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Free vibration of auxetic-core sandwich panel in fluid by equivalent single layer

theory
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In this study, the free vibration characteristics of a rectangular sandwich panel with an auxetic
honeycomb core mounted on the wall of a fluid-filled tank have been investigated. The sandwich panel
consists of two aluminum face sheets and an auxetic honeycomb core made of aluminum. For the
homogenization of the honeycomb core, in addition to the Gibson and Ashby model, one of the latest
models (the Turna-Ban model) has been also employed. Three types of analytical models have been
proposed for modeling the sandwich panel, and their advantages and disadvantages have been compared.
An equivalent single-layer analytical model has been used to model the sandwich panel under Navier
boundary conditions and in contact with fluid. The fluid has been considered ideal (incompressible,
inviscid, and irrotational).The proposed solution methods, the homogenization relations of the
honeycomb core, and the mathematical framework of the panel-fluid interaction have been validated
using results from previous studies as well as three-dimensional finite element analysis. Finally, the
effects of various parameters such as the tank-to-panel length ratio, fluid height from the bottom edge of
the panel, the position of the panel on the tank wall, and the honeycomb cell geometry on the wet natural
frequencies have been investigated.
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Fig. 1 Auxetic honeycomb sandwich plate with a coordinate system in
contact with fluid
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Fig. 2 Origin of the coordinate system located at the interface between
the plate and the fluid
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Fig. 3 Geometry-dependent auxetic honeycomb sandwich panel
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Fig. 4 Geometric properties of a commercial re-entrant honeycomb cell
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Table 1 Convergence of natural frequencies (Hz) for an auxetic
honeycomb sandwich plate in contact with fluid versus M and N (M_B
=N_B =10)

2 52)040 (152) 050 251) 930 (151)090 M=N
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Table 2 Convergence of natural frequencies (Hz) for an auxetic

honeycomb sandwich plate in contact with fluid versus M_B and N_B
M=N=4)
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Table 3 Geometric properties of the auxetic honeycomb sandwich plate
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Table 4 Geometric specifications of the fluid domain
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Table 6 Comparison of the first five dimensionless natural frequencies

of a Levy-type isotropic square plate with a thickness-to-length ratio of
0.1

Sge S0 Lyl ,d

3 Serse @l L5 Jeuxr 0 g wlbad aulre (S8 Jo )
OhlSes 5 (odls (dz g [28] (S]] 5 (ootle (> Dliidod
JEKS 69 Sl Jgao b partogll iz 5l 5y ilons duglie [29]
@l il 03 psulyy Cond 5 caSe o 0,55LS 2700 SIS
ooy el eslanwl (Ll Jaw 4w o oYL Zds 5l S5 s

) e Jologe b, o
’ el gl (650 Jaly b Sy gl (559 sl Babod
&5& J}A J}A Q}A ‘)y SSSC
(153) (252) (251) (152) (151)
86.190  74.046 52998  47.066 23124 1 3, b sl g5 Sangisnl e s o dmsar b S5 2y anglin 5 Jooo
86219 74401  52.324  47.224  22.426 [28] 01 s s
85031 74205 52232 47.130  22.401 [29] L sl & s o
Table 5 Comparison of the first five dimensionless natural frequencies
86.849 78.68 58,899 49.014 26.466 1 55, sese g;gi\lawer-type isotropic square plate with a thickness-to-length ratio
87.207  79.195  50.480  49.260  26.736 (28] -
86.9307  79.0783  59.4150  49.1756  26.7084  [29] Gshdge  @D3ge A0 @gl)sge  dsboge A,
85.065 69.8093  45.4869 45,4869 19.0653 1@’35)
57.08 53852 384Tz 2755 11615 Ly, gpog 85.0846  69.8107 45.4892 45487  19.0653  2.bs,
55762  53.852  38.361  21.91 11.38 28]
55634  53.257  38.290 26157  11.373 [29] 85.3654  70.0219 455845 455845  19.084 [28]
1. 85.0846 69.8093  45.4869 45,4869 19.0653 [29]
43414 36477 36348 16562  9.5189 % SESE e o) e e Py i e e T
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Table 7 Natural frequencies (Hz) of a rectangular honeycomb sandwich
plate with Navier boundary conditions

g0 Sg0 90 dg0 Sg0 dg0

23) 22  @Gs1) (1:2) @s1) (1s1) 0
12845 93.061  80.818 71718 4539 23.464 1z,
12593  91.418 80.156  70.539 /4477 23.35 2 o3,
125.45 91.06  80.817 71717 4544 23.46 35,
12592 91415  80.156  70.537  44.70 23.35 4 s,
125.9 91.41 80.15 7035 4477 23.35 59,

129 92 78 69 45 - 659,
126 91 80 71 45 23 T s,

125.1 91.75  78.78 7115 44.47 23.29 [31]

125.94 91.92  79.26 715 44.46 2341 [32]
125 91.42 80.16 70.55 4477 23.46 10 s,
1265  91.78 79.97 70.77 44.61 23.26 11 3,
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Fig. 6 Wet dimensionless fundamental frequency vs. tank-to-plate

length ratio (a, /a) for various ratios of tank width to the plate length

(c/a).
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Fig. 7 Effects of horizontal (X,/a,) and vertical (Y,/b) non-
dimensional locations of the plate at the wall on the wet dimensionless
fundamental frequency.
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Fig. 5 Variations of the dimensionless natural frequency of the
sandwich plate
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Fig. 10 Variations of the shear correction factor versus the ratio of
core thickness to plate thickness.
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different cell sizes (I/a).
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Fig. 9 Dimensionless changes of the wet fundamental frequency with
respect to the cell angle for different ratios (I/a).
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