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Tensegrity is kind of spatial structural system composed of cable (in tension) and strut (in
compression). Stability is provided by the self-stress state between tensioned and compressed
elements. When this structure is subjected to external dynamic loading, it may become unstable
due to low structural damping. In this study, the proportional damping is considered and
dynamical equations of the tensegrity structure are derived based on the equilibrium
configuration. In addition, the mass of cable element is taken into account. Generally, linearized
dynamic model provides good approximation for analyzing the nonlinear behavior of tensegrity
structures around an equilibrium configuration. Therefore, the state space method is
implemented to obtain the dynamic response of the tensegrity system. Using this approach, two
different tensegrity structures are numerically evaluated in order to show its efficiency. Results
reveal how the dynamic analysis of tensegrity structure is essential. The compressive and in-
tension members of tensegrity system may dynamically buckle and slack, respectively, in
resonance condition.
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1- Dynamic relaxation
2- Slacking
3- Double layer
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3- Pre-stressed 
4- Tangential stiffness 
5- Geometrical stiffness 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
28

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

17
 ]

 

                               3 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.28.2
https://mme.modares.ac.ir/article-15-6429-fa.html


    

               

  

264  139415 5  

=     
) 8(   

)8(  =  
   

       .
      

          
  

3-  
       

) 1 (  
)9(   
)9(  = ( ) ( ) ( )  

=
×

 
) 10(   

)10(  =
0

( ) ( ) + 0
( )  

n )  .10 (
 ) 11(  ]26[:  

)11(  = ( ) + ( ) 
   

 ]26[:  

)12(  

=
0

( ) ( ) ×

= 0
( ) ×

 
  

)  11 ( (0) = 
) 13(  ]25[:  

  

)13(  

( ) = exp[( ) ]

+ exp[( ) ] ( )  

  
) 13 (- 

) 14 ( ]25[:  
)14(  = + + ( ) 

   2 × 2) 15(:  
  
)15(  

= exp( ); = ( ) ( )

= ( )
1

 
  . 

  ) 16 (
]25[:  

) 14 ( 

 .
) 9 (n+1 

  

 . 
) 7)  (11-16 (

   .

 
 

)4 .  (
 .

  

4- 

 . 
  

  
 ))  (q (

P ) 5 (  

4 -1- 1

2  .
4 4 2   

 
1 2 .

= [1 1 1 1 1]  ]10[. 
P=10000N  .

1 .
 = 228.3Hz; = 573.2Hz; = 833.4Hz  .

P=15000N  .
= 229.6Hz;  

= 574.5Hz; = 834.4Hz  . 
  

   
 3 4  

200sin( ) 200sin( ) Y 
 3 4 

3 Y 

 .
  

 .  3  .
.

1- Snelson’s

)16(  =
0 ×

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
28

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

17
 ]

 

                               4 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.28.2
https://mme.modares.ac.ir/article-15-6429-fa.html


    

                 

139415 5  265  

  
2   

1   

  
  

 )   

  
)

 (  

 
)  

  14  2420  28  
  22  7800  115  

 3 3 4 Y

2 4 
  .5 

 3 4 Y   

  
4   

  
  

5 3 4 Y  

5 
4  .

7  
5/4   

 . 3 4 
 200sin( ) 200sin( ) 

Y  . 
3 Y P 6 

 . 6 

  .
 

   

4 -2 -   
20 

 .40    
  

  

6  3 Y   

200

5 10

) 

 
 3  4 

 
 

Y 
(

)
  

) 

) 

 
 3  4 

 
 

Y 
(

)
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
28

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

17
 ]

 

                               5 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.28.2
https://mme.modares.ac.ir/article-15-6429-fa.html


    

               

  

266  139415 5  

  
 :  

  
-   

  

7   
  

 .79 209 80 
7 -7-. 

P   2   
 = 15.02Hz; = 25.53Hz;

= 35.07Hz  . 7 
F=-1000sin(t) 

 z  .4 48 
 8 9   

  
  

F=-1000sin(15.02t)  .
 . 
 .

