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Abstract- The SLS (selective laser sintering process is a 

manufacturing process for parts with complex geometries 

based on the laser projection of polyamide powders on a 

substrate. The process includes significant local 

temperature variations causing the appearance of residual 

stresses in the parts. In this work, we propose a three-

dimensional numerical simulation model of the coupling 

of thermal phenomena induced by sintering of a 

Polyamide12 layer by layer using laser projection. This 

mathematical model depends on this model is based on the 

coupled solving heat transfer mathematical model; the 

laser source was being modeled as a surface heat source 

distribution. The model is implemented in different forms 

one and three-dimensions finite difference method using 

Matlab software. The results of the numerical simulation 

are compared with the methodology obtained 

experimentally of the work of authors Omkar Deshpande 

and Daniel Moser and analytical solution of author Franco 

and with our numerical simulation by meshfree method. In 

our propositions the calculations are performed within the 

point focus of the laser in the polyamide converting of 

polyamide numerical calculation shows the detection of 

heat in the point focus of the laser is under the temperature 

of fusion in the polyamide powder. Our investigations 

shows also that all the parameters influence maximal heat 

under the laser beam on the coat bed of the selective laser 

sintering process like power laser, radius spot laser, pre-

hating temperature etc. The whole of these conclusions 

approve that life forecast of parts worked 3D printing, for 

example, selective laser sintering require an excellent 

physical characters. 
 

Keywords: 3D Finite Difference Method, 3D Meshfree 

Method, Nonlinear Problem, Polyamide12, Selective 

Laser Sintering, Thermal Calculation. 

 

1. INTRODUCTION                                                                         

Three-dimensional printing is a family of technology 

allowing a part to be manufactured from a design of 

numerical file by adding layer, also it’s possible to use a 

different materials like polymers, bio material, etc. 
The selective laser sintering process (SLS) produces a 

three-dimensional polyamide part, which consists in 

melting the powder bed by a CO2 laser beam [1-4]. which 

solidifies, the deposited material which forms a track. This 

process is used in several fields of industry, in particular, 

aeronautics, bio-medical, art, etc. [5-9]. because it allows 

building really complex shapes, and using the topological 

optimization methods, which can offer great weight saving 

opportunity, which can save production time and cost [10-

13]. This process is joined specifically by state change 

(melting and solidification of matter) [14-21]. The large 

thermal gradients during the cycle are the reason for the 

presence of appearance of residual stresses in the parts. 

The goal of our investigation is to create a mathematical 

modulization in three dimensions of the of the heat transfer 

evolution at the first converting powder based on the 

modeling of thermal phenomena induced by the selective 

laser sintering process like convection and radiation 

phenomena. To our knowledge, in this process, several 

parameters of the machine and the material are always in 

relation (Table 1), like the diameter of the spot laser, the 

power of the laser, the preheating temperature, thermal 

conductivity, specific heat, density energy, porosity, the 

ambient temperature. [6-10]. This mathematical 

theoretical study was developed to understand the thermal 

history inside the selective laser sintering process. 
 

1.1. The Powders and their Characteristic 

Temperatures for the Process 

The printer preheats the powder to a distribution of the 

heat slightly under the fusion of the raw material of 

Polyamide12. This preheating allows the laser to more 

easily boost the heat of specific areas of the material 

covering traces the shape of the model to solidify the part 

[5]. Cooling is induced by the arrival of the new layer, 

which is cooler than the molten material [1]. It is necessary 

not to pass the molten material below its crystallization 

temperature in order to keep it in the liquid state as long as 

possible. This is why the powder in the polyamide powder 

bed is preheated.  

However, this preheating is limited, on the one hand by 

the melting temperature of the material used so as to not 

generate a change of situation, on the other hand by the 

influence of the heat on the flowability of the powder [9]. 

