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Abstract

In this paper, the vibration analysis of uniform laminated com-
posite sandwich beam with a viscoelastic core was studied.
The governing equation of motion of the laminated composite
sandwich beam has been derived based on higher order shear
deformation theory (HSDT) in finite element model (FEM).
The developed finite element model has been validated in terms
of natural frequencies with the experimental values and the
available literature. Various parametric studies have been per-
formed to examine the impact of the core thickness, ply orienta-
tion and aspect ratio of the uniform laminated composite sand-
wich beam in response to free vibration for various boundary
conditions. From the results it was concluded that that natural
[frequencies could be increased with increasing the core thick-
ness and decreased with increasing the aspect ratio.
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1 Introduction

Nowadays the demand for the sandwich structure is getting
increased because of its high stiffness to the low weight ratio.
It is also paved the attention of the researchers and scientist
towards the sandwich structures. A Sandwich structure finds
its place in wide range of applications because of its high stiff-
ness and flexural rigidity especially in marine, aerospace and
astronautics. Ibrahim Ozkol and AytacArikoglu [1] were made
an investigation on vibration analysis of the uniform laminated
composite sandwich beams with viscoelastic core using dif-
ferential transform method. The governing equation of motion
of sandwich beamwas formulated by Hamilton’s principle and
it was solved by differential transform method (DTM), Eigen
value analysis method was used to generate and evaluate fre-
quencies. Banerjee et al. [3] investigated the vibration char-
acteristics of the viscoelastic material based asymmetric sand-
wich beam by using the dynamic stiffness model which was
developed from the Timoshenko beam theory. Manoharan et
al. [4] presented the finite element formulation of the magne-
torheological (MR) fluid based sandwich beam. The governing
equation of motion sandwich beam was formulated using finite
element method. In this study it was concluded that the natural
frequencies increased by increasing the intensity of the mag-
netic field irrespective to the boundary conditions. Allahverd-
izadeh et al. [5] was studied the dynamic behaviour of adaptive
sandwich beams, where the middle layer as electro-rheological
fluid (ERF) and constraining layers were fabricated by func-
tionally graded materials (FGM). This study shows that the res-
onant frequencies and the amplitude of peak values have been
decreased by increasing the thickness FGM at constant electric
filed. From the results it was indicated that at a definite applied
electric field, the Clamped—Clamped beam showed the higher
resonant frequencies and the cantilever beam showed the least
value among all end conditions. Xu and Qiu [6] studied the
free vibration analysis and optimization method of compos-
ite lattice truss core sandwich beams. The partial differential
governing equation of motion was developed by adopting the
Hamilton principle which was based on Thimosenko and ber-
noullis beam theory and then the natural frequencies of the
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experimental model were compared with the finite element
model. They concluded that the natural frequencies of the lam-
inated composite sandwich beam were increased with increas-
ing the core thickness, shear modulus and with decreasing the
density. Arvin and Sadighi [7] performed a numerical inves-
tigation on free and forced vibration of composite sandwich
beam and they focussed the comparative analysis between free
and forced vibration. Also they developed the governing equa-
tion of motion by accomplishing the higher order theory and by
assuming independent transverse displacement on each layer.
Various parametric studies were performed in terms of natural
frequencies, time response and loss factor of sandwich beam
under various conditions. Zhen and Wanji [8] were performed
a stability and vibrational analysis of composite structure using
the various displacement theories and the theories used in the
study was zig-zag theory (ZZT), Global-local higher-order
theory (GLHT), First-order shear deformation theories (FSDT)
and Global higher -order shear deformation theories (HSDT).
The various application problems were solved and compared it
with each otherin order to identify the effectiveness of the dis-
placement theory. Howson and Zare [9] and Manalo et al. [10]
were made an attempt to derive an effective stiffness matrix for
sandwich beam with unequal faceplates were tested for flexural
motion. The governing differential equation was developed
from the closed form solution. In this study, Wittrick—Wil-
liams algorithm was adopted to predict the natural frequency
of sandwich beam. The accuracy of the developed finite ele-
ment method was confirmed by comparing the results of the
previously published literatures. Malekzadeh et al. [11] were
made an analysis of free vibration of sandwich beam by using
the dynamic stiffness method and finite element methods. The
governing equations of motion were formulated by using Ham-
ilton’s principle. Natural frequencies as well as mode shapes
were determined by using Williams-Wittrick algorithm. After
the validation of the results the effect of various characteris-
tics parameters such as thickness, density and shear modulus of
the honeycomb core for different boundary conditions on the
first natural frequencies were studied. Parametric studies were
performed and indicated that, by increasing the core/skin den-
sity ratios, there will be decrease in the first natural frequency.
However by increasing the skin/core thickness ratios and the
core shear modulus, the first natural frequency of the beam was
increased with irrespective of the various boundary conditions.
Nabi and Ganesan [12] were described the role of fiber ori-
entation/ angle of the composite beams. They concluded that
the natural frequencies of the composite sandwich beam were
decreased by increasing of the fibre angle orientation with
increase in the ratio of the length to height. Singh and Abdel-
nassar [13] investigated the forced vibration analysis of cross
ply composite beam using third order shear deformation the-
ory. Vinson and Sierakowski [14] determined the natural fre-
quencies of the sandwich beam under the condition of simply

