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Abstract- Glass Fiber composites are considered to have fmiterse as a reinforcing material in epoxy
polymer based composites because of their goodgihrestiffness etc., in present study, mecharpoaperties

for glass fiber composites were evaluated. Herass&fiber is the fiber reinforcement and epoxy p@y resin

as a matrix material. Composites were prepared lgitigitudinal (Unidirectional) and cross (Bidireatial)
glass fiber reinforced with epoxy based polymer.chMamical test i.e. compression and tensile test wer
performed on UTM and the results are reported. fdwmlt showed compressive and tensile strength of
unidirectional and bidirectional glass fiber reirded epoxy polymer composites and presented theluzian.

Index Terms- Glass Fiber, Epoxy polymer resin, compression,idandniversal Testing Machine (UTM)
random mat. Continuous-fibre composites are often
1. INTRODUCTION made into laminates by stacking single sheets of

£ terials that s in bett e desired strength and stiffness properties fibtie

of two or moré materials ihat resutts in beteq, hoq 59 high as 60 to 70 percent. Fibres produce
properties than those of the |nd|V|dgaI Componen[Eigh—strength composites because of their small
usetd .allont;.-.. In .tcontrast tto hmeta}ll|(:| aIrI]oyi,:ad;:ac iameter; they contain far fewer defects (normally

material retains 1ts separate cnemical, physi & surface defects) compared to the material prodirced

mechanical properties. The two constituents A Ik As a general rule, the smaller the diametéhe

reinforcement and a matrix. The main advantageSﬂ re, the higher its strength, but often the cost

c?frfnposne mz_terlgls 'tﬁrle tf(ljelr _Ptugh hstrength NMcreases as the diameter becomes smaller. In
S'IthnebSTI,( CO”: |_ne| W'” ow fen5| Y, W ﬁp C%mgt?‘re ddition, smaller-diameter high-strength fibres dnav
Wi UK materiais, aflowing for a weight reductio greater flexibility and are more amenable to

in the finished part. The reinforcing phase proside;_, . .. ; -
the strength and stiffness. In most cases, ﬂ{%té?ilcatlon processes such as weaving or formireg ov

reinforcement is harder, stronger, and stiffer ttan

matrix. The reinforcement is usually a fibre or a  Typical fibres include glass, aramid, and carbon,
particulate. Particulate composites have dimensiomghich may be continuous or discontinuous. The
that are approximately equal in all directions. yhecontinuous phase is the matrix, which is a polymer,
may be spherical, platelets, or any other regutar onetal, or ceramic. Polymers have low strength and
irregular geometry. Particulate composites tenttdo stiffness, metals have intermediate strength and
much weaker and less stiff than continuous fibretiffness but high ductility, and ceramics havehhig
composites, but they are usually much less expensiwstrength and stiffness but are brittle. The matrix
Particulate reinforced composites usually contass| (continuous phase) performs several critical fuorei
reinforcement (up to 40 to 50 volume percent) due tincluding maintaining the fibres in the proper
processing difficulties and brittleness. orientation and spacing and protecting them from
. . _abrasion and the environment. In polymer and metal
. A fibre has a length that is much greater than hatrix composites that form a strong bond between
diameter. The length-to-diametafd] rafio is known -y, "o "ang the matrix, the matrix transmits lpad
as t_he aspect ratio and can vary grea}tly [6]'.from the matrix to the fibres through shear loadatg
C_ontlnqous flbrgs have long aspect ratios, Wh"ﬁﬁe interface. In ceramic matrix composites, the
dlscqnt|nuou§ fibres ha\(e short  aspect ratlo%bjective is often to increase the toughness rattaar
Contlnuous—fl_bre composites _”Ofm*'?‘”y havg 3he strength therefore; a low interfacial strenigtimd
preferred orientation, while _ dlscpntmuous f|bre§ desirable. The type and quantity of the
generally have a random orientation. Examples (?Einforcement determine the final properties the

contlnuolusth remJor:c?melzntg d'.nCIUd?].I un'd'rec?onalpighest strength and modulus are obtained with
woven clofn, and helical winding, While examples O, iinous —fibre composites. There is a practical

discontinuous reinforcements are chopped fibres an imit of about 70 volume percent reinforcement that
can be added to form a composite. At higher

