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ABSTRACT 
The base plate temperature ranks among the crucial building parameters whose effect 

on melt pool dimensions and porosity defects generation has not been sufficiently 

discussed in literature. In the current study, with the aim to explore the dependence 

between melt pool dimensions, porosity defects and base plate preheating, a 3-

dimensional thermal finite element model is carried out to create IN718 single beads, 

at various base plate temperatures. The dimensions of the melt pool behave 

favourably with the base plate preheating. Indeed, the melt pool depth, width and 

length increase continuously with the heat of the base plate, from 20 °C to 500 °C. 

The melt pool width is more responsive to the base plate temperature than the melt 

pool depth. Numerical results also indicate that the melt dimensions become more 

responsive to the temperature of the base plate at a slower scan speed. The degree of 

porosity is predicted under multiple values of base plate temperature and the results 

show that porosity tends to disappear with further preheating of the base plate. A 

satisfying accordance between the numerical finding and the experimental results 

from literature is identified. 

 

KEYWORDS: Laser powder bed fusion, base plate preheating, melt pool size, 

porosity defects, single bead. 

 

 

1. INTRODUCTION 
 

Laser powder bed fusion (LPBF), as a promising metal 

additive manufacturing technique [17], is applied to 

manufacture, in an upwards manner, layer by layer 

complex 3D components. The process consists of 

melting thin layers of metallic powder along a specific 

path using the laser as a heat source [27]. Thanks to the 

multilayered character of the process, a variety of 

complex parts can be fabricated [24]. 

 The LPBF process is widely adopted in various 

industrial applications such as medical implants and 

aeronautic components [22], since it ensures 3D parts 

with higher performance than that of traditional 

processes (Fig. 1).   

 Nevertheless, LPBF presents some drawbacks 

related to the final part quality. In fact, the multiple 

thermal cycles, i.e., the rapid heating and cooling 

material cycles significantly reflect the 3D part quality. 

The effect of machine input parameters including layer 

thickness, scan speed, laser spot size, and laser power 

 
  

Fig. 1. Schematic representing the LPBF process [7] 

 

are the majority issues treated in literature. Indeed, 

Choo et al. [6] explored the relationship between laser 

power and the defects characteristics of 316L stainless 

3D parts. Recently, the impact of laser beam diameter 

on melt pool sizes and porosity defects generation was 

investigated, and the results revealed that there is a 

meaningful relation between the spot size and the 

defects appearing [10]. Furthermore, the impact of the 
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hatch spacing on melt pool sizes and porosity defects 

generation was studied, and the finding revealed that 

there is a meaningful dependence between the hatch 

spacing and the defects appearing [8], [9]. The 

relationship between porosity and mechanical 

properties was also studied by various researchers. 

They found that the porosity degrades the mechanical 

properties [12], [13] and, thus, limits the lifetime of a 

product [20]. 

 The impact of powder layer thickness has been 

discussed. In fact, Leitch et al. [16] demonstrated that 

increasing the layer thickness is beneficial in terms of 

faster productivity, however, lack of fusion defect is 

registered with high layer thickness. The same finding 

is proved by [21]. The effect of laser power and scan 

speed on the melt pool morphology and the porosity 

development has been widely addressed in literature. 

Most of the research proves that both parameters 

significantly affect the final part’s quality. Indeed, an 

increase in the scan speed accompanied by low laser 

power generally leads to a lack of fusion defect [23]. 

 Yet, another process parameter, which is equally 

as relevant as the other ones, is the base plate 

temperature.  Preheating, i.e. increasing the base plate 

temperature, is considered to be one of the techniques 

that enhance parts quality. 

 The temperature of the base plate is also a critical 

parameter, influencing the properties of the material. In 

fact, in the investigation mentioned in [3], when the  

preheating temperature is equal to 250 °C, part 

distortion becomes irrelevant. 

Furthermore, preheating the base plate may avoid 

cracking and delamination due to residual stress [14]. 

A considerable improvement in yield strength and 

ductility and in the Ti-6Al-4V 3D parts when the base 

plate temperature is set at 570 °C was noted in the 

research of Ali et al. [1]. 

The main incentive to use such method of 

preheating is the potential mitigation of thermal 

stresses. These facts were proved by Vrancken et al.  

They achieved in their investigation a significant 

reduction in residual stress of about 50% for the Ti-

6Al-4V alloy, by applying a 400°C preheating 

temperature [25].   

Nevertheless, further research noted some 

confusions when preheating the base plate. Actually, 

an increase in the residual stress is registered in [19], 

while others stated that the properties of the unmelted 

powder altered and, therefore,  restricted its recycling 

[18]. Thus, it should be carefully selected. The 

preheating temperature depends on the type of material 

and requires an accurate setting. 

