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Abstract— The present work focuses on the performance 

evaluation on vegetable oil based nanofluid with zinc oxide 

as nanomaterials. In addition, the minimum quantity 

lubrication (MQL) technique is adopted for turning of EN-31 

steel with uncoated carbide tool. Lubrication performance is 

compared with straight cutting oil. Optimization of achieved 

result is done. Response surface methodology and grey 

relation analysis is done for optimization. The experimental 

data was collected by performing hard turning operation on 

EN-31 steel using carbide tool under dry and minimum 

quantity lubrication condition to taguchi L9 orthogonal array. 

The analysis of variance (ANOVA) was performed on best 

performed Nanofluid and contribution of each parameter was 

deduced.it was found that vegetable oil based ZnO nanofluid 

was the best performed fluid compared to straight cutting oil 

where optimum surface roughness and Tool temperature at 

350 ml/h lubrication flow rate for MQL system. Finally, the 

result of confirmation test verified the adequacy and 

supremacy of optimization models where performing 

response surface method on grey relation grade achieved 

better optimization result. 
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I. INTRODUCTION 

Near dry machining, are possible solutions to the metal 

cutting industry’s long running problems of extending tool 

life, reducing tool failure, and minimizing the heat generation 

at the tool tip. To date, large amounts of expensive coolant, 

which cause both environmental damage and health hazards, 

had to be used. The introduction of dry machining is the goal 

of today’s metal cutting industry that tirelessly endeavors to 

reduce machining costs and impact from chemicals in the 

environment. Dry machining incorporating air being directed 

on to the tool interface is considered in this paper as a possible 

alternative for harmful liquid-based cooling. However, low 

convective heat removal rates associated with conventional 

air cooling methods are generally inadequate for dissipating 

intense heat generation in the cutting processes and suitable 

improved cooling methodologies have yet to be established. 

Minimum quality lubrication (MQL) technique is opted 

giving good result with only small consumption of resources 

(power, cutting fluid). The flow rate of cutting fluid is in 

range of 50-500 ml/h, which is directly applied to cutting 

zone. This technique solved fluid disposal problem as it takes 

very small quantity for machining. It was observed that MQL 

provided surface lubrication but insufficient work piece 

cooling with convective abrasive wheel. Thermal 

conductivity of ethylene glycol was improved 40% though 

dispersion of 0.3%vol Cu nanoparticles. 

R Padmini et al worked on performance of vegetable 

oil based nanofluids during turning. CC-nMoS2 and SS-

nMoS2 have shown reduction in tool flank wear to a good 

extent. Reduction ranges from 3.97% corresponding to 0.25% 

SS on MoS2 to 38.8% for 1% SS-nBA by using 0.5% CC-

nMoS2. Surface roughness (Ra) Application of CC-nMoS2 

has shown better surface quality of workpiece when 

compared to other combinations; at 0.5% and 0.25% results 

are found to be encouraging with CC-nMoS2. Mostafa Hadi 

et al investigated into the Minimum Quantity Lubrication 

(MQL) and MQL with gamma-Al2O3 nanoparticles in end 

milling processes of AISI D3 steel. With using point-to-point 

calculations when gamma-Al2O3 nanoparticle dispersed to 

vegetable oil with volume fraction 1%, the surface roughness 

decreased about 0.3μm and improved about 15% than pure 

MQL. Also by dispersing gamma-Al2O3 nanoparticle to 

vegetable oil with volume fraction 2%, surface roughness 

decreased about 0.5μm and improved about 25% than pure 

MQL. These results indicate good performance application of 

gamma-Al2O3 nanoparticles when it is dispersed in 

vegetable oil. Kate Atul Shriram et al work has successfully 

demonstrated Synthesis and Preparation of Al2O3 Nano fluid 

and its applications in CNC turning on EN353 using 

Minimum Quantity Lubrication. There is a reduction of 7 to 

8% in surface roughness using (3 % Al2O3) Nano fluids 

MQL compared to MQL Vegetable oil. (3 % Al2O3) Nano 

fluids reduce cutting temperature by 11 to 13 % compared to 

MQL Vegetable oil. M. S. Najiha et al found combination of 

MQL with water-based nanofluid lubricant is a potential 

cooling and lubricating approach for the machining 

substituting oil-based MQL as well as flooded coolant 

conditions on minimum quantity lubrication technique in end 

milling of aluminum alloy AA6061. Yu Su et al paper 

investigated the effect of nanofluid MQL with vegetable-

based oil and ester oil as base fluids on cutting force and 

temperature in cylindrical turning of AISI 1045 medium 

carbon steel. At the cutting speed of 55 and 96 m/min, the 

maximum percentage reduction in cutting temperature 

relative to dry cutting was 11.9 and 21 %, respectively, which 

could be obtained using graphite-LB2000 nanofluid MQL 

with the mass fraction of 0.5 %. 

