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Chapterl lntroduction

1．1UseofadhesiveinterLinlng

Fabricsfor gamentS need appropnate mechanicalpropertiesfor a suitable

appearanCeandstability．However，afacefabricdoesnotalwayshavesuchaproperty

alonebecauseitisselectedbyotherpropertiessuchastheappearanCe，teXtureandhand

etc．AninterlininglS uSedto make up the necessary mechanicalproperties．In the

traditionalgarmentmanufacturingprocess，aninterlininglSanimportant subsidiary

materialforstabileandaestheticsh叩ingofagarment．InterlininglSalayeroffabric

insertedbetweenthefacefabricandthelininginthepartofagarmentinwhichrigidity

isneeded．AninterliningcanbeputonthereversesideofafacefabriCandspecialand

PraCticed skillsarenecessary・AsdeveloplngPOlymerchemistryteclmique，adhesive

interlinings come onto the market・Adhesiveinterlinings are made byimparting

thermOPlasticsyntheticresinasshowninFigure1．1．Theyadheretoafacefabricbefore

SeWlng eaCh gamentparts・Press machine andironare usually used．They canbe

adheredtothefacefabricbyheatingundertheconditionsoftemperature，PreSSureand

timeaccordingtothepropertyofadhesivesusedl1，2］．

Adhesiveagent

Figwel．1SEMpi血reof8Ⅶ血伐Ofa曲．eさivehb血五g．

Formerly，inthegarmentmanufacturingprocess，aninterlimingsettingwasan

importantWOrkrequlnngSkillandexperiencebuttheadhesiveinterliningshasenabled

ustoobtainuniformfusedinterliningsinashorttime，Withoutthenecessityofskill．The

main purposes ofuslnginterlinings are roughly classi丘ed as shape stabilityand
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aestheticshaping．AdhesiveinterliningsplayanimportantrOleforbeautifulsilhouette

andexcellentshape－retentlVltytOClothing・Inmanufacturingagarment，interliningsare

usedforseveralimportantpartsofagarment．Generalpartsforadhesiveinterliningln

PattemSOfatailoredjacketareshowninFigurel．2．Thee晩ctofadhesiveinterlining

Onagarment，eSPeCiallyinthecaseofajacket，WaSClearlyshowninFigure1．3．

Figwel．2Part8adheBiveinte鵬ning8u8edinajacket．【1】

（a）　　　　　　　　　　　　　（b）

Figtuel．3Change80fjacketappbarancedependingonuBeOfa．dhe8iveinted血血g：h）

Jacketwithoutadhe8iveinterlining，0））Jacketwithadhe8iveinter址血g．
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1．2　Kindsandclassificationsofadhesiveinterlinings

Anadhesiveinterliningmadeupoftwoparts，abaseclothandadhesiveagent．

Thematerialandcharacteristicaredi脆rentdependingonthegarmentkindsandthose

prope血es．

1．2．1Basecl0thsofadhesiveinterliningl1，2］

Thblel．lshowsbaseclothsmainlyusedforadhesiveinterlinings．Countof

yam and weave density are selected according to thickness，tOuglmessand hand

requiredforadhesiveinterlinings・ThebaseclothsofadhesiveinterliningsaremOStly

Plain weave but according to use，WarP COunt，Weftcount，densltyand design are

Changedsoastoobtaintherequiredhand．Woolandhair，andlinenhavelongbeenused

asmaterialofinterliningbuttheirimportanCehasdiminishedwiththespreadoffusing

andsyntheticnberandnowtheyareusedonlylittleasmaterialofadhesiveinterlinings．

Knittedinterlinings begantO displayits characteristic as material ofinterlinings．

Non－WOVeninterliningsareavailablebutadhesivetypewasdevelopedforexclusiveuse

Ofclothing．

恥blel．lEhd80fba8edotb8払radhe8iⅦhtedhhg【1】

Fibercontent Construction

WoY蝕血b血

Knittedfhbrics

Co恍On，匹Iyester．

POly－nOSic，rayOn乱nd

blendedy訂n也8制f

＼J Cotton，POlyester，nylon，

acrylic，aCetate，rayOn

（includingblendedyam）

Non一WOYenhbri魯　　　　Polye虞er，rayOn，nylon

Plainweave（including

basketweave），Satinweave，

h扇llweaveandhncy

WeaVethereof

Tricot，Weftinsertedwarp

knitting（tricot，raSChel）

鮎mdom，pardlel，CrOSS

puncbcd
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1．2．2　Kindsofadhesivesl1，2］

Ⅵdous kinds ofadhesives arein use．Adhesives nowin use fbr adhesive

interliningsareasglVenbelow，蝕）mWhchanaPPrOPnateOneShouldbeselectedthat

hastheadhesivecharacteristicfbrtheintendeduseofinterlinings：

1）Polyamide守　一

Polyamidesaremadebycopolymerizationofthreeormorekindsofmonomers・

According to their composition，adhesives have difEもrent properties，fbr exampleプ

difEbrentadhesivetemperatur占．ARerfusing，thisadhesiveprovides”soft”hand，StrOng

bondstrengthandhighdrycleaning－reSistanCe・Itischaracterofpolyamidesresinthatit

increasesitsadhesionfbrcewhensteamisusedfbrfusing．Inthecaseoffaceclothto

wilichadhe占ionfbrceisdifBculttoreachenoughstrength，uSeOfsteamisefEtctive．

2）Polyvinylchlorides（P・VC・）

DifEbrent丘omotherresinswhichhavqadhesivenessinthemselves，PVCis

impartedwithadhesionfbrceonlywhenitisaddedbyaplasticizer（SOfteningagent）・

ThisadhesivedisplaysmanyfbaturesowlngtOthefunctionoftheplasticizer・R9Sins

themselves aresoft．Theycanbecoloredeasily．Strikingthroughofadhesivesrarely

takes place at aRer－treatmenis stage，SuCh as nnishing press，etC・They have high

durabilityWithdrycleaningandwashinginwater・

3）Polye也ylene

Thisgroupconsistsoftwokinds，namelnlowdensitypolyethyleneandhigh

densitypolyethylene．LowdensityPolyethyleneisdurabletowashinginwater，butin

dry cleamingitdissoIves away．HighdensityPolyethyleneishighlydurableto both

WaShingsinwateranddrycleaning・Itis丘ee丘omstrikingthroughataRertreatment

butrequlreSahightemperatureandahighpressurefbrfuSingandtherefbreislimitedin

uSe．

＼
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4）Ethylenevinylacetateco－POlymerS（EVA）

Thisadhesiveismadebycopolymerizationofethyleneandvinylacetateandis

abbrevia土ed as EVAis durable washingin water butis weak to dry cleaningand

therefbre has been used fbr temporaryfusing・However，mOdi負ed EVAプhaving

durabilitytosoIventhasbeendeveloped・ThischemiCallymodi丘edtypeisfusibleata

COmParativelylowtemperatureandis durable fbrbothwashingsin waterand dry

Cleamng．

5）Polyesters

ThisisnewiydevelopedadhesiveandhashighdurabilityLtowashingsinwater．

Itisespecial1yusedfbrclothingmadeofpolyester丘ber・

1，2．3　Formsofadhesivesl1，2］

FomSOfadhesivesimpartedtoadhesiveinterliningsareaSShownbelowand

hFi卯rel．4．

1）DottypeisthedotarrangementOfadhesivesina五Ⅹedsizeandismainlyusedfbr

adhesiveinterliningsformainparts・Thistypeis roughly classiBedinto the dry dot

bowderpointtype）andtheWetdot・Whilethedrydotisprocessedwithadhesiveonly，

thewetdotisprocessedwithadditionofanauXiliaryagentsuchasplasticizerand

therefbredenaturing，SuChaslowenngofafusibletempPrature，ChangeOffusinghand，

improvementofwashing－reSistanCe，etC・ispracticable・Thesizeandthenumberofdots

areselectedproperlyaccordingtotheuse，ranglng丘omthebigsIZeandftwnumbersto

thesmal1sizeandmanymmbers．

2）Sintertypeisalsocalledtherandompowdertype・Itismadebysprayingpowdered

adhesivesand五Xingthem．Simi1arlytothe dotstype，the size ofparticlesandthe

quantityofadhesivesareselectedtosuittheuse・Ascomparedwiththedotstype，this

typeisinfbriorinthe distribution ofsize ofparticlesandmifbmityof sprayed

conditionbutiseasytoprocess．Thistypeismainlyusedforinterliningsfbrtemporary

知sing．
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3）ThedashtypeandthenettypeareVariationsofthedottype

4）Thewebtypeismadebymeltingtheadhesivesintoa且brousstate．Itisavailablein

twokinds，Oneisadhesiveitselfinasheetstateandtheotherisstucktothebasecloth．

5）Thelaminatetypeismadebymaking adhesivesintolaminatqand stickingit．It

PrOVidesstrongadhesionforcebutwhencomparedwiththedotfusing，ithindersthe

fabricperformanCe，Withresultanthardnessoffusinghand．Itislimitedinuse．

6）Doubledottypeismadeoftwolayers，aCrylbaseandadhesiveonitsbase．

（a）Dot　　　（b）Sinter／Randompowder

（d）Web　　　　　　（e）Net

■いJ●．・∴・：∫■． ��(+R�

JJ、；J二．：；・●（．・ 　　　　● 

・：・●・●：∴●一∴い 
●　●●・●．Jl●i・ ����●● JJ：悠●捨子 

：・．・：・：・七・：．・∴ ●●●●●●●●●● 

●．・：・；．●ン．‥． 
● ●　●　●　●●　－　　●　●　● 

（C）Dash

（f）Laminate

（g）Doubledot

Figurel．4Adhe8ivefozmB．ll】
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1．2．4　Pressingmachinel2］

TherearetwotypesofpresslngmaChineforbondingadhesiveinterliningas

ShowninFigure1．5．Thosepropertiesareasfollows．

1）FlatPressIVpe

Itpressurizes aclothwhile heatingthe adhesive．Interlining side gets heat．

Thereislow surface pressure．Itis a4iusted to various fabrics needed approprlate

COnditions．SmalldimensionalchangeOfadhesionisoccurred．Itiseasytomaintainand

tocontroltemperature．

2）RoIlerPressType

Itpressurizesaclothafterheatingtheglue・Bothinterliningandfabricsidegets

heat．Thereishighpressurebypressureroller・Productivityisbetterwhenthe same

fabricis bondedcontinuously．Generally，itis easyto showdimensionalchangeS Of

adhesiveagentandcloth．Itiseasytomisstheinterlining．Howeveritiseasilyobtained

adhesivepropertylngeneral・Itisdi伍culttomaintain・

指Ce短bric

くFIatpre～S＞

Heat pはte

くRotlerpress＞

Figwel．5Fl如pre88androlkrpre88．日】
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1．2．5　TheeffectofadhesiveinterlinlngOnteXtileandgarments

The properties offabric canbe signi負cantly altered bylaminatlng Onan

adhesiveinterlining．ThedifEbrenceshavee飴ctonthegarmentSPrOPertiessothatthe

efEbctofadhesiveinterliningonfhbriCandgarmentSareneCeSSarytObeinvestigated．

Mechanicalproperties，handle，drapebehavior，Shapestability，delamination，buckling

COmPreSSionbehavioretc．aretheresearchthemes・SomeresearChershavebeentriedto

makecleartheefEtctofadhesiveinterliningonsuchpropertiesoflaminatedfhbricsand

tounderstandtherelationshipbetweenthemechanicalpropertiesofeachcomponent

andlaminatedhbrics．OkamOtOetal．［3］investigatedthephysicalpropertiesandfabric

handofwoolblendedfhbricsinterlinedwithadhesiveinterliningsandcomparedthem

to blended鈷bricswithoutinterlinings．Kim etal．［4］investigatedthe suitabilityof

nonwovenadhesiveinterliningstothinworstedhbricswithvariousfabric struCtural

barameters．Jevs〉niketal．［5］，［6］analyzedsomemechanicalpropertiesandparameterS

Ofdrapabilityusingthe丘血teelementmethod・Namiranianetal．［7］investigatedthe

Platebuckling compressionbehavioroflaminatedfabricuslng aSPeCially designed

ClampaccordingtoDahlbergフste占tmethod．Strazdieneetal．［8］investigatedthemethod

OfpunChdefbrmationfbrthesidationoftextilesystemsbehaviorandonthebasisof

thatcreatedan0riginalmethodandfbundnewcriteriafbrshapestabilityevaluation．

Sharmaetal．［9］investigatedthee脆ctofsewingandfusingofinterliningondrape

behaviorofmen．ssuitingfabrics．Fanetal．［10］alsoexaminedthecausesofrippling，

localizeddelaminationorsurfacedistortioninfusedgarmentS，boththeoreticallyand

expe止mentally．

Studiesontheselectionofoptimaladhesiveiderliningswerealsoinvestigated．

Nagan0［11］suggested a range Of mechanical properties fbr desiral31e adhesive

interlining fbr tailoredjackets・Fanetal・［12ユalso suggestedanOPtimalrange Of

mechamicalpropertiesfbroptimaladhesiveinterlining・Jeongetal．［13］reportedonthe

COnStruCtionofanintegratedtooIconsistingofaneuralnetworktopredictmechanical

PrOPerties・Lai et al・［14］fbund theideallamina‡ed fabrics QOndition range fbr

interliningandfacefabricsthroughdiscriminateanalysisandscatterplot．
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1．3　TheefFectofadhesiveinterlinlngOnmeChanicalprope止iesoflaminated

fabrics

Mechanicalproperties oflaminatedfabricsare Ofgreatinterestin garme血

manuhcturing．Shishooetal．［20］investigatedthemechanicalpropertiesoflaminated

fabricwithadhesiveinterliningandanalyzedtherelationshipsbetweenthemechanical

PrOPerties of face fabric and adhesiveinterlining．Fanet al．（［11］，［21］，［22］）

investigatedtherelationshipbetweenthelow－StreSSmeChanicalpropertiesoflaminated

fabricsand those of component fabrics・In their studies，they showed that the

extensibility，bendingrigidityandshearsti飽leSSOflaminatedfabricsareconsiderably

ChangedaRerlaminatingfacefabriCandadhesiveinterlining．

Amongthemechanicalpropertiesoflaminatedfabrics，itiswe11－kn0wnthat

thebendingrigidityandshearsti魚leSSOflaminatedfabricismuchgreaterthanthesun

Ofeachcomponent・Inparticular，bendingrigidityisanimportantmechanicalproperty

forthegarmentaPPearanCe・BendingcurveSOfafacefabriC，anadhesiveinterlining，

andalaminatedfabricareshowninFigure1．6．

－3　　　　－2　　　　－1　　　0　　　　1　　　　2　　　　3

CunJatureIcm‾1）

Figtml．6GeneralbendingcllrVe80fl血ated鈷briC，hcehbricandadhe8ive

hterli血g．

9

盲
U
、
E
U
・
も
亨
む
∈
○
∈
ぎ
宅
u
苫

2

　

　

　

　

4

　

　

　

　

6

0

　

　

　

　

　

0

　

　

　

　

　

0

－

　

　

　

　

　

　

　

　

