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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
Part3:SpeedGoverningSystem

1 Scope

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

transportation,storage,installation,operationandmaintenanceforthesmallhydropower(SHP)

hydroturbinegoverningsystem.

Thisdocumentappliestotheelectro-hydraulicgovernor(hereinafterreferredtoasthegovernor)

withaworkingcapacityof350N·moraboveaswellasanoilpressuredevice.

2 Normativereferences

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

plies.

ISO8068,Lubricants,IndustrialOilsandRelatedProducts(ClassL)—FamilyT (Turbines)—Speci-
ficationforLubricatingOilsforTurbines

ISO11158,Lubricants,IndustrialOilsandRelatedProducts (ClassL)—FamilyH (HydraulicSys-
tems)—SpecificationsforCategoriesHH,HL,HM,HVandHG

IEC61000-4-4,ElectromagneticCompatibility (EMC)—Part4-4:TestingandMeasurementTech-
niques—ElectricalFastTransient/BurstImmunityTest

IEC60308,Hydraulicturbines—TestingoftheControlsystems

IEC61362,guidetothespecificationsofthehydraulicturbinescontrolsystem

SHP/TG001,Technicalguidelinesforthedevelopmentofsmallhydropowerplants—Termsanddefi-
nitions.

1
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3 Termsanddefinitions

Forthepurposesofthisdocument,thetermsanddefinitionsgiveninIEC60308,IEC61362and
SHP/TG001apply.

4 Generalprovisions

4.1 Modelselectionofthegovernorandtheoilpressuredevice

4.1.1 Themodelselectionofthegovernorandtheoilpressuredeviceshallbereasonable,the
workingcapacityshallbematchedwiththeturbine,andtheyshallbeabletoreliablycontrolthetur-
binegeneratorunitunderthemaximumwaterheadandatmaximumflowrateandhaveacertainal-
lowance.

4.1.2 Theactualmaximumopeningoftheguidevaneshallatleastcorrespondtoover80%ofthe
maximumstrokeoftheservomotor.

4.2 Operationalsituationofthehydroturbinegeneratorunit

4.2.1 Theturbineshalloperateundertheconditionsspecifiedbythemanufacturer.

4.2.2 Theturbinegeneratorunitshallbeabletooperatestablyundervariousmanualconditions.
Whenoperatingunderthemanualno-loadcondition(thegeneratorexciterisworkinginautomatic
mode),therelativevalueofthespeedoscillationoftheturbinegeneratorunitshallnotexceed
±0.3%.

4.3 Waterinertiatimeconstantandturbinegeneratorunitinertiatimeconstant

4.3.1 ThewaterinertiatimeconstantTwoftheturbinewaterdiversionsystemshallnotbemore
than4s.

4.3.2 TheturbinegeneratorunitinertiatimeconstantTashallnotbelessthan4sforthereaction
turbinenorlessthan2sfortheimpulseturbine.

4.3.3 ThespecificratioofthewaterinertiatimeconstantTwtotheturbinegeneratorunitinertia
timeconstantTashallnotbemorethan0.4.

4.4 Environmentalconditions

Theenvironmentalconditionsshouldmeetthefollowingrequirements:
2
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a) Thealtitudeshallnotexceed2500m.Whentheequipmentisusedinplaceswithanaltitudeex-
ceeding2500m,thereductioninthedielectricpropertyandthedecreaseoftheaircooling
effectshallbeconsidered,andtheusershallnegotiatewiththesupplier.

b) Ambienttemperatureis5℃to40℃.

c) Themonthlymaximumrelativehumidityshallnotexceed85% (withoutcondensation)during
thewettestmonth,meanwhile,themonthlyaverageminimumtemperatureshallnotbemore
than25℃duringthismonth.

4.5 Oilforthehydroturbinegoverningsystem

Theviscositygradeoftheoilusedinthehydroturbinegoverningsystemshallbeconsistentwiththe
oilusedintheturbine,theoiltemperaturescopeis10℃to50℃,andthefollowingrequirements
shallbemet:

a) Whentheoilpressuregradeisnotmorethan12.5MPa,L-HLhydraulicoilshouldbeselectedand
theoilqualityshallcomplywiththeprovisionsofISO8068.

b) Whentheoilpressuregradeismorethan12.5MPa,L-HMhydraulicoilshouldbeselectedand
theoilqualityshallcomplywiththeprovisionsofISO11158.

