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Abstract 
This study investigates the effect of using either argon or nitrogen as the shielding gas on 

the final mechanical properties of additively manufactured (AM) 17-4 PH stainless steel (SS). The 
difference in thermo-physical properties of shielding gases during the additive manufacturing 
process can affect part thermal response. Simulations are performed to elucidate the differences in 
temperature, temperature gradient and cooling rate for argon and nitrogen building environments 
for the laser-powder bed fusion (L-PBF) process. Mechanical properties of fabricated parts are 
studied through micro-hardness and tensile tests. Tensile tests are carried out under 0.001 s-1 strain 
rate at room temperature. Using both numerical and experimental results, the effects of shielding 
gas type on AM 17-4 PH SS will be presented and discussed.  

Keywords: Tensile properties; Micro-hardness; Shielding gas; Thermal simulation; 17-4 PH 
stainless steel; Laser powder bed fusion 

Introduction 

Additive manufacturing (AM) is a novel manufacturing method which provides more 
freedom in design, manufacturing near net shaped parts per demand, lower cost of production and 
expedition in delivery time to market [1]. Recently, AM has drawn attention from academia and 
industry with the aim of fabricating high-quality parts with optimal mechanical performance. AM 
can be classified to various techniques such as laser powder bed fusion (L-PBF), direct laser 
deposition (DLD), binder jetting, and ultrasonic additive manufacturing (UAM), based on the 
energy source, feed stock and feeding system. Among various metals AM techniques, L-PBF is 
the most prominent one and provides higher accuracy and powder proficiency in comparison to 
other methods. During the L-PBF process, a thin layer of metallic powder is spread by a recoater 
arm and fused to the previous layer via the laser heat flux in an inert atmosphere. This process 
occurs repetitively, until the part is completed.  

 Beside the benefits of AM methods, there are some drawbacks to AM parts, as they can 
consist of defects such as pores and lack of fusion (LOF) which are inherited form the process. 
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Accordingly, the trustworthiness of the fabricated parts must be investigated prior to using them 
in critical load bearing applications. Many efforts have been done to optimize or improve the 
mechanical properties of AM parts by investigating various process parameters, scan strategies 
and building orientation effects [2-4]. Shielding gas has been introduced as another significant 
parameter which affects not only the thermo-physical but also the mechanical properties of 
fabricated parts [5].The shielding gas is responsible for the removal of reactive gases surrounding 
the melt pool to prevent detrimental effects of reaction with atmospheric gases like oxygen [6]. 
Various factors such as the base material and chemical-metallurgical reactions of the gas with the 
melt pool must be considered for choosing the appropriate shielding gas [7]. Effects of various 
shielding gases such as argon, nitrogen and helium have been studied on the behavior of different 
materials (e.g. carbon steels, stainless steels, aluminum alloys) [6, 8, 9]. In addition, several 
numerical simulation studies have been conducted to investigate shielding gas effects on the 
behavior of materials. Zekovic et al. [10] modeled convection in vicinity of the melt pool using 
computational fluid dynamics (CFD) for the direct laser metal deposition (DMD) of H13 tool steel. 
It was found that modeling the DMD gas flow better estimates convection heat transfer, resulting 
in more accurate residual stress modeling. In some cases, radiation and convection have been 
assumed as negligible during L-PBF [11, 12] while others have assigned a uniform/constant heat 
transfer coefficient over all free surfaces. Heigel et al. [13] modeled convection using a 
measurement-based method for DMD of Ti-6Al-4V. It was shown that using a more accurate heat 
transfer coefficient can reduce the error in temperature prediction by up to 30%.  

17-4 precipitation hardening (PH) stainless steel (SS) is a martensitic precipitation hardenable 
SS which has been drawn into attention recently for use in AM. 17-4 PH SS is well known for its 
high tensile/impact strength, fracture toughness and corrosion resistance at service temperatures 
below 300 °C and is thus used as the structural material in aerospace, petrochemical, power plants 
and marine environments [14]. The phase composition of AM 17-4 PH SS has been investigated 
in argon and nitrogen building environments. Nitrogen has been shown to stabilize the austenite 
and affect the precipitation behavior in further heat treatment which is influential on the 
mechanical properties as compared to the argon building environment [15].  

To the best of authors’ knowledge, there is a significant gap in the literature regarding the 
effects of shielding gas type on the behavior of AM parts considering the different thermal 
properties of various gases. Accordingly, the current study focuses on modeling the thermal 
response of 17-4 PH SS by simulating a single track during typical L-PBF conditions while 
considering convection heat transfer for different shielding gases. The gas momentum and energy 
fields are found numerically while referencing temperature-dependent properties. Effects of 
convection and radiation heat transfer under different shielding gases (i.e. nitrogen and argon) on 
the temperature distribution, temperature gradient and local heating/cooling rates of 17-4 PH SS 
during L-PBF are investigated. The differences between simulating L-PBF with an assumed 
constant heat transfer coefficient versus locally-variable heat transfer coefficients, found via CFD 
of surrounding fluid flow in the chamber, are also elucidated. Experiments are performed to 
demonstrate and validate the effects of shielding gas type on the mechanical properties of L-PBF 
specimens. 

