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A B S T R A C T

Introduction. High-speed machining of stainless steel has long been a focus of research. Due to characteristics 
such as low thermal conductivity and work hardening, AISI 304 is considered to be a difficult material to cut. 
Machinability indicators provide important information about the efficiency and effectiveness of the machining 
process, enabling manufacturers to optimize their operations for increased productivity and precision. The purpose 
of the work. Coated carbide tools are most often used for machining AISI 304 stainless steel. Few studies, meanwhile, 
have examined the effects of pre-and post-treated coated carbide tools when turning these alloys at high speeds. In 
addition, only a small number of studies have simultaneously optimized the cutting parameters while employing pre-
and post-treated tools. The methods of investigation. The present work comparatively evaluates the performance 
of coated and coated-microblasted tools during the turning of AISI 304 stainless steel. The tools were PVD-AlTiN 
coated, PVD-AlTiN coated with microblasting as a post-treatment (coated-microblasted), and MTCVD-TiCN/Al2O3 
coated (MTCVD). The experimental-based mathematical models were developed to predict and optimize the turning 
performance. Results and Discussion. In this study, it is found that PVD-AlTiN coated tools have the lowest cutting 
forces and surface roughness, followed by PVD-AlTiN coated-microblasted and MTCVD-TiCN/Al2O3 coated tools. 
However, there is no significant difference observed in these responses for coated and coated-microblasted tools. It 
is found that the cutting forces increased with feed and depth of cut while decreasing with cutting speed. However, 
this effect is significant for MTCVD-coated tools. On the other hand, higher tool life is observed with MTCVD-TiCN/
Al2O3 coated tools, followed by PVD AlTiN coated-microblasted and PVD-AlTiN coated tools. Tool life was largely 
affected by cutting speed. However, PVD-AlTiN coated tools exhibited this effect more noticeably. The models, with 
correlation coefficients found above 0.9, can be utilized to predict responses in turning AISI 304 stainless steel. The 
optimization study revealed that turning AISI 304 stainless steel with MTCVD-TiCN/Al2O3 coated tools incurs lower 
cutting forces of 18–27 N, produces a minimum surface roughness of 0.3–0.44 μm, and has a better tool life of 36–51 
min compared to PVD-AlTiN coated (C) and PVD-AlTiN coated-microblasted (CMB) tools.

For citation: Chinchanikar S., Gadge M.G. Performance modeling and multi-objective optimization during turning AISI 304 stainless steel 
using coated and coated-microblasted tools. Obrabotka metallov (tekhnologiya, oborudovanie, instrumenty) = Metal Working and Material 
Science, 2023, vol. 25, no. 4, pp. 117–135. DOI: 10.17212/1994-6309-2023-25.4-117-135. (In Russian).
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Introduction

High-speed machining of stainless steel has long been a focus of research. Due to characteristics such 
as low thermal conductivity and tendency to work hardening, AISI 304 steel is difficult to machine. One of 
the most stringent indicators of the efficiency and effectiveness of a machining process is tool life.

He et al. [1] revealed that the cutting temperature of a TiN-coated tool is lower than that of an uncoated 
one and increases with increasing cutting parameters. Rao et al. [2] multi-objectively optimized material 
removal rate and roughness during turning of SS 304. Kulkarni et al. [3] observed that cutting speed 
significantly affects the chip-tool interface temperature, and feed greatly affects the cutting forces during 
turning of SS 304. According to Bouzid et al. [4], when turning of SS 304 with Ti(C,N)/Al2O3/TiN coated 
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tools, the cutting duration is the main factor influencing the flank wear, which was then followed by the 
cutting speed.

A study by Sharma and Gupta [5] showed that TiAlN/TiN coated carbide tools significantly reduced 
tool wear and roughness during turning of SS 304. Patel et al. [6] observed that mechanical properties and 
machining performance are influenced by the microstructure of cermet tools. Dubovska et al. [7] conducted 
a tool life study of carbide tools when turning of AISI 304 austenitic stainless steel. Sharma et al. [8] carried 
turning of AISI 304 steel using hybrid nanofluids with minimal lubrication. Their study developed models 
for forces and surface roughness. Rao et al. [9] optimized the surface roughness using the Differential 
Evolution (DE) algorithm in turning SS 304. 

Chen et al. [10] turned SS 304 using CrWN hard film tools. Their study optimized performance using 
grey relational analysis (GRA). Patil et al. [11] evaluated cryogenically treated and untreated carbide cutting 
tools for turning AISI 304 steel. Lower surface roughness and tool wear was observed with cryogenically 
treated tools. In turning SS 304, Singh et al. [12] found that cutting speed was a dominant factor affecting 
surface roughness and depth of cut, and the cutting speed-feed rate interaction significantly affected flank 
wear.

