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ABSTRACT: Turning is the process of removing unwanted material from a spinning object by employing a single 
point cutting tool. This dissertation focuses on optimising the parameters of the turning process. Researchers conducted 
this study to learn more about how a process parameter impacts how aluminium is switched on. Reduce surface 
roughness and speed up material removal are the goals of this research. This is done with the help of a CNC Lathe. 
When operating a CNC lathe, precision is very essential. In the experiment, Taguchi used the optimization technique to 
develop it. The experiment will make use of a L9 orthogonal array (OA). ANOVA is used to figure out what the 
optimal number should be. To verify the best value, an analysis of variance may be used (ANOVA). This thesis 
includes nine experiments. Afterwards, a turning parameter for material removal and surface roughness is chosen. 
Material removal and surface roughness are both influenced by feed rate and depth of cut, according to research 
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I. INTRODUCTION 
 
Aluminum is generally the material for working in the industries. The material must have a good surface finish in the 
minimum time. The surface roughness quality depends on the parameter and the material removal rate. These are the 
most significant parameter that has the proper selection. The work has been taken for adequately selecting the 
parameters for the last long time. CNC turning is the most desirable work process for the new researcher because of the 
industry's demand for quality products in the minimum times.CNC turning has a variety of work flexibility because of 
the CNC lathe's automation. The quality of the product affects the demand and the cost. Cost is the best result for the 
industries because anything which affects the demand and the cost is the primary priority of the industries. Suppose the 
deviation of the surface quality is going to be taken. In that case, the demand rate is drastically changed, so it has to 
minimize, which is done after properly selecting the process parameters. For the different factors, there is different 
significance. 
 
Because every factor has a different significance, for the CNC turning, there are different parameters like the speed of 
the spindle, depth of the cut of the tool inserted, feed rate of the tool, nose radius, and the different atmospheric 
conditions. 
The geometry is able to handle the machining. Cutting depth and feed rate are used in conjunction to remove material. 
Surface roughness and material removal rate are two more inputs that might affect output characteristics, although the 
operator has the most control over the latter two throughout the process. 
It is the best thing is flexibility and adaptability. The techniques come from the computer to take the metal cutting 
process. The CNC provides us the automation. It also provides us the accuracy and repeatability. The features are as 
follows: 
 
1. Time taken for the production is decreased. 
2. Easy to change the process parameter. 
3. Higher accuracy in the surface finishes in a minimum number of changes. 
4. The rate of material removal is increased. 
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5. The rate of tool wear also decreases 
6. Precise in the entire dimension. 
7. Durability is a higher ratio. 
8. Compact size and design. 
9. Highly efficiency. 
 
The CNC is suitable because it can provide us the various design of the turning. That can be used for different 
industries. It has a more considerable significance than conventional machining because of the flexibility, so the 
flexibility is much more important than the other one. 

 
II. RELATED WORK 

 
Ali Abdullah et al. [2] We utilised the 6061 aluminium alloy to get the ideal level of surface roughness. Increased 
surface roughness and material removal rate were achieved using the response surface approach. In this case, speed, 
feed rate, and depth of cut were critical process variables. Surface roughness and material removal rates are closely 
correlated with feed rate, according to a data study. When the spindle speed is high, the surface roughness has the 
fewest graphs of any variable. 
 
Biswajit Das et. al.[3] As parameters, spindle speed, feed rate, and depth of cut were considered while analysing 
surface roughness on the CNC turning. Other parameters, such as the radius of the tool's nose, the length of the 
workpiece, and the substance of the workpiece, were also considered. According to the study, the most important and 
prominent trait in nature is feed rate. 
 
Dr. M. Naga Phani Satry et al. [4] have researched the parameter of turning and investigated which parameter is most 
significant. They also have taken the 
 
6 
 
Response surface approach describes this methodology. As a dual-type workpiece, aluminium alloy and resin were cut 
using high-speed steel. The experimental design is used to extract the full value of the data (DOE). They have 
discovered the following details. 
 

i. The minimum surface roughness value was 1.18 in the aluminum alloy's micrometer, and the value for the 
resin was 2.295. 

ii. The material removal rate was calculated at 1377.83 mm3/min for the first material named aluminum alloy, 
and for the second material, resin, the value As 182.899 mm3/min. 

 
Durai Matinsuresh Babu et al. [5] Carry out a surface roughness and removal rate test to establish the exact values. 
Second feed rate, second depth of cut, and third spindle speed all have an impact on power consumption, and each of 
these three parameters has an effect on the other two (first). The following are the conclusions of the investigation: 

i. The feed rate and the depth of cut are the two parameters that influence the energy consumption in the CNC 
lathe machine. 

ii. They have seen that if they increase the speed by nearly 50%, the tool life will decrease by about 80%. 
 
