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1. Data from Literature
The literature data used in this study were primarily collected from studies that focused on the relative density, surface roughness, and hardness of AlSi10Mg fabricated parts using SLM with varying process parameters. These parameters include laser power, scan speed, hatch distance, and layer thickness. The data collected from the literature for relative density, surface roughness, and hardness are included in Tables S1, S2, and S3, respectively.
Table S1. Data from literature for relative density.
	Author
	Laser Power (W)
	Scan Speed (mm/s)
	Hatch Distance (mm)
	Layer Thickness (mm)
	Relative Density (%)

	
	
	
	
	
	

	[bookmark: OLE_LINK1]Maamoun et al. [1]
	370
	1000
	0.19
	0.03
	99.3

	
	370
	1300
	0.15
	0.03
	99.5

	
	370
	1300
	0.19
	0.03
	99.9

	
	350
	1300
	0.19
	0.03
	99.9

	
	370
	1500
	0.19
	0.03
	99.6

	
	300
	1300
	0.19
	0.03
	99.3

	
	370
	1300
	0.25
	0.03
	99.0

	
	200
	1300
	0.19
	0.03
	96.9

	Han et al.
[2]
	200
	600
	0.04
	0.02
	94.6

	
	200
	800
	0.04
	0.02
	97.7

	
	200
	1000
	0.04
	0.02
	98.8

	
	200
	1200
	0.04
	0.02
	99.1

	
	200
	1400
	0.04
	0.02
	99.8

	
	200
	1600
	0.04
	0.02
	99.6

	
	200
	1800
	0.04
	0.02
	99.1

	
	200
	2000
	0.04
	0.02
	99.5

	
	200
	2200
	0.04
	0.02
	99.3

	
	200
	2400
	0.04
	0.02
	99.3

	
	200
	2600
	0.04
	0.02
	99.4

	
	200
	2800
	0.04
	0.02
	99.2

	
	200
	3000
	0.04
	0.02
	99.2

	
	200
	600
	0.06
	0.02
	97.8

	
	200
	800
	0.06
	0.02
	98.6

	
	200
	1000
	0.06
	0.02
	99.6

	
	200
	1200
	0.06
	0.02
	99.4

	
	200
	1400
	0.06
	0.02
	99.5

	
	200
	1600
	0.06
	0.02
	99.6

	
	200
	1800
	0.06
	0.02
	99.7

	
	200
	2000
	0.06
	0.02
	99.5

	
	200
	2200
	0.06
	0.02
	99.5

	
	200
	2400
	0.06
	0.02
	99.7

	
	200
	2600
	0.06
	0.02
	99.7

	
	200
	2800
	0.06
	0.02
	99.5

	
	200
	3000
	0.06
	0.02
	99.5

	
	200
	600
	0.08
	0.02
	99.0

	
	200
	800
	0.08
	0.02
	98.7

	
	200
	1000
	0.08
	0.02
	99.0

	
	200
	1200
	0.08
	0.02
	99.4

	
	200
	1400
	0.08
	0.02
	99.5

	
	200
	1600
	0.08
	0.02
	99.5

	
	200
	1800
	0.08
	0.02
	99.6

	
	200
	2000
	0.08
	0.02
	99.5

	
	200
	2200
	0.08
	0.02
	99.5

	
	200
	2400
	0.08
	0.02
	99.6

	
	200
	2600
	0.08
	0.02
	99.5

	
	200
	2800
	0.08
	0.02
	99.6

	
	200
	3000
	0.08
	0.02
	99.6

	
	200
	600
	0.1
	0.02
	98.4

	
	200
	800
	0.1
	0.02
	98.7

	
	200
	1000
	0.1
	0.02
	99.6

	
	200
	1200
	0.1
	0.02
	99.5

	
	200
	1400
	0.1
	0.02
	99.3

	
	200
	1600
	0.1
