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Abstract.  

Recent studies have investigated the use of tensegrity structures for the construction of active 
solar façades of Energy Efficient Buildings (EEBs). The present work moves along such lines 
by proposing a methodology that supports the development of the design and construction 
process of new façade components with tensegrity architecture. The activation motion of the 
examined tensegrity façade system mimics the dynamics a blinking sail. The use of the 
proposed façade system as a dynamic sun-screen or a wind-energy harvesting device is 
presented, with the aim of illustrating the application of tensegrity architectures to the design 
of next-generation dynamic solar façades of EEBs. 

4007

Available online at www.eccomasproceedia.org 
Eccomas Proceedia COMPDYN (2017) 4007-4016

© 2017 The Authors. Published by Eccomas Proceedia.
Peer-review under responsibility of the organizing committee of COMPDYN 2017. 
doi: 10.7712/120117.5700.17756



5� 0LUanda, )� )aEEURFLnR, (� 6LFLJnanR, 5� (� 6NHOWRn, )� )UaWHUnaOL 

1. INTRODUCTION
$ FLYLO VWUXFWXUaO V\VWHP LV FRPSRVHd RI WKH dHVLJn RI� VWUXFWXUHV� +9$& �KHaWLnJ, 

YHnWLOaWLnJ and aLU FRndLWLRnLnJ� V\VWHP� HOHFWULFaO V\VWHP� VLJKWLnJ dHVLJn� HWF� 6XFK V\VWHPV 
KaYH WUadLWLRnaOO\ EHHn dHVLJnHd Ln WKH RUdHU OLVWHd, Ln VHTXHnFH� 0RdHUn EXLOdLnJ WHFKnRORJ\ 
PXVW EH PRUH HIILFLHnW and VXVWaLnaEOH, ERWK Ln FRnVWUXFWLRn and Ln RSHUaWLRn >�@�>�@�  

5HFHnW VWXdLHV KaYH LnYHVWLJaWHd WKH XVH RI WHnVHJULW\ VWUXFWXUHV IRU WKH FRnVWUXFWLRn RI 
aFWLYH VROaU IaoadHV RI (nHUJ\ (IILFLHnW %XLOdLnJV �((%�, E\ SURILWLnJ RI WKH VSHFLaO aELOLW\ RI 
WHnVHJULW\ VWUXFWXUHV Ln VHUYLnJ aV FRnWUROOaEOH, dHSOR\aEOH, and VPaUW V\VWHPV  >�@�>��@�  

7KH SUHVHnW ZRUN PRYHV aORnJ WKH OLnHV RI WKH UHVHaUFK SUHVHnWHd Ln 5HIV� >�@�>�@, E\ 
SURSRVLnJ a PHWKRdRORJ\ WKaW VXSSRUWV WKH dHYHORSPHnW RI WKH dHVLJn and FRnVWUXFWLRn 
SURFHVV RI nHZ IaoadH FRPSRnHnWV ZLWK WHnVHJULW\ aUFKLWHFWXUH� 7KH XVHV RI WKH SURSRVHd 
WHnVHJULW\ IaoadH V\VWHP aV a d\naPLF VXn�VFUHHn RU a ZLnd�HnHUJ\ KaUYHVWLnJ dHYLFH aUH 
dLVFXVVHd WKURXJK PHFKanLFaO and WHFKnRORJLFaO aUJXPHnWV� :H FORVH E\ RXWOLnLnJ dLUHFWLRnV 
RI IXWXUH UHVHaUFK dHYRWHd WR H[SORLW WKH XVH RI WHnVHJULW\ FRnFHSWV ZLWKLn LnnRYaWLYH IaoadHV 
RI HnHUJ\ HIILFLHnW EXLOdLnJV�  

2. DESIGN AND OPERATION OF A D<NAMIC SOLAR FAdADE WITH
TENSEGRIT< ARCHITECTURE

$daSWLYH aUFKLWHFWXUH PXVW EH FRnVLdHUHd WKH IXWXUH RI FRnWHPSRUaU\ aUFKLWHFWXUaO UHVHaUFK 
EHFaXVH LW Fan dHFUHaVH WKH HnHUJ\ EaOanFH RI EXLOdLnJV E\ FRnWUROOLnJ WKHUPaO HnHUJ\, OLJKW 
HnHUJ\ and VRXnd ZaYHV >��@� 7KLV UHVHaUFK aLPHd WR LdHnWLI\ dHVLJn SULnFLSOHV and RSHUaWLYH 
WRROV IRU WKH dHVLJn and SURdXFWLRn RI LnnRYaWLYH EXLOdLnJ HnYHORSHV WKaW FRXOd LnWHJUaWH 
UHnHZaEOH HnHUJ\, Ln IRUP RI SKRWRYROWaLF and VROaU WKHUPaO SanHOV� 