supported at both ends and classical laminate theory (CLPT)
was used for developing governing equation of motion. They
concluded that the CLPT theory was suitable only for the thin
section.

2 Mathematical modelling of the honeycomb core
laminated sandwich beam

A uniform laminated composite sandwich beam with the
viscoelastic core (Fig. 1) is considered for the numerical mod-
eling. The higher order shear deformation theory (HSDT) is
used for the developing the finite element formulation. The fol-
lowing assumptions are considered for deriving the governing
equation as:

* Each ply obeys the hooks law.

* Body forces are being neglected.

« Each ply is bonded together and there is no slip.

* The core transmits only the transverse shear stresses.

ta

Top Layer

he Viscoelastic Layer

Bottom Layer

L
I |

Fig. 1 Sandwich beam (where L is the length of the sandwich beam, the top
and bottom skin layer thickness are represented by %, and h, and the core layer
thickness as indicated by /_.)

2.1 Formulation of constitute equation of the top and
bottom laminate layers
The derivation of the stress-strain relationship for the sand-
wich beam is represented by the co-ordinate axis x, y and z.
The displacement field equation of the laminate is repre-
sented as

u(x,y,z)=u,(x,y)+zy, (x, )+ %€ (x,y)+ 2’5, (x.»)
(D

w(x,y,z):w(,(x,y) (2)

Where u is the displacement field along x-axis and w is the
transverse displacement. The displacement field along the y
direction is neglected. Shear correction factor (k) is being con-
sidered in first order shear deformation theory (FSDT) but in
higher order shear deformation theory (HSDT) the shear cor-
rection factor (k) is not considered in finite element formula-
tion. In this theory displacement field itself will provide the
correlation as we are considering the higher order quadratic
terms in the displacement field. It provides a better accurate
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results then FSDT. The number of independent variables in the
displacement field is reduced from five to four by substituting
the traction-free boundary condition.

o, (x,0.2h/2,t)=0

o, (x,y.:h/2,1)=0 3)

After the execution of boundary condition the displacement
field equation is get deduced into

I +Z|:ll/ 422(6Wo ty H
(] x 552 x
3n°\ Ox
5 (4)
oue vy, =g,
ox

¥, is the transverse function with respect to x-axis.

Where ¢_is the wrapping function it includes the transverse
normal rotations with respect to the x-axis, the wrapping func-
tion is substituted in Eq. (3) for the perspective understanding.

4z*
u=u +z Yy _W((px)

The displacement field equations of the top and bottom skin
along x-axis on the mid-plane has been derived from the above
equation and it is represented by u, and u, and the transverse
displacement w is uniform for the sandwich beam.

