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ABSTRACT 
Recently the concept of hard turning has gained much attention in the metal cutting industry. In hard turning, multiple 

operations can be performed in single step, thereby it replaces the traditional process cycle. But it involves very large 

quantities of cutting fluid. Procurement, storage and disposal of cutting fluid involve expenses and environmental 

problem. Pure dry turning is a solution to this problem as it does not require any cutting fluid at all. But pure dry 

turning requires ultra hard cutting tools and extremely rigid machine tools, and also it is midcult to implement in the 

existing shop floor as the machine tool may not be rigid enough to support hard turning. In this context, turning with 

minimal fluid application is a viable alternative wherein, extremely small quantities of cutting fluid are introduced 

at critical contact zones as high velocity pulsing slugs, so that for all practical purposes it resembles pure dry turning 

and at the same time free from all the problems related to large scale use of cutting fluid as in conventional wet 

turning. In this study, fluid application parameters that characterize the minimal fluid application scheme were 

optimized and its effect on cutting performance and tool vibration was studied. From the results, it was observed that 

minimal fluid application in the optimized mode brought forth low vibration levels and better cutting performance. 

 

KEYWORDS: Tool vibration, Hard turning, Minimal fluid application, Injector, Surface finish, Pulsing jet. 

 

     INTRODUCTION
In order to built-up bridge between quality and productivity the present experimental study highlight CNC lathe 

machine process parameters to provide good surface finish as well as high material removal rate. Surface finish and 

material removal rate has been identified as quality attributes and are assumed to be directly related to productivity. 

This experimental study presents an effective approach for the optimization of lathe machine using MINITAB 17 and 

Taguchi Technique in varying condition. The information about machining of difficult cutting materials is inadequate 

and complicated. Therefore an experimental study has to be conducted to come out with an optimum outcome. In this 

study, the machining parameters namely Depth of Cut, Cutting Speed, Feed Rate and Tool Nose Angle are optimized 

with multiple performance characteristics, such as maximum material removal rate and maximum surface finish. 

Moreover we have to demonstrate a systematic procedure of using Taguchi Parameter Design in process control of 

individual lathe machine and to identify the optimum Material Removal Rate and Surface Roughness performance 

with particular combination of cutting parameters in a turning process. At first the design of experiment has to be 

implemented to select manufacturing process parameters that could result in a better quality product. The response 

table and response graph for each level of machining parameters are obtained from the Taguchi method and the 

optimum levels of machining parameters are being selected. For the statistical representation MINITB 17 was used. 

Analysis of variance (ANOVA) is used to find out variables affecting the material removal rate and surface roughness. 

Assumptions of ANOVA are discussed and carefully examined using analysis of residuals. Results from the ANOVA, 

show that Cutting Speed and Feed Rate are the significant factors for the material removal rate and Depth of Cut and 

Feed Rate are the significant factors for surface roughness. Analysis of variance (ANOVA) is a collection of statistical 

models used to analyze the differences between group means and their associated procedures (such as "variation" 

among and between groups), developed by R.A. Fisher. In the ANOVA setting, the observed variance in a particular 
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variable is partitioned into components attributable to different sources of variation. In its simplest form, ANOVA 

provides a statistical test of whether or not the means of several groups are equal, and therefore generalizes the t-test to 

more than two groups. As doing multiple two-sample t-tests would result in an increased chance of committing a 

statistical type I error, ANOVAs are useful in comparing (testing) three or more means (groups or variables) 

for statistical significance. ANOVA is a particular form of statistical hypothesis testing heavily used in the analysis of 

experimental data. A statistical hypothesis test is a method of making decisions using data. A test result (calculated 

from the null hypothesis and the sample) is called statistically significant if it is deemed unlikely to have occurred by 

chance, assuming the truth of the null hypothesis. A statistically significant result, when a probability (p -value) is less 

than a threshold (significance level), justifies the rejection of the null hypothesis, but only if the a priori probability of 

the null hypothesis is not high. 

 

LITERATURE REVIEW 
P. Sam Paul,et.al., (2015) say that in his research paper that the cutting fluid is the hazardous issue in the disposal of 

the cutting fluid. Recently the concept of hard turning has gained much attention in the metal cutting industry. In hard 

turning, multiple operations can be performed in single step, thereby it replaces the traditional process cycle. But it 

involves very large quantities of cutting fluid. Procurement, storage and disposal of cutting fluid involve expenses and 

environmental problem. Pure dry turning is a solution to this problem as it does not require any cutting fluid at all. 