34



International Journal of Research in Advent Technology, Vol.2, No.11, November 2014
E-1SSN: 2321-9637

percentages, there is too little matrix to suppbe 2.1.1 GlassFibre
fibers effectively. Fibre glass has a white colour and is available dsy

The Theoretical strength of discontinuous-fibr fibre fabric as shown in Fig.Four major types of

. : - Glass Fibre used for composité&sglass. have good
composites can approach that of continuous-fibre h & electrical P lass h 40%
composites if their aspect ratios are great enaurgh strengt electrica re5|st|V|ty$-g ave au7

higher strength, better retention of properties at

e e i oo o2 | slevated_temperauresC-gss ' have corosion

Discontinuous-fibre ~ composites _ are norma”y'resstantQuartz: have Iov_v d|electr|c properties, good
. . : . Mfor antennae. There are in two different typesooff

somewhat random in alignment, which dramatlcall)ove ut alass fibre

reduces their strength and modulus. However, putg '

discontinuous-fibre composites are generally muctnidirectional

less costly than continuous-fibre compositesUnidirectional tapes have been the standard witien

Therefore, continuous-fibre composites are useaerospace industry for many years, and the fibre is

where higher strength and stiffness are required (btypically impregnated with thermosetting resinsp&a

at a higher cost), and discontinuous-fibre compasit products have high strength in the fibre directionl

are used where cost is the main driver and strengtirtually no strength across the fibres. The fibaes

and stiffness are less important.[6]. Continuobse held in place by the resin. Tapes have a higher

are of three types according to direction of fibles strength than woven fabrics. As shown in fig.2

Longitudinal or Uni-directional 2. Transverse or B

directional 3. Cross or Multi-directional. Bi-directional
Most fabric constructions offer more flexibility rfo
2. EXPERIMENT layup of complex shapes than straight unidirectiona

tapes offer. Fabrics offer the option for resin
impregnation either by solution or the hot melt
T . : process. Generally, fabrics used for structural
selection is done depending upon the propertideto applications use like fibers or strands of the same

|m_parted to the end_product. Major f|bre_s are used weight or yield in both the warp (longitudinal) afiltl
remforcgment materials such as Glass Fibre, Carbon(transverse) directions. For aerospace structures,
F & tightly woven fabrics are usually the choice toesav

- weight, minimizing resin void size, and maintaining
Fiber orientation during the fabrication process.

2.1 Elementsand Specifications of Composites
There are a number of reinforcement materials had t

2.1.2 Thermosetting Resin
Resin is a generic term used to designate the polym
r The resin, its chemical composition, and physical
, Kevlar (Middle), properties f%%ﬁ%eﬂta&'asgﬁ?océr the processing,
. fabrication, and”ultimaté properties of a composite
material. Thermosetting resins are the most diverse
and widely used of all man-made materials. They are
easily poured or formed into any shape, are

T —

e —
g . o compatible with most other materials, and cure itgad
Finer I "t i, Sompression mold g (by heat or catalyst) into an insoluble solid.
Qrientation |2 = W abHCE, wWoviEn v
Mulzidirechonal : k> T T T
Flbes & it
Crrienfaticn :-'_ I

Figiure 1. Fiberglas (Left)
| £ Flain forcemma ypas:
Unigirectional _

Fikier

Processes:

Qriertation

Thermosetting resins are also excellent adhesinds a
bonding agents. Epoxy resin is mostly used.