2
U =u, +Z|:l//x _W((px):| (5)
Uy =Uy +Z|Y —ﬁ((p) (6)
b ob X 3h2 X

Where €' is the in-plane strain; K?, K2 are the mid-plane curva-
ture and €’ is the transverse shear strain. The strain displace-
ment fields are further simplified for the easy understanding.
The general stress-strain relationship of the orthotropic lamina
with respect to x, y and z axes are given by

Ox o1 Qo O &
o, =00 On 0Onlis, (10)

Oy 05 On Oy €y

Oxz Oss Osy } {exz }

= 11
{GYZ } |:Q45 Oy ||Eyz (b
where Qij is the transformed material coefficient

[0,]=[r1[e/], 7] (12)
[0,]=[n][0; ], (%] (13)

where 7, and T, will be the transformed matrices and it repre-
sented in below

cos> 0 sin’ 0 2cos0sinf
T,=| sin’6 cos? 6 —2cos0Osinf
—cosOsin® cosHsin@® cos’O—sin’0
[ cos® sin6
L= .
| —sin® cosO

When the fibers are arranged in the varying sequence then
the material properties in all the directions are varied and mate-
rial properties on the fiber direction is obtained by using the the
transformation matrix 7, and 7,.

w=w, (7) ¢
. L . O O 0
The general non-linear strain displacement field associ- [ 0 J -0, 0 0
ated with the displacement fields are derived and presented in Yk 51 52 0
Egs. (8) and (9). L - 66
0
ex:eg +zkg + Z3k3 ®) [sz] = Oss B
2710 Oy
GXZ :egz +22k32 (9
where stiffness relation coefficient related to the engineering
Where constants are given below
T
Ou — E — v, E = E
0
(ex):[a_oj O=——,0p=—"22=,0p=—"—
x (1=vivay) (1=vivay) (1=viva1)
T _ _ _
(KO) _[ 9w, Qo6 = Gia> Oss = Gi35 Oaa = G
* Ox
; E, is the young’s modulus along the fibre direction; £, and
( Kz) _ ( 4 5%) E, are young’s modulus in matrix direction and it is same; v ,
x 2 d
3h” Ox v,, are poison ratio and G, in-plane shear modulus.
0 w, T The force, moment and higher order resultants are derived from
(Exz) :(Eﬂll’fj the stress strain relation and the resultant stress field for the

sandwich beam can be represented as

T
(+2)= [—,;izwsx)]
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0

N 4y By By ||S
M= By Dy Fy |k (14)
P Ey Fy Hy kf
o] | 4 Dj ||er
=TT (15)
R Dlél Fiél kxz

N is normal force vector, M is Bending moment force vector
and P, O and R are the higher order force terms. The stiffness
matrices are derived as follows,

e

(AllﬂBllaDll’Ell’Fierll): Q11(132a22»23,24,26)d2

(AlslleslsF]Sl): I Oss (1’22’24)“’2

e
(16)

2.2 Formulation of constitute equation of the
viscoelastic core layer

Viscoelastic glass fiber honeycomb is considered as core in
a laminated composite sandwich beam. Where the core trans-
mits only the transverse shear stress based on that assumption
the displacement field equation is derived. The formulation of
shear strain energy of the viscoelastic core (glass honey comb)
has been derived from the degrees of freedom of top and bot-
tom skin under the shear to shear condition and Fig. 2 shows
the schematic diagram of sandwich model on before and after
deformation.

Initial position

Displaced position

Fig. 2 Sandwich beam model of before and after deformation.

ou, Oow
=—<+— 17

¥ 8z ox a7

Ou, U, —upy, h,+h, h +h,

—_ < — — +
oz h ) e, )P 09
U, — Uy, h,+hy, h,+hy, ow,

Pe T ( 2, j""“ [ o, ) 1

2.3 Formulation of strain energy equation of the
laminated composite sandwich beam
In general the strain energy expression is represented by

Lt 7
UZEJ‘G (e)dv (20)
The skin layer exhibits both the axial and transverse defor-
mation and the strain energy produced due to axial and trans-
verse deformation is considered for developing the finite ele-
ment model.

