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Relationship Between CFRP Ply Orientation and Performance Stroke in Piezoelectric
Zirconate Titanate Composite Actuator (PZTCA) of Artificial Muscle

Cheol-Woong Kim, Sung-Hyuk Lee (Artificial Muscle Research Center, Konkuk Univ.) and Kwang-Joon Yoon
(Aerospace Eng., Konkuk Univ.)

ABSTRACT

The aim of this research is to evaluate the relationship between the total effective moment (M) and Bernoulli-Euler
bending moment (M) when the ply orientations of UD CFRP in Piezoelectric Zirconate Titanate Composite Actuator
(PZTCA) are changed. The obtained results as follows. Firstly, as the performance test results by the CFRP ply orientation,
the performance of [0] and [90] were stable. However, while the performance of [+45] was suddenly decreased after 5 hours.
Secondly, the change of M* by the CFRP ply orientation was evaluated. As the CFRP ply orientation was increased from [0]
to [+60], the M” were gradually decreased. However, they became a little bit increased from [+60] to [90]. Finally, after the
change of M by the CFRP ply orientation was evaluated, it was found that M*=2.2M was valid for just [0] and that there was
a relationship between M” and M according to the ply orientation.
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layer flow into the CFRP layer due
to the CFRP ply direction

Stress

flows

Fig. 1 Different stacking configuration of CFRP ply
orientation and changeable stress flows in PZTCA
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Fig. 2 Schematic diagram of flexural deformation under
cyclical bending moment in PZTCA
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Fig. 3 Relationship between radius of curvature ( p) and
performance stroke (4/%) by Eq. (4) according to
the CFRP ply orientation
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Fig. 4 Relationship between radius of curvature ( p) and
total effective moment (M”) by Eq. (1)~(3)
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Fig. 5 Relationship between radius of curvature ( p) and
Bernoulli-Euler bending moment (M)

Table 1 Laminate engineering constants due to the CFRP
layer ply orientations by CLT

Engineering CFRP ply orientation of PZTCA
constant [0] | [+30] | [+45] | [+60] | [90]
E, (GPa) 71.1 45.8 379 353 36.1
E, (GPa) 36.1 353 379 45.8 71.1

v, 0.26 0.35 0.34 0.27 0.13
[ 0.13 0.27 0.34 0.35 0.26
Gy, (GPa) 11.7 15.9 17.9 15.9 11.7
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Fig. 6 Relationship between fiber layer ply orientation and
fiber ply orientation factor in PZTCA
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