
ＪＯＵＲＮＡＬＯＦＴＨＥｌＮＴＥＲＮＡＴＩＯＮＡＬＡＳＳＯＣＩＡＴｌＯＮＦＯＲＳＨＥＬＬＡＮＤＳＰＡＴＩＡＬＳＴＲＵＣＴＵＲＥＳ：ＩＡＳＳ

ＳＴＲＩ－ｊＣＴＩ－ｊＲＡＩ－ＩＩＤＥＡＯＦＲＥＴ隅ＡＣＴＡＢｉ－ＥＩ－ＯＯＰ－ＤＯＭＥ

ＳＵＭＭ２４ＲＩノ

ＴｓｕｔｏｍｕＫｏｋａｗａ

DepartmentofArchitecture，HokkaidoTokaiUniversity
KamuichｏＣｈｕｗａ２２４，Asahikawa，Japan

rﾙeα“ｈｏ'麹ｐ/"QlりCs“α３－或加e"sjo"α/"z"ﾉ"‐α"gzJIa彫qIsc姉o7e/ｅ７〃e"ｔａｓｊﾉｈｅﾉ"α加妨”c”､/e/e"'e"/q/α刀ｅｗ
卯gq/､血'"ecaルコ(Re”cm6/eLoQp､ＤＣ"ｉＩｅｌ〃α"owIs油e血ﾉ"eroco71"""o"s〃cAα"9℃姉sA”eaccomIi"gto
cﾙα"g琶S加jAe戒ａｍａｅｌ．Q/､ZAeOc"ﾉ"S・Ｚｿl岬”eﾉ･*Sα坊as〃肋egeO′"e"ﾂﾉQ/tﾙｅ３－Ｄ"，"/"-α"gzlIaZe心C“Oﾉ．
e/e'"e"t”e'7刀加唾勿α”"ｇα‘sIpﾙerew城αｐﾉα"ｅｐα”"９ｔﾙﾉ℃"帥ﾉﾙｅ”“２ﾉａｐｒｑｐｏｓａＭﾌrα、"o"αノ
s”c”α/恥ZIemw城〃α"血6/ecかα血ﾉ･）"j"gU/b'．αﾉα'gasIpα"α"‘刃α〃z""e『ｊｃａﾉs”"ﾉα"o"Q//ﾉIecﾉiαﾉ7g加ｇ
ｓﾙapeα"ぬAeかjα/ＣＯ"s”c"o〃q/α"α/"”"z"""1o火/ｗ"〃αｊＯ"l6aseqﾉiα"ｌａｅ'"．

KとIy”o'･血:Ｒｅかααα6/ｅＺ,oqppo刀ze，３Ｄjｍｅ"sjo"αノ
＄“e7刀,EbGpα"qkz6ﾉeα7℃z"αﾉ｡Ｒ加９

1．ＩＮＴＲＯｎＵＣＴｌＯＮ

Theretractableloop-domehasseveralarchitectural
advantagessucｈａｓ：

l）thestructuralefficiencyofashel1,

2）environmentalcontrolbychangingthediameter
oftheoculus，

3）rationalconstructionutilizingperipheral
fblding,ａｎｄ

4）artisticallydynamicexpressionthroughchange
inoverallshape．

However，ｓｕｃｈａｄｏｍｅｈａｓｎｏｔｙｅｔｂｅｅｎｒｅａｌｉｚｅｄ
becausetherestillaresomeproblemsrelatingtothe
structuralrationality．

Therearetwowell-knownideasusingsimilar

structuralelementsfbrretractableloop-dome・Ｔｈｅ
‘‘AngulatedElement，，ｕｓｅｄｉｎＣ、Hoberman，ｓ“Iris
Ｄｏｍｅ",hasaningeniousgeometricalproperty[l]，
[2],[３１Thispioneeringideaisgreatlyvaluablein
providingvisualimages・Ｚ､ＹｏｕａｎｄＳ・Pellegfinｏ
proposed“GeneralizedMulti-AngulatedElement，，
whichisthememberofatwo-dimensionalfbldable

structure､Thentheyproposedtheinterestingideaof
prQjectingtheelementsontoacurvedsurflaceto
simulatearetractableloop-domeofarequired
shape[4],[5]．

Ｍｉ"がっ《4"ｇＭＩａ彪乱Ｓｃ“oﾉ．Ｅﾉe耐e砿Ｒａがo"α／Ｓ”c血"．αノ

Theseideas，thoughthekineticconditionsare
theoreticallysatisfied,haveobstaclestoovercome，
relatingtotherationalityofstructuraldetails，such
asthejoints．Ｃ・Hobermanisangulatedelement
mustbepin-connectedindividuallyinaplane；
therefbreitmaybeassumedthatthejointhas
disadvantagessuchasdifficultproductionand
reductioninjointstability・ＺＹｏｕａｎｄ
Ｓ､Pellegrinolsconnectorsbetweenmulti-angulated
elementsmustbeperpendiculartotheplaneof
prQjectionbecauseofthetheoreticalrequirement；
therefbreproblemsmayarlserelatingtoboththe
productionofconnectorsandthestructuralstrength，
particularlyinthecaseofadeeplycurvedsurface．

