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ABSTRACT 
The growing demands for high productivity of machining need use of high velocity and feed rate. Such machining produces high 
cutting temperature which is directly affects tool life and product quality. Application of cutting fluid changes the performance of 
machining operation because of lubrication and cooling. The Al, Cu nano particles which high thermal conductivity has been used 
with distilled water as a base fluid to form Al2O3, CuO nanofluids to reduce the heat generation. In this present work, the turning 
of EN8 steel was done with the DOE as L9 Orthogonal array. Based on Taguchi technique the optimal combinations of the process 
parameters were found for the different coolants such as oil + water mixture, Al2O3, CuO. Finally the effective parameters for the 
high productivity and tool life for better surface finish and temperature are to be calculated. 
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INTRODUCTION 

 

 Most the machining operation is to be done by using the different raw materials in wide range of industries. 

Turning is the significant machining process for removal of materials from the work piece by means of single 

point cutting tool. The important parameters that affect the machining parameters are spindle speed, feed rate, 

depth of cut, cutting conditions and constituents. The cutting fluid plays a vital role in removing heat occurs in 

between the work piece and cutting tool. EN8steel are recently used in many industries like automobiles, 

bearings and thread rolling dies. Number of researchers has dealt with the optimization of turning parameters in 

various conditions. The important significant of this experimental investigation is to forecast the temperature 

and temperature and surface roughness of the turned specimen on EN8steel rods. Normally variables considered 

for this experimental investigation are spindle speed, feed rate, depth of cut and percentage of nano particles of 

the test specimen. The literature assessment on the CNC turning process is crucial to study the effect of input 

process parameters on the test specimen. [9] is mainly discuss about application of nanofluids in machining 

process In current study, first of all, various machining processes and nanofluids were introduced and then, 

effect of nanofluids on cutting parameters (cutting forces, surface roughness, tool- work piece temperature, tool 

wear and environmental aspects) were reviewed . [1] comparison of main effect of vegetable oil and Al2O3 

nanofluids used with MQL on surface roughness and temperature In this present work has successfully 

demonstrated Al2O3 Nanofluids applications in CNC turning on EN353 steel using Minimum Quantity 
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Lubrication. The surface roughness (Ra) and Temperature (T) were measured under different cutting conditions 

for diverse combinations of machining parameters (Mahendra Godley et al. 2015) explained the Investigation of 

Automobile Radiator using Nanofluids CuO/Water Mixture as Coolant. The authors concluded that overall heat 

transfer coefficient & heat transfer rate increased different volume concentration by mixing CuO particle and 

flow rate range 2 -5 LPM respectively. [6] determining the effect of cutting fluids on surface roughness in 

turning AISI 1330alloy steel using taguchi method. Taguchi method has been employed to investigate the 

effects of cutting fluids on surface roughness in turning AISI 1330 alloy steel, using manually operated lathe 

machine. Experiments have been conducted using L27 orthogonal array and each experiment was repeated three 

times and each test used a new cutting tool, high speed steel, to ensure accurate readings of the surface 

roughness. [11] statistical methods of Signal-to-Noise (S/N) ratio and the Analysis of Variance(ANOVA) were 

applied to investigate effects of cutting speed, feed rate and depth of cut on surface roughness under different 

cutting fluids. [13] demonstrated the comparing performance of nanofluids of metal and nonmetal as coolant in 

automobile radiator. The authors suggested that, Cu nano fluid have high potential for flow and heat transfer 

enhancement and are highly appropriate to industrial and practical applications. [2] optimizing the use of dry 

cutting in rough turning steel operations The main objective of using cutting fluids in machining operations is 

the reduction of temperature in the cutting region to increase tool life. However, the advantages offered by 

cutting fluids have been strongly debated because of their negative effects on the economic aspect, the 

environment and the health of workers using them. Based on the results obtained in this work, it can be said that 

for the turning of AISI 1045 steel with coated carbide inserts and cutting conditions typical of rough operation. 