2.3.1 Strain energy due to axial deformation on top
and bottom skin

Strain energy due to axial deformation on the top and bottom
skin is represented in the matrix form for easy understanding

_ ou, _
1 f[ou, o 40 A B B (jx
U,:be. e 3.2 O By Dy By |x Ty
2 ox Ox 347 Ox Ox
0 E, R, H,
__4 o9,
L 3h? ox |
(21
_ o _
ox
1 ([ou, o 40 A By B o
Ub=*b_[7b Vs 32 Px I By Dy By |x L
2 ox 0Ox 3h° Ox ox
0 E, K, H;,
__4 op.
L 3h? ox |
(22)

The strain energy due to axial deformation are represented in
the Eq. (21) and (22) in matrix form with the respective degrees
of freedom and stiffness matrix.

2.3.2 Strain energy due to transverse deformation on
top and bottom skin

Strain energy due to the transverse deformation is depends
on the transverse displacement w and transverse rotation fields

ow,
) 1 ow 4 £ DS Eﬂl/x
Uzz—bJ. Ly, —— P, |X B dx
2 ox h DS FS 4
0 1 2
e
(23)

Strain energy (U,) is same for both top and bottom layers
skin of sandwich beam as shearing will be same because of
the symmetric structure of the laminated composite sandwich
beam.
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2.3.3 Strain energy of core

Core exhibits only transverse shear stress. It transmits only
the transverse shear deformation. Strain energy due to the
transverse deformation has been derived based on the top and
bottom displacement field equation.

I o e (24)

Uy —uy, | h+h h +h, ow,
. - + + & o5
I, [ o, }”" [ o ) ®

2.3.4 Total strain energy of Sandwich Beam
Total strain energy of the sandwich beam is represented by

U, and it is the summation of strain energy produced by the
skin and the core. Strain energy due to the transverse deforma-
tion on the skin will remain same for the both top and bottom

layer so it is added
Ur =[U]+[U,]+2*[U,]+[U.] (26)

2.4 Formulation of kinetic energy equation of the
laminated composite sandwich beam
Kinetic energy of the laminated composite sandwich beam

T =ljmv2dv
2

is given by

27)

2.4.1 Kinetic energy of the top and bottom layer of
the skin

Kinetic energy for the top and bottom portion of the lam-
inate has been derived based on the Lagrange method and it
also represented in the matrix form with respective degrees of
freedom. Kinetic energy equations of the top and bottom skin
are denoted as 7 and T,.

Kinetic energy of the top skin is represented as

T
7; — lJ.p auat awo al//x 6¢x *[ ] auot % au/x a& dx
2 ot ot ot Ot ot ot o0t Ot

(28)

Kinetic energy of the bottom skin is represented as
A
T,:ljp Qo Oy V2 00 |1y WMot Mo Ve OO |
2 ot ot ot Ot ot ot ot Ot
(29)

Where p is the density of the laminated composite sand-
wich beam and the [/] matrix for laminated skin is given below

I 0 Lo -G*I,
o I 0 0
I 0 L -G*I
~C, *1, 0 -C*I; C*I (30)
2
Il Iy I ls = | p(12,27,2,24, 20 s

~h/2

2.4.2 Kinetic energy of core
The kinetic energy of the core due to the transverse defor-
mation is given by

1 XZZ

T. ZEJPCZZ%CI'V (31)
1K yxz

T, 2 12 (32)

2.4.3 Total kinetic energy of the sandwich beam

Total kinetic energy of the sandwich beam is represented by
T; It is sum of kinetic energies in top, bottom and core layer of
the sandwich beam.

