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The Aluminum alloy AA7075 workpiece material is observed under dry finishing turning operation. This 
work is an investigation reporting promising potential of deep adaptive learning enhanced artificial 
intelligence process models for L18 (6133) Taguchi orthogonal array experiments and major cost 
saving potential in machining process optimization. Six different tool inserts are used as categorical 
parameter along with three continuous operational parameters i.e., depth of cut, feed rate and cutting 
speed to study the effect of these parameters on workpiece surface roughness and tool life. The data 
obtained from special L18 (6133) orthogonal array experimental design in dry finishing turning process 
is used to train AI models. Multi-layer perceptron based artificial neural networks (MLP-ANNs), support 
vector machines (SVMs) and decision trees are compared for better understanding ability of low 
resolution experimental design. The AI models can be used with low resolution experimental design to 
obtain causal relationships between input and output variables. The best performing operational input 
ranges are identified for output parameters. AI-response surfaces indicate different tool life behavior 
for alloy based coated tool inserts and non-alloy based coated tool inserts. The AI-Taguchi hybrid 
modelling and optimization technique helped in achieving 26% of experimental savings (obtaining 
causal relation with 26% less number of experiments) compared to conventional Taguchi design 
combined with two screened factors three levels full factorial experimentation.
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DOC	� Depth of cut
SVMs	� Support vector machines
FR	� Feed rate
SR	� Surface roughness
CS	� Cutting speed
TL	� Tool Life
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MLP-ANNs	� Multi-layer perceptron based artificial neural networks

The aluminum alloys are widely used for a variety of applications and amongst the second largest in use alloys 
after steel due to high strength to weight ratio1. The selection of alloying elements depends upon the application 
as each alloying element imparts different characteristics in the material2. Aluminum alloy AA7075 has gained a 
prominent prospect in industry specially in last few decades owed to its remarkable properties e.g., high strength 
to weight ratio, high mechanical strength and low corrosion rate etc3,4. . These characteristics makes AA7075 
suitable for variety of industries like automotive industry, manufacturing industry, naval or sea water application 
industry and aerospace industry etc. Cerchier et al., worked with AA7075 for sea water and naval applications 
after copper coating through plasma electrolytic oxidation studying anti-biofouling and anticorrosive properties5. 
Andreatta et al., investigated promising corrosion properties of AA7075 by varying heat treatment parameters6. 
Karabay et al., investigated the erosion behavior of AA7075 for industrial application7. Ramkumar et al., worked 
with the metal matrix composite of AA7075 and TiC with ceramic particles to enhance hardness, elastic modulus 
and creep resistance to a ductile metallic phase that restrict major brittleness flaw in ceramics8. An important 
investigation for automotive and aerospace industry comprise of machining AA7075. The selection of right 
machining performance parameters and related operational parameters are directly related to cost of machining 
and in turn cost of product. The aluminum alloys are considered as difficult to machine materials due to the 
machining chips adhesion on tool insert, build-up edges (BUE) and material diffusion etc9,10. In addition to 
optimizing the machining parameters the machining cost can also be reduced by dry machining process11,12.The 
minimum quantity liquid (MQL) utilizes low fluid amount. However, it still requires particular equipment and 
fluid management. Extra cost is associated with both flooded and MQL during installation (tanks, pumps, hoses 
and disposal systems etc.), service (liquid cost, operational/maintenance cost and handling cost) and lubricant 
disposal13. The environmental dangers associated with the use of lubricants (e.g., lubricant disposal and fume 
exposure to operators) and added complexity to machining process (e.g., handling and applying lubricant) can be 
completely avoided by dry machining process11,12,14,15. The dry machining is a simple and clean process. Factors 
like adherence to stringent environmental and occupational health and safety standards, manufacturing cost 
saving and advancements in tool inserts materials and technology favor the use of dry machining in industries 
like automotive industry, manufacturing industry, naval or sea water application industry and aerospace industry 
etc.

Dry machining requires few fundamental changes in the machining setup and one of the most important 
change is selection of right tool insert16–18. The ceramic coatings especially titanium based ceramic coatings 
offers self-solid lubrication properties due to the formation of TiO2 that can help in dry machining process19. 
Kara et al., used ceramic coated tools in dry machining and investigated the effect of deep cryogenic treatment 
of AISI D2 steel on dry machining performance parameters i.e., tool life and surface roughness20. Marousi et 
al., worked with titanium metal matrix composites in dry machining operation using physical vapor deposition 
based ceramic (TiN/TiAlN multilayers coating) coated carbide tool21.

The industries with high-tech applications (e.g., aerospace and automotive industry) require state of art 
engineered components with minimum cost possible. The selection of tool life as performance parameter is 
directly related to cost of the product made. Marousi et al., investigated tool life of ceramic coated carbide tool 
insert in dry machining operation21. Cavaleiro et al., argued that to increase the tool life in dry machining process 
tools inserts needs to be coated with coatings having self-lubricating ability22. Iqbal et al., stress on increasing the 
tool life and hence reducing the production cost for sustainable and responsible machining practices23. Resulting 
workpiece surface finish is another important factor and can be considered as a performance parameter in dry 
machining process due to its direct relation with product quality. Das et al., performed full factorial experiments 
with TiN coated Al2O3 + TiCN mixed ceramic inserts in dry turning operation and concluded that the resulting 
workpiece surface roughness and tool life is related to product quality and production cost24. Padhan et al., 
worked on machining sustainability assessment using cooling/lubrication techniques e.g., flooded, minimum 
quality lubricant, compressed air cooled and dry. The machining work was done by taking tool life and surface 
finish among measured experimental responses25.

The selection of operational parameters with rightly configured combination is an important criterion 
especially for dry finishing machining operations26–28. According to previous research work, for dry finishing 
turning operations depth of cut (DOC), feed rate (FR) and cutting speed (CS) are critical operational 
parameters24–28.

The cost both in terms of money and time associated with the number of experiments; required to fully 
understand the causal behavior of input and output variables, can be staggering some times. Moreover, 
experiments need to be designed first, rather than randomly performing or having to change one factor at a 
time (OFAT)29. Taguchi design of experiments performs exceptionally well for finding out the main effects in 
an experimental study. However, the information between interaction may be lost or aliased in main effects 
depending upon the Taguchi experimental design. Therefore, caution should be practiced in creating, analyzing 
and drawing conclusion from Taguchi design of experiments30.