Materials and methods 

 Argon atomized 17-4 PH SS powder with particle sizes in the range of 15-45 µm were 
provided by LPW Inc. for this study. The chemical composition of the powder is presented in 
Table 1. Two sets of 11×11 mm square bars were vertically fabricated in two different building 
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environments, Ar (99.9997%) and N2 (99.9997%), using EOS M290, an L-PBF system. The 
fabricated square bars were machined afterwards to the geometry based on the ASTM E606 [16]. 
Figure 1 provides a schematic of fabricated square bars and drawing of the final geometry of 
machined specimens. The process parameters employed for the fabrication of parts are shown in 
Table 2. 

 

Table 1. Chemical composition of 17-4 PH stainless steel powder 

 C Cr Ni Cu Mn Si Nb Mo N O Fe 

(Wt. 
%) 0.01 15.6 4.03 3.89 0.24 0.29 0.33 <0.01 0.01 0.05 Bal 

 

 

 

Figure 1. (a) 3D schematic of fabricated square bars, (b) the final geometry of machined 
specimens 

 
 The machined specimens were subjected to solution heat treatment for half an hour at 1050 
˚C, followed by air cooling to room temperature, and subsequent 4 hours annealing at 552 ˚C (CA-
H1025 procedure) followed by air cooling to room temperature. Argon atmosphere was used 
during heat treatment to avoid oxidation. To remove the machining lines and dirt on the surface 
due to the heat treatment process, specimens were polished progressively to a mirror like surface 
finish. For better tracking each set in the following context, HT-Ar/Ar and HT-Ar/N2 are the 
designations used for heat treated specimens that were built in Argon and Nitrogen atmosphere, 
respectively, and AB-Ar/Ar and AB-Ar/N2 are the designations used for specimens in the as-built 
condition fabricated in Argon and Nitrogen, respectively. Micro Vickers Hardness (MVH) tests 
were carried out for all conditions employing DM 400 hardness tester equipment. Specimens were 
cross sectioned transversely in the gage section, progressively polished to mirror surface finish 
level and subjected to 100 gf loading with 10 s loading time for each indentation. In addition, 
Imagej software was used for quantifying the microstructural features (e.g. aspect ratio of the 
grains).  
 Additionally, specimens were subjected to uniaxial tensile tests at room temperature at 
0.001 s-1 strain rate using an MTS Landmark servo hydraulic test system with 100 kN load cells. 
Tests were carried out in two steps, strain-controlled and displacement controlled. Due to the 

(a)
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D
=
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G= Gage length
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higher displacement of the material to the failure and the probability of extensometer destruction, 
the strain-controlled step was carried out using an extensometer up to 0.045 mm/mm strain, then 
continued in displacement control to the final fracture by removing the extensometer. For reducing 
uncertainty, three tensile tests were conducted for each condition and eventually the average values 
are presented. 

Physical model and numerical method 

The validated numerical model was used for simulating the L-PBF of a single-track of 17-
4 PH SS with a length of 5 mm. The size of the substrate and chamber size were 32 x 32 x 10 
cm3 and 25 x 25 x 35 cm3, respectively.  Note that the area of the powder bed was smaller relative 
to the substrate. The five sides of the powder bed exposed to the gas were subjected to convection 
and radiation heat transfer. Process parameters used for simulation corresponding to recommended 
EOS M290 process parameters for fabricating dense 17-4 PH SS parts are presented in Table 2.  

Table 2. Process parameters for 17-4 PH stainless steel provided by EOS. 
Laser power  
(W) 

Scanning speed 
(mm/s) 

Hatching distance  
(μm) 

Layer thickness  
(μm) 

220 755.5 100 40 

 
The measurement, i.e. data extraction, location was at the middle of the track during the 

simulated fabrication. The simulation was repeated using different mesh sizes to ensure mesh-
independent results. Results were reviewed to ensure that melt pool size was independent of mesh 
size. From the aforementioned simulations, melt pool length was found to become independent of 
mesh size when using 5000 μm3 elements. Hence, simulations were performed using a mesh with 
element sizes of 3800 μm3. It should be noted that the thermal and velocity boundary layers in the 
chamber consisted of ~20 cells. Material property of 17-4 PH SS, argon and nitrogen gases used 
in the simulation were obtained from Masoomi et al. [17]  and Younglove [18].  More details 
regarding the simulation conditions can be found in Ref [5]. 

Results and discussion 

Numerical study 
 

The unsteady momentum and energy transfer within the pumped/supplied argon/nitrogen 
gas, as well as the energy transfer within the irradiated powder bed and part during a typical L-
PBF process, were predicted by solving their governing equations as defined for three-dimensional 
Cartesian space. To predict the convective heat flux between the build plate and argon/nitrogen 
gas, a detailed description of the flow field is necessary. The temperature, in turn, affects the fluid 
properties and can alter the flow field. 

