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In this study, an analytical solution of multi layered laminated
composite laminate plate is presented of a new form of
composite sandwich panels in two different styles; Kevlar
fibers bonded with honeycomb core in mid plane, and glass
fibers bonded with honeycomb core in mid plane. Classical
laminated plate theory has been used for modeling the
sandwich plate, Ritz method has been used for calculating the
plate’s maximum bending deflections. The results have been
validated by Finite Element analysis with a good. The
parametric investigations include, change in material types of
lamina, different layer thicknesses, and several geometric cell
shapes of honeycomb core laminated has been examined.
The results proved that the Convex cell honeycomb core plays
a great role in absorbing the force energy as a result it
reduced the plate deflection by 8% better than semi-entrant
and re-entrant, and Kevlar-49 is the best among other types
of Kevlar. S;-glass fiber -Sandwich plates have reduced the
plate’s overall deflections by 14.73% compared to Kevlar-29 -
Sandwich plates.
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1. Introduction
Composite materials are widely utilized in the aerospace, marine, vehicle, and military
armored systems sectors, among other industries (Jones, 1999, and Al Hilli, 2006).
High specific strength and stiffness, exceptional formability, and corrosion resistance
are just a few of the advantages of this family of materials. The laminated fiber
composite is one of the most popular, with some of them passing in the higher specific
moduli, such as Kevlar and carbon fiber composites. They have much higher specific
strength and stiffness than monolithic materials like steel and aluminum, making
them appealing for a variety of weight-sensitive applications, and one of the
important applications of composite materials is body armor (Al Hilli, 2006). Body
armor is a type of protective clothing that is worn to protect the human body from
different types of sharp objects or projectiles. Hard body armor and soft body armor
are the two types of body armor that are commonly used. Soft body armor is made
up of several layers of high-performance materials, making it lighter and more flexible
(Greene et al., 2018; Mukasey, Sedgwick, & Hagy, 2008). To prepare the soft body
armor plates, 20-40 layers of woven or unidirectional fabrics made from high
performance fibers are stitched together. Nowadays, Honeycomb composite
structures are used in body armor. The sandwich panels consist of two face sheets of
layered fibers, which are bonded to a very lightweight honeycomb core of aluminum.
Compared to normal plates, sandwich panels have a very high stiffness and
simultaneously a low weight. The core of these structures is mainly subjected to shear
stresses. (Al-Mezrakchi, Al-Ramthan, & Alam, 2020) Proposed two composite plates
with honeycomb core are subjected to ballistic impact. After validation of models
with experimental test results, the numerical technique was successfully used to
forecast impact behavior. When compared to other aluminum alloys investigated in
this study, the aluminum 7039 alloy was chosen for the honeycomb core material
because it had a higher ballistic resistance. After conducting tests to determine the
ballistic resistance of aluminum honeycomb panels exposed to cylindrical steel
impactors, (Nia, Razavi, & Majzoobi, 2008) demonstrated an analytical formulation to
compute the ballistic limit velocity of metallic honeycomb structures. On the other
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hand, Different shear deformation theories for laminated plates have been developed
to include the effect of transverse shear deformation. These are the classical plate
theory (CPT), the first-order shear deformation theory (FSDT) and Reddy’s higher-
order shear deformation theory (HSDT). Fundamental governing equations for
nonlinear dynamic analysis of laminated plates based on von Karman’s large
deflection plate theory were derived by (J. N. Reddy, 1983) and (J. Reddy & Chao,
1981). In recent years, linear and nonlinear analyses of laminated composite plate
and shell structures have found increased applications (J. Reddy & Chandrashekhara,
1987) and (Baltacioglu, Civalek, Akgodz, & Demir, 2011). Deflection analysis of
laminated plates resting on Ritz method has also been investigated by many
researchers. (Nath & Shukla, 2001)and (Shukla & Nath, 2000) presented some
solutions for nonlinear analysis of laminated plates. Nonlinear static and dynamic
response of laminated plates are also investigated by (Nath, Prithviraju, & Mufti,
2006) and (Nath, Varma, & Mahrenholtz, 1986) using the Chebyshev series method.
Rectangular plates on elastic foundation have been analyzed using analytical and
numerical approaches by (Dumir & Bhaskar, 1988) and (Dumir, 1988). By using the
differential quadrature and finite difference coupled approach, nonlinear static and
dynamic analyses of isotropic plates and shells have been investigated by the present
author (Civalek, 2005), and (Civalek, 2006). Some exact and numerical solutions of
static and dynamic analyses of isotropic and laminated composite plates with or
without elastic foundations are also presented in the literature (Shen, 1999), (Shen,
2000), and (Sofiyev & Schnack, 2003). In the past ten years, some new methods for
numerical analysis of partial differential equationsin applied mechanics have become
popular (Baltacioglu et al., 2011). (Bhimaraddi, 1987)proposed a shear deformation
theory and for static and dynamic response of the laminate and compared the results
with the results obtained by Classical and Mindlin-type plate theory. Further,
investigation of the dynamic response is examined by using higher-order mid-plane
kinematics and concluded that the higher-order theory is more efficient to predict the
responses. The principal of orthogonality and state variables are used to get the exact
solution for the dynamic response of laminate via HSDT (Khdeir & Reddy, 1989). The
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analytical procedure is used to obtain the closed-form solution for the dynamic
responses of the laminate with different boundary restrictions (Dewangan, Katariya,
& Panda, 2020). This seeks for the high performance composite laminated plate for
soft body armor. It used to calculate mid plane deflection of the rectangular
composited plate due to impact velocity. The composite plate was made of Kevlar
fiber renforced plate (KFRP), Glass fiber renforced plate (GFRP), and hoeycomb core.
Deflection due different types of woven (KFRP), different types of woven (GFRP),
several laminate thicknes of composite plate has been examined, and honeycomb
core was calculated. The analytical model results were validated by ANSYS
workbench.

