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ABSTRACT

The surface quality of the manufactured parts is an important factor affecting the functional properties such as corrosion
resistance, the fatigue strength of the part. For this reason, this study aims to develop surface roughness of Al 7075-T6 alloy
material which is generally used in the aviation and manufacturing industry. In this study, the machinability of Al 7075-T6 alloy
with different high speed turning parameters was investigated. Two different mediums (Dry and boron oil), three different cutting
speeds (400, 800 and 1600 m/min) and three different feed rates (0.1, 0.2 and 0.4 mm/rev) were determined as parameters in the
experiments. The optimum parameters for the determination of surface roughness values of Al 7075-T6 alloy were determined.
The most important parameters affecting the surface roughness of the Al 7075-T6 alloy have been found out to be the feed rate. It
appears that the medium and cutting speed examined have not had a significant effect on the surface roughness. When the test
results are taken into consideration, the best surface roughness value is reached with parameters: medium: boron oil, cutting
speed 400 m/min and feed rate: 0.1 mm/rev.
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1. INTRODUCTION

Aluminum and its alloys have become increasingly industrialized due to their lightweight as well as their strength and easy
forming ability [1-3]. Aluminum alloys play a significant role in the development of space, aviation, automotive, weapons and
defence industry due to their mechanical properties as well as their lightweight (density is 2.81 g/cm3). Within these alloys, the
importance and application areas of 7075-T6 grade aluminum alloys are increasing especially in the defence and aerospace
industry [4, 5].

Machinability, the material is expressed as a convenience or difficulty in machining in a chip removal process involving cutting
conditions such as cutting speed, feed rate, cutting force, number of passes, and chip depth [6, 7]. Machinability of a material can
be defined by measuring components such as tool wear, chip formation, tool life, surface roughness and cutting force [6, 8].
Surface roughness is one of the most important characteristics affecting the product quality and is of great importance in the
functional behaviour of the machined parts [9-11]. The manufacturing process is the process of converting the raw materials
planned to be used for various purposes into finished products [12]. Products with poor surface quality cannot meet the functional
requirements and cause extremely high production costs [13]. Therefore, the improvement of the surface quality of the products
and the economics of the production processes become a very important issue for the production of finished products [14, 15].
Although there are studies about the machinability of aluminum alloys, it is observed that there is the limited number of studies on
the effect of the turning process of Al 7075-T6 on the surface quality.

In this study, the effect of surface roughness on the different parameters (mediums, cutting speed and feed rate) of the Al 7075-T6
alloy turning process was investigated. Also, the experimental design was planned by selecting Lg Taguchi method. In this study,
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it is aimed to determine the optimum parameters of Al7075-T6 alloy material, which is a limited number of studies in the
literature.

2. MATERIALS AND METHODS

2.1. Material and Experiments

In the experiments, Al 7075-T6 filled cylinder was used as the workpiece. This workpiece material’s dimensions were @50 x 280
mm. The chemical content of the workpiece as Al 7075-T6 is presented in Table 1. The roughness value of the workpiece surface
was measured as 0.501 pm before starting the turning tests.

Table 1. The chemical composition of Al 7075-T6 workpiece material (wt. %0)

Material Zn Mg Cu Fe Si Mn Cr Ti Al

Al7075-T6 563 271 1.94 045 037 025 021 0.19  Balance

The turning experiments have performed a lathe as shown in Figure 1. According to the determined parameters, each sample was
subjected to separate turning process and the surface roughness of the samples was determined by means of the surface roughness
measuring device. CCGT 431-AS IC20 was used as cutting tool insert. This tool insert has good performance in machining
Aluminum alloys.

Figure 1. The experimental setup

The Taguchi method is an easy and efficient method for determining the optimization of parameters [16]. This method is cheap,
easy and is used widely in the manufacturing sector due to the decrease in the number of experiments. Table 2 depicts the
parameters used in the experiments. In this study, the turning process was performed in 2 different mediums, 3 different cutting
speeds and feed rate parameters. For this reason, the L;g design of the Taguchi method was used (Table 3). For the analysis of the
experimental results, the interactions between the main factors were not taken into consideration and the S/N ratio was calculated
for each experiment. The S/N ratio is defined as a measure of the sensitivity of system performance to design parameters to the
sensitivity of system performance to noise factors. “Smaller is better” was preferred for calculating the S/N ratio to achieve the
best performance result of the factors in this study, ‘Smaller is better’ was computed by the undermentioned equation (1).

S4, = —10|og[;(izljvi2JJ

)

Y; is the surface roughness value, n is the number of tests and N is the total number of data points for equation (1).

Table 2. Turning process parameters and levels.
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Parameters Units Levels
1 2 3
Medium i Dry Boron oil -
Cutting Speed m/min 400 800 1600
Feed rate mm/rev 0.1 0.2 0.4

Table 3. Taguchi experimental design

Experiments
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2.2. Measurements

The surface roughness is used as a measure in determining the surface properties of the workpiece materials [17]. After any test
procedure applied to the workpiece, changes in the surface topography of the material occur at the micro level. The determination
of these changes is vital in terms of the mechanical properties of the workpiece materials [17]. Surface roughness helps to
determine the performance of any mechanical component as having the strategic designation because surface irregularities can
cause cracks or corrosion initiation. The surface roughness value is generally calculated by taking into account the arithmetic
mean values of the absolute values (Ra) [18]. Referring to Figure 2, the Ra value can be expressed by the following equations:

Therefore,
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Figure 2. Scheme of surface roughness [18]

The surface roughness data of the specimens are taken from three different parts of the Al 7075-T6 workpiece material.
Surface roughness tests were carried out using a surface profilometer.

