
IOP Conference Series: Materials Science and Engineering

PAPER • OPEN ACCESS

Thermal and Melting track Simulations of Laser Powder Bed Fusion (L-
PBF)
To cite this article: P Ninpetch et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 526 012030

 

View the article online for updates and enhancements.

This content was downloaded from IP address 202.44.44.226 on 09/08/2019 at 09:34

https://doi.org/10.1088/1757-899X/526/1/012030
https://oasc-eu1.247realmedia.com/5c/iopscience.iop.org/143714642/Middle/IOPP/IOPs-Mid-MSE-pdf/IOPs-Mid-MSE-pdf.jpg/1?


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. 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 licence by IOP Publishing Ltd

The International Conference on Materials Research and Innovation

IOP Conf. Series: Materials Science and Engineering 526 (2019) 012030

IOP Publishing

doi:10.1088/1757-899X/526/1/012030

1

 
 
 
 
 
 

Thermal and Melting track Simulations of Laser Powder Bed 

Fusion (L-PBF)  

P Ninpetch
1
, P Kowitwarangkul

1,*
, S Mahathanabodee

2
, R Tongsri

 3
, and  

P Ratanadecho
4
 

 
1
 The Sirindhorn International Thai-German Graduate School of Engineering (TGGS), 

King Mongkut's University of Technology North Bangkok (KMUTNB), Bangkok, 

10800, Thailand 
2
 Department Production Engineering, Faculty of Engineering, 

King Mongkut's University of Technology North Bangkok (KMUTNB), Bangkok, 

10800, Thailand 
3 
Particulate Materials Processing Technology Laboratory (PMPT), National Metal 

and Materials Technology Center, Pathum Thani 12120, Thailand 
4 
Department of Mechanical Engineering, the Faculty of Engineering, Thammasat 

University (Rangsit Campus), Pathum Thani 12120, Thailand 

 

* Corresponding author: pruet.k@tggs.kmutnb.ac.th 

 

Abstract Laser powder bed fusion (L-PBF) process involves with the construction of 

phase transformation, melting, and rapid solidification of weld metal powder bed 

which affects the properties and the microstructure of final parts, e.g. density, 

dimension, mechanical properties, void, porosity, and non-fully melted particle. The 

aims of this work were to study the effect of process parameters, e.g. laser power and 

scanning speed, on the temperature field and melt pool geometry and the 

characteristics of single melting track in the L-PBF process by using the commercial 

CFD software simulation Flow-3D (Flow-weld). The laser power, scanning speed, 

laser spot diameter, and layer thickness varied in this study were 120 W, 140 W, 0.4 

m/s, 0.6 m/s, 0.8 m/s, 80 µm and 50 µm respectively. The results stated that at the 

lower scanning speed, the temperature field has a region of heat distribution larger 

than that of the higher one. The geometry of melt pools can be changed from ellipse 

shape to tear drop shape when the scanning speed is increased. The width and depth of 

laser melting track is increased when the higher laser power and lower scanning speed 

are applied. The void is found underneath the laser melting track when the scanning 

speed changes from 0.4 m/s to 0.6 m/s. 

1. Introduction 

Laser Powder Bed Fusion (L-PBF) is a type of additive manufacturing process which uses laser source 

scanning as a moving heat source on powder bed to fully melt the metal powder layer fashion [1]. In 

this process, the powder bed is created by raking metal powder across the work space [2]. The cycle is 

repeated layer by layer, until the complete part is formed. Finally, the part is visible after eliminated 
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the excess metal powder from powder cake [3]. This process can be used with various materials such 

as metal, plastic, ceramic, composites, and biomaterials [2]. The typical applications of this process 

are rapid prototype, complex topology parts, medical parts, aerospace parts and automotive parts, [4,5] 

The process parameters include laser power, power intensity, scanning speed, hatch spacing and the 

layer thickness. L-PBF process involves complex multiphysics such as the materials laser absorption, 

heat transfer, fluid dynamic, phase transformation, melting, and rapid solidification. These factors 

have significant influence on the properties and the microstructure of final parts, e.g. density, 

dimension, mechanical properties, void, porosity, and non-fully melted particle [6]. Several research 

studies used the CFD simulation method to predict the phenomena in the L-PBF process. The 

examples of CFD simulation software are Flow-3D, ANSYS, COMSOL Multiphysics etc. Y. Li and 

