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Deployable Structures for Rotor-sail under Centrifugal Loading
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This study presents a vertically deployable rotor-sail structure utilizing multi-layer Sarrus linkages. The structure fully extends
during sailing to maximize Magnus lift and compresses to less than half its length for docking. An analytical beam model
integrates link thickness, mid part spacing, and centrifugal loading to predict deflection and mass. Parametric comparisons
of two-layer, six-layer, and twelve-layer configurations reveal that the twelve-layer design reduces structural mass by 90%
while meeting an L/1000 deflection limit. Dynamic simulations using RecurDyn confirm that mid part segmentation
decreases damping time and reduces peak stress, thus enhancing deployability and mechanical reliability. The findings offer
quantitative design guidance for high-speed rotating deployable structures.
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Fig. 1 Design and prototype of the multi-layer Sarrus deployable structure. (a) Small-scale (1 : 15) prototype shown deployed (1 m) and folded
(0.4 m), (b) 3D CAD models illustrating the deployment sequence, and (c) Detailed view comparing the physical assembly and 3D

model of the internal linkage, highlighting the Main Sarrus linkage (red), Mid part (black), and Connecter (blue)
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= Main Sarrus linkage = Connecter (Additional Sarrus linkage)
— Mid part (Additional Sarrus linkage)
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Fig. 2 Sequential folding and deployment behavior of multilayer
Sarrus linkages. (a)-(c) 1-layer (main Sarrus), (d)-(f) 2-layer
(main + one auxiliary layer), and (g)-(i) 3-layer (main +
two auxiliaries). The auxiliary layers do not interfere with
the main linkage path and are synchronized by a single
drive
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Fig. 3 Structural weight analysis. The optimal design (red) satisfies
the < 20 ton and < 11 mid part goals with a 65 mm link
thickness
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Fig. 4 Dynamic analysis results of 2-layer, 5-layer, and 11-layer Sarrus structures under rotational speed of 18.85 rad/s. Each structure satisfies
its target deformation criteria (6.1 mm, 2.0 mm, 1.0 mm), and structural stiffness increases with mid-part layering. Corresponding
structural weights are 262.5 ton (2-layer), 51 ton (5-layer), and 19.5 ton (11-layer)
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Fig. 5 Dynamic response of multi-layer Sarrus linkages under centrifugal loading (® = 18.85 rad / s). Rows correspond to mid-part counts of 1
(top, 2-layer), 5 (middle, 5-layer) and 11 (bottom, 11-layer); columns show (left) strain-averaged stress curve with 10 x amplified range
band, (centre) time-history of strain with moving-average smoothing, and (right) time-history of stress with the same smoothing.
Increasing the number of mid parts reduces peak strain and shortens the damping-to-steady-state interval
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