
EFFECTS OF PARTICLE SIZE DISTRIBUTION ON SURFACE FINISH OF 
SELECTIVE LASER MELTING PARTS 

J H Lim1, N A Khan1 

1 Advanced Remanufacturing and Technology Centre, 3 Cleantech Loop, Singapore 637143 

Abstract 

Metal parts produced by Selective Laser Melting (SLM) usually exhibit poor surface 
finish compared to conventional manufacturing processes. There is a growing need for parts to 
have good surface quality in the as-built condition to minimise post-processing costs and reduce 
lead time. There are many studies done on the effects of processing parameters on surface finish 
but very little on the influence of powder characteristics. This study aims to investigate the 
effects of Particle Size Distribution (PSD) on surface finish of AM parts by printing coupons 
with Inconel 625 powders of varying PSD. It was found that roughness of internal surfaces was 
mainly caused by the presence of partially sintered particles. Whilst a smaller particle mean 
size and wider particle size range are preferred for better surface finish, a powder that is too 
fine may result in poor flowability affecting its processability in terms of layering and powder 
bed quality. 

Introduction 

Laser Powder Bed Fusion (L-PBF) is an Additive Manufacturing (AM) process in 
which powder materials fuse together layer by layer to form a three dimensional (3D) part based 
on a computer aided design (CAD) model [1]. For fabrication of metal components, this process 
is often referred to as Selective Laser Melting (SLM) or Direct Metal Laser Sintering (DMLS). 
During the fabrication process, a thin layer of metal powder material is deposited onto a build 
platform with a roller or coater blade. A focused laser beam scans the powder bed based on the 
cross-section of the three dimensional CAD model to selectively fuse the layer of powder. The 
build platform is then lowered by a fixed layer thickness before a new layer of powder is being 
deposited on the powder bed. The laser beam scans the powder bed again and the process of 
joining materials layer by layer repeats itself until the whole three dimensional part is produced. 

It is widely known that AM is capable of producing highly complex parts with faster 
processing time [2]. However, parts produced by L-PBF usually exhibit poor surface finish 
compared to conventional manufacturing processes. Post-processing techniques, such as shot 
peening, machining and polishing, are often required to achieve desired surface finish [3]. These 
post-processes can be costly and challenging especially for parts with small or intricate internal 
features such as conformal cooling channels used for tooling. For AM to reach a state of 
maturity for industrial applications, there is a growing need for parts to have good surface 
quality in the as-built condition to minimise post-processing cost and reduce lead time [4]. 

Surface quality of as-built part is dependent not only on part geometry and process 
parameters [8-10] but can also be influenced by feedstock powder characteristics such as particle 
size distribution (PSD) [5-7].  PSD refers to the amount of large and small particles in the powder. 
Energy supplied by the laser may be insufficient to fully melt the large particles and the partially 
melted particles may result in surface undulation causing an increase in surface roughness. 
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However, if sufficient small particles are present, it may help to reduce this effect as small 
particles can fill into the voids between large particles and are easily melted. Hence, a powder 
with lower particle mean size and wider particle size range tend to produce parts with better 
surface finish. 

Surface quality can also be affected by the effective layer thickness (teff) [11-13], which 
is the actual powder layer thickness deposited on the part after each scanned layer and is always 
higher than the theoretical layer thickness (t0). For metal powders used in SLM, the powder 
layer density typically lies between 40% to 60%. Assuming that the first layer of powder is 
deposited at a layer thickness of 30μm and has a powder layer density of 60%, the laser scans 
that layer to a bulk density of 99%. This leads to a shrinkage in bulk layer thickness to 
approximately 18.2μm, a difference of 11.8μm. The build platform then lowers by the 
theoretical layer thickness of 30μm for the next layer of powder to be deposited. This results in 
an effective layer thickness of 41.8μm as illustrated in Figure 1.  

 
Figure 1: Development of effective layer thickness in SLM 

Assuming a constant mass before and after laser scanning and the shrinkage occurs in 
the Z-direction, teff can be calculated based on the powder layer density and part density using 
the following equations. Note that teff(0) = t0 since it represents the first layer of powder 
deposition. 

   (1) 

  (2) 

where  tpart = layer thickness of bulk layer 
teff = effective layer thickness 
t0 = theoretical layer thickness 
i = layer number 

More importantly, teff has to be considered in relation to the particle size when 
understanding the effects on surface quality. For example, if teff < D90 of the powder, particles 
that are larger than teff will not be deposited in the powder layer as they will be pushed across 
the build surface by the coater blade. The effect of large particles will be less significant and 
the presence of small particles will have a greater effect in improving surface finish. However, 
if teff > D90, large particles can be deposited in the powder layer so surface roughness will be 
attributed to the size and quantity of the large particles present. The effect of small particles 
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become less significant in improving surface finish. This means that the higher the effective 
layer thickness, the greater the influence of large particles and the lower the influence of small 
particles on surface finish.  

Although it has been suggested the use of fine particles for better surface finish [11-13], 
most studies are limited to external surfaces of simple geometries i.e. top and side surfaces of 
cubes and walls. The study on the influence of powder characteristics on surface quality of 
internal surfaces would be of greater interest and importance because these surfaces are hard to 
reach and more challenging to post-process. This study aims to investigate the effects of PSD 
on surface finish of internal channels comprising of inclined and overhanging surfaces. 

Methods and Materials 

Gas atomised IN625 powders of three different PSDs were requested from the same 
production batch with specifications shown in Table 1. The powders were sampled following 
ASTM B215-15 scoop method and characterised based on the techniques and standards shown 
in Table 2. 