4.6 Others

Iftheserviceenvironmentconditionsdonotmeettherequirements,theperformanceindicesmaybe
negotiatedbythesupplierandtheuser.

5 Technicalrequirements

5.1 Servomotorcapacity

Theservomotorcapacityofthehydroturbinegoverningsystemshallmatchthedesignrequirements
fortheturbine.

5.2 Oilpressuregrade

Theoilpressuregradeofthegovernorandtheoilpressuredeviceshallbe(MPa):2.5,4.0,6.3,

10.0,12.5and16.0.

5.3 Staticcharacteristics(speeddroop)

5.3.1 Thestaticcharacteristiccurveshallbeapproximatelyastraightline.
3
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5.3.2 Whenthepermanentdifferencecoefficientbpis4%,seeTable1forthespeeddeadband
measuredatthemainservomotor.

Table1 Speeddeadbandoftheturbinegoverningsystem

Item

Typeofgovernor

Large-scale

governor
(A>75000N·m)

Medium-scale

governor
(18000N·m≤A
≤75000N·m)

Small-scale

governor
(3000N·m≤A
<18000N·m)

Ultra-small-
scalegovernor
(350N·m≤A
<3000N·m)

Speeddeadbandix

(%)
0.02 0.06 0.10 0.20

5.3.3 ForthehydroturbinegoverningsystemoftheKaplanturbine,theia(theinaccuracyofthe
bladeservosystem)shallnotexceed0.8%andtheallowabledeviationofthemeasuredcombination
curveandthetheoreticcombinationcurveshallbe1%ofthefullstrokeofthebladeservomotor.

5.3.4 Forthehydroturbinegoverningsystemofthemulti-nozzleimpulseturbine,thepositionde-
viationbetweenanytwoneedlesshallnotexceed1%ofthefullstrokeandthepositiondeviationof
eachneedlefromtheaveragevalueofallneedlepositionsshallnotexceed0.5% underthesteady-
statecondition.

5.4 Dynamiccharacteristics

5.4.1 Thegovernorshallensurethestabilityoftheturbinegeneratorunitundervariousworking
conditionsandinvariousoperatingmodes,andmeetthefollowingrequirements:

a) Whenthegovernorisoperatingautomaticallyunderno-loadcondition,applyastep-typespeed
commandsignalandobservethetransitionprocess.Afteritbecomesstable,recordtherelative
valueofspeedoscillating:

1) Therelativevalueshallnotexceed±0.25%forthemediumandsmall-scalegovernor;

2) Therelativevalueshallnotexceed±0.3%fortheultra-small-scalegovernor.

b) Iftherelativevalueofthemanualno-loadspeedoscillatingoftheturbinegeneratorunitisgrea-
terthanthespecifiedvalue,therelativevalueofitsautomaticno-loadspeedoscillatingshallnot
bemorethantherelativevalueofthemanualno-loadspeedoscillating.

c) Fortheturbinegeneratorunitwhoserotationalinertiacouldnotsatisfytheregulationguarantee
calculationrequirement,therelativevalueofitsautomaticno-loadspeedoscillatingshallbene-

gotiatedbythesupplierandtheuserseparately.
4
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5.4.2 Theservomotordeadtimeshallnotbemorethan0.2s.

5.4.3 Thedynamicqualityoftheturbinegeneratorunitafterloadrejectionshallmeetthefollowing
requirements:

a) After100%loadrejection,thecrestthatis3% abovetheratedrotationspeedvalueinthe
steadystateshallnotappearmorethantwiceinthespeedvariationprocess;

b) Theregulationtimeshallmeetoneofthefollowingrequirements:

1) Theregulationtimefromthemomentwhentheservomotorstartsmovingtowardthe
openingdirectionforthefirsttimeafterloadrejectiontothemomentwhentherelative
valueofthespeedoscillatingisnotmorethan±1%shallnotbemorethan40s;

