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Abstract:As one of the smart actuator materials, shape memory alloy (SMA) has been widely developed and
used with the characteristics of large deformation, large freedom of deformation direction, and the fact that
the deformation can occur dramatically in a short period of time. The current application of SMA mainly
focuses on its shape memory properties and pseudo-elastic properties, and both are directly related to
temperature, but the low response {requency limits its application range. Based on this, lead barium zirconate
(Pb,:Ba,,ZrO;, PBZ) nanoceramic fibres are introduced into polyvinylidene fluoride (PVDF) , which are
coated on the surface of NiTi sheet to prepare PBZ/PVDF@SMA sheet composite bending actuators by
solution casting method. At room temperature, heating and cooling of SMA sheet bending actuators by the
electrocaloric effect of PBZ/PVDF films, and comparing it with conventional methods of current heating and
natural cooling SMA, aims to shorten the cycle time of the SMA sheet actuator and obtain a higher dis-

placement output at the same time. The process of heating and cooling SMA sheet bending actuator with
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PBZ/PVDF composite film is simulated by simulation software.

Key words: shape memory alloy (SMA) ; thin film; composite bending actuator; cycle time; displacement
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(a) Surface morphology of PBZ/PVDF
1 (@SMA sheet composite bending
actuator without coated surface electrodes

(b) Composite bending
actuator after
thermostatic treatment
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Fig.1 Preparation of SMA composite driver by solution

flow casting process
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(a) SMA performance "
testing experiment |
platform

(b) Local enlargement diagram

(c) Position of SMA end (d) Position of SMA end
at current of 2.0 A at current of 4.0 A
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(e) Displacement repeatability test
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(f) Variation of end distances along the bending direction
of SMA sheet actuator at different applied currents
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(g) Variation of corresponding heating time and natural
cooling time for different currents
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Fig.2 Testing of current heating and natural cooling SMA
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(c) Surface morphology of (d) Surface morphology of composite
composite actuator actuator at high magnification
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Fig.4 Prepared PBZ/PVDF@SMA sheet composite bend-

ing actuator
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(c) Variation of heating time and cooling time
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(d) Numerical dispersion of heating time and cooling time
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Fig.6 Performance analysis of PBZ/PVDF@SMA sheet

composite bending actuator at different high voltages
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(c) Change of the composite drive isotherm during cooling
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(d) Temperature variation of XZ cut surface during cooling
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Fig.8 Simulation of heating and cooling processes of PBZ/
PVDF@SMA sheet composite bending actuator
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Table 1 Partial data of performance of different forms of SMA spring driver under no-load and different current/voltage

B R WA/ mm ndE /s WA /s ShER/10 W Wi J1/10° N
0.5A 3.105 40.919 86.851 1.986 40.852
1.0A 14.474 41.554 92.360 9.114 42.162
SMA 20A 25.846 41.390 125.885 16.339 52.874
3.0A 35.896 41.329 115.502 22.726 49.646
4.0 A 46.030 41.636 126.766 28.927 52.916
0.12kV 0.060 34.836 37.620 0.045 27.211
0.20 kV 0.083 33.219 47.309 0.065 31.715
SMA & & WR3h 4% 0.58 kV 1.263 37.048 51.077 0.892 31.120
0.96 kV 3.792 24.781 57.774 4.004 43.584
1.45kV 7.976 24.678 65.413 8.457 47.761
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