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Abstract 
Selective Laser Melting (SLM) is a common additive manufacturing process which uses a 

laser energy source to fuse metal powder layer by layer. Engineering properties and 
microstructure are related to the part’s thermal history. It is important to measure the thermal 
history in-situ to qualify parts and provide the sensing which is necessary for process control. A 
common measurement tool for this purpose is a thermal camera that records the thermal emission 
of the part’s surface.  

This study investigates the effects of spatial sampling resolution of thermal cameras when 
monitoring the temperature in SLM processes. High-fidelity simulation of an SLM process is 
used to quantify the effects of the camera’s sampling in space. Next, the effect that spatial 
resolutions have on feature extraction, namely peak temperature and melt pool morphology, is 
investigated by applying feature extraction methodologies to the down-sampled simulation data. 
Finally, some methods of refining the down-sampled data are applied and their effects are 
discussed.  

1. Introduction
Selective Laser Melting (SLM) is a common metal additive manufacturing process. 

The process parameters determine the microstructure and, thus, the engineering properties. 
Infrared (IR) imaging is a non-contact detection method which is feasible for the in-situ 
monitoring of SLM processes [1]. The authors concluded that the thermal camera was able to 
capture the melt pool dimensions. However, the errors caused by quantization (digitization) 
in the binarized image was not considered (Fig. 1 (c)). They also related the lengths and 
widths of the melt pools with the laser scanning speeds, while these metrics are only measured 
from the binarized images [2]. Regarding the low-resolution temperature profile, they 
interpolated points into it. Wegner and Witt [3] used a thermal camera in the laser 
sintering process. They used the melt’s temperature as an indicator of process parameters 
and related it with laser exposure time and laser power. An IR camera was shown to be also 
effective in locating defects during the SLM process of 6H-SiC [4].  
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Fig. 1: Example of melt pool monitoring in an SLM process using a thermal camera: (a) thermal 
contour, (b) radiant temperature profile along scanning direction and (c) melt pool. [1]  

There are two types of thermal cameras: scanning devices and infrared Focal Plane Arrays 
(FPAs). The FLIR thermal camera in the experimental platform at Missouri S&T is of the latter 
type and has a 640×512 pixel focal plane array with a 50 megapixel clock rate allowing full 
frame sampling at 126 frames/sec with a 14 bit dynamic range. The photodetectors in the FLIR 
thermal camera are the InGaAs array, which operate in the 0.9-1.7 μm wavelength region [5]. 

The spatial resolution is an important parameter of the thermal camera. Each PhotoSensitive 
Element (PSE) in the array corresponds to one image pixel, The PSE signal can be expressed in 
volts, ADC units, the number of accumulated electrons, or the amount of stored charges. Its 
sources are always a photo current and a PSE dark current accumulated in the corresponding 
multiplexer capacitor [6]. In practice, the optical system can be configured to obtain a field of 
view at a distance from the build plate. By configuring the optical system, a higher resolution can 
be achieved at the expense of the range of the field of view. When observing a large part or 
several parts together, the resolutions of the thermal images are usually very low. A trade-off 
must be made between the resolution and the viewing area size. Very-Low-Resolution (VLR) 
problems exist in image recognition, such as very-low-resolution human face recognition [7,8]. 

A thermal camera has a specific resolution for a viewing area and the digital pictures are 
spatially discrete. The digital data can be treated as discrete samples of the continuously varying 
surface temperature distribution and each pixel in the picture is a single temperature 
measurement at its corresponding area. However, some of the spatial information will be lost by 
this down-sampling. In addition, the camera sensors collect the radiance inside the regions of the 
pixels, instead of at specific points. However, researchers often treat thermal images as discrete 
samples at specific grid points of surface temperature distribution and measure the melt pool’s 
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length and width directly from the image. The errors caused by low resolution sampling are not 
considered sometimes.  

