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Abstract 

 

Metal cutting industries are confronted with the task of increasing production rate while lowering costs and improving 

final product quality. Manufacturing companies are under great pressure to discover and develop new technologies in 

order to fulfil increasing demands for productivity, closed tolerance, dimensional stability, and cost. As a result, coating 

an existing tool can help you enhance production rates, extend tool life, and save money. The purpose of this study is to 

optimize machining parameters including feed rate, depth of cut, and spindle speed when turning AISI316L using three 

coated tool inserts with different coatings. Using design expert software and response surface methodology (RSM), 

parameters in the direction of surface roughness are optimized. The condition of surface roughness was discovered to be 

ideal. For each solution, second-order polynomial models developed in this study were employed to attain the given 

ideal conditions. Derringer's desirability function technique was used to optimize several responses. The best surface 

roughness values found with CNMG 120404 coated with TiN (Titanium nitride), CNMG 120408 coated with 

TiAIN(Titanium aluminium nitride), and CNMG 120412 coated with AlCrN (Aluminum Chromium Nitride) are 1.311 

m, 0.897 m, and 0.965 m, respectively. To validate the model, triplicate tests were performed under ideal conditions, 

and the mean values of the experimental data were compared to the expected values. 

 

Keywords: Metal cutting; turning; lathe; stainless steel; AISI316L 

 

 

1. Introduction 

 

Because of the quick technical breakthroughs and digital advances, tool technology and production processes are 

particularly difficult to comprehend. It's crucial to use the correct material for production so that the product's design 

lasts. Cutting conditions, machining processes, tool geometry, chip formation, tool material, tool wear, and vibrations 

are all factors that affect the work material's quality. Cutting speed, feed rate, depth of cut, and tool noise radius are all 

frequent characteristics in the turning process. Austenitic stainless steel AISI 316L is used in a wide range of industries, 

including the chemical industry, nuclear power plants, and medical devices, due to its excellent mechanical properties 

and corrosion resistance. Machinability of stainless steel is an enthralling topic. 
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Metal-cutting businesses face the challenge of increasing output while lowering costs and improving product 

quality. Manufacturing companies are under great pressure to discover and develop new technologies in order to fulfil 

increasing demands for productivity, closed tolerance, dimensional stability, and cost. As a result, coating an existing 

tool can help you enhance production rates, extend tool life, and save money. Modern businesses must deal with 

difficulties such as high-speed machining, hard turning, cutting difficult-to-cut materials, and dry machining. Thin layer 

coating was developed since this involves the use of coated equipment. Coated tools are used for a variety of purposes, 

including wear resistance, oxidation resistance, reduced friction, fatigue resistance, and thermal shock resistance. Aside 

from that, machining processes are intended to minimize the environmental impact of cutting fluid usage. Coated 

carbide cutting tools currently account for 80% of all machining operations in order to resolve the concerns described 

above. 

A number of previous studies have documented the effects of cutting variables on traditional objective optimization 

(i.e. surface roughness, cutting force, material removal rate, and tool wear). And the vast bulk of the research was 

carried out with a specific objective in mind. Single-objective methods are typically used to determine the ideal value of 

a specific response and are limited to establishing the value of the optimum cutting parameters. In addition, lubricated 

stainless steel is regularly machined. Furthermore, better performance is necessary for hard finish turning when the 

necessary parameter circumstances are selected, due to the high cost of a CBN cutting edge.” The purpose of this 

scientific work is to optimize the performance of a CBN tool in wet environments by adjusting machining parameters 

(such as feed rate, depth of cut, and spindle speed) with a stainless steel 316L coated tool insert. Using design expert 

software and response surface methodology (RSM), parameters are optimized. In addition, optimal conditions are 

attained. 

 

1.1. Aim of the work 

 

1. To study the turning of stainless steel 316L on a CNC lathe machine with various parameter combinations using 

cooling. 

2. To optimize the performance characteristics of various coating tool inserts using the Response Surface Methodology 

(RSM) approach to produce the lowest feasible surface roughness. 

 

Tasks to achieve: 

1. To receive experimental results on wet turning of stainless steel 316L on a CNC lathe machine with different 

parameter combinations. 

