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Introduction

Structuraldesignandanalysisgenerallyrequiresa mathematicalmodelrepresenting
thephysicalbehaviourof thestructureso thatsucha modelmaybe usedto predict
responsesfor serviceloads,assessstructuralintegrityincludingseismicanalysisand
alsotostudythe impactofsuitabledesignmodificationsor systemfaultdiagnosis.The
FiniteElement(FE)methodis themostappropriatetoolforsuchnumericalmodellingin I
structuralengineeringtoday.Thismethodcan handlecomplexstructuralgeometry,
largecomplexassembliesofsfructuralcomponentsandis alsoabletopertormdifferent
typesofanalysis.Evenwiththegreatadvancesin thefieldofstructuralmodelling,an
initialFEmodelis oftena poorreflectionof theactualstructure,particularlyinthefield
of structuraldynamics.This inaccuracyarisesbecauseof a numberof simplifying
assumptionsandidealizationswhichhavetobemadewhileconstructingtheFEmodei
thatgenerallydependsontheengineeringjudgementSuchinaccuracyintheFEmodel
a prioriis wellknownin thescientificcommunityandis generallybroughtoutwhen
comparedwith the experimentalresOits.Theexperimentalresultsin the structural

dynamicsarethemodaldata- naturalfrequencies({J" }~ \J:f:,/ 21r),wh
eigenvalues),modeshapesanddamping.:!nthemodaltesting,the structUreis
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extemally and the structural responsesare
processedtoobtainthemodalparameters.In fact,
modaltestswereconductedona numberofsimple
laboratorymodelsofcantileverbeamsandmostof
them were not found to realizeabsolutefixed
boundaryconditionat theclampendi.e.,thebeam
wasfoundtohaveeithersmallrotation(68) orboth
smallrotation(68) anddeflection(0' ) at clamp
endduringtheFEsimulation.It is pictoriallyshown
inFigure1. IfonehastoconstructFEmodelwithout
theknowledgeof theexperimentalmodaldata,the
naturalassumptionwouldbeideallyfixedboundary
condition,whichmaynotbetrue.Theexampleof
sucha simplestructureitselfindicatesthe reliability
of the FE modela priori.Basedon intuition,it is
difficultto find out the valuesof the boundary
stiffnessesand,in fact,therecouldbe manymore
possiblepotentialsourcesforthedeviationintheFE
model for the large and structurallycomplex
components.Hence,an FEmodela priorimaybe
useful at design stage only. However,after
installationof structure,the initialFEmodelshould
be updatedbasedontheexperimentalmodaldata
obtainedfromin-situmodaltestsso that the FE
modelcanbeusedconfidentlyfor furtheranalysis.

Thegeneralpracticeis to updateFEmodelbythe
hit andtrialmethodso thatthemodelcomesclose
to theexperimentalmodaldataof the 'asinstalled'
structure.Butsuchpracticeis difficultif thenumber
of the parametersto be adjustedis large.The
resultingupdatedmodelmayreducethedeviations
betweenthe initialmodelandexperimentalresults
to a certainextentbut maynotbe usefulfor the
predictionincaseofanystructuralchangeinfuture.
Recently,a formalmethodhasbeendevelopedfor
themodelupdatingeliminatingalluncertaintyabout
theupdatedmodels.

In the gradientbasedsensitivitymethodsof the
modelupdating,the mostimportantaspectis to
defineanerrorfunctionbetweenthecomputedand
experimentalmodaldata. This error is generally
minimizedby theoptimisationof theerrorfunction,
whichis usuallya highlynon-linearfunctionwith
respectto theupdatingparameters.Indefiningthe
errorfunction,as wellas in theconstructionof the
sensitivity matrix (derivative of the natural
frequencies with respect to the updating
parameters),theCDITectpairingofcomputedmodal
datawiththeexperimentalmodaldataisessentiaL
Thisisimportantbecausethe pairingof computed



and experimentalmodal data based on the
sequentialorderof modenumbersmaynotalways
be correct.Thiscorrelationbetweenthecomputed
andtheexperimentaldatais generallyestablished
using the Modal AssuranceCriterion (MAC).
Anotherimportanttask in modelupdatingis the
selectionof the parameters(suchas boundary
stiffnesses.joint off-se~ physical dimensions,

materialproperties,etc.) to be updated.The
parametersshouldbe chosenwith the aim of
correctingthe recognizeduncertaintyin themodel.
Moreover,thecomputednaturalfrequencies,mode
shapesandresponseof the FE modelshouldbe
sensitiveto the updatingparameters.The flow
diagramof thismndelupdatingis showninFigure2.
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Fig. 2 Simplified flow diagram for /he modal updating method



