International Journal of Innovative Technology and Exploring Engineering (IJITEE)

ISSN: 2278-3075, Volume-9 Issue-2S2, December 2019

Machinability Examination on Nylon-6 GFRP
Composite with Abrasive Water Jet Machining
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Abstract: This work is aimed to understand the influence of
Abrasive Water Jet Machining parameter on surface roughness of
the composites. Extrusion process is used to fabricate the Nylon 6
— GFRP composites. L,; orthogonal array is employed to conduct
the experimental studies. Three levels and three parameter namely
applied pressure; standoff distance and transverse feed are used to
study the effect on surface roughness. Taguchi method is
employed to determine the optimal combination of the machining
parameter. The maximum applied pressure, low transverse speed
and standoff distance is beneficial for reducing the surface
roughness. ANOVA is also employed to determine the
contribution of each process parameter on surface roughness and
it is found that standoff distance plays important role in reducing
the surface roughness followed by transverse speed and applied
pressure.
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I. INTRODUCTION

Glass Fibre Reinforced Plastic (GFRP) materials are
extensively used in numerous uses owing to their elevated
strength and modulus and added with low specific weight [1].
This property attracts the requirement of aerospace and ship
constructional materials. On other side Nylon 6 composites
are used extensively in bearings and gear wheels, because of
their high temperature stability [2]. Nylon 6 is used as
reinforcement and polycaprolactone is used as matrix
materials. Compression molding technique is used for the
fabrication of Nylon 6 reinforced composites [3]. Nylon 6 is
used as reinforced with kenaf fiber and their properties of the
composites are studied, it noted that tensile strength of the
composites improved marginally [4]. The problem persists
with the novel and a new material is forming into the desired
shape and size. Parida et al revealed that Abrasive Water Jet
Cutting (AWJM) of composite have a number of defy. So, it
is essential to build up a method to acclimatize the process
parameters for every GFRP material. The reason is machine
manufacturers may not have the complete data base for the
new/novel materials. The outcome of the study narrated that
machinability index of different composite materials is vary
and different and it is noted that traverse speed important
factor which affects the surface roughness of the composites
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[5]. Palleda conducted the experimentation to learn influence
AWJIM parameter on two different materials and it is
compared with GFRP, based on its surface roughness and
material removal rate. Applied pressure and Standoff
Distance are the key factors in affecting the surface
roughness and material removal rate [6]. Palanikumar et al
studied the influence of AWJM machining parameters on Ra
and MRR of GFRP composites using full factorial design.
Coated carbide tool is used to perform the experimentation
and the most influencing cutting speed, work piece fiber
orientation angle, depth of cut and traverse speed are selected
as control factors. Fiber orientation angle and cutting speed
highly influences the Ra and MRR [7]. Libor conducted an
experimental study on AWJM by oscillating the nozzle to cut
the GFRP composites and a performance is compared with
the standard AWJM process. It is noted that oscillating
nozzle is capable of producing good surface quality and
texture [8]. It is understood from the literature survey there
are studies which dealt with GFRP composites, there no or
less systematic studies in Nylon 6 reinforced GFRP
composites. In this work, an effort is made to studies the
machining behaviour of Nylon 6 reinforced composites.

Il. EXPERIMENTAL DETAILS

A. Materials and Methods

Nylon 6 and GFRP materials are purchased from Aaravi
marketing limited, India. Nylon 6 is purchased in the form of
plastic granules and GFRP sheet. GFRP sheet is cut into
small pieces equal to the size of Nylon 6 granules. Extrusion
process is used to fabricate the required number of
composites. APPL plastic extrusion machine with 100 kW
power supply is used to melt and to extrude the specimen
with the size of 30X200 mm.

B. Abrasive water jet machining of Nylon 6 reinforced
with 15% GFRP

To cram the influence of the abrasive water jet machining
parameters, the required numbers of nylon 6 reinforced with
15% GFRP is fabricated through extrusion process. The
dimension of the specimen is diameter 30 mm and 200 mm in
length. The abrasive water jet machining process is conceded
through Dardi International. The garnet abrasive particle
with 80 micron is used for the cutting the composites. The
flow rate of the garnet abrasive particle is maintained
constant throughout the cutting process. The cutting length is
fixed as 20mm for each cut, and the experiments are repeated
twice. Fig.1. shows the experimental setup used for abrasive
water jet cutting operation.
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machining parameters such as applied pressure, standoff
distance and traverse speed has important role in influencing
the R,. R, values for different applied pressure, traverse speed
and standoff distance are given in Table II.

