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CSA(CableScissorsArch)hasapossibilityofintroducingadynamicalexpressioninto
thearchitecturalspacedesign,beCauseofthecontinuOuslychangingfblmstructure・The
structuralanalysisofCSAisdcVelopcdhere,byamathcmaticaltreatmentofthcpuney‐
jointsas，SlippingPinJointswithoutFrictionbetweencableandpuⅡey'・Accordingto
thecomputationalresultsofCSAcompaIedwithSA(SCissorsArch)ａｎｄＳｍ(Scissors
TrussedAxch),itisshownnumericallythatthezigzagcableplaysanimPortamIolesfbr
CSAinthepointofstructuralefficiencylmprovcmcnt．‐

1.IＮＴＲＯＤＵＣｎＯＮ、

Thecontinuouslychangingfbrmstructurehasanewpossibilitytointroducea
dynamicalexpressionintothearchitecturalspacedesign，Scissors-typemaybe
considercdasoneofthepossiblestmctureStochangethefOrmcontinuously・Incaseof
therealizationofscissors-typeexpandablestructures,oncofthcmostimportant
prOblemsisconcemedwiththerationalmethodofcxpandingandmckingallthetimg
Theauthorproposedanewtypeofexpandablearch'CSA(CableScissorsAIch)shown
inFigl2，WhichfindsoutasolutiontothesepIOblemsatthesametimc低okawa,1995)８
AsshowninFig,2,azigzagflexiblecablepassesthroughthepulleyswhichaIeinstalled

話繍駕譜藤麓:脇織恩瀦職雛､謡篭鰯瀧i:I:;謡：
structuIeallthetime.Ａlthoughitdoesn1thavethechords,CSAmightbeconsideredasa

瀞激穏瀞Ｗ::鵬繍,Ｉ'鰯i謁嚇I懸僻謡蝋i斑
rigidity,compaledwithscissorsstmctureswithoutcable'SA(ScissqrsArch)asshownin
Fig3'・Howevertheevaluationshavenotbeencleamumcricallyyet．、
Themainpurposeofthispaperistoinvestigatemlmericallythestructuralbehaviorof
CSAFirstofallthestaticalanalysisofCSAisdcvelopedhere,byaimathematical
treatmentofthepulleyjointas'SlippingPinJointwithoutHictionbetweencableand
pulley，､Andthen,thestructuralbehaviorofCSAisnumcricallydiscussedbycomparing
wｉｔｈＳＡａｎｄ'Ｓｍ(ScissoIsTrussedArchwhichconsistsofscissorsunitsandpin‐
jointedstrutmembershowninFig､4)い

2.ＡＮＡＬＹＴＩＣＡＬＭＥｒＨＯＤＯＦＣＳＡ

２ｏ１ＣableArrangementsandMathematicalnEatment0fPuIleyJoinf
Fig､5showsthecablearrangementsofCSAwhichisthesubjectofthispaper,although