2) TheratiooftheregulationtimetEfromthestartofloadrejectiontothemomentwhenthe
deviationbetweentherotationspeedandtheratedvalueislessthan±1%tothetimetM

fromthestartofloadrejectiontothemomentwhentherotationspeedrisesuptothemax-
imumvalueshallmeetthefollowingrequirements:

—Itshallnotbemorethan8forthereactionturbinewithmediumandlowwaterhead;

—Itshallnotbemorethan12fortheKaplanturbinewithrelativelylongbladeclosingtime;

—Itshallnotbemorethan15forthereactionturbinewithhighwaterheadandtheimpulse
turbine.

c) Fortheturbinegeneratorunitsupplyingpowertothehydropowerstationafterdisconnecting
fromthepowergrid,theminimumrelativespeedoftheturbinegeneratorunitafterloadrejec-
tionshallnotbelessthan0.85(exceptforthebulbturbineunitswithinrushcontrolandarela-
tivelylongbladeclosingtime).

5.5 Governor

5.5.1 ThegoverningparametersofthePID-basedgovernorshallbeadjustablewithinthedesign
scope:

a) TheminimumvalueoftheproportionalgainKPshallnotbemorethan0.5andthemaximumval-
ueshallnotbelessthan20.

b) TheminimumvalueoftheintegralgainKIshallnotbemorethan0.05s-1andthemaximumvalue
shallnotbelessthan10s-1

c) TheminimumvalueofthedifferentialgainKDis0andthemaximumvalueshallnotbelessthan5s.
5
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5.5.2 Thepermanentspeeddroopcoefficientbpshallbeadjustableasappropriatewithinthescope
of0to10%.

5.5.3 Theadjustmentscopeofthespeedcommandsignalshallbe±10%oftheratedspeed.

5.5.4 Theopening(load)limitingshallbeadjustablewithinthescopefrom0tothemaximumopen-
ing(load).

5.5.5 TheclosingtimeTfandtheopeningtimeTgoftheservomotorshallbeadjustableasappro-

priatewithinthedesignscope.

5.5.6 Thegovernorshallbeabletorealizethestarting,stoppingandemergencyshutdownofthe
turbinegeneratorunitintheautomaticandmanualmodes.

5.5.7 Thegovernorshallbeabletosettheartificialdeadband,itsscopeis±1%oftheratedspeed
anditcouldbesetasappropriatewithinitsdesignscope.

5.5.8 Whentheinputsignalofthespeeddetector,thewaterheadsignal,thepowersignalorthe
servomotorpositionsignaldisappears,itshallenabletheturbinegeneratorunittomaintainthecur-
rentload,theallowabledeviationoftheopeningvariationoftheturbinemainservomotorshallbe
±1%ofitsfullstroke;meanwhiletheorderlyshutdownandtheemergencyshutdownoftheturbine
generatorunitwillnotbeinfluenced.

5.5.9 Basicrequirementsofthesoftwaredesign:

a) Thesoftwareshallemploythestructuredandmodulardesign,andsatisfytheregulationand
controlrequirementsoftheturbinegeneratorunitundervariousworkingconditions;

b) Thesoftwaresystemshallconsistofthefollowingmodules:Frequencymeasurement,PIDreg-
ulation,input/outputprocessing,display,diagnosisanderrordetection.

5.5.10 Inadditiontothebasicfunctions,themicrocomputer-basedgovernoralsoshallhavethe
faultdiagnosisandfault-tolerancecontrolfunctions,andshallbefittedwiththecommunicationin-
terfaceandtheopencommunicationprotocol.

5.5.11 Speeddetectorshallmeetthefollowingrequirements:

a) Withina±10%scopeoftheratedspeed,thestaticcharacteristiccurveshallapproximatea
straightlineanditsspeeddeadbandshallcomplywiththedesignspecificationvalue;

b) Withina±2%scopeoftheratedspeed,theallowablevalueofthemeasuredvalueoftheam-
plificationcoefficientshallbe±5%ofthedesignvalue.
6
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5.5.12 Electric-hydraulicandelectric-mechanicalconvertershallmeetthefollowingrequirements:

a) Underthespecifiedserviceconditions,theconvertershallbeabletoworkproperlyandreliably;

