IOP Conference Series: Materials a::?. PURPOSE'LED
Science and Engineering \:) PUBLISHING““

PAPER « OPEN ACCESS You may also like

Experimental Investigation of Turning Parameters G ioce g on auperslov.

monel 400

On AA 6061 -T6 Materlal Akshat Srivastava Kulshrestha, Barun

Haldar, Deepak Rajendra Unune et al.

- Effect of AI7075 and activated carbon

To cite this article: A Parthiban et al 2017 IOP Conf. Ser.: Mater. Sci. Eng. 183 012013 reinforced composite on optimizing WEDM

responses
G Ramanan, Neela Rajan R R, S Suresh
etal

View the article online for updates and enhancements - Slanatures of Mass Ratio Reversal in
p . Gravitational Waves from Merging Binary
Black Holes

Floor S. Broekgaarden, Simon Stevenson
and Eric Thrane

The Electrochemical Society

Advancing solid state & electrochemical science & technology

247th ECS Meeting

Montréal, Canada

May 18-22, 2025
Palais des Congrés de Montreal

Abstracts
due

December
6th

Showcase your-science!

This content was downloaded from IP address 202.83.25.68 on 03/10/2024 at 06:59


https://doi.org/10.1088/1757-899X/183/1/012013
/article/10.1088/2053-1591/acfb5e
/article/10.1088/2053-1591/acfb5e
/article/10.1088/2053-1591/acfb5e
/article/10.1088/2053-1591/ad4cba
/article/10.1088/2053-1591/ad4cba
/article/10.1088/2053-1591/ad4cba
/article/10.3847/1538-4357/ac8879
/article/10.3847/1538-4357/ac8879
/article/10.3847/1538-4357/ac8879
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjssZBZOFhAvWaBeBfcSX45J4VSvVsB3BFODFs-aedhGFaZGO1EmcKusI3K5v3748rAfTN10XeLEtwMgOAd8QrfDTCgy5ZcZV6uN3fY5hWYv2V8565agX--Z-9sUCS13TwUZEFKZVJHpDdBEuthgkXdPsQ5hawetAy4CZ6cELL0UY3M5oHjaUR3PnLv55814NnshRM1OMC77XITy_p_-R133edGtgITxZ153QAepHhdmW3Yi8ZX5Hh0_GrXlvUMHB8ymTDRUiI7EIZwDOgKw55wlfDBt8f8aZ_jBm9YhlnjjBDo2iajiq-duHOz8yhxPmUrHnrM0Zj5fxQHJgcDvxtdQIXo-Vt4v-zSgfxq_FJ8Ij&sig=Cg0ArKJSzOnlcAKLFqh8&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://www.electrochem.org/247/%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3DIOP_247_abstract_submission%26utm_id%3DIOP%2B247%2BAbstract%2BSubmission

International Conference on Emerging Trends in Engineering Research IOP Publishing
IOP Conf. Series: Materials Science and Engineering 183 (2017) 012013  doi:10.1088/1757-899X/183/1/012013

Experimental Investigation of Turning Parameters on AA
6061-T6 Material

A Parthiban ', R Pugazhenthi 2, R Ravikumar® and P Vivek®

4 Assistant professor, Department of Mechanical Engineering, School of Engineering,
Vels university, Chennai-117

?Associate professor, Department of Mechanical Engineering, School of Engineering,
Vels university, Chennai-117

*Professor, Department of Mechanical Engineering, Ariyalur Engineering College,
Melakaruppur-621707

E-mail: 'parthibana@yahoo.co.in

Abstract. Turning is a broadly used material removal process to manufacture cylindrical
products. The effects of various process parameters on turning like spindle speed, feed rate and
depth of cut have been investigated to Impact on Material Removal Rate (MRR) and surface
roughness (Ra) by using Response Surface Methodology. Experimental plan is performed by a
Box-behenken design. The main purpose of this work is to study the effect of process
parameters on Aluminium alloy AA6061-T6 surface, and to develop the mathematical model
for Material removal rate and surface roughness on milling process. The quadratic model is
best agreement with experimental data; finally the numerical optimization technique has been
used to find out best optimum milling parameters. The optimal set of process parameters has
also been predicted to maximize the MRR and minimize the surface roughness.

