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Abstract: Reducing burr formation in machining operations is of vital importance as they can decrease the functionality of 

components and can cause injuries. Nowadays, additional processes for deburring are often necessary. To avoid deburring, the 

modification of turning processes is a promising approach. Here, different parameters have a significant influence on burr 

formation. This paper presents the influence of cutting parameters like cutting speed, feed rate, depth of cut on the burr size of 

5A06, 6061 and 6063 aluminum alloy during turning on CNC lathe. A plan of experiments based on Taguchi method has been 

used to acquire the data. An orthogonal array, signal to noise (S/N) ratio and analysis of variance (ANOVA) are employed to 

investigate machining characteristics using fine turning tool within the domain of experiments considered. Experimental runs 

were chosen following L9 orthogonal array of Taguchi. Analysis of variance was undertaken to find out the influence of process 

parameters on the response noted. Predicted values are finally checked for accuracy through a confirmation test. Confirmation 

tests have been carried out to predict the optimal setting of process parameters to validated the proposed method and obtained the 

values 0.024 mm, 0.006 mm, and 0.009 mm for burr height of 5A06, 6061 and 6063 aluminum alloy respectively. In this paper, 

methods for burr minimization in various cutting processes are presented. Burr reduction strategies for turning of different 

materials are presented. 
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1. Introduction 

The presence of burrs on the edges of parts is the cause of 

various problems in manufacturing. Consequently, the 

deburring processes are included in manufacturing. The 

additional deburring operations increase the production cost 

and these additional expenses may contribute up to 30% of the 

total product price [1-5]. Furthermore, deburring normally 

requires a significant amount of time. This, coupled with the 

deburring cost, increases as the amount of burrs rises [6-10]. 

The selection of an appropriate duburring method depends on 

the dimensions and the location of the burr. Thus burr sizes 

must be controlled for the optimal choice of a deburring 

process or cutting parameters for burr minimization. The 

metal cutting burr formation and control are studied by the 

scholars and engineering experts [11-14]. They got a series of 

research achievement, improved the metal cutting burr 

formation theory and putted the deburring technology into 

machining. 

Wei Zhao et al. [13] studied the burr and deformation 

information of the top of secondary micro V-grooves (SMVGs) 

during the fly cutting process. A series of experiments was 

carried out to investigate the effect of cutting conditions on the 

quality of hierarchical micro-structures by the one-step cutting 

method. It was found that large burrs are formed with an 

increase of the cutting depth, feed rate, and spindle speed; the 

plastic deformations become serious with an increase of the 

cutting depth and feed rate, but are reduced with a decrease of 

spindle speed. 

Longhua Xu et al. [14] studied the relationship between 

cutting parameters and tool life and height of the cutting burrs. 

A new differential evolution algorithm based on adaptive 
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neuro fuzzy inference system (DE-ANFIS) as a multi-input 

and multi-output (MIMO) prediction model was introduced to 

estimate the tool life and height of the cutting burrs. It was 

found that the cutting speed and feed rate had the most effects 

on the tool life and height of cutting burrs, respectively. 

This paper is devoted to the study of the burr formation 

process in turning. Turning is a comparatively simple 

machining operation. However, if we understand the burr 

formation mechanism in the simple case and can model it, 

then we can describe burr formation mechanism by applying 

reasonable assumptions to more complicated cases such as 

face milling and drilling. The paper considers the case of burr 

formation when tool is unworn. 5A06, 6061 and 6063 

aluminum alloy are the widespread work materials which 

plastic properties are sufficient to allow complete burr 

formation in feed direction without brittle failure of a burr. 

These points determined the choice of turning parameters for 

the given experimental work. 

