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Abstract 
 

Selective Laser Sintering (SLS) is an Additive Manufacturing technology which allows the 
production of functional polymer parts. Conventionally, Nylon 12 (PA 12), Polyamide 11 (PA 11), 
glass- or aluminum filled materials are used. Those materials do not always meet the requirements 
for direct production of serial parts by laser sintering. For the so called “Direct Manufacturing” of 
high quality, functional parts, the laser sintering process needs to be further developed and the 
choice of materials and needs to be expanded.   
During this research, a laser sintering machine for material qualification has been built up. The 
advantages are an optimized software solution, an innovative optical system with an adjustable 
laserspot, an alternative powder coating system and an improved temperature control.  
The functionality of the test equipment is proved with the standard material PA2200 and the new 
laser-sintering-material, Polyamide 6X (PA6X) is investigated. The required process parameters 
for processing PA6X are derived and the mechanical properties are determined by tensile tests. 
 

Introduction 
 

Selective laser sintering (SLS) allows the direct production of functional plastic 
components. A digital 3D model is cut into layers and built up by adding material. For this purpose, 
a thin layer of the plastic powder is applied and preheated and the powder bed surface is heated up 
to a temperature just below the melting point. Subsequently, a CO2 laser selectively exposures the 
layer-specific cross-section of the part. The plastic powder is locally melted by the laser. This 
iterative process of powder-coating, pre-heating and laser exposure is repeated until the part is 
finished. After the construction process, the additively manufactured parts are surrounded by 
unprocessed powder and the parts, that are not yet dimensionally stable, cool down slowly. After 
this cooling phase the parts can be removed from the so-called powder cake. The unmolten support 
powder can be sieved and reused for the next build-up process. State of the art is processing of 
Polyamide 12 (PA12), Polyamide 11 (PA11) and aluminum- or glass-filled compounds. The use 
of the laser sintering process for direct production requires the qualification of engineering plastics 
that meet the requirements of the end products. The material PA 6 is for example known from 
injection molding. With the aim of substitution of injection molding by laser sintering, PA 6 needs 
to be qualified for laser-sintering. The current laser sintering-machines of leading manufacturers, 
like EOS and 3D-Systems, do not always meet the requirements to process technologically 
significant materials such as PA 6, because of limited processing temperature and unprecise 
temperature control. [SCH15]  

With the aim of processing new materials by SLS, an experimental SLS machine for 
material development was engineered and the new powder material Vestosint Z2657 PA6X was 
processed. The paper is structured as follows: First, the state of the art is described and the need 
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for research is clarified. After that the developed laser sintering machine, PROTIQ HT LS, is 
presented. Using the known material PA2200, the functionality of the high performance SLS 
machine is proven. Finally, the new powder material PA6X is tested, process-parameters are 
identified and mechanical properties are determined with tensile tests. 

 
State of the Art 

 
The market-leading machine manufacturers, EOS and 3D systems, use different systems 

for powder coating. The powder is either applied with a blade, a cassette with two blades or a 
counter-rotating roller [BD89][WMP10]. Conventionally used powders are optimized for selective 
laser sintering and characterized by a good flow behavior. These materials can be applied properly 
with the existing coating systems and offer the basis for the following process steps: pre-heating 
and exposure. For material development, the production of small powder quantities is important. 
For this purpose, polymer granules can be crushed to powder by cryogenic grinding [GHT10]. 
However, powder application tests in conventional laser sintering systems have shown that 
cryogenically pulverized powder materials cannot always be applied uniformly, smoothly and 
dense. Bourrel presents the idea of an alternative coating solution with a combination of a blade 
and a roller, to realize a high powder density in the SLS process. First the powder is applied by a 
blade and as a second step compacted by a rotating roller [BW14]. None of the aforementioned 
solutions alow processing of grinded powders with poor free-flowing properties.  

 
After powder coating, the powder surface is heated. Radiant heaters warm up the powder 

to a temperature just below the melting temperature. Subsequent to the application of the new 
powder layer, a CO2 laser selectively fuses the new powder coating with the former layers that are 
still molten. The molten phase is maintained by continuous surface heating while the isothermal 
but non-exposed powder is still solid. If the adjusted preheating temperature is too high, the entire 
powder cakes. If the preheating temperature is too low, the melt solidifies and shrinkage occurs. 
Shrinkage results in part deformation and the so-called “curling” can lead to coating errors and 
process break-off. The permissible temperature range between sintering of the powder cake and 
the curling is material-specific. A precise temperature control is essential for processing sensitive 
materials [GEb07] [Sch15]. Wegner measured the temperature distribution on the powder bed 
surface of conventional laser sintering machines. As an example the offset-temperature of an EOS 
P100 is 8.7 ° C [WW13]. The inconsistent temperature distribution on the powder bed surface leads 
to position-dependant part properties [Dre16]. The maximum adjustable preheating temperature in 
the machine series EOS P3 and P1 is < 200 ° C. For this reason processing of materials like PA6, 
which has a melting point over 200°C, is not possible without machine modifications. Besides the 
uniform preheating, the total quantity of heat, consisting of preheating warmth and laser exposure 
warmth, is process-relevant. The laser energy input can be estimated by the laser energy density 
[MH08]: 

 
𝐸𝐸 = 𝑃𝑃

𝑣𝑣∗ℎ
 and 𝐸𝐸𝐸𝐸 = 𝑃𝑃

𝑣𝑣∗ℎ∗𝑡𝑡
 

 
The energy density (E) in J / mm² is typically defined as a function of the laser power (P), the laser 
spot speed (v) and the laser path spacing (h). Since the precise melt pool geometry and penetration 
depth is typically not known, the layer thickness (t) is used to calculate the volume energy density 
(EV) in J / mm³. In order to identify the material-specific energy density by sintering tests, a free 
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choice of the mentioned parameters is required. The SLS-systems, that are currently available on 
the market, do not offer the possibility to adjust all process relevant parameters.  

