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ABSTRACT: Selective laser melting (SLM) is an additive manufacturing process that is capable 
of fabricating metallic parts with a relative density up to 99%. In many experiments, the print 
location across the substrate is commonly overlooked and assumed to have little effect on the overall 
mechanical properties. An investigation of the effect of print location across the substrate based on 
tensile strength of the samples fabricated using SLM process is carried out. A sample of three were 
printed at four different location across the platform. All the samples achieved at least 489 MPa for 
tensile test regardless of the amount of porosities exhibit in the sample. Although results showed 
that different print locations across the substrate exhibit less than 1% of porosities, the samples on 
the right quadrants exhibit 50% more porosities as compared to the left quadrant which is validated 
using micro CT. 
 
KEYWORDS: Selective laser melting, 3D Printing, Additive manufacturing, Powder bed fusion, 
Micro CT.  
 

INTRODUCTION 
 
Additive manufacturing (AM) which is also known as 3D printing can fabricate parts with complex 
structure which cannot be achieved by conventional process. The advancement of the AM process 
give rise to the development of SLM which produces metallic parts from metallic powders. 
Additionally, it demonstrated a promising capability of fabricating metallic parts with a relative 
density up to 99% (Tolosa, Garciandía, Zubiri, Zapirain, & Esnaola, 2010). This spurs the interest 
of many companies to adopt AM (3D printing industry, 2016; Lim, Le, Lu, & Wong, 2016). It came 
as no surprise that parts produced by SLM exhibit good mechanical properties because SLM process 
uses a laser fully melt the metal powder, as differs to, for example, selective laser sintering (SLS) 
that does not melt the powder below the material liquefaction which results in poorer mechanical 
properties(Gan & Wong, 2017; Gan & Wong, 2016; Tang, Li, & Wong, 2014).  
 
Nonetheless, parts produced by SLM has its own weaknesses too(Lu & Wong, 2017, 2018). The 
flaw in SLM is that parts produced contain porosities which is a results of process parameters and 
material relationship (Chua, Wong, & Yeong, 2017; Riemer et al., 2014; Tammas-Williams et al., 

INVESTIGATION OF THE EFFECTS ON THE PRINT LOCATION 
DURING SELECTIVE LASER MELTING PROCESS 

KOK HONG GREGORY CHUA 
Singapore Center for 3D Printing, School of Mechanical & Aerospace Engineering, Nanyang 

Technological University, 50 Nanyang Avenue, Singapore 639798 

YU YING CLARRISA CHOONG 
Singapore Centre for 3D Printing, School of Mechanical & Aerospace Engineering, Nanyang 

Technological University, 50 Nanyang Avenue, Singapore 639798 

CHEE HOW WONG 
Singapore Center for 3D Printing, School of Mechanical and Aerospace Engineering, Nanyang 

Technological University 

613

Proc. Of the 3rd Intl. Conf. on Progress in Additive Manufacturing (Pro-AM 2018) 
Edited by Chee Kai Chua, Wai Yee Yeong, Ming Jen Tan, Erjia Liu and Shu Beng Tor
Copyright © 2018 by Nanyang Technological University
Published by Nanyang Technological University 
ISSN: 2424-8967 :: https://doi.org/10.25341/D4Q30B



Chee Kai Chua, Wai Yee Yeong, Ming Jen Tan, Erjia Liu and Shu Beng Tor (Eds.)

614



g

the images were processed and the percentage of porosity and its size, and the volumes were 
calculated using the software provided by Bruker. 
Mechanical characterization 
The tensile tests were carried out using Shimadzu AGS-X 100kN. The size of the reduced section 
of the specimen was 4 mm × 6 mm × 32 mm. A strain rate of 1 mm/min was applied to the 
specimen until it breaks. Ultimate tensile strength (UTS) was calculated during the process.  

