
Technical Guidelines for the  
Development of Small Hydropower Plants
ConstruCtion

Part 2: installation of 
Electromechanical Equipment

sHP/tG 004-2: 2019



D I S C L A I M E R

This document has been produced without formal United Nations editing. The designations and the presentation of the material in this 
document do not imply the expression of any opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 
Organization (UNIDO) concerning the legal status of any country, territory, city or area of its authorities, or concerning the delimitation 
of its frontiers or boundaries, or its economic system or degree of development. Designations such as “developed”, “industrialized” and 
“developing” are intended for statistical convenience and do not necessarily express a judgement about the stage reached by a particular 
country or area in the development process. Mention of company names or commercial products does not constitute an endorsement by 
UNIDO. Although great care has been taken to maintain the accuracy of information herein, neither UNIDO nor its Member States assume 
any responsibility for consequences which may arise from the use of the material. This document may be freely quoted or reprinted but 
acknowledgement is requested.

© 2019 UNIDO / INSHP- All rights reserved



Technical Guidelines for the  
Development of Small Hydropower Plants
ConstruCtion

Part 2: installation of 
Electromechanical Equipment

                    

sHP/tG 004-2: 2019



ACKNOWLEDGEMENTS 

The technical guidelines (TGs) are the result of a collaborative effort between the United Nations Industrial Development 

Organization (UNIDO) and the International Network on Small Hydro Power (INSHP). About 80 international experts and 40 

international agencies were involved in the document’s preparation and peer review, and they provided concrete comments 

and suggestions to make the TGs professional and applicable.  

UNIDO and the INSHP highly appreciate the contributions provided during the development of these guidelines and in 

particular those delivered by the following international organizations: 

- The Common Market for Eastern and Southern Africa(COMESA) 

- The Global Network of Regional Sustainable Energy Centres (GN-SEC), particularly the ECOWAS Centre for Renewable 

Energy and Energy Efficiency (ECREEE), the East African Centre for Renewable Energy and Energy Efficiency (EACREEE), 

the Pacific Centre for Renewable Energy and Energy Efficiency (PCREEE) and the Caribbean Centre for Renewable Energy 

and Energy Efficiency (CCREEE).  

The Chinese government has facilitated the finalization of these guidelines and was of great importance to its completion. 

The development of these guidelines benefited greatly from the valuable inputs, review and constructive comments as well as 

contributions received from Mr. Adnan Ahmed Shawky Atwa, Mr. Adoyi John Ochigbo, Mr. Arun Kumar, Mr. Atul Sarthak, Mr. 

Bassey Edet Nkposong, Mr. Bernardo Calzadilla-Sarmiento, Ms. Chang Fangyuan, Mr. Chen Changjun, Ms. Chen Hongying , Mr. 

Chen Xiaodong, Ms. Chen Yan, Ms. Chen Yueqing, Ms. Cheng Xialei, Ms. Chileshe Kapaya Matantilo, Ms. Chileshe Mpundu 

Kapwepwe, Mr. Deogratias Kamweya, Mr. Dolwin Khan, Mr. Dong Guofeng, Mr. Ejaz Hussain Butt, Ms. Eva Kremere, Ms. Fang 

Lin, Mr. Fu Liangliang, Mr. Garaio Donald Gafiye, Mr. Guei Guillaume Fulbert Kouhie, Mr. Guo Chenguang, Mr. Guo Hongyou, 

Mr. Harold John Annegam, Ms. Hou ling, Mr. Hu Jianwei, Ms. Hu Xiaobo, Mr. Hu Yunchu, Mr. Huang Haiyang, Mr. Huang 

Zhengmin, Ms. Januka Gyawali, Mr. Jiang Songkun, Mr. K. M. Dharesan Unnithan, Mr. Kipyego Cheluget, Mr. Kolade Esan, Mr. 

Lamyser Castellanos Rigoberto, Mr. Li Zhiwu, Ms. Li Hui, Mr. Li Xiaoyong, Ms. Li Jingjing, Ms. Li Sa, Mr. Li Zhenggui, Ms. Liang 

Hong, Mr. Liang Yong, Mr. Lin Xuxin, Mr. Liu Deyou, Mr. Liu Heng, Mr. Louis Philippe Jacques Tavernier, Ms. Lu Xiaoyan, Mr. Lv 

Jianping, Mr. Manuel Mattiat, Mr. Martin Lugmayr, Mr. Mohamedain SeifElnasr, Mr. Mundia Simainga, Mr. Mukayi Musarurwa, 

Mr. Olumide TaiwoAlade, Mr. Ou Chuanqi, Ms. Pan Meiting, Mr. Pan Weiping, Mr. Ralf Steffen Kaeser, Mr. Rudolf Hüpfl, Mr. Rui 

Jun, Mr. Rao Dayi, Mr. Sandeep Kher, Mr. Sergio Armando Trelles Jasso, Mr. Sindiso Ngwenga, Mr. Sidney Kilmete, Ms. Sitraka 

Zarasoa Rakotomahefa, Mr. Shang Zhihong, Mr. Shen Cunke, Mr. Shi Rongqing, Ms. Sanja Komadina, Mr. Tareqemtairah, Mr. 

Tokihiko Fujimoto, Mr. Tovoniaina Ramanantsoa Andriampaniry, Mr. Tan Xiangqing, Mr. Tong Leyi, Mr. Wang Xinliang, Mr. 

Wang Fuyun, Mr. Wang Baoluo, Mr. Wei Jianghui, Mr. Wu Cong, Ms. Xie Lihua, Mr. Xiong Jie, Ms. Xu Jie, Ms. Xu Xiaoyan, Mr. Xu 

Wei, Mr. Yohane Mukabe, Mr. Yan Wenjiao, Mr. Yang Weijun, Ms. Yan Li, Mr. Yao Shenghong, Mr. Zeng Jingnian, Mr. Zhao 

Guojun, Mr. Zhang Min, Mr. Zhang Liansheng, Mr. Zhang Zhenzhong, Mr. Zhang Xiaowen, Ms. Zhang Yingnan, Mr. Zheng Liang, 

Mr. Mr. Zheng Yu, Mr. Zhou Shuhua, Ms. Zhu Mingjuan. 

Further recommendations and suggestions for application for the update would be highly welcome.  



TableofContents

Foreword Ⅱ……………………………………………………………………………………………………

Introduction Ⅲ………………………………………………………………………………………………

1 Scope 1……………………………………………………………………………………………………

2 Normativereferences 1…………………………………………………………………………………

3 Termsanddefinitions 1…………………………………………………………………………………

4 Installationofturbinegeneratorunitsandhydraulicmachineryauxiliaryequipment 1……………

 4.1 Basicrequirements 1…………………………………………………………………………………

 4.2 Turbine 4………………………………………………………………………………………………

 4.3 Generator 22…………………………………………………………………………………………

 4.4 Hydraulicmachineryauxiliaryequipment 36………………………………………………………

 4.5 Systempipelines 46…………………………………………………………………………………

5 Electricalequipmentinstallation 50……………………………………………………………………

 5.1 Basicprovisions 50…………………………………………………………………………………

 5.2 Switchboardoutfit,completecubicleandsecondarycircuit 51………………………………

 5.3 Transformers 54………………………………………………………………………………………

 5.4 High-voltageelectricalequipment 59………………………………………………………………

 5.5 Enclosedbusbarandthebusduct 64……………………………………………………………

 5.6 Cablelaying 67………………………………………………………………………………………

 5.7 Auxiliarysystemmotors 70…………………………………………………………………………

 5.8 Computermonitoringsystem 72……………………………………………………………………

 5.9 Videomonitoringsystem 73………………………………………………………………………

 5.10 Lightningprotectiongrounding 74…………………………………………………………………

6 Installationoftheautomatichydrologicalforecastingandreportingsystem 79……………………

7 InstallationofSafetyMonitoringEquipment 81………………………………………………………

Ⅰ

SHP/TG004-2:2019



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-Construction
Part2:InstallationofElectromechanicalEquipment

1 Scope

Accordingtotheconstructioncharacteristicsofsmallhydropower(SHP)projects,thispartofthe
ConstructionGuidelinesstipulatesthebasicregulationsandtechnicalrequirementsfortheinstallation
ofelectromechanicalequipment.

Thisdocumentisapplicabletothehydroturbinegeneratorunitsunderthefollowingconditions:

a) Theunitcapacityislessthan10MW;

b) ForFrancisandPeltonturbines,thenominalrunnerdiameterislessthan1.0m;

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

2 Normativereferences

Therearenonormativereferencesinthisdocument.

3 Termsanddefinitions

Forthepurposesofthisdocument,thetermsanddefinitionsgiveninSHP/TG001apply.

4 Installationofturbinegeneratorunitsandhydraulicmachineryauxiliaryequipment

4.1 Basicrequirements

4.1.1 Thecombinedinstallationofhydroturbinegeneratorunitsandmainauxiliaryequipmentatthe
powerstationshallbecarriedoutaccordingtotheinstallationdrawingsapprovedbythemanufactur-
er,andtherequirementsofthecorrespondingtechnicaldocumentsandthisdocument.

4.1.2 Installationofhydroturbinegeneratorunitsshallmeetthefollowingrequirements:
1
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requirements:
j) Anyequipmentjointingsurfaceshallbebrightandcleanwithoutburrs,and meetthefollowing

  compactionandmicro-expansivecementshouldbeused.
least70% ofitsdesignvalue.Secondaryconcreteofthefoundationboardshallbegroutedto

i) Equipmentinstallationshallbecarriedoutafterthefoundationconcretestrengthhasreachedat

than70%.
spectedwitha0.05 mmfeelergauge,andthelengthofcontactoneachsideshallbegreater 

  Afterinstallation,thecontactconditionofawedgethatbearsimportantcomponentsshallbein- 
h) Wedgesforadjustingshallbeusedinpairs,andtheoverlappinglengthshallbegreaterthan2/3.

  corrosion.
  facebetweenanembeddedcomponentandtheconcreteshallnothaveanyoilstainsorserious
  liftingjacks,strainers,wedgesandfoundationboardsshallbefixedbyspotwelding.Theinter-

) Embeddedcomponentsshallbereinforcedandstrengthenedafterinstallation.Foundationbolts,g

  terthan10mm,andthehorizontaldeviationshouldnotbegreaterthan1mm/m.
  greaterthan -5mmto0mm,thecentreanddistributionpositiondeviationshouldnotbegrea-

f) Forembeddingthe equipmentfoundation baseplate,the elevation deviationshould notbe

  withmanufacturer’sguaranteemaynotbedisassembled.
andfittoleranceofimportantcomponentsshallbechecked,andcompletesetsofequipment

e) Beforebeinginstalled,theequipmentshallbeentirelysweptcleanandinspected.Themajorsize

  specialfactorsshallbecarriedoutaccordingtothedesignrequirements.
  85%.Installationofequipmentandcomponentsthatrequiretemperature,humidityandother
  stallationsiteshouldnotbelessthan5 ℃,andtherelativeairhumidityshouldbelessthan
  ingfacilitiesandconstructionsafeguardsaccordingtorequirements.Thetemperatureofthein-

) Theinstallationsiteshallbeprotectedagainstwind,rain,dust,fire,andpossessenoughlight-d

actualsituation.
c) Detailedregulationsforsafetyandenvironmentalprotectionshallbeestablishedaccordingtothe

certificatesofconformance.
signrequirements.The main materialofthe mainpartsshallpossessinspectionorex-factory 

b) Allthematerialemployedintheinstallationofhydroturbinegeneratorunitsshallmeetthede-

listandpackinglistbeforethedeadlineagreedwiththemanufacturer.
  acceptorshallorganizetherelevantpeoplefortheunpacking,tallyandinspectionofthesupply 
  andqualificationdocuments.Aftertheequipmenthasbeentransportedtothereceivingsite,the
  standardsandthecontractorderforthegoods,andshallpossessex-factoryinspectionrecords

a) Hydro turbinegeneratorunitequipmentshallmeettherequirementsoftherelevanttechnological
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1) A0.05mmfeelergaugeshouldbeusedforinspection,anditshallnotpassthroughany
jointgap;

2) Iflocalisedgapsarepermitted,a0.1mmfeelergaugeshallbeemployedforinspection,and
thedepthshallnotbegreaterthan1/3ofthecombinationwidth,andthetotallengthshall
notbegreaterthan20%oftheperimeter;

3) Thereshallbenogapsinthevicinityofassemblyboltsanddowels;

4) Anymisalignmentoftheinstallationsurfaceatthejointshouldnotbegreaterthan0.10mm.

k) Attentionshallbepaidtomatchmarksduringcomponentassembly.Ifmanyhydroturbinegener-
atorunitsareinstalledtogether,eachunitshallbeassembledwithcomponentsfromthesame
numberseries.Componentsormeasuringpointsofthesametypeshallbenumberedinorderin
theinstallationlist,andmeetthefollowingrequirements:

1) Forfixedcomponents,thenumberingshallstartfrom +Yandgoinaclockwisedirection,

asseenfromthegeneratorend,similarlyfrombelow.

2) Therotatingcomponentsshallbenumberedstartingfromthepositioncorrespondingtothe
middleofthetwoleadsoftherotorpoles,andgoingclockwise,exceptforthebarringgear
measuringpointsontheaxiswhichshallbenumberedanti-clockwise.

3) Ifinconsistentwiththeabove,thenthesemanufacturers’numberingshouldbeclearly
marked.

l) Forconnectingboltinstallation,followingrequirementsshallbemet:

1) Forclosely-pitchedconnectingboltinstallation,lubricantshallbeapplied.

2) Connectingboltsshallbeuniformlyfastenedinaseriesofsteps.

3) Forconnectingboltswithpre-tightenedforcerequirements,thepre-stressdeviationshall
notbegreaterthan±10%oftherequiredvalue.

4) Forboltsthatneedtobescrewedinaheatedstate,thedegreeofpre-tighteningofabout
20%oftheboltsshallbeselectivelycheckedatroomtemperatureafterfastening.

5) Aseachcomponentisinstalled,locationpinholesshallbedrilledandpinsshallbeassem-
bledaccordingtothedesignrequirements.

6) Allbolts,nuts,andpinsshallbefirmlylockedinplaceorspotweldedaccordingtothede-
signrequirements.

3
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m) Forthedatumlineandelevationpointsforinstallationofthehydroturbinegeneratorunits,the
measurementerrorshallnotbegreaterthan ±1 mm.The measurementerrorofheight
differenceforallpartsshallnotexceed±0.5mm;theerrorofhorizontalmeasurementshall
notexceed0.02mm/m.Thewirediameterforcoremeasurementshouldbe0.3mm~0.4mm,
andtheyieldstrengthshallbenolessthan1200MPa.

n) Forthestrengthwithstandingpressuretestingofpressure-bearingequipmentandconnecting
piecesmadeinthefield,thetestpressureshallbe1.5timesthenominalworkingpressure,
whilethelowestpressureshallnotbelessthan0.4MPa.Aftermaintainingthetestpressurefor
10min,thereshallnotbeanyunusualphenomenasuchasleakagesorfissures.Forrigorous
withstandingpressuretestsofequipmentandtheirconnectingpieces,thetestpressureshallbe
1.25timesthenominalworkingpressure.After30min,noleakageshalloccur.Withstanding
pressuretestingofcoolersshallbecarriedoutaccordingtothedesignrequirements.Ifthereare
nodesignrequirements,thetestpressureshallbe2timestheworkingpressure,atthesame
timeitshallnotbelessthan0.40MPa.After30min,noleakageshalloccur.

o) Keroseneleakagetestsofequipmentcontainersshalllastforatleast4hoursandthereshallbe
noleakage.Generally,thecontainersshouldnotbedismantledafterthetest.Keroseneleakage
testsofvalvesshalllastforatleast5minandthereshallbenoleakage.

p) Singlekeysshallbecheckedtogetherwiththekeyslotsandthetoleranceshallmeetthedesign
requirements.Theparallelismofpairedkeysshallmeetthedesignrequirements.

q) Afterinstallationofthebearing,whenweldingtherotatingparts,theelectricwelder’sground
wiringshallbeconnecteddirectlytothepartwhichistobewelded.Protectivemeasuresshall
betakenaswelltoensurethatanysplatteredweldmaterialwillnotdropintothebearing.

r) Hydroturbinegeneratorunitsshallbekeptcleanduringandaftercomponentassemblyandfinal
assembly.Theinteriorandexteriorofhydroturbinegeneratorunitsshallbecarefullycleaned
andcheckedaftertheinstallation.Thereshallbenosundrymaterialsordirt.

s) Eachcomponentofthehydroturbinegeneratorunitsshallbeprotectedbyacoatingaccordingto
therelevantrequirements.

4.2 Turbine

4.2.1 Verticalreactionturbineinstallationshallmeetthefollowingrequirements:

a) Installationofembeddedpartsshallmeetthefollowingrequirements:

1) AllowableinstallationerrorforthedrafttubeliningshallmeettherequirementsofTable1.

2) Allowableinstallationerrorfortherunnerchamber,foundationringandstayringshallmeet
therequirementsofTable2.

4
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3) Spiralcaseinstallationandweldingshallmeetthedesignrequirements.

4) Thereshallbeasmoothtransitionbetweentheembeddedpartsandconcreteflowpassage
surfaces.

5) Allowableinstallationerroroftheturbinepitliningandservomotorfoundationshallmeet
therequirementsofTable3.

Table1 Allowableerrorofdrafttubelininginstallation Unit:mm

No. Items Allowableerror Explanation

1 Pipeorificediameter ±0.0015D
D—pipeorificedesigndiameter,whichismeasuredat8equal-
partpointsofthecircle.

2
Difference between the
innerperimetersof
adjacentpipeorifices

0.001L L—Pipeorificeperimeter

3
Centre and position of
theupperpipeorifice

4
MeasurethedistancebetweentheX,Y markpointsofthe
pipeorificeandthehydroturbinegeneratorunit’s X,Y
datumlines

4
Upperpipeorifice
elevation

0~+8 —

5
Lowerpipeorifice
centre

10 Measurebyahanginghammer

Table2 Allowableinstallationerrorofrunnerchamber,foundationringandstayring

No. Items Allowableerror Explanation

1 Centreandposition 2mm
Measurethe distance between embedded
part’sX,Y markpointsandhydroturbine
generatorunit’sX,Ydatumlines

2 Elevation ±3mm —

3 Level
0.05 mm/minradialmeasure-
ment;maximum valueshallbe
nolargerthan0.6mm

Elevationdifferencebetweenthehighestand
lowestpoints

4
Circularityofthe
runnerchamber

Differencebetweeneachradius
andaverageradiusshallbeno
largerthan±10% ofthedesign
averagegap

For axial-flow type, measure the upper,

middleandlowersections;fordiagonalflow
type,measuretheupperandlowerspigotsat
least8equidistantpoints.

5
Circularityofthefounda-
tionringandstayring

1.0mm

Measure atleast8 equidistantpoints.For
mixed-flowtype,the measurementisbased
onthecentreofthelowerfixedsealingring;

fortheaxial-flowtype,the measurementis
basedonthecentreoftherunnerchamber.

5
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Table3 Allowableinstallationerroroftheturbinepitliningandservomotorfoundation

No. Items Allowableerror Explanation

1 Centreoftheturbinepitlining 5mm
Measurethedistancebetweentheliningflangeandthe
bore opening ofthe stay ring upperflange at 8
equidistantpoints 

2
Theupperopeningdiameterof
theturbinepitlining

±5mm Measureat8equidistantpoints

3
Elevation of the turbine pit
lining’supperopening

±3mm Measureat8equidistantpoints

4
Leveloftheturbinepitlining’s
upperopening

6mm Measureat8equidistantpoints

5
Verticality of the servomotor
foundationflanges

0.30mm/m —

6
Centreandelevationoftheser-
vomotor’sfoundation

±1.0mm Measurefromtheupperflangesurfaceofthestayring

7

Parallelism betweentheservo-
motorfoundationandthehydro
turbinegeneratorunit’scoordi-
natedatumline.

1.0mm —

8
Distancefrom theservomotor
foundationtothehydroturbine
generatorunit’sdatumline.

±3mm Deviationfromthedesignvalue

b) Runnerinstallationshallmeetthefollowingrequirements:

1) Therunnershallhavenofissures.Ifnecessary,itshallbecheckedbyultrasound.Theblade
profileshallmeetthedesignrequirements.

2) Whenconnectedtogether,thereshallbenogapbetweenthemainshaftandtherunner.The
axialityandcircularityofeachpartoftherunnershallbecheckedtakingthemainshaftas
thecentre.Thedifferencebetweeneachradiusandtheaverageradiusshallmeetthere-
quirementsofTable4.

Table4 Allowableerrorintheaxialityandcircularityoftherunnerparts

Working
waterhead

Part Allowableerror Explanation

<200m

Sealingring ±10%ofdesigngap —

Blade’souteredge ±10%ofdesigngap —

Diversionplate’ssealingring ±15%ofdesigngap —

Flangeshelterconcurrentlyused
asmaintenanceseal

±15%ofdesigngap —

≥200m

Outeredgeofupperandlower
crown 

±5%ofdesigngap
Corresponding fixed parts are
headcoverandbottomring

Sealingring ±0.10mm —

6
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c) Installationoftheguidemechanismandservomotorshallmeetthefollowingrequirements:

1) Beforethepre-installationoftheguidemechanism,recheckthestayring’suppersurface
elevation,levelandcircularityoftheboreopening;theyshallmeettherequirementsof
Table2.

2) Theallowableinstallationerrorfortheguidevanemechanismshallmeettherequirements
ofTable5.

3) Whentheguidemechanismhasbeenassembled,itshallbeabletomovesteadilyandfreely.

4) Theservomotorshallbedisassembledandcleaned,andeachpart’sfittingclearanceand
strokeshallbecheckedtomeetthedesignrequirements.Thepistonshallmovesteadilyand
freely.Afterassembly,tightnessandpressuretestsshallbedoneaccordingof4.1.2.The
horizontaldeviationoftheservomotor’sinstallationshallbenogreaterthan0.10mm/m.
Thecompactingstrokeshallmeetthemanufacturer’srequirements.Ifthemanufacturerhas
norequirements,itshallbeintherangeof3mmto6mm.

5) Theverticaldeviationofthespeedcontrollingshaftshallbenolargerthan1mm/m.Thefit-
tingclearancebetweentheupperandlowershaftneckandtheshaftsleeveshallmeetthe
designrequirements.Thespeedcontrollingshaftshallrotatefreely.

Table5 Allowableinstallationerroroftheguidemechanism Unit:mm

No. Items Allowableerror Explanation

1 Eachcompositejointgap Meetrequirementsof4.1.2 —

2
Each sealing ring’s circularity
andaxiality

Meetrequirementsof4.2.1 —

3
Axialityofthelowercone’sflange
spigotandtherunnerchamber 

0.25 —

4 Totalgapofguidevane’sendface
No larger than the design

gap 
—

5

Guide
vane’s
local

vertical

gap

Guidevaneheight ≤600 >600and≤1200
Gap’stotallengthshallbenolarger
than25%oftheguidevane’sheight

Guide vane without
sealingstrips

0.05 0.10 —

Guide vane with
sealing strip (unin-
stalled)

0.15
Thereshallbenogapaftertheinstalla-
tionofthesealingstrip

d) Installationofrotatingpartsshallmeetthefollowingrequirements:

1) Generallythehoistingelevationofthemainshaftorrunnershallbeslightlylowerthanthe
7
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designelevationandthereshallbea2mmto6mmgapbetweenthemainshaft’stopsur-
faceandthelowerflangespigotsub-faceofthegeneratorshaftafterbeinghoisted.Fora
hydroturbinegeneratorunitwhosethrustblockisinstalledontheturbineshaft,theeleva-
tionshallbeslightlyhigherthanthedesignelevationtomakesurethereisa2mmto5mm
gapbetweenthethrustblockandmirrorplateafterinstallation.Generally,themainshaft’s
deviationfromverticalityshallbenolargerthan0.05mm/m.Ifthehydraulicturbineorgen-
eratoriscentredaccordingtotheactualunitsthemselves,thentherunnercentreandmain
shaftverticalityshallbeadjustedsothatthesealingringgapmeetstherequirementsof
Table6.Themainshaft’sdeviationfromverticalityshallbenolargerthan0.02mm/m.