Table 1: IN625 powder specifications 
Powder Specification Remarks 

A 15 – 45 μm Typical size range for L-PBF 

B 0 – 45 μm Increase in amount of fine particles / wider particle size range 

C 0 – 32 μm Decrease in particle mean size 
 

Table 2: Powder characterisation techniques and standards 
Powder Characterisation Techniques / Equipment Reference 

Particle Size Distribution (PSD) Static Image Analysis (Morphologi G3) ISO 13322-1:2014 

True Density Helium Pycnometry ASTM B923-16 

Apparent Density 
Hall Flowmeter Funnel ASTM B212-17 

Carney Funnel ASTM B417-13 

Tap Density Tap Density ASTM B527-15 

Flowability 
Hall Flow Rate ASTM B213-17 

Carney Flow Rate ASTM B964-16 

Layering assessment and coupon fabrication were performed for each powder in virgin 
condition at a layer thickness of 40μm. All coupons were processed using standard OEM 
process parameters and post-processing procedures i.e. heat treatment and EDM wire-cutting 
for part removal. Each build consisted of coupons with internal channels of 5mm diameter 
printed vertically and horizontally, as well as density cubes, tensile bars and powder capsules. 
The build layout is shown in Figure 2. 
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Figure 2: Build layout of coupons 

The powder capsules were used to collect the powder in the build chamber during the 
fabrication process. The powder layer density for each build was determined using the 
following equation: 

Powder Layer Density =   (3) 

The density cubes were used for density analysis and hardness testing while the tensile 
bars were machined into standard specimen size for tensile testing. The parts were characterised 
based on the techniques and standards as shown in Table 3. 

Table 3: Part characterisation techniques and standards 
Part Characterisation Techniques / Equipment Reference 

Density Archimedes Principle ASTM B311-17 

Hardness Micro Vickers Hardness Testing ASTM E384-17 

Tensile Strength Tensile Testing ASTM E8-16a 

The coupons with vertical and horizontal internal channels were sectioned using EDM 
wire-cutting for inspection of the internal surfaces. Surface quality was characterised with areal 
surface texture parameters i.e. Sa and Sz measured using the Taylor Hobson Talysurf CCI-HD, 
a non-contact 3D optical profiler. Compared to conventional line measurements that provide 
2D roughness profiles, areal analysis provides 3D surface topography information which can 
be more comprehensive and useful for characterising highly irregular AM surfaces. A 20X 
magnification lens was used to give a spot area of 0.83mm x 0.83mm for each measurement. 
The features measured are shown in Figure 3. Five coupons were fabricated for each feature 
and the measurements were taken at three locations for each coupon. An overall average was 
used for analysis.  

(a) Build design (b) As-built parts 
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Figure 3: Features measured for surface quality evaluation 

Results and Discussion 

Powder Characterisation 

The static image analysis was done using the Malvern Morphologi G3, which captures 
the 2D image of the particle and converts it into a circle of equivalent area reported as Circle 
Equivalent (CE) diameter. It provides a number-based distribution (n) which is more sensitive 
to smaller particles and is more effective in characterising metal powders in L-PBF containing 
relatively fine particles. The results are shown in Table 4. Span is a measure of distribution 
width defined as: 

Span  =     (4) 

A higher span represents a wider particle size distribution. Results showed that Powder 
C had the lowest particle mean size while Powder B had the highest span, suggesting a wider 
particle size range due to the presence of both small and large particles. 

Table 4: PSD results from number-based distribution 
Powder A B C 

D[n,0.1] (μm) 19.70 15.21 13.25 

D[n,0.5] (μm) 27.42 25.57 23.01 

D[n,0.9] (μm) 40.74 36.59 31.76 

Mean (μm) 29.27 26.14 23.49 

Span (n) 0.77 0.84 0.80 
 

True, apparent and tap densities were measured using samples from the feedstock 
powder before each build. The powder layer density was calculated from equation (3) using the 
powder collected in the capsules after each build. True density, which is the absolute density of 
the powder material IN625, was measured to be 8.55g/cm3 using helium pycnometry. This 
value was considered as 100% density for the computation of relative densities as shown in 
Table 5.  

(a) External Surfaces (b) Internal Channels 
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Table 5: Density (g/cm³) and relative density (%) for different powders 

Powder 
True Density 

(g/cm³) 
Apparent Density 

(g/cm³) 
Tap Density 

(g/cm³) 
Powder Layer 
Density (g/cm³) 

A 
8.55 ± 0.01 

(100%) 
3.89 ± 0.02 
(45.50%) 

4.79 ± 0.02 
(56.02%) 

4.47 ± 0.02 
(52.28%) 

B 
8.55 ± 0.01 

(100%) 
4.02 ± 0.02 
(46.90%) 

5.01 ± 0.04 
(58.60%) 

4.54 ± 0.01 
(53.10%) 

C 
8.55 ± 0.00 

(100%) 
3.95 ± 0.02 
(46.20%) 

4.96 ± 0.02 
(58.01%) 

4.51 ± 0.01 
(52.75%) 

Apparent density provides an indication to a powder’s natural packing ability upon 
free flowing through a nozzle while tap density measures the powder’s ability to re-arrange 
itself upon mechanical tapping. However, it may not be accurate representations of powder 
behaviour in L-PBF where the powder is deposited on the build platform by a coater blade layer 
by layer. The powder layer density measurement would provide a better estimate of powder 
density, hence would be used to calculate the effective layer thickness for each powder. 

From the results, Powder B had the highest apparent and tap densities followed by C 
and A. Powder layer density displayed a similar trend with values in between apparent and tap 
density. The difference in powder densities could be correlated to the particle size range where 
Powder B was shown to have the highest span followed by C and A. The higher the span, the 
higher the powder densities. This is because with a wider particle size range, small particles can 
fill into the voids between large particles allowing them to be packed closer to each other. 