Temperature gradient and cooling rate results 
 

The temperature and temperature gradient of a point in the middle of fabricated tracks are 
presented in Figure 2 for both the use of argon and nitrogen gases during L-PBF. It may be 
observed that temperature and temperature gradient marginally decrease when shielding gas is 
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changed from Argon to Nitrogen. This is due to the change in the thermal properties of Argon and 
Nitrogen. The thermal conductivity of Argon is lower (≈ 40%) compared to that of Nitrogen. 
Additionally, the specific heat capacities (isochoric and isobaric) of Argon are almost half that of 
Nitrogen. Consequently, more thermal energy will be absorbed via convection when Nitrogen is 
used inside the L-PBF chamber. When Argon is used inside the chamber, the peak temperature is 
~100 ºC higher than the condition in which Nitrogen is used. The peak temperature gradient when 
using Argon is 11% (4.3 ºC/μm) higher than when using Nitrogen as the shielding gas. 

 
Figure 2. Temperature gradient at the middle of track under (a) Argon and (b) Nitrogen 

environments 

 It is observed in Figure 3 that the cooling rate at the middle point of the track, is ≈10% 
higher when Nitrogen is used as the shielding gas. Like the previous case, the difference in thermal 
properties of Argon and Nitrogen causes the change in cooling rate. From the results, it is observed 
that convective heat transfer is more important when Nitrogen is used as a shielding gas compared 
to when Argon is used. This means that more energy will be dissipated by the environment when 
Nitrogen is used as the shielding gas. 

1305



 
Figure 3. Cooling rate at the middle of track under Argon and Nitrogen atmosphere 

Experimental study 
 
Micro-hardness  
 Figure 4 shows the micro-hardness results for various conditions. These are the mean 
values of multiple micro-indentation along the transverse plane, parallel to the building direction 
in the gage section area. In addition, the minimum and maximum micro-hardness value after the 
same heat treatment for the wrought material is specified by dashed lines for comparison. It is 
observed that the AB-Ar/N2 condition has higher hardness with less deviation compare to the AB-
Ar/Ar condition which shows that the microstructure is more homogenized when using Nitrogen 
as the shielding gas. This is attributed to the higher cooling rate under Nitrogen shielding gas which 
may not let the grains to grow as much as that under the Argon atmosphere. Accordingly, smaller 
grains with higher dislocation density can cause higher hardness which is consistent with the 
micro-hardness results. Interestingly, the hardness value for the HT-Ar/Ar is higher than the HT-
Ar/N2 condition. It has been reported that fabricating parts under Nitrogen gas stabilizes the 
austenite at room temperature, while the microstructure of fabricated specimens under Argon gas 
is martensitic. The precipitation hardening behavior has been reported to be more pronounced in 
martensitic microstructure [15]. Therefore, the micro-hardness of HT-Ar/Ar should be more than 
that corresponding to the HT-Ar/N2 condition. In addition, it is clear that the hardness of AM 
specimens is in the same range for the wrought counterparts. 
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Figure 4. The micro-hardness results of specimens fabricated in Argon and Nitrogen L-PBF 

atmospheres for the as-built and heat-treated conditions 

Tensile properties 
 
 Figure 5 compares the monotonic mechanical behavior of specimens fabricated under 
Argon and Nitrogen atmosphere in the as-built and heat-treated conditions. Figure 3a shows the 
stress-strain curve up to the point the extensometer was removed. As it is observed, there is a 
minimal difference between Ar/Ar and Ar/N2 conditions in the initial stages of deformation. Figure 
3b represents the general tensile behavior of all conditions to failure and the corresponding details 
are summarized in Figure 3c. It may be seen that specimens responded similarly, irrespective of 
the shielding gas type. However, the Ar/N2 specimens had insignificant higher strength and 
ductility (Figure 3b and c) in both as-built and heat-treated conditions. This is attributed to the 
higher cooling rates provided by the Nitrogen atmosphere which leads to finer microstructure. 
Moreover, the quantified microstructure characterization revealed that the aspect ratio of grains 
for the AB-Ar/N2 condition is ~2 µm while it is ~2.4 µm for AB-Ar/Ar. Accordingly, there are 
more equiaxed grains for the Ar/N2 condition which led to slightly higher specimen ductility than 
for the Ar/Ar condition. 
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Figure 5. Tensile behavior of as-built and heat treated parts fabricated under Ar and N2 
shielding gases: (a) stress-strain curve up to 0.045 mm/mm where the extensometer was 
installed on the specimen (b) stress-displacement curve up to the failure and, (c) detailed 

tensile data 
 

Conclusions 
 
 The aim of this study was to investigate the effects of shielding gas type on the mechanical 
behavior of AM 17-4 PH SS. To this end, a numerical study was performed to obtain the 
temperature, temperature gradient and cooling rate of parts fabricated under Argon and Nitrogen 
shielding gases during L-PBF. Experimental investigations were carried out through micro-
hardness testing and tensile tests to see the mechanical performance of fabricated parts under 
different shielding gases. The following conclusions can be made based upon the results: 

1. Simulations showed that the Nitrogen atmosphere introduces slightly lower temperatures 
and temperature gradients along tracks while the cooling rate is higher than the Argon 
atmosphere. This is attributed to the higher thermal conductivity of Nitrogen gas (≈ 40%). 

2. More energy should dissipate from the track to the environment when Nitrogen is used as 
the shielding gas. This is due to the higher cooling rate provided when using Nitrogen gas. 

