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Abstract:

Composite sandwich plates are gaining increasing
popularity in engineering practice, due to their — strength, high
— stiffness — to — light — weight ratio. Durable materials are
always desired by structure engineer. Composite materials of
thermoplastics origin are blended with fiber glass or carbon
fiber to produce a sandwich type composite, used in sandwich
panels is now becoming the structural material in engineering
sciences and automobile parts in recent years also due to its
light — weight and anti — corrosion properties. Although carbon
fiber reinforced-polymer meets the demands, but its anisotropy
makes the connection of structural elements considerably weak
which is the main cause that make its high strength not be
utilized fully. However, the lower face lamina, the top face are
made of polypropylene with (30%) fiber glass or (1%)carbon
fiber composite, sandwich laminates are made of thin outer skin
of fiber reinforced polymer adhesively bonded to a thicker core
of foam. Composite materials in sandwich panels require
knowledge of the mechanical behavior of the materials used for
the facings and the core. In this work, different mathematical
models will be used to evaluate structural analysis of the
sandwich panels. The results of the experimental study have
showed that reinforced thermoplastics composite will have
potential benefits for the structures in future.

1. Introduction :

Sandwich panels are composite structural elements,
consisting of two thin, stiff, strong faces separated by a
relatively thick layer of low-density and stiff material. The faces
are commonly made of steel, aluminum, hardboard or gypsum
and the core material may be polyurethane, polyisocyanate,
expanded polystyrene, extruded polystyrene, phenolic resin, or
mineral wool. In Australia, sandwich panels are commonly
made of expanded polystyrene. Sandwich construction has been
widely used in aircraft and many structural applications for a
long time. In recent years, sandwich panels are increasingly
used in building structures particularly as roof . They are also
being used as internal walls and ceilings. However, research and
development of sandwich panels with profiled faces began only
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in late 1960s . Due to the increasing interest in the use of
structural sandwich panels ,a good deal of research has
continued in recent years .

2. The origins Of Sandwich Technology :

The first successful landing of a space ship on the moon on
20™. July 1969 was the result of the successful application of a
number of new technologies including rocketry , computers and
sandwich construction .Although public interest catered on
rocketry and computer technology , it was only with the help of
sandwich technology that a shell of the spacecraft could be
constructed that was light in weight and yet strong enough to
sustain the stresses of acceleration and landing . figure 1 shows
the wall construction of the Apollo capsule which consisted of
two interconnected sandwich shells. Figure 2 shows details of
the outer shell, which comprised two thin steel facings and a
honeycomb core. The inherent advantage of sandwich
construction is immediately apparent, namely, high strength and
rigidity at low weight.
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Figurel Sandwich construction of the Apollo capsule.
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Figure 2 Cellular sandwich forming the outer shell of the Apollo
capsule.
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3. Principles of Sandwich Construction :

The structure of sandwich panels always follows the same
basic pattern. Two facings, which are relatively thin and of high
strength, enclose a core which is relatively light and which has
adequate stiffness in a direction normal to the faces of the panel.
A great many alternative forms of sandwich construction may
be obtained by combining different facing and core materials. as
shown in figure 3.

(a) Expanded plastic core.  (b) Honeycomb core.

(¢) Mineral wool core.
Figure 3 sandwich construction with different cores.

The resulting composite panel owes its success to the following
favorable properties:
» high load-bearing capacity at low weight.

» excellent and durable thermal insulation.
+ absolute water and vapor barrier.

+ excellent air tightness.
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» surface finished facings providing resistance to weather
and aggressive environments. Capacity for rapid
erection without lifting equipment; easier installation in
hostile weather conditions.

Facing Materials :

Relatively thin, high-strength sheets are generally used as facing
materials.

Steel facings :

Thin steel sheets are the most frequently used facing material.
In general, only sheets with both metallic and organic (plastic)
coatings should be used.

Aluminum sheeting :

Sandwich panels with facings made of bare aluminum sheet are
sometimes used in applications where there are special
requirements for corrosion resistance or hygiene; for example,
in the production or storing of foodstuffs.

Composite materials:

Composite materials consist of two or more materials combined
in such a way that the individual materials are easily
distinguishable. The individual materials that make up
a composite are called constituents.

