
Material Forming - ESAFORM 2025  Materials Research Forum LLC 
Materials Research Proceedings 54 (2025) 238-244   https://doi.org/10.21741/9781644903599-26 

 

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 license. Any further distribution of 
this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI. Published under license by Materials 
Research Forum LLC. 

238 

Effect of ring-shaped beam profiles in LPBF of  
Nickel alloy 718 on the surface roughness  

Ersilia Cozzolino1,a *, Austin Tiley2,b, John Middendorf2,c, and Antonello Astarita1,d  
1Department of Chemical, Materials and Industrial Production Engineering, University of Naples 

Federico II, Naples, ITALY 
2Center for Design and Manufacturing Excellence, The Ohio State University, Columbus, OH, 

USA  
aersilia.cozzolino@unina.it, btiley.5@osu.edu,cmiddendorf.57@osu.edu, 

dantonello.astarita@unina.it 

Keywords: Laser Powder Bed Fusion, Productivity, Ring Laser, Surface Roughness 

Abstract. Laser Powder Bed Fusion (LPBF) is an Additive Manufacturing (AM) process which 
uses a laser, traditionally having a Gaussian distribution, to selectively melts the metallic powders 
thus allowing the printing of customized parts having complex geometries. Despite the numerous 
advantages offered by the LPBF, efficiency and productivity of the process represent crucial 
challenges which limit its large-scale production. In this regard, the use of innovative beam shapes, 
such as the ring one, is starting to be deeply investigated to potentially revolutionize metal AM by 
improving quality, efficiency and sustainability of the processes. Nevertheless, very few studies 
exist in the literature investigating the effect of the use of laser having ring-beam shaped profile 
on both quality and efficiency of the LPBF process. This work aims to fill this gap of knowledge, 
thus exploring and discussing the effect of the ring contribution in the LPBF process on both 
surface roughness and productivity of Nickel alloy 718 parts. 
Introduction 
Additive Manufacturing (AM) has revolutionized the way of creating objects. In fact, unlike 
traditional subtractive manufacturing methods, where the material is removed from a solid block, 
AM processes enables the creation of complex geometries layer-by-layer, by adding material, 
resulting in creation of custom parts having optimized design potentially impossible to be realized 
using conventional manufacturing methods [1], [2], [3]. Moreover, AM seems to play a key role 
in reaching the sustainable development goals [4], [5]. 

Laser Powder Bed Fusion (LPBF) is an AM process which uses a laser to melt the metallic 
powders to obtain the desired object. In the LPBF, the process starts with the spreading of the 
metal powder over a build platform. Then, a laser beam scans across the powder bed and 
selectively melts the powders. Once each layer is completed, the platform lowers slighglty thus 
allowing the spreading of a new powders layer. This continuous process ends when the part is 
completely built. LPBF is finding increasing interest in many industrial fields, such as aerospace, 
automotive, medical implants, etc., because of ist great offered benefits, such as short time to 
market, reduced material waste, possibility to obtain complex geometries [6].  

Nevertheless, part size, speed, and cost are among the main challenges faced by the LPBF, thus 
limitating its potential use for mass production. 

One of the major drawbacks to LPBF is its slow build speed on the order of 5-10 cubic 
centimeters per hour print speed [7]. Traditionally, LPBF systems use laser having a Gaussian 
distribution as a heat source. The traditional Gaussian distribution has a laser beam profile made 
of a high concentration of energy at the center of the beam with a drop off in energy towards the 
edges. For instance, some researchers investigated the influence oft he top-hat beam on the LPBF 
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process [8]. A top-hat beam is a light beam having an intensity profile which is flat over most of 
the covered area, in constrast to traditional Gaussian beams, where the intensity smoothly decays 
from its maximum on the beam axis to zero [9]. 

Recently, few researchers started to investigate the use of laser having non-traditional Gaussian 
distribution with the purpose of overcoming the drawbacks related to the productivity of the LPBF 
process, without sacrificing the quality of the parts needed to meet the industrial quality 
requirements. 

Among the different currently existing beam profiles, the use of a ring laser beam in LPBF of 
metal alloys still is now at its infancy because it is a novel technology and very few studies exist 
on its implications from both mechanical and sustainable perspectives [7], [10]. 

This work aims to fill this gap of knowledge. It represents a preliminary investigation of the 
effects of a non-traditional Gaussian beam profile of the laser in the LPBF process on the surface 
roughness of the parts, pushing the productivity properly selecting the processing conditions. In 
particular, the effects on the roughness of two modalities, characterized by a Ring contribution in 
the beam, 50% and 90%, added to the Gaussian one, in comparison of the traditional laser beam, 
made of 100% Gaussian contribution in the beam profile, are analyzed and discussed. 
Materials and Methods 
In this work, virgin powders of Nickel alloy 718 were used to print cubic samples into the same 
job. Table 1 contains their chemical composition. Open Additive PANDA is the machine used to 
perform the LPBF process in a build volume of 152*152*240 mm3.  