3. The hardness of as-built specimens fabricated under Nitrogen shielding gas is slightly 
higher than the fabricated specimens under Argon gas. This is attributed to the finer 
microstructure obtained due to the higher cooling rates provided while under Nitrogen 
atmosphere. 

4. The HT-Ar/Ar specimens have higher hardness than HT-Ar/N2 ones. This is due to the 
higher capability of precipitation hardening in the martensitic microstructure compared to 
the austenitic matrix as a result of fabricating under Argon atmosphere. 
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5. There is minimal variation in tensile behavior of all conditions. However, the specimens 
fabricated under Nitrogen atmosphere have slightly higher strength and ductility.  

Acknowledgment 

This material is based upon the work supported by Naval Air Systems Command (NAVAIR) 

References 

[1] A. Yadollahi, N. Shamsaei, Additive manufacturing of fatigue resistant materials: Challenges 
and opportunities, International Journal of Fatigue 98 (2017) 14-31. 
[2] N. Shamsaei, A. Yadollahi, L. Bian, S.M. Thompson, An overview of Direct Laser Deposition 
for additive manufacturing; Part II: Mechanical behavior, process parameter optimization and 
control, Additive Manufacturing 8 (2015) 12-35. 
[3] A. Yadollahi, N. Shamsaei, S.M. Thompson, D.W. Seely, Effects of process time interval and 
heat treatment on the mechanical and microstructural properties of direct laser deposited 316L 
stainless steel, Materials Science and Engineering: A 644 (2015) 171-183. 
[4] R. Rashid, S.H. Masood, D. Ruan, S. Palanisamy, R.A. Rahman Rashid, M. Brandt, Effect of 
scan strategy on density and metallurgical properties of 17-4PH parts printed by Selective Laser 
Melting (SLM), Journal of Materials Processing Technology  (2017). 
[5] M. Masoomi, J.W. Pegues, S.M. Thompson, N. Shamsaei, A numerical and experimental 
investigation of convective heat transfer during laser-powder bed fusion, Additive Manufacturing 
22 (2018) 729-745. 
[6] P. Kah, J. Martikainen, Influence of shielding gases in the welding of metals, International 
Journal of Advanced Manufacturing Technology 64 (2013). 
[7] A. Ladewig, G. Schlick, M. Fisser, V. Schulze, U. Glatzel, Influence of the shielding gas flow 
on the removal of process by-products in the selective laser melting process, Additive 
Manufacturing 10 (2016) 1-9. 
[8] J. Sun, P. Nie, K. Feng, Z. Li, B. Guo, E. Jiang, The elimination of pores in laser welds of AISI 
304 plate using different shielding gases, Journal of Materials Processing Technology 248 (2017) 
56-63. 
[9] J.M. Kuk, K.C. Jang, D.G. Lee, I.S. Kim, Effects of temperature and shielding gas mixture on 
fatigue life of 5083 aluminum alloy, Journal of Materials Processing Technology 155-156 (2004) 
1408-1414. 
[10] S. Zekovic, R. Dwivedi, R. Kovacevic, Thermo-structural finite element analysis of direct 
laser metal deposited thin-walled structures, Proceedings SFF Symposium,. Austin, TX, 2005. 
[11] H. Chung, S. Das, Numerical modeling of scanning laser-induced melting, vaporization and 
resolidification in metals subjected to step heat flux input, International journal of heat and mass 
transfer 47(19-20) (2004) 4153-4164. 
[12] M. Badrossamay, T. Childs, Further studies in selective laser melting of stainless and tool 
steel powders, International Journal of Machine Tools and Manufacture 47(5) (2007) 779-784. 
[13] J. Heigel, P. Michaleris, E. Reutzel, Thermo-mechanical model development and validation 
of directed energy deposition additive manufacturing of Ti–6Al–4V, Additive manufacturing 5 
(2015) 9-19. 
[14] C. Schade, Processing, Microstructures and Properties of a Dual Phase Precipitation-
Hardening PM Stainless Steel, 2010. 

1309



[15] L.E. Murr, E. Martinez, J. Hernandez, S. Collins, K.N. Amato, S.M. Gaytan, P.W. Shindo, 
Microstructures and Properties of 17-4 PH Stainless Steel Fabricated by Selective Laser Melting, 
Journal of Materials Research and Technology 1(3) (2012) 167-177. 
[16] E.E.M. 12, Standard Test Method for Strain-Controlled Fatigue Testing, ASTM International  
(2012). 
[17] M. Masoomi, A. Yadollahi, S. M. Thompson, R. A. Winholtz, and J. Milner, “Assessment of 
Residual Stress in Selective Laser Melted 17-4 PH via Numerical Modeling and Neutron 
Diffraction,” in MS&T Conference, 2016. 

[18] B. A. Younglove, “Thermophysical properties of fluids. I. Argon, ethylene, parahydrogen, 
Nitrogen, Nitrogen trifluoride, and oxygen,” (1982). 

