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[bookmark: _Ref159869031][bookmark: _Toc161327069][image: Ein Bild, das Diagramm, Entwurf enthält.

KI-generierte Inhalte können fehlerhaft sein.]
[bookmark: _Ref174006009][bookmark: _Ref174458527][bookmark: _Ref159868969][bookmark: _Toc161327068]Figure VIII. ANN with one hidden layer between an input layer and an output layer, based on (Wenzel et al. 2022)
[bookmark: _Ref206055069]Source: Authors’ own work

Table IV. Parameters used for the random forest regression
	Number of Measurements
	Test Split
	MSE
	R2

	140
	0.2
	1.78 units
	0.91


Source: Authors’ own work
[bookmark: _Ref174009951][bookmark: _Ref174459063][bookmark: _Toc161327070]Table V. Lower and upper bounds of input parameters for published red laser data
	i
	Input Parameter Xi
	Lower Bound LB
	Upper Bound UB

	1
	Laser power
	100 
	1200 

	2
	Scanning speed
	50 
	1200 

	3
	Hatch distance
	10 
	120 

	4
	Laser spot diameter
	20 
	100 

	5
	Layer thickness
	10 
	55 

	6
	Powder size
	15 
	50 


Source: Authors’ own work
[bookmark: _Ref206055344][bookmark: _Toc161327075]Table VI. Lower and upper bounds of input parameters (green laser)
	i
	Input Parameter Xi
	Lower Bound LB
	Upper Bound UB

	1
	Laser power
	100 
	200 

	2
	Scanning speed
	50 
	1200 

	3
	Hatch distance
	30 
	70 

	4
	Laser spot diameter
	40 
	80 

	5
	Layer thickness
	20 
	40 

	6
	Powder size
	20 
	30 


Source: Authors’ own work
[bookmark: _Ref174010197][bookmark: _Ref174459123][bookmark: _Ref174010193]Table VII. Examples of unnormalized and normalized data
	Unnormalized Data
	Normalized Data

	70 %
	0

	75 %
	0.051

	95 %
	0.478

	99 %
	0.798

	99.9 %
	0.972

	100 %
	1


Source: Authors’ own work
[bookmark: _Ref174010414][bookmark: _Ref174459250][bookmark: _Toc161327073]Table VIII. Averaged MSE and RMSE of relative density in percentage points (red laser)
	Method
	MSE
	RMSE
	MSE*
	RMSE*

	PINN
	4.58
	2.14
	3.36
	1.83

	ANN
	14.84
	3.85
	9.79
	3.13

	Linear regression
	18.47
	4.30
	12.95
	3.59

	*Elimination of number 11 as a potential outlier 


Source: Authors’ own work

[bookmark: _Ref174010812][bookmark: _Ref176786004][bookmark: _Toc161327076]Table IX. Averaged MSE and RMSE of relative density in percentage points (green laser)
	Method
	MSE
	RMSE

	PINN
	2.12
	1.46

	ANN
	4.79
	2.19

	Linear regression
	3.24
	1.80

	Source: Authors’ own work
	
	


[bookmark: _Ref174005920][bookmark: _Ref174459330]Table X. Published research used for Figure I
	Number
	DOI
	Reference

	1
	-
	(Binghau Lu 2020)

	2
	10.1007/s00501-021-01107-0
	(Bonesso et al. 2021)

	3
	10.1108/RPJ-06-2018-0143
	(Guan et al. 2019)

	4
	10.1007/s11837-017-2695-x
	(Ikeshoji et al. 2018)

	5
	10.1016/j.jmatprotec.2019.02.022
	(Jadhav et al. 2019)

	6
	10.1016/j.addma.2020.101607
	(Jadhav et al. 2020a)

	7
	10.1016/j.addma.2021.101990
	(Jadhav et al. 2021)

	8
	10.1002/mdp2.94
	(Jadhav et al. 2020b)

	9
	10.1016/j.jallcom.2022.167425
	(Jeyaprakash et al. 2023)

	10
	10.1016/j.matdes.2019.108406
	(Ma et al. 2020)

