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The current work presents an approach for the optimization of machining parameters on the turning of
Al7075-T6 aerospace alloy. The alloy was turned on a lathe machine equipped with four different metal-
working fluid (MF) setups: minimum quantity lubrication (MQL), Ranque–Hilsch vortex tube (RHVT),
compressed air, and dry cutting using coated carbide tools. Taguchi technique was considered for the design
of the L16 experimental array with three variable factors and four levels, and S/N ratios were obtained. The
turning parameters feed rate and cutting speed are optimized in the experiment, taking into account
responses such as surface roughness and tool wear. ANOVA determined the significant parameters that
majorly influenced the responses. The results demonstrated that the condition of machining (<99%
probability) was the most influential parameter followed by cutting speed (<95% probability) which affects
the surface roughness and tool wear. Moreover, turning with MQL at a low cutting speed represented the
optimum machining setup for reducing surface roughness and tool wear of this alloy. It was due to the fact
that MQL decreases the friction between the tool and the workpiece which reduce the mechanical and
thermal stresses on the cutting tool, resulting in lessened tool flank wear and effectively improving the
surface quality.

Keywords Al7075-T6, ANOVA, compressed air, cutting speed,
dry cutting, MQL, RHVT, Taguchi, turning

1. Introduction

Today’s most successful manufacturing companies under-
stand that sustainability in the environment is not only excellent
for business, yet also becomes an essential part of how products
are acquired, marketed, and managed. As a result, it is critical
to consider sustainability at all stages of the manufacturing
process. Metalworking fluids (MFs) are widely used in
machining processes to eliminate and reduce heat generated
during operations. MFs improve machining quality while
decreasing machining costs by increasing tool life (Ref 1, 2).
The mist and vapor produced while the process of machining
are unsafe to the worker, and strict regulations are in place to
keep them under control. Several cases of skin cancer have
been linked to direct contact with MFs. Environmental
regulations require that used-MFs should be recycled or
disposed of in an environmentally safe manner. Solid wastes

are work material wastes such as chips, worn-out cutting tools,
and tool particles; however, fluid wastes are liquid and vapor
wastes. As a result, efforts should be made to reduce the
amount of waste that must be recycled or treated before
disposal. Every factor acts differently in sustainable machining
processes, such as increased tool life, productivity, and resource
utilization. Moreover, machine prices, machine-cutting power,
and the detrimental effects of cooling and lubricating fluids will
be minimized. Sustainable machining operations can be
accomplished through a variety of techniques and approaches.
Many researchers discovered alternatives to traditional machin-
ing methods to accomplish sustainable goals. MQL, biodegrad-
able oils, cryogenic cooling, dry cutting methods, high-pressure
coolant (HPC), and other techniques/approaches are used. It
will improve worker health, reduce machining costs, and
reduce environmental impact. Figure 1 depicts the sustainabil-
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Abbreviations

RHVT Ranque–Hilsch vortex tube

MF Metalworking fluid

MQL Minimum quantity lubrication

SEM Scanning electron microscopy

BUE Built up edge

EDS Energy-dispersive x-ray spectroscopy

HPC High-pressure coolant

GRA Gray relational analysis

MRR Material removal rate

ANOVA Analysis of variance

S/N Signal-to-noise
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ity machining model. Due to issues with employing MFs in
turning aerospace alloys, investigators have used the MQL
technique (Ref 3-5).