Machine learning methods are significantly gaining attention in every area of science and technology and are 
very effective in drawing causal relationships between input and output parameters. Different machine learning 
methods are applied successfully on large data volumes. However, studies have also showed that the machine 
learning methods can also learn complex relationships between data with lesser or few data points20,31,32. Although, 
machine learning showed its prominence in every field of science, its use in machining is very restricted. Kara 
et al., used artificial neural network to evaluate surface roughness and trained it with 162 data points. Different 
learning algorithms were trained to find out best possible match for surface roughness20. Limited amount of 
research work available investigating machining parameters using machine learning tools. The discussion on 
Taguchi-machine learning approach needs a comprehensive investigation especially for machining applications.
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This research work aims to investigate whether the compromise made by reducing number of experiments 
in Taguchi experimental design can be accommodated by machine learning tools. The effect of hyper-parameter 
optimization and dimensional changes on low resolution experimental design is analyzed. Artificial Neural 
Networks (ANNs), Support Vector Machines (SVMs) and Decision Trees are the selected deep learning AI 
tools. The training data is provided through special L18 (6133) orthogonal array experimental design. Tool life 
and resulting workpiece surface roughness are taken as dry finishing turning performance parameters and tool 
insert type, depth of cut (DOC), feed rate (FR) and cutting speed (CS) are taken as corresponding operational 
parameters. The results are discussed on the basis of goodness of fit criteria and external validation.

Methodology
Experimental details
This research work focuses on the development of AI-Taguchi hybrid approach for machining process 
development to model and mine nonlinearity and aliasing information from low resolution Taguchi orthogonal 
array experimental design. The approach can open new possibilities for industry to achieve low cost data driven 
manufacturing process development solutions. The finishing turning operation machining data set used for 
training AI models is taken from recently published research work33 and proposes a low experimental cost AI-
Taguchi hybridized modeling approach. Zubair et al., used conventional regression techniques for data analysis33. 
The experimental details are briefly explained for the development of better understanding in current section.

Dry finishing turning operation
The dry finishing turning operation is performed on aerospace grade aluminum alloy (AA 7075). The workpiece 
material (AA 7075) is dimensioned as 2438.4-mm long length of 50.8-mm diameter circular bars. All workpieces 
are kept at constant dimension at the start of each experimental setting to keep experimental uniformity. The 
machining is performed on precision lathe machine EMCOMAT 17D having a Digital Read Out (DRO) for 
numeric display of spindle RPM and tool positioning in three dimensions (X, Y and Z axis). It is critical to 
perform vibration free turning operation to abstain from vibration based erroneous readings therefore, head 
stock and tail stock are engaged in turning operation. The workpiece configuration during experimentation is 
shown in Fig. 1.

The study is conducted to evaluate the effect of tool inserts selection and operational parameters on the 
performance parameters in dry finishing turning operation of AA 7075. One uncoated and five coated tungsten 

Fig. 1.  Workpiece configuration on precision lathe machine.
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carbide (WC) tool inserts are analyzed for their effect on studied output parameters. The tool inserts coating 
details are given in Table 1.

The operational parameters consist of depth of cut (DOC), feed rate (FR) and cutting speed (CS). These 
operational parameters are selected on the basis of available literature34–36. The levels of operational parameters 
are selected considering the requirement of finishing operation i.e., the surface roughness needs to be minimized. 
Turning operation is carried out in dry conditions (without coolant) to minimize environmental hazards and 
operational cost. Tool life and surface roughness are the selected performance parameters for dry finishing 
turning operation. The input-process-output (IPO) diagram for dry finishing turning process is given in Fig. 2.

Physical vapor deposition (PVD)
Three custom ceramic coatings are developed for WC tool inserts through cathodic arc physical vapor deposition 
method. Alloy targets with different composition i.e., Ti50Al50, Ti70Al30 and Ti80Al20 are used to obtain novel 
TiAlN(50:50), TiAlN(70:30) and TiAlN(80:20) coatings on WC tool inserts respectively. Bare WC is initially 
cleaned ultrasonically using TCE (trichloroethylene). The cleaning process is followed by drying process in 
an electric oven. The uncoated WC tool inserts are then carefully mounted into PVD chamber. A vacuum of 
1 × 10− 5 mbar is created through vacuum pumps in PVD chamber37,38. All WC tool inserts are coated for 90 min 
at 300 °C. Bias voltage and target current is set at 250 V and 10 Amps respectively. The coating process and post-
coating cooling process is carried out in argon (Ar) and nitrogen (N2) environment.

Measurement of tool life and surface roughness
Machining time (Tmn) for nth cut is measured by taking turning length (Ln) for nth cut, feed rate and spindle 
speed (N) as given in Eq. (1)33,39,40. Total tool life (TL) for an experiment is calculated by summation of machining 
times for 1 to nth cuts obtained until the stopping criteria is reached i.e., reaching flank wear value of 150 μm. 
Equation (2) represents total tool life (TL) measured for an experiment.

	
Tmn =

Ln

f.N
� (1)

	 TL =
∑

n
i=1Tmi� (2)

The surface roughness is calculated by using Insize ISR-1000B roughness tester with 0.001 μm resolution and ± 3% 
accuracy. A total of five measurements are taken on different points of workpiece at the end of each experiment. 

Fig. 2.  IPO diagram for dry finishing turning process.

 

No. ISO number Designated name Type of coating Source

1

SNMG 120,408 (Tungsten 
Carbide (WC) Tool Insert)

Insert 1 Uncoated
PVD coated 
from market2 Insert 2 Titanium Nitride (TiN)

3 Insert 3 Titanium Carbo Nitride (TiCN)

4 Insert 4 Titanium Aluminum Nitride (TiAlN (50:50)) Custom coated 
through PVD 
process using 
novel alloy 
targets

5 Insert 5 Titanium Aluminum Nitride (TiAlN (70:30))

6 Insert 6 Titanium Aluminum Nitride (TiAlN (80:20))

Table 1.  Details of tool inserts used in experimentation.
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Each reading is taken with 1 mm/s speed and 0.8 mm length. Average value is then taken as resulting workpiece 
surface roughness. Equation (3) indicates reported arithmetic mean surface roughness (Ra)16,41,42.

	
Ra =

1

L

∫ L

0

|Z| dx� (3)

Experimental design and AI integration
The experiments are conducted with low resolution Taguchi L18 (6133) orthogonal array experimental design. 
Artificial intelligence models are used to evaluate their efficacy with highly reduced experimental dimensions. 
The effect of hyper-parameter optimization or change in AI model dimensions is studied for compensation of 
reduced experimental dimensions.