[14] determining the Influence of Various Cutting Parameters on Surface Roughness during Wet CNC Turning 

Of AISI 1040 Medium Carbon Steel. The purpose of this experimental investigation was to analyze the effect of 

controlled cutting parameters namely cutting speed, feed rate, and depth of cut, cutting fluid concentration and 

two cutting fluids with different base oils on surface roughness (Ra) of EN8. In this study we utilized 

determining the optimum turning 

 Parameters for surface finish. [5] Optimization of Cutting Parameters & Nano particle Concentration in 

CNC Turning of EN8 Steel using Al2O3 Nanofluids as Coolant In this study, an attempt has been made to 

investigate the machining characteristics on EN8 steel using Al2O3 nanofluids as coolant. Cutting fluids are used 

in the machining operation as it cools the work piece surface and the cutting tool. [4] demonstrated the 

Numerical Study on Application of CuO-Water Nanofluids in Automotive Diesel Engine Radiator. The authors 

indicated that the overall heat transfer coefficient of nanofluids are greater than that of water alone and the total 

heat transfer area of the radiator can be reduced. [7] Optimization of Process Parameters based on Surface 

Roughness and Cutting Force in MQL Turning of AISI 4340 using Nanofluids the aim of this research work is 

focused on optimization of process. This study focused on the application of the design of experiment method 

for optimizing the process parameters in CNC turning of AISI 4340 under MQL mode with nanofluids using 

combined of two performance measures, surface roughness and cutting force. Based on the literature review, it 

is found that CNC lathe is one of the significant equipment for machining of various combinations of materials 

and this turning process provides enhanced strength and reduces the cost as well as time. The significant 

objective of the present investigation is to turn the material of EN8 steel rods using design of experiments 

concept Taguchi method and found the optimal process parameters for better surface roughness and 

temperature, strength and quality of the specimen. 

 

Experimental and Methodology: 

 Normally turning is the important machining process to remove material from the work piece by using the 

single point cutting tool. The turning process is performed on the CNC lathe Sinumerik (820D) and it shown in 

Figure 1. In this research work, EN8 steel rods have been selected for machining. The chemical composition of 

the material is presented in Table 1. The experimental design proposed by Taguchi involves using orthogonal 

arrays to organize the parameters affecting the process and the levels at which they should be varied. For the 

turning process of EN8 material, 3 different factors are selected at 3 different levels. The factors selected for the 

process are speed, feed, Depth of cut which is shown in Table No.2. The parameters selected for 3 different 

factors selected at 3 different levels, an L9 orthogonal array is to be selected. Selection of proper nano particles 

are Al2O3, CuO nano particles based on the thermal conductivity of the material. Nano particles with higher 

thermal conductivity with higher heat transfer rate. Al2O3, CuO Nano particles selected are to be mixed with the 

base fluid (distilled water) at a proper concentration. The Al2O3, CuO nanofluids thus obtained can be used for 

the machining operation. The oil+ water mixture and nanofluids like Al2O3 and CuO used as a coolant to 

enhance the surface quality and temperature during the turning operation is shown in Figure 5. Machining tests 

are performed on an EN8 bar having diameter Φ32mm and Tool material for this work is High Speed Steel. The 

cutting fluid selected for machining is Al2O3, CuO nanofluids. Taguchi technique is used to evaluate optimal 

parameters for surface finish and temperature during turning operation. The scheme of experiment is as shown 

in table 3.  
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Fig. 1: CNC lathe Sinumerik (820D). 

 
Table 1: Chemical composition of EN8 steel rods. 

 

Element C Mn Si S P 

% 0.36-0.44 0.60-1.00 0.10-0.40 0.050 0.050 

 

Table 2: Cutting process parameters 

Spindle Speed Feed Rate Depth of Cut Coolant used 

Rpm mm/rev Mm 

600 0.25 1 Oil + water mixture, 

Al2O3 & CuO. 750 0.3 1.25 

900 0.35 1.5 

 

 
 

Fig. 2: Test specimen before machining process. 

 

 
 

Fig. 3: Test specimen after machining process 
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Table 3: DOE Based data. 

Ex. No Speed Feed D.O.C 

1 600 0.25 1 

2 600 0.3 1.25 

3 600 0.35 1.5 

4 750 0.25 1.25 

5 750 0.3 1.5 

6 750 0.35 1 

7 900 0.25 1.5 

8 900 0.3 1 

9 900 0.35 1.25 

 

 
 

Fig. 5: Nanofluids (Al2O3 and CuO) 

 

RESULTS A ND DISCUSSION 

 

 This chapter deals with the turning process plays most important role for machining of metals, non metals, 

plastics and composites. The important process parameters for this experimental works are spindle speed, feed 

rate, depth of cut and percentage of nano particles. The CNC lathe Sinumerik (820D) is used for this 

experimental investigation. Based on the research, 9 experiments were conducted on EN8 mild steel Material 

with different nanofluids like oil + water mixture, aluminium oxides and copper oxides carried out and result 

produced MINITAB 17 software is used to perform Taguchi design of experiment are presented in Table 4, 5 

and 6. 