T=[T]+[1]+[7,] (33)

3 Finite element formulation

In the finite element model, a beam element with two
nodes at each end is considered for modeling. Each node has
five degrees of freedom and the respective stiffness and mass
matrix has been derived based on the strain and kinetic energy

formulation.
u, N, 0 0 0 [[u,
w, 0 N, 0 O [||w, (34)
Yy 0 0 Ni 0 Y xi
Py 0 0 0 Ni Pri
{u} = N ,(x,y) wherei=1,2.
The shape functions N, and N, are
1- 1+
w2 (o)

E

2

The relation between the strain and displacement field of the
element is presented as
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3.1 Derivation of element stiffness matrix

The stiffness matrix of the sandwich beam has been derived
from the strain energy of the sandwich beam. In general the
strain energy of the laminate skin is represented as

1 1 T Al] Bll Ell
U=3b j "[B(x)] *| By Dy By |*[B(xy)]*{d) |dx
0 E]l E] Hll
(37)
1 1
u =5b[ [ {d}T[ke]*{d}de (38)
0

Stiffness matrix of the laminate skin due to axial deformation

a All Bll Ell
K, =b J.[Bt(x’J’)]T By Dy hy [Bt(%)’)] dx
By Ry Hy
(39)
a 4y By Ey
Koy =b J.[Bb(x,y):IT By Dy F |[By(x.y)]|dx
- By Ry Hy
(40)

where stiffness matrix of the top and bottom skin is represented
as K, K, and the strain displacement matrix varied with the
degrees of freedom.

Similarly the stiffness element for transverse deformation
and core are also derived.

Stiffness matrix of skin due to transverse deformation

N

LB (xy) |ax @41)
v X

Stiffness matrix of core

k, = b.a[ [BC (x,y)]

Total stiffness matrix

*[GL ][ B. (%) |dx

(42)

Total stiffness matrix of the sandwich beam is represented
by k, and it is the summation of stiffness matrix produced by
the skin and the core. Stiffness matrix derived from the trans-
verse strain energy will remain same for the both top and bot-
tom layer so it is added.

Uer ] = (ke ]+ [Kep )+ 2[R ]+ [ 5]

(43)

3.2 Derivation of element mass matrix
The mass matrix of the sandwich beam has been derived
from the kinetic energy.

T:%b!Z{d}

# [N (x) ][], (v ) ] {dl e

(44)

From the above equation the element mass matrix has been
derived.
Mass matrix of skin layer

m, = bJ.Z[Ni (x,y)]

Mass matrices for the top and bottom skin layer are varying

s[1][Ni(xp)]de  (45)

with respective to shape functions and degrees of freedom.
Mass matrix of core
The mass matrix of the core layer is represented by

h3

2
T, = b ay“ —dx

o (46)

m, :b%.EZ[Ni(x,y)]T*[l]*[Ni (x,y)}dx (47)

Total mass matrix of the element
[y ]=[m.]+[me ]+ [mes]

The governing equations of motion for the laminated hon-

(48)

eycomb sandwich beam in the finite element form can be
obtained as

[y (e} + [k )i} =0

Where [£,] and [m ] are element stiffness and mass matrix of

(49)

the sandwich beam and d is the displacement field vector. The
stiffness and mass matrices are assembled together for a whole
number of elements using MATLAB® software and it yields
governing equation for the sandwich beam.

[M]{d}+[K}{d}=0

Where system mass and stiffness matrix are represented as
[K] and [M].

