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Abstract - The melt pool geometry of different scanning patterns was investigated by using numerical simulation. Three 
common scanning patterns named sequential, boustrophedon, and alternated scanning strategies were tested. The results 
revealed that the boustrophedon strategy gives rise to asymmetric melt pool shapes at the two ends of the melt tracks. On the 
contrary, the sequential and alternated scanning patterns produce symmetric melt pool geometry. 
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I. INTRODUCTION 

 

Selective laser melting (SLM) is a powder bed fusion 

(PBF) system in additive manufacturing (AM) 
process where the three-dimension object is built 

layer upon layer [1, 2]. In the SLM process, the 

quality of the printed parts is affected by various 

parameters such as laser power, scanning speed, and 

layer thickness [3, 4].  

For instance, the single melt track was greatly 

affected by different laser powers and scanning 

speeds [5]. With the same laser power of 370 W, the 

melt track was continuous at the scanning speed of 

0.3 m/s, while the balling can be observed at the 

scanning speed of 0.75 m/s. Similarly, with the same 

scanning speed of 0.3 m/s, the melt track was 
continuous at the laser power of 370 W, however, 

balling occurs at the laser power of 160 W. 

Moreover, Gan et al. found that high layer thickness 

lead to porous printed part [6].  

 

For example, the sample printed at the layer thickness 

of 50 µm, the pores were least visible, while more 

pores were observed when printed at layer thickness 

of 150 µm. In order to improve the quality of the 

printed part, numerical simulation was adopted to 

give insight understand the physical aspects such as 
heat transfer, molten fluid dynamics in the SLM 

process. Khairallahet al. demonstrates the influence 

of recoil pressure and Marangoni force on the 

generation of pore, material spattering, and 

denudation zones in the SLM process [7]. Yan et al. 

has investigated the effect of hatch spacing on the 

inter-track voids [8]. The study found that the hatch 

spacing should be smaller than the melted region 

within the substrate, otherwise, inter-tracks voids 

might appear. 

In this paper, multi-track simulation with different 

scanning strategies are performed. This study aims to 
investigate the melt pool geometry of different 

scanning patterns at different cross-sections. 

1.1 Powder generation 

In order to perform the free surface of the powder 

bed, discrete element method (DEM) was employed. 

The simulation was built in the platform of an open 
source software named LIGGGHTS® [9]. In addition, 

the powder particles were considered as spherical 

shape with the particles’ radii following a Gaussian 

distribution, and its motions were calculated based on 

Newton’s second law. 

The purpose of the DEM simulation was to generate a 

layer powder with the thickness of 50 μm on top of 

the substrate. In the simulation, 1800 particles with 

the mean diameter of 27 μm and full width half 

maximum of 10 μm were dropped freely due to the 

gravitational force along y-axis to form a free surface 

in a simulation domain of x y z = 2000   800   
600 μm3. Then, a blade, which was moving along x-

direction, was employed to generate a free surface 

powder bed with thicknesses of 50 μm. The 

information of particles location and radii are 

imported to the next model for the simulation of the 

melting process. 

 

1.2 Melt track simulation 

A computational fluid dynamics (CFD) model with 

the solver was written in OpenFOAM® was generated 

to solve the heat transfer and melting process in the 
SLM [10]. The equations of conservation of mass, 

momentum, and energy are explained in the refs [1, 

11, 12]. The numerical model accounts for the 

interfacial forces including Darcy’s force, surface 

tension, Marangoni effect and recoil pressure. The 

model considered the heat transfer and heat loss due 

to conduction, evaporation, convection and radiation. 

 

The simulation domain was set as x y z = 1000   

300   600 μm3, in which the gravitational force is 

along the y-direction. The model contains 200 μm 

thickness of substrate, 50 μm thickness of powder, 
and 50 μm thickness of air on top. A mesh grid size 

was kept constantly at the value of 4   4   4 μm3. 
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The temperature of 300 K was set as initial 

temperature of the domain. 
The model simulated the melting process of the 

powder bed under the laser power of 175 W and 

scanning speed of 0.55 m/s. The laser Gaussian beam 

with focusing diameter of 80 μm was considered as 

the heat source. The material properties used in the 

simulation such as density, thermal conductivity, heat 

capacity and other parameters are temperature 

dependence values which can be found in the ref [12]. 

