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1．Introduction   11eutrOndetector5havede£miteadvadltage5，Detec－  

torspositionedwithinthe core，ha．vepmvedtheir  

CaPability for detecting neutron且ux丑uctuations  

andformpa∫tOfthestanda．rdplantinstrumenta－  

tionfbrperform1nglocalpowermonitoring■Thein－  

CreaBeOfsafetyaJlda．vaihbilityinan11Clearpower  

plantcaLnbeexpectedbytheconstruCtionofaddi－  

tio11alinstrumenta・tionorsa．fetysYStemS，On the  

COntrary，i与bettertogalnmOreinformationbythe  

existingsystems，eValuatingtheexistingdataina  

mannerwhiehcanbeeIearlyunderstood．   

Vibration per seis notIleteSSarily badifits  

amplitudeandtheassociatedforcesarewithinac－  

CePtablelimits・Changesinthevibratiollind11亡ed  

ne11trOnPatternSCOuldbe孔nindicatorofincipie11t  

Itisacommonenglneeringlmowledgethatal－  

terationsinvibra．tionpatternsofmechallicalstruc－  

t11re5a．re a gOOdindicator ofi皿CIPlen七5truCt11ral  

fail11reS．This recognition ha占Ied to the setting  

up ofvibration monitoringsystems at eq111Pmen七  

SuehaBpOWerPlants，turbi皿e＄，englneS，etC．†Wher－  

evercomponentbreal（downwo111dentailconsiderT  

abledamage andexpense．The uhiqult），Ofvibra－  

tionsinenglneenngeq111PmenteXtendsalsotonur  

elearpowerplants．Evidenceofneutron且uxfh亡・  

tuationscausedbymechanicalvibrationsofcontrol  

rod＄，Werefbundin PWR，BWRa．ndPHWR．   

Monitoringthesevibrationsviaexistll唱Ln－COre  
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Whererpi5therodequilibriumpositionandTis  