II. EXPERIMENTAL SET UP 

A. Selection of Work Material 

The work piece material will EN31 steel  (HRC43) in the 

form of round bars of 30 mm diameter and length of 80mm 

axial cutting length. 

composition C Si Mn Cr Co S P 

Wt.% 0.98 0.24 0.66 1.0 0.025 0.04 0.04 

Table 1: The composition of material 

EN-31 steel is widely used in automotive industry 

for producing automotive components such as roller bearing, 

ball bearing, spline shaft, shearing blade, die parts etc. 

Therefore, this steel is chosen for experimental investigation. 

B. Selection of Insert 

Based on Literature survey, The Tool selected for this process 

was CNMG 120408 CTC1135 Ceratizit insert with WTJNL 

2020 K1304 negative rake tool holder having diameter 26 

mm. 
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C. Preparation of Nano Fluids 

ZnO nanoparticles was procured from Nanoshell USA. In this 

work the alumina (ZnO) Nano particles are mixed with 

vegetable oil (Soyabean oil), as a base fluid to make ZnO 

Nanofluid. Nano ZnO particles are selected due to their 

superior tribological and antitoxic properties based on study 

of Pil-Ho Lee, et al. (2012). The method used to make Nano 

fluid is given below. Take 0.66 gram of ZnO Nano particles 

and directly mix with 100 ml vegetable oil as a base fluid and 

prepare the sample.0.66Vol% of ZnO Nano fluid = 100 ml of 

vegetable oil + 0.66gm of Al2O3 Nano particles. The above 

composition has to be mixed continuously about 3 hours 

using Magnetic stirrer. The size of Al2O3 particles is about 

50 Nm. Here after Nano fluid means a mix of MQL and 

Al2O3 particles. 

D. Selection of Process Parameter 

Input process Parameters were selected after studying the 

literature on minimum quantity lubrication/near dry 

machining. Cutting speed (Vc), cutting feed (f) and Depth of 

cut (dc) were the input parameters chosen for present work. 

Therefore some output process parameters were selected to 

investigate the effect of input parameters under the 

application of MQL on EN31 machining technique. The 

output process parameters chosen were surface roughness 

(Ra), temperature (T) at cutting zone during the turning of 

EN31 with CNMG 120408 insert. 

III. MACHINING CONDITION 

Items Description 

Machining 

Operation 
Turning 

Machine Tool BATIBOI Sprint T-16 

Work Material 

Details 

EN-31, 43 HRC, 25mm dia x 

215mm L, cutting dimension, 25mm 

dia x 100mm L 

Cutting tool 

Details 

CNMG 120408 CTC1135 Ceratizit 

insert with WTJNL 2020 K1304 

negative rake tool holder having 

diameter 26 mm 

Coating Carbide coated up to 2 micro meter 

Process Parameter 

Cutting Velocity, 

Vc 
80m/s, 90m/s, 100m/s 

Feed 
0.08mm/rev, 0.11mm/rev, 

0.13mm/rev 

Dept of Cut 0.4mm, 0.5mm, 0.6mm 

MQL Supply 
Air: 4 bar, 350 ml/h(through 

external nozzle) 

Environment 

Dry, MQL Straight cutting oil, MQL 

soyabean oil, MQL NF-0.33%npi, 

MQL NF-0.66%npi, MQL NF-

1.0%npi. 

Table 1: Machining Condition 

IV. EXPERIMENTAL PROCEDURE 

By performing OVAT analysis and from graph it is found that 

cutting speed, feed rate, depth of cut are influencing 

Parameters on Surface Finish. According to OVAT analysis 

following input parameters namely cutting speed, feed rate, 

and depth of cut are selected by keeping other process 

parameters constant at minimum level, which is less 

Influencing on surface finish. Based on surface finish, the 

selected levels of input parameters which are as Follows. 