 

1.3 Simulation setup 

Multi-track simulations were tested with three 

different scanning strategies namelysequential, 
boustrophedon, and alternated patterns as described 

in Fig. 1. Sequential scanning represents uniform 

scanning directions from right to the left with 

constant hatch spacing of h = 100 µm. The alternated 

scanning pattern shares the same laser scanning 

direction, albeit with alternate order of the tracks. The 

hatch spacing between the first and second track for 

the alternated scanning pattern is 2h = 200 µm, and 

the third track is printed in between the first and 

second track. The boustrophedon strategy describes 

the continuous moving of the laser from right to the 
left and from the left to the right with a fixed hatch 

spacing of h = 100 µm. In order to save 

computational cost, three-tracks simulation was 

conducted, however, it is adequate to investigate the 

geometry of the melt pool with different scanning 

patterns. 

 

 
Fig. 1: Schematic of the investigated scanning strategies with 

the hatch spacing of h = 100 µm. 

 

II. RESULTS AND DISCUSSIONS 

 

In the SLM process, the melt pool may form an 
asymmetric geometry due to the different temperature 

distributions and high energy molten liquid flow. A 

factor 
w

wa
k




2
 that represents the skew 

percentage of the melt pool, where a is the width 

measured from the left-hand side of the melt pool to 

the bottom of the melt pool, and w is the width of the 

melt pool [13], is used to determine the skewness. 

The skew percentages at different cross-sections of 

the sequential, alternated, and boustrophedon 

scanning patterns are depicted in Fig. 2. Generally, 

the skew percentage is between 0% and 20% for 

sequential and alternated strategies as shown in Figs. 

2(a) and 2(b). The melt pool with these low skew 

percentage values can be considered as symmetric 

melt pool. Therefore, the sequential and alternated 

strategies are able to produce symmetric melt pools 
along the melt tracks. Due to the quick solidification 

process in SLM, by the time the laser scans the next 

track, the previous track has been solidified, and the 

melt track temperature has been dropped 

dramatically. As the result, the temperature gradient 

from the center of laser beam to all other directions 

are almost similar. As the result, the sequential and 

alternated scanning patterns can produce symmetric 

melt pool. 

On the contrary, the melt pools at two ends of the 

boustrophedon strategies are asymmetric. Fig. 2(c) 

shows that the melt pools at the beginning of the 
second track (at cross-section of x = 864 µm) and at 

the beginning of the third track (at cross-section of x 

= 150 µm) of the boustrophedon strategy have high 

skew percentage (larger than 40%). In addition, Fig. 3 

offers a clearer visual on the skewness of the melt 

pool at different cross-sections at different timesteps. 

It is observed that the beginning of the third melt 

track (Fig. 3(a)(iii)) is heavily skewed towards the 

end of the second track (Fig. 3(a)(ii)). Similarly, the 

beginning of the second melt track (Fig. 3(b)(ii)) is 

heavily skewed towards the end of the first track (Fig. 
3(b)(i)). These are because the melt pools at these 

positions have been merged with the molten material 

of the previous track forming an asymmetric melt 

pool [10]. However, the melt pools at the middle of 

the tracks at x = 507 µm show little skewness. For 

instance, by the time the laser reaches the second 

track at t = 2080 µs (Fig. 3(c)(ii)), the metal at the 

first track at x = 507 µm (Fig. 3(c)(i)) has already 

fully solidified. As a result, low skewness melt pool 

is formed. 

 

IV. CONCLUSIONS 
 

The study explained the different of the melt pool 

geometry at different cross-sections at multi-track 

simulation level. The study found that the sequential 

and alternated scanning strategies produce symmetric 

melt pool. On the contrary, the boustrophedon give 

rise to the asymmetric melt pool. In addition, the high 

skewness of the melt pool scanned by boustrophedon 

strategies is because of the high thermal liquid flew 

back to the previous track and formed the asymmetric 

melt pool geometry. 
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Fig. 2: The skew percentage of melt pool printed by (a) 

sequential, (b) alternated, (c) boustrophedon scanning strategy, 

and (d) the fused zone at cross-section at x = 150 μm at 4200 μs 

of the powder bed scanned by boustrophedon strategy. 

 

 
 

Fig. 3: Fused zone of the boustrophedon strategy at t = 4200 µs 

(the laser beam is switched off for 200 µs after three tracks are 

scanned) at cross-sections of (a) x = 150 µm, (b) x = 864 µm, 

and (c) x = 507 µm. The white contour represents the widest 

melt pool at (a)(i) t = 90 µs, (a)(ii) t = 2600 µs, (a)(iii) t = 2700 

µs, (b)(i) t = 1300 µs, (b)(ii) t = 1420 µs, (b)(iii) t = 3900 µs, (c)(i) 

t = 730 µs, (c)(ii) t = 2080 µs, and (c)(iii) t = 3390 µs. 
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