Lubis et al. [13] obtained tool life data and analyzed the tool wear of coated tools in turning AISI 304 
stainless steel. Khan et al. [14] conducted a study on the impact of surface-treated and AlCrN-coated drills 
when drilling SS 304 at different cutting speeds. Bedi et al. [15] observed better results when processing 
SS 304 steel with rice bran oil than coconut oil. Rathod et al. [16] optimized turning of SS 304 with coated 
carbide tools using the Taguchi and TOPSIS methods. Sivaiah et al. [17] analyzed the performance of 
micro-grooved tools during turning AISI 304. Textured tools performed better compared to untextured 
tools. Moganapriya et al. [18] found improved performance with TiAlSiN coated tools during machining 
of SS 304.

A group of researchers evaluated the chip-tool interface temperature during machining of SS 304 [19–
20]. Experimental findings showed a significant influence of cutting speed on the temperature generated 
during machining. Patel et al. [21] found that the tool life of Ti-based coated cermet tools is significantly 
influenced by the coating compositions. Özbek et al. [22] found that during AISI 304 wet turning, the feed 
rate has a substantial impact on tool wear and surface roughness.

According to the analysis of the literature, coated tools have been mostly used by the researchers to 
machine AISI 304 stainless steel. Few researchers, meanwhile, have examined the effects of pre-and post-
treated coated carbide tools when turning these alloys at high speeds. In addition, only a small number of 
studies have simultaneously optimized the cutting parameters for improved machining performance while 
employing pre-and post-treated tools. In light of this, this study compares and contrasts the effectiveness 
of coated and coated-microblasted tools when turning AISI 304 stainless steel. The machining capabilities 
of tools coated with single-layer PVD AlTiN, coated-microblasted, and multi-layer MTCVD TiCN/Al2O3 
were assessed. To predict and improve turning performance, the experimentally validated models were 
developed.

Experimental Design

Turning experiments were carried out on AISI 304 stainless steel bar with a diameter and length of 70 
and 500 mm, respectively. The material’s composition is shown in table 1. 

Fig. 1 depicts the high-precision CNC lathe used for the experiments. To investigate the machining 
performance under dry conditions, experiments were conducted using single-layer PVD AlTiN coated 

T a b l e  1

Percentage composition of AISI 304

C Si Mn P S Cr Ni N Fe

0.033 0.88 1.98 0.037 0.013 18.37 8.82 0.11 Balance

https://www.sciencedirect.com/topics/engineering/cermet
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(hereafter referred to as “coated”), single-layer PVD AlTiN coated and microblasted as a post-treatment 
(hereafter referred to as “coated-microblasted”), and multi-layer MTCVD TiCN/Al2O3 coated (hereafter 
referred to as “MTCVD”). At regular intervals along the length of the cut, flank wear was observed. Based 
on the results of the pilot tests, literature rewiev, and a manufacturer’s recommendation, cutting parameters 
were selected.

Uncoated carbide inserts, marked in accordance with ISO as CNMG120408MS, are coated with aluminum 
titanium nitride (AlTiN) by physical vapor deposition (PVD) with pre- and post-treatment as described in 
table 1. The CNMG120408 inserts, diamond-shaped with an 80° angle and 0.8 mm nose radius were rigidly 
mounted on a tool holder, marked in accordance with ISO as PCBNR2525M12, as shown in fig. 2.

The machining parameters were selected after a thorough literature study, catalog review, and searching 
experiments. Experimental matrix is shown in table 2. Flank wear was measured using a Dino-Lite digital 
microscope. Tool life (T) is obtained with flank wear of 0.2 mm. Longitudinal turning tests were carried 
out on a reliable, high-precision CNC lathe. A strain gauge-type lathe dynamometer was used to measure 
tangential force (Fc), feed force (Ff) and radial force (Fr) during the machining process. A Taylor Hobson 
Surftronic tester is used to evaluate surface roughness. 

Fig. 1. Experimental set-up

Fig. 2. Details of cutting insert and tool holder
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T a b l e  2

Experimental matrix for AISI 304 stainless steel  
(V: Cutting speed, f: Feed, and d: Depth of cut)

Parameters Expt. Run

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

V (m/min) 300 350 350 250 250 300 300 300 200 400 350 250 350 250 300

f (mm/rev) 0.1 0.08 0.12 0.08 0.12 0.05 0.1 0.15 0.1 0.1 0.08 0.12 0.12 0.08 0.1

D (mm) 0.5 0.4 0.4 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.1

Results and Discussion

Turning experiments were performed on a CNC lathe using the cutting modes depicted in table 2. The 
surface roughness, three components of cutting force, namely, Fc, Ff, and Fr, and tool life (T) were mea-
sured until the flank wear reached 0.2 mm. Experimental results with different tools, namely PVD-AlTiN 
coated (C) tool, PVD-AlTiN coated-microblasted (CMB), and MTCVD-TiCN/Al2O3 coated (MTCVD), are 
depicted in table 3.