Experimental design
The selection of experimental design is one of the most critical element in an experimental study that directly 
relates with quality of information gathered, cost and time consumed on experiments. It is important to select 
the experimental design keeping in view the number and levels of independent variables43,44. This research work 
includes both categorical (Tool inserts) and continuous variables (depth of cut (DOC), feed rate (FR) and cutting 
speed (CS)). The information about main effects and all possible interaction combination can be obtained by full 
factorial experimental design. Tool insert is a six level factor and DOC, FR and CS have three levels each. A full 
factorial experimental design would contain 6 × 3 × 3 × 3 = 162 experiments. This high resolution experimental 
design leads to a very high resource utilization. The experimental cost is reduced by creating a low resolution 
experimental design. However, the information obtained in this type of design is aliased due to limitation in 
degree of freedom. A special L18 (6133) orthogonal array experimental (Taguchi) design is selected for analysis, 
reducing the number of experiments from 162 (for full factorial design) to 18. The selection of further reduced 
resolution experimental configuration could lead to an unbalanced design. Moreover, if possible it is advisable 
to plan reduced resolution experimental design in such a way that main effects along with some interaction 
information can be obtained using conventional analysis technique (considering experimental design degree 
of freedom)30,45,46. This can be obtained using selected L18 (6133) orthogonal array experimental design for 
this particular study. The selection of increased resolution experimental design compared to L18 (6133) leads to 
additional cost and effort. Table 2 represents level details, experimental combination and run order for special 
L18 (6133) orthogonal array experimental design. The repeatability analysis is performed on 33% of selected 
experiments to ensure the validity of experimental setup.

Artificial neural network (ANN)
The multilayer perceptron based artificial neural network (MLP-ANN) has ability to approximate functions or 
complex relations between input and output. The MLP-ANN models are independent of degree of freedom. 
Therefore, these models are investigated for the ability to mine/map compromised or lost information in low 
resolution experimentation. The approach to use MLP-ANN models (or in broader spectrum machine learning 
models) to compensate experimental compromise is almost non-existent in literature. MLP-ANN are known for 
their ability to map complex non-linarites present in a system47,48. The data obtained from performing special 
L18 (6133) orthogonal array experiments are used to train fully connected MLP-ANN models. It is expected 

Experiment No. Run order Tool insert type DOC (mm) FR (mm/rev) CS (m/min)

1 11 Uncoated WC (Level 1) 0.1 (Level 1) 0.112 (Level 1) 100 (Level 1)

2 2 Uncoated WC (Level 1) 0.2 (Level 2) 0.225 (Level 2) 150 (Level 2)

3 15 Uncoated WC (Level 1) 0.3 (Level 3) 0.337 (Level 3) 200 (Level 3)

4 13 TiN coated on WC (Level 2) 0.1 (Level 1) 0.112 (Level 1) 150 (Level 2)

5 17 TiN coated on WC (Level 2) 0.2 (Level 2) 0.225 (Level 2) 200 (Level 3)

6 12 TiN coated on WC (Level 2) 0.3 (Level 3) 0.337 (Level 3) 100 (Level 1)

7 4 TiCN coated WC (Level 3) 0.1 (Level 1) 0.225 (Level 2) 100 (Level 1)

8 1 TiCN coated WC (Level 3) 0.2 (Level 2) 0.337 (Level 3) 150 (Level 2)

9 10 TiCN coated WC (Level 3) 0.3 (Level 3) 0.112 (Level 1) 200 (Level 3)

10 7 TiAlN(50:50) coated WC (Level 4) 0.1 (Level 1) 0.337 (Level 3) 200 (Level 3)

11 8 TiAlN(50:50) coated WC (Level 4) 0.2 (Level 2) 0.112 (Level 1) 100 (Level 1)

12 3 TiAlN(50:50) coated WC (Level 4) 0.3 (Level 3) 0.225 (Level 2) 150 (Level 2)

13 9 TiAlN(70:30) coated WC (Level 5) 0.1 (Level 1) 0.225 (Level 2) 200 (Level 3)

14 5 TiAlN(70:30) coated WC (Level 5) 0.2 (Level 2) 0.337 (Level 3) 100 (Level 1)

15 16 TiAlN(70:30) coated WC (Level 5) 0.3 (Level 3) 0.112 (Level 1) 150 (Level 2)

16 6 TiAlN(80:20) coated WC (Level 6) 0.1 (Level 1) 0.337 (Level 3) 150 (Level 2)

17 14 TiAlN(80:20) coated WC (Level 6) 0.2 (Level 2) 0.112 (Level 1) 200 (Level 3)

18 18 TiAlN(80:20) coated WC (Level 6) 0.3 (Level 3) 0.225 (Level 2) 100 (Level 1)

Table 2.  Special L18 (6133) orthogonal array experimental design.
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that the trained models can predict significant main effects and interactions between operational parameters 
(tool inserts, DOC, FR, CS) and their corresponding effect on performance parameters (i.e., tool life & surface 
roughness). Separate models are trained for tool life and surface roughness using scaled conjugate gradient based 
back propagation algorithm. Decision about number of neurons in a hidden layer or number of hidden layers 
in a model is always a tricky one. Usually, this decision is taken by trial and error method49,50. This problem is 
solved by a comprehensive model design with 1–4 hidden layers and 4,6,8,10 and 12 neurons. The models are 
designed to spread both horizontally and vertically. A total of 780 models are trained for tool life and similarly, 
780 separate models for surface roughness. The comprehensive model design serves two fold (a) not using trial 
and error method for selecting a network configuration and relying on data (b) the effect study of horizontal 
and vertical dimensional spread in MLP-ANN on result interpretation of low dimension experimental design 
i.e., special L18 (6133) orthogonal array experiments. The tangent hyperbolic transfer function is used for both 
input- hidden layer and hidden-output layer. Data split of training, testing and validation is 70%, 15% and 15% 
respectively. The MLP-ANN model design is shown in Tables 3 and 4.

Support vector machine (SVM)
The support vector machine is selected due to its remarkable ability to perform on classification problems. 
The current problem discussed in this research work has characteristics of both classifier (due to tool insert as 
categorical variable) and continuous function (due to DOC, FR, CS, tool life and surface roughness as continuous 
variables). Moreover, the SVM model is developed structurally to convert a low dimension input-output space 
into high dimension input-output space by transformation. This can be beneficial, specially with low resolution/
dimensional experimentation. Equation (4) gives a simplified representation of space transformation51,52.

	 K (xi, xj) = Φ
−
xi̇.Φ

−
xj̇� (4)

Where, kernel function is k and mapping function is ϕ. Another advantage of SVM model is that it is also 
independent of degree of freedom however, usually large data is required to properly train for complex relations. 

