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Abstract - The research on tensegrity has not stopped since its birth. But there are few practical applications due to the special shape of 

tensegrity structures. Some advantages of tensegrity structures closely match the spacecraft structures requirements, however, less 

practical applications are applied to spacecraft structures than architecture. This paper summarizes the advantages of tensegrity structures 

to lightweight and simple, have the ability of adjustable pre-stress and deformation. Meanwhile, high load-bearing while lightweight, 

withstand harsh working conditions (temperature, vibrations, impact), high reliability and special function have been sorted out as the 

requirements of spacecraft structures. After analysis and comparison, conclude that the adjustable pre-stress and deformation ability of 

tensegrity structures will be the key research direction. Also maximize the use of material characteristics to make different parts of the 

tensegrity structures may greatly improve the utilization rate of tensegrity structures.  
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1. Introduction 
Tensegrity refers to the integrity of a stable structure which is integrated by discontinuous structural members (usually 

bars or struts, which is compressed) and continuous structural members (usually cables or tendons, which is pre-stressed 

tensioned). Moreover, the cables are flexible and global components, while the bars are stiff and local components [1]. So 

far, there is no strict definition of tensegrity structures, but the tensegrity structures have the characteristics of tensegrity and 

have been applied to architecture, art and mechanical engineering. However, there are few spacecraft consist of tensegrity 

structures. This paper presents the characteristics of tensegrity structures and how to meet the requirements of spacecraft 

structures. At first, describes the characteristics and application of tensegrity structures. Then, introduce the requirements of 

spacecraft structures from the aspects of purpose, process and efficiency. Whether the characteristics of tensegrity structures 

are match the requirements of spacecraft structures are reported next. Finally, conclusions and future perspectives are 

discussed and provides a research direction for the application of the tensegrity structures on the spacecraft structures.  

 

2. Tensegrity 
The term tensegrity was created by Richard Buckminster Fuller as a contraction of ‘tensional’ and ‘integrity’ [2]. Figure 

1 shows the simple three-dimensional tensegrity structures. 

 

 
Fig. 1: The simple three-dimensional tensegrity structures. Left: 3-bar. Right: 4-bar. 
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There are six characteristics of a tensegrity structure [1][3]: a) The structure is free-standing, without any support; 

b) The structural members are straight; c) There are only two different types of structural members: struts carrying 

compression and cables carrying tension; d) The struts do not contact with each other at their ends; e) The structure is 

self-stress; f) The structure is deformable. 

In real life, the above characteristics are mainly applied to architecture and robotics. 

The tensegrity structures in architecture are simple and maybe the optimal structural systems. Because it only 

includes two types of structural members and have minimum possible number of structural members to maintains its 

stability, while each member is straight and carry only axial force. Moreover, tensegrity structures have many advantages 

when they are used as long-span structures to cover a large space without columns inside [1]. Tensegrity structures are 

more efficient and lightweight than conventional structures in reduce the buckling failure by adjust the structural 

stiffness. Furthermore, the joint of structural members can be the same in order to save the cost.  

In the field of robotics, tensegrity structures are utilized as ‘smart’ structures [4][5] and deployable structures [6][7]. 

The shape of tensegrity structures can be adjusted to meet different requirements in different circumstances. The change 

of shape will break the self-equilibrated of tensegrity structure, so the whole tensegrity structure can move or deploy. 

The way of adjusted the shape is adjusting the pre-stresses or member lengths, which the responses are predictable [7]. 

Moreover, the control systems (sensors and actuators) can be easily embedded and implemented in the straight (one-

dimensional) members. 

To summarize, the most advantages of tensegrity structures are lightweight and simple, have the ability of adjustable 

pre-stress and deformation. 

 

3. The requirements of spacecraft structures 
Spacecraft is a vehicle or machine designed to fly in outer space. There are many types of spacecraft, but every 

spacecraft has the similar experience when travel to outer space. That suggests the structures of spacecraft have the 

similar requirements, including high load-bearing while lightweight, withstand harsh working conditions (temperature, 

vibrations, impact), high reliability and special function. 

 
3.1. High load-bearing while lightweight 

The structures of spacecraft are designed for support, connect and protect the payload other than itself. Usually, the 

engineer will make the full use of the material and structural forms, to the purpose of gain high load-bearing spacecraft 

structures, make sure the structures will not lose stability or crush while in the process of transport, launch and work. 