 
Conventionally for laser-exposure an optical laser system with a fixed spot diameter is used. 

With the aim of direct production by SLS, the speed of the SLS-process gains importance. In order 
to decrease exposure times, the scanning speed has been steadily increased: The first machine 
generation, DTM Sinterstation 2000 from the year 1992, worked with a maximum scanning speed 
of 1.3 m / s and the current P396 from EOS exposures with a scanning speed of 6 m / s [DTM93] 
[EOS16]. Proportional to the scanning speed, the laser power was increased in order to ensure the 
material-specific, required energy input. Due to high laser powers, a Gaussian energy density 
distribution over the laser beam diameter and a low heat conduction in the plastic powder, energy 
peaks on the powder surface result. As a result of this energy concentration, the material can be 
overheated locally and degrades.   
Drexler detected, that material properties do not only depend on the laser energy density, but also 
on the interaction time of laser and powder. [Dre16] [DLD15] For those reasons, the laser energy 
input with expanded laser spot is investigated during this research in order to achieve a high surface 
exposing speed with a simultaneously low scanning speed. The goal is a gentle, fast and 
homogenous energy input into the powder. 

 
Experimental set-up 

 
In order to qualify new materials for the laser sintering process, a SLS test equipment has 

been developed at the University of Paderborn in collaboration with the company PROTIQ GmbH. 
An overview of the new SLS machine is shown in Figure 1. The maximum build space is 200 x 
250 x 300 mm³. To save powder material, it is optionally possible to work with a reduced build 
chamber with the dimensions of 100 × 100 × 100 mm³. The powder can be coated with the 
conventional solutions blade or roller and with an innovative powder application system for 
grinded powders with poor free-flowing properties.  

 
Figure 1: SLS test equipment for material qualification  
  (Developed at Paderborn University in collaboration with the PROTIQ GmbH) 

Laser Sintering machine for material development 

• Maximum building temperature = 400°C  
• Improved temperature control ∆T < 1.5 K 
• Adjustable laser spot 0.23 – 2 mm  

enables high resolution and high speed exposure 
• New slicing and machine software with open   

parameters and new exposure strategies 
• Process monitoring  
• Inert gas atmosphere with < 0,1% O2  
• Innovative coating system for grinded powders 

in three steps:  Dispersing, Levelling, Compacting 

1 
2a  

2b 

3 

4 
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This newly developed coater operates in three steps displayed in Figure 1: The process step 
Dispersing (1) dissolves existing agglomerates and improves the flow behavior. Poorly pourable 
powder is rubbed mechanically through a sieve with a mesh of 150 µm. Vibrations can also be 
introduced to prevent the sieve from plugging. A doctor blade (2a) or a counter-rotating roll (2b) 
distributes the powder uniformly over the powder bed. Finally, a roller compresses the powder to 
the required powder density (3). In order to avoid an entrainment of oxygen and a cooling of the 
powder surface by the new powder layer, the powder is pre-heated in the supply container and 
stored under nitrogen atmosphere. A residual oxygen content of <0.1% is ensured. In order to 
enable an efficient and highly precise heat transport, the emission behavior of conventional and 
alternative beam sources was considered and compared to the absorption behavior of polyamides. 
 

 
Figure 2: Selection of convenient radiant heaters for efficient heating of nylon materials  
  [Bac16] [Her16] [Tru06] 

 It becomes clear that the emission maximum of ceramic heaters coincides with the 
wavelength of the laser and the absorption maximum of polyamides. In contrast, the emission 
maximum of conventionally used near infrared heaters is arranged in the short-wave infrared area 
and a considerable portion of the heat radiation is not absorbed by the powder surface. The partial 
reflection of the heat radiation and the rejected heat of the powder surface and the radiant heaters 
result in unintended warming of the entire installation space. As a result 12 infrared ceramic heaters 
are integrated into the developed machine and 12 individual heating zones are realized. The 
temperature distribution on the powder surface can be measured with an infrared camera and with 
a pyrometer. The pyrometer can be operated with a static measuring point as well as with a movable 
measuring spot. In order to move the measuring spot, the pyrometer is integrated into the beam 
path of the laser system by a beam splitter. The pyrometer and the thermal camera are protected 
against scattered radiation of the CO2 laser (10.6 µm) by optical filters. The pyrometer, Kleiber 
Infrared 660/5, measures the wavelength in a range from 4.7 - 5.2 μm. The measuring range of 
temperature is 30-500 ° C with a measurement uncertainty of <0.1%. [Kle13] The thermal imaging 
camera, Optris PI450 GA7, measures the wavelength of 7.9 μm. The measuring range is 200 ° C 
to 1500 ° C. In the extended measuring range from 0 ° C to 250 ° C it can be measured with a 
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reduced absolute accuracy. In order to allow an accurate measurement at lower temperatures, the 
pyrometer is added as a reference. [Opt16] Furthermore the position of the heating elements can 
be selected freely. By separately activating each individual heating element, the specific, effective 
range can be identified and assigned to an individual measuring field of the thermal camera. The 
size and position of the measuring fields is freely configurable in the machine software. The 
measuring fields are marked with black frames in Figure 2. With a sampling rate of 80 Hz, the 
average value is calculated from each measuring field and sent to the closed-loop control. The 
twelve-zone control ensures a uniform powder surface temperature with an accuracy of +/- 1.5 K. 
The maximum temperature is 350 °C. 

As explained before, the build up speed in the SLS process is getting more and more important 
with the increasing use of SLS for series production. An optical system, called Variospot, was 
therefore integrated into the machine. The Variospot allows the laser spot diameter to be freely 
adjusted within a range of 0,23 – 2 mm for each line during the exposure [Sca17]. In addition to 
the variable spot diameter, the focus shift is compensated and a F-Teta Lens is no longer required. 
The use of the adjustable laser spot offers new exposure possibilities, which are illustrated in Figure 
3. 

