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Abstract: Developments in Additive Manufacturing (AM) technologies have enabled the
integrated manufacturing of complex structures with multifunctional performances. Selective
Laser Melting (SLM), as one of them, becomes the candidate for production of metallic aviation
spaceflight structures because of its high precision for controlling architecture and excellent
performance. An aerospace component named Upper-stage Cabin was selected for integrated
design without connectors, and then manufactured by a SLM system using Ti-6Al-4V powder.
The dimensional accuracy of the component was verified through testing; It’s mechanical
response was analyzed under compressive loading test, compared with the results of numerical
simulation. The study found that SLM technology is an effective means for integrated design
and manufacture of Upper-stage Cabin structures for aerospace. The dimensional precision of
the complex integrated structures formed by SLM meets the application requirements. The
formed integrated components have achieved good mechanical properties, which promote the
application of this technology in aerospace field.
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1. Introduction

Aerospace components featuring multifunctional performances including complex
geometries, lightweight, high-performance and small production runs are difficult, costly, and
time-consuming to manufacture. Additive Manufacturing (AM), a layer-by-layer process of
joining materials to make objects from 3D model data, is becoming an appropriate solution for
these challenges[1,2]. Compared with the conventional subtractive manufacturing
methodologies, AM provides unprecedented opportunities for producing complex structures
due to its freedom of manufacturing constraints, resulting in simplifying the design and
reducing assembly or connection of aerospace components[3]. It meets the requirements of
aerospace components with topological complexity resulting from integrated functions.

Selective laser melting (SLM), as one of AM technologies for metal forming, has
developed rapidly in recent years[4]. Due to its excellent controllability of internal complex
structures and good manufacturing accuracy, SLM shows a great capability to topologically
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optimize component design with functional integration[5]. It has achieved direct integration in
the aerospace field with the application of complex structural components[6]. A substantial
weight and cycle reduction can be expected by using SLM for the integrated forming of
multifunctional structure[7]. For example, one of the most compelling applications from GE
Aviation is the new fuel nozzle fabricated using SLM, achieving the number reduction of parts
from 18 to 1, and 25% weight reduction compared to previous component[8].

A wide range of materials including titanium and its alloys, nickel-based alloys,
stainless and tool steels and some aluminum alloys are available for SLM technology[9]. With
the increasing size of parts that can be fabricated by SLM equipment and the continuous
expansion of the range of available materials, SLM is showing unique advantages in forming
aerospace parts with large-scale and thin-walled complex structures.

In space application, the Upper-stage Cabin structure of space vehicle needs to
withstand complex load environment, and provide installation and support platforms for the
core system's instruments, an example one with complex structures and multifunctional
performances is shown in Fig. 1. Therefore it usually exhibits a complex internal structure, at
the same time, it is also required to provide good overall stiffness and strength. In addition,
there are nearly a hundred machining and sheet metal forming parts installed inside the cabin
structure, the manufacturing and assembling of them consume more than 50% of the total cabin
cost, as well as the total cycle time. Integrated design and manufacturing are imperative in order
to improve performance, reduce weight, and shorten the manufacturing cycle for aerospace
components.

Fig. 1 An Upper-stage Cabin in aerospace application

In this work, a typical Upper-stage Cabin was selected for integrated design without
connectors. In order to study the applicability of SLM technology in aerospace complex
structures, a SLM equipment was used to realize the integrated manufacture of scaled Upper-
stage Cabin. The dimensional accuracy of the as-build part was verified through testing; Upper-
stage Cabin’s mechanical response was analyzed under compressive loading test, compared
with the results of numerical simulation.
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2. Experimental procedures

2.1 Materials and fabrication

The raw material in this work is gas-atomized prealloyed Ti-6Al-4V powders
characterized by excellent mechanical properties and high strength-to-weight ratio. The Ti-6Al-
4V powder have a chemical composition corresponding to 1SO 5832-3, as listed in Table 1.
Scanning electron microscope (SEM) images of the powders are presented in Fig. 2a and b with
different magnifications. These powders are mostly spherical shapes with smooth surfaces,
leading to a good flowability and a higher apparent density for SLM process. And they have a
narrow particle size distribution with an average size of 33 um.

