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	Device Name
	Purpose of usage

	CNC lathe machine
	For turning operation

	Sono bright Ultrasonic vibration machine
	To mix an avocado oil and water

	Round bottom flask
	To contain the mixed oil and distilled water

	Portable grinder
	For grinding

	Surface roughness tester
	To measure the surface roughness


Table 1. Machines and equipment used in the experiments.
	Machining parameters
	Levels

	Input parameter
	Unit
	L1
	L2
	L3
	L4

	Cutting speed
	rpm
	900
	1000
	1100
	1200

	Feed rate
	mm/min
	85
	90
	95
	100

	Depth of cut
	mm
	0.5
	1
	1.5
	2

	Avocado oil fluids
	/s
	0
	3
	6
	9


Table 2. Machining parameters and their level
	S/N
	Fluid: AO
	
Exp.No
	Input parameters
	Output parameters

	
	
	
	Cutting speed
	Feed rate
	Depth of cut
	Ra (μm)

	1
	0% AO with 100% DW
	E1
	900
	85
	0.1
	1.87

	
	
	E2
	900
	90
	1
	0.95

	
	
	E3
	900
	95
	1.5
	2.05

	
	
	E4
	900
	100
	2
	2.1

	2
	3% AO with 97% DW
	E5
	1000
	85
	1
	1.56

	
	
	E6
	1000
	90
	0.1
	1.72

	
	
	E7
	1000
	95
	2
	0.98

	
	
	E8
	1000
	100
	1.5
	0.93

	3
	6% AO with 94% DW
	E9
	1100
	85
	1.5
	1.07

	
	
	E10
	1100
	90
	2
	0.67

	
	
	E11
	1100
	95
	0.1
	0.89

	
	
	E12
	1100
	100
	1
	0.56

	4
	9% AO with 91% DW
	E13
	1200
	85
	2
	0.14

	
	
	E14
	1200
	90
	1.5
	0.22

	
	
	E15
	1200
	95
	1
	0.39

	
	
	E16
	1200
	100
	0.1
	0.12


Table 3. Experimental result for Ra.
	Source
	DF
	Adj SS
	Adj MS
	F-Value
	P-Value
	% of C
	Hypothesis

	Cutting Speed
	3
	5.16
	1.72
	12.96
	0.032
	76.78
	Significant

	Feed Rate
	3
	0.19
	0.06
	0.48
	0.031
	2.82
	Significant

	Depth of Cut
	3
	0.18
	0.06
	0.45
	0.043
	2.67
	Significant

	Avocado oil fluid
	3
	0.77
	0.25
	1.95
	0.019
	11.45
	Significant

	Error
	3
	0.39
	0.13
	
	
	5.8
	

	Total
	15
	6.72
	
	
	
	
	


Table 4. ANOVA for Ra versus Oil, Speed, Feed and Doc

	Factors
	A
	B
	C
	D
	Grey relational grade
	Grey relational Rank


	Trail no
	Column
	
	

	
	1
	2
	3
	4
	
	

	1
	1
	1
	1
	1
	0.361
	14

	2
	1
	2
	2
	2
	0.543
	9

	3
	1
	3
	3
	3
	0.339
	15

	4
	1
	4
	4
	4
	0.333
	16

	5
	2
	1
	2
	3
	0.407
	12

	6
	2
	2
	1
	4
	0.382
	13

	7
	2
	3
	4
	1
	0.535
	10

	8
	2
	4
	3
	2
	0.55
	8

	9
	3
	1
	3
	4
	0.51
	11

	10
	3
	2
	4
	3
	0.642
	6

	11
	3
	3
	1
	2
	0.562
	7

	12
	3
	4
	2
	1
	0.692
	5

	13
	4
	1
	4
	2
	0.98
	2

	14
	4
	2
	3
	1
	0.908
	3

	15
	4
	3
	2
	4
	0.785
	4

	16
	4
	4
	1
	3
	1
	1


                   Table 5. Response table for mean Grey relational grade (GRG)
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Level
	Input parameters

	
	Avocado oil
	Cutting speed
	Feed rate
	Depth of cut

	Level 1
	0.394
	0.564
	0.576
	0.624

	Level 2
	0.468
	0.618
	0.606
	0.658

	Level 3
	0.601
	0.555
	0.576
	0.597

	Level 4
	0.918
	0.643
	0.622
	0.502

	Max.
	0.918
	0.643
	0.622
	0.658

	Min.
	0.394
	0.555
	0.576
	0.502

	Max.- Min.
	0.524
	0.088
	0.046
	0.156

	Rank
	1
	3
	4
	2



Table 6. Average GRG
	S/N
	Response
	Calculated value
	Experimental value
	(%) Error

	1
	Surface roughness 
	0.11
	0.12
	9.09


Table 7.  Confirmation test for Ra
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