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ABSTRACT 

This study applies Taguchi’s design of experiment methodology and regression analysis for 

optimization of process parameters in turning 6061 aluminum alloy using uncoated carbide tool insert 

under coolant condition (formulated orange seed oil cutting fluid). Experiments for surface roughness 

and flank wear were conducted using an L16 orthogonal array design and process parameters such as 

spindle speed, feed rate, and depth of cut. Based on the S/N analysis, the optimal process parameters for 

surface roughness were 180 rpm spindle speed (level 1), 0.105 mm/rev feed rate (level 1), and 0.5 mm 

depth of cut (level 1) i.e. A1B1C1 considering smaller-the-better approach. From the ANOVA analysis 

for surface roughness and flank wear for aluminum alloy, it shows that depth of cut is the most 

significant factor, followed by spindle speed. The mathematical models have been developed and 

adequate because all the multiple regression analysis indicates the fitness of experimental measurements 

which is within 0.8 and 1. Grey relational analysis combined with Taguchi method has been proposed. 

It is observed that there is a good agreement between the predicted values (0.884) and experimental 

values (0.929) and there is improvement of grey relational grade for optimal parameter combination 

(A2B1C1) is found to be 4.84% through the proposed methodology. From the study, it is concluded that 

the machining performance is significantly improved using formulated orange seed cutting fluid. 
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1.  INTRODUCTION 

 

In workshop practice, turning processes are widely used in conventional machine tools, 

as well as NC and CNC machine tools, machining centers, and other associated industrial 

systems. Turning is a process that involves using a lathe to make conical and cylindrical pieces. 

A lathe can grind and bore flat faces, curved surfaces, and flat faces with common attachments. 

As a result, an optimization study is beneficial for increasing tool life, improving surface 

accuracy, reducing main cutting force, feed force, and machining zone temperatures (chip-tool 

interface temperature) in turning operations. Cutting fluids are commonly used in machining to 

reduce friction and wear, hence extending tool life and improving surface smoothness. These 

are also used to cool and lubricate the machining zone, wash away chips, and protect the 

machined surfaces from corrosion, as well as to reduce cutting forces and energy consumption. 

Conventional cutting fluid, on the other hand, can harm the environment and provide a health 

risk. Vegetable oils, unlike conventional cutting fluids, are biodegradable and non-toxic, and 

have shown to be effective in machining (Salimon et al., 2010).  

However, the expense of refining these oils is high, and their edibility prevents them from 

being used as a cutting fluid. However, cheaper natural and non-edible oils should be developed 

in order to reduce costs. Orange seed oil, for example, was employed as a cutting fluid in this 

study. Majak et al. (2020) employed AISI 304 stainless steel as the processing material in a test 

to analyze chip compression ratio and surface polish in MQL turning utilizing three types of 

vegetable oils: palm, sunflower, and coconut oils. The general performance of the effectiveness 

of the cutting oils in decreasing chip compression ratio and improving the surface roughness 

was better when sunflower oil was applied, as compared to palm and coconut oils.  

Ikumapayi et al. (2021) investigated the effects of cutting fluids (servo cut oil, soybean 

oil, and cottonseed oil) and cutting parameters on surface finish and metal removal rate (MRR) 

in wet turning of AISI D2 steel with PVD (TiAIN) coated carbide insert using the Taguchi 

design of experiment technique, and recommended that cottonseed oil and soya bean oil be used 

instead of servo cut oil due to their availability, cost, and effectiveness. Onuoha et al. (2016) 

studied the impact of new groundnut, false walnut oils-based vegetable oils, and a commercial 

mineral-based cutting fluid on the surface finish of annealed AISI 1330 alloy steel turned with 

an HSS tool.  

The optimal parameters for better surface finishing of the workpiece material were 

determined when groundnut oil-based cutting fluid was utilized. Faheem et al. (2020) examined 

the impact of nanoparticles in cutting fluid on Inconel 718 structural machining. In their studies, 

nanofluids of powders (Al2O3 and TiO2) were produced in 100 ml of ACTIV 4T SAE20W40 

engine oil and compared to dry and lubricated conditions for the turning of Inconel 718 

superalloy using MQL methodology.  