1. Introduction

Turing is one of the most popular machining processes and AA6061-T6 is playing vital role in modern
industries. Now a day’s aluminium alloy has significant role in aeronautical industries. However
AAB061 is one of the important materials due to its inherent properties such as high strength to low
weight ratio, good corrosion resistance, high thermal conductivity and easy machinabilty and
formability. Still machining of aluminium alloy with tuning is a difficult task due to its high speed and
depth of cut. Consequently Material removal rate and Surface roughness play the most significant role
in determining the productivity and the quality of a product produced with AA6061. So this work
takes AA6061 aluminium alloy as a work piece material for turning [1]. With regard, to the Spindle
speed, feed rate and depth of cut are considered as a predominant principal parameter in turning. Lot
of researcher and investigations has been done in analyzing the cost and quality of turning. However
with regard to the reduction of wastage that is caused in material removal rate has not been taken up
for serious study [2]. Hence this study considers the principal parameters on material removal rate and
surface roughness. Consequently, tuning is one of the extensively used to make cylindrical product
based contact type turning process in the order of all type of material [3]. However the MRR and
surface roughness are important during turning, but the MRR are sensitive with Depth of cut, speed
and the work piece material. Although, MRR is usually affected with Spindle speed and Depth of cut,
the turning quality of the material depends mainly on feed rate and Speed [4, 5]. The previous research
on MRR and Surface roughness had less attention for best parameter selection on aluminium alloys
during All geared lathe turning. But few works were employed in the RSM, Artificial Neural Network
and Fuzzy logic for predicting the parameters in turning. Thus the main aim of this work is to develop
a mathematical model using RSM, to optimize turning operation using numerical optimization.
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2. Experimental procedures
The experimental procedure is planned based on Box — Behnken design from the design of experiment
concepts for turning operation

2.1. Machine tool
The experiments are conducted on All geared lathe machine to use of turning operation as shown in
Figure.1. Based on the machine tool specification the experimental factor’s range and levels are
selected. The selected ranges and levels are given as an input to machine [7].

1

Figure 1. Turning operation |

2.2. Work piece material

The work piece material considered in this work is AA6061 — T6 aluminium alloy. AA6061 — T6 is
the newer material utilized in modern manufacturing industries such as Aeronautical and ship building
industries due to its inherent properties. And the specimen size was round rod before machining 25mm
diameter and length was 75mm

2.3. Experimental plan

The experimental work conducted based on Box-Behnken design and it requires three levels for
each factor [8]. So the ranges and levels of each factor considered for this work is tabulated in table 1.
The factors are Feed rate Spindle speed, and depth of cut. Turning operation carried out on work piece
with 50mm length and single pass were obtained in each experimental run

2.4. Measurements of responses
The material removal rate to find out by using following relation MRR= A, xv, xV,

and where A, are Depth of cut v, Are cutting speed and V; are feed rate, and to measure surface
roughness are to use measuring mittayo surface roughness meter.

3. Result and discussion

3.1.Response surface methodology

Response surface methodology Montgomery is a collection of mathematical and statistical techniques
and to optimize this response. From the previous research the effect by Material removal rate and
surface roughness are considered factors in this work were Spindle speed, feed rate and depth of cut on
Material removal rate and surface roughness. In order to matamatical model the relations between
these variables, the response surface methodology was assumed [9].

2 2 2 2
R:b0+Zb,Xi+Zb,iX“2+Z 2 bXiX; +e @)
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Where X1, X2 and X3 represented the spindle speed, feed rate and depth of cut respectively,
Xi2 and Xi X], the squares and the interaction terms of these factors, the constants b, the regression
coefficients of these parameters and ¢, the experimental error.

Table 1. Experimental plan
Depth MRR Surface

Speed  Feed rate

S.No (rom)  (mm/min) ofcut  (mm*  roughness
(mm)  min) (Hm)
1 945 1.25 2.5 0.187 1.657
2 945 1.25 2.5 0.198 1.786
3 945 15 3 0.187 1.654
4 840 1.25 2 0.165 1.354
5 945 1.25 2.5 0.197 1.765
6 945 1.25 2.5 0.1765 1.897
7 1050 1.25 2 0.259 0.987
8 945 1 3 0.1909 1.987
9 840 15 2.5 0.249 1.678
10 1050 15 2.5 0.1892 0.879
11 840 1 2.5 0.1987 1.789
12 945 1.25 2.5 0.21 1.987
13 945 1 2 0.11 1.786
14 840 1.25 3 0.166 1.987
15 1050 1.25 3 0.259 0.9087
16 1050 1 2.5 0.173 0.9078
17 945 15 2 0.231 1.23

3.2. Analysis of variance (ANOVA)

ANOVA is the statistical method it is used to calculate the size of the variation in data set [10]. The
main elements of ANOVA table are sum of squares, mean square, source of variance, DOF, F ratio
and the probability associated with the F ratio. The source of variance deals with parameters that are
called factors (Spindle speed, Feed rate and Depth of cut).