the Gala，nin，＄COnStant．  

Whenvibrating，therodwi11bemovingona  

two－dimeASionaltrajeetoryaroundtheequilibrium  

positionTp・  

TllePert11rbationrepresentedbythevibrationsis   

glVena5：   

占∑Lr，り＝T＊【中一・r。一項）〕一軒－γ。）］（2〕   

Tllis equa．tionshows how the unknown vibration  

parametersrp，Er（t）andEy（t）arecontainedinthe  

noisesourcemodel・E7and Ey arethevibrations  

COmpOnentSinthefreq11eIICydomain．  

Using the weak absorber approximation，the  

ne11trOnnOiscinducedbythevibratingrodcanbe  

written a5鈷1lows：  

柚〕）＝去♯f（小∇rp【G（r再，小机）I（3〕   

Notatingthe叩atialderivativeswithrespectof  

Tp andyp oftheGreen’sfunction（traLnSftrfunc－  

tion）asG＝a・ndGy，equa・tion（3）re5ultsinaneエー  

pressionoftheform：   

柚〕）＝＊【㌔（両島h・rp，可・  

＋亡y（r，U）Gy（T，rP，〕）】（4）  

Intheabove，thetransferfllnCtionG（r，r′，LJ）is  

de丘nedasthesol11tionofthefollowiⅠ唱eXPreSSion：  

△G（「，r′，山）＋が（山）C（r，r′，山）＝軌「ノ）（5）   

WllereがisglVena占ニ  

structur山一aはures．   

The mea点ured quantityis the nelltrOn nOise，  

whereastheca．11Seiscal1edthenoisesource．Tllere  

i＄a．relationshipbetweenthenoisesource（cause）  

andtheinducednoise（e鮎ct）・Thisrela・tionshipis  

determinedbythephy5icsoftheprocessandcan  

bedeseribedbya＄11itabletheory．Thisiswhatwe  

caLled direct七a畠k．   

In diagnosticstheprocessstartsfromthcob－  

servationofsome cause．TllePrOblem亡OnSistsin  

infemingthenoisesource（cause）fromtheinduced  

noise（e庁ect）TWhichisaninverseta慮・   

Concemingthe ne11trOnmOisediagnostics pro－  

cedureofmecha皿icalvibration sources，it con5ists   

oftwostepsasfollows：  

A diI・eCt taSk：Calculation of the ne11trOn nOise   

asafunetionofthevibrationsparameters，  

Aninver8etaBk：Expressionofthedrivingsource  

from the solution for the nelユtrOn nOise．In otheI・   

words，insteadofsoIvimganeqlla・tion，ithaBtObe  

reconstruCted．  

2．Methodology   

2．1 VibrationMonitoring  

VVc＄haユI11Se the sa皿e nOise so11rCe aLnd trans－  

fermodeIde5Cribedinll】－［3］・Itisassumedthat  

theaxialdependenceoftherodmotionaBWellas  

tha七oftheneutronnoisecanbefactorized．So，the  

descriptionis two－dimensionalthroughout．One－  

gro11PdifFusiontheorywi11beusedwithonegroup  

ofdelaycdneutrons・Thestaticcontrolrodisde－  

scribed byFeinberg－Galanin tlleOrywithits con－  

tribution totheabsorptionerossse亡tio11aSatWO－  

dimensionalpoint：  

がレ）＝月喜り1－  
-1 〔6）  

侮G。（〕）  

WitllB。beingthestaticbucklingandGo（LJ）the  

zero reactortransfer funetion．  

Forthreeneutrondetectorsatri，i＝1．2，ユ，de－  

110ti11gβ両（LJ）＝β¢（ri，LJ〕，thedetectorsignalauto  
∑：Od＝T♯即「一丁p）  

（1）  
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SpeCtratOO．Thismeansthatone canworkwith  