Powder flowability is influenced by inter-particle interactions such as frictional forces, 
mechanical interlocking, and adhesion due to moisture ingress. These factors are in turn 
affected by PSD, morphology, and surface chemistry of the powder. Powder flowability is 
conventionally represented by Hall and Carney flow rates, which measures the time taken for a 
fix mass of powder to flow through a calibrated funnel. The longer the time taken, the poorer 
the flowability. Another measure of flowability is the Hausner Ratio (HR), a parameter 
correlating powder density and flowability. The higher the HR, the poorer the flowability. The 
Hausner Ratio is the ratio of tap density to apparent density as shown in the following equation: 

Hausner Ratio =    (5) 

The Hall and Carney flow rates are shown in Table 6 and the mean values were 
compared with the Hausner Ratio for each powder as shown in Figure 4. 
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Table 6: Hall and Carney flow rates for different powders 
Hall Flow Rate - FRH (s/50g) 

Powder Run 1 Run 2 Run 3 Mean St Dev 

A 18.18* 17.30* 17.21* 17.56 0.54 

B No flow No flow No flow - - 

C No flow No flow No flow - - 

Carney Flow Rate – FRc (s/150g) 

Powder Run 1 Run 2 Run 3 Mean St Dev 

A 11.24 11.50* 11.32 11.35 0.13 

B 11.74 12.49* 12.34* 12.19 0.40 

C 14.53* 13.29* 13.12* 13.65 0.50 

* Flow after tapping 
 
 

 
Figure 4: Results for flowability and Hausner Ratio 

Powder A flowed through the Hall flow funnel but required tapping, but no flows were 
recorded for Powder B and C even after tapping, suggesting poorer flowability compared to 
Powder A. All three powders flowed through the Carney flow funnel and the results confirmed 
that Powder A had the highest flow rate, followed by B and C. The poor flowability of Powder 
B and C could be due to the presence of small particles resulting in a higher surface area per 
unit mass for frictional forces to act between the particles and increasing inter-particle cohesion. 
In general, the smaller the particle mean size, the poorer the flowability. The Hausner Ratio 
results followed a similar trend and further supports the observation.  
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Layering A
ssessm

ent 

Prior to actual part fabrication, layering assessm
ent w

as conducted to evaluate the 
processability of each pow

der in virgin condition. The steps involved depositing pow
der on the 

build platform
 for the first 10 layers at a layer thickness of 40μm

 and photographing an im
age 

w
ith a cam

era for each layer. The quality of pow
der bed w

as inspected by visual m
eans based 

on the follow
ing guidelines: 

 
Even distribution of pow

der covering the entire surface of the build area 
 

Sm
ooth and flat surface of pow

der layer, surface is not w
avy or undulating 

 
N

o observable irregularities such as scratch lines, holes, and agglom
erated particles 

For all 10 layers of deposition for Pow
der A

 and B
 as no irregularities w

ere detected. 
H

ow
ever, som

e scratch lines w
ere seen in the first three layers for Pow

der C
, stretching across 

the pow
der bed in the coating direction as show

n in Figure 5. The scratch lines did not appear 
after the third layer of deposition and w

ould not affect the fabrication of coupons or final part 
properties since it lies w

ithin the region of m
aterial that w

ould be rem
oved during w

ire-cutting 
for part rem

oval. Scratch lines are typically form
ed w

hen particles agglom
erate and adhere to 

the edge of the coater blade and are dragged across the pow
der bed. This usually occurs in 

pow
ders that exhibit high cohesiveness due to the presence of fine particles or irregularly 

shaped particles. In the case of Pow
der C

, the fine particles w
ith high cohesiveness m

ight be 
the cause for scratch lines in the first few

 layers of pow
der deposition.  

 
Figure 5: Scratch lines in third layer deposition of Pow

der C
 

Part C
haracterisation 

Part density w
as m

easured using A
rchim

edes’ principle for the cubes fabricated by 
each pow

der. R
elative density w

as calculated based on the true density of the pow
der m

easured 
at 8.55 g/cm

³ (100%
). M

icro V
ickers hardness test w

as also perform
ed on the X

Y
 and X

Z 
planes of the cubes. Table 7 show

s the density and hardness testing results. The change in PSD
 

and pow
der densities show

ed no clear correlation to the final part density and hardness values. 

Scratch Lines 
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Table 7: Density and hardness of coupons fabricated using different powders 
Powder Part Density (g/cm³) Relative Density (%) HV/1 - XY HV/1 - XZ 

A 8.515 ± 0.003 99.59 ± 0.04 290.4 ± 3.1 294.3 ± 5.0 

B 8.522 ± 0.004 99.67 ± 0.04 290.6 ± 2.6 287.2 ± 3.7 

C 8.518 ± 0.003 99.63 ± 0.03 295.3 ± 5.1 285.6 ± 5.3 

Tensile testing was conducted with horizontal tensile bars that were heat-treated and 
machined to a standard specimen size. The results for Ultimate Tensile Strength (UTS), 0.2% 
Yield Strength (0.2%YS) and Failure Strain are shown in Table 8. Based on the results, there 
was negligible difference in tensile properties between coupons fabricated by the three powders. 
The change in PSD did not show any significant effect on the static mechanical properties of 
the final parts. 

Table 8: Tensile test results for horizontal tensile specimens 
Powder UTS (MPa) 0.2%YS (MPa) Failure Strain (%) 

A 950 ± 5 647 ± 4 28.7 ± 1.5 

B 953 ± 12 650 ± 9 28.2 ± 0.5 

C 936 ± 8 637 ± 9 28.1 ± 0.9 

Effective Layer Thickness 

All coupons were fabricated using a theoretical layer thickness (t0) of 40μm. The 
effective layer thickness (teff) was calculated based on the powder layer density and part density 
of each build using equations (1) and (2). The teff for t0 = 40μm and t0 = 20μm were determined 
and compared with the D90 of each powder as shown in Figure 6. 