	11
	10.1016/j.cirp.2021.03.006
	(Overmeyer et al. 2021)

	12
	10.1016/j.addma.2021.102417
	(Qu et al. 2021)

	13
	10.1016/j.matlet.2021.131141
	(Shen et al. 2022)

	14
	10.1016/j.addma.2019.100831
	(Silbernagel et al. 2019)

	15
	10.1016/j.jallcom.2022.166627
	(Tang et al. 2022a)

	16
	10.1016/j.matdes.2022.111419
	(Tang et al. 2022b)

	17
	10.1016/j.addma.2021.102562
	(Tertuliano et al. 2022)

	18
	10.1080/02670836.2019.1600840
	(Tiberto et al. 2019)

	19
	-
	(Trevisan et al. 2017)

	20
	10.1016/j.msea.2020.139615
	(Yan et al. 2020)

	21
	10.1016/j.jallcom.2021.160475
	(Yu et al. 2021)


Source: Authors’ own work / literature research conducted by the authors

[bookmark: _Ref174008756][bookmark: _Ref176792203]Table XI. Research used for the extraction of data for the red laser PINN
	Number of Measurements
	Reference

	48 (1-48)
	(Bonesso et al. 2021)

	24 (49-72)
	(Jadhav et al. 2021)

	17 (73-89)
	(Binghau Lu 2020)

	17 (90-106)
	(Yan et al. 2020)

	15 (107-121)
	(Imai et al. 2020)

	14 (122-135)
	(Qu et al. 2021)

	9 (136-144)
	(Guan et al. 2019)

	6 (145-150)
	(Ikeshoji et al. 2018)

	6 (150-156)
	(Tertuliano et al. 2022)

	4 (157-160)
	(Jadhav et al. 2019)


Source: Authors’ own work / literature research conducted by the authors
[bookmark: _Ref176358624]Table XII. Data extracted from the literature in Table XI for red laser LPBF systems
	#
	Laser Power 
	Scanning Speed

	Hatch Distance 
	Laser Spot Diameter

	Layer Thickness


	Powder Size

	Relative Density
[%]