 
Figure 3:  New exposure strategies with variable laser spot diameter 

Due to the variable laser spot, complex geometries with thin walls and corners, can be 
exposed with a small spot diameter and low laser power. In case of large areas exposure is carried 
out with a large spot diameter, large hatch distance and high laser power. This exposure strategy 
allows the production of filigree parts at high build-up rates. The scanning speed and the associated 
scanner delays are reduced and lead to faster exposure times in total. The developed slicing and 
machine software enables the automatic application of new exposure strategies to CAD models. 

  
When processing new materials, dust formation and outgassing can appear during the 

process. The optics are protected by a zinc-selenium laser window, which can be cleaned during 
the process by means of a quick-cleaning system. Additionally the laser-window is continuously 
cooled and protected by an inert gas curtain. 

  

dl,1 : laser spot diameter in contour line 

ds,1 : melt pool diameter in contour line   
 (depends on exposure parameter and material) 
dl,2 : laser spot diameter during area exposure 

ds,2 : melt pool diameter during area exposure  
 (depends on exposure parameter and material) 
h : distance between filling-lines 
BO :  Beam offset between part contour and laser trace 
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Experimental Design 
 

First, the function of the test setup is validated. For this purpose, the required process 
parameters for the standard material PA2200 are determined and compared to results from 
literature. Next, the new laser sintering powder Vestosint PA6X is considered. As a basis for the 
subsequent sintering experiments, the particle size distribution, the particle morphology and the 
thermal material behavior are analyzed. Finally, the material behavior of PA6X is investigated in 
the sintering process. For this purpose, a uniform powder coating is attempted at first. 
Subsequently, the process window, determined in the first series of tests, is checked by sintering 
tests and the building temperature is identified. Based on this, the laser exposure is examined and 
the required laser energy density is determined. The aim is to achieve high mechanical 
characteristic values and a robust SLS-process. 

 
Results 

 
In order to test the functionality and stability of the experimental SLS machine, the standard 

material PA2200 is processed and the results are compared with literature values. For this purpose, 
tensile specimens with different exposure settings are manufactured and tested in order to identify 
the required laser energy density. For the tensile test, five tensile bars are placed in a plane with 
identical exposure settings. Based on sintering tests, a building temperature of 176 ° C is identified. 
In order to vary the laser energy input, the laser power is variable. The exposure speed and distance 
between filling lines (hatch distance) is kept constant. Table 1 shows the exposure parameters. The 
tensile specimens are tested immediately after the building process in order to avoid time-
dependent influences such as water absorption. 

 
Table 1: Exposure parameters: Preheat temperature: 176°C, Material PA2200, Layer 0.1 mm 

 Energy density  
EV  /  J/mm³ 

Laser power 
P  /  W 

Scanning speed 
v  /  mm/s 

Hatch distance 
h  /  mm 

Spot Diameter 
d  /  mm 

Layer thickness 
t  /  mm 

Contour 0.7 (P/v*t*d) 8 500 -- 0.23 0.1 

Filling / 
Hatch 

0.1 (P/v*t*h) 8 

2500 0.3 0.5 0.1 

0.16 (P/v*t*h) 12 
0.22 (P/v*t*h) 17 
0.28(P/v*t*h) 21 
0.34 (P/v*t*h) 26 
0.46 (P/v*t*h) 35 
0.8 (P/v*t*h) 60 

 
The results of the investigation are shown in Figure 4. The correlation between the tensile 

modulus of elasticity and the selected energy density is shown on the left. As explained by 
Grießbach, an energy plateau that leads to robust mechanical properties is characteristic for the 
material PA2200 [Gri12]. This energy plateau is reached from a volume energy density of 0.25 J / 
mm³. Wegner describes an energy plateau of 0.3-0.35 J / mm³ for PA2200 [WW13]. In our 
investigations, an energy plateau in the range of approximately 0.22-0.40 J / mm³ was identified. 
For subsequent experiments a volume-energy-density of EV = 0.3 J / mm³ is used, to identify the 
mechanical characteristics by tensile tests.  
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Figure 4: Results of parameter study with PA2200 

In Figure 4 the function of the developed SLS machine is validated by comparing the results 
of the parameter study with values from the product data sheet of PA2200. The table shows that 
the exposure parameters of the experimental machine lead to similar mechanical properties.  
A higher modulus of elasticity and an increased tensile strength are noticeable in combination with 
a reduced tensile elongation. This effect may be due to the testing without conditioning. With the 
absorption of water, typically the modulus of elasticity and tensile strength decrease while the 
values of the tensile elongation increase.  

 
In the next step tests with the new SLS powder material Evonik PA6X are performed. 

Figure 5 compares the particle morphology of the investigated PA2200 and PA 6X. The chemically 
precipitated materials, PA 2200 and PA 6X, are characterized by rounded particles with high 
sphericity.   

 
Figure 5: Particle morphology and particle size distribution of the investigated materials  
  PA2200 and PA6X 

In addition to the particle morphology, the particle size distribution has a considerable 
influence on the flow and application behavior during powder application in the sintering process. 
If the particle size distribution is wider, a poorer flowability results, even if the median value of the 
particle size is equal [Sch14]. The particle size distribution in Figure 5 was determined by means 
of laser diffraction with the measuring device Mastersizer 2000 from Malvern Instruments. Based 
on the results a high powder flowability and a smooth powder surface after coating can be foreseen. 
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Within the scope of the powder characterization, the material-specific thermal behavior is 
also examined by means of dynamic differential calorimetry. The thermal behavior of the materials 
is tested according to DINISO / DIN 11357. A heating and cooling rate of 10 K / s is selected. 
Based on the results in Figure 6 the required preheating temperature for PA6X can be estimated to 
be in the range of 185 – 200 °C.  

