

Allowablelocalclearance 0.15 0.10 0.08

NOTE1 Whentheguidevaneisclosedfully,thelocalclearancenogreaterthanthevaluegivenintheabovetableis
acceptablewithin1/4oftheguidevaneheight.Wheninspectingtherestsectionwitha0.05mmfeeler

gauge,thegaugeshallnotpassthroughtheclearance.
NOTE2 Whentheverticalsurfaceoftheguidevaneisfittedwiththesealingdevice,itsclearanceshallnotbemore

than0.15mmandafterthesealingstripisinstalled,thereshallbenoclearanceontheverticalsurface.
NOTE3 Theallowablelocalclearanceontheverticalsurfaceofthetubularvaneshallnotexceed0.25mmmaximum

anditslengthshallnotexceed25%oftheguidevaneheight.

8.1.11 Turbineguidebearingshellshallmeetthefollowingrequirements:

a) Thesurfaceoftherubberbearingshellshallbelevel,freefromcracksanduncoatingdefects;

theBabbittmetalbearingshellshallbefreefromporosity,cracks,hardspotanduncoating;the
roughnessofthebearingshellsurfaceshallbelessthan0.8μm;

b) Therubberbearingshellandthemetalcylindricalbearingshellshallbepre-assembledonthe
shaft,andthetotalclearanceshallmeetthedesignrequirement.Boththedifferencebetween
themaximumandminimumtotalclearancesoneachendandthedifferencebetweenthetotal
clearanceoftheupperandlowerendsonthesameorientationshallnotbemorethan10%ofthe
measuredaveragetotalclearance;

c) Whenthemetalcylindricalbearingshellmeetstherequirementsofa)andb),itmaynotbe
groundfurther;whetherthesplitbearingshellneedstobegroundshallbedeterminedaccording
tothedesignrequirement;

d) Afterthebearingshellisground,thecontactofthebearingshellshallbeuniform.Thereshallbe
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atleast(2to3)contactpointspersquarecentimetre;thelocalnon-contactareaperbearing
shellshallnotbemorethan5%perposition,andthetotalsurfaceareashallnotexceed15%of
thetotalsurfaceareaofthebearingshell.

8.1.12 Thebearingshallmeetthefollowingrequirements:

a) Thebearingoiltankshallnotleakoil,andshallbesubjectedtothekeroseneleaktestaccording
to8.1.5;

b) Thebearingcoolershallbesubjectedtohydraulictesting.

8.1.13 Beforeassembling,0.05MPacompressedairshallbefedintotheairshroudringforleaktes-
tinginthewater,andtheshroudringshallnotleakair.

8.1.14 Whentheimpulseturbineispre-assembledonthesupplier’spremises,thedeviationbe-
tweentheinletcentrelineoftheinletpipeandtheaxisoftheunitshallnotbemorethan±0.2%of
theinletdiameter.Thesplitenclosureshallmeettherequirementsof8.1.3;theflangedjointsurfaces
withoutsealsorwithoutgasketsshallbeappliedwiththesealant.Withregardtotheverticalunit,

theelevationsofthenozzleflangesontheenclosureshallbeconsistent,andtheelevationdifference
shallnotbemorethan1mm;theflangeperpendicularityshallnotbemorethan0.3mm/m;thedis-
tancetothedatumlineofthecoordinatesoftheunitshallmeetthedesignrequirement.

8.1.15 Thenozzleandtheservomotoroftheimpulseturbineshallbesubjectedtohydraulictesting
inthesupplier’sfactory.Afterthenozzleandtheservomotorareassembled,theactionsofthenee-
dleandtheservomotorshallbesmoothat16%ratedpressure.Whentheratedpressureoilisfedin-
totheclosingcavityoftheservomotor,thereshallbenoclearancebetweentheneedleheadandthe
nozzleexit.Whentheservomotoroftheneedleisthebuilt-inservomotor,itisnecessarytoinspect
theoilleakageandthewaterleakageintheoil-watermixturedischargecavity;thereshallbenoleak-
age.