The objectiveof the articleis to summarisethe
usefulnessat modelupdatingas a toolfor reliable
modellingand non-destructivediagnosisthrough
severalexamples.The advantageof the model
updatingmethodover the hit andtrial methodis
alsobroughtoutthroughanexample.

Examplesof ModelUpdating

The followingexampleshave been chosento
highlighttheneedfor thesensitivitymethodof the
modelupdatingprocessandto emphasisethatthe
physicalinsightis vitalto producea bettermodelof
a structure,that may be used to test design
modificationsandfaultdiagnosis.

Hit and Trial Method:Three examplesof the
structuralcomponentsusedin the nuclearplants
arediscussedhere.Firstoneis a fullscaleshut-off

rod guidetubeassemblyat RCnD.Secondis a
moderatorspargerlube proposedto be used in
MAPSand thirdexampleis the horizontallong
waslesloragetank (25mlong,4m outerdial of
KARP, Kalpakkam.The schematicof these
componentsareshowninFigures3 to5.Themodal
testswereconductedtoextractnaturalfrequencies,
modeshapesand modaldamping.The identified
naturalfrequenciesarelistedinTable-1.

FE modelswerealso developedusingtwo node
Euler-Bernoullibeamelements.In the initialFE
model,ideal boundaryconditions(i.e., clamped
conditionsfor the sparger tube ends) were
assumed.The computednaturalfrequenciesare
alsolistedinTable-1forcomparisonwithmodaltest
frequencies.It canbe seenfromthetable,thatthe
computedfrequenciesdeviatesignificantlyfromthe
experimentalvalueshencethe initialFE modelis
notreliableandneedstobeupdated.

Sincethematerialandgeometricalpropertiesof the
exampleswere exactly known the boundary
conditionsmay be the main reasonfor such
deviations.Basedon thephysicalunderstandingof
the problems,the boundarystiffnesseswere
adjustedby thehit andtrialmethodto bringtheFE

modelcloseto theexperimentalresults.Forthefirst
exampleof theshut-offrodguidetube,valueofonly
onerotationalspringat thesupportof theoutertank
was adjusted.Thecomputedfrequenciesfromthe
updated FE model are almost same as the
measuredonesandarelistedinTable-1.However,
for other two examples,the parameterto be
adjustedwerelarge(3 boundarystiffnessesforthe
spargertubeand8 boundarystiffnessesforthetank
in onedirection)andtheupdatedmodelsarealso
not so close to the experimentalresults.The
predictednaturalfrequenciesfrom the updated
modelsarealsolistedin Table-1.Theseexamples
onlyrealisethatthe updatedFEmodelsbythehit
andtrialmethodmaynotbeveryaccurateif number
ofparametertobeadjustedislarge.

Model Updating Method: Consideringsuch
limitations,nowa formalmethodis developedfor
the modelupdating.Usingtheupdatingmethod,a
studyof a reliableFE modellingwas carriedout.
Theexampleof the spargertubewasconsidered
again.Now,the gradientbasedsensitivitymodel
updatingwas appliedto the FE modelof the
spargertubesetup.Threeboundarystiffnesses-
kj, k, andk3as showninFigure4 werechosenas
the updatingparameters.The iterativeprocessof
themodelupdatingwascarriedoutusingfirstfive
wellcorrelatednaturalfrequenciesof the initialFE
modelwiththeexperimentalnaturalfrequencies.It
was observedthat the updatedFE modelfurther
reduces the error in the computed natural
frequenciescomparedto theupdatedmodelbythe
hit andtrial method.Thecomputedfrequenciesby
theupdatedFEmodelalongwiththeexperimentally
identifiednaturaltrequenciesare listedin Table-2.
The naturalfrequenciescomputedby the model
obtainedbythehit andtrialmethodisalsolistedin
Table-2torcomparison.AscanbeseenfromTable-
2 thatthe system(thespargertubetogetherwith
extensions)naturalfrequenciescomputedby the
updatedmodelis moreclose to the measured
frequencies.Thisindicatesan overallimprovement
in correlationbetweenthe FE modeland the
'asinstalled'system.Thus,the modelupdating,if



appliedcoITectly,mayproducemuchbettermodel
comparedtothehitandtrialapproach.