Performance modeling

Experimentally validated mathematical models were developed for the responses considered in this 
study for the various tools to better understand the turning characteristics. The regression equations were 

T a b l e  3

Experimental results in turning AISI 304 with different tools

Run 
no.

PVD-AlTiN coated (C) tool PVD-AlTiN coated-microblasted 
(CMB)

MTCVD-TiCN/Al2O3 coated 
(MTCVD)

Fc

(N)
Ff  

(N)
Fr 

(N)
Ra 

(µm)
T 

(min)
Fc 
(N)

Ff 
(N)

Fr 
(N)

Ra 
(µm)

T 
(min)

Fc 
(N)

Ff  
(N)

Fr 
(N)

Ra 
(µm)

T 
(min)

1 108 44 17 0.93 8.1 118 48 21 0.88 9.81 111 55 26 1.14 18.4

2 69 27 15 0.62 10.3 69 33 16 0.57 11.2 78 38 21 0.69 14.4

3 98 41 16 0.68 7.6 98 43 21 0.74 6.8 118 53 26 0.85 9.3

4 78 31 16 0.72 14.4 88 36 17 0.77 16.4 98 40 22 0.85 21.3

5 88 51 18 0.87 11.2 137 51 23 0.96 11.1 137 56 27 1.05 14.3

6 59 22 13 0.47 18.1 49 18 12 0.45 19.5 49 22 17 0.55 24.6

7 69 33 14 0.65 12.6 69 35 18 0.65 13.9 88 40 24 0.74 18.8

8 88 47 17 0.83 10.4 98 46 26 0.81 10.3 121 59 34 0.97 14.6

9 78 34 16 0.96 15.1 88 38 20 0.93 15.9 98 45 26 0.99 22.1

10 59 29 15 0.42 6.8 69 33 18 0.50 7.2 78 40 23 0.62 9.4

11 48 19 11 0.39 14.8 39 22 14 0.42 16.4 39 29 21 0.47 18.6

12 61 33 14 0.66 15.3 59 40 19 0.70 16.3 78 40 27 0.72 20.8

13 56 31 13 0.51 10.6 59 33 18 0.52 11.8 59 45 26 0.65 15.7

14 54 23 12 0.57 17.6 39 28 14 0.61 21.8 49 28 22 0.62 26.6

15 39 17 10 0.37 16.4 29 24 13 0.40 17.4 29 23 21 0.46 22.6
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created and its coefficient values were calculated using DataFit software. The developed mathematical 
models are shown in tables 4, 5, and 6 for PVD-AlTiN coated (C) tools, PVD-AlTiN coated-microblasted 
(CMB) tools, and MTCVD-TiCN/Al2O3 coated (MTCVD) tools, respectively.

The developed models have R-squared values closer to 0.95, indicating its reliability in predicting re-
sponses based on the variation proportion in the data points during turning of SS 304 when using PVD-
AlTiN coated (C) tools (Eqs. 1 to 5), PVD-AlTiN coated-microblasted (CMB) tools (Eqs. 6 to 10), and 
MTCVD-TiCN/Al2O3 coated (MTCVD) tools (Eqs. 11 to 15).

T a b l e  4

Mathematical models for PVD-AlTiN coated (C) tool

Responses Developed model R-squared value Eq. no.

Tangential force (Fc) 0.195 0.426 0.6521271.76V f d−= 0.92 (1)

Feed force (Ff) 0.321 0.913 0.5473218.41V f d−= 0.95 (2)

Radial force (Fr)  0.192 0.263 0.350121.93V f d−= 0.91 (3)

Surface roughness (Ra) 0.902 0.482 0.513620.52V f d−= 0.93 (4)

Tool life (T) 0.853 0.618 0.371231.25V f d− − −= 0.91 (5)

T a b l e  5

Mathematical models for PVD-AlTiN coated-microblasted (CMB) tool

Responses Developed model R-squared value Eq. no.

Tangential force (Fc) 0.559 0.821 0.98038002.71V f d−= 0.96 (6)

Feed force (Ff) 0.333 0.786 0.4322445.18V f d−= 0.95 (7)

Radial force (Fr) 0.171 0.739 0.272369.13V f d−= 0.97 (8)

Surface roughness (Ra) 0.866 0.524 0.470543.49V f d−= 0.98 (9)

Tool life (T) 0.754 0.647 0.348141.73V f d− − −= 0.92 (10)

T a b l e  6

Mathematical models for MTCVD-TiCN/Al2O3 coated (MTCVD) tool

Responses Developed model R-squared value Eq. no.