A multi-mode laser nLight AFX-1000 has been used to melt the metal powders layer by layer 
in the LPBF machine. In particular, the AFX-1000 is a high-power fiber laser which enables 
switching between a single-mode beam and other beam profiles without the use of space optics. It 
has a single-mode core surrounded by an annular core. Thus, the output of the laser can be 
partitioned between the single mode and annular cores.  

Seven modalities can be selected going from mode 0, where 100/0 is the fractional power 
core/ring, to the mode 6, where fractional power core/ring is of 10/90 [11]. 

Table 1 – Chemical composition of the Nickel alloy 718 virgin powders used in this work 

Elements Al Cr Co Fe Mn Mo Ni No 
Amount % 0.5 18 1 17 0.3 3 55 5.2 

In this work, three different modes of the AFX-1000 were selected to investigate their effect on 
the surface roughness. The three modalities selected are the following: 

• mode 0, corresponding to the full Gaussian beam shape, with a 100/0 fractional power 
core/ring; 

• mode 3, corresponding to the half Ring half Gaussian beam shape, with a 50/50 fractional 
power core/ring; 

• mode 6, corresponding to the full Ring beam shape, with a 10/90 fractional power 
core/ring; 

Fig. 1 depicts the three investigated beam shapes. 
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Figure 1 – Beam shape of a) full Gaussian (100% G, mode 0), b) half Ring half Gaussian (50%G 

– 50%R, mode 3), c) full Ring (10%G – 90%R, mode 6) 
The bidirectional line strategy was used to print 10x10x10 mm3 cubes. Three cubes for each 

investigated laser mode were printed to evaluate the repeatability of the results, for a total of nine 
cubes.  

For the full Gaussian (mode 0), process conditions recommended by the OEM (Original 
Equipment Manufacturer) were used to obtain full dense parts. In this regard, a laser power of 285 
W and a hatch spacing of 110 µ𝑚𝑚 were selected for mode 0. Higher laser power was selected for 
mode 3 and mode 6. In particular, a laser power of 412 W and a hatch spacing of 160 µ𝑚𝑚 were 
selected for both modalities, while keeping constant all the conditions contained in Table 2. This 
choice was made to push the productivity of the laser, thus taking advantage of the Ring laser beam 
potentialities. Volumetric Energy Density (VED) was fixed for all the conditions according to the 
OEM recommendations for the traditional Gaussian laser beam. This choice derives from the 
purpose of investigating the effect of the laser beam on both productivity and surface roughness 
while keeping constant the VED, which is one of the major parameters that captures the 
relationship between energy input and measured mechanical properties and microstructures of the 
alloys [12]. VED is typically expressed as follows (Eq. 1):  

𝑉𝑉𝑉𝑉𝑉𝑉 = 𝑃𝑃
𝑣𝑣ℎ𝑡𝑡

                                                                                                                                 (1) 

where 𝑃𝑃 is the laser power, 𝑣𝑣 is the scanning speed, ℎ is the hatch spacing, and 𝑡𝑡 is the layer 
thickness. For all the samples, 𝑉𝑉𝑉𝑉𝑉𝑉, 𝑣𝑣 and 𝑡𝑡 were fixed for all the samples as contained in Table 
2. Moreover, in the choice of laser power and hatch spacing, their ratio was also kept costant, as 
visible in Table 2. 

Table 2 – Process parameters fixed for all the LPBF samples printed in this work 

𝑽𝑽𝑽𝑽𝑽𝑽 (𝑱𝑱 𝒎𝒎𝒎𝒎𝟑𝟑⁄ ) 𝒗𝒗 (𝒎𝒎𝒎𝒎/𝒔𝒔) 𝒕𝒕 (µ𝒎𝒎) 𝑷𝑷
𝒉𝒉
 (𝑾𝑾/µ𝒎𝒎) 

67 960 40 2.6 

The effect of the beam shape on the surface roughness of the LPBF parts was investigated by 
using a confocal microscope leica DCM3D according to the EN ISO 4287 standard. Ra and Rz are 
the roughness parameters used as indicators of the surface quality of the samples.   
Results and Discussion 
As mentioned in the previous section, in this work nine cubic samples were printed into the same 
job under three different processing conditions. In particular, some of them were fixed, while 
others, which are the beam modality, laser power and hath spacing were varied, while keeping 
constant the ratio between laser power and hatch spacing (Table 2). 

