Table 1 Coil type electromagnet specifications 
	Sr. No.
	Constituents 
	Description 

	1.
	Core material
	Mild steel (M.S.)

	2.
	Core size
	Core length = 175 mm 
Core radius = 25 mm
Core rod diameter = 35 mm

	3.
	Electromagnet coils
	Copper wire, 23 gauge, ɸ 0.5733mm No. of turns = 2500 per coil
Coil Weight = 3.820 kg

	4.
	Power supply (DC)
	0–240V 

	5.
	Magnetic flux density (Mf)
	0–2T






Table 2 Composition of magnetic abrasive media 
	Sr. No.
	Constituents
	Value of the constituents
	% Volume concentration in media 

	1.
	Silicon carbide (SiC) abrasive particle
	150 mesh size
220 mesh size
400 mesh size 
	45%, 50%, 55%


	2.
	Iron (Fe) particle 
	300 mesh size 
	10%

	3.
	Hydraulic oil
	68 number 
	10%

	4.
	Liquid silicon rubber
	White colour (RTV–2615) 
	35%, 30%, 25%







Table 3 Design of experiments and results 
	Run No.
	Extrusion
Pressure

(Ep)
	Mesh No.

(M)
	Concentration of Abrasives

(C) 
	Type of Work Material
(Wp)
	Number of Cycles
(N)
	Magnetic Flux Density
(Mf) 
	MRR 


(μg/s)
	ΔRa 


(μm)