2) Thefinalinstallationelevationoftherunnerandtheallowableerrorofthegapbetween
sealingringsorthegapbetweenthevaneandrunnerchambershallmeettherequirements
ofTable6ifthemanufacturerhasnorequirements.

3) Afterthehydroturbinegeneratorunit’scoupling,thereshallbenogapatthecomposite
jointofthetwoflanges.Checkthejointwitha0.03mmfeelergauge,whichshallnotbe
abletobeinserted.

e) Installationoftheturbineguidebearingandmainshaftsealshallmeetthefollowingrequire-
ments:

1) Thebearinglinershallmeetthefollowingrequirements:

● Therubberbearingliner’ssurfaceshallbeflatandsmoothandhavenoflawssuchas
fissureorexfoliation.Babbittbearinglinersshallhavenoflawssuchasdensepores,

fissures,hardspotsandexfoliation.Theliner’sroughnessshallbelessthan0.8μm.

● Trialassemblyoftherubberlinerandcylindricallinerwiththeshaftshallbedoneand
thetotalgapshallmeetthedesignrequirements.Boththedifferencebetweenthemax-
imumandminimumgapateachendandthedifferencebetweentheupperandlower
endgapatthesamepositionshallbenogreaterthan10%oftheactualmeasuredaver-
agetotalgap.

Table6 Allowableerrorofrunnerinstallationelevationandgap Unit:mm

No. Items Allowableerror Explanation

1 Elevation

Mixed-flowtype ±1.5
Measuretheunevenmisalignmentbe-
tweenthefixedandrotatingsealing
rings.

Axial-flowtype 0~+2.0
Measurethedistancefromthebottom
ringtotherunner’stopsurface.

Diagonalflowtype 0~+0.8
Measurethegapbetweenthevaneand
therunnerchamber.
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Table6(continued) Unit:mm

No. Items Allowableerror Explanation

2 Gap

Ratedhead
<200m

Thedifferencebetweeneachgap
andtheactualaveragegapshallbe
nolarger than ± 20% of the
averagegap.

Meansthegapbetweenthevaneand
therunnerchamber.
Measureattheinlet,outletandthe
middle when the runneris totally
closed.

Rated
head
≥200m

a1

a2

Thedifferencebetweeneachgap
andtheactualaveragegapshallbe
no larger than ± 10% of the
designgap.

b1

b2

Thedifferencebetweeneachgap
andtheactualaveragegapshallbe
nolargerthan±10%ofthedesign
averagegap.

  ● Whenthecylindricallinermeetsthetworequirementsabove,itshallnotbescraped
anymore.Determinewhetherthesegmentedbearinglinershallbescrapedaccordingto
thedesignrequirements.Whenthebearinglinerhasbeenscraped,thereshouldbeuni-
formcontactwiththelinersurfaceandthereshallbeatleastonecontactpointper
squarecentimetre.Eachblock’snon-contactareashallbenolargerthan5%ofitssur-
faceareaandthetotalnon-contactareashallbenolargerthan15%ofthebearingliner’s
totalsurfacearea.

  ● Thereshouldbeclosecontactbetweentheweightresistingcushionblocksandtheback
cushionseatofthebearingliner,andbetweentheweightresistingscrewnutandthe
screwnutseat.

2) Bearinglinerinstallationshallmeetthefollowingrequirements:

● Thebearinglinershallbeinstalledundertheconditionthatthehydroturbinegenerator
unitshaftandthrustpadhavebeenproperlyadjustedtomeetload-carryingrequire-
ments,andthatthegapbetweenthehydraulicturbine’ssealingringandthegenerator
isabletomeettherelevantrequirements.

● Generally,duringbearinglinerinstallation,thegapshallbeadjustedaccordingtothe
mainshaft’scentrepositionandthevalueandpositionofthebarringgear’srunout.
Thetotalinstallationgapshallmeetthedesignrequirements.However,forhydrotur-
binegeneratorunitswithonlytwoguidebearings,thegapcanbeadjustedwithout
consideringtherunout.

● Theallowableerrorofthesegmentedguidebearinglinergapshallbenolargerthan
9
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±0.02mm.Theallowableerrorofthecylindricalguidebearinglinergapshallbe±20%
ofthedistributedgapvalueandthelinersurfaceshallbevertical.Theallowabledevia-
tionofcylinderguidebearingshoeclearanceshallbewithin10%oftheclearancevalue,

andthebearingshoesurfaceshallbevertical.

3) Bearinginstallationshallmeetthefollowingrequirements:

● Thebearingsump/tankwhichcontainsthinoilshallhavenooilleakage.Generally,a
kerosenepenetrationtestshallbedoneaccordingtotherequirementsof4.1.2.

● Forthebearingcooler,pressuretestsshallbedoneaccordingtotherequirements
of4.1.2.

● Theoilshallbequalifiedandtheoillevelshallmeetthedesignrequirements.Generally,

thedeviationshallbenogreaterthan±10mm.

4) Themainshaftstandbysealshallmeetthefollowingrequirements:

● Beforetheassemblyoftheairshroud,anunderwaterairleakagetestshallbedoneby
pumpingincompressedairat0.05MPa.Thereshallbenoairleakageduringthetest.

● Afterinstallation,theradialgapshallmeetthedesignrequirementsandthedeviation
shallbenogreaterthan±20%ofthedesigngapvalue.

5) Installationofthemainshaft’sworkingsealshallmeetthefollowingrequirements:

● Theworkingseal’saxialandradialgapsshallmeetthedesignrequirementsandtheal-
lowableerrorshallbenogreaterthan±20%oftheactualaveragegap.

● Thesealsshallbeabletomoveupanddownfreelyandtheyshallmakepropercontact
withtheswivel’ssealingsurface.Thepipelinesusedforwatersupplyanddrainage
shallbeunblocked.

f) Installationofaccessoriesshallmeetthefollowingrequirements:

1) Movementandleakagetestsshallbedoneforthevacuumbreakingvalvesandgulpvalves.
Theinitialpressureandmaximumopeningvalueofthemovementtestsshallmeetthede-
signrequirements.

2) Theinstallationofthevalveseatsofthedrainagevalveordiscvalvesofthespiralcases
anddrafttubesshallhaveahorizontaldeviationnolargerthan0.2mm/m.Afterthedisc
valveinstallation,thesealingsurfaceshallbecheckedtomakesurethatthereisnogapand
thevalvegroupcanmovefreely.
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4.2.2 Installationofhorizontalturbinesshallmeetthefollowingrequirements:

a) Beforeinstallation,thefirst-stageconcreteshallbecheckedtoseethattheposition,elevation
andsizeofthefoundation’spreformedholesmeetthedesignrequirements.

b) Theequipmentinstallationshallmeetthefollowingrequirements:

1) Thedeviationofthespiralcase’sverticalityshallbenolargerthan0.06mm/mandthede-
flectionshallbelessthan0.5mm/m.

2) Theallowableerrorinthelevelnessofthehydraulicturbinemainshaftshallbenolarger
than0.02mm/m.Theamountofbounceoftherunner’sendsurfacesshallbenolargerthan
0.05mm/m.

3) Thegapbetweentherunnerandtherunnerchambershallmeetthedesignrequirementsand
thedeviationshallbenogreaterthan10%ofthedesigngap.

4) Whentheguidemechanismhasbeentotallyclosed,thelocalgapbetweentheguidevane’s
sealingsurfacesshallbenolargerthan0.08mm.

5) Theendclearancebetweentheguidevane’ssealsandfrontandbackcoverplatesshallbe
nolargerthan0.25mm.

c) Thecheckingandscrapingofthebearinglinershallmeettherequirementsof4.3.2.

d) Thefittingbetweenthebearinglinerandthebearingshellshallmeettherequirementsof4.3.2.

e) Thebearingliner’sgapshallmeetdesignrequirementsandshallbecloselysealedup.Theoil
shallbeabletorecyclesmoothly.

4.2.3 Installationoftubularturbineswithshaft-extensionsshallmeetthefollowingrequirements:

a) Forpartswhichneedtobepreassembledonsite,whenbeinghoistedandturnedoverby90°,
measuresshallbetakentopreventdeformationandoverturning.Theembeddedpartsshallbe
reinforcedaftertheinstallationandadjustment.Theconcreteshallbecastlayerbylayerandthe
risingspeedshallbecontrolledtopreventthedeformationoftheparts.

b) Fittedcomponentsshallbepreassembledandthefitsizeshallbecheckedbeforehoisting.Any
deviationwhichexceedstheallowableerrorshallbecorrectedbeforeinstallation.

c) Thedrafttube’sallowableinstallationerrorshallmeettherequirementsofTable7.

d) Thestayring’s (tubularshell)allowableinstallationerrorshallmeettherequirementsof
Table8.
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e) TheallowableinstallationerrorofthebearingshallmeettherequirementsofTable9.

Table7 Drafttube’sallowableinstallationerror

No. Items Allowableerror Explanation

1

Thedifferencebetweenthe
maximumandminimumdi-
ametersofthepipeorifice
flanges 

3.0mm
For structures with a foundation ring,it means the
foundationring’supperflange

2 Centreandelevation ±1.5mm
Measuretheelevationofthepipeorifice’shorizontalmarks
andthehorizontaldeviationoftheverticalmarks

3
Distancebetweenthepipe
orifice flange and the
runner’scentreline

±2.0mm

(1)Ifthestayringisinstalledfirst,itsflangesurfaceshall
betakenasthedatumplane.
(2)Measuretheupper,lower,leftandrightpoints

4
Verticality oftheflange’

ssurfaces
0.4mm/m —

5
Inside wallperimeters of
twoadjacentpipeorifices

≤10mm —

6
Concentricityofeachseg-
mentunit

0.002D Disthedesigninnerdiameterofthepipe

Table8 Stayring’s(tubularshell)allowableinstallationerror

No. Items Allowableerror Explanation

1 Centreandposition ±2.0mm

(1)Measuretheelevationoftheupstreamanddown-
streamflanges’horizontalmarks
(2)MeasurethedistancebetweenX,Y markson
thecomponentandcorrespondingdatumlines

2
Distancebetweentheflangeand
therunnercentreline

±2.0mm

(1)Ifthedrafttubesorfoundationringareinstalled
first,theirflangesurfacesshallbetakenasthe
datumplanes
(2)Measuretheupper,lower,leftandrightpoints

3
Verticalityofthepre-centrumflan-

ges
0.8mm/m —

4 Flange’sdegreeofcircularity 1.0mm —

5
Innertubularshell’s composite
surfaceelevation

±0.8mm —

6

The distance between the
foundation frame centre ofthe
flowpassagecoverplateandthe
hydro turbine generator unit’s
centre

±2mm —

7
Thedistancebetweentheservo-
motorfoundationandthedatum
line 

±3mm —
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f) Guidemechanisminstallationshallmeetthefollowingrequirements:

1) Thedistancebetweentheinterioradmissionwaterring(bottomring)andthemainshaft
shallbedeterminedbyconsideringthemainbearing’sdeformationcausedbytherunner
weight.Generally,thedistanceattheupperpartislessthanthatatthelowerpart,andthe
distancesonthetwosidesareequal.

2) Theguidevane’sendclearanceshallbeadjustedandmeasuredintheclosedposition.The
distributionoftheinteriorandexteriorendclearancesshallmeetthedesignrequirement.At
eachendoftheguidevane,thegapshouldbeequalonbothsides.Theguidevaneshallbe
abletomovefreely.

Table9 Bearing’sallowableinstallationerror Unit:mm

No. Items Allowableerror Explanation

1
Verticalityof mirrorplateand

mainshaft
0.05 —

2
Splitthrustcollar’scomposite

joint 

Localgapsshallbenolargerthan0.05;

anymisalignmentshallbenolargerthan

0.02

Check following the hydro

turbinegeneratorunit’srotation

direction 

3

Degreeoffitoftheload-bearing
surfacesofthebearinglinerand

bearingseat

Areaincontacttobegreaterthan60% —

4
Endclearancebetweenbearing
linerandshaftneck

Meetthedesignrequirements —

5 Bearinglinergap Meetthedesignrequirements —

6

Contact angle between the

lowerbearinglinerandtheshaft

neck 

Nolargerthan60° —

7

Contact points between the

lowerbearinglinerandtheshaft

neck 

1~3points/100mm2 —

8
Composite joint gap of the

bearingbody
Meettherequirementsof4.1.2 —

9
Bearingbody’sgroundinsulation

resistance 
Nolowerthan1MΩ —

3) Themaximumvalueoftheguidevane’sverticallocalgapshallbenolargerthan0.25mm
andthetotallengthshallbenogreaterthan25%oftheguidevaneheight.

g) Installationofthemainshaftandrunnershallmeetthefollowingrequirements:
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1) Theallowableinstallationerrorofthemainshaftandtherunnershallmeettherequirements
ofTable10.

2) Themainshaft’sdeviationfromlevelnessshallbenogreaterthan0.04mm/m.

Table10 Allowableinstallationerrorforthemainshaftandrunner

No. Items Allowableerror Explanation

1
Runnerand mainshaftflange’scom-

positejoints
Nogap —

2
Thegapbetweentherunnerandthe

runnerchamber
Meetthedesignrequirements —

3 Mainshaft’ssealinggap Meettherequirementsof4.2.3 —

4.2.4 Installationofimpulseturbinesshallmeetthefollowingrequirements:

a) Thedeviationofthedistancebetweenthediversionpipeline’sinletcentrelineandthehydro
turbinegeneratorunit’scoordinatelinesshallbenogreaterthan±2%.

b) Casinginstallationshallmeetthefollowingrequirements:

1) Casingswithsplitassembliesshallmeettherequirementsof4.1.2.Compositesurfaces
whichhavenosealingorcushionshallbecoatedwithsealant.

2) Wheninstallingthecasing,thedistancedeviationtothehydroturbinegeneratorunit’sX,

Ydatumlinesshallbenolargerthan1mmandtheelevationdeviationshallbenolarger
than±2mm.Thehorizontaldeviationofthecasing’supperflangesurfaceshallbeno
largerthan0.04mm/m.Forverticaltypehydroturbinegeneratorunits,theelevationof
eachnozzleflangewhichisweldedtothecasingshallbethesame,andthedeviationshall
benolargerthan1.0 mm.Eachflange’sverticalitydeviationshallbenolargerthan
0.30mm/mandthedistancebetweeneachflangeandthehydroturbinegeneratorunit’s
coordinatedatumlineshallmeetthedesignrequirements.

c) Bearingassemblyshallmeetthefollowingrequirements:

1) Verticaltypeturbinebearingassemblyshallmeetthefollowingrequirements:

● Checkthebearingflangeelevationandlevelness.Theelevationdeviationshallbenolar-

gerthan2mmandthehorizontaldeviationshallbenolargerthan0.04mm/m.

● Turbineguidebearingsandtheirsupportsshallbepreassembled.Thecentredeviation
ofbearingsupportsandthehydroturbinegeneratorunitshallbenolargerthan
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0.40mm.Afterthepreassemblypositioning,positioningholesshallbedrilledandposi-
tioningpinsshallbeassembled.

● Theturbineguidebearingcanbeinstalledonlywhenthehydroturbinegeneratorunit’s
axishaspassedinspection.Duringinstallation,leakageandpressuretestsshallbedone
accordingtotherequirementsof4.1.2,andshallmeetthedesignrequirements.

2) Horizontaltypeturbinebearingassemblyshallmeettherequirementsof4.3.2.

d) Installationoftheturbineshaftshallmeetthefollowingrequirements:

1) Beforetheinstallationoftheturbineshaft,compositeflanges’degreeofflatnessandfinish
shallbechecked.

2) Forverticaltypehydroturbinegeneratorunits,theinstallationoftheturbineshaft’supper
flangesurfaceshallbelowerthanthedesignelevationby20mmto25mm.Iftheturbine
shaftconnectswiththegeneratorrotordirectly,notonlytheaxialityandparallelismofthe

generatorrotorflangeandtheturbineshaftflange,butalsotheelevationofthegenerator
rotorflangerelativetothenozzleaxisshallbealigned.

3) Themainshaft’shorizontalorverticaldeviationshallbenolargerthan0.02mm/m.

4) Beforeinstallationoftheturbineguidebearing,thehydroturbinegeneratorunitaxisshall
becheckedandshallmeetthedesignrequirements.

e) Installationofthenozzleanditsservomotorshallmeetthefollowingrequirements:

1) Forthenozzleanditsservomotor,tightnessandpressuretestsshallbedonebeforethein-
stallationaccordingtothemanufacturer’srequirements.

2) Afterassemblyofthenozzleandservomotor,thejetneedleandservomotorshallbeable
tomovefreelyunder16% oftheratedworkingpressure.Pumpoilintotheservomotor’s
closingcavityunderratedpressureandthereshallbenogapbetweenthejetneedle’shead
andtheopening.

3) Nozzleinstallationshallmeetthefollowingrequirements:

● Thenozzle’scentrelineshallbetangentialtotherunner’spitchcircle.Theradialdevia-
tionshallbenogreaterthan±2%d1(d1istherunnerpitch’sdiameter).Theaxialde-
viationcompared withthebucket’s waterdividingbladeshallbenogreaterthan
±0.5% W (Wisthebucket’smaximuminnerwidth).
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● Generally,thedeviationofthedeflectorcentreandnozzlecentreshallbenogreater
than4mm.

● Thedeviationbetweenthebufferspring’scompressionlengthandthedesignvalue
shallbenolargerthan±1mm.

● Thesynchronousdeviationofeachjetnozzlethroughthestrokeshallbenogreaterthan
2%ofthedesignstroke.

● Theaxialandradialdeviationsofthereversedbrakingnozzle’scentrelineshallbeno

greaterthan±5mm.

f) Runnerinstallationshallmeetthefollowingrequirements:

1) Therotatingsurfaceoftherunnerbucket’swaterdividingbladeshallpassthenozzle
flange’scentreonthecasingandthedeviationshallbenogreaterthan±0.5% W.

2) Theamountofbouncingoftherunnerendfaceshallbenolargerthan0.05mm/m.

3) Thegapbetweentherunnerandwaterflapshallmeetthedesignrequirements.

g) Mainshaftsealingshallmeettherequirementsof4.2.1.

h) Controlmechanisminstallationandadjustmentshallmeetthefollowingrequirements:

1) Thecentredeviationofeachcomponentofthecontrolmechanismshallbenogreaterthan
2mmandtheelevationdeviationshallbenogreaterthan±1.5mm.Horizontalorvertical
deviationshallbenogreaterthan0.10mm/m.Themechanismshallmovefreelyafterinstal-
lation.

2) Thedeflectoropeningshallbe3mmlargerthantheradiusofthejetduringthisopening
strokebutshallbenolargerthan6mm.Eachdeflectorshallmovesynchronouslyandthede-
viationshallbenogreaterthan2%ofthedesignvalue.

4.2.5 Installationofthehydraulicturbinegoverningsystemshallmeetthefollowingrequirements:

a) Theallowableinstallationerroroftheoilpressuredeviceshallmeettherequirementsof
Table11.Leakagetestingandpressuretestingofthepressuretank’stightnessshallcomply
withtheprovisionsof4.1.2.
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Table11 Allowableinstallationerrorforthereturnoiltank(governor’stank)andthepressuretank

No. Item Allowableerror Explanation

1 Centre Nogreaterthan5.0mm

Measurethedistancebetweenthee-

quipmentmarksandthehydroturbine

generatorunit’sX,Ydatumlines

2 Elevation ±5mm —

3 Leveldeviation Nogreaterthan1.0mm/m
Measurethefourcorners’elevationof

thereturnoiltank(governortank)

4
Pressureoiltank’sverticality
deviation 

Nogreaterthan1.0mm/m
MeasurebyhangingplumblinesinX,

Ydirection

b) Wheninstallingandaligningtheelasticcouplingsoftheoilpumpsandelectricmotors,theec-
centricityandgradientshallbenogreaterthan0.08mm.Iftheoilpumpaxialelectricmotorhas
nolateralmovement,thereshallbea1mmto3mmgapbetweencouplings.Whenallthepins
havebeeninstalled,thecouplingsshallbeabletorotateslightlyrelativetoeachother.Theoil

pumpcavityshallbefilledwithqualifiedsteamturbineoil.

c) Thebrandsandqualityoftheturbineoilsusedinthehydroturbinegoverningsystemshallmeet
thedesignrequirements.Theoilindicesshallmeettherelevantrequirementsandtheoiltem-

peratureshallbekeptintherangeof10℃to50℃duringoperation.

d) Testrunningoftheoilpumpelectricmotorshallmeetthefollowingrequirements:

1) Electricmotorinspectionsandtestsshallmeettherelevantrequirements.

2) Keeptheoilpumprunningunderzero-loadfor1hour,ifthereisnoabnormalphenomenon,

keeptheoilpumprunningunder25%,50%,75%,100%ofratedpressurefor15minre-
spectively;thereshallbenoabnormalphenomena.

3) Whenrunning,theoiltemperatureshallbenohigherthan50℃andthebearingtempera-
tureshallbenohigherthan60℃.Theshell’sbi-directionalamplitudeshallbenogreater
than0.05mmandshallhavenoabnormalnoise.

4) Underratedpressure,themeasuredoiloutputoftheoilpumpshallbenolessthanthede-
signvalue.

e) Theadjustmentofthehydraulicdevice’scomponentsshallmeetthefollowingrequirements:

1) Iftherearenodesignrequirements,theadjustmentofthesafetyvalveandpressureannun-
ciatorshallmeettherequirementsofTable12.Thepressureannunciator’smovementdevi-
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ationshallbenogreaterthan±1% ofthesettingvalueandthereturnvalueshallbeno

greaterthanthedesignvalue.
Table12 Settingvalueforthesafetyvalveandtheoilpumppressureannunciator

Unit:MPa

Ratedoil

pressure

Settingvalue

Safetyvalve Workingoilpump Stand-byoilpump

Initial

pressureof

oil-draining

Fullyopened

pressure

Fullyclosed

pressure

Starting

pressure

Resetting

pressure

Starting

pressure

Resetting

pressure

2.50 ≥2.55 ≤2.90 ≥2.30 2.20~2.30 2.50 2.05~2.15 2.50

4.00 ≥4.08 ≤4.64 ≥3.80 3.70~3.80 4.00 3.55~3.65 4.00

6.30 ≥6.43 ≤7.30 ≥6.10 6.00~6.10 6.30 5.85~5.95 6.30

16.00 ≥16.42 ≤17.60 ≥15.20 14.00~14.50 16.00 13.00~13.50 16.00

2) Whenthesafetyvalveisworking,thereshallbenoseverevibrationornoise.

3) Thesettingvalueforlowoilpressurecausedbyanaccidentshallmeetthedesignrequire-
mentsanditsmovementdeviationshallbenogreaterthan±2%ofthesettingvalue.

4) Forcontinuouslyrunningoilpumps,ifthereisnodesignrequirement,thefloodvalveop-
eratingpressureshallmeettherequirementsfortheworkingoilpump’ssettingvaluein
Table12.

5) Thepressureoiltank’sautomaticairsupplydeviceandthereturnoiltank’soillevelannun-
ciatorshallbeabletoworkaccuratelyandreliably.

6) Thestartingandstoppingofthepressureoilpumpandtheleakageoilpumpshallbecorrect
andreliable,andthereshallbenoreverserotationphenomenon.

7) Whenthepressureoiltankisunderworkingpressureandtheoillevelisatitsnormalposi-
tion,closeeachconnectionvalveandkeepitthatwayfor8hours.Thedeclineinoilpres-
sureshallbenogreaterthan4.0%oftheratedworkingpressure.Dropsinoillevelshould
berecorded.

f) Theallowableinstallationerrorofthegovernor’smechanicalcabinet,electricalcabinetand
emergencydistributionvalveshallmeettherequirementsofTable13.