 
Figure 6: Effective layer thickness (teff) over 20 layers 
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To determine the effects of PSD on surface finish, the effective layer thickness has to 
be considered in relation to the particle size. For a theoretical layer thickness of t0 = 40μm, the 
effective layer thickness for all powders reached above 76μm, which was much greater than the 
size of the powders (teff > D90). Large particles could be deposited in the powder layer so surface 
roughness would be attributed to the size and quantity of the large particles present and the 
effect of small particles would become less significant. Since the main difference between 
Powder A (15 - 45μm) and B (0 - 45μm) was in the amount of small particles present, the 
improvement in surface finish of parts produced by Powder B compared to A might not be 
obvious. However, Powder C (0 - 32μm) would be expected to produce parts with a better 
surface finish as it has a smaller D90 and mean size compared to A and B. 

The influence of PSD on surface finish might change for a lower effective layer 
thickness. For example, if the theoretical layer thickness is t0 = 20μm, the effective layer 
thickness achieved will only be about 38μm, which is below the D90 of Powder A (teff < D90) 
but above that of B and C. The same explanation cannot be used for Powder A as particles that 
are larger than teff will not be deposited in the powder layer. In this case, the effect of large 
particles present will be less significant in increasing surface roughness. 

Surface Quality 

For external surfaces, the results for top and side surface roughness in terms of Sa and 
Sz are shown in Figure 7. Results showed that top surfaces exhibit better surface finish than side 
surfaces. While Powder C produced the lowest average Sa and Sz values for both surfaces, the 
differences between the results for all three powders were marginal. 

Figure 7: Surface roughness results for external surfaces 

Figure 8 shows the top and side surface topographies obtained for each powder. Top 
surfaces roughness was mainly caused by surface undulation formed from the laser scan tracks 
and the effect of PSD was not obvious. In contrast, side surface roughness was attributed to the 
presence of partially sintered particles adhering to the surfaces. Naturally, the smaller the size 
of these particles, the lower the roughness values.  
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Figure 8: Surface topography for top and side surfaces 

For the internal channels, vertical surface refers to the internal surface of the vertical 
channel while inclined and overhang surfaces refer to the up-skin and down-skin of the 
horizontal channel. The surface roughness results in terms of Sa and Sz are shown Figure 9. 
Results showed that overhang surfaces exhibit the poorest surface finish with the highest Sa and 
Sz values. Inclined surfaces had lower Sa values but higher Sz values compared to vertical 
surfaces. Similar to the observations for external surfaces, Powder C produced the lowest Sa 
and Sz values for all internal surfaces but the improvement in surface finish was only to a small 
extent. 

Figure 9: Surface roughness results for internal channels 

Figure 10 shows the vertical, inclined and overhang surface topographies obtained for 
each powder. Partially sintered particles were seen on all surfaces but in different sizes and 
quantities for different surfaces.  
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Figure 10: Surface topography for vertical, inclined and overhang surfaces 

Vertical surfaces showed similar characteristics to side surfaces in terms of the amount 
of partially sintered particles. Inclined surfaces seemed to have a lower amount of partially 
sintered particles but tend to be larger in size and irregularly shaped. This might be the reason 
for the lower Sa but higher Sz values compared to the vertical surfaces. Surface roughness was 
also influenced by the staircase effect evident from the dark valleys shown in the surface 
topography. The staircase effect is unique to inclined surfaces where the higher the layer 
thickness, the higher the surface roughness. Overhang surfaces had the highest amount of 
partially sintered particles causing highly irregular surface topographies. This is because during 
the fabrication, the overhang surfaces were in direct contact with the powder bed and not 
supported by scanned bulk layers or support structures.  

Conclusion 

To study the effects of PSD on surface finish of SLM parts, IN625 powder of three 
different PSDs were characterised and processed using 40μm layer thickness, standard 
processing and post processing parameters. Powder B had the widest particle size range, 
resulting in the highest powder layer density. Powder C had the smallest particle mean size, 
resulting in high cohesiveness and poor flowability, which was also evident from the 
irregularities i.e. scratch lines seen in the first few layers of powder deposition. The change in 
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PSD showed no significant effect on the final part density, hardness and static mechanical 
properties.  

The teff for t0 = 40 μm was shown to be greater than the particle size of all powders, 
suggesting that surface roughness would be attributed to the size and quantity of the large 
particles present and the effect of small particles would become less significant. Results showed 
that Powder C produced surfaces with the lowest average roughness values, suggesting that a 
lower particle mean size led to small improvements in surface finish for both external and 
internal surfaces. From the surface topographies obtained, it can be seen that the roughness of 
internal surfaces was mainly attributed to the size and quantities of partially sintered particles. 
This means that particle mean size will have a direct influence on surface roughness as the 
larger the size of the partially sintered particles, the higher the roughness values. teff also plays 
a part as it determines the amount of large particles that can be deposited in the powder layer. 
In general, a smaller particle mean size and wider particle size range would be preferred for 
better surface finish, but a powder that is too fine may result in poor flowability affecting its 
processability in terms of layering and powder bed quality. 

Powder behaviour can differ across AM platforms with different layering mechanism. 
This study was conducted using a stiff coater blade made of steel. It can be extended to evaluate 
the effects of powder characteristics on surface finish using coater blades of different material, 
geometry and stiffness, or with a roller coating mechanism. Surface finish can also be affected 
by the chemical properties of powder. Further research can include analysis on surface 
chemistry, moisture content, oxide layer formation, or melt pool characteristics and their effects 
on surface finish. 

  

 2002



References 

[1] M. L. Vlasea, B. Lane, F. Lopez, S. Mekhontsev, A. Donmez, 26th Annu. Int. Solid Free. 
Fabr. Symp. 2015, 527. 

