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ABSTRACT

Avibratingwiresensorisdesignedtomonitorstructuraltransformationsatconstructionsites.The
sensorsthatmeasurepressureandstrainatconstructionsitesareultimatelyexpressedbystressvalues.
Toexpressastressvalue,thevibrationfrequencyismeasuredbyattachingasensorwithoutaffecting
thestructure.Accuratemeasurementofavibratingwiresensorisusedtomeasuretheresonance
frequencyofthetargetstructure.Theproblemissensorwireresponsetimeandnoise.Foraccurate
measurement,theproblemwassolvedbyusinganoisereductioncircuitandamethodofcalculating
thetimeaccordingtothecycleofamicrocontrollerunit(MCU).Tocalculatethefrequencyaccurately
intheMCU,thetimecorrespondingtoonecycleismeasuredbytheclockintheMCU,andtime-
basesensorwireanalysis isconducted.Thisstudyproposesamethod toaccuratelymeasure the
resonancefrequency.
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INTRodUCTIoN

Vibratingwiresensorsareoftenusedtomonitorstructuraltransformationsatconstructionsites.A
vibratingwiresensormeasuresthestrainandresonancefrequencyaccordingtothetransformation
ofthestructures.Whenthedistancebetweenthetwosupportpointsoftheparttobemeasuredis
changed,theresonancefrequencyofthevibratingwiresensorchanges(Arutunian,2008).

Avibratingwiresensoriscomposedofawireandaspring.Avibratingwiresensoralsohasmore
thanonecoil.Thefirstcoilmonitorsthevibrationofthewire,andtheothercoilscollectresonance
frequencysignals(Neild,Williams,&McFadden,2005).

Vibratingwiresensorsareusedtomonitorstructuralresponses,civilengineeringscenarios,and
hydraulicandstructuralconditions(Braga,Morikawa,Camerini,etal.,2011;Hyo,Hwan,Se,etal.,
2013;Lee,Kim,Sho,etal.,2010;Petroff,Halling,Barr,&Scott,2014;Sreeshylam,Ravisankar,
Parivallal,etal.,2008).

Manyresearchershaveusedvibratingwiresensorsinstrainandcrackgaugestomonitorthe
concretestress(Liu,Wei,&Wang,2012).
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Measurementwiththevibratingwiresensorisverysimpleandthesensorishighlysensitive,
althoughitissmall.Thevibratingwiresensorisappropriateforlong-termmonitoringbecauseitdoes
notdeterioratesignificantlyovertime(Coutts,Wang,&Cai,2001;Neild,Williams,&McFadden,
2005;Yu&Gupta,2005).

Thispaperdiscussesamethodforacquiringvibratingwiresensordatafromamicrocontroller
unit(MCU).Foraccuratereadingofthevibratingwiresensor,analgorithm,hardware,andsoftware
wereconfiguredtoprocessonecycleperclockinthetimebaseoftheMCU.

Theremainderofthispaperisorganizedasfollows.Section2introducesthemathematicalmodel
andmeasurementmethodofthevibratingwiresensor.Section3describesthedesignoftheinterface
hardwarecircuitandcalculationsoftwarealgorithm.Section4presentstheresultsofthisstudyfor
thecollecteddata.Finally,Section5concludesthispaper.

MeTHodoLoGy

Theelectromagnetwasstimulatedusingtheinputpulsetrain.Thisstimulusistransmittedtothewire
andgeneratesanoutputsignalthatmatchestheresonancefrequencyofthetarget.Thisiscalledthe
naturalvibrationfrequencyaccordingtothetransformationofthetarget(Lee,Kim,Sho,etal.,2010).

Aforceisappliedtothetargettotransformthenaturalvibrationfrequency.Theappliedforce
transformsthesupportsonbothsidesofthewire.Thus,thenaturalvibrationfrequencyismeasured
differently even if the length of the wire changes only slightly, making this a sensor with high
precisionsensitivity.

Theinitialfrequencyofthevibratingwiresensorcanbecalculatedusingthefollowingequation:
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Figure 1. Measurement theory of vibrating wire sensor
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