Appendix A.  Experimental data of the two-level L8 OA experiment of a through microhole 
[bookmark: _Hlk78118356]Table A1.  Thrust force and S/N ratio of L8 OA experiment 
	Trial
	Columns of L8 OA
	Average of thrust force peaks (N)
	Mean

(N)
	Std.  dev. 
(N)
	S/N
ratio
(dB)

	
	(1)
A
	(2)
B
	(3)
AB
	(4)
C
	(5)
AC
	(6)
BC
	Fz-1
	Fz-2
	Fz-3
	Fz-4
	Fz-5
	
	
	

	Trial-1
	1
	1
	1
	1
	1
	1
	1.397
	1.375
	1.344
	1.300
	1.337
	1.351
	0.037
	-2.61

	Trial-2
	1
	1
	1
	2
	2
	2
	1.162
	1.233
	1.197
	1.117
	1.052
	1.152
	0.070
	-1.25

	Trial-3
	1
	2
	2
	1
	1
	2
	1.872
	1.893
	1.855
	1.856
	1.855
	1.866
	0.0167
	-5.42

	Trial-4
	1
	2
	2
	2
	2
	1
	1.667
	1.826
	1.806
	1.795
	1.724
	1.763
	0.066
	-4.93

	Trial-5
	2
	1
	2
	1
	2
	1
	1.091
	1.173
	1.161
	1.079
	1.092
	1.119
	0.044
	-0.99

	Trial-6
	2
	1
	2
	2
	1
	2
	1.085
	1.089
	1.069
	1.054
	1.030
	1.066
	0.024
	-0.55

	Trial-7
	2
	2
	1
	1
	2
	2
	1.722
	1.730
	1.612
	1.582
	1.626
	1.654
	0.068
	-4.38

	Trial-8
	2
	2
	1
	2
	1
	1
	1.639
	1.626
	1.564
	1.546
	1.544
	1.584
	0.046
	-4.00

	　Average    
	1.444
	0.047
	-3.02


Table A2.  Data of hole characteristics and S/N ratio of L8 OA experiment 
	Trial
	Control factor 
	Hole diameter
(nominal-the-best)
	Roundness 
(smaller-the-better)
	Positional error 
(smaller-the-better)

	
	
	Avg.

(μm)
	Std.
dev.
(μm)
	S/N
ratio
(dB)
	Avg.

(μm)
	Std.
dev.
(μm)
	S/N
ratio
(dB)
	Avg.

(μm)
	Std. 
dev.
(μm)
	S/N
ratio
(dB)

	
	A
	B
	C
	
	
	
	
	
	
	
	
	

	Trial-1
	1
	1
	1
	311.22
	0.228
	-1.88
	1.00
	0.141
	-0.09
	0.47
	0.232
	5.55

	Trial-2
	1
	1
	2
	311.04
	0.152
	-0.43
	1.02
	0.110
	-0.22
	0.37
	0.162
	7.87

	Trial-3
	1
	2
	1
	311.34
	0.416
	-2.94
	1.14
	0.251
	-1.34
	0.56
	0.260
	4.23

	Trial-4
	1
	2
	2
	310.86
	0.089
	1.26
	1.04
	0.207
	-0.51
	0.63
	0.465
	2.08

	Trial-5
	2
	1
	1
	311.02
	0.217
	-0.36
	0.70
	0.158
	2.88
	0.25
	0.115
	11.16

	Trial-6
	2
	1
	2
	310.46
	0.365
	4.63
	0.86
	0.182
	1.12
	0.35
	0.161
	8.20

	Trial-7
	2
	2
	1
	310.90
	0.235
	0.63
	0.80
	0.274
	1.46
	0.67
	0.317
	2.58

	Trial-8
	2
	2
	2
	310.76
	0.416
	1.25
	1.04
	0.404
	-0.95
	0.49
	0.192
	5.54

	Average 
	310.95
	0.265
	0.27
	0.95
	0.216
	0.29
	0.48
	0.238
	5.90





Appendix B.  Experimental data of the three-level L9 OA experiment of a stepped microhole 
Table B1.  Thrust force and S/N ratio of the upper main hole of L9 OA experiment 
	Trial
	Control factor 
	Average of thrust force peaks (N)
	Mean

(N)
	Std. dev.  (N)
	S/N ratio (dB)

	
	A
	B
	C
	Fz-1
	Fz-2
	Fz-3
	
	
	