b) Inthedeadbandoftheelectric-hydraulicconverters,theoilpressuredrifting,themeasuredde-
viationoftheamplificationcoefficientandtheoilconsumptionshallnotexceedthedesignvalue
andtheworkingscopeshallnotbelessthanthedesignrequirementvalue;

c) Theoperatingforceandstrokeoftheelectric-mechanicalconvertershallnotbelessthanthede-
signvalue;

d) Theelectric-hydraulicandelectric-mechanicalconvertersshallbeabletoreturntotheneutral
positionafterthepowerisshutoff.Inthestablestate,theallowabledeviationoftheservomo-
torstrokevariationshallbe±1%ofitsfullstrokewhenitspowerisoff.

5.5.13 Theflowcharacteristicsofthemaindistributingvalvewiththespecifiedpressuredropshall
complywiththedesignvalue.

5.5.14 Thegovernormaybefittedwithclosingdeviceinstagesaccordingtotheclosingruleofthe
guidevane.Itsinitiatingpointshallbeadjustablewithintheopeningscopeof0to60%,itsaction
shallbestableandreliable,andthepositiondeviationofitsinitiatingpointshallnotexceed±3%of
thefull-strokeoftheservomotor.

5.5.15 Theemergencydistributingvalveshallmeetthefollowingrequirements:

a) Thesettingoftheshutdowntimeshallnotbelessthantheminimumshutdowntimeoftheser-
vomotorunderthequickemergencyshutdowncondition;

b) Thetimedelayfromtheactionoftheemergencydistributingvalvetotheactionofthemainser-
vomotorshallnotbemorethan0.5s;

c) Thepositionsignalreflectingtheactionstateofthevalvecoreshallbeset.

5.5.16 Afterthehydrauliccomponentsareassembled,theoilleakageshallnotexceedthedesign
valueunderthespecifiedoiltemperatureandtheratedoilpressure.

5.5.17 Thehighlyreliabledisplacementtransducerneartheservomotorshallbeusedastheservo-
motorfeedbackdevice.Theoutputsignalsofthedisplacementtransducermaybe-10Vto0V,0V
to10Vvoltagetypeor4mAto20mAcurrenttype.Theaccuracylevelofthedisplacementsensor
shallbenolessthan0.5.

5.5.18 ThegovernorshouldemployDCandACpowersuppliesatthesametimewhichserveas
standbyforeachother.Ifeitherofthemfails,itwillbeswitchedoverautomaticallyandthealarm

7
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signalwillbetriggered.Whenthepowersupplyisswitchedover,theallowabledeviationoftheser-
vomotorstrokevariationshallbe±1%ofthefullstroke.Itcanensurethecontinuousandstableop-
erationofthegovernorwithinthefollowingpowersupplyandfrequencyrange:

a) ACpowersupply:

Inputvoltagerange:380/220×(85%to110%)V

Frequencyallowabledeviation:±10%

b) DCpowersupply:

Inputvoltagerange:220/110×(85%to110%)V

5.5.19 Insulationresistanceandthepowerfrequencywithstandvoltageshallmeetthefollowingre-
quirements:

a) Theinsulationresistancebetweenelectricalloopsandbetweentheelectriccircuitandtheenclo-
sureorthegroundshallnotbelessthan1MΩintheenvironmentwithatemperatureof15℃to
35℃andarelativehumidityof45%to75%.

b) Whenthetestsarecarriedoutbetweentheseparatelivepartandtheexposedconductivepart,

andbetweenthecircuitandthemetalenclosure(orground)intheenvironmentwithatempera-
tureof15℃to35℃andrelativehumidityof45%to75%,theyshallbeabletoundertakethe
withstandtestvoltagespecifiedinTable2by5sdependingonitsworkingvoltage.

Table2 Withstandtestvoltageofthehydroturbinegoverningsystem
Unit:Volt(V)

RatedvoltageUi Powerfrequencytestvoltage(ACroot-mean-squarevalue)

Ui≤60 1000

60<Ui≤300 2000

300<Ui≤690 2500

c) Theauxiliarycircuitwhichisnotsuitabletobedirectlysuppliedpowerfromthemainloopshall
beabletoundertakethewithstandtestvoltagespecifiedinTable3by5s.