8.1.16 Theassemblingofthenozzlesshallmeetthefollowingrequirements:

a) Thecentrelineofnozzleshallbeatatangenttotherunnerpitchcircle,theradialerrorshallnot
bemorethan±0.2% D1(D1isthepitchcirclediameteroftherunner),andtheaxialerrorof
thewaterjetandthebucketplaneshallnotbemorethan±0.5% W (Wreferstothemaximum
insidewidthofthewaterbucket);whentheaforesaiderrorislessthan ±1 mm,itshall
take±1mm;

b) Thedeviationofthedeflectorcentreandthenozzlecentreshallnotusuallybemorethan4mm;

c) Thedeviationofthecompressionlengthofthebufferspringfromthedesignvalueshallnotbe
morethan±1mm;
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d) Thesynchronismdeviationoftheneedletravelofthenozzlesshallnotbemorethan2%ofthe
designtravel;

e) Theaxialandradialdeviationofthecentrelineofthereversebrakenozzleshallnotbemorethan
±5mm.

8.2 Acceptancetests

ThehydraulicperformanceacceptancetestoftheturbineshallmeettherequirementsofIEC62006.
Thefullloadoperationdurationshouldbecontinuousfor72hrs.Aftertheacceptancetests,thepre-
liminaryacceptancecertificatesshallbesignedbytheuserandthesupplier,thecommercialopera-
tionshallbelaunchedandtheperformanceguaranteeperiodshallstartfromthen.Aftertheperform-
anceguaranteeperiodoftheturbineexpires,andthetechnicalguaranteessatisfytherequirementsin
theordercontractsignedbybothparties,thefinalacceptancecertificateshallbesignedbytheuser.

9 Nameplate,packing,transportationandstorage

9.1 Nameplate

9.1.1 Thematerialsandengravingmethodofthenameplatesshallensurethatitstextisnotobliter-
atedduringtheentireserviceperiod,andthefollowinginformationshallbemarked:

a) Name,modelandproductNo.;

b) Maximumwaterhead,ratedwaterheadandminimumwaterhead;

c) Ratedflow;

d) Maximumpowerandratedpower;

e) Ratedspeedandrunawayspeed;

f) Nameofthemanufactureranddateofproduction.

9.2 Packingandtransportation

9.2.1 Theturbinecomponentsandthesparepartswithinthesupplyscopeshallpasstheinspection
bythemanufacturerbeforebeingdelivered,andshallbeaccompaniedbytherelevantdocuments
provingtheproductcompliance.

9.2.2 Thepackingsizeandweightoftheturbinecomponentsshallsatisfythetransportationcondi-
tionsfromthesupplier’sfactorytothehydropowerstation.
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9.2.3 Thepackingandtransportationoftheturbinecomponentsanditsauxiliaryequipmentshall
meettheprovisionsofISO780,andtherain-proof,damp-proof,vibration-proof,mould-proof,anti-
freezingandsalt-sprayresistancemeasuresshallbetakenaccordingtothedifferentrequirementsand
transportationmodesoftheequipment.

9.2.4 Thepackingcaseshallcontaintheproductqualificationcertificate,technicaldocumentsand
drawings.Thenamesandthequantitieslistedinthepackinglistshallbeconsistentwiththematerial
objectsinthecaseandthedrawingnumber.Thepackinglistshallbeputintotheantisepticbox
(bag)inthecase.

9.3 Storage

9.3.1 Themachinedcomponentsoftheturbine,andthesparepartsandauxiliaryequipmentmust
beproperlykept,andshallnotbestackedwithoutpermission.

9.3.2 Themachinedpartsoftheturbineshallbeprotectedfromdampnessandrain,andshallnotbe
exposedtothesunandrainaftertheyaredeliveredtotheconstructionsiteofthehydropowersta-
tionandunpacked.