Whilestudyingthetwoideas,theauthordiscovered
a3-dimensionalmulti-angulatedsGissoreleme､t
whichsolvestheabove-mentionedproblems［6]．

Thispaperdescribes：

l）thegeometryofthe3-Dmulti-angulatedscissor
elementdeterminedbycuttingaspherewitha
planepassingthroughtheapex’

2）aproposalofarationalstructuralsystemfbra
largespan,ａｎｄ

3）anumelicalsimulationofthechangingshape
andthetrialconstructioｎｏｆａｎａｌｕｍｉｎｕｍｍｏｄｅｌ

ｗｉｔｈａｌＯｍｂａｓｅdiameter．
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2.1.DeterminationofGeometry

Thegeometricfbrmofthe3-dimensionalmulti-

angulatedscissorelementisdetelminedbycuttinga
spherewithaplane・Thescissors，hinge-points
(1,2,…,i,i+１，…,、)oftheelementarearranged
onthesurfaceofasphereSasfbllows：

a）CuttingsphereSwithinclinedplanePthat
intersectsapexT,asshowninFigl(a)．

b)Arranginghinge-pointoncircleQ(ellipseonthe
XYplane),asshowninFigl(b).Thatis，

９１２＝ｅ23＝…＝９i(制.l)＝...＝９(n-１)ｎｏｎＸＹｐｌａｎｅ、

Thefbllowingdescriptionexplainsthereasonwhy
thiselementcanmoverigidlywithoutelastic
defbrmationonanaxisymmetricallycurvedSurface．

PropOsition：

ＡｓｓｈｏｗｎｉｎＦｉｇ､２，therearetwodiffierentpointsT
anｄＡｏｎａｃｉｒｃｌｅＯ､ＴｈｅｅｎｄｐｏｉｎｔＯｏｆｔｈｅｌｉｎｅＯＡ
ｍｏｖｅｓｏｎｔｈｅｃｉｒｃｌｅＴ，ａｎｄｔｈｅｏｔｈｅｒｅｎｄｐｏｉｎｔＡ
ｍｏｖｅｓｏｎｔｈｅstraightlineTA､O1andAIaredefined

asmovingpoints,respectively・Inthissituation,the

intersectinganglebetweenthelｉｎｅＯＡａｎｄＯ１Ａ１ｉｓ

ｅｑｕｉｖａｌｅｎｔｔｏどOTOiandindependentfi･omthe
locationofpointA．

Demonstration：

Inordertodemonstratetheproposition，itshows
herethatundertheconditiｏｎごＯＴＯI＝t，ごＯＴＡ＝a，

OA=ＯＩＡ'=OT=OiT,乙AiMAisequalto廷OTO'(=t)．

茎OAT=とOTA=ａ（because△OATisanisosceles
triangle)．

とO1AIA=冬OITA=a-ｔ（because△OIAITisan
isoscelestriangle)．

Therefbre,塗AiMA=どOAT-どＯＩＡＩＡ=a-(a-t)=ｔ

Finally，itshowsexactlytheabove-mentioned
proposition．

Thefbllowingtheoremisderivedftomthisresult

Theorem：

Therearefburdiffi3rentpointsT,Ａ,ＢａｎｄＣｏｎｔｈｅ
ｃｉｒｃｌｅＯ,ａｓｓｈｏｗｎｉｎＦｉｇ､３．ＴｈｅｅｎｄｐｏｉｎｔｓＡａｎｄ
ＢｏｎｔｈｅａｒｃＡＢｍｏｖｅｔｏｔｈｅｐｏｉｎｔｓＡ１ａｎｄＢ１ｏｎｔｈｅ
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ｌｉｎｅｓＴＡａｎｄＴＢ，respectively，thenanarbitrary

pointConthearcABmovestothepointCionthe
lineTC，ａｎｄｔｈｅｃｅｎｔｅｒｐｏｉｎｔＯＩｏｆｔｈｅａｒｃＡｉBiis
locatedonthecircleT､Thatis,whentranslatingthe

arcABfromthepointOtothepointO1androtating

40TOiaroundthepointathenthepointCmoves
onthestraightlineTC．

AsshowninFigl,thehinge-points(１，２，…,i,…,、）

ofthe3-dimensionalmulti-angulatedscissor
elementsarearrangedonthecircleQAsaresultof
theabove-mentionedtheorem，itindicatesthatthe

elementcanmoverigidlyona3-dimensional
axisymmetricsurflcewithoutelasticdefbrmation，
ａｎｄａｆａｍｉｌｙｏｆｔｈｅｓｅｅｌｅｍｅｎｔｓｃａｎｂａsically
producearetractableloop-domebytheirlamella
arrangement．
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2.2．IntersectingAnglebetweenHole-Axes