3. RESULTS AND DISCUSSION
3.1. Experimental results

Table 4 shows the surface roughness values obtained after turning Al 7075-T6 workpiece. Furthermore, the measured Ra values
are the average value of the three valid measurements and the standard deviation values are also indicated. S / N ratios were
calculated according to these measured Ra values.

Table 4. Experimental layout and results of the responses using L;g Taguchi design

Parameters Results
Experiments Medium il;gégg Feed rate Ra (um) gg?gggﬂ S/N Ra
1 Dry 400 0.1 0.336 0.0445 9.4732
2 Dry 400 0.2 0.501 0.0163 6.0032
3 Dry 400 0.4 1.162 0.0990 -1.3041
4 Dry 800 0.1 0.464 0.0184 6.6696
S Dry 800 0.2 0.679 0.0042 3.3626
6 Dry 800 0.4 1.426 0.0531  -3.0824
7 Dry 1600 0.1 0.453 0.0771 6.8780
8 Dry 1600 0.2 0.699 0.0467 3.1105
9 Dry 1600 0.4 1.977 0.0361  -5.9201
10 Boron oil 400 0.1 0.248 0.0560  12.1110
11 Boron oil 400 0.2 0.391 0.0010 8.1565
12 Boron oil 400 0.4 1.043 0.0800  -0.3657
13 Boron oil 800 0.1 0.439 0.0158 7.1507
14 Boron oil 800 0.2 0.607 0.0002 4.3362
15 Boron oil 800 0.4 1.351 0.0821 -2.6131
16 Boron oil 1600 0.1 0.360 0.0084 8.8739
17 Boron oil 1600 0.2 0.605 0.0074 4.3649
18 Boron oil 1600 0.4 1.435 0.0159 -3.1370
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Figure 3. Change of Ra results to calculated S/N ratios

When the Figure 3. of average S/ N ratios were examined according to the parameters, it was observed that the surface quality of
the Al 7075-T6 workpiece obtained in boron oil was better than the dry medium. The surface roughness value of the lower cutting
speeds is lower and the surface roughness value increases as the speeds increase. A significant increase in surface roughness value
from 400 m/min to 800 m/min was observed, but a slight change from 800 m/min to 1600 m/min was observed. Again, it was
observed that the surface quality was better in the experiments performed at low feed rates. It can be concluded that when the feed
rate is increased from 0.1 mm/rev to 0.4 mm/rev, the quality of the surface deteriorates significantly. The S/N ratios and main
effects plot were calculated using MINITAB 18 statistical software program. Figure 4 (a) and (b) show the effect of cutting speed
and feed rate on surface roughness during turning process in different mediums.
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Figure 4. (a) Effect of feed rate and cutting speed on surface roughness in dry medium, (b) Effect of feed rate and
cutting speed on surface roughness in boron oil medium

3.2. Analysis of Variance (ANOVA)

The ANOVA helps in order to obtain data such as degrees of freedom (DF), F-value, P-value, mean squares (MS), the sum of
squares (SS) and percent contribution, and helps to determine how much "variation" and "which" factor by using these values.
ANOVA is used to investigate process parameters and identify which process parameters are significantly affecting the turning
process. ANOVA calculated and presented the Table 5. From the ANOVA table, the most significant parameter is feed rate it
influences 84.8% followed by 7.3% of cutting speed and 2.0% of medium. Both Taguchi and ANOVA analysis identify feed rate
most significant factor than the others. Contribution percentage of the face-turning parameters are shown in Figure 5. The F-test
was used to find out which turning parameters have a significant effect on the performance characteristic. Generally, the variation
of the turning parameters has an important relationship between the numerical value of F and performance features. The larger the
F-value, the greater the effect of parameters on the result obtained. Considering the data in Table 5, it is seen that the feed rate
parameter is the most dominant factor affecting the surface roughness. In ANOVA modeling the R2 is found as 94.09 %. The high
score of the high Rz makes reliable the equation for this modeling.
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Table 5. ANOVA results for surface roughness

(0)

Parameters DF SS MS F-Value P-Value A’ .
Contribution
Mediums 1 0.08242 0.08242 4.08 0.0660 2.0
Cutting speed (m/min) 2 0.29907 0.14954 7.39 0.0080 7.3
Feed rate (mm/rev) 2 3.48121 1.74060 86.07 0.0001 84.8
Error 12 0.24266 0.02022 5.9
Total 17 4.10536

84.8

m]l m2 =3 4

Figure 5. Contribution percentage of the turning parameters

4. CONCLUSIONS

The effect of different parameters (Mediums, cutting speeds and feed rates) on the surface roughness of the Al 7075-T6 workpiece
during turning was investigated in this study. Design of experiment as the Lig Taguchi design was used. This method is very
important to reduce the cost in manufacturing and it is vital to use this method because the Taguchi method is a high quality
experimental design tool and reduces the number of experiments. The results obtained from the experiment are presented below:

e The optimum parameter combination for the best surface roughness value was obtained using an analysis of the S/N ratio. The
parameters for the best surface roughness value and their levels are obtained as the Mediums: Boron oil medium, cutting
speed: 400 m/min and feed rate: 0.1 mm/rev.

o When the analysis of variance results is examined, the feed rate is the most vital parameter on the surface roughness values of
the Al 7075-T6 workpiece, with a contribution ratio of 84.8%. It was observed that the cutting speed and the mediums were
7.3% and 2.0%, respectively.

e Generally, the surface roughness of the Al 7075-T6 workpiece is improved by the reduction of the feed rate. The increment of
the cutting speed by a certain amount decreases the surface roughness, it is seen that the surface quality deteriorates after a
certain value. It seems that the boron oil medium used in the experiments do not have a very notable effect on the surface
quality.
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