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Abstract 
Aluminum alloys are widely applied in almost all the industries due to its distinctive 

characteristics like less weight, good thermal conductivity, corrosion resistance etc. Machining is 

inevitable in manufacturing processes as it can be used to accomplish any shape with high precision. 

The negative aspects of conventional wet machining drive researchers to search for different 

alternatives. Minimum Quantity Lubrication (MQL) is one such prominent and successful substitute. 

Turning is one of the foremost machining processes performed on cylindrical jobs. In this study, the 

cutting parameters engaged during turning under MQL carried out on Aluminum 6063 alloy are 

optimized to improve surface quality and also with the development of regression equations, the 

surface roughness is predicted. Vibration during turning is studied and correlated with surface 

roughness to find the influence. The contribution of cutting speed, depth of cut, feed rate, cutting tool 

nose radius and overhanging length of workpiece on surface roughness is also determined in turning. 

The optimum combination of cutting parameter levels for minimum surface roughness in turning is 

found and recommended for economic and efficient machining of Aluminum 6063 alloy under MQL 

condition. 
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Introduction 
 

To contend global competition powerfully, manufacturing industries need to produce 

quality products with low cost in extremely short time. The greatest constraint for 

manufacturing industries is operating machine tools in optimum cutting parameters. If the 

selection of cutting parameters is not done appropriately, it may leads to increase of 

manufacturing cost, higher lead time and inferior quality. Due to good machinability, aluminum 

alloys are widely employed in almost all the industries. To increase tool life and productivity 

monitoring of process parameters is essential [1]. In engineering industries, turning is one of 

the main comprehensively used operations [2]. In metal cutting, the quality of machined surface, 

dimensional accuracy etc depends on the machine tool, work material, tool material, coolant 

use, cutting conditions and more such factors. Vibration is also a primary influencing element 

of quality of products. The major sources for vibration are structure of machine tool, cutting 

tool type, tool and work material, type of operation etc. Hence, the effect of vibration during 

machining can be studied to analysis and predict the performance of metal cutting. The mean 

surface roughness Ra is the most suggested characteristic to evaluate the quality of surface [3]. 

Turning of Incoloy 800 in dry, minimum quantity lubrication (MQL - 150 ml/h and 230 

ml/h) and flooded conditions were conducted [4]. In flooded cooling, 600 ml/h rate had been 

used. Uncoated tungsten carbide tool with ISO designation CNMG 120408 is utilized for 
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turning experiments. The experiments show that at the flank surface the wear growth is found 

with the increase in cutting speed. MQL cooling condition with a flow rate of 230 ml/h has 

given better result as compared to other cooling techniques like dry, flood and MQL with 150 

ml/h. The wear rate was the highest in dry condition. 

The effect of MQL flow rate and the machining parameters on tool wear and surface 

quality was evaluated [5]. The higher flow rate shows better performance in turning of AISI 

1045.The effects of MQL on intermittent turning process were studied in square shape 

Aluminum silicon alloy [6]. The lubrication effect on cutting and axial forces was determined 

in dry, flood and MQL conditions and compared. In MQL experiments, different lubricants 

such as rapseed oil and synthetic ester were applied with and without water droplets. The results 

showed that under light load condition, MQL cutting with rapseed and water droplets reveal 

low and steady friction over the whole range of cutting length ratios. The MQL with lubricant 

alone produced the higher friction force as the cutting length increases. But there is not much 

difference is observed in variation of friction under heavy machining conditions. The SEM 

analysis showed the chip contact width on tool rake face to be less in MQL with water droplets 

and flood cutting. Further, the aluminum deposition on tool tip was almost nil during MQL 

cutting with water droplets. The experimental observations disclosed that the MQL with 

lubricant synthetic ester and water droplets provides good lubrication effect. The MQL cutting 

with lubricant synthetic ester without water droplets showed higher lubrication effect than the 

MQL cutting with lubricant rapseed oil without water droplets. Intermittent turning was 

performed on 100Cr6 steel grooved cylinders under conditions of MQL, flood and compressed 

air [7]. The evaluation illustrated that even though the MQL and compressed air gave lower 

contact area than dry, it was higher than flood machining. It has been found that generation of 

narrow chips during MQL and compressed air can result in better surface finish. In shorter 

engagement times, the natural contact length gets decreased in both MQL and compressed air 

cutting conditions. Hence, new inserts with different geometries were recommended. Further, 

it was suggested that the dry condition can be replaced by MQL condition and change of flood 

condition to MQL condition needed additional evaluation like tool life, cutting forces, surface 

finish etc. 

