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AnAnalysisoftheLargeDeflectionｏｆ

ａＣａｎｔｉｌｅｖｅｒＢｅａｍｂｙｔｈｅＭｏｉｒ６Ｍｅｔhod＊

YasunoriMuRAKAMI1）andKazumiMuRAKAMI2）

AnanalysisoftheelasticdeflectiｏｎｏｆａｂｅａｍｃａｎｂｅｐｅｒｆＯｒｍｅｄｂｙｔｈｅｍｏir6method・

Theauthorsextendedtotheanalysisofthelargedeflectionofacantileverbeam・Ingeneral，

thefringepatternsfOrmedinacantileverbeamtowhichalalgedeflectionisgivenarecurved

duetotheeffectofstrain・ＴｈｅauthorsfOundthatthesecurvedfringesmaybetransfOrmed

intonearlystraightonesbyintroducingapropermisalignmentintothemastergriｄ

ｌｎｔｈｉｓｐａｐｅｒ，anewtheoryforanalyzingcorlcctｌｙｔｈｅｌａ咀edeflectonofacantileverbeam

isproposed，andtheaccuracyinmeasurementbyusingthistheoryisdiscussed．

１．Introduction

Themoir6methodorthemoir6topographicmethodusingtwosheetsofparallellinegrids

isaneffectivemeansfOrmeasuringtheslrainorthedeflectionatanypointinacomplicated

object・Ｓｏｍｅproblems,forexample,twodimensionalstrainanalysis,(1)thermalstressanalysis(2)

andthedeflectionanalysisofabentplate(3)wereperfOrmedbyusingthesemetho｡s・Asan

anotherexample，ananalysisoftheelasticdeflectiｏｎｏｆａｂｅａｍ(4)wascalTiedout、

ＴｈｅｏｂｊｅｃｔｏｆｔｈｉｓｓｔｕｄｙｉｓｔｏａｎａｌｙｚecolTectlythelalgedeflectionofacantileverbeam

withasinglerowofslottedholes・

Ingeneral，ｔｈｅｄｅＨｅｃｔｉｏｎａｎａｌｙｓｉｓｏｆａｂｅａｍｂｙｔｈｅｍｏｉｒｅｍethodisperfOrmedasfOllows・

Amodelgridispastedorprintedphotographicallyonthebeaminsuchawaythatthemodel

gridlinesareditrectedalongthelongitudinalaxisｏｆｔｈｅｂｅａｍ，Whenalargedeflectionis

giventotｈｅｂｅａｍ，ｔｈｅｍodelgridlinesarerotatedanddisplacedfromtheinitialpositions，

WhenamastergridissuperposeduponthedefOrmedmodelgrid，themoir6fringepatterns

fOrrnedarecurvedduetotheeffectofstrain・TherefOre，ｉｎｔｈｅｃａｓｅｏｆａｌａｒｇｅｄｅＨｅｃｔｉｏｎ，it

isnecessarytoeliminatetheeffectofstrainfmmfringepatternsinordertoobtaincolTectly

thedeflection・Forthispurpose，itisdescribedthattheintroductionofapropermisalign-

mentintothemastergridiseffective・Andatheoryofthedeflectionanalysisbyusingthis

procedureisproposed、Further,theaccuracyinmeasurementbyuingthistheoryisdiscussed．

2．Thetheoryformeasuringalargedeflection

Inthisanalysis，orthogonalcoordinates（x，ｙ）willbeusedLetthelougitudinalanｄｔｒａｎ－

ｓｖｅｒｓｅａｘｅｓｏｆａｂｅａｍｂｅｔａｋｅｎａｓｔｈｅｘａｎｄｙａｘｅｓ，respectively，andamodelgridwithan

equispacedpｉｔｃｈｐｏｂｅｐａｓｔｅｄｏｎｔｈｅｂｅａｍｉｎｓｕｃｈａｗａｙｔｈａｔｔｈｅｍｏｄｅｌｇｒｉｄｌｉｎｅｓａｒｅｄｉre-

ctedalongthelongitudinalaxiｓｏｆｔｈｅｂｅａｍ、Theequationforthesegl･iｄｌｉｎｅｓｉｓexpressedas

y＝/p･(ノー０，士１，±２，．…..)，（１）

＊Receivedl4thJanuary,1978.

