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Abstract: With the advent of the industrial revolution 4.0, the goal of the manufacturing industry is
to produce a large number of products in relatively less time. This study applies the Taguchi L27
orthogonal array methodological paradigm along with response surface design. This work optimizes
the process parameters in the turning of Aluminum Alloy 7075 using a Computer Numerical Control
(CNC) machine. The optimal parameters influenced the rate of metal removal, the roughness of
the machined surface, and the force of cutting. This experimental investigation deals with the
optimization of speed (800 rpm, 1200 rpm, and 1600 rpm) and feed (0.15, 0.20, and 0.25 mm/rev) in
addition to cutting depth (1.0, 1.5, and 2.0 mm) on the turning of Aluminum 7075 alloy in a CNC
machine. The outcome in terms of results such as the removal rate of material (maximum), roughness
on the machined surface (minimum), along with cutting force (least amount) were improved by the
L27 array Taguchi method. There were 27 specimens of Al7075 alloy produced as per the array, and
the corresponding responses were measured with the help of various direct contact and indirect
contact sensors. Results were concluded all the way through diagrams of main effects in favor of
signal-to-noise ratios and diagrams of surfaces with contour diagrams for various combinations
of responses.

Keywords: Al7075; turning parameters; Taguchi method; L27 array; signal to noise ratio