The ANOVA Table 2 shows that the models are significant and the F-value are 11.50 implies. And
low signal noise. The probabilty values are less than 0.0500 indicate model terms are significant. In
this case Speed and feed are significant model terms. And the R? and Adj R? values are 0.9718 and
0.8891. so that model are find the design space.

The ANOVA Table 3 shows that the models are significant and the F-value are 13.86 implies. And
low signal noise. The probabilty values are less than 0.0500 indicate model terms are significant. In
this case Speed and feed are significant model terms. And the R? and Adj R? values are 0.946 and
0.8786. so that model are find the design space.
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Table 2. ANOVA table for Material Removal Rate

Sum of Mean

Source Squares df Square F Value p-value
Model  0.0219 12 0.0018 11.4989 0.0152
A 0.0092 1 0.0092 57.6116 0.0016
B 0.0021 1 0.0021 13.0778 0.0224
C 0.0002 1 0.0002 1.2631 0.3240
AB 0.0006 1 0.0006 3.7354 0.1254
AC 0.0001 1 0.0001 0.7338 0.4399
BC 0.0039 1 0.0039 24.5360 0.0077
A2 0.0018 1 0.0018 11.2958 0.0283
B"2 0.0060 1 0.0060 37.9791 0.0035
cn2 0.0000 1 0.0000 0.1168 0.7497
A"2B 0.0003 1 0.0003 2.0135 0.2289
AN2C 0.0002 1 0.0002 1.0135 0.3710
AB"2 0.0093 1 0.0093 58.3959 0.0016
Error 0.0006 4 0.0002

Total 0.0226 16

Table 3. ANOVA table for Surface roughness

Sum of Mean
Source  Squares Df Square F Value p-value
Model 25355 9 0.2817 13.8648 0.0011
A 1.8347 1 1.8347 90.2965 <0.0001
B 0.0717 1 0.0717 3.5299 0.1023
C 0.0152 1 0.0152 0.7500 0.4152
AB 0.0017 1 0.0017 0.0831 0.7814
AC 0.1265 1 0.1265 6.2251 0.0413
BC 0.0124 1 0.0124 0.6119 0.4597
A2 0.7786 1 0.7786 38.3175 0.0004
B"2 0.0236 1 0.0236 1.1637 0.3165
cn2 0.0264 1 0.0264 1.3002 0.2917
Residual 0.1422 7 0.0203
Lack of
Fit 0.0777 3 0.0259 1.6044 0.3216
Error 0.0646 4 0.0161
Total 2.6777 16

3.3.Response surface models

Response Surface model, are to predict the Material removal rate and Surface roughness values, is
developed using RSM. The cubic mathematical models have been developed to predict the Material
removal rate and surface roughness. The developed mathematical models for AA 6061-T6 are showed

equations 2-3

MRR = +23.81-0.0374x A—27.1xB—-1.07xC +0.034x Ax B+3.07e *x AxC —0.249x B xC
+1.1e°x A2 +9.6xB? -8.4e°xC?-4.58e°x A’xB—-1.63e®*x A>xC —0.01x Ax B?

(2
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Ra=-39.128 + 0.077 x A+ 0.628 x B +4.522xC +7.8e * x AxB—-3.38e *x AxC +0.446 x BxC

—3.9e°xA?-1.1xB?-0.3168 xC?
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The figure.2 express, firstly the Material removal rate is low (range from 0.14 to 0.16 mm3/min) at
mid level of the Feed rate (1.2-1.25 mm/min) and Spindle speed at 950 rpm. MRR is gradually
increased with respect to increase the feed rate and low speed. The MRR is maximum (0.26 mm3/min)
at the high level of spindle speed (1000-1060 rpm). The fig.3 suggests, at constant spindle speed of
850 rpm for increasing depth of cut the MRR increases towards the mid-point and then starts decreases

towards the end point. At constant depth of cut 2mm for increasing spindle speed the MRR increases.
At maximum spindle speed and Depth of cut the MRR are maximum.