Both MQL and dry conditions are applied in optimization of turning process parameters 

of Aluminum alloy 6026-T9 [8]. The most influencing cutting process parameter for surface 

roughness is the feed rate. For the tool life dominating parameters are cutting speed and feed 

rate and for material removal rate the major parameters are cutting speed followed by depth of 

cut and feed rate. 

The effect of cutting parameters on surface roughness with carbide insert having 

different nose radius is evaluated during turning of X210CR12 steel [9]. The effect of cutting 

parameters on Ra was determined by ANOVA analysis. The S/N ratios were calculated and 

mean effect graphs, and 3D response surface plots developed for analysis. From the analysis it 

was leant that the main affecting factors of surface roughness are the cutting insert nose radius 

and the feed rate. MQL is one of the best alternate solutions to obtain better machining 

performance and also reduce quantity of lubricant, save operator’s health and environment as 

well. The effect of various quantities of lubricant in MQL in turning tests on brass workpieces 

was evaluated (DIN:CuZn39Pb3) at different cutting speeds and feed rates [10]. It was found 

that minimum surface roughness and specific cutting force were produced at higher quantity of 

lubricant, medium cutting speed and lower feed rate.  

Turning of Inconel 718 nickel-base super alloy and high-speed milling of AISI D2 tool 

steel were carried out and the influence of different cooling/lubrication conditions like dry 

cutting, minimal quantity lubrication (MQL), cooling air, and cooling air and minimal quantity 

lubrication (CAMQL) were studied [11]. The experimental results showed that the use of 

cooling air and CAMQL offered higher tool life and surface finish than other cooling conditions. 
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The shape of the chip was also favorable during turning of Inconel 718. Furthermore, the 

cooling air presented longer tool life but slightly higher surface roughness than dry and MQL. 

Intense studies have been made on finish turning of Inconel 718 in dry, wet and MQL with 

different nozzles, normal and oblique sprayings and various flow rates [12]. The studies 

illustrated that the surface finish given by MQL was better than wet and dry. In MQL, the 

extended tool life was observed in cover type nozzle with oblique spraying. A study was done 

to investigate the effects of minimum quantity lubrication (MQL) by vegetable oil-based cutting 

fluid on the turning performance of low alloy steel AISI 9310 as compared to completely dry 

and wet machining [13]. The results exhibited that the MQL provided significant improvements 

in respect of chip formation modes, tool wear and surface finish throughout the range of cutting 

speed and feed rate considered. The MQL results also presented the reduction in average chip–

tool interface temperature as compared to wet machining depending upon the cutting conditions. 

The chips produced under MQL were ductile chips but their back surface appeared much 

brighter and smoother. This indicated that the amount of reduction of temperature and the MQL 

application enabled favorable chip–tool interaction and elimination of even trace of built-up 

edge formation. Also due to reduction of wear and damage at the tool-tip as well by the 

application of MQL, the surface finish was found improved.  

Plain turning of AISI 316L stainless steel was performed on CNC lathe under MQL 

setup using carbide inserts with Multi-walled carbon Nanotube (MWCNT) inclusions to 

optimize surface roughness and cutting temperature [14]. Taguchi based Desirability function 

analysis and ANOVA method were applied and the results showed feed rate as having highest 

effect followed by depth of cut, type of cutting fluid and spindle speed in that order. 

The nanoparticles of Al2O3 and CuO were added to rice bran vegetable oil to obtain 

eco-friendly nanofluid and utilized as a cutting fluid [15]. Taguchi L16 method experimental 

plan was designed and experiments were conducted according to it. The influences of the main 

process parameters like cutting speed, cutting depth, and feed on the cutting force, surface 

roughness, tool wear were investigated. The cutting speed was found to have the highest effect 

on all process responses when compared with other parameters. 