Tangential force (Fc) 0.485 0.932 0.81929772.68V f d−= 0.96 (11)

Feed force (Ff) 0.093 0.874 0.463927.66V f d−= 0.97 (12)

Radial force (Fr) 0.142 0.618 0.079250.89V f d−= 0.92 (13)

Surface roughness (Ra) 0.602 0.523 0.554153.75V f d−= 0.95 (14)

Tool life (T) 0.917 0.579 0.324551.62V f d− − −= 0.91 (15)
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                                  а                                                                  b                                                       с
Fig. 3. Tangential force (Fc) for different tools varying with (a) V, (b) f, and (c) d

Further, for a better understanding, cutting forces (figs. 3–5), surface roughness (fig. 6), and tool life 
(fig. 7) are plotted using the developed models varying with cutting parameters for coated (C), coated-
microblasted (CMB), and MTCVD tools. Fig. 3, a depicts tangential cutting forces for coated (C), coated-
microblasted (CMB), and MTCVD tools varying with cutting speed at f = 0.1 mm/rev and d = 0.3 mm, 
respectively. The cutting forces can be seen as decreasing with the cutting speed. It could be attributed to 
an increase in the cutting speed increases the cutting temperature making the material soft and lowering 
the cutting force. Lower cutting forces can be seen for PVD-AlTiN coated (C) tools and higher forces for 
MTCVD-TiCN/Al2O3 coated (MTCVD) tools. However, no prominent difference in the tangential cutting 
force can be seen for the different tools.

Fig. 3, b displays the tangential cutting forces that vary with feed for coated (C), coated-microblasted 
(CMB), and MTCVD tools at V = 300 m/min and d = 0.3 mm. 

And fig. 3, c depicts tangential cutting forces for coated (C), coated-microblasted (CMB), and MTCVD 
tools varying with depth of cut at V = 300 m/min and f = 0.1 mm/rev, respectively.

Cutting forces increase with feed and depth of cut, and the effect is more pronounced for MTCVD-TiCN/
Al2O3 coated tools than for PVD-AlTiN coated tools (C) and PVD-AlTiN coated microblasted (CMB) tools. 
The lower cutting forces using PVD-AlTiN coated tools (С) and PVD-AlTiN coated microblasted (CMB) 
tools can be explained by the lower coefficient of friction and sharper edge radius of the single-layer PVD-
AlTiN coated tool compared to multilayer MTCVD-TiCN/Al2O3 coated (MTCVD) tools. The phenomenon of 
lower friction for PVD-AlTiN coated tools results in lower cutting force compared to MTCVD-TiCN/Al2O3 
coated tools.

Fig. 4, a and fig. 5, a depict feed and radial forces, respectively, for coated (C), coated-microblasted 
(CMB), and MTCVD tools, varying with cutting speed at f = 0.1 mm/rev and d = 0.3 mm, respectively.  
Fig. 4, b and fig. 5, b show the dependence of the feed force and radial force on the feed value at V = 300 m/min 
and d = 0.3 mm, respectively. Fig. 4, c and fig. 5, c depict feed and radial forces, respectively, for coated 
(C), coated-microblasted (CMB), and MTCVD tools, varying with depth of cut at V = 300 m/min and  

                             a                                                               b                                                               c
Fig. 4. Feed force (Ff ) for different tools varying with (a) V, (b) f, and (c) d
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                             a                                                               b                                                               c
Fig. 5. Radial force (Fr) varying with (a) V, (b) f, and (c) d

f = 0.1 mm/rev, respectively. The feed forces can be noticed as increasing with the feed and depth of cut 
and being negligibly affected by the cutting speed. Lower feed forces are observed for PVD-AlTiN coated 
(C) tools and higher forces are observed for MTCVD-TiCN/Al2O3 coated (MTCVD) tools. However, no 
prominent difference in the feed force can be noticed for coated and coated-microblasted tools. The radial 
forces can be noticed as negligibly affected by the cutting parameters. Higher radial forces can be seen for 
MTCVD-TiCN/Al2O3 coated (MTCVD) tools.

Figs. 6 and 7 depict surface roughness and tool life, respectively, for coated (C), coated-microblasted 
(CMB), and MTCVD tools, varying with V = 300 m/min, f = 0.1 mm/rev, and d = 0.3 mm, respectively. It 
can be seen that the surface roughness decreases with increasing V (fig. 6, a) and increases with increasing f 
(fig. 6, b) and d (fig. 6, c). Lower surface roughness can be seen for PVD-AlTiN coated (C) tools and higher 
surface roughness for MTCVD-TiCN/Al2O3 coated (MTCVD) tools. Surface roughness is significantly af-
fected by feed, especially for MTCVD-coated tools. However, there is no significant difference between 
coated tools and microblasted tools.