	0.02
	99.6

	
	200
	1800
	0.1
	0.02
	99.7

	
	200
	2000
	0.1
	0.02
	99.2

	
	200
	2200
	0.1
	0.02
	99.3

	
	200
	2400
	0.1
	0.02
	99.3

	
	200
	2600
	0.1
	0.02
	99.5

	
	200
	2800
	0.1
	0.02
	99.7

	
	200
	3000
	0.1
	0.02
	99.7

	Pei et al.
[3]
	180
	600
	0.05
	0.04
	94.1

	
	180
	800
	0.05
	0.04
	97.8

	
	180
	1000
	0.05
	0.04
	99.6

	
	180
	1400
	0.05
	0.04
	91.8

	
	180
	1000
	0.07
	0.04
	94.8

	
	180
	1000
	0.06
	0.04
	96.7

	
	150
	600
	0.05
	0.04
	95.6

	
	150
	800
	0.05
	0.04
	99.0

	
	150
	1000
	0.05
	0.04
	97.0

	
	150
	1400
	0.05
	0.04
	89.7

	Sing et al.
[4]
	350
	1140
	0.17
	0.05
	98.1

	Read et al.
 [5]
	125
	1675
	0.0525
	0.05
	83.9

	
	125
	1675
	0.0975
	0.05
	75.3

	
	125
	1025
	0.0975
	0.05
	90.6

	
	150
	1350
	0.12
	0.05
	89.2

	
	125
	1675
	0.0975
	0.05
	70.1

	
	150
	700
	0.075
	0.05
	89.6

	
	150
	1350
	0.075
	0.05
	90.1

	
	125
	1675
	0.0525
	0.05
	84.6

	
	175
	1025
	0.0975
	0.05
	98.3

	
	175
	1675
	0.0975
	0.05
	94.5

	
	125
	1025
	0.0525
	0.05
	88.2

	
	150
	1350
	0.03
	0.05
	89.5

	
	125
	1025
	0.0525
	0.05
	85.9

	
	150
	1350
	0.075
	0.05
	92.5

	
	100
	1350
	0.075
	0.05
	79.5

	
	150
	1350
	0.075
	0.05
	89.9

	
	175
	1025
	0.0525
	0.05
	96.5

	
	125
	1025
	0.0975
	0.05
	90.7

	
	175
	1675
	0.0525
	0.05
	93.6

	
	175
	1675
	0.0975
	0.05
	86.9

	
	200
	1350
	0.075
	0.05
	99.2

	
	150
	2000
	0.075
	0.05
	82.0

	
	175
	1675
	0.0525
	0.05
	93.2

	
	150
	1350
	0.075
	0.05
	94.5

	
	150
	1350
	0.075
	0.05
	92.7

	
	175
	1025
	0.0975
	0.05
	99.2

	
	175
	1025
	0.0525
	0.05
	97.6

	Kempen et al. 
[6]
	200
	1400
	0.075
	0.03
	98.9

	
	200
	1400
	0.09
	0.03
	99.0

	
	200
	1400
	0.105
	0.03
	99.0

	
	200
	1400
	0.12
	0.03
	99.0

	
	200
	1400
	0.135
	0.03
	98.9

	
	170
	800
	0.105
	0.03
	99.1

	
	170
	1000
	0.105
	0.03
	99.3

	
	170
	1200
	0.105
	0.03
	99.1

	
	170
	1400
	0.105
	0.03
	98.5

	
	170
	1600
	0.105
	0.03
	97.7

	
	180
	900
	0.105
	0.03
	99.0

	
	180
	1200
	0.105
	0.03
	99.2

	
	180
	1300
	0.105
	0.03
	99.2

	
	180
	1400
	0.105
	0.03
	98.9

	
	180
	1500
	0.105
	0.03
	98.7

	
	190
	800
	0.105
	0.03
	98.3

	
	190
	1000
	0.105
	0.03
	98.8

	
	190
	1200
	0.105
	0.03
	99.2

	
	190
	1400
	0.105
	0.03
	99.2

	
	190
	1600
	0.105
	0.03
	98.9

	
	200
	200
	0.105
	0.03
	94.7

	
	200
	400
	0.105
	0.03
	96.8

	
	200
	500
	0.105
	0.03
	97.6

	
	200
	600
	0.105
	0.03
	98.3

	
	200
	700
	0.105
	0.03
	98.3

	
	200
	800
	0.105
	0.03
	98.8

	
	200
	900
	0.105
	0.03
	98.8

	
	200