 

 

1310


	Welcome
	Title Page
	Preface
	Organizing Committee
	Papers to Journals
	Table of Contents
	Broader Impacts
	Using Additive Manufacturing as a Pathway to Change the Qualification Paradigm
	Technology Integration into Existing Companies
	Lattice Design Optimization: Crowdsourcing Ideas in the Classroom
	Education of Additive Manufacturing – An Attempt to Inspire Research
	Printing Orientation and How Implicit It Is
	Method for a Software-Based Design Check of Additively Manufactured Components
	The Recycling of E-Waste ABS Plastics by Melt Extrusion and 3D Printing Using Solar Powered Devices as a Transformative Tool for Humanitarian Aid

	Binder Jetting
	Evaluating the Surface Finish of A356-T6 Cast Parts from Additively Manufactured Sand Molds
	Economies of Complexity of 3D Printed Sand Molds for Casting
	Mitigating Distortion During Sintering of Binder Jet Printed Ceramics
	Binder Jetting of High Temperature and Thermally Conductive (Aluminum Nitride) Ceramic
	Binder Jetting Additive Manufacturing of Water-Atomized Iron

	Data Analytics in AM
	Effects of Thermal Camera Resolution on Feature Extraction in Selective Laser Melting
	Artificial Intelligence-Enhanced Multi-Material Form Measurement for Additive Materials
	Machine Learning for Modeling of Printing Speed in Continuous Projection Stereolithography
	Curvature-Based Segmentation of Powder Bed Point Clouds for In-Process Monitoring
	Nondestructive Micro-CT Inspection of Additive Parts: How to Beat the Bottlenecks
	Non-Destructive Characterization of Additively Manufactured Components Using X-Ray Micro-Computed Tomography
	Precision Enhancement of 3D Printing via In Situ Metrology
	Layer-Wise Profile Monitoring of Laser-Based Additive Manufacturing
	Correlative Beam Path and Pore Defect Space Analysis for Modulated Powder Bed Laser Fusion Process

	Hybrid AM
	Characterization of High-Deposition Polymer Extrusion in Hybrid Manufacturing
	Mechanical Properties Evaluation of Ti-6Al-4V Thin-Wall Structure Produced by a Hybrid Manufacturing Process
	Development of Pre-Repair Machining Strategies for Laser-Aided Metallic Component Remanufacturing
	Viscosity Control of Pseudoplastic Polymer Mixtures for Applications in Additive Manufacturing
	Curing Behavior of Thermosets for the Use in a Combined Selective Laser Sintering Process of Polymers
	Effect of Porosity on Electrical Insulation and Heat Dissipation of Fused Deposition Modeling Parts Containing Embedded Wire
	A New Digitally Driven Process for the Fabrication of Integrated Flex-Rigid Electronics
	Hybrid Manufacturing with FDM Technology for Enabling Power Electronics Component Fabrication
	Digitally-Driven Micro Surface Patterning by Hybrid Manufacturing
	Potentials and Challenges of Multi-Material Processing by Laser-Based Powder Bed Fusion
	A Digitally Driven Hybrid Manufacturing Process for the Flexible Production of Engineering Ceramic Components
	Stereolithography-Based Manufacturing of Molds for Directionally Solidified Castings
	Examination of the Connection between Selective Laser-Melted Components Made of 316L Steel Powder on Conventionally Fabricated Base Bodies
	Characterization and Analysis of Geometric Features for the Wire-Arc Additive Process

	Applications
	Geometry/Surface Finish
	Effect of Inter-Layer Cooling Time on Distortion and Mechanical Properties in Metal Additive Manufacturing
	Effect of Shield Gas on Surface Finish of Laser Powder Bed Produced Parts
	Material Characterization for Lightweight Thin Wall Structures Using Laser Powder Bed Fusion Additive Manufacturing
	Metal Additive Manufacturing in the Oil and Gas Industry
	Development of a Customized CPAP Mask Using Reverse Engineering and Additive Manufacturing

	Specific Parts
	Multimaterial Aerosol Jet Printing of Passive Circuit Elements
	Additive Manufacturing of Liners for Shaped Charges
	An Aerospace Integrated Component Application Based on Selective Laser Melting: Design, Fabrication and Fe Simulation
	Additive Manufacturing of Metal Bandpass Filters for Future Radar Receivers
	Fast Prediction of Thermal History in Large-Scale Parts Fabricated via a Laser Metal Deposition Process
	Design Guidelines for a Software-Supported Adaptation of Additively Manufactured Components with Regard to a Robust Production

	Large Scale Parts
	Increasing Interlaminar Strength in Large Scale Additive Manufacturing
	Using Post-Tensioning in Large Scale Additive Parts for Load Bearing Structures
	Precast Concrete Molds Fabricated with Big Area Additive Manufacturing
	3D Printed Fastener-Free Connections for Non-Structural and Structural Applications – An Exploratory Investigation
	Correlations of Interlayer Time with Distortion of Large Ti-6Al-4V Components in Laser Metal Deposition with Wire
	Model Development for Residual Stress Consideration in Design for Laser Metal 3D Printing of Maraging Steel 300
	Topology Optimisation of Additively Manufactured Lattice Beams for Three-Point Bending Test

	Residual Stress
	Morphable Components Topology Optimization for Additive Manufacturing
	Next-Generation Fibre-Reinforced Lightweight Structures for Additive Manufacturing