6XnVFUHHnV aEVRUE and UHIOHFW LnFLdHnW VROaU UadLaWLRn EXW FannRW WUanVIHU VROaU KHaW JaLn 
dLUHFWO\ LnWR WKH EXLOdLnJ� :KHn VXn VFUHHnV WUanVIRUP LnFLdHnW VXnOLJKW LnWR HOHFWULFLW\ IRU 
LPPHdLaWH XVH RU WUanVPLW WKHUPaO HnHUJ\ LnWR WKH EXLOdLnJ E\ XVH RI HOHFWULFaO RU PHFKanLFaO 
HTXLSPHnW, WKH\ aUH FaOOHd RSaTXH VXnVFUHHnV and IRUP SaUW RI an aFWLYH VROaU IaoadH� ,n WKLV 
UHVHaUFK, ZH dHVLJnHd WZR LnnRYaWLYH SURWRW\SHV aFFRUdLnJ WR WKH IXndaPHnWaOV RI WKH 
WHnVHJULW\ VWUXFWXUaO V\VWHP >�@�  

7KH IaoadH V\VWHP WKaW ZH VWXd\ Ln WKLV ZRUN LV dHVLJnHd OLNH a VHW RI blinking sails, ZKLFK 
LV LnVSLUHd E\ WKH ZaYH�SRZHUHd VWaWLRn�NHHSLnJ EXR\ ZLWK WHnVHJULW\ aUFKLWHFWXUH LOOXVWUaWHd 
Ln &KaSWHU � RI UHIHUHnFH >�@, and a UHFHnW 86 SaWHnW Rn a EOLnNLnJ VaLO ZLndPLOO >��@� 7KH 
PRdXOH RI WKLV VWUXFWXUH LV FRPSRVHd RI VL[ EaUV �FRPSUHVVLYH PHPEHUV�, WZR FaEOHV �WHnVLOH 
PHPEHUV� and ILYH nRdHV� 1RdH � LV IL[Hd Rn WKH VXE�VWUXFWXUH, nRdHV � and � aUH FRnVWUaLnHd 
WR PRYH Ln WKH [�\ SOanH �SaUaOOHO WR WKH EXLOdLnJ IaoadH�, nRdH � LV FRnVWUaLnHd WR PRYH aORnJ 
WKH ]�a[LV �SHUSHndLFXOaU WR WKH EXLOdLnJ IaoadH� and nRdH � LV IUHH WR PRYH ZLWKLn WKH VSaFH� 
7KH dHVLJn RI WKH HOHPHnWaU\ PRdXOH dHSHndV Rn WZR anJXOaU aVSHFW YaULaEOHV   and , 
ZKLFK dHILnH WKH nRdH FRRUdLnaWHV aV VKRZn Ln )LJ� �� 2XU nH[W dHYHORSPHnWV aVVXPH 
and  Ln WKH XndHIRUPHd �SOanaU� FRnILJXUaWLRn RI WKH EOLnNLnJ VaLO PRdXOH�   
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)LJXUH �� %OLnNLnJ VaLO IaoadH V\VWHP ± *HRPHWU\ RI WKH HOHPHnWaU\ PRdXOH 

:H ZLOO VHH OaWHU Rn WKaW WKH EOLnNLnJ VaLO VWUXFWXUH LOOXVWUaWHd Ln )LJV� ��� Fan RSHUaWH aV an 
adaSWLYH VROaU VFUHHn RU a ZLnd KaUYHVWHU dHYLFH� ,n ERWK FaVHV, VXFK a VWUXFWXUH LV HTXLSSHd 
ZLWK EHndaEOH, FRPSRVLWH SKRWRYROWaLF PRdXOHV and�RU ILEHU�PHPEUanH VaLOV�  (aFK 
HOHPHnWaU\ PRdXOH RI VXFK a IaoadH V\VWHP LV VKaSHd OLNH a UKRPEXV �)LJ� �� and LV aFWXaWHd 
E\ FRnWUROOLnJ WKH HORnJaWLRnV RI VHOHFWHd FaEOHV, Ln VXFK a Za\ WKaW WKH PRWLRn RI WKH 
VWUXFWXUH PLPLFV a EOLnNLnJ VaLO�  

)LJXUH �� &RnFHSWXaO �OHIW� and PHFKanLFaO �ULJKW� PRdHOV RI WKH EOLnNLnJ VaLO IaoadH V\VWHP� 