                                   a                                                          b                                                                 c
Fig. 6. Surface roughness (Ra) varying with (a) V, (b) f, and (c) d

                                   a                                                          b                                                                 c
Fig. 7. Tool life (T) varying with (a) V, (b) f, and (c) d
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When changing parameters, one may observe a decrease in tool life parameters. Cutting speed can be 
considered as having the greatest impact on tool life, followed by feed and depth of cut. The highest tool 
life can be seen for MTCVD tools, followed by coated-microblasted and coated tools. This can be attributed 
to the thicker coating with an average thickness of 22 µm compared to the thinner coating with an average 
thickness of 3 µm. Further, the Al2O3 coating layer assisted to increase tool life by forming a protective 
aluminum oxide layer on the coated tool during machining, which has protected the tool from oxidation and 
the loss of cutting elements from the tool. Further, the TiCN layer of the coating provided higher adhesion 
between the coating and the substrate. 

Multi-objective optimization

Researchers have made several attempts to optimize turning process parameters. However, limited 
studies optimized the turning of AISI 304 using coated, coated-microblasted, and MTCVD tools. The study 
uses a desirability function technique to optimize turning parameters to achieve minimal cutting forces, 
surface roughness, and maximum tool life. Using Eq. 16, each response variable (Ri) is converted into a 
desirability function (Di), and Eq. 17 transforms the optimization of multiple response variables into the 
optimization of a single desirability function (DM). The process variables and a variety of possible response 
functions are shown in table 7.
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max min
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The one-sided transformation is used to transform each response Ri into its corresponding Di [23, 24]. 
By substituting all conceivable combinations and permutations of cutting parameters (around 10,000 data 

T a b l e  7

Process variables and the range of response functions

Process variables and responses Goal

PVD-AlTiN 
coated (C) tool

PVD-AlTiN coat-
ed-microblasted 

(CMB)

MTCVD-TiCN/Al2O3 
coated (MTCVD)

Min. 
limit

Max. 
limit

Min. 
limit

Max. 
limit

Min. 
limit

Max. 
limit

Cutting speed (V) (m/min) Is in range 200 400 200 400 200 400

Feed (f) (mm/rev) Is in range 0.05 0.15 0.05 0.15 0.05 0.15

Depth of cut (d) (mm) Is in range 0.1 0.5 0.1 0.5 0.1 0.5

Tangential cutting force (Fc) (N) Minimize 24.5 128.3 11.9 209.9 15.1 220.4

Feed force (Ff) (N) Minimize 8.7 71.1 11.7 69.9 13.3 78.3

Radial force (Fr) (N) Minimize 7.8 21 7.7 30.4 14 34.6

Surface roughness (Ra) (mm) Minimize 0.20 1.46 0.21 1.47 0.24 1.59

Tool life (T) (min) Maximize 5.82 37.7 6.7 40.3 8.5 51.1
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points) in the developed mathematical models that fall within the parameters chosen in the current study, 
minimum and maximum limits of response functions are obtained. One-sided transformation for different 
responses for PVD-AlTiN coated (C), PVD-AlTiN coated-microblasted (CMB), and MTCVD-TiCN/Al2O3 
(MTCVD) tools can be represented considering the lower and higher limits of the respective responses.

One-sided transformation for different responses for PVD-AlTiN coated (C) tools (Eqs. 18–22), PVD-
AlTiN coated-microblasted (CMB) tools (Eqs. 23–27), and MTCVD-TiCN/Al2O3 coated tools (MTCVD) 
(Eqs. 28–32) are given in tables 8, 9, 10, respectively.

For each level of independent parameters, DFc, DFf, DFr, Dra and DT were calculated using Eqs. 18–22 
for PVD-AlTiN coated tools, Eqs. 23–27 for PVD-AlTiN coated-microblasted tools, and Eqs. 28–32 for 
MTCVD-TiCN/Al2O3 coated tools. Then, a single desirability function, DM was calculated by substituting 
DFc, DFf, DFr, Dra and DT in Eq. 17. The optimal parameter was chosen based on the solution with the 
highest desirability (DM).

In the present study a family of optimal solutions having single desirability function (DM) of above 0.9 
are selected and are shown in tables 11, 12, and 13 for PVD-AlTiN coated (C) tools, PVD-AlTiN coated-
microblasted (CMB) tools, and MTCVD-TiCN/Al2O3 coated tools, respectively.

In the present study, V = 200–290 m/min, f = 0.05–0.055 mm/rev, and d = 0.1–0.12 mm were found to 
be the optimal parameters when using PVD-AlTiN coated (C) tools and MTCVD-TiCN/Al2O3 coated tools. 
However, V = 200–320 m/min, f = 0.05–0.055 mm/rev and d = 0.1–0.12 mm, are the optimal cutting condi-
tion when using PVD-AlTiN coated-microblasted (CMB) tools. The optimization study reveals that in com-
parison with C-coated and CMB-coated tools, when turning AISI 304 stainless steel with MTCVD coated 
tools, the cutting forces are significantly less and amount to 18–27 N, and the minimum surface roughness 
reaches 0.3–0.44 µm, while the tool life increases to 36–51 min.