2. Mathematical modelling

A laminated rectangular plate of dimensions a, b, and h as shown in Figure (1) is
considered. A cartesian coordinate system xy is located in the middle surface of the

LN

plate.
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Figure (1): Geometry and coordinate system of the laminated rectangular plate
(Baltacioglu et al., 2011)

The displacement field at a point in the plate using the Classical Laminate Plate Theory
(CLPT) of mid plane symmitric ply and angle-ply laminated plate are analyzed.
Depending on the boundary conditions, the Ritz method is used. Fundamental
governing equations for nonlinear dynamic analysis of laminated plates based on von
Karman'’s large deflection plate theory were derived by (J. N. Reddy, 1983) and (J.
Reddy & Chao, 1981). (J. N. Reddy, 2003) investigate governing equations in terms of
the displacement. Start with linear equation of motion of the (CLPT):

0%u, 0%u, 0%u, 2y, 0%v,
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where N, ,N,, ,and N, are the applied edge forces.

Eqgs (1, 2, 3) in the differential operator form are

€11 C12 C13][Uo my; 0 my3 [l 0
Ciz Ca2 Co3||Vo|4+]| 0 my, mys [[Uo] =10 (4)
€13 C23  C33llwp M3 Myz Msazllw, q

Where ¢;; cofficients are defined as
Cll S All dxz + 2 A16 dx dy + A66 dyz
Ci2 = A16 dxz + (Alz + A66 ) dx dy + A66 dy2
Ciz3 = — [B11 dx3 + 3 B16 dxz dy + (Blz + 2 B66 ) dx dy2 + B26 dyg]
Cyrp = Azz dxz + 2 A26 dx dy + Azz dyz
Crz3 = — [B16 dx3 + (Blz + 2 B66 ) dxz dy + 3 B26 dx dyz + Bzz dy3] (5)
C33 = D11 dx4 + 4 D16 dx3 dy + 2 (Dlz + 2 D66 )dxz dyz
+ 4Dy dx dy3 + Dgg dy*
— [Nex dx? + 2Ny, dxdy + N, dy?|
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Figure (2): Rectangular plate with in-plane compressive edge forces
(J. N. Reddy, 2003) (Nyy = —Ng: , Ny, = —N,).

my; cofficients are defined as

my =—1Il,dt? , myz= Ldxdt? , my = —l,dt?