Themostimportantthingto emergeout fromthe
model updatingmethodis that the estimated

updatedparametersdeviatesignificantlyfromthe
valuesby the hit andtrail methodthoughthereis
not muchdifferencein the frequencyestimation.

Table1 : NaturalIrequencies(Hz)01slructuralcomponents

Table2: MeasuredandcomputednaturalIrequencies(Hz)ollhe spargertube

Mode Experi- Initial FE Final FE EITor EITor Description
No mental model model Initial(%) Final(%)

Data

Shut-offRodGuideTubeSetupal RCnD
1 16.510 6.977 6.545 +7.174 +0.538 Tube: 1"flexuralbeammode
2 T11.920 12.960 11.923 +8.725 +0.025 Tank:1"cantileverbeammode
3 20.997 22.62 21.222 +7.730 +1.071 Tube:2" flexuralbeammode
SpargerTubeSetupat Hafl-7
1 17.24 21.46 18.93 +24.48 +9.803 1" flexuralbeammodeofthetube
2 46.56 62.42 50.61 +34.06 +9.698 2"' flexuralbeammodeof thetube
3 58.25 --- 55.87 --- -4.086 Flexuralbeammodeofthecomplete
4 64.00 -- 60.22 --- -5.906 system(tubewithbothextensions).
5 103.9 117.70 101.3 +13.28 -2.502 3"'flexuralbeammode01thetube
Horizontal Long Tank, KARP, Kalpakkam - in Lateral Direction
1 5.625 3.724 5.617 -33.79 -0.142 Rigidbodymodeof the tankon its

centralandoutersupports
2 19.00 0.733 17.59 -96.14 -7.421 Ri9idbodyrotationofthetankdueto

twistingof thecentralsupport
3 25.25 15.01 2009 -40.55 -20.436 Flexuralbeammode-1ofthetank

UpdatedFEmodel EITor(%)
Experimental Hit and Sensitivity

Parameters Data trial modelupdating (a&b) la &c) Ib&c)
method(b) (c)

(a)
1.570xI0.7 2.163xW7 --- -- +37.77

Updating k2, N-
UNKNOWN 9.810xI0.' 4.029xI0.22 --- -- -100.0

k3, N/m 1.962xI0.7 2.208xI0.7 --- --- +12.54

1",Hz 17.24 18.93 18.24 +9.803 +5.800 -3.645
2", Hz 46.56 50.61 49.95 +9.698 +7.281 -1.304

Modes 3"',Hz 58.25 55.87 58.09 -4.086 -0.275 +3.973
4., Hz 64.00 60.22 62.89 -5.906 -1.734 +4.434
5., Hz 103.9 101.3 103.8 -2.502 -0.096 +2.468
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Fig. 5 Schematic of the tank and its FE model

The rotationalboundarystiffness(k2)becomes
close to zero indicatingthat the outer tank
supportingthe spargertube is not providingany
rotationalconstraintto thespargertube.Sincethe
tubewasnotrolledtothetubesheetof thetank,the
tube may be expectedto havefree rotationat
support. This is a very importantconclusionthat
couldnotbearrivedatbythehitandtrialapproach.
Thisexamplebringsoutthelimitationof thehit and
trial approachthat the adjustmentof few natural
frequenciescould be possiblebut the updated
model may not be reliable.Hence,the model
updatingmethodshouldbeused.Oncethe reliable
modelis obtained,the modelcan be confidently
usedfor the designqualificationand the design
modificationof thestructure.