	Trial-1
	1
	1
	1
	1.070
	1.069
	0.962
	1.034
	0.062
	-0.30

	Trial-2
	1
	2
	2
	1.015
	1.070
	1.053
	1.046
	0.028
	-0.39

	Trial-3
	1
	3
	3
	1.270
	1.226
	1.152
	1.216
	0.060
	-1.71

	Trial-4
	2
	1
	2
	0.968
	0.911
	0.965
	0.948
	0.032
	0.46

	Trial-5
	2
	2
	3
	1.124
	1.134
	1.086
	1.115
	0.025
	-0.95

	Trial-6
	2
	3
	1
	1.374
	1.361
	1.302
	1.345
	0.039
	-2.58

	Trial-7
	3
	1
	3
	0.994
	1.022
	1.016
	1.011
	0.015
	-0.09

	Trial-8
	3
	2
	1
	1.105
	1.080
	1.041
	1.075
	0.032
	-0.64

	Trial-9
	3
	3
	2
	1.254
	1.116
	1.246
	1.205
	0.077
	-1.64

	Average
	1.111
	0.041
	-0.87


Table B2.  Data of hole characteristics and S/N ratio of the upper main hole of L9 OA experiment 
	Trial
	Control factor 
	Hole diameter
(nominal-the-best)
	Roundness
(smaller-the-better)
	Positional error
(smaller-the-better)

	
	
	Avg.

()
	Std. 
dev. 
()
	S/N
ratio
(dB)
	Avg.

()
	Std.
dev. 
()
	S/N
ratio
(dB)
	Avg.

()
	Std. 
dev. 
()
	S/N
ratio
(dB)

	
	A
	B
	C
	
	
	
	
	
	
	
	
	

	Trial-1
	1
	1
	1
	310.43
	0.154
	6.84
	0.84
	0.015
	1.53
	0.20
	0.102
	12.83

	Trial-2
	1
	2
	2
	310.28
	0.176
	9.68
	0.94
	0.167
	0.37
	0.26
	0.236
	9.01

	Trial-3
	1
	3
	3
	310.21
	0.177
	11.33
	1.19
	0.263
	-1.72
	0.34
	0.237
	7.64

	Trial-4
	2
	1
	2
	309.52
	0.023
	6.42
	1.72
	0.502
	-5.06
	0.38
	0.165
	7.74

	Trial-5
	2
	2
	3
	309.65
	0.226
	7.63
	1.78
	0.321
	-5.15
	0.28
	0.026
	11.06

	Trial-6
	2
	3
	1
	309.94
	0.092
	19.31
	0.98
	0.130
	0.10
	0.34
	0.139
	8.80

	Trial-7
	3
	1
	3
	310.26
	0.208
	9.62
	1.06
	0.134
	-0.59
	0.26
	0.038
	11.49

	Trial-8
	3
	2
	1
	309.64
	0.258
	7.13
	1.00
	0.054
	0.01
	0.26
	0.018
	11.83

	Trial-9
	3
	3
	2
	309.82
	0.226
	10.80
	0.98
	0.096
	0.09
	0.37
	0.288
	6.62

	Average 
	309.97
	0.171
	9.86
	1.17
	0.187
	-1.16
	0.30
	0.139
	9.67


Table B3.  Thrust force and positional errors of the bottom through hole of L9 OA experiment. 
	Spindle speed
(rpm)
	Average of the thrust force peaks (N)
	Mean

(N)
	Std.
dev.
(N)
	S/N
ratio
(dB)

	
	Trial-1
	Trial-2
	Trial-3
	Trial-4
	Trial-5
	Trial-6
	Trial-7
	Trial-8
	Trial-9
	
	
	

	9000
	0.679
	0.705
	0.674
	0.703
	0.567
	0.881
	0.859
	0.758
	0.815
	0.738
	0.100
	2.56

	9250
	0.684
	0.684
	0.596
	0.863
	0.791
	0.640
	0.719
	0.733
	0.824
	0.726
	0.087
	2.72

	9500
	0.594
	0.636
	0.636
	0.779
	0.670
	0.793
	0.672
	0.723
	0.697
	0.689
	0.067
	3.20

	Spindle speed
(rpm)
	Average of positional errors of the bottom through hole ()
	Mean

()
	Std.
dev.
()
	S/N ratio
(dB)

	
	Trial-1
	Trial-2
	Trial-3
	Trial-4
	Trial-5
	Trial-6
	Trial-7
	Trial-8
	Trial-9
	
	
	

	9000
	1.51
	1.23
	0.82
	0.83
	0.67
	0.68
	1.08
	1.76
	1.66
	1.14
	0.42
	-1.72

	9250
	2.18
	1.81
	0.88
	0.70
	1.18
	1.31
	1.21
	0.52
	0.64
	1.16
	0.55
	-2.19

	9500
	0.84
	0.81
	0.77
	1.24
	0.61
	1.11
	1.16
	0.26
	0.41
	0.80
	0.33
	1.19
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