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Fig.1 A foldable plate composed of SMA wire and hyper-elastic rubber matrix for actuating:
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(a)unrolled at room temperature; (b)folded at room temperature; (c)expansion at high temperature
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Fig. 2 DSC experiment results of NiTi alloy sample
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Fig. 3 Cross-section schematic diagram of composite plates with different wire arrangements
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Fig. 4 Preparation device and obtained specimen of different SMA/rubber composites
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Fig. 6 Bending-recovery displacement of SMA/rubber composites at different temperatures
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Fig. 7 Bending-recovery displacement of SMA/rubber composites with different wire arrangements
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Fig. 8 Relationship between temperature and heating time for different NiTi wires

4 NiTi/EHERESRA NG R

ARTCH 3 W T A M-I S SCHe W ST T SMA/MRUR S & Bk 3K 5l 5 [l 52 0 B2 3 b 22 PR RE B R
RERS TR 32 BRI AL TE I 2 R AR B 1) 246 5 B A L e 2 AL TR T et 55 A W R 3 P o S 3 5 A 7 2 Bl 42
FAGAT AT K. B B AL CUUV S5 1 5 30 25 25 10 Bl 1 5 L A I | ol s
JEPR SR T P T 3R R R R X B AR A RS TR 2 R BOR A 2 [ AR R — i A
B R AL BT 3 B AR ELAE 08 T A6 W I IR 5] 1N R A8 i B 07 (B B UK B T . SMA /MR IR E & 1k
VR 3R, HoAfr B8 8 nl 22 0o e o A ] 52, 7 FEODR 25 TR A RHAE T 58 42 BTG AR, BN R R BoA B
BT WL, B b AT DA R PR R BCEOR . PR R 2 3 79 rp 25 it - Il A2 52 30 S5 e 45 R, RIS 2%
J& SMA 2z 1y g BHARFE L AT R TI7 R — B EIE L 5238 7 IR 3 SMA /MRS & 4R B Al 3 & 32
B S WA T 98, LA Dy 3 2 32 sl 5 i (9 4 1R OT & 5 00 AR R BRG], O B Bt — 2607k b S

il A 3 P RLAS A9 B TIR 35 R (S RIL R 2) B 07 58— 20 € B9 NI T/ dek A e A2 4 A 00 4 L 3 v
ORI 12V R BUE B TR BE RS 6 2L BE B A A ZOR AN SMA 2298 B P SRR BRAE 4~ 5s il
JERIRE] 90°C PA b, 7EMCHERN b, #2551 LA A sE TR 5 RS i T &35 3D 4T ED R Y 7 1K
PEREE TS 3 LU Y A 2R A0 B N IE 9 B B9 UUV B8, i 9 7T LU Y, A5 280 7
AR NITi/REU A & 3R Fo i IR HERY NITi 2241 0 SRSl 4 Ji] Rl AY A0 0 M it £ 1 R e iyl 3y
B R JC AR TT O AR A e I RS IO S AR B B [ 2P R TT . O R SR A S/ T
ROR S FATIC T T AN A4 SR T 1 7 o AT B bR 25 31 58 42 J58 TR 25 68 Wi B IR [8] O 10 ~ 12, WX BEAUR R
U, FLX e B rp NQTi 22 39 8 19 M B AR PR RF BP9 B DIR B . B ke il R A B Bk Fh &2 4 AR 45
R BETT B K S HIL ] AR 2R R W) AP 1Y B B AT TR R O i 25 64 N R F S S 3t 1 T i S A JE L B S R 2%
PERVR &, A B HE 5 SN SMA/RIEE G 4540 J1 248 5 3R sh i 5% .



%4 W XUNEEE T IRRICAL A 42 0 31 515 A B 30 5[] 52 oy T 5 525

2 MERMAA S B

Tab. 2 Specification parameters and selection of lead battery
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Fig. 9 Actuation and expansion process for the UUV model connected with foldable composite plate
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Study on the driving mechanism and recovery response of
hyper-elastic SMA /rubber composite plates

LIU Xu, ZHU Zenghui, LI Xu, LIU Jili

(Hubei Key Laboratory of Theory and Application of Advanced Materials Mechanics, Wuhan University of Technology, Wuhan 430070,
Hubei, China)

Abstract: In order to study the driving mechanism and recovery response of soft composites made of
shape memory alloy and rubber elastomer, a series of bending-recovery experiments for NiTi wire/
silicone composite plates were carried out. By comparing the load-unloading force-displacement curves
of composite plates with different wire arrangements at different temperatures, we analyzed the
factors related to diameter, structural configuration and volume ratio of NiTi wires affecting upon the
driving-recovery property of this kind of hyper-elastic smart system., and then discussed the influence
of temperature. Based on the experimental results, a foldable wing panel made of SMA and rubber
elastomer, which can be easily actuated by electric heating within short time, is proposed at the
current level. Test results show that the phase transformation induced by temperature variation can
significantly improve the bending-recovery performance of NiTi/silicone composite plates, and their
driving-recovery ability can exhibit obvious improvement accompanying with the increase of diameter,
amounts and volume ration of the SMA component under a certain degree of temperature. In addition,
the storage and release of the strain energy from rubber matrix plays an important role to realize the
deformation recovery of entire system, during its bending and unbending process. This phenomenon is
especially distinct under the case of room temperature, when the SMA does not show any shape
memory effect.

Keywords: SMA ; rubber elastomer; bending-recovery experiment; temperature effect; driving mecha-

nism