	1
	370
	400
	110
	82
	20
	19.5
	97.40

	2
	370
	200
	80
	82
	20
	19.5
	96.80

	3
	370
	200
	90
	82
	20
	19.5
	96.50

	4
	370
	200
	100
	82
	20
	19.5
	96.30

	5
	370
	500
	80
	82
	20
	19.5
	96.80

	6
	370
	300
	110
	82
	20
	19.5
	97.00

	7
	370
	500
	90
	82
	20
	19.5
	97.20

	8
	370
	500
	100
	82
	20
	19.5
	98.00

	9
	370
	500
	110
	82
	20
	19.5
	97.20

	10
	370
	200
	80
	82
	20
	27.4
	92.10

	11
	370
	200
	90
	82
	20
	27.4
	92.50

	12
	370
	200
	100
	82
	20
	27.4
	93.20

	13
	370
	300
	80
	82
	20
	27.4
	91.50

	14
	370
	300
	90
	82
	20
	27.4
	92.20

	15
	370
	300
	100
	82
	20
	27.4
	93.40

	16
	370
	400
	110
	82
	20
	27.4
	92.50

	17
	370
	500
	80
	82
	20
	27.4
	92.50

	18
	370
	500
	90
	82
	20
	27.4
	92.40

	19
	370
	500
	100
	82
	20
	27.4
	91.90

	20
	370
	500
	110
	82
	20
	27.4
	92.00

	21
	370
	200
	80
	82
	20
	18.7
	93.40

	22
	370
	200
	90
	82
	20
	18.7
	93.30

	23
	370
	200
	10
	82
	20
	18.7
	92.70

	24
	370
	200
	110
	82
	20
	18.7
	94.10

	25
	370
	300
	110
	82
	20
	18.7
	93.90

	26
	370
	400
	80
	82
	20
	18.7
	93.60

	27
	370
	400
	90
	82
	20
	18.7
	94.00

	28
	370
	400
	100
	82
	20
	18.7
	94.00

	29
	370
	400
	110
	82
	20
	18.7
	93.20

	30
	370
	500
	80
	82
	20
	18.7
	93.70

	31
	370
	500
	90
	82
	20
	18.7
	93.20

	32
	370
	500
	100
	82
	20
	18.7
	96.60

	33
	370
	500
	110
	82
	20
	18.7
	97.60

	34
	370
	200
	110
	82
	20
	19.5
	96.40

	35
	370
	300
	80
	82
	20
	19.5
	97.60

	36
	370
	300
	90
	82
	20
	19.5
	96.40

	37
	370
	300
	100
	82
	20
	19.5
	97.40

	38
	370
	400
	80
	82
	20
	19.5
	97.20

	39
	370
	300
	110
	82
	20
	27.4
	92.50

	40
	370
	400
	80
	82
	20
	27.4
	92.50

	41
	370
	400
	90
	82
	20
	27.4
	92.60

	42
	370
	400
	100
	82
	20
	27.4
	92.40

	43
	370
	300
	80
	82
	20
	18.7
	93.20

	44
	370
	300
	90
	82
	20
	18.7
	94.10

	45
	370
	300
	100
	82
	20
	18.7
	93.40

	46
	370
	200
	110
	82
	20
	27.4
	91.90

	47
	370
	400
	90
	82
	20
	19.5
	98.30

	48
	370
	400
	100
	82
	20
	19.5
	98.10

	49
	200
	100
	90
	37.5
	30
	44.4
	89.10

	50
	200
	200
	90
	37.5
	30
	44.4
	88.50

	51
	200
	400
	90
	37.5
	30
	44.4
	89.70

	52
	200
	600
	90
	37.5
	30
	44.4
	89.00

	53
	200
	800
	90
	37.5
	30
	44.4
	87.80

	54
	200
	1000
	90
	37.5
	30
	44.4
	90.60

	55
	300
	100
	90
	37.5
	30
	44.4
	97.10

	56
	300
	200
	90
	37.5
	30
	44.4
	97.50

	57
	300
	400
	90
	37.5
	30
	44.4
	96.30

	58
	300
	600
	90
	37.5
	30
	44.4
	94.50

	59
	300
	800
	90
	37.5
	30
	44.4
	91.90

	60
	300
	1000
	90
	37.5
	30
	44.4
	89.00

	61
	400
	100
	90
	37.5
	30
	44.4
	94.30

	62
	400
	200
	90
	37.5
	30
	44.4
	96.10

	63
	400
	400
	90
	37.5
	30
	44.4
	98.10

	64
	400
	600
	90
	37.5
	30
	44.4
	98.70

	65
	400
	800
	90
	37.5
	30
	44.4
	98.20

	66
	400
	1000
	90
	37.5
	30
	44.4
	92.90

	67
	500
	100