Table-I1:Abrasive water jet experimental results

Ex. No P SoD Ts Ra
o o 1 144 1 20 3.664
: e 2 144 1 30 3.352
£ . 3 144 1 40 3.481
“ o : 144 2 20 3.881
Fig. 1. Abrasive water jet machining of nylon 5 144 2 30 3.506
reinforced composites 6 144 2 40 3.624
Surface roughness (R,) is carefully measured with non ! 144 8 20 3.209
contacting type optical measurements system. The top and 8 144 3 30 4572
bottom dimension of the cut surface is taken at three positions 9 144 3 40 4122
in entry and exit of the abrasive water jet machined area. The
procedure is repeated two times at both position of the 10 192 ! 20 3273
machined surface, and the mean values are listed. In this 11 192 1 30 3.642
learn, three I_evelsi are considered for every process 12 192 1 20 3631
parameter, as given in Table I.
13 192 2 20 3.352
Table- I:Abrasive water parameters and its array 14 192 2 30 4.010
Parameters Unit Level1 | Level2 | Level3 15 192 2 40 3.757
Applied Applied
pressure(P) MPa 144 192 240 16 192 3 20 3.872
Standoff
Distance(SoD) mm 1 2 3 17 192 3 30 3.809
Traverse Speed (Ts) mm/min 20 30 40 18 192 3 40 3.935
19 240 1 20 3.555
The parameter levels are selected inside the intervals,
P . . . 20 240 1 30 3.433
based on the specification given by the machine supplier.
Three process parameters at three levels directed to a total of 21 240 1 40 3.371
27 examinations. L,; orthogonal array is selected; table has 22 240 2 20 3523
27 rows equivalent to the number of parameter combinations, -3 220 5 2
with 26 degrees of freedom and 13 columns. The first, 2.859
second, and eighth columns of the orthogonal array are 24 240 2 40 3.718
allocated to the applied pressure, standoff distance and 25 240 3 20 3317
traverse speed.
26 240 3 30 3.966
I1l. RESULT AND DISCUSSION 27 240 3 40 4.689

This section presents the experimental examination of the
effect of significant process parameters, such as applied
pressure, standoff distance and traverse speed on surface
roughness characteristics. The production performance
characteristics are surface roughness and kerf angle.
Assortment of an appropriate orthogonal array is plays vital
responsibility in conducting the trial. Only the main factors
are taken into consideration and its interactions. Degree of
Freedom (DoF) for each control parameter is two (total
number of level — one = two degree of freedom), interaction
between the parameter is four and consequently, the total
DoF is twenty six. DoF should be more than one or at least
equal to the number of experiments. In this case, Ly, is
selected, therefore DoF is 26. Taguchi technique is utilized to
examine the result of the three water jet cutting parameters by
reducing the discrepancy on the response, and optimizing the
response by computing S/N ratio. Abrasive water jet
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Table-111:S/N Ratio

AP SoD Ts Ra S/N Ratio
144 1 20 3.664 -11.279
144 1 30 3.352 -10.506
144 1 40 3.481 -10.834
144 2 20 3.881 -11.779
144 2 30 3.506 -10.896
144 2 40 3.624 -11.184
144 3 20 3.209 -10.127
144 3 30 4572 -13.202
144 3 40 4.122 -12.302
192 1 20 3.273 -10.299
192 1 30 3.642 -11.227
192 1 40 3.631 -11.201
192 2 20 3.352 -10.506
192 2 30 401 -12.063
192 2 40 3.757 -11.497
192 3 20 3.872 -11.759
192 3 30 3.809 -11.616
192 3 40 3.935 -11.899
240 1 20 3.555 -11.017
240 1 30 3.433 -10.713
240 1 40 3.371 -10.555
240 2 20 3.523 -10.938
240 2 30 2.859 -9.1243
240 2 40 3.718 -11.406
240 3 20 3.317 -10.415
240 3 30 3.966 -11.967
240 3 40 4.689 -13.422

In this effort, it is intended to reduce the R, of the machined
surface; if the expectation is the lower the better, therefore the
following Eqn.1 is employed to compute the S/N ratio for
entire experimentation results.

1
n; = —10log (;Z,-‘Llyiz,-) @)

The mean S/N ratio is computed for entire tests by taking
the average of S/N ratios for the first level of each parameter.
For instance, the mean S/N ratio for the first level of applied
pressure is -11.279. The mean S/N ratio for entire
experiments is listed in Table I11. The computed S/N ratio is
shown as a diagram in Fig. 3.
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Fig. 3. Means of S/N Ratio

As per the S/N ratio values and diagram of the mean S/N
ratio, the maximum value gives the enhanced performance
(minimum surface roughness). Fig. 2 shows the surface
roughnessof the machined surface at optimal condition. The
optimal ideals to minimize the R, are established as A; B; and
C, i.e.applied pressure (240 MPa), standoff distance (1 mm),
and traverse speed(20 mm/sec).

Eqgns. 2 and 3 are utilized to figure out the Sum of Squares
(SS), Variance (V) and contribution of every control
parameter. Table IV demonstrate the SS, V and contribution
of every control parameter. F test is carried out to study the
significance of the process parameter.

ssj = Yo, (i — 1) @)

)
where SS; is the sum of square deviation of the j™ factor, i is
the level of the j" vector.

S

5j

v =7

)

®)

Vj and fjis the variance and degree of freedom respectively
of the j"factor.

Table-IV:ANOVA for R,

Parameter SS \Y % of Contribution
AP 0.06295 0.03147 421
SoD 1.03850 051925 69.09
T, 0.401562 0.20078 26.71

The final column of Table 1V shows the % of contribution
every of parameter, and its point out the degree of influence
on the cutting performance. In this examination, the applied
pressure of the cutting process is extremely important factor,
and plays a most important responsibility in affecting the R,
of the machined surface.

IVV. CONCLUSION

Nylon 6 and GFRP composite successfully fabricated
through direct extrusion process. The effect of three process
parameter on surface roughness of the composites is studied
with L,; orthogonal array. It is found that A;, B; and C, are
the best optimal combination to minimize the surface
roughness.
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ANOVA is also employed, it is found that standoff
distance contribute with 69 % in affecting the surface
roughness followed by traverse speed and applied pressure.
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