	1000
	0.105
	0.03
	99.1

	
	200
	1100
	0.105
	0.03
	98.9

	
	200
	1200
	0.105
	0.03
	99.1

	
	200
	1300
	0.105
	0.03
	99.2

	
	200
	1400
	0.105
	0.03
	99.3

	
	200
	1500
	0.105
	0.03
	99.2

	Aboulkhair et al.
[7]
	100
	500
	0.05
	0.04
	97.8

	
	100
	500
	0.1
	0.04
	95.8

	
	100
	500
	0.15
	0.04
	94.5

	
	100
	500
	0.2
	0.04
	89

	
	100
	500
	0.25
	0.04
	76.9

	
	100
	250
	0.05
	0.04
	95.6

	
	100
	500
	0.05
	0.04
	97.7

	
	100
	750
	0.05
	0.04
	96.8

	
	100
	1000
	0.05
	0.04
	96.9

	
	100
	250
	0.1
	0.04
	96.3

	Yap et al.
[8]
	350
	1140
	0.17
	0.05
	99.8

	Raus et al.
[9]
	350
	1650
	0.13
	0.03
	99.0

	
	350
	1650
	0.13
	0.03
	99.1

	
	350
	1650
	0.13
	0.03
	99.1

	
	350
	1650
	0.13
	0.03
	99.1

	
	350
	1650
	0.13
	0.03
	99.0

	
	350
	1650
	0.13
	0.03
	99.0

	
	350
	1650
	0.13
	0.03
	99.1

	
	350
	1650
	0.13
	0.03
	99.0

	Kan. et al.
[10]
	350
	930
	0.17
	0.05
	96.4

	
	350
	930
	0.17
	0.05
	96.1

	
	350
	930
	0.17
	0.05
	96.5

	
	350
	930
	0.17
	0.05
	96.2

	Bai et al.
[11]
	625
	1400
	0.35
	0.06
	93.8

	
	950
	1400
	0.35
	0.06
	99.2

	
	788
	2300
	0.35
	0.06
	87.0

	
	463
	2300
	0.35
	0.06
	72.0

	
	300
	1400
	0.35
	0.06
	72.1

	
	463
	500
	0.35
	0.06
	99.6

	
	788
	500
	0.35
	0.06
	94.5

	
	788
	1700
	0.4
	0.06
	90.7

	
	463
	1700
	0.4
	0.06
	75.7

	
	625
	800
	0.4
	0.06
	99.2

	
	788
	1099
	0.3
	0.06
	99.8

	
	463
	1099
	0.3
	0.06
	92.9

	
	625
	2000
	0.3
	0.06
	85.6

	
	300
	800
	0.3
	0.06
	88.4

	Wang et al.
[12]
	400
	250
	0.13
	0.025
	94.3

	
	400
	270
	0.13
	0.025
	96.7

	
	400
	290
	0.13
	0.025
	96.5

	
	400
	310
	0.13
	0.025
	96.6

	
	400
	330
	0.13
	0.025
	96.2

	
	400
	250
	0.13
	0.025
	95.7

	
	400
	270
	0.13
	0.025
	96.1

	
	400
	290
	0.13
	0.025
	96.6

	
	400
	310
	0.13
	0.025
	97.2

	
	400
	330
	0.13
	0.025
	96.4

	
	400
	250
	0.13
	0.025
	95.8

	
	400
	270
	0.13
	0.025
	96.6

	
	400
	290
	0.13
	0.025
	96.7

	
	400
	310
	0.13
	0.025
	96.7

	
	400
	330
	0.13
	0.025
	96.5

	
	400
	250
	0.13
	0.025
	96.0

	
	400
	270
	0.13
	0.025
	96.5

	
	400
	290
	0.13
	0.025
	97.7

	
	400
	310
	0.13
	0.025
	97.6

	
	400
	330
	0.13
	0.025
	96.9

	
	400
	250
	0.13
	0.025
	95.9

	
	400
	270
	0.13
	0.025
	97.4

	
	400
	290
	0.13
	0.025
	97.8

	
	400
	310
	0.13
	0.025
	97.8

	
	400
	330
	0.13
	0.025
	97.0









Table S2. Data from literature for surface roughness.
	Author
	Laser Power (W)
	Scan Speed (mm/s)
	Hatch Distance (mm)
	Layer Thickness (mm)
	Surface Roughness (m)

	
	
	
	
	
	

