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Abstract
In machining operation the key parameter are speed, feed and
depth of cut. Proper selection of this parameter improves the
quality of surface roughness, resulting reduction in crack,
defect on the surface of material and improve the product life.
Experiment is carried out by changing the speed, feed and
depth of cut, to obtain the different value of surface roughness.
The machining operation was performed on KERAN MICRO
vertical CNC milling machine with Cemented Carbide Tool.
The machining was performed on aluminum alloy 24345 work
pieces. The surface roughness was recorded with respect to the
machining parameter. After that the input parameter and
experimental output parameter was used to perform the surface
roughness prediction with the help of an ANN (artificial neural
network) model created in MATLAB 13. Experimental result
are analyzing with predicted result with the help of error
obtain by the ANN model.
Keywords: surface roughness, optimization, regression analysis,
ANN.

Introduction
Surface roughness is used to determine the quality of a
product. Surface roughness affects the mechanical properties
of products like friction, wearing, resisting fatigue, light
reflection etc [9,10]. Surface roughness is influence by the
machining parameter like speed, feed and depth of cut, which
are the main cutting parameter [3, 11, 12]. So that the selection
of cutting parameters is important before the process take
place, and the proper selection of these parameter was done by
ANN technique. ANN optimization process is use to minimize

or maximize the input or the output parameter in engineering
problem and it is a process of finding the best result under the
given boundary condition. It increases the utility for machine
economics. And increase the product quality, profit, surface
finish etc and decrees the cost, time, and, raw material etc to a
great extent by maximizing or minimizing the program
function [8].
Mr.Ch.Madhu et al. have carried out the experiment by
selecting different variables and their levels to find out the
surface roughness at different cutting parameter. The machine
operation was performed with the help of Puma 300LCNC
Lathe on TITANIUM material work piece. After that surface
roughness prediction was carried out by artificial neural
network (ANN) [1].
M. N. Phani Sastry et al. have performed a Response Surface
Methodology to optimized the cutting parameter like speed,
feed and depth of cut while machining Aluminium alloy with
HSS cutting tool. The experimental data was used to measures
the performance of surface roughness (Ra) [2]. U. K. Yadav et
al. have conduct an experiment on Medium Carbon Steel AISI
1045 with the help of STALLION-100 HS CNC lathe.
Furthermore the surface roughness was optimized by ANOVA
and signal-to-noise (S/N) ratio. He concluded that feed rate
was the most significant factor which affecting surface
roughness [3].
H. M. Somashekara et al. have used several statistical
modeling techniques (Genetic Algorithm, Response Surface
Methodology) to obtain significant factors influencing Surface
Roughness. The machining operation is perform on Al 6351T6 alloy material with Uncoated Carbide Inserts. In his study
they generate a model to predict Surface Roughness using
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Regression Technique with the help of GA and RSM. After
that an attempt has been made to optimize the process
parameters using Taguchi Technique [4].
Harish Kumar et al.[5] they performed the experimental work
on MS 1010 Work material with high speed steel tool in dry
environment condition. To optimized the cutting parameter,
Speed, feed and depth of cut was taken as input parameter
where as the dimensional tolerances taken as output parameter.
Vipindas M P et al. In his study optimization of Surface
Roughness was done by Taguchi method. After that a general
linear model was employed to evaluate the parametric effects.
He concluded that feed is the important parameter which
influences the quality of machined surfaces [6].
V. A. Rogov et al.[7] investigates the influence of cutting
parameters on surface roughness and natural frequency in
turning operation. The experiments were performed on
aluminum alloy AA2024 using turning lathe machine with the
help of two different cutting tools made of AISI 5140 and
carbide cutting insert coated with TiC. The measured
Experimental data was analyzed using Taguchi method with
the help of signal to noise ratio and analysis of variance.
The main objective of the present study is to calculate the
surface roughness on different machine parameter.
Furthermore, the data was analyzed by ANN model to find out
the optimized surface roughness. The present paper is
described in section: Introduction, Material properties and
machine setup, Methods and Experiment conducted, Result
and discussion and Conclusion.

Material properties and machine setup
Aluminum alloy 24345 is highly stressed component which is
use in aircraft, ordnance and general engineering. The
Ultimate Tensile Strength of the aluminum alloy 24345 is 49
Kg/mm^2 and Table 1 shows the chemical composition.
Table 1: Chemical composition limits
Max
Elements
Min %
%
Copper
3.8
5.0
Magnesium 0.2
0.8
Silicon
0.5
1.2
Iron
0.3
0.7
Manganese 0.5
1.2
Alluminum Ball
Ball
The machining operation was performed by KERN Micro
CNC Machine and Telisurf-10 machine was used to measure
the surface roughness of machined component. The machining
operation was performed by Cemented carbide tool and the
surface roughness was measured at three locations on the work
piece. The value of the surface roughness was the average of
three points taken for each measurement. Figure 1 and 2 shows
the roughness testing and CNC machine respectively.

Figure 1: Telisurf 10

Figure 2: keran micro

Methods and Experiment conducted
ANN is a soft computing technique which is based on
statistical approach used in many engineering field to generate
the relationship between the complex problems. Which are
difficult to solve by physical method. It provides strong non
linear mapping ability. And automatically summarize the
function relationship by learning or training without any priori
formula.