81

SHP/TG004-2:2019



Table13 Allowableinstallationerrorforthegovernor’smechanicalcabinet,

theelectricalcabinetandtheemergencydistributionvalve

No. Items Allowableerror Explanation

1 Centre 5.0mm
Measurethedistancebetweentheequipmentmarksand
thehydroturbinegeneratorunitsX,Ydatumlines

2 Elevation ±5.0mm —

3 Mechanicalcabinet’slevelness 0.15mm/m

Fortheelectro-hydraulictype,measurethebaseofthe
electro-hydraulicconversiondevice;forthemechanical
hydraulictype,measurethebottomplateofthependu-
lumelectricmotor(theupperdiaphragm)

4
Emergencydistributionvalve’s
verticalityorlevelness

0.15mm/m
Measurethefoundationplateoftheemergencydistribu-
tionvalve.

5 Electricalcabinet’sverticality 1.0mm/m
MeasurebyhangingplumblinesintheX andY direc-
tions

NOTE Duringtheinstallationofcombinedgovernors,thesupportsforthespeedcontrollingshaft’stransmission
mechanismshallbetakenasdatumandthedeviationshallmeetthedesignrequirements.

g) Governorswhichneedtobedismantledshallmeetthefollowingrequirements:

1) Formechanicalhydraulicpartswhichneedtobedismantledintheelectro-hydraulicgover-
nor,thecomponentcleaning,assemblyandadjustmentshallmeettherequirementsofthe
manufacturer’sdrawings.

2) Eachindicatorandleverinthegovernorcabinetshallbeadjustedaccordingtothedrawings
andeachmechanism’spositionerrorshallnotbemorethan1mm.

3) Whentheguidevaneandtherunnerservomotorareinthemiddle(havereached50% of
thetotalopening),thepositionofthereciprocatingmechanism’scrankarmsandconnect-
ingrodsshallmeetthedesignrequirementsandtheverticalandhorizontaldeviationsshall
notbemorethan1mm/m.Theconnectionofthereciprocatingmechanismshallbefirm
andloadtestsshallbedoneaccordingtothedesignrequirements.

h) Theturbinegoverningsystem’sadjustmenttestwithoilshallmeetthefollowingrequirements:

1) Switchontheoscillatingcurrentandchecktheoscillationvalueoftheelectro-hydraulic
conversiondevice.Thevalueshallmeetthedesignrequirements.

2) Checkthezerobiasandpressurezerodriftoftheelectro-hydraulicconversiondevice.The
zerobiasshallbenogreaterthan5% oftheratedoutputvalue(current,voltage).The
pressurezerodriftshallnotcauseobviousmovementoftheservomotorwithintherange
oftheworkingoilpressure.
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3) Recordthestaticcharacteristiccurvebetweentheinputfrequencyandtheelectro-hydraulic
orelectro-mechanicalconversiondevice’soutputdisplacement.Boththedeadzoneand
theamplificationcoefficientshallmeetthedesignrequirements.

4) Measureandplotthecurveshowingtherelationshipbetweenthefeedbacktransducer’s
outputvoltage(current)andtheservomotor’sroute.Itshallbelinearthroughouttheser-
vomotor’sentirestrokeanditscharacteristicsshallmeetthedesignrequirements.

5) Whenfillingtheturbinegoverningsystem withoilforthefirsttime,thefillingshallbe
doneslowlyandthepressureshallnotbemorethan50%oftheservomotor’sratedpres-
sure.Operatethegovernorovertheentirestrokeseveraltimesandthereshallbenoab-
normalphenomena.Switchingtestsbetween differentcontrolling methods,suchas
manualoperationandautomaticoperation,shallbedoneforthegovernors.Duringthe
tests,themovementshallbenormalandtheservomotorshallhavenoabnormalswinging.
Foroilpipelinesandpressure-bearingcomponents,tightnesstestsshallbedoneaccording
totherequirementsof4.1.2.

6) Operatetheguidevaneservomotor manuallytochecktheopeninglimit.Checkthe
indicatedvalueontheindicatoronthemechanicalcabinetandthevalueshallbeinaccord-
ancewiththestrokeoftheguidevaneservomotorandpaddleservomotor.Thedeviation
fromtheformershallbenogreaterthan1%ofthepiston’sentirestroke,whilethedevia-
tionfromthelattershallnotbemorethan0.5°.

7) Thedeviationbetweentheguidevaneandthepaddle’semergencyclosingtime,opening
time,theguidevane’ssequenceclosingstrokeandthesequenceclosingtimeandtheirde-
signvalueshallbenogreaterthan±5%ofthedesignvalue.Finally,thedeviationshallbe
adjustedtomeetthecalculationrequirements.Generally,theclosingandopeningtimes
shouldbeexpectedtobetwicethetimerequiredforanopeningbetween25%and75%.

8) Thedeviationbetweentheclosingtimeoftheemergencydistributionvalve’sguidevane
anditsdesignvalueshallbenogreaterthan±5%ofthedesignvalue.Finally,thedevia-
tionshallbeadjustedtomeetthecalculationrequirements.

9) Checkthereciprocatingmechanism’sdeadstrokeandthevalueshallnotbemorethan0.
2%oftheservomotor’swholestroke.

10) Fromtheopeningandclosingdirections,plotthecurveshowingtherelationshipbetween
thestrokeoftheguidevaneservomotorandtheguidevaneopeningvalues.Measurethe
openingvalueof4to8guidevanesateachpointandtaketheaverageofthesevalues.
Whentheguidevanesaretotallyopen,theopeningvaluesofalltheguidevanesshallbe
measured.Generally,thedeviationshallnotbemorethan±2%ofthedesignvalue.

11) Fromtheopeningandclosingdirections,plotthecurvebetweentheguidevane’sservo-
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motorstrokeandthepaddle’sservomotorstrokeunderthecombinationrelationshipof
differentwaterheads,anddeducetherulesdeterminingtheopeningandclosing.The
curveandtherulesshallmeetthedesignrequirements.Theinaccuracyofthepaddle’s
servosystemshallbelessthan1.5%oftheentirestroke.

12) Thesettingoftheservosystem’spracticalopenloopgain:Theservomotor’sopening
andclosingtimesshallhavebeenadjustedandshallmeetthedesignrequirements.Setthe
amplificationcoefficientandleverratiotothemaximumvalueindesign,andtheninputa
stepsignalwhichamountsto10%ofservomotor’sentirestrokeintotheservosystem.
Watchtheservomotor’smovement.Themaximumamplificationcoefficientorleverratio
whichcankeeptheservosystemsteadyandavoidovershootsisthepracticalopenloop
gain.

13) Recordthestaticcharacteristiccurve oftheturbinegoverningsystem whenthe
permanentspeeddroopbp=6%.Thestaticcharacteristiccurveshallbeapproximatelya
straightline.Therotationalspeeddeadzonerotationalspeedshallbenogreaterthan0.
04%.ForaKaplanturbinegoverningsystem,theinaccuracyofthepaddleservosystem
shallbenogreaterthan1.5%.

14) Whenthereisnowaterinthespiralcase,thepressuretank’spressureandthedecreased
oillevelshallberecordedwhenitispoweredoffunderemergencylowoilpressure.

15) Whenthereisnowaterinthespiralcase,measuretheoperatingmechanism’slowestoil
pressurefortheguidevaneandthepaddle;thepressureshouldbenogreaterthan16%of
theratedoilpressure.

i) Inspectionandadjustmentofthegovernor’selectricalpartsshallmeetthefollowingrequire-
ments:

1) Checktheelectricalpart’scircuitwiringinthesystem;theyshallmeetthedesignrequire-
ments.

2) Theoutputvoltageoftheregulatedpowersupplyintheelectricalpartsshallmeetthede-
signrequirementsandthefluctuationoftheoutputvoltageshouldnotexceed±1%ofthe
designvalue.

3) Checkthepropertiesofeachcircuitunitoftheelectricalpartsandtheadjustablerangeof
thecircuit’sadjustableparameters,suchasthepermanentspeeddroopbp,slipratioep,

proportionalgainKp,integralgainKi,differentialgainKd(ortemporaryspeeddroopbt,

buffertimeconstantTd,derivativetimeconstantTn).Alltheseparametersandadjustable
rangesshallmeetthedesignrequirements.

4) Checktheadjustablerangeoftheopening,thefrequencyandthepower.Theyshallmeet
12
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thedesignrequirements.

5) Recordthecurveshowingtherelationshipbetweenthespeedmeasuringequipment’sinput
signalandtheoutput(current,voltage).Within±10%oftheratedrotationalspeed,the
staticcharacteristiccurveshallbeapproximatelyastraightlineandthedeadzoneofthero-
tationalspeedshallmeetthedesignrequirements.Within ±2% oftheratedrotational
speed,thedeviationofthemeasuredamplificationcoefficientshallbenogreaterthan
±5%ofthedesignvalue.

j) Theturbinegoverningsystem’ssimulationtestsshallmeetthefollowingrequirements:

1) Simulateallkindsoffaultsoftheturbinegoverningsystem,andtheprotectiondevices
shallbeabletoworkreliablyandsendwarningsignalscorrectly.

2) Operatethehydroturbinegeneratorunitsmanuallyorautomaticallytosimulatestartingup,

shuttingdownandemergencyshutdown.Theturbinegoverningsystemshallbeableto
workreliablyandsendwarningsignalscorrectly.

4.3 Generator

4.3.1 Installationoftheverticalgeneratorsshallmeetthefollowingrequirements:

a) Thescrapingofthebearinglinershallmeetthefollowingrequirements:

1) Thethrustpadshallhavenoflawssuchasfissures,slaginclusionsordensepores.The
totalareaoflocalisedexfoliationofthebearingliner’ssurfacematerialandmetalbaseshall
benogreaterthan5% oftheliner’ssurfacearea.Ifnecessary,ultrasonicinspectionmay
beusedtocheckthethrustpad.Theworkingsurfaceofthemirrorplatesshallhaveno
scarsorrust.Theroughnessandrigidityshallmeetthedesignrequirements.Ifnecessary,

theparallelismbetweenthetwosurfacesandtheworkingsurface’sflatnesstoleranceshall
becheckedaccordingtothedrawingrequirements.

2) Thrustpadswhichthemanufacturerrequirestobescrapedontheworksiteshallmeetthe
followingrequirementsafterscraping:

● Thereshallbe1to3contactpointspersquarecentimetreonthelinersurface.

● Onthelinersurface,thesurfaceareaofeachlocalnon-contactingpartshallnotbemore
than2%ofthebearingliner’stotalsurfaceareaandthetotalnon-contactareashallbe
nogreaterthan5%ofthebearinglinertotalarea.

● Theinletshallbescrapedaccordingtothemanufacturer’srequirements.
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● Forsupportingscrewtypethrustbearingswithouttrays,onlywhenitslinerhasmet
therequirementsabovecanthemiddleofpartofthelinersurfacebescraped.Inthe
vicinityofthesupportingscrewinacircularsectionwhosediameteris2/3ofthebear-
ingpadlength,firstremoveanycontactpoints(lightcontactpointscanbepreserved)

andcutthebearingpadoncewithagangcutter.Secondly,cutthebearingpadina
smallerrange,againwithagangcutter,inthevicinityofthesupportingscrewinacir-
cularsectionwhosediameteris1/3ofthebearingpadlengthandinadirectionperpen-
diculartothepreviouscut.

● Afterrotationofthehydroturbinegeneratorunitatslowspeed,thethrustpadshallbe
extractedtocheckthedegreeofcontact.Ifthelinerhasbeenrubbeddownorthereare
highpoints,thelinershallbescrapedagainuntilitisqualified.

3) Thescrapingoftheguidebearinglinershallmeettherequirementsof4.2.1.

b) Thestator’sallowableinstallationerrorshallmeettherequirementsofTable14.

Table14 Stator’sallowableinstallationerror Unit:mm

No. Item Allowableerror

1
Overalljointgap betweenthe

statorandtheunitbase

Nogreaterthan0.10locally
Nogreaterthan0.05aroundthebolts.

2
Overalljointgap betweenthe

statorandtheironcore

Shallhavenogapifaddingcushion.Radialmismatchshallbenogreater

than0.30atthebottomoftheslots.

Groovewidthshallmeetdesignrequirements.

3
Overalljointbetweentherack

andthefoundationplate
Meetrequirementsof4.1.2

4

Statorcircularity(thedifference

betweeneachradiusandtheav-

erageradius)
±4%ofdesignairgap

5
Centreelevationofthestator’s

ironcore

0~+0.4%oftheironcore’seffectivelengthandshallbenogreaterthan

6.0

c) Measurementofthestatorwinding’sinsulationresistancetothegroundandtheinsulationre-
sistancebetweenthewindingsshallmeetthefollowingrequirements:

1) Whenconvertingthetemperatureto100 ℃,eachstatorwinding’sinsulationresistance
shallbenolessthanR,whichiscalculatedbytheFormula(1):

R=
UN

1000+
SN

100

…………………………(1)
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where

UN isthegenerator’sratedlinevoltage,inV;

SN isthegenerator’sratedcapacity,inkVA.

Fordryandcleangenerators,whentheroomtemperatureist(℃),thestatorwinding’s
insulationresistanceRt(MΩ)shallberevisedaccordingtotheFormula(2):

Rt=R×1.6(100-t)/10 …………………………(2)

where

R isthewinding’scalculatedhotinsulationresistancewhenthetemperatureis100℃,

inMΩ.

2) Whenthetemperatureislowerthan40℃,theepoxy-micapaper’sinsulationresistanceab-
sorptivityR60/R15shallbenolessthan1.6orthepolarizationindexR10min/1minshallbeno
lessthan2.0.

d) Rotorassemblyshallmeetthedesignrequirements.Checktherotor’scircularityandthediffer-
encebetweeneachradiusandtheaverageradius.Theyshallbenogreaterthan±4%ofthede-
signairgap.Beforetherotorhasbeenhoistedintotheturbinepit,allthetestitemslistedin
4.4.1shallbecheckedonebyone.

e) Theallowableinstallationerroroftheupperandlowerracksshallmeettherequirementsof
Table15.

f) Thebrake’sallowableinstallationerrorshallmeettherequirementsofTable16.

Table15 Allowableinstallationerroroftheupperandlowerracks Unit:mm

No. Items Allowableerror Explanation

1 Overalljointgap Meettherequirementsof4.1.2 —

2
Distancebetweenwindshieldsandfirepro-
tection water pipes, and the stators
windingsandtherotorfans

0~+20%ofthedesignvalue —

3 Rack’scentre 0.5 —

4 Rack’slevelness Nogreaterthan0.10mm/m —

5 Rack’selevation ±1.5 —

6
Overalljointbetweentherackandthefoun-
dationplates

Meettherequirementsof4.1.2 —
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Table16 Thebrake’sallowableinstallationerror Unit:mm

No. Items Allowableerror Explanation

1 Braketightnessandpressuretests
Whentheylastfor30min,decreased

pressureshallnotexceed3%
—

2 Elevationofbrake’stopsurface ±1.0 —

3
Gapbetweenthebrakeandtherotor’san-

nularbrakingplate
±20%ofthedesignvalue —

4 Radialpositionofthebrake ±3.0 —

5
Tightnessandpressuretestsofthebraking

system’spipelines
Noleakage —

g) Therotor’sallowableinstallationerrorshallmeettherequirementsofTable17.

Table17 Rotor’sallowableinstallationerror Unit:mm

No. Items Allowableerror Explanation

1 Mirrorplate’slevelness Tobenomorethan0.02mm/m —

2 Axialgapofthrustblock’ssnapring Tobelessthan0.02
Checkwhenthesnap

ringisloadbearing

3 Airgap ±8%oftheaveragegap —

h) Checktheadjustmentofthehydroturbinegeneratorunit’sshafttoensurethatitshallmeetthe
followingrequirements:

1) Unit’sbarringshallbeusedtochecktheshaft’salignment.Beforetheunit’sbarring,the
hydroturbinegeneratorunit’srotatingpartsshallbeinthecentralpositionandthemain
shaftshallbefreeandvertical.

2) Forrigidbarringofthethrustbearings,theloadbornebyeachbearinglinershallbeadjus-
tedtobeuniformandthedeviationofthemirrorplate’slevelnessshallbelessthan0.02
mm/m.Adjusttheguidebearinglinergaponthesideofthethrustblock;thegapshallbe
between0.03mmto0.05mm.Atthesametime,otherradialguidebearingsshallnotbein
contactwiththemainshaft.Aftertheshaft’salignment,therunoutoftheaxiallineofthe
hydroturbinegeneratorunitshallnotbemorethantherequirementsofTable18.
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Table18 Allowablerunoutofthehydroturbinegeneratorunit’saxialline(double-amplitude)

Shaft Measuringitems
Runout
type

Shaftrotationalspeed(n)rpm

n<150 150≤n<300 300≤n<500 500≤n<750 n≥750

Generator
shaft

Shaftneckandflanges
oftheupperandlower
bearings 

Relative
runout
mm/m

0.03 0.03 0.02 0.02 0.02

Turbine
shaft

Shaftneckoftheguide
bearing 

Relative
runout
mm/m

0.05 0.05 0.04 0.03 0.02

Generator
shaft

Collectingring
Absolute
runout
mm

0.50 0.40 0.30 0.20 0.10

NOTE1 Absoluterunout:Actualmeasuredrunout.
NOTE2 Relativerunout:Theratiobetweentheabsoluterunout(mm)andthedistancefromthemeasuringpartto

themirrorplate(m).
NOTE3 Therunoutabovemeansthehydroturbinegeneratorunit’sbarring,ratherthantheoperationalrunout.

3) Atallevents,theabsoluterunoutofthehydraulicturbine’sguidebearingshallmeetthere-
quirementsofTable19.

Table19 Allowableabsoluterunoutofthehydraulicturbineguidebearing

Shaftrotationalspeed(rpm) n<250 250≤n<600 n≥600

Allowableabsoluterunout
(mm)

0.35 0.25 0.20

i) Whentheshaftrunouthasbeenadjustedtobequalified,themirrorplate’slevelnessshallbere-
checkedandtheloadcarriedbythethrustpad,thestatorandrotorcircularityandtheairgap
shallmeettherelevantrequirements.

j) Theinstallationofthethrustbearing’soilgrooveshallmeetthefollowingrequirements:

1) Forthethrustbearingoilgroove,keroseneleakagetestsshallbedoneaccordingtothere-
quirementsof4.1.2.

2) Fortheoilgroovecooler,pressurewithstandingtestsshallbedoneaccordingtothere-
quirementsof4.1.2.

3) Theaxialgapbetweentherotatingandfixedpartsintheoilgrooveshallmeettherequire-
mentsofthejackingrotorandtheradialgapshallmeetthedesignrequirements.Whenput-
tingthegroove-typesealingfeltintotheoilgroove,itshallbecompressedbyabout1mm
andthecontactbetweenthesealingfeltandtheshaftshallnotbetootight.

4) Theoilretainingring’soutercircleshallbeconcentricwiththehydroturbinegeneratorunit
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andthecentre’sdeviationshallnotbemorethan1.0mm.Thedeviationbetweentheradial
distancefromtheoilretainingring’soutercircletotheshaftneck’sinnercircleandtheav-
eragedistanceshallbenogreaterthan±10%.

5) Theheightoftheoilsurfaceintheoilgrooveshallmeetthedesignrequirementsandthe
deviationshouldbenogreaterthan±5mm.Thebrandoflubricantoilshallmeetthedesign
requirements.Oilqualityshallbeproperlycheckedbeforefillinganditshallmeetthedesign
requirements.

6) Allowableinsulationresistanceofeachpartofasuspendedhydroturbinegeneratorunit’s
thrustbearingshallmeettherequirementsofTable20.

k) Guidebearinginstallationshallmeetthefollowingrequirements:

1) Theload-bearingconditionsofthehydroturbinegeneratorunit’sshaftandthrustpadsshall
beadjustedtobequalified.

2) Thehydraulicturbine’ssealingringgapandthegenerator’sairgapshallbequalified.

3) Duringthefinalinstallationofasegmentedguidebearinglinerwhichhasinsulationrequire-
ments,theinsulationresistanceshallbegreaterthan50MΩ.

4) Duringinstallation,thebearinglinergapshallbeadjustedaccordingtothemainshaft’s
centrepositionandconsiderthedirectionandsizeofthebarring.Thetotalinstallationgap
shallmeetthedesignrequirements.

5) Theallowableerrorforthesegmentedguidebearinglinergapshallbenolargerthan±0.02mm.
Thedeviationbetweentwoadjacentliner’sactualgapandtherequiredvalueshallbeno
greaterthan0.02mm.Whenthegaphasbeenadjusted,itshallbereliablylocked.

Table20 Allowableinsulationresistanceforeachpartofasuspendedhydroturbine
generatorunit’sthrustbearing

No.
Thrustbearing
components

Insulation
resistance
(MΩ)

Equipmentfor
measuring
insulation
resistance

Explanation

1
Thrustbearingseat
andsupports

5 500V
Measureaftertheinstallationoftheseatsandsup-

ports

2 Thrustbearing 1 500V

Measurewhenthebearinghasbeentotallyassembled
andtherotorhasbeeninstalled
Measurebeforefillingwithlubricantoilandthetem-

peratureshallbebetween10and30℃

3
Embedded
thermometer

50 250V
Before filling with lubricant oil, measure the
insulationresistanceofthethrustpadfromeachther-
mometer’scorewire
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l) Installationofthegenerator’stemperaturemeasuringdevicesshallmeetthefollowingrequire-
ments:

1) Thetemperaturemeasuringdevice’stotalinsulationresistanceshallbenolessthan0.5MΩ.
Forabearingwhichisrequiredtobeinsulated,whenallthethermometershavebeenin-
stalled,theinsulationresistanceofthebearinglinershallmeettherequirementsofTable20.

2) Fortheterminalblocksofthestatorwindingtemperaturemeasuringdevice,ifthereisa
dischargegap,thegapshallbebetween0.3mmto0.5mm.

3) Beforesealingoffthebearing’soilgroove,thetemperaturemeasuringdeviceshallbe
checkedandthedifferencebetweeneachresistancethermometer’sresistancesshallbeno
greaterthan1.5%.Thedeviceshallbewellinsulatedtoground.Theindicatedvalueofthe
signalthermometershallapproachthebearingliner’sactualtemperature.Theleadwires
usedinmeasuringthetemperatureshallbefirmlyfixed.

4) Themarknumberofthethermometersandtemperaturemeasuringswitchesshallbeinac-
cordancewiththenumberoflinesandcoolersandtheslotnumberofthewindings.

m) Installationoftheexcitationsystemsanddevicesshallmeetthefollowingrequirements:

1) Theexcitationsystemanddevicesshallonlybeinstalledwhenallinteriorconstructionhas
beencompletedandtheindoorhumidityhasmettherelevantrequirements.

2) Fortheexcitationsystemplateorcabinet,theplug-incontactsofplug-intypedrawersshall
becheckedaccordingtothedesignrequirements.

3) Fielddischargeswitchinstallationshallmeetthefollowingrequirements:

● Theopening/closingcoilsandlockingdevicesoftheswitch’stransmissionmechanism
shalleachbecheckedseparatelyandoperationaltestsshallbealsodone.Thereliability
andtimeoftheoperationsshallcomplywiththerelevantproductstandards.

● Checkthattheactionsequenceofthearcextinctioncontactsandmaincontactsareall
correct.Thenormallyclosedcontactsshallactbeforethenormallyopencontactsandthe
spacingtimeafterthebreakingofthenormallyclosedcontactsshallmeetthedesignre-
quirements.

