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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.2 Lift-based swimming mode
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Fig.3 Drag-based swimming mode
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Fig.5 Dimensions of Active Pneumatic Actuator Fin [mm]
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Fig.10 Pressure variation with time in each chamber

built-in PIC
micro computer

Mechanical pectoral fin device

DC Power
Power box of valves

I 9ch lines for valves control |

Stepping motors
[Fin actuator |

[ Digital valves |

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.11 Photograph of a feathering motion
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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

Measured point
Fig.16 View of experiment (Left: Measured image, Right: FE

analysis)
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Fig.20 Comparison of displacement in X-axis of FMA (A)

between measurement and FE analysis
Fig.18 Comparison of a maximum displacement in clockwise

rotation (Left: Measured image, Right: FE analysis)
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Fig.29 Principle of the drag-based swimming mode by the

Passive Flexible Fin

4.1 ZERTOEBNIET D FEM f#AT

ERET 7 Fax—F L ARICEZBOEREL EH T
E) SH 72 & & OB LT FEM ##47 217 - 7. FEM fi#
WEITICHIY EBRET 7 F o= — X EEORYTRE & Rk
(BIERBR AT MSC Marc % AU CZBIRZEAEIC A
73y @y 3 AOREMEE R RITE Lz, = A O FEKIED 2
EEFLTYY) 32 TLHOBERT > v v LB W 2%
FTEF AL LT Mooney-Rivlin 7 VE2#MHATAHZ & & LT,
Mooney-Rivlin &7 /L DBERT > o % AVBIEW IOV T,
Appendix “BEHEART Lo ¥ VBT TRV TEERT B,

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

22 H AR TP 2im g $5 5 2007 46 A
Fig30 (ORTZBEAED FE TF A 2R L, RIE —&— Measured 1
o N . L - ] —&— FE Analysis —
30° . JABEL 2.0Hz OEEENZAT o7z & & OFEBICEIT S E 100 —— Rowing Angle | E
! r ke)
FEM fRHT 51T 572, Fig3l 1037 & 5 (CEEMIT 2175 = o 2y
Ik Y | EBROBEED XY HER & HE Lz, BEA £ o o g
FRcb K& REMAH BRI E LTV B, E 50 20 2
2 100 30 2
2 ‘ ; : . 40 @
& o0 0.2 0.4 06 0.8 1.0
"Ml\‘\. Time [sec]
juswy Fig.34 Comparison of Displacement in X-axis of Passive Flexible
e -
T Fin between measurement and FE analysis
p—o
H"'N»—n""" HJH —_—
80 ~—@— Measured
\I\Hy/'/‘ 60 —&— FE Analysis

S
o

Fig.30 FE model of Passive Flexible Fin

N
[=I =}

Displacement in Y-axis[mm]|
o
o

0.2 0.4 0.6 0.8 1.0
Time [sec]

Qg
o

Fig.35 Comparison of Displacement in Y-axis of Passive Flexible
Fin between measurement and FE analysis
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Fig.37 Experimental result of Passive Flexible Fin
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