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Abstract: Recently, composite materials are used in various
automotive applications. The reasons for composite materials are
low weight and can withstand high strength. The present work
focuses on the preparation and characterization of some advanced
Fiber metal laminate (FML) like Al/BF with epoxy, Al/CF with
epoxy, Al/GF with epoxy and its automotive application. Fiber
metal laminate is the arrangement of metal fiber, resin in required
stacking order. The required fiber metal laminate was fabricated
using compression moulding process and the samples were
subjected to wide range of mechanical and thermo mechanical
characterizations such as tensile strength, impact, erosion wear
and flammability test respectively. All the tests are done as per
ASTM standards. The applicability and replaceability of the
material with conventional automotive materials were studied and
results were tabulated.
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I. INTRODUCTION

Composite materials made up of two or more suitable

materials in order to improve the mechanical properties and
other related constraints, improves the performance and
reduces the manufacturing cost. Most of the common
composite fibers are glass, carbon and organic and some of
the dedicated applications were used with boron, silicon
carbide and alumina those are commonly termed as ceramics
and ceramic based fibers. Several researches were undertaken
with natural fibers, synthetic fibers, glass and carbon fibers as
reinforcement materials in order to find the suitability for
automotive, aerospace applications [1]. Natural fiber
composites are credited with good specific strength, stiffness
and low density however lacks in durability of untreated and
results in swelling since the name has high moisture
absorption property [2]. The usage of synthetic fibers was
restricted as the consciousness towards conserving the
environmental has been considerably increased. Even though
the consumption of synthetic fibers improves the stiffness
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and strength  properties. The recyclability and
biodegradability hinder the adoptability of the synthetic
fibers [3-6]. The advancement in fiber reinforced polymer
composite laminates with glass and carbon fiber as
reinforcement are widely used for many engineering
applications such as aerospace, automotive, oil and marine
industries owing to their physical as well as mechanical
properties. Fiber glass was first used as an insulation material
for thermal, electrical and acoustic applications. It is also
used for wide variety of applications as it has good chemical
resistance, resists water attacks on the other hand lacks in
mechanical properties. Carbon fibres irrespective of having
wide potential properties such as resistance to high
temperature, high strength, high stiffness to weight ratio,
good corrosion resistance which is very expense and hence
hinders its use in some of the commercial applications. On
the other hand, sophisticated applications in the aerospace
industries now greatly relies on carbon-based materials.
These provoking hindrances are greatly overcome by
adapting fiber metal laminates as a potential replacement for
these conventional fibres [7]. FML finds various application
in the field of aircraft industries owing to its rich mechanical
properties. FML is to have various layers of metals and fibers
which are stick together by means of adhesive bonding using
resin normally epoxy. Aluminium alloys find its place in
FML due to its light weight. Beside Al, other metal such as
magnesium, titanium, nitinol and steel are also used [8-10].

Il. EXPERIMENTAL DETAILS

A. Materials Used

E-Glass fiber mat were purchased from G.V.R.
Enterprises, Madurai, Tamilnadu. Ceramic foam was
purchased from Covai Seenu and company Coimbatore,
Tamilnadu. Basalt fiber mat were supplied by Sakthi Pvt.
Ltd., Chennai, Tamilnadu. Epoxy resin of type (VBR8912)
and hardner (VBR 1209) was used as the FML composites.
Epoxy and hardner were purchased from Vasavibala Resins
(P) Ltd., Chennai, Tamilnadu. A thin sheet of (thickness
0.4mm) Aluminium alloy Al2024 supplied by Covai metals,
Tamilnadu.

B. Fabication of Composites

FML are fabricated using basalt fiber/epoxy with
aluminium 2025 face sheet, E-Glass fiber/fepoxy with
aluminium 2025, Ceramic Foam/epoxy with aluminium 2025
face sheet face sheet the sequencing order of
AIl/BF/AI/BF/AI, Al/GF/AI/GF/AL, Al/CF/AI respectively.
The dimension of the sample what we have to fabricate is 300
x 125 x 3mm. So, we have to
cut the Aluminium sheet and
basalt, glass, ceramic fibre as
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per the dimension what we required. The sample is fabricated
using compression moulding machine, so it is necessary to
prepare proper mould for the preparation of sample. The
mould is consisting of three plates such as upper, middle,
bottom (300 x 125 x 3mm) of the plates. At the first wax have
applied in the mould surface, the reason for this applied is
easy to remove the plate from the mould die. After the
preparation of the mould and raw material we have to prepare
resin for the sample fabrication process. The resin is the
combination of epoxy (VBR 8912) and hardner (VBR1209).
The mixing ratio for the epoxy and hardner is 2:1. At last the
bottom and middle part or mould is attached together, and the
opposite corner of the mould is fixed with two bolts to arrest
the slide movement of the plates. The sample have three
layers of the aluminium and two layers of the fibers for
arranged by the above mention sequence order. The resin has
to be applied between each layer of the aluminium and fiber
by without any air bubbles(gap) formation. After the
applying and setting of all layer the top mould is have to be
fixed. Then the mould is placed on the compression moulding
machine and it have to be compressed at pressure of 150
kgf/cm3. The casting is allowed to cure in the room
temperature for about 5to 6 hours. Now the mould is removed
from the compression moulding machine and is cut into the
required dimensions by abrasive water jet machining for
various experiments tests.

C. Tensile Strength

The tensile test was conducted in Universal Testing
Machine according to the ASTM D638 to evaluate the tensile
strength of the specimen. The dimensions of the specimen are
200 x 20 x 3 mm, respectively.