2. To use response surface methodology (RSM) to optimize the performance parameters for the lowest possible surface 

roughness 

 

2. Metal cutting using Turning Process 

 

As demonstrated in fig. 1, the turning process is clearly found in the machining method, which is a material removal 

approach for obtaining rotating components by cutting away undesired material by reducing its diameter. This turning 

procedure necessitates the task, fixture, and cutting tool. A pre-shaped material is fastened to the fixture in this piece, 

and it uses multi-point tools to complete numerous processes. The cutting device feeds into the rotating work piece or 

job, and the tool cuts material and generates chips in the desired shape. Self-assembly with the rotating device, allowing 

for faster rotation. The cutter is often a single-point cutting instrument that is also attached to the device. 

This process is most commonly used to make rotatable, mainly axi-symmetric components with a range of features 

like holes, grooves, threads, tapers, multiple diameter steps, and curved surfaces. Components that are completely 

turned frequently contain parts that can be utilised in limited quantities, potentially for prototypes, such as bespoke 

produced shafts and fasteners. Turning is also a common approach to improve or add quality to components that have 

been manufactured in another means. Turning is useful for adding precise rotating functions to a factor when a standard 

shape has already been developed because of the higher tolerances and surface finishes it can deliver. 

 

 
 

Fig. 1. Turning Process [1] 
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Fig. 2. Ishikawa cause- Effect diagram of a Turning process [2] 

 

2.1 Adjustable Cutting Factors in Turning 

 

Ishikawa cause and effect diagram has been created in an effort to recognise the process parameter that would affect 

the machining features of work pieces, as shown in fig. 2, Cutting tool parameters include tool shape and material, as 

well as cutting characteristics such as cutting velocity, feed, depth of cut, dry cutting, and wet cutting. 

 

Spindle speed and cutting speed 

The speed of the spindle and the work piece is frequently used to distinguish them. When expressed in revolutions per 

minute, it displays their rotating speed (rpm). However, for some turning operations, the surface speed, or the pace at 

which the work piece material goes past the cutting tool, is critical. Millimetres per minute are the measurement unit. 

Although the spinning speed remains the same, different work pieces with various diameters will always have a varying 

cutting speed. 

 

Feed 

It relates to how quickly the tool improves as it progresses along the cutting path. The feed of the tool affects both the 

tool's running speed and the surface roughness. As the feed rate increases, the running speed increases. When the feed is 

low, the outer surface polish is outstanding. There are two sorts of feeds: manual feeds that are manually turned and 

operated, and automated feeds that are automatically turned and operated. Manual mailing is recommended for 

beginners. Because serious accidents can occur, such as hitting the rotating chuck around the byte in all power-fed 

lathes' automatic feed. 

 

Depth of Cut 

"DOC" is a phrase that nearly goes without saying. “It can be defined as the thickness of the layer being removed (in a 

single pass) from the work piece, or the distance between the uncut and cut areas of the work, both in millimetres.” 

D and d represent the job's starting and ending diameters in millimetres. The diameter of the task, however, has shrunk 

by twice the depth of cut because this layer has been eliminated from both sides of the work. 

 

Cutting Tool Material selection 

For successful task completion, selecting the appropriate cutting tool material for a certain application area is critical. 

Cutting speeds can be increased to some amount to boost productivity, but they shorten tool life, raise the expense of 

regrinding / replacing the tool, and cause production issues. 

 

There is no one-size-fits-all course that will satisfy all of your requirements. The tool's qualities are a compromise; for 

example, hardness increases, and hardness lowers in general. The following characteristics can be found in the contents 

of the ideal cutting tool. 
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• Difficult compared to cutting work  

• Maintains temperature stability  

• Protects against wear and thermal stress. 

• Impact resistance and chemical inertness 

• Impact resistant and chemically inert  

 

The machinist must have the following precise characteristics in order to successfully select a tool for machining: 

 

• First, the shape and completion of the parts  

• Hardness of working water  

• Material tensile strength  

• Material wear  

• Generated chip type  

• Preparing for employment  

 

The machinist must always be involved in the performance and performance of the machine tool. 