But pure dry turning requires ultra hard cutting tools and extremely rigid machine tools, and also it is difficult to 

implement in the existing shop floor as the machine tool may not be rigid enough to support hard turning. In this 

context, turning with minimal fluid application is a viable alternative wherein, extremely small quantities of cutting 

fluid are introduced at critical contact zones as high velocity pulsing slugs, so that for all practical purposes it resembles 

pure dry turning and at the same time free from all the problems related to large scale use of cutting fluid as in 

conventional wet turning. In this study, fluid application parameters that characterize the minimal fluid application 

scheme were optimized and its effect on cutting performance and tool vibration was studied. From the results, it was 

observed that minimal fluid application in the optimized mode brought forth low vibration levels and better cutting 

performance. [1].  

 

R. Robinson Gnanadurai in his research paper that hard turning with minimum fluid application is a recently developed 

technique to alleviate the problem associated with cutting fluid. During this process, very small quantity of cutting 

fluid is applied as a narrow high velocity pulsing jet at the cutting zone. As the quantity of cutting fluid is very small, 

some auxiliary cooling of tool using heat pipe was attempted in the present work to enhance heat dissipation and thus 

improving cutting performance. Heat pipe was installed in vertical position in contact with the tool for extracting more 

heat from the tool. The influence of heat pipe cooling of tool on the cutting performance was analyzed by Taguchi’s 

design of experiments. It was observed that the use of heat pipe in minimal fluid application reduced cutting 

temperature and tool wear to a maximum of 22% and 15%, respectively, in comparison with conventional hard turning 

with minimal fluid application without the aid of heat pipe. It appears that heat pipe can be successively employed as 

a mean of cooling the tool during hard turning with minimal fluid application. [5].  

 

METHODOLOGY  
The objective of this experimental study is to determine the influence of cutting parameters on Aluminium Alloy while 

carrying out turning operation. In this project presents a new methodology for the optimization of the machining 

parameters for turning of Aluminium. Taguchi's L18 orthogonal array is used for experimental design. The machining 

process parameters such as tool nose radius, tool rake angle, feed rate, cutting speed, cutting environment (dry, wet, 

cooled) and depth of cut are optimized with multiple performance considerations namely surface roughness and 

material removal rate. Principal Component Analysis (PCA) is used to solve such correlated multi-attribute 

optimization of turning operation. The quality index (principal component) having highest accountability proportion 

is treated as equivalent single objective function. ANOVA is used to find the significant parameters. 

 

Work material 

In the present study, the work material is aluminium alloys. Aluminium / aluminium are the second most widely used 

metal in the world today. It is a versatile metal that can be cast into any form. This lightweight metal can be welded, 

riveted, brazed, or resin bonded according to the requirement. 
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Aluminium / aluminium 1070 alloy is a wrought alloy type with good corrosion resistance. It is an excellent brazing 

alloy. 

 

 Tool nose 

radius (A) 

Tool rake 

angle (B) 

Feed rate (C) Cutting speed 

(D) 

Cutting 

environment 

(E)  

Depth of cut 

(F)  

Level 1 1.849 1.841 1.560 1.726 1.753 1.747 

Level 2 1.776 1.793 1.557 1.672 1.767 1.706 

Level 3 - 1.802 2.319 2.038 1.917 1.984 

Differences 

(∆) 

0.073 0.048 0.762 0.366 0.163 0.278 

Rank 5 6 1 2 4 3 

Table 3.1: - Response table for surface roughness 

 

 Tool nose 

radius (A) 

Tool rake 

angle (B) 

Feed rate (C) Cutting speed 

(D) 

Cutting 

environment 

(E)  

Depth of cut 

(F)  

Level 1 134.36 132.86 78.77 97.21 141.54 46.31 

Level 2 139.39 144.90 133.35 147.95 122.98 152.55 

Level 3 - 132.87 198.50 165.46 146.11 211.77 

Differences 

(∆) 

5.03 12.04 119.73 68.25 23.14 165.46 

Rank 6 5 2 3 4 1 

Table 3.2: - Response table for material removal rate 

 

RESULT AND DISCUSSION  
The mean response refers to the average value of the performance characteristic for each parameter at different levels. 

The average value of surface roughness for each parameter at levels 1, 2 and 3 are calculated. The main effects of the 

various process parameters when they change from the lower to higher levels can be visualized from the Fig. 4.1 that 

shows the response graphs of surface roughness for the tool nose radius, tool rake angle, feed rate, cutting speed, 

cutting environment and depth of cut. It is clear from the Fig. 4.1 (a) (e) (f) that the surface roughness is lowest at A2, 

B2, C2, D2, E1 and F2. The results indicated that the increase of tool nose radius reduce the surface roughness up to 

0.8 mm as shown in Fig. 4.1 (a). The surface roughness increased with increase in tool rake angle as shown in Fig. 

