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In the recent years, mankind has established that the protection of the environment becomes a vital part in the discovery of
any engineering applications. Several engineering applications in the areas of agriculture, forestry, energy industries, have
developed several composite materials in place of other materials for its effectiveness. This work focuses on synthesis of a
composite material and the matrix material used in the research work was epoxy resin. Glass fibres were used as the
reinforcement material for the preparation of the hybrid epoxy based composite. The epoxy used in this work is LB011 epoxy
resin lapox B_11. The hardener used is Triethylenetetraamine (TETA). The composite laminates are prepared by varying the
weight proportion of the glass fibres and tested for its mechanical properties. The composite laminate with high tensile strength
is selected for the investigation of machining properties of the composite laminate. Optimization of machining parameter are
carried out by a novel analysis called Desirability Function Analysis (DFA), which is an optimal tool considered for the
problems with multi objective optimization function.
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Introduction superior that glass fibre and carbon fibre. The epoxy
used in this work is LBO11 epoxy resin lapox B 11.
Environment protection plays an important role in The hardener used is Triethylenetetraamine (TETA).

the mankind. There are several engineering applications Optimization of turning process parameters using
which involve several materials that pollute the environ- TGRA is demonstrated to determine the optimal process
ment after its usage. This factor is taken into considera- parameters [1]. The effect of fibre length on the mechanical
tion for the development of degradable materials such behaviour of coir fibre reinforced epoxy composites are
as composite materials for the protection of the environ- analysed [2]. The machinability study of GFRP composites
ment. The natural fibres are finding more importance during end milling are discussed for determining the
both in the industries and in fundamental research due optimal process parameters [3]. The UV radiation affects
to their accessibility, low density, economy and good the FRP materials and changes the external appearance
mechanical properties. There are more natural fibres of the polymer composite materials [4]. The coconut
available such as glass, basalt, jute, banana, carbon and palm tree fibres are examined for several mechanical
other synthetic fibres. Composite are materials consisting properties testing such as, ultimate tensile strength, size,
of two or more constituents having a distinct interface density, elongation and so on [5]. A correlation between
separating them. Design of experiments is carried out the cutting process parameters and the responses are
to plan the experiments to analyse the responses. The arrived [6]. The Palm Kernal Fiber (PKF) has good tensile
non-linear regression analysis is used to develop the strength and hardness [7]. The machining parameters
mathematical model for the responses. Basalt fibre is a on the CNC end milling process of halloysite nanotube
material made from very fine fibres of basalt. Basalt with aluminium reinforced epoxy matrix hybrid com-
fibre composes of mineral plagioclase, pyroxene and posite using Taguchi design optimization are optimized
olivine. The mechanical properties of basalt fibre is effectively [8]. Properties of fibres derived from the

coconut palm tree are higher when compared to other
composite materials [9]. Taguchi signal to noise ratio
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properties and thermal resistance. These fibres find
several applications in the fields such as; aerospace
engineering, automobile engineering, sports equipment
manufacturing due to its excellent strength and hardness
[11-13]. The machining of GFRP composite are inves-
tigated and optimized. The desirability function analysis,
response surface methodology are used as the optimization
tools to determine the optimal machining parameters of
the composite laminate. Mathematical models are de-
veloped and validated [14-15]. Grey relation analysis is
also demonstrated to determine the optimum machining
characteristics of the composite laminate [16-17]. Ex-
perimental investigation of the the mechanical properties
and optimization of the process parameters for natural
fibre reinforce epoxy based composite is performed
[18]. Taguchi grey relational analysis technique is used
for the optimization of the stir casting process parameters
in aluminium- silicon carbide composite [19]. The
synthesis and investigation on the mechanical properties
of the aluminium alloy with titanium boride composite
is performed [20]. The Optimization of friction stir
welding process parameters on hybrid metal matrix
composites are investigated [21]. RSM, Taguchi analysis
and Grey relational analysis are used for multi objective
optimization for the determination of optimal process
parameters by several researchers [22-24].

Experimental Setup

The process parameters selected in this work are
fibre orientation angle, helix angle, spindle speed and
feed rate. These parameters are most influencing para-
meters that are considered in the fabrication of the glass
fibre reinforced composite laminates. The orientation
of the fibre is considered as important because it gives
the perfect bonding between the matrix and reinforcing
materials. Also while machining of the GFRP composites,
the helix angle, spindle speed and fed rate are considered
because they are considered to be more efficient parameter
in providing minimum surface roughness, cutting force
and Delamination factor. The three levels for these process
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parameters are chosen depending on the recommendation
of the industrialists and selected by the previous researchers.

The epoxy based composites are fabricated using
compression moulding machine. 4 samples are prepared
and tested for its mechanical properties. Glass fibres
were used as the reinforcement material for the
preparation of the hybrid epoxy based composite.
Glass fibres are available in the form of mat as shown
in Fig. 1 and during the compression moulding process,
the glass fibres are laid one over the other and the
epoxy is spread over each layer of the glass mat to
obtain a composite laminate.