MQL systems reduce MFs consumption (10-100 ml/hr),
making this a more sustainable option than traditional wet
machining (Ref 6). Due to the enormous supply and demand
gap of edible vegetable oils (groundnut, canola, palm), non-
edible lubricants, such as JCO and linseed, are getting popular
due to their abundant supply and this would preserve huge
amount of edible oils which are in great need (Ref 7). The
intention of environmentally conscious methods in Al7075-T6
machining is critical for achieving economic and environmental
viability. The Al7075-T6 alloy is a hard aluminum alloy that is
associated with the Al-Mg-Zn-Cu alloy family. When heated, it
has exceptional strengthening properties, resulting in, it being
widely employed in the aircraft sector and high-strength
structural components (Ref 8). The material group 7xxx
aluminum alloy is commonly employed in the aircraft sector
and automotive industries. Zinc is the highly major alloying
element and it is heat treatable (Ref 9). It is believed to be an
easy-to-machine material since high cutting forces are not
generated while the cutting process. However, due to increased
large Built-Up Edge (BUE) formation beneath dry conditions,
machining aluminum alloys is extremely difficult (Ref 10).
Gupta et al. (2019) reported that Ranque–Hilsch vortex tube
(RHVT) N2MQL can reduce surface roughness by up to 77%
and tool wear by up to 118%. By conserving resources, this
substantial progress promotes sustainability in the machining
sector. Furthermore, the CMM demonstrated that R-N2MQL is
more appealing for cleaner production systems due to increased
recyclability, remanufacturing, and lower chip wastage (Ref
11). At varied cutting speeds, the surface quality and chip
morphology of the Al7075-T6 workpiece did not differ
appreciably. Overall the surface quality was achieved higher

for Al7075-T6 alloy with MQL cutting conditions in compar-
ison to dry conditions as reported by Cagan et al. Ref 12.
RHVT is a more effective ecologically friendly cooling strategy
than dry environments for the turning of Al 7075-T6 as
reported by Singh et al. Ref 13. However, the effectiveness of
the MQL technique is reported by Mahapatra et al. Ref 14.
They reported that turning hot-worked AISI H13 steel using a
multi-walled carbon nanotube incorporated nanofluid exhibited
improved surface roughness and lessened tool vibration. MQL
enhanced the morphology of the machined surface; increased
surface quality and tool wear performance using the Cooling/
lubrication (C/L) method (Ref 15). Jena et al. (Ref 16) revealed
that speed and axial feed are the significant cutting parameters
for hard turning operation in terms of surface finish improve-
ment. Pradhan et al. (Ref 17) carried out micromachining on
quartz material by hot abrasive jet machining taking into
account machining constraints i.e. temperature, nozzle tip
distance, and pressure to analyze effective material removal rate
(MRR) and displacement of cut (DOC). GRA obtained optimal
machining parameter settings, i.e. the pressure of 3 Kgf/cm2,
the temperature of 100, and nozzle tip distance of 6 mm, and
when the optimum MRR is 0.0000225 gm/sec along with DOC
0.134 mm. In their further study, they combined computational
fluid dynamics (CFD) methods and experimental studies to
investigate and predict the erosive footprint extent in hot
abrasive jet machining (HAJMing). The study aimed to im-
prove understanding of the process and provide guidelines for
optimizing process parameters to achieve desired erosion
characteristics, such as target surface erosion rate and surface
roughness (Ref 18). To address environmental concerns, envi-
ronmentally friendly technologies that reduce cutting fluid
utilization while machining operations are being created.
Table 1 lists the effects on the sustainability of some of the

Fig. 1 Sustainable machining model
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most commonly used cutting fluid strategies for turning
Al7075-T6.