In order to understand the effect of sampling, high-fidelity simulation results are utilized for 
investigation [9]. A sampling model is proposed and applied to the simulation data, and then 
artificial thermal images are generated. Features are measured from down-sampled images and 
original images separately, and their differences are just the errors caused by sampling. In other 
words, the measurements of the features are not exactly the real values. The down-sampling has 
two main effects on the feature extraction: darkening effect of the melting pools and digitization 
of the morphological features. The darkening effect is caused by averaging the pixels and, thus, 
the maximal pixel value is always smaller than the true maximal surface temperature value.  

So some questions are brought up: how to understand and correct the measurements and 
recover the real features? In Section 2, a sampling model is proposed for the purpose of 
obtaining artificial low-resolution images from the original data, just like how the thermal 
camera works. In Section 3, the errors of the measurements of the features are plotted in figures, 
which shows the accuracy corresponding to the sampling grid size. In the following sections, 
interpolation and fitting methods are applied to the down-sampled data to find whether the 
methods improve the measurements.  

2. Sampling Model and Temperature Measurement Model
Since it is difficult to know the real surface temperature during the process, high-fidelity 

simulation data [9] of surface temperature are utilized instead of the real experimental surface 
temperature. The simulation data should be down-sampled to generate artificial thermal images 
with low resolutions. Therefore a sampling model is needed.  

The thermal camera collects the radiance inside the pixels over a period of time. Assuming 
the emissivity ε of the material is constant, the sampled radiance is given by  
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where T is the temperature inside the pixel 
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Assuming that the temperature field T  is constant over the pixel area, (1) becomes 

  tyxtyxkTR  ,,4 .  (2) 

Solving for the measured temperature in equation (2) yields  
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where TM (K) is the temperature measurement. To recover the temperature from the measured 
radiance, one must determine the model parameters k and ε. Combining (1) and (3), the 
measurement function is  
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3. Errors from Spatial Down-Sampling
The features of a melt pool, namely the peak value p and melt pool length L, width W and 

area A, are measured from the thermal camera in practice, and the measurements of them have 
errors caused by low-resolution sampling. To determine the magnitude and nature of 
low-resolution sampling on these critical features, this section utilizes high-fidelity simulation 
data and the sampling model (4).  

3.1. Utilization of Simulation Data 
Simulation data of the surface temperature in the SLM process are utilized to characterize 

the errors resulting from the camera’s spatial resolution. Using the down-sampling model, 
low-resolution images are obtained from the simulation data, which are used to investigate the 
errors caused by down-sampling. A piece of simulation video data is utilized for the 
investigation of sampling. In the simulation, the element size is Δx = Δy =10 μm and time step is 
Δt = 1 μs. The laser power is set to be 200 W and the laser pulse period is 90 μs. During each 
laser pulse period, the exposure time is 75 μs, and the laser is off for the 15 μs. The laser point 
distance is 60 μm. These manufacturing process parameters are often used when fabricating parts 
with 304L stainless steel [10]. The top and side views of a simulation frame are given in Fig. 2 
and Fig. 3 respectively.  

Fig. 2: One Frame of Simulation 
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Fig. 3: Surface Temperature of a Simulation Frame (Lateral View) 
In this discrete case, where only spatial sampling is considered, equation (4) can be written 

as  
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where T(m, n) denotes the value at (m, n) in the original frame and TM(i, j, s1, s2, r) denotes the 
value at (i, j) in the down-sampled frame with camera grid shifting (s1, s2), and r is the 
down-sampling rate. In addition to the lower sampling rate r, it is important to note that the 
location of the sampling grid over the melt pool can have a critical impact on the measurements 
and measurement interpretation. For example, a single pixel capturing the laser spot will show a 
significantly higher temperature than, for instance, if the laser spot fell at the intersection of four 
pixels. The parameters (s1, s2) are used here to capture melt pool locating effects within the 
camera pixels. To illustrate this effect with our simulation data (already sampled), in Fig. 4 the 
black lattice is the original image. In this case, the down-sampling rate is r = 5. The shifting of 
the blue lattice is (s1 = 1, s2 = 2) and that of the red lattice is (s1 = 2, s2 = 3). While it may be 
possible to carefully align the camera or reconstruct the precise laser path in order to determine 
the precise location of the laser spot at sub-pixel accuracy, here we assume that is not possible. 
Therefore, we consider such the location an uncertainty and evaluate the results of our 
low-resolution sampling with respect to this uncertainty.  