1. Introduction and Background

In the current market competition, industrial sectors are focusing on high production
with minimum cost. Especially, manufacturing industries are concentrating on a variety of
products in batch production. Nowadays, composites have found a wider use of materials
in most of the top leading manufacturing sectors. Machining is the essential choice to
produce the components with closer tolerances. The second generation of hybrid com-
posites is found in many engineering fields and acts as a better alternative for numerous
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materials. Specifically, automotive, aircraft, and locomotive industries need to replace
ferrous materials in mechanical components with lighter high strength aluminum (Al)
matrix composites. The machining process becomes very important, and it is always
accomplished to convert the composites into engineering components [1]. Metal Matrix
Composites (MMCs) are not easy to machine, due to the hardness and abrasive nature of
the reinforcing particles. Thus, the machinability studies have acquired greater importance
in the area of composites [2]. The researchers have considered numerous aspects such as
the metallurgical characteristics, geometry of the cutting tool, work piece characteristics,
and process parameters such as cutting speed, feed rate, and depth of cut. The cutting
zone temperature, surface roughness, and tool wear are the significant output responses
that were influenced by the factors such as chemical, physical, and thermomechanical
parameters that interact during the machining operation [3]. The effect of cutting speed,
feed, depth of cut, and work piece with different hardness values of cutting forces during
the machining of AISI H11 steel is considered. They developed a mathematical model using
RSM and validated it using Analysis of Variance (ANOVA) software [4]. The optimum
finding of output responses in the turning process and the selection of parameters along
with their levels were achieved through using the Taguchi method [5]. The design and
analysis of experiments used the Taguchi method as a methodical paradigm. The authors
demonstrated the triumphant method to create an excellent improvement of products with
low cost [6]. Managing several characteristics of performance through the Taguchi method
requires referencing various research studies [7]. Various researchers’ articles gave thor-
ough explanations concerning the significance of measures for turning through the Taguchi
method by means of a variety of constraints [8]. An investigation of laser micromachining
on Al 7075 for optimization provided the basic details and properties about Al 7075 in
a clear manner such as chemical compositions and mechanical properties in a tabulated
form [9]. Optimum finding of SR and CF through an AA7039/Al2O3-based composite
metal matrix was achieved by means of the Taguchi method with neural networks [10].
One study examined machining on Al7075-T7351 by experimentation and mentioned that
there was a physically powerful correlation among the thickness of the chip and roughness
of the surface [11]. An experimental study of three hybrid composites of Al7075 material
used the turning process and focused on the details about force of cutting for the various
considerations of speed of cutting (N), rate of feed (F), and cutting depth (D) [12]. Re-
searchers gave an explanation regarding the preparation of experimentation by relying
on an orthogonal array (L27) to put forward the method of Taguchi to decide essential
parameters that can considerably impact on the surface roughness and force of cutting [13].
They investigated the turning process through speed ranging from 125 to 185 m/min, feed
ranging from 0.12 to 0.20 mm/min, Depth of Cut (DOC) ranging from 0.5 to 0.8 mm, and
ratio of cutting fluid ranging from 4.0% to 12.0% with the Taguchi gray relational method.
From this study, researchers were able to draw conclusions about the DOC, speed of cutting,
ratios of mixture of the cutting fluid, and rate of feed. Amongst all factors, the DOC was
found to be most the influencing factor [14]. An orthogonal array (L9) was applied in the
Taguchi method using an experimental examination on tool life, force of cutting, roughness
of surface, and responses by considering parameters, i.e., speed of cutting (N) and feed
(F) with DOC. The optimization process was effectively utilized in their research, which
presented the features of the parameters’ correlations as well as the outcome results [15]. A
turning process with cutting speed starting from 135 to 285 m/min, rate of feed starting
from 0.08 to 0.32 mm/min, and DOC from 0.6 to 1.6 mm was used for inspecting tool life.
Force of cutting with roughness on a machined surface through the Taguchi method was an
addition for gray relational analysis. Nonetheless, they gave an explanation of the minute
procedure regarding their investigation and projected the values of optimization for the
most excellent production on the turning process. They evidently reported that the feed
rate generates a superior contribution amongst the other factors considered [16]. In the
turning process, the material of AISI (American Iron and Steel Institute)-1016 carbon steels
was turned by cubic boron nitride with the consideration of different parameters. The specs
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of the parameters were speed from 360 to 1150 m/min, feed from 0.05 to 0.13 mm/min,
and DOC from 0.5 to 1.0 mm from beginning to end. The Taguchi technique was taken
for the evaluation of surface roughness. They noted that 64% of the main contribution
order was due to the rate of feed, speed, and DOC [17]. Investigations were made on
the turning of AISI 1045 steel under the dry cutting process through the Taguchi method
with a variety of machining parameters such as speed ranging from 160 to 620 m/min,
feed ranging from 0.3 to 0.5 mm/min, and DOC ranging from 0.7 to 0.9 mm. They had
completed the computation of signal-to-noise ratios by using a method for roughness
on the machined surface and the rate of metal removed manually and provided a match
through the experiment [18]. In an experimental study of CNC operation on aluminum, the
operating cutting speed ranged from 600 to 1000 m/min, the feed rate ranged from 0.1 up
to 0.2 mm/min, and the DOC ranged from 0.5 to 1.5 mm for MRR through Taguchi method
analysis [19]. Discussion was made of the specifications of turning Al alloy through a CNC
machine with the speed of cutting ranging from 600 to 700 m/min, rate of feed ranging
from 25 to 50 mm/min, and DOC ranging from 0.2 to 0.4 mm. They also pointed out the
limitations that had an effect on surface roughness through a Fishbone diagram [20]. The
effects of parameters using ANN (Artificial Neural Networks) with a computation based
on tool life during machining established a high-quality correlation among the obtained
theoretical and experimental values [21–23]. Although the experimental investigation and
modeling of Al7075 alloy was investigated by many researchers, no work was found on
the modeling of CNC turning of Al7075 alloy using response surface methodology (RSM).
So, in the proposed work, RSM has been used for modeling CNC turning of Al7075 alloy
using the L27 Taguchi method.

2. Experimental Arrangement and Methodology

Aluminum alloy AA7075 with 24 mm diameter rods were procured; then, the pur-
chased materials were visually tested regarding any cracks or damage on the surface of the
materials. Each specimen was prepared with a length of 150 mm and diameter of 24 mm.
There is no change in diameter for the raw materials, and only the length needed to be cut.
So, the long raw material was cut as 150 mm length rods. There were more than 27 raw
specimens, which were prepared from the purchased material for turning, as shown in
Figure 1.
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Figure 1. Raw materials of Aluminum alloy Al7075 rods in multiple numbers.