Turning was done on an MTAB CNC lathe machine at 200, 300, and 400 rpm while 

maintaining a constant feed of 0.05 mm/rev and a constant depth of cut of 0.5 mm by employing 

a carbide insert with a positive rake angle of 15 degrees and a constant feed of 0.05 mm/rev. 

SEM was used to characterize the machining process. The results obtained shows that the 

surface roughness, chip thickness and chip morphology are more suitable at a speed of 400 rpm 

for machining of Inconel 718 for a concentration 1 gm of Al2O3.  

It is important to note that only sketchy work has been done on the determination of Multi 

response optimization of machining parameters while machining 6061 aluminum alloy with 

orange seed oil as cutting fluid using grey relational analysis in the Taguchi method. In this 
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study, however, parameters including spindle speed, feed rate, and depth of cut were changed 

to see how they affected surface roughness and flank wear 

 

 

2.  MATERIAL AND METHODS 

A.  Workpiece Material 

The workpiece employed in this work is 6061 Aluminum alloy. The 6061 Aluminum 

alloy is one of the most common and versatile aluminum alloys for extrusion. Because of its 

strength, it's known as structural aluminum. It's suitable for structural applications. Type 6061 

alloy is particularly beneficial in architectural, structural, and motor vehicle applications due to 

its high strength and corrosion resistance (https://www.thomasnet.com). The chemical 

composition of the 6061 aluminum alloy shown in Table 1 was carried out from Defence 

Industries Corporation of Nigeria (DICON). 

 

Table 1. Chemical composition of 6061 Aluminum alloy. 

 

Element Al Mg Cu Cr Mn Si 

Percentage 97.9 1.00 0.28 0.20 0.15 0.60 

 

 

B.  Equipment 

The equipment used in this study are: Centre Lathe Machine model XL 400, Uncoated 

Carbide Inserts Tool SNMG 120408-QM H13A (ISO designation) were clamped onto a tool 

holder for turning operation. Surface roughness tester ISR-16 type, and a digital vernier caliper 

were used to measure the surface roughness and the tool wear values respectively.  

 

C.  Design of Experiment 

Design of experiment (DOE) was carried out in accordance with full factorial L16(4)3 

design technique using Minitab 19 statistical software. The factor levels of input variables are 

shown in Table 2 while the experimental design layout is shown in Table 3. 

 

Table 2. Cutting process variables. 

 

Level 

Number 
Spindle Speed (rpm) Feed Rate (mm/rev) Depth of Cut (mm) 

1 180 0.105 0.5 

2 250 0.116 1.0 

3 355 0.14 1.5 

4 500 0.16 2.0 
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Table 3. Experimentation layout of using L16 orthogonal array 

 

S/N Spindle speed (rpm) Feed rate (mm/rev) Depth of cut (mm) 

1. 180 0.105 0.5 

2. 180 0.116 1.0 

3. 180 0.14 1.5 

4. 180 0.16 2.0 

5. 250 0.105 1.0 

6. 250 0.116 0.5 

7. 250 0.14 2.0 

8. 250 0.16 1.5 

9. 355 0.105 1.5 

10. 355 0.116 2.0 

11. 355 0.14 0.5 

12. 355 0.16 1.0 

13. 500 0.105 2.0 

14. 500 0.116 1.5 

15. 500 0.14 1.0 

16. 500 0.16 0.5 

 

 

D.  Experimental Procedure 

The turning experiments were carried out with coolant (formulated orange seed oil cutting 

fluid). The characteristics of the formulated orange seed oil cutting fluid is shown in Table 4. 

This was conducted at the Chemistry Departmental Laboratory, Nigerian Defence Academy, 

Kaduna and cutting conditions was done on XL 400 lathe machine as shown in Fig. 1, which 

have a maximum spindle speed of 1000- 2000 rpm and a maximum spindle power of 2.2 kW. 