Epoxy resin
" Epoxy resins are much more expensive than polyester
And Carbon fibre (Right) resins because of the high cost of the precursor
Figure 2 Different Glass Fiber orientations chemicals most notably epi chloro hydrin. However,

the increased complexity of the ‘epoxy' polymericha
or Graphite fiber, Kevlar or Armid fiber etc. Glafes  and the potential for a greater degree of controhe
reinforcement is available in several forms likeefis, cross linking process gives a much improved matrix
rovings, chopped strands, yarn and mats. A paaticulin terms of strength and ductility. Most epoxies
form is chosen depending on the moulding methodgquire the resin and hardener to be mixed in equal
and properties to be imparted to end productproportions and for full strength require heatirg t
Element of Polymer composite are Glass fibecomplete the curing process. This can be
hardener, Epoxy Resin, Releasing agent. advantageous as the resin can be applied dirextly t

the fibres and curing need only take place atithe t
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of manufacture. And known as pre-preg or prdablel Composition of composite material

impregnated fibre. Material f Mix
Epoxy polymers are made by reacting S.No. ateria’ for Specification ratio by
epichlorohydrin with bisphenol-A in an alkaline composition weight
solution which absorbs the HCI released during the .| Araldite-AW- .
condensation polymerisation reaction. Each cham ha 1 Epoxy Resin 106 1 Liter
a molecular weight between 900 and 3000 with an - Hardener HV-953 0.8 Litef
epoxide grouping at each end of the chain but nore E-Glass 75
within the polymer chain. . )
The epoxy is cured by adding a hardener |n 3 Glass Fiber (E-300) gm per
b 2.5 gm/cn sample

equal amounts and being heated to about 120°C. The
hardeners are usually short chain diamines such as - . .
ethylene diamine. Heat is usually required sinee tne-2 Fabrication of composite material

cross linking involves the condensation of waterhe fabrication of the polymer matrix composite was
which must be removed in the vapour phase. done at room temperature. The required ingrediehts
resin and hardener were mixed thoroughly in beaker
as shown fig.5 and the mixture so made was
transferred to mould cavity of the mould and the
mould tightened with the help of nuts & bolts.

2.2.1.Dough Preparation

The required mixture of resin & hardener were made
by mixing them in (10:8) parts in a beaker by sigr
the mixture in a beaker by a rod taking into céua t
no air should be entrapped inside the solution.

Figure 3. Epoxy Resin 2.2.2Mould preparation

Two wooden moulds of size 310 X 185 X 10 (mm)
were used for casting of polymer matrix composite
slabs. The moulds made of pressed wood. The mould
comprises of two plates one top & other bottom &
third rectangular mould cavity inside. After thag b
placing the three pieces together drill the holethé&n

it has to be tightened by nuts & bolts as shown in
fig.6. Each mould has four samples each sample has
size of 300 X40 X10 mm.

! )

J‘g

e

Figure 4. Hardener

2.1.3 Hardener
A substance or mixture added to plastic compositio
to promote or control the curing action by takiraytp _ .
in it. Also, a substance added to control the degfe Figure 5. Mixing of Resin & Hardener
hardness of the cured film

2.2.3Cagtings of samples
2.1.4Releasing Agent The dough prepared was transferred to mould cavity
It is oil obtain from the engine after burn which i Py care that the mould cavity should be thoroughly

2.1.5Compositions of composite material

Compositions of composite material for preparatibn
sample for Testing are purchased from market of
Delhi, India and are shown in table No.1
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Figure 6. Mould Assembly

2.2.4Curing

Curing was done at room temperature for approx
hrs. After curing the mould was opened slab taketr
of the mould and cleaned.