4 48   10 11 
 .  

  
 .

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
28

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

17
 ]

 

                               6 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.28.2
https://mme.modares.ac.ir/article-15-6429-fa.html


    

                 

139415 5  267  

8 4   

  
 9 48   

 2    

  q
)   

  
)

  )  
 P  

  
1-10  

1  10  2420  28  5500  

11-18  
17  10  2420  28  5500  

19-33  
2  10  2420  28  5500  

34-49  
18  10  2420  28  5500  

50-129  
2  10  2420  28  5500  

130-209  
2  10  2420  28  5500  

210-289  
2-  50  7800  115  5500  

  
10 4   

 
 

]35 [= 0.00064 = 0.00169   .  
  

  
  

 11 48 

  
  

12 4 

) 

) 

) 

 
 4 

(
)

  

 
 

48 
(

)
   

 
48 

(
)

  
 

 4 
(

)
  

) 

 
 4 

(
)

  

) 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
28

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

17
 ]

 

                               7 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.28.2
https://mme.modares.ac.ir/article-15-6429-fa.html


    

               

  

268  139415 5  

  
  

13 48   

  
F=-1000sin(15.02t)4 48  

 12 13   .  
.  

5-   

 .
 

 .
 .

  .

 .

 
 . 

  .

6 -   
[1] R.Motro,Tensegrity: Structural Systems for the Future, First Ed., London,

Kogan Page Science, 2003. 
[2] S.Adriaenssen, M.Barnes, Tensegrity spline beam and grid shell

structures, Engineering Structure Vol. 23, 2001, pp. 29–36.
[3] J.Quirant, M.Kazi-Aoual,R.Motro, Designing tensegrity systems the case of

double layer grid, Engineering Structure, Vol. 25, pp. 1121–1130 2003.
[4] J.Aldrich, Control synthesis for class of light and agile robotic tensegrity

structures PhD thesis, University of California, 2004.
[5] M. Masic, R. Skelton, Open-loop control of class- tensegrity towers, Proc.

SPIE 5383, pp.298–308, 2004.
[6] H.Furuya, Concepts of deployable structures in space applications,

International Journal Space Structure Vol. 7, pp.143–152 1992.
[7] Georgia Dome. Reproduced from/www.gadome.com. 9/10/2014
[8] Snelson artworks of tensegrity structures. www.kennethsnelson.net.

9/10/2014.
[9] H.Hirosawa, H.Hirabayashi, H.Kobayashi, Y. Murata, T.Kii P. Edwards,

Y.Asaki, .Space VLBI satellite HALCA and its engineering
accomplishments. ActaAstronautica, Vol. 50, pp. 301-309.2002.

[10] A.G.Tibert, S. Pellegrino, Review of form finding methods for tensegrity
structures. International Journal Solid and structures,Vol. 18, pp. 209–
223 2003.

[11] R.Connelly,M.Terrell, Globally rigid symmetric tensegrities, Journal
ofStructureTopology, Vol.21, pp. 59–78, 1995.

[12] S.Pellegrino, Mechanics of kinematically indeterminate structures, PhD
thesis, UK: University of Cambridge, 1986. 

[13] M.Barnes, Form finding and analysis of tension structures by dynamic
relaxation, International Journal Space Structure Vol. 14, pp. 89-104,
1999.

[14] N.Vassart, R.Motro Multi-parameter form finding method: Application to
tensegrity systems, International Journal Space Structure, Vol. 14,
pp.147-154. 1999.

[15] C. Paul, H. Lipson, F. Cuevas, Evolutionary form-finding of tensegrity
structures”, In: Genetic and evolutionary computation conference,
Washington (DC), 2005. 

[16] G.Strada, H.J.Bungartz, C.Mohrdieck,Numerical form finding of tensegrity
structures, International Journal Solid and structures Vol. 43, pp.6855-
6868. 2006.