－



Theprediction ofmechanicalproperties brlaminated fabric bondedwith

adhesiveinterliningisofgreatinterest．However，thechangeSWeretakenintoaccount

fbrmanufacturingsystembymaIlufacturer’sdiscretionandassessment．Therelationship

betweenthemechanicalpropertiesof．adhesiveinterlimingandlaminatedfhbricisstill

unClear．QuantifyingtheefEtctsofadhesiveinterliningpropertiesisdesirablefbrmore

e伍cientgameI止manufacturing．

1．4　PreviousstudyonpredictionformechanicaIpropertiesofJaminated

fabric

Therearesomestudiesaboutpredictionfbrmechanicalpropertiesoflaminated

鈷bricmadeoffacefhbriCandadhesiveinierlining丘omthepropertiesofcomponents．

Urumaetal・［15］investigatedtherelationships，bothexperimentallyandstatistically，

betweenthephysicalpropertiesoflaminatedfabricsandthoseconstitutingfacefhbriC

and adhesiveinterlinings・Cassidy et al・［16］studiedthe anisotropic mechanical

behaviorofwovenfabrics，adhesiveinterliningsandtheirlaminated鈷bricsinOrderto

investigate the accuracy ofequations used to predictthe anisotropiclinear elastic

behavioroffabricfbrin－Planeandbendingdefbmation二MatsunaShietal．［17］andl18］

Studiedthebehaviorofneedlepenetrationinblindstitchsewlngandexaminedthecase

Whereinterliningis seamed togetherwith other鈷briC．Jing et al．［19］suggested

Predictingbondqualities oflaminatedfabricsa且erwashanddrywash，basedona

Principal neural network model・Shishoo et a1．［20］investigatedthe mechanical

PrOPertiesoflaminatedfabriCwithadhesiveinterlimingandanalyzedtherelationships

betweenthemechanicalpropertiesoffacehbricandadhesiveinterlimingstatistically・

Accordingtotheanalyzedrelationship，th？yderivedsimpleregressionequationsfbr

mechanicalpropertiesoflaminatedfabriC・Fanetal・［21］，［22］and［11］investigatedthe

relationshipbetweenthelow－StreSSmeChanicalpropertiesoflaminatedfhbricsandthose

Ofcomponentfabrics・Basedontheserelationships，theysuggestedasetofequationsto

Predictthelow－StreSSmeChanicalpropertiesoflaminated鈷bricscomposedoffhbriC

andadhesiveinterliningfabrics・Thesestudiesproposedequationsofpredictionfbrthe

mechanicalpropertiesoflaminatedfabricbasedonstatisticalanalysis・Althoughthe

Predictionmethodbystatisticalanalysisisawayofselectingadhesiveinterliming，a

lO



moreprecisepredictionmethOdisnecessarytoachievegreateraccuracy．Thetheoretical

approachfbrtheprecisepredictionmethodfbrthebendingrigidityoflaminatedfhbriC

withadhesiveinterliningwasinsufBcientinthosestudies．

Ontheotherhand，Kanayamaetal・［23］，［24］andDawesetal．［25］suggesteda

Predictionmethodofbendingrigidityofthelaminatedhbricswithadhesiveinterlining

basedonlaminatetheory．Kanayamaetal．［23］，［24］proposedlaminatedmodeltaken

intoaccountfbrtherigidityofadhesiveagent・Dawesetal・［25］proposedaprediction

methodfbrthebendingrigidityofalaminatedfhbriC，Whichisconsideredtensileand

bendingproperties．Eventhoughtheyinvestigatedthepredictionofbendingrigidity

theoretical1y，theaccuracyofthosepredictedresultswerealsonotsohigh．FurthemOre，

thestudieswereconductedinthe1970S－80Sandthemakingoftheadhesiveihterlining

techniquehassinceiInprOVedfbllowlngPrOgreSSOftechmiCalskill．Itisnecessaryto

VerifytheefBciencyofthesemethodsfbrcu汀entadhesiveinterlining．ThechangeSOf

mechanicalpropertiesfbrfacehbricandadhesiveinterliningafterpresslngalsoneedto

beinvestigatedfurther．Therefbre，itisnecessarytoinvestigatethepredictionmethod

fbrbendingrigiditywithhighaccuracy駐omatheoreticalpointofview．

11



1．5　Thepurposeofthisstudy

As describedpreviously，itiswell－kn0wnthatthemechamicalproperties of

laminatedfabricsaredifEbrent丘omtheonesofbothfacefabriCandadhesiveinterliming．

Figurel．7、showsjacketsmadewiththreelaminatedfhbricscomposedofthesameface

fabriC．andthreeadhesiveinterliningsofdifEtrentrigidities［26］．TheappearanCeSOfall

jacketsweredifEtrentasshowninthe五gure．Therefbre，itisclearthattheadhesive

interlininga飴ctstheappearanCeOfgarmerlts・ThisisduetothedifEbrences ofthe

mechanicalpropertiesofthelaminatedhbrics．

AmOngthemechanicalpropertiesofthelaminatedfabrics，thebendingrigidity

andthesIIearSti伍leSSOfthefacefabricschangedsigmi負canilybylaminatlngadhesive

interlinings as showninFigurel．8［26］．Althoughthefacehbricwasthesame，the

bendingrigidityandshearsti放1eSSOfthelaminatedfhbricsweredifEtrentanditmust

afEtctthegarmentaPPearanCe・ExceptfbrbendingrigidityandshearSti放1eSS，tenSile

and compressive properties of face fabric also changed bylaminating adhesive

inIerliming．However，thesechangeSarenOtSOlargeandtheydonotafEbctthegament

appearanCeStOOmuCh・Thus，OnthegamentaPPearanCe，bendingrigidityandshear

Sti放1eSSare the mostimpOrtant meChanicalproperties．The selectlnganadhesive

interliningwithsuitablerigiditiesisessentialfbrmanufacturinggamentS．Thisprocess

Currentlycamiedoutbymakingtrialsamples．Ittakesextracostandtime．Therefbre，it

isnecessarytoinvestigatethetheoteticalpredictio這methodfbrbendingrigidityand

Shearsti飽leSS Oflaminatedfabricswithonesofcomponentsfbrselectingasuitable

adhesiveinterlimingfbrgarmentS．

Aboutshearsti放leSSOflaminatedhbrics，itwasfbundthatadhesiveagenton

adhesiveinterlininghasgreatefEbctsontheshearSti放1eSSOflaminatedfabrics［27］．

TheefEbctofyaminterlacingpoint丘xedbyadhesiveonshearsti缶1eSSOflaminated

fhbricwasinvestigatedandthepredictionmethodfbrshearsti放1eSSOflaminatedfabric

WaSPrOPOSedtakingintoaccountthosee飴ctsl27］・However，thepredictionmethodfbr

bendingrigidityoflaminatedfabricisnotestablished．

12



（a）Jacket－S　　　　（b）Jacket－N　　　　（C）Jacket－H

Fi脚e1．7Jacketpicttu℃8madeofl血ted血briC8Withthe8ame血ce払bricand

di飴re鵬tbeeadb．e由vehbrli血g8．臨61

AdhesIVemterlinIng　■LamInatedfabic

Facefabric Jacket－S jacket－N Jacket－H

SampIename

AdhesivelnterllnIng lLamlnatedfabic

Facefabric Jacket－S Jacket－N JacketTH

Samplename

（a）Bendingrigidityinwarpdirection　　　　　　（b）Shearsti餓IeSSinwarpdirection

FigⅦrel．8BendingrigidityandShearSti払e880fhce蝕bricaJldhninated鈷briC8for

jaeket8．臨61
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、Thepurposeofthisstudyistoestablishthe．predictionmethodfbrbending

rigidityoflaminated fabricswithface fabriCand adhesiveinterlining usingthe

mechanicalproperties ofthe componentstopromote efEbctive selectionofadhesive

interliningln gamentS manufactunng．At丘rst，thepreviouspredictionmethods永）r

bendingrigidityoflaminatedfabricareveri鮎dtheoreticallyandexperimental1y．Based

ontheveri丘cation，mOrePreCisepredictionmethodstakeninto accountmeChanical

ParameterS，SuChasthetensileandin－PlaneCOmPreSSivemoduliofeachcomponent，are

PrOPOSed　theoretically．Through　the theoreticalinvestigation　and experimental

Veri丘cationoftheproposedmethods，mOrePreCisepredictiontheoryandmethodwi11be

established．
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1．6　Compositionofthisstudy

In this study，the prediction ofbendingrigidityfbrlaminaied fhbric was

investigated．Tbpredictbendingrigidityoflaminatedfhbricmoreprecisely，鮎stpresent

Predictionmethodswereveri丘edtheoreticallyandexperimentally．Then，neWPrediction

methodswereproposedandveri丘edfbrmorepreciseprediction．

InChapter2，generalbendingtheoryoffhbricisdescribed．Measurementsof

bendingrigidityoffhbricalsoexplained．

InChapter3，thepredictionmethodsofbendingrigidityfbrlaminatedfabriC

withadhesivei血erlining，1aminatetheoryandKanayama’smodelwereinvestigatedand

Veri且ed．TheparameterSinthemodelswerealSoinvestigatedtakeninto accountthe

ChangeSOfmechanicalpropertiesafterpresslng・

hordertoachieveanaCCura士eprediction，thereasonoferrors駐omlaminate

theorywasinvestigatedinthedifEbrenceofmoduli．intensionandbending．InChapter4，

Prediction ofbending rigidity fbrlaminated fabriCwith adhesiveinterlining was

investigated takinginto account tensile　andin－Plane COmPreSSive moduli of

COmPOnentS・

InChapter5，thereasonfbrerrorsinthepredictionmethodtakenintoaccount

the tensileandin－Plane COmPreSSive moduliwasinvestigated・The assunPtion of

placementfbrneutralaxiswasconsideredtobethereasonfbrtheerrors・Thee飴ctof

theplacemeniofneutralaxisfbrcompone血SWaSinvestigatedboththeoreticallyand

experimenIal1y・Prediction ofbendingrigidityforlaminated hbriCwithadhesive

interliningtakenintoaccounttheneutralaxesofcomponentswasinvestigated・

Finally，inChapter6，theconclusionofthisstudyisdescribed・
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Chapter21　Generalbendingtheoryofafabric

2．1Bendingprope止yofafabric

Bendingrigidityofafabricisusedasascaletoshowaresistancetobending

defbrmationintheelasticregion．Thebendingrigidityofmaterialssuchasmetalwhch

Showsmal1curvatureinpracticaluseismeasuredbythree－POidbendingandfbur－POint

bendingtestbasedonsmalldefbrmationtheory・Itisusuallyconsideredthatbending

defbrmation of continuum bodyis continuoustenSileandin－Plane COmPreSSive

defbrmationonthecrosssection．Thus，amultiplicationofthetensilemodulusandthe

momentofinertiaofareacanbeusedasabendingrigidity．However，teXtileisnot

COntintmm bodyand the moment ofinertiaisunable to obtain．Moreover，the

relationshipbetweenbending，andtensileandin－Planecompressi9niscomplicated・The

CurvatureOftextileisverylargeeveninpracticaluseandhysteresisphenomenaare

Shown．Thus，PurebendingtestwhchcanmeaSurelargedefbrmationofcurvatureis

used・Intherangeofsmallcurvature，Cantilevermethodisusedtomeasuretheaverage

Ofbendingrigidity・Usingthebendingde丘）rmationafftctedbygravity，Clarkandloop

method arealsousedtoobtainrelativeresistanCeinbendingasbendingrigidity．

Peirce［1］investigatedthehandleofclothasameasurablequantityand血st

PrOPOSedameasurementofflexuralrigidity0切ectively丘ombendinglengthandweight

Of a materialuslng Cantilever．ARer Peirce，many reSearChersinvestiga責edand

developedthemeasurementqfbendingrigidityfbrfabrics・Thkateraetal［2］analyzed

theinterrelationamongtheconventionaltest占ofthebendingrigidityoftextilefhbrics，

SuChasthecantilever，Clarkandheartloopmethods，etC・Theycomparedandestimated

theerrorsandapplicablerangeSOfthesemethods・

Sincethe bendingrigidityoffabrics could now be measured，reSearChers

investigatedtherelationshipbetweenbendingrigidityofyamSandthefabriC．Grosberg

［3］investigatedthe丘ictionefEbctonbendingrigidity．Itwasshownthatthe丘ictional

restraiⅠ止to bending ofmostclothSarises録om丘ictionalrubbingbetweenthefibers

duringbending・Cooper［4］investigatedthefactorsafEtctingtheresistanCetObending
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SuCh as丘bers，yamS andwoven fabrics．The relationshipamOng丘bers，yamSand

WOVenfhbrics were discussedandalSo directionaldependence ofbendingwasalso

identi丘ed．Ghoshetal．［5］andl6］investigatedanelasticbasedcoInp山ationalmodelof

Plain－WOVenfabricsinpurebending・Thyalsoveri負edtheirmodelanddescribedthe

reasonoferrorsasyarpcrosssectionaldeformationl7］．

Bendinghysteresisisalsoofgreatinterestinconsideringbendingpropertiesof

hbriC．Owenl8］fbundthat bending behavioris detemined by the mechanical

PrOPertiesofthe丘bersandthe丘ictionalandgeometricalrestraintswithinyamsinthe

fhbriC．Leveseyetal．［9］investigatedtherelationshipbetweenclothbendingrigidity

andsinglefiberbendingrigidity．Theyproposedamathematicalfbrmuladerivedfbrthe

minimumClothbendingrigidity，血ichtakes accountofthetwistand crimpinthe

ymS・

2．1．1Measurementofbendingpropertiesofafabricinpurebending

Inafabricbending，theenglneeringtheoryfbrbendingoflinearelasticmaterial

isgeneral1yused．IftheassumptionofEuler－Bemoullishallbeestablished，CurVatureOf

amaterialpolntisproportionaltoabendingmomerlt．Whenmomentactsonthesurface，

aproportionalconstantWillbeabendingrigidity．Tbmeasurebendingrigidityofa

fabriC，Equation（2．1）hasbeenusuallyused．

1　　Aオ

r　　属す
（2．1）

Whererisradiusofcurvature，MisbendingmomeIltandEI’isbendingrigidity．

EisthelongitudinalelasticmodulusinthecontinuumandIisthemomentofinertia．

Tbnsileandcompressivemodulusisgeneral1yconsideredtobeequal・When

dealingwiththebendingofthefabriC，Eisconsideredastheindependentvalu占andthe

momenl ofinertia cannot be calculated as we11－kn0wn．TlmS，a meaSured EIis

equivalenttob占ndingrigiditySoitiscomontoexpressasbendingrigidi年」打Canbe

measuredbyobtainingrandMexperimentallybypurebendingtest．
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InEquation（2・1），afabricsamPlecanbebentinacirculararCOfconstantr

underconstantmoment．Conversely，ifthebendingmomentisknownWhenafabricis

bentinacirculararc，HcanbealSomeasured．Inotherwords，bendingrigidityofa

fhbriccanbemeasured丘omthebendingmomentsofasamplebentinasemicircular．

Amongthe measurement methodsJfbr bendingrigidityofa fhbriC，method

uslngPurebendingisbroadlyconsideredasanefEtctivewaytomeasureitbecauseof

theinelastic characteristic offhbriC・The prlnCiple ofa pure bendingln COnStant

CurvatureisshowninFigure2．1・BothedgesofasamplecanbeclamPedonboththe

CenterOfcurvature，0andmovingclamP，Ao・listhelengthofthesamPle．

WhenlAo canbemovedalongp，OAe＝甲，raCefbrmovlng Clamp untilthe

clampangle，∠AoOAe＝eis20，thesamPlecanbebentarc－1ike・Theshapeofpcanbe

madewhenthelengthofpis

β＝Jsine／∂・ （2．2）

Then，thecurvature，Risl戊＝20／l．WhenthemomentatBcanbemeasured，the

relationshipbetweenthecurvatureandthemomentcanbemeasured・
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Fig・Lue2．1PrincipleofapurebendingteSterinconBtantCuⅣ血e［10］

Usingthe pure bending method ofEtrs three advantages；丘rstly curvahlre

dependencyonbendingbehaviorcanbemeasured．Secondly，bendinghysteresiscanbe

directly measured．Finally，rePeatable bending test and’easlng bending test canbe

Camiedout．Specially，theinelasticityofafabricwhchcausethedistinctfabrichandle

Canbemeasured．

2．1．2　MeasurementofbendjngpropertiesuslngKES－FB2

InbendingafabriC，bendingmomentdoesnotperfbctlyfbllowtheEquation

（2・1）andtendtovarydependingonthecurvature・Thus，†Singamachinewhichcan

recordthe relationship betweent）endingmomentand curvatureunder continuously

Changingcurvature，bendingrigidityofa払briccanbemeasured．Asarepresentative

tester，aPurebendingtest，KES－FB2［11］iswidelyusednowadays．
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Bendingrigidityunderconstantmomentcanbeobtainedusingpurebending

tester，KES－FB2．InKES－FB2system，PurebendingbetweenthecurvatureK＝－2．5and

2．5（CmLl）wasobtainedasshowninFigure2．2．hthiscase，bendingrigidity（B）de血ed

by／theslopebetweenK＝0．5ahdl．5（cm‾1）for塾fbrthefaceside，andK＝－0．5and－1．5

（cm－1）fbrPp，fbrthebackside，reSPeCtively・AndthemeanOfbothBfandPp（B）was

alsoobtained（Figure2・3）・ThiscanShowthedifEbrerrtpropertiesoffaceandbackside．

Usuallythebendingrigidityoftextileshowsanisotropyproperties，SOeaChtestneedsto

beconductedinthewarpandweftdirectionseparately．WhentheBvalueishigh，it

meanSthatthesampleisdifEiculttobend．

Inbendingproperties，hysteresisisalsotakenintoaccountfbrthehandleof

clothes・InKES－FBsystem，thedistanCeSbetween属≒0・5andl．5（cm■1）fbr微fbrthe

faceside，and属≒－0．5and－1．5（cm．1）fbrPp，fbrthebackside，reSPeCtively，Were

de五medasbendinghysteresis・Whenthe2HBvalueishigh，itmeanSthatthesampleis

easytorecoverseasily．

Thecharacteristicvalues丘omKES－FB2areasfbllows：

●　B‥Bendingrigidityperunitlength（unit：gf・cm2／cm）

●　2鱒‥Momentofhysteresisperunitlength（unit：gf・cm／cm）
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Figtue2．3bendingmod．edependingon血ceandback，WarPandwe氏
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Chapter3　　Prediction for ben・ding rigidity of

