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Abstract — The purpose of this paper is to develop a five-
layer sandwich plate and calculate the frequency of free
vibration using ANSY'S 18.0 software. The method which is
used for mathematical formulation is the First order shear
deformation theory. The sandwich structure is frequently use
in daily life because there much advantages. In this paper find
out the frequency of plate with change the aspect ratio (a/b)
and also change the thickness ratio (a/h) continuously. And
also finding the frequency with change the boundary
condition such as CFFF, CFCF, CCCC. Find out these all
results and plot various graphs in between frequency and
modes. All our study and graph we conclude the results in
which condition is safe for design.

Nomenclature:

X,¥,Z = Axis of Cartesian co-ordinate.

®x, Oy = Rotational normal component.

ZZT = Zigzag theory.

CPT = Classical plate theory.

LWT = Layer wise theory.

CUF = Carrea’s unified formulation.

ESLT = Equivalent single layer theory.

HSDT = Higher order shear deformation theory.
FSDT = First order shear deformation theory.
CFFF = One side clamped and three side free.
CFCF = Two side clamped and two side free.
CCCC = Alll side clamped.

aand b = Length and breadth of sandwich plate.
h = Total thickness of the plate.

Keywords: Vibration Analysis, Sandwich Plate, First Order
Shear Deformation, Plate

. INTRODUCTION

The sandwich plate structure has been studied and used for
centuries and it plays a vital role in engineering applications
i.e automobiles structures, aircraft, mechanical structures and
other manufacturing industries. Sandwich structures are
broadly used because of their higher specific modulus and
higher specific strength. A sandwich structure is formed by
high strength material on faces and low density material in
care. In shear deformation the low density material or softer
care is deformed fixedly.

Because of its future applications, various
researches have been conducted there works with various
methods such as Zigzag theory (ZZT), Classical plate theory
(CPT), Layer wise theory (LWT), Carrea’s unified
formulation (CUF) and Equivalent single layer theory
(ESLT), Higher order shear deformation theory (HSDT),
First order shear deformation theory (FSDT). Sandwich
structures have been applied in different sectors for example,
A heat-insulating core is used in rocket or missiles or is used
in the walls of buildings to maintain the temperature of the
body and A sandwich panel with honeycomb core is obtain a
high stiffness to mass ratio which is very important in

airplanes, also sandwich plates used to isolate sound. In these
applications many of the material base/core lies in industries.

On the basis of theories a large number of
researcher’s work on the different types of plates such as
composite sandwich plate, laminated plates, sandwich plate
with honeycomb structure etc. Tongan wang and Vladimir
sokolinsky work on higher order free vibration of
composition sandwich plates. In this work studies both the
structure first sandwich plate with composite fore sheets and
a soft core and another is symmetric sandwich plate with
isotropic face sheets and a honeycomb core. Meiping sheng
and Zhiwei Guo studies vibration characteristics of infinite
sandwich plate with viscoelastic cores.Thai and kin
represents the free vibration on the laminated composite
plates. Also, Thai and choi presented first order shear
deformation theory on the laminated composite plates, and
Wu and Chen analysis of on bending and transverse shear on
the laminated sandwich plates and calculate frequencies and
study the free vibration.

Based on this available knowledge of the review
papers, present the work. This work is based on free vibration
analysis of sandwich plate with two-layer ceramics materials.
The methodology used is first order shear deformation and
calculating frequencies with the use of ANSY'S software.
Geometry of plate:

Y, Z

Il. METHODOLOGY-

The whole study is based in First order shear deformation
theory also called the Mindlin-Reissner theory, is the basis
theory to take into account. In this theory Kirchhoff
hypothesis, third part is neglected. The theory is based on
following displacement field:

a(x,y,z) = mex (x,y)

b(x,y,z) = mey (x,y)
Model analysis of sandwich plate-

The sandwich plate is made on ANSYS software.

The dimension of plate is a = 304 mm and b = 152 mm. The
figure 1 represents the structure of the sandwich plate and
Figure 2 represents mesh generation on ANSY'S software.
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Table 1: Mechanical properties of plate material.