RESULTS AND DISCUSSION  
 
Results overview 
From the experiment the results of the percentage of total porosity and ultimate tensile strength 
distribution is shown in Table 1 and the box plot statistic for percentage of total porosity and ultimate 
tensile strength distribution is shown in Table 2. The distribution of the porosity sizes in percentage 
as per location can be found in Table 3. The outliers were identified using box and whiskers plot. 
Results showed that the porosity induced for all the specimens during the three batches of printing 
ranges from 0.052% to 0.336%, with two outliers of 1.4% and 1.891%. The results also showed that 
the UTS for all the specimens ranges from 489.062 MPa to 614.983 MPa. In accordance to ASTM 
standard, all the specimens have met the minimum UTS strength of 485 MPa for SS316L. It was 
also noted that, despite during the investigation of induced porosity, two of the specimens were 
identified as outliers, their UTS were not greatly affected.   
 
Table 1: Percentage of total porosity and ultimate tensile strength distribution 

 Percentage of total porosity (%) Ultimate tensile strength (MPa) 
Print 
location 

Bottom 
left 

Bottom 
right 

Top  
left 

Top 
right 

Bottom 
left 

Bottom 
right 

Top  
left 

Top 
right 

1st print 0.087 0.2 0.134 0.336 549.382 540.031 501.677 554.431 
2nd print 0.052 0.147 0.129 0.294 600.97 607.451 560.299 575.714 
3rd print 1.4 1.890 0.068 0.118 490.882 489.062 496.993 614.983 

 
Table 2: Box plot statistic for percentage of total porosity and ultimate tensile strength distribution  

 Total % of porosity UTS distribution (MPa) 
Min 0.052 489.062 
Q1 0.11025 500.506 
Median 0.1405 551.9065 
Q3 0.3045 582.028 
Low 0.013 459.745 
High 0.59 704.311 
Outliers 1.4, 1.89 Nil 

 
Table 3: Distribution of the total porosity size percentage as per location  

Location of 
porosity 

Total % of 
porosity 

Total % of 
porosity < 50 
μm 

Total % of 
porosity > 50 
μm 

Total % of 
porosity > 70 
μm 

Total % of 
porosity > 90 
μm 

1st print BL 0.087 0.071 0.016 0.006 0.001 
1st print BR 0.2 0.145 0.055 0.024 0.006 
1st print TL 0.134 0.092 0.042 0.018 0.006 
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1st print TR  0.336 0.178 0.158 0.097 0.044 
2nd print BL 0.052 0.036 0.016 0.006 0.001 
2nd print BR 0.147 0.100 0.047 0.022 0.006 
2nd print TL 0.129 0.096 0.033 0.016 0.005 
2nd print TR 0.294 0.239 0.055 0.025 0.007 
3rd print BL 1.4 0.902 0.498 0.243 0.080 
3rd print BR 1.891 0.919 0.972 0.585 0.269 
3rd print TL 0.068 0.054 0.014 0.005 0.001 
3rd print TR 0.118 0.082 0.036 0.017 0.006 

 
Effects of the porosity at different print locations 
An average of 0.1565% of total porosity (excluding the two outliers) were found in the samples. The 
CT scanner was set to capture a resolution of 10 μm to identify any unmelted powder ranging from 
20 μm to 53 μm, and to provide a more detailed analysis.  
 
In the study, the size of the porosity was separated into different bins with an increment of 20 μm 
starting from 10 μm. From Error! Reference source not found., the majority of the porosity greater 
than 50 μm, 70 μm and 90 μm were found at the top right (TR) and bottom right (BR) region 
whereby the TR quadrant seemed to induce the highest porosity compared to the rest of the positions. 
The observed trend could also be partially accounted for by the inherent issue of the recoating 
system. During recoating, powder was laid from the right to the left. As the powder’s first contact 
was on the right side before being spread more evenly towards the left, the distribution of powder 
for the right sided specimens would be less uniform relative to the ones on the left. Uneven 
distribution of powder on the substrate gave rise to porosities in printed parts, and poor adhesion 
between printed layers. 
 
The second print produced the best results among the other two prints. It was observed that a range 
of 0.052% to 0.294% of porosity was found in the samples. Specimens printed from the first print 
gave a similar result in comparison with the second print. However, enormity in the results were 
seen in the third print. This may be attributed to the frequent pauses of machine during the printing.  
 