The turning operation was considered for this investigation. This turning can be done
by various machines such as normal lathes, etc., but the greater accuracy can be obtained
from CNC machine only [24]. So, in this investigation, turning operations are perfectly
completed with the help of a FANUC Series 0i controlled CNC machine. Figure 2 shows
the CNC machine chosen for the experiments and the corresponding most preferable
specification of that CNC machine, including the model of the machine, the spindle power,
and size of the chuck; the spindle bore dimensions are clearly mentioned in Table 1.
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Table 1. CNC machine specifications with parameter for turning process and responses for the experiment.

CNC machine specifications
(heavy-duty variant of std TL-160)

Model ATL 160

Chuck Size 165 mm

Tail Stock Hydraulic

Spindle Bore 25.5 mm

Spindle Power 3.5/5.5 KW

Control FANUC Series 0i mate.

Turning
Process

Parameters

Speed (N) in rpm 800 1200 1600

Feed (F) in mm per rev 0.150 0.200 0.250

Depth of cut (D) in mm 1.00 1.50 2.00

Responses

MRR—Metal removal rate in mm3/min

SR—Roughness on machined surface in µm

CF—Force of cutting in N

Table 1 also mentions the turning process parameters (N, F, and D) and three responses
(MRR, SR, and CF) for investigational experiments. The raw material is turned by using a
CNC machine as per the dimensions shown in Figure 3, i.e., 80 mm long, 16 mm diameter
turned from the 24 mm diameter Al7075 rod. In the CNC turning process, the heat was
generated in between the specimens and tool; that heat was carried away from both of
them by applying coolant such as soluble oil.
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Using an L27 orthogonal array, the twenty-seven numbers of specimens were ma-
chined by applying 27 runs with correlations of parameters in CNC turning. The corre-
sponding individual specimen responses such as cutting forces were measured with the
help of a lathe tool dynamometer fixed on the machining setup in the CNC machine. The
sensing elements have higher accuracy by using a strain gauge. The surface roughness
was measured with the help of a surface roughness tester (Model: Mitutoyo SJ210) with a
measuring range up to 160 microns. The evaluation parameters of this instrument such as
Rx, Ry, Rz, and cut-off length were specified as 0.08, 0.25, 0.8, and 2.5 mm, and the sampling
length of the instrument was specified as 0.08, 0.25, 0.8, and 2.5 mm. This instrument is
used extremely often in industry with different sampling lengths (0.3 to 16.0 mm with
0.01 mm interval). All the responses compared chose optimum process parameters through
the assistance of the Taguchi investigation method. Comparisons were completed as per
the ideas shown in Table 2. In the turning process, MRR was preferred to be set as large
(high), and a smaller amount of SR was favored for machining. Similarly, the minimum CF
was set to be suitable for the operations [25].

Table 2. Summary of responses and its best conditions.

Comparison Responses Better/Best Conditions

1 Material Removal Rate (MRR) Larger (High)

2 Surface Roughness (SR) Smaller

3 Cutting Force (CF) Smaller

4 Surface Roughness (SR) and Cutting Force (CF) Smaller

5 Material Removal Rate (MRR), Surface
Roughness (SR) and Cutting Force (CF) Nominal is best

3. Assessment of Results Using Taguchi Analysis and RSM

There were 27 specimens that were turned as per the dimensions mentioned in Figure 3
with the conditions N, F, and D, as shown in Table 3. After completing the tuning process,
the specimens were fully cleaned, and oil was applied on the surface. Then, the experimen-
tally measured responses of an individual specimen’s results based on an L27 orthogonal
array of process parameters were measured with the help Minitab 17 statistical analysis
on the CNC machine, as mentioned in Table 3. Figure 4 shows the sample specimen after
turning with respect to process parameters. It is to be noted that excess raw specimens
were kept as balance.
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Table 3. L27 orthogonal array with experimental results of responses.