(6)

my3 = Il dy dtz » ms3 = IO dtz (dxz + dyZ)

And d! denote the differenitial operators

.0t . R

d; = ax d; E)_y‘ , di = Tl for (i =1,2,3,4) (7)
where (Ajj, Bjj, D ) are called (extensional, coupling, and bending) stiffnesses, which

defined in the term of lamina stiffnesses [(Qij)]k as

o 1o,
Ay = D 1@, e = hea) By =3 9 [@)], B = h-)
k=1 k=1

T (8)
Dy = §kZl[(Qu)] o (R = hii_q)

_611 = Q11¢* + Q225" + 2(Q12 + 2Q6)C?s?
Q1_2 = (Q11 + Q22 — 4Qs6)Cc?s? + Q1a(c* + 5%) (9)
Q22 = Q115* + Qp2¢™ 4+ 2(Q12 + 2Q46)C?s?
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@6 = (Q11 — Q12 — 2Q66)C3S —(Q2 — Q12— 2Q66)C53
Q_ze = (Q11 — Q12 — 2Q66)53C —(Qz2 — Q12 — 2Q66)SC3
Qss = (Q11 + Q22 — 2Q12 — 2Q¢6)5%c* + Qg (s* + c*)

2.1 Ritz method

The Navier and levy type solutions do not exist for rectangular plates with all four

sides clamped. Therefore, for this case the approximate solution method was used to
solve this problem. Let us consider Ritz method to determine the bending deflection
for especially orthotropic rectangular plate with clamped edge (J. N. Reddy, 2003).
Ritz method has been considered for the determination of bending deflections for

any points are:

The plate is symmetric about mid-plane, and each ply has the same thickness (the
composite plate consists of Kevlar layers and glass layers that consist of the same
laminate thickness with honeycomb), hence all the bending extension coupling
stiffness B;; are zero.

The effect of vibration on the composite plate was neglected, then (1, I;, ;)
are zero.

The plate consists of especially orthotropic laminates, the layer stiffnesses
Q16, 026, and Qs are zero for cross-ply angles (0/90), then A4, Ay6, D16, Dy , and
A, are zero.

(D11 = Dy, ,and D, = D,;), Because of each ply consists of woven fibers by
(0/90) plies fixed together as one ply (E; = E;) was used in this study.

The Ritz solutions can be developed for rectangular laminates with all four edges are

clamped boundary conditions. The boundary conditions for a rectangular plate that

clamped all four edges used in the analytical solution are:

aw,
atx =0,a WO=OandW=0 (10)
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aw,

dy

at y=0,b w,=0and =0

The boundary conditions in Eq. (10) imply the following CCCC boundary conditions on
the displacements and stress resultants of the classical laminate theory (J.N. REDDY,
2004). Another assumption the applied force only acting on Z direction with
neglecting the vibration of the plate Eq (3) becomes:

0 ﬂ‘ 02 9% w, 0% w,
B T0x2  0x?

0w, 02w, 0°w, 02 W0>

+2D12< 0x? 0y? + 0x? 0dy?

D 02w, 02w, 4D 02w, 02w, (11)
22\ 9y? dy? 6\ 9xdy oxdy
- q5 Wol
1 9%w, 9%w, 0%w, 9%w,\’
IIW"_sz[11<W>+2D”aZ dy? zz<32>
(12)

This expression should be appended with appropriate terms due to any applied edge
moments and forces.