[2] N. Guo and M. C. Leu, “Additive manufacturing: Technology, applications and research 
needs,” Front. Mech. Eng., 2013, vol. 8, no. 3, pp. 215–243. 

[3] Mumtaz, K. and Hopkinson, N., Top surface and side roughness of Inconel 625 parts 
processed using selective laser melting. Rapid Prototyping Journal, 2009, 15(2), 96–103. 

[4] D.L. Bourell, H.L. Marcus, J.W. Barlow, and J.J. Beaman, Int. J. Powder Metall., 1992, 
vol. 28 (4), pp. 369-81. 

[5] Rehme, O. Cellular Design for Laser Freeform Fabrication, 2010 

[6] Elsen, M. Van, Al-Bender, F., and Kruth, J.-P., Application of dimensional analysis to 
selective laser melting. Rapid Prototyping Journal, 2008, 14(1), 15–22. 

[7] Pupo, Y., Monroy, K. P., and Ciurana, J., Influence of process parameters on surface 
quality of CoCrMo produced by selective laser melting. International Journal of 
Advanced Manufacturing Technology, 2015, 985–995. 

[8] D.E. Bunnell, S. Das, D.L. Bourell, J.B. Beaman, and H.L. Marcus, Proc. Solid Freeform 
Fabrication Symp., 1995, The University of Texas at Austin, Austin, TX, pp. 440-47. 

[9] Kruth, J.-P., Mercelis, P., Van Vaerenbergh, J., Froyen, L., Rombouts, M., Binding 
mechanisms in selective laser sintering and selective laser melting. Rapid Prototyping 
Journal, 2005, 11 (1), 26–36. 

[10] Kruth, J.-P., Levy, G., Klocke, F., Childs, T.H.C., Consolidation phenomena in laser and 
powder-bed based layered manufacturing. CIRP Annals – Manufacturing Technology, 
2007, 56 (2), 730–759. 

[11] Liu, Bochuan & Wildman, Ricky & Tuck, Christopher & Ashcroft, Ian & Hague, Richard, 
Investigation the effect of particle size distribution on processing parameters optimisation 
in selective laser melting process. 22nd Annual International Solid Freeform Fabrication 
Symposium - An Additive Manufacturing Conference, SFF 2011.  

[12] A.B. Spierings, N. Herres, G. Levy, Influence of the particle size distribution on surface 
quality and mechanical properties in AM steel parts. Rapid Prototyping Journal, 2011, 
Vol. 17 Issue: 3, pp.195-202 

[13] A.B. Spierings, G. Levy, Comparison of density of stainless steel 316L parts produced 
with Selective Laser Melting using different powder grades. 20th Annual International 
Solid Freeform Fabrication Symposium, SFF 2009. 

 

 2003


	Welcome
	Title Page
	Preface
	Organizing Committee
	Papers to Journals
	Table of Contents
	Broader Impacts and Education
	Design for Additive Manufacturing: Simplification of Product Architecture by Part Consolidation for the Lifecycle
	An Open-Architecture Multi-Laser Research Platform for Acceleration of Large-Scale Additive Manufacturing (ALSAM)
	Large-Scale Identification of Parts Suitable for Additive Manufacturing: An Industry Perspective
	Implementation of 3D Printer in the Hands-On Material Processing Course: An Educational Paper
	Conceptual Design for Additive Manufacturing: Lessons Learned from an Undergraduate Course
	An Empirical Study Linking Additive Manufacturing Design Process to Success in Manufacturability
	Investigating the Gap between Research and Practice in Additive Manufacturing

	Binder Jetting
	Influence of Drop Velocity and Droplet Spacing on the Equilibrium Saturation Level in Binder Jetting
	Process Integrated Production of WC-Co Tools with Local Cobalt Gradient Fabricated by Binder Jetting
	The Effect of Print Speed on Surface Roughness and Density Uniformity of Parts Produced Using Binder Jet 3D Printing
	Experimental Investigation of Fluid-Particle Interaction in Binder Jet 3D Printing
	Binder Saturation, Layer Thickness, Drying Time and Their Effects on Dimensional Tolerance and Density of Cobalt Chrome - Tricalcium Phosphate Biocomposite

	Data Analytics
	Predicting and Controlling the Thermal Part History in Powder Bed Fusion Using Neural Networks
	‘Seeing’ the Temperature inside the Part during the Powder Bed Fusion Process
	Conditional Generative Adversarial Networks for In-Situ Layerwise Additive Manufacturing Data
	In-Situ Layer-Wise Quality Monitoring for Laser-Based Additive Manufacturing Using Image Series A
	Applications of Supervised Machine Learning Algorithms in Additive Manufacturing: A Review
	Real-Time 3D Surface Measurement in Additive Manufacturing Using Deep Learning
	Roughness Parameters for Classification of As-Built and Laser Post-Processed Additive Manufactured Surfaces
	Application of the Fog Computing Paradigm to Additive Manufacturing Process Monitoring and Control
	Spectral X-ray CT for Fast NDT Using Discrete Tomography

	Hybrid AM
	Part Remanufacturing Using Hybird Manufacturing Processes
	Integration Challenges with Additive/Subtractive In-Envelope Hybrid Manufacturing
	Robot-Based Hybrid Manufacturing Process Chain
	Integrated Hardfacing of Stellite-6 Using Hybrid Manufacturing Process
	Inkjet Printing of Geometrically Optimized Electrodes for Lithium-Ion Cells: A Concept for a Hybrid Process Chain
	Ultrasonic Embedding of Continuous Carbon Fiber into 3D Printed Thermoplastic Parts