The weight percentage of the glass fibres are varied
to obtain for composite laminates. The epoxy used in
this work is LBO11 epoxy resin lapox B_11. The
hardener used is Triethylenetetraamine (TETA). The
composite laminates are prepared with varying the
glass fibres with 10%, 20%, 30% and 40% reinforcement
and remaining with the epoxy. The composite laminates
prepared are shown in Fig. 2(a-d).

The universal testing machine is used for testing the
tensile strength of the composite material and it is
observed that the sample 4 with 40% glass fibre re-
inforcement provides higher tensile strength when com-
pared to the other samples. This composite laminate is
further selected for the machinability studies in a CNC
milling machine. End milling of the composite laminate
is performed in the composite laminate to establish the

Fig. 1. Glass fibre mat.

e

Fig. 2. Composite laminates.

(c) (d)
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Table 1. Experimental data

S. No Fibre Orientation Helix Angle Spindle speed  Feed rate Surface Machining Delamination
Angle (degrees) (Degrees) (rpm) (mm/rev) Roughness, pm Force, N Factor
1 15 25 2000 0.06 0.91 20.58 1.008
2 15 25 2000 0.06 0.96 22.81 1.006
3 15 25 2000 0.06 0.97 21.56 1.025
4 15 35 3500 0.08 0.86 24.25 1.025
5 15 35 3500 0.08 0.95 24.85 1.028
6 15 35 3500 0.08 0.88 23.55 1.018
7 15 45 5000 0.1 1.14 23.77 1.015
8 15 45 5000 0.1 0.98 24.32 1.017
9 15 45 5000 0.1 0.99 25.38 1.034
10 60 25 3500 0.1 1.05 28.12 1.032
11 60 25 3500 0.1 1.06 29.12 1.04
12 60 25 3500 0.1 0.97 31.87 1.023
13 60 35 5000 0.06 1.14 27.36 1.055
14 60 35 5000 0.06 1.23 25.97 1.035
15 60 35 5000 0.06 1.28 24.98 1.038
16 60 45 2000 0.08 1.05 28.02 1.046
17 60 45 2000 0.08 1.09 27.02 1.034
18 60 45 2000 0.08 1.16 25.87 1.045
19 105 25 5000 0.08 1.58 36.31 1.052
20 105 25 5000 0.08 1.73 37.21 1.058
21 105 25 5000 0.08 1.62 29.87 1.057
22 105 35 2000 0.1 1.54 30.21 1.071
23 105 35 2000 0.1 1.61 31.12 1.069
24 105 35 2000 0.1 1.68 29.82 1.065
25 105 45 3500 0.06 1.42 28.36 1.068
26 105 45 3500 0.06 1.51 30.27 1.087
27 105 45 3500 0.06 1.57 30.19 1.072

relationship between the machining process parameters
and the response. The fibre orientation of the glass
fibre reinforcement, helix angle of the milling cutter,
spindle speed and feed rate are considered as the process
parameters in this research work. Surface roughness,
machining force and Delamination factor are considered
as the response. The surface roughness is evaluated using
Mitutoyo Surface roughness tester. For each experiment,
three reading are taken using the surface roughness
tester and the averages of these three values are recorded
as the final value for surface roughness. The measurement
of force during milling operation is carried out using
Kistler dynamometer. Machining forces are measured
using the dynamometer. The machining force is combines
tangential force, feed force and radial force. These
three forces can be measured using digital dynamometer
which is attached to the milling machine during the
milling process of the laminated composites. Delamination
factor is measured using a high resolution optical
microscope. L,; orthogonal array is used and 27
experiments are conducted at three levels of the fibre
orientation angle, helix angle, spindle speed and feed
rate. The responses are measured for each experimental
run and the experimental data is presented in Table 1.

Desirability Function Analysis

Optimization of machining parameter are carried out
by a novel analysis called desirability function analysis
(DFA), which is an optimal tool considered for the
problems with multi objective optimization function.
This research work is based on L,; orthogonal array
used for analysing the machining parameters while
machining the basalt fibre reinforce epoxy based
composite. The individual desirability function for the
responses is calculated using the formula as suggested
by Derringer and Suich.

Results and Discussions

Composite desirability is calculated from the individual
desirability of each process parameters. Analysis of
variance (ANOVA) is carried out for the composite
desirability to find the significant process parameter on
the composite desirability of the composite material.
The ANOVA table for composite desirability is shown
in Table 3. It is observed that fibre orientation angle
plays a major significant role followed by spindle
speed, feed rate and helix angle. From the experimental
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Table 2. Individual and Composite Desirability
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Fibre Orientation Helix Spindle Feed Surface Rough- Machining Force - Delamination Factor - Composite