4.1 Constituents of Composite Materials:

Matrix :

Phase that receive the inserts in phase composition is
continuous phase and is called as matrix. It is also called as
binders .Ex- Polymer, Ceramics, Metals.

Polymers:

Polymers used for auto body applications may be split into
thermoplastics and thermosets.

Thermoplastic Polymers :

Thermoplastics can be divided into amorphous and crystalline
varieties. In amorphous forms the molecules are orientated
randomly.

Thermosetting Polymers :

Thermosets are generally more brittle than thermoplastics so
they are often used with fiber reinforcement of some type.
Reinforcement:

Fibers are the principle constituents in fiber reinforcement
composite materials.
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Glass fiber :

Glass fiber are the oldest form of strength fiber used in
composite structure materials.

Carbon fiber:

Nowadays carbon fibers finds its own place in the composite
materials where weight reduction are valuable.

Figure 4 and Figure 5 show the main components in the
extruder coupled with injection moulding machine .

5. Experimental Work :

Typical Extruder
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Figure 4 Rabta Extruder.

6. Injection Moulding Process :
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Figure 5 Extruder coupled with injection moulding.
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7. Result And Discussion :-

Fiber Mass Fraction :
Fiber mass fraction is defined as:

Mf = Mass of fibers / Total mass
In consequence, the mass of matrix is:

Mm = Mass of matrix / Total mass
With : Mm =1 - Mf

Fiber Volume Fraction :
Fiber volume fraction is defined as:

VT =Volume of fiber / Total volume
As a result, the volume of matrix is given as:

Vm = Volume of matrix / Total volume
With : Vm=1-Vf

Mass Density of a Ply :
The mass density of a ply can be calculated as :

p = total mass/ Total volume
The above equation can also be expanded as:

_ mass of fiber  mass of matrix
total volume ~ total volume

_ volume of fiber ~ volume of matrix
total volume total volume

m

Theoretical calculations for strength, modulus, and other
properties of a fiber reinforced
composite are based on the fiber volume fraction in the
material.

Experimentally, it is easier to determine the fiber weight
fraction Mf, from which the fiber volume fraction vf and
composite density pc can be calculated :

pc =vf x pf+ vm x pm

Mechanics of fiber-reinforced composites :

The mechanics of materials deal with stresses, strains, and
deformations in engineering structures subjected to mechanical
and thermal loads.
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As a result, the mechanics of fiber-reinforced composites
are far more complex than that of conventional materials. The
mechanics of fiber-reinforced composite materials are studied
at two levels:

1.

The micromechanics level, in which the interaction of
the constituent materials is examined on a microscopic
scale. Equations describing the elastic and thermal
characteristics of a lamina are, in general, based on
micromechanics formulations. An understanding of the
interaction between various constituents is also useful
in delineating the failure modes in a fiber-reinforced
composite material.

The macro mechanics level, in which the response of a
fiber-reinforced composite material to mechanical and
thermal loads is examined on a macroscopic scale. The
material is assumed to be homogeneous. Equations of
orthotropic elasticity are used to calculate stresses,
strains, and deflections .

8. Compliance And Stiffness Matrices :
Specially Orthotropic Lamina ( 6 =0° or 90°) :

where :

gxx Sll SlZ 0 Gxx O-xx
gxy = S21(2312) S22 0 ny :[S] ny
7xy 0 0 865 Ty Ty
1
S11 = E_
11
V V
Sp=S,=- E12 __E_21
11 22
1
Sy = E_
22
1
See ==
Gy
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Uxx Qll le 0 gxx gxx
oy |=|Qu(=Qy) Qy 0 Eyy :[Q] Eyy
Txy 0 0 QGG j/xy 7/><y
Where [Q] represents the stiffness matrix for the specially

orthotropic lamina.
Various elements in the [Q] matrix are :

— E11
Q11 1_V12V21
Ezz
QZZ 1_V12V21
le =Q21= Vlezz _ V21E11
1_V12V21 1_V12V21
Qe =Gy

The strain-stress relations for a general orthotropic lamina, can
be expressed in matrix notation as:

¢ S_11 S_12 8_16 Oy
Oy :[S} Oy

Sy |= Sp Sy Sy
7 Xy S16 S26 S66 Txy Z-xy
- )“-\-\._H
—2 T~
= . y
. j __,J-_;fo"
"*'—r.ﬁ.-*[«'?“- e
R ——
LS H"H‘;}J =

Expressing stress in the x ,y coordinate system in terms of
stresses in the 1,2 coordinate
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system in the following way , shear strain must be used in the
transformation:

2 2

m n -2mn o,

2

a Q

m 2mn o,

mn -mn m?-n?| |7,

where : m=cos(0), and n =sin(0).