Surface finish is the most important aspect of composite
machining and is used to determine machining quality. In order
to enhance the surface quality, machining performance param-
eters are critical during machining operations. Regarding
machining parameters, extended tool life, as well as process
reliability, must be considered. Only three controllable param-
eters are typically listed as process parameters: cutting speed,
feed, and depth of cut. Santos et al. (2014) reported that
optimum conditions using a genetic algorithm lowers the
machining force and chip thickness ratio while turning Al7075-
T6 alloy (Ref 23). Gray Relational Analysis (GRA) was
employed for multi-objective optimization of power consump-
tion, cutting speed, and material removal rate (MRR), which are
all important parameters in determining the capacity and
feasibility of high-speed turning. For high-speed turning of
Al7075, the suggested cutting parameters are 200 m/min speed,
0.1 mm/rev feed, and 0.5 mm with a coated carbide tool and
dry machining environment (Ref 24). GRAwas used to observe
suitable cutting parameters in turning of Al7075-T6 alloy
employing coated carbide tool and the parameters recom-
mended were 1000 rpm, 0.75 mm depth of cut, and 0.05 mm/
rev feed (Ref 25). They concluded that a desirable surface finish
can be achieved by controlling parameters in the turning of
Al7075T6 alloy. When the predicted and experimental results
are compared, it is discovered that the deviation is well within
the 95% confidence level. The Taguchi strategy has been
applied to optimize multi-response process parameters for
milling Al7075 T6 alloy with L16 orthogonal arrays. The
Taguchi method yields results that are identical to ANOVA.
The feed has been the most influential parameter for obtaining
optimal surface finish, preceded by depth of cut and cutting
speed as reported by Shaktivelu et al. Ref 26. Based on an
analysis of variance (ANOVA), the feed rate is the absolute
most essential cutting process parameter for surface roughness
profile for both dry and MQL environments, whereas cutting
speed and feed rate are substantial for tool life, and cutting
speed is important for material removal, preceded by the depth
of cut and feed rate (Ref 27).The present work aimed to reduce
tool wear and enhance surface quality by employing environ-
ment-friendly methods such as RHVT, dry cutting, compressed

air, and MQL for sustainable turning of Al7075-T6 alloy.
Taguchi L16 experimental array was utilized for the design of
experimentation. Further, the ANOVA technique was employed
to optimize the machining parameters that depict the improved
surface quality and reduction in the tool wear. Figure 2 shows
the flow chart diagram of the study.

Research gap: According to the review of pertinent
literature, researchers investigated various MF strategies with
the common goal of reducing MF consumption. However, the
environmental impact of various MF strategies varies because
they consume different amounts of MF depending on the
technology used. Furthermore, each of these MF strategies has
its own set of advantages and disadvantages in terms of
machining performance. Despite the fact that extensive inde-
pendent research has been conducted on the machining of
Al7075-T6 using various independent and hybrid MF strate-
gies, a relative assessment of the effect of MF strategies on
environmental sustainability in connection with machining
performance has yet to be disclosed. It is urgent to investigate
the long-term viability of low-consumption MF strategies under
similar machining conditions. As a result, this extensive
research on modeling and optimization will undoubtedly pave
the way for the machining industries to achieve their objectives.
This work emphasizes the development of a mathematical
model and response optimization (in this case, tool wear and
surface roughness) in turning Al7075-T6 alloy using coated
carbide tools.

2. Materials and Methods

In this investigation, Al7075-T6 aerospace alloy 38 mm in
diameter and 225 mm in length was procured from Bharat
Aerospace Metals, Mumbai (India), and was finish-turned on a
lathe machine equipped with four different machining setup
viz. MQL, RHVT, compressed air, and dry cutting system. The
machining was performed with coated carbide tools. Table 2
shows the mechanical properties of alloying Al7075-T6. The
turning operation was carried out with four different cutting
speeds and feed rates, while the voltage and depth of cut were

Table 1 Effects of the most commonly used MF strategies on sustainability for turning Al7075-T6

Cutting fluid strategy Implications on sustainability, Advantage (›); Disadvantage (fl) Reference

MQL Produces more aerosols(fl) Ref 19
Improved surface finish(›)
Better chip breakability by adjusting MQL flow rate, cutting speed and
feed rate(›)

RHVT Good surface (›) Ref 20
High production rate (›)
Additional components and energy enhances production cost (fl)

Dry machining Low machining cost (›) Ref 21
Easy chip recycling (›)
High heat generation at cutting zone (fl)
Increased tool wear (fl)
Adhesion major problem (fl)

Compressed air Zero consumption of cutting fluid (›) Ref 22
Additional components and energy enhances production cost (fl)
Increased tool wear(fl)

Journal of Materials Engineering and Performance Volume 33(17) September 2024—8747



the constant parameters. A tool life criterion of less than 600
microns was chosen based on tool life.