laminated fabric with adhesiveinterlining

basedonthelaminatetheory

3．11ntroduction

InterlininglS alayeroffabricinsertedbetweenthefaceandthelimingofa

garmenttOgivetheclothingasuitableappearanCeandstabilityasdescribedinChapter

l．AnadhesiveinterlininglSuSuallyusednowadaysbecauseofconve血ence．Adhesive

interlining general1y gives ahigherlevelofqualityinagarment．Bec即lSe Ofthese

propertychangeS，adhesiveinterliningisconsideredanimportantmaterialfbrclothing

andthee飴ctsofanadhesiveinterliningwereinvestigatedbyseveralresearChers［1－7］．

BendingrigidityisconsideredanimportantpropertyfbrgarmentappearanCe

wben considering mechanicalproperties ofinterlinings・Itis wellkn0wnthatthe

bendingrigidityoflaminatedfhbricismuchlargerthanthesumofonesfbrcompone血S．

Therefbre，itisnecessarytopredictthebendingrigidityofthelaminatedfabricsa氏er

laminatinginterliningandtherehavebeensomestudiesal，Outthissubject［8－11］・

However，eXCePt fbrthe methodsand equations fbcused on experimental

results［8，9］，theoreticalapproaches are stillneeded fbrmore precise predictions：

Kanayama etal．［10，11］proposedpredictionmethods aboutbendingrigidity ofa

laminatedfhbriCsbasedonlaminatetheoryfbrcompositestruCture．Eventhough，these

equationswere consideredusefu1to predictbendingrigidity，therewere stillsome

di飴rences betweenthetheoreticalvalues andthe predicted ones・Therefbreitis

necessarytoexaminethecalculationandmeasurementmethodoftheparameterSfbrthe

Predictionequations・

Fromtheviewpointofparametersfbrtheprediction，ChangeSOfmechanical

PrOPertiesofcomponentsbypresslngWeretakenintoaccountinthischapter・Adhesive

interliningisbondedtofacehbricbyapresslngmaChinewithhighheatandpressure・
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Accordingly，theface鈷briCandadhesiveinterliningarepressedatthesametime．Thus

heatand pressure a銑ct both adhesiveinterlining and face fhbriC．Therefbre，itis

necessary to study changeSin mechanical properties of face fhbriCand adhesive

inlerlining afterpresslngtOunderstand．thepropertiesand efEbctiveness ofadhesive

interlining・The changeS Of mechanicalproperties onthose，by presslng，Were

investigatedinthisstudy．

Sincethese studies wereconductもdinthe70S－80Sandthemakingofthe

adhesiveinterliningteclmiquewasimprovedfbllowlngPrOgreSSOftechnicalskill．Itis

necessarytoverifytheefnciencyofthesemethOdswithcurrentadhesiveinterlinings．

Thus，1aminatetheoryandKanayamaetal．’spredictionmethodwereveri丘edandthe

ParameterSOfthemethOdweresupplementedwiththemeasuredresultsinthischapter．
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3．2　TheoreticaldiscussionforIaminatetheoryandKanayama’smodel

・3．2．1Laminatetheory

Figu工e3．1StruCtWeOfla皿inated，鈷bricaLnd．itSbendj皿g．

Thebendinglaminated鈷bricoftwo・Plates，Ofwhicheachmodulusisdi飴rent，

wasconsideredinthisstudy．ThestruCtureOflaminatedfhbricisshowninFigure3．1．

TheelasticmodulusOfeachplateisElandEi，andthethicknessofeachplateishland

毎．

Whenthelaminatedfhbricisbent，thestraindistributioninthecross sectionis

continuous．Howeverthestressdistributionisdiscontinuousatboundary．Theneutral

Surfaceisnotcohsistenttothesym叫etryaXisofthecross－SeCtion．

Inconsideringbendingdeformation，Strain，8，isglVenby

ど＝旦
属

（3．1）

whereRistheradiusofcurvaturefbrtheneutralsurfaceofthelaminatedfabric

afterbendingand77isthe distanCe駐omtheneutralsurfacein alaminated鈷briC．

AsSum1ngBemoulli－EulerlaWthebendingmoment，M；isglVenby
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〟＝些
R

（3．2）

Where ElistheequivalentbendingrigidityofthelaminatedfhbriC．Fromthe

laminatedcompositetheoryofelasticplates，HisglVenby

面〒帥♭13一粛＋由一乃3D （3．3）

Whereyo，ylandy2，arethe coordinates ofsurfaceandboundaries丘omthene血ral

Surfaceinthecross－SeCtionofthelaminatedplateasshowninFigure3．1andbisthe

breadthofplates．

Inthiscase，theneutralsurfaceofthelaminatedfabriccanbedeteminedby

thefbllowlngrelationship．

Ⅳ＝上轡＝0

isstress．

（3．4）

inwhichNistheresultantfbrceinaxialdirectionofthelaminatedfabriCando・

FromEquation（2．4），WeObtain

力12旦一力22月●2

Bysubstitutingyo弓ノ1－hlandy2＝h2勺ノlintotheEquation（3．3），WeObtain

面＝‡鮎13＋3血1－両2♭23＋3血1＋力2）D

Introducingthemomentofinertias，1iofeachplate，

章告∫2＝坐
12

then
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（3．6）

（3・7）



司小鳩一項巨鳩＋用 （3．8）

ThensubstitutingEquation（3・5）intoEquation（3・8），aflersomereductions

且J＝旦右＋且272＋3月沃ちら

射ち2＋ち功2
（3．9）

where EIIland EiIi are the bendingrigidityof each plate．They canbe

measuredbyapurebendingtestもThiscanbeexpressedasfbllows・

旦2＝苦＝射ろ十3隅
卵22＋β2ゐ12

（3・10）

WhereBlandB2arethebendingrigidityOffacefabriC．andadhesiveinterlining

Permitwidth・ThebendingrigiditypermitwidthofthelaminatedfhbriccalCulated

丘omEquation（3．9）isdenotedbyB12・

ThebendingrigidityofthelaminatedfhbriccanbecalculatedB・Omthebending

rigiditiesandthicknessesfbrtheeachplatebyEquatidn（3．10）．Thetheoryofbending

rigidityfbralaminatedfabricaspreviotlSlydescribedwassuggestedbyKanayamaetal．

［10］．
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3．2．2　Kanayama’smodel

Kanayamaetal．［11］alsosuggestedanequationtakenintoaccounttheefftctof

adhesiveagentwithB12aSfo11ows．

β14＋鉦　　　　　　　　（3・11）

Wherelh　andlsareeachwidthofadhesiveagentareaandnoadhesiveresin

areaofinterlining（SeeFigure3．2）．Theyassumedthattheshapeofadhesiveagentarea

WaSareCtangleandtheadhesiveagentswereputonregularlyfollowlngaPattem．

■　－＿　　＞

WがH柚∝仙川

Adh亡～如叩帥t

Adh餌付朗僻両

Figwe3．2SEMpietWe80fadb血℃hb血血g鮎鋤乱nd8tm血emodelofadhe8he

hbr址皿g丘omEan叩amaetal．伍的0．
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3．3　Experimental

The prediction ofthe bendingrigidity oflaminated fabriCwith adhesive

interliningwithequations（3．10）and（3．11）was carried out．Face fhbrics，adhesive

interliningsandthelaminated fabrics were prepared as samPlesand their bending

rigiditiesandthicknesses were measuredand used to verifythe equations・The

mechmiCalpropertiesofthefacefabriCandadhesiveinterlimingmaychangeafterthe

PreSSlngPr？CeSS・Therefbre，itwasalsoconsiderednecessarytousethemechanical

PrOPerties changedbypressingtoveriBTthe equations・Tb measurethemechanical

propertieschangedbypresslng，facefabriCandadhesiveinterliningwerepressedand

thebendingrigidityandthicknessofeachsamplewasmeasuredandusedtoverifythe

equationsaswell．BendingpropertiesofeachsamPleweremeasuredbyKES－FB2pure

bendingtesterandtheBvaluesofcaseswherethefacefhbricsareoutsidewereusedas

ShowninFigure3．3．

Facefabric

Adehsiveagent

FigtⅡe3．3La皿inated．鈷briCwithadLe白iveimirlining．

ThethicknessofeachsamPlewasmeasuredbyaKBS－FB3compressiontester

at49Paload・Bondinginterliningtofacefhbricwastreatedbyapressmachine（KOBE

DENKIKOGYOSYO，BP－V4812D）andthebondingconditionswereat1500C，under

29．4kPaandfbrlOspressingtime．Everytestwascamiedoutunderstandardconditions

（atemperatureof20j＝1OCandarelativehumidityof65j＝5％）．Allsamplesweretreated

understandardconditionsfbr24hours・Everytestwasconductedfbrfivesamplesand

theaveragewasusedfbrtheresult・ChangeSincross－SeCtionfbradhesiveinterlinings

befbreandafterpresslngWereObservedbytakingaSEMpicture．
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Fourtypes ofwoven fabric made withdi飴rentyam COuntand weavefor

WOmen’sjacketswerepreparedasfacefabrics．SpeciBcationoffacefabricsandtheir

WeaVe are ShowninThble3・1・Tbnkindsofadhesiveinterliningswerepreparedas

SamPles・Specincations ofadhesiveinterlinings are showninThble3．2．Theywere

POlyesterplainfabricsandtheadhesiveagentwaspolyamide．Theadhesivewasdouble

dotwhichmeanSaStruCtureOfthesuperimposedadhesivedots．Fivewerecontrolling

densityofclothonweRdirectionandanother負vetypeshadadif托rentadhesiveagent

Pattembycontrollingthenumberofadhesiveagentdotsperarea．Whentheadhesive

agentwasputoncloth，aSCreen，Whichhasathinplateandholesfortheadhesiveagent，

wasused．

恥ble3．1Spee追払tionof払ee血も血8

Sample Yhrn、Weave Width DensityUcm）　Material　　払ce

name Count（tex）　　　　　（cm）　（WarPXWeft）

A

B

C

D

16．5texx2；

R33teX

14texx2；

R28tex

14texx2；

m暮tぞ又

8．5texx2；

R17tex

恥i11　148　　　　　28×22　　　　　Wool100％　　　　P－A

Twlll　　148　　　　　29×24　　　　　WoollOO％　　　　P－B

Satin　　148　　　　　43×29

Satin　　　148

Woo185％，

Polyester80％，

Woo115％，

Cashmere5％

恥ble3．2Specificationofinterlining8

Adhesivedot Adhesive Massper AdhesiveMas5　　Pressed

number（／cm）　dotsi2：e unitarea　　　without adhesive
Sample Width Density

name（cm）（／cm）蒜蒜示霜毒　気示▼　‾右京qInte，lining（g／m2）interlining

CE－1　　96．5　　38X22　　　10×10

CE－2　　　96．7　　　38×23　　　10×10

CEJ　　　97．0　　38X25　　　10×10

CE－4　　　97．5　　　37×26　　　10×10

CE．5　　　97．2　　37×26　　　10×10

0．17　　　　36．2

017　　　　35．6

0．17　　　　36．5

0．17　　　　36．5

0．17　　　　35．7

8．6　　　　　　　P－CE・1

8．O P－CE－2

8．3　　　　　　　P・CE・3

8．1　　　　　　P－CE－4

7．7　　　　　　　P・CE・5

DI〉＿1　　93．5　　　39×24　　　　　9×9

DP－2　　　93．5　　　39）く24　　　　10×10

DP－3　　　93．5　　　39×24　　　10×10

DN　　　93．5　　　39〉（24　　　1lX11

DP－5　　　93．5　　　39×24　　　12×12

0．25　　　　38．5

0．23　　　　39．9

0．30　　　　41．8

0．20　　　　37．5

0．10　　　　39．3

8．7　　　　　　　P－DP－1

10．O P－Dト2

11．6　　　　　　　P－DP－3

8．7　　　　　　　P－DPJ

10．1　　　　　　P－DP－5



Composites offace fabricsand adhesiveinterlinings were also prepared as

ShowninThble3．3．ThepICtureSOfalaminatedfabric，afacefabriCandanadhesive

interliningareshowninFigure3．4・

¶血le3．3Combination80flaminatedhbrics

Adhesive

terlining

Facehbric

CE－l CE－2　CE－3　CE－4　CE－5　DP－l DP－2　DP－3　DP－4　DP－5

A－CE A－CE A－CE A－CE A－CE A・DP A・DP A－DP A－DP

・l　　　・2　　　・3　　　4　　　一5　　　－1　　　－2　　　・3　　　4

B－CE B－CE B－CE B－CE B－CE B－DP B－DP B－DP B－DP

－1　　　－2　　　－3　　　－4　　　－5　　　－1　　　－2　　　－3　　　－4

C－CE C－CE C－CE C－CE C－CE C－DP C－DP C－DP C－DP

・1　　　－2　　　－3　　　t4　　　－5　　　－1　　　－2　　　－3　　　－4

D－CE D－CE D－CE D－CE D－CE D－DP D－DP D－DP D－DP

－1　　　－2　　　－3　　　　－4　　　－5　　　　－1　　　－2　　　－3　　　　－4

（a）B－DP－1 （b）B （C）DP－1

Figure3．4Picttueof18血ated血briC（B・DP・1），血ce血briC（B）mdadLeBive

hbrli血g（DP・1）．
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FurthemOre，tOinvestigatethepressingefEtctsonthemechanicalpropertiesof

eachsamPle，bendingrigiditiesandthicknessesoftheadhesiveinterlinings，facefhbrics

andinterliningclothwithoutadhesiveweremeasuredaRerbeingpressedindividual1y．

Face鈷bricsmlpleswerepressedwiththesameCOnditionsofbondinglnterliningand

thosesamPleswerenamedas’pressedfacefhbriC’・ThepresslngPrOCeSSOfadhesive

interliningsamplewasdi伍culttocarryo山becatlSetheadhesiveonadhesiveinterlining

meltedwhenpressedandtheadhesiveinterliningwasadheredtothebaseaRerpressmg．

Therefbre，POlytetrafluoroethylene（PTFE）mm（NITTO，No．900，0．05mm）wasused

as abase fbrpresslngthe adhesiveinterlining．Adhesiveiderliningwas bondedto

PTFE丘lmbypresslngthenthePTFE負1mwasremoved丘omthelaminatedfabricas

ShowninFigure3．5．Bythisprocess，theadhesiveagentwas丘Xedontheclothfbr

interliningbypresslngtO ahbricbecausethePTFE負lmisinfusibleandhasaflat

sur払ce．

Consequently，itwaspossibletoinvestigatethebehavioroftheadhesivea氏er

PreSSlng・These sampleswerelabeledas’pressedinterliningつ．Theproperties ofthe

ClothfbradhesiveinterliningandthechangesofthesebypresslngWereimportanttO

understandmechamicalpropertiesofadhesiveinterlining．Therefbre，CE－3－NA，Which

WaSinterliningclothofCE－3，WaSPreParedasasamPle．Thesewerealsopressedand

Cal1edP－CE－3－NAandP－CE－3respectively．

AdhejtVelnterl油ng

AdheSIveagent

ヽ脚 目せat＆PreSSUre

【150℃．0．3kg昨m1，

10S）

Adhe的elnterlhlng

AdheSlvea㌍nt

劇触鱒
PTFE本鞘m

♯打FE（Pol咋et帽椚uoroethylene】

Figtue3．5Theproce880fm適皿gPreBSedimirlining．
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3．3．1Resultsand discussion

3．3．2　Changes ofthe bending prope止y and thickness forwoven fabric and

adhesiveinterlinlngbyp「essJng

Thepresslnge銑ctswereinvestigatedbycompanngtheproperties ofeach

SamPlebefbreandafterpresslng・Thethicknessesoffacefabricschangeda丑erpresslng

areasshowninFigure3・6・Howeverthee銑ctsweredifEbrentfbrthedi脆rentsamples．

ThethicknessesofB，CandD鈷bricincreasedandthatofAfabricdecreased．Itwas

COnCeivablyduetotheefEtcts丘omheatandpressureduringpresslng．Therefbre，itwas

fbundthatthicknesses ofthe face fhbrics were afEbctedby．presslng While bonding

adhesiveinterlining・However，itisnecessarytostudymoreaboutthepresslngeffbcts

OnWOVenfhbricofdifEtrentweavlng．

Figure3．6Rel如ion8hipbetweenthickne88e80fpreBSed．hce鈷bricSandthickne88eBOf

血ce鈷bdc乱
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Eventhough，thethicknessesofface鈷bricswerechangedbypressing，bending

rigiditiesofpressedfacefabricwerealmostthesameaSbefbrepresslngaSShownin

Figure3．7．Therefore，itwasdetPrminedthatbendingrigiditiesoffacefabricswerenot

afEbctedbypresslng．

Figtue3・7RelationShipbetweenbendingrigiditie80fpre88ed払ce血briC占and．bend血g

rigiditie80f血ce血briC8．
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ThethicknessesofpressedinterliningwerelowerthanthatbefbrepresslngaS

showninFigure3．8．In addition，SOme ChangeSinthe adhesive agent shape were

ObservedaftertakingSEMpicturesasshowninFigure3・9・Theroundshapeofthe

adhesive wasflattenedandthe shape changed．Adhesive agentpermeationintothe

SPaCebetweenwarpandweftyamswasalsoobserved，aSShowninFigure3・10・These

ChangeSWerealsofbundinalllaminatedfhbrics・

Figwe3．8鮎1ationShipbetweentLi血e88e白OfpreSSed．interli血gand．thickne舶e白Of

adもe8iveinte止血血gbeforepreSSmg．
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L　【Hb　■I00　uO－■■ 桝磨　畑　郷1－1