1),2）FacultyofCollegeofAutomobileIndustry,OsakalndustrialUniversity．
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whelcノｉｓａｇｒｉｄｌｉｎｅｉｎｄｅｘ・Ｗｈｅｎａｌａｔｅｒａｌｌｏａｄｉｓａｐｐｌｉｅｄｔｏｔｈｅｂｅａｍ，thedefOrmedmodel

gridlinescontainbothinfOrmationsofdeflectionandstrain・But，whenthedeflectonisme-

asuredintheneighborhoodoftheneutralaxisｏｆｔｈｅｂｅａｍ，theequationforthedefOrmed

modelｇｒｉｄｌｉｎｅｓｃａｎｂｅｗｒｉｔｔｅｎａｓ

／ｐｕ
ｙ＝－ｔａｎｉ．ｘ＋－－－ （２）

ｃｏｓｒ

ｗｈｅｌｅｉｉｓａｓｌｏｐｅ・

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，theequationforthemastergridlineswithanamountofmisalignment0

isexplessedby

アニ…x十・碁,=［aⅢx+矼鯛M(k=Q士L土山…Ｌ（３）
ｗｈｅＩｃｋｉｓａｇｒｉｄｌｉｎｅｉｎｄｅｘ，ｐｉｓａｐｉｔｃｈａｎｄスｉｓａｎａｍｏｕｎｔｏｆｍｉｓｍａｔｃｈ・

BysuperposingthetwogridsexplesｓｅｄｂｙＥｑｓ．（２）ａｎｄ(3),moir6fringesaIcfOrmed,which

alcexplcssedbythefollowingfringeindexequation・

ｋ－ノー、（ｍ＝０，士１，±2,……)，（４）

ｗhe1℃misafringeindex・

SubstitutingEqs．（２）ａｎｄ（３）ｉｎｔｏＥｑ．(4)，wehaveafringe-slopeeqUationasfOllows：

二 Ｘ

ｍ=Ｏ－Ｕ

Fig.１Geometryofmoir6fiinge．

１

ｙ－(川)cos"_cosiI('十】)siM＋・mi}x十mp(Ⅲ（５）
ＴｈｅｔｈｉｃｋｌｉｎｅｓｓｈｏｗｎｉｎＦｉｇ・lindicatethesefringes・

Puttingｙ＝ＯｉｎＥｑ．(5)，ｗｅｈａｖｅ

ｍｐ(1＋】）
（６）ｘ＝(１＋】）ｓｉｎ０＋罰五一i・

Ｎｏｗ，ｌｅｔｔｈｅｆｒｉｎｇｅｉｎｄｉｃｅｓｏｆａｎｙｔｗｏａｄｊａｃｅｎｔｆｒｉｎｇｅｓｏｎｔｈｅｘａｘｉｓｂｅｍ〃ａｎｄｍ,､+,，and

alsotheintervalbetweenthesetwoadjacentfringesbeaThen,ｆｒｏｍＥｑ．（６）weobtain

6=(nＭ-m)(川器急s而-Mｍ｝2器;Ｉ幸冒而, （７）

whercMisthediffeIenceinfringeindicesbetweentwoadjacentfringesandhasavalueof土Ｌ

ＷｈｅｎｔｈｅｅｆｆｅｃｔｏｆｔｈｅｓｔｒａｉｎｉｓｔａｋenintoconsiderationinEq．(2)，ｉｔｉｓｔｍｎｓｆＯｒｍｅｄｉｎｔｏ

ｙ＝＿tani.x＋JPK1±こ)． （２，）
ＣＯＳ１

Then,theequationfortheinterfringe-spacingisexpr℃ｓｓｅｄｉｎｐｌａｃｅｏｆＥｑ．（７）ｂｙ



7７

鬘鐸

〔
〕

(ｏ）Ｅ＝○

幻
と

露
F1

L-J

(ｂ）＆○
O~日

Ｆｉｇ．３ Modelfringepatterns
formedunderthe

conditionof

0＝０．ａｎｄスー０

Fig.２Relativeerrorduetothetensile
strain．

比=M而牙鵠号識而
ＴｈｅｒｅlativeerTorR6betweentheinterfringe-spacingsDeand6isgivenby

(8)

Ｒｊ－ｌ芋Ｉ（９）
Ｆｉｇ．２showsthechangeinthelelativeen･ｏｒＲ６ｄｕｅｔｏｔｈｅｔｅｎｓｉｌｅｓｔｒａｉｎｅｕｎｄｅｒｔｈｅｃｏｎｄ－