● WhenusingaDMtypefielddischargeswitch,theamount,arrangement,shapeandin-
stallationpositionofthearcextinctiongrid’splates,theshuntresistor’sconnection
andresistanceandthearcextinctioncontact’sspacingshallbechecked.Allofthem
shallmeettheproductandorderingrequirements.
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4) Thelayingandwiringoftheexcitationsystemcableshallmeetthefollowingrequirements:

● Thelengthsofthethreephasepowercablewhichconnectstheexcitationtransformer
tothepowercabinetshallbeequal.

● Cablelayingandinternalwiringshallmeetthedesignrequirements.

4.3.2 Horizontalgeneratorinstallationshallmeetthefollowingrequirements:

a) Bearinglinerscrapingshallmeetthefollowingrequirements:

1) Thebearinglinerandmirrorplateshallbecheckedaccordingtotherequirementsof4.3.1.
Thebearinglinerswhichthemanufacturerrequiresbescrapedontheworksiteshallbepro-
cessedintwosteps,initialscrapingandthenfinescraping.Theinitialscrapingshallbedone
beforeputtingtherotorontothestatorandthefinescrapingshallbeconductedaftercen-
tringtherotor.

2) Thescrapingofthepedestalbearinglinershallmeetthefollowingrequirements:

●  The gap betweenthe bearinglinerandthe shaftneck shall meetthe design
requirements.Thegapsonbothsidesshallbeonehalfofthetopgap,andthediffer-
encebetweenthegapsonthetwosidesshallbenogreaterthan10%ofthegap.

● Thecontactanglebetweenthebearinglinerbottomandtheshaftneckshallmeetthe
designrequirementsandshallnotbemorethan60°.Thebearinglinershallmaketotal
anduniformcontactalongthedirectionofitslength.Thereshallbe1to3contact

pointspersquarecentimetreinthecontactarea.

● Forbearingswhichadoptpressureoilcirculatinglubricationsystems,theoilgallery
sizeshallmeetthedesignrequirementsandthehead’slengthonbothendsofthe
lengthwiseoilgalleryatthejointshallbenolessthan15mm.

3) Scrapingofthethrustpadsshallmeetthefollowingrequirements:

● Thecontactareabetweenthethrustpadandthethrustcollarshallreach75%oftheto-
talsurfaceareaandthereshallbe1to3contactpointspersquarecentimetre.

● Thethicknessofthethrustpadswithoutadjustingdevicesshallbeequal.Thethickness
differencebetweeneachthrustpadinthesamegroupshallbenogreaterthan0.02mm.

b) TheallowableinstallationerrorforthebearingseatshallmeettherequirementsofTable21.
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Table21 Allowableinstallationerrorofthebearingseatforthehorizontalgenerator

No. Item Allowableerror Explanation

1
Keroseneleakagetests donefor bearing
seat’soilcavity

Meetrelevantrequirementsof4.1.2 —

2 Bearingseat’scentreaxiality 0.10 —

3 Bearingseatcross-wiselevelness Nogreaterthan0.20mm/m —

4 Bearingseat’saxiallevelness Nogreaterthan0.10mm/m —

5
Compositejointofthebearingseatandthe
foundationplate

Meettherelevantrequirementsof4.1.2 —

c) Iftheturbineandgeneratorarecoaxial,themainshaftshallbealignedatonetime.Ifboththe
turbineandgeneratorhavetheirownshafts,thegeneratorrotor’smainshaftflangeshallbe
alignedaccordingtotheturbine’smainshaftflange.Forrigidconnections,theaxialitydeviation
shallbenogreaterthan0.04mmandthetiltofthetwoflangefacesshallnotbemorethan
0.02mm;forthegearconnection,theco-axialitydeviationshallnotbegreaterthan0.08mm;

fortheelasticconnection,thedeviationoftheradialandaxialco-axialityshallnotbegreater
than0.05mm,andtheclearancebetweenthetwoflangesshallbe3mmto5mm.

d) Theairgapbetweenthestatorandtherotorshallbeuniformandthegapofeachmagneticpole
shallbecalculatedfromthearithmeticmeanvalueoffourmeasuredvalues(rotatingtherotorby
90°eachtime).Thedifferencebetweeneachmagneticpole’sgapandtheaveragegapshallbe
nogreaterthan±8%oftheaveragegap.

e) Theaxialcentreadjustmentofthestatorandtherotorshallmakethestatorshifttowardsthe
backofthebearingrelativetotherotorandtheshiftvalueshallmeetthemanufacturer’sre-
quirements.Thevalueshouldbebetween1.0mmand1.5mm,oronehalfofthegenerator
shaft’sthermalelongationwhenthegeneratorisoperatedatfullloadcanbetakenintoconsider-
ation.

f) Whenthemainshafthasbeenconnected,eachpart’srunoutshallbecheckedbybarringandthe
runoutshallmeettherequirementsofTable22.

Table22 Eachpart’srunout Unit:mm

No. Item Allowableerror Explanation

1 Shaftneck 0.03 —

2 Amountofjumpofthethrustcollar’sendface 0.02 —

3 Couplingflange 0.10 —

4 Slipring 0.20 —

g) Inspectionofthebearingpartsandtheadjustmentofthegapshallmeetthefollowingrequire-
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ments:

1) Aftershaftadjustment,thecontactconditionsofthecontactsurfacebetweenthemain
shaftandthelowerbearingliner,andthecontactsurfacebetweenthethrustpadandthe
thrustcollarshallbecheckedbybarring.Thecontactconditionsshallmeettherequirements
ofItema)inthisparagraph.

2) Whendeterminingtheaxialgapbetweenthebearingliner’stwoendsandtheshaftshoul-
der,themainshaft’sexpansionataspeedof0.011mm/(m·℃)whentherotorisrun-
ningunderthehighesttemperatureriseshallbetakenintoconsideration.Thegapshallbe
enoughtoensuretherotor’sfreeexpansionwhenrunning.

3) Thethrustbearingaxialgap(mainshaftmovement)shouldbebetween0.3mmand0.6mm
(thelargervalueappliestolargershafts).

4) Thefittingbetweenthebearinglinerandtheshellshallmeetthefollowingrequirements:

● Forcylindricalbearingliners,thereshallbenogapbetweentheupperbearinglinerand
bearingcover,andthereshallbe0.05mmofcompression.Thelowerbearinglinerand
thebearingseatshallbeinclosecontactandtheload-bearingsurfaceshallbemorethan
60%ofthetotalsurface.

● Forsphericalbearingliners,thecontactareabetweenthesphericalsurfaceandthe
sphericalbearingseatshallbeabout75%ofthetotalsphericalsurfaceandthecontact
shallbeuniform.Whenthebearingcoverhasbeentightened,thegapbetweentheliner
andthesphericalbearingseatshallmeetthemanufacturer’srequirements.

5) Thegapbetweenthesealingringandtheshaftshallmeetthedrawingrequirementsand
shallbeabout0.2mm.Duringinstallation,thegapbetweentheopposinghalvesshallbeno
largerthan0.1mmandthereshallbenomisalignment.

h) Faninstallationshallmeetthefollowingrequirements:

1) Thefan’ssurfaceshallbesmoothandcleanandhavenofissuresandothermechanicaldam-
age.

2) Forfanswhichareinstalledonsite,theboltsshallbetightenedaccordingtothemanufac-
turer’srequirementsandshallbelocked.Springwashersshallnotbeusedandgascutting
andelectricweldingonthefanshallbeavoided.

3) Thegapbetweenthefanbladeandtheairductingdeviceshallbeuniformandthedeviation
shallbenogreaterthan±20%oftheactualaveragegap.
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4) Thedistancebetweenthefan’sendfaceandtheairductingdevice’sendfaceshallmeet
thedesignrequirements.Ifthereisnorequirement,thegapshouldnotbelessthan5mm.

4.3.3 Installationofshaftextensiontubularturbinegeneratorsshallmeetthefollowingrequire-
ments:

a) AllowablecombinationerrorforthemainpartsshallmeettherequirementsofTable23.

Table23 Allowableoverallerrorforthemainparts Unit:mm

No. Items Allowableerror Explanation

1
Overalljointgapbetweenthe
statorandtheironcore

Thereshallbenogapwhencushioned
Radialmisalignmentatthebottom oftheironcoreslot
shallbenogreaterthan0.3

—

2
Overalljointgapbetweenthe
statorandtheunitbase

Notmorethan0.10inlocalparts;no morethan0.05
aroundthebolts

—

3
Circularity ofthe stator’s
ironcore

±4%ofthedesignairgap —

4
Circularityofthe maincase
andtopcowlflanges

±0.1% ofthedesigndiameterandthemaximumvalue
shallnotbemorethan5.0

—

5 Topcowl’soveralljointgap Meettherequirementsof4.1.2 —

b) Thegeneratorfinalassemblyshallmeetthefollowingrequirements:

1) BearingassemblyshallmeettherequirementsofTable21.

2) Aftercouplingthemainshaft,eachpart’srunoutshallbecheckedbythebarringgearand
shallmeetthefollowingrequirements:

● Eachshaftneck’srunoutshallbelessthan0.03mm.

● Thejumpingvalueofthemirrorplate’sendfaceshallbenogreaterthan0.05mm.

● Theshaftcouplingflangerunoutshallbenogreaterthan0.10mm.

● Theslipring’srunoutshallbenogreaterthan0.20mm.

3) Wheninstallingthestator,thecompositesurfaceofthestatorandthefoundationbaseshall
becarefullycleaned.Packingsealsshallbeinstalledinstrictcompliancewiththedesignre-
quirements.Theairgapbetweenthestatorandtherotorshallbeproperlyadjusted.The
differencebetweeneachgapandtheaveragegapshallbenogreaterthan±8%oftheaver-
agegap.
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4.3.4 Installationofthepipesandaccessoriesshallmeetthefollowingrequirements:

a) Pipequalityafterbendingshallmeetthefollowingrequirements:

1) Thereshallbenoflawssuchasfissures,delaminationandover-burning.

2) Thedifferencebetweenthemaximumandminimumexternaldiametersofthepipeshould
notbegreaterthan8%ofthepipediameter.

3) Theangleofbendingshallbeinaccordancewiththesampleplate.

4) Theheightofcorrugatedfoldsinsideoftheelbowpipeshouldnotbemorethan3%ofthe
pipediameter.Thespacingofthefoldsshouldnotbelessthan4timesthefoldheight.

5) Theringpipeshallbepreassembledafterbendingandtheradiusdeviationshallbenomore
than2%ofthedesignvalue.Thepipesshallbeonthesamesurfaceandthedeviationshall
benomorethan40mm.

b) Verticaldeviationofweldedthreewaypipesshallbenomorethan2%oftheheight.

c) Wheninstallingthepipes,thepositionoftheweldjointsshallmeetthefollowingrequirements:

1) Thespacingbetweentwocircularseamsinthestraightsegmentshallbenolessthan
100mmandshallbemorethantwicethepipe’sexternaldiameter.

2) Thedistancebetweenbuttweldjointsandthebendingpointoftheelbowpipesshallbeno
lessthan100mmandshallbenolessthanthepipe’sexternaldiameter.

3) Thecleardistancebetweentheweldjointsandsupportingorhangingbracketsshallbeno
lessthan50mm;pipeswhichpassthroughthepartitionwallandthefloorshallhaveno
weldedjunctionsinthewallandthefloor.

4) Thereshallbenoporesatthepipeweldjoints;iftheporesopened,theweldjointsshall
passnon-destructiveinspection.

d) A weldedelbowpipe’sbendradiusshallbenolessthan1.5timesthepipediameter.There
shouldbenofewerthanfoursectionsina90°elbow.Theangleoftheelbow’saxisshallbein
accordancewiththesampleplateafterwelding.

e) Pipelineembeddingshallmeetthefollowingrequirements:

1) Pipelinesshouldnotbeconnectedbyscrewthreadsorflanges.
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2) Foroilorgaspipelines,themethodofembeddedadaptersleevesshallbeused.

3) Ifthepipelinepassesthroughanexpansionjoint,themeasureswhicharetakentoprotect
thepipesshallmeetthedesignrequirements.

f) Anexposedpipe’sinstallationpositionshallmeetthefollowingrequirements:

1) Thedeviationoftheinstallationposition(coordinatesorelevation)shouldnotbemorethan
10mm.

2) Horizontalpipebendingandthehorizontaldeviationshouldnotbemorethan0.15% and
shallbenomorethan20mm.Thestandpipe’sverticalitydeviationshouldnotbemorethan
0.2%andshallbenogreaterthan15mm.

3) Rackpipesshallbeinthesamesurfaceandthedeviationshallbenogreaterthan5mm.The
deviationofthedistancebetweenpipesshallbebetween0mmand+5mm.

4) Thegradientofgravityandoildrainpipesshallbeinaccordancewiththedirectionofliquid
flowandshallbebetween0.2%and0.3%.

g) Thematerialoftheflangesealinggasketsshallbeinaccordancewiththeworkingmediumand
thepressurerequirements.

h) Beforeusingoil,water,gasandtheturbinegoverningsystem,thepipesshallbetreated,

washedandcheckedaccordingtothedesignrequirementsandrelevantstandards.

i) Pipeandfittingtestsshallmeetthefollowingrequirements:

1) Thepressurevesselsself-machinedonsiteandfittingswithworkingpressureof1MPaor
aboveshallbetestedforstrengthandpressureresistanceinaccordancewiththerequire-
mentsof4.1.2.Pressure-freecontainersmanufacturedonsiteshallbetestedaccording
to4.1.2.

2) Valveswithaworkingpressureof1MPaandaboveandvalveswithaworkingpressure
lowerthan1MPaatimportantpartsshallbetestedfortightnessandpressuretoleranceac-
cordingtotherequirementsin4.1.2.

3) Beforeconcretepouring,buriedpressurepipesandfittingsshallbesubjectedtorigorous
compressiontestsasrequiredby4.1.2.

4) Aftertheinstallationofair,waterandoilpipesystemsandaccessories,testsshallbedone
bypumpingtheair,waterandoilintothepipes.Thepressureshallbegraduallyraisedto
theratedworkingpressureduringthetests.Thereshallbenoleakage.
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4.3.5 Installationofbutterflyvalves,sphericalvalvesandexpansionjointsshallmeetthefollowing
requirements:

a) Butterflyvalveinstallationshallmeetthefollowingrequirements:

1) Forpenstocksorthespiralcaseupstreamordownstreamofthebutterflyvalves,thelength
ofopeningleftoutsideoftheconcretewallshallbelongenoughtoensuresufficientwork-
ingspaceforcomponentassemblyandwelding.

2) Whenthebutterflyvalvehasbeeninstalled,thecentrelineintheflowdirectionshallbede-
terminedaccordingtotheactualcentreofthespiralcasesandpenstocks.Thedeviationbe-
tweentheactualanddesignpositionsshouldnotbemorethan3mm.Thedeviationbe-
tweenthecrosswisecentreline(upstream ordownstream)andthedesigncentreline
shouldnotbemorethan10mm.Thebutterflyvalve’shorizontalandverticaldeviations
shallbenogreaterthan1mm/mwhenmeasuredafterflangewelding.Forbutterflyvalves
ofdiametergreaterthan4.0m,thedeviationshallbenogreaterthan0.5mm/m.

3) Enoughdistanceshallbeleftbetweenthefoundationboltsandtheboltholes.Thedistance
shallbenolessthanthediameteroftherubberpackingbetweentheflanges.

4) Thebutterflyvalve’sallowableassemblyerrorshallmeettherequirementsofTable24.

Table24 Allowableassemblyerrorforbutterflyvalves Unit:mm

No. Item Allowableerror Explanation

1
Compositejointsbetweenthevalveseatandthe

foundationplate
Meettherequirementsof4.1.2 —

2 Valvecasing’scompositejoints Meettherequirementsof4.1.2 —

3 Rubbersealairtests
Noleakageunder0.05MPapressurised

air 
—

4
Gap whenthe valves

areclosed

Aeratedwaterseals Nogap —

Un-aeratedwaterseals ±20%ofthedesignvalue —

5 Tightnesstestsinstillwater
Thewaterleakageafter30minshallnot

bemorethanthedesignvalue
—

b) Sphericalvalveinstallationshallmeetthefollowingrequirements:

1) AllowableinstallationerrorofthesphericalvalvesshallmeettherequirementsofTable25.

2) Sphericalvalvesshallbeabletomovefreely.Alargeenoughgapshallbeleftbetweenthe
sphericalvalvesandthefixedparts.Thegapshouldnotbelessthan2mm.
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Table25 Allowableinstallationerrorforsphericalvalves

No. Item Allowableerror Explanation

1
Compositejointsbetweenvalveseats

andfoundationplates
Meetrelevantrequirementsof4.1.2 —

2 Valvebody’scentre ±5mm —

3 Valvebody’scrosswisecentre 15mm —

4 Valvebody’slevelnessandverticality 1.0mm/m —

5 Valvebody’scompositejoints Meettherequirementsof4.1.2 —

6
Gapbetweenthevalveandthevalve

body 
Meetthedesignrequirements —

7
Gapbetweenworkingandmaintenance

seals 
Notmorethan0.05mm —

8 Sealedcap’sstroke
Nolessthan80%ofthedesignvalue,themove-

mentshallbeflexible
—

9 Tightnesstestsinstillwater
The waterleakage after30 min shallbe no

greaterthanthedesignvalue
—

c) Expansionjointinstallationshallmeetthefollowingrequirements:

1) Thegapbetweenanexpansionjoint’sinnerandoutercasingshallbeadjustedtobeuniform
andshallhavenoblockage.

2) Theexpansiondistanceofexpansionjointsandtheinnerandoutercasingsshallmeetthe
designrequirements.Thedeviationshouldnotbemorethan±6mmandshallconsiderthe
amountofthepipeunion’sweldingshrinkage.

3) Bellowspiecesshallbeinspectedaccordingtodesignrequirementsbeforebellows-typeex-

pansionjointsareinstalled;aftertheadjusterofthesteelpipeiswelded,checkthedis-
tancebetweenthebellows,theroundnessofthepipemouthsonbothendsandtheteeth,

whichshallmeetthedesignrequirement.

4) Aftertheadjusterofthesteelpipeandthebellowsarewelded,non-destructiveflawdetec-
tionshallbecarriedoutaccordingtothedesignrequirements.

4.4 Hydraulicmachineryauxiliaryequipment

4.4.1 Installationofauxiliaryequipmentshallmeetthefollowingrequirements:

a) Thequalityoftheauxiliaryequipment’sfoundationsshallmeetthedesignrequirements.
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b) Beforetheequipmentisinposition,anysoilingsuchasoilstainsormudontheseatingplane
shallbecleanedup.

c) Thesizeoftheanchorbolt’spreformedholesshallmeetthedesignrequirements.Thereshallbe
nocrosswisesteelbarsandremnants.Whencastingthefoundation’ssecond-stageconcrete,

thesurfaceofthefirst-stageconcreteshallbescabbledandcleaned.Second-stagecastingshould
usefinestoneconcreteorcementmortar.Thestrengthgradeshallbehigherthanthefoundation
concrete’sstrengthbyonegrade.Iftherequirementsarehigherthannormal,concretemixedby
expansivecement(orcementmortar)shallbeused.

d) Anchorboltsfasteningshallmeetthefollowingrequirements:

1) Anchorboltnon-perpendicularityshallbelessthan1/100.

2) Thedistancebetweentheanchorboltandtheholewallshallbegreaterthan15mm.

3) Oilanddirtontheanchorboltsshallbecleanedoff,butthescrewthreadsshallbecoated
withgrease.

4) Thereshallbeclosecontactbetweenthescrewnutsandthegasketsandbetweenthegas-
ketsandtheequipmentbase.

5) Theanchorboltsshallbetightenedwhentheconcretehasreached80% oftherequired
strength.Whenthescrewnutshavebeentightened,thescrewshallbeexposedby2to
5threads.

6) Theallowableerrorfortheauxiliaryequipment’sinstallationpositionshallmeetthere-

quirementsofTable26.

4.4.2 Aircompressorinstallationshallmeetthefollowingrequirements:

a) Beforeinstalling,thecompressorshallbecheckedandthelubricantoilshallbereplaced.Ifnec-
essary,thecompressorshallbedisassembledforchecking.

b) Theallowableerrorforintegrallyinstalledaircompressorsshallmeettherequirementsof
Table27.

c) Beforetheaircompressor’sauxiliaryequipmentsuchasthecooler,gas-waterseparatorand

gasholderareinposition,thepositionsofthepipeorifices,anchorboltholesandfoundation
shallbeverifiedtoconformtotheconstructiondrawingsandthedesignrequirements.
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Table26 Allowableerrorofauxiliaryequipment’sinstallationposition Unit:mm

No. Item Allowableerror Explanation

1 Equipment’splanimetricposition ±10

2 Elevation -10~+20

Table27 Allowableerrorforintegrallyinstalledaircompressors

No. Item Allowableerror Explanation

1 Compressor’slengthwiseandcrosswiselevelness 0.1mm/m

2 Verticalityofthebeltpulley’sendface 0.5mm/m

3 Endfacesoftwobeltpulleysinthesamesurface 0.50mm

d) Forauxiliaryequipmentunderpressure,thestrengthandtightnesstestsshallbedoneunderthe
pressurerequiredbytheequipmentdrawingsortechnicaldocuments.Ifthereisnorequirement,

thestrengthandtightnesstestsshallbedoneaccordingtotherequirementsof4.1.2.

e) Beforetestrunning,theaircompressorshallmeetthefollowingrequirements:

1) Thefastenersforthecylinderhead,cylinder,compressorbody,crosshead,connectingrod
andbearingcovershallbecheckedthattheyaretightandfirm.

2) Instrumentsandelectricalequipmentshallbecorrectlyadjusted.Theelectricmotor’sdirec-
tionofrotationshallmeettherequirementsoftheaircompressor.

3) Lubricantoilspecificationandamountshallmeettherequirementsoftheequipment’stech-
nicaldocumentsandtheoilsupplyconditionshallbenormal.

4) Intakeandventpipelinesshallbeclean.

5) Waterinletandoutletpipelinesshallbeopened.

6) Turnthecompressorthroughseveralturns.Theturningshallbefreeandwithoutblockage.

7) Eachlevel’ssafetyvalvesshallbeinworkingorder.

f) Theaircompressor’szero-loadtestrunningshalllastfor4to8hoursandshallmeetthefollow-
ingrequirements:

1) Thelubricantoilpressureshallbenolowerthan0.1MPa.
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2) Thecrankcaseoiltemperatureshallnotbemorethan70℃.

3) Thesoundofrunningpartsshallbenormalandwithoutobviousvibration.

4) Theconnectingpartsshallnotbeloose.

g) Theaircompressor’son-loadtestrunningshalllastfor1hourunder25% ofratedpressure,

2hoursunder50%or75%ofratedpressureand3hoursunder100%ofratedpressure.Thetest
runningshallnotonlymeettherequirementsforzeroloadrunning,butalsothefollowingre-
quirements:

1) Thereshallbenooilleakage,airleakageorwaterleakage.

2) Thedrainagetemperatureofthecoolingwatershallbenohigherthan40℃.

3) Eachlevel’sventingtemperatureandpressureshallmeetthedesignrequirements.

4) Thesafetyvalve’soperatingpressureateachlevelshallbecorrectandtheoperationshall
besensitive.

5) Automaticcontroldevicesshallbesensitiveandreliable.

h) Whentheaircompressorhasbeentestedtobequalified,thelubricantoilshallbereplaced.

4.4.3 Waterpumpinstallationshallmeetthefollowingrequirements:

a) Waterpumpsshallbecompleteandhavenomissingparts,damageorrust.Thepipeorificepro-
tectioncovershallbeundamaged.

b) TheallowableerrorforcentrifugalpumpsshallmeettherequirementsofTable28.

c) TheallowableerrorfordeepwellpumpsshallmeettherequirementsofTable29.