realadthmetics．   

powerspectraldensity（APSD）isdeterminedfrom  

theform11la：  

AP恥（］）＝墓場∫∬雀・軸訂・  

＋2〔；iエロiyぶ叩】（7）   

Inthe＄ameWaF，tIleCrOBSpOWerSpeCtraldensity  

（CPSD）亡anbewrittenaB：  

c瑚榊（〕）＝仲裁ぶ慮J・  

＋Gi訂Gルぷyy＋（Gi。GJ苫＋GメェGiヱ）APぶ刀亡拘】㈹  

The core modelused fbr thecalcula．tion ofthe   

Green’s f11nCtion wa5ba占ed on the power rea．ctor  

approximation．ThisGreen’sfunctionwasdefined  

thro11ghthePoisson－tyPeequationwhichinthetwo  

dimensionalcylindricalmode11eadstothesimple  

realanalyticaLsolution＝  

′廿  n、 
－1．＿．一ん「 月2＋（晋）2－2TroC叩  

2．2 NeuralNetworkLocaliEationTecb＿  

●     nlque  

NeuralnetworkareparalleldataprocesslngSy5－   

temwithe氏dentinpllt－OutPutmaPplngCaPabiliT   

ties．Itsmodcldesignconsi＄tSOfatrainlngPrOCe－   

durewherealearnlngparadi訂IICOmputeStheap－   

propiateconnectionsweightstorepresentthenoTl－  

1inearlnput－OutP11trelatio皿＄hipofthedataset■  

A neuralnetworkcansoIvea．ninverse ta占k and  

thiswaFOfsolvingi5independentofthenat11reOf   

theproblem．Inotherwords，theuseofneuralnet－   

WOrksoffersa．nalterna．tivewayofperformlngthe  

inversioA prO亡edure．Onlyresul七s fromthedirect   

PrOblemafeneCeS畠aLyforthetrainingoftheneural  

l皿etWOrk・So，mOrerealisticcoremodelsca・nbeused  

inthecomputationalsoIvingofthedirectta慮・  

NeuralnetworkshaYe been115edin t，11e nuClear  

englneeringfieldforparameterdiagnosti亡S・These   

pilot5tudie5include dia・gnOStic50fstealngeneraT   

tors，vibrationproperties，Se皿SOrValidation，Valves，   

砧edwater加w，弧10ngOthers【4］・【与】  

A皿ethod to estima．te t．he Location ofavibrat－   

ing absorber rod bBL占ed on thelocalizationcurves   

derived difeCtly ffom the spectraofneutron丑ux  

IlOisemeasl］redbyin－COfeneutrOndete亡tO指i＄uSed   

tosupplytrainingdataforelaboratingthenetwork   

basedlo亡alimtionmethod【3］．  

Usingtheeq11a，tionsfortheAPSD，CPSI）and   

the displacement spe亡tra，nOise data correspolld－  

1ngtOglVenVibrationpara皿eterSCanbegenerated・   

Thesedata，ifvariedenoughsuchthat thepossi－   

bledomainofvibra．tion po5itionsaJldtrajectories  

issu粗cient11ywellcovered，Can＄erVeforthetrai11－  

111gOfaneuralnetworktoperhrmlocaliEationL  

＿ G（「，叫ro，印＝0）＝王＊h甘［ Ut一’｝’■U廿U‾∨ノ‾■■VJL  
如  r2＋r吉－2rro即叩  

（9）  

Where（r，P〕and（ro，Po）denotethedetectorand  

rodcoordinatesrespec七ively，andRisthecoreraT  

di11S．   

Rega．rding七hedisplacementspectfa，itwaBde－  

rivedin［2］fromareali写ticmodelofrandompresA  

surefluctuations，aBthedrivingforcesfortherod  

motion．  

TllePOSSiblevarietyofthedi＄Placementcompo－  

11entSPeCtfaCanbepara皿etrizedbytwova・riables，  

anellipcity（ani50trOPy）parameterkandthepre－  

fbI・red diI・eCtion ofvibrationαaB：  

島記 ＝1＋た＊亡朋2α  

∫yy ＝1一鳥♯C囲2α   （10）  

g叩 ＝ 2＊βi几2α   

Inthismodel，thedispla．eementcrossspec七rum，  

andthusal1displacementspe⊂tra．，arereal．Using  

thepowerreactorapproximationeventhetransfbr  

functionwi11bel・eal．amdhence，al1neutrollnOise  
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OD亡吐GtOrP血由n  

●見出p血由n  

OS岬鉱はd打出   

Fig11rel■ Corel吋OntOftherea・CtOr  

3．Implemen七ed NeuralNet－  

work   

Ⅱenee，thenetworkstructurechosen亡OnSist＄Of   

60rlOinputnodesforthecaseof30r4detector5  

respectivelyandToutputnode5．ThelearnlngPrO－  

CedureisbasedoJlerrOrbackprop喝atio皿algorithm  

uslngthegene一山izeddelta一山e．  

Inthisstudy，WelユSedathreelaFerfted－hrward  

networkwith error backpropagationimple皿ented  

inaFortranenvironment【3ト   

Thenumbcrofinputnodesisequalto七henum－  

ber ofdetector a．11tO－ZLnd cross－SpeCtra．，and the  

m皿berofoutputnodesisequaltothenumberof  

亡OntrOlrod5inthe core．  

The network 亡an be trained su亡h that for a   

glVenSetOfinputspectra，itidentifiesoneroda5  

thevibratingone．ThislatterismadebyaBSlgnlng  

anoutputequaltoltotrhenodecorfeSPOndingto  

tlle＝SuSPeCtedrod，aLnd2：erOtOtheothers，   

For n detectors，the totalnu皿ber N ofnoise  

sign山sisⅣ＝（n（n－1））／2a．uto－SpeCtra弧dcross－  

SPeCtra，reSpeCtively■ Thi5yields N＝6forn＝  

3and N＝10for n＝4．These a．uto－and cross・   

SpeCtraeanbeca］culatedvia（7）aJld〔8）fbrany  

rodposition・乙mddispla．cementspectra．   

Thecorelayoutofthecylindrica］rea亡tOrShow－  

1ngthe position ofneutron detectors and亡OntrOl  

rodsfor3a．nd4dete亡tOrSis5howniJIFig．1．  

Au【OS鮮血  

C皿加Ir由  

Id皿臆c血on  

Doss一甲m  

叫山阿見出mh阿 伽叩hyer  

川血均 （7血I  〔丁血）  

椚gure2・Str11CtnreOrtheimplemented  
nt∋uralnetwork   

ThecorTeSPOndingnetworka∫quite亡tureinthe  

3－detectorcaseisshowninFig・2．   

Thegenera．tionoftheinputdataisdonebvse－  
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numericaユvalueoftllelargestoutplltnOde andy  

