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Abstract

CableScissorsAmh(CSA)hasapossibiliwtoimD血ceadynamicaleXp唾ssionimoanamhitec‐
tumlspacedesign,becauseitcaneasilychangen】egeometryallthetimewilhkeepingstability
basedonthefO11owingsimpleidea‐windinguporbackazigzagcablepassmglhmu2血the
pulleysinstalledatlheconnectionpointsbetweemhescissorsunits・Thesmcmmlfbrmendlessly
changesintimeandSpacewilhoutthebeg…gandending,anditsdynamicalsimationswi1lgive
athnllingandexcitingatmospherc・AsakindofstringsuchascableisveIyimportantinthis
stmctmB,CSAmaybecalled‘‘Marionet1icStrucmr巴，，ｎ麺nedafterMaｴionette・CSAwillbeuseh』l

fbrnotomyU]eimprovementofconstructionmethodbutalsoenjoyingthechangmgstmctural
fbrmitself

ThispapermainlydescribeS1)atrialconstructionofllmspantimbermodeland2)theorctical
analysisofstaticsunderchangmggeometryand3)considemtiononWinchtensionfbI℃ebetween
meexperimemandlheanalysis．

1今mntmd皿cti⑪皿

ModemstructureswithchanginggeometriessuchasPantadome(KawagUchi1)orScissors
Structurc(Escrigeta1.2)J1avebeenutilizedfbramtionalconsmctiontechniqueinamhitecturz山
roofs・CableScissorsArCh(CSA)willbealsouSedfbr血esamepmpose､血additiontosuchan

→謡:篭鰹懸麗聖W翌X綱I::謡I:瀦織鰯:麗蹴縦懸;謡:５
smlctmalfbrmendlesslychangesintimeandspacewithoutthebeginningandending,andits

dynamicalsuituationswillgiveasrillingandexcinngammospheIctous・mestructuralideabasiP
callycomesfromscissorsmechanism・ＣＳＡconsistsoflhree-hingedamhscissorsandzigzag
flexiblecablesthroUghpulleysinstalledattheconnectionpointsbetweenthescissorsunitS,as
showninFig､1低okawa3).Dmingwindjnguplhecablebyawinch,CSAisgoingtoeXpandand
befbmedtoliftupasarcsult､Onlheothersidejtwillbeshortenedandgodownbyitssemf-Weight
duringlhewindingback,Theweightoflhesmct唾isineqI1ilib[iumwi血acompr巳ssioninlhe
smJtandatensioninthecable,1hmugjmhewholeopemtion､Asatensionfbmealwayswo[ksin

lhecableundergravityload,CSAisastableandstaticallydetenninajesmlctu記allthetime・mis
smlctuEcmigi］tbeconsideIBdasakindoftrusssmlctuEcwhichresistsmainlyaxialfbrcesal‐
Uloughwithoutthechords,anditisnumericallyconfhmedCSAhasfarlhebettermechanical
e壷ciencyinthepointsofstrEngUlandIigidiWうcompaｴｃｄｗｉｔｈ‘ScissorsAmhwithoutCable，
‘GKokawa4).AbovealLthezigzagcableinCSAplaysimportantrolesfbrnotonlyasmpledevise
ofchangjnggeOmemﾉbutalsoanimprovementofsmctumle錘ciencybylmssaction・
ThispapermainlydesCribes3items・The鉦stoneistheconstructiontestonallmspantimber
spatialarchmodelwithchanginggeometryftoml75cmto500cminrise､Thesecondiscon‐
cemedwiUﾕ1hestructuralanalysisunderchangmggeometrybasedonama山ematicam巳atment
of山ePulleyjointsas，SmppingPinJointwilhFxiction，.AndthelhiIddescribessomeconsideⅡ塔
ationonthecompaIisonbetweemheeXperimentalwinchtensionfbr℃ｅａｎｄｌｈｅｍmericalanaly‐
S1S。
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Fig.1.StructumlPrincipleofCSA