Table28 Allowableerrorofcentrifugalpumps

No. Item Allowableerror Explanation

1 Pump’slengthwiseandcrosswiselevelness 0.1mm/m —

2 Gapbetweenimpellerandsealingring Meetdesignrequirements —

3 Impeller’saxialgapofthemultilevelpump Greaterthanthethrustblock’saxialgap —

4 Centreofdrivinganddrivenshafts 0.10mm —

5 Tiltdegreeofthedrivinganddrivenshafts 0.2mm/m —
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Table29 Allowableerrorfordeepwellpumps

No. Item Allowableerror Explanation

1
Gapbetweentheimpellersandthesealingringsat
eachlevel

Meetdesignrequirements —

2 Impeller’saxialgap Meetdesignrequirements —

3 Pumpshaft’sliftingcapacity Meetthedesignrequirements —

4
Eccentricitybetweenthepumpshaftandtheelectric
motorshaft

0.15mm —

5
Theinclinationbetweenthepumpshaftandtheelectric
motorshaft

0.5mm/m —

6 Pumpseat’slevelness 0.1mm/m —

d) Theinstallationofcentrifugalwaterpumpsshallmeetthefollowingrequirements:

1) Beforeconnectingtheelectricmotortothepump,themotor’sdirectionofrotationshallbe
testedseparately.Connectthemwhenthedirectionhasbeenconfirmed.

2) Whenthedrivingshaftandthedrivenshafthavebeencentredandconnected,theyshallbe
abletoturnfreely.

3) Whenconnectingthepipelinewiththepump,theflangesshallbewellcentred.Thesurface
oftheflangejointshallbeparallelandperpendiculartothepipeline’scentreline.

e) Theinstallationofdeepwellpumpsshallbecheckedaccordingtothefollowingrequirements:

1) Thewellpipe’sinnerdiameterandnon-perpendicularityshallmeetthesizerequirements
forpumppartsinthewell.Thewellpipe’sinnerdiametershallbelargerthantheexternal
diameterofthepump’sin-wellpartbyabout50mmtoensurethepumpcanmovefreelyup
anddowninthewell.

2) Thewellpipeorificeshallbehigherthanthefoundationsurfacebyatleast25mm.Softiso-
lationlayersshallbesetbetweenthewellpipeandthefoundation.

3) Thereshallbenoexposedsteelpipeendsandsundrymaterialsinthewellpipe.

4) Theendfacesofthepumpdriveshaftshallbeflatandsmooth.Whensupportedatboth
ends,theradialjumpingvalueatthemiddleofthetransmissionshaftshallbenogreater
than0.2mm.Screwthreadsshallbecleanandundamaged.

5) Bearingsupportsandrubberbearingsshallbeundamaged.Rubberbearingsshallnotbecon-
taminatedbygrease.
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f) Beforetestrunning,thewaterpumpshallbecheckedaccordingtothefollowingrequirements:

1) Theelectricmotor’sdirectionofrotationshallmeetthepump’srequirements.

2) Allfasteningandconnectingpartsshallnotbeloose.

3) Thelubricantoil’sspecification,qualityandamountshallmeettherequirementsofthe
equipment’stechnicaldocuments.

4) Rubberbearingsshallbepre-lubricatedwithwateraccordingtotherequirementsofthe
equipment’stechnicaldocuments.

5) Pipelinesshallbewashedcleanandhavenoblockage.

6) Safetyandprotectiondevicesshallbesensitiveandreliable.

7) Fordeepwellpumps,theaxialgapbetweentheimpellerandthedischargebowlshallbe
adjustedaccordingtotheequipment’stechnicaldocuments.

8) Thedeepwellpump’sthrustmechanismshalloperatefreelyandreliably.

9) Thewaterpump’soutletvalveshallbeintheopenposition.(Forcentrifugalwaterpumps,

theoutletisintheclosedposition,sofillthewatertoexceedthetopofthepumpcasing
first.).

10) Thebarringgearshalloperatefreelyandbenormal.

11) Waterpumptestsshallberunwheneachindividualauxiliarysystemhasbeenabletooper-
atenormally.

g) Waterpumptestingrunsunderratedloadshalllastforatleast2hoursandshallmeetthefol-
lowingrequirements:

1) Thestuffingboxgland’stightnessshallbeasappropriate.Theleakageshallbeindrops.

2) Thereshallbenoabnormalvibrationorsoundduringoperation.Eachconnectionshallhave
noloosenessorleakage.

3) Thetemperatureoftherollingbearingsandslidingbearingsshallbenohigherthan70℃.
Therollingbearingtemperatureisnothigherthan70℃,andtheslidingbearingtemperature
doesnotexceed80℃.

4) Electricmotorcurrentshallbenogreaterthantheratedvalue.
14

SHP/TG004-2:2019



5) Waterpumppressureandflowquantityshallmeetdesignrequirements.

6) Thewaterpumpshaft’sradialvibrationamplitudeshallbenogreaterthanthevalueslisted
inTable30.

h) Deepwellpumpsshallbestoppedwhenthetesthasbeenrunfor20mintoagainadjusttheaxial
gapbetweentheimpellerandthedischargebowl.

i) Centrifugalwaterpumpsshallnotbeoperatedforalongterm withtheoutletvalvesallfully
closed.

j) Afterthetestrunningofthepump,thefollowingworkshallbeproperlydone:

1) Closetheoutletvalves.

2) Drainoffthewaterinthepumpcompletelytopreventrustingandfrostcracking.

Table30 Allowablevaluesforthewaterpump’sradialvibration

Rotationalspeed(rpm) >750~1000 >1000~1500 >1500~3000

Radialamplitude
(doubledirection)(mm)

Nogreaterthan0.10 Nogreaterthan0.08 Nogreaterthan0.06

4.4.4 Gearoilpumpinstallationshallmeetthefollowingrequirements:

a) Thegearoilpump’sallowableinstallationerrorshallmeettherequirementsofTable31.

Table31 Gearoilpump’sallowableinstallationerror

No. Item Allowableerror Explanation

1 Pumpbody’slevelness 0.20mm/m

2 Radialgapbetweenthegearandthepumpbody 0.13~0.16mm

3 Axialgapbetweenthegearandthepumpbody 0.02~0.03mm

4 Centreofthedrivinganddrivenshafts 0.10mm

5 Centre’sinclinationofthedrivinganddrivenshafts 0.20mm/m

b) Thegearoilpumpshallbekeptrunningfor1hrunderzeroloadandfor30minunder25%,50%,
75%and100%ofratedload.Theoperationshallmeetthefollowingrequirements:

1) Thereshallbenoabnormalvibrationandsoundduringoperation.Eachconnectionshallhave
noloosenessandleakage.

2) Thevibrationofthegearoilpump’sshellshallbenomorethan0.05mm.Theshelltemper-
atureatthepositionoftheoilpumpbearingsshallbenohigherthan60℃.Theshellvibra-
tionofthegearoilpumpisnotmorethan0.05mm,andtemperatureriseoftheshellatthe
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bearingpartoftheoilpumpshallnotbemorethan35℃or20℃higherthantheoiltem-
perature.

3) Thegearoilpump’spressurefluctuationsshallbelessthan±1.5%ofthedesignvalue.

4) Thegearoilpump’soutputamountshallbenolessthanthedesignvalue.

5) Thegearoilpump’selectricmotorcurrentshallbenogreaterthantheratedvalue.

4.4.5 Allowableinstallationerrorforthehydraulicmeasurementinstrumentsshallmeettherequire-
mentsofTable32.

4.4.6 Installationofcontainerssuchasoilorgastanksshallmeetthefollowingrequirements:

a) Containeraccessoriessuchascasesandtanksshallbecompleteandtheirtypeandspecifications
shallmeetthedesignrequirements.

b) Forcontainerssuchascasesandtanks,thespecificationandpositionoftheinletsandoutlets
shallmeetthedesignrequirements.

c) Beforethetankleavesthefactory,leakagetestsshallbedoneandqualitycertificationshallbe
provided.

d) Beforethegastankleavesthefactory,leakageandpressurewithstandingtestsshallbeper-
formedaccordingtotheequipment’stechnicalrequirementsandqualitycertificationshallbe
provided.

e) Beforecontainerssuchascasesandtanksareplacedinposition,thecontainer’sinnerwalls
shallbecleanedandhavenosundrymaterials.

f) Theallowableinstallationerrorforcontainerssuchascasesandtanksshallmeettherequire-
mentsofTable33.

Table32 Allowableinstallationerrorforhydraulicmeasurementinstruments

No. Item Allowableerror Explanation

1 Instrument’sinstallationposition 10mm —

2 Instrumentpanel’sinstallationposition 20mm —

3 Instrumentpanel’sverticality 3mm/m —

4 Instrumentpanel’slevelness 3mm/m —

5 Instrumentpanel’selevation ±5mm —

6 Pressureline’sposition ±10mm —
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Table33 Allowableinstallationerrorforcontainerssuchascasesandtanks

Unit:mm

No. Item Allowableerror Explanation

1 Horizontalcontainer’slevelness ≤1/1000L L:Container’slength

2 Verticalcontainer’sverticality ≤1/1000H,nogreaterthan10 H:Container’sheight

3 Elevation ±10 —

4 Centreline’sposition 10 —

4.4.7 Ventilatorinstallationshallmeetthefollowingrequirements:

a) Ventilatorsshallbecheckedaccordingtothefollowingrequirementsbeforeinstallation:

1) Verifythemaininstallationdimensionsoftheimpellercasingandotherparts,suchasthe
anchorhole’scentrespacing,inlet/outletflange’sborediameter,positionandcentrespac-
ing,shaft’scentreandelevation.Thesedimensionsshallbeinaccordancewiththedesign.

2) Airinletsandoutletsshallbetightlycoveredbycoverplatestopreventdustandsundries
fromentering.

3) Theimpeller’sdirectionofrotationshallmeettherequirementsoftheequipment’stechni-
caldocuments.

4) Checktheventilator’srotor;thereshallbenoobviousdeformation,seriousrustingor
damage.Ifthereisany,discussthiswiththerelevantorganizationstofindtheappropriate
treatment.

b) Acentrifugalventilator’sallowableinstallationerrorshallmeettherequirementsofTable34.

Table34 Centrifugalventilator’sallowableinstallationerror

No. Item Allowableerror Explanation

1
Bearing’slengthwiseandcrosswiselevel-
ness

0.20mm/m —

2 Axialityofthecasingandtherotor 2mm D-Impellerdiameter

3
Axialgapbetweentheimpellerandthecas-
ing

Meetthedesignrequirements
or1/100D

—

4
Radialgapbetweentheimpellerandthecas-
ing

Meetthedesignrequirementsor
1.5~3/100D

—

5 Centreofthedrivinganddrivenshafts 0.05mm —

6
Centre’sinclination ofthe driving and
drivenshafts

0.20mm/m —

7 Verticalityofthebeltpulley’sendface 0.50mm/m —

8
Two belt pulley’s end faces on the
samesurface

0.50mm —
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c) Theallowableinstallationerrorforaxial-flow ventilatorsshallmeettherequirementsof
Table35.

Table35 Allowableinstallationerrorofaxial-flowtypeventilators

No. Item Allowableerror Explanation

1
Ventilator’slengthwiseandcrosswise
levelness 

0.20mm/m —

2
Gapbetweentheimpellerandthemain
airductorthedifferencebetweenthe

gapsonbothsides

Meetthedesignrequirements.
IfD≤600mm,nomorethan±0.5mm
IfD>600~1200mm,nomorethan±1.0mm

D-impellerdiameter

d) Afterinstallation,theventilatorshallbecheckedaccordingtothefollowingrequirements:

1) Ventilatorintakeandventpipelines,andvalvesandadjustingdevicesshallallbeseparately
supportedandfirmlyconnectedtothefoundationorotherbuildings.Theflangejointfaces
shallbeparalleltoeachotherandbeperpendiculartothepipeline’scentreline.

2) Theventilatorcasingshallnotbeartheweightofothermachinecomponentstoprevent
casingdeformation.

e) Ventilatortestrunsshalllastfornolessthan2hoursandshallmeetthefollowingrequirements:

1) Theimpeller’sdirectionofrotationshallbecorrect.Theventilatorshalloperatesteadily.
Thereshallbenosoundoffrictionbetweentherotorandthecasing.

2) TherotatingpartsradialvibrationshallbenogreaterthanthevaluesinTable36.

3) Thetemperatureofslidingbearingsshallbenohigherthan60℃ whilethatofrollingbear-
ingsshallbenohigherthan80℃.Duringthetrialrun,theslidingbearingtemperatureof
thecentrifugalfandoesnotexceed65℃andtherollingbearingtemperatureshallnotbe
40℃higherthantheambienttemperature.Normalworkingtemperatureofrollingbearing
oftheaxialflowfanisnomorethan70℃,theinstantaneousmaximumtemperatureisno
morethan95℃,andthetemperatureriseisnomorethan55℃.Thenormalworkingtem-
peratureoftheslidingbearingisnomorethan75℃.

4) Electricmotorcurrentshallbenogreaterthantheratedcurrent.

Table36 Allowablevaluesforventilatorradialvibration

Rotationalspeed(rpm) >750~1000 >1000~1450 >1450~3000

Radialamplitude(double
direction)(mm)

Nolargerthan0.10 Nolargerthan0.08 Nolargerthan0.05

54

SHP/TG004-2:2019



4.4.8 Installationoffirefightingpipesshallmeetthefollowingrequirements:

a) Thedistancebetweenthefirefightingpipeandthestatorcoilandrotatingpartsshallnotbeless
thanthedesignsize,generallynomorethan20%ofthedesignvalue.

b) Thedirectionofthefirepipesprayhole(watersprayorCO2gas)shallbecorrect,andthein-
spectionshallbeconductedaccordingtothemanufacturer’srequirementsanddifferentstruc-
turaltypes.Ifnecessary,usetheventilationmethodtocheckthis.

4.5 Systempipelines

4.5.1 Pipelinematerialsshallmeetthedesignrequirements.Ifthereisnorequirement,pipelines
whoseworkingpressureisabove1.6MPashallbemadeofseamlesssteeltubes.

4.5.2 Pipelinefabricationshallmeetthefollowingrequirements:

a) Theallowablefabricationerrorforthesystempipeline’spipefittingsshallmeettherequire-
mentsofTable37.

Table37 Allowablefabricationerrorforpipefittings Unit:mm

No. Item Allowableerror Explanation

1
Difference between the maximum
andminimumpipediameters

≤8% —

2 Angleofbending ±3mm/m;Totallength≤10 —

3 Unevennessofpuckering ≤3%D
D-Nominaldiameterofthe
tubesorcone-shapedtubes

4 Ringpiperadius ≤±2%R R-Ringpipe’scurvatureradius

5 Ringpipe’sflatnesstolerance ≤±20 —

6 SizeofΩshapedexpansionjoints ±10 —

7 FlatnessofΩshapedexpansionjoints 3mm/m;Totallength≤10 —

8
Verticalityofthree-way mainpipes
andbranchpipes

≤2%H H-Heightofthree-waybranchpipes

9
Cone-shapedtubediametersattwo
ends 

≤±1% D≤±2mm
D-Cone-shapedtube
nominaldiameter

10
Inclinationofthebrazedtube’send
faces 

≤1/1000D D-pipe’snominaldiameter

11 Brazedtube’sperimeter ≤±1/1000L L-Brazedtube’sdesignperimeter

b) Thebendradiusshallbenolessthan4timesthepipediameterforcoldbendingpipes,andno
lessthan3.5timesforhotbendingpipes.Hotbendingpipesshallbeheatedbycharcoal,coke,

petroleumorcoalgasratherthancoal.Theheatingtemperatureshallbenohigherthan850℃.
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c) TheallowablefabricationerrorfortheventductsshallmeettherequirementsofTable38.

Table38 Allowableerrorforventingpipelinefabricationandinstallation Unit:mm

No. Item Allowableerror Explanation

1 Diameterorsidelengthofventpipes -2 —

2 Diameterorsidelengthofventpipeflanges +2 —

3 Perpendicularitybetweentheventpipesandtheflanges 2 —

4 Horizontalpipe’slevelness 3mm/m;totallength≤20 —

5 Verticalityofstandpipes 2mm/m ;totallength≤20 —

4.5.3 Theweldingshallmeetthefollowingrequirements:

a) TheweldingofpipelineandpipefittingsshallmeettherequirementsofTable39.

b) Afterwelding,theflangesshallbeperpendiculartothepipe’scentrelineandthedeflectionshall
benogreaterthantherequirementsofTable40.

Table39 Weldingrequirementsforpipelineandpipefittings

No. Item Allowableerror Explanation

1 Visualexaminationoftheweldjoints
Thereshallbenofissures,slaginclusions
andporesonthesurface

—

2
Importantweldjoint’snon-destructivein-
spection(workingpressure≥6MPa)

Meettherequirementsoftherelevantsec-
tionsofDL/T820

—

Table40 Allowabledeflectionfromtheperpendicularitybetweentheflangesand
thepipecentreline

Pipe’snominal
diameter(mm)

<100 <250 <300 <350 <400 <500

Maximumdeflectionof
theflange’souteredge(mm)

±1.5 ±2 ±2.5 ±2.5 ±3 ±3

4.5.4 Pipelineinstallationshallmeetthefollowingrequirements:

a) Beforeinstallationofthepipelineandpipefittings,theinteriorshallbewashedandcleaned.

b) Forpipelinesembeddedinconcrete,thecentrepositionandelevationofthepipeorifice’sex-
posedendsshallmeetthedesignrequirementsandthepipeorificeshallbeblockedbytemporary
plugstopreventdebrisfromgettingintothepipeduringtheconcretecastingprocess.

c) Thepipeline’sallowableinstallationerrorshallmeettherequirementsofTable41.
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d) Thereshallbenosundrymaterialsorblockageinthepipelineafterinstallation.

e) Afterinstallation,pressuretestsonembeddedpipelinesshallbeperformedaccordingtotherel-
evantrequirements.Onlywhenthepipelineisqualifiedcantheconcretebecast.

f) Waterpipelinesinsidethegenerator’swindtunnelshallbewrappedwithtwolayersofwhite
clothtapetopreventcondensateandwaterdrippingontothepipeexterior.

Table41 Pipeline’sallowableinstallationerror Unit:mm

No. Item Allowableerror Explanation

1 Planimetricpositionoftheexposedpipesper10m ±10;totallength≤20 —

2 Elevationoftheexposedpipes ±5 —

3 Verticalityofthestandpipes 2mm/m;totallength≤15 —

4 Flatnesstoleranceoftherackpipes ≤r —

5 Spacingbetweenrackpipes 0~+5 —

6
Outletpositionofembeddedpipesconnectedtothee-
quipment

±10 —

4.5.5 Thesettingofthepipelinesupports.Anaddedsupportshallbefixedateachturnofthepipe-
line.Atleastoneaddedsupportshallbefixedateachintervalbetweenbuildings.Thespacingof
pipelinesupportsshallbenolessthantherequirementsofTable42.

4.5.6 Pipefittings,valvesandpipelinesystemwaterpressuretestsshallmeettherequirementsof
Table43.

Table42 Minimumspacingofpipesupports

Pipenominaldiameter(mm) 15 20 25 32 40 50 70 80 100 125 150

Supportspacing(m) 2.0 2.0 2.5 2.5 3.0 3.0 3.5 4.0 4.5 5.0 6.0

Table43 Standardrequirementsforwaterpressuretests

No. Testitem Testproperty
Testpressure
(MPa)

Testtime
(min)

Standard
requirements

Note

1 Valvesabove1.0MPa Tightness 1.25P 10 Noleakage
P-rated
working
pressure

2
Self-madepressurecon-
tainersandpipefittings

Strength
1.5P;

largerthan
0.4

10 Noleakage —

3
Self-madepressurecon-
tainersandpipefittings

Tightness
1.25P;

1P
30

12hours

Noleakageand
thepressure
dropshallbe

lessthan5%P

—
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Table43(continued)

No. Testitem Testproperty
Testpressure
(MPa)

Testtime
(min)

Standard
requirements

Note

4 Zeropressurecontainer Leakage Fillingwater 24hours Noleakage —

5 Systempipes Strength
1.25P

greaterthan
0.4

10 Noleakage —

6 Systempipes Tightness
1.25P

greaterthan
0.4

30 Noleakage —

7 Ventilationsystem
Airleakage

ratio
Ratedair

pressure

Nogreaterthan
10%ofthedesign

airquantity

—

4.5.7 ThepipelineandsupportsshallbecoatedwiththecoloursrequiredinTable44afterinstalla-
tion.

4.5.8 Eachpipelengthinseparatesectionsofthebuildingandeachbranchpipesectionshallbe
markedwithblackenameltoshowthemedium’sflowdirectioninthepipe.Iftherearetwoopposite
directions,twoopposingarrowsshallbemarked.Behindthearrowswhichshowthemedium’sflow
directionthereshallbewordstoindicatethelocationofthepipeline.Thefontsizeshallbe0.6times
thepipe’sexternaldiameter.Valvehandwheelsshallbemarkedwiththedirectionforopening/clos-
ing.

Table44 Requirementsforcoatingcolours

No. Pipelinename Pipelinecolour

1 Pipelineforpressureoilandcleanlubricantoilintheoperationsystem Red

2 Pipelineusedtodischargeoilandusedlubricantoilintheoperationsystem Yellow

3 Pipelineforcleaninsulatingoil Red

4 Pipelineforuncleaninsulatingoil Yellow

5 Supplypipelinefortechnicalwateruse Blue

6 Drainagepumppipelinefortechnicalwaterdemand Green

7 Sharedpipesfortechnicalwaterdemandandfiredemand Blue

8 Firemain Orange

9 Pipesforwashing Silvery

10 Powerhousesewerandsewagepumppipeline Black

11 Compressedairpipelinesandotherairpipelines White

12 Pipesupportsandvalves Lightgrey

94

SHP/TG004-2:2019



5 Electricalequipmentinstallation

5.1 Basicprovisions

5.1.1 Electricalequipmentinstallationshallbecarriedoutaccordingtotheapproveddesign
drawingsandproducttechnicaldocuments.

5.1.2 Thestorageperiodforequipmentandapparatusesbeforeinstallationshallmeettherequire-
mentsoftheproducttechnicaldocuments,andshallnotexceedoneyearwhenitisnotspecifiedin
theproducttechnicaldocuments.Whenlong-termstorageisrequired,theequipmentmanufacturer
shallbeinformedforsuggestions.

5.1.3 Equipmentandapparatusesshallmeettherequirementsofthetechnicalstandards,meetthe
requirementsofthetechnicalconditions ofthe signed orders,and shallbe provided with
nameplates,instructionsforinstallationanduse,factorytestreports,andcertificationdocuments.

5.1.4 Equipmentandapparatusesshallbecheckedingoodtimewhenbeingdeliveredtothesite.

a) Packingandsealingshallbegood.

b) Inventoryofunpacking.Thespecificationsshallconformtothedesignrequirements,andtheac-
cessoriesandsparepartsshallbecomplete.

c) Producttechnicalinformationshallbecomplete.

d) Equipmentappearanceshallbecheckedaccordingtotherequirementsinthisdocument.

5.1.5 Architecturalengineeringconstructionrelatedtoelectricalequipmentinstallationshallmeet
thefollowingrequirements:

a) Designandequipmentrequirementsshallbemet.

b) Constructionprojectshallmeetthefollowingrequirementsbeforetheequipmentisinstalled:

1) Roofandfloorshallbecompletedandhavenoleakage.

2) Doorsandwindowsshallbeinstalled;theindoorgroundbaseshallbecompletedandthe
groundelevationshallbemarkedonthewall;andtheindoorgroundingshallbecompleted
accordingtothedesign.

3) Embeddedpartsandreservedholesshallmeetthedesignrequirements,andtheembedded
partsshallbefixed.
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4) Strengthandrigidityoftheconcretefoundationandscaffoldingshallbesufficientforinstal-
lation.

5) Constructionfacilitiesandsundrymaterialsshallbecleanedup.Thereshallbesufficientin-
stallationsites.Constructionroadsshallbeunobstructed.

6) Buildings,concretefoundations,andscaffoldingshallhavebeeninitiallyapprovedforac-
ceptance.