2. Experimentation as Per Taguchi 

Method 

The methodology proposed by Taguchi [15-17] is widely 

used to design experimental runs based on orthogonal array 

(OA). It provides quite a less number of experiments. The 

orthogonal array forms the basis for the experimental analysis 

in the Taguchi method and provides the facility to select a set 

of minimum experimental runs. Signal-to-noise (S/N) ratio is 

used in this method as a measure of performance. It is a 

logarithmic function of output desired and is the objective 

function to go in for optimization. The mean and the 

variability are taken into account by S/N ratio. It is ratio of 

mean (signal) and standard deviation (noise). Quality 

characteristic of S/N ratios used are: lower-the-better (LB), 

higher-the-better (HB) and nominal-the-best (NB). When S/N 

ratio is maximized, corresponding parameter combination 

becomes the optimal setting. For solving burr minimization 

problem, LB characteristic is to choose. Analysis of variance 

(ANOVA) [18-20] is performed next to evaluate significance 

of process parameters. Through observation of S/N ratio and 

ANOVA, optimal set of process parameters is selected. A L9 

orthogonal array has been considered, which is used to 

optimize the turning parameters using the S/N ratio and 

ANOVA for turning of aluminum alloy and predicted results 

were nearer to the experimental results. A confirmatory 

experiment is carried out to justify the selection of optimal 

process parameter combination. 

3. Details of Experiment 

3.1. Experimental Set-Up 

The experimental investigation presented here was carried 

out on a CNC lathe (Type: CTX310ecov1) under wet with 

soluble oil conditions. 5A06, 6061 and 6063 aluminum alloy 

rod were chosen for turning experiments. Rod had the size of 

Φ20mm × 50 mm. Fine turning tool (Type: 

WNMG080404-MU) was used in these experiments.  

Although a burr size can be characterized by its thickness 

and height, in the present work, burr height is considered to 

characterize a burr in line with many other works reported 

earlier. Height of turning burr was measured using a Mitutoyo, 

Japan make vernier caliper. Measurement of burr height 

around a turning slot was made at four locations for each 

sample, and average of these was considered for the analysis. 

The workpiece material and detail of experimental conditions 

are listed in Table 1. 

Table 1. Experimental conditions. 

Material and parameter Content 

Machine tool CNC lathe (CTX310ecov1)  

Cutting tool Fine turning tool (WNMG080404-MU)  

Workpiece material 5A06, 6061, 6063 

Cutting velocity 1000 r/min, 2000 r/min, 3000 r/min 

Feed 0.05 mm/r, 0.125 mm/r, 0.2 mm/r 

Depth of cut 0.2 mm, 0.6 mm, 1.0 mm 

Cutting environment Wet with soluble oil 

 

3.2. Designing for Experiments 

There are several factors (process variables) that can control 

burr size (response) in turning. However, through literature 

review, following three parameters are found to be quite 

important to control burr height- (A) cutting velocity, (B) feed 

and (C) depth of cut. These three factors are primarily 

considered in the present work. Table 2 shows design factors 

chosen and their levels. In the present work, response variable 

is burr height in turning aluminum alloy rob. Process 

parameters in turning are optimized with an objective to 

minimize burr height. 

Table 2. Detail of design factors. 

Design factors Unit 
Levels 

1 2 3 

Cutting velocity (A)  r/min 1000 2000 3000 

Feed (B)  mm/r 0.05 0.125 0.2 

Depth of cut (C)  mm 0.2 0.6 1.0 
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3.3. Designing for Experiments 

Following Taguchi method, an orthogonal array was chosen to lower experimental runs for determining optimal process 

parameters. In this experimental work, an L9 orthogonal array (needing 9 experimental runs) was chosen. Table 3 shows the 

orthogonal array in detail. 

Table 3. Detail of L9 orthogonal array (OA). 

Trial No. Cutting velocity (A)  Feed (B)  Depth of cut (C)  Measurement parameters 

1 1 1 1  

2 1 2 2  

3 1 3 3  

4 2 1 2  

5 2 2 3  

6 2 3 1  

7 3 1 3  

8 3 2 1  

9 3 3 2  

4. Experimental Results and Discussion 

Plan of experiments of 5A06, 6061 and 6063 aluminum alloy based on Taguchi orthogonal array and observed responses are 

shown in Table 4, Table 5, and Table 6, respectively. 

Table 4. Plan of experiments of 5A06 aluminum alloy based on Taguchi orthogonal array and observed response. 

Trial No. Cutting velocity (r/min)  Feed (mm/r)  Depth of cut (mm)  Burr height (mm)  

1 1000 0.05 0.2 0.027 

2 1000 0.125 0.6 0.022 

3 1000 0.2 1.0 0.037 

4 2000 0.05 0.6 0.031 

5 2000 0.125 1.0 0.022 

6 2000 0.2 0.2 0.028 

7 3000 0.05 1.0 0.029 

8 3000 0.125 0.2 0.021 

9 3000 0.2 0.6 0.03 

Table 5. Plan of experiments of 6061 aluminum alloy based on Taguchi orthogonal array and observed response. 

