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Abstract 

Because of their low density and great toughness, aluminium-based alloys have become 

increasingly popular in modern industry. One of the most common cutting tool failure modes 

when machining aluminium is when the material being machined clings to the tool cutting 

edge. As a result, the surface quality of the product suffers. The manufacturing industry’s goal 

with the arrival of the fourth industrial revolution is to manufacture a big number of products 

in a short amount of time. This study uses MTab FlexTurn Computer Numerical Control (CNC) 

equipment to optimize machining constraints in the Aluminum Alloy 7075 turning. The effects 

of speed (500, 1000 and 1500 rpm), feed (0.10, 0.15 and 0.20 mm/rev), and cutting depth (0.3, 0.5 

and 0.8 mm) on the turning of Aluminum 7075 alloy in a CNC machine are investigated in this 

experiment. This paper studies the effect of Machining parameters combinations for the 

material removal rate (MRR) and machining time (MT) for turning procedure on Aluminium Al 

7075 alloy. In this study, the Taguchi L27 orthogonal array methodology is coupled with 

response surface design (RSM) to generate the correlation between the input and the responses 

and give the optimum cutting conditions. 

1. Introduction 

Industrial technology is advancing in the modern scenario. For which 

there is a need for engineers to be ready for targeting economical production, 

better surface finish products, a small amount of tool wear through optimum 

resources utilization. Turning is a very significant production procedure for 

industries [12]. In the current scenario, a high priority is placed on exactness, 
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also known as accuracy, and the work piece’s surface roughness is minimised. 

Out of all the popularly adopted non-ferrous materials in engineering 

applications, Aluminium Alloy 7075 are a highly preferred material due to 

their desired characteristics, which are high strength to weight ratio, good 

ductility, resistance towards corrosion, high availability in nature and 

cheaper cost [13]. A large material removal rate is attained by raising the 

values of cutting factors like Cutting Speed, Feed and Depth of cut [14]. The 

machining process becomes critical because it is always completed in order to 

turn composites into technical components [1]. Due to the hardness and 

abrasive character of the reinforcing particles, Metal Matrix Composites 

(MMCs) are difficult to process. As a result, machinability investigations have 

become more important in the field of composites [2]. The researchers took 

into account a variety of factors, including metallurgical properties, cutting 

tool geometry, workpiece characteristics, and process parameters like cutting 

speed, feed rate, and depth of cut. Significant output reactions impacted by 

elements such as chemical, physical, and thermo mechanical parameters that 

interact throughout the machining operation include cutting zone 

temperature, surface roughness, and tool wear [3]. During the machining of 

AISI H11 steel, the influence of cutting speed, feed, depth of cut, and 

workpiece with varying hardness values of cutting forces is considered. They 

used RSM to create a mathematical model, which they then evaluated using 

ANOVA software [4]. The Taguchi method [5] was used to determine the best 

output responses in the turning process and to choose parameters and their 

values. The Taguchi technique was employed as a methodical paradigm for 

the design and analysis of trials. The authors established a successful 

strategy for developing high-quality items at a reasonable cost [6]. 

Various traditional optimization techniques, such as Lagrange’s method, 

geometric programming, goal programming, dynamic programming, and so 

on, have previously been successful in optimising various turning process 

variables. Fuzzy logic [11], genetic algorithms [7], scatter searches, Taguchi 

techniques [9-10], and response surface methodology are some of the most 

recent optimization approaches that are presently being employed in 

industrial applications for optimum process variable selection [12]. A detailed 

examination of optimization strategies has revealed that design of 

experiment-based approaches for optimal process variable settings can be 
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successfully applied in the industrial context. [8] Researcher also utilized the 

RSM to search for the connections between several illustrative outputs and 

one or more than one outputs. The main aspect of RSM is utilizing a 

collection of designed experiments to search for optimal output through ANN. 

