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Abstract

Although the concept of tensegrity structures was invented in the beginning of
the twentieth century, the applications of these structures are limited, partially
due to their low stiffness. The stiffness of tensegrities comes from topology,
configuration, pre-stress and initial axial element stiffnesses.

 The first part of the present work is concerned with finding the magnitude
of pre-stress. Its role in stiffness of tensegrity structures is to postpone the
slackening of cables. A high pre-stress could result in instability of the structure
due to buckling and yielding of compressive and tension elements, respectively.
Tensegrity structures are subjected to various external loads such as self-
weight, wind or snow loads which in turn could act in different directions and
be of different magnitudes. Flexibility analysis is used to find the critical load
combinations. The magnitude of pre-stress, in order to sustain large external
loads, is obtained through flexibility figures, and flexibility ellipsoids are
employed to ensure enough stiffness of the structure when disturbances are
applied to a loaded structure.

 It has been seen that the most flexible direction is very much sensitive
to the pre-stress magnitude and neither analytical methods nor flexibility
ellipsoids are able to find the most flexible directions. The flexibility figures
from a non-linear analysis are here utilized to find the weak directions.

 In the second part of the present work, a strategy is developed to compare
tensegrity booms of triangular prism and Snelson types with a truss boom.
It is found that tensegrity structures are less stiff than a truss boom when a
transversal load is applied. An optimization approach is employed to find the
placement of the actuators and their minimum length variations. The results
show that the bending stiffness can be significantly improved, but still an active
tensegrity boom is less stiff than a truss boom. Genetic algorithm shows high
accuracy of searching non-structural space.
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