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Mode Decomposition for Nonlinear Dynamics of Deployable Structures

and Interpretation of Deployment Motion
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It is important to understand the motion of the structure to design deployable structures. One of the methods to understand the
motion is to decompose the motion into the various modes with physical meanings. However, if the state vector is decomposed
into linear combination of mode vectors, it is difficult to give a physical understanding to each mode vector because the transient
motion has high geometrical nonlinearity. Therefore, this study proposes a novel mode decomposition method that extracts a
reference motion vector from the state vector that simplifies the nonlinear motion and decomposes the residual vector into the
mode vectors. The validity of the method is evaluated by visualizing the motion of each mode, and it is shown that the reference
motion approximates the whole motion appropriately. The contribution of reference motion and each mode to the whole motion

is defined, too. Finally, the procedure to apply the proposed method to the design of the actual spacecraft is described.
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Table 1 Specifications of Calculation model

(a) Deployment Overview

Item Value
Initial spin rate [rpm)] 80.74
Damping factor [kg/s| 1.73x107°
Inertia moment of central rigid body [kg-m®] | 5.3x10°°
Young's modulus of membranes [GPa] 4.1
Membranes density [kg/m®] 1450
Membranes thickness [um)] 12.5
Upper side length of membranes [m] 0.236
Bottom length of membranes [m] 1.0
Fold number of membranes 7.5
Crease spring back coefficient [N /m] 3.65x10°
Weight of tip mass [kg] 4.6x10"°
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