 

3. Other research review 

 

Because of the growing demand for high-quality smooth surfaces, machining processes has been optimised. For 

decades, researchers have tried to optimise parameters that affect tool life, such as feed, depth of cut, and material 

hardness[3]. Tool life relates to how long a single point tool can function well before being declared failed, or how long 

a tool point can execute a metal cutting process before being pronounced failed. In every machining sector, the study of 

various types of tool inserts and the development of methods for monitoring tool life is a crucial feature that can save a 

lot of time and money. The tool life is greatly influenced by the material used to make it. Depending on the type of 

application, the current tool is coated with single or multi-layered materials such as titanium or carbide using 

CVD/PVD technology. Multi-layered coated carbide is cost-effective and has a superior surface polish for mass-

production industries [4]. The amount of heat created during chip removal at the face and flank has a significant impact 

on tool performance during any metal cutting process. Furthermore, the tool undergoes physical and even chemical 

changes as a result of temperature and mechanical stress, causing the tool to lose its cutting characteristics and even 

fracture. Stainless steel is in high demand these days due to its high strength and low heat conductivity, despite its poor 

machinability [5]. 

Dabreo et al. [6] used a CNC lathe machine to conduct a turning experiment to estimate the tool life of a coated 

carbide insert in a wet environment. For this project, SS316L stainless steel was employed. The tool life was computed 

using the theoretical methodology (Taylor's tool life Equation), which took into account the number of jobs turned until 

it was pronounced fail. During the turning process, failure mechanisms of the tool were detected. 

   The compositions of Prasad et al. [7] coated inserts were identified, and their hardness was tested using X-ray 

diffraction analyses. “The grain structures of coatings were studied using scanning electron microscopy. Dry cutting 

experiments on AISI 304 stainless steel were conducted to evaluate the efficacy of various coatings in terms of wear 

and surface polish imparted to the workpiece. A 3D confocal laser microscope was used to examine the flank wear. A 

grey relation analysis was performed to optimize the machining parameters. The toughest coating was nc-

AlTiN/Si3N4coating, which measured 28 GPa, according to studies.” 

The coated carbide tool, as opposed to the traditional cemented carbide tool, is the most important cutting tool in the 

metal cutting business. According to Ghani et al. [8], utilizing a coated carbide tool reduces the coefficient of friction 

between the tool's rake face and the cut chip, improving cutting performance and lowering costs. Depending on the use, 

a variety of coating materials are available commercially. Some of these materials include “TiN (titanium nitride), 

TiCN (titanium carbinitride), AlTiN (aluminium titanium nitride), AlCrN (aluminium chromium nitride), Al203 

(aluminium oxide), new ceramic coating, Cr-Based coating, and others. According to Uhlmannet al. [9], the innovative 

Cr-based coatings CrTiAlN and CrMoTiAlN had the smallest wear land width of all the coatings tested.” PVD and 

CVD are two technologies for producing thin film layers with various coating layer topologies ranging from monolayer 

to multilayer. 

TiN coating is the most commonly used coating in industry [10] because of its high hardness, corrosion and wear 

resistance, and gold-like appearance. Coated carbide cutting tools are carbide inserts coated with a range of materials, 

including titanium carbide (TiC), titanium nitride (TiN), and aluminium oxide (Al203) [11]. 

The flank wear of coated and uncoated carbide tools in tool steel bar turning was examined by Haron et al. [12]. 

(23HRC). A 350 diamond-shaped insert with simple groove was chosen to look at tool wear based on flank wear data.” 

Coated carbide tools beat bare carbide tools in terms of performance, and flank wear was minimal. Wet machining for 

coated carbide tools is also better than dry machining because it reduces friction and heat, but chipping occurs at the end 

of tool life due to the substantial temperature gradient at the surface. Ashok Kumar Sahoo and bidyadhar Sahoo [13] 

investigated the machinability of uncoated and multilayer (TiN and ZrCN) coated carbide inserts in finish hard turning 

of AISI 4340 steel. 
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According to the conclusions of this study, coated carbide inserts had a longer tool life, lower machining forces, and 

lower machining costs than uncoated carbide inserts.  According to the quantitative data, the tool life of TiN and ZrCN 

coated carbide inserts was 19 and 8 minutes, respectively. Coated carbide inserts reduced machining costs by 93.4 

percent, whereas ZrCN coated carbide inserts cut expenses by 40%. 