 

 
Figure 6: Thermal behavior of PA2200 and PA6X – Measured with dynamic differential  
  calorimetry (DINISO / DIS 11357) 

Analogously to the test procedure with PA2200, the new material PA6X is processed. 
Table 2 shows investigated exposure parameters. The manipulated variable for varying the energy 
is the laser power. The PA6X powder has good free-flowing properties and can be applied with the 
conventional doctor blade solution. A layer thickness of 0.1 mm and a coating speed of 50 mm / s 
is chosen. 

 
Table 2:  Exposure parameter study for PA6X 

 Energy density  
EV  /  J/mm³ 

Laser power 
P  /  W 

Scanning speed 
v  /  mm/s 

Hatch distance 
h  /  mm 

Spot Diameter 
d  /  mm 

Layer thickness 
t  /  mm 

Contour 0.86 (P/v*d*t) 10 500 -- 0.23 0.1 

Hatch / 
Filling 

0.27 (P/v*t*h) 8 

2500 0.3 0.5 0.1 

0.32 (P/v*t*h) 12 
0.35 (P/v*t*h) 17 
0.37(P/v*t*h) 21 
0.40 (P/v*t*h) 26 
0.47 (P/v*t*h) 35 

 
On the basis of the DSC analysis, a large temperature sintering window was identified and 

confirmed in the experiment. The determined building temperature is 192 ° C. The sintering 
process is stable and robust in a range of temperature from 188 °C up to 195 °C. The white color 
of PA6X is similar to sintered parts out of the material PA2200. Very filigree models can be 
realized and the residual powder does not tend to cake. With the minimum laser spot of 0.23 mm 
a wall thickness of 0.23 mm can be achieved. Figure 8 shows that the required energy plateau for 
the material PA6X is reached at a laser volume energy density level of 0.35 J / mm³. From an 
energy density of > 0.4 J / mm³, the tensile strength begins to decrease, because of degradation.  
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Figure 7: Tensile strength as a function of Laser Energy Density during exposure 

 
Conclusions & Outlook 

 
An SLS system was developed for the qualification of new LS materials. The main benefits 

of the SLS test equipment are an optimized temperature management, an innovative powder 
application for grinded powder materials and a freely adjustable laser spot diameter. All machine 
and process parameters can be selected freely inside the developed slicing and machine software. 

The function of the system technology was validated with the known material PA2200 from 
EOS. For this purpose tensile specimens were built and the volume energy density of the laser 
exposure was varied. The necessary energy level for a robust process management was identified. 
The obtained mechanical characteristics correspond to the data in the material data sheet of the 
manufacturer EOS for PA2200.   

In addition, the new SLS material PA6X was processed. PA6X is characterized by good 
processability. The highest tensile strength of 58 MPa was achieved with a laser power density of 
0.37 J / mm³. The material PA6X stands out against the standard material PA2200 by a higher 
temperature resistance and a high elongation at break > 25 %.  

In future work, the effect of different exposure strategies will be investigated and a 
statistical tests will be used to confirm the gathered mechanical properties. In particular, the 
influence of a variable laser diameter on the material properties has not yet been conclusively 
investigated. In order to make comparison with existing laser sintering systems with a constant 
laser spot diameter possible, the area exposure rate with the unit mm² / s can be an interesting 
characteristic parameter. The laser exposure time per unit of area at identical surface speed might 
be increased by the exposure with an expanded laser spot. It is known from injection molding that, 
compared to polyamide 12, polyamide 6 absorbs significantly more moisture after the 
manufacturing process, thereby mechanical properties and dimensions can change. For this reason 
water intake and its influence on the mechanical characteristics should be investigated. So far the 
thermal behavior has been determined by means of DSC analysis. For the design of serial products, 
mechanical properties will be determined as a function of the application temperature. 

565



Acknowledgement 
 
The authors want to thank the Phoenix Contact foundation as well as all partners and 

colleagues of the Direct Manufacturing Research Center. Special thanks for the continuous 
assistance of Evonik Industries, Phoenix Contact GmbH and Protiq GmbH. 
 

References 
 

[Aer16] AEROSIL® - Das Evonik Geschichtsportal - Die Geschichte von Evonik Industries; 
Online: http://geschichte.evonik.de/ 

[Bac16] BACH Resistor Ceramics GmbH, Produktdatenblatt Heizstrahler aus Siliziumnitrid; Online: 
http://www.bachrc.de/material.html?language=de#properties; zuletzt geprüft am 09.12.2016 

[BD89] Beaman, J.; Deckard, C.: Selective Laser Sintering with assisted powder handling, Patentschrift 
US 4938816, 1989 

[BW14] Bourell, D.L. and Watt, T.J. et al., Performance limitations in polymer laser sintering, Physics 
Procedia 56, 147-156, 2014 

[DLD15] Drexler, M.; Lexow, M.; Drummer, D.: Selective Laser Melting of Polymer Powder – Part 
mechanics as function of exposure speed, 15th Nordic Laser Materials Processing Conference, 
Nolamp 15, Lappeenranta, Finland 25-27, 2015 

[Dtm93] DTM Corp., Produktdatenblatt Sinterstation 2000, 1993 
[Dre16] Drexler, M.: Zum Laserstrahlschmelzen von Polyamid 12 – Analyse zeitabhängiger Einflüsse 

in der Prozessführung, Dissertationsschrift, Friedrich-Alexander-Universität, Erlangen, 2016 
[Eos15] EOS GmbH, Produktinformation EOSINT P/ PA2200, 2015 
[Eos16] EOS GmbH, Produktdatenblatt P396, 2016 
[Geb13] Gebhardt, A.: Generative Fertigungsverfahren, 4. Ausgabe, München, Carl Hanser Verlag, 

2013 
[GHT10] Goodridgea, R.D.; Shofnerb M.L.; Haguea, R.J.M.; McClellanda, M. ; Schleab, M.R.; 

Johnsonb, R.B.; Tucka, C.J.: Processing of a Polyamide-12/carbon nanofibre composite by 
laser sintering; Science Direct, 2010 