	Topology Optimization
	Topology Optimized Heat Transfer Using the Example of an Electronic Housing
	Microstructural and Mechanical Characterization of Ti6Al4V Cellular Struts Fabricated by Electron Beam Powder Bed Fusion Additive Manufacturing
	Effect of Wall Thickness and Build Quality on the Compressive Properties of 304L Thin-Walled Structure Fabricated by SLM
	Mechanical Behavior of Additively Manufactured 17-4 Ph Stainless Steel Schoen Gyroid Lattice Structure

	Lattices and Cellular
	An Investigation of the Fatigue Strength of Multiple Cellular Structures Fabricated by Electron Beam Powder Bed Fusion Additive Manufacturing Process
	On the Mechanical Behavior of Additively Manufactured Asymmetric Honeycombs
	Fabrication of Support-Less Engineered Lattice Structures via Jetting of Molten Aluminum Droplets
	Finite Element Modeling of Metal Lattice Using Commercial Fea Platforms
	A CAD-Based Workflow and Mechanical Characterization for Additive Manufacturing of Tailored Lattice Structures
	A Comparison of Modeling Methods for Predicting the Elastic-Plastic Response of Additively Manufactured Honeycomb Structures
	Numerical and Experimental Study of the Effect of Artificial Porosity in a Lattice Structure Manufactured by Laser Based Powder Bed Fusion
	Size and Topology Effects on Fracture Behavior of Cellular Structures
	Rheological, In Situ Printability and Cell Viability Analysis of Hydrogels for Muscle Tissue Regeneration
	Development of a Thermoplastic Biocomposite for 3D Printing
	Design Rules for Additively Manufactured Wrist Splints Created Using Design of Experiment Methods


	Biomedical Applications
	Design and Additive Manufacturing of a Patient Specific Polymer Thumb Splint Concept
	Mandibular Repositioning Appliance following Resection Crossing the Midline- A3D Printed Guide
	A Sustainable Additive Approach for the Achievement of Tunable Porosity
	Effects of Electric Field on Selective Laser Sintering of Yttria-Stabilized Zirconia Ceramic Powder
	Fabrication of Ceramic Parts Using a Digital Light Projection System and Tape Casting
	Slurry-Based Laser Sintering of Alumina Ceramics
	Material Properties of Ceramic Slurries for Applications in Additive Manufacturing Using Stereolithography

	Materials
	Ceramics
	Additive Manufacturing of Alumina Components by Extrusion of In-Situ UV-Cured Pastes
	Mechanical Challenges of 3D Printing Ceramics Using Digital Light Processing
	Effect of Laser Additive Manufacturing on Microstructure Evolution of Inoculated Zr₄₅ꓸ₁Cu₄₅ꓸ₅Al5Co₂ Bulk Metallic Glass Matrix Composites
	Fiber-Fed Printing of Free-Form Free-Standing Glass Structures
	Additive Manufacturing of Energetic Materials
	Methods of Depositing Anti-Reflective Coatings for Additively Manufactured Optics
	A Review on the Additive Manufacturing of Fiber Reinforced Polymer Matrix Composites

	Non-Traditional Non-Metals
	Design and Robotic Fabrication of 3D Printed Moulds for Composites
	Mechanical Property Correlation and Laser Parameter Development for the Selective Laser Sintering of Carbon Fiber Reinforced Polyetheretherketone
	4D Printing Method Based on the Composites with Embedded Continuous Fibers
	Fabricating Functionally Graded Materials by Ceramic On-Demand Extrusion with Dynamic Mixing

	Composites
	The Effect of Shear-Induced Fiber Alignment on Viscosity for 3D Printing of Reinforced Polymers
	Processing Short Fiber Reinforced Polymers in the Fused Deposition Modeling Process
	Impact Testing of 3D Printed Kevlar-Reinforced Onyx Material
	Deposition Controlled Magnetic Alignment in Iron-PLA Composites
	Effects of In-Situ Compaction and UV-Curing on the Performance of Glass Fiber-Reinforced Polymer Composite Cured Layer by Layer
	General Rules for Pre-Process Planning in Powder Bed Fusion System – A Review
	Development of an Engineering Diagram for Additively Manufactured Austenitic Stainless Steel Alloys
	Fatigue Life Prediction of Additively Manufactured Metallic Materials Using a Fracture Mechanics Approach
	Characterizing Interfacial Bonds in Hybrid Metal Am Structures

	Direct Write
	The Mechanical Behavior of AISI H13 Hot-Work Tool Steel Processed by Selective Laser Melting under Tensile Stress

	Broad Issues
	Additive Manufacturing of Metal Functionally Graded Materials: A Review
	Understanding Adopting Selective Laser Melting of Metallic Materials
	The Effect of Processing Parameter on Zirconium Modified Al-Cu-Mg Alloys Fabricated by Selective Laser Melting
	Selective Laser Melting of Al6061 Alloy: Processing, Microstructure, and Mechanical Properties
	Small-Scale Characterization of Additively Manufactured Aluminum Alloys through Depth-Sensing Indentation
	Effects of Process Parameters and Heat Treatment on the Microstructure and Mechanical Properties of Selective Laser Melted Inconel 718
	Effects of Design Parameters on Thermal History and Mechanical Behavior of Additively Manufactured 17-4 PH Stainless Steel