（seeAppendix）

Thescissors，hinge-axisofallelementscoincidｅｓ
ｗｉｔｈｔｈｅｎｏｒｍａｌｄｉｒｅｃｔｉｏｎｏｆｏｎｅｓphereSatthe
referencestateshownｉｎＦｉｇ．１．However，during

theretraction，departingfromthereferencestate，
thehole-axisofeachelementgoeｓｔｏｗａｒｄthe
centerofeachsphere・Therefbre,asmallvariation
inangleiscausedbyaslightdifferenceindirection
betweenthescissors，hinge-axisandthehole-axis・
Aloose-holeoranembeddedsphericalroller
bearing(orselfaligningballbearings)atthehinge‐
pointｓｈｏｗｎｉｎＦｉｇ４ｍａｙｂｅｎｅｅｄｅｄｉｎｏｒｄｅrto
absorbthedifference．

2.3．Ｆｅａｔｕｒｅ

Ａｓａｒｅｓｕｌｔｏｆ２､ｌａｎｄ2.2,ａｎelementbasedonthis

ideaisexpectedtohavethefbllowingadvantages：

l)Ｓｍoothtransmissionofmemberfbrces、

2)Easymanufactureofelementandhinge-detail．

discussedhereishowtoestablisharational

structuralsystemfbralargespan，consideringthe
retractiontechnologyoftoday・Then，ａｓｓｈｏｗｎｉｎ
Ｆｉｇ，５，asystemisproposed，inwhichan
expandableringisaddedtoboththeinnerandouter
circlesoｆｔｈｅｄｏｍｅ，soastoproducethestructural
efficiencyofshell-likebehaviour・Eachexpandable
cil･cularringconsistsofexpandablerodsthatfbrma
regularpolygon､Ｉｎｔｈｅｃａｓｅｏｆｔｈｅｏｕｔｅｒｒｉｎｇａｃｔｅｄ
ｉｎtension,sucharodmayinpracticebepossibleto
makebyusingelectricalactuationtechnology
bccauseofitssmallexpansion-tractionratio・Ｏｎｔｈｅ
ｏtherhand，ｉｎｔｈｅｃａｓｅｏｆｔｈｅｉｎｎｅｒｒｌｎｇ，an

expandablerodmaybedifficulttomakebecauseof
largeexpansion-tractionratioandactionin
compression,Fig.６sketchesanexampleofsucha
rod
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3-dmuIti-anquIatedscissorelement
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(a)Ｐｌａｎ

3.1．ＥｘｐａｎｄａｂｌｅＣｉｒｃｕｌａｒＲｉｎｇ

Ａｓｄｅｓｃｒｉｂｅｄｉｎ２，the3-dimensionalmulti-

angulateｄｓｃｉｓｓｏｒｅｌｅｍｅｎｔｉｓｕｓｅｄａｓｔｈｅｍａｉｎ
structuralelementfbraretractableloop-dome，
whichcanchangethediameteroftheoculus,byits
lamellaarrangementonasphere､Ｉｎｏｒｄｅｒｔｏａｐｐｌｙ
ｓｕｃｈａｄｏｍｅｉｎｐｒａｃｔice,theunstablestructuremust
bechangedtoastablestructure,Ｔｈｅｐｒｏｂｌｅｍｔｏｂｅ
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3.3.TrialConstructioll

lnordertoinvestigateboththestructuraland
constructionalproblemsofthissystem，ａｎ
ａｌｕｍｉｎｕｍｍｏｄｅｌｗｉｔｈａｌＯｍｂａｓｅｄｉａmeterwas

constructed､Fig.８showstheconditionofthedome
whenｔｈｅｏｃｕｌｕｓｉｓａｔｉｔｓｍｉｎｉｍｕｍａｎｄｍａｘｉmum

diameter・Aluminumrectangularpipe(ロ２０×40×2）
wasweldedtofbrmthe3-dimensionalmulti-

angulatedscissormember、Specialmanualrods

3鰯２．ＳｉｍｕｌａｔｉｏｎｏｆＣｈａｎｇｉｎｇＳｈａｐｅ

（seeAppendix）

Itispossibletoproduceastructuralmodelofthe
newtypeofretractableloop-domebycombining
thestructure(upperstructure)describedin3・landa
one-layertrussstructure(lowerstructure)inserted
betweentheouterringandthefbundationring､In
thismodel，thetrussstructureispin-connectedto
bothrings，andsupposedtohaveamechanismof

changinggeometry・Ａｎｅｘａｍｐｌｅｏｆａｓｉｍｕｌａｔｉｏｎｏｆ
ｔｈｉｓｍｏdelisshowninFig､７.Here,thegeometric

parametersoftheupperstructureare（p=55.,
0,=38。,ｎ=５ａｎｄｅ５=74oreferlingtoFig.’,Ｄ,(the
diameteroftheouterling）ｅｑｕａｌｓｔｏＤｏ（the