Model no. Layer 1 Neurons Layer 2 Neurons Layer 3 Neurons Layer 4 Neurons

1 4 – – –

2 6 – – –

3 8 – – –

. . . . .

. . . . .

. . . . .

28 12 8 – –

29 12 10 – –

30 12 12 – –

. . . . .

. . . . .

. . . . .

106 10 4 4 –

107 10 4 6 –

108 10 4 8 –

. . . . .

. . . . .

. . . . .

778 12 12 12 8

779 12 12 12 10

780 12 12 12 12

Table 4.  MLP-ANN layer and neuron configuration for each model.

 

Slab no Number of layers involved Levels of neurons Number of models Totals models

1 1

4,6,8,10,12 (5 Levels)

5

780
2 2 25

3 3 125

4 4 625

Table 3.  MLP-ANN total trained models.
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The data obtained from performing special L18 (6133) orthogonal array experiments are used to train SVM 
models.

The optimizable and medium Gaussian SVM architectures are trained for both tool life and surface roughness 
performance parameters. Two optimizer i.e.; Bayesian optimization and random search, are used with linear, 
quadratic, cubic and Gaussian kernel functions. The hyper-parameters optimization is one of the critical process 
for the assurance of having a generalized solution. The hyper-parameters give penalty strength (c) to SVM 
models enabling the models to usually map a generalized solution by avoiding overfitting. The range of hyper-
parameters is set as 0.001–1000 and 0.0005-50 for box constraints and epsilon respectively. Maximum number of 
epochs is set to thirty for the training of SVM models. The details of SVMs are summarized in Table 5.

Trees
The decision tree method is used due to its ability to obtain solutions in scenario based situations53,54. The 
decision to choose particular type of tool insert with specific operational settings is an important one. The 
data obtained from performing special L18 (6133) orthogonal array experiments are used to train decision trees. 
The optimizable ensemble and bagged tree algorithms are trained. In optimizable ensemble model and bagged 
trees minimum leaf size is taken as 4 with 4,8 & 12 number of learners. Bayesian optimization with expected 
improvement per second plus as acquisition function is used for three optimizable ensemble models and random 
search is used for remaining three optimizable ensemble models.

Models evaluation criteria
MLP-ANN, SVM and Trees are evaluated on seven performances criteria. The coefficient of determination R2 
is given in Eq.  (5)55,56. The model R-squared value R2 = 0 has a very poor prediction ability similarly, R2 = 1 
is considered as an over fit machine learning model. The mathematical expressions for root mean square 
error (RMSE), normalized root mean square error (NRMSE), mean absolute error (MAE) and mean absolute 
percentage error (MAPE) are given in Eqs. (6), (7), (8) and (9) respectively57–59. A smaller value for each error 
measure indicated better model performance. Nash and Sutcliffe efficiency (NSE) and modified agreement index 
(d) are given in Eqs. (10) and (11) respectively55. These measures find out the perfect match or closeness between 
actual and model predicted value.

	

R2 = 1−
∑ n

i=1(yi − ŷi)
2

∑ n
i=1

(
yi −

−
yi

)2 � (5)

	
RMSE =

√
1

n

∑
n
i=1(yi − ŷi)

2� (6)

	
NRMSE =

RMSE

ymax − ymin
× 100%� (7)

	
MAE =

1

n

∑
n
i=1 |yi − ŷi|� (8)

	
MAPE =

1

n

∑
n
i=1

∣∣∣∣
ŷi − yi
yi

∣∣∣∣× 100%� (9)

	

NSE = 1−
∑

N
i=1 |yi − ŷi|

∑
N
i=1

∣∣∣∣yi −
−
yi

∣∣∣∣
� (10)

No. Model Optimizer Kernel function
Optimized box 
constraint for TL

Optimized 
epsilon for 
TL

Optimized box 
constraint for SR

Optimized 
epsilon for 
SR

1 Optimizable SVM Bayesian optimization Gaussian 955.6318 0.38529 34.9258 0.0052294

2 Optimizable SVM Bayesian optimization Linear 17.9898 0.33227 58.042 0.056561

3 Optimizable SVM Bayesian optimization Quadratic 0.21079 0.00399 0.09488 0.11178

4 Optimizable SVM Bayesian optimization Cubic 10.4894 0.000492 0.046117 0.0036721

5 Optimizable SVM Random Search Gaussian 1.1987 0.39892 3.4328 0.31108

6 Optimizable SVM Random Search Linear 4.8329 0.28263 0.12907 0.065943

7 Optimizable SVM Random Search Quadratic 25.6595 0.26028 0.010857 0.0009375

8 Optimizable SVM Random Search Cubic 4.7785 0.014007 78.3815 8.4117

9 Medium Gaussian SVM – Gaussian 0.43746 0.04374 0.74346 0.07434

10 Medium Gaussian SVM – Linear 0.43746 0.04374 0.74346 0.07434

11 Medium Gaussian SVM – Linear 0.5 0.04374 0.5 0.07434

Table 5.  SVM models and hyper-parameter details.
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d = 1−
∑

N
i=1 |yi − ŷi|

∑
N
i=1

∣∣∣∣yi −
−
yi

∣∣∣∣ +
∣∣∣∣ŷi −

−
yi

∣∣∣∣
� (11)

External validation
The external validation is done within inner bound of training data range. Only best performing deep learning 
technique is used for external validation. Dry finishing turning operations are performed on selected input 
configurations of operational parameters. Experimental results are then compared with predicted AI results to 
assess model performance on untrained data. The details of experimental settings for external validation are 
given in Table 6.

The AI-Taguchi hybrid technique used in this research work is summarized in methodology diagram given 
in Fig. 3.

Results and discussion
The results obtained in dry finishing turning operation of aluminum alloy AA7075 by implementing special L18 
(6133) orthogonal array experimental design are analyzed in this section. Different machine learning algorithms 
are deployed to understand complex relations between inputs and outputs.