ｉｔｉｏｎｏｆｉ＝10．constant・Inthefigure，βａｎｄスａｪcusedasparameters・Ａｓｉｓａｐｐａｒｅｎｔｉｎ

ｔｈｅｆｉｇｕｌａｉｔｉｓｓｅｅnthattherelativeen･orisdeclcasedwiththeincreaseofmisalignment

andmismatchvalues・FigsB(a）ａｎｄ（b）showthemodelfringepattemsformedincantilever

beamsforthecasestｈａｔｅ＝Ｏａｎｄｅ≠０，１℃spectively，undertheconditionthatO＝０ａｎｄスー0．

Ａｓｉｓａｐｐａ]aentinthefigure，thefringesarestraightandcurvedｆｏｒｔｈｅｃａｓｅｓｔｈａｔｅ＝Oand

S≠0,respectively・Asamatterofcourse，ｉｔｉｓｅａｓｉｅｒｔｏｍｅａｓｕｒＢｔｈｅinterfringe-spacingsin

Fig、３(a）ｔｈａｎｉｎＦｉｇ３(b)．Theintroductionofapropermisalignmentintothemastergrid

cantransfOrmthecurvedfringesintonearlystraightones，Fig4showsthefringestransfOrmed

ｆｍｍｔｈｏｓｅｏｆＦｉｇ３(b）bygivingthemisalignmentof8＝30.．

ThistmnsfOrmationmaybeperfOrmedeasilybyusingarotatingdeviceoｆｔｈｅｍａｓｔｅｒｇｒid．

鱗 =Ｉｉ
Fig.４ Modelfringe

thecondition
patternsformedunder
of0＝３０｡andスー0．

Shapeanddimensionsofthe
●

spec1men．

Fig.５



7８

Ｎｏｗ,Ｅｑ．（７）yieldstheexplCssionofslopeias

ｉ－…nＭ)(DlP-siMl（'0）
ＴｈｅｓｉｇｎｏｆＭｐｌａｙｓａｎｉｍｐｏｒｔａｎｔｒｏｌｅinobtainingcorlcctslopes，butthedeterminationof

thissignfromonefringepatternisdifficult・However，thissigncaneasilybedeterminedby

usingtheprocedulCproposedbytheauthorspIeviously(5)．Whenthemastergridsuperposed

uponthedeformedmodelgridisshiftedｉｎｔｈｅｄｉｒｅｃｔｉｏｎＦａＩＣｌｌｏｌｔｏｔｈｅｙａｘｉｓｂｙａｎａｍｏｕｎｔ

ｊ,Ｅｑ．（６）istransformedinto

mp(1＋ｽ）ｊ(1＋ｽ）ｃCsｿ
（11）ｘ＝('千ｽﾞ)SiilmS忌而十(1＋２)ｓｉｎＯ＋Ｓｍ．

Ｔｈｅｆｉｒｓｔｔｅｒｍｉｎｔｈｅｒｉｇｈｔｈａｎｄｓｉｄｅoftheaboveequationhasaconstantvalueundera

givendeflection，andthesecondtermshowsthedisplacementoffringesproducedbytheshｉｆｔ

ｏｆｔｈｅｍａｓｔｅｒｇｒｉｄｂｙＪ．ThesecondtermisusefulfordetermｉｎｉｎｇｔｈｅｓｉｇｎｏｆＭＷｈｅｎｔｈｅ

ｍａｓｔｅｒｇｒidisgivenapositiveshiftingJ（ｗｈｅｎｔｈｅｓｈｉｆｉｎｇｉｓｇｉｖｅｎｉｎｔｈｅｄｉｒｅctiontowald

increasingthepositivecooldinate,ｔｈｅｓｉｇｔｏｆＪｉｓｐｌｅｓｃｒｉｂｅｄｔｏｂｅｐｏｓitive),thefringescutting

thexaxisalcshiftedtowardthepositiveornegativedirection（thepositiveornegativedire-

ctionmeansthatofincreasingtheabsolutevalueofcoordinateontheaxis),accoIdingas(1＋ｽ）

