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Abstract:— The quality of mechanical components depends largely on their
surface roughness (Ra). The surface roughness is greatly affected by various
cutting factors, the most important being feed, cutting speed and also the cutting
depth. So, there are many researches dealing with this topic, some of which
perform experiments on different materials to determine the value of Ra and

others try to make programs to predict surface roughness to reduce time, cost
and effort consumed in experiments. In this paper, a new fuzzy logic approach is
introduced to predict interstitial values of Ra. Data set used in fuzzy logic
approach is obtained from turning of Ti-6AL-4L [14]. A Matlab toolbox is used
for training of fuzzy logic approach. Predicted results using this approach show
good results in comparison with experimental & theoretical onesresults using this
approach show good results in comparison with experimental & theoretical ones.

I. INTRODUCTION

URFACE roughness affects significantly the quality
of any component. Machining parameters

significantly affect Ra value, which is important in
many problems such as friction, positional accuracy, contact
deformation and so on [1,2].

Titanium material is very expensive and has poor surface
finish, low elastic modulus which lead to vibration of tool, so
it is cheaper for prediction of its surface roughness under
different cutting conditions using modeling and optimization
methods [3-6].

Now after many decades many of computerized models
such as neural network, genetic algorithms and fuzzy systems
[6 - 13] are used to predict surface roughness depending on
the experience and skills of machine operator.
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The prediction of machining parameters effect on Ra
during turning of titanium alloy is presented in [6]. This
approach indicates good results in comparison with
experimental ones.

Genetic Algorithms (GA) are presented in [7] for the
optimization of surface roughness and their respective optimal
machining parameters. In [8] a surface roughness prediction is
done using leave- one- out cross validation (LOO - CV) and
an adaptive network- based fuzzy inference system (ANFIS)
approach.

A three-layer fuzzy model, genetic programming, radial
basis function neural network - fuzzy logic (RBFNN - FL) and
adaptive neuro fuzzy inference system (ANFIS) also used for
prediction of surface roughness [9-12].

Finally, the computerized models really are very important
and give time efficient and cheaper alternative in comparison
with time consuming and costly experimental research. A
new fuzzy logic approach for predicting values of Ra is
described in this paper. The experimental dataset of turning
Ti-6AL-4L [14] is presented in part 2. In part 3 the proposed
fuzzy logic is presented. Results and discussion are provided
in part 4 followed by the conclusion in part 5.
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Il. EXPERIMENTAL DATA

Experimental data for this work was taken from paper [14]
Table 1. The authors in [14] studied the effect of cutting
parameters (cutting depth, feed and cutting speed) on Ra
during turning a 90 mm diameter cylindrical solid part and its
length is 160 mm using TaeguTec SRGCR/L 12- 10C tool.

The part is made of Ti6Al-4V alloy. Authors use Taguchi’s
L27 orthogonal array to conduct the experiments shown in
Table 1.

Table 1
Data of 27 experiments using Taguchi’s L 27 orthogonal array [14].
No | Feed Cutting Cutting | Surface
(mm/rev) speed depth roughness
(m/min) (mm) Ra(um)
1 0.06 80 0.5 0.3390
2 0.06 80 0.75 0.3114
3 0.06 80 1 0.2975
4 0.13 80 0.5 0.7532
5 0.13 80 0.75 0.7318
6 0.13 80 1 0.7213
7 0.21 80 0.5 1.5103
8 0.21 80 0.75 1.4932
9 0.21 80 1 1.4764
10 0.06 180 0.5 0.4302
11 0.06 180 0.75 0.4105
12 0.06 180 1 0.4074
13 0.13 180 0.5 0.7611
14 0.13 180 0.75 0.7542
15 0.13 180 1 0.7435
16 0.21 180 0.5 1.5076
17 0.21 180 0.75 1.4956
18 0.21 180 1 1.4892
19 0.06 280 0.5 0.5037
20 0.06 280 0.75 0.4965
21 0.06 280 1 0.4852
22 0.13 280 0.5 0.8967
23 0.13 280 0.75 0.8873
24 0.13 280 1 0.8017
25 0.21 280 0.5 1.6846
26 0.21 280 0.75 1.6754
27 0.21 280 1 1.6687

1. Fuzzy LOGIC APPROACH

Matlab software fuzzy logic toolbox was used for
modeling in this work.