The researcher used the Taguchi method for Optimizing parameters of 

turning for aluminium alloy 7075 [9]. It is clear from the response table for 

the S/N ratio of surface roughness that cutting speed is the most important 

factor for MRR preceded by Feed rate and the least significant factor is the 

depth of cut. A clear indication of Analysis of Variances (ANOVA) for S/N 

ratio for machining time shows that the cutting speed is majorly contributing 

than feed rate for surface roughness [11]. 

In machining industries, the conservative cutting conditions of using 

handbook-based estimation for finding the suitable combination of 

parameters are still prevalent at the level of process planning [10]. Despite 

the fact that many researchers have looked into the experimental 

investigation and modelling of Al7075 alloy, no work has been identified on 

the modelling of CNC turning of Al7075 alloy utilising a response surface 

approach (RSM). As a result, RSM was employed in the proposed work to 

model CNC turning of Al7075 alloy utilising the L27 Taguchi technique. 

2. Materials and Methods 

Aluminium alloy AA7075 rods with a diameter of 24 mm were obtained, 

and the materials were visually inspected for any cracks or damage on the 

surface. Each specimen had a length of 150 mm and a diameter of 24 mm 

when it was made. The diameter of the raw materials does not change, and 

just the length needs to be reduced. As a result, the long raw material was 

cut into 150 mm rods. For this inquiry, the turning operation was explored. 

This turning can be done on a variety of machines, such as standard lathes, 

but only CNC machines can achieve higher accuracy [24]. As a result, turning 

operations are flawlessly completed in this inquiry with the help of a Siemens 

802D operated MTab FlexTurn CNC machine. 

The turning process parameters (N, F, and D), as well as two responses 

(MRR, and MT) for exploratory trials, are also listed in Table 1. The twenty-

seven numbers of specimens were machined using an L27 orthogonal array 
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and 27 runs with parameter correlations in CNC turning. TNMG115100 

tungsten carbide insert is the cutting tool used for research with the specified 

specification. Coated carbide tools have demonstrated superior performance 

when compared to uncoated carbide tools [1]. The workpiece material for this 

work is Aluminum Alloy 7075[Anita]. Workpieces with a diameter of 25mm 

and a length of 65mm are taken for 27 trails. The turning programme has 

been organised and is ready to be input into the CNC machine. The work 

piece's initial and final weights are measured and recorded using appropriate 

measurement tools. The machining time is recorded using a stopwatch, and 

the material removal rate is determined using a mathematical relationship. 

3. Results and Discussion 

After DOE generation through Taguchi L27 Array and the experimental 

response measurement, the prediction model is generated through response 

surface methodology (RSM) full factorial design. The Speed, Feed and DOC 

(Depth of cut) are taken as input variable and Material Removal Rate (MRR) 

and Machining Time (MT) are taken as continuous responses. Table 2 shows 

the predicted computational regression fit (R-square) model for MRR and MT 

as 95.49% and 98.38%, which depicts a very good curve fit for the responses. 
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Table 1. L27 orthogonal array with experimental response finding. 

Table 2. Model Summary. 

S R-sq R-sq(adj) R-sq(pred)  

12.9007 95.49% 93.10% 85.30% MRR 

S R-sq R-sq(adj) R-sq(pred)  

4.50939 98.38% 97.52% 95.37% MT 

The regression equations for MRR and MT are shown by equation 1 and 2 

respectively in un-coded units. This regression equations shows the 

correlation among the input and the output variables. 

MRR = 188.1 - 0.1408 Speed - 721 Feed - 162 DOC + 0.000041 

Speed*Speed + 1509 Feed*Feed + 76.7 DOC*DOC + 0.765 Speed*Feed + 

0.0679 Speed*DOC + 151 Feed*DOC (1) 

MT  = 294.7 - 0.0624 Speed - 1492 Feed - 35.2 DOC - 0.000002 

Speed*Speed + 3356 Feed*Feed + 5.2 DOC*DOC + 0.0400 Speed*Feed + 

S. 

No. 

Speed 

rpm 

Feed 

mm/rev 

DOC 

mm 

MRR 

mm3/s 

MT 

sec 

S. 