糾馳触p栂SSi咽（CE3）　　　　　弼墟rp憾ing（CE3〉

Fi卯re3．9SEMpicture80fcro88－8eCtionforadhe8iveinterlining：（a）beforepre88ing

（CE3）and（b）a免erpre8Bing（CE3）．

Figtue3．10SEMpicture80fcro88－BeCtionforlaminatedfhbrics：（a）A・CE・3，0））B・CE・3，

揖C・CE・3，（心D・CE・3．
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Figure3．11TtLickne880fadhe8iveinterh血gandit8ClothwithoutadheSive，beforezLnd

a食erpre88hg．

FurthermOre，the thickness changeS Ofadhesiveinterlinings andinterlining

Clothbypresslng are ShowninFigure3・11・Whencompanng CE－3to P－CE－3，the

thickness ofP－CE－3waslower than that ofCE－3．The thicknesses ofthe adhesive

interliningsbecameclearlythinnerduetopresslng．ThethicknessofCE－3waslower

thanthesumofthicknessforCE－3－NAandadhesivescreen，200mm．Thereasonwas

thattheadhesiveagentwaspermeatedintotheclothsurfaceduringthemanuhcturing

PrOCeSS．ComparlngP－CE－3－NAtoCE－3－NA，thethicknessof，P－CE－3－NAwashigher

thanthat ofCE－3－NA・With these results，it was conceivable that shrinkageand

extensionofclothforadhesiveinterliningoccurredonadhesiveinterliningclothby

PreSSlng SO the thickness ofadhesiveinterlining changed．Therefore，itis clearthat

PreSSlngisa蝕ctednotonlybyadhesiveagentbutalsoclothrespectably．

40



BendingrigidityofthepressedinterlininglnCreaSedcomparedwiththatbefore

PreSSlngaSShowninFigure3．12．

0．000　　　0．002　　　0．004　　　0．006　　　0．008

BendingrigiditYOfadhesiveinterliningtcN・cmγcm）

Figure3．12RelationBhipbetweenbendingrigiditie80fpre88edihrliningandbending

d由d鷹ie80fadhedveintedhhgbe丘肝epre881ng．
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Inaddition，bendingrigidityofP－CE－3－NAwasslightlysmallerthanthatof

CE－3－NAwhereasbendingrigidity ofP－CE－3increasedincomparisonwiththat of

CE－3asshowninFigure3．13．Therefore，itisconceivablethatmostofthepresslng

processdidnota脆ctthebendingrigidityofclothforadhesiveinterliningandsimilar

resultswereobtainedwithpressedfacefabric・Withtheseresults，itwasconcludedthat

theadhesiveagentpermeationmadeadhesiveinterliningsti飴rthanbefore．Asshown

inFigure3．13，thestandarddeviationofCE－3islargerthantheothers．Thereason

wouldbetheunevendistributionofadhesivedotonthinclothofinterlining．

0・007

∋　　0．006

CE－3　　　　CE－3－NA P－CE－3－NA P－CE－3

Samplename

Fi騨1pe3．13BendingrigiditieSOfadhe8iveinter血ingandit8Clothwithoutadhe8ive，

be払reanda銑erpre88mg．
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3．3．3　Prediction of bending rigidity forlaminated fabrics with adhesive

interlining

TheEquation（3．10）and（3．11）wereusedtoverifythemeasuredmechanical

PrOPerties・BendingrigidityandthicknessofadhesiveinterliningbeforepresslngWaS

usedtoverifyEquation（3．10）and（3．11）andthiscasewasnamedasA．I．Aspreviously

mentioned，itwasfoundthatthepresslngPrOCeSSaffbctedthemechanicalpropertiesof

eachsamPle．Therefore，itwasnecessarytoconsiderthemechanicalpropehychangeS

duetopressing．Bendingrigidityandthicknessofpressedinterliningusedtoverify

those equationsandthatwasnamedasP．1．FurthermOre，ltWaS alsofoundthatthe

PreSSlngPrOCeSSaffbctedthemechanicalpropertiesoffacefabriC．Therefore，bending

rigidityandthicknessofpressedinterliningandthicknessofpressedfabricwereusedto

VerifytheseequationsandtheconditionwasnamedasFPIThelistofparametersused

forthecalculationandnomenclatureoftheresultisshowninThble3．4．

恥ble3．4Pafameter8u8edforcalCulationandnomenchttlre

mboI Condition

UsedbetIdinRriEiditYmdthicknessofdhcsiYe 軸鱒鱒劇鱒重唱
Usedbendingrigidityandthicknessofpressedinterlining

UscdbendingrigidityandthkknessofFWeSSedjrltCrliTliTTgaJldthickJleSSOf
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Figwe3．14CompariBOnbetweenexperinentalbendingrigiditiegZndtheoreti血1

もend血gd由d誠e8uShg且2（Aカmd且2，（Aカ．

AcomparisonoftheexperimentalandcalculatedbendingrigiditieswithB12

担J）andB12’G41）equationsis showninFigure3・14・Comparingtheresults？f

equationB12（AJ）toB12’G4．1・），B12’四・L）wasslightlyclosertotheexperimentalresults．

ItwasbecauseequationB12’ConsideredtheadhesiveagentefEbctsonB12．Comparlng

thebendingrigiditiesofwarpandofweRdirection，theLlowervaluesofweRdirection

agreed withthe experimental values morethanthosein the warp direction．This

tendencywasalso showninKanayamaつsresultsl10，11］．Thereasonwhytheresults

丘omequationB12WerenOtCloseto experimentalonesmaybeexplainedasfbllows．

OnereasonmaybeduetothethichesschangeSOffacefabriCandadhesiveinterlining

aRerpressing・ChangeSOfbendingrigidityfbradhesiveinterliningafterpressingmay
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be additional one・h equation B12and B12’，thicknessesand bending亘gidities of

SamPlesa且erbondingwereassumedtobethesameaSthatbefbrebonding．However

afterbondinganadhesiveinterliningtofacefabriC，thethicknessofthelaminatedfhbriC，

aRerbondinglnterlinings，becamelowerthanthesum、OfthicknessfbrfacefhbriCand

inlerliningbefbrebonding．Thisoccurredduetothechangeofadhesiveagentshapeand

ChangeSinmechamicalpropertiesoftheclothbypressing，aSmentionedpreviously．

FurthermOre，bendingrigidityofthe adhesiveinterliningbecamelargerthan

thatbefbrepresslng・Therefbreitwi11benecessarytoconsiderthesechangeSinorderto

PredictthebendingrigidityofthelaminatedhbriC．InequationB127，thepercentageof

adhesiveagentwasincorporatedtoenablethee飴ctsoftheadhesiveagentonbending

rigiditytobe considered．However，theincreasingtendencyofbendingrigiditywith

increasingpercentageofadhes皐veagentdidnotshowupintheresultsofB12’G4．L）in

Figure3・14・This was because the mass ofadhesive agentwas not consideredin

equationB12’．Someadhesiveinterliningshaddi飴rentmassesofadhesiveagenteven

thoughthepercentagesweresimilar．TherefbrenotonlytheperCe血ageofdiameterbut

alsothemasswillneedtobeconsideredwhencalculatingtheefEbctsbfadhesiveagent

OnbendingrigidityoflamhatedhbriC．

Tb considerthechangeSOfmechanicalpropertiesfbradhesiveinterliningby

PreSSing，P．1．wasusedtopredictthebendingrigidityofthelaminatedfabric・Resultsof

B12げJ）andresultsofB12，PJ）areshowninFigtue3・15．
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Usingbendingrigidityvaluesandthethickness ofpressedinterlining，B124

げ．L）wasidroducedasasimplewaytopredictbendingrigiditybyKanayamaetal．

HoweveritwasnecessarytoirlVeStigatethereasonfbruslngthemethod．Inthisstudy，it

WaSfbundthatthethicknessandbendingrigidityofadhesiveinterlimingwerechanged

bypresslng．Therefbre，uSingP・エmeantthatthechangeSin．adhesiveinterliningby

PreSSingwerealreadyconsiderediIitheequa土ion・ConsequeI止1ytheresultsofB12（P．I．）

WereClosertoexperimentalonesthanB12G4・エ）andB12’担1）．TheresultsofB12’（P．エ）

Werehigherthantheexperimentalonesintheresults丘omB12（PJ）．Itwasnotusefulto

usethesepropertiesinB12つbecausethechangeS丘ompresslngWerealreadyfactoredin

theresultsofPJ Therefbre，equationB12WithP・エshouldbebettertopredictamore
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accuratebendingrigiditythanB12’（P・1．）．However，thefacefabricchangeSbypressing

WerenOtCOnSideredinthecaseofP・LTheequationsweremainlyafEbctedbythickness

andbendingrigiditychangesandalso，inthisstudy，itwasfbundthatthemechanical

PrOPertiesofface鈷bricwerechangedbypresslng．Therefbre，thethicknesschangeon

face鈷bricbypressingmustbeconsideredfbrpredictingthebendingrigidityofthe

laminatedfabri1C．TbconsiderthechangeStOtheadhesiveinterliningandfacefabricby

PreSSing，F．P．I．wasusedtopredictthebendingrigidityoflaminatedfhbriC．Theresults

OfB12（F．P．エ）andresultsofB12’（F．P．エ）areshowninFigure3．16．RootmeanSquareOf

errors CRMSE）andcoefficientofdeteminationofexperime血alresultsandfbreach

conditionareshowninTable3．5．

RMSEofB12（F．PJ）waslowerthanthatofB12（P．I．）．Therefbreフitwasfbund

thattheresultswhichconsideredthicknesschangesaRerpressingthefacefabricgavea

moreexactpredictionoftheexperime血alones・Consequently，itwillbepossibleto

Predictthe bendingrigidity ofthelaminated fabricswithadhesiveinterliningwith

equationBlunderF．P．エconditionsmoreprecisely．FurthermOre，Kanayamaetal．［10，

11］Calculated3typesoffacefabriC（WarPknit，Plainwovenandnonwoven）．Intheir

results，reSults ofnonwovenagreedwiththoseoftheexperimentalones．Theresults

飢）mtheplainwoven鈷bricsshowedlargervaluesthanthoseoftheexperimentalones．

However，theresultsofthewovenhbriC，Whchwasusedinthisstudy，Showedcloser

Valuestotheexperimentalones・Thiscouldbebecauseofthetechnicalimprovementin

manufactunngtheadhesiveinterliAmg．Theinlerliningclothwas gettingthinnerand

adhesive age血mass was getting smallerthanthe samples丘om Kanayama et al．

EfBGiencylmPrOVement Ofthe adhesiveinterliningreducedthe spacebetweenface

fabriCandadhesiveinterlininga氏erbonding．Itmadethedecreaseoftheerrorssothatit

WaSPOSSibletopredictthebendingrigidityoflaminatedfabrics．
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Figure3．16　Comp乱由0nbetweene軍perinentalbendingrigiditie8andtheoretical

bendingrigiditie8uBing且2（属PL）and且2，（属Pl：）．

≠bk3．5Rootmean8qu．amOferror8伽SE）andc舵伍eie止ofdeb血don侃∂

betweenezperinentalre8ultElandthoBeOfeachcondition

Conditions RMSE R2

間地温削濃 n臨■・lb　　　　　　　　0．0056　　　　　　　　　　0．8817

B12，巾．L）resultsandexperimentalresults O・0046　　　　　　　　0．8325

β1ュ伊リノn鯵■ぬ■鵬血岬鵬血書tblr払u馳　　　　　　　0．0039　　　　　　　　0．9263

B12’（R上ノresultsandexperimentalresults O．0085　　　　　　　　0．9355

熱望終鴫欄蜘鵬 0．0029　　　　　　　　　0．9264

B12，作こR上ノresultsandexperimentalresults O．0062　　　　　　　　0．9405
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3．4　Conclusion

ThechangeSOfmechanicalproperties，fbradhesiveinterlimig，facefabriCand

laminatedfhbricsofthese，bypresslngWereinvestigatedandthepredictingmethods

WereVeri負edwithmeasureddata・Itwasfbundthatnotonlythepropertiesofadhesive

interlimingbutalsothepropertiesoffacehbricchangedinthepresslngPrOCeSS．Itwas

al・SOfbundthatthepresslngPrOCeSShadalsoefEtctsonclothfbradhesiveinterlining．

Thepredictingmethodsfbrbendingrigidityoflaminatedfhbricwithadhesive

interliningandfacefhbricsuggestedbyKanayamaetal．basedonlaminatetheoryfbr

thelaminatedfhbricwereveri負ed．ComparlngreSultsofB12andthoseofB12’っthoseof

B12’，Whichconsideredtheareaofadhesiveagentwereclosertoexperime血alresultsin

thecaseofusingmechanicalpropertiesofsamPlesbefbrepressmg．However，B12WaS

Closertotheexperimentalresultsinthecaseofresultsconsideringthepresslnge飴cts，

WhichusedbendingrigidityandthicknessofpressedinterlimingwithB12．F叫也emOre，

the case ofconsidering thickness ofthe pressed face fabric was more efBcient at

PredictingbendingrigidityoflaminatedfhbricwithB12．

Withtheseresults，itwasconcludedthatEquation（3・10）wasusefu1topredict

bendingrigidityoflaminated fabrics withadhesiveinterlining，with mechanical

PrOPerties，thepresslngefEtctsonadhesiveinterliningandfacefabricwereconsidered．

The entire predicted results fbr bendingrigidities丘om this method agreedwith

experimentalones．Forthe predictionhaving higher accuracy，improvement ofthe

furthermodelwi11benecessary．Therefore，餌加estudieswillneedtoaddressthis．
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Chapter4　．Prediction for bending rigidity of

laminatedfabric仙ithadhesiveinterIiningtaken

intoaccounttensiIeandin－Planecompressive

moduliofcomponents

4．11ntroduction

InChapter3，Prediction，methods，1aminatetheoryandKanayama’smodel［1，

2］ofbendingrigidityfbrlaminatedfhbricwithadhesiveinterliningwereveri丘edboth

theoreticallyandexperimental1y．Accordingtotheveri負cation，thepredictionmethod

fbr bendingrigiditywas proposed，COnSidering the pressing e飴cts on adhesive

interliningandfacefhbricaswell．Theentirepredictedresultsfbrbendingrigidities

丘omthatmethodshowedabetteragreementwithexperimentalonesthanthoseresults

B・Om eXistingpredictionmethods・However，fbrhighly accuracy ofprediction，aP

improvementfbrthenewmodelisnecessarytoconsider・Therefbre，inthischapter，We

proposedanewpredictionmethodtakingintoaccounttheelasticmodulusfbrbending

rigiditygivenbyEl，WhereEiselasticmodulusandIisthemomentofinertiaofarea，

derivedbasedonthelaminatetheOry．

EIvalues録omthebendingtestarecommonlyusedasbendingrigidity．Itis

knowhthatEinEIdisagreeswiththeelasticmodulusfbrthetensilemodulusofafabriC．

There are some studies about difEbrences between those moduli∴Osawa etal．［3］

investigatedtherelationshipbetweentheextensionalandin－PlaneCOmPreSSivebehavior

ofthefabricsuslnghomogeneousplastic丘1m，fbrwhichtheYoung’smodulusisknown，

and showedthe difEbrences between extensionalandbending moduliofthe fhbrics．

Accordingly，therelationshipbetweentensilemoduliandbendingmodulionaslngle

fabricareindependent・InthecaseofasinglefhbriC，nOeXtenSionorcompressiononthe

neutralaxis occurswhilebending．However，Whlebending alaminatedfabriC⊇both

COrnPOSedfhbricsseparatelyundergodefbrmation，SuChasextensionandcompression・
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Atthe same time，neutralaxes ofbothfhbrics could be extended or compressed，

respectively．Theextensionorcompressionofneutralaxesfbrbothfhbricsshouldbe

consideredasamatterofbendingrigidityfbrlaminatedfabriC．Therefbre，inthis占tudy，

elasticmoduli丘omtensionandin－PlaneCOmpreSSionfbreachfhbricbefbrelaminating

and elastic moduli丘ombendingrigiditywere consideredindependentlyand anew

PredictionmethodfbrthebendingrigidityoflaminatedfabriCwithadhesiveinterlining，

COnSideringt＄nSileandin－PlaneCOmPreSSivemoduli，WaSPrOPOSed．

Dawesetal．［4］suggestedasimilarideafbrpredictingbendingrigidity，Which

COnSidersthedifEtrencebetweentensileandbendingproperties．Theyusedfburtypesof

face fhbrics，adhesiveinterliningsand apaperto measurethe apparenttensileand

in－PlaneCOmPreSSivemoduli．Theymadethetwotypesoflaminated鈷brics，namelyan

adhesiveinterliningwithapaperandafacefabriCwithapaperwithawater－based

POlyvinylalcohol adhesive．The tensile　andin－Plane COmPreSSive moduli were

measuredandcalculatedwiththoselaminatedfabrics・However，thepredictedresults

didnotagreewiththeexperimentalonesintheirstudy，andthenumberofexperimental

SamPleswasinsu臨cient．

Thus，inthischapter，WePrOPOSedqnequationfbrcalCulatingthein－Plane

COmPreSS‡vemodulus，COnSideringadhesiveagentpropertiesbytheoreticalderivation

丘omtherelationshipbetweentensileandbendingproperties．FromaneXPerimental

POintofview∋laminatedfhbricswithwoven鈷bricsandadhesiveinterlimingswereused

fbrmeasurlngthosevalues・Conseque血1y，thenewpredictionmethodfbrthebending

rigidityoflaminatedfabriCwithadhesiveinterl主ningwasveriBedwiththeoreticaland

expedme血dresu止S．
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4．2　Theoreticaldiscussionforbendingrigidityoflaminatedfabricconside「ing