However, a surface profilometer (SJ-400 Mitutoyo) was
utilized to determine the surface roughness measurements of a
machined specimen. At three separate locations on the
substrates’ surfaces, roughness factors like Ra (the arithmetic
mean of the roughness profile’s departure from the mean line)
were observed. The computing sensor employed in this
experiment detected any attrition or accumulation upon the
machined surface. The surface morphology and chemical
composition were evaluated by employing scanning electron
microscopy (SEM) and energy-dispersive x-ray spectroscopy
(EDS). The surface morphology and chemical composition of
specimen Al7075-T6 are shown in Fig. 2. The experimental
setup and four different metalworking fluid (MF) strategies
included in turning operation during this study are illustrated in
Fig. 3.

2.1 Statistical Analysis

Utilizing Taguchi’s orthogonal array technique with three
control factors and four levels for every factor, the experimental
design matrix was created via Minitab 17 statistical tool. A
depth cut of 1 mm was fixed for all the experiments conducted.
To lower the noise errors and develop more precise output
results, every group of the experimental run was done three
times, for a total of 48 trials (16 9 3 runs). The experimental
design array for the current study is shown in Table 3 along
with the parametric combination values of the input variables.
Moreover, the significant parameters of machining that influ-
ence the outcomes were revealed via analysis of variance
(ANOVA).

3. Result and Discussion

In this study, lathe process factors for turning Al7075-T6
alloy are predicted and optimized. The alloy was processed by
the Taguchi L16 experimental array, and the outcomes were
assessed using the average of three trials. The results of each
experiment, as well as the signal-to-noise (S/N) ratios for
machined alloy, are shown in Table 4. Smaller-is-better analysis
was employed to examine the results of tool wear and surface
roughness, where the better response is represented by a smaller
S/N ratio. The ANOVA technique was used to further analyze
these results, and the most important input variables influencing
the results responses were examined. According to its P value,
every processing parameter’s significance is determined; a P
value of less than 0.05 denotes a significant aspect. FE-SEM
was used to examine the topography of the experiments that
showed better processing performance and to analyze phase
transitions.

3.1 Tool Wear Responses

A digital optical microscope (Leica DM-2700P) was used to
measure tool wear. The insert was removed after each turning
pass to check for flank wear (VBmax). MQL was the most
effective MF strategy, significantly increasing tool-cutting life
by reducing tool flank wear. The highest tool flank wear was
seen under dry conditions due to increased friction caused by
an absence of cooling and lubricating (C/L) agents at the tool-
work and tool-chip interfaces, material deformation, and tool

Table 2 Mechanical properties of specimen Al7075-T6

Rockwell
hardness

Tensile strength,
MPa

Yield strength,
MPa Elongation%

85 566.05 500.55 9.1

Fig. 2 Flow chart diagram of the study

8748—Volume 33(17) September 2024 Journal of Materials Engineering and Performance



rubbing against the work surface as shown in Fig. 4. The flank
wear raises as the tool wears, affecting the tool’s efficiency,
preciseness, and workpiece surface finish. The effectiveness of
RHVT approach to reduce the tool flank wear is explained by
the fact that tool wear is primarily determined by the
temperature generated at the cutting zone. RHVT keeps the
tool-workpiece interface cooler, reducing wear mechanisms
linked to high temperatures and resulting in less flank wear.
Under MQL conditions the lubricant film serves as a layer of
protection, avoiding direct contact between the tool and the
workpiece, preserving the hardness and integrity of the cutting
tool, and reducing wear mechanisms. MQL decreases friction
that exists between the tool and the workpiece. Because of the
reduced interaction, the mechanical and thermal stresses on the

cutting tool are reduced, resulting in lessened wear rates and
less flank wear. When compared to dry cutting, compressed air
reduces tool flank wear less than RHVT because it is less
effective in reducing cutting zone temperature and lacks the
lubrication effect.