Sr. no Parameters Level 1 Level 2 Level 3 

1 Cutting speed 80 90 100 

2 Feed 0.08 0.11 0.13 

3 Depth of Cut 0.4 0.5 0.6 

Table 2: Parameter level 

V. EXPERIMENTAL DATA 

After collecting data for all responses of all coolant 

conditions, a comparative analysis is done via graphical 

method and best performing fluid was deduced. The below 

Fig 4.3 give the graphical output for comparative analysis. 

Data for 0.66% npi ZnO Nanofluid is also shown in the 

following table 3. 

Exp. No R avg temp 1 temp 2 T avg. 

1 0.66425 45.2 45.8 45.5 

2 0.54475 45.9 55.8 50.85 

3 0.5245 46.9 47.1 47 

4 0.51075 48.7 47.9 48.3 

5 0.4305 49.2 49.7 49.45 

6 0.415 51.9 50.7 51.3 

7 0.52625 52.2 53.7 52.95 

8 0.4295 52.3 52.3 52.3 

9 0.47175 53.5 54.3 53.9 
 0.501917   50.17222 

Table 3: Experimental data 

 
Fig. 1: Comparative graph of surface roughness 

As it is seen in fig: which shows the graphical 

representation on average surface roughness for different 

coolant condition as line. From graph, it can be deduced that 

0.66%npi nanofluid performed best as compared to other 

coolant. This coolant gives minimum surface roughness of 

0.501917 micron. Temperature graph shows the Average 

temperature achieved 50.12oC during the cutting operation. 

1%npi nanofluid had shown lower temperature then 

0.66%npi but Ra value is higher the previous one as seen the 

table as well as graph. 

VI. OPTIMIZATION 

RSM is used to establish the mathematical relation between 

the output response, y, and the various turning parameters. In 

most RSM problems, the form of relationship between the 

response and the independent variables is unknown. Thus, the 

first step in RSM is to find a suitable approximation for the 

true functional relationship between output and set of 

independent variables. Usually, in low-order polynomial if 

the response is well modeled by a linear function of 

independent variables, then the approximating function is the 

first-order model. 
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y = β0 + β1x1 + β2x2 + ….. + βkxk + Є          (1) 

If there is curvature in the system, then a polynomial 

of higher degree must be used, such as the second-order 

model. 

Any optimization technique optimizes a single 

response at a time. However, if it is needed to optimize 

multiple parameters Grey Relation Analysis needs to be done. 

This method requires the distribution of weightage to the 

responses and then fit them into single value called grey 

relation grade. This GRG value is then optimize using any 

optimizing technique. Here the data from 0.66% npi 

nanofluid performance are used, as it was the best-performed 

fluid as coolant from Table. The optimization of multiple 

performances characteristics using GRA includes the 

following steps. 

1) Step 1: The normalization of output parameter 

corresponding to the lower are better criteria can be 

expressed as: 
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Where xi is the value after the grey relational 

generation, min Yi is the smallest value of Yij for the response, 

and max Yi is the largest value of Yij for the response. Where 

Yij is the value of the response. 

2) Step 2: The deviation sequence, Δ𝑖 is the absolute 

difference between the reference sequence and the 

comparability sequence after normalization. It is 

determined using equation: 

i
i

x 1             (3) 

3) Step 3: GRC for all the sequences gives the relationship 

between the ideal (best) and actual normalized value. It 

is determined using equation 
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4) Step 4: The overall evaluation of the multiple 

performance characteristics is based on the grey 

relational grade (GRG). After averaging the grey 

relational coefficients, the grey relational grade can be 

computed as:  
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Higher grey relational grade means that the 

corresponding parameter combination is closer to the 

optimal. The weight distribution for Ra is 0.6 and for tool, 

temperature is 0.4 

5) Step 5: The grey relational grade calculated for each 

sequence is taken as a response for the further analysis. 

The overall performance characteristic of the multiple 

response process depends on the calculated Grey 

relational grade. The optimal parametric combination is 

then evaluated based on Grey relational grade 

Response surface methodology is also used to fine 

the optimum value of input parameter for GRG. Given below 

is the residual plot for GRG from RSM analyzer. 

Exp. No Vc feed doc GRG order 

1 80 0.8 0.4 0.6 5 

2 80 0.11 0.5 0.469871 8 

3 80 0.13 0.6 0.614117 4 

4 90 0.8 0.5 0.579308 6 

5 90 0.11 0.6 0.739765 2 

6 90 0.13 0.4 0.768 1 

7 100 0.8 0.6 0.462114 9 

8 100 0.11 0.4 0.692472 3 

9 100 0.13 0.5 0.5456 7 

Table 4: GRG of Experimental Data 

As single value of multi response is obtain using 

Grey relation technique. Tacguchi based optimization can be 

aslo adopted using mean effective plot and optimum input 

parameter can be deduced for same responses using Minitab 

17. 