tensileandin－PlanecompressivemoduIi

4．2．1Basicassumptionsandstructuremodeloflaminatedfabric

y2

拓2＝γ1＋わ2／2

0：NewneutralaxIS，CurVatureR

yl：Bondingsuげace

拓1＝γ0＋朽／2

yo

Figure4．1StruCturemOdeloflaJninated．勉もric

Bendinglaminated払bric made oftwo fabrics，SuCh as woven fhbric and

adhesiveinterlining，Ofwhichthemoduliaredi飴rent，WaSinvestigatedinthisstudy．

TheadhesiveandpresslngefEtctsfbrbondingthosesamPleswereconsideredalready

included by prep訂1ng PreSSed samPles．The relationships between the tensileand

in－Plane COmPreSSivemoduliandthebending defbmation oflaminatedfhbriCwith

adhesiveinterliningwerederivedundertheassumptionsasfbllows∋fbrsimplicity．

Firstly，the neutralaxes ofthe face fabriCand adhesiveinterlining befbre

bonding pass throughthe centroid ofthose while bending．Secondly，the bending

rigiditiesofthefacefhbriCandadhesiveinterliningareindependent丘omthetensileand

in－Plane COmpreSSivemoduliofbothfabrics atthose centroidsandthetensileand

inLPlanecompre亭SIVemOdhliareconsideredasconstants・

ThestruCturemOdeloflaminatedfhbriCwithadhesiveinterlining，Cloth1and

facefabriC，Cloth2isshowninFigwe4．1．hlandh2arethethicknessofcloth1andcloth2，

respectively．bisthebreadthofclothS，ynlandyn2arethecoordinalesoftheoriginal

neutralaxis ofcloth1and cloth2，reSPeCtively，丘omtheneutralsurfaceinthe cross

section ofthelaminated fabriC．yoand yl，y2arethe coordinates of surface and

boundaries丘omtheneutralsurfaceinthecrosssectionofthelaminated鈷briC．
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4，2．2　Momentoffacefab「ic，adhesiveinterlinlngandIaminatedfabric

Whenthelaminatedfhbricisbent，thestraindistributioninthecrosssectionis

COntinuous．Howeverthe stress distributionis discontinuous atthe boundary．The

neutralsurfaceisnotconsistenttothesymmetryaXisofthecrosssection．Stressofa

laminatedfabriccanbeexpresswiththesumOfstress丘ombendingbyneutralsurface

andthat丘omstrainbyneutralsurface．

Fromcr＝eE＝Er7戊，Whereo．isthestress，8isthestrain，Eisthemodulus，Ris

theradiusofcurvatureOftheneutralsurfacefbrthelaminatedfabricafterbendingandq

is　the distanCe　丘om　the neutral surfacein　thelaminated fhbriC，aSSumlng

Bemoulfi－Eulerlaw，thebendingmoment，弧，OfclothlisglVenbyasfbllows：

叫＝糎＝路鞠＝断碑雛酷＋酷（4・1）

血ereJノ乃1〒γ0＋仇／2．

Ontheotherhand，WeCandividethestrainasfbllows：

ど＝旦＝∠吐＋ユニ塑旦＿
R R R

ThefirsttermintherightisthemifbmStrainoverthecrosssectionofcloth1

inthelaminatedhbricasbent．Thesecondtemisthestrain丘omcurvature，Ratthe

neutralplaneCloth1aSbentalone・

WhenwesetdifEbrentelasticmodulifbreachstrainasEIT；mOdulusfbrtension

Or COmPreSSion ofcloth1and EIB，mOdulusfor bending，the stress on the section

COrreSPOndingtothestrainis

J＝告昂r・ユニ払旦β
R

Themomentofthestressisasfbllows：
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硯．叩硯lり（旦若旦β＋告旦車

＝告兢弼＋告tlb2－机桓＝告γ瀞申告騨一肌匝（4．1），

＝吾埴］二十莞華一周

Whereyo弓ノnl－hl／2andylヲノnl＋hl／2，Equation（4．1）’isasfbllows：

叫＝錘血12＋帰1）

Thebendingmomentofcloth2，城Canbealsoexpressedasfbllows：

〟2±錘r勅22＋ちβ左）

（4．2）

（4．3）

WhereAl＝bhl，A2＝bh2andIlandliarethemomentofinertiaofareafbrcloth1and

Cloth2，reSPeCtively・

TheBrstteminEquation（4・2）Canberegardedasthebendingmomentbythe

dmifbmStreSSCauSedbytensileorcompressivestrain70ftheneutralaxes，ynlduring

bending．ThesecondtgrmCanbeconsideredasbendingmomentbycurvature，R．From

theassumPtions，theeachmodulusinEquation（4．2）wereconsideredindependentlyand

those moduliwere considered respectively as EIB，mOdulus fbr bendingand EIT；

modulusfbrtensionorcompressionofclothl・

Similarly，fbrEquation（4．3），EiBisthemodulusfbrbendingandE2Tisthe

moddlusfbrtensionorcompressionofcloth2・Thecaseofynl＞OmeanSthatthemodulus

isfbrthetensilestrainandthecaseofynl＜OmeanSthemodulusisfbrthecompressive

strain．

Withthosecalculations，thebendingmomentofalaminatedfhbriCっMisglVen

by

〟叫＋〟2＝錘舟言＋ちr勅22＋帰1＋E2月左）
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hEquation（4．4），EIBllandEiBliarethebendingrigiditiesofclothlandcloth2，

respectively，andthetemSinparenthesesreftrtobendingrigidityoflaminatedfhbriC．

4．2．3　NeutraIsurfaceoflaminatedfabric

InEquation（4．4），ynlandyn2areunkn0wn．Iftheneutralaxisofthelaminated

fhbricisglVen，theycanbeobtained．Becausebothresultantfbrcesofthestressbythe

bendingofclothlandcloth2areZerOフtheresultantStreSSbyextensionandcompression

Ofeachneutralaxisbythebendingbecomeszero．Then

Ⅳ＝禦＋旦碧＝0　　　　　　　　　（4・5）

血ereynl戊isthestrainoftheneutralsurface壬brcloth1andyn2戊isthestrainofthe

neutralsurfacefbrcloth2．

Therefbre，Wederive

旦如〝1＋EZ／ちγ〃2＝0 （4．6）

BetweenEITandEiT；ifoneisthemodulusfbrtension，theotheristhemodulus

fbrcompressionandtheoppositecaseisalsopossibleaccordingtothedirectionofthe

CurVature．

Fromyn2ヲノ1＋h2r2andynlヲノ0＋hl／2，ylヲノ0＋hlヲノnl＋hl／2andy2ヲノ1＋h2，We

obtain

ノ′，2＝ツ〃1＋岨
2

BysubstitutingEquation（4．7）into（4．6），WeObtain

瑚γ〃1＋ちrち小柳2攣＝O

TlleIl。
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最舶＋β2新一且2r力2攣

γ〃1＝‾

J’，∫ニ＝

Therefbre，WhenEIThl＋E2Th2≠0，WeObtain

β2rち（互＋ち）

2（卑r句＋ちrち）

InthesameWay，WeObtain

旦r互（布＋ち）

2（旦r句＋ちrち）

（4・9）

（4．9）つ

4．2，4　Bendingrigidityoflaminatedfabric

WithEquation（4・4）and（4・9），WeCanObtainthemomentofalaminatedfhbric

asb1lows：

〟＝去恒ッ〃12十月24〝1＋攣巨1品＋JZ〕

WithEquation（4．10），Wealsoderive

ッ〃2＝γ〃1＋旦土生一旦r痛＋亘）
2　‾2（旦r玖＋且2rち）

andEquation（4．9）Canberewrittenas、fbllowsbys豆bstituhgEquation（4．11）：

〟＝纏翳〔竿）2叫満ち〕

面＝莞警告（竿〕2＋旦かちβ∫2
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（4．10）

（4．11）

（4．12）

（4．13）



Ifwe express Equation（4・13）perbreadth，anduseAl＝bhlandA2＝bh2，the

bendingrigidityofalaminated鈷bricperbreadthis

雲＝‡豊≡浩（誓〕2＋警・響　　　（4・14）

Bendingrigidityper breadthCanbe measured by bending test such as

KES－FB2［4］．

4，2．5　CalcuIatingbendingrigidityoflaminatedfabric

Thebendingrigidities，BlandB20fcloth1andcloth2，reSPeCtively，Canbe

expressedasperwidth・

旦＝響，β2＝魅
∂

（4．15）

Ifthemomentisproportionaltothecurvature，themeasuredbendingrigidity

byKES－FB2Canbeusedfbrthese・

Whenweset7and7lasapparenttensilemodulusandapparentin－Plane

COmPreSSivemodulus，theycanbeexpressedasfbllows：

雪＝聖玩＝旦迫
る

（4．16）

Inaddition，thebendingrigidityperuIlitbreadthofalaminatedfabriCwith

adhesiveinterlininglS

雷＝旦2＝器（男2卑β2　　　　　（4・17）

WhereB12isthebendingrigidityoflaminatedfabricwithadhesiveinIerliningandface

hbdc．

The concept ofEquation（4・17）was also proposedbyDawes etal．［4］．In

Equation（4．17），itisfbundthatthebendingrigidityofalaminatedfabricwithadhesive
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interlininglS a脆cted extremely by thickness ofbothcloths．In assumptions，We

COnSideredthatTland7　arelinearfunctiononbendingrigidityiftheyareconstant．

Here，itshouldbenoticedthaHbisapparenttensilemodulusandTlisapparentin－Plane

COmPreSSivemoduluswhencloth1isinouisideandcloth2isininsideoflaminated

fabricwhilebending．Ontheotherhand，TBisanaPPare血tensilemodulusandTlisan

apparentinーPlaneCOmPreSSivemodulusintheoppositecase・

Inthisequation，theapparenttensilemodulus，7bcanbeobtainedbyatensile

tester．Howevertheapparentin－PlaneCOmPreSSivemodulus，Tlishardtomeasurebya

testespeciallyinthecaseofhbriC・Eventhoughtheapparentin－Plane COmPreSSive

modulus cannot be measured directly，T；，Bl，B2，B12，hland h2Canbe obtained

experimentally・Therefbre，komEquation（4・17），WeCanderiveasfbllows：

右＝

旦2－輌2トち（生半〕2　　　　　（4・18）

Withthe same Calculatio鴫We CanObtain the opposite case ofin－Plane

COmpreSSivemodulusasfbllows．

ち＝

一再旦2一晩＋月2））

症匝1＋舶〔誓〕2　　　　　（4・19）

Therefbre，TICanbeobtainedwithEquation（4．18）．

TbconfimEquation（4．18），thetestswithonekindofcloth2，SeVeralkindsof

clothlandthoselaminatedfabricsneedtobecarriedout．InthecaseoflaminatedfabriC

withcloth2atOutSide andclothlatinside，ifthe TIValues ofclothlinthe cases of

laminatedfabricswithdi飴rentcloth2丘omEquation（4．18）aresimilar，theTIValuesate

theapparentin－PlaneCOmPreSSivemodulusofclothl・WhenTIValueswereobtained，

the bendingrigidities ofdifEbrentlaminated fhbrics canbepredictedwithEquation

（4．17）withobtainedTIValues・

59



4．3　ExperimentaL

Tb verifythe proposed equations，fbur types offace fabriC，10typeS Of

adhesiveinterliningandcorhbined40typesoflaminatedfhbricbondedwithadhesive

interliningwhichwerethesameSamPlesinChapter3（tables3．1，3．2and3．3）werealso

PrePared as experimentalsamples・Thos？bendingrigidities，tenSile propertiesand

thicknesses were measured by the Kawabata Evaluation System（Katotech Co．

KES－FB）・We con仕011edthe we氏densityof丘ve adhesiveinterlinings gradually

increaslngand we callthose as CE－interlining．We also controlledthe rrumber of

adhesiveagentdotsperareaof丘veadhesiYeinterliningsgradual1yincreaslngandwe

Cal1thoseasDP－interlining．Bondinglnterliningtothefacefhbricwascarriedoutbya

PreSSmaChine（KOBEDENKIKOGYOSYO，BP－V4812D）andthebondingcondition

WaSat1500C，under29．4kPaloadsandR）rlO●sofpressingtime．

FurthermOre，it was clear丘om Chapter3thatthe presslng efEtct on the

mechanicalproperties oflaminatehbric a鮎rthelaminatingprocedureneedstobe

COnSidered・Therefbre，PreSSedsamPles，Whchwerepressedunderthesamebonding

COnditionoflaminating adhesiveinterliningwithface払briC，Were alsoprepared as

SamPlesinthisstudy．FacefabricsampleswerepressedaloneunderthesameCOndition

Ofbbndinginterliming・Forpressinga；dhesiveinterliningalone，POlytetranuoroethylene

（PTFE）fi1m（NITTO，No・900，0・05mm，300mm）waspreparedR）rbondingtheadhesive

interlining．WebondedtheadhesiveinterliningtoPTFE丘1mandremovedthePTFE

丘lm丘omthoselaminatedfabrics・Thosesaq31eswerecalled’pressedfacefabriC’and

’pressedadhesiveinterlining’，reSPeCtively．

Everytestwascarriedoutunderstandardconditions（atemperatureof20j＝lOC

andarelativehmidityof65j＝5％）・Allsarpplesweretreatedunderstandardconditions

fbr24hours．Everytestwasconductedfbr丘tesamplesandtheaveragewasused．

Bending properties ofeach sample were measured bythe KES－FB2pure

bending tester・［5］The thickness ofeach sample was measured by the KES－FB3

COmPreSSiontesterat49Paload・Thetensilepropertiesofeachsampleweremeasured

bytheKES－FBltensiletesteruntilthemaximumloadof490cN／cm．
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Tbdeterminethe7ちValuesoffacefabriC，itwasnecessarytoconsiderthestrain

OCCurrlngduringbendingafhbricbyKES－FB2・ThecurVaturerangeOfthebending

rigiditybyKES－FB2isO・5～1・5cm－1・Iftheneutralsurface，q，isdeterminedasO・025cm，

Whichisassumedtobeaboutone－quarterOfthelaminatedfabricthicknesses，thestrain

rangeOfalaminatedfabricisl・25％～3・75％・Therefbre，the7ちValueswereobtained

丘omtheloadatabout2・5％oftheload－elongationcurve，WhichJistheelongationat

curVaturellcm－1，byatensiletester，KES－FBl・WiththoseobtainedTIValues，TIValues

WereCalculatedbyEquation（4．18），andthebendingrigiditiesoflaminatedfabriCwith

adhesiveinterliningwerepredictedbyEquation（4．17）
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4．4　Resultsand discussion

4・4・1Thedifferencebetweenmodulifromtensileandbendingoffacefabrics

andadhesiveinterlinlngS

BeforeverifyingEquations（4．17）and（4．18），the di飴rencebetweenEb，a

modulus fbr bendingrigid桓㌧andEt，amOdulusfortensile properties，Whichwas

mentionedpreviously，WaSinvestigatedbycomparingthosemoduliofpreparedsamples．

ItwasshownbysomeresearchthatthecompreSSivemoduluswaslowerthanthetensile

modulus・［6］ThetensilestrainbybendingwillbesmallerthanCOmPreSSive strain．

Therefbre，thevaluesofEtwereobtainedB：Omtheloadat2．5％oftheloadelongation

Curvebythetensiletester，KESEFBl．

Inthisstudy，BvaluesofKESLFB2inthecasewhereafacefabricisoutside

血ilebendingwere used，becauseanadhesiveinterliminglS uSuallyusedinside of

Clothinginthe負eld．ThevaluesofEbWereObtained丘omBvaluesbyKES－FB2，aPure

bendingtester．Wovenfabricsandadhesiveinterliningswereconsideredasarectangle．

Figure4．2，Figure4．3andFigure4．4showtheldi飴rencebetweenEbandEfOfface

fhbricsandadhesiveinterlinipgs．ThevaluesofEbandEtweresubsequentlydifEtrent

andthevaluesofEtwerehigherthanthoseofEb．ThedifEbrencebetweenthetensile

andbendingmodulus ofadhesiveinterliningislargerthanthatoffacefabrics．Asa

result，itwasco血medthatEbandEtareapparentlydifEbrentexperimental1y・
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Figtue4．2Compari80nmOdulifromtenBionand．bendingof血cehbriC．