In the case of Polyamide12 preheating of the order of 170-

175 °C, under the fusion heat of the powder is 

recommended.  
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The polyamide powder bed is retain at temperature 

equal to 80 °C. Heating of the manufacturing zone 

following the spreading of a layer of powder at a 

temperature allowing good flowability (80 °C for PA12) 

[1], [6], then should be preheated at a fusion degree 

temperature  (Tf = 184 °C for PA12) to confirm  ideal 

setting for its upkeep in fluid state after heat flux, sensors 

radiant heaters are activated briefly previously of the scan 

laser in order to carry the layer to a temperature of around 

10 °C underneath it's liquefying temperature [11-17]. Pre-

heating phase in the case for example of other type of 

polyamide like a PEEK material is around 340 °C [7].  

The pre-heating temperatures must be maintained very 

precisely: a variation of 4 °C induces a reduction in density 

of the material after melting of 4% for a Polyamide12 [11], 

The radiators are therefore controlled with PID correctors 

[8]. The 3D system company proposes, for a PA12, to raise 

the temperature to the starting point of melting of the 

material and then to decrease it by 12 °C.  

 

1.2. Laser-Matter Interaction 

The laser-to-matter interaction is dependent on the 

frequency of laser radiation, formula of material and its 

level of hotness temperature [8]. On massive metals, 

absorption occurs at very reduced depths (< 50 nm) by free 

electron-photon interaction, and can therefore be modeled 

as surface. exponential law which describes this 

interaction [11] in depth of the Beer-Lambert type, 

whether for UV or IR radiations, in various works allowing 

to determine a concordance between the model and the 

experimental studies [15] [18-19]. In the literature on this 

subject [22-32], a finite element model is presented by [3] 

of a domain representing powder sintered, In the work of 

[13-14] talk about phenomena of coalescence phenomena 

which is fast  and the appearance  of porosity in the printed 

parts on the laser sintering process. The [11] established 

that parts mechanical properties are dependent on the 

temperature at which it was sintered.   

The SLS process was modeled in one and three 

dimensions by two numerical methods, the melting of the 

powder by heat flux laser, programed by Matlab software, 

after different simulations that a correct programming 

then, is required to Decide the effect of the parameters on 

the high level of the temperature in focus spot laser which 

T(°C) = 178. And the maximum temperature should not be 

exceeded the maximum temperature. Polyamide12 parts 

were chosen in this study because it remains the polymer 

is the most material used due to its ease of processing [24].  

In addition, the professional laser sintering 

Polyamide12 material has a moderately huge temperature 

margin [37] and although there is an ideal handling 

temperature that taken from the most outstanding 

mechanical conditions. The LS materials are frequently 

chosen by their sintering window. The sintering window is 

generally characterized as the area between the melting 

endotherm peak and the exothermic crystallization peak in 

the DSC analysis in the DSC examination.  

The bed temperature of LS systems is usually set 

within this range for semi-crystalline polymers because it 

allows effective part consolidation by avoiding premature 

crystallization on cooling [34]. In order to achieve 

effective sintering, a wide sintering window is desired with 

neither double melting peaks nor overlapping melting and 

re-crystallization peaks. The LS is the most encouraging 

method to create polymer parts of superior [33-41]. the 

polymers generally require high processing temperatures 

which are generally not reached with the usual LS 

processes. all the thermal phenomena react in the bed of 

Polyamide12 powder, are: conduction, convection and 

radiation. The considerable investigations have been 

founded on thermal model in the selective laser sintering 

in the literature [8-13], in this work, the studied of the non-

linear due to the radiation terms. 

 

2. THERMAL MODELING OF SLS PROCESS 

To accomplish the objective of thermal modeling, the 

further improvement of the surface temperature of 

Polyamide12 powder bed is over time is important. 

Transient heat transfer conditions are made under these 

propositions [10], [17]. 

A global model shows the heat side of the powder bed, 

thinking of heat transfer at the surface and thinking of 

convection and radiation as heat losses. 