Specimen
Number

Process Parameters Responses

N in
Revolutions per Minute

F in
mm per Revolution

D in
mm

MRR in
mm3 per Minute

SR in
µm

CF in
Newton

1 800 0.15 1 11,194.8 0.74 710.12

2 800 0.2 1 12,594.15 1.79 723.22

3 800 0.25 1 14,393.32 2.43 786.23

4 800 0.15 1.5 13,993.5 0.64 799.56

5 800 0.2 1.5 16,516.92 1.74 746.56

6 800 0.25 1.5 19,375.62 2.85 789.31

7 800 0.15 2 17,563.52 0.82 780.45

8 800 0.2 2 20,307.82 1.66 912.32

9 800 0.25 2 23,630.92 2.76 946.31

10 1200 0.15 1 14,816.65 1.52 776.32

11 1200 0.2 1 19,010.04 1.83 786.98

12 1200 0.25 1 20,561.88 2.89 756.84

13 1200 0.15 1.5 19,375.62 0.63 789.56

14 1200 0.2 1.5 23,988.86 2.49 800.12

15 1200 0.25 1.5 25,834.16 2.77 835.35

16 1200 0.15 2 25,484.32 0.93 865.66

17 1200 0.2 2 29,538.65 2.75 883.25

18 1200 0.25 2 35,127.04 2.44 896.21

19 1600 0.15 1 18,318.77 1.35 798.91

20 1600 0.2 1 22,898.46 1.47 765.54

21 1600 0.25 1 25,188.31 2.75 796.46

22 1600 0.15 1.5 25,188.31 0.71 888.65

23 1600 0.2 1.5 29,633.3 1.48 864.26

24 1600 0.25 1.5 34,742.49 2.82 798.65

25 1600 0.15 2 36,102.79 0.76 812.12

26 1600 0.2 2 38,226.48 1.83 841.73

27 1600 0.25 2 41,925.82 2.82 897.87
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For the initial analysis, only one response—that is, MRR–was taken for the consid-
eration. Table 4 clearly mentions the Taguchi analysis details of MRR versus speed (N),
feed (F), and depth of cut (D). In addition, it also mentions the designated rank: i.e., rank
one for feed, second rank for depth of cut, and third rank for speed. The corresponding
main effects diagram regarding the ratio of signal to noise for the material removal rate
is highlighted in Figure 5 under the larger is better condition [26]. The highest MRR is
obtained at the conditions of 1600 rpm cutting speed, 0.25 mm per min of feed, and 2.0 mm
of cutting depth as shown in Figure 5 with respect to the signal-to-noise (SN) ratio. The
interaction diagram regarding the SN ratios of MRR is shown in Figure 6. It also provides
the details of the individual factors such as N, F, and D as the separate diagrams of the
combination with the response such as MRR.

Table 4. Taguchi analysis details of MRR vs. speed (N), feed (F), and depth of cut (D).

SN Ratios Response Table

Levels N F D

1 84.13 85.56 84.60

2 87.22 87.00 86.95

3 89.30 88.08 89.10

Delta 5.17 2.52 4.50

Rank 1 3 2
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With respect to correlation and the specs of MRR and speed, only the roughness on
the machined surface is taken as a single response. Table 5 shows the Taguchi analysis
details of SR versus N, F, and D and designated the first rank for feed, second rank for
speed, and third rank for the depth of cut. Figure 7 correlates the ratio of signal to noise of
the roughness on the machined surface. In addition, the corresponding interaction diagram
with respect to the influencing factors with the single response for the ratio of signal to
noise of SR is shown in Figure 8 under the smaller is better condition. It also offers the
information of the factors such as N, F, and D as the part diagrams of the combination
with the response such as SR. In accordance with the minimum condition, SR specs were
formalized as 1200 rpm cutting speed, 0.25 mm per min feed rate, and one mm cutting
depth, as highlighted in Figure 7 with regard to the signal-to-noise ratio (SNR).

Table 5. Taguchi analysis details of SR vs. N, F, and D.