According to statistical analysis (ANOVA), the parameters
with a higher F value have a greater influence on the responses
represented in Table 5. The S/N ratio results revealed that the
condition of machining was considered the most significant
factor that particularly affects the tool wear by < 99% of
Al7075-T6 alloy. The machining environment majorly con-
tributed (percentage contribution: 90.4%) to the turning of the
alloy due to its direct impact on tool life and performance,
dimensional accuracy, surface finish, and material machinabil-

Table 3 Taguchi array designed from a sequence of input variables

Trial

Level of the input variable Actual value of the input variable

Condition Cutting speed Vc, m/min Feed rate, mm/rev Condition Cutting speed Vc, m/min Feed rate, mm/rev

1 1 1 1 Dry cutting 120 0.1
2 1 2 2 Dry cutting 150 0.15
3 1 3 3 Dry cutting 180 0.2
4 1 4 4 Dry cutting 200 0.25
5 2 1 2 MQL 120 0.15
6 2 2 1 MQL 150 0.1
7 2 3 4 MQL 180 0.25
8 2 4 3 MQL 200 0.2
9 3 1 3 RHVT 120 0.2
10 3 2 4 RHVT 150 0.25
11 3 3 1 RHVT 180 0.1
12 3 4 2 RHVT 200 0.15
13 4 1 4 Compressed air 120 0.25
14 4 2 3 Compressed air 150 0.2
15 4 3 2 Compressed air 180 0.15
16 4 4 1 Compressed air 200 0.1

Fig. 3 (a) SEM micrograph of surface morphology of specimen; (b) EDS appearance of Al7075-T6 chemical composition

Journal of Materials Engineering and Performance Volume 33(17) September 2024—8749



Table 4 Output responses for machined Al7075-T6 alloy

Control factors Results

Trial Condition
Cutting speed Vc, m/

min
Feed rate, mm/

rev
Tool wear, avg ± SD,

Vbmax, lm
S/N ratio,
Vbmax

SR, avg ± SD,
lm

S/N ratio,
SR

1 Dry cutting 120 0.1 120.33 ± 1.52 �41.61 6.22 ± 0.11 �15.87
2 Dry cutting 150 0.15 135.33 ± 0.57 �42.63 6.47 ± 0.15 �16.22
3 Dry cutting 180 0.2 151.73 ± 1.55 �43.62 6.81 ± 0.12 �16.66
4 Dry cutting 200 0.25 166.70 ± 1.12 �44.44 7.49 ± 0.23 �17.49
5 MQL 120 0.15 40.75 ± 0.66 �32.20 4.82 ± 0.12 �13.66
6 MQL 150 0.1 47.42 ± 0.52 �33.52 5.12 ± 0.13 �14.18
7 MQL 180 0.25 54.57 ± 0.40 �34.74 5.42 ± 0.12 �14.68
8 MQL 200 0.2 60.97 ± 0.95 �35.70 5.51 ± 0.11 �14.82
9 RHVT 120 0.2 46.47 ± 1.74 �33.35 5.03 ± 0.12 �14.04
10 RHVT 150 0.25 52.25 ± 1.25 �34.36 5.32 ± 0.14 �14.53
11 RHVT 180 0.1 59.93 ± 1.26 �35.55 5.58 ± 0.17 �14.94
12 RHVT 200 0.15 66.38 ± 1.38 �36.44 5.60 ± 0.15 �14.97
13 Compressed air 120 0.25 52.20 ± 0.72 �34.35 5.21 ± 0.11 �14.34
14 Compressed air 150 0.2 57.51 ± 1.31 �35.20 5.33 ± 0.16 �14.54
15 Compressed air 180 0.15 67.29 ± 1.45 �36.56 5.50 ± 0.12 �14.81
16 Compressed air 200 0.1 72.06 ± 1.06 �37.15 5.78 ± 0.11 �15.24