Figure4．3CompariBOnmOdulifromten8ionandbendingofCE－hterlimig．

63



Figtue4．4CompariBOnmOdu正fromtenSionand，bendingofI）P－htedining．
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4．4．2　CalculatingTland7ちValuesoffacefabricsandadhesiveinterlinlngS

Inthisstudy，thepressedsampleswereusedformeasunngbendingrigidity，

thicknessand tensile properties；becauseit wasfound that the predicted results

COnSidering the presslng efEtct werein better agreed with experimentalresultsin

Chapter3．The measuredbending rigiditiesandthicknesses ofpressed samPles are

showninThble4．1andTable4．2．

恥bk4．1でheben血gri由di也e8and血kbe88e80fpre88ed払Oe血もde8

Bendingrigidity

（eN・cm2／cm）

0．1353

SampIename

r－A（Wtrp）

P－A（Weft）

錮恥唖爾

P一個（We什）

P－C（Ⅶ叩）

P－C（We魚）

錮恥瑚鵬

P－D（We魚）

恥ble4．2Theben血gd由d比論8and仙kbe88e80fpre88edinbr止血g8

Samplemame　等i霊慧

トCE・l（W鮮p）　　　0．0058

P－CE－1（Weft）　　　0・0051

貌顧路程▲トCも・利▼叩）　　　〇・0058

P－CE－2（We魚）　　　0・0030

軌だ私邸陶嘲　　　㊥・鵬

P－CE－3（We魚）　　　0．0035

トCEd（Wp）　　　0．開70

P－CE－4（We魚）　　　00039

トCb坤…叩）　　　0・0085

P－CE－5（Weft）　　　0・0039

Samplename
Bendingrigidity

rcN・cm2／cml

トDP刊▼trp）　　　0．00糾

P－DP－1（We魚）　　　0．0024

N押倒巾叩）　　　0．0059

P－DI＞－2（We魚）　　　0．0020

P－Ⅳ・3（W義叩）　　　0．0074

P－DP－3（We魚）　　　0．0033

トDP叫曹■rp）　　　0．∞59

P－DP－4（We魚）　　　00027

P・Dト乳W■rp）　　　〇・0062

P－DP－5（we魚）　　　00013
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Fi卯托4・5Ⅰ劇d・Ebngatbncwe80fbe払repre88mgandaRerpre8由ng血r血既鈷b血8・

InChapter3，theparameterChangeSOfbendingrigidityandthickness after

presslng Were COnSidered・However，the changeS Of tensile properties were not

considered．Therefore，thechangeSOftensilepropertiesbypresslngareinvestlgatedin

thischapter・Load－elongationcurveSOffacefabricsbeforepresslngandafterpresslng

areshowninFigure4・5・AsshowninFigure4・5，itwasfoundthattheelongationofface

fabricsatthesameloadafterpresslngbecamelargerthanthosebeforepresslng．Itwill

benecessarytoinvestigatethereasonsfortheelongationchanglnginthefuture・Inthis

study，thecasewhereafacefabricisoutsidewhilebendinglSCOnSidered・Therefore，the

apparent tenSile modulus，乃，Of face fabricsand apparentin－Plane COmPreSSive

modulus，Tl，Ofadhesiveinterliningswereconsidered．ObtainedTivalues，CalculatedTI

valuesandtheaverageTIValuesofallsamPlesareshowninThble4・3andTable4．4．
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恥bk、4．3乃Ⅴ血e80f払焼払b血8

Samplenaine

A（WⅣめ

A（Wefl）

糎裁郷的

迅（We魚）

恥ble4．4nvahe80fpre88edinte血血gさ

れValues　　　　れValues

fromB fromC

（N／cm）　　　（N／cm）

0．朗　　　　　　　0．毀

れYalues

Samplename fromA

rN／cml

CB・l（lr▲叩）　　　0・70

CI己－1（Weft）　　　0・34

CE・叫剛叩）　　　0・gl

CE－2（We魚）　　　0・39

Ch坤…叩）　　　0・87

CE－3（We魚）　　　0・41

CEJ（職印）　　　0．93

CE－4（We魚）　　　0・41

CE一句や■叩）　　1．価

CE－5（We叫　　　　0・40

DP－1（W刑叩）　　l・29

DP－1（We魚）　　　0．31

Dト2（▼■rp）　　1・39

DP－2（Weft）　　　0・37

DP・坤糊叩）　　1．48

DI〉－3（We此）　　　0・35

DPJ（W■叩）　　1・45

DI，－4（We几）　　　033

DP一箪W■rp）　　l・32

DP－Srwe魚1　　　　0．33

0．37　　　　　　　0．31

0．68　　　　　　1．06

0．36　　　　　　　0．39

0．63　　　　　　　1．06

0．38　　　　　　　0．40

0．78　　　　　　　1．15

039　　　　　　　0．40

0．89　　　　　　1．24

0．42　　　　　　　0．42

1．08　　　　　　1．47

0．32　　　　　　　0．36

OtlO l・5慕

0．34　　　　　　　0．59

1．02　　　　　　1．67

0．35　　　　　　　0．44

1．鵬　　　　　　　1．58

0．32　　　　　　　0．38

0．99　　　　　　　1．54　　　　　　　1．07

0．30　　　　　　　0．33　　　　　　　0．28
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TheTIValuesofadhesive血erlining丘omdifEbrentfacefhbricswerecloseto

eachother・However，thecalculatedresultswerenotexactlyinagreementwitheach

Other，eVenthoughsmalldifEbrenceswerefbund，dependingonsamples・Thereason

COuldbethenonlinearityoffabriCandadhesivepemeation．Thewovenfhbrichas

e血irelynon－1ineartensileproperties．HoweveちthemethOdtoobtain7ちValuesusedthe

loadat2．5％elongationoftheload－elongationcurveandthosecurveSdonotshowthe

non－1inearityofwovenfhbricentirely・Becauseofthenon－1inearityoftensileproperties

fbrwovenfabriC，therewouldbesorhedi飴rencesbetweenTIValues，dependingonthe

typesoffacefabrics．

FurthermOre，the permeation ofadhesive agent onthe adhesiveinierlining

COuldbean0therreasonfbrdifEbrences．Thepermeationofadhesiveage血WaSdifEbrent

dependingondifEbrenttypesoffacefabriC，SOthee飴ctsonmechanicalpropertiesby

laminatingadhesiveinterliningcouldbedi飴rent．Amongthecalculatedresults，the

resultsofTlfbradhesiveinterlinings丘omfacefabriccareslightlylargerthanthoseof

Otherfacefabrics，aSShowninThble4．4．ThereasoncouldbeduetotheassumPtlOnS

thatwerementionedfbrthefirstprocedure．Weassumedthattheneutralaxisofface

fabriCandadhesiveinterliningpassesthroughtheneutralaxisofthosewhilebending．

However，dependingonthestruCtureandyampropertiesofwovenfabriC，theplacement

oftheneutralaxiscouldbechang占d．Inparticular，facefabricchasthepossibilitynot

topassthroughthecentmid・Itwi11benecessarytoinvestigatethispolntinthefuture．

IncludingthedifEbrencesoffacefabricc，theentirecalculatedresultsweresimilareaCh

Other・Therefbre，it was possible to considerthe TI Values as apparentin－Plane

COmPreSSivemoduliofadhesiveinterlirhgs．
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4．4．3　Predictingthebendingrigiditiesoflaminatedfabrics

Inthisstudy，theaveragesofTIValuesfbradhesiveinterliningsfromallfour

facefabrics，aSShowninThble4．4，WereuSedforcalculatingbendingrigiditytoreduce

experimentalerrors，dependingonsamPlesasmentionedpreviously・Tbvaluesofface

fabriCand the average TIValuesfor adhesiveinterlining were usedfor verifying

Equation（4．17）in order to predict the bending rigidity oflaminated fabric with

adhesiveinterlining．Thepredictedresultswith73andtheaveragesofTIValuesfrom

ParameterSbefbrepresslngandafterpresslngareShowninFigure4・6andFigure4．7

respectively．The absolute errors（AE－％）and the meanal）SOlute percentage errors

（MAPE一％）foroverallabsoluteerrorsareshowninlもble4・5・

恥ble4．5　Meanab80htepereenta．geerror餌E・％）払ravera止血80hteefrOre（％）of

a皿8a皿pleS

Meanal）SOlutepercentageerror（MAPE－％）foraverallabsoluteerrors（％）ofall

Samples

Newmodel Newmdel
WilhbeR）rCPreSSing witJlaRerpressing
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Theentirepredictedresultsweresigni丘Cantlyclosetotheexperimentalresults．

Inparticular，theresultsofweRdirectionforallsamPleswereclosertotheexperime血al

one占thanthoseofwarpdirectionfbral1samples，aSShowninFigure4．6．Thereason

Whytheresultsinthewe氏directionwerecloserthantheresultsinthewarpdirection

WaSduetothe7ちValues丘omtensileproperties，Whchwerelessnon－1inearproperties．

Theload－elongationcurvesoftheweftdirectionshowedlinearPrOPertiesbetweenO％

and about2．5％elongation，Closer tothe experime血alresultsthanthose ofwarp

direction．ThedifEbrenceswithpredictedresultsoffacefhbricCwerelargerthanthose

Oftheothers，aSShowninFigure4．6．

Figure4．6Compari80nCalCulated．bendingrigidityande耳perimentalbendingrigidity

W証1pre8能d姐mple8．

70



ThereasonsfbrsomedifEbrencesintheresultsoffacefhbricCwereconsidered

tobetheerrorsoftheir］－PlaneCOmPreSSivemodulifbrfacefhbricc・Eventhoughthe

predictedresultsR）rthetensileandin－PlaneCOmPreSSivemoduliwithfacefhbricC

showed some di飴rences，theresults stillshowedhigh agreementwiththis method

comparedtoresults丘omthelaminatemodel・Forthecaseoffacefabricc，itwi11be

necessarytobeconsideredtheprecisereasonsandanOthermethodtc＞reducetheerrors

inthe蝕lre．Moreover，thepredictedresultswithparameterSOfsamplesa鮎rpresslng

wereclosertoexperimentalresultsthatthoseofsamplesafterpressmg，aSShownin

Figure4・7・

Fig，ure4．7Compari80nCalCulatedbendingrigidityand・eXPerinentalbendingrigiditY

witha銑erpreBBlngSa皿pleBandbeforepreSSngS揖npleB・
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ThesewerethesamereSultsintheChapter3．Presslnge飴ctsontheadhesive

interliningandfacefhbricwerefbundtobeimportantfactorstopredictthebending

rigidityoflaminatedfabriC．Elongationat490cN／cmloadoffacefabrica鮎rpressing

becamelargerthanthatbefbrepresslng・ItwasnecessarytoconsiderchangeSOftensile

PrOPertiesinthecaseofpredictingbendingrigiditiesfbrlaminated鈷briCwithadhesive

interlining，COnSideringtensileandin－PlaneCOmPreSSivemoduli．

Figure4．8CompariBOnCalCulatedbendingrigidibrande軍perinentalbendingrigidityof

PaLd．Tmethod8（P：themethodoflaminatemodelwithpre88ed．8a皿pleS，T：themethod

oftenSileand．inrplmecompreSBivemodelもi仇pre甜ed．Sa皿pleS）．
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FurthermOre，thesepredictedresultswere comparedwiththe ones丘omthe

laminatedmodelinChapter3asshowninFigure4．8．Comparlngthosetworegults，the

Predicted results丘om tensileandin－Plane COmPreSSive moduliwere closer to the

experime血alonesthanthe oneswiththelaminatedmodel・We controlledtheweft

densityof CEinterlining，gradual1yincreasingand bendingrigiditiesin the warp

directionoflaminatedfhbrics，increasingwiththedensity．However，thiswasnotfbund

inthepredictedresultsinChapter3・Ontheotherhandフthepredictedresultsinthis

Studyincreasedwiththedensity．Therefbre，itwasrevealedthatthepredictionmethod，

Whchconsidersthetensileandin－PlaneCOmPreSSivemoduli，ismofesuitabletoreflect

theefEbctofpropertiesfbradhesiveinterlimingsandfacefhbriC．

Consequently，the prediction method，COnSideringthe tensile andin－Plane

COmPreSSivemoduli，is abletopredictthebendingrigidityoflaminatedfhbriCwith

adhesiveinterlimingwithhighaccuracy．
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4．5　ConcIusion

A new predicting method fbr bendingrigidityfbrllaminated fabric with

adhesiveinterlining considering tensileandin－Plane COmpreSSive modulibased on

laminate theory was proposedand verified experimental1y．The apparent tensile

modulus，　andtheapparentin－PlaneCOmPreSSivemodulus，TIWereCalculatedand

usedtopredictbendingrigiditiesoflaminatedfabricswithadhesiveinierlinings．The

ObtainedTIValuesofanadhesiveinterlining丘omtheproposedequationswerecloserto

eachothereventhoughthelaminated鈷bricwasmadeupofthedifEtrentfacefabrics．

Therefbre，thecalculatedvaluescanbethein－PlaneCOmPreSSivemodulusof鈷briC．In

thepredictedbendingrigidities，theentirepredictedoneswereagreedwithexperimental

Moreover，theresults丘ommethodconsideredtensileandinーPlaneCOmPreSSive

moduliweremoreagreedwithexperimentalresultsthantheresultsoflaminatemodel．

EventhOughsomedifftrencesdependingonfacefabricsaInpleswereshown，theentire

Predictedresultswereshowedhighaccuracy・

With these results，the predicting method considered tensileandin－Plane

COmPreSSivemoduliis abletoproposeaspredictingmethodofbendingrigidityfbr

laminated fabriCwithadhesiveinterliningand woven fabric withhigh accuracy．

Moreover，thetheoreticalapproachofthisstudywi11beappliedtocalculatein－Plane

COmPreSSivemodulifbrtextilewhichcannotbemeasuredthatexperimentally．
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Chapter5　　Prediction for bending rigidity－Of

laminatedfibricwithadhesiveinterliningtaken

intoaccountthe11eutraIIaXeSOfcomponents

5．11ntroduction

Inthischapter，thereasonsforthepredictionerrorsbythepredictionmethodin

Chapter3areinvestigated・As describedin Chapter3，inthelaminatetheory，the

increasedamOunt Ofbendingrigidityis explained as resulting丘om the strains of

COmPreSSionandextensionattheoriginalneutralaxesofeachcomponent・Whena

fhbricis bent，aXialstrain does not arise onthe neutral axis．However，due tothe

laminating，StrainsbyaneXtenSionandacompressionoftheoriginalneutralaxeswi11

arise．Thestrainsbytheseextensionsandcompressionoftheneutralaxesfbrmstress．

Theresultantfrcemakes additionalmomentsothebendingrigidityofalaminated

fhbric willincrease．Ifthe elastic moduliintensileand bending arethe same，the

bendingrigidityoflaminatedfhbricperunitbreadthisgivenbytheEquation（5．1）（see

Chapter3）‥

旦2＝3旦月2
旦ち2＋旦角2

＋旦＋β2， （5．1）

WhereB12，BlandB2arethebendingrigiditiespermitbreadthoflaminated

fhbriC，adhesiveinterliningandfacefabriC，reSPeCtively．hlandh2arethethicknessesof

the adhesiveinterliningandface fhbriC・In Chapter3，Equation（5．1）was veri負ed，

takingintoaccountthechangeOnthemechanicalpropertiesoffacefhbriCandadhesive

interlining bythe press usedin thelaminating process．In Equation（5．1），it was

assumedthatthecomponerltSWerePerftctlyelasticcontinua．However，teXtilematerials

arenotelasticconiinua，SOthebendingrigidityoflaminatefhbrichasbeenseparated

intotwoparts，theco血butions丘omthebendingofthecomponentsandtheirextension

and compression［1］．Thisis equivalent to difEtrentiating between the tensileand

bendingmoduliofthefhbrics・Thosedi飴renceshaveanefEbctonthebendingrigidity
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OflaminatedfabriC．Ifthe elasticmodulusinbendingandtensile modulus ofboth

fabrics areindependentandthe neutralaxesinbendinglieinthe centroid ofthe

CrOSS－SeCtion，thebendingrigidityofthelaminatedfabricisgivenby

旦2＝岩告（誓〕2＋旦＋ち　　　　　（5・2）

VJhere TICand T；Tare the apparentin－Plane COmPreSSive modulus ofthe

adhesiveinterliningandtheapparenttenSilemodulusofthefacefhbriC，reSPe，Ctively・

Thoseareassumedtobeconstant．

InCh年Pter4，aneWmethodwasproposedtoobtainTICfromlaminatedfabric

WithdifEbrentcombinationsoffacefabriCandadhesiveinterlining．Usingtheobtained

TIC，theyconfimedthevalidityofEquation（5・2）・hthepredictedresultsbyEquation

（5・2），mOStOfth占predicteddatawereclosertotheexperimenlalonesthantheones

ObtainedbyEquation（5．1）．

However，SOme fhbrics stillshowedrelativelylargerprediction errors than

0ther fabrics．In this chapter，the reason fbr the errorsis consideredin detail．・In