9.3.3 Therubber,plasticandnylonpartsshallbeprotectedfromdirectsunlight,andshallnotbe
placedataplacewithina1.5mscopearoundtheovenorotherheatingdevice.Therubbershallbe
protectedfrombeingpollutedbyoils.Therubberproductsandthefillingsshallbestoredinadryand
ventilatedwarehouse.

9.3.4 Theelectronic,electricalandautomaticcomponents(devices)orinstrumentsshallbestored
inthewarehousewithatemperatureof-5℃to40℃,relativehumidityofnomorethan90%,and
freefromacid,alkali,saltorcorrosive/explosivegases,electromagneticfield,dustandrain/snow
erosion.

9.3.5 Thesuppliershallguaranteethattheproductsarefreefromcorrosion,mildew-growing,

damagesoraccuracyreductionarisingfromimproperpackingundernormalstorage,transportation
andliftingconditionswithinoneyearfromthedateofdeliverytotheacceptanceontheconstruction
siteofthehydropowerstation.

10 Installation,operationandmaintenance

10.1 Installationandcommissioning

10.1.1 Theinstallationandcommissioningoftheturbineshallcomplywiththerequirementsof
IEC61116andIEC62006.

10.1.2 Thesundrymaterialsinthediversionsystemandthewaterconductorcomponentsofthe
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turbineshallbethoroughlycleanedtopreventthesundrymaterialsfromdamagingtheturbinebefore
thewaterisfilledintothediversionsystemofthehydropowerstationforthefirsttime.

10.1.3 Beforecommissioning,theoilsystemshallbecleanedrepeatedlywiththeoil,andthen
filledwiththenewoilspecifiedbythedesignforthecommissioning.

10.2 Operationandmaintenance

TheoperationoftheturbineshallcomplywiththeprovisionsofIEC60545andtheoperationandma-
intenancemanualprovidedbythesupplier.

11 Qualityguaranteeperiod

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

Reactionturbineefficiencystep-upformula

A.1 Method1:
Francistype:

Δη=K×(1-ηmax)× 1-(Dm/Dp)0.2 …………………(A.1)

Axial-flowtype:

Δη=K×(1-ηmax)× 0.7-0.7(Dm/Dp)0.2×(Hm/Hp)0.1 ………(A.2)

where

ηmax istheoptimumefficiencyofthemodelturbine;

K isthecoefficient,K=0.5~0.7(minimumvaluefortherenovationunit;maximumvaluefor
thenewunit);

Dm isthenominaldiameterofthemodelturbinewheel,inm;

Dp isthenominaldiameteroftheprototypeturbinewheel,inm;

Hm isthetestheadofthemodelturbine,inm;

Hp isthewaterheadoftheprototypeturbine,inm.

A.2 Method2:

Reactionturbineefficiencystep-upformularecommendedbyIEC60193:

Δηh=δref
Reuref

Reum

æ

è
ç

ö

ø
÷

0.16

-
Reuref

Reup

æ

è
ç

ö

ø
÷

0.16
é

ë
êê

ù

û
úú ………………(A.3)

δref=
1-ηhoptm

Reuref

Reuoptm

æ

è
ç

ö

ø
÷

0.16

+
1-Vref

Vref

……………………(A.4)

where

Δηh  isthemodificationvalueforthemodelefficiencybeingconvertedtotheprototypeefficiency;
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δref isthemodificationvalueforthenominalvaluebeingconvertedtotheprototypeefficiency;

Reuref isthestandardReynoldsnumber;

Reum isthecountpointmodelReynoldsnumber;

Reup isthecountpointprototypeReynoldsnumber;

Reuoptm isthemodeloptimalefficiencypointReynoldsnumber;

ηhoptm isthemodeloptimalefficiency;

Vref isthestandardlossdistributioncoefficient(0.8fortheaxial-flowKaplanturbine,Deriaz
turbine,andtubularKaplanturbine;0.7fortheFrancisturbine,fixedbladepropellertur-
bine,Kaplanpropellerturbine,fixedbladeoftheDeriazturbine,andthetubularfixedblade
propellerturbine).

