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Abstract. Composites with different configuration of fiber (E-Glass) and metal (Aluminium) laminates were fab-
ricated and tested for grasping optimum hybrid structure. GLARE (Glass laminate aluminium reinforced epoxy) is a
unique composite recently being used by wide engineering domains like defense body and vehicle armors, aerospace,
marine and structural applications. The GLARE hybrid composites are manufactured by adding very thin layer of al-
uminium sheets (surface treated) on the surface of unidirectional E-Glass fiber fabrics in presence of epoxy polymer.
Firstly three hybrid GLARE laminates were fabricated with different volume fractions. Consequently, impact and
flexural behaviors are measured by izod, charpy impact and flexural tests for all volume configurations. Impact re-
sistance of such hybrid laminate is intensively great. The results depicts that the linear metal volume fraction (MVF)
increment on fiber metal laminates greatly increases impact energy absorption capacity of composites and little dif-
ference in flexural modulus. Finally the fractured surfaces were analyzed by optical microscope.

Keywords: GLARE composite, impact energy, flexural test, epoxy polymer, aluminium sheet, E-Glass fiber.

1 Introduction

The authentic approach and supplementary evolution
of GLARE / Fiber metal laminates (FML’s) are com-
menced in 1980-90’s to use in the high fatigue areas of
civil modern aircrafts (Airbus A380 upper fuselage) and
defense armors [1]. The exclusive nature of polymer
composites such as low crack propagation rate and higher
tolerance on damage pushes the researchers to utilize it
among various engineering applications. PMC’s are well
known for its enhanced mechanical properties and tailor-
ability [2]. Glass fibers are one of the emerging and ver-
satile materials available in practically incalculable quan-
tity and supply. Silica is a major chemical constituent of
glass fiber. It exhibits appropriate property like transpar-
ency, electrical and chemical resistivity, inertness and
stability [3—5]. Castrodeza [6] used compliance technique
to calculate crack resistance of Bidirectional compact
tension GLARE composite specimens and reported that
elastic compliance technique provides highly accurate
and predictable results on flexural and crack propagation
behavior of the GLARE composites (Table 1).

In [8] Gopalakrishnan Ramya Devi fabricated fiber
metal sandwich (Hand layup process) structure made up
of aluminium sheet AA1050, woven E-Glass Fabric rein-

forced with epoxy polymer and analyzed various drilling
parameters and reported that influence of stacking se-
quence on impact parameters of fiber metal configura-
tion.

Santiago reported that higher volume fraction of metal
layers results in good impact resistance [9]. Gonzalez
studied tensile behavior of low ductile aluminium rein-
forced FML’s and reported that an increase in the metal
composition may results in higher strain to failure [10].
Aghamohammad et al., studied surface morphologies of
various fractured fiber metal laminates by using pro-
filometry, SEM and optical microscopy, they reported
that FPL-Etching and anodizing treatments remarkably
improves the flexural properties of FML’s [11].

This proposed work focuses on fabrication of hybrid
GLARE composites with different fiber metal laminate
(FML) volume fraction; flexural and impact study of
hybrid configurations under varying load conditions;
fractured surface morphological analysis with different
magnification ratios by using Olympus metallurgical
microscope; identification of optimum hybrid structure
for proposed applications.
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2 Research Methodology

2.1 Material

The epoxy LY 556 polzfmer base matrix (density
0.9 g/em’, viscosity 1.25-10" cP) was used to fabricate
hybrid laminates supplied by Covai Seenu and Company,
Coimbatore, Tamilnadu-India. W152 LR hardener (densi-
ty 1.2 g/em’, viscosity 1.30-10* cP) used as resin acceler-
ation catalyst. The resin hardener mixed in the proportion
of 65/35. AA 2024 (thickness per layer 0.1 mm) laminat-
ed E-Glass fiber with areal density of 200 g/m” supplied
by Hindustan composite solutions, Mumbai-India, is
utilized as reinforcement. Properties of reinforcements
are shown in Table 1.