	Han et al.
[2]
	200
	600
	0.04
	0.02
	7.4

	
	200
	800
	0.04
	0.02
	6.5

	
	200
	1000
	0.04
	0.02
	11.8

	
	200
	1200
	0.04
	0.02
	16.0

	
	200
	1400
	0.04
	0.02
	10.4

	
	200
	1600
	0.04
	0.02
	10.6

	
	200
	1800
	0.04
	0.02
	14.6

	
	200
	2000
	0.04
	0.02
	10.7

	
	200
	2200
	0.04
	0.02
	8.6

	
	200
	2400
	0.04
	0.02
	18.4

	
	200
	2600
	0.04
	0.02
	12.4

	
	200
	2800
	0.04
	0.02
	12.5

	
	200
	3000
	0.04
	0.02
	12.2

	
	200
	600
	0.06
	0.02
	6.4

	
	200
	800
	0.06
	0.02
	6.6

	
	200
	1000
	0.06
	0.02
	13.5

	
	200
	1200
	0.06
	0.02
	13.8

	
	200
	1400
	0.06
	0.02
	12.8

	
	200
	1600
	0.06
	0.02
	15.0

	
	200
	1800
	0.06
	0.02
	18.8

	
	200
	2000
	0.06
	0.02
	19.0

	
	200
	2200
	0.06
	0.02
	17.8

	
	200
	2400
	0.06
	0.02
	14.2

	
	200
	2600
	0.06
	0.02
	17.3

	
	200
	2800
	0.06
	0.02
	15.4

	
	200
	3000
	0.06
	0.02
	10.9

	
	200
	600
	0.08
	0.02
	5.4

	
	200
	800
	0.08
	0.02
	14.3

	
	200
	1000
	0.08
	0.02
	15.4

	
	200
	1200
	0.08
	0.02
	9.3

	
	200
	1400
	0.08
	0.02
	13.2

	
	200
	1600
	0.08
	0.02
	14.4

	
	200
	1800
	0.08
	0.02
	11.7

	
	200
	2000
	0.08
	0.02
	10.5

	
	200
	2200
	0.08
	0.02
	14.3

	
	200
	2400
	0.08
	0.02
	19.8

	
	200
	2600
	0.08
	0.02
	17.3

	
	200
	2800
	0.08
	0.02
	16.5

	
	200
	3000
	0.08
	0.02
	22.8

	
	200
	600
	0.1
	0.02
	8.4

	
	200
	800
	0.1
	0.02
	8.8

	
	200
	1000
	0.1
	0.02
	8.9

	
	200
	1200
	0.1
	0.02
	7.3

	
	200
	1400
	0.1
	0.02
	6.2

	
	200
	1600
	0.1
	0.02
	4.9

	
	200
	1800
	0.1
	0.02
	13.2

	
	200
	2000
	0.1
	0.02
	11.2

	
	200
	2200
	0.1
	0.02
	20.9

	
	200
	2400
	0.1
	0.02
	16.7

	
	200
	2600
	0.1
	0.02
	7.4

	
	200
	2800
	0.1
	0.02
	9.0

	
	200
	3000
	0.1
	0.02
	6.3

	Pei et al.
[3]
	180
	800
	0.05
	0.04
	14.2

	
	180
	1000
	0.05
	0.04
	11.1

	
	180
	1400
	0.05
	0.04
	20.2

	Kempen et al. 
[6]
	170
	800
	0.105
	0.03
	23.9

	
	170
	1000
	0.105
	0.03
	24.0

	
	170
	1200
	0.105
	0.03
	23.2

	
	170
	1400
	0.105
	0.03
	21.9

	
	170
	1600
	0.105
	0.03
	23.9

	
	180
	900
	0.105
	0.03
	21.6

	
	180
	1100
	0.105
	0.03
	21.4

	
	180
	1300
	0.105
	0.03
	20.8

	
	180
	1400
	0.105
	0.03
	20.9

	
	180
	1500
	0.105
	0.03
	26.1

	
	190
	800
	0.105
	0.03
	26.2

	
	190
	1000
	0.105
	0.03
	19.4

	
	190
	1200
	0.105
	0.03
	17.8

	
	190
	1400
	0.105
	0.03
	21.1

	
	190
	1600
	0.105
	0.03
	23.0

	
	200
	1100
	0.105
	0.03
	16.4

	
	200
	1200
	0.105
	0.03
	17.7

	
	200
	1300
	0.105
	0.03
	18.2

	
	200
	1400
	0.105
	0.03
	20.9

	Poncelet et al.
 [13]
	274
	200
	0.1
	0.03
	14.3

	
	246
	200
	0.1
	0.03
	12.8

	
	219
	200
	0.1
	0.03
	7.3

	
	205
	200
	0.1
	0.03
	5.9

	
	164
	200
	0.1
	0.03
	8.6

	
	137
	200