868

１，

毎Ｖ



1フ

例

<i＞
八

な〉>人i〆亭
汐 ・・

c…藍…?里

人
ｅＲｈｌ毎

4，卜

jＥ７７
〃

ノ
卜

画

ロ
f，

Ｃ
ﾕｅ

伝
ｰ／

･ノ

．〉

や

〆

Ｆｉｇ．１Ｃａｂユｅａｒｒａｎｇｅｍｅｎｔ

急
乱

璽ｔＴｎｌｔ

Fig.３ｓ且（

Ｆ
１

ｇｉｓｇｏｚＢＡ工ｃｈ）

ロ

Ｆｉｇ．４ＳｍＺＬ（SciBB◎工ＢＦｍ回Ｂｅｄｎ工ｃｈ）

、

／ 、
、／/、～／

－／/～Fig.２ＣＳｎ

「．

869

ロ
ロ

／’
し <、

全

<I＞

蝋
鞠

‘ど▽／
Ｉ
、

Ｉ
／

ﾕg巳に

ＥＺ
ロ

人

Ｐｕユユe蝉◎

◎

／
/リｃ

ｊ ／

色
'１１

１／

ハ
’１

バ
ハノｉｙノ 〃;／／

／

＆
ユｅ

⑧
＆

０◎

０



2.2Expressionsofn函ns舵rMatrix

Fig､6showsallkindsoffbrcesinunit[i]andIi+1]、ConsideringtheeuilibIium(夏Ｘ=０，

２Ｙ=0)atjointno.①and②,therelationbetweentherightsidefbrcesvector:{Xir｝

andtheleftsidevector:{Xi,},isgiveninEq.(1)．

聖l数i《

①

abitdifferentarrangementsm、Fig.1.Eachcablestartsatthecentralhingedpointand
zlgzagpassesthroughpulleystoeachsupportingend,andthenretumbacktothe
centerbythesamezlgzagpassingthrough､AlthoughsmallhictionfbIcesactuallyexist
betweenthecableandthepulleyjoint,themathematicalmodelofthejointistreatedas
1SlippingPinJoimwithoutFrictionbetweencableandpuney，､Therefble,itissupposed
thateachcablehasaconstanttensionfbrcewholethestructure．

<’
Ｆｉｇ．６エnte】ｍａユandextemaユ玉◎rｃｅｇ

{Xir}=[A]{Xi,)+{a}Ｔ---(1)
WhereTdenotestheunknowncabletensionfbrcewhichisconstantwholethe

structure,and
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And,therelationbetween｛Xir｝ａｎｄ｛X(i+,),｝isshowninEq.(2),considcringthe
eqUilibriumofpointno.③．

{x(i,,),}=IB1{xir}･{bi}，ｉ‐---(2)
８７０
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Eq.(3)whichindicatestherelationbetween

and(2)．
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{Xi,}and{X(i+,),},isderivedmmEqs.(1)

-----(3)

871

’

FromEq.(3),{Xi,｝canbeexpressedbyusing{X,,}whichindicatestheendfbIce

vectorconnectedtothepinsupport,aswritteninEq.(4)．

叶川側(x卿)(茎に!《側|(‘)垂茎仙州州堺-㈹

’

nerefbre,{Xn,}isobtanedbysubstitutingi=nintoEq.(4)．

ＭｏｌＭ側(茎に!《…'(恥茎仙州州
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{｡}=IBl｛ａ}＝



〆

Finally,theotherendfbrcevector:{Xm}whichisconnectedtothecentralhingedpoim，

isexpressedinEq.(5)．
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FourvaluesofTareobtainedmmEq.(8),buttheyareperfectlysameAftersubstituting
TintoEqs.(4)ａｎｄ(1),allfbrcesareobtainedfinally､AfterallltheonlyeqUilibrium
conｄｉｔｉｏｎｓａｒｅｎｅｅｄｅｄｔｏｇｅｔｔｈｅｉｍｅｍａｌｆｂｌｃｅｓｏｆＣＳＡ・Thecalculationsofpoint
displacememsarebasedupontheprincipleofvirtualwork．

3｡ＡＮＡＬＹＳＩＳＯＦＳＡ

ＢｅｃａｕｓｅＳＡｉｓａｋｉｎｄｏｆ２－ｈｉｎｇｅｄａｒｃｈａｓｓｈｏｗｎｉｎＦｉｇ､3,theverticalIeaction:Vis
obtainedeasily・ItispossibletoanalyseherebytreatingHastheunknownhorizontal
reactionatthesupportingpointofSA,Firstafall,asthezigzagcabledoesnotexistin

thiscase征hastotakezeroatallequationsoftheprevioussectio､２．Ａｎｄ{X,,}is
shownasfbnows．

叶州に偉'川蝉’ -----(9)

Ａｎｄthen,takingConsiderationofthesymmetricalconditionsconcemmgwiththe
●

centrallinc曲ｏｍ{為}={XOn+,),},thefbllowingequationaboutHisObtained．

(【Cln-IAⅢＣｌ(,－１)){､}Ｈ

･叩c,…Ｍ茎IC,(｡-億'Ｍ(Ⅲc,側,cI｡)伸一(iの
、－１

ｋ=１

FburvaluesofHareobtainedhomEq.(1の,buttheyareperfectlysame、
neanalyticalmethodofSmwasdescribedatthepreviouspaper侭okawa,1995)．

4ＮＵＭＥＲＩＣＡＬＲＥＳＵＬｒＡＮＤＤＩＳＣＵＳＳｎＯＮS

ThcstructuralbehaviourofCSAisinvestigatednumericallyincompansonwiththatof
SAandSmasfbrthemodelwithfbnowmgSpecificparameters・
Generalform:Circularamh,10mspanand4mrise・