Ranges of cutting parameters were selected as given in the tool manufacturer’s catalogue. In 

this study, three factors were studied and their levels with uncoated carbide inserts SNMG 

120408-QM H13A (ISO designation) were clamped onto a tool holder with a designation of 

DBSNR 2020K 12 (ISO designation). Experimental machining of 6061 aluminum alloy was 

carried out using various cutting parameters such as spindle speed, feed rate, and depth of cut, 

with three trials of turning operation performed for each specimen. After machining operation, 
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the surface roughness of the machined specimen was measured with the surface roughness test 

model CR - 135. Finally, flank wear is measured with help of the digital vernier caliper-158. 

 

Table 4. Characteristics of formulated orange seed oil cutting fluid 

 

S/N Property Value 

1 pH value 9.67 

2 Viscosity (cSt) 33.57 

3 Stability Stable 

4 Corrosion level test Corrosion resistant 

5 Colour Milky 

 

 

 
 

Figure 1. XL 400 Centre Lathe Machine 

 

 

3.  RESULTS AND DISCUSSIONS 

 

The experimental data of surface roughness and flank wear in Table 5 were converted 

into S/N ratios using Minitab 19. The main control parameters for surface roughness and flank 
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wear were determined using the delta statistics in the response table for S/N ratios, as shown in 

Table 6. The delta statistics were calculated using the difference between each factor's highest 

and lowest average value. The difference value was being used to give ranks. The highest value 

of delta was assigned the first rank and represents the predominant factor affecting surface 

roughness and flank wear. 

 

Table 5. Result of experimental data of surface roughness and flank wear. 

 

S/N 

Experimentation layout 

OSOBCF 

Response values S/N Ratio 

Spindle 

speed 

(rpm) 

Feed rate 

(mm/rev) 

Depth of cut 

(mm) 

Surface 

roughness 

(μm) 

Flank 

wear 

(mm) 

Surface 

roughness 

(μm) 

Flank wear 

(mm) 

1. 180 0.105 0.5 0.120 0.02 18.4164 33.9794 

2. 180 0.116 1.0 0.151 0.04 16.4205 27.9588 

3. 180 0.14 1.5 0.192 0.05 14.3340 26.0206 

4. 180 0.16 2.0 0.214 0.08 13.3917 21.9382 

5. 250 0.105 1.0 0.157 0.04 16.0820 27.9588 

6. 250 0.116 0.5 0.131 0.01 17.6546 40.0000 

7. 250 0.14 2.0 0.244 0.06 12.2522 24.4370 

8. 250 0.16 1.5 0.211 0.03 13.5144 30.4576 

9. 355 0.105 1.5 0.180 0.07 14.8945 23.0980 

10. 355 0.116 2.0 0.252 0.09 11.9720 20.9151 

11. 355 0.14 0.5 0.161 0.02 15.8635 33.9794 

12. 355 0.16 1.0 0.192 0.03 14.3340 30.4576 

13. 500 0.105 2.0 0.251 0.09 12.0065 20.9151 

14. 500 0.116 1.5 0.240 0.06 12.3958 24.4370 

15. 500 0.14 1.0 0.219 0.03 13.1911 30.4576 

16. 500 0.16 0.5 0.180 0.02 14.8945 33.9794 
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A.  Mean effect for Surface Roughness and Flank Wear 

 

Table 6. Response table for surface roughness and flank wear of OSOBCF 

Smaller the better 

 

 

Level 

Surface Roughness (Ra) Flank Wear (Tw) 

Spindle 

speed, rpm 

A 

Feed rate, 

rev/mm 

B 

Depth of 

cut, mm 

C 

Spindle 

speed, rpm 

A 

Feed rate, 

rev/mm 

B 

Depth of 

cut, mm 

C 

1 15.64a 15.35a 16.71a 27.47 26.49 35.48a 

2 14.58 14.61 15.01 30.71a 28.33 29.21 

3 14.88 13.91 13.78 27.11 28.72a 26.00 

4 13.12 14.03 12.41 27.45 29.21 22.05 

Max-Min 2.52 1.44 4.30 3.60 2.72 13.43 

Rank 2 3 1 2 3 1 

a Optimum level 

 

 

Table 5, clearly shows that depth of cut is having highest effect on the process as 

compared to the other parameters because it has the highest max-min value of 4.30 and 13.43 

for surface roughness (Ra) and flank wear (Tw) respectively are the most influential factor.  