According to material properties first calculate the frequency
with different aspect ratios with CFFF boundary condition.
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Aspect
ratio FREQUENCIES (Hz)
alh=20 a/h =40 ah=60 | ash=80
64.578 87.026 58.25 43.955
324.18 467.93 312.63 235.07
451.58 658.03 439.7 330.59
0.5 697.13 1022.2 683.64 513.97
785.72 1150.6 769.81 578.75
64.428 87.039 58.25 49.951
0.00 100,00 (mm) )\. 152.19 212.34 141.99 117.45
— : 3 : 323.55 468.02 | 312.68 244.6
Fig. 1: Geometry of sandwich plate 1.0 41131 508,37 399 87 310.99
450.04 658.04 439.69 342.12
31.651 38.854 30.664 24.115
128.6 176.31 126.6 97.257
149.33 208.54 146.69 112.02
L 241.17 | 343.94 238.2 181.04
> 355.61| 51351 351.09 265.75
43513 | 21.981 18.189 19.644
233.96 | 117.56 84.167 75.273
329.02| 165.31 117.29 103.07
0 511.12| 257.02 178.31 149.11
' 575.3 | 289.42 | 199.41 164
~ Table 2: Frequencies of free vibration analysis with aspect
ratio (a/h) is 20 and change in thickness ratio (a/h).
0.00 100.00 (mm) Corresponding graph of the table:
S0.00 G 8 a/b:o._s
Fig. 2: Mesh generation on sandwich plate — i
o l
I1l. RESULTS AND DISCUSSION- 10004
In this paper the vibration behavior on viscoelastic sandwich ff w00
plate is discussed. In this article different frequencies are Q
calculated with change in Aspect ratio (a/b) and also, we S e0o
change thickness ratio (a/h) with the help of ANSYS 18.0. g.n
The material properties of different layer of the sandwich R
plate is: 200
properties Data
) ] T T T T T
Face layer Youpg s Enodqlus 71 Gpa 1 ; T T T
(1537 5t Poisson s ratio 0.33 MODES
T Density 2770 kg/m3 — —
Core laver Shear modulus 0.869 Mpa F_|g. 3: ;/arlatlog of f(;equenc;(/jy\{.r.t. cI:janhge in thlckn§s§
(2 3%’) Poisson’s ratio 0.49 ratio with CFFF boundary condition and the aspect ratio is
' Density 999 kg/m3 0.5.
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Fig. 4: Variation of frequency w.r.t. change in
thickness ratio with CFFF boundary condition and the

aspect ratio is 1.

alb=15

117.56 137.72 493.59

40 165.31 235.03 693.46
257.02 315.09 979.87

289.42 421.28 991.3

18.189 61 164.76

84.167 103.55 212.27

117.29 162.39 295.34

60 178.31 218.69 413.69
199.41 294.99 417.02

10,644 54.153 204.84

75.273 100.05 263.82

103.07 134.29 366.48

80 149.11 182.29 512.4
164 249,67 515,58

600 —m—a/h=20
—e—a/h =40

500 +

400 +

300 H

200 +

FREQUENCY (Hz)

100

MODES

Table 3: Calculating the frequency with different boundary
condition with thickness ratio is 20, 40, 60, 80.
The graph of the table given below:

Fig. 5: Variation of frequency w.r.t. change in thickness
ratio with CFFF boundary condition and the aspect ratio is
1.5.
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Fig. 7: Variation of frequency w.r.t. change in boundary

Fig. 6: Variation of frequency w.r.t. change in thickness
ratio with CFFF boundary condition and the aspect ratio is

condition and the thickness ratio is 20.

2.
Thickness Frequency (Hz

Ratio CFFF CFCF cccc
43513 170 756.23

233.96 271.92 975.67

20 329.02 466.86 1366

511.12 623.06 1921.3

575.3 833.58 1941.9

21.981 85.442 381.61
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Fig. 8: Variation of frequency w.r.t. change in boundary
condition and the thickness ratio is 40.
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Fig. 9: Variation of frequency w.r.t. change in boundary
condition and the thickness ratio is 60.
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Fig. 10: Variation of frequency w.r.t. change in boundary
condition and the thickness ratio is 80.

1V. CONCLUSION

For sandwich plate free vibration properties were analyzed
using first order shear deformation theory and finite element
method using ANSYS software. Vibration characteristics
such as frequencies were calculated with different boundary
condition and change in aspect ratio and thickness ratio. From
previous literature the results is compared and validated for
the much accuracy. Natural frequencies for the given aspect
ratio (a/b) and change in thickness ratio (a/h) were observe
that first aspect ratio increases the frequency of vibration also
increases but when thickness ratio is above 40 the frequency
is decrease. And one observation is also taken when aspect
ratio is 2 or more the frequency is decrease throw out when
change in thickness ratio.

And other observation is also taken when change in
boundary conditions. The frequencies of the CCCC boundary
condition is higher as compare to CFFF and CFCF. For all
results higher thickness ratio, the design of sandwich plate is
safe.
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