Fig. 4 (a) Experimental setup of turning operation; (b) Cutting insert used in the experiment; (c) Different environmental friendly strategies
employed during operation
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ity (Ref 28). The MF technique MQL, which had outstanding
flushing and lubricating performance, assisted in reducing tool
flank wear. This technique also has certain benefits in terms of
lessening tool breakage, boundary wear, and significant flank
wear (Ref 29, 30). However, due to the lack of lubrication and
cooling characteristics in other turning operations, such as
compressed air and dry cutting, substantial tool wear outcomes
were noted. These considerations constitute the machining
environment a significant factor during the turning operation of
an alloy. The other factor such as cutting speed also signifi-
cantly impacts the tool wear by 98% (percentage contribution:
9.4%). These results are in accordance with earlier reported
studies which concluded that cutting speed is the critical factor
for accurate machining (Ref 23, 27). However, the feed rate
was observed as an insignificant factor that did not influence on
the tool wear results (percentage contribution: 0.2%). All these
factors are interconnected and must be considered together to
achieve optimum results. An optimal set of operating param-
eters for achieving minimal tool wear was observed from the S/
N ratio plots (Fig. 5a): Condition of machining = MQL,
Cutting speed = 120 m/min, Feed rate = 0.10 mm/rev.

Figure 6 represents the FE-SEM images of tool wear at
different conditions. The employing of RHVT lessens flank
wear in comparison with dry conditions since the cooling action
of air lowers the temperature. Minor adhering of the chip can be
seen on the rake surface due nonavailability of jatropha oil as a
lubricating medium. As a result, only plastic deformation on the
cutting tool’s upper layer was reported rather than well-defined

crater wear. (Ref 31). Because of enhanced lubricating
conditions due to jatropha oil with a selected flow rate, the
MQL MF strategy lowered tool flank wear and significant
reductions in work material stickiness (Ref 32). Dry cutting
produced the highest tool wear in comparison to other MF
strategies due to higher friction and rubbing of the tool against
the work material surface. Additionally, crater wears and BUE
increases tool wear. Carbide tools have a relatively low
softening point at 1100 �C; it was discovered that chipping
near the tool’s cutting edge is brought on by tool softening at
high temperatures. Compressed air was unable to provide
sufficient lubrication as well as a chilling effect to prevent on
rake face the generation of crater wear, plastic deformation, and
BUE. The SEM image acquired from the rake surface using the
RHVT MF strategy shows minor crater wear as well as minor
build-up-edge. This demonstrated that under the RHVT MF
strategy, because of the lack of lubricating effect, minor
adhering of the chip on the tool surface occurred, resulting in a
small rise in tool wear in comparison with the MQL MF
strategy, where oil provided the lubricating effect as well as
cooling. The existence of leftover chips that were welded on the
rake face confirms the issue of chip adhesion and welding on
the rake face. In overall, when the cutting speed increases from
120 m/min onwards, the cutting forces are reduced due to the
low friction force between the tool-workpiece.

Table 5 ANOVA for tool wear

Source DF Sum of squares Mean squares F value P value, % Contribution

Condition 3 205.392 68.47 2078.02 0.001**, 90.4%
Cutting speed 3 21.577 7.19 218.30 0.02**, 9.4%
Feed rate 3 0.001 0.0002 0.01 0.034, 0.2%
Error 6 0.198 0.0329 … …
Total 15 227.168 … … …
** Most significant (<97%)
DF, degrees of freedom

Fig. 5 Images showing flank wear measured by microscope; (a) Compressed air; (b) MQL; (c) Dry cutting; (d) RHVT
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3.2 Surface Roughness Responses