T a b l e  8

One-sided transformation for PVD-AlTiN coated (C) tools

Desirability for tangential cutting force (DFc) (Eq. 18) Desirability for feed force (DFf) (Eq. 19)
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Desirability for radial force (DFr) (Eq. 20) Desirability for surface roughness (DRa) (Eq. 21)
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Desirability for tool life (DT) (Eq. 22)
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T a b l e  9

One-sided transformation for PVD-AlTiN coated-microblasted (CMB) tools

Desirability for tangential cutting force (DFc) (Eq. 23) Desirability for feed force (DFf) (Eq. 24)
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Desirability for radial force (DFr) (Eq. 25) Desirability for surface roughness (DRa) (Eq. 26)
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Desirability for tool life (DT) (Eq. 27)
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T a b l e  1 0

One-sided transformation for MTCVD-TiCN/Al2O3 coated tools

Desirability for tangential cutting force (DFc) (Eq. 28) Desirability for feed force (DFf) (Eq. 29)
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Desirability for radial force (DFr) (Eq. 30) Desirability for surface roughness (DRa) (Eq. 31)
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Desirability for tool life (DT) (Eq. 32)
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T a b l e  1 1

Family of optimal solutions [V (m/min), f (mm/rev), d (mm)] for PVD-AlTiN coated (C) tools

Optimum 
parameters

Optimum responses Desirability

Si
ng

le
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es
ira

bi
lit

y 
(D

M
)

Fc

(N)
Ff 

(N)
Fr

(N)
Ra 

(µm)
T 

(min) DFc DFf DFr DRa DT

[200, 0.05, 0.1] 28.15 10.82 8.96 0.38 37.70 0.97 0.97 0.92 0.86 1.00 0.94
[210, 0.05, 0.1] 27.88 10.65 8.87 0.36 36.16 0.97 0.97 0.92 0.87 0.95 0.94
[220, 0.05, 0.1] 27.63 10.49 8.79 0.35 34.76 0.97 0.97 0.93 0.89 0.91 0.93
[230, 0.05, 0.1] 27.39 10.34 8.72 0.33 33.46 0.97 0.97 0.93 0.90 0.87 0.93
[240, 0.05, 0.1] 27.17 10.20 8.65 0.32 32.27 0.98 0.98 0.94 0.91 0.83 0.92
[250, 0.05, 0.1] 26.95 10.07 8.58 0.31 31.17 0.98 0.98 0.94 0.92 0.79 0.92
[260, 0.05, 0.1] 26.75 9.94 8.52 0.30 30.14 0.98 0.98 0.95 0.92 0.76 0.91
[270, 0.05, 0.1] 26.55 9.83 8.46 0.29 29.19 0.98 0.98 0.95 0.93 0.73 0.91
[280, 0.05, 0.1] 26.36 9.71 8.40 0.28 28.29 0.98 0.98 0.96 0.94 0.70 0.91
[290, 0.05, 0.1] 26.18 9.60 8.34 0.27 27.46 0.98 0.98 0.96 0.95 0.68 0.90

[200, 0.055, 0.1] 29.32 11.80 9.18 0.40 35.54 0.95 0.95 0.90 0.85 0.93 0.92
[210, 0.055, 0.1] 29.04 11.62 9.10 0.38 34.09 0.96 0.95 0.90 0.86 0.89 0.91
[220, 0.055, 0.1] 28.78 11.45 9.02 0.36 32.77 0.96 0.96 0.91 0.87 0.85 0.91
[230, 0.055, 0.1] 28.53 11.28 8.94 0.35 31.55 0.96 0.96 0.92 0.88 0.81 0.90

T a b l e  1 2

Family of optimal solutions [V (m/min), f (mm/rev), d (mm)] 
for PVD-AlTiN coated-microblasted (CMB) tools

Optimum 
parameters

Optimum responses Desirability
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(D

M
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(N)
Ff 

 
(N)

Fr 
(N)

Ra 
(µm)

T 
(min) DFc DFf DFr DRa DT

[200, 0.05, 0.1] 17.60 14.70 8.71 0.39 40.36 0.97 0.95 0.96 0.86 1.00 0.95
[210, 0.05, 0.1] 17.12 14.47 8.64 0.37 38.90 0.97 0.95 0.96 0.87 0.96 0.94
[220, 0.05, 0.1] 16.68 14.25 8.57 0.36 37.56 0.98 0.96 0.96 0.89 0.92 0.94
[230, 0.05, 0.1] 16.27 14.04 8.51 0.34 36.32 0.98 0.96 0.97 0.90 0.88 0.94
[240, 0.05, 0.1] 15.89 13.84 8.45 0.33 35.17 0.98 0.96 0.97 0.91 0.85 0.93
[250, 0.05, 0.1] 15.53 13.65 8.39 0.32 34.10 0.98 0.97 0.97 0.91 0.81 0.93
[260, 0.05, 0.1] 15.19 13.47 8.33 0.31 33.11 0.98 0.97 0.97 0.92 0.78 0.92
[270, 0.05, 0.1] 14.88 13.31 8.28 0.30 32.18 0.99 0.97 0.98 0.93 0.76 0.92