 
Fig. 2: Main effects of factors on grey relation grade 

The above mention graph generated using larger is 

the better condition and thus the value of optimum input 

parameters are Vc2Feed3Doc1. These values are same as 

GRG response table value. 

Variabl

es 
level 1 level2 level3 

max-

min 

Ran

k 

Vc 
0.5613

29 

0.6956

91 

0.5667

29 

0.1343

61 
2 

feed 
0.5471

40 

0.6340

36 

0.6425

73 

0.0954

32 
3 

doc 
0.6868

24 

0.5315

94 

0.6053

32 

0.1552

3 
1 

Table 5: GRG Response Table 

 
Fig. 3: Residual Plots for GRG 

From the below graphs it is observed that the grey 

relation grad is having an increasing trend with the increase 

curve in cutting velocity, feed rate and D.o.C. But the most 

important reason for increase in cutting temperature is found 

to be cutting speed followed by D.o.C and feed rate in MQL 

0.66% npi nanofluid condition. 

Here as well in graph the curvilinear surface of 

responses will always to give optimum solution in RSM 

technique. As Maximum value of responses is required, thus, 

response optimizer function is used and optimum value for 

Maximum GRG value is deduced in Fig 3. 
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Fig. 3: Surface plot various combination of factor for GRG 

response 

 
Fig. 4: Response Optimizer Graph with Response Value of 

Tool Temperature in Red Color. 

As per the mention in Fig 4 the optimum value of 

input parameter for optimum out response of GRG using 

RSM is Vc2.4747feed3Doc1 with respect to given levels of 

parameter. 

VII. ANOVA 

The main purpose of Analysis of variance is to show how the 

data fits for the model. The P-value of regression and Lack of 

fit plays an important role in determining the fitness of model. 

P-values (P) in the analysis of variance table are used to 

determine which of the effects in the model are statistically 

significant. If the P-value is lower than 0.05, then the factor 

is significant. ANOVA is a necessary test, which is performed 

in most of the optimization process due to its accuracy in 

prediction of P-values. 

Source 
D

F 
Adj SS 

Adj 

MS 

F-

Value 

p-

value 

Model 6 
0.0436

44 

0.0072

74 
3.21 

0.025

6 

Linear 3 
0.0151

09 

0.0050

36 
2.22 

0.032

5 

SPEED 1 
0.0013

68 

0.0013

68 
0.60 

0.051

9 

FEED 1 
0.0024

96 

0.0024

96 
1.10 

0.040

4 

DoC 1 
0.0096

41 

0.0096

41 
4.26 

0.017

5 

2-Way 

Interaction 
3 

0.0138

96 

0.0046

32 
2.04 

0.034

5 

SPEED*FEE

D 
1 

0.0023

63 

0.0023

63 
1.04 

0.041

5 

SPEED*DoC 1 
0.0097

83 

0.0097

83 
4.32 

0.017

3 

FEED*DoC 1 
0.0099

67 

0.0099

67 
4.40 

0.017

1 

Error 2 
0.0045

32 

0.0022

66 
  

Total 8 
0.0481

76 
   

Table 1: ANOVA 

The contributions of input parameter were deduced 

in the form of pie chart, which is mention in fig.  

 
Fig. 5: Pie chart of Contribution 

VIII. CONCLUSION 

From the experimentation in hard turning of alloy steel EN-

31 using Zinc Oxide nanomaterial infused in Soyabean oil as 

lubricant. The positive effect of minimum quantity 

lubrication over dry machining was observed in term of tool 

temperature, tool wear, and surface roughness. Among all 

lubrication conditions 0.66%, npi ZnO nanofluid with MQL 

was the best-performed lubricant. It was found that response 

surface method of grey relation grade yield most optimum 

value of surface roughness (Ra) 0.0419 and tool temperature 

43.8oC. Other obtain optimum values are also acceptable as 

they all are within the excepted rang for surface roughness 

and tool temperature. ANOVA was done to find significance 

of input parameters and their contributions to the achieved 

result. Two-way interaction ANOVA was used to find the 

contribution of combined parameters. It was found that depth 

of cut was the most significant and contributed parameter 

with 27% alone and 27.9% and 27.4% with Feed and cutting 

Speed. 
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