Table 4 also demonstrates the S/N ratio results of the SR of
samples. The MQL approach lessened the surface roughness in
comparison to other machining conditions. Table 6 lists the
factors in order to appreciably have an effect on surface
roughness. Similarly, the phenomenon perceived in tool flank
wear was also noticed in the surface roughness responses. The
condition of machining and cutting speed were examined with
a confidence level of < 99% which extremely influenced the
SR of the alloy. The machining environment contributed 78.6%
and cutting speed contributed 19.1% in surface roughness
responses during the machining of the alloy. It was due to the
lubricating effect that was produced at the tool-workpiece
contact caused the high-pressure coolant environment during
MQL machining conditions to reduce surface roughness. When
a tiny layer of liquid coolant penetrates the interface, friction is
significantly reduced, and the roughness is also reduced. The
high-speed coolant jet’s ability to lower the cutting zone’s
temperature also quickly dissipates the heat created. The
surface quality of the machined surfaces is improved by lower
cutting temperatures. However, during compressed air and dry
cutting machining conditions, due to the absence of lubrication
effect, more surface roughness was observed. Therefore,
the machining environment contributed highly to the machin-

ing of alloy. The other factor such as feed rate also influenced
the surface roughness responses of the alloy with a confidence
level of 96.6% respectively. The above results are in accor-
dance with earlier reported research that was reported by
different researchers (Ref 33-35). Optimum values of factors
for lower SR were attained by S/N ratio plots (Fig. 5b) viz.
Condition of machining = MQL, cutting speed = 120 m/min,
Feed rate = 0.15 mm/rev.

Figure 7 shows the FE-SEM images of surface roughness
responses at different conditions. Regardless of whatever MF
method was used, the value of the average surface roughness
parameter rises with increasing cutting speed. The main reason
for this happening is that at higher cutting speeds, tool wear
increases, and the effect of tool topography raises surface
roughness at 200 m/min cutting speed (Ref 36). Higher cutting
speeds generate more heat, which may lead to thermal
expansion and softening of the material being cut, leading to
deformation of the surface and roughness. The MQL technique
produced a smooth surface due to the combined effect of
cooling and lubrication, and the absence of BUE was also a
factor in improving a smooth surface profile. Under RHVT,
minor feed marks and chip fragments could be seen, improving
surface roughness in comparison to the dry cutting technique
due to smooth chip flow. On the surface under compressed air,
irregularities such as chip fragments, and scratches were ob-

Table 6 ANOVA for surface roughness responses

Source DF Sum of squares Mean squares F value P value, % Contribution

Condition 3 12.3181 4.10603 277.54 0.00**, 78.6%
Cutting speed 3 2.9930 0.99768 67.44 0.005**, 19.1%
Feed rate 3 0.2532 0.08439 5.70 0.034*, 1.6%
Error 6 0.0888 0.01479 … …
Total 15 15.6531 … … …
** Most significant (<97%); *Significant (<90%).
DOF, degrees of freedom.

Fig. 6 Response graphs for S/N ratios: (a) Tool wear; (b) Surface Roughness
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Fig. 7 FE-SEM images showing wear on rake face after machining at 120 m/min cutting speed beneath: (a) MQL; (b) RHVT; (c) Compressed
air; (d) Dry cutting

Fig. 8 FE-SEM micrographs of machined surfaces for 120 m/min cutting speed: (a) MQL; (b) RHVT; (c) Compressed air; (d) Dry cutting
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served because of no lubrication and effective heat transfer.
Under dry conditions, scratches weren’t aligned with feed
marks, indicating that they could be caused by chip behavior
rather than machine vibrations. A significant amount of chip
fragments was witnessed on the surface. Because of the
absence of C/L effects in dry cutting, the rough profile was
created. Considering the reduction in surface roughness and
tool wear, the MQL MF strategies have proved to be
sustainable technology that enhances the surface quality and
productivity of machining processes. This substantial improve-
ment has the potential to save resources such as materials, tools,
power, and work hours (Fig. 8).

3.3 Regression Analysis Model

The interaction between particular machining parameters
and the output response variables was commonly studied using
regression model analysis. The tool wear equation (Eq 1) and
the SR equation (Eq 2) for the model were created using the
statistics program Minitab-17.

