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ABSTRACT
Drilling is the most much of the time utilized activity of auxiliary machining for fiber-
strengthened materials inferable from the requirement for joining structures. Boring of
composite materials is fundamentally influenced by harm propensity of these materials under
activity of push power. In penetrating activity, the nature of opening is a significant necessity
for some applications. In this manner, the decision of advanced procedure parameters is
fundamental for controlling the necessary opening quality. The goal of the current work is to
advance procedure parameters specifically, shaft speed and feed in boring of cross breed
composites. In this work, tests were done according to the Taguchi exploratory plan and a L9
symmetrical exhibit was utilized to examine the impact of different mixes of procedure
parameters on gap quality. Investigation of difference (ANOVA) test was led to decide the
criticalness of each procedure parameter on boring. The outcomes demonstrate that feed rate
is the most huge factor affecting the push power followed by speed. Speed is the most critical
factor influencing the surface harshness of the opening followed by feed. This work is helpful
in choosing ideal estimations of different procedure parameters that would limit the push
power as well as diminish the delamination and improve the nature of the penetrated gap.
Better quality in opening geometry is accomplished by setting the ideal conditions got
through the examination.
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1. INTRODUCTION

Composite materials play an important role in the field of engineering applications as well as
advanced manufacturing processes in response to requirements in aircrafts, aerospace and
automotive industries [1, 2]. These materials have low specific gravity that makes their
properties particularly superior in strength and modulus to many traditional engineering
materials such as metals. As a result of intensive studies into the fundamental nature of
materials and better understanding of their structure property relationship, it has become
possible to develop new composite materials with improved physical and mechanical
properties [3]. These new materials include high performance composites such as hybrid
composites. Machining of composites becomes still more difficult when it consists of more
than one type of fiber accompanied by the generation of airborne dust that pollutes the
environment [4]. Poor hole quality accounts for major percentage of part rejections. Since
holes are drilled in finished products, part rejections due to poor quality hole prove very
costly [5]. Surface finish and hole geometry are important parameters in drilling operations.
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Much of the literature [6-8] reported on drilling of FRP material by conventional tools
has shown that the quality of the cut surface is strongly dependent on the cutting parameters,
tool geometry, tool material, work piece material, machining process, etc. An improper
selection of these parameters can lead to unacceptable material degradation, such as fiber
pullout, matrix cratering, thermal damage and widespread delamination. Miner [9] and
Mackey [10] studied the complexities of machining of the two-phase composite materials and
concluded that not only new concepts of tooling but also different realms of cutting
conditions are needed. Koplev [11] was the first declared that chip formation in composite
removal is a process of serial material fractures. Enemuoh et al. [12] realized that with the
application of the technique of Taguchi and a multi-objective optimization criterion, it is
possible to achieve cutting parameters that allow the absence of damage in drilling of fiber
reinforced plastics. Caprino and Tagliaferri [13] compared the interaction mechanisms
between drilling tool and workpiece. The results obtained are useful in describing the history
and helping design drill geometries specifically conceived for composite machining.

Taguchi proposed that the engineering optimization of a process should be carried out in
three step approach: the system design, the parameter design and the tolerance design [14].
The Taguchi method uses orthogonal arrays from design of experiments theory to study a
large number of variables with a small number of experiments. The orthogonal arrays reduce
the number of experimental configurations to be studied. Furthermore, the conclusions drawn
from small scale experiments are valid over the entire experimental region spanned by the
control factors and their settings [15]. The experimental results are then transformed into a
signal-to noise (S/N) ratio. It uses the S/N ratio as a measure of quality characteristics
deviating from or nearing to the desired values.

Delamination is a major problem associated with drilling fiber reinforced composite

materials and in addition to reducing the structural integrity of the material, it also leads to
poor assembly tolerances and has the potential for long-term performance deterioration.
Drilling-induced delamination occurs both at the entrance and the exit planes of the
workpiece. Investigators have studied analytically and experimentally cases in which
delamination in drilling have been correlated to the thrust force during exit of the drill. Davim
and Reis [16] also presented a similar approach using Taguchi’s method and the analysis of
variance (ANOVA) to establish a correlation between cutting velocity and feed rate with the
delamination in a CFRP laminate. A significant amount of research was carried out to find
the influence of machining parameters on the delamination of composite laminates using
Taguchi and analysis of variance techniques [17-20].
In this work, process parameters are optimized in drilling of hybrid composites using Taguchi
technique for design of experiment and the results are analyzed using ANOVA technique to
know the significance of each parameter on thrust force, roundness, cylindricity and surface
roughness of the hole in hybrid composites. In the present work, the statistical analysis
software MINITAB 17 is used for evaluation of drilling parameters.