ｓｉｎ９＋ｓｉｎｉｉｓｌａｒｇｅｒｏｒｓｍａｌｌｅｒｔｈａｎｚｅｒｏ，respectively・Thisdirectionofthefringeshiftcａｎ

ｂｅｃｏｒｒｃｌａｔｅｄｗｉｔｈｔｈｅｓｉｇｎｏｆＭａsfollows、IfthefringescuttingthexaxisalCshifted

towardthepositiveornegativedirection,thenMislor-Lrcspectively・

Besides,letthediffelenceinthedenectionofthebeambetweeｎａｎｙｔｗｏａｄｊａｃｅｎｔｆｒｉｎｇｅｓｂｅ

ｗ，thenweobtainthelelation

w=6tan…､(1M)(半-sM)，（12）
sinceｗ＝ＤｔａｎｉｆｒｏｍＥｑ．（10)．Thelefore,thetotaldeflectionofthebeamatthefringesof

nthorderisobtainedbysumminguptheindividualdeflectionasfOllows：

1,,0鰍,,,,,,ⅢⅢ川ⅢⅢ'lillllllllllllllllllllllllllllllllllllllllWllll1
(a,）ｈ/r＝１ (an）ｈ/r＝３

(a）Ｐ＝6kｇ

''''''''''''''''''１'''''''''''''''111111111

（b,）ｈ/r＝１

（b）Ｐ＝8ｋｇ

Fig.６Someexamplesofmoir6fringepatterns．

(b2）ｈ/r＝３
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3．Experimentalresults

Inthisexperiment，thenitro-celluloselesinwithacamphorcontentof２４％ｗａｓused，

whichhadtheelasticmodulusof210kg/ｍｍ２ａｎｄｔｈｅＰｏｉｓｓｏｎ，ｓｒａｔｉｏｏｆＯ３７・Theshapeand

dimensionsofthespeｃｉｍｅｎａｄｏｐｔｅｄａｌｅｓｈｏｗｎｉｎＦｉ９．５．Ａｓｉｓｓｅｅｎｉｎｔｈｅｆｉｇｕｌｅ，acantilever

beamwithasinglerowoffourslottedholeswasused,ａｎｄｔｈｅｒａｔｉｏｈ/ｒｏｆｔｈｅｓｌｏｔｔｅｄｈｏｌｅｓ

ｗａｓｖａｒｉｅｄｉｎｆourways,ｔｈａｔｉｓ，○○，３，１．５andLFourkindsoflateralloads，ｔｈａｔｉｓ，２，４，６

ａｎｄ８ｋｇｗｅｌＣａｐｐｌｉｅｄｔｏｔｈｅｂｅａｍａｔｔhepositionshowninthefigure

Figs､６(a）ｔｏ（d）Icpresentthemoir6fringepatternsobtained，ｉｎｗｈｉｃｈｔｈｅｇｒｉｄｗｉｔｈｔｈｅ

ｐｉｔｃｈｏｆｐ＝0.495ｍｍweleusedundertheconditionthaM＝6．ａｎｄスー0．Figs､７(a）ｔｏ（d）ａｎｄ

8(a）ｔｏ（d）showthedistributionsofslopesanddeflectionesobtainedfromthesefringepat-

terns，Iespectively．
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Ｆｉｇ．７Distributionsofslopesalongthelongitudinalaxisofthebeam．
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Inthefigu1℃s，ｆＵｌｌｃｉ１℃lesshowtheeXperimentalresults，ａｎｄｆｕｌｌｌｉｎｅｓｉｎＦｉｇ ８indicate

theresultsobtainedthroughthe measurementbyacaliper Ａｇｏｏｄａｇｒｅｅｍｅｎｔｉｓ sｅｅｎｉｎｂｏｔｈ

expermentalr℃sｕｌｔｓｉｎＦｉｇ８
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（d）

Fig.８Distributionsofdeflectionsalongthe
longitudinalaxisofthebeam．

4．Conclusions

Fromtheexperimentalresultsmentonedabove，thefOllomingconclusionsmaybedrawn．

（１）Theslopeanddeflectionofacantileverbeamtowhichalalgedeflectioｎｉｓｇｉｖｅｎ，can

beobtainedbyusingEqs．（10）ａｎｄ（11)，respectively．

（２）ThecurvedfringepatternsfOrmedinacantileverbeamtowhichalargedeflectionis

given，canbetransfOrmedintonearlystraightonesbyintroducingapropermisalignmentinto

themastergrid，thusraisingtheaccumcyinthemeasulcmentofinterfringe-spacings．

（３）ＴｈｅｓｉｇｎｏｆＭintroducedintoEqs．（10）ａｎｄ（12）hasanimportantrolefOrobtaining

thecorrectdeflection，ａｎｄｃａｎｅａｓｉｌｙｂｅｄｅｔｅｒｍｉｎｅｄｂｙｔｈｅｍastergridshiftingprocedure

proposedbytheauthorspreviously．
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