These choices were made by considering the OEM recommendations for the full Gaussian mode 
to obtain full dense parts. In this regard, the first result of this work is an appreciable output in 
terms of density of the cubic samples: in fact, for all of them, a density around 99% was obtained, 
thus confirming the printability of the processing conditions selected in this work.  
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Table 3 and Table 4 contain the results obtained in terms of roughness of the parts. In particular, 
three values of Ra and Rz, as a result of three profiles taken on the top of the printed samples, are 
contained in Table 3 for each of the three samples printed by using the three different modalities. 
Table 4 contains the average and standard deviation of these measurements. Fig. 2 and Fig. 3 depict 
the results obtained for Ra and Rz roughness parameters, respectively.  

Table 3 – Ra and Rz roughness parameters for all the LPBF printed samples 

Mode Beam Sample Ra (µm) Rz (µm) 
0 100% G 1 8.87 43.34 
0 100% G 2 12.88 82.81 
0 100% G 3 8.28 40.39 
3 50%G – 50%R 1 19.04 118.13 
3 50%G – 50%R 2 31.97 136.88 
3 50%G – 50%R 3 27.01 162.33 
6 10%G – 90%R 1 27.97 159.49 
6 10%G – 90%R 2 34.98 177.81 
6 10%G – 90%R 3 46.46 186.27 

 

Table 4 – Average and standard deviation of the Ra and Rz roughness parameters investigated 
for all the LPBF printed samples 

Mode Beam Roughness 
parameter 

Average Dev std 

0 100% G Ra 10.01 2.50 
0 100% G Rz 55.51 23.68 
3 50%G – 50%R Ra 26.00 6.52 
3 50%G – 50%R Rz 139.11 22.18 
6 10%G – 90%R Ra 36.47 9.33 
6 10%G – 90%R Rz 174.52 13.69 

 

Figure 2 – Ra roughness results for all the laser beam investigated in this work 
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Figure 3 – Rz roughness results for all the laser beam investigated in this work 

Both Fig. 2 and Fig. 3 show an increase of the roughness with the increase of the ring 
contribution while the Gaussian contribution decreases. In particular, Ra on the printed samples 
can be twice the reference case – the full Gaussian one (mode 0) – selecting the half ring half 
Gaussian modality (mode 3) reducing up to 50% the Gaussian contribution and can be even more 
than three times the reference case selecting the full Ring modality (mode 6). The same trend is 
followed by the Rz parameter as well.  

These results are justified by the presence of waves on the surface of LPBF printed samples, 
which become more pronounced by going from mode 0 to mode 6, as observable by the 
microscope observation in Fig. 4. Spot size with the ring beam is wider, while the amplitude 
intensity is lower than the full Gaussian. This strongly affects the surface roughness, as a result of 
different temperature and beam profiles.  

One of the potentialities of the ring beam shape is the increase of productivity. In fact, the beam 
profile allows laser power and hatch spacing, thus reducing time to produce the same full dense 
part. In the investigation of this work, the choice of the processing conditions above mentioned for 
mode 3 and mode 6 allowed to increase the productivity, expressed as the printed volume in the 
unit time, up to 28 %, as visible in Fig. 5. 

 
Figure 4 – Surface of the sample 1 of each laser beam investigated in this work: a) full 

Gaussian, b) half Ring half Gaussian, c) full Ring  
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Figure 5 – Productivity for all the laser beam investigated in this work.  

Conclusion 
This work investigates the effect of the ring beam shape profile on the surface roughness of Nickel 
alloy 718. In this regard, some cubic samples were printed into the same job by using the same 
LPBF machine and the same innovative laser system by selecting three different modalities: the 
traditional full Gaussian, the half ring and half Gaussian modality and the full ring modality. The 
main conclusion which can be enucleated are the following: 

• A non-traditional beam shape, like the ring one, enables to reach full dense parts printed 
by LPBF as the traditional Gaussian one does. 

• The beam shape profile in the LPBF strongly affects the surface roughness of the printed 
parts. 

• Both Ra and Rz roughness parameters can becomes three times higher by selecting a full 
ring mode rather than the full Gaussian one. 

• A ring laser beam enables to select higher hatch spacing and laser power, resulting in an 
increase in productivity up to 28%. 

Thus, this work shows the potentialities of using other beam shapes, like the ring one, in the 
LPBF to increase the productivity of the process by adopting a VED recommended by the OEM 
for the traditional gaussian. Further investigation will include a wider process window to highlight 
eventual limits due to the potential defects that have occurred. Also, additional research is needed 
to investigate the effects of the ring beam shape profile on the melt pool size, mechanical 
properties, microstructure of Nickel alloy 718 and other typically printed metal alloys such as 
aluminum and titanium alloys. Also, the increase of productivity requires to be more in depth 
analyzed to investigate how effectively can also positively affect the life cycle impact assessment 
of the LPBF process, which is known to be very energy intensive. 
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