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Abstract—The LMGC team SIGECO creates and 

realizes innovative structures for space application in 

collaboration with CNES. The storage of elastic 

energy in flexible joints gives to these structures the 

advantage of being self-deployable [1]. A new concept 

of space reflector antennas using a deployable 

polygonal ring and civil engineering concepts has 

been recently developed [2]. A concept for CubeSats 

with a stowed size from 1U to 3U will be presented. 

 

 

        

Figure 1.  Deployment of the self-deployable polygonal hoop 
structure. 

I. INTRODUCTION 

Deployable reflector antennas usually consist of a 
rigid structure and a parabolic mesh surface for emission 
or reception of electromagnetic signals. This surface is 
often tensioned with two opposite nets linked by cables 
at their connection nodes. We propose a new 
configuration with cable domes inspired by tensegrity 
systems. Well-known and appreciated in civil 
engineering for their low mass, they could be 
advantageously used for space applications. 

 
Among the existing structures, Fuller and Geiger cable 

domes are the most widely spread, but the tensions in 
elements are not homogenous in the network. A large 
reflector based on tensegritic diaphanous domes has been 
presented in 2017 by Comet Ingenieria [3]. But we 
propose a new kind of geometry, allowing a better 
distribution of tensions and a good positioning on the 
parabolic surface (possibly irregular). We present form-
finding and static calculus for this new configuration. 

 
 

 

Figure 2.  New configuration of space reflector antenna with 
cable dome compared with a classical reflector architecture 

like AstroMesh antenna. 

The suitability of the new concept for space antennas 
is proposed with a complete solution. The homogenous 
tension in the network allows a significant optimization 
of the structure dimensioning. Thus, this reflector fits 
well with small satellites. A concept for CubeSats with a 
stowed size from 1U to 3U will be presented. The 
applications could also be relevant to auto-tensioning 
structures such as de-orbit or solar sails and stiff 
structures for solar panels support. 

II. CABLE DOMES CONCEPT  

Cable domes are structures inspired by tensegrity 
systems, which is a contraction of tension and integrity. 

This concept was presented for the first time in 1962 by 
R. B. Fuller for civil engineering applications. Cable 
domes only consist of bars in compressions and cables in 
tension, with the aim to create a dome surface. It is for 
this reason that these types of structures are relevant to 
generate paraboloid surfaces for space reflectors. 
Moreover, cable domes can be tensioned by an external 
hoop, and not a ring formed by two parallel hoops like 
classical tension reflectors. It allows a significant 
optimization of the mass and the deployment of the 
structure.  

 
Fuller and Geiger cable domes are the most widely 

spread in civil engineering, mainly used as lightweight 
and large span roofs. The concept of these structures can 
be seen in 2D (Fig. 3). The vertical elements are 
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compression bars and the others are traction cables. Two 
opposite forces keep the cable dome stable. They 
represent the action of the deployed polygonal hoop on 
the network. The reflecting surface is attached to the top 
of each bar to create the desired paraboloid. It is possible 
to increase the number of bars to obtain a surface that fits 
closest to the ideal paraboloid. 
 

    

 

Figure 3.  Geiger and Fuller cable dome 2D concept. 

Geiger cable dome is a radial network. The control 
points which form the paraboloid are aligned with the 
mounts of the network (Fig. 4). Thus, the shape and the 
precision of the reflecting surface will depend on the 
number of mounts of the cable dome. It is similar to 
reflectors with radial deployable arms. 

 

 

 

Figure 4.  Geiger cable dome with 19 compression bars and 6 
mounts. 

Fuller cable dome is based on the same concept but the 
bars are arranged in diamond configuration, allowing a 
better distribution of the control points of the reflecting 
surface (Fig. 5). 
 

 
 

 

Figure 5.  Fuller cable dome with 19 compression bars and 6 
mounts. 