 The influence of cooling and lubrication in the cutting zone on the machined surface 

layer properties was determined in turning steel 45 and austenitic stainless steel 00H17N14M2 

[16]. The MQL method produced a lesser amount of roughness and waviness on the machined 

surface, compared to dry and emulsion cutting along with other cutting parameters. The results 

suggested the need for further research in the application of MQL particularly its effect on the 

characteristic of surface layers machined.  A considerable reduction in tool wear, surface 

roughness and dimensional deviation in turning of AISI 4340 steel was revealed during 

experimental investigation under MQL [17]. The study on the performance of MQL in turning 

of medium carbon steel has been carried and revealed improvement in productivity and product 

quality. [18]. The MQL turning of alloy steel using boric acid mixed with base oil SAE 40 has 

shown significant improvement in reduction of chip-tool interface temperature, cutting forces, 

chip thickness and surface roughness [19]. Performance evaluation of turning experiments on 

AISI 1045 was done and optimum cutting parameters were proposed from analysis of the effects 

of parameters on surface roughness and cutting forces in MQL and wet conditions [20].  

The cutting force, surface roughness, and tool wear were studied for MQL, wet and dry 

turning of AISI 1045 steel. [21]. The study also focused on the factors such as MQL nozzle 

position, workpiece hardness and tool type on the output parameters. Three different nozzle 

positions were considered. From the experimental results it was confirmed that parameters such 

as nozzle position, workpiece hardness, and tool type showed significant influence on output 

parameters. The results also show that MQL provides improvement in cutting efficiency. 

The objective of this study is to determine the optimum cutting parameters for turning 

operation conducted on Aluminum 6063 alloy to obtain minimum surface roughness under 
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MQL condition. The contribution of each cutting parameter for surface roughness was 

determined. The vibration and workpiece surface roughness were also studied and major 

contributing parameters determined. Analytical equations are proposed to determine the surface 

roughness and vibration theoretically by using regression analysis. 

 

Material and Methods 
 
Experimental setup and procedure 

 

The turning experiments were carried out on the Kirloskar Lathe. The experimental 

setup used for turning operation is shown in Figure 1. To study the surface roughness 

experiments were conducted at different cutting conditions as listed in Table 1.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Experimental setup 

 

 
Table. 1. Cutting conditions used in turning 

Level 

Cutting tool  

nose radius 

r (mm) 

A 

Cutting 

speed  

s (m/min) 

B 

Feed rate  

f 

(mm/min) 

C 

Depth of 

cut  

d (mm) 

D 

Overhanging 

length  

l (mm) 

E 

1 0.4 31 115 0.5 25 

2 0.8 46 140 1 50 

3  - 66 170 1.5 75 

4  - 96 240 2 100 
Table. 2. L16 Orthogonal array 

Experiment 

Number 
A B C D E 

1 1 1 1 1 1 

2 1 1 2 2 2 

3 1 1 3 3 3 

4 1 1 4 4 4 

5 1 2 1 2 3 

6 1 2 2 1 4 
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7 1 2 3 4 1 

8 1 2 4 3 2 

9 2 3 1 3 4 

10 2 3 2 4 3 

11 2 3 3 1 2 

12 2 3 4 2 1 

13 2 4 1 3 2 

14 2 4 2 3 1 

15 2 4 3 2 4 

16 2 4 4 1 3 

 

Aluminum 6063 was used as work material. The experimental samples were cylindrical 

in shape with 300 mm length and 32 mm diameter. Turning inserts of TNMG 160408 NN and 

TNMG 160404 NN were used in turning operation. Taguchi orthogonal array L16 was applied 

to design the experiments and the design is given in Table 2. To study the effect of cutting 

conditions on vibration, Accelerometer with Photon II - 4 channel FFT Analyser was used to 

record the vibration. UNIST MQL system uni-MAX coolubricator was used to supply the 

lubricant. Non-toxic and non-hazardous Coolube 2010 was employed as lubricant. Regression 

equation was developed to predict the surface roughness and vibration. ANOVA was carried 

out to compute the contribution of cutting parameters on surface roughness and vibration. The 

surface roughness was measured by Mitutoyo SJ-201 Surftest at three points and the average 

was considered. Metrix non-contact infrared thermometer MT 10xL was used to measure the 

workpiece surface temperature immediately after the turning operation. 
 

Results and discussion 
 

Turning operations were carried out under minimum quantity lubrication. The 

characteristics of the turning operation such as surface roughness and vibration for each 

experiment were measured and recorded. By using the experimental values, regression analysis 

was made and an equation was developed to calculate the roughness value theoretically. 

ANOVA was also made to find out the influence of each cutting parameter. 