2. EXPERIMENTAL PROCEDURE

2.1. Specimen Preparation and Drilling Test

In this study, hybrid composite laminate specimens with 50% fiber volume ratio were
prepared with T300 carbon fiber and E- glass fiber using epoxy resin by hand lay-up process.
The work piece material specimen size of 250 x 35 x 10 mm was cut from a laminate. The
drilling experiments were conducted according to Taguchi’s L9 orthogonal array as shown in
Table. 2. on hybrid composite laminates with 8 mm diameter Solid carbide drill of double

point angles 120° , 180° and helix angle of 20 O Each experiment was carried out twice to
minimize the experimental error. A computer numerical control (CNC) vertical machining
(VMC) was used for conducting experiments. A digital drilling tool dynamometer was used
to measure the axial thrust force. The experimental setup used for drilling operation is shown
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in Fig. 1. The roundness and cylindricity errors of the drilled holes were measured using
Coordinate Measuring Machine (CMM) as shown in Fig. 2.

Figure 1 Experimental set-up Figure 2 Roundness and Cylindricity measurement

After conducting experiments, the quality of drilled holes was measured in terms of the
end surface of the hole using a Mitutoyo surface roughness tester (SJ301) . For each test 3
measurements over drilling surfaces were made. Considering the number of measurements to
be carried out, a programmable technique was used, by previously selecting a roughness
profile, the cut-off (0.8 mm) and the roughness evaluator parameter (Ra), according to 1SO.

2.2. Plan of Experiments

For the elaboration of the plan of experiments the method of Taguchi for two factors at three
levels was used. Table. 1. indicates the factors to be studied and the assignment of the
corresponding levels. By levels we mean the values taken by the factors. The array chosen

was the L9 (24), which has 9 rows corresponding to the number of tests (8 degrees of
freedom) with 2 columns at three levels, as shown in Table. 2. The factors and the
interactions are assigned to the columns. The plan of experiments is made of 9 tests (array
rows) where the first column was assigned to the Spindle speed and the second column to the
feed rate and the remaining were assigned to the interactions. The outputs to be studied are
the thrust force (Fz), roundness, cylindricity, and surface roughness.

Table 1 Experimental factors and their levels

Spindle speed Feed rate
Levels
(rpm) (mm/rev)
1 640 0.08
2 1120 0.13
3 1760 0.20

Table 2 Orthogonal array L9 (24) of Taguchi

Experiment No. 1 2 3 4
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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2.3. Taguchi Method

Taguchi has envisaged a new method of conducting the design of experiments which are
based on well-defined guidelines. Taguchi techniques employ a special design of orthogonal
arrays to analyze the variables and their interactions using minimum number of experiments.
It provides a simple efficient and systematic approach to optimize design for performance,
quality and cost. Taguchi parameter design optimizes the performance characteristics by
setting the design parameters and reduces the sensitivity of the system performance to the
source of variation. The crux of the orthogonal arrays method lies in choosing the level
combinations of the input design variables for each experiment. The experimental results are
then transformed into a signal-to-noise (S/N) ratio. It uses the S/N ratio as a measure of
quality characteristics deviating from or nearing to the desired values. There are three
categories of quality characteristics in the analysis of the S/N ratio, i.e. the lower the better,
the higher the better, and the nominal the better.

Table 3 Response table for S/N ratios for Thrust force. Table 4 Response table for S/N ratios for Roundness

Level | Spindle speed | Feed rate
1 -27.65 -25.16
2 -27.09 -27.04
3 -27.12 -29.67
Delta 0.55 451
Rank 2 1
Level | Spindle speed | Feed rate
1 44.68 51.37
2 44.92 45.57
3 41.94 41.11
Delta 2.98 10.26
Rank 2 1
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5 Response table for S/N ratios for Cylindricity Table 6 Response table for S/N ratios for Surface

roughness
Level | Spindle speed | Feed rate
1 43.69 41.43
2 42.24 40.39
3 41.80 45.92
Delta 1.88 5.53
Rank 2 1
Level | Spindle speed | Feed rate
1 -8.076 -18.324
2 -16.710 -9.348
3 -18.070 -15.186
Delta 9.994 8.976
Rank 1 2

2.4. Analysis of Variance (ANOVA)

ANOVA is a statistical technique for determining the degree of difference or similarity
between two or more groups of data. It is based on the comparison of the average value of a
common component. In this paper ANOVA was used to determine the optimum combination
of process parameter more accurately by investigating the relative importance of process
parameters. The Pareto ANOVA technique does not need F-test. This technique identifies the
important parameters and calculates the percentage influence of each parameter on different
quality characteristics.