The second most contributing factor is the spindle speed with a delta value of 2.52 and 

3.60 for Ra and Tw respectively, followed by the feed rate of 1.44 and 2.72. For Ra, it shows 

that maximum value of mean S/N ratio of spindle speed (A) is at level 1 (15.64), feed rate (B) 

is at level 1 (15.35) and depth of cut (C) is at level 1(16.71), while for the flank wear the 

maximum value of the mean S/N ratio is A2B3C1.  

 

B.  Effect of process parameters on Surface Roughness and Flank Wear 

The main effect plots for the surface roughness and flank wear were obtained from S/N 

ratio values of the machining parameters at different levels are shown in Figure 2(a) and 2(b) 

respectively. The plots indicated that the optimal machining parameters for the better surface 

finish was obtained at spindle speed of 180 rpm (level 1), feed rate of 0.105 mm/rev (level 1) 

and depth of cut of 0.5 mm (level 1).  

Figure 2b indicated that the optimal machining parameter for the lowest flank wear were 

obtained spindle speed of 250 rpm (level 2), feed rate of 0.140 mm/rev and depth of cut of 0.5 

mm (level 1) 
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Figure 2a. Main effect plot for surface roughness (S/N ratio). 
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Figure 2b. Main effect plot for flank wear (S/N ratio) 
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C.  Analysis of variance (ANOVA) for surface roughness and flank wear 

Analysis of variance (ANOVA) was used to determine the contribution of each parameter 

on the surface roughness and flank wear as shown in Table 7 and 8. 

 

Table 7. ANOVA result for surface roughness 

 

Source DF SS MS F – value P – value 
%  

Contribution 
Remark 

Spindle 

speed (rpm) 
3 0.00599 0.00200 18.10 0.002 22.44 Significant 

Feed rate 

(mm/rev) 
3 0.00166 0.00055 5.03 0.045 6.22 Significant 

Depth of cut 

(mm) 
3 0.01838 0.00613 55.58 0.000 68.87 Significant 

Error 6 0.00066 0.00011   2.47  

Total 15 0.02669    100  

S = 0.0104990, R-Sq = 97.52%, R-Sq(adj) = 93.81% 

 

 

Table 8. ANOVA result for flank wear 

 

Source DF SS MS F – value P – value 
%  

Contribution 
Remark 

Spindle 

speed (rpm) 
3 0.001069 0.000356 3.11 0.110 10.23 Insignificant 

Feed rate 

(mm/rev) 
3 0.000569 0.000190 1.65 0.274 5.45 Insignificant 

Depth of 

cut (mm) 
3 0.008119 0.002706 23.62 0.001 77.73 Significant 

Error 6 0.000688 0.000115   6.59  

Total 15 0.010445    100  

S = 0.0107044, R-Sq = 93.42%, R-Sq(adj) = 83.54% 

 

 

Table 7 shows the contribution of each input parameter to the surface roughness was: 

spindle speed (22.44%), feed rate (6.22%) and depth of cut (68.87%) respectively. The results 

showed that the depth of cut has the highest significance on the surface roughness, followed by 

the spindle speed. This is in line with the findings of Lawal et al (2014), who discovered that 

surface roughness is affected by feed rate. The spindle speed ranked the second in influence, 

while the feed rate had the least influence on the surface roughness. Meanwhile, Table 8 shows 

that the depth of cut has the highest significance contribution of 77.73% on the flank wear, 

followed by the spindle speed percentage contribution of 10.23% and feed rate as least 

contribution of 5.45%. 
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D.  Empirical Model Equations  

The empirical model equation for surface roughness (Ra) and flank wear (Tw) along with 

their respective Rsq values are shown in Equation 1 and 2. 

 

Ra = 0.017234 + 0.0015923*A + 0.3790*B + 0.06055*C     (1) 

R2 = 94.69%        R-Sq(adj) = 93.36% 

 

Tw = 0.02396 + 2.592e-005*A + 0.28628*B + 0.041*C     (2) 

R2 = 90.01%        R2(adj) = 87.51% 

 

In multiple linear regression analysis, R2 is the value of the correlation coefficient and 

should be between 0.8 and 1. In this study, regression models obtained from surface roughness 

and flank wear measurements for OSOBCF were R2 > 0.82 (Lan, 2010). 