Figure 3: neural network Structure in MATLAB
In this study Regression analysis was performed by ANN
technique to optimize the process parameter for surface
roughness. Regression analysis is a technique which generates
the relationship between dependent and an independent
variable. Regression analysis helps in making predictions after
analyzing the given data. All regression will be performed on
graphical calculator, not by hand. The process of linear
regression gives us the equation of the best fit line. Which is
use to make prediction. And this line help to determine the R.
R is called the linear correlation coefficient which describe the
relation between the input and output variable. R^2 measures
the proportion of variability in data set that is accounted for by
a statistical model. The closer R^2 is to 1, for the better model.
The study was undertaken to investigate the
performance of finish milling of aluminum alloy 24345, at
various cutting speed 9,13,18,25 (m/min), various feed
100,63,40,16(mm/min) and various depth of cut
0.5,0.3,0.1,0.05 (mm). Where speed, feed, depth of cut was the
input parameter and surface roughness was the output
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parameter. After machining the average surface roughness
(Ra) value was measured by changing the input parameter.
Furthermore the input parameter (speed, feed, depth of cut) are
store as the input value where as the surface roughness are
store as the target in the Matlab work space. For optimization
In neural network toolbox Feed-forwardback-propagation is
used as the network type, And transig and trainlm are use as
the transfer and training function respectively. To find the
optimized model network we increase the number of neurons
in the hidden continually till we get the best trained network.
The performance of the network was evaluated by mean
squared error (MSE) between the experimental and the
predicted values. Table 2 shows the all initial setting which
was used in the Matlab ANN model.

performance function

Mean square error

Number of hidden

1

Table 2: Data use in training the model in MATLAB13

layer
Neurons in hidden

5,10,15

layer
goal

0

Minimum epochs

1000

Min_grad

1e-07

Max_fail

1000

Mu

0.001

Mu_dec

0.1

Object modeled

Surface roughness

Mu_inc

10

Input neuron

Speed(v),feed(f),DOC(d)

Mu_max

10000000000

Output neuron

Surface roughness(Ra)

Network type

Feed-forwardback-

Results and discussions

propagation
Transfer function

TRANSIG

Training function

TRAINLM

Adaption Learning

LEARNGDM

The result is calculated by changing the Cutting Speed, Feed
and Depth of cut. The machining operation was done by
changing the one parameter while the other two parameter
taken as constant. Total 48 reading of surface roughness
(output parameter) was calculate by changing the input
parameter (speed, feed & DOC). Some sample data of the
calculated surface roughness and predicted surface roughness
are given in table 3.

function

Experimental Data
S.no.

Speed
(m/mm)

Feed

Depth

(mm/min)

of

Table 3: Sample machine data
predicted and simulation data
Ra(mm)

ANN computed value

cut(mm)
5

%dev

neuron

10

%dev

neuron

15

%dev

neuron

1

9

100

0.1

0.68

0.6642

1.578

0.6716

0.831

0.6678

1.220

2

13

63

0.1

0.54

0.5313

0.869

0.5540

-1.405

0.5580

-1.805

3

18

40

0.1

0.4

0.4011

-0.118

0.4075

-0.754

0.4545

-5.453

4

25

16

0.1

0.32

0.3192

0.077

0.3163

0.368

0.3226

-0.266

5

13

100

0.5

0.66

0.6770

-1.708

0.6730

-1.306

0.6648

-0.480

6

13

63

0.3

0.6

0.5933

0.662

0.5949

0.505

0.6158

-1.584

7

13

40

0.1

0.44

0.4277

1.225

0.4467

-0.674

0.4628

-2.287

8

13

16

0.05

0.30

0.3367

-3.676

0.3307

-3.076

0.3426

-4.269

9

9

40

0.5

0.62

0.6053

1.470

0.6158

0.418

0.6170

0.293

10

13

40

0.3

0.5

0.4954

0.452

0.5153

-1.532

0.5100

-1.007

11

18

40

0.1

0.4

0.4011

-0.118

0.4075

-0.754

0.4545

-5.453

12

25

40

0.05

0.36

0.3609

-0.097

0.3560

0.399

0.3497

1.029
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Table 4: Regression value
Training performance
Hidden neurons
Regression

5
0.989

Validation

10

15

5

0.990

0.982

0.911

Testing performance

10

15

0.996

0.990

5
0.969

10

15

0.997

0.996

The above table shows the R (Regression coefficient) value for 5, 10, 15 neuron.

Figure 4: Regression plot

Figure 5: Actual and predicted plot

Figure 6: Actual and predicted plot
Figure 4 shows the training, validation and testing plot for R
value for 10 neuron. Closer data to the R fit line make the
modal best and in figure 4 we can see that the data set are
closer to the best fit line. In figure 5 and 6 the graph shows
that the predicted value graph is below as compare to the
actual value graph so that 10 neuron model shows the
optimum value of surface roughness. Figure 7 shows the
percentage error between the actual and predicted value of
surface roughness.

Figure 7: Percentage deviation between actual and predicted

Surface Roughness at constant speed =13 m/min
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Figure 8: Predicted plot

Figure 9: Actual plot

Figure 10: Predicted plot
Surface Roughness at constant feed=40 mm/min

Figure 11: Actual plot

Figure 12: Predicted plot

Figure 13: Actual plot

Figure 14: Predicted plot
Surface Roughness at constant DOC=0.1 mm

Figure 15: Actual plot
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Figure 16: Predicted plot

Figure 17: Actual plot

Figure 18: Predicted plot

Figure 19: Actual plot

Conclusion
The machining operation was perform on aluminum alloy
24345 work pieces which are highly stressed component and
use in general engineering application. The machining data
was used for surface roughness prediction for batter
optimization of surface roughness and machine process
parameter. The data was simulated in Matlab 13 with an ANN
model. The results of artificial neural network shows that
regression value was R2=0.99 for trained, validation and
testing as shown in figure 4. When we increase the number of
neuron the performance of the network was remain same. So
3‐10‐1 network architecture was selected as the optimum ANN
model. Furthermore the response of machine parameter on
surface roughness was plotted for actual and predicted values.
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