Fig. 4: Illustration of Sampling Grid Shifting 
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3.2. Direct Measuring Method 
Direct measurements are obtained by directly extracting the features from the thermal 

images without data processing. Each frame is a matrix of temperatures  nmT ,  and the 

down-sampled matrix of temperatures is  rssjiTM ,,,, 21 . The true peak temperature from the 
simulation is 

 nmTp
nm

,max
,

 ,  (6) 

and the peak temperature in the low-resolution image is 

   rssjiTrssp M
ji

M ,,,,max,, 21
,

21  ,  (7) 

The error caused by down-sampling with camera shift (s1, s2) and sampling rate r is 

    prtsprtse M  ,,,, .  (8) 

Measurement of the length, width and area of the melt pool are typically achieved by first 
defining a melt thresholds. A threshold is set, the matrix is searched, and all of the pixels greater 
than the threshold are identified. The region above the threshold is the set  

    thresholdyxTyxE iiii  ,:, .  (9) 

The length of the melt pool is 

   ii xxL minmax  .  (10) 

Similarly, the width of the melt pool is 

   ii yyW minmax  .  (11) 

Suppose N is the number of points in the set E and Ap is the size of each pixel, then the melt pool 
area is 

pNAA  .  (12) 

In the down-sampled images, the measurements are defined as above and the measured length, 
width, and area, respectively, are denoted by LM, WM and AM. Then the length, width, area errors, 
respectively, are  

LLe ML  ,  (13) 

WWe MW  ,  (14) 

AAe MA  .  (15) 

3.3. Errors from Down-Sampling 
Down-sampling leads to two notable effects on the measurements: the darkening effect on 

the peak temperature (Fig. 5) and the digitization of the morphological features (Fig. 6). The first 
effect is that the peak temperature in the low-resolution image is always lower than the original 
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peak temperature. The latter effect is that only several numbers can be taken as the 
measurements of the melt pool’s length, width and area from the low-resolution image.  

(a) Original Peak Temperature = 1924 K (b) Down-sampled Peak Temperature=1864 K
Fig. 5: Illustration of the Darkening Effect on the Peak Temperature 

(a) Original Melt Pool (b) Down-sampled Melt Pool
Fig. 6: Illustration of the Digitization of the Morphological Features 

To analyze the errors due to down-sampling, the data during one laser period are analyzed. 
In one experimental platform at Missouri S&T, a Renishaw system is fitted with a FLIR camera 
directed toward a portion of the powder bed with a 140 μm camera pixel size. We will use this 
value as a nominal value for analysis and therefore set the down-sampling rate at r = 14. In the 
discrete simulation data, there are r2 = 196 total possible shifts in all. In this way, the distribution 
of the errors of the feature measurements are plotted in Fig. 7-Fig. 10. When defining the melt 
pool, take the threshold = 1700 K , which is the melt temperature of the material.  

In Fig. 7, it is shown that the measurements of the peak temperature will always be lower 
than the real value and the range of the peak temperature measurements is continuous and 
bounded. However, as for the morphological features (length, width, area), the measurements are 
highly digitized (Fig. 8-Fig. 10). In Fig. 8 and Fig. 9, the measurements of lengths and widths are 
in discontinuous groups. The distance between the discontinuous bars is just the size the 
sampling grid, which is 140 μm in this case. In other words, the measurements can only be from 
{0, Δx, 2Δx, 3Δx, ...} if the camera pixel size is Δx. The digitization phenomenon happens on the 
area measurements similarly, where the distance between the bars in Fig. 10 is Δx2.  
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Fig. 7: Distribution of Peak Temperature 
Errors 

Fig. 8: Distribution of Length Errors 

Fig. 9: Distribution of Width Errors Fig. 10: Distribution of Area Errors 

The effect of spatial down-sampling may be instructive for the users who monitor the SLM 
process by a thermal camera. When choosing a size of the sampling grid and making all possible 
shifts, it is meaningful to calculate the maximum, the minimum and the mean of the errors 
caused by sampling with all shifts. The maximum, minimum and mean errors for the peak 
temperature and morphological features are plotted with respect to sampling grid sizes (Fig. 
11-Fig. 14). These graphs show what resolution is need in order to achieve a desired level of
accuracy. At a given sampling grid size (camera resolution), the maximum and the minimum of
the measurements represent the uncertainty caused by the motion of the melt pool across the
camera view, when one is conducting such an experiment.
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Fig. 11: Peak Temperature Errors for 
Different Sampling Grids 

