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Abstract

This paper deals with form-finding and free vibration analysis of a pre-stressed class-one triplex
tensegrity structure. The form-finding is performed via a two-step procedure, the nodal coordinates
connectivity matrix, and structural element force density determination. Accordingly, the possible
states for the nodal coordinates and the structural force density of the triplex prism have been
determined by trial and error (based on topology and member type knowledge) to satisfy the force
density, and equilibrium matrices rank requirements. Based on different structural topologies, the
equation of the motion in the frequency domain for free vibration analysis of the system is derived
using the spectral element approach and dynamic shape functions. Simulations are provided for
different system heights and the top-bottom aria ratios and compared with the finite element method.
The numerical simulations in the form of a comparative study of the natural frequencies of triplex
tensegrity prism with different heights and cross-sections represent the system’s robustness with
different topologies for single or multi-stage applications.
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1. Introduction frequencies and vibrational behavior of the system. In the
Nowadays, there is growing interest in cost-effective case of strong external disturbances, a tensegrity structure
deploying structures with space applications such as solar can become unstable or fail. Therefore, it is important to
panels, antennas, gravity gradient booms, etc., considering predict the precise behavior of dynamic features such as
launch vehicle constraints while maintaining stability and axial pre-stressing structures to achieve a safe design [4].

structural configuration specifications. Tensegrities are self-
equilibrated, pin-connected stable systems with internal
mechanisms [1, 2]. These systems consist of two main

2. Form-finding and dynamic equations of motion
The structural system, which is shown in Figure (1), consists of six

structural members; rods as compressive members and nodes (n) and =12 element, with two different interconnected
strings as tensile members, which are unstable without pre- cables (top-bottom triangles and bracing cables) and struts. The top
stressing states. triangle is twisted with respect to the z-axis by ¢.

Ta

The most basic issue in the design of such systems compared
to other pre-stressed structures is the optimal configuration
or, in other words, form-finding. This approach focuses on A
determining the appropriate amount of pre-stressing and
node positions that can create a stable tensegrity structure
based on a given topology [3].

Analytical methods are the simplest methods in the
formulation of such problems. For symmetrical structures, the
equilibrium equations of the structure can be simplified to the
governing equations of the system nodes.

On the other hand, axial pre-stressing structures can
seriously affect dynamic characteristics such as natural

Figure 1. Flexible spacecraft model
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The stability of N-dim undetermined tensegrity structure with

no external disturbances can be proved such that we have:
K, =(K, )+(K,)>0

]
L . . 1
:(EQET)+(I®D+Ediag[%} ET]>O ™)
k
where E is the elasticity modulus, K, is the tangent stiffness
matriX, D=Eq is the force density matrix which has to be
positive  semi-definite (rank(D)<n-N), E is the
equilibrium matrix (with rank(E)<m ), and q is the force-
density vector:

E=Cdiag[Cx Cy Cz|
a=[a," ag* a5 ]
where C is the connectivity matrix. Using the
Hamiltonian approach with SEA, the dynamic equations

of the motion of the system with boundary conditions can
be obtained as follows:

@’ pAZ (x)—P,Z"(x) =P (x)
F,(0)=-F F(L)=F
ox 0olFO=F o | [FOL=FR ®3)
z()=2, z2(L)=2,
where P, is the constant pre-stressed load, , is the

natural frequency, Z(x) and F are the nodal
displacement and forces, respectively.

O]

3. Simulation results and discussion

The simulations are divided into two parts: form-finding and
free vibration analysis of the triplex tensegrity structure. The
rotation angle of the upper and lower triangles for equilibrium
states is considered to be o =(3k —1)/6, (k =2,4,6,..) , the

tensegrity structural properties to calculate the coordinates of
the nodes are, L,=05(m), L,=1128m),
L, =125(m), H=1118m), k=2, r=0.283(m).
Assuming a unitary tensile strength for the upper and lower
cables (c1), the tensile coefficients for the bracing cables (c2)
and strings can be scaled without affecting the self-
equilibrium conditions of the prism. According to the nodal
coordinates, rank (E)=11, hence we have minimum
requirements for rank(E) < .

Considering P, =800(q' X'),,_, (N) and pA=00314(kg /m)

X

the natural frequencies and the corresponding amplitudes for
H, =1.1187(m) and H, =1.3925(m) which is calculated

for L, =1.25(m) L, =1.50(m) and are shown in Table 1
and Fig. (2).

Table 1. Natural frequencies for H1 and H2

H./Freq. (0} @, Wy ), Wy
H; 98.84 112.8 197.7 | 225.7 [296.5
H, 88.74 112.8 1775 | 225.7 | 266.2

FEM (H,) | 105.16 | 120.29 [ 211.04 | 241.42 [315.15

Table 2. Natural frequencies for Lci 1/Lc1_8=0.4, 0.8

Area R. /Freq. (2] ), @y @, (03
Lo 1/l 5=0.4 | 98.84 | 112.8 [ 197.7 [ 225.7 [ 296.5
Ly 1/Lc1 5=0.8 | 114.9 | 127.2 | 148.4 | 229.9 | 254.4
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It should be noted that one of the reasons for such analysis is
mass optimization according to reducing the number of stages
especially for space deployment applications.
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Figure 2. Frequency response for Hi and H2
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Figure 3. Frequency response for Lci t/Lc1 b=0.4

As can be seen, as the height of the structure increases,
the natural frequencies decrease and the average
amplitude increases (when the length of the system bars
increases by 25%).

Another analysis is form-finding based on different top
triangles dimensions to increase force density
coefficients, to reduce the mass and to increase the natural
frequencies of the system Fig 3.

4. Conclusion

The form-finding and vibration analysis of a triplex
tensegrity system using SEA was performed. This approach
is made by providing rank condition requirements for
equilibrium and force density matrixes based on different
system height and top-bottom aria ratios. The proposed
approach provides not only a good basis for the use of
numerical techniques in form-finding of large complex
structures but also the additional modal analysis is a suitable
assistant for dynamic form-finding of complex tensegrities
with limited knowledge of the topology and structural
materials.
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