[Gri12] Grießbach, S.: Korrelation zwischen Materialzusammensetzung, Herstellungsbedingungen 
und Eigenschaftsprofil von lasergesinterten Polyamid-Werkstoffen; Dissertation, Verl. Wiss. 
Skripten, Auerbach, 2012 

[Her16] Heraeus GmbH; Emission spectra of infrared lamp; Online: https://www.heraeus.com/de/hng/ 
service_and_consulting/emission_spectra_of_infrared_lamps.aspx; zuletzt geprüft:12.03.2017 

[Kle13] Kleiber Infrared GmbH, Produktdatenblatt Pyrometer Kleiber KPW 660 5, 2013 
[MH08] Meier, C.; Haberland, C.: Experimental studies on selective laser melting of metallic parts; 

Materialwissenschaft und  Werkstofftechnik 39, 2008 
[Opt16] Optris GmbH, Produktdatenblatt Thermokamera PI450 G7, 2016 
[Sca17] Scanlab GmbH; Produktdatenblatt Varioscan 80, 2013 
[Sch14] Schulze, D.: Pulver und Schüttgüter, Springer Verlag, 2014  
[Sch15] Schmid, M.: Selektives Lasersintern (SLS) mit Kunststoffen; Fachbuch, Göttingen, Hanser 

Verlag, 2015 
[Tru06] TRUMPF Werkzeugmaschinen GmbH + Co. KG; Technische Information Laserbeschriften, 

Technische Dokumentation, 2006  
[WMP10] Weidinger, J.; Müller, F.; Pfefferkorn, F.: Vorrichtung und Verfahren zum schichtweisen 

Herstellen eins dreidimensionalen Objekts aus  einem pulverförmigen Aufbaumaterial, 
Patentschrift EP 2 026 952 B2, 2010 

[WW13]  Wegner, A.; Witt, G.: Ursachen für eine mangelnde Reproduzierbarkeit beim Laser-Sintern 
von Kunststoffbauteilen; Rapid Prototyping Journal, Ausgabe 10, 2013 

566

http://geschichte.evonik.de/
https://www.heraeus.com/de/hng/

	Welcome
	Title Page
	Preface
	Organizing Committee
	Papers to Journals
	Table of Contents
	Materials
	Scanning Strategies in Electron Beam Melting to Influence Microstructure Development
	Relating Processing of Selective Laser Melted Structures to Their Material and Modal Properties
	Thermal Property Measurement Methods and Analysis for Additive Manufacturing Solids and Powders
	Prediction of Fatigue Lives in Additively Manufactured Alloys Based on the Crack-Growth Concept
	Fatigue Behavior of Additive Manufactured Parts in Different Process Chains – An Experimental Study
	Effect of Process Parameter Variation on Microstructure and Mechanical Properties of Additively Manufactured Ti-6Al-4V
	Optimal Process Parameters for In Situ Alloyed Ti15Mo Structures by Laser Powder Bed Fusion
	Efficient Fabrication of Ti6Al4V Alloy by Means of Multi-Laser Beam Selective Laser Melting
	Effect of Heat Treatment and Hot Isostatic Pressing on the Morphology and Size of Pores in Additive Manufactured Ti-6Al-4V Parts
	Effect of Build Orientation on Fatigue Performance of Ti-6Al-4V Parts Fabricated via Laser-Based Powder Bed Fusion
	Effect of Specimen Surface Area Size on Fatigue Strength of Additively Manufactured Ti-6Al-4V Parts
	Small-Scale Mechanical Properties of Additively Manufactured Ti-6Al-4V
	Design and Fabrication of Functionally Graded Material from Ti to Γ-Tial by Laser Metal Deposition
	Tailoring Commercially Pure Titanium Using Mo₂C during Selective Laser Melting
	Characterization of MAR-M247 Deposits Fabricated through Scanning Laser Epitaxy (SLE)
	Mechanical Assessment of a LPBF Nickel Superalloy Using the Small Punch Test Method
	Effects of Processing Parameters on the Mechanical Properties of CMSX-4® Additively Fabricated through Scanning Laser Epitaxy (SLE)
	Effect of Heat Treatment on the Microstructures of CMSX-4® Processed through Scanning Laser Epitaxy (SLE)
	On the Use of X-Ray Computed Tomography for Monitoring the Failure of an Inconel 718 Two-Bar Specimen Manufactured by Laser Powder Bed Fusion
	Laser Powder Bed Fusion Fabrication and Characterization of Crack-Free Aluminum Alloy 6061 Using In-Process Powder Bed Induction Heating
	Porosity Development and Cracking Behavior of Al-Zn-Mg-Cu Alloys Fabricated by Selective Laser Melting
	Effect of Optimizing Particle Size in Laser Metal Deposition with Blown Pre-Mixed Powders
	Aluminum Matrix Syntactic Foam Fabricated with Additive Manufacturing
	Binderless Jetting: Additive Manufacturing of Metal Parts via Jetting Nanoparticles
	Characterization of Heat-Affected Powder Generated during the Selective Laser Melting of 304L Stainless Steel Powder
	Effects of Area Fraction and Part Spacing on Degradation of 304L Stainless Steel Powder in Selective Laser Melting
	Influence of Gage Length on Miniature Tensile Characterization of Powder Bed Fabricated 304L Stainless Steel
	Study of Selective Laser Melting for Bonding of 304L Stainless Steel to Grey Cast Iron
	Mechanical Performance of Selective Laser Melted 17-4 PH Stainless Steel under Compressive Loading
	Microstructure and Mechanical Properties Comparison of 316L Parts Produced by Different Additive Manufacturing Processes
	A Parametric Study on Grain Structure in Selective Laser Melting Process for Stainless Steel 316L
	316L Powder Reuse for Metal Additive Manufacturing
	Competing Influence of Porosity and Microstructure on the Fatigue Property of Laser Powder Bed Fusion Stainless Steel 316L
	Studying Chromium and Nickel Equivalency to Identify Viable Additive Manufacturing Stainless Steel Chemistries
	Investigation of the Mechanical Properties on Hybrid Deposition and Micro-Rolling of Bainite Steel
	Process – Property Relationships in Additive Manufacturing of Nylon-Fiberglass Composites Using Taguchi Design of Experiments
	Digital Light Processing (DLP): Anisotropic Tensile Considerations
	Determining the Complex Young’s Modulus of Polymer Materials Fabricated with Microstereolithography
	Effect of Process Parameters and Shot Peening on Mechanical Behavior of ABS Parts Manufactured by Fused Filament Fabrication (FFF)
	Expanding Material Property Space Maps with Functionally Graded Materials for Large Scale Additive Manufacturing
	Considering Machine- and Process-Specific Influences to Create Custom-Built Specimens for the Fused Deposition Modeling Process
	Rheological Evaluation of High Temperature Polymers to Identify Successful Extrusion Parameters
	A Viscoelastic Model for Evaluating Extrusion-Based Print Conditions
	Towards a Robust Production of FFF End-User Parts with Improved Tensile Properties
	Investigating Material Degradation through the Recycling of PLA in Additively Manufactured Parts
	Ecoprinting: Investigating the Use of 100% Recycled Acrylonitrile Butadiene Styrene (ABS) for Additive Manufacturing
	Microwave Measurements of Nylon-12 Powder Ageing for Additive Manufacturing
	Improvement of Recycle Rate in Laser Sintering by Low Temperature Process
	Development of an Experimental Laser Sintering Machine to Process New Materials like Nylon 6
	Optimization of Adhesively Joined Laser-Sintered Parts
	Investigating the Impact of Functionally Graded Materials on Fatigue Life of Material Jetted Specimens
	Fabrication and Characterization of Graphite/Nylon 12 Composite via Binder Jetting Additive Manufacturing Process
	Fabricating Zirconia Parts with Organic Support Material by the Ceramic On-Demand Extrusion Process
	The Application of Composite Through-Thickness Assessment to Additively Manufactured Structures
	Tensile Mechanical Properties of Polypropylene Composites Fabricated by Material Extrusion
	Pneumatic System Design for Direct Write 3D Printing
	Ceramic Additive Manufacturing: A Review of Current Status and Challenges
	Recapitulation on Laser Melting of Ceramics and Glass-Ceramics
	A Trade-Off Analysis of Recoating Methods for Vat Photopolymerization of Ceramics
	Additive Manufacturing of High-Entropy Alloys – A Review
	Microstructure and Mechanical Behavior of AlCoCuFeNi High-Entropy Alloy Fabricated by Selective Laser Melting
	Selective Laser Melting of AlCu5MnCdVA: Formability, Microstructure and Mechanical Properties
	Microstructure and Crack Distribution of Fe-Based Amorphous Alloys Manufactured by Selective Laser Melting
	Construction of Metallic Glass Structures by Laser-Foil-Printing Technology
	Building Zr-Based Metallic Glass Part on Ti-6Al-4V Substrate by Laser-Foil-Printing Additive Manufacturing
	Optimising Thermoplastic Polyurethane for Desktop Laser Sintering