	1
	5
	220
	45
	1
	150
	0.15
	6.31
	1.52

	2
	7
	400
	50
	1
	150
	0.3
	6.78
	2.24

	3
	5
	150
	55
	2
	200
	0.3
	7.78
	2.68

	4
	3
	400
	50
	3
	150
	0.3
	2.32
	0.79

	5
	3
	150
	50
	1
	150
	0.3
	5.01
	1.42

	6
	5
	220
	50
	2
	150
	0.3
	6.28
	1.73

	7
	7
	220
	50
	1
	100
	0.3
	6.79
	1.91

	8
	5
	400
	55
	2
	200
	0.3
	6.94
	2.21

	9
	3
	400
	50
	1
	150
	0.3
	4.56
	1.31

	10
	7
	220
	50
	3
	100
	0.3
	4.87
	1.72

	11
	5
	150
	45
	2
	200
	0.3
	7.66
	2.51

	12
	3
	220
	55
	2
	150
	0.45
	4.97
	1.39

	13
	5
	400
	45
	2
	200
	0.3
	6.82
	1.98

	14
	5
	220
	45
	3
	150
	0.45
	4.94
	1.73

	15
	5
	220
	45
	1
	150
	0.45
	6.83
	1.98

	16
	5
	400
	50
	2
	100
	0.45
	7.08
	2.19

	17
	7
	220
	50
	3
	200
	0.3
	5.87
	2.13

	18
	7
	220
	50
	1
	200
	0.3
	8.21
	2.79

	19
	5
	400
	50
	2
	200
	0.15
	6.58
	1.27

	20
	5
	400
	45
	2
	100
	0.3
	6.35
	1.81

	21
	3
	220
	45
	2
	150
	0.15
	4.68
	1.12

	22
	5
	220
	55
	1
	150
	0.15
	6.49
	1.65

	23
	5
	220
	50
	2
	150
	0.3
	6.42
	1.75

	24
	5
	400
	55
	2
	100
	0.3
	6.45
	1.87

	25
	3
	220
	50
	3
	200
	0.3
	3.29
	1.07

	26
	7
	220
	55
	2
	150
	0.45
	8.24
	2.83

	27
	5
	150
	50
	2
	100
	0.45
	7.62
	2.74

	28
	5
	220
	55
	3
	150
	0.45
	5.02
	1.96

	29
	5
	220
	55
	3
	150
	0.15
	4.37
	1.38

	30
	3
	150
	50
	3
	150
	0.3
	3.37
	1.01

	31
	5
	150
	50
	2
	200
	0.15
	7.29
	2.15

	32
	3
	220
	50
	1
	200
	0.3
	4.98
	1.38

	33
	5
	400
	50
	2
	200
	0.45
	7.23
	2.41

	34
	7
	220
	45
	2
	150
	0.45
	7.93
	2.61

	35
	5
	150
	45
	2
	100
	0.3
	7.2
	2.01

	36
	5
	150
	50
	2
	100
	0.15
	6.82
	1.89

	37
	5
	220
	50
	2
	150
	0.3
	7.05
	2.01

	38
	5
	220
	55
	1
	150
	0.45
	6.95
	2.29

	39
	3
	220
	50
	3
	100
	0.3
	3.21
	0.73

	40
	3
	220
	45
	2
	150
	0.45
	4.89
	1.21

	41
	5
	400
	50
	2
	100
	0.15
	5.74
	1.03

	42
	5
	150
	55
	2
	100
	0.3
	7.32
	2.17

	43
	3
	220
	50
	1
	100
	0.3
	4.91
	1.19

	44
	5
	220
	50
	2
	150
	0.3
	6.93
	1.76

	45
	5
	150
	50
	2
	200
	0.45
	8.41
	2.88

	46
	7
	150
	50
	1
	150
	0.3
	7.69
	2.68

	47
	7
	400
	50
	3
	150
	0.3
	3.93
	1.91

	48
	5
	220
	50
	2
	150
	0.3
	6.86
	1.89

	49
	7
	150
	50
	3
	150
	0.3
	5.28
	2.1

	50
	3
	220
	55
	2
	150
	0.15
	3.95
	1.13

	51
	5
	220
	45
	3
	150
	0.15
	4.12
	1.19

	52
	7
	220
	45
	2
	150
	0.15
	7.41
	2.16

	53
	5
	220
	50
	2
	150
	0.3
	7.11
	2.15

	54
	7
	220
	55
	2
	150
	0.15
	6.68
	2.23






Table 4 The weight percentage of material composition
	Element
	Al
	Fe
	Mg
	Cu
	Si
	Zn
	Mn
	Pb
	B
	Cr
	Ti

	Workpiece-1 
	Balance
	0.28
	0.76
	0.03
	9.15
	0.0010
	0.0064
	0.0025
	1.01
	0.0016
	0.0096

	Workpiece-2
	Balance
	0.16
	0.53
	0.02
	8.02
	0.0012
	0.0050
	0.0026
	1.96
	0.0021
	0.0090

	Workpiece-3
	Balance
	0.18
	0.72
	0.04
	6.82
	0.0012
	0.0068
	0.0027
	2.86
	0.0021
	0.0091




Table 5 Factors with their levels (actual and coded)
	Parameter
	Symbols
	Units
	Lower range
	Upper range
	Coded low
	Coded high
	Mean
	SD

	A
	Ep
	MPa
	3.00
	7
	‒1 ↔ 3
	+1 ↔ 7
	5.00
	1.35

	B
	M
	Number
	150
	400
	‒1 ↔ 150
	+1 ↔ 400
	244.44
	88.52

	C
	C
	Wt. %
	45
	55
	‒1 ↔ 45
	+1 ↔ 55
	50.00
	3.36

	D
	Wp
	type
	1
	3
	‒1 ↔ 1
	+1 ↔ 3
	2.00
	0.6729

	E
	N
	‒
	100
	200
	‒1 ↔ 100
	+1 ↔ 200
	150.00
	33.65

	F
	Mf
	Tesla
	0.15
	0.45
	‒1 ↔ 0.15
	+1 ↔ 0.45
	0.3000
	0.1009








Table 6 Experimental and ANN predicted results for MRR and ΔRa.
	

Run No.
	Input Parameters and their Values
	Experimental
	ANN Predicted
	Error
	Absolute Error %

	
	Extrusion
Pressure
(Ep)
	Mesh No.
(M)
	Conc. of abrasives
(C) 
	Type of work material
(Wp)
	Number of Cycles
(N)
	Magnetic flux density
(Mf) 
	MRR (μg/s)
	ΔRa (μm)
	MRR (μg/s)
	ΔRa (μm)
	MRR (μg/s)
	ΔRa (μm)
	MRR (μg/s)
	ΔRa (μm)

	1
	5
	220
	45
	1
	150
	0.15
	6.31
	1.52
	6.3035
	2.0972
	0.0065
	-0.5772
	0.10301
	-37.974

	2
	7
	400
	50
	1
	150
	0.3
	6.78
	2.24
	6.3437
	1.9609
	0.4363
	0.2791
	6.4351
	12.4598

	3
	5
	150
	55
	2
	200
	0.3
	7.78
	2.68
	7.1767
	2.1018
	0.6033
	0.5782
	7.7545
	21.5746

	4
	3
	400
	50
	3
	150
	0.3
	2.32
	0.79
	2.812
	1.014
	-0.492
	-0.224
	-21.207
	-28.354

	5
	3
	150
	50
	1
	150
	0.3
	5.01
	1.42
	5.0476
	1.5966
	-0.0376
	-0.1766
	-0.7505
	-12.437

