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Abstract
Sandwich panels made of thin polymer composite materials have been developed and characterized as an alternative material to the
mild steel sheet sheets conventionally used as face sheet materials [outer cover] for refrigerator, washing machine, and in automotive
appliances like automobile, boat etc. In this paper sandwich panel made of Glass Chopped Strand Mat (GCSM) face sheets with
polyester foam Coremat XM, polyester foam Coremat Xi and jute are fabricated. Flexural behavior of sandwich panel is studied.
Theoretical results of sandwich panel is compared with 0.8 mm M.S. specimen conventionally used for manufacturing the body of
automobile, cover of many machines and appliances. The load versus deflection relation of sandwich panel is almost linear. The
strength and deflection are calculated theoretically by the equations derived from theory of bending. From the results It is found that

sandwich composite have quite superior properties, which can be used for various engineering applications.
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I. INTRODUCTION

Composite material means consisting of two or more distinct
phases.Thus the material having two or more distinct
constituints, having dictinct interface seperating them are
called as composite materials.Polymer composite are
important class of composite materials in which polymers are
reinforced by stiff and high strenght fibers. They have proven
properties in number of engineering fields such as
aerospace,automotive and civil engineering. Reason for their
getting more popular day-by-day is that they accommodate
desirable properties like lightweight,high stiffness to weight
and strength to weight characteristics and good corrosion
resistance.

Sandwich structures are found to be most in case of high
specific bending stiffness and strength.A sandwich is three
layer structure made up of an upper and lower face sheets
(skins) and core in between them which are bonded together
as shown in figure 1.The face sheet carries in plane
loads,while the core maintains a distance between face
sheets.The face sheets can be made of isotropic or anisotropic
materials such as metal sheets and FRP laminates respectively.

Core Material

Face sheets

Fig 1 Sandwich composite structure

For isotropic materials like metals, I-beam is an efficient
structural shape as most of the material is placed in the flanges
situated farthest from the center of bending and neutral axis. In
sandwich panels, the facesheets are equivalent as the flanges
and the core acts as the web. In bending of beams, the lower
face sheet is in tension, while the upper face sheet is in
compression, and the core is mainly loaded in shear.

When a sandwich panel is subjected to transverse load, a
bending moment acts on the panel, which creates tensile and
compressive stresses in the skins and shear stresses in the core.
The sandwich panel should be strong enough to bear these
stresses. Thus, the behavior of the sandwich panel in bending
is considered to be critical for intended applications of thin
polymer composites. Thin sandwich panel sheets are designed
to be stiff, strong, light weight in comparison of mild steel
(MS) sheets of thickness ranging between 0.7 to 1.0 mm. MS
sheets of such thickness are usually employed for making auto
bodies and the covers of many other machines and appliances.

2. FABRICATION PROCESS

Sandwich panels are fabricated from which specimen are cut
in required sizes depending on the test being performed. For
fabricating a single sandwich panel core material and GCSM
materials are cut in to pieces of 350mm x 400mm size. The
epoxy is mixed with 10% hardener thoroughly. Sandwich
panels are fabricated using the hand layup process and are
cured in between two glass plates for 48 hours at room
temperature.
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Fig 2 Fabrication process: symmetric Lay-up

1. Woven Glass fabric

2. Glass Chopped Strand Mat fiber

3. Core material (J-CORE, Xi-CORE, XM-CORE)
4. Thin Mylar sheet

5. Glass plate

6. Bricks

For fabricating a sandwich panel, over the bottom glass plate,
a thin Mylar sheet is placed which works as release sheet as
the epoxy does not stick to it. A thin layer of resin is then
applied on this Mylar sheet by a brush. Then one layer of
woven glass fabric is placed on the resin layer. A thick layer
of resin is applied on the fabric sheet to wet the fibers
completely, followed by a layer of GCSM. Then one layer of a
core material (Jute, Coremat Xi, or Coremat XM is placed on
this layer and rolled by using a roller. This ensured that the
resin is uniformly spreaded over whole layer. Then a core
material is impregnated with resin. Then, the upper CSM and
upper face sheet reinforcement sheet is placed and resin is
brushed over it. The assembly is rolled to remove excess resin.
The top Mylar sheet and glass plates are placed. Over the glass
plate, some bricks (Total weight ~ 52 Kg) are laid to develop a
light pressure. In this manner following three type os
sandwich panels are fabricated.