 

Surface roughness of turning operation 

The surface roughness measured during turning operation was used in developing regression 

model. The experimental and predicted values of surface roughness are shown in Table 3. All 

the combinations of parameters and their interactions were considered in regression analysis. 

Among the various combinations, the best set of interaction was chosen based on accuracy in 

prediction. The proposed regression equation for turning is as follows: 
Table. 3. Surface roughness prediction results of regression 

Experiment 

Number 

Experimental 

Values 
Prediction Error 

1 2.15 2.275093 -5.81828 

2 2.25 2.025856 9.961964 

3 1.25 1.22925 1.660036 

4 1.6 1.476084 7.744734 

5 0.81 0.77149 4.754357 

6 1.33 1.343202 -0.99261 

7 2.15 2.137967 0.559687 
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8 1.7 1.737263 -2.19196 

9 0.69 0.738123 -6.97437 

10 0.97 0.9219 4.958787 

11 1.9 1.851806 2.536534 

12 2.17 2.218044 -2.21402 

13 1.2 1.15189 4.009182 

14 1.5 1.548092 -3.20614 

15 1.59 1.638056 -3.02237 

16 1.77 1.72176 2.725417 

 

 
 

The R2 of this proposed equation is 91.5%. The surface roughness values were determined using 

this equation and listed in Table 3. The accuracy of this model can be recognized with 

percentage of error in prediction. The maximum prediction error is 9.9%. Hence, the proposed 

regression equation is reliable in prediction of surface roughness of the turning operation done 

on Al6063 alloy.  

The ANOVA was performed to determine the significance of cutting parameters on surface 

roughness. Table 4 depicts results of ANOVA of surface roughness obtained during turning.  

The percentage of contribution shows the influence of each cutting factor quantitatively. The 

work piece overhang length (E) has highest contribution 46% and confirms it is the most 

influencing factor for surface roughness. Secondly, feed rate has 23%, followed by depth of cut 

which has 16.8% and cutting speed has 9.3% of contribution. Lastly, the tool nose radius has 

very negligible contribution to surface roughness. 

 
Table 4 ANOVA for surface roughness-Turning 

Parameters SS DOF Mean SS F ratio % Contribution 

A 0.131406 1 0.131406 6.762625 3.575102662 

B 0.343469 3 0.11449 5.892034 9.344578682 

C 0.847369 3 0.282456 14.53619 23.05392836 

D 0.618919 3 0.206306 10.61724 16.83860601 

E 1.695569 3 0.56519 29.08663 46.13047212 

ERROR 0.038862 2 0.019431   1.057312169 

TOTAL 3.675594 15     100 

 

 
Figure 2(a) Tool nose radius 
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Figure 2(b) Cutting speed 

 

 
Figure 2(c) Feed rate 

 

 
Figure 2(d) Depth of cut 

 

 
Figure 2(e) Workpiece overhang length 

Figure 2. Main effects for surface roughness in turning 
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The Figures 2 (a-e) show the curves characterizing the mean surface roughness and their S/N 

ratios corresponding to the parameter levels applied. The S/N ratio can be used to develop a 

process that is not sensitive to noise factors. The highest S/N ratio provides the minimum 

variance in a process. Hence, from the main effect results the set of cutting parameters with 

highest S/N ratios can be the optimum combination. The Figure 2(a) shows that increase in nose 

radius decreases the surface roughness. The level two of nose radius (A) has highest S/N ratio 

and lowest surface roughness (SR). Therefore, r = 0.8mm can be considered as optimum level 

parameter. Similarly, figures 2(b) to 2(e) show the main effect results of surface roughness and 

S/N ratios of cutting parameters such as cutting speed (B), feed rate (C), depth of cut (D) and 

work piece overhang length from chuck (E). The optimum cutting parameters are level two of 

tool nose radius (r = 0.8mm), level three of cutting speed (66m/min), level one of feed rate 

(115m/min), level three of depth of cut (1.5mm) and level three of overhang length (75mm).  

Table 5 and Table 6 give the response in terms of surface roughness and S/N ratio. The shaded 

values are optimum. The main effect order can be made out from the rank. The rank order of 

the cutting parameters is same in both surface roughness and S/N ratio. 
 