	90
	37.5
	30
	44.4
	95.50

	68
	500
	200
	90
	37.5
	30
	44.4
	96.00

	69
	500
	400
	90
	37.5
	30
	44.4
	98.10

	70
	500
	600
	90
	37.5
	30
	44.4
	99.00

	71
	500
	800
	90
	37.5
	30
	44.4
	99.30

	72
	500
	1000
	90
	37.5
	30
	44.4
	92.60

	73
	350
	50
	120
	100
	30
	42.65
	86.50

	74
	350
	100
	120
	100
	30
	42.65
	87.00

	75
	350
	150
	120
	100
	30
	42.65
	87.00

	76
	350
	200
	120
	100
	30
	42.65
	87.70

	77
	350
	300
	120
	100
	30
	42.65
	86.20

	78
	350
	500
	120
	100
	30
	42.65
	87.50

	79
	350
	700
	120
	100
	30
	42.65
	86.00

	80
	350
	800
	120
	100
	30
	42.65
	86.50

	81
	300
	50
	120
	100
	30
	42.65
	81.50

	82
	300
	100
	120
	100
	30
	42.65
	84.50

	83
	300
	150
	120
	100
	30
	42.65
	85.20

	84
	300
	200
	120
	100
	30
	42.65
	84.80

	85
	300
	300
	120
	100
	30
	42.65
	84.10

	86
	300
	500
	120
	100
	30
	42.65
	83.20

	87
	200
	50
	120
	100
	30
	42.65
	79.90

	88
	200
	100
	120
	100
	30
	42.65
	79.70

	89
	200
	200
	120
	100
	30
	42.65
	81.50

	90
	150
	1000
	80
	100
	30
	31.2
	82.00

	91
	150
	800
	80
	100
	30
	31.2
	84.00

	92
	150
	600
	80
	100
	30
	31.2
	88.00

	93
	150
	400
	80
	100
	30
	31.2
	96.50

	94
	150
	200
	80
	100
	30
	31.2
	96.00

	95
	200
	1000
	80
	100
	30
	31.2
	86.00

	96
	200
	600
	80
	100
	30
	31.2
	93.00

	97
	200
	400
	80
	100
	30
	31.2
	98.50

	98
	200
	200
	80
	100
	30
	31.2
	92.00

	99
	250
	800
	80
	100
	30
	31.2
	92.00

	100
	250
	600
	80
	100
	30
	31.2
	97.00

	101
	250
	400
	80
	100
	30
	31.2
	97.00

	102
	300
	1000
	80
	100
	30
	31.2
	91.00

	103
	350
	1000
	80
	100
	30
	31.2
	95.50

	104
	350
	800
	80
	100
	30
	31.2
	98.00

	105
	350
	600
	80
	100
	30
	31.2
	98.00

	106
	350
	400
	80
	100
	30
	31.2
	95.00

	107
	600
	300
	50
	100
	50
	28
	98.50

	108
	700
	300
	50
	100
	50
	28
	99.50

	109
	800
	300
	25
	100
	50
	28
	95.70

	110
	800
	300
	40
	100
	50
	28
	95.90

	111
	800
	300
	75
	100
	50
	28
	96.40

	112
	800
	300
	100
	100
	50
	28
	96.60

	113
	800
	300
	120
	100
	50
	28
	96.00

	114
	800
	600
	50
	100
	50
	28
	98.60

	115
	800
	900
	50
	100
	50
	28
	98.50

	116
	800
	1200
	50
	100
	50
	28
	98.50

	117
	900
	300
	50
	100
	50
	28
	99.50

	118
	900
	600
	50
	100
	50
	28
	98.50

	119
	1000
	600
	50
	100
	50
	28
	99.50

	120
	1000
	900
	50
	100
	50
	28
	99.50

	121
	1000
	1200
	50
	100
	50
	28
	98.50

	122
	140
	600
	50
	25
	10
	17.9
	92.00

	123
	160
	600
	50
	25
	10
	17.9
	95.30

	124
	180
	600
	50
	25
	10
	17.9
	96.90

	125
	200
	600
	50
	25
	10
	17.9
	99.60

	126
	220
	600
	50
	25
	10
	17.9
	99.75

	127
	240
	600
	50
	25
	10
	17.9
	99.65

	128
	200
	200
	50
	25
	10
	17.9
	98.90

	129
	200
	400
	50
	25
	10
	17.9
	99.25

	130
	200
	600
	50
	25
	10
	17.9
	99.60

	131
	200
	800
	50
	25
	10
	17.9
	97.60

	132
	200