No. 

Speed 

rpm 

Feed 

mm/rev 

DOC 

mm 

MRR 

mm3/s 

MT 

sec 

1 500 0.10 0.3 76.082 145 15  1000  0.20  0.5  145.58  66  

2 500 0.15 0.3 88.180 113 16  1000  0.10  0.8  88.207  117  

3 500 0.20 0.3 96.085 100 17  1000  0.15  0.8  123.01  81  

4 500 0.10 0.5 60.630 135 18  1000  0.20  0.8  150.13  64  

5 500 0.15 0.5 79.082 108 19  1500  0.10  0.3  144.98  81  

6 500 0.20 0.5 104.88 95 20  1500  0.15  0.3  156.82  59  

7 500 0.10 0.8 84.213 131 21  1500  0.20  0.3  193.40  46  

8 500 0.15 0.8 78.291 100 22  1500  0.10  0.5  108.49  82  

9 500 0.20 0.8 76.258 98 23  1500  0.15  0.5  159.52  58  

10 1000 0.10 0.3 88.967 116 24  1500  0.20  0.5  239.03  46  

11 1000 0.15 0.3 124.55 80 25  1500  0.10  0.8  141.43  78  

12 1000 0.20 0.3 146.53 68 26  1500  0.15  0.8  184.07  58  

13  1000  0.10  0.5  87.460  118  27  1500  0.20  0.8  248.28  43  

14  1000  0.15  0.5  112.83  82        
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0.0137Speed*DOC+49 Feed*DOC (2) 

The goal of Response Surface Methods (RSM) in this case is optimization, 

or determining the best set of factor levels to achieve a specific goal. The two 

responses MRR and MT are shown in the table 3 which is optimized with 

central composite design of RSM. Table 3 also depicts the solution achieved 

after optimization and the input parameter combinations are found as 1500 

rpm, 0.2 mm/rev, and 0.8 mm for speed, feed and depth of cut respectively, 

which gives us the optimum value as 44.41 seconds and 240.42 mm3/s for 

machining time and material removal rate respectively for the responses. 

Table 3. Parameters. 

Response Goal Lower Target Upper Weight Importance 

MT Minimum   43.00 145 1 1 

MRR Maximum 60.63 248.28   1 1 

Solution Speed Feed DOC MT (Fit) MRR (Fit) 

Composite 

Desirability 

1 1500 0.2 0.8 44.405

5 

240.416 0.972056 

The variable settings and the level of response fits are represented in the 

table 4. This shows a good prediction of output responses for the non-linear 

regression model developed through response surface methodology through 

central composite design. 

Table 4. Multiple Response Prediction 

Variable Setting 

Speed 1500 

Feed 0.2 

DOC 0.8 

Response Fit SE Fit 95% CI 95% PI 

MT 44.41 3.28 (37.48, 51.33) (32.64, 56.17) 

MRR 240.42 9.39 (220.61, 260.23) (206.75, 274.08) 
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The current factor level settings are shown by the numbers at the top of 

each column. The minimized value of responses (MRR = 24.42 mm3/s and MT 

= 44.41 sec.) are shown with the composite desirability of 0.9721 for the 

shown input values.  

4. Conclusion 

The proposed research examines the effects of cutting speed, feed, and 

cutting depth on the turning of Aluminum 7075 alloy using an MTab 

FlexTurn CNC machine. The Taguchi approach produced significant design of 

experiments for running the trials in the CNC machine while examining their 

effects on metal removal rate and machining time with the help of L27 

orthogonal array. Through RSM central composite design, the best fits for 

MRR and MT were obtained to ensure the correct prediction. The maximum 

material removal rate was obtained at a speed of 1600 rpm, and a 0.25 

mm/min feed with 2 mm cutting depth through the multi-objective response 

surface optimizer. This research works deals with the reduction of 

uncertainty in the manufacturing process and enhance the productivity of the 

turning process for the Aluminum 7075 alloy. 
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