ModelUpdatingasaDiagnosticTool

Non-intrusive and non-destructive fault detection for

mechanical structures using experimentally
measured modal data has been an area of active

research for decades. The basic principle of most of

the research studies is to use experimental modal

data of structures before any fault such as crack has

formed as base-line data, and all subsequent tests

are compared to it. Oeviation in the experimental

resultsfrom the base-linedata is then usedto

estimatefault.Themethodsofmodelupdatingmay
alsobe usedas non-destructiveandnon-intrusive
tooisfor thediagnosisof variousfaultsinstructural
systems.Onceagainthecorrectchoiceofupdating
parametersis vital to ensure a meaningful
diagnosis.Fewsuchexamplesarebelow.

Theestimationof supportiocations:Manyflexible
mechanicalsystemssuch as fuel pins, heat
exchanger tubes, control rods and various
instrumentedandshroudedtubesusedin nuclear
powerplantsandotherengineeringindustriesare
beam-like components with a number of
intermediatesupportsalongtheir length.In many
cases,theseintermediatesupportsarefirmlyfixed.
However,in somecases,they may be loosely
coupledandmaymovefromtheiroriginallocations
during operation,for examplebecauseof flow
induced vibration.Undetected,such dislocated
supportsmaydeterioratethe systempertormance
and consequentlyieopardisethe safetyof the
structureor plant.Visualinspectionofsuchsupport
locationsin the structuralsystemis not always
possibleif the structuralconfigurationis complex.
Onesuchexampleis a CooiantchanneiofPHWR.
Thecoolantchannelconsistsof twoco-axialtubes,
andtwolooselyheldspacersmaintainthe annular
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Fig. 6 Laboretoiy experimental setup

gapbetweenthem.It is knownfromthe in-service
inspectionthat these spacersmove from their
designlocationsduringplantoperation.Hence,an
identificationtechniquebasedon modelupdating
using deviationin only natural frequenciesis
exploredona simplelaboratorysetup.

The exampleis a laboratoryscale experiment
comprisingof two tubesmadeof steel,whichare
inter-connectedby a rubber band. Figure6(a)
showsa schematicof thesetupandgivesdetailsof
thedimensionsandtheboundaryconditionsof both
of the tubes,Modaltestswereconductedfor two
differentlocationsof the rubberband(656.5and
746,5mmfromoneend),Figure6(b)showstheFE
modelof the setup that was developedusing
lumpedmassEuler-Bernoullibeamelementsfor
bothof the tubesand a springelementfor the
rubberband,The springelementwas modelled
suchthatit canbeplacedwithinthebeamelement
(i,e"springcanbeplacedotherthannodealso)and
theposition(x,) of thespringexplicitlyappearsin
thestiffnessmatrixofthesystem,
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Fig. i Convergence of the estimated suppon localion for both

cases

The estimationof the springlocationhas been
carriedoutusingthe position(XI)of thespringas
the updatingparameter.The first three natural
frequencieswereusedto definetheerrorfunction,
An iterativeprocessof the modelupdatingwas
carriedout with an initial guess of the spring
location, XI = 508.44 mm. The position of the spring



for bothcaseswas identifiedwithinan eITorof

-0.69%and -0.19%from the targetlocationsof
656.5mm and 746.5mm respectively.Figure7
givestheconvergencehistoryfor detectionof the
springlocationforbothcases.

Theestimationofcracksizeandlocation:Shaftsare

commonbeamtype structuresgenerallyusedto
carryandtransferhighloadsin machines.Cracks
arepotentialcauseof structuralfailures,so early

detectionofcracksis important.Thepresenceofa
crackinstructurereducesthestiffnessintheregion
of crack.The reductionin stiffnessis associated
with decreasein naturalfrequencies.Hence,a
methodIs developedfor FE modelingof theshaft
typestructuresusingEuler-Bernoullibeamelements
withsomemodificationin thevicinityof crack.The
detectionof crackusingmodelupdatingwasalso
demonstrated.
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Emphasiswasagainon producinga modelof the
damagedstructurethat is suitable for model
updating.For illustration,a problemof a cantilever
beamwithacrackisconsidered.Thebeamismade

of aluminiumof length1832mmandcross-section
25 x 50mm.Figure8(a)showsa schematicof the
testsetup.Themodaltestswereconductedonthe
beamwithacrackatXl : 275mmandthecrack
depth(dd) of 4mm,8mmand 12mm.TheEuler-
Bernoullibeamelementis usedtomodelthebeam.