/HW XV H[aPLnH WKH PRWLRn RI WKH EOLnNLnJ VaLO HOHPHnWaU\ PRdXOH dHVFULEHd Ln )LJ� �, 
ZKLFK LV SURdXFHd E\ aSSO\LnJ VXLWaEOH HORnJaWLRnV WR WKH FaEOHV ��� and ���� $W WKH FXUUHnW 
WLPH t, WKH HORnJaWLRn UaWH RI WKH m�WK HOHPHnW FRnnHFWLnJ nRdHV i and j LV JLYHn E\ WKH 
compatibility equation 
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���

ZKHUH  dHnRWH WKH YHORFLW\ YHFWRUV RI WKH nRdHV i and j, UHVSHFWLYHO\�  LV WKH XnLW 
YHFWRU SaUaOOHO WR VHJPHnW FRnnHFWLnJ VXFK nRdHV �SRLnWLnJ WRZaUdV nRdH j�� and  LV WKH 
FXUUHnW OHnJWK RI WKH HOHPHnW� 

8SRn aVVHPEOLnJ WKH IUHH �L�H�, XnFRnVWUaLnHd� &aUWHVLan FRPSRnHnWV RI WKH YHORFLWLHV RI aOO 
WKH nRdHV LnWR a JOREaO YHORFLW\ YHFWRU , and WKH HORnJaWLRn UaWHV Ln aOO WKH EaUV and FaEOHV 
LnWR a YHFWRU RI FRnWURO YaULaEOHV , ZH  Fan UHZULWH WKH FRPSaWLELOLW\ HTXaWLRnV RI WKH RYHUaOO 
VWUXFWXUH LnWR WKH IROORZLnJ PaWUL[ IRUP 

  (2) 

ZKHUH  dHnRWHV WKH LnVWanWanHRXV kinematic �RU compatibility� matrix >�@�  

/HW XV nRZ FRnVLdHU a SUHVFULEHd WLPH KLVWRU\ �W� RI WKH FRnWURO YaULaEOHV�  7KH PRWLRn 
JHnHUaWHd E\ VXFK an aFWXaWLRn VWUaWHJ\ RI WKH VWUXFWXUH LV FRPSXWHd IURP WKH LnWHJUaO 
HTXaWLRn 

  (3) 

ZKHUH   LV WKH LnYHUVH RI WKH NLnHPaWLF PaWUL[  Ln FRUUHVSRndHnFH ZLWK WKH FXUUHnW 
FRnILJXUaWLRn RI WKH VWUXFWXUH, ZKLFK LW LV aVVXPHd H[LVW� 

7KH H[aPLnHd aFWXaWLRn PHFKanLVP RI WKH EOLnNLnJ VaLO PRdXOH LV LOOXVWUaWHd Ln )LJXUH �� ,W 
LV JHnHUaWHd E\ aFWXaWLnJ WKH FaEOHV ��� and ���, WKURXJK WKH aSSOLFaWLRn RI WKH HORnJaWLRn 
KLVWRULHV LndLFaWHd Ln FRUUHVSRndHnFH ZLWK WKH dLIIHUHnW SanHOV RI )LJXUH �� 7KH UHPaLnLnJ 
PHPEHUV RI WKH PRdXOH UHPaLn XnVWUHWFKHd dXULnJ WKH PRWLRn RI WKH VWUXFWXUH LOOXVWUaWHd Ln 
)LJXUH �� %\ VXLWaEO\ FKanJLnJ WKH WHnVLRn Ln WKH FaEOHV ��� and ���, LW LV VHHn IURP VXFK a 
)LJXUH WKaW WKH nRdHV � and � PRYHV RXWZaUd aORnJ WKH ]�a[LV �ZLWK UHVSHFW WR WKH EXLOdLnJ 
VXUIaFH�, ZKLOH nRdHV � and � PRYH Ln WKH [�\ SOanH E\ SURdXFLnJ WKH IROdLnJ RI WKH PRdXOH, 
ZKRVH dHIRUPaWLRn UHVHPEOHV WKaW RI a VaLO LnIOaWHd E\ WKH ZLnd� 7KH aVSHFW anJOHV RI WKH 
PRdXOH LnLWLaOO\ aVVXPH WKH YaOXHV  and  �WRS�OHIW FRnILJXUaWLRn Ln )LJ� ��, aV 
ZH aOUHad\ nRWLFHd, and aVVXPH WKH YaOXHV  and  Ln WKH IXOO\ IROdHd 
FRnILJXUaWLRn�  
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)LJXUH �� $FWLYaWLRn PHFKanLVP RI WKH %OLnNLnJ VaLO PRdXOH�

3. ENGINEERING APPLICATIONS
7KH aFWLYaWLRn PHFKanLVP LOOXVWUaWHd Ln )LJXUH � LV aW WKH EaVLV RI WKH VROaU IaoadH V\VWHP 

LOOXVWUaWHd Ln )LJ� �� 6XFK a VPaUW VNLn RI an ((% FRnVLVWV RI VHYHUaO UKRPEXV�VKaSHd 
HOHPHnWaU\ PRdXOHV aVVHPEOHd WRJHWKHU� 7KH PRdXOHV aUH d\naPLF and Fan FKanJH 
FRnILJXUaWLRn aFFRUdLnJ WR WKH aFWXaWLRn PHFKanLVP Ln )LJ� �, E\ PRdLI\LnJ WKH VKadLnJ 
SURSHUWLHV RI WKH HnYHORSH�  

)LJXUH �� %OLnNLnJ VaLO VROaU IaoadH 
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$ EOLnNLnJ VaLO ZLnd HnHUJ\ KaUYHVWHU Fan aOVR EH dHVLJnHd Ln RUdHU WR FRnYHUW ZLnd�
LndXFHd PRWLRn RI a PHPEUanH aWWaFKHd WR WKH JHnHULF PRdXOH LnWR HOHFWULFaO HnHUJ\� 7KH 
EOLnNLnJ VaLO PRdXOH LV IRUPHd Ln WKLV FaVH E\ aOO VWUHWFKaEOH HOHPHnWV �VWULnJV� aWWaFKHd WR a 
ULJLd WUXVV SURWUXdLnJ IURP WKH VHUYHd EXLOdLnJ �FI� )LJ� ��� 6XFK FaEOHV aUH FRnnHFWHd WR a 
ILEHU�UHLnIRUFHd PHPEUanH VaLO WKaW LV LnIOaWHd E\ WKH ZLnd� $ddLWLRnaO FaEOHV aWWaFKHd WR WKH 
PRdXOH ZUaS aURXnd a JHnHUaWRU URWRU �)LJ� ��� 7KH ZLnd�IORZ LndXFHd HORnJaWLRnV RI VXFK 
FaEOHV URWaWH WKH JHnHUaWRU, FUHaWLnJ SRZHU IRU LPPHdLaWH XVH RI WKH VHUYHd EXLOdLnJ, RSHUaWH 
VROaU IaoadHV, HWF� ,n addLWLRn, WKH aHURHOaVWLF IOXWWHU RI WKH ZLnd�H[FLWHd PHPEUanH, 
HYHnWXaOO\ HTXLSSHd SLH]RHOHFWULF RU HOHFWURPaJnHWLF aFWXaWRUV, Fan EH HPSOR\Hd WR KaUYHVW 
VXSSOHPHnWaU\ HnHUJ\ IURP ZLnd� )LJ� � VKRZV  WKH IXnFWLRnaO dLaJUaP RI WKH HOHPHnWaU\ 
PRdXOH RI WKH ZLnd�HnHUJ\ KaUYHVWLnJ IaoadH, ZKLFK LV LnVSLUHd E\ WKH ZaYH�SRZHUHd VWaWLRn�
NHHSLnJ LOOXVWUaWHd Ln &KaSWHU � RI UHIHUHnFH >�@�  

)LJXUH �� )XnFWLRnaO dLaJUaP RI WKH ZLnd�HnHUJ\ KaUYHVWHU PRdXOH 

4. CONCLUDING REMARKS
:H KaYH IRUPXOaWHV WHnVHJULW\ VROXWLRnV IRU WKH dHVLJn RI aFWLYH IaoadHV WKaW aUH aEOH WR 

KaUYHVW ZLnd and VROaU HnHUJ\ WKURXJK Rn�VLWH ZLnd SRZHU JHnHUaWRU, and RIIHU SRUWaEOH 
aSSOLFaWLRnV IRU VPaOO VSanV and Ln WKH FaVH RI OaUJH VSanV Fan EH HaVLO\ aVVHPEOHd XVLnJ 
SUHIaEULFaWHd FRPSRnHnWV�  

)XWXUH UHVHaUFK OLnHV LnFOXdH WKH dHVLJn RI dLIIHUHnW dHSOR\PHnW VFKHPHV and WKH RSWLPaO 
dHVLJn RI VXVWaLnaEOH NLnHWLF PHPEUanHV and SanHOV IRU HnHUJ\ HIILFLHnW EXLOdLnJV, WR EH 
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FaUULHd RXW E\ FRPELnLnJ SaUaPHWULF dHVLJn aSSURaFKHV, HnHUJ\ RSWLPL]aWLRn WHFKnLTXHV, 
VXVWaLnaEOH PaWHULaOV and addLWLYH PanXIaFWXULnJ WHFKnLTXHV >��@�>��@� 
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