1. Panel 01- CSM fiber is used as outer and inner face sheets.
Polyester foam Coremat XM / epoxy is treated as a core a
material (CSM/XM/CSM).

2. Panel 02- CSM fiber is used as outer and inner face sheets.
Polyester foam Coremat Xi / epoxy is treated as a core
material (CSM/Xi/CSM).

3. Panel 03- CSM fiber is used as outer and inner face sheets.
Jute fabric / epoxy is treated as a core material
(CSM/JINIICSM).

2.1 Specimen Geometry

Static flexural behavior of thin sandwich panel has been
studied using a three-point flexural test. In this study, a three-
point bend specimen is used with a span length of 62 mm.
The three-point flexural test has been carried out on the
sandwich specimen of dimensions 90 mm x 20 mm as shown
in Figure 3.
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Fig 3 Geometry for the 3-point flexural test

3. THEORETICAL ANALYSIS
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Fig 4 3-point flexural tests (Schematic)

Bending stress and deflection equations are developed from
simple theory of plate bending. Bending stress at a point of the
sandwich panel is given by,

:E PL(D,, -vnylz)
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and the deflection w at the midpoint of the 3-point bend
specimen is

H‘_E

Where,

B : width of the specimen

L : length between the supporting rollers

P : the center load

Dij : the components of bending stiffness matrix [ Agarwal
and Broutman, 1990]

vij : the Poisson's ratio

Ex: the elastic modulus of outer face sheet

z : the distance from the mid plane.
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4. RESULTS AND DISCUSSION

Different sandwich panels are developed by using Glass
chopped strand mat (GCSM).Three kinds of core materials
such as polyester foam Coremat Xi, polyester foam Coremat
XM, and Jute fabric are used with each type of face sheet for
developing different kinds of sandwich panels. The results of
sandwich panels are compared with that of 0.8 mm thick MS
Sheet, conventionally used for manufacturing the body of
automobile, cover of many machines and appliances. Section
4.1 discusses about the conventional mild steel material for the
cover of machines and appliances. Section 4.2 discusses about
CSM/Xi/CSM thin sandwich panel. Section 4.3 discusses
about CSM/XM/CSM thin sandwich panel and Section 4.4
discusses CSM/J/J/CSM thin sandwich panel. Section 4.5
compares flexural stiffness of all kinds of thin sandwich
panels and conventional material; Also flexural strength of
sandwich panels was reported.

4.1 Mild Steel Sheet

Mild steel yields at a very early stage of the midpoint
deflection less than 1 mm. It then plastically deforms and
work hardens. Load vs. deflection relation for 0.8 mm thick
MS sheet is as shown in Figure 5, conventionally used in
manufacturing the auto outer body.
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Fig 5 Load vs. deflection curve for 0.8 mm thick MS
specimens

To compare various thin sandwich panels with 0.8 mm thick
MS Sheet, the flexural stress and center deflection of 0.8 mm
thick MS sheet are calculated from simple theory of plate
bending. The calculations are done at a load up to yielding and
their details are listed in Table 1. The flexural failure of the
mild steel plate specimen takes place due to the yielding
because all the points on the cross section of the plate are not
uniformly stressed.

Table-1 Theoretical center deflections and Theoretical flexural stresses for 0.8 mm thick MS plate Specimens

Specimen No. Load up to Thickness Deflection [w,] at the o, (MPa)
yielding (N) (mm) center (mm)
MS-1 17.5 0.8 0.5077 127.1
MS-2 10.9 0.8 0.3162 79.19

4.2 CSM/Xi/CSM Sandwich Panel

Following table reports theoretical center deflections and
theoretical flexural stresses for CSM/Xi/CSM specimen.
Compare to MS specimen load is considered up to yielding

and for all sandwich panels peak load is considered for this
study. [9].