Furthermore, if the spacecraft structures are high load-bearing while lightweight means high efficient. The lightweight 

requirement originates from the desire to minimize the launch costs and possibly maximum the payload on a single 

launch vehicle [8]. The utilize of lightweight composite materials, advanced manufacturing techniques and lightweight 

based design can minimize mass and maximize structural stiffness. 

 
3.2. Withstand harsh working conditions 

Between production and completion of the final mission, the spacecraft will experience some peculiar stages, 

include ground transportation, launch acceleration and entry into space. In those stages, the spacecraft will face extreme 

temperature changes, intense vibration and impact during separation. To achieve the support, connection and protection 

purpose, the structures of the spacecraft are required to withstand high-low temperature alternating, resonance and 

significant impact by absorb or relieve these harmful energies without lose stability or crack. 

 
3.3. High reliability 

All spacecraft except single-stage-to-orbit vehicles cannot get into space on their own, and require a launch vehicle 

(carrier rocket). As the final stage, failure or damage of any part of the spacecraft will lead to extremely serious accidents. 

All the previous processes are serve for spacecraft, meanwhile, the replacement or maintenance is inconvenience when 

the spacecraft is working, so the whole spacecraft (include structure) must require high reliability. 

 
3.4. Special functions 

Generally speaking, the structures of energy system, detection system and motion system have its own special needs. 

For example, solar panels and antennas need to be folded in launch progress while unfolded in working progress, nozzle 
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need to be multi-degree of freedom attitude adjustment in zero gravity environment, shape need to be change while back to 

earth or landing (walking on) other planet, etc. The special functions of spacecraft structures are determined by the mission 

of spacecraft. 

 

4. The tensegrity characteristics analyse according to spacecraft structures requirement 
The advantages and disadvantages of tensegrity will be present in this part from the aspect of spacecraft structures 

requirement. 

 
4.1. Load-bearing 

In this part, suppose a load bearing only tensegrity structure which is a fixed structure of the spacecraft, such as a landing 

leg, support frame, etc. This tensegrity structure is assumed to be prismatic structure of dihedral symmetry [1]. Figure 1 

shows the three-bar and four-bar Prismatic structure of dihedral symmetry. Stability was not considered in the analysis. For 

comparison, suppose a homogeneous structure. Each cross-sectional area perpendicular to the load is A. The height of whole 

homogeneous structure is H. The load is F. Consider a n-bar tensegrity structure with the same volume(weight), height and 

load. Suppose the cables are rigid body and no weight. The Angle between the force (along the direction of bar) and the load 

is α. The length of the bar is L. Suppose the resultant force cause by cable on a joint is f. Cross-sectional area of each bar is 

Ab, the force along the direction of bar is Fb. The stress in the homogeneous structure is indicated by σ1 while the stress in 

the tensegrity structure is indicated by σ2. Figure 2 shows the supposed homogeneous structure and tensegrity structure (n=4). 

The relation between σ1 and σ2 shown in Eqs. (1) - (2). 

 

 
Fig. 2: The supposed homogeneous structure and tensegrity structure (n=4). 
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That means a n-bar tensegrity structure is more likely crush than a homogeneous structure. So far, there is no tensegrity 

product as a load bearing only structure in real life. 

 
4.2. Working conditions 

The tensegrity structures show some advantages in harsh working conditions such as intense vibration and significant 

impact. First, during the period of launch and flight, the tensegrity structures can avoid resonance. Every part of spacecraft 

has its own natural frequencies. Tensegrity structures can change its natural frequencies by adjust the length of bar or change 

the pre-stress level [9], which is convenience to deal with resonance and improve safety. Second, during the period of separate 

and landing, the tensegrity structures can avoid significant impact forces due to their natural compliance and structural force 

distribution properties [10]. The shape of tensegrity structures can restore to its original state after impact. Moreover, adjust 

the connectivity, geometry or pre-stress of tensegrity can change the stiffness of whole structure [11] which is an important 

property to deal with significant impact problem. 
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However, the high-low temperature alternating problem is mainly solved by the characteristics of the structural 

materials themselves, the tensegrity structures are no better than others in the same composition material. On the 

contrary, temperature has a significant influence on pre-stresses of cable, while the change of pre-stresses of cable will 

affect the whole shape of tensegrity structure. There are no tensegrity structures specifically designed to deal with high-

low temperatures alternating till now. 