A. Fuzzy logic inference system

Fuzzy inference systems FIS use fuzzy logic to map data
from given input to the output. Fuzzy rule- based system,
fuzzy expert system, fuzzy associative memory and fuzzy
model are all known as FIS.

The most common types of fuzzy inference methods which
will be used in this paper are:

1-. Mamdani method.

2- Sugeno method.

The first method mainly as a rule consequent uses fuzzy
set. The second method as a rule consequent uses the input
linear function.
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The five primary graphical use interface (GUI) tools for
constructing, editing, and viewing fuzzy inference system
which are used for each one of the above two methods [17] are

as following:
1.Editor of FIS.
2.Editor of the membership function.
3. Editor of the rule.
4.Viewer of the rule
5.Viewer of surface.

The stages performed to apply fuzzy logic are:

o fuzzification: used to change a real scalar value into a
fuzzy value,

o decision-making: is responsible of the transformation of
the input variables to the output ones using the rule-base
which is composed of expert IF <antecedents> THEN
<conclusions> rules and

o defuzzification: used to produce a quantifiable result in
fuzzy logic [16,18].

The quality of fuzzy logic model depends on the

membership functions and rules so the more successful
selected of them, the more adequate managerial decision.

B. Fuzzy logic surface roughness prediction model.

In this part of paper to predict Ra, a presentation of how to
construct fuzzy logic model will be introduced using two
methods (Mamdani and Sugeno). Each method has three
inputs of cutting parameters and one single output Ra.

The first method (Mamdani): is used as a fuzzy inference
system. The triangle (trimf) function was selected to be
combined for the three inputs (cutting speed, feed and cutting
depth) and also was selected for the output variable Ra,
Figures 1,2,3,4,5.

The centroid method is used with Mamdani fuzzy
inference approach for converting the linguistic value shown
in Table 2. into the crisp output.
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Fig 1. Editor of FIS for the three inputs and one output by Mamdani
method.
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Fig 2. Editor of membership function of input variable: cutting speed (S).
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Fig 5. Editor of membership function of output variable: surface
roughness.

The linguistic variables of the three inputs are shown in
Table 2. Some of FIS rules that were made in rule viewer are
shown in Figure 6.
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Fig 4. Editor of membership function of input variable: cutting depth (D).

Table 2
Linguistic variables of cutting speed, feed and cutting depth.
Linguistic variables | Linguistic variables of | Linguistic variables of
of cutting speed feed cutting depth
low S1 Low F1 low D1
medium S2 Medium F2 medium D2
high S3 High F3 high D3

Fig. 6. Editor of FIS rules by Mamdani method.

The Second method (Sugeno): it is like the Mamdani
method when constructing the model, but it uses linear
function instead of fuzzy set as a rule consequent Figure 7,8,9.
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Fig 7. Editor of FIS for the three inputs and one output by Sugeno
method.
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Fig. 9 Structure of Anfis Model by Sugeno method .

IV. RESULTS AND DISCUSSION

Figures 10,11,12 and Table 3 show the results of applying
the fuzzy logic approach using the above two methods. In
Figure (12.a) the predicted value of surface roughness using
Mamdani method equals 0.755 (um) for a cutting speed of 180
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m/min, a feed of 0.13 mm/rev, and a depth of cut of 0.75 mm.
And by reviewing the value that corresponds to the cutting
conditions mentioned previously in Table 1. It can be
concluded that the expected value gives a good result
compared to the experimental one value in Table 1.

The results of the second method (Sugeno) is shown also
in Table 3 and Figure 12.b. The predicted value shows again
good results with respect to the experimental values in Table
1.

Comparing the results of the proposed model was not
limited to comparing it with only the practical results
announced in Table 1, but its results were compared with
surface roughness theoretical values which obtained by
calculating the average value for each of the given inputs
(feed, speed and cutting depth) and outputs (surface
roughness).

For example: in experiment no 1 and 2 that shown in Table
1, the average value of speed, feed, cutting depth are ( (80 +
80)/ 2= 80 m/min, (0.06 + 0.06)/ 2= 0.06 mm/rev, (0.5 +
0.75)/ 2 = 0.625 mm) respectively, the corresponding average
value of surface roughness (theoretical) = (0.3990+ 0.3114)/ 2
= 0.3252 pum. The calculated average  value of surface
roughness (theoretical) also showed good results, this appears
in Table 3 in test no. 2,8.

Table no. 3 shows a number of other tests that were
performed using the proposed model. Figure.13 shows
graphical comparison between predicted value of surface
roughness and the experimental & theoretical ones using the
suggested fuzzy logic approach.

