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Abstract

Tape-springs are long, thin, strips with transverse curvature: they are highly deformable

and hence widely used in deployable structures applications. When bent in the equal-sense,
they buckle torsionally, with a twist angle that oscillates along the length of the spring. This
torsional buckling is generally undesirable, as it results in a reduced peak moment capac-
ity. Previous studies have obtained solutions for the twisting curvature as a function of the
longitudinal curvature (1,2), however these assume uniform lengthwise deformation, which
is contrary to the observed torsional buckling mode: hence these models cannot explain the
torsional buckling mode or wavelength.
We offer an explanation for the observed torsional buckling mode by considering two details
not captured in earlier studies: the additional strain energy arising from curvature gradi-
ents, and the effect of the twist angle on the total applied rotation. The former results in
an energetic penalty for short wavelengths, while the latter results in an energetic penalty
for long wavelengths: a preferred wavelength hence emerges as a function of the tape-spring
geometry. An approximate analytical prediction of the wavelength is found to agree reason-
ably well with FEA results and some simple experiments using carpenter’s tape measures.
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