Tool life and surface roughness
The dry finishing turning experiments are performed on precision lathe machine. All experiments are performed 
in random order to reduce the effect of unknown factors or any human bias. Figure 4a, b represents tool life 
and resulting workpiece surface roughness of all special L18 (6133) orthogonal array experiments. To ensure 
the validity of experimental setup, experimental repeatability analysis is performed. The results of repeatability 
analysis are shown in Fig. 5. The results are in close conformance indicating validity of experiments. Figure 4a 
indicates that maximum tool life is obtained for TiCN coated WC tool insert in experiment 7 and minimum tool 
life is obtained for TiAlN(50:50) coated WC tool insert in experiment 12. Figure 4b indicates that maximum 
workpiece resulting surface finish is obtained for TiAlN(70:30) coated WC tool insert in experiment 15 and 
minimum observed for TiCN coated WC tool insert in experiment 8. A detailed observation of both Fig. 4a,b 
indicates that there exists no one to one relation between input and output parameters. A possibility of complex 
interactive behavior exists that can lead toward best possible tradeoff situation. This can be obtained by surface 
plots of interactive parameters with respect to performance parameters. Taguchi arrays are famous for digging 
out main effects and regression analysis is limited due to degree of freedom in this particular case. Therefore, it 
is not possible to obtain all interactions by using conventional analysis techniques.

Model evaluation and selection
The models are evaluated on the basis of criteria discussed in Section “Models evaluation criteria”. Best models are 
selected having greater than 0.85 R2 with the combination of other parameters i.e., RMSE < 0.17, NRMSE < 10, 
MAE < 0.1, MAPE < 4, NSE > 0.75, d > 0.85. The parameters with maximum range are not selected as this can 
lead to a model with overfitting. The generalized models are more suitable as these models can predict with 
reasonable efficiency in scenarios outside of training data set. The model generalization is also ensured through 
external validation of the selected models.

MLP-ANN
The details of MLP-ANN models trained on special L18 (6133) orthogonal array experimental design are given in 
Table 4. All trained models for tool life assessed on model evaluation criteria are shown in Fig. 6. Total 4.3% of 
the models for tool life have reached the selection criteria with 0% from slab 1, 4% from slab 2, 1.6% from slab 3 
and 4.96% from slab 4. The slabs are given in Table 3. The model configuration with 4 hidden layers and 6, 12, 6 
and 12 neurons from first to fourth layer respectively, showed maximum performance in goodness of fit criteria. 
Among the models reaching selection criteria the model configuration with 4 hidden layers and 6, 10, 12 and 6 
neurons from first to fourth layer respectively, showed minimum performance in goodness of fit criteria.

Similarly, all trained models for surface roughness assessed on model evaluation criteria are shown in Fig. 7. 
Total 24.35% of the models for surface roughness have reached the selection criteria with 40% from slab 1, 36% 
from slab 2, 25.6% from slab 3 and 23.52% from slab 4. The model configuration having two hidden layers with 
6 neurons in first layer and 4 neurons in second layer, showed maximum performance in goodness of fit criteria. 
Among the models reaching selection criteria, the model configuration having 4 hidden layers with 12, 4, 4 and 
4 neurons in layer one to four respectively, showed minimum performance in goodness of fit criteria. The MLP-
ANN models are selected for further analysis i.e., the effect of higher machine learning model dimensions on the 
compromise made in reduced low resolution experimental design.

No Tool insert type DOC (mm) FR (mm/rev) CS (m/min)

1 TiCN (3) 0.1 0.112 200

2 TiN (2) 0.1 0.112 200

Table 6.  Experiments selected for external validation.
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SVM
The SVM models given in Table 5 are analyzed using model evaluation criteria. Most of the models performed 
poorly as represented in Fig. 8. For each selection criteria number represents model number according to the 
Table 5 and “SR” and “TL” represents model trained for surface roughness and tool life respectively. The poor 
performance of the models might be attributed to low training data volume that is being fed to SVMs during 
training process with each data point orthogonal to second one. This can lead to a very high dimensional hyper-
space with very low data volume making it difficult to understand input-output causal relationship. Despite 

Fig. 3.  AI-Taguchi hybrid technique methodology diagram.
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very low data volume few algorithms performed significantly well in one or more than one selection criteria. 
However, to select a model for further analysis a strict criterion is followed i.e., a model needs to perform in all 
seven criteria and reach the set threshold value. The models reaching the selection criteria are presented with * 
sign in Fig. 8. SVM model number 4TL with Bayesian optimization and SVM model number 8TL with random 
search are selected for tool life. Both of these models are trained using cubic kernel function. SVM model 4SR 
with Bayesian optimization and cubic kernel function is selected for workpiece surface roughness. The models 
with linear, quadratic and Gaussian kernel functions failed to perform in one or several selection criteria.

Trees
Figure 9 represents the goodness of fit for decision trees. Trees with various combinations and wide range of 
hyper-parameters are tested for both tool life and surface roughness training. The performance of trees is found 
to be very limited for the L18 (6133) orthogonal array low resolution data set under investigation and cannot 
reach the model selection criteria. Therefore, decision trees are also not selected for further analysis.

Confirmation through external validation and MLP-ANN dimensional analysis
The AI models are finally evaluated on set of new experiments as given in Table 6. Experimental set given to AI 
models for prediction is unseen for the models and not introduced during training process. The best model is 
considered for response surface on the basis of percentage relative error and model robustness. The experimental 
results with particular setting for surface roughness and tool life are given in Table 7.

Fig. 5.  Experimental repeatability analysis (a) tool life (b) surface roughness.

 

Fig. 4.  L18 (6133) orthogonal array experimental results (a) tool life (b) surface roughness.
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Fig. 6.  Assessment of model evaluation criteria for tool life trained ANN models (a) coefficient of 
determination R2 (b) root mean square error RMSE (c) normalized root mean square error NRMSE (d) 
mean absolute error MAE (e) mean absolute percentage error MAPE (f) Nash and Sutcliffe efficiency NSE (g) 
modified agreement index d.
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Fig. 7.  Assessment of model evaluation criteria for surface finish trained ANN models (a) coefficient of 
determination R2 (b) root mean square error RMSE (c) normalized root mean square error NRMSE (d) 
mean absolute error MAE (e) mean absolute percentage error MAPE (f) Nash and Sutcliffe efficiency NSE (g) 
modified agreement index d.
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Fig. 8.  Assessment of model evaluation criteria for surface finish and tool life trained SVM models (a) 
coefficient of determination R2 (b) root mean square error RMSE (c) normalized root mean square error 
NRMSE (d) mean absolute error MAE (e) mean absolute percentage error MAPE (f) Nash and Sutcliffe 
efficiency NSE (g) modified agreement index d.
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Fig. 9.  Assessment of model evaluation criteria for surface finish and tool life trained Tree models (a) 
coefficient of determination R2 (b) root mean square error RMSE (c) normalized root mean square error 
NRMSE (d) mean absolute error MAE (e) mean absolute percentage error MAPE (f) Nash and Sutcliffe 
efficiency NSE (g) modified agreement index d.
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Surface roughness
The selected AI models trained for surface roughness are evaluated against experimental results. The AI models 
with less than 10% relative error in predicted values are taken as working models. The 10% relative error is 
selected to accommodate possible hidden errors that can occur during experimental process and AI models 
generalization. In MLP-ANN for surface roughness no model predicted significantly well in slab 1 and slab 2 
(the slabs are given in Table 3). The slab 3 that is comprised of three hidden layers have 3 models successfully 