	Modeling
	Real-Time Process Measurement and Feedback Control for Exposure Controlled Projection Lithography
	Optimization of Build Orientation for Minimum Thermal Distortion in DMLS Metallic Additive Manufacturing
	Using Skeletons for Void Filling in Large-Scale Additive Manufacturing
	Implicit Slicing Method for Additive Manufacturing Processes
	Time-Optimal Scan Path Planning Based on Analysis of Sliced Geometry
	A Slicer and Simulator for Cooperative 3D Printing
	Study on STL-Based Slicing Process for 3D Printing
	ORNL Slicer 2: A Novel Approach for Additive Manufacturing Tool Path Planning
	Computer Integration for Geometry Generation for Product Optimization with Additive Manufacturing
	Multi-Level Uncertainty Quantification in Additive Manufacturing
	Computed Axial Lithography for Rapid Volumetric 3D Additive Manufacturing
	Efficient Sampling for Design Optimization of an SLS Product
	Review of AM Simulation Validation Techniques
	Generation of Deposition Paths and Quadrilateral Meshes in Additive Manufacturing
	Analytical and Experimental Characterization of Anisotropic Mechanical Behaviour of Infill Building Strategies for Fused Deposition Modelling Objects
	Flexural Behavior of FDM Parts: Experimental, Analytical and Numerical Study
	Simulation of Spot Melting Scan Strategy to Predict Columnar to Equiaxed Transition in Metal Additive Manufacturing
	Modelling Nanoparticle Sintering in a Microscale Selective Laser Sintering Process
	3-Dimensional Cellular Automata Simulation of Grain Structure in Metal Additive Manufacturing Processes
	Numerical Simulation of Solidification in Additive Manufacturing of Ti Alloy by Multi-Phase Field Method
	The Effect of Process Parameters and Mechanical Properties Oof Direct Energy Deposited Stainless Steel 316
	Thermal Modeling of 304L Stainless Steel Selective Laser Melting
	The Effect of Polymer Melt Rheology on Predicted Die Swell and Fiber Orientation in Fused Filament Fabrication Nozzle Flow
	Simulation of Planar Deposition Polymer Melt Flow and Fiber Orientaiton in Fused Filament Fabrication
	Numerical Investigation of Stiffness Properties of FDM Parts as a Function of Raster Orientation
	A Two-Dimensional Simulation of Grain Structure Growth within Substrate and Fusion Zone during Direct Metal Deposition
	Numerical Simulation of Temperature Fields in Powder Bed Fusion Process by Using Hybrid Heat Source Model
	Thermal Simulation and Experiment Validation of Cooldown Phase of Selective Laser Sintering (SLS)
	Numerical Modeling of High Resolution Electrohydrodynamic Jet Printing Using OpenFOAM
	Mesoscopic Multilayer Simulation of Selective Laser Melting Process
	A Study into the Effects of Gas Flow Inlet Design of the Renishaw AM250 Laser Powder Bed Fusion Machine Using Computational Modelling
	Development of Simulation Tools for Selective Laser Melting Additive Manufacturing
	Machine Learning Enabled Powder Spreading Process Map for Metal Additive Manufacturing (AM)