2.2 Determination equations of bending deflection:
Consider a rectangular plate with all four edges clamped and subjected to distributed

transversload q(x, y). The boundary condition for clamped composite plate are shown
in Figure (3)
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Figure (3): Four edge clamped boundary conditions for composite plate

According to the assumption of Ritz approximation method for all four-edge clamped
in the form:

m n
Wo (6,y) = Winn(x,y) = ) iy 01y, ¥)
i J

where @;; is the approximation functions that satisfy all the geometric boundary, for
this problem, both Ritz and Galerkin give the same solution for the same kind of
approximation functions.

For the rectangular plate at clamped boundary condition, the approximation function

@ij (x,¥)is

@ij (x,y) = X;(x0)Y;(y)

where

i+1 X\ 2

ne =" (-3
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=) (-3

j+1

or

X;(x) = sin 4;x — sinh 4;x + a;(cos A;x — cosh 4;x)

Y;(y) = sin 4jy — sinh 4;y + @;(cosh 4;y — cos 4;y) (16)
fori=1,2,3,....,m; and j=1,2,3,....,n
where
and cos A;acosh4;a—1=0 (17)
sin 4;a —sinh 4;a  cosh 4;a — cos 4;a (18)

a; = = — .
" coshAa—cosAa sinj;a—sinh4a

By substituting Eq. (13) , and given ¢;; by Eq. (14)

m n
= Z z 5Cpq(ppq (19)
P q

Then applying to Eqg. (10), obtain

ii ZZ X Y up, 4XidY; dX, dY,
€ij f ,[ D1y dx2 %6 dx dy dx dy
P a

d?y, d?x, =~ d*X; dZYq>

Y, +—=——=YX

dyz dx?2 1 dx?2 pdyz (20)

+ Dy, (Xi

dcy;  d*Y,
id_yz P dy2 dxdy — f .[qX Yodxdy ¢ 6cyq
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N (e dix, | d2X, dx; dY; dX,, dy,

0= ZZJ- f Dll_ZY}'_ZYq+4D66 -
4 Jo Jo dx dx dx dy dx dy

d*Y; d*X, d*X; d*Y,

+ D1z | X; dy? dx? Y+ dx? YiXp dy?

(21)

Eq. (21) represents m X n algebraic equations among the coefficients ¢;; , and all
integral are line integrals, and they involve evaluating five different integrals

a a adx, dx,
f Xi dx,f Xi Xp dx, —dx dx

0 ;o Jo (22)
faxdxpd “dX, dKy

o b dx? X dx? dxz

Consider the algebraic functions with m=n=1 and g=g, . The integrals in Eq. (22) for
this case given by

faXd—a aXXd—a faXmXmd_Z
LT ) MM T3y | Taxe dx T 105a

a d*X 2 ad?x. d?X 4
f X, 1 1 1y
0

(23)

dx? dx__105a' o dx? dx? SPE

Substituting the integral values into Eq. (21), and obtain

0= [(G35) (523 e + 4000 (553 (z555) + 2222 (~1552) (- o55) (29)

+ (535) (5) 2o e = (35) (55)

or
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7 7 49
FDll + W(Dn + 2Dge) + FDzz +] 11 = 5 % (25)

and one parameter solution becomes

272 272

41X _(x y_ (¥

Wi, (xy) = (ﬁ) Qo [a (a) ] [b (b) ] (26)
1Y) =g ) 7D, + 4(Dyy + 2Dgg)s2 + 7Dypps4

where s=a/b denotes the plate aspect ratio. The maximum deflection occurs at x=a/2

and y=b/2:

W, (2 b = 0.00342 902" (27)
15,3 =0 Dy1 + 0.5714(Dy, + 2Dgg)s? + Dyps*

For isotropic square plate(a/b = 1,D;; = Dy, = D1, + 2Dgg = D), the maximum
central deflection becomes

goa*

ab
MGJ(E,E)::(100126 (28)

where W, is the central deflection along the z direction, a, and b are length and
width of the composite plate according x, and y direction, respectively, q, is the

intensity of transverse distributed load per unit area of the composite plate, D is the
bending stiffness of composite plate.