Equation（5・2），thenetrtralaxesofcomponentswereassumedtolieinthecentroids．If

theassumptionisinvalid，thebendingrigidityoflaminatedfabriCwi11beafEbctedbyit

andthe errorsmaybe occurred．Accordingly，itwillbenecessaryto understandthe

efEbctofthepositionofneutralaxesincomponentsonthelaminatebendingrigidity．

Inthis chapter，adetai1edbendingtheoryoflaminated鈷bricwasproposed

takingintoaccountthepositionofneutralaxesoffabricsincompone血S．Thetheoretical

equations ofbendingrigidityoflaminatedfabricwereveri丘ed experimental1ywith

SamPlesthatshowedrelativelylargepredictionerrorsbyEquation（5．2）．
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5．2　TheoreticaIdiscussionforbendingrigidityoftaminatedfabrictakeninto

accounttheneutralaxesofcomponents

5．2．1BasicassumptionsandstructuremodelofIaminatedfab「ic

Figure5．1Bend血goftwo－COmPOnentlmiate．

LetusconsideralaminatedfhbriCwithComponentlandcomponent2，Which

neutralaxesbefbrebondingdonotpassthroughthecentroid．Acrosssectionthrougha

laminatedfabriC，benttoaradiusofcurvatureRisshowninFigure5．1．InFigure5．1，

COmPOnentlisinwardandco町pOnent2isoutward・qisthedistanCefromtheneutral

SurfaceinthelaminatedfhbriC．Wetaketheonglnattheneutralaxisofthelaminate．yo

andyl，y2arethecoordina克Sofsurfaceandl〕0undaries．ylnandy2narethecoordinates

Oftheorighalneutralaxesofcomponents・Becausethestrainofeachcomponentis

PrOPOrtional、tO the distanCe　丘om the ongln，CO町POnentlis compressed and

COmPOnent2is extendedwhilebending．Itwasassunedthatalinearstressandstrain

relationisvalid．Assumingthestrainsbyextensionandcompressionattheneutralaxes

Ofcomponents＿arethemeanStrainSinthecomponent，aCOupleoffbrceswilloccurdue

tothestressesbythestrains．
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5．2．2　Bending rigidityofIaminatedfabrictaken hltOaCCOuntthe pJacementof

neutralaxes

Thecompressivestraipattheneutralaxisofcomponentl，glbefbrebondinglS

glVenby

γ1刀
だ1＝・－

R

Then，the’stressincomponenil，CTlisglVenby‥

（5．3）

（5．4）

WhereEICisthecompressivemodulusofcorpponentl．Thetotalfbrceofcomponentl，

ais

彗＝
乃〃旦C中

点

Wherebisthebreadthofeachcomponent・

Similarly，thetotalfbrceofcompQnent2，為is

ろ＝
．一、・．下、二・／リー

属

（5．5）

（5．6）

WhereE2Tisthetensilemodulusofcomponent2．

In experimentswith鈷brics，elasticmodulusperbreadthisusuallyusedfbr

COnVenience．Thus，SPeCi丘edmoduliTICand／71Tareidroducedasfbllows：

耳C…旦C毎ちr≡ちC／ち， （5．7）

Fornoextemalaxialfbrce，thesumOftworesultantfbrcesinEquations（5・5）

and（5．6）shouldbezero．
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丸帯C＋乃〃ちr＝0 （5．8）

WhenthedistanCeS丘omthebottomtotheneutralaxisofeachcomponeI止are

denotedbyylnOandy2nO，therelativepositionsnandnareexpressedasfbllows：

n＝γ1乃0／力1

為＝γ2乃0／勉

Thenylnandy2nareeXPreSSedasfbllows：

乃〃＝乃一如一考）

γ2〝＝乃＋ちち

SubstitutingEquations（5・12）into（5・8），WeCanObtain

雪。（γ1一如一考））＋ちrレ1＋ち力2）＝O

Then，yllSaSfbllows：

J′－l＝

雪。如一考トちrろち

耳C＋ちr

（5．13）

（5．14）．

Thatgivestheneutralaxisofthelaminate・SubstitutingEquation（5．14）into

（5．12），y2カCanbeobtained‥

J’ユ′，＝

1。〈如一再・ち扇

右C＋ちr

FromEquation（8），WeCanObtainylnaSfbllows‥

乃〃＝一堵一一出
石C＋ちr

（5．15）

（5．16）．

Becausethetwo丘）rCeS，Equations（5・5）and（5・6），areequalandopposite，they

fbrmaCOuple．Bytheassumption，thefbrcesactatthecentroidofcompone血S，andthen
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thedistanCebetweenthefbrcesis（h2＋hl）／2・Accordingly，thecouplepermitbreadth

andmitcurvature弧and城is

〟1＝一九rc・

Or

Aオ2＝ツ2〃ちr・

拓÷申
2

（申／リ
2

（5．17）

（5．18）

Thisisthecontribution丘omextensionandcompressionofcomponents．The

bendingrigidityoflaminatedfhbricisgivenbythesumofthesecontributionsandthe

COntributions丘omthebendingofthecomponents．

Therefbre，the bendingrigidityofalaminated fabric canbe expressed as

fbllows：

旦2＝一覧仇・虹遍＋旦＋2
2

旦2＝ち勅・虹遍＋射ち
2

（5．19）

（5．20）

By substitutingEqu如ion（5・15）into（5・20），We Can五mally express bending

rigidityofthelaminatedfabricasfbllows：

旦2＝㌫晶炬讃ご苔鵬＋ち）＋且．＋β2・　（5・去1）・

The bending一rigidityoflaminated fhbriCwithtwo componeds，Ofwhch

neutralaxes do not exist onthe centroids，Canbe predictedwithEquation（5．21）．

However，amOngthe parameterS，TIC，Yland ncannOt be measured directly［8］．

Therefbre，amethodtoobtainthosevalueswasconsidered丘omtheexperimedsunder

aspecificassumption．
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IfYl＝1／2，Equation、（5・21）Canbeex？reSSedasfbllows：

旦2＝ち晶恒2捌射ち）＋町＋2
4伍。＋ちr）

Ontheotherhand，ifiち＝1／2，Wehave

町‥＝
雪。ちr（2（1－繍＋ちX恒ち）

頼。＋ちr）
＋旦＋β2

（5．22）．

（5．22）’．

Furthermore，ifYl＝為＝1／2，WeObtainEquation（5．23），Whchisthesamewith

Equ如ion（5・2）・

旦2＝笥髭碧＋旦＋ち　　　　　（5・23）

5．2．3　Neutralaxisofafabric

LetusconsiderthepositionofaneutralaxisofahbriCtheoretically．Ashas

alreadybeenstated，thepositionoftheneutralaxisforabe血COmPOnentCannOtbe

measuredexperimentally・IftheEBTandEbc，Whicharetensileandcompressivemoduli

inbending，areknovm，therelativeposition，Yoftheneutralaxiscanbetheoretically

釘Venby

、木‾

厄＋J亮J　　　　　　・

Thenthebendingrigidity，Bofthehbricisexpressedasfbllowsl8］：

β＝
耳打ち。が　　y2㌦属月。

3振；局毎ア‾＝「‾

（5．24）

（5．25）

rβ
且
37〃

ワ】）
yO
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5・2・4　Relativeplacementofneutralaxesforcomponents

However，Ebc，EbTand Yare unknownand camot be血easured directly．

Therefbre，anindirectapproachwasconsideredtoobtainthenecessaryparameterSWith

1aminated鈷bricsinthisstudy．

Firstly，letusconsid占rEquation（5．22）．IfYl＝1／2，bendingrigidityoflaminated

fabriccanbepredictedusingEquation（5．22）withBl，B2，TIC，7hhl，h2and為．Here，

BlandB2Canbemeastlredbyapurebendingtest．hlandh2Canbemeasured．乃TCan

bemeasuredbyatensiletest・TICisapparentcompressivemodulusofcomponentland

thereareSOmeStudiesaboutmeasuringitl2，3］．Howeverthosestudiesonlysuggested

SOmePOSSibilitiesofthemeasurementandareliablemethodwasnotestal31ished．Itis

StilldifBculttomeasur占itdirectly．hsteadofadirectmeasunngmethod，anindirect

methodcanbeused・FromEquation（5・23），TICCanbeexpressedasEquation（5．26），

andthenTICCanbeobtained．

㌫C＝
匝12－旦一月2）ちr・　　1

（旦2一旦一軒可誓）2去上紙
（5．26）

In the study，WithTIC丘om two twi11fabrics using Equation（5．26），the

Predictedbendingrigiditiesoflaminatedfabricswithadhesiveinterliningsshowedgood

agreementwithexperime血alones・Thus，theassurnptionthattheneutralaxes ofthe

twillfacefhbricspassthroughthecentroidwasveri丘ed，andthustheTICCanbeusedin

Eq11ation（5．22）aswell．

IfTICisobtained，為Canbeobtainedwiththefbllowlngequation：

2（β12一旦一旦）

ち（互＋ち） 〔吉＋計去　　　　（5・27）・

Therefbre，When the neutral axis ofcomponentlis assumed tolieinthe

CentrOid，thebendingrigidityofthelaminatedfhbricwithcomponent2fbrwhichthe

neutralaxisisunkn0wnCanbepredictedusingEquation（5．22）withTIC，hlandB10f

componentland7ちT；h2，B2andndfcomponent20btainedbyEquation（5．27）．
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LetusconsiderEquation（5．22）’・Equation（5・22）’Canbeappliedtoareverse

bendingofEquation（5・22）thatcomponentlisoutwardandthecomponent2isinward

inbending．InEquation（5．22’），itwillbenecessarytoobtain7ちcofcomponent2，Which

theneutralaxisdoesnotlieinthecentroid．However，themeasurlngmethodof73cfbr

thecomponent2hasnotbeenrQPOrtedyet・Tbverifytheprediction－oflaminatedfabric

inthecaseofEquation（5．22）’，furtherstudyontheobtainingmethodof7bcinthecase

thattheneutralaxisdoesnotexistinthecentroidwi11benecessaryinthe蝕ture．

5．2．5　Predictionofbendingrigidityfo「laminatedfabric

Insummary，thebendingrigidityoflaminatedfhbriccanbepredictedwithfbur

moduli（7bTt，EbTandEbc）orthereiativepositionofneutralaxis，YinsteadofEBTand

EBCfbrcomponentfabricsbytheproposedmethod・Forthereversedirectionbending，

duetothedifEbrentnetkalaxisonthebendingdirection，theotherrelativepositionof

theneutralaxisY’willbenecessary．
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5．3　Experimental

ExperimentswerecarriedouttoverifytheproposedequaIionsfbrpredicting

thebendingrigidityoflaminatedhbriC丘ommechanicalpropertiesoffacefabriCand

adhesiveinlerliningbefbrebonding．Inthisstudy，thebendingrigidityofalaminated

fhbricwasconsideredexceptfbrthestifhesspropertiesofalining．htheusageof

adhesiveinterlimings，anadhesiveinterlininglSuSuallyusedonthei∬Ⅳardofclothing

andthefacefabricwasontheoutwardofthearcofbending．TlmS，Equation（5．22）was

Ver通edbyassumlngCOmPOnentlfbraninterliningandcomponent2fbraface鈷briC．

Face fabrics，adhesive　interlinings　andlaminated fhbrics　with　those

COmbinationswerepreparedasexperimentalSamPles．Bendingrigiditiesonwarpand

WeR direction respectively ofal1samples were measured uslng a KES－FB2pure

bgndingtester［4］．TheLthicknessofeachsamPlewasmeasuredusingaKES－FB3

COI叩reSSiontesterat49Paload・ThetensilepropertiesofsamPlesweremeasuredbya

KES－FBltensiletesteruptoam弾irrrumloadof490cN／cm・TheloadatOtoabout

2．5％ofelongation丘omtheload－elongationcurvewasusedto calcdatethe7ちTfbr

each face fabriC［Chapter4］・Everytest was carried outunder standard conditions

（20j＝10Cand65土5％relativehmidity）．AllsamPleswerepreconditionedunderthese

Standardconditionsfbr24hours・Everytestwasconductedonfivesamplesandthe

resultswereaveraged．

The TICWaS Calculated by Equation（5．26）with values obtained bythe

experimentinthecombinationofspeci負cface鈷briCandinterlining・ThenヱちOfface

fhbricswerecalculatedbyEquation（5・27）．Usingthenvalues，thebendingrigiditiesof

Otherlaminated fabriCs bondedwiththeface fhbricsand difEbrentinterlinings were

PredictedwithEquatio血（5．22）・Thoseresultswerecomparedwithexperimentaldata．

ThesamPlespeciBcationsareShowninTbble5．1andl五ble5．2．Particular1y，

WeuSedfacefhbricswhichshowedlargepredictionerrorsbyEquation（5．2）．Hence，Six

fabrics（S1－6）which showed．1arge Prediction errors（0Ver about meanal］SOlute

PerCentage errOrS（MAPE）10％）using Equation（5・2）were prepared as face鈷bric

Samples assumed to have di飴rent tensileand compressive moduli・Tbn kinds of
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adhesiveinterliningswhichwerethesameSamPlesinChapter3werealsopreparedas

experimentalsamPles（Table3・2）・Twotwillfabrics（AandB），Whichneutralaxescan

beassumedtolieinthecentroidlChapter4］，WerePreParedtoobtainthecompressive

moduli of adhesiveinterlinings．Eighty combinationsノOflaminated fabrics were

constructedandexamined．Bondinginterliningtofacefabricwasdoneautomatically

usingapressmachine（KobeDenkiKogyosyo，BP－V4812D）・Thebondingconditions

were1500C，under29．4kPaloadandlOspresslngtlme．

恥ble5．1Sped迫は也on80ftbe払ee蝕bdk8

YarnCount（Nm）

name Warp

Sl
60texx2；

R120tex

Weave
Density（／cm）

笥紬戯　　’’‾【’▼　（WarpxWeft）

30tex Satin　　　　50×40

Pressed

Material hcehbric

name

Woo1100％　　　　　P－Sl

42teXX2；

翻塵Ⅹ

S3　　　　47tex

糾　　　　蜘X

SS
47texx2；

R94tex

3蝕X　　　姐　　　　45×33

36te竺　　Satin　　　54×37

30随X S出血　　　　53×37

30tex Satin　　　　42×30

14texx2；

鋸動線
S血　　　　43×29

W001100％　　　　P－S2

W75％，P25％　　　P－S3

W75％，P25％　　　P－S4

WoollOO％　　　　　P－S5

恥ble5．2Co血bin8位on80払oe払brkandadhe8ivehb止血g

A－C、EI S2－CEI S3く：EI S4・CEl

A－CE2　　S2－CE2　　S3－CE2　　　S4－CE2

A・CE3　　S2く：E3　　S3－CE3　　S4－CE3

A－CE4　　S2－CE4　　S3－CE4　　S4－CE4

A－CE5　　S2－CE5　　S3－CE5　　S4嶋CE5

A－DPI S2－DPI S3－DPI S4－DPl

S2－Dp2　　S3－D陀　　鋸一DP2

A－DP3　　　S2－DP3　　　S3－DP3　　　S4－DP3

A・DP4　　S2－Dp4　　S3－DP4　　S4－DP4

A－DP5　　　S2－DP5　　　S3－DP5　　　S4－DP5

S5－CEI S6－CEI

S5－CE2　　　S6－CE2

S5－CE3　　払CE3

S5－CE4　　S6－CE4

S5－CE5　　SふCE5

S5－DPI S6－DPl

S5－D円　　5姑－DP2

S5－DP3　　　S6－DP3

S5－DP4　　S6・DP4

S5－DP5　　　S6－DP5
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ThemechanicalpropertiesofcomponentfabricswerechangedaRerpresslng

PrOCedurefbrlaminatingandthechangeSOfthemechanicalpropertiesfbrlaminated

fabriCsmustbeconsideredwhenpredictingthebendingrigidityoflaminatedfabrics

［Chapter3］・Therefbre，Smlples pressed aloneunder the same PreSS COnditions of

laminatingandthosemechanicalpropertiesweremeasured．Themanufacturlngmethod

isasfbllows：FacefabricsamPleswerepressedunderthesameCOnditionsasbonding

iderlining・Tb press the adhesiveinterlining，POlytetranuoroethylene（PTFE）film

（NITTO，No．900，0．05×300rnm）wasprepared．Adhesiveinterliningswerebondedto

PTFEfilmSandPTFEfilmswereremoved・倉omadhesiveinterlining・ThosesamPles

Werereftrredtoas’pressedsamPles’・FacefabriCandadhesiveinterliningwerereftrred

to as’pressed face fhbriCつand’pressed adhesiveinterlimingつ．The conditions fbr

manl血cturingthepressedsanTPleswerethesameaSfbrbondinginterlining・
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5．4　Resultsanddiscussion