Table 1 Chemical composition of Ti-6Al-4V (wt.%) provided by Electro Optical
System (EOS) GmbH, Germany

Ti-6Al-4V Ti Al \Y ) N Cc H Fe

Wt%  (balance) 55—6.75 35—45 <02 <0.05 <0.08 <0.015 <3

_‘ LY »”; S8 %, ,_.VQ-'-‘ i-

Fig. 2 SEM micrographs of the Ti-6Al-4V powder, x100(a) and x1000(b)

The aerospace component was manufactured by a SLM machine (EOSINT-M280, EOS
GmbH, Germany) equipped with a 200 W CW Ytterbium fibre laser. The processing was
performed at an argon protective atmosphere with O, content less than 0.1vol.% in the
building chamber. And the processing parameters that have been optimized for the Ti-6Al-4V
powder were set up as shown in Table 2. Under these conditions, the density of bulk Ti-6Al-4V
was measured as 4.42 g/cm3(= 99.5%) by the Archimedes method. The mechanical
properties of as-build tensile test piece are shown in Table 3.
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Table 2 Processing parameters for Ti-6Al-4V

Parameters Value
Laser power, W 175
Laser spot size, um 100
Layer thickness, um 30
Scanning speed, mm/s 125
Hatching space, mm 0.1

2.2 Test details

Uniaxial compression tests of the Upper-stage Cabin were conducted by using a
universal testing machine equipped with a 200KN load celRMDW-200 from Ji’nan Rui
Machinery Equipment Co., Ltd). The test applies axial pressure on the cabin through a thick
steel plate loading tool, as shown in Fig. 6a. The compressive tests were carried out at a loading
speed of 500N/s, accompanied by electronic strain gauges recording the local deformation
behaviors of the Cabin.

In order to investigate suitability of the simulation method for the production based on
the SLM process, the 3D FE analysis with the full sized model were performed for quasi-static
simulations using ANSYS FE software. The CAD model of Upper-stage Cabin was imported
into ANSY'S where the beam element was used to simulate ribs with horizontal and vertical
meshes, and the shell element was used to simulate the rest of the skins and the cross-beam
structure. Material performance parameters used to this simulation are shown in the Table 3,
which were measured by tensile test according to the ISO6892-1:2009 standard. The simulation
test was performed according to the experimental conditions, and its results were compared
with the experimental data.

Table 3 Material performance parameters of Ti-6Al-4V

Properties Value
Elastic modulus, GPa 110
Poisson's ratio 0.34
Density, g/cm? 4.43
Yield strength, MPa 1060
Tensile strength, MPa 1230

3. Results and discussion
3.1 Accuracy of Upper-stage Cabin fabricated by SLM

The main load-bearing structure of the cabin was extracted independently, establishing
an integrated model with multiple components connected. Specifically, the integrated model is
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mainly composed of cross-beam structure and grid-stiffened shells with two ellipse windows,
as shown in Fig. 3. The cross-beam structure which has been studied in previous literature[10]
was applied to realize lightweight design with thin-walled structures. And in order to meet the
support-free requirement, chamfering optimization was performed for the horizontal ribs. Due
to the size limitations of parts that can be formed in the existing SLM equipment, the model
was scaled by 1:12 compared to the actual product, resulting in an overall cabin height (Hg) of
120mm, an outer diameter (D) of @200mm, a skin thickness (&) of 0.5mm, shell grid’s rib height
(Hg) of 4mm, and rib width (ag) of Imm.

Chamfering optimization

Fig. 3 A Upper-stage Cabin structure for aerospace application

The finished product is subjected to full-scale geometry measurements. Specifically, the
thickness (8) and the rib height (Hg) of the shell were measured using deep arch micrometer.
The vertical rib width (ag) of the grid, the outer diameter (D) and the height (H) of the shell
are measured using a vernier caliper. Each measurement item was carried out at least 5 times to
obtain the average values which are shown in Table 4.

Table 4 Comparison of main dimensions of Upper-stage Cabin

) Designed size Measurement size Error
Measurement item
(mm) (mean: mm) (%)
Thickness, & 0.50 0.65 30
Rib height, Hg 4.00 3.99 -0.25
Vertical rib width, ag 1.00 1.19 19
Outer diameter, D 200.00 199.90 -0.5
Height, H 120.00 120.94 0.78

As can be seen from the above table, the studied Upper-stage Cabin produced by the
SLM process has a relatively high precision meeting the requirements of aerospace components,
indicating the capability of SLM suitble for manufacture of integrated structures with thin-
walled features and complex structures.
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Fig. 4 SEM morphologies of the (a)side view and the (b) top view of Upper-stage Cabin

The SEM morphologies of the side view and the top view of Upper-stage Cabin are
exhibited in Fig. 4. It is found there exist a lot of bonded particles on the side surface of
Upper-stage Cabin, while there is almost none on the top surface. For SLM technology, the
phenomenon of bonded particles is very common and unavoidable. The main reason for this
phenomenon is that part of the powders at the contour boundary are partially melted and
adhere to the surface[11]. On the top side of the part, all powders are melted as the laser spot
moves, leaving a lot of noticeable scanning traces as shown in Fig. 4b. In our previous
work[12], it has been found the roughness of side surface is Ra=40.04um and top side
Ra=17.18um. The dimensional accuracy errors showed in table 3 come from these bonded
particles, scanning traces and layer thickness as well[11].

