Performance of 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 propulsion 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. A great deal of mechanical frictional loss can thus be
reduced. This mechanism should result in high potential for efficiency. In this paper, the performance of a simple
experimental SFPSE - tail fin system was examined experimentally. Also swimming speed of a fish-like mechanism

with the enginewas discussed.
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Fig. 1. Schematic View of the Prototype Engine
Table 1. Specifications of the Engine
Displacer Piston
Bore 36 mm
Stroke 10 mm
Power Piston
Bore 27.5mm
Stroke ~15 mm
1 2 Frequency 0 4Hz
Mean Pressure 101.3 kPa

K™ 360 N/m
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Fig. 2. Link Mechanism of the Tail Fin
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Fig. 4. Swimming Speed of the Fish Robot
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A. Strain Gage Sensor
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Fig. 5. Measuring System

Table 2. Experimental Condition

Heat Source

Electric Heater

Expansion Space Gas
Temperature, Te

400 deg C.

Cooling Method

Water Cooling

Mechanical Spring
Spring Constant, k

360 N/m

Spring Force for Piston

1/3k, 2/3k, 3/3k

Tail Fin

Type A~D (Fig. 6)

Arm Length, r

20 mm, 25 mm, 30 mm
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Fig. 6. Tail Fins for the Experiments
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Fig. 7. Example of the Experimental Results Fig. 9. Effects of Arm Length
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Fig. 11. Expected Swimming Speed
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Fig. 12. Swimming Speed of the Model Boat
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