Fig. 10.  Input space for adaptive learning indicating all four experimental dimensions and two new added 
random experiments.
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predicting the surface roughness of unseen experiments. Similarly, the slab 4 that is comprised of four hidden 
layers have 9 models successfully predicting the surface roughness of unseen experiments. A percentage relative 
error of less than 5% is achieved for 4 models having four hidden layers. It is also interesting to note that all 
models predicting surface roughness close to experimental values have greater than three times the number of 
neurons compared to inputs in hidden layer. The results suggest that with the increase in hidden layer depth and 
width the prediction of low resolution experiments can be improved. Figure 11a represents predictions of models 
(M) with less than 5% relative error for surface roughness. MLP-ANN model with less than 5% relative error 
is selected for making AI-response surfaces. The selected SVM models have failed to predict surface roughness 
values in the accepted range. Therefore, these models are not included further for making response surface 
through AI model. SVMs are very powerful models and needs to be considered in future for low resolution 
experimental design with high data density.

Fig. 11.  Percentage relative error of experimental and predicted values (a) Surface roughness (b) Tool life 
before adaptation (c) Tool life after adaptation.

 

No Tool insert type DOC (mm) FR (mm/rev) CS (m/min) SR (µm) TL (min)

Experiments used for models external validation

1 TiCN (3) 0.1 0.112 200 0.5 105.774

2 TiN (2) 0.1 0.112 200 0.48 101.63

Experiments added in training data of tool life models for adaptive learning

1 TiCN (3) 0.1 0.112 170 0.460 112.62

2 TiN (2) 0.1 0.112 170 0.483 76.87

Table 7.  Results of external validation experiments and details of new experiments added for adaptive 
learning.
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Tool life & enhanced deep learning adaptive knowledge
The selected AI models trained for tool life are evaluated against experimental results. The AI models with less 
than 10% relative error in predicted values are taken as working models. All selected MLP-ANN models and 
SVM models have failed to predict unseen experimental tool life results with in the acceptable range. This issue 
is resolved by adaptive learning of AI models. AI is a very powerful tool and AI can change its behavior with 
every bit of new information provided to it. For adaptive learning two new random experiments as given in 
Fig. 10 are performed with in the input space of special L18 (6133) orthogonal array experimental design in the 
hope to successfully map the missing nonlinearities and aliased interaction in the knowledge learned and stored 
in the memory of the deep learning models. The details of experimental settings and corresponding results are 
given in Table 7. All selected models are trained using eighteen special L18 (6133) orthogonal array experimental 
design data points and two newly performed experimental data points. AI models are re-evaluated and tested 
for external validation experiments.

MLP-ANN models out performs SVM models for tool life and similar to surface roughness case SVM 
models are dropped for tool life as well for response surface analysis. The MLP-ANN models trained with 20 
experimental data points having less than 5% relative error (Fig. 11c) are compared with same models trained 
with 18 experimental data points (Fig. 11b). The percentage relative error significantly reduced by just adding 2 
new experimental data points into the Taguchi’s L18 (6133) orthogonal array training input space. Figure 11c also 
indicates the significance of higher dimensional space in AI models compensating low resolution experimental 
design. AI-Taguchi hybrid technique can be helpful in reduction of experimental cost. Moreover, the AI 
models ability to not rely on degree of freedom as in case of regression enable these models to predict complex 
input-output causal relationships without the restriction of minimum number of experimental data condition. 
However, the selection of AI model for prediction requires a carefully followed criteria. As in this study, few 
models achieving acceptable values for seven model performance criteria (i.e., R2, RMSE, NRMSE, MAE, MAPE, 
NSE and d) failed to predict on acceptable range on external validation data set.

AI-response surface for surface roughness
The artificial intelligence based response surfaces are created for surface roughness. This tool can help in 
visualization of input-output relational space with interaction and range information. Figures 12, 13 and 14 
are used to identify suitable range of input parameters for the analysis of tool life on the basis of lower surface 
roughness range. The machining is performed on AA 7075 that is aerospace grade aluminum alloy. In aerospace 
industry the quality of the product is very critical and tool life can be compromised for achieving higher quality, 
if achieving higher tool life means poor surface finish. However, a solution with higher surface finish (always first 
preference) and higher tool life is desirable60,61. Therefore, ranges are identified for high workpiece surface finish 
or low workpiece surface roughness and tool life is analyzed with in those ranges.

Figure 12 represents AI-response surfaces of all six tool inserts. The effect of changing DOC and FR is studied 
by holding CS at minimum and maximum level. The regions are separated between minimum and maximum 
surface roughness values. The legend given is showing natural log separation scheme between separated regions. 
AI-response surfaces confirmed that a non-linear and interactive relation exists for DOC and FR corresponding 
to surface roughness. The interactive nature of DOC and FR has also reported by the research community17,62. 
At higher cutting speed, range of DOC is increased with reduction in FR range for obtaining lower surface 
roughness. This is true for all tool inserts except TiAlN(80:20) Fig. 12a−l. Travelling diagonally on AI-response 
surfaces indicates significance of FR at lower cutting speed and DOC at higher cutting speed. The higher 
influence of DOC at higher cutting speed to surface roughness has been also observed for different tool insert 
and workpiece62. The coated tool inserts perform significantly better compared to uncoated WC except for 
TiAlN(80:20). For high DOC, high feed rate and at maximum cutting speed poor surface roughness is achieved. 
This result is also confirmed by Fig. 13.

Figure  13 represents AI-response surfaces of all six tool inserts relating DOC and CS with surface 
roughness. A nonlinear relation and interactive behavior is observed for DOC and CS corresponding to surface 
roughness17,63. The FR is held at maximum and minimum experimental values. For uncoated WC, TiN and 
TiAlN(80:20) coated WC tool inserts, highly interactive relation exist between DOC and CS at low feed rate. 
A reduced interactive effect of DOC and CS on output is obtained for TiCN, TiAlN(50:50) and TiAlN(70:30). 
Figure 13 suggest that a full range of CS needs to be tested for tool life as minimum surface roughness can be 
achieved in full range keeping other parameters at suitable settings. Figure 13k indicates that for TiAlN(80:20) 
tool life model the suitable CS range to evaluate tool life is between 100 and 155 with DOC between 0.17 and 
0.3. Outside this range the surface roughness is high and if higher tool life is achieved that will be on the expense 
of surface finish. Comparatively non-linear output response with the change in both DOC and CS vanishes at 
higher feed rate holding value as can be seen in Fig. 13b,d,f,h,l. This again confirms that the combination with 
maximum FR, DOC and CS needs to be avoided for better production quality output64,65.

