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Studies on the Vibration Controllability of Smart Structure Depending on

the Interfacial Adhesion Properties of Composite Materials
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ABSTRACT

The success of controllability of smart structures depends on the quality of the bonding
along the interface between the main structure and the attached sensing and acuating
elements. Generally, the analysis procedures neglect the effect of the interfacial bond layer
or assume that this bond layer behaves like viscoelastic material. Three different bond
layers, two modified epoxy adhesives, and one isocyanate adhesive were prepared for their
toughness and moduli. Bond layer of the chosen adhesive provides an almost perfect
bonding condition between the composite structure and the PZT while bended signifi-
cantly like arrow-shape. The perfect bonding condition is tested by considering various
material properties of the bond layers, and based on this perfect bonding condition, the
effects of the interfacial bond layer on the dynamic behavior and controllability of the test
structure is experimentally studied. Once the perfect bonding condition is achieved,
dynamic effects of the bond layer itself on the dynamic characteristics of the main
structure is negligible, but the contribution of the attached PZT elements on the stiffness
of the multi-layered structure becomes significant when the thickness of the bond layer
increased.
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Table 1 Chemical compositions and mechanical properties of the epoxy resins used for

interfacial bond layer

P :
: Number of Max. Flexural Dc;to rl\n/‘[l:)t(lon Deformation
Curing . flexural :
agents specimen strength modulus ftlexurall1 at fracture
strengt
(EA) (MPa) (MPa) (g (mm)
D400 : D2000 87.0 2592
Type B = 3g:0g 3 (2.0) (250 4) 6.4(0.4) 41.0(7.0)
D400 : D2000 58.0 1838
Type C —925g : 0.5g 3 (6.4) (586.9) 7.2(0.8) 52.2(8.2)

* Parentheses are standard deviation,
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Table 2 Material properties for Navy Type PZT
used as sensors and actuators

Description Units Values
Lateral strain coefficient | m/V  }1.8x107%
Young’s modulus GPa 63.0
Shear modulus GPa 234

Poisson’s ratio 0.35
CLAMPER 60.8 mm

fm X /

Sensar BEAM

Actuator

300 mm

Sensor

Actusator

Low pass
filter

Controller

Fig. 2 Dimensions and layout of the test beams
and controllers
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Fig. 3 Photo of experimental system

v T A bond layer ‘

Type B bond layer

Type C bond layer

Fig. 4 Microscopic pictures of the section of the
beam-bond layer-PZT structure in bending
with excessive curvature (Magnification
ratio 30)
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Mass and stiffness ratios of each element of

the sensors and actuators and bond layer to

the mass and stiffness of the original beam

with different position of the attachment

along the beam
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to the mass and stiffness of the beam

o : Mass and stiffness ratio of PZT sensor
to the mass and stiffness of the beam
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