It has been proved by Comet Ingenieria in [3] that 
deployable reflectors based on tensegrity diaphanous 
domes can achieve similar performances that classical 

tensioned reflectors in term of surface errors. A 
demonstrator has been built and tested in [4] and [5]. 
Their external structure is a ring with two parallel hoops 
which allows the height of the ring to be independent of 
the reflecting surface depth. But we propose a new kind 
of geometry for the network, allowing a better 
distribution of tensions, and supported by only one self-
deployable hoop.     

III. NEW PYRAMIDAL CABLE DOME CONCEPT  

 
The new concept is directly inspired by tensegrity 

grids developed at the LMGC [4]. Vinicius Raducanu 
had proposed different typologies based on an interlacing 
of tensioned and compressed elements (Fig.6). The self-
stressed state provides stability and rigidity to the system. 
Among the different solutions, the simplest and more 
relevant grid for a cable dome application is based on a 
tridirectional network in which bars are replaced by 
cables and vice versa. 

 

 
 
 

 

Figure 6.  Tensegrity grids with bidirectional or tridirectional 
weaves of tilted struts. 

The new cable dome is based on a statically 
determinate structure (isostatic). Each node in the centre 
of the network is kept stable with three cables in different 
directions (Fig. 7). The control points of the paraboloid 
are arranged in equilateral triangles.  

The configuration of the peripheral cables depends on 
the number of mounts for the structure. An isostatic 
architecture with 6 mounts is presented in this case. More 
cables can be added for dynamic performance with a 
minor impact on the tension equilibrium.  
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Figure 7.  Pyramidal cable dome with 19 compression bars 
and 6 mounts. 

The 2D concept of the pyramidal cable dome also 
differs from Geiger and Fuller structure (Fig. 8). Two 
opposite paraboloids are formed at the ends of the 
compression bars. One is convex and the other is 
concave. These two surfaces can be asymmetric to 
optimize the height of the bars. The surface opposed to 
the reflecting surface can even be almost flat. It is also 
possible to create an offset paraboloid.  

 
 

     

 

Figure 8.  Pyramidal cable dome 2D concept. 

Fig. 9 shows the layout of the different cable domes 
for a same radius R and 19 bars.  Pyramidal cable dome 
allows a regular distribution of the control points of the 
paraboloid. The reflecting surface is faceted with equal 
equilateral triangles. Moreover, distances between 
consecutive bars are always uniform, which is an 
advantage to obtain a homogenous tension in the 
network. 
 

 
         Fuller                Geiger               Pyramidal 

Figure 9.  Layout of 19 bars for Fuller, Geiger and Pyramidal 
cable dome (Top view)  

The number of bars of each cable dome can be 
calculated with the number of crowns P of the network 
(Tab. 1). As can be seen, the order of magnitude of the 

number of bars for pyramidal network is 3P2, by contrast 
with 6P for fuller and Geiger networks. Thus, pyramidal 
cable has more control points for a same number of crows 
to fit closest to the ideal paraboloid. 

 

Fuller Geiger  Pyramidal  

6P+1 6P+1 3(P+1)P+1 

Table 1.  Number of bars for a same radius. 

IV. STATIC ANALYSIS  

 
In order to investigate the static performances of the 

pyramidal network, the study is divided into two steps. 
First, from the nodal equilibrium equations, the 
calculation formulas for the internal forces distribution 
can be deduced. Then, several Finite Element Models are 
compared with the analytical solution.  

 

i. Geometry  

 
The geometry presented consists of 19 bars and 6 

mounts. The reflecting surface is symmetrical about its 
opposed surface. T is defined as the force applied by the 
polygonal hoop on the cable dome acting on each mount 
of the network. The internal forces of the bars, network 
cables, diagonal cables, and hoop cables are expressed as 
Si, Ai, Bi, Ci, Di, and Ei. The numbers 0, 1, 2, 3, and 4 are 
the nodes from the inner network to the outer network. 1’ 
and 2’ are the corresponding opposite nodes to 1 and 2 
(Fig. 10).      
 

 

Figure 10.  Geometric variables of the statically determinate 
pyramidal cable dome. 

