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Electromagnetic Measurement on Singular Joint Gap of the Rails

Seiichi WATANABE Tsutomu MIZUNO Shigemi ENOKI

and Hajime YAMADA

Thispaperdescribesthemeasurementresultsofanormaljointgapandasingularjointgapoftherails

uslngVOltagedetectingtyperailjointgapsensor.Inthecaseofasingularjointgap,theminimumvalueofa

JOlntgapisabletobeobtainedbycomparingtheoutputvoltageortwodetectingcoilsthatplacedittoward

therailwidthandthemeasurementresultsofanormaljointgap.

Keywords:railways,jointgapoftherails,electromagneticsensor,voltagedetectingtyperailjointgapsensor,eddy
current.

1.Introduction

An electromagneticsensor'isalready used ina

measurementofraildisplacementbecausemeasurement

ispossibleinanyweatherconditionl1日2].Theauthors

consideredaboutameasurementmethodofjointgapof

themilsusingimpedancedetectingtypeandvoltage

detectingtyperailjointgapsensorbyair-corecoilsf♭r

railjointgapmeasurementl3日4).Thispaperdescribed

asfollows:(1)structureofvoltagedetectingtyperail

jointgapsensor,andmeasunngmethodofsingularjoint

gapoftherails;(2)measurementofsingularjointgapof

therails.

2.Structureofvoltagedetectingtype

railjointgapsensor

Fig.1showsastructureofvoltagedetectingtyperail

jointgapsensor.Thevoltagedetectingtyperailjointgap

sensoriscomprisedfourdetectingcoilsunderone

excitI'ngcoil.Here,ajointgapoftherailsismeasuredby
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(b)Sideview

Fig.1 Structureofvoltagedetectingtyperailjointgapsensor

(unit:mm).

usingtwodetectingcoilsAaJldB.

Theoutputvoltage,V&andVb(V),ofthedetecting

coilsAandBaregivenby(I)and(2).

V 8 - - N.笠 --N.也 dJ

vb--Nd笠--Nd幽 dJ

(1)

(2)
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where¢.isthenux(Wb)ofdetectingcoilA,Ndisthe

numberoftumsofdetectingcoil,Baisdielinkageflux

density(T)ofdetectingcoilA,ndistheunitmethodline

vectorofareaofdetectingcoil,Adisthearea(m2)of

detectingcoil,Iisthetime(S),¢bistheflux(Wb)of

detectingcoilB,andBbisthelinkagenuxdensity(T)of

detectingcoilB.

Theoutputvoltage,V&andVb,increaseinthecasethat

thedetectingcoilsisintheupperpartofajointgap.

Because,nuxoccurredbyeddycurrentdecreasesinthe

upperpartofajointgap.

Fig.2showsamodelofasingularjointgapofthe

rails.Ajointgap,6,isdefinedwiththeminimumvalue

inintervalofmilAandB.An edgefaceofmilAis

verticaltowardalongitudinaldirectionofrail.An edge

faceofrailBisshavedobliquelyshowninFig.2(a).In

thecasethatan edgefaceofmiIBisverticaltowarda

longitudinaldirectionorrailiscalledbynomaljoint

gap,andan edgefaceofraiIBisshavedobliquelyis

calledbysingularjointgap.

3.Measurngmethodofsinguhrjointgap
oftherails

Fig.3showsthemeasurementblockofsingularjoint

gapoftherailsusingvoltagedetectingtyperailjointgap

sensor.Outputvoltage,V&andVb,OfdetectingcoilsA

andB,respectively,aremeasuredatliR･off,Z=7mm,

raildisplacement,I=0mm,kequency,I-1MHz,and

excitingvoltage,Vc=20Vwhentheydisplaceittoward

alongitudinaldirectionofmi1(inthedirectionofy-axis).

4.Measurementofsingular jointgap
oftherails

Fig.4showsthecharacteristicsofoutputvoltage,V&

andVb,VS.displacement,yatSe0mm(milAandrailB

O))Frontview (C)Sideview

Fig.2 Amodelofsingularjointgapoftherails(unit:mm).

