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Shape-Memory Alloy Heat Engine
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Abstract

Since a solid-state heat engine using a shape memory alloy (SMA) works at the temperature

difference of several ten degrees, the development of the SMA-heat engine to use the low-temperature thermal

energy below 373 K is greatly expected from a view-point of global warming prevention. The working principle

of the SMA-heat engine is discussed based on the recovery stress of the SMA. The output power characteristics

of a tilt-disk offset crank SMA-heat engine and the working principle and traveling speed of a solar-powered

car using a simple pulley SMA—heat engine are investigated. The subjects for the development of the SMA-heat

engine are also discussed.
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Fig.1 Working principle of SMA-heat engine
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Fig.2 Stress-strain diagram and stress-temperature phase

(a)Stress-strain diagram  (b)Stress-temperature phase diagram

diagram showing the generation of the recovery stress
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Table 1 Type and output power of various SMA-heat engines

Driving element of SMA Maximmem
Twvpe of engine Number of| Type of output Reference
Shape . .
elements | deformation | power [W]
Cffset crank Wire 20 |Bending 023 Banks (4)
Offset crank Helical spring —  |Tension 20 Gmnell (5}
Offset crank Helical spring § |Tension 1 Tabushi (18)
Smmple pulley Wire 5 |Bending 0.28 Tobushi (18}
Simple pulley Belt 1 |Bendng 12 Sato {14)
Twin crank Helical spring 6 |Tension 1.7 Twanaga (16}
Tilt disk Helical spring —  |Tension 62 Nishikawa {7}
Wire —  |Elongation 3035 Nishkawa (8}
Tilt-disk offset crank |Helical spring 12 |Tension 0.6 Tobushi (19}
R.eciprocating Wire 2 |Elongation 1.8 Sakuma (12, 13)
Reciprocating Wire 1 |Elongation 0.15 Kaneko (15)
Turbine Belt 1 |Bending 0.6 Tanaka (11}
Turbine Helical spring 252  |Tension 665 Tanaka (10}
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R;: Radius of a large disk
R, : Radius of a small disk
ex : Eccentric distance
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Fig. 3 Basic structure and working principle of an offset-crank

SMA heat engine
R : Radius of a disk
B B £ :Angle of an inclined disk
i L, : Center distance of two discs
L, : Maximum length of SMA coil
L,,;, : Minimum length of SMA coil
: Heating-phase angle
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Fig. 4 Basic structure and working principle of a tilt-disk SMA
heat engine
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Fig. 5 Photographs of a tilt-disk offset crank SMA heat engine
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Fig. 6 Relationship between output power and rotational speed
for various numbers of SMA coils N, in the tilt-disk offset
crank SMA heat engine
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Fig. 8 Basic structure and working principle of a simple-pulley
SMA heat engine driven by sun light using Fresnel lens
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Fig. 9 Relationship between traveling speed and air temperature
in the solar-powered car
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