It is important to differentiate between cables of the 
inner network (A1, A2, B1, B2) where the reflecting 
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surface will be attached, and outer cables (C1, E1, E2, D1, 
D2) which are the links with the mounts of the network. 
In order to have an accurate reflecting surface, inner 
network cables tension has to be homogenous.  

The network form depends on the focal length F of the 
paraboloid, the height h0 of the central bar, and the 
distance ΔX between two consecutive bars. Parameter d0 
is defined as the distance between a mount (node 4) and 
the first bar of the network. The variables αi, βi, γi, δi, and 
ϵi are defined as the angles from Ai, Bi, Ci, Di and Ei to the 
horizontal plane. The distances Δh1, Δh2, and Δh3 are the 
differences between the height of each bar at the nodes 1, 
3, and 2, and the height of the central bar at the node 0 
(Fig. 11 to 13). 

 

 

Figure 11.  Profile graph in the plane containing the points 0, 
1, 1’, 2, 2’, and 4. 

 

Figure 12.  Profile graph in the plane containing the points 1, 
1’, and 3. 

 

Figure 13.  Graph of the statically determinate outer network. 

Given the symmetry of the dome in polar coordinates, 
the structure can be divided into 6 equal parts along the 
circular direction, and for each part the distribution of 
components and forces are the same. In Fig. 14, χ is the 
angle between two cables in the inner network (in our 
case: χ = π / 3), ω is the angle between two cables in the 
outer network, and ψ is the angle between the radial line 
passing through point 3 and an outer cable.  

 

Figure 14.  Graph (top view) of a part of the network. 

The input parameters of the pyramidal cable dome are 
the height of the central bar h0, the focal length F and the 
diameter of the network defined with ΔX and d0. Then, 
we can calculate the length and angular parameters of the 
network.  

 
Length parameters: 
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ii. Equations for calculating axial forces  

 
Equilibrium equations have been established for each 

node. From the internal force S0 of the central bar, all 
formulas to calculate the internal force of other 
components can be deduced as follows:  

 
Node 0: 4� � − 13 +5�	���6778779:;

<� 	13�
 

  
Node 1: =� � 12 >� �*+	����*+	��� �*+ (13)67777877779:?

<� 	14�
 

 <� � −	>� +5�	��� � 2>� +5�	����6777777778777777779:@
<� 	15�

 

 
Node 1’:  
 =� � − >�(2 +5�	��� � 2�*+	��� �*+ (13) ���	���)67777777777777877777777777779:A

<� 	16�
 

 

4� � 2>� �*+	��� �*+ (13)�*+	���6777778777779:B
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Node 2: 
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Node 2’: 
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Node 3: 
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iii. Finite Element Models 

 
The proposed analytical model has been benchmarked 

by implementing the exemplary case study in several 
Finite Element Models (FEM) using Patran\Nastran. The 
network analysed consists of 19 bars and 66 cables, 
having a focal length F= 4.5 m and a diameter D = 2.5 m. 
Different models with several heights of the central bar 
h0 from 0.05 m to 0.3 m were studied.  

The six mounts (node 4) of the cable dome are fully 
constrained. The whole network is tensioned with a force 
S0 applied in the centre of the cable dome to represent the 
central bar. Reactions in nodes 4 are equivalent to the 
force T. Tab. 2 shows an example of results of the FEM 
and the analytical model for h0 = 0.2 m and different 
forces T from 50 N to 200 N. The relative error between 
the two models is inferior to 0.3 %. 
 

h0 = 0.2 m 
Force T 

50 N 100 N 200 N 

Cables Ana. FEM Ana. FEM Ana. FEM S 

A1 10.75 10.76 21.49 21.52 42.80 42.85 0.12% 
A2 11.30 11.31 22.60 22.61 45.01 45.03 0.06% 
B1 10.87 10.86 21.74 21.73 43.29 43.27 0.05% 
B2 11.15 11.14 22.29 22.28 44.40 44.37 0.05% 
C1 6.83 6.83 13.66 13.66 27.21 27.20 0.02% 
D1 10.95 10.96 21.90 21.91 43.62 43.64 0.04% 
D2 6.43 6.43 12.86 12.87 25.61 25.62 0.03% 
E1 10.10 10.09 20.19 20.17 40.21 40.18 0.09% 
E2 11.08 11.08 22.17 22.15 44.15 44.12 0.07% 