 

(A)NORMAL COOLANT: 
Table 4: Experimental Results using oil + water mixture as coolant 

Ex. No speed feed DOC S.R (µm) SNRatio TEMP (0c) SN Ratio 

1 600 0.25 1 4.475 -13.0159 70.32 -36.9416 

2 600 0.3 1.25 5.587 -14.9436 68.22 -36.6782 

3 600 0.35 1.5 5.909 -15.4303 66.44 -36.4486 

4 750 0.25 1.25 3.302 -10.3755 77.88 -37.8285 

5 750 0.3 1.5 4.231 -12.5289 74.34 -37.4245 

6 750 0.35 1 4.381 -12.8315 70.29 -36.9379 

7 900 0.25 1.5 1.139 -1.1305 83.62 -38.4462 

8 900 0.3 1 1.852 -5.3528 81.05 -38.1751 

9 900 0.35 1.25 2.609 -8.3295 78.31 -37.8763 

 

 
 

Fig. 6: Main Effect Plot for SN Ratios. 
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(a) For surface roughness: 

 From the table higher signal to noise ratio indicates that, this particular input is favorable on the output. 

From the graph it is observed that for the optimum value levels for surface roughness is level 1 for Speed 600 

rpm, level 1 for Feed 0.25 mm/rev, level 1 for Depth of cut 1.25mm 

 
Table 5: Response Table for SN Ratios 

Level Speed Feed D.O.C 

1 5.324 2.972 3.569 

2 3.971 3.890 3.833 

3 1.867 4.300 3.760 

Delta 3.457 1.328 0.263 

Rank 1 2 3 

 

(b) For temperature (oc): 

 From the table, higher signal to noise ratio indicates that the particular input is favorable on the output. 

From the graph it is observed that the optimum value levels for temperature are level 3 for Speed 900 rpm, level 

1 for Feed 0.25 mm/rev, level 2 for Depth of cut 1.25 mm.  

 

 
  

Fig. 6: Main Effect Plot for S N ratio. 

 
Table 7: Response Table for SN Ratios. 

 

Level Speed Feed D.O.C 

1 -36.69 -37.74 -37.35 

2 -37.40 -37.43 -37.46 

3 -38.17 -37.09 -37.44 

Delta 1.48 0.65 0.11 

Rank 1 2 3 

 

(B)Al2O3 NANOFLUID AS A COOLANT 
Table 8: Experimental Results using Al2O3 as coolant 

Ex 

.no 

Speed Feed D.O.C S.R 

(µm) 

SN ratio TEMP 

(0c) 

SN ratio 

1 600 0.25 1 2.159 -6.6851 44.44 -32.9555 

2 600 0.3 1.25 2.825 -9.0204 42.26 -32.5186 

3 600 0.35 1.5 3.206 -10.119 40.83 -32.2196 

4 750 0.25 1.25 2.926 -9.3255 47.03 -33.4475 

5 750 0.3 1.5 3.012 -9.5771 45.15 -33.0932 

6 750 0.35 1 3.339 -10.472 43.62 -32.7937 

7 900 0.25 1.5 1.399 -2.9164 61.12 -35.7237 

8 900 0.3 1 1.912 -5.6298 58.24 -35.3044 

9 900 0.35 1.25 2.521 -8.0315 56.36 -35.0194 

 

(a) For surface roughness: 

 From the table higher signal to noise ratio indicates that, this particular input is favorable on the output. 

From the graph it is observed that for the optimum levels for surface roughness are level2 for Speed 750 rpm, 

level3for Feed 0.35 mm/rev, level2 for Depth of cut 1.25 mm.  
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Fig. 7: Main Effect Plot for S N ratio. 

 
Table 9: Response Table for SN Ratios 

Level Speed Feed D.O.C 

1 -8.608 -6.309 -7.596 

2 -9.792 -8.076 -8.792 

3 -5.526 -9.541 -7.538 

Delta 4.266 3.232 1.255 

Rank 1 2 3 

 

(b) For temperature (oc): 

 From the table higher signal to noise ratio indicates that, this particular input is favorable on the output. 

From the graph it is observed that the optimum value levels for temperature are level 3 for Speed 900 rpm, level 

1 for Feed 0.25 mm/rev, level 2 for Depth of cut 1.25 mm. 