Table-2 Theoretical center deflections and Theoretical flexural stresses for CSM/Xi/CSM specimen

Specimen Thickness Peak Load Deflection (wz)at (6x) MPa
peak load (mm)
CSM/Xi/CSM 3.43 309 4.1406 158.2
CSM/Xi/CSM 3.46 298 3.9356 151.1
CSM/Xi/CSM 3.25 285 4.4061 159.0
CSM/Xi/CSM 3.45 300 3.9900 152.8
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4.3 CSM/XM/CSM Sandwich Panel

Table-3 Theoretical center deflections and Theoretical flexural stresses for CSM/XM/CSM specimen

Specimen Thickness Peak Load Deflection (w,)at (6,x) MPa
peak load (mm)
CSM/XM/CSM 3.50 299 3.8810 150.8
CSM/XM/CSM 3.46 207 2.7634 106.9
CSM/XM/CSM 3.20 242 3.9276 140.6
CSM/XM/CSM 3.33 240 3.5256 131.3

4.4 CSM/J/JICSM Sandwich Panel

Table-4 Theoretical center deflections and Theoretical flexural stresses for CSM/J/J/CSM specimen

Specimen Thickness Peak Load Deflection (w,)at (ox) MPa
peak load (mm)
CSM/J/J/ICSM 3.00 415 7.4243 247.1
CSM/JIJICSM 2.96 382 7.0861 232.7
CSM/JIJICSM 2.96 365 6.7707 222.3
CSM/JIJICSM 2.96 400 7.4200 243.6
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Fig 6 Comparison of load vs. deflection curves of Chopped
Strand Mat (CSM) fiber face sheets based thin sandwich
specimens with 0.8mm thick MS sheet

Flexural strength of sandwich panels with GCSM face sheets
is 1.38 times greater than that of yield strength of MS sheet.
From above figure, it can be concluded that thin sandwich
specimens are having load bearing capacity and flexural
stiffness as intermediate in case of CSM fiber face sheets as
compared to 0.8 mm thick MS sheet.

4.5 Flexural Stiffness of Sandwich Panels

For a sandwich panel, the flexural stiffness is a very important
parameter under flexural loading. Greater the flexural stiffness
a panel has, lesser is the deflection of the panel. Thus, in the
designs where the deflection of the panel is required to be
restricted, the flexural stiffness is taken into consideration.

_ pr’
48 Bw

Where,

D is the flexural stiffness in MPa-mm3

P is the Experimental load in N

L is the distance between supporting rollers in mm
B is the width of a specimen in mm

w is the Experimental deflection in mm

The flexural stiffness of various kinds of sandwich panels are
compared with 0.8 mm thick MS sheets which are
conventionally employed in manufacturing the car outer body.
The average flexural stiffness of specimens of each kind of
sandwich panel is reported in Table 5.
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Table-5 flexural stiffness of various thin sandwich specimens and 0.8 mm thick MS sheet

Specimen Avg. Avg. Avg. Avg.

Thickness Peak Theoretical Flexural

(mm) load (N) Deflection stiffness

(mm) (GPa-mm3)

CSM/Xi/CSM 3.40 298 4.1203 21.20
CSM/XM/CSM 3.37 247 3.5244 16.12
CSM/AJNICSM 2.97 390.5 7.1752 17.54
MS 0.8 175 0.4119 7.627

From above, it can be concluded that various thin sandwich
specimens are having load bearing capacity and flexural
stiffness as intermediate in case of CSM fiber face sheets, as
compared to 0.8 mm thick MS sheet.

5. CONCLUSIONS

In this study high strength ,high stiff GCSM face sheets are
fabricated with a Polyster foam coremat and jute is used as a
core material to form composite sandwich panel . The load
versus deflection relation of all sandwich panels is almost
linear. The strength and deflection are calculated theoretically
by the equations derived from theory of bending. The flexural
stiffness of sandwich panels is 2.5 — 3.5 times the 0.8 mm
thick MS Sheet. While, the flexural strength of sandwich
panels is 1-2 times the 0.8 mm thick MS Sheet.
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