(50)

4 Convergence Result

A numerical simulation is performed to study the effect
of number of discretization elements in the sandwich beam
of length 300 mm and breadth 50 mm under the condition of
clamped free for the same material properties given in Table 6.
Convergence study was performed by varying the meshing ele-
ment size from 10 to 100. Initially the numerical simulation
started with meshing element size of 10 and then it has been
increased at an equal interval. From the Table 2, it could be
observed that the first three natural frequencies of the lami-
nated composite sandwich beam are not varying after the mesh-
ing element size of 60.
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5 Validation of the developed finite element
formulation
5.1 Analytical validation

The simulation is performed with the material and geo-
metrical properties by Nayak et al. [2] under the simply sup-
ported beam condition. The material properties of the sandwich
beam are / = 0.9144 m, width, b =25.4 mm; core thickness,
h =12.7 mm; skin thickness, 2, = h,=0.4572 mm, £ = E, =68.9
GPa, G = 82.68 MPa, density of the top and bottom skins,
p, = p, = 2680 kg/m’ and p_ = 32.8 kg/m®

The natural frequencies of first four modes are determined
and represented in Table 1, It is found that there is a good agree-
ment of results are observed between current FEM analysis and
those of Nayak et al. [2].

Table 1 Validation of natural frequencies under the condition of simply
supported at both ends.

Mode Frequencies (Hz)
% Deviation
shapes  Nayak etal. [2]  Present (FEM)
1 57.136 60.662 5.54
2 219.585 232.76 5.83
3 465.173 492.27 5.501
4 768.178 812.29 5.41

The validity of the present finite element model is further
examined by comparing the natural frequencies under the
clamped free condition and then the simulation is performed
by considering the material and geometrical properties of
the specimen; Et =Eb = 72 GPa, pt = pb = 2700 kg/m3, pc=
950 kg/m3, Gc = 0.5 MPa, 1 = 500 mm, b =25 mm, ht = hb =
2 mm, and he= 18mm. The results presented in the Table 3, the
outcomes shown that there is a good agreement between the
results. The effectiveness of the present finite element model
is also further examined by comparing the natural frequencies
under the condition of clamped free at both ends with those
derived by Howson and Zare [9]. The material properties
used for simulation 1 = 0.9144 m, width, b = 25.4 mm; core
thickness, hc = 12.7 mm; skin thickness, ht = hb = 0.4572
mm, Et = Eb = 68.9 GPa, Gc = 82.68 MPa, density of skin,
pt=pb =2680 kg/m3 and pc =328 kg/m3. The first six natural

frequencies are evaluated under the clamed-free end condition.
From Table 4 it can be seen that there is a good agreement of
present finite element formulation and those of Howson and
Zare [9].

The validity of the developed finite element model is fur-
ther examined with those of Zhou et al. [15]. The simulation
is performed with the material and geometrical properties; /
= 150 mm, width, b = 0.1m; core thickness, #, = 2 mm; skin
thickness, h,= 7, = 0.1 mm, £ = E, = 72GPa, G,= 0.6208 MPa,
density of skins are, p, = p, = 2700 kg/m* and p, = 1100 kg/m’
under the condition of simply supported and from the Table 5,
it is again conformed that the effectiveness of the present finite
element formulation.

5.2 Experimental Validation

The developed finite element formulation is also validated
by the results in terms of natural frequencies with experiments.
In this study the Uniform laminated composite sandwich beam
is fabricated of length 400mm, width of 50mm and thickness
of 6mm. A hand-layup technique is used for fabricating the
laminate. Where the thickness of the top and bottom laminate
is Imm. Laminate was fabricated using bidirectional inter car-
bon fibre, adralite, (LY556) Epoxy resin with HY951 hard-
ener. The stacking sequence of the laminate skins in the sand-
wich beam was [0°/90°]s and the same stacking sequence was
followed for both top and bottom skin laminate. The thickness
of the each ply is 0.2 mm and glass fiber honeycomb core was
used in this study and the material properties of the sandwich
beam are given in the Table 6. The schematic diagram and
experimental setup as shown in the Fig. 3 and a special fixture
was used for holding the specimen. Roving hammer technique
(impulse force hammer — 086C03) was used to produce the
excitations in the specimen. A single axis accelerometer, ori-
ented along the z-axis was placed above the specimen to mea-
sure the acceleration signals. The acceleration signals are con-
verted into frequency function response by using four channel
data acquisition system (Model No. ATA-DAQ042451). From
the response the natural frequencies at various modes was
determined by using the DEWES 7.1.1 software under various
boundary conditions. Experiments are also performed and the
results are compared for the validation.