3.2 Experimental and numerical simulation results
As shown in Fig. 5, there were 52 electronic strain gauges arranged on the Upper-stage
Cabin, recording the local deformation behaviors of ribs and shell in different positions of cabin.
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Fig. 6 a) Compressive experimental test monitored by electronic strain gauges;
b) Simulated strain images under 100KN loading

Fig. 6a shows the compressive experimental test monitored by electronic strain gauges.
In this process, the load was gradually increased from 10KN to 100KN, and the data was
extracted every 10KN. On the other hand, the numerical simulation method calculated the strain
and displacement of the model under various loads. Fig. 6b exhibits the simulated strain images
under 100KN loading. As expected, the largest total deformation occurs on both sides of the
ellipse window, which were recording by electronic strain gauges multi-directionally.

Fig. 7 shows comparison between experimental and numerical results of total
deformation at the first loading. It can be seen from the figure that the experimental results and
the simulation results are in good agreement overall at both load of 10KN and 100KN, indicating
the deformation behavior SLM manufacturing under the quasi-static conditions can be
predicted through numerical simulation methods. Subsequently, Upper-stage Cabin was
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subjected to the secondary loading under the stage of elastic deformation. The loading condition
is the same as that of the first-time loading. The same results as the first loading are shown in
Fig. 8, indicating the feasibility of the simulation method. In addition, like the theoretical design
model, the integrated component of SLM manufacturing exhibits good performance
consistency at different locations in the structure. This is mainly due to the fact that layer-by-
layer processing of additive manufacturing weakens or even eliminates the adverse effect of
structural complexity on performance. However, there were some points where the difference
between experimental and numerical results is relatively large in both two loadings. It was
found that most of these points were subjected to large deformations under experimental load,
which have gone beyond the scope of linear analysis, so quasi-static linearity no longer applies
to this stage.
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Fig. 7 The comparison between experimental and numerical results of total deformation at the first loading:
a) load=10KN; b) load=100KN

495



-]

Total deformation(x10 2 mm) =~

1.5
E — Exp
. - - = Num

2.0 ] I I I 1

L | 1 L
0 4 8 12 16 20 24 28 32 36 40 44 48 52
Strain gauge number
)
£
O?E : A /\
o
\; [
[
=l 0 f |
L 1
® ' |
ETTN )
% 1 1
S 21 :
s /]
e v
_4 1 1 1 1 1 1 1 1

1 1 1 L
0 4 8 12 16 20 24 28 32 36 40 44 48 52
Strain gauge number

Fig. 8 The comparison between experimental and numerical results of total deformation at the second
loading: a) load=10KN; b) load=100KN

3.3 Microstrutural analysis
There are many reasons for the error between the experimental results and the finite

element simulation results, in which the difference of microstructure inside the parts may be
the most critical factor. In the finite element analysis of the Upper-stage Cabin of this article,
the analysis conditions are defined according to the traditional numerical simulation method.
In fact, the internal microstructures of parts produced by the SLM are different from the ones
produced by the traditional forming method.

Fig. 8a and b show the metallographic organization of the traditional rolling part and
the as-build SLM manufacturing part, respectively. Fig. 9a,b show the metallographic
organization of the traditional rolling part with different magnification. And Fig. 9c,d show the
metallographic organization of SLM manufacturing part from the Upper-stage Cabin after test.
From figures, it can be seen that metallographic structures of rolling state part exhibit a
relatively large lamellar net arrangement characteristic, a typical o + [ two-phase structure.
The B-phase flakes are distributed around the coarse a-phase layer. The width of the a-phase
is about 2um. While metallographic structure with elongated grains are shown in Fig. 8c and d
for as-build SLM manufacturing part. This is due to the high temperature gradients that occur
during the SLM process. The alloy forms fine microstructures in the rapid solidification process,
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followed by the martensitic transformation, resulting in a fine acicular o’ structure.