 Figure 14 represents AI-response surfaces of all six tool inserts relating FR and CS with surface roughness. 
The DOC is held at maximum and minimum experimental values. A non-linear and interactive relation exist 
between FR and cutting speed with respect to workpiece surface roughness66,67. Figure 14 suggest that the FR is 
comparatively more significant parameter than cutting speed in terms of producing change in surface roughness. 
The result is in conformance with previously published study by Akgün et al., indicating feed rate as most 
significant variable influencing surface roughness compared to DOC and CS66. Akthar et al., also designates 
the first rank to feed rate for variable influencing surface roughness compared to DOC and CS63. Figure 14a, 
b indicates that at higher DOC both FR and cutting speed have worsen effect on surface roughness compared 
to low DOC setting. Similar behavior is observed for TiN, TiCN and TiAlN(50:50) coated WC tool inserts 
Fig. 14b–g. TiAlN(70:30) and TiAlN (80:20) coated tool inserts benefits from the interactive relation between 
FR and CS and higher DOC setting as given in Fig. 14i,l.
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The ranges of DOC, FR and CS for each tool insert are given in Table 8. The ranges are selected on the basis 
of AI-response surfaces given in Figs. 12, 13 and 14. Tool life is evaluated in the given ranges for respective tool 
inserts.

AI-response surface for tool life
The AI-response surfaces for tool life and all tool inserts are given in Fig. 15. The AI-response surfaces are made 
without holding any operational parameter and the ranges mentioned in Table 8 are simulated through adaptive 
learning enhanced MLP-ANN model. The DOC and CS are presented on x-axis and z-axis respectively. The FR 
is given as dark and light color region variations on surface profile. The regions are separated between minimum 
and maximum FR values. The legend given is showing natural log separation scheme between different regions. 

Fig. 12.  AI-response surface between DOC and FR for workpiece surface roughness (a) Uncoated WC, 
minimum CS (b) Uncoated WC, maximum CS (c) TiN/WC, minimum CS (d) TiN/WC, maximum CS (e) 
TiCN/WC, minimum CS (f) TiCN/WC, maximum CS (g) TiAlN(50:50)/WC, minimum CS (h) TiAlN(50:50)/
WC, maximum CS (i) TiAlN(70:30)/WC, minimum CS (j) TiAlN(70:30)/WC, maximum CS (k) TiAlN(80:20)/
WC, minimum CS (l) TiAlN(80:20)/WC, maximum CS.
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The tool life i.e., measured response to changing operational parameters is given on y-axis. This representation 
is given for ease in readability of given AI-response surface. It is interesting to note that the general behavior of 
uncoated WC, TiN coated WC and TiCN coated WC is quite similar Fig. 15a–c. The in-house developed novel 
alloy based coated WC tool inserts show different behavior compared to above mention three tool inserts. The 
general behavior of TiAlN(50:50) coated WC and TiAlN(70:30) coated WC is quite comparable as given in 
Fig. 15d,e. Minimum tool life is obtained for TiAlN(80:20) as given in Fig. 15f.

Figure 12.  (continued)
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The AI-response surface for uncoated WC tool insert is given in Fig. 15a. The uncoated WC showed very low 
tool life and mostly remained under 80 min except for the operational parameters combination of minimum 
DOC, maximum FR and CS. However, at this combination the surface roughness is quite high as can be seen in 
Fig. 12b.

The AI-response surfaces for TiN coated WC and TiCN coated WC tool inserts are presented in Fig. 15b,c 
respectively. Both tool inserts showed high tool life especially with the increase in DOC and CS along with wide 
range of FR. Similar tool wear behavior with respect to increase in DOC and CS can be observed in previous 
reseach work68,69. The ranges where tool life is high also have minimum surface roughness therefore, multiple 
operational parameter settings can be selected for achieving particular goal under certain machining condition.

Fig. 13.  AI-response surface between DOC and CS for workpiece surface roughness (a) Uncoated WC, 
minimum FR (b) Uncoated WC, maximum FR (c) TiN/WC, minimum FR (d) TiN/WC, maximum 
FR (e) TiCN/WC, minimum FR (f) TiCN/WC, maximum FR (g) TiAlN(50:50)/WC, minimum FR (h) 
TiAlN(50:50)/WC, maximum FR (i) TiAlN(70:30)/WC, minimum FR (j) TiAlN(70:30)/WC, maximum FR (k) 
TiAlN(80:20)/WC, minimum FR (l) TiAlN(80:20)/WC, maximum FR.
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The AI-response surfaces for TiAlN(50:50) coated WC and TiAlN(70:30) coated WC tool inserts are 
presented in Fig. 15d,e respectively. The results indicate that TiAlN(50:50) outperform perform TiAlN(70:30) 
in terms of obtaining higher tool life. TiAlN(50:50) coated WC tool inserts only performs on lower DOC and 
shorter CS (high CS and low CS sweep) range compared to TiN coated WC and TiCN coated WC tool inserts. 
This DOC and CS range is further reduced for TiAlN(70:30).

The systematic decision making process for finding best solution preference order can be summarized as 
obtaining an AI model that can represent the physical system (Sections “Tool life and surface roughness”, “Model 

Figure 13.  (continued)
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evaluation and selection”, “Confirmation through external validation and MLP-ANNdimensional analysis”), 
identification of ranges for high workpiece surface finish or low workpiece surface roughness (Figs.  12, 13 
and 14, range summary given in Table 8) and evaluating tool life for identified ranges (Fig. 15). The analysis 
of Figs. 12, 13, 14 and 15 indicates that by considering surface roughness as primary decision criterion and 
tool life as secondary; the order of tool inserts on the basis of performance is TiN coated WC > TiCN coated 
WC > TiAlN(50:50) coated WC > TiAlN(70:30) coated WC > uncoated WC > TiAlN(80:20) coated WC.