 

E.  Optimization Steps Using Grey Relational Analysis 

Grey relational analysis is commonly used in Grey relational analysis to determine the 

degree of relationship between sequences. Grey relational analysis has been applied by several 

researchers (Kuo, et al., 2008) to optimize multi-response control parameters through grey 

relational grade. Grey relational analysis is commonly used to aggregate all of the performance 

characteristics that are being evaluated into a single value that can be used as the single 

characteristic in optimization issues. The steps of grey relational analysis are as follow: 

Step 1: Generating the experimental data tables through Design of Experiment.  

Step 2: Generation of Grey Relational. That means normalized the values ranging from 0-1 

using formula. The normalized data processing for Ra and Tw corresponding to smaller-the-

better criterion can be expressed as: 

 

xi(k) =
max yi(k)−yi(k)

max yi(k)−min yi(k)
        (3) 

 

where: Xi (k) is the value of the grey relational generation 

Max. yi (k) is the maximum value for kth response; min yi (k) is the minimum value for kth 

response.  

i = 1, 2, 3, ..., m, m is the number of experimental runs in Taguchi orthogonal array, in the 

present work L16 orthogonal array is selected then m = 16. k = 1, 2, ..., n, n is the number of 

quality characteristics or process responses, in the present work surface roughness and flank 

wear are selected, then n = 2. 

Step 3: Calculation of the grey relation co-efficient.  

 

ξi(k) =
∆min+ξ ∆max

∆0i(k)+ξ ∆max
         (4) 

 

where: ∆0𝑖(𝑘) = |𝑥0(𝑘) − 𝑥𝑖(𝑘)|    
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∆0𝑖(𝑘)  it is known as deviation sequence. It is the different between absolute value of X0(k) 

and Xi(k) 

ξ = Distinguishing coefficient lies between 0 to 1. Here ξ is 0.5.  

Step 4: Finding out the grey Relational grade (mean of grey coefficients of each variable at ith 

run). The entire performance of the multiple response technique is now determined by the 

calculated grey relational grade. A multiple response optimization problem with a grey 

relational objective function is converted into an overall grey relational grade using this method. 

 

𝛾𝑖 =
1

𝑛
∑ ξ 𝑖(𝑘)𝑛

𝑘=1                                 (5) 

 

where, i = 1, 2, 3 ... 16, (L16 orthogonal array is selected), ξi(k) is the Grey relational coefficient 

of kth response in ith experiment and n is the number of responses. The optimum level of the 

process parameters is the level with the highest Grey relational grade. 

Step 5: The optimal factor setting for maximum overall grey relational grade can be performed 

by Taguchi’s method.  

 

S/N = –10log10 (∑
𝑦2

𝑛
)  for smaller the better     (6) 

 

Step 6: Plot the response graphs by Minitab software to find out the optimized value of 

different process parameter.  

 

F.  Grey Relational Analysis for OSOBCF 

According to the steps of grey relational analysis, the normalized values of surface 

roughness and flank wear were calculated by Equation 3-6 are shown in Table 9. 

 

Table 9. Results of Grey Relational Analysis for OSOBCF. 

 

Run 

No 

Normalized values of 

responses 

Deviation 

sequences ∆𝟎𝒊 (𝒌) 

Grey relational 

coefficient 

GRG Rank 

Surface 

roughness 

Flank 

wear 

Surface 

roughness 

Flank 

wear 

Surface 

roughness 

Flank 

wear 

1 1.000 0.875 0.000 0.125 1.000 0.800 0.900 2 

2 0.765 0.625 0.235 0.375 0.680 0.571 0.626 5 

3 0.455 0.500 0.545 0.500 0.478 0.500 0.489 10 

4 0.288 0.125 0.712 0.875 0.413 0.364 0.388 14 

5 0.720 0.625 0.280 0.375 0.641 0.571 0.606 6 
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6 0.917 1.000 0.083 0.000 0.857 1.000 0.929 1 