Fig. 9 Optical microstructure of rolling state(a, b), and as build of SLM(c, d)

4. Conclusion

In this study, an integrated component of aerospace Upper-stage Cabin was designed
and then manufactured by SLM at a scale of 1:12 using Ti-6Al-4V alloy for aerospace
applications. The feasibility of SLM technology for launch vehicle with complex integrated
structures was verified in terms of manufacturing precision and mechanical properties. The
experimental and numerical analysis were performed for testing the deformation behaviors
under compressive load. It was found that the dimensional accuracy, mechanical properties, and
simulation test results are in accordance with engineering practice, providing a basis for the
more extensive application of SLM technology in aerospace structural products. In the future
research, with a larger-sized SLM equipment, it will be possible to achieve a real integrated
component at a scale of 1:1 designed and formed for aerospace application.

The study found that SLM technology is an effective means for integrated design and
manufacture of Upper-stage Cabin structures for aerospace, which can significantly shorten the
manufacturing cycle and reduce manufacturing processes, thereby reducing manufacturing
costs.

Although new opportunities and benefits were provided by SLM technologies for
manufacturing of aerospace integrated components, there are still some dynamic properties,
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such as fatigue life, that need to be further studied. And with the development of SLM
manufacturing in the future work, more accurate and larger size parts to be fabricated will be
desirable for aerospace application.

Acknowledgments: The authors acknowledge the National High Technology Research and
Development Program of China (863 Program: 2015AA042501) for financial support of this

work.

Conflicts of Interest: The authors declare no conflict of interest.

10.

References

Liu, R.; Wang, Z.; Sparks, T.; Liou, F.; Newkirk, J. Aerospace applications of laser
additive manufacturing. 2017; p 351-371.

Allevi, G.; Cibeca, M.; Fioretti, R.; Marsili, R.; Montanini, R.; Rossi, G. Qualification
of additively manufactured aerospace brackets: A comparison between thermoelastic
stress analysis and theoretical results. Measurement 2018, 126, 252-258.

Wang, X.; Xu, S.; Zhou, S.; Xu, W.; Leary, M.; Choong, P.; Qian, M.; Brandt, M.; Xie,
Y.M. Topological design and additive manufacturing of porous metals for bone
scaffolds and orthopaedic implants: A review. Biomaterials 2016, 83, 127-141.

Thijs, L.; Verhaeghe, F.; Craeghs, T.; Humbeeck, J.V.; Kruth, J.-P. A study of the micro
structural evolution during selective laser melting of ti-6al-4v. Acta. Mater. 2010, 58,
3303-3312.

Xu, W.; Brandt, M.; Sun, S.; Elambasseril, J.; Liu, Q.; Latham, K.; Xia, K.; Qian, M.
Additive manufacturing of strong and ductile ti-6al—-4v by selective laser melting via
in situ martensite decomposition. Acta. Mater. 2015, 85, 74-84.

Seabraa, M.; Azevedob, J.; Araujoa, A.; Reis, L. Selective laser melting (sim) and
topology optimization for lighter aerospace componentes. Procedia Structural
Integrity 2016.

Bici, M.; Brischetto, S.; Campana, F.; Ferro, C.G.; Secli, C.; Varetti, S.; Maggiore, P.;
Mazza, A. Development of a multifunctional panel for aerospace use through sim
additive manufacturing. Procedia CIRP 2018, 67, 215-220.

Kellner, T. Fit to print: New plant will assemble world’s first passenger jet engine with
3d printed fuel nozzles, next-gen materials. 2014.

Yap, C.Y.; Chua, C.K.; Dong, Z.L.; Liu, Z.H.; Zhang, D.Q.; Loh, L.E.; Sing, S.L.
Review of selective laser melting: Materials and applications. Applied Physics
Reviews 2015, 2, 041101.

Li, Z.; Zhang, D.Z.; Dong, P.; Kucukkoc, I. A lightweight and support-free design
method for selective laser melting. The International Journal of Advanced

498



11.

12.

Manufacturing Technology 2016, 90, 2943-2953.

Yan, C.; Hao, L.; Hussein, A.; Raymont, D. Evaluations of cellular lattice structures
manufactured using selective laser melting. International Journal of Machine Tools
and Manufacture 2012, 62, 32-38.

Li, Z.; Kucukkoc, I.; Zhang, D.Z.; Liu, F. Optimising the process parameters of
selective laser melting for the fabrication of ti6al4v alloy. Rapid Prototyping J. 2018,
24, 150-159.

499



	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