2.ConstructiOntest

血ordertoinvestigateonthevalidilyofthestructmalidea,eXperimentalconsm】ction息如dheson
somemodeLswerccaniedout(Kokawa3),andtheconstructiondetailshavebeenimPmVingabit
bybit・Fig.２showssevemlstagesofalajesteXperimentalmodelwilhsequentialchangmggeomP
etriesmderwindingl叩.mhemodelhasll-mspan,ｔｈｅｎumberofscissorsImitsis8inha]fside，
thestrutlengIhisll5cm(a=60ｃｍ,b=55cm)andlhegenern1fmmofdlemodelisacylindricalmof
type・moIdertopreventthearchfmmtheexcessivelateraldefbmmation,threeCSAswithVL
sectionaIclocatedinpamllelWitheacholhe喝andconnectedtolongitudinalhoIizontalmembers
asshowninFig､3.AldndofhmitmEmingsandballbeaxingsaｴBusedfbr血ejoim-platesand血e
pumleys,配spectivelybMembmneasn]eroofmateIial,isinadvancefnxedslacldytolhelongitudi‐
nalhorizontalmembeIs､ItwillbestIBtchedatthedesilＢｄｇｅｏｍenyThelinldngscissorsaIEmade
ofｗｏｏｄandthesectionofthestrutis2cm*4ｃｍ・Onlheotherside,thediameterof曲ｅｃａｂｌｅｉｓ
3ｍｍ・Thepointofcentralhingemovesalmostverticallybecausethelengnhchangeofcablesis
sameatbolhleftandrightside,AncablesalBfmallyconnectedtoahandwinchinUlistestbTbtal
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Fig.3.MOdeIsection

3.Winchfb唾eanalysis

weightof山ismodelisaboutaboutl90kg・
血thistest,the１℃lationbetweendmerise:h
fmml50cmto500cmandlhewinchten戸

sionfbrceisObtainedeXperimentanysev-
eraltimesbyadatalOggerもItisqualita戸
tivelyobservedlhewinchtensionfbmeis

mverselyproportionaltoh・mmSPiteoflhe
operationofｗｉｎｄｉｎｇｕｐａｎｄｂａｃｋｂｙａ
ｈａｎｄｗｍｃｈ,thegeneralgeomehyofthe
stmcturesmoothlyandcontinuously
changesBesidesthismodeLanoU]ertype
ofmodelwithoutmembmnewasalsoex-
amined

Fig4dmwssomestagesofthechangmggeomelⅡybaseduponan皿nericalmethod・AttheprBvi戸
ouspape喝mestaticalana]ysisofthefmalstagewasdevelopedｂｙａｍａ血ematicaltr巴ammemofthe
pumleyjointas0SmppingPinJOimwithoutF面ctionbetweenCableandPUlley．(Kokaw的.Ｈｏｗ‐
eve喝CSAisabletochangethegeometIyallthetime,soitisverymportanttopr巳dictnmmmBrically
howlhesbrucmralbehayiourUptolheEnalstagechanges・mpmvingthepIwiousme血odbette喝the
staticalfmalysisofthearbitraIystageisbrienydevelopedhere,basedonamathematicaltIcaル
mentofthepulleyjointas，SmppingPinJOintwilhFriction'.Andthen,someconsidemtionsonU]e
eXpeⅡimentalwinchfbr℃eat曲eabove-mentionedmodelwinbedhscussed､basedomhefbllowing
mlmeIicalanalysis．

Fig.4.computedseqUentialchanginggeometlies
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1,曲isanalysis,eachcablestartsatlhecentralhjngedpointandzigzagpasses曲mughpulleysto
eachsupportingemdasshowninFi9.1.Ifthelenglhvaｴiationsofcableatbo血sideunderwinding
l卯ｏｒback,aｴｅｓａｍｅ,thecemerpointwillbeconstrainedhorizontallyandmoveverticallyAs
smallfrictionfmcesexistbetweenU]ecableandthepulleyjoim,themalhematicalmodeloflhe

jointissimplyｾeatedherBas'SmppingPinJOintwilhFrictionbetweenthem1Obeyedbyanjeas
shownｉｎFig.5.TheIcfbrB,thedhsmbutionoflhecableつtensionisdecidedaccordingtolhewindP
mguporback・Asthisstmctureisakindofstableandstatic辿ydeterminatestructmc,onlynme
equilibriumconditionsareneededtofindoutthestrcssofmembeIs・Fig.６showsankindsof
fbmesinunit[i]and[i+1]､ConsideIinglheeqUilibrimn(亜←0,ＺＹ=0)atjointno．＠and鴎1he
rBlationbetweentherightsidefbmesvector:{遥}and曲eleftsidevecto症{麺}jsgjveninEq(1)．

↑
uｐ

F=(1+】0Ｗ

↓
down

F=Wx1+1０

Fig.5.Frictionmodel
betweenpulleyandcable

{Xir}=[A]{Xi,}+{ai}Ｔ

WherE，

Ｍｌ謝 {ai｝

、=r(i+1)IごIX1+k)2i+１
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andTdenotestheunknowncabletensionfbrceattheend､And,merc1ationbetween{麹}and
{Ｘ(i+1)l}isshowninEq.(2),consideIingtheeqmlibriumofpointno．Ｂ・

