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Abstract— This work will discuss the investigation on
performance characteristics of AA6101 T6 aluminum alloy
during drilling process. Factors like spindle speed, feed rate
and drill bit diameter affect the performance parameters such
as the surface roughness and ovality in drilling process. For
getting or achieving desired surface roughness and minimum
ovality is a primary concern, we have to select optimum level
of cutting parameters. Therefore this work will present the
multi-objective optimization of drilling process parameters
using GRA. The experiments will be conducted based on
design of experiment. The experiment results are collected
and analyzed using statistical software Minitab17.
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. INTRODUCTION

Drilling process is a manufacturing process. In drilling
process a drill tool remove unwanted materials to form chips
to produce a required hole. It covers wide range of process
for producing holes of cylindrical shape in the work piece.
Hole manufacturing can be considered as the most important
machining process, whereas for producing efficient hole is
required focused practices to attain optimum cutting
condition. In manufacturing industry drilling machines are
used commonly as metal removal operation.

It is therefore, essential to optimize quality and
productivity simultaneously [1-4]. Productivity can be
evaluated associated with material removal rate in the
machining process and quality associated with satisfaction of
customer because of product quality characteristics as
preferred too. There is numerous research papers available
associated with drilling, reaming and boring. Various
researches works shows material removal rate (MRR) and
surface roughness are performance characteristics [5-7].
Additionally, authors also found optimum values for input
parameters such as speed, feed, different cooling condition
are calculated to obtain maximum MRR and minimum
surface roughness value. The other important characteristic
of drilling process is quality of hole.

The quality of design can be improved through
improving the value and yield in company-wide activities [8].
Quality and productivity are the two major parameters which
are inter-related. The Taguchi based DOE are also useful for
optimization. Though numerous optimization techniques,
Taguchi methods are one of the most commonly used for
optimizing machining operations [9]. Also in any various
machining process, Taguchi parameter design proposed an
efficient method for carried out optimization practices of
numerous parameters associated with quality and cost.

The process of metal cutting encompasses various
phase plastic deformation, fracture, impact continuous and

intermittent multi contact points and friction. For inspecting
quality visual inspection by human eyes is not possible
because workpiece and chip hinder the assessment hence
sensors are used to examine quality. For achieving excellent
quality we have to select optimum cutting parameters. We
also understand that drilling is one of the complex operations
associated with other machining operation as drill tool wear
sometimes and getting lodged within work piece. Cutting
speed, temperature, feed rate, geometrical parameters are the
important parameters which can affect the hole quality too
also effect of the cutting conditions and the temperature on
the tool life in drilling was also studied timely in numerous
investigation.

Il. METHOD AND MATERIALS

A. Material Used

In our experimental we will useAA6101 T6 grade aluminium
alloy sheets of 10 mm thickness 255 mm x 100 mm.

B. Drill Tool Used

These are cutting tools which is used to create holes of
circular cross-section by removing material. It is easily
available in market and available in different sizes, shape, and
it can also create different kinds of holes in many different
materials. The process of creating holes is simple firstly it is
fixed to a drill, which is manually operates it to cut through
it, usually by rotation of cutting tool. Shank in chuck holds
the drill bit which is fixed in drill machine.

Aluminium alloy is a material which is machined easily. We
need to hold the bit in shank correctly to get optimum results.
HSS (High Speed Steel) drill bits are used for drilling
operation in selected aluminium alloy. Because these are
easily available in market and are cost effective too.
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Fig. 1: HSS tool used in d‘rilling

C. Machine Used

Using VMC-400 experiments were conducted. Basically it is
a vertical milling/drilling machine, which is manufactured by
HMT. This vertical machining centre is equipped with the
Fanuc India series O-M controller for the execution of
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programs. The machine is capable of running at 4000rpm of
spindle speed. The maximum feed that can be attained in this
specific machine is 2000mm/min.

Fig. 2: VMC400 machine

D. Process Variables and Their Limits

We will perform drilling operation using CNC drilling
machine, with tool high speed steel, to optimize various
process parameters using Taguchi method and Lg based DOE,
ANOVA employed to examine the significance and
percentage contribution to achieve surface finish.

In the present experimental study spindle speed, feed rate and
drill bit diameter have been considered as process variables.

E. Design of Experiment

Using three parameters and levels 9 experiments combination
have been created in Minitab using Taguchi’s Lg Orthogonal
Array (OA) DOE having 9 combinations of spindle speed,
feed rate and drill bit diameter. For each experimental run
surface roughness and ovality will be evaluated. As shown in
table below we will use cutting condition for drilling
operation on aluminium alloy for each run data will be
recorded.

. RESULT

The optimization of parameters considering multiple
performance characteristics of the drilling process for surface
roughness and ovality using the Taguchi based GRA analysis
is proposed.
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Fig. 3: Effect of parameters on surface roughness and
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Fig. 4: Interaction plot of surface roughness
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Fig. 5: Interaction plot of ovality
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Fig. 6: Interaction plot of surface roughness and ovality
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Probability Plot of Ovality, %
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Fig. 8: Normal probability plot of the residuals for ovality
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Fig. 9: Percentage contributions of factors on the grey
relational grade

IV. CONCLUSION

The following conclusions can be drawn from this study.

1)

2)

3)

4)

5)

6)

From the graph of GRG verses level, it is observed that
as the feed rate increases the GRG value decreases
rapidly and as the spindle speed increases the GRG value
increases gradually.

The results of analysis of variance shown that spindle
speed is the main drilling parameter which affects
significantly the output responses with 66.66%
contribution. And second affecting parameter is feed rate
with 19.04 % contribution.

The normal probability plots of the residuals contrasted
with the expected response for surface roughness
exposed that the residuals normally lies on a straight line,
inferring that the errors are normally distributed. This
indicates that results are acceptable, and there is no
purpose to doubtful any defilement of the individuality
or continuous modification supposition.

For achieving minimum surface roughness and ovality
we need to kept spindle speed at 300 rpm with feed
40mm/min.

With the increase in spindle speed and feed rate ovality
decreases.

The DOE procedure used in our work has successfully
predicted both the main effects and interaction plot of
various factorial combinations of machining parameters.

7)

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8l

(9]

This technique is more convenient for optimizing the
drilling parameters in drilling of aluminium alloy within
the levels studied.
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