• The polyamide covering is homogeneous 

• Measurement of the polyamide covering temperature 

under the laser spot. 

• The thermal property coefficients were considered 

constant (no change with temperature) [1], [13-14]. 

• The problem is nonlinear due to dependence as the 

thermal capacity of the material and accepting constant 

thickness and thermal conductivity. 

 

2.1. Non-Linear Mathematical Model Solving by 

Difference Finite Method 

 In this section, a three dimension of finite difference 

method approaches are introduced to predict the 

temperature field in laser-based Polyamide12, SLS 

process and to calculate the high level of distribution heat 

in the point focus of the laser. The temperature field is 

predicted with steady-state heat source q. 

The laser project is along the direction (z-axis) and 

deposited its energy to melt the Polyamide12 powder [3-

10]. The heat loss due to convection and radiation is 

considered in this modelling, the three-dimensional 

problem is based on solving the following the three-

dimensional heat transfer Equation (1) [1-11], [11-18]:  
2 2 2

2 2 2
( )e

p

KT T T T
q

t C x y z

   
= + + +

   
 (1) 

The one-dimensional problem is also treated by the 

following one-dimension heat Equation (2) [17]: 
2

2

e

p

KT T
q

t C z

 
=  +

 
 (2) 

where,  is the density, Cp is the specific heat, Ke is the 

thermal conductivity of Polyamide12 is proposed constant 

by the author [5-6] and cited by [34], T is the temperature, 

t is the time, q is the heat source model at the surface. 

The initial and boundary conditions are described as 

follows: 
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 The powder bed is preheated under 150 °C [32], for 

0 ,  ( , , ) 150 Ct s T x y z= =   in Equation (3) (Pre-heating 

temperature). 

The boundary conditions the convection fluxes and the 

radiation on the covering of the Polyamide12 powder are 

imposed along the z axis:  

0e

T

z
K




− =  (3)          

( ) ( )4 4
e e z e zK h T T T T

T

z
− −


= + −


 (4)            

The material picked for this examination is 

Polyamide12, where the actual properties were viewed as 

constants (Table 1). In different works, there are a few 

details laser source as source of energy which is described 

like as input energy during the SLS process, in this article, 

q [W/m²] is the heat flux laser calculated by [31].  

2

P
q

r
=  (5) 

 

2.2. Finite Differences Method 

The finite difference method is in mathematical 

investigation, the limited distinction strategy is a typical 

method for tracking down estimated arrangements of 

partial differential equations [43]. Note that in this part, the 

index notation is used whose principle is as follows: If         

u (X, tk) is a function which depends on a time variable tj 

and on one or more spatial variables (Xi) ni = 1. It is writhed 

u (X, tj) = uk - i1, i2, …, then it is denoted at any time u(xi, 

tj) by j
iu . It is seen that the second partial derivative of u 

has been approximated by the limited expansion formulas 

which concur with those of Taylor because the function is 

continuous, Equations (6)-(19).   

Let us recall this approximation here [28]: 
2

1 1

2 2

2
( , )

( )

j jj
ii i

i j

u u uu
x t

x x

+ +− +
=

 
 (6) 

1

( )

j j
i iu uu

t t

+ −
=

 
 (7) 

1

1 1

2

2

( )

i j j jj
j i ii i

u u u u uk

t c x

+

+ −
− − +


 

 (8) 

2( )

t k
r

cx 


= 


 (9) 

Replacing these approximations in the heat equation, 

the following formula is found: 
1

1 1(1 2 )
j jj j

i ii iu ru r u ru+
+ −= + − +  (10) 

In the next section, the corresponding numerical results 

will be presented.         

 

3. NUMERICAL THERMAL ANALYSIS 

The layer of the Polyamide12 powder is simulated in 

the form of a rectangle of dimension 5×2×1 mm (Figure 

1). The laser is considered perpendicular to the powder bed 

(Figure 2). The calculation of the temperature in the 

covering of the layer is in the center of the spot of the laser. 