	6
	5
	220
	50
	2
	150
	0.3
	6.28
	1.73
	6.0937
	2.0668
	0.1863
	-0.3368
	2.96656
	-19.468

	7
	7
	220
	50
	1
	100
	0.3
	6.79
	1.91
	6.1354
	2.1064
	0.6546
	-0.1964
	9.64065
	-10.283

	8
	5
	400
	55
	2
	200
	0.3
	6.94
	2.21
	6.414
	1.9686
	0.526
	0.2414
	7.57925
	10.9231

	9
	3
	400
	50
	1
	150
	0.3
	4.56
	1.31
	4.7999
	2.0319
	-0.2399
	-0.7219
	-5.261
	-55.107

	10
	7
	220
	50
	3
	100
	0.3
	4.87
	1.72
	4.7657
	2.0746
	0.1043
	-0.3546
	2.14168
	-20.616

	11
	5
	150
	45
	2
	200
	0.3
	7.66
	2.51
	7.157
	1.9499
	0.503
	0.5601
	6.56658
	22.3147

	12
	3
	220
	55
	2
	150
	0.45
	4.97
	1.39
	4.2988
	2.2508
	0.6712
	-0.8608
	13.505
	-61.928

	13
	5
	400
	45
	2
	200
	0.3
	6.82
	1.98
	6.1226
	1.9592
	0.6974
	0.0208
	10.2258
	1.05051

	14
	5
	220
	45
	3
	150
	0.45
	4.94
	1.73
	4.9479
	1.966
	-0.0079
	-0.236
	-0.1599
	-13.642

	15
	5
	220
	45
	1
	150
	0.45
	6.83
	1.98
	6.0776
	1.9666
	0.7524
	0.0134
	11.0161
	0.67677

	16
	5
	400
	50
	2
	100
	0.45
	7.08
	2.19
	6.8954
	1.9772
	0.1846
	0.2128
	2.60734
	9.71689

	17
	7
	220
	50
	3
	200
	0.3
	5.87
	2.13
	6.2676
	1.9399
	-0.3976
	0.1901
	-6.7734
	8.92488

	18
	7
	220
	50
	1
	200
	0.3
	8.21
	2.79
	8.4127
	1.9177
	-0.2027
	0.8723
	-2.4689
	31.2652

	19
	5
	400
	50
	2
	200
	0.15
	6.58
	1.27
	6.9458
	1.9659
	-0.3658
	-0.6959
	-5.5593
	-54.795

	20
	5
	400
	45
	2
	100
	0.3
	6.35
	1.81
	6.8886
	1.9812
	-0.5386
	-0.1712
	-8.4819
	-9.4586

	21
	3
	220
	45
	2
	150
	0.15
	4.68
	1.12
	4.2477
	2.367
	0.4323
	-1.247
	9.23718
	-111.34

	22
	5
	220
	55
	1
	150
	0.15
	6.49
	1.65
	6.8583
	2.8593
	-0.3683
	-1.2093
	-5.6749
	-73.291

	23
	5
	220
	50
	2
	150
	0.3
	6.42
	1.75
	6.0937
	2.0668
	0.3263
	-0.3168
	5.08255
	-18.103

	24
	5
	400
	55
	2
	100
	0.3
	6.45
	1.87
	6.3684
	2.2043
	0.0816
	-0.3343
	1.26512
	-17.877

	25
	3
	220
	50
	3
	200
	0.3
	3.29
	1.07
	3.0594
	2.0373
	0.2306
	-0.9673
	7.00912
	-90.402

	26
	7
	220
	55
	2
	150
	0.45
	8.24
	2.83
	8.4916
	1.9787
	-0.2516
	0.8513
	-3.0534
	30.0813

	27
	5
	150
	50
	2
	100
	0.45
	7.62
	2.74
	7.4669
	2.1746
	0.1531
	0.5654
	2.00919
	20.635

	28
	5
	220
	55
	3
	150
	0.45
	5.02
	1.96
	5.8292
	2.0378
	-0.8092
	-0.0778
	-16.12
	-3.9694

	29
	5
	220
	55
	3
	150
	0.15
	4.37
	1.38
	4.0086
	2.7685
	0.3614
	-1.3885
	8.27002
	-100.62

	30
	3
	150
	50
	3
	150
	0.3
	3.37
	1.01
	3.7901
	2.492
	-0.4201
	-1.482
	-12.466
	-146.73