Federico et al.[14] “reported that the coated carbide tool is also used for cutting hardened steel in his study of 

hardened steel using TiCN/Al203/TiN coated carbide and PCBN tools. Machine hardened steel with a TiCN/Al203/TiN 

coated carbide cutting tool was both productive and cost-effective, according to the findings. Kaladhar et al. [15] 

conducted an experiment to evaluate the efficiency of coated materials in machining austenite stainless steel. The results 

revealed that a PVD-coated TiAlN-TiN insert produces the best surface finish. Yigit et al.[16] investigated the 

performance of multilayer TiCN/TiC/Al203/TiN and TiCN/TiC/Al203/TiN carbide tools with an external TiN layer and 

found that TiN's high hardness improves wear resistance and lowers surface roughness in hard turning. Noordin et 

al.[17] studied AISI steel turning with two types of coated carbide, one with an Al203 outer layer and the other with a 

TiN layer. They discovered that a tool with a TiCN/TiN CVD/TiN and TiN PVD coating sequence generated the best 

results, with lower cutting forces, great surface quality, and a chip with a tiny secondary shear zone.” 

Aurich et al. [18] investigated the effect of four different coating methods on hot AISI4140 steel turning: TiN, 

TiN/TiAlN/TiN, TiN/TiCN/Al2O3, TiN/TiCN/Al2O3/TiN. The TiN/TiCN/Al2O3/TiN multilayer coating system had 

the smallest crater depth, while the TiN-TiCN-Al2O3-TiN coating system had the longest tool life travel. When cutting 

AISI1015 steel, Hasan and Muammer [19] looked at how surface roughness was affected by uncoated and coated 

carbide tools. They tested three-layer coatings with TiN outermost layer, AlTiN, TiAlN, and three-layer coatings with 

TiN outermost layer, finding that three layer coatings with TiN outermost layer improve surface roughness.” 

Kulkarni et al. [20] optimised cutting settings for dry turning of austenitic stainless steel AISI 304 with an ALTICRN 

coated tool. A fine-grained K-grade (ISO K-20) cemented carbide cutting insert received the coating via a physical 

vapour deposition (PVD) procedure.  As turning parameters, cutting speeds of 200 and 260 m/min, feed rates of 0.20 

and 0.26 mm/rev, and coating thicknesses of 3.6 and 4.6 m at two levels were examined. 

To improve the surface roughness and turning of EN8 medium carbon steel, Inamdar et al. [21] employed the 

Taguchi technique. Feed rate and cutting depth at working speed are utilised to improve surface roughness. The Taguchi 

methodology is used to calculate the effect of the principal surface roughness parameters using levels and coefficients. 

Experiments can be designed using L9 orthogonal arrays. 95% of the important factors were also investigated 

(ANOVA). Cutting speed, rather than feed rate or cutting depth, appears to have a greater impact on surface sharpness 

in the turning process, according to the data. 

Kumar & Shanmuga [22] chose the cutting speed, feed rate, and cutting depth based on the cutting parameters. 

Before beginning the experimental machining method, the ideal range of cutting parameters for Martentic Stainless 

Steel 416 machining is chosen. Assemble as many parameter combinations as possible. Change the cutting parameters 

and see what happens (surface roughness, cutting force). After you've optimised your machining skills, use Minitab 

software to implement the widely used Taguchi method. The Taguchi method is simple and effective, yielding the 

optimal set of machining parameters.  Finally, a check test of precise machining parameters was done to ensure the 

reliability of the previously collected experimental results. The verified results were regarded exceptional and 

appropriate. Padma et al. [23] used a Taguchi and Gray Relative Analysis combination to optimise EN 9 and carbon 

steel turning process parameters, utilising gears as hooks) to deliver the least cutting power and the least rough surfaces 

for lathes. The trials with the L9 orthogonal array, as well as Taguchi's experimental design, are now complete. 

Analysis of variance was used to assess the principal impact of the experimental data' processing parameters (ANOVA). 

In addition, both the process parameter and the answer were flipped. The final result, which depicts the true cutting 

depth, is an important factor in the effects of cutting force and surface roughness that transfer and cutting oil consider. 

Jagade et al. (2917) aimed for the highest quality in terms of partial accuracy, surface finish, and speed. As a result, 

selecting the appropriate machining parameters is critical for lowering production costs while also ensuring product 

quality. This study provides a review of the current literature for in-depth investigations on optimising process 

parameters in CNC turning operations. It aids understanding of the impacts and effects of CNC input process 

parameters on response variables in this research. To optimise the process of determining the most significant 

parameters, the Taguchi and ANOVA techniques were applied. 

The surface of the EN47 material was studied by Sharma et al. (2017). Various cutting settings were used in the 

CNC lathe testing. Hard turning produces great surface roughness, according to research. The rotational performance 

characteristics of the EN 47 combination material applied by the composite site were investigated using the L9 

orthogonal sequence, which shows sound relationships and deviation analysis (TNMG 160408-FMTN8135). The 

proposed surface sharpening styles for the materials currently under consideration were created, evaluated, and 

evaluated using new data. 

