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ABSTRACT

This paper explores an implementation of finite element analysis and experiment in the
design process of a tape spring hinge used for various CubeSat missions. Tape spring hinges
consist of short-length hardened-steel strips with one-sided curvature, and thus the behavior is
subject to large deformation with unpredicted non-linearity. Precise dimensions of a commercial
tape spring are traced by the use of high-resolution digital camera, and thin-shell FEM analysis
is conducted using ABAQUS program. Based on the rotation-moment analysis suggested in
previous studies, parametric analysis is conducted by adjusting the contributing factors such as
strip thickness and the subtended angle of the cross section. Finally the behaviors are
investigated by both analytical and non-linear finite element methods, and the results are
compared with the simple measurements. Further studies suggest a possible application in
dynamic characteristics of hinges during CubeSat operations.
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Table 1. Tape spring physical properties

Parameter Symbol

Value

Longitudinal length, mm L

100

Transverse length, mm S

15

Radius of curvature, mm R

13.50

Subtended angle, degrees 0

67.52

Strip thickness, mm t

0.1

Young’s modulus, GPa E

Poisson’s ratio v
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Table 2. Discrepancy in terms of mesh size

. Number of Max. .
Mesh size Discrepancy
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3.0 mm 50 118.9 8.89%
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0.5 mm 1600 130.5 -
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Table 3. Comparison of various tapes [N-mm]

Type Analytic | ABAQUS Exp.
SM Tools (16mm) 122.8 138.0 136.4
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