D. Impact Test

An impact test was conducted in lzod Charpy Testing
machine according to the ASTM D256 to study the impact
energy of the specimen. For this testing the sample is made
up of dimension as (65 x 13 x 3) mm.

E. Erosion Test

An erosion wear tests of the FML composites were
performed in air jet erosion tester to measured for calculating
erosion rate of the specimen. The sample size of the specimen
according to the ASTMG76 standard dimension is 25x 25 x 5
mm.

F. Flammability test

Flammability test was in done in UL94 prolific
Flammability tester. Flammability is the ability of a
substance to burn or ignite, causing fire or combustion. The
standard size of the specimen is 167 x 13 x3 mm.

I1l. RESULTS AND DISCUSSION

A. Effect on the tensile strength of FML (Al/BF/GF/CF)
Composites

Figure 1 shows the tensile strength of the FML
(Al/BF/GF/CF) composites which carried out the Universal
Testing Machine. It is observed from the figure that the
maximum tensile strength of the material is observed at 85.26
MPa for Aluminium/Basalt fibre mat combination. Tensile
strength of the Aluminium/Basalt fibre mat combination
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(85.26 MPa) was greater than the Alu/Ceramic Foam (40.82
MPa) and Alu/Glass fiber mat (64.97 MPa), combinations.
The Alu/Glass fiber mat (64.97 MPa), combination of tensile
strength is higher than the Alu/Ceramic Foam (40.82 MPa).
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Fig. 1: Tensile strength on FML (Al/BF/GF/CF)
Composites

B. Effect on the Impact strength of FML (Al/BF/GF/CF)
Composites

Figure 2 shows the Impact strength of the FML
(Al/BF/GF/CF) composites which carried out the Izod
Charpy Impact tester. The impact strength of the Alu/Basalt,
Alu/Glass and Alu/Ceramic combination of FML composite
is 21,18 and 17 J/m respectively. The Alu/Basalt (21 J/m)
combination impact strength is greater than the Alu/Ceramic
Foam (17 J/m) and Alu/Glass fiber mat (18 J/m),
combinations. The impact strength of Alu/Ceramic (17 J/m)
combination is lesser than the Alu/Basalt (21 J/m)
combination and Alu/Glass fiber mat (18 J/m), combinations.
Thus, the Alu/Basalt (21 J/m) combination is greater impact
properties of the sample.
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Fig. 2: Impact strength on FML (Al/BF/GF/CF)
Composites

C. Effect on the erosion test of AI/GF FML composite
and GF composite

An erosion wear is the damaging, gradual removal of
material at solid surfaces. Erosion test was conducted in Air
jet erosion tester according to the ASTM G76 standards. It
was conducted by the input response such as impingement
angle (90°), pressure (lbar), discharge (3.3g/m), and
exposure time (10,20,30,40min). Erodent particle was fixed
as alumina powder with average particle size of 80um. The
standoff distance i.e. the distance between the nozzle tip and
the target material was also fixed at 10 mm and the
experiment was conducted at room temperature. In this
process the weight loss for AI/GF FML composite and GF
composite was measured for
calculating the erosion rate for
the required specimen. The
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following formula is used to measured for calculating the
erosion rate. Erosion Rate(g/g) = Weight Loss/Discharge x
Time. Figure 3&4 shows the effect of erosion process
variable time and erosion rate in AlI/GF FML, GF composites
respectively. It is observed that AI/GF FML composite
samples possess reduced mass loss. The experimental results
were analysed from figure AlI/GF FML composite had shown
the better erosion resistive property. The erosion rates get
increased in Al/GF FML, when the time varies from
lower(10min) to higher (20min). The GF composites the
mass loss increases with increase in time.
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Figure 3 Effect of erosion process variable time and
erosion rate in AI/GF FML composite
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Figure 4 Effect of erosion process variable time and
erosion rate in GF composite

D. Flammability test of FML (Al/BF/GF/CF)
Composites

Flammability is the ability of a substance to burn or ignite,
causing fire or combustion. The degree of difficulty required
to cause the combustion of a substance is quantified though
fire testing. Flammability test was done in UL94 prolific
flammability tester. Table 1 shows the experimental table for
flammability results in FML (Al/BF/GF/CF) Composites.
The experimental results were analysed from Table 1 FML
(Al/CF) combination is could withstand (Ignition of one min
in 6mm) high flammability and could be used in fire
resistivity. For other FML (AlI/BF) and FML (Al/GF)
combination is could withstand (Ignition of one min in 9mm
and 8mm) respectively. It can be observed that FML (Al/CF)
composite samples possessed better fire resisting property.

Table | FML (Al/BF/GF/CF) Composite results obtained
from flammability
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AL/GF NOt_ 8 9.8143 9.8023 0.012
ignited
Not

AL/CF L 6 145692 | 14.4786 | 0.0906
ignited

IV. CONCLUSION

From the mechanical and thermal properties conducted for
the FML (Al/BF/GF/CF) composite the following
conclusions were made,

The following observations were made by analyzing the
results obtained from the various experiments performed.
The mechanical properties and thermal properties of the
developed FML were investigated and concluded that FML
that were made of Aluminium and ceramic (Al/CF)
combinations withstander flammability test for a short length
were ignited within min. And that the combination made of
FML (AI/BF) had a good tensile strength, and impact
property. The combination of FML (Al/GF) composite
material to attain good erosion resistance. Hence it could be
concluded that the combination of FML (Al/CF) composite
could withstand high flammability and could be used in
automotive firewall application.
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