	31
	5
	150
	50
	2
	200
	0.15
	7.29
	2.15
	7.9561
	2.1307
	-0.6661
	0.0193
	-9.1372
	0.89767

	32
	3
	220
	50
	1
	200
	0.3
	4.98
	1.38
	5.1189
	2.0513
	-0.1389
	-0.6713
	-2.7892
	-48.645

	33
	5
	400
	50
	2
	200
	0.45
	7.23
	2.41
	7.0164
	1.9602
	0.2136
	0.4498
	2.95436
	18.6639

	34
	7
	220
	45
	2
	150
	0.45
	7.93
	2.61
	7.1626
	1.9596
	0.7674
	0.6504
	9.67718
	24.9195

	35
	5
	150
	45
	2
	100
	0.3
	7.2
	2.01
	7.4179
	2.2182
	-0.2179
	-0.2082
	-3.0264
	-10.358

	36
	5
	150
	50
	2
	100
	0.15
	6.82
	1.89
	6.6944
	1.1468
	0.1256
	0.7432
	1.84164
	39.3228

	37
	5
	220
	50
	2
	150
	0.3
	7.05
	2.01
	7.0937
	2.0668
	-0.0437
	-0.0568
	-0.6199
	-2.8259

	38
	5
	220
	55
	1
	150
	0.45
	6.95
	2.29
	6.1282
	2.0597
	0.8218
	0.2303
	11.8245
	10.0568

	39
	3
	220
	50
	3
	100
	0.3
	3.21
	0.73
	3.0021
	0.777
	0.2079
	-0.047
	6.47664
	-6.4384

	40
	3
	220
	45
	2
	150
	0.45
	4.89
	1.21
	4.8918
	1.986
	-0.0018
	-0.776
	-0.0368
	-64.132

	41
	5
	400
	50
	2
	100
	0.15
	5.74
	1.03
	5.2717
	1.253
	0.4683
	-0.223
	8.15854
	-21.65

	42
	5
	150
	55
	2
	100
	0.3
	7.32
	2.17
	7.5247
	2.0874
	-0.2047
	0.0826
	-2.7964
	3.80645

	43
	3
	220
	50
	1
	100
	0.3
	4.91
	1.19
	4.772
	1.8913
	0.138
	-0.7013
	2.81059
	-58.933

	44
	5
	220
	50
	2
	150
	0.3
	6.93
	1.76
	6.0937
	2.0668
	0.8363
	-0.3068
	12.0678
	-17.432

	45
	5
	150
	50
	2
	200
	0.45
	8.41
	2.88
	8.1814
	1.958
	0.2286
	0.922
	2.71819
	32.0139

	46
	7
	150
	50
	1
	150
	0.3
	7.69
	2.68
	7.159
	1.9973
	0.531
	0.6827
	6.90507
	25.4739

	47
	7
	400
	50
	3
	150
	0.3
	3.93
	1.91
	4.002
	1.9634
	-0.072
	-0.0534
	-1.8321
	-2.7958

	48
	5
	220
	50
	2
	150
	0.3
	6.86
	1.89
	6.0937
	2.0668
	0.7663
	-0.1768
	11.1706
	-9.3545

	49
	7
	150
	50
	3
	150
	0.3
	5.28
	2.1
	4.993
	2.0032
	0.287
	0.0968
	5.43561
	4.60952

	50
	3
	220
	55
	2
	150
	0.15
	3.95
	1.13
	4.6401
	1.2329
	-0.6901
	-0.1029
	-17.471
	-9.1062

	51
	5
	220
	45
	3
	150
	0.15
	4.12
	1.19
	4.0588
	2.0743
	0.0612
	-0.8843
	1.48544
	-74.311

	52
	7
	220
	45
	2
	150
	0.15
	7.41
	2.16
	7.0509
	1.9744
	0.3591
	0.1856
	4.84615
	8.59259

	53
	5
	220
	50
	2
	150
	0.3
	7.11
	2.15
	7.0937
	2.0668
	0.0163
	0.0832
	0.22925
	3.86977

	54
	7
	220
	55
	2
	150
	0.15
	6.68
	2.23
	6.6069
	2.3228
	0.0731
	-0.0928
	1.09431
	-4.1614








Table 7 Modeling Error Reduction by Parameter Optimization Techniques
	Coefficient Type
	Experimental
	Particle Swarm Optimization
(PSO)
	Genetic Algorithm

(GA)
	Simulated Annealing

(SA)
	Pattern Search

(PS)

	Mean Square Error
	4.1919
	1.3575
	1.9225
	1.3561
	1.9423



