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Extension Dynamics of Self-Extensible Boom by the Arbitrary Lagrangian-Eulerian method
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Self-deployable membrane truss, which is a membrane structure deployed by self-deployable truss structure, has high specific
rigidity and, high deployment ratio, and its deployment motion is quite simple. Self-deployable truss deploys driven by the self-
extension force of the booms, so that it is important to design appropriate extension force of the boom, i.e. it must not be too
large to give the structure impact and damage at the end of the deployment and it must be large enough to overcome the friction
preventing the deployment. Therefore, it is necessary to model the actual phenomenon accurately in the design of self-extensible
boom. In this study, the extension motion of self-extensible boom is formulated by a modified Arbitrary Lagrangian-Eulerian
method based on the structure-preserving numerical method, and it is confirmed that the total energy, linear momentum, and

angular momentum of the structure are exactly preserved.
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Fig. 1-1 Self-Deployable Membrane Truss.
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Fig. 1-2 Deployed state of 1IN1B.
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Table 2-1 Nomenclature

O Parameter of U at time ¢

u Parameter of O at time ¢+ At

AU TIncrement value of O between time step At
O Averageof D attime ! and t4+At

h, Thickness of tape in deployed state

h, Thickness of tape in stored state

H Mechanical energy

M Angular momentum vector

N Number of attached booms

P Linear momentum vector

R Attitude matrix from inertial coordinate system

T Kinetic energy

14 Strain energy

T Position vector

a, Azimuth of boom-hub attachment point

g Modified Rodriguez vector of Rotational increment

Relative angle of rotation of hub
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Table 4-1 Computational condition.

Length of boom

0.8 m

Number of division of boom 20

Width of tape 22.5 mm
Height of tape 4.5 m
Radius of hub 16.3 mm
Mass of hub 1276 g
Radius of node 43.3 mm
Mass of node 73.1¢g
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