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Abstract 

Metal additive manufacturing has become integral to the modern aerospace and defense 

industry. Technologies such as powder bed fusion and direct energy deposition have reshaped these 

sectors. However, challenges like anisotropy and process-related defects still prevent the direct use 

of printed parts without post-processing. Electron beam powder bed fusion (EB-PBF) is well 

known for allowing builds at elevated temperatures and eliminating the need for stress relief. 

However, EB-PBF parts also experience epitaxial growth in the build direction, which causes 

anisotropy. This research explores two scanning strategies with spot melting techniques—

stochastic and single directional—to fabricate IN718 parts using EB-PBF. After fabrication, the 

samples were analyzed using EBSD to evaluate grain formation in all directions. The findings 

suggest that point-based melting, guided by these strategies, can affect the microstructure in the 

build direction. This advancement offers the potential for tailoring controlled parts in future 

applications. 

1 Introduction 

Additive manufacturing in metals has shown the potential to transform the aerospace and 

defense industry with lightweight and complex structures that were previously difficult to 

manufacture using traditional methods[1–3]. Materials such as Ti-6Al-4V, AlSi10mg, and nickel-

based superalloys like Inconel 718 (IN718) are commonly used in these applications due to their 

high strength-to-weight ratio and corrosion resistance[4–6]. 

Despite all the positive sides, AM parts have been shown to exhibit anisotropic mechanical 

properties due to the layer-by-layer fabrication process and the resulting microstructural 
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features.[7,8]. This restricts AM parts from being used directly after fabrication and requires post-

processing steps such as Hot Isostatic Pressing (HIP) or solution and aging heat treatments to 

improve the mechanical performance.[9,10].  

Inconel 718 is a nickel-chromium-based superalloy used in applications like turbine blades, 

rocket engines, and spacecraft components. This superalloy is precipitation-hardened and can hold 

its strength up to 650°C without deformation[11–13]. This alloy also poses directional 

solidification and susceptibility to cracking during fusion-based AM processes[14,15]. Electron 

beam powder bed fusion, along with scanning strategies, can allow a cure for this problem[16]. 

Electron Beam Powder Bed Fusion (EB-PBF) is a powder bed fusion additive 

manufacturing technique that utilizes a high-energy electron beam to selectively melt metal 

powder layer by layer. The machines work at elevated temperatures that can significantly reduce 

thermal stress during fabrication[17,18]. 

Previous studies in EB-PBF have shown the potential to tailor microstructures using 

scanning strategies. Researchers have reported the effect of different process variables, such as 

beam current, scan speed, focus offset, and layer thickness on the porosity and surface roughness 

of EB-PBF parts[19,20].Moreover, the formation of microstructure is greatly dependent on the 

local solidification rate ® and thermal gradient (G)[21–23]. Some research has also suggested 

point-based melt strategies to create restrictions in the solidification path to prevent epitaxial grain 

formation[24–26]. Some research work also stated that inherited porosity can also restrict the path 

of epitaxial grain formation and allow equiaxed grain formation[27]. 

This research focuses on two different point-based scanning strategies, Stochastic Spot 

melt and single directional spot melt, to understand their effect on the microstructure evolution of 

IN718 parts fabricated via EB-PBF.The parameters chosen were developed at the university 

premises in another research activity. The objective was to evaluate these point-based melting 

strategies and gain insights into the microstructural features formed in the as-built parts to evaluate 

the possibility of tailoring grain morphology. 

 

 

2 Methodology 

 

2.1 Powder Characteristics 

The powder used in this process was AP&C (GE Additive) IN718 plasma atomized 

spherical powder with a distribution range of 45-106 microns. As specified by the manufacturer, 

the powder's D10, D50, and D90 values ranged from 52µm to 73 µm and 105µm, respectively. 

The powder's flowability was 11sec/50g, and it was sieved multiple times during experimentation.  
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2.2 Implemented Scanning Strategies 

Two scanning strategies- stochastic spot melt and single directional point melt were 

evaluated during the part fabrication process. These scanning strategies were implemented using 

PixelMelt Software (Freemelt AB, Sweden) to create these patterns. In the stochastic spot melt 

strategy, the electron beam scans the powder bed in a random pattern during the melt, while in the 

single directional point melt, the laser scans the powder bed in a unidirectional pattern across the 

entire layer, as shown in Figure 1. 

2.3 Fabrication Process and EB-PBF System 

FreemeltOne EB-PBF machine (Freemelt AB, Sweden) was used for 15mmx15mmx10mm 

part fabrication, shown in Figure 1. The machine uses a CO2 laser to heat up the cathode (LaB6) 

in a vacuum and uses an electron beam to melt metal powders layer by layer. The machine operates 

at 60kV in a vacuum with base pressure ranging from 10-6 torr to 10-7 torr. The maximum beam 

power for this machine is 6kW. The print process for the FreemeltOne is divided into four stages, 

namely startheat, preheat, melt and postheat, which are executed sequentially in each cycle during 

printing. 