istheratioof二rtOthesecondla・rgeSt nOdevalue・  

Tho与eidentificationswhichbothvaluesof二ra．ndy  

areLowerthanO．6arereJeCted．  

1ectingrandomlydifferentvibrationpa・ttemSbythe  

valuesofk，αandalso thecontrolrodIlumberto  

covertheentirerangeofvibra．tionparameter＄and  

di鮎rent rod positions．Simulationofba・Ckground  

noiseispo畠SiblebyaddingaGaussiannoisetoeaeh  

lnputSpeCtrumdata・   

The trainlng prOCed11re StOpS When the total  

root mean square（rms）output error，difference  

between the actualanddesireoutputvectors，aN－  

eragedoveral1trainingpatternsofthealgorithm，  

reaehedauser－definedacceptablevalue・Afterthe  

tralnlng，anumberofnewinputdatawereglVen  

to thenetworkin ordertoinvestigatethe success  

rate，thatistheproportionofcorrectidenti鮎ation  

o11七ofal1identi丘cations．  

Theidtmtification procedureis s11亡h tlmt the  

rod，COrre5pOnding to the outp11t Valuewith the  

highestvalueisselectedasthevibratingone・  

TableII．Implemented neuralnetwork  

4detectors   

ⅣumbefOf  Rms  S11CCeSS  Reliability   

nodes   errOr  ratio   rat10   

6   0．05  99．51   93．57   
■▼  

0．05  99．83   g7．12   

9   0．0与  99，77   97．13   

10   0．05  99．69   95．53   

4． Discussion  

IntheparameterStudyreportedin［3）aneural  

IletWOrk5tr11CtureOflOi皿PutnOde写（6forthe3－  

detectorcase）withaneqtlalnumberofnodesinthe  

hiddenlayeraJld70utPutnOde畠haBbeena．pplied．  

I11tlli畠Study，WeVaried the nu血ber ofnode5in  

thehiddenlayerinordertoincreaBetherealibility  

rati0．  

Fromthisres111tswecaI）Seethat．uJllikethes11C＿   

CeSratio，Whichshowsslightvaria．tionsfordi仔erent  

numbersofnodesinthehiddenlayer，therealibil－  

ity ratio＄hows a muchlarger senBitiYity on this  

number，andalso，Onthen11mberofJlelltrOndetec－  

tors．Thes11peri0rityofthe4－detectoECa占etOtlle  

3－detectoroneisveryclearlydemonstratedbythe  

realibilityratioshowninTable＄Ia血dII．  

TableI．Implementedneuralnetwork  

3detectoTS   

ⅣumbeTOf  Rms  Succe日日  Reliability   

皿Ode5   errOr  ratio   ratIO   

8   0，07  98．77   77．68   

9   0．07  9阜．33   6占．39   

10   0．06  98．7T   86．4丁   

D．07  9畠．68   TT．与7  

Someresultsofthee氏ciencyofthetrainednet－  

WOrk aredisplayedinTableIa．ndTabLeIIwhich  

Showthesuccessrate孔ndthereliabilityratiowith  

3aLnd4detectorsrespectivelyfbfdi触rentnumber  

ofnode5inthehiddenl叩er．   

Thereliabilityra．tioisthera．tioofnon・rejected  

identi丘cations to the total nllmber ofidentifica－   

tions．The reje亡tion eriteria．is baBed on acDnfiq  

denceparameter（x，y）introdueedin［3］・3isthe  

5．Con亡IudingRemarks  

Theexpectedcontributionofthisstudyistoget  

lligher safety，better diagnosisinterpretation and  

lLnderstandingofphenomenabymeansofaproper  

tlSeOfne11trOn＄ignalsanalysisandne11ralnetworks・  
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Neuralnetworkshavethepotentialofproviding  29，（1995）・  

aJle触ctivesol11tionfortheLocalizationproblen．A  

［5】Ⅰ・P由sit姐dM・Ⅸita皿ufa：Tberoleofneu－  

ralnetworki刀」rea．C七Ordiagnostic写andcDntrOl・To  

appearinAdvaJICeSinNuclearScience乱ndTech－  

nology（1996〕．   

trained皿etWOrkyieldsag11eSSfortherodposition  

directly，OneCanutiliヱetheredundancyofseveral  

detectors ea占ily，1eadingto abetter perfbrmance，  

andonce七rained，thespeedDfidentifi亡ationisin－  

dependentofthedegreeofcomplicationandcom－  

putingdema・ndofthetransferfunctions■These－  

1ectionprocedureisveryfast，th11Sthemethodcan  

beappliedonli皿e・   

In order to apply thi5method to a more re－  

alistic case we should try to eliminate any single 

hultyidentification・In thisway，SOmeWOrkre－  

gardingthereliabilityofaslnglccla5Sificationpro－  

cedureis needed toincrease thecon丘dence ofthe  

decision．In orderto get’highreliability’in the  

dia卯・OSticprocedureisnecessarytostudyanother  

ne11rals七r．ucturetocomparewiththeimpLemented  

one．Researchi写gOIIlgintha．tdirection・  
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