Table 2 Convergence results under clamped free condition

Modes Frequencies (Hz)
No.of meshing element 10 20 30 40 50 60 70 80 90 100
Mode 1 76 75 74 74 74 74 74 74 74 74
Mode 2 442 430 428 427 427 427 427 426 426 426
Mode 3 1137 1085 1076 1072 1071 1070 1069 1069 1069 1069
Mode 4 2043 1895 1869 1860 1855 1853 1852 1851 1850 1850
Mode 5 3141 2808 2750 2730 2721 2715 2712 2710 2709 2709
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Table 3 Validation of present FEM results in-terms of natural frequencies
with Nayak et al. [2] under the clamped free condition.

Mode Frequencies (Hz)
% Deviation
shapes Nayak et al. [2] Present FEM
1 12.308 12.311 0.02
2 43.204 44.261 2.3
3 94.427 94.179 0.2

Table 4 Validation of present FEM results in-terms natural frequencies with
Howson and Zare [9] under the clamped- free condition.

Mode Frequencies (Hz)

shapes Howson and Zare [9]  Present analysis (FEM) %o Deviation
1 33 35 5

2 198 208 4

3 512 535 4

4 907 945 4

5 1349 1405 3

6 1815 1868 2

Table 5 Validation of natural frequencies under the condition of
simply supported at both the ends

Mode Frequencies (Hz) o
% Deviation

shapes  Zhouetal. [15]  Present analysis (FEM)

1 68.816 72 5.55

2 152.441 147 308

3 225.08 226 0.4

Table 6 Material properties of the laminated composite sandwich beam

Laminate thickness (h ,,) 2 mm
Laminate young’s modulus (E,, ) 72 G Pa
Laminate density (p,,) 1831 kg/m?
Core thickness (h ) 3 mm

Core density (p,) 48 kg/m?
Core shear modulus (G ) 131MPa

The present finite element model for the laminated compos-
ite sandwich beam is validated with the experimental results
in terms of natural frequencies under the Clamped-Free(C-F)
condition. The material and geometrical properties were con-
sidered for the simulations as shown in Table 6. From Table 7
it has been noticed that a good matching results was obtained
between experimental and analytical values. From the com-
parison study, effectiveness of the derived finite element for-
mulation is demonstrated.

The effectiveness of the present FEM is further verified
by performing the experimentations under the conditions of
clamped at both ends. From Table 8, a good agreement of results
was observed between the present finite element formulation

4 Channel
DAS

Impulse
force

Display
Unit

@

(b)

Fig. 3 Experimental Setup: (a) block diagram of experimental setup
and (b) photograph of experimental setup.

Table 7 Comparison of natural frequencies of the laminated composite
sandwich beam under the clamped-free condition.

Mode Frequencies (Hz) o
% Deviation

shapes  Experiment Results  Present FEM Results

1 74 74.471 0.01

2 446 427.99 4

3 1146 1069.5 6

Table 8 Comparison of natural frequencies of the laminated composite
sandwich beam under the condition of clamped at both ends.

Mode Frequencies (Hz) o
% Deviation

shapes  Experimental Results ~ Present FEM Results

1 394 415.07 5

2 1019 1006.6 1

3 1751 1749.1 0.1

and experimental in-terms of natural frequencies and it was
found within the acceptable variation limit.

6 Result and discussion

The dynamic properties of a laminated composite sandwich
beam are strongly influenced by the viscoelastic core. The
vibration analysis of the uniform laminated composite sand-
wich beam with the glass fiber core was performed and the nat-
ural frequencies were determined. The natural frequencies of
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a sandwich beam are greatly influenced by the characteristics
parameter such as core thickness, number of plies, orientation
of plies, aspect ratio and various boundary conditions. The
parametric studies were performed with material properties are
given in the Table 6 and geometric dimensions of length /=400
mm and width b = 50 mm.