	600
	10
	25
	10
	17.9
	97.60

	133
	200
	600
	30
	25
	10
	17.9
	98.75

	134
	200
	600
	50
	25
	10
	17.9
	99.60

	135
	200
	600
	70
	25
	10
	17.9
	98.60

	136
	190
	400
	60
	80
	20
	34
	82.00

	137
	190
	500
	60
	80
	20
	34
	79.00

	138
	190
	600
	60
	80
	20
	34
	79.00

	139
	190
	700
	60
	80
	20
	34
	78.00

	140
	170
	400
	60
	80
	20
	34
	78.00

	141
	170
	500
	60
	80
	20
	34
	76.00

	142
	170
	600
	60
	80
	20
	34
	77.00

	143
	150
	400
	60
	80
	20
	34
	79.00

	144
	150
	500
	60
	80
	20
	34
	79.00

	145
	800
	300
	25
	100
	50
	28.2
	95.70

	146
	800
	300
	40
	100
	50
	28.2
	95.90

	147
	800
	300
	50
	100
	50
	28.2
	95.50

	148
	800
	300
	75
	100
	50
	28.2
	96.40

	149
	800
	300
	100
	100
	50
	28.2
	96.60

	150
	800
	300
	120
	100
	50
	28.2
	96.00

	151
	100
	300
	80
	60
	50
	27.5
	85.00

	152
	400
	300
	80
	60
	50
	27.5
	93.50

	153
	200
	600
	80
	60
	50
	27.5
	89.00

	154
	300
	600
	80
	60
	50
	27.5
	92.00

	155
	400
	600
	80
	60
	50
	27.5
	96.75

	156
	500
	600
	80
	60
	50
	27.5
	98.00

	157
	300
	400
	50
	40
	30
	45
	84.00

	158
	800
	400
	90
	40
	30
	45
	98.00

	159
	800
	400
	70
	40
	30
	45
	98.00

	160
	600
	200
	90
	40
	30
	45
	98.00


Source: Authors’ own work / literature research conducted by the authors
[bookmark: _Ref176788417][bookmark: _Ref176788413]Table XIII. Random samples from table XII for the red laser validation set
	#

	5
	15
	21
	38
	57

	60
	73
	78
	85
	88

	89
	93
	101
	102
	111

	117
	124
	151
	155
	160


Source: Authors’ own work


[bookmark: _Ref174010735]Table XIV. Predictions of the relative density [%] from the PINN for the red laser validation set
	#
	Output 1
	Output 2
	Output 3
	Output 4
	Output 5

	1
	86.59
	85.50
	86.01
	86.91
	88.80

	2
	95.62
	97.40
	96.89
	97.01
	96.93

	3
	88.06
	88.49
	85.78
	90.34
	86.29

	4
	94.50
	93.97
	94.38
	93.89
	94.63

	5
	98.78
	99.07
	98.95
	98.62
	97.85

	6
	82.67
	82.73
	82.77
	84.38
	84.60

	7
	85.10
	84.68
	84.50
	85.60
	87.03

	8
	99.11
	98.68
	98.32
	98.99
	98.60

	9
	84.64
	85.77
	85.40
	85.70
	87.31

	10
	95.41
	96.51
	96.28
	96.52
	96.69

	11
	90.70
	91.04
	90.47
	92.85
	91.12

	12
	94.65
	95.20
	95.60
	94.79
	94.46

	13
	95.33
	96.29
	96.08
	96.40
	96.49

	14
	82.89
	82.57
	82.60
	84.44
	84.72

	15
	96.43
	98.10
	97.04
	97.52
	97.96

	16
	94.93
	94.39
	95.03
	94.85
	94.85

	17
	95.17
	95.94
	95.76
	96.25
	96.16

	18
	94.95
	93.95
	95.04
	94.78
	94.47

	19
	90.87
	91.41
	88.60
	91.67
	91.04

	20
	97.12
	97.51
	97.97
	97.09
	96.90


Source: Authors’ own work
[bookmark: _Ref174459317]Table XV. Experimentally determined data for the green laser LPBF process
	#
	Laser Power 
	Scanning Speed

	Hatch Distance 
	Laser Spot Diameter

	Layer Thickness


	Powder Size

	Relative Density
[%]