{ny } :[T ]{0-12}
{oy =T Neu =T IQIT T {sy ) =[Q J{es |

Oy« Qu le Qle Evx
Ow | = Qun Q. Qy Evy

Txy Q_16 Q_26 (566 e Xy

where [Q] represents the stiffness matrix for the lamina.
Various elements in the [Q] matrix are expressed in terms of the
elements in the [Q] matrix as :

Q,, =Q,, cos* 0 +2(Q,, +2Q,,)sin? Hcos® #+Q,, sin" 6,

Q,, =Q,,(sin* #cos* ) + (Q,, +Q,, —4Q,, ) sin? #cos? 6,

Q,, =Q,, cos’ 6+2@Q,, +2Q,;)sin’ Gcos’ 6 +Q,, sin" ,

Qi = Q,,-Q,, —2Q,;)sinAcos® 6+ (Q, —Q,, +2Q) sin’ A cos o),
Qs =(Qy —Qp, —2Q,,)sin* cos O+ (Q,, —Q,, +2Q,,)sin A cos® 6,
Qq = Q. +Q,, - 2Q,, - 2Q,,)sin® Acos® 0 +Q,, (sin* Hcos* A).

Using the same matrix manipulation, the reduced compliance
matrix can be generated as follows :

[S1=1Q]-1
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€, S11 S12 S 16 o,
g (= S;, Sp Sy y
Exy S 16 S 26 S 66 Xy

These expressions are :

S, = 1 =5,,€05* 0 +(2S,, +S4)sin* Ocos’ 0 +S,,sin* 6,

3 ny s 4 4 ) 2
S”__E =S, (sin*@+cos* B)+ (S, +5,, —S¢;)sin* dcos’ b,
— 1 .4 -2 2 4
322=E—=3115'n 0+(2S,, +Sg)sin“fcos™ 0 +S,, cos” 6,

Sy =-M, =(25,,-25,,-S)sindcos* 0 (2S,,~2S,,~S)sin’ Hcosd,

) =S
Sy =-M, =(25,-25,,-S)sin’ Ocosd— (25, - 25, -S;)sin O cos* 6,
S, =1 =2(25,,+25,,~4S,, —S,.)sin 0c0s 0+, (sin‘ 0+ cos" ).

Xy

Figure 6 and Figure 7 show variation of properties in
unidirectional composite as a function of fiber angle for a
single ply of Polypropylene with (30%) Fiber glass and (1%)
Carbon Fiber composite respectively .

Figure 3,6 shows the variation of the moduli and Poission
ratio values for all angles between (0 and 90 0 ). This gives a
clear picture of the performance of unidirectional composites
when subjected to off-axis loading , Figure 3,6 represents the
results for Polypropylene and fiber glass blend .The reinforced
mixture of Polypropylene and carbon fiber is shown in figure

3,7.
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Figure 6 Variation of elastic properties for a single ply of
Polypropylene
with (30%6) Fiber glass composite.
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Figure 7 Variation of elastic properties for a single ply of
Polypropylene
with (1%) Carbon Fiber composite.
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9. Conclusion :

Sandwich panels has future to replace conventional metals

in airspace, automobile and building industries due to their light
weight and energy saving and carbon dioxide low emissions.
Most structures are not loaded in a single directions. The
orientation of sandwich panels are in multiple directions
stacking the multiple phase together and enhancing the major
mechanical properties.
Stress strain correlations of composite materials made from
polypropylene reinforced by fiberglass or carbon fiber are
shown superiority and are in the range of applications in the
field of airspace, automobile and building industries.
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