Table 1 — Properties of reinforcement, MPa

Parameter Value
Maximum strength 35
Young modulus 2.45-10°
Fracture toughness 229
Yield Stress 365

2.2 Laminates preparation

The volume fraction of a resin-fiber mixture is calcu-
lated by the following relationship:

V. = W, /p; M
F = :
w W, W
m o4 f1 + f2
Pw  Pp Pr2

where Wy ,, W, — weight of fibers 1, 2 and matrix;
P2, pm — density of fibers 1, 2 and matrix.

The reinforcement and matrix volume fraction of all
the three hybrid laminates were depicted in Table 2.

Table 2 — FML volume fraction, %

Specimen Reinforcement Matrix
(Al + E-Glass) (Epoxy)
GLARE 1 70 30
GLARE 2 65 35
GLARE 3 60 40

Similarly micro surface of the specimens before test-
ing is exposed in Figure 1 a, b in the magnification ratio
of 100 X and 200 X respectively.

In the proposed study GLARE hybrid composites with
different volume fraction configurations were fabricated
by Vacuum Assisted Resin Transfer Molding Process,
which is well known for its quality of finishing and non-
pores strong products. Three hybrid laminates
(250%250 mm plate) as shown in Table 2 were fabricated
and samples were prepared as per ASTM standard by
water jet machining process. The surface and edge
smoothened samples of Impact (izod and charpy) and
Flexural tests are shown in Figure 1.

2.3 Characterization

The impact tests were carried out by the AIT-300N
impact pendulum which has strike velocity of 5.6 m/sec,
pendulum diameter 1600 mm, hammer weight 18.7 kg.
ASTM D256 and ASTM D6110 standards were followed
for izod and charpy tests respectively. The three point
bending tests were done for specimens made as per
ASTM 790 standard (80x13x3 mm) using Instron 4486
(short head speed 4 mm/min). The test results are report-
ed for various hybrid GLARE laminates.

Figure 1 — Optical microscope images of specimens before test
for the magnification ratio 100 X (a) and 200 X (b)

A

Figure 2 — Charpy (a), Izod (b) and
flexural (c) impact test specimens

3 Results and Discussion

3.1 Impact tests

Charpy and izod impact test results of hybrid GLARE
laminates were shown in Figure 3. The 70 % fiber metal
laminate reinforced composites shows better impact re-
sistance than other two composites.

Comparison of energy absorption rate of fiber metal
laminates shows that the higher FML volume results in
better energy absorption. The above results clearly de-
picts among 60, 65, and 70 % of fiber volume fractions
60 and 70 % FML shows good resistance against impact
energy where as 35% epoxy matrix GLARE laminate has
moderate impact resistance. Specimen 3 (70 % FML
reinforced) absorbs 15 % higher impact load than other
two configurations due to its great inter facial bonding
between metal laminates and matrix. Results show that
higher the volume fraction possesses better mechanical
properties.
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Figure 3 — Izod (a) and Charpy (b) impact test results

3.2 Flexural test

Figures 4 and 5 provides the stress-strain and force
displacement relationship curves 60, 65, and 70 % of
fiber metal reinforced laminates. Among these three hy-
brid laminates 65 % FML reinforced samples shows
20 % higher flexural modulus than other two configura-
tion. It clearly indicates that moderate FML reinforce-
ment improves the flexural property significantly.
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Figure 4 — Stress-strain curve

1300
1200
1100
1000
900
800
2700

o
5 600
'S

3 3.6 42 48
Disp.(mm)

Figure 5 — Force-displacement curve

3.3 Optical microscope analysis

The characteristics of the flexural and impact tested
composite surfaces of the proposed work are studied with
optical microscope (Olympus Metallurgical Microscope).
Cross sectional specimens of fractured surface were pre-
pared for analysis. The observed microscope images con-
taining matrix material, Aluminium and E-Glass lami-
nates are shown in Figure 6.