	0.1
	0.03
	12.5

	
	109
	200
	0.1
	0.03
	13.2

	
	273
	200
	0.1
	0.03
	14.3

	
	273
	300
	0.1
	0.03
	9.9

	
	273
	400
	0.1
	0.03
	4.5

	
	273
	500
	0.1
	0.03
	4.8

	
	273
	800
	0.1
	0.03
	8.4

	
	273
	1000
	0.1
	0.03
	9.0

	
	273
	1200
	0.1
	0.03
	7.5

	
	273
	1500
	0.1
	0.03
	7.0






















 Table S3. Data from literature for hardness.
	Author
	Laser Power (W)
	Scan Speed (mm/s)
	Hatch Distance (mm)
	Layer Thickness (mm)
	hardness (HV)

	
	
	
	
	
	

	Maamoun et al. [1]
	370
	1000
	0.19
	0.03
	116

	
	370
	1300
	0.15
	0.03
	117

	
	370
	1300
	0.19
	0.03
	115.6

	
	350
	1300
	0.19
	0.03
	115.4

	
	370
	1500
	0.19
	0.03
	114.6

	
	300
	1300
	0.19
	0.03
	115.2

	
	370
	1300
	0.25
	0.03
	118.4

	
	200
	1300
	0.19
	0.03
	118.6

	Poncelet et al.
 [13]
	274
	200
	0.1
	0.03
	108.4

	
	246
	200
	0.1
	0.03
	110.2

	
	219
	200
	0.1
	0.03
	112.0

	
	205
	200
	0.1
	0.03
	115.0

	
	164
	200
	0.1
	0.03
	116.2

	
	137
	200
	0.1
	0.03
	119.3

	
	109
	200
	0.1
	0.03
	127.9

	
	273
	200
	0.1
	0.03
	108.5

	
	273
	300
	0.1
	0.03
	114.2

	
	273
	400
	0.1
	0.03
	115.1

	
	273
	500
	0.1
	0.03
	120.2

	
	273
	800
	0.1
	0.03
	128.8

	
	273
	1000
	0.1
	0.03
	132.2

	
	273
	1200
	0.1
	0.03
	125.7

	
	273
	1500
	0.1
	0.03
	128.3

	Yusuf et al. 
[14]
	400
	1600
	0.2
	0.02
	145

	
	400
	1600
	0.2
	0.02
	136

	Tridello et al. 
[15]
	350
	1150
	0.17
	0.05
	132

	
	350
	1150
	0.17
	0.05
	146

	Mfusi et al. 
[16]
	150
	1000
	0.05
	0.05
	128

	
	150
	1000
	0.05
	0.05
	127

	
	150
	1000
	0.05
	0.05
	126







2. Analysis of Data Plots
The plots in Figures S1, S2, and S3 show how the relative density, surface roughness, and hardness, respectively, change as the laser power, layer thickness, scan speed, hatch distance, and energy density that combines all the four process parameters vary. The plots show that the properties vary depending on the process parameters used. These plots are based on a combination of literature data and the experimental results of this study. The compiled dataset for relative density, surface roughness, and hardness includes laser power between 100 and 950 W, layer thickness ranging between 0.02 and 0.06 mm, scanning speed between 200 and 3000 mm/s, and hatch distance between 0.03 and 0.4 mm. The relative density, surface roughness, and hardness of the samples tested ranges from 70% to 100%, 4 μm to 29 μm, and 65 HV to 146 HV, respectively.


[image: ][bookmark: _Toc137751154]Figure S1: Plots of the relative density in relation to (a) laser power, (b) layer thickness, (c) scan speed, (d) hatch distance, and (e) energy density.