Table 5 Response of surface roughness 

 

 

 

 

 

 

 

 
 

Table 6 Response of S/N ratio 

Parameters/Levels A B C D E 

1 -3.95219 -4.92825 -0.79477 -4.91508 -5.88714 

2 -2.86369 -2.97612 -3.19449 -3.99262 -4.70283 

3   -2.20417 -4.5475 -1.7115 -1.2007 

4   -3.52321 -5.09501 -3.01256 -1.84109 

Max-Min 1.088495 2.724084 4.30024 3.203588 4.686439 

Rank 5 4 2 3 1 

 

Vibration of turning operation  

Vibrations normally exist in different frequencies during a machining operation. This frequency 

depends on machine characteristics like spindle drive, number of gears, number and types of 

bearings, rotational speeds and other cutting conditions. Vibration leads to reduction in part 

quality and productivity. Extensive analysis of vibration can be helpful in improving the surface 

quality, accuracy, precision and other such characteristics. To understand the effect of variation 

in levels of cutting parameters on vibration in the better way, the vibration was recorded during 

each experiment and analyzed further. The vibration during turning experiments was recorded 

using the accelerometer.  Figure 3 shows the vibration amplitude during an experimental run. 

From this the highest five amplitudes were taken and the average was considered for further 

analysis.  

 

Parameters/Levels A B C D E 

1 1.655 1.8125 1.2125 1.7875 1.9925 

2 1.47375 1.4975 1.5125 1.705 1.7625 

3  1.4325 1.7225 1.285 1.2 

4  1.515 1.81 1.48 1.3025 

Max-Min 0.18125 0.38 0.5975 0.5025 0.7925 

Rank 5 4 2 3 1 
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Figure 3. Vibration amplitude during an experiment run 

 
Table 7. Vibration prediction results of regression – Turning 

Experiment 

Number 

Experimental 

Values 
Prediction Error 

1 1.738 1.742705 -0.27071 

2 0.9816 0.96764 1.422152 

3 0.7898 0.803803 -1.77299 

4 1.3822 1.377645 0.329536 

5 0.7024 0.700988 0.201017 

6 0.9452 0.945734 -0.05645 

7 1.1358 1.135407 0.034622 

8 1.1224 1.123881 -0.13195 

9 0.9762 1.03023 -5.53475 

10 1.055 1.010842 4.185638 

11 1.2404 1.206023 2.771451 

12 1.5686 1.593321 -1.57599 

13 1.2358 1.225345 0.846001 

14 0.969 0.989338 -2.09885 

15 1.6168 1.607785 0.557613 

16 1.7552 1.754575 0.035616 

 
Table 8. ANOVA for vibration 

Parameters SS DOF Mean SS F ratio % Contribution 

A 0.163944 1 0.163944 6.347691 10.20514326 

B 0.353242 3 0.117747 4.559014 21.98849318 

C 0.450194 3 0.150065 5.810305 28.02357167 

D 0.416407 3 0.138802 5.374233 25.92036388 

E 0.171043 3 0.057014 2.207518 10.64704055 

ERROR 0.051655 2 0.025827  3.215387446 

TOTAL 1.606484 15   100 

 

Regression analysis was made to propose an equation for prediction. The regression equation 

is follows: 
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Table 7 shows the predicted values of vibration using regression equation. The maximum 

prediction error is 5.5% only. The R2 of regression equation is 99.5%. This shows the capability 

of proposed model in the prediction of vibration during turning. ANOVA was carried out to 

ascertain the contribution of each parameter on vibration. Table 8 gives results of ANOVA of 

vibration. The feed rate (C) is the highly influencing parameter for vibration with 28%. Next, 

major role is by depth of cut (D) with 25.9%. The cutting speed (A) also has substantial 

contribution of 21.9%. The workpiece overhang length (E) and the tool nose radius (A) have 

less influence with 10.7% and 10.2% respectively.  

 
Figure 4(a) Tool nose radius 

 
Figure 4(b) Cutting speed 

 
Figure 4(c) Feed rate 
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Figure 4(d) Depth of cut 

 
Figure 4(e) Workpiece overhang length 

Figure 4 Main effects for vibration 

Figures 4 (a-e) illustrate the mean vibration and S/N ratio of cutting parameter levels. The 

optimum cutting parameter levels chosen were those with highest S/N ratios. From the figures 

4(a) to 4(e) the optimum levels of cutting parameters are level one (r=0.4mm) of tool radius 

