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Stability analysis of a sandwich plate with an auxetic core reinforced with
carbon nanotubes under aeroelastic forces
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In the present study, the stability analysis of a three-layer sandwich plate with an auxetic core under
aeroelastic forces has been investigated using simply supported boundary conditions. In this sandwich
plate, the middle layer, or the so-called core, is made of auxetic material, while the upper and lower layers
are composed of isotropic material. The plate is subjected to aerodynamic forces from one side. To reduce
the intensity of the vibrations in the structure, the upper and lower layers of the plate has been reinforced
with carbon nanotubes. For the analysis and modeling of the plate's vibrations, the modified shear
deformation plate theory has been employed and the aerodynamic forces applied from the airflow,
assuming first-order piston theory. Using Hamilton's principle, the governing equations of motion for the
vibrational behavior of the sandwich plate have been derived, and the Galerkin method with weighted
residuals has been used to solve these equations. To demonstrate the validity of the derived relationships
and the proposed solution method, the results of this study have been compared with results published in
reputable articles and numerical results obtained using the Galerkin method with commercial software.
Finally, the effects of various parameters such as the geometric dimensions of the sandwich panel, the
dimensions of the auxetic core, aerodynamic pressure, and the volume fraction of carbon nanotubes on
the stability of the structure have been analyzed and discussed.
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Table 3 Dimensionless natural frequencies of isotropic plate

4 s 3 54 2 54 1 il 8 9
69.811 45.489 45.487 19.0653 [38]
69.819 45585 45585 19.0840 [39]
69.891 45.496 45.496 19.0689 ey
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Table 4 Natural frequencies of three-layer sandwich plate with auxetic
core
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Table 1 Properties of isotropic material[1]

hy (m) E(Gpa) v p(kg/m*)

0.005 69 0.3 2800

[115555T osle Lol 2 Jgaar
Table 2 Properties of the auxetic material[1]

h(m) U 13 Ve 0 (degree)

0.09 2 0.01 0.3 -30
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Fig. 3 Effect of sandwich plate thickness with simply supported

boundary conditions on the critical frequency of the structure
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Table 6: Effect of changes in length to width ratio on changes in

critical frequency and critical aerodynamic pressure of the system

Weritical lcritical a/b ul‘)" 4{5501
980.299 102.019 1 0
590.780 158.419 15
447.690 231.436 2
1015.120 108.065 1 35
622.364 182.351 15
467.219 273.071 2
1020.390 108.813 1 45
647.410 199.569 15
484.354 305.857 2
996.112 104.131 1 65
729.506 247.461 15
555.992 420.996 2
974.182 100.922 1 90
963.967 292.931 15
874.651 756.957 2
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Fig. 4 Effect of flow angle on variation of critical aerodynamic pressure
of a structure with a simply support boundary conditions
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Table 5 Effect of the length to thickness ratio of the sandwich plate on
the stability of the system.
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Fig. 2 Effect of sandwich plate thickness with simply supported
boundary conditions on the critical aerodynamic pressure of the
structure
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