7 0.061 0.375 0.939 0.625 0.347 0.444 0.396 13 

8 0.311 0.750 0.689 0.250 0.420 0.667 0.544 8 

9 0.545 0.250 0.455 0.750 0.524 0.400 0.462 11 

10 0.000 0.000 1.000 1.000 0.333 0.333 0.333 16 

11 0.689 0.875 0.311 0.125 0.617 0.800 0.708 3 

12 0.455 0.750 0.545 0.250 0.478 0.667 0.572 7 

13 0.008 0.000 0.992 1.000 0.335 0.333 0.334 15 

14 0.091 0.375 0.909 0.625 0.355 0.444 0.400 12 

15 0.250 0.750 0.750 0.250 0.400 0.667 0.533 9 

16 0.545 0.875 0.455 0.125 0.524 0.800 0.662 4 

 

 

The Grey relational coefficients and Grey relational grade are presented in Table 9 

calculated by Eq. (7) and (8), respectively. The highest Grey relational grade is the rank of 1. 

Therefore, the experiment number 6 is the best combination of turning parameters for surface 

roughness and flank wear among the sixteen experiments. Using Grey relational analysis, the 

multi-objective optimization issue was reduced to a single equivalent objective function 

optimization problem. As a result, the Taguchi technique is used to determine the best 

combination of process parameters based on the highest Grey relational grade. Surface 

roughness (0.131 μm) and flank wear are the response variables in this experiment (0.01 mm). 

 

a) Analysis of S/N ratio of grey rational grade (GRG) for OSOBCF 

The means of the Grey relational grade for each level of turning parameters were 

calculated from Table 9 and summarized in Table 10. The larger the Grey relational grade, the 

better the multiple quality characteristics using Equation (7). 

 

Table 10. Response Table for mean Grey relational grade (GRG) of OSOBCF 

Smaller the better 

 

Level Spindle speed, rpm Feed rate, rev/mm Depth of cut, mm 

1 0.6008 0.5755a 0.7997a 

2 0.6188a 0.5720 0.5842 

3 0.5188 0.5315 0.4738 
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4 0.4822 0.5415 0.3628 

Max-Min 0.1365 0.0440 0.4370 

Rank 2 3 1 

a Optimum level 

 

 

Table 10, observed that the difference between maximum and minimum value of GRG 

for parameter depth of cut is higher than that of spindle speed and feed rate parameters. It 

indicates that depth of cut has stronger effect on the multi performance characteristics than other 

parameters. The optimized parameters are as Spindle speed (250 rpm), Feed rate (0,105 

mm/rev) and Depth of cut (0.5 mm). 

 

b) Analysis of variance of GRG for OSOBCF 

 

Table 11. ANOVA for Grey relational grade (GRG) of OSOBCF 

 

Source DF SS MS F – value P – value 
% 

Contribution 

Spindle speed 

(rpm), A 
3 0.05106 0.01702 6.18 0.029 10.41 

Feed rate 

(mm/rev), B 
3 0.00578 0.00193 0.70 0.586 1.18 

Depth of cut 

(mm), C 
3 0.41728 0.13909 50.54 0.000 85.05 

Error 6 0.01651 0.00275   3.36 

Total 15 0.49063    100 

S = 0.0524587, R-Sq = 96.63%, R-Sq(adj) = 91.59% 

 

 

The ANOVA results for the grey relational grade values are shown in Table 11. The 

percentage contribution of spindle speed (A), feed rate (B), and depth of cut (C) on the 

numerous performance characteristics was 10.41%, 1.18%, and 85.05%, respectively, 

according to the ANOVA results. The spindle speed and depth of cut were two criteria that 

significantly influenced the Grey relational grade, according to the percentage contribution of 

the ANOVA. And, in agreement with Puh et al., the depth of cut was the most effective factor in 

performance. 

As indicated in Figure 3, the optimal parameter condition for turning of the aluminum 

alloy regarding surface roughness and flank wear multiple performance characteristics are 

levels: A-level 2, B-level 1, C-level 1. Namely, spindle speed of 250rpm, feed rate of 

0.105mm/rev and depth of cut of 0.5mm. It means that the results obtained from ANOVA are 

closely matching to the results of GRA. 
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Figure 3. Mean plot for the GRG 

 

 

c) Predicted optimum condition for OSOBCF 

After evaluation of the optimal parameter settings (A2B1C1), the next step was to predict 

the total mean grey relational grade by Equation (7). The optimal parametric combination of 

the predicted results were verified by repeatable experiments for the enhancement of quality 

characteristics. 