Also, Figure 10 indicate that the increase in feed and
speed leads to an increase in value of Ra, but there is a
difference between the effect of feed and speed on the value
of Ra, the effect of feed on Ra is greater than effect of speed.
Also Figure 11 shows that decrease in cutting depth leads to
an increase in Ra. These results correspond to what was
published in the research [6].
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Fig .10(a) Viewer of FIS surface showing the effect of speed and feed on the
value of Ra by the first method.
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Fig .10(b) Viewer of FIS surface showing the effect of speed and feed on the

Fig. 12 (a) Vi fFl le for R icti he fi hod.
value of Ra by the second method. ig. 12 (a) Viewer of FIS rule for Ra prediction by the first method
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Fig 11(a) Viewer of FIS surface showi n the effect of ancuttig depth
on the value of Ra by the first method. I . o
Fig. 12 (b) Viewer of FIS rule for Ra prediction by the second method.
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Fig 11 (b) Viewer of FIS surface showing the effect of feed and cutting
depth on the value of Ra by the second method.
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Table 3
Some predicted values of Ra in comparison with experimental &theoretical (average) ones.
Surface Surface Surface Percent;_ige Percente_lge
Cutting Cutting roughness roughness roughness error using error using
N Feed Ra (um) first method second method
0 speed depth . Ra (um) Ra (um)
A (mm/rev) Experimental & - \
(m/min) (mm) *theoretical Predicted. Predicted.
First method Second method
(average)
1 80 0.06 05 0.3390 0.339 0.339 0% 0%
2 80* *0.06 %0.625 %0.3252 032 0.325 1.6% 0.06%
3 80 0.06 0.75 0.3114 0.311 0.311 0.12% 0.12%
4 80 0.21 0.75 1.4932 1.49 1.49 0.2% 0.2%
5 180 0.06 05 0.4302 0431 0.43 0.18% 0.04%
6 *180 *0.06 *0.625 *0.4203 0.422 0.42 0.4% 0.071%
7 180 0.06 0.75 0.4105 0.411 0.41 0.12% 0.12%
8 180 0.21 0.5 1.5076 15 1.51 0.5% 0.15%
9 180 0.21 1 1.4892 1.49 1.49 0.05% 0.05%
10 280 0.06 05 05037 0503 0.504 0.13% 0.06%
11 280 021 1 1.6687 1.66 1.67 0.5% 0.07%
12 280 0.13 0.75 0.8873 0.887 0.887 0.03% 0.03%
13 *280 *0.13 *0.875 *0.8445 0.846 0.845 0.17% 0.05%
14 280 013 1 0.8017 0.801 0.802 0.08% 0.03%
Note * refers to theoretical (average) values
The use of this suggested fuzzy logic approach is very
" ® Experimental & theorkics important for both researchers and manufacturers to anticipate
& (um) 8 Precicted First method - - -
z AL G o s the intermediate values of surface roughness according to the
18 : different cutting conditions and vice versa without performing
14 experiments depending on what has been done from previous
12 practical experiments as this application works as an excellent
: : database.
“ | This fuzzy approach can be easily constructed, edited, and
o . viewed in laboratories, especially laboratories for accurate
02 I l l I I I measurements, to predict surface roughness, roundness,
o LI INE_NS ; ; ' ; concentricity, run out, perpendicularity, flatness, etc. for any
1 2 3 - s 5 7 -] 9 10 11 12 13 :a

No of tests
Fig.13 Graphical comparison between predicted value of Ra and the
experimental & theoritical (average) ones using the suggested fuzzy logic
approach.

V. CONCLUSION

From what has already been presented about the previous
two methods (Mamdani and Sugeno) which were used to
construct the suggested model of fuzzy logic for predicting
Ra, it is possible to conclude that using of these methods
gives good results and low percentage error as shown in Table
3, also saves effort and time in predicting surface roughness
values.

For the above case study, the second method (Sungeno)
give better results comparing with first one (Mamdani) Table
3 and that depends on the nature of the outputs, inputs and the
form of the relationship that binds them together, if the
relationship between inputs and outputs variables are predicted
to be as linear, it will be preferred to use Sugeno method.

material under any conditions of cutting.

This application can help engineers to make the right
quick decision during the manufacturing and assembling of
products whose quality depends on knowing the degree of
surface roughness.
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