Until now, the base plate preheating effects on 

melt pool dimensions and porosity defects generation 

have not been investigated in depth, and most of the 

available research is focusing on the relationship 

between base plate preheating, residual stress, and 

mechanical properties. To fill in this gap, our study 

presents a helpful tool to predict the effect of the base 

plate preheating at various temperatures on the melt 

pool dimensions and the porosity level. We believe that 

this work is needed to explore these issues and provide 

process recommendations to control the porosity 

defects that occur in 3D parts.  

So far, the monitoring of part defects is a 

challenging task regarding the rapidity of the process 

and the inappropriate measuring methods during the 

process. Thus, computational models may be utilized 

to both predict such phenomena and offer useful 

guidance for process optimization. 

 

2. MATERIALS AND METHODS 
 

A 3D transient thermal finite element (FE) model was 

created to build a series of Inconel718 single beads 

deposited on the base plate. Figure 2 represents a 

schematic illustration showing the single bead on the 

base plate that will be preheated at various 

temperatures. It also shows the inputs of our model, 

including laser power, scan speed, and powder layer 

thickness. The powder is assumed to be a homogenous 

and absorbing medium. The outputs provided by 

Ansys, including the dimensions of the melt pool 

(depth, width, length), are also presented.  What is 

more, the single bead is considered to be the basic unit 

of building, which strongly affects the quality of the 

final part. The melt pool dimensions, including depth, 

width and length, were evaluated at a large range of 

preheating temperatures of the base plate. The values 

of the latter vary from 100 °C to 500 °C which 

represent the upper value allowed in the used software 

program Ansys Additive. The value of 20 °C, which 

represents the minimum temperature in Ansys, is also 

tested. The building parameters, including laser power, 

were kept constant in all the cases, at a value of 285 W, 

in order to meet the experimental values. Concerning 

the scanning speed, it altered from 500 mm/s to 1500 

mm/s, aiming to understand how the melt pool 

dimensions behave when preheating the base plate at 

various scan speed values. 

The bulk quantity of the laser energy is absorbed 

by the powder particles and then dissipated through 

thermal conduction, which is governed by the 

following Fourier’s equation. The temperature 

distribution can be determined from this equation [11]: 
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Where T, Q, k, ρ and c denote the temperature, 

the heat source input, the thermal conductivity, the 

material density, and the specific heat capacity, 

respectively, t and (x, y, z) are the time of interaction 

and the spatial coordinates. 

The moving laser heat source follows a Gaussian 

distribution, where the heat flux density decreases 

exponentially away from the center, which can be 

mathematically defined by the following equation [15]:     
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     (2) 

 

where Q, P, A, w are the input heat flux, laser power, 

laser beam absorptivity, radius of the laser spot 

respectively, and r is the position from the laser point 

center, at a specific time t, to a point on the powder bed 

surface.  

 

 
 

Fig. 1. Schematic illustration containing the base 

plate, the single beads and their dimensions [2] 

 

The finite element (FE) method is applied to 

solve the temperature equation (1) by spatial and 

temporal discretization using initial and boundary 

conditions stated below: 

• The powder bed temperature is fixed at ambient 

temperature as the initial condition: 

 

T=T0 = 22 °C = 295 K    (3) 

 

• The heat convection Qc between the powder bed 

and the surrounding area is defined as follows 

[11]: 

 

   𝑄𝑐 = ℎ (𝑇 −  𝑇0)     (4) 

 

where T, h, and T0 are the temperature, the coefficient 

of thermal convection, and the initial temperature 

respectively.  

Inconel 718 (IN718) is an excellent superalloy 

known for its outstanding chemical and mechanical 

properties at high temperatures. This alloy can be 

employed at a wide range of high  temperatures [4]. In 

addition, IN718 has a high corrosion resistance. 

Thanks to these properties, IN718 is used in various 

industries, such as aeronautic components and gas 

turbines. However, as far as machinability is 

concerned, the high mechanical strength of this alloy 

makes it difficult to use in traditional manufacturing 

processes. This fact makes it a very popular alloy in 

additive manufacturing processes. Thus, the IN718 is 

chosen in our study considering the advantages 

mentioned above and also for its availability in the 

materials database of Ansys Additive.  

During the process, the thermal properties of the 

material, including the specific heat, the density and 

the conductivity, depend on the temperature. 

In Ansys Additive, the melt pool is 

instantaneously tracked along the bead length and then 

the value of each dimension is averaged over the entire 

bead length. Data extracted from Ansys Additive are 

provided Excel files with individual permutations 

showing the melt pool size for each base plate 

temperature. The length of the bead is fixed by default 

3 mm in Ansys Additive since the melt pool reaches a 

steady state at this value. 

 

3. RESULTS AND DISCUSSIONS 
 

The predicted melt pool dimensions, including the 

depth, the width and the length at various base plate 

temperatures, are analyzed in this section. The figure 3 

highlights the effect of the base plate preheating on the 

depth, width, and length of the melt pool. We notice that 

both the width and the depth of the melt pool exhibit an 

increase when the base plate is heated further. 