Memberofscissorsunit：Sectionalarea＝100ｃｍ2,inertiamoment=833cｍ４，Young's
modulus=70t/cm2,mcmberlengnh=103.71ｃｍ(1,=49.00ｃｍ,峠54.71cm)andmmberof

units=8(oneside)．

Cable:SectionalaIea=1ｃｍ2,Yomg1smodulus=2000t/ｃｍ２・
IncaseofSTAtheSectionalareaofthepinjointedstmtmemberbecomes2cm2，
becauseofthesameSectionalareaasCSA1sdoublecables．』

Ipading:VerticallyconcentratedlOkgeverycrosspoint
neverticaldisplacement,axialfbrceandshearfbrceofCSA,ＳＡａｎｄＳｍｉｓｓｈｏｗｎｉｎ
Ｆｉｇ､9,10andll,respectively、

８７３



－．４ｏ１ＣＳＡａｎｄＳＡ

ＲｅｆｅｒｉｎｇｔｏＦｉ9.9ａｎｄｌＯ，itis
recognizedeasilythatthezigzag
cableproducestheimprovementof
mechanicalefficiencyinthepoints
ofstrengthandrigidity.ＡsCSAand
SAarebothstaticallydeterminate
stmctures-aErstloca１通ilureleads
SAarebothstaticallydeterminate
structures,aEIstloca1failureleads

immediatenytothegeneralfailuIeof
thesestructure・Andthebending

momematthecrosspointofscissors
unit,thatiS,theshearfbrceisseemed

tobedeeplyrelatedtothefailuIe・
neratioofthemaximumshear

fbrcesｂｅｔｗｅｅｎＳＡａｎｄＣＳＡ

,SA/ＣＳＡbecomes258.6Ｋｇ/44.1Ｋｇ

,sothestrengthofCSAisabout6
timeｓｏｆＳｊヘＯｎｔｈｅｏｔｈｅｒｓｉｄｅ,the

distributionsofverticaldisplacc-
mcntsaresimilartoeachother,but

themagnitudeisquitedifferent・Fbr
example，ｔｈｅｍammumdisplace-
memsofbothstructurcstakeplace
inthecemralpoi､t,buttheratioof
lhem，CSA/SAbecomesl28､６９ｍｍ／

4.035mm(=31.9)．TherefOreitis
recognizedthatthezigzagcableis
veryusefU1fbrtheimprovementof
structuralrigidity．

4.2ＣＳＡａｎｄＳＴＡ

ＲｅｆｅｒｉｎｇｔｏＦｉｇ､９ａｎｄｌｌ,SI八ｉｓ
．Ｖ

ル

．・・・〃

■①

一

superiortoCSAinthestructuralri9.9Ｃｓ、（cabﾕｅｓｃｉｇｇｏｚｓ錘ch）
efficiencylbutthediferenceiSnotso
bigasbetweenCSAandSA・TheratioofmmmumshcarfmcesCSA/Ｓｍk←44.1Ｋｇ
/20.3Kg)becomes2.16,soitiscstimatedthatthestrengthofSmisabout2timesof
CSAundersuchaloading､Fmrthermore,twobendingmomentsatacrosspointevery
scissorsunit,ａｒｅａｌｍｏｓｔｓａｍｅｍｃａｓｅｏｆＳｍ,buttheonelsvcrysmallandtheothcris
concentratedincaseofCSADistIibutionsofaxiaMOrceshavesametendency,andthe
ratioofthemammmmvaluesCSA/STA(=103.2Kg/77.6Kgｳbecomes1.33.Ｔ(tension
fbrccofCSバscable)isconstam16.6Ｋｇ,ｓｏ33.2Kgindoublecables・nisvalueis
almostsameasthcaveragetensionfbrceofthepinjointedsｔｍｔｉｎＳｍ,Themaximm1m
verticaldisplacementofthebothmodelstakeplaceinthecenterpoims,andtheratio
CSA/Ｓｍ(=4.035mm/3.843ｍ)becomes1.05,althoughthemodeof曲placemcmsis
difhenthOmeaChothcr．
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5.CONCLUSION

Treatingthemechanicalmodelofthepulleyjointaspinjo皿without瞳Ctionbeween
pulleyandcableo,thestructuralanalysisofCSAhasbeendeveloped・Thestmctural
behaviourofCSAwascomparednumericallywithSAandSnkasfbraSpeCific
geometricalmodel・AstheIesults,itisconfirmednumericallythatthezigzagcableplayS
animportammlesfbrCSAinthepointofstructuralefficiencylmprovement．