A.3 Method3:

Thefollowingformulaisrecommendedfortheexistingmodeltestcurvesandthemodeltestdata
markedwiththeReynoldsnumberandthewatertemperature:

Δηh=(1-ηhoptm)×Vm × 1-
Reum

Reup

æ

è
ç

ö

ø
÷

0.16
é

ë
êê

ù

û
úú ……………………(A.5)

Vm =Voptm =Vref ……………………(A.6)

Reum =Reuref=7×106 …………………………(A.7)

where

Vm isthemodellossdistributioncoefficient(0.8fortheaxial-flowKaplanturbine,Deriazturbine,

andtubularKaplanturbine;0.7fortheFrancisfixedbladepropellerturbine,propellerturbine,

fixedbladeofDeriazturbine,andthetubularfixedbladepropellerturbine);

Voptmistheossdistributioncoefficientofthemodeloptimalefficiencypoint.
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AppendixB
(Normative)

Efficiencystep-upformulaoftheimpulsetypeturbine

Δηh=ηhp-ηhm =ΔηFr+Δηwe+ΔηRe ……………………(B.1)

Δηh=ηhp-ηhm =5.7×Φ2
B×(1-C0.3

Fr)+1.95×10-6×
Cwe-1

Φ2
B

+10-8×
(CRe-1)2

Φ2
B

…………(B.2)

ΦB=
4Qp

Z0×π×(2gpHp)⅟ ×B2
p

……………………(B.3)

CFr=
Frp

Frm
=

gp×Hp

gm ×Hm

æ

è
ç

ö

ø
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⅟

×
Bm

Bp

æ

è
ç

ö

ø
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⅟

×
gm

gp

æ

è
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ø
÷

⅟

……………………(B.4)

Cwe=
Wep

Wem
=

gp×Hp

gm ×Hm

æ

è
ç
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ø
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⅟

×
Bp

Bm

æ

è
ç

ö

ø
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⅟

× ρp

ρm
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⅟

×
σ*

m

σ*
p

æ

è
ç
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ø
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⅟

………………(B.5)

CRe=
Rep

Rem
=

gp×Hp

gm ×Hm

æ

è
ç

ö

ø
÷

⅟

×
Bp

Bm
×
γm

γp
…………………………(B.6)

where

ΦB isthedischargecoefficient;

Qp istheprototypeflow,inm3/s;

Z0 isthenumberofnozzles;

gp isthefieldaccelerationofgravityforthepowerstation;

gm isthelabaccelerationofgravity;

Hp istheprototypewaterhead,inm;

Hm istheprototypetestwaterhead,inm;

Bp istheprototypebucketwidth,inm;

Bm isthemodelbucketwidth,inm;
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ρp isthedensityofthewaterwhentheprototyperuns,inkg/m3;

ρm isthedensityofthewaterduringthetest,inkg/m3;

σ*
p isthesurfacetensionofthewaterwhentheprototyperuns,inJ·m2;

σ*
m isthesurfacetensionofthewaterduringthetest,inJ·m2;

γp istheviscositycoefficientofthewaterwhentheprototyperuns,inm2/s;

γm istheviscositycoefficientofthewaterduringthetest,inm2/s.

TableB.1 Surfacetensionofthewateratdifferenttemperatures

Temperature
θ
℃

Surfacetension

σ*

J·m2

5 0.0749

10 0.0742

15 0.0735

20 0.0728

25 0.0720

30 0.0712

35 0.0696

FigureB.1 EffectsoftheFroudenumber
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FigureB.2 EffectsoftheWebernumber

FigureB.3 EffectsoftheReynoldsnumber
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AppendixC
(Normative)