Thebendingrigiditiesandthicknessesofpressedsamplesareshowninlhble

5．3．BendingrigiditiesⅥ血chweretakenwhenthefacefabricwasontheoulsideofthe

arCinbendingwereusedbec飢1SeanadhesiveinterlininglSuSual1yusedontheinsideof

thearcinbendingofclothing．The7ちrvalues丘omthetensilepropertiesofpressedface

hbricsareshowninlbble5．4．

TIC Values fbr adhesiveinterlining samPles were obtained uslng Equation

（5．26）丘omthelaminatedfabriCwithtwi11fhbricsAandB［Chapter4，Tal31e4・4］・The

averagesofTICValueswereobtainedasshowninTbble5・5andusedintheprediction・・

Tbpredictbendingrigidityoflaminatedfhbricwithafacefabricwherethe

neutralaxisdoesnotpassthroughthecentroid，nOffacefhbricisnecessary・Withthe

Obtainedbendingrigidity，thicknessandtensileandcompressivemoduli，為offace

鈷bricswerecalculatedbyEquation（5・27）andtheaveragesfbrallsampleswereshown

in：Figure5．2．n values ofthe face fhbrics were similar fbr difEbrent adhesive

interlimings．Thus，itwasverifiedthatthepositionoftheneutralaxisfbrtheface■fhbric

canbeobtainedbyEquation（5・27）・
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恥bk5．3Bend血g頑di佑e8andthckne8秒e80f蝕e蝕もdcさ

Sample

P－Sl（Warp）

トSl（WeRI

P－S2（Warp）

P－S3（Warp）

P－S4（Warp）

P－叫We几）

P－S5（Warp）

鱒鱒和昭吟
P－S6（Warp）

P一別打we打l

Bendingrigidity（CN・cm2／cm）　　　　　　　Thickness（cm）

鬼Yや用絆
Sh血dard

deYi■tbm

0．084　　　　　　　　〉　0．003

0．椚5　　　　　　　　　0．001

0．124　　　　　　　　　0．002

841　　　　　　　　　0

0．061　　　　　　　　　0．002

0．002

0．058　　　　　　　　　0．001

0．糾4　　　　　　　　　0．001

0．109　　　　　　　　　0．002

0．062　　　　　　　　　0．002

0．139　　　　　　　　　0．004

0．065　　　　　　　　　0，002

AYモr■騨
St■血dard

d飢砲絨如職

0．040　　　　　　　　　0．001

0．044　　　　　　　　　0．001

0．033　　　　　　　　　0．001

0．036　　　　　　　　　0．001

0．044　　　　　　　　　0．001

0．044　　　　　　　　　0．004

恥bk5．4現Ⅴdue80fpre88ed払ce血b血8

Samplename T；Yalues（N／cm）

P・Sl（剛叩）

P－S21we什）

Pナ勒8rぬ
P－S2（Weft）

傲隷哺
P－S3（Weft）

P－S4（Weft）

P・S割Wtrp）

P－S6（Warp）

棚紬戯l

恥ble5．5A作rageTivalue80fpre88edinterlining8from血ce血briC，AandB

SamDlename TIvalues（N／cml SamDlename r．Yalues（N／cm

P－CEl（W■叩）

P－CEl（We魚）

P・CE2（W■叩）

P－CE2（Weft）

トC叫W■rp）

P－CE3（We魚）

P－CE4（Weft）

匹だ混琴細払rめ

P－CE5（Weft）

P－DPl叶■rp）　　　　　1・柑

P－DPl（We鱒）

P－Dm（W■rp）

P－DP2（Weft）

P－DP3（Weft）

P－DI，4（Weft）

p・DP5（W■叩）

P－DP5rwem
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Samplemme

Fi騨lre5．2AyerageさOf重石ValueさOf払ce蝕briC8fordifhrentadheBiveinte血血騨and詭

Value8froml血ated鈷bricconbination80fhcehbricBZLndCE4interlining．

AsshowninFigure5．2，theaveragesofYbforallsamPleswereclosetol．Ifn

isclosetoO．5，itmeanSthatEbcand旦βTarealmostthesame．Inthatcase，thepredicted

resultswillbesimilarWiththeresultsbyEquation（5．2）．Ontheotherhand，ifnis

closetol，itmeanSthatEbcandEbTareVerydif托rent．Inthatcase，theneutralaxisof

thefacefhbricisclosetothetopoffacefabriC．Therefore，itwasconfirmedthatthe

neutralaxesofthefacefabrics（S1－6）whichshowedlargepredictionerrorsbyEquation

（5．2）donotlieclosetothecentroid・
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Althoughthe nvalues ofthefacefhbriCs showedsimi1arOneS fbrdifEtrent

adhesiveinterlinings，SOmeVariationswerestillshownbetweensamPles．Thereasons

Willbethepemeationofadhesive agentonfacefabriCandnonlinearproperties of

fabrics．However，thevariationswerenotsolargethatthevaluescanbeacceptable．

Ifthepredictedbendingrigiditiesoflaminatedfabricwiththeobtained‡ちare

Closetotheexperimentalones，itmeanSthattheobtained‡ちValuesarereasonablyvalid

andcanbeusedtopredictbendingrigidityoflaminatedhbricwithothercombinations．

Thus，the bendingrigidities ofthelaminated hbricswith otherinterlinings were

Predictedwiththeobtained‡ち・Inhere，為valuesoffacefabriC翫）mlaminatedhbriC

withCE4interliningwereusedbecausethoseshowedtheclosestvaluestotheaverages

OftheobtainednvaluesasshowninFigure5．2．
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Figtue5．3PredictedfLnde軍perinentalbendingrigidityofthelamhaied．fibriC8bythe

methodwithandwithoⅦtCOn8ideringthepo8itionoftheneutrala二d8

Figuie5．3showsthe comparison ofpredictedand experimentalbending

rigiditiesfbrlaminatedfhbricsuslngn・ThepredictedbendingrigiditiesuslngEquation

（5．2）1arealsoshowninFigure5・3toconnrmtheefEtctofthepositionofneutralaxis・

TheMAPE丘omtheresultsbythemethOdconsiderednandwithoutconsideringnare

showninTable5．6．
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Thble5．6MeanAb80htePercentageEzTOr8如E）betweenpredictedand

expe血entalbendingrigiditywithandwithoutconsideriJlgthepo8itionoftheneutral

ax由

MeanAbsolutePercentageErrors（％）

Laminateeonditiom
Met山河　　　　　　　　　　　　　　　叫d od

滴酢蛸癖地軸錘轍的痛感ト　等嘲如由醐商蜘叫紳輔胸痛頭

Sl－allinterlining（叩叩）

Sl・allht打Iinh戚W細）

S2rallinterlining（WarP）

S2・811i血Orl血h戚Wet）

S3－allinterlining（WarP）

S3－aIlinterlining（WeR）

S4－al1interlining（WarP）

S4－dlinterlining（W細）

S5－allinterlining（WarP）

S5・dlinkr細山威We食）

S6や1丹鱒r叫g（Wa叩）

Sふ811it】terli山鳩（we氏）

Al】払ce免bdcs

－allinterliningS

AsshowninFigure5．3andinitsMAPE，thepredictedbendingrigiditieswith

theobtained nshowedcloseragreementwiththeexperimerrtaldatathanthose丘Om

methodwithoutconsideringYi．Thereasonofthebetteragreementsisthepositionof

the neutral axes oflaminated fabrics．Because a fabricis not elastic continua，the

assumPtionthattheneutralaxisexistsinthecentroidisnotalwaysvalid．Theseresults

Showedthatthebendingrigidityofalaminatedfabricwasslgni負cantlyinnuencedby

the position．The positionis necessaryto be considered especiallyforthe bending

rigidityofalaminatedfabriC．Thus，thepredictedbendingrigiditiesoflaminatedfabric

cOnSiderediちweremoreagreedwiththeexperimentalonesthanthepredictedones

Withoutconsideringiち．ItbecameClearthatthebendingrigiditiesoflaminatedfabric

Were abletobepredictedmorepreciselywiththemethodconsideredIちthanuSlng

methodwithoutconsideringit．MAPEofallsamplesfromthemethodconsiderediち

（3．6％）waslessthantheresultsbymethodwithoutconsideringiち（12．7％）．Thiswasa

ValuableimprovementsoitbecameClearthattheconcemlngPOSitionoftheneutralaxis

ismeaningfu1．
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Althoughthe predicted bendingrigidities ofall samPles showed better

agreementsっtheMAPEisdifEbrentdependingonsamPlesasshownin1もble5・6・The

reasonmaybeduetothevariationof為・Thepredictedresultsareinfluencedbyn

directlysothevariationof‡ちmaycausethedifEbrentMAPEdependingonsamples・

Therefbre，itiscertainthatthebendingrigiqityoflaminatedfabricisafEbcted

bythepositionofneutralaxes ofcoInpOnentS・Thisis equivalentto di飴rentiating

betweenthetensileandcompressivemoduliinbendingofth声fhbrics・ThedifEbrenceof

themoduliwassuccessfullyconsideredintheproposedmethod・Thus，ifthepositionof

theneutralaxisofahbricisobtained，thenthebendingrigidityofthelaminatedfabriC

withthefhbriCandan0theradhesiveinterlimingcanbepredicted．Withthisnewmethod，

thebendingrigidityofalaminatedfabriccanbepredictedmoreprecisely．

Inthisstudy，thesatin鈷bricsweremainlyusedassamPles血ichshowthe

largePredictionerrors（OVeraboutMAPElO％）bythemethodwithOutconsideringthe

POSitionoftheneuiralaxis・However，itshouldbenotedthatnoal1satinfabriCwi11

ShowlargepredictionerrorsbythepredictionmethodwithOutconsideringtheneutral

axis．The tensileandin－Plane COmPreSSive moduli ofa fabriCinbending may be

afEtctedbyyamPrOPertiesinadditiontoweav？StruCtureOfafhbriC・Therefbre，the

POSitionofneutralaxismayvaryinthecaseoffabricevenwiththesameSatinstruCture．
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5．5　Conc山sion

Anewtheory ofbendingrigidityoflaminated fhbric was proposed．The

POSitionofneutralaxisinbendingfbrfacefabricisconsideredinadditiontothetensile

andinEPlaneCOmPreSSivemoduliofcompone血S・

′The proposed method was veri丘ed by calcula血gthe bendingrigidityof

laminatedhbricsespeciallywithsampleswherebendingrigiditycannotbepredicted

PreCiselywiththemethodwithoutconsideringthepositionofneutralaxis．Asaresult，

therelativepositionoftheneutralaxisofafacefabricwasabletobeobtainedwiththe

PrOPOSedmethod．Theobtainedneutralaxisofthefacefhbricdidnotlieclosetothe

Centmid．Usingthepositionofthenetrtralaxis，bendingrigidityoflaminatedfhbricwas

Predicted．The predicted bending　rigidities showed closer agreeme血　With　the

experimentaldatathanthosebymethodwithOutconsideringthepositionoftheneutral

Thus，inthe・prOPOSedtheory，itbecameClearthattheobtainedpositionofthe

neutralaxisinafhbricisreasonablyvalidanditisabletopredictthebendingrigidityof

laminatedhbricmorepreciselywiththepositionofneutralaxis・

Until now，the selection ofadhesiveinterlining was carried out based on

experimentsandpreviousdata・Ifthedataconcermngadhesiveinterliningsandface

fhbricshasbeencompiledonce，thepredictionoftheperfbmanCeOflaminatedfabrics

madeofdifEbrentcombinationwi11bepossible・Therefbre，thisnewmethodwillhelp

designersand marmfacturers to select suitable adhesiveinterlinings fbr garmentS

W地outextracostandtime．
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Chapter6　、Conclusion

InmanufacturinggarmentS，adhesiveinterliningplaysanimportantrOleinthe

aestheticofgarmentaPPearanCeandbendingrigidityisanimportantfactorofgament

appearanCe．ThebendingrigidityoflaminatedfabricismuchlargerthanthesumOf

OneSOfcomponentsandthusitisnecessarytopredictbendingrigidityisnecessary．

Therefbre，inthisstudy，thepredictionmethodofbendingrigidityfbrlaminatedfabric

WaSihvestigated．

Firstly，1aminate theory　and Kanayamaつs model fbr bendingrigidity　of

laminatedfhbricareveri負edtheoreticallyandexperimental1ytakinginto accountthe

ChangeSinmechanicalpropertiesfbrcomponents・Itwasfbundthatthepropertiesof

adhesiveinterliningchangedinthepresslngPrOCeSSaSWellasthepropertiesofface

fhbriC．Itwas fbundthatlaminatetheorywas usefu1to predictbendingrigiqityof

laminated鈷brics，withmechanicalproperties ofadhesiveinterliningandfacefabric

takingintoaccountthepresslngefEtctsonit・

Formoreprecisepredictions，aneWPredictionmethodfbrbendingrigidityfbr

laminatedhbricwithadhesiveinterlining，COnSideringtensileandin－PlaneCOmPreSSive

moduli（Tland7ち）basedonlaminatetheory，WaSPrOPOSedandver漬edexperimental1y．

TheobtainedTland7ちValuesofahadhesiveinterlining丘omtheproposedequations

WerereaSOnableandtheentirepredictedresultsusingTland7ちcorrelatedmorewiththe

experimentalonesthanthosebylaminatetheory・

Considering tensileandin－Plane COmPreSSive moduli，reaSOnably precise

predictionofbendingrigidityfbrlaminatedfhbricbecamePOSSible・However，SOme

SamPlesstillshowedpredictionerrorsandthereasonwhy，WaSdueconsideredasthe

POSitionofneutralaxisinbendingfbrfacehbriC・Formoreprecisepredictions，aneW

theory ofbendingrigidityoflaminated鈷bricwasproposedtakinginto accountthe

POSitionofneutralaxisinbendingfbrfacefhbriCinadditiontothetensileandin－Plane

COmPreSSivemoduliofcomponents・Anewmethodtoobtainthepositionofneutralaxis

inbendingwasalSoproposed・Theproposedmethodswereveri且edbycalculatingthe
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bendingrigidityoflaminatedfabricsespeciallywithsaPPleswherethebendingrigidity

CannOtbepredictedpreciselywiththemethodwithOutconsideringthepositionofthe

neutralaxis・Therelativepositionofthene血ralaxisofafacefhbricwasobtainedwith

theproposedmethod．Theobtainedneutralaxisofthefacefabricdidnotlieclosetothe

CentrOid・The predicted bending　rigidities showed closer agreement　with　the

experimentaldatathanthosebymethodsthatdidnotconsiderthepositionoftheneutral

axis・Thus，aVeryPreCise prediction ofbendingrigidityfbrlaminated fabriCwith

adhesiveinterliningbecamePOSSiblewithmechanicalpropertiesofcomponentssuchas

毎払，動，戴，rhnand為．

Asaresultofcomparisonwiththreepredictionmethods，thepropertiesofeach

methodareasfbllows：’1aminatetheoryisthesimplestmethodwhichneedsthickness

andbendingrigidityofcomponents・Itwi11behelpfultoobtainoveral1predictionfbr

bendingrigidityoflaminatedfabrics・However，fbrmorehighaccuracyofprediction，

tensileandin－Plane COmPreSSivemoduliwi11be necessary．Usingthe moduli，Very

accuratepredictionwillbepossible・ForspeciBcsamPleswhchshowlargeprediction

errorsuslngtenSileandin－PlaneCOmPreSSivemodulisuchassatinfhbrics，taking血o

accounttheneutralaxisoffacefabriCwi11benecessary．

Consequently，itispossibletopredictthebendingrigidityofthelaminated

fabricmorepreciselytakingintoaccountthepositionofneutralaxisfbrwovenfabriC．

Untilnow，theselectionofadhesiveinterliningwascamiedoutbasedonexperiments

andpreviousdata．Ifthedataconcernlngadhesiveinterliningsandfacefhbricshasbeen

COmPiledonce，thepredictionoftheperfbrmanCeOflaminatedfhbriCsmadeofdi圧brent

COmbinationwi11bepossible．

ForexamPle，ifthemanufacturerssetupadatabasefbradhesiveinterlining

andfacefabriC，thebendingrigidibT Oflaminatedfabric canbepredictedusingthe

PrOPOSedmethods・Whendesignerswouldliketoselectanadhesiveinterliningfbrthe

designated fhce fhbricsandtheir gament designs，themanufacturers can suggest a

Suitableadhesiveinterlining丘omthedatabasewithoutexperimentallaminating．Then

thedesignerscanalsoselecttheappropriateadhesiveinterli血ngefEiciently．
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Therefbre，theproposednewmethodswi11helpdesignersandmanufacturersto

selectsuitableadhesiveinterliningsfbrgarmentSwithoutextracostandtime．

Thetheoryinthisstudyisamoregeneraltheoryaboutthebendingoflaminate

fabriCin血ich the components are not continuunmaterials・Thus，the proposed

theoriescanbeapplicableforcompositematerialaswell・FurthermOre，thesecanalso

beusedfbrmaterialinthesimulation．
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