5.2 Switchboardoutfit,completecubicleandsecondarycircuit

5.2.1 Panel,cabinet,andsecondarywiringconstructionshallbecarriedoutinaccordancewithpro-
visionsofthisdocument.Inaddition,thedesigner’sandtheequipmentmanufacturer’sinstallation
technicalrequirementsshallbemet.

5.2.2 Constructionoftheswitchboardoutfit,completecubicleandsecondarycircuitshallmeetthe
followingrequirements:

a) Installationofthefoundationsectionalsteelshallmeetthefollowingrequirements:

1) Foundationsectionalsteelshallbefabricatedaccordingtothedesigndrawingsorequipment
dimensions,whichshallbeconsistentwiththedimensionsofthepanelandthecabinet.The
allowableerrorshallmeettherequirementsofTable45.

Table45 Allowableerrorforfoundationsectionalsteel

Items
Allowableerror

mm/m mm/totallength

Non-linearity <1 <5

Levelness <1 <5

Positionerrorandunbalancedegree — <5

NOTE Forcirculararrangements,theallowableerrorshallmeetthedesignrequirements.

2) Whenthefoundationsectionalsteelhasbeeninstalled,thetopshouldbe10mmhigherthan
thelevelledground.Completehandcarttypecubiclesshallcomplywiththeproducts’tech-
nicalrequirements.

3) Foundationsectionalsteelshallhavereliablegrounding.

b) Switchboards,cubiclesandtheirinternalequipmentshallbefirmlyconnectedtotheothercom-
ponents.Themaincontrolpanel,relayprotectionpanelandautomaticdevicepanelshouldnot
betoofirmlyweldedtothefoundationsectionalsteel.
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c) Whentheswitchboardandcubicleareinstalledseparatelyorinarow,theallowablevaluefor
theswitchboardandthecubicle’sverticalitydeviation,horizontaldeviation,panelsurfacedevi-
ationandjointdeviationshallmeettherequirementsofTable46.

Table46 Allowableinstallationerrorfortheswitchboardandcubicle

Items Allowableerror(mm)

Verticalitydeviation(1/m) <1.5

Horizontaldeviation
Topoftwoadjacentpanels <2

Topofpanelsinarow <5

Panelsurfacedeviation
Twoadjacentpanels <1

Panelsinarow <5

Jointdeviationbetweenadjacentpanels — <2

d) Theswitchboard,cubicle,consoleandcabinetgroundingwireshallbefirmlyfixed.Anopenable
doorwithelectricalequipmentshallbereliablyconnectedwithgroundedmetalframeworkby
softbarecopperwires.Thecompletecubiclesshallbeequippedwithagroundingdeviceforuse
duringmaintenance.

e) Completecubicleinstallationshallmeetthefollowingrequirements:

1) Mechanicalandelectricalblocksshallbeabletooperatecorrectlyandreliably.

2) Thecentrelineofthemovingandfixedcontactsshallbeinlinewitheachotherandthecon-
tactsshallbetight.

3) Thechangeovercontactsofthesecondarycircuit’spilotswitchshallbeabletooperatecor-
rectlyandmakereliablecontact.

4) Cabinetlightingequipmentshallbecomplete.

f) Installationofdrawertypepowerdistributioncabinetsshallmeetthefollowingrequirements:

1) Push-and-pullmotionofthedrawersshallbefreeandeasyandhavenoblockageorcrashing
motion.Drawersshallbeabletobeexchangedwitheachother.

2) Adrawer’smechanicalorelectricalinterlockdeviceshalloperatecorrectlyandreliably.Only
afteropeningofthecircuitbreakercontactscantheisolatorcontactsbeopened.

3) Drawersshallmakegoodcontactwiththesecondarycircuit’splug-incomponentsinbe-
tweenthecabinets.

4) Thedrawershallnotbepulledoutwhenthemaincircuitinthedrawerisswitchedon.
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5) Themetalshellandframeoftheelectricalappliancewhichneedstobegroundedinthe
drawershallbereliablygrounded.Thecontactbetweenthedrawerandthecabinet,andthe
groundingofthecabinetandtheframeshallbegood.

g) Handcart-typecabinetinstallationshallmeetthefollowingrequirements:

1) Checkwhethertheinterlockdevicesusedtopreventimproperelectricaloperationarecom-
pleteandwhethertheyareabletooperatefreelyandreliably.

2) Thetrolley’spush-and-pullmotionshallbefreeandeasy,andhavenoblockageorcrashing
motion.Thesametypeoftrolleysshallbeinter-changeablewitheachother.

3) Whenthetrolleyhasbeenpushedintotheworkingposition,thegapbetweenthetopofthe
movingcontactsandthebottomofthefixedcontactsshallmeettheproductrequirements.

4) Thetrolleysshallbeingoodcontactwiththesecondarycircuit’splug-incomponentsinbe-
tweenthecabinets.

5) Safetyisolationplatesshallbeabletoopenfreelyandmoveinaccordancewiththetrolley’s
movement.

6) Thepositionofthecontrolcablesinthecabinetshallnotobstructthetrolley’smovement
andshallbefirm.

7) Thegroundingcontactsbetweenthetrolleyandthecabinetshallmakegoodcontact.When
pushingthetrolleyintothecabinet,thegroundingcontactsshallmakecontactearlierthan
themaincontacts.Whilepullingthetrolleyoutofthecabinet,thegroundingcontactsshall
breaklaterthanthemaincontacts.

8) Shockproofmeasuresforsecondarycomponents,suchasinstrumentsandrelays,shallbe
reliable.Controlandsignalcircuitsshallbecorrect.

h) Thecoatinglayeroftheswitchboardorcubicleshallbecompleteandwithoutdamage.Thesup-
portsusedtofixelectricalequipmentshallbepainted.Thepanelsurfacesoftheswitchboard
andthecubiclesinthesameroomshallbepaintedwiththesamecolour.

i) Forelectricalequipmentwhosepanelscontainequipmentfittedwithdevicesorotherelectrical
equipmentwhichisrequiredtobegrounded,theoutercasingshallbereliablygrounded.

j) Cableswhichleadintotheswitchboardorcubicleandthecable’scorewireshallmeetthefol-
lowingrequirements:

1) Cablesandconductorsshallnothaveintermediatejoints.Ifnecessary,thejointsshallbe
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wellmadeandfirm,notbearmechanicalstress,andensuretheoriginalinsulationlevel;

shieldedcablesshallprovidetheoriginalshieldedelectricalconnections.

2) Thecablesthatleadintotheswitchboardandthecubiclesshallberegularlyarrangedand
clearlynumbered.Crossingcablesshallbeavoidedandthecablesshallbefirmlyfixed.The
terminalstripwhichconnectswiththecablesshallhavenomechanicalstress.

3) Whenarmouredcableleadsintotheswitchboardorcubicle,thesteelstripshallbecutoff.
Theendsofthecuttingshallbefastenedandthesteelstripshallbegrounded.

4) Shieldedcablesshallbeproperlygrounded.

5) Cablecorewiresinpanelsandcabinetsshallbefirmlyarrangedinanorderlymanner.Appro-
priatemarginsshallbeleft;sparecorewiresshallleadtothetopofthepanelsandcabi-
nets,ortheendsofthewiregrooves,andbemarkedwiththeirstandbyfunctionsandthe
conductorsofthecorewiresshallnotbeexposed.

6) Thesamecableshallnotbeusedinbothstrongandweakcircuits,andthecoresshallbear-
rangedinbundles.

7) Cablewiringandfixingshallensurethatthecablecoreandinsulationarenotdamaged.

k) Switchboardsorcubiclesusedinthetropicsshallhavedamp-proof,anti-mildewandheatproof
properties.

l) Theswitchboard,cubicleandcablepipesshallbewellpluggedafterinstallation.Infreezingare-
as,measuresshallbetakentopreventwaterfromfreezinginthepipes.

5.3 Transformers

5.3.1 Transformerinstallationshallbecarriedoutinaccordancewiththeprovisionsofthissection.
Inaddition,thedesigner’sandtheequipmentmanufacturer’sinstallationtechnicalrequirements
shallbemet.

5.3.2 Transformersshallnotbeseriouslyimpactedorvibratedduringloading,unloadingandtrans-
portation.

5.3.3 Architecturalengineeringconstructionandqualityshallmeetdesigntherequirementsbefore
thetransformersareinstalled.

5.3.4 Thetransformerispulledbymechanicalforce.Thetractionpointshallbeunderthecentreof
theequipmentgravityandmeetthemanufacturer’srequirements,andthehandlinginclinationshall
notexceed15°.Dedicatedforcebearingpointsofthetransformersandreactorsshallbeusedduring
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loading,unloadingandpositioning.Correspondinganti-skidandanti-slipmeasuresshallbetakenand
thetractionspeedshallnotexceed2m/min.

5.3.5 Whenthebell-jartypetransformerishoistedinitsentirety,thesteelwireropeshallbetied
totheliftinglugexclusivelyforintegrallifting.

5.3.6 Thetransformerbodyshallmeetthefollowingrequirementwhenbeingpositioned:

a) Foratransformerequippedwithgasrelays,itstopcovershallhavea1%to1.5%risingslope
intherelayairflowdirection,unlessthatinstallationgradientisnotrequiredbythemanufactur-
er.Whenthetransformerisconnectedtotheenclosedbusbar,thebushingcentrallineshallbe
inlinewiththecentrelineoftheenclosedbusbar.

b) Thetrackofthetransformerfoundationshallbehorizontalandthetrackgaugeshallbeinline
withthewheeltread;forthetransformerequippedwiththeidlerwheels,theidlerwheelsshall
rollflexibly.Whenequipmentisinstalledinposition,theidlerwheelsshallbefixedusingade-
tachablebrakedevice.

c) Whenthetransformerisdirectlylocatedonthefoundation,thedesignandmanufacturerequire-
mentsshallbemet.

5.3.7 Installationofthetransformeraccessoriesshallmeetthefollowingrequirements:

a) On-loadvoltageregulationshifter:

1) Theoperatingmechanism,motors,gears,andleversofthetransmissionmechanismshall
befirmlyfixed,theconnectionpositionscorrect,andtheoperationflexibleandunobstr-
ucted;thelubricationofthetransmissionmechanismshallmeetthelocalclimateconditions
andtherequirementsoftheproducttechnicaldocuments.

2) Thecontactsandtheconnectinglinesoftheselectorswitchshallbeintactandreliable,and
thecurrentlimitingresistorshallbeingoodcondition.

3) Theworkingsequenceoftheswitchingdeviceshallcomplywiththeproducttechnicalre-

quirements;whentheswitchingdeviceisinthelimitposition,itsmechanicalinterlocking
andelectricalinterlockingwiththelimitswitchshalloperatecorrectly;andthepositionin-
dicatorshalloperatereliablyandcorrectly.

4) Theselectorswitchoiltankshallbeclean,andtheoiltankshallbetestedtoensurethatitis
well-sealed.Theinsulationstrengthoftheoilinjectedintotheoiltankshallmeetthe

producttechnicalrequirements.
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b) Coolingdevice:

1) Priortoinstallation,asealtestshallbeconductedusingairpressureoroilpressureaccord-
ingtothepressurevaluesspecifiedintheproducttechnicaldocuments.Forthecoolerand
forcedoilcirculatingaircooler,thetestshallbemaintainedfor30minwithoutleakageoc-
curring;fortheforcedoilcirculatingwatercooler,thetestshallbemaintainedforonehour
withoutleakageoccurring.Leakageofwaterandtheoilsystemsshallbecheckedseparately.

2) Thecoolingdeviceshallbeflushedusingqualifiedinsulatingoilbeforebeinginstalled,and
theresidualoilshallbedrainedoff.

3) Thefanmotorandbladeshallbefirmlyinstalled,therotationshallbeflexible,andtherota-
tioninthecorrectdirectionandunblocked.Thereshallbenovibration,overheating,blade
distortionor windtubefrictionduringtrialoperation.Thesteeringdirectionshallbe
correct.Thepowersupplywiringofthemotorshallbewithoil-resistantinsulatedwire.

4) Thevalveinthepipelineshallbeoperatedflexiblyandtheopeningandclosingpositions
shallbecorrect;thevalveflangejointshallbewell-sealed.

5) Rustontheexternaloilpipelineshallberemovedandthepipelineshallbecleanedbefore
thepipelineisinstalled;yellowpaintshallbeappliedtotheoilpipelineafterthewatercool-
ingdeviceisinstalled;blackpaintshallbeappliedtothewaterpipeline,withtheflowdi-
rectionindicatedaswell.

6) Theoilpumpiswell-sealedwithoutoilleakageorairintake;therotationdirectioniscor-
rect;thereisnoabnormalnoise,vibrationoroverheating.

7) Theliquid-flowannunciatorandthepressurerelayontheoilandwaterpipesshallbewell
sealedandreliable.

8) Watershallbedrainedawaywhenthewatercoolingdeviceisoutofservice.

9) Thecoolingdeviceshallbefilledwithoilimmediatelyafterbeinginstalled.

c) Oilstoragetank:

1) Theoilstoragetankshallbeinspectedandinstalledaccordingtotheproducttechnicaldocu-
ments.

2) Theoillevelmeteroperatesflexiblyandaccurately,andtheindicationshallbeconsistent
withtheactualoillevelintheoilstoragetank;thepositionofthesignalcontactpointof
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theoillevelmeteriscorrectandtheinsulationisintact.

3) Theinstallationdirectionoftheoilstoragetankiscorrectandthelocationisrechecked.

d) Casing:

1) Thereshallbenocracksordamagesintheappearanceofthecasingwhentheporcelainjack-
etisused,andtheadhesivepartsoftheporcelaincasingandthemetalflangeshallbefirmly
sealedandcoatedwithwaterproofgluewithhighperformance;whenasiliconerubberjack-
etisusedforthecasing,thereshallbenocracks,damagesordeformationintheappear-
ance;andthemetalflangejointsurfaceofthecasingshallbesmooth,andwithoutdamage
orcastsandholes.

2) Erectionandhoistingofcasingshallmeettherequirementsoftechnicaldocuments.

3) Thegasketinthetopstructureofthecasingshallbecorrectlyinstalledandwell-sealed,and
thetopconnectionshallnotbeloosenedwhentheleadwireisconnected.

4) Thesurfaceofthepressureequalizingringshallbesmoothandwithoutscratches,andthe
ringshallbefirmlyinstalledandintherightdirection.Thereshallbedrainageholesatthe
lowestpointofthepartofthepressureequalizingringwhereitispronetowateraccumula-
tion.

e) Gasrelay:

1) Thegasrelayshallbeinspectedasqualifiedbeforebeinginstalled,theactionsettingvalue
shallmeettherequirements,andthefixingmeasuresfortransportationshallberemoved.

2) Therelayshallbeinstalledhorizontallywithareliableconnectionandgoodsealingandthe
signabovethetopcovershallpointtotheoilstoragetank.

3) Thegascollectingboxshallbefilledwithinsulatingoilandtightlysealed.

4) Therelayshallbemoisture-proofandwater-proof,andbeequippedwitharainproofcover.

5) Thecableleadsshallbeequippedwithadrippingbendattheconnectingpointoftherelay,

andtheentranceholeistightlyblocked.

6) Theobservationwindowbaffleshallbeattheopeningposition.

f) Thepressurereliefvalveshallbeinstalledinthecorrectdirection,andtightlysealed.Theelec-
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tricalcontactactionshallbeaccurate.Insulationperformanceandtheactionpressurevalueshall
meettherequirementsoftheproducttechnicaldocumentation.

g) Thesealingoftheconnectingpipebetweenthemoistureabsorberandtheoilstoragetankshall
betight,themoistureabsorbentshallbedried,andtheoilseallevelshallbeabovetheoilsur-
faceline.

h) Temperaturemeasuringdevice:

1) Thethermometershallbecalibratedbeforebeinginstalledandthesignalcontactactionshall
beaccurateandproperlycommunicated.

2) Thethermometershallbeadjustedaccordingtothemanufacturer’srequirements.

3) Thethermometerpedestalonthetopcovershallbetightlysealedwithoutoilleakage,and
thethermometerpedestalshallbefilledwithinsulationoil;theunusedthermometerpedes-
talshallalsobesealed.

4) Thethinmetalhoseoftheexpansionsignalthermometershallnotbeflattenedorsharply
twisted,anditsbendingradiusshallnotbelessthan50mm.

5.3.8 Transformeroilfillingshallmeetthefollowingrequirements:

a) Theinsulationoilshallbeinspectedasqualifiedbeforefillingthetransformer.

b) Oilmixingtestsshallbeconductedbeforedifferentgradesofinsulatingoilaremixedornewoils
ofthesamebrandaremixedwithusedoils.Itisnotsuitabletousemixedoilfornewlyinstalled
transformers.

c) Vacuumoilfillingforthetransformersshouldnotbecarriedoutonrainydaysorfoggydays.Oil
fillingandvacuumtreatmentshallmeettheproducttechnicalrequirementsandconformtothe
followingrequirements:

1) Thedeformationoftheoiltankshallbemonitoredduringvacuuming,andthemaximumval-
ueshallnotexceedtwicethemaximumwallthickness.

2) Vacuumshallbemaintainedthroughouttheentireprocess.Thefilledoiltemperatureshall
behigherthanthetankbodytemperature.Theoilfillingspeedshouldnotexceed100L/min.

3) Whenthetransformerisbeingvacuumed,accessorieswhichcannotbearthemechanical
strengthundervacuumconditionsshallbeisolatedfromtheoiltank;partswhichcanbe
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vacuumedshallbevacuumedsimultaneously;andthevacuumpumporvacuumunitand
measuresshallbetakentopreventsuddenshutdownorreversefillingofthevacuumpump
oilcausedbyimproperoperation.

4) Oilshouldenterthetransformerfromtheoilvalveatthelowerpartduringoilfilling.For
transformerswithdirectedforcedoilcirculation,oilfillingshallbecarriedoutaccordingto
therequirementsofthetechnicaldocuments.

5) Thetransformerbodyanditssidewinding,oilfilterandpipelineshallbereliablygrounded
duringoilinjection.

5.4 High-voltageelectricalequipment

5.4.1 Installationofhighvoltageelectricalequipmentshallmeetthefollowingrequirements:

a) Installationofhigh-voltageelectricalequipmentshallbecarriedoutinaccordancewiththeprovi-
sionsofthissection.Inaddition,thedesigner’sandtheequipmentmanufacturer’sinstallation
technicalrequirementsshallbemet.

b) Thecommissioningtesttechnicalrequirementsforhigh-voltageelectricalequipmentinstallation
shallbeconsistentwiththeregulations.

5.4.2 InstallationoftheSF6breakersshallmeetthefollowingrequirements:

a) ThebaseorsupportofanSF6breakershallmeettherequirementsoftheproducttechnicaldocu-
mentsandthefollowingrequirements:

1) Concretestrengthshallmeettheequipmentinstallationrequirements.

2) Thefoundationcentredistanceandheightdeviationshallnotbegreaterthan10mm.

3) Thecentrelinedeviationofthereservedholesorembeddedpartsshallnotbegreaterthan
10mm,andtheupperendoftheembeddedpartshallbe1mmto10mmhigherthanthe
concretesurface.

4) Thecentrelinedeviationofembeddedboltsshallnotbegreaterthan2mm.

b) SF6breakersshallbeinstalledundertheguidanceofthemanufacturer’stechnicalpersonnelac-
cordingtotherequirementsoftheproducttechnicaldocuments,andshallmeetthefollowing
requirements:
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1) Meteorologicalconditionsfortheinstallationenvironmentshallmeetproducttherequire-
mentsandthemoisture-proofanddustproofmeasuresshallbecompleted.Theinstallation
shallbecarriedoutinweatherwithoutwind,sand,rain,andsnow.Whenthearcextin-
guishingchamberischeckedandassembled,therelativehumidityoftheairshallbeless
than80%.

2) Thelifting equipment,lifting points and lifting procedures shall conform to the
requirementsoftheproducttechnicaldocuments;theinstallationshallbecarriedoutinac-
cordance withthe componentnumbering provided by the manufacturerandin the
prescribedorder.Non-sequentialassemblyisprohibited.

3) Circuitbreakershallbefirmlyandreliablyfixedaccordingtotherequirementsofthe
producttechnicaldocuments,andtheboltfasteningtorqueshallmeettherequirementsof
theproducttechnicaldocuments.Thenumberofgasketsforthebracket,chassis,andfoun-
dationshouldnotbemorethan3,thetotalthicknessshallnotexceed10mm,thesizeof
eachgasketshallbeconsistentwiththebase,andallthegasketsshallbefirmlyconnected.

4) Flangefacesofthepropporcelainbushinginthesamephaseshouldbeonthesamehorizon-
talplane,thedeviationofthedistancebetweenthecentrallinesofthepropsshallnotbe
greaterthan5mm,andthedeviationoftheinter-phasecentredistanceshallnotbegreater
than5mm.

5) Allthepartsshallbeinstalledinthecorrectposition,andtheirhorizontalandverticalde-
greesshallmeettherequirementsoftheproducttechnicaldocuments.

6) Thesealgroovesurfaceshallbeintactandcleanandwithoutscratchmarks.Thesealing
ringsshallbenewproducts.Theappliedstop-leakcompoundshallnotbecomeintocontact
withsulphurhexafluoridegas;theadsorbentshallbereplacedandwaterproofglueshallbe
coatedaccordingtotheproducttechnicaldocuments.

7) Boltsinthesealingpartshallbefastenedusingatorquewrench,andthetorquevalueshall
conformtotheproducttechnicalrequirements.

c) TheSF6breakershallmeetthefollowingrequirementsafterbeinginstalled:

1) ThejointactionoftheSF6breakerandtheoperatingmechanismshallbecarriedoutinac-
cordancewithrequirementsoftheproducttechnicaldocumentsandmeetthefollowingre-
quirements:

● Sulphurhexafluoridegaswitharatedpressureshallfillinthebreakerbeforejointopera-
tionstarts;thefirstjointoperationshouldbeconductedundertheguidanceoftechnical
personnelfromthemanufacturer.
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● Thepositionindicatorworkscorrectlyandreliably,anditsoffandonpositionsshall
conformtothebreaker’sactualswitchedofforonstatus.

● Thoseequippedwithslow-switching-offandslow-switching-ondevicesshallperform
theslowswitching-offandswitching-onoperationsbeforefastswitchingoffandswitc-
hingonareoperated.

2) Theinspectionofthecurrentcarryingpartsoftheequipmentandtheconnectionofthe
downleadshallmeetthefollowingrequirements:

● Theflexibleconnectionofthecurrentcarryingpartsoftheequipmentshallnotbebro-
ken,concaveorcorrodedonthesurface.

● Thecontactsurfaceoftheequipmentterminalsshallbesmooth,clean,andwithoutox-
idefilm.Thesilverplatingpartcannotberubbed.

● Theconnectionsurfacesoftheequipmentterminalsshallbecoatedwiththin-layerelec-
tricaljointcompound.

● Theconnectingboltsshallbecompleteandfastened,andthefasteningtorqueisincon-
formitywiththeregulations.

● Connectionsofthedownleadsshallnotcauseunacceptablestresstotheequipment
connectionterminals.

3) Thepiezometerringshallhavenoscratchesandburrs,anditsinstallationshallbefirm,

flat,andwithoutdeformation;thepiezometerringshouldbedrilledwithdrainageholesat
thelowestposition.

4) Thegroundingwireconnectionsoftheequipmentshallmeetthedesignrequirementsand
producttechnicaldocuments,andshallbefreeofcorrosionanddamage,andshallberelia-
blyconnected.

d) PerformanceparametersoftheSF6breakerafterbeinginstalledandadjustedshallmeetthede-
signrequirementsandmeettherequirementsoftheproducttechnicaldocuments.