Thecrackis modelledsuchthatit can be placed
withinthebeamelementsoftheFEmodelasshown

in Figure8(b).This modellingapproachis once
againsuchthat the systemstiffnessmatrixis a
continuousfunctionof the crack depthand its
location,similar to the spring support model
discussedearlier.ThetypicalFEmodelis shownin
Figure8(c).Theestimatedboundarystiffnesses,k,
and ke, are 26.5 MN/m and 150 kNmlrad.
respectively.

~ """"".~

Fig. 9 Surface plots for % troqueney e"or versus creek depth

end location for the experimental case of 8 mm creek depth

Once again using this FE model, the crack
identificationis pertonmedusing two updating
parameters,namelythe crack location(XI) and
depth (dd). The first four measurednatural
frequencieswereusedto definetheerrorfunction.
Aninitialguessofthecracklocation,XI : 400mm
and depth,dd : 2mmwere madeto start the

iterativeprocessof modelupdatingtillconvergence.
It was observedthat the crackdetectionis quite
effectiveandtheerrorin thedetectionissmall.The
cracklocationestimationis moreaccurate(error
less than 5%) comparedto the crack depth
estimation(errorwithin30%).Theinaccuracyinthe
crackdepthestimatesmaybedueto thedifficulties
in measuringthecrackdepth,or possiblybecause
the naturalfrequenciesare moresensitiveto the
location.Surtaceplotfor %FrequencyErrorversus
cracklocationanddepthis alsoshownin Figure9
for thecaseof the crackdepth,dd : 8mm.Only
one minima seen in Figure 9 indicatesthe
uniqueness of the suggested identification
technique.

Concluding Remarks

Thedynamicqualificationof structuresrequiresan
FEmodel.Thereliabilityof thequalificationis totally
dependenton the qualityof the FE modelof the
structure.In general,an FE modela prioriis not
reliableinstructuraldynamics.Sucha modelneeds
validationby comparingwith the experimental
modaldata.Theadjustmentof theFEmodelbythe
hit andtrial methodusingtheexperimentalmodal
datamaynotalwaysproducea reliableFEmodel.
TheFEmodelupdatingisthemostappropriatetool
forsuchrequirements.Themostimportantaspectis
the choiceof updatingparameters.Choosinga
good set of updatingparametersmeans the
updatedmodelhas physicalmeaningandcan be
usedwithconfidencefor designmodificationsand
structuraloptimisation.Thiswasshowndramatically
for thespargertubeexample.Theadvantageof the
modelupdatingoverthe initialFE modelandthe
model obtainedby the hit and trial methodis
broughtout clearly.Hence,it shouldbe made
mandatoryto qualifymost of the safetyrelated
componentsincluding the reactor building of
NuclearPowerPlantsusinganupdatedFEmodel.
Oncetheupdatedmodelis obtained,an impactof
thesuitabledesignmodificationandfaultdiagnosis



couldbepossible.Thiswillenhancetheconfidence
levelintheoverallsatetyoftheplant.

The use of modelupdatingmethodas a non-
intrusiveand non-destructivediagnostictechnique
wasalsodemonstratedby thedetectionof cracks
andsupportlocations.Presently,oniytwoareasof

the NDT have beenexplored.The methodhas
muchmore capabilityand potential.The model
updating,whenappliedcoITectly,canbe profitably
exploitedinmodelling,designmodificationandfault
diagnosis.

DEVELOPMENTOF SENSORFORREMOTEDETECTIONOF
ECCENTRICITYBETWEENCOAXIALMETALLICTUBES

T. V. Shyam and 8.S.V.G. Sharma
ReactorEngineeringDivision

Introduction

Eddycurrentsensorsystemalongwithassociated
signalconditioningelectroniccircuitsforqualitative
andquantitativedetectionof eccentricitybetween
coaxialmetallictubesmadeof non-ferrousandlow

electricalconductingmaterialhas beendesigned
and developedin ReactorEngineeringDivision,
8ARC.Thisminiaturesensorcanbe keptin close
proximityof metallicobjectsand is insensitiveto
thelift-offerrors.Thesystemcanbeusedwith100
metrescabie length and is capableto detect
eccentricitybetweencoaxialmetallictubeswithin
overall accuracyof 0.5 mm. The designand
developmentalwork involvingdesignofsensorand
associatedsignal conditioninghardware and
softwarehasbeencompleted.Thissensorwill be
usedasembeddedsensingelementin hydraulically
actuateddevices,that are subjectedto heavy
mechanicalstresses,for detectionof eccentricity
betweenmetallictubesunderoperatingconditions.
This report highlights general design and
developmentalaspectsof the sensoralongwith
associatedhardware.