3. Parametric investigations

3.1 Material investigation

This study uses two types of sandwich plate: aluminum honeycomb core with Kevlar
fibers and Glass fiber as face sheet. Different types of Glass fiber (E-glass, C-glass, R-
glass, S2-glass, AR-glass, D-glass, A-glass, and EGR-glass) whereas Table (1) lists their
intrinsic characteristics, and different types of Kevlar fibers (Kevlar 29, Kevlar49, and
Kevlar 149) are used, and Table (2) lists their mechanical characteristics. The
mechanical properties like modulus of elasticity (E), passion’s ratio (v), and shear
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modulus (G) used as fiber without epoxy, in this study assumed as woven fiber

(E1=E>).

Table (1): Properties of different types of glass fibers (Kaw,2005, and Reddy, 2003).

No. | Glass fiber | density(g/cm3) | Tensile strength(GPa) | young’s modulus(GPa)
1 E-glass 2.58 3.445 72.3
2 c-glass 2.52 3.31 68.9
3 S2-glass 2.46 4.89 86.9
4 A-glass 2.44 3.31 68.9
5 D-glass 2.11 2.415 51.7
6 R-glass 2.54 4.135 85.5
7 EGR-glass 2.72 3.445 80.3
8 AR-glass 2.7 3.241 73.1

Table (2): Properties of different types of glass fiber (Kaw, 2005).

No. | Kevlar fiber | density(g/cm”3) | Tensile strength(GPa) | Young’s modulus(GPa)
1 Kevlar 29 1.44 2.9 62.05
2 Kevlar 49 1.48 2.9 131
3 | Kevlar 149 1.47 2.3 143

3.2 Layer thickness investigation

Three different groups of layer thicknesses are used in this study; first different layer
thickness (0.2, 0.3, 0.4, 0.5, 0.6) mm used for each ply of glass fibers with constant
Aluminum honeycomb core 20 mm; second changed layer thickness of Kevlar by (0.1,
0.2, 0.3, 0.4, 0.5) mm used for each ply of Kevlar fibers with 20mm of Aluminum
honeycomb core; and finally different Aluminum honeycomb core thickness (10, 14,
20) mm with 0.3 mm layer thickness of each ply of Kevlar, and glass fiber.

3.3 Geometrical investigation

Cross woven fiber 0/90(E1=E2) ply of Kevlar, and glass fibers used with constant layer
thickness 0.3 mm to each layer with three types of cell shape of aluminum
honeycomb core ( Convex, semi-entrant, re-entrant) as shown in Figure (4).

1228



QALAAI ZANISTSCIENTIFIC JOURNAL

A Scientific Quarterly Refereed Journal Issued by Lebanese French University — Erbil, Kurdistan, Iraq

Vol. (9), No (1), Spring2024

LFU ISSN 2518-6566 (Online) - ISSN 2518-6558 (Print)
0 i,
L’ _(
L, r—— l'] -
S \ =

(a) (b) (c)

Figure (4): Geometrics of honeycomb cores with different cell shapes (a): semi-re-
entrnt, (b): re-entrnt, and (c): convex (Luo, Yuan, Shen, & Liu, 2021).

The linear elastic response of honeycomb core is preliminary caused by bending of
the cell walls. (Gibson, Ashby, Schajer, & Robertson, 1982) modeled each wall as a
beam. The geometrical hexagonal cell as showed in Figure (5).

Figure (5): Geometry of hexagonal cell of honeycomb core (Gibson et al., 1982).

t3 cos @
=F — ) 29
B =E I3 (h/l + sin@)sin2 0 (29)
t3 (h/l + sin ) (30)

2= 137 cos3 6
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& cos? 6 (31)
= g (h/l+sinf)sind’
& _(h/l+sinB)sinb (32)
Ve = g cos? 6 '
t3 h/l + sin@ 33
c=F (h/ ) (33)

13 (h/D2(2h/1 + 1) cosB
where

E,: is the modulus elasticity for aluminum.
t: is the wall thickness of aluminum honeycomb.
I, h: are the length and height of the aluminum honeycomb respectively.