 
4.3. Reliability and functions 

Reliability and functions of tensegrity structures are closely related to each other. There is no advantage in using a 

tensegrity structure as a single function structure, since there is a principle for enhancing system reliability: to keep the 

system as simple as is compatible with the performance requirements [12]. However, the tensegrity structures are more 

reliable if they are multifunctional. Because the members of tensegrity can be divided into bar and cable. The tensegrity 

structures obtain different characteristics by increase the quantity of each member and it is easy to replace or fix the 

member when it is out of order. Taking advantage of adjustable pre-stress and deformation, a tensegrity structure can be 

used as both a buffer structure and a walking mechanism [10], and as a vibration absorber and a deployable mechanism 

[6,7]. Therefore, the characteristics of the tensegrity structures have certain advantages in dealing with the high reliability 

and special functions required by the spacecraft structures. At present, most of the applications and researches are in the 

deformation of tensegrity structures. 

 

5. Conclusion 
It can be seen from the above that the advantages of deformation and adjustable pre-stress in tensegrity structures 

are useful when apply to the structures of the spacecraft, while the others are not. This determines the research direction 

of application of tensegrity structures on spacecraft. For example, the advantages of lightweight and long-span in 

architecture are not reflected in the spacecraft structures, but the ability of adjustable pre-stress and deformation can 

solve the problem of vibration and impact. Currently, the tensegrity structures have been practical applied to the 

deployable structures and space robots. In the future, use the high compressive strength material for bar and high tensile 

strength material (carbon fibre) for cable may greatly improve the utilization rate of tensegrity structures. In that case, 

the development of tensegrity structures apply to the spacecraft structures will be promoted. 

 

References 
[1]  J. Zhang and Makoto Ohsaki, Tensegrity Structures. Springer, 2015. 

[2]  R. B. Fuller, Synergetics: Explorations in the Geometry of Thinking. Estate of R. Buckminster Fuller, 1982. 

[3]  M. Bouderbala and R. Motro, “Folding tensegrity systems,” in IUTAM-IASS Symposium on Deployable Structures: 

Theory and Applications, Dordrecht, 2000, pp. 27–36. 

[4]  V. Böhm and Klaus Zimmermann, “Vibration-driven mobile robots based on single actuated tensegrity structures,” in 

Robotics and Automation (ICRA), 2013, pp. 5475–5480.  

[5]  S. Hirai, Y. Koizumi, M. Shibata, W. Minghui, and L. Bin, “Active Shaping of a Tensegrity Robot via Pre-pressure,” 

in Advanced Intelligent Mechatronics (AIM), 2013, pp. 19–25. 

[6]  L. Puig, A. Barton, and N. Rando, “Acta Astronautica A review on large deployable structures for astrophysics 

missions,” Acta Astronaut., vol. 67, no. 1–2, pp. 12–26, 2010. 

[7]  G. Tibert, “Deployable tensegrity structures for space applications,” Ph.D. dissertation, Dept. Mech., Royal Inst. 

Technol. (KTH), Stockholm, Sweden, 2002. 

[8]   T. J. Cole, J. Bassler, S. Cooper, V. Stephens, D. Ponnusamy, M. Briere, T. Betenbaugh, “Acta Astronautica The 

challenges of designing a lightweight spacecraft structure for landing on the lunar surface,” Acta Astronaut., vol. 71, 

pp. 83–91, 2012. 

[9]   N. Ashwear and A. Eriksson, “Natural frequencies describe the pre-stress in tensegrity structures,” Comput. Struct., 

vol. 138, pp. 162–171, 2014.  

[10] J. Bruce, K. Caluwaerts, A. Iscen, A. P. Sabelhaus, and V. Sunspiral, “Design and Evolution of a Modular Tensegrity 

Robot Platform,” in Robotics and Automation (ICRA), 2014, pp. 3483–3489. 

[11]  S. D. Guest., “The stiffness of tensegrity structures,” IMA Journal of Applied Mathematics., vol. 76, no. 1, pp. 57–66, 

2010. 



 

 

ICMIE 113-5 

[12]  W. Kuo, V. R. Prasad, F. A. Tillman, C. L. Hwang, Optimal Reliability Design: Fundamentals and Applications. 

Cambridge University Press, 2000. 