Table3 Withstandtestvoltageoftheauxiliarycircuitofthehydroturbinegoverningsystem
Unit:Volt(V)

RatedvoltageUi Powerfrequencytestvoltage(ACroot-mean-squarevalue)

Ui≤12 250

12<Ui≤60 500

Ui>60 2Ui+1000,minimumvalueis1500

8
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5.5.20 Theelectricaldeviceshallbeabletoundertaketheinterferencefromthepowersupply,the
signalsourceandthecontrolport,aswellastheradiatedelectromagneticfieldinterferencefromthe
ambientenvironment;meanwhile,theelectromagneticinterferencefromthedeviceitselfshallbe
minimized,andtheelectricalfasttransienttestshallbecarriedoutinaccordancewithIEC61000-4-4.
Whentheinterferenceisapplied,thefunctionandactionoftheelectricaldeviceshallbecorrect,

andtheservomotorshallnothaveabnormalaction.

5.6 Oilpressuredevice

5.6.1 Thepressuretankshallcomplywiththedesignandusespecificationsofthepressurecon-
tainer.

5.6.2 Whentheworkingoilpressureexceeds6.3MPa,thepressurecontaineroftheoilpressure
deviceshalladoptthebladdertypeaccumulatorwiththeoilandgasseparated.Whentheworkingoil
pressuredoesnotexceed6.3MPa,theordinarypressuretankwiththeoilandgasincontactorthe
bladdertypeaccumulatormaybeused.

5.6.3 Attheupperlimitofnormalworkingoilpressure,thevolumeratioofoiltogasinthenon-i-
solatedpressurecontainershouldbe1/3to1/2.

5.6.4 Thescopeofthenormalworkingoilpressureoftheoilpressuredeviceshallbe±2%to
±5%ofthenominalworkingpressure.Theemergencyshutdownpressure(minimumpressureof
emergencyshutdown)shallbeselectedsothatthepressurewillnotdropbelowtheminimumoper-
atingpressureaftershuttingdown.

5.6.5 Atthelowerlimitofthenormalworkingoilpressureandwhentheoilpumpisnotstarted,

thevolumeofthepressuretankshallatleastbeabletoprovidethespecifiednumberofservomotor
strokesundertheconditionthatthepressuredropdoesnotexceedthedifferencebetweenthelower
limitofthenormalworkingoilpressureandtheminimumoperatingoilpressure.

a) FortheFrancisturbine,itshallprovide3strokesoftheguidevaneservomotor;

b) Fortheimpulseturbine,(1.5to2)strokesoftheneedleservomotorshallalsobeconsideredin
additionto3strokesofthedeflectorservomotor;

c) FortheKaplanturbine,(1.5to2)strokesofthebladeservomotoralsoshallbeconsideredinad-
ditionto3strokesoftheguidevaneservomotor;

d) Forthegovernorwiththepressureregulatingvalve,(1.5to2)strokesofthepressureregula-
tingvalveservomotoralsoshallbeconsideredinadditionto3strokesoftheguidevaneservo-
motor.

e) Withregardtothecontrolsystemusedfortheisolatedpowersystemoperation,thevolumeof
9
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availableoilmaybeappropriatelyincreased,whichisusually1.5to2timestheaforesaidvalues.

5.6.6 Technicalrequirementsoftheoilpump:

a) Theoilpressuredeviceshouldbefittedwithdualoilpumps,oneforserviceandoneforstandby
purposes;

b) Theworkingspeedoftheoilpumpshouldnotexceed1500r/min.Whenthegovernorisunder
thestableworkingcondition,thepressurerisetimefromthelowerlimitofthenormalworking
pressuretotheupperlimitofthenormalworkingpressureshallnotbemorethan100s;with
regardtothegovernoroperatingintheisolatedpowersystem,thepressurerisetimefromthe
lowerlimitofthenormalworkingpressuretotheupperlimitofthenormalworkingpressure
shallnotbemorethan40s;

c) Inthestaticorstablestateoftheturbinegeneratorunit,thestartingintervalfortheintermit-
tentlyoperatedoilpumpoftheoilpressuredeviceshallbemorethan20min.