Maheswara Rao and K. Venkatasubbaiah (2016) Cutting parameters (spindle, feed, and cutting depth) of the 

AA7075 CNC lathe on low surface roughness with tungsten carbide insert were investigated. The Taguchi orthogonal 

array was used to construct it in the research. Analysis of variance was used to examine the importance of parameters 

cut by surface roughness (ANOVA). The ideal range of surface roughness levels was then calculated after that. Finally, 

a collaboration between variable cutting and MINITAB-16 application inference was built, and regression analysis was 

conducted. As you can see, the values produced by comparing anticipated and experimental values are quite near, 

indicating that the model is accurate and adequate. 
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M Ganesh et.al (2015) While confining the EN-8 metal, he employed a genetic algorithm to optimise the processing 

elements and set the surface roughness. For spindle speed, feed rate, and cutting depth, this research focuses on CNC 

rotation with cemented carbide tools. The minimal surface area (Ra) produced by GA is 2.51. The ideal simulation for 

attaining the highest possible linear model adaptation is the genetic algorithm. 

Using the Taguchi methodology, Krupalpawar et al. (2015) evaluated the influence of variations in tool nose radius on 

surface sharpness and MRR, ANOVA analysis, and inverse SSS. Nose radius on CNC lathes: 0.4, 0.8, and 1.2mm The 

annotation coated carbide tip tool is configured to allow high-speed river turning of SSS (M2) and research variables 

employing four parameters in three steps. 

Rajpoot Bheem Singh et al. (2015) used the surface response methodology to assess the effects of cutting settings on 

average surface clarity and material removal rates when turning Al 6061 alloys. RSM was used to determine the effect 

of each element of surface sharpness separately. The image's sharpness was determined using three separate points. We 

utilised Design Expert 8.0.4.1 software to analyse the results of 20 tests to determine surface roughness and material 

loss rates. Surface roughness has been assessed using regression models that take into consideration actual parameters. 

The significance of regression models was investigated using an ANOVA with a 95% confidence level. Cutting speed, 

which is one of three cutting parameters, was found to effect surface roughness and MRR. 

 

4. Methodology and experimentation 

 

The purpose of this work has already been discussed in previous chapter. Therefore, this study was conducted through 

the following steps.  

1. First, check and prepare the machine to perform the machining work.  

2. Cut the stainless-steel rod using the electric saw and perform the first turning of the part to get the desired 

dimensions of the work piece (50mm in diameter and 250mm in length).  

3. After cutting the work piece, turn the workpiece in a wet condition according to the Box-Behnken design.  

4. The cutting length was maintained constant at 5mm.  

5. After processing, the next step is to measure the surface roughness. This work is done with the help of the portable 

stylist Talysurf Profiler. 

 

 
 

Fig. 3. Experimetal work chart. 

 

5. Selection of Process Parameters and their Levels 

 

After doing a literature research, the parameters and their levels are determined. According to the literature review, 

the experimental process parameter ranges have been finalised. The outcomes of the pilot studies were also taken into 

account. The parameters' stages were determined based on the outcomes of pilot tests. The process variables in this 

experimental investigation were the parameters chosen. Table 1 shows the parameters for machining with units (and 

notations). 

 

Table 1. Process variables and their limits 

Parameters/Factors 
Level 

-1 0 1 

A Spindle speed (rpm) 500 600 800 

B Feed rate (mm/rev) 0.15 0.17 0.2 

C Depth of cut (mm)  0.4 0.6 0.8 
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6. Material selection 

 

Austenitic stainless steel AISI 316L was chosen for this study due to its excellent mechanical properties and 

corrosion resistance. Chemical plants, nuclear power plants, and medical gadgets all use it. It's fascinating to look into 

stainless steel machinability. [2]. 