Bars Ana. FEM Ana. FEM Ana. FEM S 

S0 -10.67 -10.70 -21.34 -21.40 -42.49 -42.62 0.30% 
S1 -12.81 -12.82 -25.62 -25.64 -51.03 -51.06 0.06% 
S2 -9.12 -9.12 -18.24 -18.24 -36.33 -36.34 0.00% 
S3 -11.62 -11.62 -23.25 -23.24 -46.30 -46.28 0.05% 

Table 2.  Comparison of force results between the FEM and 
the analytical model for h0 = 0.2 m. 

For a tension T = 100 N at each mount (node 4), the 
cable force range is between 12.93 N and 22.38 N. The 
cable tension in the inner network is homogenous. 
Indeed, the first crown of cables A1 = 21.5 N and               
B1 = 21.7 N (Fig. 15 yellow), and the second crown      
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A2= 22.6 N and B2 = 22.3 N (Fig. 15 orange). The bar 
compression range is between 18.4 N and 25.8 N.  
 

 

Figure 15.  Force distribution in absolute value (N)         
h0=0.2 m, T = 100 N. 

It is possible to add some cables on the opposed side 
of the reflecting surface to eliminate all internal 
mechanism displacement modes. These cables increase 
significantly the dynamic performances of the network 
with a minor impact on the tension equilibrium. We can 
see on Fig. 16 the very low tension of these cables (dark 
blue) compared to the inner network cables (orange).  

 

 

Figure 16.  Force distribution in absolute value (N)         
h0=0.2 m, T = 100 N. 

 
 
 
 
 
 
 
 
 
 
 
 
 

V. APPLICATION TO CUBESATS 

 
A self-deployable polygonal hoop coupled with a 

pyramidal cable dome offers a solution for CubeSat 
antennas. This deployable reflector mesh fits in a highly 
confined volume thanks to the homogenous tension in the 
network which allows a significant optimization of the 
structure dimensioning. Moreover, the network provides 
a good positioning of the parabolic surface by easily 
adding more bars in the cable dome and thus more control 
points. It is possible to obtain an offset fed reflecting 
surface or even irregular.  

The concept is very scalable depending on the number 
of bars of the polygonal hoop and their length. The 
reflecting surface diameter is calculated in Tab. 2. 
depending on the stowed volume from 1U to 3U and the 
number of bars of the outer structure. The current design 
allows a stowage up to 24 bars in a 10 cm square (Fig.16). 

 

 

Table 3.  Reflecting surface diameter (m) depending on the 
stowed volume and the number of bars of the outer structure. 

Cable dome which holds the reflecting surface will be 
tensioned by the deployment of the polygonal hoop. The 
network is not represented in fig.16 and fig.17 but fits 
inside the stowed outer structure. In this configuration, 
the network is attached to the upper joints of the 
polygonal hoop in order to optimize the stowage volume 
and to have a deployment of the cable dome in one plane. 
Thus, there are 12 mounts for the cable dome in a 24 bars 
outer structure.  

    

Figure 17.  Stowed outer structure fitting in 1U                 
(self-deployable polygonal hoop with 24 bars of 10 cm). 
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Figure 18.  Deployed outer structure                                    
(self-deployable polygonal hoop with 24 bars of 10 cm). 

 

VI. CONCLUSION 

In this paper, a novel cable dome for space reflectors 
has been presented in order to be integrated in a self-
deployable hoop. An analytical model has been provided 
for the specific network geometry proposed. This new 
concept fits well with CubeSats to obtain a high stow-to-
deployment ratio. 

Future work concerns deeper analysis of RF 
performance achievable depending on the faceted surface 
accuracy and the number of bars (control points) needed. 
Several prototypes with different network configurations 
are currently being manufactured to test the deployment 
behaviours of the structures and the sensitivity of the 
surface error to the nodes position.   
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