5.6.7 Technicalrequirementsforthesafetyvalve:

a) Whentheoilpressureis2%higherthantheupperlimitoftheworkingoilpressure,thesafety
valveshallstartdrainingtheoil;beforetheoilpressureis10%higherthantheupperlimitofthe
workingoilpressure,thesafetyvalveshallbefullyopenedsothattheoilpressureinthepres-
suretankwillnotfurtherincrease;

b) Theleakagerateofthesafetyvalveshallnotbe1% morethantheoildeliveryamountoftheoil
pump;

c) Thesafetyvalveactionshallbecorrect,reliable,andfreefromstrongvibrationandnoise.

5.6.8 Theallowableactionerrorofthesetvalueoftheindividualpressureannunciatorfortheoil
pressuredeviceshallbe±2%ofthesetvalue.

5.6.9 Theoilflowrateinthepipelineofthecontrolsystemshallnotexceed5m/s.

6 Supplyscopeandspareparts

Thesupplyscopeandsparepartsshallincludethefollowingitems:

a) Supplyscope:Governor,oilpressuredevice,positiontransmittersandspecialcablesbetween
thegovernorelectronicpartandthehydraulicunit;

b) Spareparts:Necessaryquick-wearpartstobeprovided;
01
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c) Otherequipmentandsparepartstobenegotiatedbythesupplierandtheuserandspecifiedin
theordercontract.

7 Technicaldocuments

Thesuppliershallsubmitthenecessarytechnicaldocumentstotheuser,mainlyincluding:

a) Systemschematicdiagramandoperationalschematicdiagrams;

b) Outsideviewandinstallationdrawing;

c) Arrangementplanandwiringdiagramofthemaincomponentsinthepanelcabinet;

d) Documentsattachedtotheoutsourcedequipment(includingthehardware);

e) Deliveryinspectionreportandtheconformitycertificate(1set/unit);

f) Installation,useandmaintenanceinstructions;

g) Deliveryspecification.

8 Inspectionandacceptance

SeeTableA.1fortheinspectionandacceptanceitems.

9 Nameplate,packing,transportationandstorage

9.1 Nameplate

Theproductnameplateshallbefixedatanappropriatelyobviouspositiononeachproduct.Thefabri-
cationmaterialsandengravingmethodofthenameplatesshallensurethatitstextisnotobliterated
duringtheentireserviceperiod.Itsmaincontentsshallinclude:

a) Nameandmodel;

b) Ratedoilpressure(MPa);

c) Servicecapacity(N·m);
11
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ageconditionsspecifiedin4.4.
freefromcorrosionandaccuracyreductionduetoimproperpackingwithin12monthsunderthestor- 
9.4.2 Fromthedateofdeliverybythesupplier,thesuppliershallguaranteethattheproductsare 

andcorrosiveorexplosivegasesorastrongelectromagneticfield.
peratureof-25 ℃to +55 ℃,relativehumidityofnotmorethan85% andwithoutacid,alkali,salt 
9.4.1 Theproductsshallbestoredinthedust-freeandrainproofwarehouseswithanambienttem- 

9.4 Storage

ingtothemarksonthepackingcontainers.

  quirementsinthetransportationprocess.Thetransportationandhandlingshallbecarriedoutaccord- 

  Thesupplierandtheusershallspecifythetransportationtoolssuitablefortheequipmentandthere-

9.3 Transportation

9.2.5 Thepackingguaranteetimeshallnotexceed12monthsfromthedeliverydate.

tionalinspectionandquarantineregulations.
9.2.4 Thepackingoftheproductsforexportshallcomply withtheprovisionsoftherelevantna- 

b) Whethertheproductappearancegetsdamaged.

oftheproductarecomplete;
a) Whethertheaccessories,spareparts,compliancecertificateandrelevanttechnicaldocuments

9.2.3 Theinspectionsoftheproductbeforepackingmainlyinclude:

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

9.2.1 Specialrequirementsoftheequipment,ifany,shallbemarkedonthepackingcontainer.

9.2 Packing

f）   Manufacturername,deliverydateandproductnumber.

e）   Volumeofpressuretank(m3);

d) Nominalsizeofthemaindistributingvalve;
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10 Installation,operationandmaintenance

10.1 Installation

Theproductshallbeinstalledbyexperiencedandwell-qualifiedcompetentprofessionals.