SN Ratios Response Table

Levels N F D

1 −4.4630 −0.1148 −5.5535

2 −5.9788 −6.0466 −4.5550

3 −4.8798 −9.1602 −5.2132

Delta 1.5158 9.0454 0.9985

Rank 2 1 3
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With respect to CF’s major effects on SNR, the cutting force alone was considered
for the observation. In this regard, Table 6 highlights the Taguchi analysis details of CF
versus N, F, and D, and it also provided subsequent ranking i.e., first, second, and third
for cutting depth, speed, and feed, respectively. Figure 9 shows that for the ratio of SN
with regard to the response such as cutting force, smaller is a better standard condition.
Similarly, Figure 10 shows the interaction diagram for the ratio of SN with regard to the
cutting force plotted under the smaller is better condition. Figure 10 provides the response
information using the combination of two parameters such as N, F, and D. The combination
of two parameters enlighten the response of cutting force in a detailed manner. Above,
Figures 9 and 10 show that the lowest cutting force among the results was achieved at
1600 rpm of cutting speed, 0.25 mm/min of feed rate, and 2.0 mm of cutting depth.

Table 6. Taguchi investigation details of CF vs. N, F, and D.

SN Ratios-Based Response Table

Level N F D

1 −58.41 −58.46 −58.10

2 −58.66 −58.57 −58.57

3 −58.74 −58.78 −59.15

Delta 0.33 0.31 1.05

Rank 2 3 1
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Figure 10. CF interaction diagram.

It is worth noting that each response was related with process parameters whereby
Taguchi analysis detailed out two responses such as SR and CF versus process parameters
such as N, F, and D, as mentioned in Table 7, with subsequent ranking order. Cutting
depth obtained first rank, speed was placed second, and feed was ranked third. Figure 11
eloquently shows the major effects for ratio of SN with respect to SR and CF. Similarly,
Figure 12 shows the consequent interaction diagram for ratios of SN for SR and CF with
a minor is better condition, because both the SR and CF preferable values were set to
be minimum. The same figure also showed the relation of the various factors such as
N, F, and D as the separate diagrams of the combination with the responses such as CF
and SR in a single diagram. For these parameters, minimum CF and SR responses were
achieved at 1600 rpm of speed, 0.25 mm per min of feed, and 2.0 mm of cutting depth. After
comparison of one and two responses with respect to three parameters, three responses
such as MRR and SR with CF versus process parameters such as N, F, D of Taguchi analysis
details are mentioned in Table 8 with ranking. For the three responses, the speed reached
the first rank, second rank is obtained by cutting depth, and then, the third is the feed
under the nominal is best condition. Major effects regarding the ratio of SN with respect to
the responses such as SR and MRR with CF, and an interaction diagram for the ratio of SN
with respect to MRR, SR, and CF are clearly mentioned in Figures 11 and 12 in subsequent
order. Moreover, Figure 13 gives a comparison of the individual factors such as N, F, and
D as separate diagrams with all responses such as SR and MRR with CF. In this regard,
under the nominal is best condition, all responses attained 800 rpm of speed, 0.15 mm/min
of feed, and 2.0 mm of depth of cut. Nonetheless, these specs were selected as optimum
values. In addition, Figure 14 shows the MRR, SR, and CF-related interaction diagram for
ratios on SN for MRR, SR, and CF with the nominal is best condition.
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Table 7. Taguchi investigation details of SR and CF vs. N, F, and D.

SN Ratios Response Table

Level N F D

1 −55.40 −55.45 −55.09

2 −55.65 −55.56 −55.56

3 −55.73 −55.77 −56.14

Delta 0.33 0.31 1.05

Rank 2 3 1
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Table 8. Taguchi investigation details of MRR, SR, and CF vs. N, F, and D.