	Aluminum
	The Effects of Powder Recycling on the Mechanical Properties of Additively Manufactured 17-4 PH Stainless Steel
	Mechanical Properties of 17-4 Ph Stainless Steel Additively Manufactured Under Ar and N₂ Shielding Gas
	Recyclability of 304L Stainless Steel in the Selective Laser Melting Process
	The Influence of Build Parameters on the Compressive Properties of Selective Laser Melted 304L Stainless Steel

	Nickel
	Characterization of Impact Toughness of 304L Stainless Steel Fabricated through Laser Powder Bed Fusion Process

	17-4PH Stainless Steel
	Incorporation of Automated Ball Indentation Methodology for Studying Powder Bed Fabricated 304L Stainless Steel
	Effect of Powder Degradation on the Fatigue Behavior of Additively Manufactured As-Built Ti-6Al-4V
	Volume Effects on the Fatigue Behavior of Additively Manufactured Ti-6Al-4V Parts

	304 Stainless Steel
	Effects of Layer Orientation on the Multiaxial Fatigue Behavior of Additively Manufactured Ti-6Al-4V
	Ambient-Temperature Indentation Creep of an Additively Manufactured Ti-6Al-4V Alloy
	Individual and Coupled Contributions of Laser Power and Scanning Speed towards Process-Induced Porosity in Selective Laser Melting
	A Comparison of Stress Corrosion Cracking Susceptibility in Additively-Manufactured and Wrought Materials for
Aerospace and Biomedical Applications

	316L Stainless Steel
	Effect of Energy Density on the Consolidation Mechanism and Microstructural Evolution of Laser Cladded Functionally-Graded Composite Ti-Al System

	Titanium
	Mechanical Properties of Zr-Based Bulk Metallic Glass Parts Fabricated by Laser-Foil-Printing Additive Manufacturing
	Experimental Characterization of Direct Metal Deposited Cobalt-Based Alloy on Tool Steel for Component Repair
	PEEK High Performance Fused Deposition Modeling Manufacturing with Laser In-Situ Heat Treatment
	A Comparative Investigation of Sintering Methods for Polymer 3D Printing Using Selective Separation Shaping (SSS)
	Not Just Nylon... Improving the Range of Materials for High Speed Sintering
	Material Property Changes in Custom-Designed Digital Composite Structures Due to Voxel Size
	Quantifying the Effect of Embedded Component Orientation on Flexural Properties in Additively Manufactured Structures

	Non-Traditional Metals
	Influences of Printing Parameters on Semi-Crystalline Microstructure of Fused Filament Fabrication Polyvinylidene Fluoride (PVDF) Components
	Effects of Build Parameters on the Mechanical and Di-Electrical Properties of AM Parts

	Novel Polymers
	Laser Sintering of PA12/PA4,6 Polymer Composites
	Understanding Hatch-Dependent Part Properties in SLS
	Investigation into the Crystalline Structure and Sub-Tₚₘ Exotherm of Selective Laser Sintered Polyamide 6
	The Influence of Contour Scanning Parameters and Strategy on Selective Laser Sintering PA613 Build Part Properties
	Processing of High Performance Fluoropolymers by Laser Sintering

	Polymers for Material Extrusion
	Reinforcement Learning for Generating Toolpaths in Additive Manufacturing
	Control System Framework for Using G-Code-Based 3D Printing Paths on a Multi-Degree of Freedom Robotic Arm
	Analysis of Build Direction in Deposition-Based Additive Manufacturing of Overhang Structures

	Polymers for Powder Bed Fusion
	Topology-Aware Routing of Electric Wires in FDM-Printed Objects
	Using Autoencoded Voxel Patterns to Predict Part Mass, Required Support Material, and Build Time
	Continuous Property Gradation for Multi-Material 3D-Printed Objects
	Convection Heat Transfer Coefficients for Laser Powder Bed Fusion
	Local Thermal Conductivity Mapping of Selective Laser Melted 316L Stainless Steel


	Modeling
	Finite Element Modeling of the Selective Laser Melting Process for Ti-6Al-4V
	Modelling the Melt Pool of the Laser Sintered Ti6Al4V Layers with Goldak’S Double-Ellipsoidal Heat Source
	A Novel Microstructure Simulation Model for Direct Energy Deposition Process
	Influence of Grain Size and Shape on Mechanical Properties of Metal Am Materials
	Experimental Calibration of Nanoparticle Sintering Simulation
	Solidification Simulation of Direct Energy Deposition Process by Multi-Phase Field Method Coupled with Thermal Analysis

	Physical Modeling
	Thermal Modeling Power Beds
	Establishing Property-Performance Relationships through Efficient Thermal Simulation of the Laser-Powder Bed Fusion Process
	An Investigation into Metallic Powder Thermal Conductivity in Laser Powder-Bed Fusion Additive Manufacturing
	Simulation of the Thermal Behavior and Analysis of Solidification Process during Selective Laser Melting of Alumina
	Low Cost Numerical Modeling of Material Jetting-Based Additive Manufacturing
	Screw Swirling Effects on Fiber Orientation Distribution in Large-Scale Polymer Composite Additive Manufacturing