2.3 Material Propertiestesting of composite
material

Compression & Tensile tests were carried out u
Universal Tensile testing machine & Tensile tes
machine respectively foBamples ofUnidirectional
and bidirectional oriented glafiber reinforced epox
resin based polymetomposite. Each test have t
sample from Unidirectional and two samples fr
bidirectional glass fiber composite materials stalt
four samples are required from unidirectional amat
samples from bidirectial composites are requir:

125 S
Figure 7. Prepared samples (Uimiectional

2.3.1Compression Test

The values of Compression strength of speci
Composite material with different Alignment of fit
is given in Table 2. Compression Test was ed out
on UTM as shown in fig.8

Table 2  Rsult from compression test with aver:
of value from two samples
Specimen Ultimate Compressive
force(KN) strength, (M Pa)
Uni-directional 104 52
Bi-directional 2.8 14

Figure 8 Compression test on samples

2.3.2 Tensiomest

(YT T e

The tensile test on unidirectional and bidirectic
glass fiber samples were performed on two specit
of each prepared Composites materis shown in
fig.9 and the tensile strength, ultimate fc, yield
force and elongatiowere obtained and given in tat
no.3

Table 3 Result from Tensile test with average of va
from two samples

g 4 22 |los | S
£ | 22 | EL|zBE| BE
2 | 3% 28|82z 58
Uni- .
directional| 2-12° | 3:37¢| 16.87 | 0.75
direl(B:Eonal 1.425 | 1.61t | 8.07 0.25

Figure 9 Tensile test on samp

3. RESULTSAND DISCUSSION

Fabricated materials have been tested on Univ
Testing Machine for find out the value of ten:
strength, Compressive strength yield force, ulte
force andElongation with different alignment of fibe

The tensile test & Compression test
longitudinal direction was performed on fc
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specimens of each prepared composites materia
the Yield Force, Ultimate force, Elongation, Tea:
strength & Compressive strength and obtained. it
be noted that the test was successful because alli
teged specimens the fracture occurred in the mi
of the specimen. The calculated values of
Compressive strength and its corresponding valer
given in Table 2. And the values of tensile strér
and its corresponding value in tabl

3.1 Result of different values of compression test on
graph

ULTIMATE FORCE(KN) FOR
COMPRESSION TEST
15
10 ®ULTIMATE
FORCE(KN)
i “-9
0
& N
A
2 &\Oe
S
<
$
GLASSFIBER COMPOSITE

Figure 10 Values of ultimate forces

COMPRESSIVE STRENGTH (MPa)

60
50
o = COMPRESSIVE
o STRENGTH, (MF
20 a)
: -

0 - .

GLASSFIBER COMPOSITE
Figure 11 Values of compressive stren

Result shows in fig. 1&he value of ultimate force
case of unidirectional alignent is greater than tl
ultimate force in bidirectional Alignment and rets
shows in fig 11, The value @ompressive strength
case of unidirectional alignment is greater thaa
Compressive strength in bidirectional alignm

3.2 Result of different values of tension test on graph

TENSILE TEST FOR SAMPLES

5 ELONGATION
(mm)

uYIELD FORCE
(KN)

ULTIMATE
FORCE (KN)

GLASSFIBER COMPOSITE

Figure 12 Values of ultimate forces, yieforce and
elongation

TENSILE TEST FOR SAMPLES

ETENSILE
STRENGTH
(MPa)

5
GLASSFIBER COMPOSITE
Figure 13 Values of Tensile stren¢

Result shows in fig. 12shows that the value
Elongation, yield force and Ultimate force case of
unidirectional alignment is greater than
bidirectional alignment and fig3 shows that the
value of Tensile strength in tensile test greate
unidirectional orientation of glass fiber reinfod
epoxy based polymer composi

4. CONCLUSION

In all the testing of properties of material
compression and tension on samples o-directional
and bidirectional glass fiber reinforced epoxy re
based polymer composites, following points h
been concluded.

» Unidirectional oriented glass fibreinforced
epoxy composites have large value of all
properties such as Ultimate force, vyi
force, Compressive strength, Ten:
strength, elongation etc. in tensile as wel
compression testlt means unidirection:
oriented glass fiber compositthave more
strength than Bidirectioni

e The comparison between result of both
fig.10 &12 shows that the value of ultime
force in Compressive test is greater than
value of ultimate force in Tensile test in ci
of unidirectional alignment & bidictional
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alignment. It means Compressive strength is
more in Glass fiber based epoxy composites.
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