Gaurav Vohara et.al.[6] CNC turning has been shown using the three parameters of cutting speed, feed rate, and 
depth of cut. Surface roughness and material removal rate parameters followed the same sequence of work parameters, 
demonstrating that feed rate is the most important response parameter. 
 
H.M.Somashekara et al. [7] Milling AL 6351-T6 alloy, factors such as feed rate, speed, and DOC were used to 
improve surface roughness. This model's developers took into account response surface methodology and genetic 
algorithms. It was discovered using ANOVA and the Taguchi Method that the most significant surface roughness 
parameter was. The following is what they've discovered: 

i. The speed of the spindle is the most significant value for the Surface Roughness. 
ii. Depth of Cut is the least critical parameter of Surface Roughness. 
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Madhav Murley et al. [8] To analyse the turning parameter, Al 6061 aluminium alloy was used. The L16 orthogonal 
array and the carbide-tipped instrument have been acquired. Included are the feed rate, spindle speed, cutting depth, and 
tool nose radius. They have used the four variables and two levels for the experiment. Using ANOVA and a regression 
equation, it is possible to predict and then optimise the surface roughness. Feed rate is by far the most influential factor 
in determining surface roughness. 
 
MD. Tayab Ali et al. [9] The rate of material removal and the degree of surface roughness were assessed by varying 
the cutting parameters of speed, feed, and depth of cut. Carbide inserts and dry machining are used on CNC turning 
machines to produce the aluminium alloy Al 6063 T6. The L9 orthogonal array data has also been examined using the 
statistical tool MINITAB 17. Feed rate has the greatest impact on surface roughness, whereas depth of cut has the 
greatest impact on material removal rate from the cutting surface. 
 
N Radhika et al. [10] Taguchi's approach of raising a process parameter is used to machine hybrid composites. The 
relationship between feed rate (01.015 and 0.2mm/rev) and surface roughness (0.5, 1.0, and 1.5 mm) and MRR has 
been established, as has the relationship between feed rate and MRR (200, 250, and 300 metres per minute). 
 

III. METHODOLOGY 
 
A machine tool is a machine that is used to cut, shape, or otherwise distort materials. Shape-making and machining 
capabilities are provided by machine tools. The following items will be utilised: For the manufacturing of small 
businesses, the HPL 150 is a CNC lathe designed for semi-producers. Light production is aided by this. Suitable for 
educational and institutional uses, it's an excellent choice. It is equipped with a servo-driven production turret. This 
problem occurs in both rainy and dry environments. It features a thermostatic control panel for the air conditioning. It 
features a high-speed manufacturing system. The spindle's encoder feedback is included. A hydraulic chuck is included. 
The tailstock is hydraulic. The high-speed spindle is lubricated by an air mist. It comes with a set of instructions for 
setting it up by hand. The guideway is shielded from the elements by a metallic covering. The 45-degree incline bed 
option is available 

 
 
 

 
Figure 3.1. HPL 150 with Hydraulic Chuck 
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Table No.3.1. Machine Specifications (source HPL150 manual) 
Machine Description 

 

 
 

Accuracy 

 
 

Spindle 

 
 

Axes 
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Turret and tooling 

 

 
 
 
1. Surface roughness (Ra) measurement 
Measurement of surface roughness in mechanical operations is done using this equipment. Testing pies are covered 
with a tail that conveniently connects to the tester. The most important aspect of this test is that it provides a simple 
digital result simply moving the tip. Roughness is just a measure of texture if there is a fracture or corrosion present. 
From 0.01 m to 0.10 m depending on the range of measurement, this surface roughness tester offers a high resolution. 

 

 
Fig 3.2 Roughness tester for Ra measurement (source Physics Dept. BHU) 
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1) WORKPIECE MATERIAL 
 

Workpiece 3 

Material Pure Aluminum 

Total no of specimen 3 

Shape Round 

Length 85mm 

Diameter 25 

Hardness 25HB 

Tensile strength 230-570 MPa 

Melting point 933 K 

Elastic modulus 70 GPA 

 
As shown in the figure, these aluminum samples have been taken for the experimental works. 
 
 