[200, 0.055, 0.1] 19.03 15.85 9.35 0.41 37.94 0.96 0.93 0.93 0.84 0.93 0.92
[280, 0.05, 0.1] 14.58 13.15 8.23 0.29 31.31 0.99 0.97 0.98 0.94 0.73 0.92

[210, 0.055, 0.1] 18.52 15.59 9.27 0.39 36.57 0.97 0.93 0.93 0.86 0.89 0.91
[200, 0.055, 0.12] 21.04 15.91 9.16 0.42 37.88 0.95 0.93 0.94 0.83 0.93 0.91
[290, 0.05, 0.1] 14.30 12.99 8.18 0.28 30.49 0.99 0.98 0.98 0.95 0.71 0.91

[210, 0.05, 0.12] 20.47 15.65 9.08 0.40 36.51 0.96 0.93 0.94 0.85 0.89 0.91
[220, 0.055, 0.1] 18.04 15.35 9.20 0.38 35.31 0.97 0.94 0.94 0.87 0.85 0.91
[300, 0.05, 0.1] 14.03 12.85 8.13 0.27 29.72 0.99 0.98 0.98 0.95 0.68 0.91

[220, 0.05, 0.12] 19.95 15.41 9.01 0.39 35.25 0.96 0.94 0.94 0.86 0.85 0.91
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T h e  E n d  T a b l e  1 2

Optimum 
parameters

Optimum responses Desirability
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(N)
Fr 

(N)
Ra 

(µm)
T 

(min) DFc DFf DFr DRa DT

[230, 0.055, 0.1] 17.60 15.13 9.13 0.36 34.15 0.97 0.94 0.94 0.88 0.82 0.91
[310, 0.05, 0.1] 13.77 12.71 8.09 0.27 28.99 0.99 0.98 0.98 0.96 0.66 0.91

[230, 0.05, 0.12] 19.46 15.19 8.94 0.37 34.08 0.96 0.94 0.95 0.87 0.81 0.90
[240, 0.055, 0.1] 17.18 14.92 9.06 0.35 33.07 0.97 0.94 0.94 0.89 0.78 0.90
[320, 0.05, 0.1] 13.53 12.57 8.04 0.26 28.31 0.99 0.98 0.99 0.96 0.64 0.90

[240, 0.05, 0.12] 19.00 14.97 8.88 0.36 33.01 0.96 0.94 0.95 0.88 0.78 0.90
[250, 0.055, 0.1] 16.80 14.71 9.00 0.34 32.06 0.98 0.95 0.94 0.90 0.75 0.90

T a b l e  1 3

Family of optimal solutions [V (m/min), f (mm/rev), d (mm)] 
for MTCVD-TiCN/Al2O3 coated tools

Optimum 
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Optimum responses Desirability
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T 
(min) DFc DFf 

DFr DRa DT

[200, 0.05, 0.1] 21.20 14.23 15.48 0.37 51.14 0.97 0.99 0.93 0.91 1.00 0.96
[210, 0.05, 0.1] 20.70 14.17 15.37 0.36 48.90 0.97 0.99 0.93 0.92 0.95 0.95
[220, 0.05, 0.1] 20.24 14.11 15.27 0.35 46.86 0.98 0.99 0.94 0.92 0.90 0.94
[230, 0.05, 0.1] 19.81 14.05 15.17 0.34 44.98 0.98 0.99 0.94 0.93 0.86 0.94
[240, 0.05, 0.1] 19.40 13.99 15.08 0.33 43.26 0.98 0.99 0.95 0.94 0.82 0.93

[200, 0.05, 0.12] 24.61 15.49 15.70 0.41 48.20 0.95 0.97 0.92 0.88 0.93 0.93
[200, 0.055, 0.1] 23.17 15.47 16.42 0.39 48.39 0.96 0.97 0.88 0.89 0.94 0.93
[250, 0.05, 0.1] 19.02 13.94 14.99 0.32 41.67 0.98 0.99 0.95 0.94 0.78 0.93

[210, 0.05, 0.12] 24.03 15.42 15.59 0.40 46.09 0.96 0.97 0.92 0.89 0.88 0.92
[210, 0.055, 0.1] 22.62 15.40 16.30 0.38 46.27 0.96 0.97 0.89 0.90 0.89 0.92
[260, 0.05, 0.1] 18.66 13.89 14.91 0.32 40.20 0.98 0.99 0.96 0.95 0.74 0.92

[220, 0.05, 0.12] 23.50 15.35 15.49 0.39 44.17 0.96 0.97 0.93 0.90 0.84 0.92
[220, 0.055, 0.1] 22.12 15.33 16.20 0.37 44.34 0.97 0.97 0.89 0.91 0.84 0.91
[270, 0.05, 0.1] 18.33 13.84 14.83 0.31 38.83 0.98 0.99 0.96 0.95 0.71 0.91