Specimens printed in the bottom left (BL) and top left (TL) regions had achieved balance in the 
ranking of the least porosity induced during the print. One of the reasons for the presence of 
porosities may be due to the argon gas flow. Despite the assumption that the argon gas flow was 
laminar in the SLM chamber, it may not be evenly distributed across the four quadrants. The gas 
flow might be directed directly at the TR quadrant before achieving a stabilised flow upon reaching 
the BR region. TL and BL regions experience a significantly more uniform gas flow as compared to 
the TR and BR regions, resulting in less porosity formation. The micro gas pockets are induced 
during the scanning process, leading to the gas being trapped in the specimens. From the CT images, 
they were identified as micro porosity exhibiting a spherical shape. These micro porosities can be 
relieved by heat treatment processes, such as HIP. 
 
Relationship between UTS and porosity at different print locations 
In this study, the second printing of the specimens achieved higher UTS as compared to the other 
two prints. This was due to successful print job. Specimen from the third print exhibits the worst 
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UTS on the average was the result of multiple stoppages during the printing process. Specimens 
printed at the TR quadrant have a more consistent UTS, as is observed in the first two prints. Using 
porosity as a measurement gauge for UTS, the porosity induced in the TR quadrant is relatively 
higher as compared to the rest of the other three quadrant. Despite the porosity calculated for the TR 
quadrant for the three sample is 0.336%, 0.294% and 0.119% respectively, it is observed that the 
specimen has a direct relationship with UTS. Specimens with lesser porosity has a higher UTS.  
 
The specimens that were printed at the lower quadrant gave a more unison UTS results across the 
three prints. The UTS difference between the BR and BL is approximately 1.2% regardless of the 
amount of porosity in the specimens. 
 
Each of the quadrants analysed were found to have a characteristic of their own. For example, 
specimens printed at the BR and BL regions share a similar UTS despite having a different amount 
of porosity. Specimens printed at the TR quadrant are generally populated with porosities yet 
achieving high UTS. Despite having different UTS at different quadrants, a similarity is found 
through the observation of the relationship between total amount porosity and UTS. For example, 
across the three printing at the BR quadrant, results showed an UTS of 549 MPa, 600 MPa and 490 
MPa respectively, and the porosity found in the specimens were 0.087%, 0.052% and 1.4%. 
respectively.  

CONCLUSION 
 
In this study, 12 tensile coupons were fabricated at four different quadrants at an angle of 60°. All 
specimens were tested as-built. The results showed that the printing location influences the UTS of 
the specimen. Specimens fabricated during the third print BL and third print BR were identified as 
outliers using box and whiskers plot. Although 1.4% and 1.8% of total porosity were found in third 
print BL and third print BR using micro-CT respectively, their UTS were still within the acceptable 
range of ASTM standard. Specimens printed at the BL quadrants were found to have the least 
porosity ranging from 0.052% and 0.089%. Argon gas flow in the chamber is identified as one 
significant factor that induces micro porosity during the SLM process. It was believed that the flow 
of the argon gas was not uniformly distributed across the powder bed. Large amount of porosity was 
found in the right quadrant followed by the left quadrant. Specimens printed at the four quadrants 
of the printing location exhibit individualised characteristic. For example, specimens at the BR and 
BL locations had different amount of porosity yet having similar UTS. It was also observed that 
lesser porosity will result in better tensile properties. To reduce the overall porosity in the specimen, 
a single successful print is critical. Discrepancy was found in the third print due to frequent pauses 
during printing. These technical issues also occurred during the first print though not as frequent as 
the third. Therefore, the UTS of these specimens were slightly lower and the porosities were more 
as compared to the second print. During tensile test, the specimens are tested until they fail. The 
breaking point of the specimen was identified at the location that is populated with porosity. Large 
amount of micro porosities was found at the walls of the specimens. This was because low power 
laser was used for contour scanning. Hence it can be concluded that porosities with a size of less 
than 50 μm does not have significant effect on the UTS. HIP is able to reduce such pores and helps 
to improve the mechanical properties of the specimen (Chua et al., 2017; Tolosa et al., 2010; 
Yadroitsev, Pavlov, Bertrand, & Smurov, 2009). 
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FUTURE WORK 
 
Based on the current work, a larger samples size is required to provide more confidence on the data 
collected. Furthermore, the gas flow of the argon should first be characterised prior to printing as it 
is one of the factors identified for the cause of porosity. In relation to contour scan, higher laser 
power should be used to reduce micro porosity, as well as lack of fusion along the side of the walls 
to improve the mechanical properties of the specimens. 
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