  

 

Figure 1: (a) Stochastic Spot Melt; (b) Single Directional Spot Melt 

Figure 2: Stochastic Spot Build (Left) ; (b) Single Directional Spot Melt Build (Right) 

701



 

2.4 Build Parameters 

For each of the build the layer height was kept at 75microns – and was chosen based on 

D50 value from the powder characteristic. The Energy per area spot (Eas) was kept between  9-

9.49J/mm2 for both scan builds. Power was kept at 600W and dwell time was kept between 250-

275 microseconds during part fabrication for both scanning strategies. The build plate was heated 

upto 1050°C measured with thermocouple attached to bottom of the build plate. For stochastic 

melt the spots were randomized and for single directional spot melt spots moved single directional 

with a jump length of 5mm. 

 

2.5 Microstructure Analysis 

The printed samples were sectioned, mounted, ground, polished, and analyzed using a 

scanning electron microscope (SEM) for Electron Backscattered Diffraction data(EBSD) to 

observe the microstructural effects. 

 

3 Results and Discussions 

 

3.1 Microstructural Analysis 

The EBSD analysis was done in three directions: XZ, YZ, and XY, where XZ and YZ are 

parallel to the build direction, and XY is perpendicular to it.  

 

3.1.1 Stochastic Spot Melt Build 

Figures 3 and 4 show the EBSD micrographs and pole configurations analyzed for 

stochastic spot melt builds. 

Results perpendicular to the build direction (XY) show a uniform equiaxed microstructure 

as seen in Figure 3. The pole configuration in Figure 4 displays a random distribution of 

orientation, with {100} being dominant. 
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On the other hand, results parallel to the build direction (XZ and YZ) as seen in Figure 3 

exhibit a mixture of columnar and equiaxed grains, denoting a columnar to equiaxed 

transformation (CET). The pole configuration in Figure 4 in both XZ and YZ shows a mixed 

distribution of {100}, {110}, and {111} orientations, with the XZ direction having a higher density 

observed in all orientations compared to the YZ direction. 

 

YZ XZ 

XY 

Figure 3 EBSD micrographs analyzed for stochastic spot melt build 
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3.1.2 Single Directional Point Melt Build 

Figure 5 and Figure 6 represents the EBSD micrograph and Pole configuration for the 

single directional point melt build. 

Observing the results perpendicular to the build direction in Figure 5 (XY) shows a mix of 

larger equiaxed grains and smaller equiaxed grains with a random orientation distribution. The 

pole configuration for the XY plane in Figure 4 displays a random distribution of orientation, with 

{100} being dominant. 

XZ 

YZ 

XY 

Figure 4 Pole Configuration micrographs analyzed for stochastic spot melt build 
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However, directional solidification is prominent in the planes parallel to the build direction 

(XZ and YZ), as shown in Figure 5. The pole configurations (Figure 6) for these planes show 

similarity, with a more intense texture observed in the XZ plane compared to the YZ plane. 

Additionally, in the XZ plane, the intersection points at the 5mm jump length show the formation 

of equiaxed grains at the intersection region. This is caused by the restriction in the solidification 

path, promoting the development of more equiaxed grains. 

 

 

XY 

XZ YZ 

Figure 5 EBSD micrographs analyzed for Single Directional spot melt build 
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3.2 Mean Aspect Ratio and Grain Count 

Mean aspect ratio and grain count were obtained from the EBSD result and explain more 

details in grain morphology as shown in Figure 7(a) and 7(b). Observing the grain count (Figure 

7(a)) – stochastic spot melt shows higher grains in all planes: 1590 in XZ, 1332 in YZ and 3515 

in XY compared to 567, 521, and 2112 for single directional spot scan. The implementation of 

stochastic spot scan strategies 

XZ 

YZ 

XY 

Figure 6 Pole Configuration analyzed for Single Directional spot melt build 
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Observing mean aspect ratio, stochastic spot scan has lower mean aspect ratio in 

comparison with single directional spot scan. The single directional spot scan exhibits a higher 

mean aspect ratio, indicating larger but fewer grains, with values of 3.5 in XZ, 3.6 in YZ, and 1.7 

in XY, compared to 2.4, 2.5, and 1.5 for the stochastic spot melt. The higher standard deviation in 

the single directional spot scan suggests greater grain variability, especially in the XZ and YZ 

planes, This higher deviation denotes formation of large columnar grains due to the scanning 

strategy. 

 

  

4 Conclusion 

This study evaluated analysis of microstructural characteristics and texture evaluation for 

EB-PBF fabricated IN718 bulk part build with two distinct point-based melting strategy. Overall, 

the following has been obtained from general observations: 

• The stochastic spot melt strategy results in a finer, more uniform grain structure with 

lower anisotropy. 

• The single directional spot scan strategy produces more pronounced anisotropy with 

larger, columnar grains. 

• The stochastic spot melt results higher grain count than single directional spot scan. 

These findings underscore the importance of scanning strategies in influencing the 

microstructure of materials, allowing for the tailoring grain morphology during part fabrication in 

AM process. 

 

 

Figure 7 (a) Grain Count ; (b) Mean aspect ratio for both stochastic and single directional spot 

 

(a) (b) 
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