	Materials: Metals
	Comparison of Fatigue Performance between Additively Manufactured and Wrought 304L Stainless Steel Using a Novel Fatigue Test Setup
	Elevated Temperature Mechanical and Microstructural Characterization of SLM SS304L
	Fatigue Behavior of Additive Manufactured 304L Stainless Steel Including Surface Roughness Effects
	Joining of Copper and Stainless Steel 304L Using Direct Metal Deposition
	SS410 Process Development and Characterization
	Effect of Preheating Build Platform on Microstructure and Mechanical Properties of Additively Manufactured 316L Stainless Steel
	Characterisation of Austenitic 316LSi Stainless Steel Produced by Wire Arc Additive Manufacturing with Interlayer Cooling
	Effects of Spatial Energy Distribution on Defects and Fracture of LPBF 316L Stainless Steel
	Environmental Effects on the Stress Corrosion Cracking Behavior of an Additively Manufactured Stainless Steel
	Effect of Powder Chemical Composition on Microstructures and Mechanical Properties of L-PBF Processed 17-4 PH Stainless Steel in the As-Built And Hardened-H900 Conditions
	Powder Variation and Mechanical Properties for SLM 17-4 PH Stainless Steel
	Fatigue Life Prediction of Additive Manufactured Materials Using a Defect Sensitive Model
	Evaluating the Corrosion Performance of Wrought and Additively Manufactured (AM) Invar ® and 17-4PH
	Comparison of Rotating-Bending and Axial Fatigue Behaviors of LB-PBF 316L Stainless Steel
	A Study of Pore Formation during Single Layer and Multiple Layer Build by Selective Laser Melting
	Dimensional Analysis of Metal Powder Infused Filament - Low Cost Metal 3D Printing
	Additive Manufacturing of Fatigue Resistant Materials: Avoiding the Early Life Crack Initiation Mechanisms during Fabrication
	Additive Manufacturing of High Gamma Prime Nickel Based Superalloys through Selective Laser Melting (SLM)
	Investigating the Build Consistency of a Laser Powder Bed Fused Nickel-Based Superalloy, Using the Small Punch Technique
	Fatigue Behavior of Laser Beam Directed Energy Deposited Inconel 718 at Elevated Temperature
	Very High Cycle Fatigue Behavior of Laser Beam-Powder Bed Fused Inconel 718
	Analysis of Fatigue Crack Evolution Using In-Situ Testing
	An Aluminum-Lithium Alloy Produced by Laser Powder Bed Fusion
	Wire-Arc Additive Manufacturing: Invar Deposition Characterization
	Study on the Formability, Microstructures and Mechanical Properties of Alcrcufeniᵪ High-Entropy Alloys Prepared by Selective Laser Melting
	Laser-Assisted Surface Defects and Pore Reduction of Additive Manufactured Titanium Parts
	Fatigue Behavior of LB-PBF Ti-6Al-4V Parts under Mean Stress and Variable Amplitude Loading Conditions
	Influence of Powder Particle Size Distribution on the Printability of Pure Copper for Selective Laser Melting
	Investigation of the Oxygen Content of Additively Manufactured Tool Steel 1.2344
	The Porosity and Mechanical Properties of H13 Tool Steel Processed by High-Speed Selective Laser Melting
	Feasibility Analysis of Utilizing Maraging Steel in a Wire Arc Additive Process for High-Strength Tooling Applications
	Investigation and Control of Weld Bead at Both Ends in WAAM

	Materials: Polymers
	Process Parameter Optimization to Improve the Mechanical Properties of Arburg Plastic Freeformed Components
	Impact Strength of 3D Printed Polyether-Ether-Ketone (PEEK)
	Mechanical Performance of Laser Sintered Poly(Ether Ketone Ketone) (PEKK)
	Influence of Part Microstructure on Mechanical Properties of PA6X Laser Sintered Specimens
	Optimizing the Tensile Strength for 3D Printed PLA Parts
	Characterizing the Influence of Print Parameters on Porosity and Resulting Density
	Characterization of Polymer Powders for Selective Laser Sintering
	Effect of Particle Rounding on the Processability of Polypropylene Powder and the Mechanical Properties of Selective Laser Sintering Produced Parts
	Process Routes towards Novel Polybutylene Terephthalate – Polycarbonate Blend Powders for Selective Laser Sintering
	Impact of Flow Aid on the Flowability and Coalescence of Polymer Laser Sintering Powder
	Curing and Infiltration Behavior of UV-Curing Thermosets for the Use in a Combined Laser Sintering Process of Polymers
	Relationship between Powder Bed Temperature and Microstructure of Laser Sintered PA12 Parts
	Understanding the Influence of Energy-Density on the Layer Dependent Part Properties in Laser-Sintering of PA12
	Tailoring Physical Properties of Shape Memory Polymers for FDM-Type Additive Manufacturing
	Investigation of The Processability of Different Peek Materials in the FDM Process with Regard to the Weld Seam Strength
	Stereolithography of Natural Rubber Latex, a Highly Elastic Material