	Multi/Micro-Scale Modeling
	Numerical Prediction of the Porosity of Parts Fabricated with Fused Deposition Modeling
	Numerical Modeling of the Material Deposition and Contouring Precision in Fused Deposition Modeling
	Effect of Environmental Variables on Ti-64 Am Simulation Results

	Advanced Thermal Modeling
	Non-Equilibrium Phase Field Model Using Thermodynamics Data Estimated by Machine Learning for Additive Manufacturing Solidification
	Multi-Physics Modeling of Single Track Scanning in Selective Laser Melting: Powder Compaction Effect
	Towards an Open-Source, Preprocessing Framework for Simulating Material Deposition for a Directed Energy Deposition Process
	Quantifying Uncertainty in Laser Powder Bed Fusion Additive Manufacturing Models and Simulations

	Modeling Part Performance
	Optimization of Inert Gas Flow inside Laser Powder-Bed Fusion Chamber with Computational Fluid Dynamics
	An Improved Vat Photopolymerization Cure Model Demonstrates Photobleaching Effects
	Nonlinear and Linearized Gray Box Models of Direct-Write Printing Dynamics
	Insights into Powder Flow Characterization Methods for Directed Energy Distribution Additive Manufacturing Systems
	Effect of Spray-Based Printing Parameters on Cementitious Material Distribution

	Modeling Innovations
	Aligning Material Extrusion Direction with Mechanical Stress via 5-Axis Tool Paths
	Fieldable Platform for Large-Scale Deposition of Concrete Structures
	Microextrusion Based 3D Printing–A Review

	Improvements
	Theory and Methodology for High-Performance Material-Extrusion Additive Manufacturing under the Guidance of Force-Flow
	Knowledge-Based Material Production in the Additive Manufacturing Lifecycle of Fused Deposition Modeling
	Acoustic Emission Technique for Online Detection of Fusion Defects for Single Tracks during Metal Laser Powder Bed Fusion
	Development of an Acoustic Process Monitoring System for the Selective Laser Melting (SLM)


	Process Development
	Deposition
	Low Cost, High Speed Stereovision for Spatter Tracking in Laser Powder Bed Fusion
	Multiple Collaborative Printing Heads in FDM: The Issues in Process Planning
	Additive Manufacturing with Modular Support Structures
	Pick and Place Robotic Actuator for Big Area Additive Manufacturing

	Extrusion
	3D Printed Electronics
	Fiber Traction Printing--A Novel Additive Manufacturing Process of Continuous Fiber Reinforced Metal Matrix Composite
	Immiscible-Interface Assisted Direct Metal Drawing

	Imaging
	In-Situ Optical Emission Spectroscopy during SLM of 304L Stainless Steel
	Tool-Path Generation for Hybrid Additive Manufacturing
	Structural Health Monitoring of 3D Printed Structures
	Mechanical Properties of Additively Manufactured Polymer Samples Using a Piezo Controlled Injection Molding Unit and Fused Filament Fabrication Compared with a Conventional Injection Molding Process
	Use of SWIR Imaging to Monitor Layer-To-Layer Part Quality During SLM of 304L Stainless Steel

	Novel Methods
	DMP Monitoring as a Process Optimization Tool for Direct Metal Printing (DMP) of Ti-6Al-4V
	Effects of Identical Parts on a Common Build Plate on the Modal Analysis of SLM Created Metal
	On the Influence of Thermal Lensing During Selective Laser Melting
	Development of Novel High Temperature Laser Powder Bed Fusion System for the Processing of Crack-Susceptible Alloys
	Towards High Build Rates: Combining Different Layer Thicknesses within One Part in Selective Laser Melting
	Laser Heated Electron Beam Gun Optimization to Improve Additive Manufacturing
	Two-Dimensional Characterization of Window Contamination in Selective Laser Sintering
	Laser Metal Additive Manufacturing on Graphite

	Non-Metal Powder Bed Fusion
	Predictive Iterative Learning Control with Data-Driven Model for Optimal Laser Power in Selective Laser Sintering
	Realtime Control-Oriented Modeling and Disturbance Parameterization for Smart and Reliable Powder Bed Fusion Additive Manufacturing
	Microwave Assisted Selective Laser Melting of Technical Ceramics
	Research on Relationship between Depth of Fusion and Process Parameters in Low-Temperature Laser Sintering Process
	Frequency Response Inspection of Additively Manufactured Parts for Defect Identification
	Nanoparticle Bed Deposition by Slot Die Coating for Microscale Selective Laser Sintering Applications

	Spinning/Pinning/Stereolithography
	Fabrication of Aligned Nanofibers along Z-Axis – A Novel 3D Electrospinning Technique
	Z-Pinning Approach for Reducing Mechanical Anisotropy of 3D Printed Parts
	Structurally Intelligent 3D Layer Generation for Active-Z Printing
	microCLIP Ceramic High-Resolution Fabrication and Dimensional Accuracy Requirements



	Attendees
	Author Index
	Print
	Search