4.1 (b). The figure indicates that the surface roughness increased at high feed rate and cutting speed as shown in Fig. 

4.1 (c) & (d). The reason being, the increase in the feed rate increases the heat generation and hence, tool wear, which 

resulted in the higher surface roughness. The results indicated that the surface roughness increases with cooled cutting 

environment and increase in depth of cut as shown in Fig. 4.1(e) & (f). 

http://www.ijesrt.com/
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Fig 4.1 :- Response graph of surface roughness (a) effect of tool nose radius (b) effect of tool rake angle (c) effect 

of feed rate (d) effect of cutting speed (e) effect of cutting environment (dry, wet, cooled) (f) effect of depth of cut. 

 

The increase in the feed rate increases the heat generation and hence, tool wear, which resulted in the higher surface 

roughness. The increase in the feed rate also increases the chatter and it produces incomplete machining at faster 

traverse, which leads to higher surface roughness. At low cutting speeds there is a large quantity aluminium alloys 

that are cut that causes the large surface roughness. It can be observed that the surface roughness gradually decreases 

with increase in the cutting speed up to 110.84 m/min and thereafter it increases. This is because matrix material 

deforms to a lesser extent. The figure shows that the best surface roughness could be arrived only at medium speed. 

Higher cutting speed produces more damage on the machined surface. This is attributed to higher cutting temperature, 

which results in local softening of work material. So moderate cutting speeds are preferred nose radius is a major 

factor that affects surface finish of the machined surface. A larger nose radius produces a smoother surface. There is 

a direct relationship between the size of the insert's nose radius and the surface finish produced. While it's true that a 

smaller nose radius decreases the pressure on a tool, it also limits the feed rate that can be used. An insert is capable 

http://www.ijesrt.com/
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of feeding only at one-half of the nose radius. Once this is exceeded, the surface produced is similar to a thread. 

Therefore, use the largest radius possible to produce the best finish and not create chatter. Positive rake make the tool 

more sharp and pointed. As the rake angle is increased in the positive direction, the normal force between the chip and 

the tool is reduced and the formation of built-up edge also reduced. So the increase of positive rake angle decreases 

the surface roughness. Greater negative rake give higher compressive stresses. So,0° rake angle is preferred. Depth of 

cut shows minimum effect on the surface roughness compared to other parameters. However, at low depth of cut, the 

removal of alloy from the matrix is partial and leads to high surface roughness, whereas at intermediate depth of cut, 

complete removal of alloys can be possible and leads to good surface finish. Surface roughness further decreases with 

increase in depth of cut. The use of cutting fluid is one of the machining techniques that are applied for a number of 

reasons, such as to reduce the cutting temperature, to lengthen the tool life, to produce a better surface finish, and to 

facilitate chip disposal. However, the application of cutting fluid creates a number of problems. If it is not disposed of 

properly it may affect the environment adversely and carry economic consequences. With dry and wet conditions, 

near about same surface roughness is obtained but surface roughness increased with cooled atmosphere. So, dry cutting 

condition is preferred. 

 

CONCLUSION  
Conventional machining was selected in this study. Sustainability issues related to economic and environmental aspect 

in the form of surface roughness, material removal rate and power consumption were studied. Experiments were 

conducted with varying conditions for speed feed, depth of cut, machining environment and cutting tool type. Taguchi 

analysis was performed to understand the ranking of factors affecting the response. ANOVA results were obtained to 

understand the significance of the model developed. 

 

Experiments were conducted using CNC Lathe machine on AL1070 specimens with carbide tool material. From the 

experimental results, it is evident that the surface roughness and material removal rate increases as 

feed rate increases. Feed rate is the factor, which has   great influences on   surface roughness, followed 

by cutting speed. The study proposes Principal Component Analysis for the optimization of multiple 

performance characteristics.  Application of PCA is recommended to eliminate response correlation 

by converting correlated responses into uncorrelated quality indices called principal components 

which have been treated as response variables for optimization.  

 

Study has revealed that surface roughness by large is influenced by cutting environment and the kind of tool. It was 

also found that material removal rate is influenced by tool type, cutting velocity, feed and depth of cut while power 

required for machining depends on cutting environment, tool type cutting velocity and depth of cut. The experimental 

and the results obtained from model are closely related. 

 

The results were optimized from sustainability point of view providing importance to surface roughness and material 

removal rate to keep it to minimum. The outcome of the model facilitate for setting machining parameters to 

accomplish the objective. 
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