[17] H.C.Tran, J.Lee,Advanced form finding of tensegrity structures, Computer
Structure Vol. 88, pp. 237-246 2010.

[18] H.C.Tran, J.Lee, “Initial self- stress design of tensegrity grid structures”.
Computer Structure, Vol. 88, 2010, pp. 558-566.

[19] M.Pagitz, M.J.J Tur “Finite element based form-finding algorithm for
tensegrity structures” International Journal Solid and structures, Vol.46,
pp. 3235–3240. 2009.

[20] R.Motro, S.Najari,P.Jouanna, “Static and dynamic analysis of tensegrity
systems”, In: ASCE Int. Symposium Shells and Spatial Structure Computer
USA,pp. 270–279, 1986.  

[21] Y.Kono, K.K.Choong, T.Shimada, H.Kunieda, “An experimental
investigation of type of double-layer tensegrity grids”Journal of the
International Association for Shell and Spatial Structures, Vol.40, pp. 103–
111. 1999.

[22] N.Ben Kahla, B.Moussa, J.C.Pons, “Nonlinear dynamic analysis of
tensegrity systems”Journal of the International Association for Shell and
Spatial Structures Vol.41, pp. 49–58. 2000.

[23] IJ.Oppenheim,WO.Williams, “Vibration of an elastic tensegrity structure”,
European Journal of Mechanics Solids, Vol. 20, pp. 1023–1031. 2001.

[24] C.Sultan, M.Corless, RE.Skelton, “Linear dynamics of tensegrity
structures”, Engineering Structure, Vol.24, pp. 671–685,2002.

[25] NBH Ali, LR.Barbarigos, A.Alberto, P.Albi, IFC.Smith, “Design
optimization and dynamic analysis of tensegrity-based footbridge”,
Engineering Structures, Vol. 32, pp. 3650–3659.2010.

[26] B.Wang, “Cable–strut systems: Part I—tensegrity”, Journal Construct
Steel Researchers Vol. 45, pp. 281–289. 1998.

[27] H.Murakami, “Static and dynamic analyses of tensegrity structures, part
2, Quasi static analysis”, International Journal Solid and structures Vol.
38, pp. 3615-3629. 2001.

[28] A.Nuhoglu, K.A.Korkmaz, “A practical approach for nonlinear analysis of
tensegrity systems”, EngineeringComputer Vol. 34, pp. 11-18.2010.

[29] Ch.Tran, J.Lee, “Geometric and material nonlinear analysis of tensegrity
structures”, Acta Mechanic Since, Vol.27, pp. 938–949.2011.

[30] I.M.M.Baig, Th.Grätsch, “Recommendations for practical use of numerical
methods in linear and nonlinear dynamics Berliner Tor 21, Hamburg,
Germany, 2009.

[31] F.L.Almansa, A.H.Barbat, J.Rodellar, “SSP algorithm for linear and
nonlinear dynamic response simulation”, International Journal
Numerical Method Engineering, Vol. 26, pp. 2687-2706. 1989.

[32] J.M.Mirats-Tur,S.Hernández, “Tensegrity frameworks: dynamic analysis
review and open problems”, International Journal of Mechanism and
Machine Theory, Vol. 44, pp. 1–18. 2009.

[33] S.Guest, “The stiffness of prestressed frameworks: unifying approach”,
International Journal Solid and Structure Vol. 43, pp. 842–854., 2006. 

[34] H.Ali, I.F.C.Smith, “Dynamic behavior and vibration control of
tensegrity structure” International Journal Solid and structures Vol. 47,
pp. 1285-1296 , 2010.

[35] I. Chowdhury and S. Dasgupta, “Computation of Rayleigh Damping
Coefficients for LargeSystems”, International Journal Space Structure Vol.
43,pp.6855-6868, 2003. 

 
 

48 
(

)
  

) 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
28

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

17
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.28.2
https://mme.modares.ac.ir/article-15-6429-fa.html
http://www.tcpdf.org