6.1 Influence of boundary conditions

The effect of the boundary conditions on natural frequencies
of sandwich beam was investigated for the given configuration.
Where the laminated composite sandwich beam model is sim-
ulated under the various boundary conditions such as simply
supported at each ends (S-S), clamped — clamped (C-C) and
clamped free (C-F) end conditions. From the Table 9 it could
be observed that the higher natural frequencies are obtained at
clamped-clamped end conditions and smaller natural frequen-
cies are obtained at clamped free end conditions.

Table 9 Influence of sandwich beam under various boundary conditions

Mode Frequencies (Hz)

Shapes S-S C-F C-C

1 409 74.471 415.07
2 981 427.99 1006.6
3 1694 1069.5 1749.1

6.2 Influence of core thickness

The effect of laminated composite sandwich beam is studied
by varying the core thickness under clamped free end condi-
tions. From the Table 10 results it has been recognized that the
natural frequencies at each mode is increased with increasing
the thickness of the core layer.

Table 10 Influence of laminated composite sandwich beam core thickness on

natural frequencies under clamped free condition

Thickness Frequencies (Hz)
(mm) Mode 1  Mode 2 Mode 3 Mode 4
3 74 427 1069 1868
4 89 502 1237 2096
5 104 573 1376 2301
6 119 638 1508 2488

6.3 Influence of aspect ratio

A numerical simulation is performed to investigate the effect
of aspect ratio on natural frequencies. Aspect ratio is the ratio of
length to thickness sandwich beam. In this study length is kept
constant and the thickness of the sandwich beam is diversed
to obtain the different aspect ratio. The simulation of the FEM
is executed in clamped free condition and the results are pre-
sented in the Table 11. From the results it has been noticed that
natural frequencies of the sandwich beam at the entire mode is

decreased with increasing the aspect ratio.

Table 11 Influence of aspect ratio on natural frequencies of sandwich beam

under the clamped free condition

Frequencies (Hz)

Aspect ratio

Mode 1 Mode 2 Mode 3 Mode 4
30 118 592 1404 2352
40 89 496 1207 2051
50 76 436 1090 1888

7 Conclusions

In this study, the free vibration analysis of laminated com-
posite sandwich beam was performed and various character-
istics parameters were investigated. Higher order shear defor-
mation theory (HSDT) was used for formulating the governing
equation of motion in the finite element model. The validity
of finite element model was demonstrated by comparing the
results in terms the natural frequencies with the experiment
values and in available literature. Various parametric studies
were performed to study the effect of core thickness, aspect
ratio and boundary conditions and it was shown that natural
frequencies of uniform laminated sandwich beam is increased
with increasing the thickness of the core. Natural frequencies
of uniform laminated sandwich beam are also decreased with
increasing the aspect ratio of the sandwich beam. The higher
natural frequencies are obtained at clamped-clamped end con-
ditions and smaller natural frequencies are obtained at clamped
free end conditions and it is demonstrated by both experimental
as well as analytical. Therefore it could be concluded that the
natural frequencies of the laminated composite sandwich beam
was influenced by varying the core thickness, aspect ratio and
boundary conditions.
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Stiffness Element matrix for top and bottom skin due to axial deformation
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Strain displacement matrix for top skin due to axial deformation
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Mass matrix for core

m :b%}[zNi (x.y) [£]N;(x.y)dx

K 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0
N=|0 0 0 0 0 0 0 0 0 0

CN, C,N, dN, /dx; C;N, C,N, C/N, C,N, dN,/dx; C;N, C,N,

0 0 0 0 0 0 0 0 0 0 |

Where the constants:
C,=1lh,

C,=-1/,
C,=—(h+h) /(2*h);
C,= (h+h,) /(6*h);

m = mass; v = velocity.
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