	Process Development
	Melt Pool Dimension Measurement in Selective Laser Melting Using Thermal Imaging
	In-Process Condition Monitoring in Laser Powder Bed Fusion (LPBF)
	Performance Characterization of Process Monitoring Sensors on the NIST Additive Manufacturing Metrology Testbed
	Microheater Array Powder Sintering: A Novel Additive Manufacturing Process
	Fabrication and Control of a Microheater Array for Microheater Array Powder Sintering
	Initial Investigation of Selective Laser Sintering Laser Power vs. Part Porosity Using In-Situ Optical Coherence Tomography
	The Effect of Powder on Cooling Rate and Melt Pool Length Measurements Using In Situ Thermographic Tecniques
	Monitoring of Single-Track Degradation in the Process of Selective Laser Melting
	Machine Learning for Defect Detection for PBFAM Using High Resolution Layerwise Imaging Coupled with Post-Build CT Scans
	Selection and Installation of High Resolution Imaging to Monitor the PBFAM Process, and Synchronization to Post-Build 3D Computed Tomography
	Multisystem Modeling and Optimization of Solar Sintering System
	Continuous Laser Scan Strategy for Faster Build Speeds in Laser Powder Bed Fusion System
	Influence of the Ratio between the Translation and Contra-Rotating Coating Mechanism on Different Laser Sintering Materials and Their Packing Density
	Thermal History Correlation with Mechanical Properties for Polymer Selective Laser Sintering (SLS)
	Post Processing Treatments on Laser Sintered Nylon 12
	Development of an Experimental Test Setup for In Situ Strain Evaluation during Selective Laser Melting
	In Situ Melt Pool Monitoring and the Correlation to Part Density of Inconel® 718 for Quality Assurance in Selective Laser Melting
	Influence of Process Time and Geometry on Part Quality of Low Temperature Laser Sintering
	Increasing Process Speed in the Laser Melting Process of Ti6Al4V and the Reduction of Pores during Hot Isostatic Pressing
	A Method for Metal AM Support Structure Design to Facilitate Removal
	Expert Survey to Understand and Optimize Part Orientation in Direct Metal Laser Sintering
	Fabrication of 3D Multi-Material Parts Using Laser-Based Powder Bed Fusion
	Melt Pool Image Process Acceleration Using General Purpose Computing on Graphics Processing Units
	Blown Powder Laser Cladding with Novel Processing Parameters for Isotropic Material Properties
	The Effect of Arc-Based Direct Metal Energy Deposition on PBF Maraging Steel
	Fiber-Fed Laser-Heated Process for Printing Transparent Glass
	Reducing Mechanical Anisotropy in Extrusion-Based Printed Parts
	Exploring the Manufacturability and Resistivity of Conductive Filament Used in Material Extrusion Additive Manufacturing
	Active - Z Printing: A New Approach to Increasing3D Printed Part Strength
	A Mobile 3D Printer for Cooperative 3D Printing
	A Floor Power Module for Cooperative 3D Printing
	Changing Print Resolution on BAAM via Selectable Nozzles
	Predicting Sharkskin Instability in Extrusion Additive Manufacturing of Reinforced Thermoplastics
	Design of a Desktop Wire-Feed Prototyping Machine
	Process Modeling and In-Situ Monitoring of Photopolymerization for Exposure Controlled Projection Lithography (ECPL)
	Effect of Constrained Surface Texturing on Separation Force in Projection Stereolithography
	Modeling of Low One-Photon Polymerization for 3D Printing of UV-Curable Silicones
	Effect of Process Parameters and Shot Peening on the Tensile Strength and Deflection of Polymer Parts Made Using Mask Image Projection Stereolithography (MIP-SLA)
	Additive Manufacturing Utilizing Stock Ultraviolet Curable Silicone
	Temperature and Humidity Variation Effect on Process Behavior in Electrohydrodynamic Jet Printing of a Class of Optical Adhesives
	Reactive Inkjet Printing Approach towards 3D Silcione Elastomeric Structures Fabrication
	Magnetohydrodynamic Drop-On-Demand Liquid Metal 3D Printing
	Selective Separation Shaping of Polymeric Parts
	Selective Separation Shaping (SSS) – Large-Scale Fabrication Potentials
	Mechanical Properties of 304L Metal Parts Made by Laser-Foil-Printing Process
	Investigation of Build Strategies for a Hybrid Manufacturing Process Progress on Ti-6Al-4V
	Direct Additive Subtractive Hybrid Manufacturing (DASH) – An Out of Envelope Method
	Metallic Components Repair Strategies Using the Hybrid Manufacturing Process
	Rapid Prototyping of EPS Pattern for Complicated Casting
	5-Axis Slicing Methods for Additive Manufacturing Process
	A Hybrid Method for Additive Manufacturing of Silicone Structures
	Analysis of Hybrid Manufacturing Systems Based on Additive Manufacturing Technology
	Fabrication and Characterization of Ti6Al4V by Selective Electron Beam and Laser Hybrid Melting
	Development of a Hybrid Manufacturing Process for Precision Metal Parts
	Defects Classification of Laser Metal Deposition Using Acoustic Emission Sensor
	An Online Surface Defects Detection System for AWAM Based on Deep Learning
	Development of Automatic Smoothing Station Based on Solvent Vapour Attack for Low Cost 3D Printers
	Casting - Forging - Milling Composite Additive Manufacturing Thechnology
	Design and Development of a Multi-Tool Additive Manufacturing System
	Challenges in Making Complex Metal Large-Scale Parts for Additive Manufacturing: A Case Study Based on the Additive Manufacturing Excavator
	Visual Sensing and Image Processing for Error Detection in Laser Metal Wire Deposition