D. Gu [7] developed a 3D model to study thermal behavior of L-PBF of pure titanium powder with 

ANSYS software. The study considered the temperature-dependent thermos physical parameters and 

the Gaussian distribution of the heat flux. In the study, it indicated that the average temperature of the 

powder bed gradually increased during laser scanning because of the heat accumulation. Y.S. Lee and 

W. Zhang [6] solved the transient numerical mesoscale model of Inconel 718 powder bed with a mesh 

size of 3 micron considering volume of fluid method (VOF), Marangoni effect, particle size 

distribution and packing density. The commercial software Flow-3D was used in the study. It was 

found that too fast scanning speed and too low laser power can increase the chance of discontinuous 

molten pool and the balling defect. 

The aims of this research are to study the effect of process parameters including Laser power and 

scanning speed on the temperature field and melt pool geometry and the characteristics of single 

melting track in the L-PBF process by using the commercial CFD software simulation Flow-3D 

(Flow-weld). The laser power, scanning speed, laser spot diameter, and layer thickness varied in this 

study are 120 W, 140 W, 0.4 m/s, 0.6 m/s, 0.8 m/s, 80 µm and 50 µm respectively. The results from 

this study will be validated with the experimental results from a previous research study on 

Fabrication and Characterization of AISI 420 Stainless Steel Using Selective Laser Melting [8]. 

2. Simulation model  

Heat transfer simulation model in L-PBF process consists of heat conduction, heat convection, heat 

radiation respectively [9]. Considering the melting and solidification phenomena, the enthalpy 

including latent heat evolution arising from phase change effect during the process can be applied in 

modelling [10]. The molten fluid flow simulation model of L-PBF process based on numerical 

solution of mass, energy and momentum conservation and the Volume of Fluid (VOF) method is used 

to track the position and shape of the molten pool surface. 

The Gaussian laser moving heat source model is described [11] as in equation (1)  

𝑞 =
2𝑃

𝜋𝜔2 𝑒
−
[(𝑥−𝑥0)

2+(𝑦−𝑦0)
2+(𝑧−𝑧0)

2]

𝜔2     (1) 

q is heat flux on the surface, ω is radius of beam, P is laser power, (xo, yo, zo) is instantaneous position 

of the center of the heat flux which is on the moving path at distance of x, y, z from start point, v is 

velocity of moving heat source, t is time. 

3. Methodology 

The 3D model simulation was performed by commercial CFD simulation software Flow-3D (Flow-

weld). The material used in this study was AISI 420 martensitic stainless steel powder with the 

average particle size of 20 µm. The 3D computational mesh of around 375,000 cells was used in this 

simulation. Figure 1. shows the schematic of the powder bed and scanning direction of moving laser 

beam. The process parameters used in this study are listed in Table 1.  
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Figure 1.  The schematic of the powder bed and scanning direction of moving laser beam 

 

Table 1. Process parameters of this simulation 

Process parameters Value 

Laser power (P) 120, 140 Watt 

Scanning speed (v) 0.4, 0.6, 0.8 m/s 

Layer thickness (t) 50 µm 

Laser beam spot size (d) 80 µm 

4. Results and Discussion 

4.1 The effects of process parameters on the temperature field and melt pool shape 

At the lower scanning speed, the temperature field has a larger region of heat distribution than that of 

the higher one as shown in figure 2 (a), (b).When the scanning speed is increased, the geometry of 

melt pools changes from ellipse shape to tear drop shape. The phenomena from the process parameters 

have significant effect on the quality of final products. 