 

Tensile strength, MPa Yield strength, MPa Elastic modulus, GPa Poisson’s ratio 

515 205 190-210 0.265-0.275 

 

Table 2. Mechanical property of AISI 316L  

 

Element Iron, Fe Chromium, Cr Nickel, Ni Manganese, Mn 

% 71.935 16.439 10.032 1.594 

 

Table 3. Chemical property of AISI316L 

 

7. Cutting tool insert 

 

Coated carbide tools have been shown to outperform uncoated carbide tools when it comes to turning steel. As a 

result, a commercially available CVD coated carbide insert was used in this investigation. CNMG 120404, 120408, and 

120412 nose radius of 0.4, 0.8, and 0.12 mm were used with WIDIA multi-layer coated cutting inserts. Cutting tool 

geometry is shown in Table 3.5.1. The manufacturer's instructions was used to choose the cutting tool. Three cutting 

tool inserts with different coatings were employed in the wet turning of AISI316L in this investigation, as they are often 

utilised in AISI316L machining. 

1. CNMG 120404 coated with TiN (Titanium carbo nitride) 

2. CNMG 120408 coated with TiAIN (Titanium aluminum nitride) 

3. CNMG 120412AlCrN (aluminum chromium nitride) 

 

8. Design of Experiment 

 

A total of fourteen trials were done. Each trial experiment was repeated three times. The turning was done in a 

completely dry environment. To determine the effect of factors on responses, the RSM approach was utilised. The RSM 

experimental model is depicted in Table 3.2. RSM [13, 14] outlines a method for determining the link between causes 

and responses. The following is the functional relationship between the response Y, variable Xj, and the levels of the n 

input variables (1): 

 

y = f(X1,X2,X3,..........Xn) (1) 

 

If the answer can be described by a linear function of independent variables, then the approximation function is a first-

order model. A first-order model with two independent variables can be stated as follows (2): 

 

y= 𝛽0 +  𝛽1𝑥1 + 𝛽2𝑥2 +  𝜀    (2) 

                   

If the response surface is curved, you should use a higher degree polynomial. An approximation function with two 

variables is specified as a second-order model (3): 

 

y= 𝛽0 +  𝛽1𝑥1 + 𝛽2𝑥2 +  𝛽11𝑥11
2 + 𝛽22𝑥22

2 +  𝛽12𝑥1 𝑥2 +  𝜀   (3) 

         

Fourteen experiments have been performed as per above experimental plan by using one cutting tools. A total of 42 

(14*3) experiments have been performed with three cutting tool inserts with different coatings under wet conditions. 

 

9. Data Collection 

 

Surface roughness measurements. 

Turning tests with a cutting length of  220 mm were carried out on a CNC machine. A cylinder made of AISI316L with 

a diameter of 50 mm and a length of 250 mm was used as the work piece. Three cutting tool inserts with different 

coatings were employed in the wet turning of AISI316L. The machining tests were carried out on a DoE planed with a 

Box-Behnken design that included three variables and three levels, for a total of 14 experiments. The test was 

conducted with Mitutoyo's Surftest SJ 201 surface roughness tester. The probe was changed in order to find the Ra 

value. Three millimetres were added to the probe's length (see fig.4.) 
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Fig. 4. Surface roughness tester. 

10. Results and discussion 

 

Adequacy of the Model 

The statistical analysis was performed using Design Expert Statistical Software package (8.1 trial version) (State Ease 

Inc., Minneapolis, USA). The experimental data were analyzed using multiple regressions and significance of 

regression coefficients were evaluated by F-test and the significance of the F-values were verified at probability levels 

(p<0.05). Modeling was started with a quadratic model including linear, squared, and interaction terms. The model 

adequacies were checked in terms of R2, adjusted R2, and prediction errors sum of squares. The significant terms in the 

model were found by Pareto analysis of variance (ANOVA). For each response, ANOVA table was generated. The 

regression coefficients were used to make statistical calculations to generate response surface plots from the regression 

models. The responses were optimized by numerical optimization technique using Derringer’s desirability function 

method. This function searches for a combination of factor levels that jointly optimize a set of responses by satisfying 

the requirements for each response in the design.  

 

The optimization was accomplished by three steps, i.e. converting each response Yi(i=1, 2,..., m) into a dimensionless 

desirability scale that defines a partial desirability function (di), combining the individual desirabilities to obtain global 

desirability function (D), and finally identifying the optimal factor settings. The desirability function’s scale ranges 

between0 (completely undesirable response) and 1 (fully desired response).The individual desirabilities (d) for each 

response were obtained by specifying the goals, i.e. minimize, maximize, or target the response, and boundaries 

required for each one. A weight factor was assigned which explains the shape of the desirability function for each 

response. The suitability of the developed model equations for predicting the optimum response values was verified 

using the optimal conditions. Triplicate experiments were carried out in the optimal condition and the mean 

experimental values were compared with the predicted values in order to determine the validity of the models. 