[230, 0.05, 0.12] 23.00 15.29 15.39 0.38 42.40 0.96 0.97 0.93 0.90 0.80 0.91
[230, 0.055, 0.1] 21.65 15.27 16.09 0.36 42.57 0.97 0.97 0.90 0.92 0.80 0.91
[280, 0.05, 0.1] 18.00 13.79 14.76 0.30 37.56 0.99 0.99 0.96 0.96 0.68 0.91

[240, 0.05, 0.12] 22.53 15.23 15.30 0.37 40.78 0.96 0.97 0.94 0.91 0.76 0.90
[200, 0.05, 0.14] 27.92 16.63 15.89 0.44 45.85 0.94 0.95 0.91 0.85 0.88 0.90
[240, 0.055, 0.1] 21.20 15.21 16.00 0.35 40.94 0.97 0.97 0.90 0.92 0.76 0.90
[290, 0.05, 0.1] 17.70 13.75 14.68 0.30 36.37 0.99 0.99 0.97 0.96 0.65 0.90

Validatory experiments are conducted under optimal cutting conditions for the different tools considered 
in the present study. Table 14 depicts that the predicted results of cutting forces at optimal cutting conditions 
for different tools using developed mathematical models are in good agreement with the experimental 
results. The error in the predicted and experimental results is less than 15 % for cutting forces and less than 
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10 % for surface roughness and tool life. It demonstrates that, within the range of the chosen parameters 
and using different tools taken into account in the current study, the developed model could be used to 
accurately predict AISI 304 turning responses.

T a b l e  1 4

Validatory experimental matrix at optimum parameters 
[V (m/min), f (mm/rev), d (mm)]

Optimum 
parameters

Tool 
type

Model results (Eq. 11–13) Experimental results

Fc 
(N)

Ff 
 

(N)
Fr 

(N)
Ra 

(µm)
T 

(min)
Fc 
(N)

Ff 
 

(N)
Fr 

(N)
Ra 

(µm)
T 

(min)

[230, 0.055, 0.1] C 28.53 11.28 8.94 0.35 31.55 29 11 11 0.39 34

[200, 0.05, 0.1] C 28.15 10.82 8.96 0.38 37.70 33 14 10 0.33 36

[250, 0.055, 0.1] CMB 16.80 14.71 9.00 0.34 32.06 21 18 11 0.29 27

[200, 0.15, 0.2] CMB 17.60 14.70 8.71 0.39 40.36 21 17 12 0.36 36

[290, 0.05, 0.1] MTCVD 17.70 13.75 14.68 0.30 36.37 23 16 16 0.33 33

[200, 0.05, 0.1] MTCVD 21.20 14.23 15.48 0.37 51.14 24 19 17 0.39 47

This study strongly recommends MTCVD-TiCN/Al2O3 coated tools for finishing turning of AISI 304 
stainless steel using V = 200–290 m/min and lower values of f and d. This study did not consider the tool 
wear effect on cutting forces and finds scope to model forces considering the tool wear effect in the turning 
of AISI 304 with differently pre-and post-treated coated tools.

Conclusions

In the current study, the dry turning performance of AISI 304 stainless steel with single-layer PVD-
AlTiN coated, single-layer PVD-AlTiN coated and microblasted, and MTCVD-TiCN/Al2O3 coated (MTCVD) 
tools is evaluated. The following conclusions can be drawn from the present study.

1. PVD-AlTiN coated tools provide the lowest cutting forces and surface roughness, followed by 
PVD-AlTiN coated-microblasted and MTCVD-TiCN/Al2O3 coated tools. However, these responses were 
marginally differed for coated and coated-microblasted tools.

2. The cutting forces decrease with the cutting parameters. However, this effect is significant for 
MTCVD-TiCN/Al2O3 coated tools. On the other hand, higher tool life is observed for MTCVD-TiCN/Al2O3 
coated tools, followed by PVD-AlTiN coated-microblasted and PVD-AlTiN coated tools.

3. The correlation coefficients observed above 0.9 for the developed models showed that the developed 
models can be used reliably to predict the responses studied during turning AISI 304 within the range of the 
parameters considered in this study.

4. The optimization study reveals that turning of AISI 304 with MTCVD-TiCN/Al2O3 coated tools incurs 
lower cutting forces of 18–27 N, produces a minimum surface roughness of 0.3–0.44 μm, and has a better 
tool life of 36–51 min compared to PVD-AlTiN coated (C) and PVD-AlTiN coated-microblasted (CMB) 
tools.

5. This study strongly recommends MTCVD-TiCN/Al2O3 coated tools for finishing turning of AISI 304 
stainless steel using V = 200–290 m/min and lower values of f and d.
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