	Applications
	Embedding of Liquids into Water Soluble Materials via Additive Manufacturing for Timed Release
	Prediction of the Elastic Response of TPMS Cellular Lattice Structures Using Finite Element Method
	Multiscale Analysis of Cellular Solids Fabricated by EBM
	An Investigation of Anisotropy of 3D Periodic Cellular Structure Designs
	Modeling of Crack Propagation in 2D Brittle Finite Lattice Structures Assisted by Additive Manufacturing
	Estimating Strength of Lattice Structure Using Material Extrusion Based on Deposition Modeling and Fracture Mechanics
	Controlling Thermal Expansion with Lattice Structures Using Laser Powder Bed Fusion
	Determination of a Shape and Size Independent Material Modulus for Honeycomb Structures in Additive Manufacturing
	Additively Manufactured Conformal Negative Stiffness Honeycombs
	A Framework for the Design of Biomimetic Cellular Materials for Additive Manufacturing
	A Post-Processing Procedure for Level Set Based Topology Optimization
	Multi-Material Structural Topology Optimization under Uncertainty via a Stochastic Reduced Order Model Approach
	Topology Optimization for 3D Material Distribution and Orientation in Additive Manufacturing
	Topological Optimization and Methodology for Fabricating Additively Manufactured Lightweight Metallic Mirrors
	Topology Optimization of an Additively Manufactured Beam
	Quantifying Accuracy of Metal Additive Processes through a Standardized Test Artifact
	Integrating Interactive Design and Simulation for Mass Customized 3D-Printed Objects – A Cup Holder Example
	High-Resolution Electrohydrodynamic Jet Printing of Molten Polycaprolactone
	3D Bioprinting of Scaffold Structure Using Micro-Extrusion Technology
	Fracture Mechanism Analysis of Schoen Gyroid Cellular Structures Manufactured by Selective Laser Melting
	An Investigation of Build Orientation on Shrinkage in Sintered Bioceramic Parts Fabricated by Vat Photopolymerization
	Hypervelocity Impact of Additively Manufactured A356/316L Interpenetrating Phase Composites
	Understanding and Engineering of Natural Surfaces with Additive Manufacturing
	Additive Fabrication of Polymer-Ceramic Composite for Bone Tissue Engineering
	Binder Jet Additive Manufacturing of Stainless Steel - Tricalcium Phosphate Biocomposite for Bone Scaffold and Implant Applications
	Selective Laser Melting of Novel Titanium-Tantalum Alloy as Orthopedic Biomaterial
	Development of Virtual Surgical Planning Models and a Patient Specific Surgical Resection Guide for Treatment of a Distal Radius Osteosarcoma Using Medical 3D Modelling and Additive Manufacturing Processes
	Design Optimisation of a Thermoplastic Splint
	Reverse Engineering a Transhumeral Prosthetic Design for Additive Manufacturing
	Big Area Additive Manufacturing Application in Wind Turbine Molds
	Design, Fabrication, and Qualification of a 3D Printed Metal Quadruped Body: Combination Hydraulic Manifold, Structure and Mechanical Interface
	Smart Parts Fabrication Using Powder Bed Fusion Additive Manufacturing Technologies
	Design for Protection: Systematic Approach to Prevent Product Piracy during Product Development Using AM
	The Use of Electropolishing Surface Treatment on IN718 Parts Fabricated by Laser Powder Bed Fusion Process
	Towards Defect Detection in Metal SLM Parts Using Modal Analysis “Fingerprinting”
	Electrochemical Enhancement of the Surface Morphology and the Fatigue Performance of Ti-6Al-4V Parts Manufactured by Laser Beam Melting
	Fabrication of Metallic Multi-Material Components Using Laser Metal Deposition
	A Modified Inherent Strain Method for Fast Prediction of Residual Deformation in Additive Manufacturing of Metal Parts 2539
	Effects of Scanning Strategy on Residual Stress Formation in Additively Manufactured Ti-6Al-4V Parts
	How Significant Is the Cost Impact of Part Consolidation within AM Adoption?
	Method for the Evaluation of Economic Efficiency of Additive and Conventional Manufacturing
	Integrating AM into Existing Companies - Selection of Existing Parts for Increase of Acceptance
	Ramp-Up-Management in Additive Manufacturing – Technology Integration in Existing Business Processes
	Rational Decision-Making for the Beneficial Application of Additive Manufacturing
	Approaching Rectangular Extrudate in 3D Printing for Building and Construction by Experimental Iteration of Nozzle Design
	Areal Surface Characterization of Laser Sintered Parts for Various Process Parameters
	Design and Process Considerations for Effective Additive Manufacturing of Heat Exchangers
	Design and Additive Manufacturing of a Composite Crossflow Heat Exchanger
	Fabrication and Quality Assessment of Thin Fins Built Using Metal Powder Bed Fusion Additive Manufacturing
	A Mobile Robot Gripper for Cooperative 3D Printing
	Technological Challenges for Automotive Series Production in Laser Beam Melting
	Qualification Challenges with Additive Manufacturing in Space Applications
	Material Selection on Laser Sintered Stab Resistance Body Armor
	Investigation of Optical Coherence Tomography Imaging in Nylon 12 Powder
	Powder Bed Fusion Metrology for Additive Manufacturing Design Guidance
	Geometrical Accuracy of Holes and Cylinders Manufactured with Fused Deposition Modeling
	New Filament Deposition Technique for High Strength, Ductile 3D Printed Parts
	Applied Solvent-Based Slurry Stereolithography Process to Fabricate High-Performance Ceramic Earrings with Exquisite Details
	Design and Preliminary Evaluation of a Deployable Mobile Makerspace for Informal Additive Manufacturing Education
	Comparative Costs of Additive Manufacturing vs. Machining: The Case Study of the Production of Forming Dies for Tube Bending


	Attendee List
	Author Index
	Print
	Search