SN Ratios Response Table

Level N F D

1 −79.14 −80.60 −79.62

2 −82.28 −82.06 −82.01

3 −84.40 −83.16 −84.19

Delta 5.26 2.56 4.57

Rank 1 3 2
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The surface diagrams helped to clearly identify the response behavior on the basis of 
the various input factors considered. Figure 15 gives the surface diagram of the response 
CF with respect to another two responses such as MRR and SR. The X-axis belongs to SR, 
the Y-axis belongs to CF, and the Z-axis belongs to MRR. The variations of the experi-
mental results were plotted as the surface diagram. The maximum and minimum values 
were mentioned as the highest and lowest points in the three-dimensional graphical rep-
resentation. Similarly, Figure 16 clearly mentions the surface diagram of the material re-
moval rate relating to N (X-axis) and D (Z-axis). The various points of interest were clearly 
demonstrated with the red color points on the surface. Figure 17 demonstrated the surface 
diagram of cutting force with regard to the N (X-axis) and D (Z-axis). Similar to Figure 17, 
it becomes evident from Figure 18 to point out the surface diagram of surface roughness 
with respect to N (X-axis) and D (Z-axis). 
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The surface diagrams helped to clearly identify the response behavior on the basis of
the various input factors considered. Figure 15 gives the surface diagram of the response
CF with respect to another two responses such as MRR and SR. The X-axis belongs to
SR, the Y-axis belongs to CF, and the Z-axis belongs to MRR. The variations of the ex-
perimental results were plotted as the surface diagram. The maximum and minimum
values were mentioned as the highest and lowest points in the three-dimensional graphical
representation. Similarly, Figure 16 clearly mentions the surface diagram of the material
removal rate relating to N (X-axis) and D (Z-axis). The various points of interest were
clearly demonstrated with the red color points on the surface. Figure 17 demonstrated the
surface diagram of cutting force with regard to the N (X-axis) and D (Z-axis). Similar to
Figure 17, it becomes evident from Figure 18 to point out the surface diagram of surface
roughness with respect to N (X-axis) and D (Z-axis).
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Figure 18. Surface diagram of SR with respect to N and D.

The experimental results of the responses such as SR and CF were plotted as contour
diagrams with respect to the process parameters such as N, F, and D, respectively, as
shown in Figure 19a–c. Results were observed in terms of variation of color in the contour
surface, which clearly expressed response results with regard to the influencing factors.
Similarly, the investigational results of the responses such as MRR and CF were represented
as contour diagrams with respect to the process parameters such as N, F, and D respectively,
as shown in Figure 20a–c. The differences in outcomes were highlighted as the different
color intensity in the contour surface, which was visible in the response results with respect
to the influencing factors.
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Figure 19. Contour diagrams with respect to SR and CF for (a) N, (b) F, and (c) D. Figure 19. Contour diagrams with respect to SR and CF for (a) N, (b) F, and (c) D.
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Figure 20. Contour diagrams with respect to MRR and CF for (a) N, (b) F, and (c) D. Figure 20. Contour diagrams with respect to MRR and CF for (a) N, (b) F, and (c) D.
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Likewise, the trial results of the responses such as MRR and SR were symbolized as
contour diagrams with respect to the process parameters such as N, F, and D respectively in
Figure 21a–c. There were differences in the outcomes, which were pointed out as different
color intensities on the contour surface, which in turn visibly communicated the disparity
in the response results with respect to the influencing factors. The variations in the surface
with various color intensities to understand the impact on the responses is based on the
turning process parameters.
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Figure 21. Contour diagrams with respect to MRR and SR for (a) N, (b) F, and (c) D.

Figure 22 shows a graphical representation of the experimentally measured results
of the material removal rate (MRR) in mm3/min (Y-axis) for each specimen from 1 to 27
(X-axis). In this aspect, MRR fluctuated from maximum to minimum and vice versa. At
last, the maximum MRR was obtained for the 27th specimen, and the minimum MRR was
obtained by the first specimen. Figure 23 plots the experimentally measured results of
surface roughness in µm (Y-axis) for the entire specimen considered from 1 to 27 (X-axis).
SR had heavy fluctuations as per the results as evident by the sine waves. In addition,
maximum and minimum values were reached in between successive results. Similarly,
Figure 24 was plotted to demonstrate the cutting force in N (Y-axis) for each specimen from
1 to 27 (X-axis).
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Figure 24. Cutting force (N) for each specimen.

Figure 25 represent the process parameters’ influence on the response, particularly for
the material removal rate (mm3/min) for each specimen on the basis of the percentage of
the total contribution. Here, the maximum influence percentage is 7%, which is covered
by the 27th specimen. Similarly, the least percentage is 2%, and in this regard, more than
five specimens reached these values among all the specimens. Figure 26 showed the
process parameters’ influence in percentage variation for the response such as the surface
roughness (µm) for each specimen. In this regard, the response maximum contribution is
6%, which was held by eight specimens, and the least contribution was 1%, which was
held by four specimens amongst all specimens.
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Figure 26. Process parameters influence on the surface roughness (µm) for each specimen.