Figure 6 — Cross-sectional optical microscope images
of fractured surface for matrix (a) and Aluminium /
E-Glass laminates (b)

The results portrays that the deformation or breaking
of fiber laminates are restricted by the aluminium rein-
forcement. Contemporaneously aluminium laminates
shows uneven fracture. These phenomena spectacles the
moderate weight percentage inclusion of FML considera-
bly enhances the mechanical properties of GLARE.

4 Conclusions

Epoxy matrix aluminium laminated glass fiber rein-
forced (GLARE) composites fabricated by vacuum as-
sisted resin transfer molding with different volume frac-
tions and its impact, flexural behavior and fracture sur-
face analysis were done. The test results shows that high-
er fiber metal laminate volume possesses excellent impact
resisting property, dynamic mechanical property and very
minor crack propagation, whereas moderate FML volume
possess good flexural property than higher volume of
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BnuiuB 06°€MHOI KOHIIEHTpAaLil A TIOMOCHIIKATHUX (POTTOKOH

HA THYYKICTb riOpHIHUX aJIOMONOJIMEePHUX KOMIIO3UTIB
Cantomr M. C., Camikymap P.

Texuonoriuauii konemk CimpBam, 7 Canem muisx, 637003, Hamakxan, M. Taminaay, [Hmis

AHoTauisi. KoMio3urtu 3 pi3HOIO CTPYKTYpOIO aTIOMOCHJIIKATHUX BOJIOKOH OYJIM BUTOTOBJICHI 1 BUNIPOOYBaHi s
OTPUMAaHHS ONTUMAJIbHOI TIOPUIHOI CTPYKTYPH. AJIIOMOIONIMEPHHN KOMIIO3HUT € YHIKaJbHUM MatepiajoM, KUl
OCTaHHIM YacOM Ma€ LUIMPOKY chepy BUKOPHCTAHHS B iH)KeHepii, 000POHHOMY KOMILIEKCi, TPaHCIIOPTHHUX 3aco0ax,
aepoKOCMIUHIH 1 Mopchkii Tamyssx. ['iOpmmHi komnosntn GLARE BHpOONSrOTBCS i3 JOAaBaHHSAM HaATOHKOTO
MIOBEpXHEBO 0OpOOIIEHOro IMapy allOMiHIIO Ha TIOBEpPXHI OJHOHAmNpaBieHHX TKaHWH E-Glass i3 BKIIOUCHHSIMHA
enokcuaHoro noiiMepy. Criogarky Oyiio BUroroieHo fekinpka MatepianiB GLARE 3 pisanM ¢pakmiiHuM cKiazoM.
VY pesynbTaTi AOCHiIKYyBalach IOBEIiHKA MaTepialy NpH 3TWHAHHI A BUSBICHHS yCiX MapaMeTpiB THYYKOCTI.
BusiBneHo HaaBenukui Koe(illi€eHT yAapHOTO OMOpYy TAaKoro ribpuaHoro marepiaiy. Pesynabratu mokasaiu, Mo
30UTBIIEHHS] KOHIIGHTpAIlii MeTany 3HauyHO 30UIbIIye 34aTHICTh MOTJIMHAHHS €Heprii Ha KOMIIO3HT, a TaKOX
MATBEPIWIM HE3HAYHy 3MiHYy MOIYJS IpPYXXHOCTI mepmoro pony. HaoctaHok, 3pyHHOBaHi TOBepxHi Oymn
JOCIIJDKEHI 13 3aCTOCYBaHHSAM OITHYHOTO MiKPOCKOILY.

KiwuoBi ciaoBa: amroMOmNoNiMepHUI KOMIIO3UT, CHEprisl BIUIMBY, TECT Ha THYYKICTh, CMOKCHUIHUH MoOJiMep,
AIFOMIHIEBUH JIMCT, AJTFOMOCHIIKATHE BOJOKHO.
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