The results suggest that AI-Taguchi hybrid approach can be utilized for the modelling and mining lost 
information (nonlinearity and aliasing) due to low resolution orthogonal array experimental design. Usually, 
Taguchi orthogonal arrays are used to evaluate the main effects with respect to a response and screening of input 
variables. After that if causal relationship and interaction information is required then a full factorial experimental 
design is usually implemented on critical input variables identified during Taguchi screening process. The 

Fig. 14.  AI-response surface between FR and CS for workpiece surface roughness (a) Uncoated WC, 
minimum DOC (b) Uncoated WC, maximum DOC (c) TiN/WC, minimum DOC (d) TiN/WC, maximum 
DOC (e) TiCN/WC, minimum DOC (f) TiCN/WC, maximum DOC (g) TiAlN(50:50)/WC, minimum 
DOC (h) TiAlN(50:50)/WC, maximum DOC (i) TiAlN(70:30)/WC, minimum DOC (j) TiAlN(70:30)/WC, 
maximum DOC (k) TiAlN(80:20)/WC, minimum DOC (l) TiAlN(80:20)/WC, maximum DOC.
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machining data discussed in this study conventionally would require 18 experiments for Taguchi’s L18 (6133) 
orthogonal array and minimum 9 experiments for making full factorial design of best identified tool insert and 
two operational parameters with three levels. This will lead to a total of 27 experiments required to model the 
causal relationship and develop the optimized manufacturing process. In this study a total of 20 experiments 
(18 experiments for Taguchi’s L18 (6133) orthogonal array for AI model training and 2 random experiments 
within the Taguchi L18 (6133) orthogonal array input space are conducted (for AI model enhancement through 
adaptive learning) to achieve effective AI process models and AI-response surface based optimized process 

Figure 14.  (continued)
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development. This suggest that the AI-Taguchi hybrid approach requires 26% less experiments compared to 
conventional Taguchi based technique. This saving in experimental cost may further increase for industrial 
process development problems involving higher number of input variables or levels. The authors encourage 
research and industrial communities to work on higher dimensional problems with AI-Taguchi hybrid 
technique to further investigate its experimental cost saving potential in manufacturing process development 
and industrial problem solving.

Conclusion and future work
The artificial intelligence models are trained for Taguchi’s L18 (6133) orthogonal array experimental design. The 
experimental data of dry finishing turning of AA7075 using six different tool inserts is used to train the AI 
models. The models are selected on seven goodness of fit criteria along with external validation. AI-response 
surfaces are made to understand the relations present. Following are the key conclusions of this study:

•	 The method applied for the analysis that includes Taguchi orthogonal array based experimentation, artificial 
intelligence based model training, implementation of model selection criteria, AI model enhancement by 
adaptive learning and finding AI-response surface based optimized solution for specific requirement can be 
utilized to save experimental cost and better decision making in wide range of industries like automotive, 
manufacturing and aerospace etc.

•	 The reduced experimental dimension in low resolution experimental design can be compensated with adap-
tive learning enhanced AI models based on randomly selected experiments within the input space and signif-
icant savings can be achieved in terms of cost and time for effective machining process optimization.

•	 AI models are not dependent on degree of freedom available in an experimental design as opposed to conven-
tional regression based process optimization techniques.

•	 AI-Taguchi models can be successfully implemented for obtaining causal relationships between inputs and 
outputs with reduced number of experiments saving both time and experimental cost. This can ensure prod-
uct development with high confidence and low cost. The experimental savings recorded in this study for 
four input variables are approximately 26% as opposed to conventional Taguchi analysis followed by critical 
variable full factorial design and response surface optimization approach.

•	 This experimental savings can be increased if number of observed input parameters and corresponding levels 
are high. The authors encourage research and industrial communities to work on higher dimensional prob-
lems with AI-Taguchi hybrid technique to confirm AI-Taguchi utility in manufacturing process development 
and industrial problem solving.

•	 MLP-ANN models performed significantly well in both training and external validation for workpiece sur-
face roughness and tool life predictions. SVM models have failed in external validation process whereas, 
decision trees showed very low capabilities in learning problem behavior for low resolution input space.

•	 The AI-response surface suggests that the combination of high DOC, high feed rate and maximum cutting 
speed needs to be avoided as it can result in poor workpiece surface finish.

•	 Novel alloy based coated tool inserts showed different behavior compared to non-alloy based coated tool 
inserts. This property is identified by AI-response surface based on MLP-ANN model for tool life.

•	 TiN coated WC, TiCN coated WC, TiAlN(50:50) coated WC and TiAlN(70:30) coated WC tool inserts 
showed higher DOC range approximately 25% higher as compared to uncoated WC tool insert and 35% 
higher as compared to TiAlN(80:20) coated WC tool inserts for obtaining greater surface finish. TiAlN(80:20) 
coated WC tool insert showed ~ 45% lower cutting speed range for obtaining greater surface finish as com-
pared to all other studied tool inserts (refer to Table 8).

•	 Both TiN coated WC and TiAlN(50:50) coated WC tool inserts showed ~ 11% and ~ 46% higher feed rate 
range for obtaining greater surface finish as compared to uncoated WC and TiAlN(80:20) coated WC tool 
inserts respectively. Similarly, TiCN coated WC tool insert showed ~ 18% and ~ 50% higher feed rate range 
for obtaining higher surface finish as compared to uncoated WC and TiAlN(80:20) coated WC tool inserts 
respectively (refer to Table 8).

•	 The maximum tool life obtained for TiN coated WC and TiCN coated WC tool inserts is approximately 13% 
higher as compared to maximum tool life obtained for uncoated WC tool insert and approximately 84% 
higher as compared to maximum tool life obtained for TiAlN(80:20) coated WC tool insert (refer to Fig. 15).

•	 TiN coated WC > TiCN coated WC > TiAlN(50:50) coated WC > TiAlN(70:30) coated WC > uncoated 
WC > TiAlN(80:20) coated WC is the tool inserts performance order for operational parameters studied 
ranges of AA7075 dry finish turning operation.

Tool insert type DOC (mm) FR (mm/rev) CS (m/min)

1 0.1–0.25 0.112–0.225 100–200

2 0.1–0.3 0.112–0.24 100–200

3 0.1–0.3 0.112–0.25 100–200

4 0.1–0.3 0.112–0.24 100–200

5 0.1–0.3 0.112–0.225 100–200

6 0.17–0.3 0.112–0.18 100–155

Table 8.  Range selection for tool life evaluation based on AI-Response surface for surface roughness.
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Fig. 15.  The 3D AI-response surface between DOC, FR and CS for tool life (a) Uncoated WC (b) TiN/WC (c) 
TiCN/WC (d) TiAlN(50:50)/WC (e) TiAlN(70:30)/WC (f) TiAlN(80:20)/WC.
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Data availability
The readers can request the corresponding author for the data underlying the findings of the study.
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