	For relative density, Figure S1(a) shows that the relative density exceeds 85% as the laser power exceeds 600 W. More material is heated as laser power and thermal energy increase, above its melting point [17]. A higher laser power results in a sufficient melting of the substrate, thus increasing the relative density of part [18]. With respect to the layer thickness, Figure S1(b) shows that a high relative density is obtained when the layer thickness is less than 0.03 mm. The lower the layer thickness the more laser energy is concentrated on a smaller volume of material, resulting in sufficient powder melting. In contrast, if the powder layer is too thick, it would be difficult to create a melt pool with sufficient depth to melt and fuse the layers. [19]. Thus, as the layer thickness increases, the relative density decreases. This observation agrees with the study in [20]. Moreover, as shown in Figure S1(c), the relative density is high when the scan speed is lower than 1000 mm/s. At a very high scan speed, the laser might not be able to melt the powder enough, resulting in scan tracks with large pores that are not fully melted. This can cause a decrease in the density of the measured part. In Figure S1(d), The experimental results of various hatch distances and the measured relative densities are presented. There is no clear correlation between hatch distance and relative density. However, major points with high relative density are observed at a smaller hatch distance. Decreasing the hatch distance allows the laser to overlap sufficiently, resulting in a sufficient powder melting [19]. Lastly, Figure S1(e) shows that as the energy density of the fabricated part increases the relative density also increases. 
[image: ][bookmark: _Toc137751155]Figure S2: Plots of the surface roughness in relation to (a) laser power, (b) layer thickness, (c) scan speed, (d) hatch distance, and (e) energy density.

The surface roughness of the printed parts is influenced by various process parameters as shown in the plots in Figure S2. Specifically, in Figure S2(a) there is no clear correlation between the surface roughness and laser power. However, insufficient laser power will cause the powder to not melt and spread completely. This results in an uneven melting channel that may not be continuous or smooth, causing the surface of the material to become wavy and rough [20]. On the other hand, using a very high laser power can cause excessive melting of the powder particles can occur, in which it results in a low surface quality. In Figure S2(b), it is observed that lower surface roughness is achieved using smaller layer thickness. Thicker layers will not be melted as effectively as thinner layers, resulting in a rougher surface finish. Furthermore, Figure S2(c) also shows no clear correlation between the scan speed and the surface roughness. But higher surface roughness is observed at scan speeds between 1000 mm/s to 1500 mm/s. For a given laser power, surface roughness can reach a minimum at a certain scan speed [6], too high or too low scan speed can result in rougher surface. However, the optimal scan speed for achieving the desired surface quality can vary based on other parameters of the process and the material being used. Based on Figure S2(d), a low surface roughness is observed when the hatch distance is lower than 0.1 mm. Larger hatch distances will result to insufficient powder melting, that can result in incomplete fusion and weak bonding, increasing the surface roughness. In Figure S2(e), there was no clear correlation found between the energy density and surface roughness. 








[image: ]For the microhardness of AlSi10mg fabricated parts, it is observed in Figure S3(a) that the reduction in laser power results in a higher microhardness. This trend agrees with the study [1]. In Figure S3(b), the majority of the experiments used a constant layer thickness of 0.03 mm, resulting in no clear correlation between the layer thickness and the microhardness. However, studies [20], [21] found that as the layer thickness increased the microhardness decreased. The scan speed plot in Figure S3(c) shows that increasing the speed decreases the microhardness. When the scan speed is increased, the scan tracks may not be fully melted, resulting in the formation of large pores which will decrease the hardness [19]. In Figure S3(d) it is shown that increasing the hatch distance results in lower microhardness. This relationship was observed in several studies, where the increase in hatch distance results in higher porosity [22], and lower density [23], [24], resulting in a lower microhardness. Lastly, in Figure S3(e) it is shown that as the energy density decreases the hardness of the parts increases. [bookmark: _Toc137751156]Figure S3: Plots of the hardness in relation to (a) laser power, (b) layer thickness, (c) scan speed, (d) hatch distance, and (e) energy density.


To summarize, a high laser power can result in less pores formation and decrease the hardness of the part. Moreover, decreasing the layer thickness would improve the relative density and result in a lower surface roughness. However, scan speed is observed to increase the relative density if maintained between 1000 mm/s and 1500 mm/s and increase the hardness at a higher speed. Lastly a lower hatch distance would result in a lower surface roughness and harder parts.
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