  

 
 

Fig. 3.  Melt pool size evolution under various base 

plate temperatures at P=285 W; V=1500 mm/s 

 

At the same power and scan speed of 285 W and 

1500 mm/s, the melt depth becomes about 30% (from 31 

µm to 60 µm) deeper and 38% wider (from 94 µm to 132 

µm) as the preheating temperature is elevated from 20 

°C to 500 °C. We also notice that the increase in width 

is more pronounced than the one in depth, this suggests 

that the transfer of energy in the direction of the laser 

incidence is faster compared to the other directions [26]. 

Concerning the melt pool length, we notice that the 

melt pool increases continuously from 737 µm to 1052 

µm when varying the base plate temperature from 20°C 

to 500°C.  

Once the laser power is fixed at 285 W (figure 4), 

and the scan speed is lowered at 500 mm/s, the melt pool 

width is getting wider about 58% from 193 µm to 251 

µm as the preheating temperature varies from 20 °C to 

500 °C, which reveals more considerable influence of 

the preheating temperature on the melt pool width at a 

slower scan speed.  

Concerning the depth, we recorded an increase 

about 46% (from 152 µm to 251 µm), when the scan 

speed is 500 mm/s, which shows that the effect of the 

base plate preheating is more appreciable in comparison 

with the scan speed 1500 mm/s where the value was 

30%. 
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Fig. 4. Dimensions evolution under various base plate 

temperatures at P=285 W; V=500 mm/s 

 

This implies that the melt pool dimensions 

become more responsive to the temperature of the base 

plate at a slower scan speed. Indeed, this finding seems 

to be obvious since at a slower scanning speed, the time 

of interaction of the powder bed and the heat source is 

longer and, thus as a result, the melt pool gets larger 

and deeper. We wanted to extend our analysis and 

predict the base plate preheating effects on the degree 

of porosity development. Figures 5 and 6 outline the 

level of porosity at various temperatures of preheating.  

As it can been seen, the heating of the base plate 

decreases the degree of porosity which is attributed to 

the fact that the more the base plate is preheated, the 

more the solid ratio increases (figure 5) and the void 

ratio decreases (figure 6), which means a dense solid 

(solid ratio = 1) without void or pores is obtained (void 

ratio = 0). 

Aiming at validating our numerical results, a 

comparison with an experimental investigation from 

literature [5] is carried out. Identical process 

parameters are adopted in order to ensure that the 

results are compared on a consistent basis. 

The melt pool morphologies extracted from 

experimental investigations [5] at various base plate 

preheating temperatures are shown in figure 7. 

It is clear that the preheating of the base plate 

influences significantly the morphology of the melt 

pool. Raising the base plate temperature enhances the 

penetration depth of the laser, along with its width, 

hence, the melt pool volume increases which is in line 

with our predicted finding where the melt pool 

dimensions increase with the increase of the base plate 

temperature. 

 

 
 

Fig. 5. Solid ratio evolution under various preheating 

temperatures 

 

 
 

Fig. 6. Void ratio evolution under various preheating 

temperatures 

 

 
 

Fig. 7. Morphology of the melt pool under various base plate temperatures [5] 

 

4. CONCLUSIONS 
 

A thermal model based on the finite element method is 

used to simulate a series of single beads melted on a 

base plate preheated at various temperatures ranging 

from 20 °C to 500 °C. During the process the laser 

power is maintained at the same value, however, the 

scan speed has been modified from 1500 mm/s to 500 

mm/s. Favorable feedback is obtained since the 

predicted results have proved a considerable 

dependence between the size of the melt pool and the 

base plate preheating. In fact, arising the base plate 

temperature results in a deeper, wider, and longer melt 

pool. An increase in depth and width by a percentage 

of 30% and 38% respectively when the scan speed is 

fixed at 1500 mm/s is reached. 

It was also noticed that the preheating condition 

at 500 °C displayed the prominent impact on the melt 
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pool size. The melt pool becomes at that temperature 

wider and deeper when the scan speed is reduced from 

1500 mm/s to 500 mm/s, with a percentage of 58% in 

the width and 46% in the depth indicating that the melt 

pool is more sensitive to the variation of the base plate 

temperature at slow scan speed. Altering the base plate 

temperature indicated the ability to adjust the 

dimensions of the melt pool. The results may be used 

as a reference to evaluate the degree of porosity, 

especially the lack of fusion defect, where the 

continuous heating of the base plate at high 

temperatures of 500 °C allows to build a denser solid 

with limited gaps or pores.  

The use of a high base plate temperature was 

more suitable to prevent void or porosity defects as it 

guarantees a wide and deep area affected by heat, 

consequently, voids can be almost filled. The 

numerical results match fairly with the experimental 

ones from literature. 

 We believe that our work may improve 

knowledge about preheating the base plate and we 

hope that our numerical methodology will be beneficial 

in solving the difficulty of experimental trials. 

Nevertheless, this work can be improved in further 

study by taking into consideration other building 

parameters such as the powder layer thickness and the 

diameter of the laser beam. 
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