10.2 Operationandmaintenance

10.2.1 Beforegoingintoformaloperation,therelevanttestsshallbecarriedout,andthespecified
requirementsshallbemet.

10.2.2 The operation and maintenance shallcomply with the provisions ofthe normative
references,theinstallation,useandmaintenanceinstructionsprovidedbythesupplieraswellasrel-
evantoperationspecificationsforthehydropowerstation.

10.2.3 Thesuppliershallprovidetechnicalsupportforsolvingtheproblemsoccurringintheinstal-
lation,useandmaintenanceprocessfortheequipment,andshalltraintheuser’spersonnelinthe
aspectsoftheequipmentinstallation,useandmaintenance.

11 Qualityguaranteeperiod

Underthepremisethattheproductisproperlystored,installedandused,theproductqualityguar-
anteeperiodshallbeoneyearafterthedateofthe72-hourtrialoperation,ortwoyearsafterthede-
liverydateofthelastbatchofgoods,whichevercomesearlier.Iftheequipmentgetsdamagedoris
unabletofunctionproperlyduetothemanufacturingqualityduringthequalityguaranteeperiod,the
suppliershallrepairorreplaceitfreeofcharge.
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AppendixA
(Informative)

Inspectionandsiteacceptancetest

TableA.1 Factoryinspectionandsiteacceptancetestitemsofthe
hydroturbinegoverningsystem

No. Testitems
Factory

inspection
Siteacceptance

1 Appearanceinspection √ √

2 Meterinspection √ √

3 Inspectionoftheelectricconnection √ √

4 Insulationtestoftheelectriccircuit √

5 Communicationfunctioninspection √ √

6 Inspectionandtestofthepowersupply √ √

7 Pressure-tighttestofthepressuretank √

8 Testoftheoilpump √

9 Leakagetestoftheoilpressuredevice √ √

10
Verificationofthesettingvaluesoftheoilpressureandoillevel
signalsoftheoilpressuredevice

√ √

11 Simulationtestoftheautomaticoperationoftheoilpressuredevice √ √

12 Inspectionandtestofthespeeddetector √

13 Testoftheelectric-hydraulicconverter √

14
AdjustmentoftheclosingtimeTfandopeningtimeTgoftheser-

vomotor
√ √

15
Measurementoftheclosingandopeningtimescopeoftheservo-
motor

√

16 Actiontestoftheoperatingcircuit √ √

17 Switchingtestoftheregulationmodesandcontrolmodes √ √

18
Measurementofthepracticalopen-loopgainandthesettingtestof
theopen-loopgain

√ √

19
Verification of the rotation speed command signal,opening
commandsignal,powercommandsignalandthepermanentdiffer-
encecoefficientbp

√

20
VerificationoftheproportionalgainKP,integralgainKIanddiffer-

entialgainKD
√

21
Measurementand test ofthe static characteristics (including
artificialspeeddeadband)andthespeeddeadbandixofthegover-

nor

√ √
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TableA.1(continued)

No. Testitems
Factory

inspection
Siteacceptance

22
Measurementandtestofthecombinationcurveandinaccuracyiaof

thebladeservosystem

23 Synchronizationtestbetweentheguidevanes(needles) √

24 MeasurementandtestoftheservomotordeadtimeTq √ √

25 Measurementofthetotaloilconsumptionofthegovernor √

26 Switchingtestofthefaultsimulationandthecontrolmodes √ √

27 Automaticstart-up/shutdowntests √

28 No-loadtest √

29 Loaddumptest √

30 Testoftheguidevaneclosingunderthetrippingloweroilpressure √

31 Continuousloaded72hroperationtest √

NOTE1 Theitemsmarkedwith“√”inthetableshouldbecompleted.
NOTE2 Ifthetestedequipmentdoesnothavethestructureandfunctionrelevanttoacertaintestitem,suchitem

doesnotneedtobetested.
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