{X(制,}=[B]{Xir}+{bi}Ｐｉ （２）

叶府瞬娯｜
仲｢::|:訓

，§＝a/ｂ

Eq.(3)whichindicatesthexBlationbetween{Xil}and{X6+1)l},isderivedfiomEqS.(1)and(2)ｒ

{X(i+,),}=[C]{Xi,}+{di}T+{bi}Pｉ（３）Ⅱ…
Wherc,［C]=[B][A]and｛。i}=[B]{ai｝
So,{麺}canbee叩rBssedbyusing{Ｘ11}whichindicatestheendfbmevectorconnectedtothe

pinsupport,andlhen{麹}isobtainedbysUbstimtingi=nimotheeqUation・Hnany§theodleremd
fbmevector:{Xnr}whichisconnectedtolhecentmlhjngedpoint,iseXpressedinEq,(4)

問Ｉ

'x柵･-剛叶閲|言ﾛI…1{叩 。』
Ｊ牛』

､’0

(4)

、－１

＋[A]Ｚ[C](､~k－１){bk}Pk+{an}Ｔ
ｋ=１

RefemngtoFig,7,{Ｘ11｝isobtainedbytakingaccoImtoftheeqlmibriumatpinsupport．
０
Ｊ

{X,,}={e}T+{fO}H+{f,}Ｖ
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Fig.7.EqUilibnumatpinsuppor0ed

Ｗhe唾Vis血everticalrBactionatlhepinsupportanditisexpliciUyeXp[EssedwiththegeometIi‐

calparameterandextemalfmces､Hindicatestheunknownhorizontalreactionatthepin
support.U､】mownTandHwinbedecidedsothatQnruandQmdtakezeroinEq.(4)．After
sUbstimtingHandTimoEqs.(1)and(2),allfbmesaIeObtainedfmal]ybItisconfimqed血atNmu
andNmdsatisfiﾉ1heeqUilibriumatthecentermgedpoint､Afterall,theimemalfbmesofCSA
canbedecidedbylheonlyequilibriumconditions.、]ecalculationsofpoimdisplacementsarB
basedupon曲eprincipleofvirtualwoIk、

３２.師"c"だ恋io"ﾉb死e

Fi9.8and9showeKperimentalrelationsbetween曲ewimchtensionfbme:Tandlhecemralhei2htjユ
mcaseofthemodelwithoutmembmne,winlmembrane記spectively6Thetotalweightoftwo

modelsaIel80kg,190kgrespectively6EXpeIimentalfburldndsofTandlheorBtic狐twoldndsof
T韮demedasfbllows・nimeansthemstantaneouswinchtensionjustafterstoppingwinfUngup

ataheigmlt・nsiscalledthestablewinchfbrceafteraperturbationdmingwindmgup・Tai;Ias
meantheinstantaneous,thestablewinchtensionr巳spectivelyincaseofwindingbackprDcess・Ｔｂ
ｍｅ皿stwotimesofd]ｅＵ]rustr巳actioninarchstaticsunderunifbnmylalemlload・弧』a/k=omeans
two面mesofthenumaicalcabletensionwiU1out危ictionbasedond]eabove-mentionedan副ysis,anｄ

ｎａ/l-xmeanstwotimesoflhecabletensionincaseofd]emodelwhichfiictioncoe価Cie、:ｋｉｓ

ｘ,Asshownin牌theseFigs,1)、a/k=OexceedsTbin曲emngeoflessthan425cmrise,2)ｎs,niis
closetoTilaﾉk=0,,aﾊ､=0.03rcspectivelyう3)TaiisalmostsameasTas,butTbiisd瞳EIEntfiomns
・ＡｓｓｈｏｗｎｉｎＦｉｇ､9,beyond500cmriseincaseoflhemembranemodel,Thiandnschangeto
mcrBasebecausethemembmnebeginstowaksintension．

4.Ｃ皿cUnEgi⑪、

malconsmctiontestonawoodencylindriC遡卯eofCSAwithllmspan,wassucssecehllly
camedoutbasedonthesimpleideaOntheotherside,thestmcturalanalysiswasdevelopｅｄｂｙ
ｔＩ巳a面nglhemechanicalmodelofthepulleyjointsasTinjointwithFrictionbetweenH血leyand
Cable'､TheexpeIimentalwinchtensionfb1℃eswerBexaminedtheoIetically
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