3. RESULTS AND DISCUSSION
The results of thrust force, roundness, cylindricity and surface roughness are shown in Table

7. The experimental results were transformed into S/N ratios using Taguchi method. The S/N
ratio values for all responses are presented in Tables 3—-6. The main effect for mean and S/N
ratio is plotted in Figs. 36, respectively.

Main Effects Plot for SN ratios
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Figure 3 Main effects plot for S/N ratio (thrust force) Figure 4 Main effects plot for S/N ratio (roundness)
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Figure 5 Main effects plot for S/N ratio (cylindricity) Figure 6 Main effects plot for S/N ratio (surface roughness)
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Table. 3. and Fig. 3. shows the influence of process parameters on the thrust force. The
optimum process parameters on the thrust force are obtained as speed at level 1 (640 rpm), feed at
level 3 (0.20 mm/rev). Table. 4.and Fig. 4. shows the effect of process parameters on roundness.
The optimum process parameters on roundness are obtained as speed at level 3 (1760 rpm), feed
at level 3 (0.20 mm/rev) . Table. 5. and Fig. 5. shows the influence of process parameters on
cylindricity. The optimum process parameters on the cylindricity are obtained as speed at level 3
(1760 rpm), feed at level 2 (0.13 mm/rev). Table. 6. and Fig. 6. shows the effect of process
parameters on surface roughness. The optimum process parameters on the surface roughness are
obtained as speed at level 3 (1760 rpm), feed at level 1 (0.08 mm/rev).

Table 7 ANOVA for thrust force Table 8 ANOVA for roundness

. . F- P- F- P-
Sourc | D | Adj Adj Valu | Valu Sourc | D Adj SS | Adj MS | Valu | Valu
e F SS MS e F
e e e e
Spindl Spindl
e 2 (1422 | 7.111 | 0.37 |0.715 e 2 0'00?02 0'02001 4.88 | 0.084
Speed Speed
Feed ) 234.8 | 117.44 604 | 0.062 Feed ) 0.00009 | 0.00004 19.27| 0.000
rate 9 4 ' ' rate 7 8 ' '
Error 4 [ 77.78 | 19.444 Error 4 0'00(? 01 0'0%000
326.8 0.00013
Total 8 Total 8
9 2
Table 9 ANOVA for cylindricity Table 10 ANOVA for surface roughness
F- P- . - F- P-
Sourc | D1 Adjss | AdjMs | Valu | Valu Sourc | D | Adp | Adi | | valy
e F e F | SS MS
e e e e
Spindl Spindl
e 2 0'03001 O'O(;OOO 055 [0613 | |e 2 (9240 4%'2 125 |0.379
Speed Speed
Feed ) 0.00004 [0.00002 157 loswa Feed > (3828 19.1 052 | 0.631
rate 1 0 ' ' rate ' 4 ' '
£ 4 0.00005 [0.00001 E 4 1479 | 36.9
rror 9 3 rror 1 8
0.00010 278.5
Total 8 7 Total 8 9

The ANOVA results for all the responses are presented in Tables 7-10 respectively. It is
observed from the ANOVA results that feed is the significant factor followed by speed for all
the responses except for surface roughness for which speed is the significant factor. The
model adequacy checking was conducted after performing an ANOVA analysis to verify the
normality assumption of the residual. Figs. 7-10 show normal probability plots of the
residuals and these figures reveal that almost all the residuals follow a straight line pattern and
this agrees well with the results reported by Davidson et al. [21].

Page | 426 Copyright @ 2021 Authors



Juni Khyat ISSN: 2278-4632
(UGC Care Group I Listed Journal) Vol-11 Issue-02 2021

Residual Plots for Thrust force
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Figure 7 Residual Plots for thrust force

Residual Plots for Cylindricity
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Figure 9 Residual Plots for cylindricity

Residual Plots for Roundness
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Figure 8 Residual Plots for roundness
Residual Plots for Surface roughness
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Figure 10 Residual Plots for surface roughness
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4.CO

NCLUSIONS

Based on the experimental results presented, the conclusions are:

It is observed that the feed rate is the most significant parameter that affects the quality of the
drilled hole.

The optimum process parameters for thrust force for drilling are speed of 640 rpm, feed rate
at 0.20 mm/rev.

In the similar way for roundness, the optimum process parameters are speed of 1760 rpm,
feed rate at 0.20 mm/rev.

For cylindricity, the optimum process parameters are speed of 1760 rpm, feed rate at 0.13
mm/rev.

For surface roughness, the optimum process parameters are speed of 1760 rpm, feed rate at
0.08 mm/rev.
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