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_Shape Control using Piezoelectric Materials and Shape vMéméry_Alloy‘
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ABSTRACT

In this study, shape memory alloy(SMA) wires and piezoceramic actuators(PZT’s) are employed in
order to generate higher modes on the beam deformations. Compressive force is generated and applied to
the beam by the pre-strained SMA wires attached at both ends of the beam. PZT’s apply concentrated
moments to several locations on the beam. Combinations of the compressive force and concentrated
moments are investigated in order to understand the higher-mode deformation of beams. The first desired
mode shape is obtained by controlling the temperature of the SMA wires. The first and third mode shapes
are performed experimentally by heating SMA wires up to phase transformation tempcraﬁxre.

The adaptive wing is defined as a wing whose shape parameters sueh as the camber, wing twist and
thickness can be varied in ‘order to change the wing shape for various flight conditions. In this reseafch,
control of the camber has been studied. The wing mode! consists of three iplgtc’s and many ribs, Two of
the plates are placed parallel to each other and they are cilamped at one edge. Third plate connects the
other edges of the parallel plates together. Each rib is made of SMA wire and connected to the parallel
plates. It generates concentrated force and applies to the plates in oblique directions. The PZT’s are
bonded onto 'the plates and exert concentrated moments upon the plate at several locations. The object of

this research is to generate various shape of wing by combining the concentrated forces and moments.
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Table 1 Mechanical Propertles of Plezoceramlcs

L "'V wues

Piezoelectric Constants (d,) —260Cx10712 C/ N

Piezoelectric Constants (dy;) 540Cx10712C/N

Piezoelectric Constants (d,q) 750C <1072 C/N

Relative Dielectric Constants 3100

Relative Dielectric Constants 3400
Young’s Modulus ( £;;) 59Gpa
Young’s Modulus ( E33) 52Gpa
Young’s Modulus ( £55) 21Gpa

Table 2 Properties of SMA wire (Nmnol)
” Transfotmatlon Pmpemes

Transformation Temperature( A , ) 71°C

Latent Heat of Transformation 5.78callg
Hysteresis ' 30~50 °C
- Physical Prt;'p;mes ’ ‘ ’
Density 6450 kg /m’
Thermal Conductivity
Austenite phase 0.18W/cm °C

Martensite phase 0.086W / em °C
Coefficient of Thermal Expansion %
Austenite phase 1x10 / °c
Martensite phase 6.6x1075 / oc
Young’s Modulus ( £ )
Austenite phase ~83Gpa
Martensite phase ~32Gpa
Yield Strength
Austenite phase ~3510Gpa
Martensite phase ~127 Gpa
Ultimate Tensile Strength
Fully annealed 895 Gpa
Work hardened 1900 Gpa
Elongation at Failure
Fully annealed 25~50%
. Work hardened 5~10%
Poisson’s Ratio (v;3) 0.33
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Fig. 3 Contour control of the upper plate
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Fig. 4 Contour contro! of the lower plate

Fig. 6 Various contour contro} of the specimen
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