6: is cell wall angle, for regular hexagons (8 = 30°).

4. Validation

A Finite Element model was developed to predict the mechanical performance of the
sandwich by using ANSYS 2021 R21 commercial program. The geometries of sandwich
panel with different face-sheet thickness were modeled, and solving the finite
element was produced by ANSYS/LS-DYN solver from ANSYS software. Four edge
clamped plate 2288 nodes, and 1050 elements were used to simulate the skins, and
2288 nodes, and 1575 elements were used to simulate the core, as the upper and
lower Kevlar-29 fiber were divided into 1144 nodes, and 525 elements, respectively.
At the same time 2288 nodes, and 1575 elements utilized for modeling the
honeycomb aluminum honeycomb core. Each material had a lamina property with a
longitudinal elastic modulus of direction (Ex), a transverse elastic modulus (Ey), an
elastic modulus in the depth direction (Ez), shear modulus of rigidity (Gxz, Gyz, Gxy),
and Poisson ratio (vxy, Vyz Vzx). The applied load was imposed in the center of the
composite plate, bending in accordance with the analytical solution. The solution was
obtained through a series of load increments. Then the simulated results were
compared with the theoretical values. Figure (6) shows the finite element model of
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the Kevlar-29 fibers as face-sheet, and Aluminum 5052 honeycomb core sandwich

panel.

A: 0.3 sample

Total Deformation
Type: Total Deformation
Unit: mm

Time: 4.5158e-005
Cycle Number: 126
11/13/2022 1:51 PM

P
.y
)

0.036159 Max
0.032141
0.028123
0.024106
0.020088
0.016071
0.012053
0.0080353
0.0040176
0 Min

Bty
e
[ales]
--..

fr'

100.00 (mm)

- Lt | o oy
-

Figure (6): Finite Element simulation for Kevlar-29 face-sheet with aluminum 5052
honeycomb core, and effect of force on deflection of the composite laminated
plate.

Based on Table (3), the FE and analytical solution results showed good agreement.
Results showed a small difference between Finite Element and analytical simulation,

because of design of the specimen and time duration in the FE model.

Table (3): Comparison of the central deflection in (m) between analytical solutions,
and Finite Element (ANSYS 2021 R1 workbench) results for four ended clamped

sandwich composite plate.
Percentage (%)

Central deflection W (m) | Central deflection W (m) o
No. . . . . variation between
Simulation by FE Analytical solution
results
1 9.3055*10” 9.09107*10” 2.304
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2 1.8611*10° 1.81821*10° 2.304
3 3.722*10°® 3.63643*10° 2.299
4 4.6528*10° 4.54554*10° 2.305
5 5.5834*10° 5.45464*10° 2.306
6 6.514*10° 6.36375*10° 2.307
7 7.4445%10° 7.27286*10° 2.306
8 9.3057*10° 9.09107*10°® 2.306

These results suggest that the FE model could be used as a design approach to
evaluate the bending performance of sandwich panels. Under the same loads, using
specimen Kevlar-29 face-sheet with Aluminum 5052 honeycomb core as examples to
verify the precision of the transformed section method, the elastic stage of the
specimen was investigated. A comparison of the theoretical, and simulated values of
the central displacement is shown in Figure (7). The comparisons of numerical and
analysis results to the analytical solution, data show that the method is rather precise
and is a useful auxiliary means for research work, design, and test.
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8 o ]
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Figure (7): Comparison of the central deflection in (mm) between analytical
solutions, and Finite Element (ANSYS 2021 R1) results for four end clamped
composite plate.