Listofsparepartsforthehydraulicturbine

TableC.1 SparepartsfortheFrancisturbine Unit:set

No. Nameofthesparepart

Quantity

1—2
Units

3—4
Units

Over5
Units

Remarks

1
Upper,middleandlowerjournalbushesof
theguidevanes

1/2 1 2

2 Sealringoftheguidevanes Onesetperturbine

3 Splitkeyoftheguidevanes 1/3 1/2 1

4 Shearpinoftheguidevanes(breakingbolt) 1/2 1 2

5 Connectinglinkbushesoftheguidevane 1/4 1/2 1

6
Sealingelementfortheoperatingsealofthe
turbineshaft

Onesetperturbine

7
Sealingelementforthemaintenancesealof
theturbineshaft

Onesetperturbine

8
Servomotorpistonringorpistonsealingel-
ement

1 1 2

9 Sealringforfixingtheservomotor 1 1 2

10 Springs 1 1 2

11 Turbineguidebearingshell 1 1 2

12 Thrustbearingshell 1 1 2
Only limited to the horizontal
typeunit

13 Brakeblock 1 1 2
Only limited to the horizontal
typeunit

TableC.2 Sparepartsfortheaxialflowturbine Unit:set

No. Nameofthesparepart

Quantity

1—2
Units

3—4
Units

Over5
Units

Remarks

1
Upper,middleandlowerjournalbushingsof
theguidevanes

1/2 1 2

2 Sealringoftheguidevanes Onesetperturbine

3 Splitkeyoftheguidevanes 1/3 1/2 1

4 Shearpinoftheguidevanes(breakingbolt) 1/2 1 2

5 Connectinglinkbushingsoftheguidevane 1/4 1/2 1
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TableC.2(continued) Unit:set

No. Nameofthesparepart

Quantity

1—2
Units

3—4
Units

Over5
Units

Remarks

6
Sealingelementfortheoperatingsealofthe
turbineshaft

Onesetperturbine

7
Sealingelementforthemaintenancesealof
theturbineshaft

Onesetperturbine

8
Servomotorpistonringorpistonsealingel-
ement

1 1 2

9 Sealringforthefixingoftheservomotor 1 1 2

10 Springs 1 1 2

11 Sealfortherunnerblades Onesetperturbine

12 Shaftsleeveofthereceptacle 2 2 3

13 Floatingbearingshellofreceptacle 2 2 3

TableC.3 Sparepartsforthetubularturbine Unit:set

No. Nameofthesparepart

Quantity

1—2
Units

3—4
Units

Over5
Units

Remarks

1
Upperandlowerjournalbushingsofthe

guidevane
1/2 1 2

2 Sealringoftheguidevane Onesetperturbine

3 Splitkeyoftheguidevane 1/3 1/2 1

4 Protectoroftheguidevane 1/2 1 2

5 Connectinglinkbushesoftheguidevane 1/4 1/2 1

6
Sealingelementfortheoperatingsealofthe
turbineshaft

Onesetperturbine

7
Sealingelementforthemaintenancesealof
theturbineshaft

Onesetperturbine

8
Servomotorpistonringorpistonsealingel-
ement

1set 1set 2sets

9 Sealringforthefixingoftheservomotor 1 1 2

10 Springs 1 1 2

11 Sealringfortherunnerblade Onesetperturbine

12 Shaftsleeveofthereceptacle 2 2 3

13 Floatingbearingshellofthereceptacle 2 2 3

14 TurbineGuidebearingshell 1 1 2

15 Thrustbearingshell 1 1 2 Onlylimitedtothebulbturbineunit
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TableC.4 Sparepartsfortheimpulseturbine Unit:set

No. Nameofthesparepart

Quantity

1—2
Units

3—4
Units

Over5
Units

Remarks

1 Sealingelementoftheneedlerod Onesetperturbine

2 Backingringofthenozzle Onesetperturbine

3 Shaftsleeveoftheneedlerod 1 2 3

4
Servomotorpistonringorpistonsealingel-
ement

Onesetperturbine

5 Sealringforthefixingoftheservomotor Onesetperturbine

6 Deflectorblade 1

7 Guidebearingshelloranti-frictionbearing 1
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