 

 
 

Fig. 8: Main Effect Plot for S N ratio. 

 
Table 10: Response Table for SN Ratios. 

Level Speed Feed D.O.C 

1 -32.56 -34.04 -33.68 

2 -33.11 -33.64 -33.64 

3 -35.35 -33.34 -33.68 

Delta 2.78 0.70 0.02 

Rank 1 2 3 

 

(C) CuO AS A COOLANT: 
Table 11: Experimental Results using CuO as coolant 

Ex. No Speed Feed D.O.C S.R (µm) SN ratio TEMP (0c) SN ratio 

1 600 0.25 1 4.692 -13.4272 52.23 -34.3584 

2 600 0.3 1.25 2.731 -8.7264 49.71 -33.9289 

3 600 0.35 1.5 2.818 -8.9988 45.02 -33.0681 

4 750 0.25 1.25 1.531 -3.6995 64.52 -36.1939 

5 750 0.3 1.5 2.135 -6.5880 60.33 -35.6107 

6 750 0.35 1 2.621 -8.3693 57.27 -35.1585 

7 900 0.25 1.5 1.031 -4.1849 69.22 -36.8046 

8 900 0.3 1 1.552 -3.8178 62.07 -35.8576 

9 900 0.35 1.25 1.213 -1.6772 59.23 -35.4508 

 

(a) For surface roughness: 

 From the table higher signal to noise ratio indicates that, this particular input is favorable on the output. 

From the graph it is observed that the optimum levels for surface roughness are level1 for Speed 600 rpm, level1 

for Feed 0.25 mm/rev, level1 for Depth of cut 1 mm. 
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Fig. 9: Main Effect Plot for SN Ratios. 

 
Table 11: Response Table for SN Ratios. 

Level Speed Feed D.O.C 

1 -10.384 -7.104 -8.538 

2 -6.219 -6.377 -4.701 

3 -3.227 -6.348 -6.591 

Delta 7.157 0.755 3.837 

Rank 1 3 2 

 

(b)For temperature (0c): 

 From the table higher signal to noise ratio indicates that, this particular input is favorable on the output. 

From the graph it is observed that the optimum levels for temperature are level 3for Speed 900 rpm, level 1 for 

Feed 0.25 mm/rev, level 2 for Depth of cut 1.25 mm.  

 

 
 

Fig. 9: Main Effect Plot for S N ratios. 

 
Table 11: Response Table for SN Ratios. 

Level Speed Feed D.O.C 

1 -33.79 -35.79 -35.12 

2 -35.65 -35.13 -35.19 

3 -36.04 -34.56 -35.16 

Delta 2.25 1.23 0.07 

Rank 1 2 3 

Comparison of Main Effect of oil+ water mixture, Al2O3,  

CuO Nanofluids for SR and Temperature. 
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Fig. 10: Surface Roughness (µm). 

 

 From figure.10 it is observed that at each experiment the value of surface roughness when used with CuO 

nanofluids is comparatively low as compared with oil + water mixture and Al2O3. The smooth surface finish was 

obtained while using CuO as nanofluids. 

 

 
 

Fig. 11: Temperature (0C). 

 

 From Figure No. 11 it is observed that at each experiment, the value of temperature when a used Al2O3 

nanofluids is comparative low with oil + water mixture and CuO. The problem with machining any component 

is heat generated while machining. To cool down the work piece, liters of coolant were wasted. Hence the Al2O3 

is better for cooling system. 

 

Conclusion: 

 The present work has successfully demonstrated with Al2O3 and CuO nanofluids application in CNC 

turning on EN8 steel. The surface roughness (Ra) and temperature (T) were measured under different cutting 

conditions for diverse combination of machining parameters. The final conclusions arrived, at the end of this 

work are as follows. 

 Machining of EN8 steel Material presented enhanced mechanical properties.  

 These experiments shows that surface roughness reduced significantly by machining EN8 steel using CuO 

nano fluid as compared to Al2O3 and normal coolant 

 These experiments shows that temperature reduced significantly by machining EN8 steel using Al2O3 nano 

fluid as compared to CuO and normal coolant. 

 Production rate and quality of the surface roughness are improved. 

 Depth of cut plays more significant parameters for optimal machining parameters.  

 Hence it is concluded that speed has significant effect on surface roughness and temperature when used 

with Nanofluids followed by Feed, depth of cut in Surface Roughness and depth of cut, Feed in Temperature.  
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