5. Result and discussion
Nowadays, composite plate is widely used. In this study composite sandwich plate
with honeycomb core was investigated. In Figure (8) the deflection of symmetric
sandwich composite plate with honeycomb core at four edges clamped boundary
conditions in different face-sheet layer thickness was used, results show that the
central deflection decreased as increase layer thickness or increase number of layers.
When the load remained constant in small layer thicknesses the central deflection
increased rapidly, but in larger layer thicknesses the central deflection increased
slowly. The central deflection results agree with (Ahmed, Agarwal, Pal, & Srivastav,
2013). In this study 0.3mm thickness for each layer has been selected, as this is a
suitable thickness for body armor applications. Figure (9) show the effect of load on
the central deflection of composite plate made of different types of glass fiber with
aluminum 5052 honeycomb core, results showed that S2-glass fiber is the best type
to resist deflection and absorb more energy than other types, for this purpose Figure
(10), and Figure (11) showed more details to display the best type. The effect of load
on the deflection of different types of glass fiber with Aluminum 5052 honeycomb
core sandwich plate for 20 layers of 0.3 mm glass fiber for each layer and 20 mm of
Aluminum 5052 honeycomb core in Figure (10) compared four types (R-glass, AR-
glass, A- glass, D- glass) results showed that R-glass fiber absorbed more energy than
(AR-type, A-type, D-type) by 13.5%, 18%, 36.8%, respectively, and in Figure (11)
compared the other four types (C- glass, E- glass, EGR- glass, S2- glass). The overall
results showed that S2-glass is the best type to absorb energy, better than (R-glass,
EGR- glass, AR-glass, E- glass, A- glass, C- glass, D- glass) by (1.5%, 7%, 14.8%, 16.2%,
19.3%, 20%, 37.7%) respectively, and has the minimum deflection, but D-glass has the
lowest grade in energy absorption, and has the maximum deflection. Kevlar is another
type of fibers that stronger than glass fiber, absorb more energy, and has minimum
deflection. In Figure (12) effect of load on central deflection for different types of
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(Kevlar-29, Kevlar-49, and Kevlar-149) with aluminum 5052 honeycomb core
sandwich plate. The composite plate made of 20 layers of 0.3 mm layer thickness of
Kevlar with 20 mm of aluminum 5052 honeycomb core in the mid-plate, results show
as the load increased to Kevlar-49, and Kevlar-149 the central deflection increased
regularly without any significant phenomena, Kevlar-49 is better to absorb more
energy than Kevla-149, and Kevlar-29, but Kevlar-149 has a small deference between
results as compared with Kevlar-49, and for Kevlar-29 as the load increases, the
deflection quickly increased due to lower contact stiffness causes lower modulus of
elasticity compared with Kevlar-49 and Kevlar-149 (Al Hilli, 2006).

Another parameter effect on the performance of composite plate is layer thickness.
Because of some materials produced for a special application, they are difficult to
receive, in this study several layer thicknesses were examined for E-glass, and Kevlar-
29 because they are easy to receive for experimental test. The effect of load-central
deflection for different layer thicknesses for 20 layers of E-glass fiber, and Kevlar-29,
respectively with 20 mm of aluminum 5052 honeycomb core in mid-plane. Five
different layer thicknesses (0.2, 0.3, 0.4, 0.5, 0.6) mm for each ply of E-glass fiber, and
(0.1, 0.2, 0.3, 0.4, 0.5) mm for Kevlar-29 was considered in Figure (13), and Figure
(14), results exhibited good agreement with (Fang, Shi, Wang, Qi, & Liu, 2016), results
showed in small thicknesses, as the load increases, the deflection increased quickly,
but when increase layer thicknesses, as the load increases, the deflection increased
slowly. As to aluminum honeycomb core different types of aluminum did not show
significant difference, but effect of thickness of core, and cell shapes showed in Figure
(15), and Figure (16). In Figure (15) three different thickness of aluminum 5052
honeycomb core (10, 14, and 20) mm was considered, results showed by increasing
honeycomb core thickness from 10 mm to 20 mm, the energy absorption increased
by 70%. In Figure (16) three types of cell shape (Convex, semi-entrant, re-entrant) was
considered, and showed Convex is more effective type, absorb more energy, and
made a minimum load-deflection. Figure (17) showed the effect of load on central
deflection by increasing Kevlar-49 layers in (Kevlar, Glass fiber, and aluminum5052
honeycomb core) sample; due to high strength and modulus of elasticity of Kevlar-49
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layers the central deflection decreased by increasing Kevlar-49 layers instead of S;
glass fiber.
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Figure (8): The deflection of symmetric sandwich composite plate with honeycomb