Trial No. Cutting velocity (r/min)  Feed (mm/r)  Depth of cut (mm)  Burr height (mm)  

1 1000 0.05 0.2 0.042 

2 1000 0.125 0.6 0.022 

3 1000 0.2 1.0 0.027 

4 2000 0.05 0.6 0.012 

5 2000 0.125 1.0 0.02 

6 2000 0.2 0.2 0.01 

7 3000 0.05 1.0 0.008 

8 3000 0.125 0.2 0.015 

9 3000 0.2 0.6 0.007 

Table 6. Plan of experiments of 6063 aluminum alloy based on Taguchi orthogonal array and observed response. 

Trial No. Cutting velocity (r/min)  Feed (mm/r)  Depth of cut (mm)  Burr height (mm)  

1 1000 0.05 0.2 0.037 

2 1000 0.125 0.6 0.028 

3 1000 0.2 1.0 0.023 

4 2000 0.05 0.6 0.011 

5 2000 0.125 1.0 0.018 

6 2000 0.2 0.2 0.013 

7 3000 0.05 1.0 0.011 

8 3000 0.125 0.2 0.019 

9 3000 0.2 0.6 0.011 

 

In the Taguchi method, the term ‘signal’ represents the 

desirable value (mean) for the output characteristic and the 

term ‘noise’ represents the undesirable value (Standard 

Deviation) for the output characteristic. S/N ratio used to 

measure the quality characteristic deviating from the desired 

value. The S/N ratio η= -10 log (M.S.D), Where M.S.D is the 

mean square deviation for the output characteristic. The S/N 

ratio table for observed responses is shown in Tables 7-9. 
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From main effects plot of S/N ratio, the optimum parameters 

combination of 5A06 aluminum alloy for burr height is 

A3B2C1 corresponding to the largest values of S/N ratio for all 

control parameters. From Table 7, it is observed that feed rate, 

depth of cut, cutting speed has the order of influence on burr 

height during turning of 5A06 aluminum alloy. 

Table 7. Signal to noise ratios of 5A06 aluminum alloy for smaller is better. 

Level Cutting velocity (r/min) Feed (mm/r) Depth of cut (mm) 

1 31.05 30.77 32.00 

2 31.46 33.29 31.26 

3 31.59 30.05 30.85 

Delta 0.53 3.24 1.15 

Rank 3 1 2 

 

From main effects plot of S/N ratio, the optimum parameters 

combination of 6061 aluminum alloy for burr height is A3B3C2 

corresponding to the largest values of S/N ratio for all control 

parameters. From Table 8, it is observed that cutting speed, feed 

rate, depth of cut has the order of influence on burr height 

during turning of 6061 aluminum alloy. 

Table 8. Signal to noise ratios of 6061 aluminum alloy for smaller is better. 

Level Cutting velocity (r/min)  Feed (mm/r)  Depth of cut (mm)  

1 30.69 35.96 34.67 

2 37.47 34.54 38.22 

3 40.50 38.16 35.76 

Delta 9.82 3.62 3.55 

Rank 1 2 3 

 

From main effects plot of S/N ratio, the optimum parameters 

combination of 6063 aluminum alloy for burr height is A3B3C2 

corresponding to the largest values of S/N ratio for all control 

parameters. From Table 9, it is observed that cutting speed, feed 

rate, depth of cut has the order of influence on burr height during 

turning of 6063 aluminum alloy. 

Table 9. Signal to noise ratios of 6063 aluminum alloy for smaller is better. 

Level Cutting velocity (r/min)  Feed (mm/r)  Depth of cut (mm)  

1 30.82 35.66 33.59 

2 37.26 33.46 36.47 

3 37.59 36.55 35.61 

Delta 6.77 3.09 2.87 

Rank 1 2 3 

 

The purpose of the analysis of variance (ANOVA) is to 

investigate which design parameters significantly affect the 

quality characteristic. Table 10 shows the results of ANOVA 

for burr height of 5A06 aluminum alloy, feed rate is the 

significant cutting parameters for affecting the burr height. 