(A), level two (s=463m/min) of cutting speed (B), level two (f=140mm/min) of feed rate (C), 

level three (d=1mm) of depth of cut (D)  and level three (l=75mm) of workpiece overhang 

length (E).  
Table 9 Response of vibration 

Parameters/Levels A B C D E 

1 1.099675 1.2229 1.1631 1.4197 1.35285 

2 1.302125 0.97645 0.9877 1.21735 1.14505 

3 - 1.21005 1.1957 0.96435 1.0756 

4 - 1.3942 1.4571 1.2022 1.2301 

Max-Min 0.20245 0.41775 0.4694 0.45535 0.27725 

Rank 5 3 1 2 4 
Table 10 Response of S/N ratio-vibration 

Parameters/Levels A B C D E 

1 -0.49408 -1.35036 -0.84061 -2.76731 -2.38594 

2 -2.0828 0.362211 0.114828 -1.21344 -1.13796 

3 - -1.50933 -1.27519 0.382363 -0.0584 

4 - -2.65627 -3.15279 -1.55537 -1.57145 

Max-Min 1.588725 3.018486 3.267614 3.149672 2.327535 

Rank 5 3 1 2 4 
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Figure 5 Vibration and surface roughness in each trial 

 

The order of the influencing parameters can be confirmed from Table 9 and Table 10. In both, 

the raw data of vibration and S/N ratio of vibration, the rank order is same. This is determined 

from the results of Max-Min calculation. Figure 5 illustrates the vibration in each experimental  

run and the corresponding surface roughness values. Figures 6 (a-e) show the effects of 

variation in cutting parameters on vibration and surface roughness. This will also help to 

comprehend the relation between vibration and surface roughness. The Figure 6(a) gives the 

influence of cutting tool nose radius on surface roughness and vibration. The vibration is 

increased due to increase in the area of contact of the cutting tool. But the surface roughness is 

slightly decreased due to sharing of load by more area and better lubrication provided by MQL.  

 

 
Figure 6(a) Tool nose radius 
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Figure 6(b) Cutting speed 

 

 
Figure 6(c) Feed rate 

 

 
Figure 6(d) Depth of cut 

 

 
 

Figure 6(e) Workpiece overhang length 

Figure 6 Surface roughness and vibration for each parameter 
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The Figure 6(b) presents the results of cutting speed variation. The vibration increases in most 

of the cases when the cutting speed increases. The surface roughness is less for higher cutting 

speeds due to softening of the work material. The feed rate effect is provided in Figure 6(c). 

The increase in feed rate tends to increase the vibration and in turn increases the surface 

roughness. This is due to the less cutting time available at higher feed rate. The coolant may 

not have sufficient time to reduce the friction. Figures 6(d) and 6(e) show the effect of variation  

of depth of cut and overhang length. Due to the enhanced lubrication of MQL,  the surface 

roughness and vibration get reduced up to the depth of cut of 1.5mm and the overhanging  length 

of 75mm, after which a slight increment in these values are observed. 

 

Conclusion 

 
 In this study, turning operation was carried out on Aluminum 6063 samples to study the 

surface roughness and vibration of the process. Regression analysis was made to develop the 

equations to predict the surface roughness and vibration. The following results were obtained 

from this work. 

• The proposed regression equation to predict the surface roughness in turning operation 

of Al6063 is competent in prediction. 

• In turning, work piece overhang length (E) has highest contribution of 46% to surface 

roughness, next feed rate has 23%, followed by depth of cut which has 16.8% and lastly 

cutting speed has 9.3% of contribution. The tool nose radius has very negligible 

contribution to surface roughness. 

• The optimum cutting parameters for minimum surface roughness in turning are level 

two of tool nose radius (r = 0.8mm), level three of cutting speed (66m/min), level one 

of feed rate (115m/min), level three of depth of cut (1.5mm) and level three of overhang 

length (75mm).  

• The feed rate (C) is the highly influencing parameter for vibration in turning with 28%. 

followed by depth of cut (D) with 25.9%, cutting speed (A) with 21.9%, workpiece 

overhang length (E) with 10.7% and the contribution of tool nose radius (A) is 10.2%. 

• The optimum levels of turning parameters for minimum vibration are level one 

(r=0.4mm) of tool radius (A), level two (s=463m/min) of cutting speed (B), level two 

(f=140mm/min) of feed rate (C), level three (d=1mm) of depth of cut (D) and level three 

(l=75mm) of workpiece overhang length (E). 
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