Fig. 12: Melt Pool Length Errors for Different 
Sampling Grids 

Fig. 13: Melt Pool Width Errors for Different 
Sampling Grids 

Fig. 14: Melt Pool Area Errors for Different 
Sampling Grids 

The results from the down-sampled simulation data show that the curves of peak 
temperature measurements with respect to the sampling grid sizes are smoother than the 
morphological features. Besides, when the spatial resolution is too low, the melting region 
cannot be extracted after down-sampling.  

4. Interpolation of Down-Sampled Images
Interpolation is commonly used in image processing of low-resolution images. In this work, 

linear interpolation and spline interpolation are tried. The two interpolation methods have 
different natures. Linear interpolation is a simple method to create more pixels in a 
low-resolution image, but this method cannot produce a smooth curve. They are illustrated in Fig. 
15 and Fig. 16. Spline interpolation is a fitting method which uses a piecewise 3rd-degree 
polynomial function.  
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Fig. 15: Linear Interpolation Fig. 16: Spline Interpolation 

Here the 2-dimensional interpolations are applied to the artificial down-sampled images, 
and the interpolation rate should be such as to restore the original resolution. The following are 
the results of measurements after linear interpolation (Fig. 17-Fig. 20).  

Fig. 17: Peak Temperature Errors after 
Linear Interpolation 

Fig. 18: Melt Pool Length Errors after Linear 
Interpolation 

Fig. 19: Melt Pool Width Errors after Linear 
Interpolation 

Fig. 20: Melt Pool Area Errors after Linear 
Interpolation 
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The following are the results of measurements after spline interpolation. 

Fig. 21:Peak Temperature Errors after Spline 
Interpolation 

Fig. 22: Melt Pool Length Errors after Spline 
Interpolation 

Fig. 23: Melt Pool Width Errors after Spline 
Interpolation 

Fig. 24: Melt Pool Area Errors after Spline 
Interpolation 

The simple linear interpolation can reduce the digitization effect a little. But linear 
interpolation cannot restore the peak value which is lost by sampling, just as illustrated in Fig. 15. 
The spline interpolation is hopeful to restore the peak value of a curve (Fig. 16). However, it 
does not make obvious improvements in the measurements of features, but makes the 
measurements worse sometimes. The reason is that interpolation methods treat every pixel point 
as a pointwise measurement on the original surface, but in fact the pixel value is a sort of average 
over the pixel region. So pointwise interpolations are not proper in the problem.  

5. Fitting Method
An alternative to direct measurement from thermal camera data is to fit the measurements to 

a model or set of basis functions. Here, we explore a fitting method that segments the melt pool 
into two parts: the front part and the rear part, as illustrated in Fig. 25. The temperature of the 
front part is simpler and can be approximated by a Gaussian-like function  
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where T(x, y) is the surface temperature, (x0, y0) is the peak temperature location and Tamb = 353 
K is the ambient temperature in the simulation. For simplicity, let (x0, y0) = (0, 0) by coordinate 
system translation, and then (16) can be written as 
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The down-sampled image is shown in Fig. 26, where the sampling grid size Δx = Δy =40 μm. 
The peak temperature after down-sampling (pM = 2233 K) is lower than the original peak 
temperature (p = 2371 K).  

A fitting method is proposed to have a better estimation of the peak temperature based on 
the low-resolution image. The penalty function is  
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where    2/,2/2/,2/ yyyyxxxx iiiii   and (xi, yi, Ti) are the data set for 

fitting. The optimization is fulfilled by “fmincon” function in Matlab. The estimated peak 
temperature from the fitting result is pest = 2338 K. In this way, the estimated peak temperature is 
better than that from the low-resolution image.  