The Figure.4 shows, initially the surface roughness is low (1pm) at high level of the spindle speed
(1000-1050 rpm) while low level of depth of cut 2mm. Surface roughness is gradually increased with
respect to increase the depth of cut and decrease the spindle speed. Surface roughness is maximum
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(2.1 pm) at the high level of Depth of cut (2.6-3mm).From the Figure 5 shows that all level of feed
rate at high spindle speed to achieve low surface roughness. Minimum spindle speeds at all level of
feed rate (1-1.5 mm/min) the surface roughness’s are high.

3.4 . Validation of experimental results

To predict and validate the improvement in Material removal rate and surface roughness for turning of
Aluminium alloy AA6061-T6 with respect to the chosen initial parameter setting, confirmation tests
are used.

Figure. 6 —7 shows the validation of experimental results for the Material removal rate and surface
roughness respectively for AA 6061-T6. Thus, the response equations for Material removal rate and
surface roughness to develop through response surface methodology can be used to predict the MRR
and surface roughness for any combination of turning parameters within the experimentation range.

Experimental value
0.28 | —®*— Experimental value 22 4 Model Value
0 Model Value

0.26

0.24 4

0.22 4

0.20

0.18
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Figure 6. MRR on Experimental vs model Figure 7. Surface roughness on
value Experimental vs model value

4.0Optimization

Optimization can be defined as the process of finding the situations that give the maximum or
minimum value of a function. Optimization, in its broadest sense, can be applied to solve any
engineering problem [11].In this work optimization of turning parameters on MRR and Surface
roughness, The MRR and Surface roughness is a quality, but this work is tried to achieve same turning
parameters at AA 6061-T6. The numerical optimization was used; the multi response optimization is
solved desirability approach by using design expert software. The numerical optimization is set the
goal as shown in Table 4 to minimize the response to achieve high quality. Table 5 shows the
optimized value for MRR and Surface roughness of input parameters to the corresponding response
value. the finally to predicted the response value Material removal rate 0.2926 mm®/min and Surface
roughness 0.3879 um has been achieved. And the Figure 8 shows overlay plot drawn between the
Spindle speed and feed rate the Depth of cut at 2mm. These ranges of graphical optimization result
shows on the figure 8.the shaded area on the overlay plot regions are to be achieved for proposed
criteria and select the optimal turning parameters.
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Table 4. Criteria for Numerical optimization
Lower Upper

Name Goal Limit  Limit
Speed (rpm) maximize 900 1100
Feed rate is in range 1 15

(mm/min) g '
Depth of cut minimize 2 3
(mm)
MRR. maximize 0.11 0.259
(mm3/min)
Ra (um) minimize 0.879 1.987

Table 5. optimization result for cutting conditions

Si.  Speed Feed rate E))f? EH,: MSRR_ Ra

No (rpm)  (mm/min) (mm) (mm°/min)  (um)
1 1100 1.16 2 0.2926 0.3879
2 1100 1.17 2 0.2995 0.3807
3 1100 1.13 2 0.2817 0.3964
4 1100 1.2 2 0.3080 0.3678
5 1100 1.41 2 0.2842 0.2130
6 1100 131 2 0.3147 0.2989
7 1100 1.37 2 0.2996 0.2477
8 1100 1.34 2 0.3092 0.2758
9 1100 111 2 0.2702 0.4030
10 1100 1.19 2 0.3049 0.3731
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5. Conclusion
This work to findings the experimental Investigation of the effect of Spindle speed, Feed rate and

Depth of cut on the MRR and Surface roughness in Turning for AA 6061-T6 the following
conclusions are made

The ANOVA tables of the MRR and Surface roughness shows the models are significant the
probability value is < 0.0001

The numerical optimization is carried out the combinations of process parameters are
identified to achieve the maximum MRR and minimum surface roughness.

The Depth of cut plays a dominant role in the turning conditions of AA 6061-T6.This
indicates that the high Spindle speed and minimum Depth of cut to achieve small surface
roughness and Maximum MRR.

Response graph can be used graphically for selecting the turning parameters and providing the
preferred MRR and surface roughness values.

The minimum Surface roughness and maximum MRR is obtained from the study were 0.3879
pum and 0.2926 mm, when the process parameters such as spindle speed, feed rate and depth of
cut were maintained at 1100 rpm, 1.16 mm/min, and 2mm. It is possible to obtain the
minimum Surface roughness and MRR using the above values of process parameters.
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