5.4.3 Installationofthegasinsulatedswitchgear(GIS)shallmeetthefollowingrequirements:

a) ConcretestrengthoftheGISequipmentfoundationshallmeettheequipmentinstallationrequire-
mentsandtheembeddedpartsshallbewell-groundedandmeetthedesignrequirements.Theal-
lowabledeviationoftheGISequipmentfoundationandtheembeddedpartsshallmeetthere-
quirementsofTable47,inadditiontotherequirementsoftheproducttechnicaldocuments.
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b) GISelementsshallbeinstalledundertheguidanceofthemanufacturer’stechnicalpersonnelac-
cordingtotherequirementsoftheproducttechnicaldocuments,andmeetthefollowingre-
quirements:

1) MeteorologicalconditionsforGISinstallationshallmeettheproductrequirementsandthe
moisture-proofanddustproofmeasuresshallbecompleted.

2) Theliftingequipment,liftingpoints,andliftingproceduresshallconformtorequirements
oftheproducttechnicaldocuments;theinstallationshallbecarriedoutinaccordancewith
thecomponentnumberingprovidedbythemanufacturerandintheprescribedorder.Non-
sequentialassemblyisnotallowed.

3) Thepre-chargednitrogenintheboxshallbeexhaustedandthenfilledwithdryair.When
theoxygencontentintheairintheboxismorethan18%,theinstallationpersonnelshall
beallowedtoentertheboxforinspectionandinstallation.

4) Thecontactcentreoftheconnectingplug-inshallbealignedwiththesocketandbeun-
blocked.Theinsertiondepthshallconformtotherequirementsoftheproducttechnical
documents;thecontactresistanceshallconformtotherequirementsoftheproducttechni-
caldocumentsandshouldnotexceed1.1timesthevaluesspecifiedintheproducttechnical
documents.

5) Allthepartsshallbeinstalledinthecorrectposition,andtheirhorizontalandverticalde-
greesshallmeettherequirementsoftheproducttechnicaldocuments.

6) Thesealgroovesurfaceshallbeintactandclean.Thesealingringsshallbenewproducts.
Theappliedstop-leakcompoundshallnotcomeintocontactwithsulphurhexafluoridegas;

theadsorbentshallbereplacedanddustremovalandsealwaterproofingtreatmentshallbe
performedaccordingtotheproducttechnicaldocuments.

7) Installationoftheexpansionjointsandbushingsshallmeettherequirementsofthetechnical
documents.

8) Theinnerpartofthegaspipeshallbeclean,andtheon-siteprocessingtechnology,curva-
tureradius,andbracketarrangementofthegaspipeshallmeettherequirementsofthe
producttechnicaldocuments;connectingjointsbetweengaspipesshallbelocatedina
placethatisconvenientforobservationandmaintenance.

9) Equipmentgroundingwireconnectionsshallconformtotherequirementsoftheproduct
technicaldocuments,andshallbefreefromcorrosionanddamage,andshallbereliably
connected.
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Table47 AllowabledeviationoftheGISequipmentfoundationandtheembeddedparts

Item

Allowablefoundation
elevationdeviation(mm)

Allowabledeviationof
theembeddedpart(mm)

Axis(mm)

Foundation
elevation

In-phase
Inter-

phase

Adjacent
embedded

parts

All
embedded

parts

Above
foundation
surface

Centre
line

Withother
equipment

x,y

Axley

Threephases
sharingone
foundation

≤2 — — — — — — — —

Onefoundationfor
eachphase

— ≤2 ≤2 — — — — — —

Foundationfor
everyotherdevice

≤5 — — — — — — — —

Inthesamegroup — — — — — — ≤1 — —

Surfaceelevationof
theembeddedparts

— — — ≤2 — ≤1~10 — — —

Embeddedbolts — — — — — — ≤2 — —

Indoorinstallation

Eachphaseof
thebreaker

— — — — — — — ≤5 —

Indoorandoutdoor
equipment

foundationundera
voltagelower
than220kV

≤5 — — — — — — — —

Indoorandoutdoor
equipment
foundation

— — — — — — — — ≤5

5.4.4 Installationofthevacuumcircuitbreakerandthehigh-voltageswitchcabinetshallmeetthe
followingrequirements:

a) Theinstallationandadjustmentofthevacuumcircuitbreakershallmeettherequirementsofthe
producttechnicaldocumentsandthefollowingrequirements:

1) Theinstallationshallbeverticalandfixed,andtheinter-phasesupportporcelainbushing
shallbeonthesamelevel.

2) Connectingleversofthethree-phaselinkageconnectingrodsshallbeonthesameleveland
haveconsistentangles.
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3) Three-phasesynchronization,thecontactresistancevaluesofconductivecircuits,the
switchingontime,switchingonspeeds,switchingofftime,switchingoffspeed,andoth-
erperformanceparametersshallmeettherequirementsoftheproducttechnicaldocuments.

b) TheSF6breakerinstalledinthehigh-voltageswitchcabinetshallbeinstalledandadjustedac-
cordingtotherequirementsof5.4.2.

5.5 Enclosedbusbarandthebusduct

5.5.1 Enclosedbusbarandthebusductinstallationshallbecarriedoutinaccordancewiththepro-
visionsofthissection.Inaddition,thedesigner’sandequipmentmanufacturer’sinstallationtechni-
calrequirementsshallbemet.

5.5.2 Installationoftheenclosedbusbarandthebusductshallmeetthefollowingrequirements:

a) Thebusbody,accessories,andfixingcomponentsshallbeprocessedorconfiguredaccordingto
therequirementsofconstructionandtheinstallationdrawingsbeforetheenclosedbusbarand
thebusductisinstalled.

b) Allsectionsoftheenclosedbusbarandthebusductsuppliedinacompletesetshallbeclearly
marked,withcompleteaccessories,andwithoutoutercasingdeformationorinternaldamages.

c) Thesupportshallbefirmlyinstalled,thebusshallbeplacedinstrictaccordancewiththeinstal-
lationsectiondiagram,phasesequence,numbering,direction,andsign;thelongitudinalclear-
anceshallbeevenlydistributed.Nomechanicalstressshallbegeneratedonthebusandthecase
afterthebusisinstalled.

d) Installationoftherigidbusshallmeetthefollowingrequirements:

1) Therigidbusisconnectedbywelding,bythroughbolts,byplywoodorbyclampingbolts.
Thetubularandbarbusshallbeconnectedusingaspecialclamp,andtheinnerscrewed
pipejointsortinsolderingcannotbeusedfortheconnection.

2) Installationoftheboltjointfacesbetweenonebusandanotherbus,andbetweenthebus
andtheelectricapplianceconnectingtheterminalshallmeetthefollowingrequirements:

● Thebuscontactsurfaceshallbekeptcleanafterbeingprocessedandbecoatedwiththe
electricaljointcompound.

● Whenthebusisplacedhorizontally,thethroughboltsshallbeinstalledfrombottomto
top.Inothercases,nutsshallbeplacedonthemaintenanceside.2to3threadsofthe
boltshouldbeexposedoutofthenut.
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● Bothsidesofthebusconnectingwiththethroughboltsshallbeequippedwithflat
washers.Clearanceofmorethan3mmbetweenadjacentboltwashersshallbereserved.
Aspringwasheroralockingnutshallbeinstalledatthenutside.

● Stressontheboltsshallbeuniform,sonoadditionalstressshallbeappliedonthecon-
nectingterminalsoftheelectricalappliance.

● Thebuscontactsurfaceshallbetightlyconnected,andtheconnectingboltsshallbe
tightenedusingatorquewrench.

3) Whenthebusisconnectedtothescrewterminal,thediameterofthebusshallnotbe1mm
greaterthanthatofthescrewterminal.Theoxidefilmofthethreadsshallbebrushed
clean,thecontactsurfaceofthenutsshallbesmooth,acoppertin-linedflatwashershall
beaddedbetweenthenutsandthebus,andalockingnutwithnospringpadshallbepro-
vided.

4) Whenthebusisfixedonthepostinsulator,thefollowingrequirementsshallbemet:

● Fixturebetweenthebussupportclampandthepostinsulatorshallbesmoothandfirm,

andadditionalstressshallnotbeappliedonthebus.

● ThesupportclamporothersupportingfittingsoftheACbusshallnotformaclosed
magneticcircuit.

● Whenthebusisplacedhorizontally,theupperpressureplateofthebusbarsupport
splintshallhavea1mmto1.5mmgapwiththebus.Whenthebusbarisplacedverti-
cally,theupperpressureplateshallhavea1.5mmto2mmgapwiththebus.

● Afixeddeadpointshallbesetforeachsectionofthebusonthepostinsulator,which
shouldbesetatthemidpointofthefulllengthorattwobusexpansionjoints.

● Whenthetubularbusisinstalledontheslidingholder,thereshallbeagapof1mmto
2mmbetweentheshaftseatandthetubularbus.

● Thereshallbenoedgesandburrsonthefixingdeviceofthebus.

5) Busexpansionjointsshallnothavecracks,brokenstrandsorwrinkles;theirtotalsection
shallnotbelessthan1.2timesthebussection.

e) Theinsulatorandthewallbushingshallmeetthefollowingrequirements:

1) Insulatorsandthewallbushingshallbeinspectedbeforebeinginstalled,theporcelainflan-
gesshallbecompletewithoutcracks,thefillinginofthegluedpointsiscomplete,andthe
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bondingisfirm.

2) Insulatorsandthethroughwallbushingshallbetestedasqualifiedbeforebeinginstalled.

3) Topsurfacesofthepostinsulatororwallbushinginstalledonthesameplaneorthevertical
planeshallbelocatedonthesameplane.Thecentrelinepositionshallmeetthedesignre-
quirements.Installationcentrelinesofthepostinsulatorsinthestraightbussectionshallbe
onthesamestraightline.

4) Whenpostinsulatorsandwallbushingareinstalled,thebaseorflangeshallnotbeembed-
dedintheconcreteorplasteringlayer.

5) Buffergaskets,suchasrubberorasbestospaper,withathicknessnotlessthan1.5mm
shallbepaddedbetweenthecontactsurfacesoflow-voltagepostinsulatorswithoutbase/

topcapsandthemetalfixtures.

6) Installationofthewallbushingshallmeetthefollowingrequirements:

● Theborediameterforinstallingthewallbushingshallbe5mmlargerthanthatofthe
bushinginsertionpart,andthemaximumthicknessoftheconcreteinstallationslabshall
notexceed50mm.

● Wallbushingwithratedcurrentof1500Aoraboveisdirectlyfixedonthesteelplate;

noclosedmagneticcircuitsshallbeformedaroundthebushing.

● Whenthewallbushingisinstalledvertically,theflangeshallbeupwards;whenthewall
bushingisinstalledhorizontally,theflangeshallbeontheoutside.

● Metalsplints(exceptfasteners)attheendofthebuswallbushingwithcurrentof600A
andaboveshallbemadeofnon-magneticmaterials.Theyshallbemetal-connectedto
thebus,andthecontactshallbestable.Thethicknessofthemetalsplintshallnotbe
lessthan3mm.Whenthebusincludestwoormoreparts,thebusitselfshallbefixed.

● Casinggroundingterminalsandunusedvoltageextractionterminalsshallbereliably
grounded.

f) Unchargedmetalcomponentssuchasthepostinsulatorbase,casingflangeandtheprotective
net(cover)shallbegrounded.Groundingwiresshouldbeneatlyarrangedandinthesamedirec-
tion.

g) Closedbusshallnotbeliftedortiedwithbarewireropestopreventanymechanicaldamage.
Duringinstallationandadjustment,itisimportanttokeepthecasingcleanbothinsideandout-
side.Dustandotherdebrisshallbepreventedfromenteringtheconnections.Theinnersideof
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thecasingandinsulatorsshallbewipedclean,andthereshallnotbeanyremnantsinthecasing.
Theassemblyandtheconnectionoftheequipmentconnectedtotheenclosedbusbarshallbe
carriedoutafteradjustmentoftheenclosedbusiscompleted.Metalpartsofthecasingforthe
enclosedbusandsupportingstructureshallbereliablygrounded.

5.6 Cablelaying

5.6.1 Cablelyingshallbecarriedoutinaccordancewiththeprovisionsofthissection.Inaddition,

thedesigner’sandtheequipmentmanufacturer’sinstallationtechnicalrequirementsshallbemet.

5.6.2 Cablelayingshallmeetthefollowingrequirements:

a) Basicprovisions

1) Processingandinstallationofcablepipesandsupports,theplacingofcables,andthecrea-
tionofthecableterminalsandjointsshallmeettherequirementsoftheconstructionandin-
stallationdrawings.

2) Whetherthecabletype,voltage,andspecificationsconformtothedesignshallbechecked
beforethecablesareplaced.Theappearanceofthecableshallbenon-destructiveandwell-
insulated.Theburiedcablesshallbetestedasqualified.

3) Thelengthofeachcableshallbecalculatedaccordingtothedesignandtheactualpath,and
eachcableshallbereasonablyarrangedtoreducethenumberofcableconnectionsbefore
thecableisplaced.

4) Standbylengthshouldbereservedforeachcableattheendoftheterminalandnearthe
joint.

5) Cablesshallbedrawnfromtheupperendofthedisc,andthecablesshallnotbefrictionally
draggedonthesupportsandonthegroundwhencablesarelaid.Thereshallbenomechani-
caldamagetocables,suchasarmourcrush,cabletwisting,andsheathfracture.

6) ThemaximumtractionstrengthshouldmeettherequirementsinTable48whencablesare
laidthroughmechanicalmeans.

Table48 Maximumtractionstrengthofcables Unit:N/mm2

Tractionmethod Tractionhead Wiremeshset

Stress-bearingpart Coppercore Aluminiumcore Leadsleeve
Aluminium
sleeve

Plasticsheath

Allowabletraction
strength

70 40 10 40 7
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7) Themechanicalcablingspeedshouldnotexceed15m/minandshallbesloweddownwhen
thevoltageis110kVandaboveorundercomplexpathconditions.

8) Lateralpressureattheturningpointshallnotexceed3kN/mwhenthevoltageofthecable
is110kVandabove.

b) Thedistancebetweenthesupportingpointsofthecableshallmeetthedesignrequirements.
Whenitisnotspecifiedinthedesign,thevaluesshallnotexceedthoselistedinTable49.

Table49 Distancebetweenthesupportingpointsofthecable Unit:mm

Cabletype
Cablingmethod

Level Vertical

Powercable

Wholeplastic 400 1000

Middle-voltageandlow-voltage
cables(excludingall-plasticcables)

800 1500

High-voltagecableswithvoltageof
35kVandabove

1500 2000

Controlcable 800 1000

NOTE Whenall-plasticpowercablescanbefixedhorizontallyalongthebracket,thedistancebetweensupporting
pointsisallowedtobe800mm.Reliablemoisture-proofsealedendsshallbeprovidedafterthecablesarecut
off,andthelayingtemperatureshallbeabove0℃.

c) TheminimumbendingradiusofthecableshallmeettherequirementsinTable50.

Table50 Minimumbendingradiusofthecable

Cabletype Multi-core Single-core

Controlcable

Non-armouredandshielded
flexiblecables

6D

Armouredandcoppershielded 12D

Others 10D

—

Rubberinsulated

powercable

Leadfreeandsteelarmour-sheathed 10D

Bareleadsheath 15D

Steelarmoursheath 20D

Plasticinsulatedcable
Noarmoured 15D 20D

Armoured 12D 15D

Oil-paper
insulatedcable

Aluminiumsleeve 30D

Leadsleeve
Armoured 15D 20D

Notarmoured 20D —

Self-containedoilfilled(lead)cable — 20D

NOTE Dreferstotheoutsidediameterofthecable.
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d) Thepowercableconnectionshallmeetthefollowingrequirements:

1) Cablesthatarelaidinparallelshouldbestaggered.

2) Connectorsforexposedcablesshallbefixedusingthesupportingplate.

3) Theboxoftheburiedcableconnectorshallbeprotectedwithaprotectionbox(exceptep-
oxyresincontactbox),preventingmechanicaldamage.Theprotectionboxinthefrozen
soillayershouldbefilledwithasphalt.

e) Cablesshallbeneatlylaid,uncrossed,fixedandsignsshallbeinstalledingoodtime.Signsshall
beinstalledonthecableterminalsandconnectors,atthebendingposition,intheinterlayer,at
bothendsoftunnelsandshafts,andinthewells.Signsshallmeetthefollowingrequirements:

1) Circuitnumbersshallbemarkedonthesign.Thecabletype,specification,andplacesof
originanddestinationshallbespecifiedwhennoserialnumberisgiven;

2) Thesignshallbecorrosion-resistant,uniforminspecifications,haveclearwriting,notfall
offeasily,anditshallbefirmlymounted.

f) Thefixingofthecablesshallmeetthefollowingrequirements:

1) Forcablestobelaidverticallyorlaidwithagradientsteeperthan45°,theyshallbefixed
onthebracketswhicharearrangedonthecabletrayforevery2m.

2) Horizontallylaidcablesarefixedatbothendsofthecable,thebendingpositionandboth
endsofthecablejoints;theyarefixedevery5mto10mwhencablespacingisrequired.

g) Whenthecableentersthecabletrench,shaft,building,panel(cabinet)andpipe,theentrance
andexitshallbeclosed,andthepipeentranceshallbesealed.

h) Arrangementofthecablesinsubstationsandinthemainandauxiliarypowerhousesshallmeet
thefollowingrequirements:

1) Powercablesandcontrolcablesshallnotbelaidonthesamelayerbracket.

2) High&lowvoltagepowercablesandstrong&weakpowercontrolcablesshallbelaidinse-
quenceandbylayers,whichshouldbelaidfromhighvoltagetolowvoltageandfrombot-
tomtotop.

3) Controlcablesshouldnotbemorethan1layeronthecommonbracket,andnotbemore
than3layersonthecabletray.
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4) ACthree-corepowercablesshouldnotbemorethan1layeronthecommonbracket,and
notbemorethan3layersonthecabletray.

5) Sundrymaterialsshallbecleaneduppromptlyandthecoverplateshallbecoveredafterthe
cablesarelaid.Ifnecessary,thegapofthecoverplateshallbesealed.

i) Thefollowingmeasuresshallbetakentopreventfireandflaming:

1) Openingsforcablespassingthroughtheshaft,wall,floor,orenteringtheelectricalpanel
orcabinetshallbepluggedsoastobeclosedusinganti-fireplugs.

2) Inimportantcabletrenches,thecablesshallbesegmented,orfireresistingwallsmadeof
softrefractoriesshallbeinstalledasrequired.

3) Cableswithimportantcircuitscanbelaidsinglyinspecialditchesorinfire-proofenclosed
boxes,orhavefire-proofcoatingorfire-proofbandagesappliedonthem.

4) Fireretardantcoatingsorfireretardanttapesshallbeappliedonbothsidesofthepower
cablejointsandon2mto3msectionsoftheadjacentcables.

5) Fireproofcoatingsshallbeappliedfivetimesaccordingtothemanufacturer’sinstructions
andonceevery8hours.Thethicknessofthefire-proofcoatingsisnotlessthan1.2mm.
Duringconstructionofthepluggingmaterials,thecablesshallbewrappedwithorganic
pluggingmaterialstofacilitatecablereplacementandheatdissipation,andtheninorganic
pluggingmaterialsshallbefilledinaroundthecables.Thethicknessofthepluggingmateri-
alsshallnotbelessthan100mm.Forlargercableholes,themiddlepartoftheholesmay
bepluggedwiththeuseoffireprotectionpillowswhentheaboveconstructionrequire-
mentsaremet.

6) Flameretardantmaterialshallmeettheeffectiveself-extinguishmentrequirement.Refrac-
toryproductsshallmeettherequirementthattherefractorylimitisnotlessthan1hrwhen
inuseandtherefractorytemperatureisnotlessthan1000℃.

j) Cableopeningsshallbetightlyplugged.Thereshallbenoobviouscracksandvisiblepores.Large
openingsshallbeequippedwitharefractoryliningandthenplugged.

5.7 Auxiliarysystemmotors

5.7.1 Auxiliarysystem motorinstallationshallbecarriedoutinaccordancewiththeprovisionsof
thissection.Inaddition,thedesigner’sandtheequipmentmanufacturer’sinstallationtechnicalre-
quirementsshallbemet.

5.7.2 Theposition,dimension,andqualityofthemotorfoundation,anchorbolthole,groove,
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opening,embeddedparts,andcablepipeshallconformtotheproducttechnicaldocumentsandthe
designrequirements.

5.7.3 Theinspectionofthemotorshallmeetthefollowingrequirementswhenthemotorisin-
stalled:

a) Thediscrotorshallbeflexibleandwithoutcrashingsound.

b) Thegrease’sconditionisnormalandhasnodiscoloration,deteriorationorhardening.Itsper-
formanceshallmeettheworkingconditionsofthemotor.

c) Formotorswhoseairgapmaybemeasured,therequirementforgapunevennessasspecifiedin
theproducttechnicalconditionsshallbemet.Theratioofthedifferencebetweentheairgapat
eachpointandtheaverageairgaptotheaverageairgapshouldbe±5%,ifthevalueisunspec-
ified.

d) Theincoming/outgoinglineofthemotorshallhavewellpressedlugsthathaveproperclearance
andclearlymarkednumbersconformingtotherequirementsoftheproductstandards.

e) Thebrushliftingdeviceofthewound-typeelectromotorshallbechecked.Theliftingdeviceshall
have“start”and“run”signs.Actionsshallfirstbeinthesequenceoftheshortcircuitingcollec-
torrings,andthenoftheliftingbrush.

5.7.4 Thecore-pullinginspectionshallbecarriedoutwhenthemotorisinthefollowingcircum-
stances:

a) Thedateofproductionexceedsthemanufacturer’swarrantyperiod.

b) Thedateofproductionismorethan1yearago,whenthemanufacturerhasnowarrantyperiod.

c) Thequalityisnotscepticalbasedontheappearanceinspectionorelectricaltest.

d) Theopen-typemotorisnotqualifiedbasedontheterminaltest.

e) Abnormalconditionsoccurduringcommissioning.

5.7.5 Installationofthemulti-speedmotorshallmeetthefollowingrequirements:

a) Thewiringmodeandpolarityofthemotorshallbecorrect.

b) Theinterlockingswitchdeviceshallbereliable.

c) Themotor’soperatingprocedureshallconformtothetechnicalspecificationsfortheproduct.
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5.7.6 Formotorswithfixedsteeringrequirements,thephasesequenceofthemotorandpower
sourceshallbeinspectedandbeconsistentbeforethetrialrun.

5.8 Computermonitoringsystem

5.8.1 Computermonitoringsystemshallbeinstalledoutinaccordancewiththeprovisionsofthis
section.Inaddition,thedesigner’sandtheequipmentmanufacturer’sinstallationtechnicalrequire-
mentsshallbemet.

5.8.2 Installationoflocalautomationinstrumentationshallmeetthefollowingrequirements:

a) Theinstallationpositionoftheinstrumentshallmeettherequirementsofthedesigndocuments.
Ifitisnotspecifiedinthedesigndocuments,theinstallationpositionshallmeetthefollowing
requirements:

1) Theinstallationpositionshallbewelllighted,andbeconvenientforoperationandmainte-
nance.

2) Theheightfromtheinstrumentcentretotheoperationgroundshouldbe1.2mto1.5m.

3) Thedisplayinstrumentshallbeinstalledinapositionconvenientforobservationandindica-
tion.

4) Instrumentsshallnotbeinstalledinplaceswherethereisvibration,humidity,orisprone
tomechanicaldamage,strongelectromagneticinterference,hightemperature,drastictem-

peraturechanges,andcorrosivegases.