(a)Frontview (b)Sideview

Fig.3 Measurementblockofsingularrailjointgapuslng

voltagedetectingtypemiljointgapsensor(unit:mm).
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Fig.4 Characteristicsofoutputvoltage,VAandVb,VS.

displacement,y(measuringcondition:I-7mm,x-0mm,f=

1MHz,Vc-20V,6=Omm).

arecontacting).Outputvoltage,V&andVbincreasesinthe

upperpartofajointgap.Theresultindicatedintheupper

partofajointgapthatoutputvoltage,VaandVbagrees
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forthemostpar[andV.<VbOnthesingularjointgapln

therail(S=3mm)･Thisdifferencemeansthatajointgap

inthelocationofdetectingcoilais1.8mmbiggerthan

thatinthelocationofdetectingcoilA.Here,thevoltage

changeofadetectingcoilsAandB,V.andVbaredefinedl
withAV&andAVb.

Fig.5showsthecharacteristicsofvoltagechange,AV.

andAVb,VS.jointgapbetweentherails,6.Thevoltage

changeofadetectingcoilB,AVb,isincreaslngIn

comparisonwiththechangeofthevoltagechangeof

detectingcoilA,AV&,accordingtothechangeofajoint

gapoftherails.
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Fig.5 Characteristicsofvoltagechange,AV.andAVb,VS.joint

gapoftherails,6(measuringcondition:I-7mm,x-0mm,f-

1MHz,Vc=20V).
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AsshowninFig.4,minimum valueorajointgap,

6C(m),isgivenby(3)/

6C=6a-S
(i-a)

2(xb68-xASb)+W(Sb-3a)
2(xb-Xa)

(3)

where6&isthejointgap(m)underthedetectingcoilA,xAis

thelocation(m)ofdetectingcoilA,wisthewidth(m)ofraiI,

xbisthelocation(m)ofdetectingcoilB,and6bisthejoint

gap(m)underthedetectingcoilB.

FromtheresultofFig.5,jointgapoftherails,6Aand

Sb(m),apeexpressedwithtwicefunction.

6a=1･38×1012AV82+1･39×10-2AVB

_3.29×10~3

6b=1･71×10-2AVb2+1･34×10-2AVb

_2.81×10-3

(4)

(5)

Substituting(4)and(5)into(3),minimumvalueofa

jointgap,Sc,iscalculatedusingthecharacteristics(S=0

mm)shown inFig.5.Thejointgapoftherail,68and6b,

arecalculatedinthecaseofs-0mminFig.5.

Fig.6showsthecomparisonwithcalculatedvaluesof

jointgapandjointgapoftherails.Itshowsthatthejoint

gaportherailsisagreelngWithin±0.9mminthecase

or∫-3mm.
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Fig.6 Comparisonwithcalculatedvalueofjointgapandjoint

gapoftherails(measuringcondition:I=7mm,x=0mm,f=

IMHz,Vc-20V).



32 SeiichiWATANABE,TsutomuMIZUNO,Shigemi ENOKT,HajimeYAMADA

5.Conclusion

lnthispaper,itexpressedaboutthemethodthatthe

minimumvalueofajointgapoftherailswasmeasured

eveninthecaseofasinguIarjointgapbycomparingthe

measurementresultsofanormaljointgapusingVoltage

detectingtyperailjointgapsensor.Thefollowingresults

wereobtained.

(1)Asingul町jointgapoftherailswasmeasuredby

theoutputvoltageoftwodetectingcoilsthatplacedit

towardtherailwidth,andcouldidentifyitclearlywitha

normaljointgap.

(2)nejointgapbetweentheeachrailwasagreeing

wi血in±0.9mmin仙ecaseOrJ-3mminaslngular

jointgapofthemilsatliR･off,I- 7mm,rail

displacement,I=0mm,frequency,f=1MHz,and

excitingvoltage,Vc-20V.
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