IV. EXPERIMENTAL RESULTS 
 
The experiment design is the design that works for the variation in the hypothesized data and sees the reflected 
variation. This is the design of the actual experiment, but the sequence is hypothesized. The experiment was the quasi-
experiments that were taken for the sequence. The experiment design is the idea of the Sir R.A. Fisher, who lived in 
England in the early 1920s. It is the structural design in which the value of the predicted one gives the response. In the 
design of the experiment, the variable and the level are in the design as the desired number of experiments. There are 
two dependent and independent variables. The independent variable has the sequence so that it can hypothesize, and the 
dependent value is the response of the hypothesis. 
In the 1950s, Dr. G. Taguchi invented Taguchi, which is the technique. Both the loss function and S/N ratio are 
included in this model. Control elements and noise elements are separated in the operation. Because of its high cost, 
controlling the noise factor will increase the process's cost. The control factors are the various changes in nature that 
affect the critical values. The noise factor is difficult to regulate. There are two kinds of noise: signal and background. 
The mean to standard deviation ratio is the signal-to-noise ratio. It assists in figuring out the best combination of 
process variables for optimum results. There would be a high signal-to-noise ratio. An improved signal-to-noise ratio is 
contingent on the attributes being tweaked being of high quality. The equation is designed to take into account two 
variables. Larger is preferable, but smaller is also preferable. 
Each level will have its signal-to-noise ratio calculated. The degradation of noise factors has been fully calculated. This 
shows that as the S/N ratio rises, so does the optimum level of process parameters. 
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Table No. 4.1. Control Factors and Levels 
 

 
 
All the parameters are now arranged as the L9 sequence, and for that, first decide the degree of freedom for each factor. 
 
1. Orthogonal Array 
 
In the Taguchi design, the experiment is taken by completing the set of all the levels. The input parameter will be in the 
row and column as Taguchi's experiment design sequence. The output parameter parameters are also in the sequence 
for the design. In the L9 array, the p experiment has to be done, and the 9rows are there; for the column, there is the 
number 3. And for the factors there are the 3 factors, and they are arranged in the sequence of L9. 

i. Control factors = 3 
ii. Levels for each control factors = 3 

iii. Degrees of freedom of factors = 3 x (3-1) = 6 
iv. Experiments to be conducted = 9 

 
 

Table No. 4.2: design of orthogonal array L9 (OA.) 
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Table No. 4.3: Experimental Design 
 

 
EXPERIMENT NO. 

Control Factors 

SPEED(A) 
(rpm) 

FEED (B) 
(mm/min) 

DEPTH OF CUT (C) 
(mm) 

1 1000 30 0.2 

2 1000 60 0.4 

3 1000 90 0.6 

4 1500 30 0.4 

5 1500 60 0.6 

6 1500 90 0.2 

7 2000 30 0.6 

8 2000 60 0.2 

9 2000 90 0.4 

2) MINI TAB 
This software creates the experimental matrices and applies the supplied statistical models to all of the response data. 
This application may be used to calculate the model of Taguchi's experiment and the % contribution using the analysis 
of variance (ANOVA). These factors, such as feed rate, speed, and depth of cut, may be analysed using this model. 
 
During the course of the trial, we collected data from nine different locations. A value must be assigned to each of the 
components and level in accordance with Taguchi's L9 orthogonal array approach. After establishing the speed, feed 
rate, and depth of cut variables, the material removal rate, as well as surface roughness, are assessed in the experimental 
process table. Tests were performed to determine surface roughness and to account for the rate at which material was 
removed during formulation. As long as the values are structured in a specified manner, MINITAB may be used to 
calculate them. 
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3) Table 5.1 L9 Orthogonal Array with Material Removal Rate and Surface Roughness 

 

 
 
After calculating the experimental results, it's time to look at the data visually. This visual value for material removal 
rate is designed using the MINITAB once the signal-to-noise ratio has been determined. 
 
1. Effect of Control factor on MRR 
 

Table5.3: Response table for the signal to Noise ratio- larger-the-better (MRR) 
 

Level Cutting Speed 
(mm3/min) 

Feed Rate 
(mm/min) 

Depth of Cut (mm) 

1 59.38 50.22 48.18 

2 59.47 59.88 51.84 

3 59.50 68.24 54.32 

Delta 0.12 18.02 6.14 

Rank 3 1 2 
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4) Main Effcet Plot For S/N Ratio: MRR

 
Figure 5.1 Main Effect Plot for the Signal to Noise Ratio (Material Removal Rate) 

 
V. CONCLUSION 

 
The rate of material removal and the degree of surface roughness were calculated based on the results and the 
information provided above. MINITAB is in charge of handling the math. The values are sorted according to the 
experimental design prior to applying ANOVA to analyse the data. 
 
For Metal Removal Rate (MRR) 
Experiments and theoretical study reveal that feeding speed is crucial for material removal rate. 
 The optimal cutting speed at 2000 rpm is 90 mm/min Feed Rate, and the cutting depth is 0.06 mm. 
 
For Surface Roughness (Ra) 
 
Experiments and theoretic analysis have shown that cutting depth has the greatest impact on surface roughness. 
 Machining at 2000 revolutions per minute, 30 millimetres per minute feed rate, and a cut depth of 0.2 
millimetres produces the best results. 
 
Scope for future work 

 
Following the preceding discussion, it is evident what work must be completed in the future. The feed, pace, and depth 
of cut are but a few of the variables that may be considered. Other parameters include the workpiece material, tool 
wear, fluid material, and the nose radius. The subject matter is more diverse, and the approach may be used in a number 
of ways. It is possible to utilise the array using a variety of materials. 
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