Run Angle Angle speed rate ness— Desirability  Desirability Desirability Desirability Rank
1 15 25 2000 0.06 0.942529 1 0.975309 0.9726 27
2 15 25 2000 0.06 0.885057 0.865905 1 0.915937 26
3 15 25 2000 0.06 0.873563 0.94107 0.765432 0.858246 24
4 15 35 3500 0.08 1 0.779314 0.765432 0.843246 23
5 15 35 3500 0.08 0.896552 0.743235 0.728395 0.787776 20
6 15 35 3500 0.08 0.977011 0.821407 0.851852 0.882046 25
7 15 45 5000 0.1 0.678161 0.808178 0.888889 0.788745 21
8 15 45 5000 0.1 0.862069 0.775105 0.864198 0.834258 22
9 15 45 5000 0.1 0.850575 0.711365 0.654321 0.736557 19
10 60 25 3500 0.1 0.781609 0.546603 0.679012 0.664719 17
11 60 25 3500 0.1 0.770115 0.48647 0.580247 0.604344 11
12 60 25 3500 0.1 0.873563 0.321106 0.790123 0.60822 13
13 60 35 5000 0.06 0.678161 0.592303 0.395062 0.544727 10
14 60 35 5000 0.06 0.574713 0.675887 0.641975 0.632351 16
15 60 35 5000 0.06 0.517241 0.735418 0.604938 0.6158 14
16 60 45 2000 0.08 0.781609 0.552616 0.506173 0.605487 12
17 60 45 2000 0.08 0.735632 0.612748 0.654321 0.668362 18
18 60 45 2000 0.08 0.655172 0.6819 0.518519 0.61716 15
19 105 25 5000 0.08 0.172414 0.054119 0.432099 0.162113 3

20 105 25 5000 0.08 0 0 0.358025 0 1
21 105 25 5000 0.08 0.126437 0.441371 0.37037 0.278006 8
22 105 35 2000 0.1 0.218391 0.420926 0.197531 0.266376 7
23 105 35 2000 0.1 0.137931 0.366206 0.222222 0.227278 5
24 105 35 2000 0.1 0.057471 0.444378 0.271605 0.193899 4
25 105 45 3500 0.06 0.356322 0.532171 0.234568 0.358009 9
26 105 45 3500 0.06 0.252874 0.417318 0 0 1
27 105 45 3500 0.06 0.183908 0.422129 0.185185 0.246618 6
Table 3. Analysis of Variance for Composite Desirability
Deeol SoidSmal AJomol ATmenamol pie Py
Fibre orientation angle 2 1.98351 1.98351 0.99175 133.79 0.000
Helix angle 2 0.00251 0.00251 0.00126 0.17 0.846
Spindle speed 2 0.02993 0.02993 0.01496 2.02 0.162
Feed rate 2 0.00536 0.00536 0.00268 0.36 0.701
Error 18 0.13343 0.00741
Total 26 2.15474

R-Square value — 93.81%

data, ti is observed that all the values recorded for
composite desirability falls with the central median line
and it is highly acceptable. The response table for
means for composite desirability is presented in Table 4.

The effect of composite desirability on fibre orientation
angle, helix angle, spindle speed and feed rate are shown
in Fig. 3. It is observed that as the fibre orientation
angle increase, the composite desirability decreases
drastically. It is also observed that there is no major
change in helix angle, feed rate and spindle speed with
respect to the composite desirability while machining
of the composite material. The ranking of the composite
desirability is done in the revised manuscript. And it is

Table 4. Response Table for Means for composite desirability

Spindle Feed

Fibre Orientation  Helix
Level

Angle Angle speed rate
1 0.8466 0.5627 0.5917 0.5716
2 0.6179 0.5548 0.5550 0.5382
3 0.1925 0.5395 0.5103 0.5472
Delta 0.6541 0.0232 0.0814 0.0333
Rank 1 4 2 3

observed that the combination of the process parameters;
fibre orientation angle, 15 degrees, helix angle, 25 degrees,
spindle speed, 2000 rpm and feed, 0.06 mm/rev provides



Experimental investigation and optimization of machining parameters during machining of glass fibre 545
Fibre OrientationAngle Helix Angle

0.8 1

0.6 . ~
>
£ 0.4
®
=
E 0.2+
= 15 60 105 25 35 45
= Spindle speed Feed rate
]
E- 0.8+

0.6+ e -

S ——e
0.4
0.2 1
2000 3500 5000 0.06 0.08 0.10

Fig. 3. Effect of process parameters on Composite desirability.

the highest value in the ranking of composite desirability.

Conclusions

Environmental protection is established by the use of
the epoxy based composite materials. This research
work is based on L,; orthogonal array used for analysing
the machining parameters while machining the basalt
fibre reinforce epoxy based composite. The responses
considered are surface roughness, machining force and
Deamination factor. A composite desirability value is
obtained using the individual desirability functional
values arrived from desirability function analysis (DFA).
Analysis of variance for surface roughness is carried
out and the R-square value is found to be 96.29%.
Similarly Analysis of variance for delamination factor
and machining force is carried out and the R-square
value is found to be 90.28 and 87.45% respectively.
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