Background

Precisemeasurementandcorrectionof eccentricity
betweenthetwoco-axialmetallictubesis essential

11

in manyindustrialfields.Oneof suchrequirements
in Indiannuclearreactorsis the needto measure
and correct the eccentricitybetween highly
radioactivenon-ferrouslow electricalconductivity
metallic tubes vlz. PressurizedHeavy Water
Reactor(PHWR)coolantchannelPressureTube
andCalandriaTube.Aneddycurrentsensorbased
transducerand its associatedhardwarehasbeen
designedinordertochecktheeccentricitybetween
metallictubesin verticalaxis('Y'direction).These
tubesare initiallyeccentricwhich needsto be
correctedby usinga TubeFlexingTool(TFT).The
sensorneedstobemountedinoneof thebearings
ofTFTas anIntegralpartof thetool, whichwillbe
inserted in the boreof innertube.The TFTis

hydraulicallyactuatedIn 'Y' direction,generating
verticalthrusttocorrecttheeccentricitybetweenthe
metallictubesbasedontheeccentricityinformation
feed back receivedfrom the transducer.This

transducerneedsto be operatedfrom100metres
cabledistanceand shouldbe fairlyinsensitiveto
the lift-off errors. Further,since the TFT is
subjectedto veryhighmechanicalstressesduring
eccentricitycorrectionoperation,thesensorneeds
to be protectedagainstthe damages.Also,since
thestressesdevelopedinthemetallictubesaffects
the eddy currentgeneration(due to changein
metallicconductivity),it isrequiredto havesuitable



compensationprovisionin thesystemto nullifythe
stressinducedsignalvariationof the transducer.
Thetransducerdimensionsshouldbe fairlysmall
enoughto fit in the bearinghousingof TFT.The
designconstraints,constructionalfeaturesand
pertormanceevaluationof the transducersystem
hasbeendescribedinthefollowingsections.

DesignConstraintsandSalientFeatures

a) Mounting:Thesensor,beingtheintegralpartof
the eccentricitycorrectiontool TFT,needsto be
mountedin the bearinghousingof the tool.The
transducershouldbe designed such that the
magneticfiux emergingoutof the sensorshould
linkthecoaxialmetallictubes.Themetallicbodyof
TFTshouldnotdivertthemagneticflux.Inorderto
achievethis, 'C'-clamptypepancakeprobeshave
beendesignedtoensurethe flux linkageto both
the tubes,in spiteof sensorsbeingembeddedin
thetool bearing.

b) Size: Thesensorsizeshouldbesmallenough
tofit inthebearingofTFT.

c) Sensitivity. The sensorshouldbe enough
sensitiveto detect preciselythe eccentricity
betweenthemetallictubes.Inorderto improvethe
sensitivityof thesensor,the<oURratioof the coil
shouldbe high. Mumetalhas beenusedas the
sensormaterial.Onecan also useferritecoreto

improvethesensitivity;however,mumetalhasbeen
usedforhighersensitivityandbetterstrength.

d) Toolbearings:Inordertoreducethediversionof
fluxgeneratedin thesensorwhichis embeddedin
the bearinghousing,the metallicbearingscannot
be used for TFT. Non-metallichigh crushing
strengthphenolicbearingshave been used to
servethepurpose.Thesensoris embeddedinone
of the phenolicbearings and is protectedby
suitablepotting.

e) Operatingenvironment: The sensorsystem
shouldbe capableto workin RFIandEMI noisy
environment.