 

Surface roughness vs. cutting parameters such as spindle speed (rpm), feed rate (mm/min), and cut depth are plotted 

in this section (mm). As illustrated in Fig.5,6,7 the visualization of residual vs. run number exhibits a similar pattern 

with little change across treatments. There is no proof that the procedure has been slowed down. It's useful to figure out 

how reliable a result is and how skilled a researcher is at running them. The graphic displays random scatter residuals 

that are contained within the stated domains and do not exceed them, indicating that the model is valid. The residuals 

are placed on the up and down sides of the straight center line at random. When it comes to answers, the residuals are 

usually between 2 and -2. As a result, the errors are spread in a natural fashion (see fig.5,6,7.). 
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Fig. 5. Residuals vs run plot for a surface roughness achieved with CNMG 120404 coated with TiN 

 

 

 
 

Fig. 6. Residuals vs run plot for a surface roughness achieved with CNMG 120408 coated with TiAIN (Titanium 

aluminum nitride) 
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Fig. 7. Residuals vs run plot for a surface roughness achieved with CNMG 120412 AlCrN (aluminum chromium 

nitride) 

 

11. Selection of Optimum Conditions 

 

Surface roughness was found to have an optimal condition. “Second-order polynomial models developed in this 

study were employed for each answer in order to attain the given optimum conditions. Derringer's desirability function 

technique was used to optimize a large number of responses.” With CNMG 120404 coated with TiN, the best surface 

roughness was achieved, CNMG 120408 coated with TiAIN and CNMG 120412 coated with AlCrN is obtained as 

1.311 𝝁m, 0.897 𝝁m and 0.965 𝝁m. 

 

12. Conclusions 

 

Using three different cutting tool inserts, this study shows how to optimise process parameters in wet turning of 

AISI 316L. To optimise turning process parameters, the RSM method is employed. An ideal state of surface roughness 

was discovered. “Second-order polynomial models developed in this work were employed for each answer in order to 

achieve the given optimum conditions. Using Derringer's desirability function method, many responses were optimized. 

As a result, the following conclusion can be derived from the current research:” 

1. The optimum surface roughness achieved with CNMG 120404 coated with TiN, CNMG 120408 coated with 

TiAINand CNMG 120412 coated with AlCrN is obtained as 1.311 𝜇m, 0.897 𝜇m and 0.965 𝜇m. 

2.  The plot shows random scatter residuals that are contained inside and do not exceed the stated domains, showing 

that the model is viable. The residuals are dispersed along the up and down sides of the straight centre line at 

random. Residues are normally between 2 and 2 for replies. As a result, the mistakes are evenly distributed. 

3. To confirm and check the normality assumption, a normal probability plot of the residual was constructed. 

According to the findings, the largest residuals are not as large as expected. Because there are no outliers and the 

linear deviations are small, the experiment produces a desirable outcome that fits the normality assumption. 

4. The ANOVA approach is used to determine the model's relevance in predicting surface roughness. The response 

surface roughness produced by CNMG 120404 coated with TiN, CNMG 120408 coated with TiAIN, and CNMG 

120412 coated with AlCrN had R2 values of 0.9657, 0.9734, and 0.9788, respectively, indicating that the model 

suited the experimental data reasonably well. The R2 values were changed as 0.9515, 0.9645, and 0.9634 

respectively. The expected R2 values were 0.9497, 0.9551, and 0.9568, respectively. The correlations between 

surface roughness and process factors were found to adequately account for data variability. The adjusted R2 and 

anticipated R2 values showed a high degree of connection between observed and expected values. The quadratic 

regression model's ANOVA shows that it was very significant. This was evident from the Fisher’s F-Test (F value = 

19.6871 cutting with CNMG 120404 coated with TiN, F value = 114.01 cutting with CNMG 120408 coated with 

TiAIN and F value = 203.03 cutting with CNMG 120412 coated with AlCrN) and a very low probability value (p= 

0.0001). 
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5. “To validate the model, triplicate tests were performed under ideal conditions, and the mean values of the 

experimental data were compared to the expected values. According to the findings, the percentage difference 

between expected and experimental surface values ranged from 3.71 percent to 11.51 percent.” 

6. The research plans will be targeted on using more perspective tools, for example with Duratomic- coating 

technology (Seco) and other Stainless Steel grades, like AISI 304 and AISI 420. 
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