core at four ended clamped boundary conditions in different face-sheet layer
thickness.
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Figure (9): Effect of different types of glass fiber on central deflection for 0.3 mm
thickness for each layer of (R-glass, AR-glass, A-glass, D-glass, C-glass, E-glass, EGR-
glass, and S2) with Aluminum 5052 honeycomb core.
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Figure (10): Effect of load on deflection of the different types of (R-glass, AR-glass,
A-glass, D-glass) fiber hybrid with Aluminum 5052 honeycomb core.
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Figure (11): Effect of load on deflection of different types of (C-glass, E-glass, EGR
glass, S2) fiber hybrid with Aluminum 5052 honeycomb core.
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Figure (12): Effect of load on deflection of different types of Kevlar fiber hybrid

with Aluminum 5052 honeycomb core.
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Figure (13): Effect of load on deflection of different layer thickness of E-glass fiber
hybrid with Aluminum 5052 honeycomb core.
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Figure (14): Effect of load on deflection of different layer thickness of Kevlar-29
fiber hybrid with Aluminum 5052 honeycomb core.
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Figure (15): Effect of load on deflection of different layer thickness of Aluminum
5052 honeycomb core (20mm, 14mm, and 10mm) with Kevlar-29 fiber hybrid.
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Figure (16): Effect of load on deflection of (Convex, semi-entrant, re-entrant) cell
shape of Aluminum 5052 honeycomb core with Kevlar-29 fiber hybrid.
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Figure (17): Effect of load on central deflection for S; glass fiber, Kevlar-49, and
mixing layers of Sy-glass and Kevlar-49 with Al-5052 honeycomb core.

6. Conclusion
Analytical solution of multi layered symmetric laminated sandwich composite plate is
a need as a first step design of new body armors. As exact solutions for calculation of
the plate’s maximum bending deflection is not available, the approximate solution by
using Ritz method is an efficient method for solving this problem. Validated results by
FE method through (ANSYS 2021R1/LS-DYNA) showed fantastic agreement with
analytically modeled results. According to this validation, the ANSYS steps are correct
for all cases. Through parametric investigations, the study concluded the following
results:
e S2-glass and R-glass are the best two materials for energy absorption, and
have minimum central deflection while compared to other examined types of
glass fibers.
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e Among three examined types of Kevlar, Kevlar-49 has more energy dissipation
to absorb load, and made minimum deflection because of its higher strength
and modulus of elasticity as compared to other types of Kevlar.

e Changed layers and mixed S2-glass with Kevlar-49 with constant load and
thicknesses; the results showed that central deflection decreases by increase
Kevlar-49 layers instead of S2-glass fiber, and Kevlar-49 layers are better when
placed in the front of face-sheet and absorb more load and decrease central
deflection.

e While studying laminate thickness, several different laminate thicknesses
changed for E-glass face-sheet, Kevlar-29 face-sheet, and aluminum 5052
honeycomb core results showed that central deflection decreases as layer
thickness increased with constant load.

e Finally, the geometric of cell shapes of honeycomb core laminated has affect
in reducing the plate’s central deflection. The results proved that the Convex
cell of honeycomb core plays a great role in absorbing the force energy as a
result reduced the plate deflection by 8% than semi-entrant and re-entrant,
and Kevlar-49 is better than other types because it has a greater strength and
modulus of elasticity.

e Glass fibers are materials of low ductility, but when used as layers in
composite plate, the plates overall deflection was reduced, and laminated S2-
glass fiber better by 14.73% with compared to Kevlar-29.
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