5) Detectionelementsshallbeinstalledinapositionthatcanreflecttheinputvariablestruly.

b) Instrumentsshallnotbeknockedorshakenduringinstallation.Instrumentinstallationshallbe
firmandflat,theconnectionwiththeequipment,pipesorcomponentsandthefixedpartsshall
beuniformlystressedandshallnotbearabnormalexternalforces.

c) Instrumentstobedirectlyinstalledonthepipelineshouldbeinstalledafterthepipelineis
cleaned;ifinstalledsimultaneouslywiththepipeline,theinstrumentshallberemovedbefore
thepipelineiscleaned.Apressuretestshallbeconductedaftertheinstrumentisdirectlyin-
stalledontheequipmentorpipe.

d) Thecoverandintakeoftheinstrumentjunctionboxintheconstructionprocessshallbeclosed
ingoodtime.Thecableintakeshouldnotfaceup.Sealingmeasuresshallbetakenafterthecon-
structioniscompleted.
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e) Measuresshallbetakentopreventweakcurrentequipmentandelectroniccomponentsfrombe-
ingdamagedwhentheinsulationresistanceoftheinstrumentandtheinstrumentpowersupply
equipmentismeasured.

f) Field-businstrumentsshallbeconnectedparalleltoeachother.Thenumberofinstrumentson
eachbusandthemaximuminter-busdistanceshallmeettherequirementofthedesigndocu-
ments.

g) Theinstallationoftheinstrumentpanels,cabinets,andboxesshallmeettherequirements.

5.8.3 Theinstallationoflocalcontrolunit(LCU)screen,thenetworkequipmentrack,serverrack,

centralcontrolroomconsole,andtheanaloguescreenshallmeettherequirements.

5.9 Videomonitoringsystem

5.9.1 Videomonitoringsysteminstallationshallbecarriedoutinaccordancewiththeprovisionsof
thissection.Inaddition,thedesigner’sandtheequipmentmanufacturer’sinstallationtechnicalre-

quirementsshallbemet.

5.9.2 Thecamerashallbeinstallednearthemonitoringareawherethecameracannotbeeasilydam-
aged,iseasytomaintain,andcanavoidstrongelectromagneticinterference.Thecamerainstallation
locationshallnotaffecttheoperationofthefieldequipmentandthepersonnel’snormalactivities,

andshallensurethatthecamera’sfieldofviewmeetsthemonitoringneeds.

5.9.3 Camerainstallationheightfromthegroundshouldnotbelessthan2.5mindoorsand3.5m
outdoors.Ifoutdoorcamerasareinstalledwithverticalpoles,thestrengthandstabilityoftheup-
rightrodsshallmeetthecamerausagerequirements.

5.9.4 Cameralensshouldbeinstalledtoalignwiththemonitoringobjectalongthelightsourcedi-
rection.Backlightinginstallationshouldbeprevented;whenbacklightinginstallationisnecessary,it
isadvisabletoreducetheilluminationcontrastofthemonitoringareaortoselectcameraswithback-
lightingcompensationaccessories,suchascurtaingrids.

5.9.5 Whencertainilluminationisrequiredfor monitoring multi-scenesorchangingscenes,

auxiliarylightingfixturesshouldbeinstalledatthetopoftheprotectivecoverofthecamera
equippedwithanelectricplatformoronotherdevicesrotatinginthesamedirectionastheelectric

platform.

5.9.6 Installationoftheconsoleandrackinthemaincontrolmonitoringcentreshallmeettheregu-
lations;thescreenofthemonitoringdisplayshallavoiddirectlightfromoutside.
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5.10 Lightningprotectiongrounding

5.10.1 Constructionofthelightningprotectiongroundingdeviceshallbecarriedoutaccordingto
approveddesigndocuments.

5.10.2 Installationofthegroundingdevicesshallbeinaccordancewiththeconstructionofthear-
chitecturalengineering;hiddenpartsshallbeinspected,checked,andacceptedbeforebeingcovered
andarelevantrecordshallbecreated.

5.10.3 Thefollowingmetalpartsoftheelectricaldevicesshallbegrounded:

a) Metalbase,frame,shell,andtransmissiondeviceoftheelectricalequipment.

b) Metalseatandhousingforportableormobileelectricappliances.

c) Box-typesubstationbody.

d) Secondsidewindingofthemutualinductor.

e) Metalframeandbaseofthepanels(cabinets,boxes)andtheoperationtablesforthepower
distribution,protection,andcontrolling.

f) Metalshield,jointbox,terminalhead,metalprotectivepipeofthepowercablesandtheshield
layerofsecondarycables.

g) Cabletray,bracket,andderrick.

h) Substationstructureandsupport.

i) Overheadpowerlinestructuresequippedwithoverheadgroundwiresorelectricalequipment.

j) Metalbarriersfordistributiondevices.

k) Metalcaseforelectricheatingequipment.

l) Metalbaseandhousingoftherotarymotor.

m) Metalbaseandhousingfortheelectrichoist,gantrycrane,portalcranetrackandelectrical
equipment.

5.10.4 Groundingwiresshallnotbeusedforotherpurposes.
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5.10.5 Inadditiontothenaturalgroundingelectrodes,thepowerplantsandsubstations(switch-

yards)shallalsobelaidoutwithgroundingmatswithhorizontalartificialgroundingelectrodesasthe
mainpart.Themeasuringwellseparatingthenaturalgroundingelectrodesfromtheartificialground-
ingelectrodesshallbeset.

5.10.6 Groundingdevicematerialsshallmeetthefollowingrequirements:

a) Inadditiontotemporarygroundingdevices,hot-dipgalvanizingshallbeappliedforallthesteel
usedinthegroundingdevices.Forhorizontallylaiddevices,hot-dipgalvanizedroundsteeland
flatsteelshallbeused;forverticallylaiddevices,hot-dipgalvanizedanglesteel,steelpipesor
roundsteelshallbeused.

b) Whenaflatcopperstrip,copperstrand,copperbar,coppercoatedsteel(roundwire,strand),

zinccladsteelandothermaterialsareusedforgroundingdevices,theselectionshallmeetthe
designrequirements.

c) Aluminiumconductorsshallnotbeusedasthegroundingelectrodeorgroundingwire.

5.10.7 Fortheartificialgroundingelectrodeofthegroundingdevices,theconductorsectionshall
meetrequirementsforthermalstability,voltagesharing,mechanicalstrength,andcorrosionresist-
ance;thehorizontalgroundingelectrodesectionshallnotbelessthan75% ofthegroundingwire
sectionconnectedtothegroundingdevice;theminimumspecificationsforthesteelgroundingelec-
trodeandthegroundingwireshallnotbelessthanthespecificationslistedinTable51andTable52;

thecrosssectionareaofthegroundingelectrodeoutgoinglinefortheoverheadlinestructuresshall
notbelessthan50mm2.

Table51 Minimumspecificationsforthesteelgroundingelectrodeandgroundwire

Type,specificationsandunit Overground Underground

Roundsteeldiameter(mm) 8 8/10

Flatsteel
Section(mm2) 48 48

Thickness(mm) 4 4

Anglesteelthickness(mm) 2.5 4

Steelpipethickness(mm) 2.5 3.5/2.5

NOTE1 Fortheundergroundroundsteeldiameter,themoleculardataanddenominatordatarespectivelycorrespond

totheoverheadlinesandthegroundinggridofthepowerstationandsubstation;

NOTE2 Forthewallthicknessoftheundergroundsteelpipe,themoleculardataandthedenominatordatacorre-

spondtothepipesthatareburiedinthesoilandintheindoorconcretefloorrespectively.
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Table52 Minimumspecificationsforthecopperandcoppercoatedsteelgroundingelectrodes

Type,Specifications,andUnit Overground Underground

Copperbardiameter(mm) 8
Horizontalgroundelectrode8

Verticalgroundelectrode15

Copperbarsection(mm2)/thickness(mm) 50/2 50/2

Copperpipethickness(mm) 2 3

Copperstrandedwiresection(mm2) 50 50

Diameterofcoppercoatedroundsteel(mm) 8 10

Diameterofcoppercoatedsteelstrands(mm) 8 10

Coppercoatedflatsteelsection(mm2)/

thickness(mm)
48/4 48/4

NOTE1 Barecopperstrandsarenotsuitableforthatgroundingelectrodeofasmallgroundingdevice.Whencopper

strandsareusedasthegroundingelectrodeofthegroundinggrid,thesectionalareashallmeetthedesign

requirements.

NOTE2 Thediameterofonestrandofcopperstrandwireshallnotbelessthan1.7mm;

NOTE3 Coppercoatedsteelspecificationsindicatethesizeofthesteel,andthatthecopperlayerthicknessshall

notbelessthan0.25mm.

5.10.8 Theminimumcross-sectionalareaoftheexposedgroundleadthatisconnectedwiththe

groundingelectrodeortheprotectivewire(PE)onthegroundofthelow-voltageelectricalequip-
mentshallconformtoTable53.

Table53 Minimumcross-sectionalareaoftheexposedcoppergroundleadonthe
lowvoltagegroundelectricalequipment

Name Minimumsectionalarea(mm2)

Exposedbareconductor 4

Insulatedconductor 1.5

Groundingcoreofthecable,orthegroundingcoreofmulti-core

cableswrappedinthesameprotectiveenclosurewiththephaseline
1

5.10.9 Itisstrictlyforbiddentousemetalhoses,themetalskinofthepipelineinsulationlayer,or
metalmesh,theleadskinoftheconductorforthelow-voltagelightingnetwork,andthemetal
sheathofthecableasgroundingwires.

5.10.10 Embeddeddepthandspacingofthegroundinggridshallmeetthedesignrequirements.Bur-
ieddepthofthetopsurfaceofthegroundingelectrodeshouldnotbelessthan0.8m;thespacingof
thehorizontalgroundingelectrodeshouldnotbelessthan5 m;andthespacingofthevertical

groundingelectrodeshouldnotbelessthantwiceitslength.
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5.10.11 Groundingoftheelectricaldevicesshallbeconnected withthegroundingbusorthe

groundinggridseparately.Itisstrictlyprohibitedtoconnecttwoormoreelectricaldevicesthatneed
tobegroundedinserieswithonegroundingwire.

5.10.12 Annulargroundingbusesshallbelaidaroundthecommunicationroom,thecross-sectional
areaofthecopperbarsshallnotbelessthan90mm2,andthecross-sectionalareaofgalvanizedflat
steelshallnotbelessthan120mm2.Closedannulargroundingdevicesshallbelaidaroundthecom-
municationroom.

5.10.13 Unchargedmetalsexposedinthemaincontrolroomandthecentralcontrolroomshouldbe
inequipotentialconnectionwiththebuilding.Theminimumcross-sectionalareaoftheequipotential

groundterminalboardsandtheinterconnectedconductorsshallmeettherequirementsinTable54
andTable55,respectively.

Table54 Minimumcross-sectionalareaofallkindsofequipotentialgroundingterminals

Name Material
Minimumsectional

area(mm2)

Mainequipotentialgroundterminalboard Copperbelt 150

Floorequipotentialgroundterminalboard Copperbelt 100

Partialequipotentialgroundterminalboardinthe

equipmentroom
Copperbelt 50

Table55 Minimumcross-sectionalareaofallkindsofequipotentialbondingconductors

Name Material
Minimumsectional

area(mm2)

Verticalgroundingmainlines
Multi-strandcopperconductor

orcopperbelt
50

Bondingconductorbetweenthefloorterminalboard

andthepartialterminalboardintheequipmentroom

Multi-strandcopper

conductororcopperbelt
25

Bondingconductorbetweenpartialterminalboards

intheequipmentroom

Multi-strandcopper

conductor
16

Bondingconductorbetweentheequipmentand

theequipotentialconnectionnetworkinthe

equipmentroom

Multi-strandcopper

conductor
6

Equipmentroomgrids
Copperfoilormulti-strand

copperconductor
25

5.10.14 Thecommongroundingnetworkshallbeusedforthegroundingofthehydropowerplant
computersupervisorycontrolsystem.Groundingoftheequipmentcasing,ACpowersupply,logic
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circuit,signalcircuit,andthecableshieldofequipmentshallmeetthefollowingrequirements:

a) Theequipmentcasingorexposednon-ecurrentcarryingmetalpartsshallbegrounded.

b) TheisolatedACandDCpowersupplyshallbegroundedwhenthevoltageexceeds150V.

c) ThereshouldbeagroundingpointinallthecomputerDCcircuits(includingtheDCpowersup-

ply,logiccircuit,andsignalcircuit)thatarenotisolated.

d) Thedifferenceingroundpotentialbetweenanytwogroundingpointsshallnotbegreaterthan
theallowablenoiseoftheequipmentatanytimewhentherearetwoormoregroundingpoints
inthecommongroundcircuitofallthenon-isolatedcalculationDCcircuits.

e) Whenalltheexternalinterfacedevicesinanycabinet(orasetofdevices)areisolated,thecab-
inetcasing,ACpowersupply,computerDCcircuitandcableshieldinglayershallbegroundedat
onepointinthecabinet.Thecomputerlogiccircuitshallhaveonlyonepointinthecabinetcon-
nectedwiththecommongroundingpointofthecabinet.

f) Thereshallnotbetwoseparategroundinggridsinanydeviceoradjacentequipment.

g) Groundingpointsofthecorrespondingsensorsorotherconnectingdevicesshallbeconsidered
forthegroundingofthesignalandthecableshieldlayertoavoidthegroundingoftwopoints.
Onepointatthecomputermonitoringandreceivingequipmentshallbeselectedfortheground-
ingbypreference.

5.10.15 Thepowersupplylineandthesurgeprotectorshallbeinstalledatthefrontendofthepow-
ersupplylineoftheprotectedequipment,andtheterminalsofthesurgeprotectorshallbeconnect-
edwiththeterminalsofthesamenamesinthedistributionbox.Thegroundingendofthesurgepro-
tectorisconnectedwiththePEgroundingterminalboardofthedistributionbox.Thegroundingter-
minalboardofthedistributionboxshallbeconnected withtheequipotentialgroundingterminal
boardinthelightningprotectionarea.Connectingwiresoftheall-levelsurgeprotectorsshallbeneat-
lyarranged,andtheirlengthshouldnotexceed0.5m.

5.10.16 Surgeprotectorswithconnectingterminalsshallbecrimpedwhenconnectingwiththe
wires,andthesurgeprotectorwithbindingpostsshouldbeconnectedtothebindingpostsusing
wirelugs.

5.10.17 Theminimumcross-sectionalareaoftheconnectionwiresofthesurgeprotectorsshould
meettherequirementsinTable56.
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Table56 Minimumcross-sectionalareaofthesurgeprotectorconnectionlines

Protectiongrade Surgeprotectortype

Leadsection(mm2)

Copperconductorfor
surgeprotectorphase

connecting

Copperconductorfor
surgeprotector

groundingconnecting

GradeⅠ
Switchtypeorvoltage

limitingtype
16 25

GradeⅡ Voltagelimitingtype 10 16

GradeⅢ Voltagelimitingtype 6 10

GradeⅣ Voltagelimitingtype 4 6

NOTE Forthecombinationtypesurgeprotector,thecross-sectionalareaoftheleadforthecorrespondingprotec-
tionlevelcanbeselected.

6 Installationoftheautomatichydrologicalforecastingandreportingsystem

6.1 Mainequipmentoftheautomatichydrologicalforecastingandreportingsystemshallmeetthe
technicalstandardsandproductqualityrequirementsoftherelevantindustriesandhaveaproduction
licensefortheindustrialproducts.

6.2 Thefollowingrequirementsshallbemetbeforetheequipmentisinstalled:

a) Preliminaryinspectionoftheequipmentquantityandqualityshallbecarriedoutaccordingtothe
designandpurchaselist.

b) Necessaryqualitymarksforthekeyequipmentshallbechecked.

c) Civilfacilitiesfortheequipmentinstallationshallpassthepreliminaryinspectionortheaccept-
ancefortheindividualworksaccordingtothedesign.

d) Relatedtelemetrystationsandcentralstationsshallbeputintooperationinadvanceforthesys-
temusingthepubliccommunicationnetwork.

e) Thebatterycharginganddischargingprocessesshallbecompletedaccordingtotheprescribed
proceduresandsufficientelectricityshallbeprovidedaccordingtotheregulations.

f) Installationandcommissioningshallbecompletedbytrainedtechnicians.

6.3 Equipmentinstallationshallmeetthefollowingrequirements:

a) Differentequipmentinstallationsequencesandplansshallbepreparedbeforeequipmentinstalla-
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tion.Thesystemshouldbeinstalledintheorderofthecentralstation,relaystation,andtelem-
etrystation.

b) Equipmentshallbestrictlyinstalledaccordingtotheproductspecificationsanddesigntechnical
documents.Telemetryterminals,sensors,andotherequipmentshallalsobeconfiguredaccord-
ingtothedesignrequirements.

c) Forinstallationprocessesthatrequireon-sitetreatment,suchasweldingandmechanicalfixing,

therelevantprocessstandardsandrequirementsshallbestrictlyfollowed,andthenecessaryin-
spectionortestingshallbecarriedout.

d) Routingandinstallationmethodsoftheconnectionlinesshallbeselectedwithfullconsideration
giventopreventingmechanicaldamage,wateranddampness,electromagneticinterference,an-
imalbitesandburglary.Protectivemeasures,suchassheaths,mustbetaken.Whentheequip-
mentconnectioninvolvestheindoorandoutdoorinterconnection,rainwatershallbeprevented
frombeingintroducedintotheroom.

6.4 Aftertheinstallationandfixingworkiscompleted,thefollowingkeyinspectionsandadjust-
mentsshallbecarriedout:

a) Checkwhethertheconnectinglinebetweentheequipmentissolidandreliable.Checkwhether
equipmentthatneedstobegroundedmeetstheinstallationrequirements.

b) Checkwhetherthebatteryvoltageandchargingcurrentmeettherequirements.

c) Checkwhethertheopencircuitvoltageandshort-circuitcurrentofthesolarpanelsmeetthere-
quirements.

d) Intherangeofthedesignsensor,simulatetheactualsituation,andcheck&debugwhetherall
kindsofequipment workasexpected,includingthenormalfunctionsofcommunication,

display,keysandstorage.

6.5 Aftertheinstallationiscompleted,the basicconfigurationinformationforequipment
installationandcommissioningshallbecompletelyrecordedandsorted.

6.6 Systemintegrationandtestingshallmeetthefollowingrequirements:

a) Afterthecentralstation,telemetrystationandotherequipmentareinstalled,theoverallcon-
nectionandcoordinationshallbecompletedthroughsystemintegration.Accordingtothe
systemdesignandsoftwarerequirements,configureandsettheparametersforjointtestingof
thesystemfunctions,andinspectthefunctionsandindicatorsofthesystemtoachievethede-
siredresults.Systemintegrationandtestingshallincludethefollowingaspects:
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1) Simulatetheactualoperationparametersinthedesignrangeofthesensor.

2) Triggertransmissionconditions,includingtimetriggeringandparametertriggering.

3) Datauploadandtheresponseprocess.

4) Inspectionofthedatareceivingprocess,includingtheaccuracyoftheparameters,trans-
missionspeedandtime,andthecompletiontimeofthecollectionofallthedatafromthe
telemetrystations.

5) Thecentralcontrolinstructionisissuedtocheckwhetherthetelemetrystationactsaccord-
ingtopredeterminedrequirements,includingclockcalibrationandthetelemetryterminal
configuration.

6) Otherfunctionsofthetelemetrystation,suchason-sitedatadownloading,manualinput
andsettings.

7) Otherfunctionsofthecentralstation,suchasgraphicdisplay,storage,query,printing.

b) Aftertheentiresystemisinstalled,thecorrectnessofthecollecteddataandthesystem
patencyrateshallbecheckedaccordingtothedesignrequirements.

c) Problemsandprocessingresultsduringinstallationshallberecordedindetailforfuturerefer-
ence.

7 InstallationofSafetyMonitoringEquipment

7.1 Thepurchaseofsafetymonitoringinstrumentsshallmeetthefollowingrequirements:

a) Underthepre-conditionthatthetype,specification,rangeandaccuracycanmeetthedesignre-
quirements,andcomprehensivelyconsideringtheproduct’spropertiessuchasperformance,

qualityanddurability,selectnolessthan3manufacturerstomakeaninstrumentpurchaseplan
whichshallbesubmittedforapproval.

b) Thepurchaseofinstrumentsshallcomplywiththeapprovedpurchaseplan.Ifthereisany
change,thenewplanshallbeapprovedagain.

7.2 Theacceptanceofthesafetymonitoringinstrumentsshallmeetthefollowingrequirements:

a) Beforetheinstrumentsleavethefactory,alltheinstrumentequipmentshallbecheckedand
qualitycertificationsshallbeprovidedbythemanufacturer.Ifnecessary,oneshallgotothe
factorytotakepartinthemaininstrumentequipment’scheckingandacceptance.
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b) Whentheinstrumentshavebeentransportedtothesite,checkandacceptallinstrumentspro-
videdbythemanufacturer.Testing,correctionandcalibrationshallbedoneaccordingtotherel-
evantrequirements.Onlywhentheinstrumentshavebeenacceptedasqualifiedcantheybe
used.

c) Forthequalifiedinstruments,identificationrecordsshallbeestablishedingoodtime.

7.3 Theinstallationandembeddingofthesafetymonitoringinstrumentsshallmeetthefollowing
requirements:

a) Preparatoryworkbeforetheinstallationandembeddingshallmeetthefollowingrequirements:

1) Theconstructionofthepreformedholes,grooves,conduitsandallkindsofembedded
partsshallbefinishedaccordingtotherequirementsoftheobservationdesigndrawings.
Themeasurementandsettingoutshallbeproperlydoneattheembeddedpoints.

2) Cabletypeshallmeetthedesignrequirementsandthecableconnectionsshallmeetthere-
quirementsofthestandards.

b) Installationandembeddingshallmeetthefollowingrequirements:

1) Designnumber,manufacturingnumberandmeasuredvaluesinthefreestateshallbere-
checkedbeforeinstallationandembedding.

2) Eachkindofinstrumentshallbeinstalledandembeddedaccordingtoitsownrequirements
andprocedurestoensurethatthepositionsarecorrect.

3) Theoutgoingcableshallbewoundtoleaveacertainlengtharoundtheinstrument’sembed-
dingpointtopreventtheinstrument’sdirectionandpositionfrombeingchangedwhenthe
cableisdraggedaroundduringconstruction.

4) Whentheinstrumentisembeddedintobedrock,theslotsshallbewashedcleanandbackfill
mortarshouldbemixedwithmicro-expansioncement.

5) Backfillconcretearoundtheinstrumentshallbemanuallyvibratedandcompactedbylayers.
Concreteshallbemorethan1.5mawayfromtheinstrumentwhenbeingplaced,andthe
distancebetweenthevibratorandtheinstrumentshallbegreaterthanthevibrationradius
andshouldnotbelessthan1.0m.

6) Theinstrumentsshallbemarkedinatimelymanneraftertheembedding.

7) Theinstrument’sworkingconditionsshallbemonitoredduringtheembedding.Ifabnormal
conditionsarefound,takeremedialmeasuresorreplacetheinstrumentintime.
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8) Therecordandresearchdataformonitoringfacilitiesshallbecollectedtoacquiretheinitial
(reference)valueinatimelymanner.

9) As-builtdrawingsshallbemadeandthecompletionreportsshallbepreparedinatimely
manner.

7.4 Safetymonitoringduringtheconstructionperiodshallmeetthefollowingrequirements:

a) Thecontractorshallappointspecialobserverstotakechargeoftheconstructionperiod’ssafety
monitoring.

b) Theobservationinstrumentsshallberegularlyobserved,andmaintainedbyprofessionalob-
serversaccordingtotheapprovedobservationspecifications.Ifabnormaldataisnoticed,in-
creasethefrequencyofobservationandreportittotherelevantdepartment.

c) Theoriginalobservationrecordsshallbeproperlydone.Therecordsshallbecompiledandana-
lysedinatimelymannerandtheobservationreportsshallbemaderegularly.Thedamsafety
duringtheconstructionperiodshallbeevaluatedtoprovidebasisfordecision-makingforthe
construction.

d) Aspecialreportontheprojectsafetymonitoringshallbesubmittedwhentheprojectiscomple-
tedforacceptance,inordertoevaluatewhetherthesafetymonitoringsystem meetsthere-
quirementsforprojectcompletionacceptance.
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