Similarly, Figure 27 expresses the response as the cutting force (N) with respect to the
process parameters in percentage of contribution. In this aspect, the maximum contribution
was 4%, and the minimum contribution was 3%. There were only two percentage variations
visible among all the specimens. Only five specimens had 3% of contribution, and the
remaining twenty-two specimens had 4% of contribution.
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The experimental results of each specimen’s MRR values were plotted as a radar
diagram with the color of light green, as shown in Figure 28. It contains the radius lines
as the representation of the individual specimens, and the different concentric circles
represent the values of the material removal rate. Similarly, Figure 29 clearly demonstrates
the experimental outcomes of the response such as surface roughness as a radar diagram.
In this radar diagram, the specimen’s numbers and the corresponding surface roughness
values were represented by the radial lines and the concentric circles, respectively. From
this aspect, the shape of the surface roughness values relation came out to be like a star
shape without uniform intervals, as shown in the color yellow.
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Figure 29. Outcomes of surface roughness (µm) for each specimen in a radar diagram.

Figure 30 represents the experimental results of the cutting force as a graphical rep-
resentation of the radar diagram. In this, concentric circles are the representations of the
cutting forces variations. Then, the radial lines represent the individual specimens. Here,
the shape came out to be almost a circle cut in the outer surface lines. The maximum cutting
forces reached were more than 800 N. Specimens 9, 8, and 27 reached the maximum values
among all the specimens’ values.
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Figure 30. Cutting force (N) results for each specimen as radar diagram.

Table 9 mentions the various rankings of the process parameters based on five various
combinations of responses such as MRR standalone, SR standalone, CF standalone, com-
bination of SR and CF, and the last combination is MRR, SR, and CF. The corresponding
graphical representation is shown in Figure 31. Among these five combinations of output,
feed reached the third position in four combinations. So, only the remaining two were
considered, and the results were compared with specimen parameters. Amongst these,
two have fluctuations in each position. Nonetheless, the obtained values also help to assess
the process parameters influence on the all the experimental testing conditions to identify
the suitable one.
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Table 9. Ranking of various combinations of responses.

Comparison Responses Conditions
Better/Best N F D

1 MRR Larger 2 1 3

2 SR Smaller 2 3 1

3 CF Smaller 1 3 2

4 SR and CF Smaller 2 3 1

5 MRR, SR, and CF Nominal is best 1 3 2
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4. Conclusions

The proposed work takes into consideration the optimization of speed of cutting,
feed, and cutting depth on the turning of Aluminum 7075 alloy through a CNC machine.
When examining their effects on the metal removal rate, roughness of the machined
surface, and force of cutting with the assist of L27 array, the Taguchi method produced
substantial conclusions by taking into account the SN ratio, various surface diagrams,
contour diagrams, and ranking positions.

The maximum material removal rate was obtained at a speed of 1600 rpm, and a
0.25 mm/min feed with 2 mm cutting depth was preferred for the specimen number 27.
Moreover, the least amount of surface roughness was reached through a speed of 1200 rpm
and a 0.25 mm/min feed with 1 mm cutting depth for specimen 12. The lowest possible
cutting force was accomplished at a speed of 1600 rpm and 0.25 mm/min feed with 2 mm
cutting depth for specimen 27. Both parameters, i.e., CF and SR, achieved the smallest
amount at 1600 rpm speed, 0.25 mm/min feed, and 2.0 mm depth of cut for specimen 27.
By taking the nominal is best condition with respect to three responses, we attained 800 rpm
speed, 0.15 mm/min feed and 2.0 mm depth of cut in specimen 7. Nonetheless, specimen
27 demonstrated a speed of 1600 rpm, and a 0.25 mm/min feed with 2 mm cutting depth
were chosen as the optimum limitations for the greatest MRR and least amount of SR
and CF.
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