Fig. 25: Surface Temperature in Simulation Fig. 26: Down-Sampled Surface Temperature 
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Fig. 27: Fitting Result of the Front Part of the Melt Pool 

Using this method, the width of the melt pool can also be estimated. The original melt pool 
width is W = 120 μm. The down-sampled melt pool width is WM = 80 μm. The estimated width is 
West = 112 μm. The fitting method can also obtain a better measurement of the melt pool width. 
The fitting method is based on the assumed surface temperature function. The Gaussian-like 
function (17) is not applicable to the rear part of the melt pool, and the existence of the phase 
transition region is still a challenge for the fitting method.  

6. Conclusions
The thermal camera is an instrument for monitoring the SLM process. Temperature 

information and morphological information of melt pools are often related to manufacturing 
parameters and engineering properties. It is worth noting that the features extracted from 
low-resolution thermal images contain errors caused by spatial sampling. In this work, 
high-fidelity simulation data are utilized and a sampling model is proposed. Based on these, the 
errors caused by sampling grid sizes are plotted for all possible grid shifts. This gives the level of 
accuracy for a given camera pixel size, which is worth of concern in experiments. Interpolation 
is often used in the processing of low-resolution images, but interpolation is not enough to 
eliminate the effect of sampling. The model-based function fitting method can improve the 
measurements of the melt width and peak temperature.  

7. Acknowledgement
This work was funded by Honeywell Federal Manufacturing & Technologies under 

Contract No. DE-NA0002839 with the U.S. Department of Energy. The United States 
Government retains and the publisher, by accepting the article for publication, acknowledges that 
the United States Government retains a nonexclusive, paid up, irrevocable, world-wide license to 
publish or reproduce the published form of this manuscript, or allow others to do so, for the 
United States Government purposes.  

185



8. References
[1] Cheng, B., Lydon, J., Cooper, K., Cole, V., Northrop, P., & Chou, K. (2018). Infrared
thermal imaging for melt pool analysis in SLM: a feasibility investigation. Virtual and Physical
Prototyping, 13(1), 8-13.
[2] Cheng, B., Lydon, J., Cooper, K., Cole, V., Northrop, P., & Chou, K. (2018). Melt pool
sensing and size analysis in laser powder-bed metal additive manufacturing. Journal of
Manufacturing Processes, 32(November 2017), 744-753.
[3] Wegner, A., & Witt, G. (2011). Process monitoring in laser sintering using thermal imaging.
22nd Annual International Solid Freeform Fabrication Symposium - An Additive Manufacturing
Conference, SFF 2011, 405-414.
[4] Lee, K. Y., Miyazaki, H., Okamoto, Y., & Morimoto, J. (2010). Characterization of Defects
in Semi-Insulating 6H-SiC Substrates Using IR Thermal Imaging Camera. Materials Science
Forum, 645-648, 559-562.
[5] Rogalski, A. (2012). Progress in focal plane array technologies. Progress in Quantum
Electronics, 36(2-3), 342-473.
[6] Patrashin, A. I., Burlakov, I. D., Korneeva, M. D., & Shabarov, V. V. (2016). Analytical
model used to calculate focal-plane-array parameters. Journal of Communications Technology
and Electronics, 61(3), 311-318.
[7] Wang, Z., Miao, Z., Jonathan Wu, Q. M., Wan, Y., & Tang, Z. (2014). Low-resolution face
recognition: A review. Visual Computer, 30(4), 359-386.
[8] Mostafa, E., Hammoud, R., Ali, A., & Farag, A. (2013). Face recognition in low resolution
thermal images. Computer Vision and Image Understanding, 117(12), 1689-1694.
[9] Li, L., Lough, C., Replogle, A., Bristow, D., Landers, R., & Kinzel, E. (2017). Thermal
Modeling of 304L Stainless Steel Selective Laser Melting. Solid Freeform Fabrication, Vol.
6061, pp. 1068-1081.
[10] Amine, T., Kriewall, C. S., & Newkirk, J. W. (2018). Long-Term Effects of Temperature
Exposure on SLM 304L Stainless Steel. Jom, 70(3), 384–389.

186


	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