ConstructionalFeaturesand System
Configuration

The schematicof the eccentricitymeasurement
transduceris shownin Fig.1.Thetransducerworks
on eddycurrentprinciple.Theparameterssuchas
conductivity,permeability,dimensionsof the test
object,spacingbetweenthetestobjectandtestcoil,
spacingbetweenthetestobjectsandtestfrequency
affectingeddycurrentare phasesensitive.It has
beenseenthat the parameterlikelift-off is less
phasesensitiveas comparedto parameterslike
thicknessvariation and spacing betweenthe
components.Inordertonullifythelift-offerror,the
phasemeasurementtechniquehas beenusedin
the system insteadof amplitudemeasurement
technique,sincethelatteris moresensitiveto lift-off
errors.

SENSOR AT 12' 0' CLOCK

PO~ITION
REFERENCE SENSOR AT 3' 0'

CLOCK POSITION

OUTER METALLIC TUBE

Fig. 1 Schematic of eccentricity detection transducer
12 I



~

MUMETAL FORMER
SECONDARY WINDING

PRIMARY WINDING

Fig, 2 Schematic of sensor

")-"'MARYSTAR)'(SJ)
")-'~YEND(SJ)
SSJ-SECONDARY START (SJ)
SEJ-SECONDARYEND(SJ)
GNO-GROOND

'S>-'~YSTART(S»

"2-'~YEND(S2)
SS2-seCONDARYSTART(SJ)
",-seCONDARY END (S»
GND-GROOND GND

D
SENSOR AT 12' 0'

CLOCK POSITION (SI)

[

PRIMARY EXCITATION

~
Fig,3 Schematic of signal conditioning hardware

13



Theeccentricitydetectiontransducerconsistsof two
eddycurrentsensorsembeddedin the bearingof
theTFT.Thesensorsare locatedat3 O'clockand
12O'clockpositionsontheperipheryof thebearing.
The sensorat 3 O'clockpositionis used as
referencesensor.Thesensorin 12O'clockposition
is usedasthemeasurementsensor.Thesesensors

are configuredin differentialmodeby whichthe
thicknessvariationand temperaturevariationof
tube,whichin turnaffectstheconductivity,will be
compensated.By configuringthe sensors in
differentialmode,the commonmodesignalshave
beennullified.

Theschematicof thesensorusedin thesystemis
shownin Fig.2. It consistsof C-shapedformer
madeof MumetalsuIToundedby secondaryand
primarywindings.The primarywindingof the
sensorswillbeexcitedbyaconstantcurrentsource.
The outputsfrom the secondarywindingsare
configuredinseriesoppositionmodeandfedto the
Sineto Squarewaveconverters.Thepulsewidth
variation,whichis causeddueto thechangeinthe
phase shift, which in turn dependsupon the
eccentricitybetweenthemetallictubes,ismeasured
by using XOR gate and micro-controller.The
eccentricityinformationis displayedon Data
AcquisitionSystem(DAS)PCbyDASsoftware.

Fig. 3 shows the schematicof the signal
conditioning hardware associated with the
transducersystem.

Experimental Observations Using

Prototype System

The prototypetransducersystemdevelopedhas
beenusedto measuretheeffectof lift-offerrorat
various frequenciesin order to optimisethe
operatingparametersfor the transducersystem.
Thephaseanglevariationof signal,whilevarying
thefullrangeofeccentricitybetweenthetubes(0to
16mm)foratypicalsetup,havebeenstudied.

a) TheresultsofTestFrequencyvs Worstpossible
Lift-off% is givenin Table-1andthe respective
graphisshowninFig.4A.

b) The resultsof Eccentricity(-7 mm to +8mm)
VariationversusPhaseAnglevariationis given
inTable-2andthe respectivegraphisshownin
Fig.4B.

c) The PressurelStressinducedin metallictube
(due to TFT actuation)vs. Phase Angle
variationof thetransducerisshowninFig.4C.

d) The sensorperformanceshowingthe Phase
Anglevariationforvariouseccentricitiesunder
different operatingpressuresis shownin
Fig.40.

Table.1

Table.2

14

SI.No. TestFrequency %Lift-off
Contribution

1 2.5kHz 13.04
2 3.0kHz 10.83
3 3.5kHz 14.28
4 4.0kHz 19.2
5 4.5kHz 20
6 5.0kHz 23.8
7 5.5kHz 27.7
8 6.0kHz 33.3

SI.No. Eccentricity PhaseAngle
Variationinmm variationinDeg.