匡に□｜ロコニ
F1igz"･e7:Ｓｉ""ﾉﾉα"oﾉ7Q/､cﾙα"gi"9sﾙ”ｅ

diameterofthefbundationring）atthereference

state，ａｎｄｌ；（theparameterofthetruss；see
Appendix)is55o､AsseeninFig､７，thediameterof
thisoculusboldlychangesinsize，andtheentire

structuremakesadramaticchangeinitsgeometric
shape・Thisdomemaygivedynamicexpression
neverbefbreseeninusualdomes．
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｡ｆ覗伝

First，thispaperdescribedthegeometricalreason
whythisl･etractableloop-domecanbecomposedof
3-dimensionalmulti-angulatedscissorelements
determinedbycuttingaspherewithplanespassing
throughtheapex、Secondly,itproposedarational
structuralsystemwithexpandablecircularringsfbr

alargespan・Thirdly，itvisuallyshowedthe
simulationconcemingthechanginggeometryofa
structuralmodelwithaone-layertrussstructure，

andexplaincdthetrialconstructiｏｎｏｆａｎａｌｕｍｉｎｕｍ
ｄｏｍｅｍｏｄｅｌｗｉｔｈａｌＯmbasediameter．

召ｆ噌呂

αﾉＭｉ>z"""ｚｏａｌﾉ"s“αﾉ７１αeﾉ．

癖

Theloadingtestofthismodelandaninvestigation

bynumericalandexperlmentalanalysisofthe
structuralbehaviourareplanned．
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ResortManagementCo.，Takasago-ShuzoCo・and
aGrantfiFomHokkaidoTokaiUniversityhave

fmanciallysupportedthisstudy・Studentsof
HokkaidoTokaiUniv・constructedthealuminum

mode１．Ｍr、Ｋ・Watanabepreparedthismanuscript

onapersonalcomputer､Ｍｒ.，.Ｙamaguchirevised
theEnglishsentencesinthispaper、Theauthor
deeplyappreciatestheircontributions．
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毎F，

wereusedastheexpandablerods，Thetension-rod
ontheoutersideconsistedofsteelpipe

(ウ13.8×2.3）ａｎｄａｌｏｎｇｓｃｒｅｗｂｏｌｔＭ８・The
compression-rodwasmanufacturedmechanically，
ｂａｓｅｄｏｎｔｈｅｉｄｅａｓｈｏｗｎｉｎＦｉｇ、６，anditchanged
丘ｏｍ３４ｃｍｔｏ６７ｃｍｉｎｌｅｎｇｈ(Fig.９).Holdinga
certainrelationshipinlengthoftheserodscould
changethewholeshapeofthismodel、The
experimentshowedthatthedomecouldnotsupport
itsownweightwithouttheserings,thusconfirming
thattheringsareindispensablemembersofthis
rationalstructuralsystem．
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c)GeometricparameterI弓oftrussstructure

Thegeometricparameter6isshowninFig.Ａ,Itis
easytonumericallypursuethechanginggeometry
ofthedomebyconsideringthecompatibilityonthe
boundarybetweentheupperandlowerｓｉｄｅｏｆｔｈｅ

AlPPlENDIX

RefisrringtoFig，１，mathematicalexpressionsfbr
thegraphicsimulationshownin3,２areasfbllows．

Substitutingt＝OattherefbrencestateintoEq.(2)：
Px＝Ｐｙ＝Ｐｚ＝０

a）３－dimensionalcoordmateofscissors，hinge‐
ｐｏｉｎｔ

ｘ,ｙ,zcoordinatesatthepointiaregiveninEq.(1)

Thespherepoint-pointofeachscissorelementis
difflerentfi･omothersexceptpz,undertheretraction、

Consideringthisfeature，theintersectingangleT1i
betweenthehinge-axisandthehole-axisatthe
pointiisgiveninEq.(3)．
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Here，tisaparameterfbrchangingshape，and
correspondstothetinFig､３.Ｅｑ.（１）isderived
fifomtheintersectingpointbetweentheellipsewith
thecentralpointOIandthestraightlinepassing
throughtheapex．
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EachhingepointislocatedonnotonlythecircleQ
butalsoonthesphereＳｗｉｔｈｉｔｓｒａｄｉｕｓｒ.ｘ，ｙ，z
coordinatesatthecenterpointPlofthesphereSare
givenasEq.(2)．
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