Table 11 shows the results of ANOVA for burr height of 6061 

aluminum alloy, cutting velocity is the significant cutting 

parameters for affecting the burr height. Table 12 shows the 

results of ANOVA for burr height of 6063 aluminum alloy, 

cutting velocity is the significant cutting parameters for 

affecting the burr height. 

Table 10. Results of ANOVA for burr height of 5A06 aluminum alloy. 

Symbol Cutting parameters DOF SS MS F  

A Cutting velocity 2 0.4682 0.2341 0.31 unsignificant 

B Feed 2 17.3370 8.6685 11.48 significant 

C Depth of cut 2 2.0300 1.0150 1.34 unsignificant 

Error  2 1.5102 0.7551   

Total  8 21.3454    

Ftable at 95% confidence level is F0.05, 2, 8= 4.46, Fexp≥Ftable 

Table 11. Results of ANOVA for burr height of 6061 aluminum alloy. 

Symbol Cutting parameters DOF SS MS F  

A Cutting velocity 2 151.59 75.796 7.17 significant 

B Feed 2 19.96 9.978 0.94 unsignificant 

C Depth of cut 2 19.85 9.923 0.94 unsignificant 

Error  2 21.15 10.575   

Total  8 212.55    

Ftable at 95% confidence level is F0.05, 2, 8= 4.46, Fexp≥Ftable 
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Table 12. Results of ANOVA for burr height of 6063 aluminum alloy. 

Symbol Cutting parameters DOF SS MS F  

A Cutting velocity 2 87.459 43.73 18.12 significant 

B Feed 2 15.217 7.608 3.15 unsignificant 

C Depth of cut 2 13.055 6.527 2.70 unsignificant 

Error  2 4.828 2.414   

Total  8 120.558    

Ftable at 95% confidence level is F0.05, 2, 8= 4.46, Fexp≥Ftable 

Confirmatory experiments were conducted for burr size 

corresponding their optimal setting of process parameters to 

validate the used approach and obtained the values of 0.024 

mm, 0.006 mm and 0.009 mm for burr height of 5A06, 6061 

and 6063 aluminum alloy respectively. Predicted and 

experimental values of responses are depicted in table 13. 

Table 13. Optimal values of individual machining characteristics. 

Materials Optimal combination of parameters Significant parameters (at 95% confidence level)  Predicted optimum value Experimental value 

5A06 A3B2C1 B 0.024 0.021 

6061 A3B3C2 A 0.006 0.007 

6061 A3B3C2 A 0.009 0.011 

 

5. Conclusion 

The machining characteristics of 5A06,6061 and 6063 

aluminium alloy have been studied. The primary machining 

characteristics such as burr height was studied for turning. The 

results obtained from the experiments as follows. 

From S/N ratio response graph of 5A06 aluminum alloy, the 

combination of parameters having the values of 3000 r/min, 

0.125 mm/r, 0.2 mm obtained for cutting speed, feed rate, 

depth of cut respectively for optimizing burr size. From the 

results of ANOVA, feed rate is significant for all response. 

From S/N ratio response graph of 6061 aluminum alloy, the 

combination of parameters having the values of 3000 r/min, 

0.2 mm/r, 0.6 mm obtained for cutting speed, feed rate, depth 

of cut respectively for optimizing burr size. From the results of 

ANOVA, cutting speed is significant for all response. 

From S/N ratio response graph of 6063 aluminum alloy, the 

combination of parameters having the values of 3000 r/min, 

0.2 mm/r, 0.6 mm obtained for cutting speed, feed rate, depth 

of cut respectively for optimizing burr size. From the results of 

ANOVA, cutting speed is significant for all response. 

From this study, a few general tendencies can be extracted 

in burr minimization strategy. These are: 

A. Decrease of feed rate during turning process for 5A06 

aluminum alloy; 

B. Increase of cutting speed during turning process for 6061 

and 6063 aluminum alloy. 

The investigated mechanisms of burr formation are 

probably common for all materials which plastic properties 

are similar to those of aluminum alloy 5A06, 6061 and 6063. 

Further studies should be focused on the search for optimal 

tool geometry that can effectively minimize burr size or 

prevent its formation altogether and satisfy the limitations of 

tool performance. The results of this research will also be 

useful for subsequent studies and for the modeling of burr 

formation mechanism in feed direction for milling and drilling 

in order to find optimum conditions where burr dimensions 

can be predicted and controlled. 
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