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Summary

This paper describes the developments of new pectoral fins made of elastic materials with the functions of flexibility and
multifunctionality for biomimetic underwater vehicles to use as not only a propulsive device, but also other applications such as
grippers, avoiding damages to environment by rigid fins. We developed two types of elastic pectoral fins, an actively controlled
pneumatic fin and a passively controlled flexible fin in this study. We carried out the verification tests for generating the propulsive
forces and FEM analyses of the behaviors of two elastic pectoral fins.
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Fig.1 Basic motion of pectoral fin
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Fig.3 Drag-based swimming mode
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Fig.4 Active Pneumatic Actuator Fin
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3.1 FMA (Flexible Micro Actuator)
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Fig.9 Numbering of FMA chambers
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Fig.10 Pressure variation with time in each chamber
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Fig.7 Control system of air pressure

Fig.8 Feathering Motion by Active Pneumatic Actuator Fin

(Left: Clockwise rotation, Right: Anticlockwise rotation)
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Fig.13 Measured Behavior and FEM Analysis of FMA [0.2MPa]
(Left: Measured image, Right: FE analysis)
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Fig.14 Comparison of displacements in X and Y axes of FMA

Fig.15 FE model of Active Pneumatic Actuator Fin
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Fig.16 View of experiment (Left: Measured image, Right: FE

analysis)
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Fig.17 Comparison of a maximum displacement in anticlockwise

rotation (Left: Measured image, Right: FE analysis)

Fig.18 Comparison of a maximum displacement in clockwise

rotation (Left: Measured image, Right: FE analysis)
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Fig.19 Comparison of displacements in X and Y-axes in
feathering motion
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Fig.20 Comparison of displacement in X-axis of FMA (A)

between measurement and FE analysis
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Fig.21 Comparison of displacement in Y-axis of FMA (A)

between measurement and FE analysis
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Fig.22 Comparison of displacement in X-axis of FMA (C)

between measurement and FE analysis
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Fig.23 Comparison of displacement in Y-axis of FMA (C)

between measurement and FE analysis
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Fig.25 Experimental results in uniform flow
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Fig.26 Experimental results in still water
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Fig.30 FE model of Passive Flexible Fin

Fig.32 Comparison of maximum displacement in X-axis

(Left: Measured image, Right: FE analysis)

Fig.33 Comparison of minimum displacement in X-axis

(Left: Measured image, Right: FE analysis)
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Fig.35 Comparison of Displacement in Y-axis of Passive Flexible
Fin between measurement and FE analysis
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Fig.36 View of experiment
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Fig.37 Experimental result of Passive Flexible Fin
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