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Shape Memory Alloy Microactuators

Byung-Wook Kim*, Kwang-Soo Kim"*, and Dong-11 Cho**

ABSTRACT

Because of its high energy density, the use of shape memory alloys(SMA) in designing microactuators
is gaining much attention in recent years. Shape memory alloys can undergo a shape change at a low tem-
perature with a small applied deformation force, and retain this deformation until they are heated. at
which point they return to the original shape. This is called the shape memory effect(SME), and a plethora
of alloys show this effect. Among them, TiNi-based alloys have relatively high electrical resistivity, which
allow the convenient Ohmic heating for actuation. In this paper, 250um-diameter TiNi SMA wires are used
to develope helical-shape memory springs. These springs are used to develope fast protagonist/antagonist
configuration actuators. The developed actuator has an actuation speed of 1 mm per 15~20 ms and a min-
imum operating period of 2 sec.

Key Words: Shape Memory Alloy(SMA, 343719%3), Microactuators(Z4% HFrdo]E), SMA Dynamical
Characteristics(34719 %29 54 EA), Fast Actuation(®E 7%). Protagonist/Antagonist
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Fig. 1 Transformation between high and low temperature
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Fig. 2 Temperature hysteresis.
(adapted from )
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Table 1. Material properties of TiNi and Cu-based alloys.

(adapted from*)
Property - TiN CuZnAl | CuAINi
Maximum As temperature () 100 120 200
Maximum one-way strain (%) 8 6 5
Hysteresis (C) 12 - 50 10 - 25 15 - 20
Fﬂsh temperature yicld swength (MPa)| 415 350 400
Low temperature yield strength (MPs) 70 80 130
Ultimate teasile strength (MPa) 700 600 500 - 800
Density (g/c.c.} 6.5 76 - 80 72
Resigtivity (s Q-cm) 80 - 89 85 -97 11-13
Heat capacity (J/kg-K) 837 400 373 - 574
Thermal conductivity (Jfm-sec-K) 18 120 30 - 43
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Fig. 3 Two-way Shape Memory Effect.
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Fig. 4 Measurement of force.
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Table 2. high temperature force of 2 mm-lengthened

3-turn spring.

Current(10 A) Preload Force
conduction time (ms)| (107 kgf) | (10 kgb)

5 16.142 47.925

10 16.312 56.821

15 14,723 67.496

20 16.703 70.343
754
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65 ]
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g
€ 5
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time (ma)

Fig. 5 High temperature force of 2 mm-lengthened
3-turn spring.
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3-turn spring.

Table 3. High temperature force of 5 mm-lengthened

Currenst(10 A) Preload Force
conduction time (ms)| (102 kgf) | (107 kgh
5 24.029 59.312
10 21.878 76.392
15 19.403 94.896
20 19.821 938.810
100
90
® s
s
g
8 70
60
O T g0 a5 20 28
Time {ms}

Fig. 6 High temperature force of 5 mm-lengthened

3-turn spring.

Table 4. High temperature force of 1-turn stretched spring

(2 mm-lengthened).

Current(10 A) Preload Force
conduction time (ms)| (107 kgf) | (107 kgf)
1 48.721 111.976
2 44311 160.014
3 48.643 208.052
4 51.010 243.636
5 51.134 250.753
6 53.099 263.207
7 49.633 264.986
8 51.443 268.545
9 48.102 277441
10 50.949 280.288
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High temperature force of 1-turn stretched spring
(2 mm-lengthened).
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Fig. 8 Experiment model of P/A pair actuator.
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Fig. 9 Experiment of P/A pair actuator.
(3-tum spring, current conducting time : 5 ms, period : 100 ms)
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Fig. 10 Experiment of P/A pair actuator.
(3-turn spring, current conducting time : 5 s, period : 500 ms)
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Fig. 11 Experiment of P/A pair actuator.
(3-turn spring, current conducting time : 5 ms, period © 1 sec.)
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Fig. 12 Experiment of P/A pair actuator.
(3~turn spring, current conducting time : 5 ms, period : 2 sec.)
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Fig. 13 Experiment of P/A pair actuator.
(3~turn spring, current conducting time : 5 ms, period : 3 sec.)
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