Tool Wear ¼ 78:24 � 15:98 Condition Compressed air

þ 65:28 Condition Dry Cutting

� 27:32 Condition MQL

� 21:99 Condition RHVT

� 13:31 Cutting Speed 120

� 5:11 Cutting Speed 150

þ 5:14 Cutting Speed 180

þ 13:28 Cutting Speed 200

� 3:31 Feed Rate F mm=revð Þ0:10
� 0:81 Feed Rate F mm=revð Þ0:15
þ 0:93Feed Rate F mm=revð Þ0:20
þ 3:19 Feed Rate F mm=revð Þ0:25

ðEq 1Þ

Surface Roughness ¼ 5:7002 � 0:2435 Condition Compressed air

þ 1:0448 Condition Dry Cutting

� 0:4860 Condition MQL

� 0:3152 Condition RHVT

� 0:3810 Cutting Speed 120

� 0:1402 Cutting Speed 150

þ 0:1265 Cutting Speed 180

þ 0:3948 Cutting Speed 200

� 0:0252 Feed Rate F mm=revð Þ0:10
� 0:1044Feed Rate F mm=revð Þ0:15
� 0:0302 Feed Rate F mm=revð Þ0:20
þ 0:1598 Feed Rate F mm=revð Þ0:25

ðEq 2Þ

3.3.1 Confirmation Test. A confirmatory test was con-
ducted to verify the anticipated values against the experimental
findings. It was found that, with the least amount of error, the
regression results accurately predicted the outcome values
based on the actual experimentally recorded tool wear and SR.
According to confirmatory test comparison (Table 7), the
created model has a more remarkable ability to examine the
results for the sustainable turning of Al7075-T6 alloy.

4. Conclusions

Based on the current examination for turning of Al7075-T6
alloy in different MF conditions, the following conclusions
were made:

• The MF techniques used, namely MQL, RHVT, and com-
pressed air, were discovered to be required for the sustain-
able turning of Al7075-T6 alloy. Each MF strategy
improved surface quality and tool wear to varying degrees

Table 7 Results for confirmation test

Trial

Tool wear Surface roughness

A B C% A B C%

1 120.33 126.9 94.83 6.22 6.39 97.29
2 135.33 137.6 98.35 6.47 6.5 99.49
3 151.73 149.59 98.59 6.81 6.84 99.51
4 166.70 159.99 95.97 7.49 7.29 97.33
5 40.75 36.8 90.31 4.82 4.72 97.99
6 47.42 42.5 89.63 5.12 5.04 98.50
7 54.57 59.25 92.10 5.42 5.5 98.48
8 60.97 65.13 93.61 5.51 5.57 98.86
9 46.47 43.87 94.41 5.03 4.97 98.74
10 52.25 54.33 96.17 5.32 5.4 98.58
11 59.93 58.08 96.91 5.58 5.48 98.15
12 66.38 68.72 96.59 5.60 5.67 98.77
13 52.20 52.14 99.89 5.21 5.23 99.62
14 57.51 58.08 99.02 5.33 5.28 99.00
15 67.29 66.59 98.96 5.50 5.47 99.45
16 72.06 72.23 99.76 5.78 5.82 99.37
A = Mean Trial values of R1, R2 and R3; B = Anticipated value; C = Agreement with prediction (%).

8754—Volume 33(17) September 2024 Journal of Materials Engineering and Performance



compared to dry cutting.
• According to the statistical analysis, the condition of

machining (<99% probability) was the most significant
parameter, followed by cutting speed (<95% probability),
which affects the surface roughness and tool wear.

• Excellent surface finish and minimum tool wear were wit-
nessed for Trial 5 (Machining Condition: MQL, Cutting
Speed:120 and Feed Rate: 0.15).

• SEM images of MQL technique machined surfaces exhib-
ited smooth surface and minimum tool wear due to the
combined effect of cooling and lubrication between the
workpiece and tool during operation.
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