1 -7 134.13
2 -6 134.4
3 -5 134.93
4 -4 135.4
5 -3 136
6 -2 136.6
7 -1 137.26
8 0 137.66
9 +1 138.26
10 +2 139
11 +3 140.46
12 +4 141.53
13 +5 142.66
14 +6 144.2
15 +7 145.73
16 +8 147.73
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FigAC TFT Pressure/Stress versus Phase Angle

The following observations have been noted:

a) Liff-offerror: By usingphasemeasurement
techniques,the lift off parameter is less
sensitive.The parameterlike annulargap
variation between the tubes is more

predominant.

b) Transducer signal variation due to effect of
mechanical stress on tubes' It has been

observed that when TFT is operated to correct

the eccentricity between the metallic tubes, the

mechanical stresses are generated in the inner

metallic tube due to flexing. These stresses will

affect the signal out-put of the transducer. As

such the signal contribution due to the affecf of

mechanical stress generated in the tube should

be compensated by using iook-up table or by

going for multi-parameter technique. The phase

angle variation is found to be linearly varying
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FigAD Sensor pelformance al valYing slresses

with operatingpressureof theTFTiStresses
inducedinthemetallictubeforthewholerange
ofeccentricitychange.

Conclusion

Theprototypeof thetransducerhasbeentabricated
and tested.The experimentalresultsare found
highly encouraging.The transducercan be
operated from a distance of 100 metres.Its
performanceis leastaffectedbylift-offerrors.Ithas
been observedthat by using high permeability
pancakeprobes,intensemagneticfluxescan be
produced.In anyapplicationwhereremotefieldin
non-ferroustubesis used,thistypeofdesignhasan
advantage.Basedontheperformanceevaluation,a
transducerfortheuseinINGRES(IntegratedGarter
spring REpositioningSystem) tool has been
fabricatedalongwithnecessarysignalconditioning
unitPCBs.Thesystemis readyforenduse.



BARCTRANSF
TECHNOLOGYTt
NUCLEONIXSYS
PVT.LTD.

BARCtransferredto Nucleo,.

Hyderabad,the technical
exclusivebasisfor "PC-based

Reader (Model TLDBR-7B)
software".

Thisunitcanprocessupto50Pe
BARC-medeTLD Badgesat a
containsthreeTLdosimeterssa!

energydiscriminationfiltersto !
beta,X-rayand gamma
timeis typically100sec.
are read in about90 minutes.

providescontrolledheatto thedosimeters,senses
the instantaneouslight comingou!,:,(glowculVe
signal)anddisplaysthetotalintegratedlightoutput
in Rontgen(R) on screen. The,operationsare
controlledthroughPC.

The technologyhas beendeveloped:'at Reactor
Safety& SystemsDivision,BARC. Technology

Transfer and
ordinatedC(
involvingpn
technology
technology.
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pr K, Dasguptaof Laser &
Plasma Technology Division,
BARC, was invited under the
"Prof K. Venkatraman

LeFtureship" endowment of
UniversityDepartmedtof ChemicalTechnology,
Mumbai,for the year 1999-2000.Dr Dasgupta
deliveredtwo lectoresentitled,"Dyelasersand
applications- the:,firstrevolution"and"Laserdyes
and organic photonic,lasers - the second uprising"

at UDCTin October2000.Thisvisitinglectureship
carriesanhonorariumof Rs 20,000/-.

Dr Sanjay C. Gadkari of
TechnicalPhysics& Prototype
EngineeringDivision,BARC,has
been awardedthe 'K. Surya-
narayanRau MemorialAward-
2001' for Smart Technology
Development. The award

comprisesa trophy,a citationcertificateandcash
amountof Rs6,000/-.Theawardwasgivenbythe
IndianSocietyfor Advancementof Materialsand
ProcessingEngineeringto Dr Gadkarifor his
Research& Developmentwork in the area of
thin/thickfilm basedsensorsandmonitorsfor H,
and H,S. The H, monitor,workingin 0-10%vlv
range,consistsof a catalytictypepellistorsensor
andthecontrol,'unit.TheH,S sensors,basedon
SnO,thinfilms,areusefultomonitorH,Spresentin
theambientair in0-50ppmrange.
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