Fundamental Study on a Semi Free Piston Stirling Engine for a Fish Robot

Koichi HIRATA, National Maritime Research Institute, Shinkawa 6-38-1, Mitaka, Tokyo

We have taken much interest in the highly efficient propu Ision of fish and attempt to apply the mechanism of
fish-like swimming to the underwater robot. The author examined to adopt a semi-free-piston Stirling engine
(SFPSE) for the power source of a fish robot. One of characteristics of the SFPSE is that the output power can be
obtained directly from the reciprocating motion of a power piston. In the case of a fish robot, it is the best way that
the reciprocating piston drives the oscillating tail fin directly. In this paper, the performance of a simple
experimental SFPSE - tail fin system was examined experimentally. Also possibilities of a SFPSE are discussed
based on a simple simulation model.
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Fig. 1, Experimental Fish Robot Powered by D/C Motor Fig. 2, Performance of the Experimental Fish Robot




DP: hsplacer

PP: Power Piston |

H: Heater
C: Cooler
R: Regenerator

Fig. 3, Structure of a Semi Free Piston Stirling Engine
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Fig. 4, Structure of Experimental Engine

Table 1. Specifications of the Engine

Displacer Piston
Bore 36 mm
Stroke 10 mm
Power Piston
Bore 27.5 mm
Stroke ~15 mm
Frequency 0 4Hz
Mean Pressure 101.3 kPa
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Fig. 5, Link Mechanism of the Tail Fin
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Fig. 6, Tail Fins for Experiments



Type

= et Spring constant
= o =N —a— 60 Nim
E6 __,..--"""' B —a— 240 Nim
. - g i =g~ 120 Nim
& 4
i
E o Tail fin: Type C (609%)
o Arm length: r=20 mm
0 %
0 1 2 3 4 B
Frequency, f (Hz)
Fig. 7, Effects of Spring Constant
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Fig. 8, Effects of Tail Fin Size
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Fig. 9, A Model Boat with the Engine
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Fig. 10, Swimming Speed of the Model Boat
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Fig. 11, Simulation Model
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Fig. 12, Effects of Buffer Pressure
o~ Bl =
% Bpring comstant
B A0 e | AN TN
g | |—— k=10000 Kim | ¢ i
é’ O H—— k=200 Kim 3 i
4
-?i 20
E 10
=]
= "
=+5r e e |2
(BRI i
E s0f ot e el
o sillic LA Jig =
o 30 / \ -y py
§ 4 PN -{12 '§
= a0 - e ,.-‘{K o S| =
g L ___‘_.- :( :}r‘h'. \\:’ -] =
g 10} et ] L B
_El e - .y Lo
. 0 - - ]
1] & 10 15

Frequency, [ (Hz)
Fig. 13, Effects of Spring Constant
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