	Materials: Ceramics and Composites
	Moisture Effects on Selective Laser Flash Sintering of Yttria-Stabilized Zirconia
	Thermal Analysis of Thermoplastic Materials Filled with Chopped Fiber for Large Area 3D Printing
	Thermal Analysis of 3D Printed Continuous Fiber Reinforced Thermoplastic Polymers for Automotive Applications
	Characterization of Laser Direct Deposited Magnesium Aluminate Spinel Ceramics
	Towards a Micromechanics Model for Continuous Carbon Fiber Composite 3D Printed Parts
	Effect of In-Situ Compaction and UV-Curing on the Performance of Glass Fiber-Reinforced Polymer Composite Cured Layer by Layer
	3D Printing of Compliant Passively Actuated 4D Structures
	Effect of Process Parameters on Selective Laser Melting Al₂O₃-Al Cermet Material
	Strengthening of 304L Stainless Steel by Addition of Yttrium Oxide and Grain Refinement during Selective Laser Melting
	Approach to Defining the Maximum Filler Packing Volume Fraction in Laser Sintering on the Example of Aluminum-Filled Polyamide 12
	Laser Sintering of Pine/Polylatic Acid Composites
	Characterization of PLA/Lignin Biocomposites for 3D Printing
	Electrical and Mechancial Properties of Fused Filament Fabrication of Polyamide 6 / Nanographene Filaments at Different Annealing Temperatures
	Manufacturing and Application of PA11-Glass Fiber Composite Particles for Selective Laser Sintering
	Manufacturing of Nanoparticle-Filled PA11 Composite Particles for Selective Laser Sintering
	Technique for Processing of Continuous Carbon Fibre Reinforced Peek for Fused Filament Fabrication
	Processing and Characterization of 3D-Printed Polymer Matrix Composites Reinforced with Discontinuous Fibers
	Tailored Modification of Flow Behavior and Processability of Polypropylene Powders in SLS by Fluidized Bed Coating with In-Situ Plasma Produced Silica Nanoparticles

	Modeling
	Analysis of Layer Arrangements of Aesthetic Dentures as a Basis for Introducing Additive Manufacturing
	Computer-Aided Process Planning for Wire Arc Directed Energy Deposition
	Multi-Material Process Planning for Additive Manufacturing
	Creating Toolpaths without Starts and Stops for Extrusion-Based Systems
	Framework for CAD to Part of Large Scale Additive Manufacturing of Metal (LSAMM) in Arbitrary Directions
	A Standardized Framework for Communicating and Modelling Parametrically Defined Mesostructure Patterns
	A Universal Material Template for Multiscale Design and Modeling of Additive Manufacturing Processes

	Physical Modeling
	Modeling Thermal Expansion of a Large Area Extrusion Deposition Additively Manufactured Parts Using a Non-Homogenized Approach
	Localized Effect of Overhangs on Heat Transfer during Laser Powder Bed Fusion Additive Manufacturing
	Melting Mode Thresholds in Laser Powder Bed Fusion and Their Application towards Process Parameter Development
	Computational Modelling and Experimental Validation of Single IN625 Line Tracks in Laser Powder Bed Fusion
	Validated Computational Modelling Techniques for Simulating Melt Pool Ejecta in Laser Powder Bed Fusion Processing
	Numerical Simulation of the Temperature History for Plastic Parts in Fused Filament Fabrication (FFF) Process
	Measurement and Analysis of Pressure Profile within Big Area Additive Manufacturing Single Screw Extruder
	Numerical Investigation of Extrusion-Based Additive Manufacturing for Process Parameter Planning in a Polymer Dispensing System
	Alternative Approach on an In-Situ Analysis of the Thermal Progression during the LPBF-M Process Using Welded Thermocouples Embedded into the Substrate Plate
	Dynamic Defect Detection in Additively Manufactured Parts Using FEA Simulation
	Simulation of Mutually Dependent Polymer Flow and Fiber Filled in Polymer Composite Deposition Additive Manufacturing
	Simulation of Hybrid WAAM and Rotation Compression Forming Process
	Dimensional Comparison of a Cold Spray Additive Manufacturing Simulation Tool
	Simulated Effect of Laser Beam Quality on the Robustness of Laser-Based AM System
	A Strategy to Determine the Optimal Parameters for Producing High Density Part in Selective Laser Melting Process
	Rheology and Applications of Particulate Composites in Additive Manufacturing
	Computational Modeling of the Inert Gas Flow Behavior on Spatter Distribution in Selective Laser Melting
	Prediction of Mechanical Properties of Fused Deposition Modeling Made Parts Using Multiscale Modeling and Classical Laminate Theory

	Process Development
	The Use of Smart In-Process Optical Measuring Instrument for the Automation of Additive Manufacturing Processes
	Development of a Standalone In-Situ Monitoring System for Defect Detection in the Direct Metal Laser Sintering Process
	Frequency Inspection of Additively Manufactured Parts for Layer Defect Identification
	Melt Pool Monitoring for Control and Data Analytics in Large-Scale Metal Additive Manufacturing
	Frequency Domain Measurements of Melt Pool Recoil Pressure Using Modal Analysis and Prospects for In-Situ Non-Destructive Testing
	Interrogation of Mid-Build Internal Temperature Distributions within Parts Being Manufactured via the Powder Bed Fusion Process
	Reducing Computer Visualization Errors for In-Process Monitoring of Additive Manufacturing Systems Using Smart Lighting and Colorization System
	A Passive On-line Defect Detection Method for Wire and Arc Additive Manufacturing Based on Infrared Thermography
	Examination of the LPBF Process by Means of Thermal Imaging for the Development of a Geometric-Specific Process Control
	Analysis of the Shielding Gas Dependent L-PBF Process Stability by Means of Schlieren and Shadowgraph Techniques
	Application of Schlieren Technique in Additive Manufacturing: A Review
	Wire Co-Extrusion with Big Area Additive Manufacturing
	Skybaam Large-Scale Fieldable Deposition Platform System Architecture
	Dynamic Build Bed for Additive Manufacturing
	Effect of Infrared Preheating on the Mechanical Properties of Large Format 3D Printed Parts
	Large-Scale Additive Manufacturing of Concrete Using a 6-Axis Robotic Arm for Autonomous Habitat Construction
	Overview of In-Situ Temperature Measurement for Metallic Additive Manufacturing: How and Then What
	In-Situ Local Part Qualification of SLM 304L Stainless Steel through Voxel Based Processing of SWIR Imaging Data
	New Support Structures for Reduced Overheating on Downfacing Regions of Direct Metal Printed Parts
	The Development Status of the National Project by Technology Research Assortiation for Future Additive Manufacturing (TRAFAM) in Japan
	Investigating Applicability of Surface Roughness Parameters in Describing the Metallic AM Process
	A Direct Metal Laser Melting System Using a Continuously Rotating Powder Bed
	Evaluation of a Feed-Forward Laser Control Approach for Improving Consistency in Selective Laser Sintering
	Electroforming Process to Additively Manufactured Microscale Structures
	In-Process UV-Curing of Pasty Ceramic Composite
	Development of a Circular 3S 3D Printing System to Efficiently Fabricate Alumina Ceramic Products
	Repair of High-Value Plastic Components Using Fused Deposition Modeling
	A Low-Cost Approach for Characterizing Melt Flow Properties of Filaments Used in Fused Filament Fabrication Additive Manufacturing
	Increasing the Interlayer Bond of Fused Filament Fabrication Samples with Solid Cross-Sections Using Z-Pinning
	Impact of Embedding Cavity Design on Thermal History between Layers in Polymer Material Extrusion Additive Manufacturing
	Development of Functionally Graded Material Capabilities in Large-Scale Extrusion Deposition Additive Manufacturing
	Using Non-Gravity Aligned Welding in Large Scale Additive Metals Manufacturing for Building Complex Parts
	Thermal Process Monitoring for Wire-Arc Additive Manufacturing Using IR Cameras
	A Comparative Study between 3-Axis and 5-Axis Additively Manufactured Samples and Their Ability to Resist Compressive Loading
	Using Parallel Computing Techniques to Algorithmically Generate Voronoi Support and Infill Structures for 3D Printed Objects
	Exploration of a Cable-Driven 3D Printer for Concrete Tower Structures