 

Figure 2. The temperature field and melt pools shape during L-PBF process 

4.2 The width and depth of single melting track with different process parameters  

Figure 3 (a), (b) and figure 4 (a), (b) show the effects of laser power and scanning speed on the 

characteristics of laser melting track. The width and depth of laser melting track is increased when the 

higher laser power and lower scanning speed are applied. The void is found underneath the laser 

melting track when the scanning speed changes from 0.4 m/s to 0.6 m/s. The results from the 

simulation are consistent with the experimental results with minor difference as shown in figure 4. (a)  

 

Figure 3. The depth of laser melting track in L-PBF process 

https://dict.longdo.com/search/ellipse


The International Conference on Materials Research and Innovation

IOP Conf. Series: Materials Science and Engineering 526 (2019) 012030

IOP Publishing

doi:10.1088/1757-899X/526/1/012030

4

 
 
 
 
 
 

 
Figure 4. The effect of process parameters on melting track width; (a) The effect of laser power                  

(b) the effect of scanning speed 

5. Conclusions 
In this research, the effect of process parameters on the temperature field and the melt pool geometry and 

the characteristic of single melting track in L-PBF process with laser power of around 120-140W was 

investigated through the numerical simulation method. The results from the simulation are consistent with 

the experimental results with minor difference. At the lower scanning speed, the temperature field has a 

region of heat distribution larger than that of the higher one. The geometry of melt pools can be changed 

from ellipse shape to tear drop shape when the scanning speed is increased. The width and depth of laser 

melting track is increased when the higher laser power and lower scanning speed are applied. The void is 

found underneath the laser melting track when the scanning speed changes from 0.4 m/s to 0.6 m/s.  

6. References 
[1] ASTM Standard F-2792- 12a. Standard Terminology for Additive Manufacturing Technologies, ASTM  

          International  

[2] W. E. Frazier 2014 Metal Additive Manufacturing: A Review, Journal of Materials Engineering and  

          Performance Vol 23, pp. 1917–1928 

[3] V. Bhavar, P. Kattire, V. Patil, S. Khot, K. Gujar and R. Singh 2014 A Review on Powder Bed Fusion  

          Technology of Metal Additive Manufacturing, International conference and exhibition on Additive  

          Manufacturing Technologies-AM-2014, September 1 &2 ,2014, Banglore, India. 

[4] T. Wohlers 2010 Additive Manufacturing State of the Industry, Wohlers report, pp. 1-26 

[5] C. H. Fu and Y. B. Guo, 3-dimension finite element modelling of selective laser melting Ti-6AL-4V  

          alloy, 25th Annual International Solid Freeform, pp. 1129-1144 

[6] Y. S. Lee and W. Zhang 2015 Mesoscopic Simulation of Heat Transfer and Fluid Flow in Laser Powder  

          Bed Additive Manufacturing, International Solid Free Form Fabrication Symposium Austin, pp.  

          1154-1165 

[7] Y. Li and D. Gu 2014 Thermal behavior during selective laser melting of commercially pure titanium  

          powder: Numerical simulation and experimental study, Additive Manufacturing Vol 1–4, pp. 99–109 

[8] X. Zhao, Q. Wei, B. Song, Y. Liu, X. Luo, S. Wen, and Y. Shi 2015 Fabrication and Characterization of  

          AISI 420 Stainless Steel Using Selective Laser Melting, Materials and Manufacturing Processes, pp.  

          1–7  

[9] K. Zeng, D. Pal and B. Stucker 2012 A review of thermal analysis methods in Laser Sintering and  

          Selective Laser Melting, Journal of Heat Transfer, pp. 796-814 

[10] A. M. Kamara, W. Wang, S. Marimuthu, and L. Li 2010 Modelling of the melt pool geometry in the  

          laser deposition of nickel alloys using the anisotropic enhanced thermal conductivity approach, Proc.  
          IMechE Vol. 225, pp. 87-99 

[11] A. Srivastava, Moving heat Source Version 4.1, Technical document, https://appstore.ansys.com,  

          ANSYS, Inc, accessed on 1 Aug 2017 

Acknowledgement 

The authors would like to thank the fund support from Thailand Graduate Institute of Science and 

Technology (TGIST), National Science and Technology Development Agency (NSTDA) contract No. 

SCA-CO-2560-4552-TH, the Thailand Research Fund (TRF) and the Commission on Higher Education 

(CHE) under the TRF contract No. MRG6180164 and software license support from Flow Science, Inc, 

Flow Science Japan and Design Through Acceleration Co., Ltd. 

https://dict.longdo.com/search/ellipse