	1
	190
	1200
	80
	80
	30
	25
	85.54

	2
	190
	1200
	60
	80
	30
	25
	90.01

	3
	190
	1000
	60
	80
	30
	25
	91.55

	4
	190
	800
	60
	80
	30
	25
	94.59

	5
	175
	1000
	80
	80
	30
	25
	88.64

	6
	175
	1000
	60
	80
	30
	25
	88.93

	7
	175
	800
	60
	80
	30
	25
	90.80

	8
	135
	600
	60
	80
	30
	25
	93.72

	9
	135
	600
	60
	80
	30
	25
	91.23

	10
	135
	500
	60
	80
	30
	25
	91.73

	11
	135
	400
	60
	80
	30
	25
	92.17

	12
	135
	600
	55
	80
	30
	25
	91.89

	13
	135
	500
	55
	80
	30
	25
	90.37

	14
	135
	400
	55
	80
	30
	25
	93.22

	15
	135
	600
	50
	80
	30
	25
	94.41

	16
	135
	500
	50
	80
	30
	25
	95.30

	17
	135
	400
	50
	80
	30
	25
	93.48

	18
	150
	600
	55
	80
	30
	25
	95.53

	19
	150
	500
	55
	80
	30
	25
	96.01

	20
	150
	400
	55
	80
	30
	25
	95.52

	21
	190
	200
	50
	80
	30
	25
	99.14

	22
	190
	300
	50
	80
	30
	25
	99.87

	23
	192
	400
	50
	80
	30
	25
	99.89

	24
	190
	400
	50
	80
	30
	25
	99.41

	25
	190
	600
	50
	80
	30
	25
	98.66

	26
	190
	800
	50
	80
	30
	25
	98.49

	27
	180
	400
	50
	80
	30
	25
	97.53

	28
	170
	400
	50
	80
	30
	25
	97.91

	29
	160
	400
	50
	80
	30
	25
	94.33

	30
	150
	400
	50
	80
	30
	25
	95.20

	31
	150
	300
	50
	80
	30
	25
	95.52

	32
	150
	200
	50
	80
	30
	25
	95.42

	33
	192
	300
	50
	80
	30
	25
	97.61

	34
	192
	375
	50
	80
	30
	25
	99.30

	35
	192
	425
	50
	80
	30
	25
	98.99

	36
	192
	450
	50
	80
	30
	25
	98.07

	37
	190
	400
	60
	80
	30
	25
	99.82

	38
	192
	500
	50
	80
	30
	25
	99.63

	39
	175
	400
	60
	80
	30
	25
	96.94

	40
	175
	500
	50
	80
	30
	25
	95.36

	41
	192
	600
	50
	80
	30
	25
	98.71

	42
	150
	400
	60
	80
	30
	25
	93.77

	43
	150
	500
	50
	80
	30
	25
	92.73

	44
	175
	600
	50
	80
	30
	25
	95.35

	45
	190
	600
	60
	80
	30
	25
	98.21

	46
	150
	600
	50
	80
	30
	25
	92.19

	47
	175
	600
	60
	80
	30
	25
	93.59

	48
	175
	800
	50
	80
	30
	25
	92.29

	49
	192
	400
	50
	80
	30
	25
	99.91

	50
	192
	400
	50
	80
	30
	25
	99.62

	51
	192
	400
	50
	80
	30
	25
	99.60

	52
	192
	400
	50
	80
	30
	25
	98.99


Source: Authors’ own work
[bookmark: _Ref176523176]Table XVI. Random samples from table XV for the green laser validation set
	#

	1
	2
	3
	7
	9
	10

	11
	24
	28
	38
	43
	52


Source: Authors’ own work
[bookmark: _Ref206062868]Table XVII. Predictions of the relative density [%] from the PINN for the green laser validation set
	#
	Output 1
	Output 2
	Output 3
	Output 4
	Output 5

	1
	91.00
	91.04
	91.39
	90.90
	90.62

	2
	95.89
	97.28
	96.95
	95.82
	96.81

	3
	92.49
	92.18
	93.24
	92.12
	92.57

	4
	93.60
	93.13
	93.55
	93.10
	93.75

	5
	99.29
	99.24
	99.41
	99.21
	99.34

	6
	95.16
	94.98
	94.76
	94.65
	94.87

	7
	99.17
	99.12
	99.25
	99.10
	99.25

	8
	90.60
	91.41
	91.31
	90.60
	91.22

	9
	92.15
	92.32
	91.80
	91.03
	91.97

	10
	92.98
	92.88
	92.34
	92.55
	92.42

	11
	87.83
	89.34
	88.56
	87.86
	89.53

	12
	99.22
	99.16
	99.33
	99.10
	99.26


Source: Authors’ own work
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