	Applications
	Topology Optimization for Anisotropic Thermomechanical Design in Additive Manufacturing
	Cellular and Topology Optimization of Beams under Bending: An Experimental Study
	An Experimental Study of Design Strategies for Stiffening Thin Plates under Compression
	Multi-Objective Topology Optimization of Additively Manufactured Heat Exchangers
	A Mold Insert Case Study on Topology Optimized Design for Additive Manufacturing
	Development, Production and Post-Processing of a Topology Optimized Aircraft Bracket
	Manufacturing Process and Parameters Development for Water-Atomized Zinc Powder for Selective Laser Melting Fabrication
	A Multi-Scale Computational Model to Predict the Performance of Cell Seeded Scaffolds with Triply Periodic Minimal Surface Geometries
	Multi-Material Soft Matter Robotic Fabrication: A Proof of Concept in Patient-Specific Neurosurgical Surrogates
	Optimization of the Additive Manufacturing Process for Geometrically Complex Vibro-Acoustic Metamaterials
	Effects of Particle Size Distribution on Surface Finish of Selective Laser Melting Parts
	An Automated Method for Geometrical Surface Characterization for Fatigue Analysis of Additive Manufactured Parts
	A Design Method to Exploit Synergies between Fiber-Reinforce Composites and Additive Manufactured Processes
	Preliminary Study on Hybrid Manufacturing of the Electronic-Mechanical Integrated Systems (EMIS) via the LCD Stereolithography Technology
	Large-Scale Thermoset Pick and Place Testing and Implementation
	The Use of Smart In-Process Optical Measuring Instrument for the Automation of Additive Manufacturing Processes
	Wet-Chemical Support Removal for Additive Manufactured Metal Parts
	Analysis of Powder Removal Methods for EBM Manufactured Ti-6Al-4V Parts
	Tensile Property Variation with Wall Thickness in Selective Laser Melted Parts
	Methodical Design of a 3D-Printable Orthosis for the Left Hand to Support Double Bass Perceptional Training
	Printed Materials and Their Effects on Quasi-Optical Millimeter Wave Guide Lens Systems
	Porosity Analysis and Pore Tracking of Metal AM Tensile Specimen by Micro-Ct
	Using Wax Filament Additive Manufacturing for Low-Volume Investment Casting
	Fatigue Performance of Additively Manufactured Stainless Steel 316L for Nuclear Applications
	Failure Detection of Fused Filament Fabrication via Deep Learning
	Surface Roughness Characterization in Laser Powder Bed Fusion Additive Manufacturing
	Compressive and Bending Performance of Selectively Laser Melted AlSi10Mg Structures
	Compressive Response of Strut-Reinforced Kagome with Polyurethane Reinforcement
	A Computational and Experimental Investigation into Mechanical Characterizations of Strut-Based Lattice Structures
	The Effect of Cell Size and Surface Roughness on the Compressive Properties of ABS Lattice Structures Fabricated by Fused Deposition Modeling
	Effective Elastic Properties of Additively Manufactured Metallic Lattice Structures: Unit-Cell Modeling
	Impact Energy Absorption Ability of Thermoplastic Polyurethane (TPU) Cellular Structures Fabricated via Powder Bed Fusion
	Permeability Analysis of Polymeric Porous Media Obtained by Material Extrusion Additive Manufacturing
	Effects of Unit Cell Size on the Mechanical Performance of Additive Manufactured Lattice Structures
	Mechanical Behavior of Additively-Manufactured Gyroid Lattice Structure under Different Heat Treatments
	Fast and Simple Printing of Graded Auxetic Structures
	Compressive Properties Optimization of a Bio-Inspired Lightweight Structure Fabricated via Selective Laser Melting
	In-Plane Pure Shear Deformation of Cellular Materials with Novel Grip Design
	Modelling for the Tensile Fracture Characteristic of Cellular Structures under Tensile Load with Size Effect
	Design, Modeling and Characterization of Triply Periodic Minimal Surface Heat Exchangers with Additive Manufacturing
	Investigating the Production of Gradient Index Optics by Modulating Two-Photon Polymerisation Fabrication Parameters
	Additive Manufactured Lightweight Vehicle Door Hinge with Hybrid Lattice Structure


	Attendee List
	Author Index



