Journal of Institute of Control, Robotics and Systems (2012) 18(3):168-174
http://dx.doi.org/10.5302/J.ICR0OS.2012.18.3.168 ISSN:1976-5622 elSSN:2233-4335

Wy Mo TS 0|88 TEIXS 2Rl ATE 2Y S

Soft Morphing Motion of Flytrap Robot Using
Bending Propagating Actuation
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Abstract: This paper presents a bending propagating actuation using SMA (Shape Memory Alloy) spring for an effective shape
transition of a flytrap-inspired soft morphing structure. The flytrap-inspired soft morphing structure is made from unsymmetric CFRP
(Carbon Fiber Reinforced Prepreg) structure which shows bi-stability and snap-through phenomenon. For a thin and large curved bi-
stable CFRP structure, SMA spring is more acceptable than SMA wire and piezoelectric actuator which used in previous
investigations. A bending propagating actuation is proposed which can induce snap-through of the bi-stable CFRP structure
effectively. From this research, effective shape transition of soft morphing structure is possible.
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Fig. 1. Flytrap robot prototype I (Left) & II (Right) by using bi-
stable CFRP structure [3,4].
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Fig. 3. The diagram of dominant direction of tensile modulus and
the coefficient of thermal expansion (CTE) depending on the
direction of carbon fiber.
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Fig. 4. Unsymmetric CFRP laminate structure’s (a) shape before the
curing, (b) the 1% shape afier curing, (c) the 2™ shape after
curing.
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Table 1. CFRP material properties.

Unit
Axial tensile modulus 230
Transversal tensile modulus GPa 15
Shear modulus 447
Poisson’s ratio 0.3
Density gfem’ 1.8
Thickness mm 0.092
Axial CTE °C’! 0.19x10°
Transversal CTE °c’! 30.0x10°
Temperature change °C -145

* Temperature change is the difference between room temperature
and the curing temperature. This data is from HANKUK
CARBON CO. LTD.
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Table 2. SMA spring properties.

Unit
Wire diameter 0.254
Spring mean diameter mm 1.254
Initial length 38.5
Coil number 137
Austenite starting temperature °C 70
Actuating input current A 0.6
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Table 3. Result of tensile test.

=]

Displacement CFRP SMA
(mm) Load (N) Spring Load (N)
1 0 0.26 397.
2 83 249 3.71
3 16.7 293 3.50
4 25.0 2.75 329
5 333 2.09 3.09
6 41.7 1.67 2.89
7 50.0 1.60 2.68
8 58.3 1.64 2.46
9 66.7 1.61 2.24
10 75.0 1.66 2.01
11 79.0 0.58 1.90
12 81.0 0.79 1.84
el e
W(]sec 2.1sec 2.13sec 2.17sec 2250 T 2.57sec
1% 8. SMA XS g CFRP TxA19] WY Hv} 7
% A,
Fig. 8. Sequence of bending propagating actuation of CFRP
structure with SMA spring.
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