The predicted GRG is calculated using the following formula: 

 

GRGpredicted = �̿�2𝐴 +  �̿�1𝐵 +  �̿�1𝐶 −  2𝑌 ̿       (7) 

 

where: 𝑌 ̿is overall mean of the GRG = 
𝑇𝑜𝑡𝑎𝑙 𝐺𝑅𝐺

16
 = 0.555, �̿�2𝐴,  �̿�1𝐵, �̿�1𝐶   are the average values 

of the GRG with parameters at optimal level from Table 9 

�̿�2𝐴 =  0.6188, �̿�1𝐵 = 0.5755 ,  �̿�1𝐶  = 0.7997 

The predicted GRG = 0.884 

 

d) Confidence Interval (CI) for OSOBCF 

For predicting the mean of confirmation experiment of GRG, confidence interval (CI) is 

applied (Srikant, et. al, 2008), which is determined from Equation (8). 

The confidence interval indicates the expected range of GRG for the optimal settings. 

The calculation for confidence interval is shown below. 
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CICE = √𝐹∝(1, 𝑓𝑒). 𝑉𝑒[
1

𝜂𝑒
+

1

𝑅
]        (8) 

 

where: Fα (1, fe) = F ratio required for α; α = risk, using the value fe = error DOF = 6; Ve is the 

error variance = 0.00275 from table 4.55, F0.05 (1, 6) = 5.987 (tabulated) 

R = Sample size of the confirmation test = 3 

ηe= 
𝑁

1+𝑉
; where ηe is the effective number of replications, number of trial = 16; N is the total 

number of the results = 16, V is the Total degree of freedom associated in the estimate of mean 

= 9  

ηe = 
16

1+9
= 1.6 

CICE = ±0.126 
 

Therefore, the predicted optimal of GRG at 95% confidence level of the experiment is  

 

(0.884 − 0.126) ≤ �̿�min   ≤ (0.884 + 0.126) 

0.758 ≤  �̿�min   ≤  1.01 

 

G.  Confirmation Test for OSOBCF 
 

The confirmation test was conducted for the optimal setting as follows: Ra = 0.136 μm, 

Tw = 0.03 mm. The grey relation grade of the experiment is 0.929 which is within the range of 

95% Confidence interval. Hence, the result shows that grey grade value of confirmation 

experiment is improved by 4.84% from the predicted mean value. Hence the grey relational 

analysis based on Taguchi method for the optimization of the multi response problems is a very 

useful tool for predicting the surface roughness and flank wear in the turning of 6061 aluminum 

alloy using carbide tool under OSOBCF. 

 

 

4.  CONCLUSIONS 

 

The effect of orange seed oil-based cutting fluid on 6061 aluminum alloy with a carbide 

tool was investigated in this study. The following conclusions were reached as a result of the 

findings: 

1) Based on the S/N analysis, surface roughness optimal turning parameters for OSOBCF 

on aluminium alloy are as follows: spindle speed at 180pm, feed rate at 0.105mm/rev, 

depth of cut at 0.5mm 

2) The ANOVA analysis for machining of aluminum alloy shows that 68.87% depth of 

cut, 22.44% spindle speed, and 6.22% feed rate have a significant effect on surface 

roughness  

3) The flank wear optimal turning parameters for aluminium alloy are 250rpm of spindle 

speed, 0.14mm/rev of feed rate, 0.5mm depth of cut 

4) The ANOVA analysis show the significant effect of input parameter on the flank wear 

of 77.73% depth of rate, 10.23% spindle speed and 5.45% feed rate. 
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5) The best multi-objective characteristics obtained for turning of aluminum alloy is at the 

spindle speed of 250 rpm, feed rate of 0.105mm/rev. and depth of cut of 0.5 mm 

6) It is show that multiple performance characteristics of the turning process such as 

surface roughness and flank wear are greatly improved together using this approach. 
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