 
 

Figure 1. The meshing by the finite difference method 
 

3.1. Parameters Calculations Methodology  

Based on our knowledge, few studies have treated the 

nonlinear of thermal phenomena in the selective laser 

sintering process. Other interesting studies are those done 

by Omkar Deshpande [32] who found a methodology to 

calculate the maximal temperature converging of powder 

in the point focus of the laser CO2 physical properties of 

laser power, scan rate, laser spot diameter and other 

machine parameters affect the change of melting and 

cooling state of powder [38-41].  

In this paper a full theoretical analysis of the non-linear 

thermal analysis of selective laser sintering of 

Polyamidep12 was presented, in such a situation does not 

admit an exact solution, the exact solution proposed by 

author Franco has been founded [17] without taking into 

consideration convection and radiation phenomena, so 

only a numerical approach makes it possible to determine 

the most real and correct states of energy. In order to solve 

this problem, we use a finite difference method based on 

the resolution of the heat equation transfer. 

For a better comprehension of all the thermal 

phenomena which react in the SLS machine, the result of 

our finite-difference code has been compared with the 

methodology calculations of Omkar [32] and experimental 

work of the author [14], and also between our finite 

difference code and our simulation by Meshless method 

under Matlab and also a comparison with the analytical 

solution of author Franco [17] has been done, after this 

introduction. The results are discussed in Section 3, and 

the final remarks are given in Section 4.  

First of all, in this work, section, the result is adequate 

with methodology and experimental work of the author 

[32] which basic heat transfer equation is used for 

calculating the heat of point focus of the laser of powder 

bed in the SLS process under these assumptions: 

• It is taken into consideration (Cp) equal to 1700 (J/kg-

K)], (ρ) equal to 1130 (kg/m3)] are assumed to be the same 

as that of the bulk material [32].  

• The value of the temperature of sintering Tf is proposed 

to be inferior a 10 of the fusion temperature (185 °C) [32].  

• Preheated powder temperature (Ti) is 150 °C. (section 5 

in [32]).  

• They are any Energy loses to take into consideration. 

• Absorptivity (A) is 0.1, and spot laser diameter (D) = 700 

μm. 
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• William and Deckard find that energy density increases 

the product point size of parts. 

• This is due to the large exposure of the laser, normally 

the laser spot diameters of SLS machines do not exceed 

(0.5-0.7 mm) [32], h = 150 μm, v = 30 mm/sec [32]. 

• So, this is methodology of the calculation by the author 

[32]: 

Pulse energy to sinter a spot size of diameter d and 

layer thickness, h from [32], 

En = Mass flow rate × Sensible heat / Absorptivity  

0
²

4

f

n

T T
E d h

A


−
=  (11)                                                                                                          

0.028213124 JnE =  (12)                                                                                                          

Power required for sintering a spot of spot size: 

/nd E t=  (13)                                                                                                          

/t d V=  (14)                                                                                                          

0.7 / 30t =  (15)                                                                                                          

where, d is Diameter (mm) and V is scan speed (mm/sec). 

0.02333 sect =  (16)                                                                                                          

Power required for sintering a spot:  

0.028213 / 0.0233p =  (17)                                                                                                          

1.2091WP =  (18)                                                                                                          

All these parameters obtained from [32] will be used in 

our finite difference simulation under Matlab. 

Calculation of time per interaction (tt):                             
/tt d V=  (19)   

Figure 2 presents a general flow chart of the SLS 

thermal process based on the finite difference method; this 

general flow chart will focus on the main processing 

parameters directly associated with material properties. As 

processing parameters, laser power, and the diameter of 

the laser, Preheating temperature etc. 

The rectangular part has been chosen with a dimension 

of 1×2×5 mm (Figure 3) and the calculation of high 

temperature will be done in the point focus laser inside the 

selective laser sintering process. 

 

4. RESULT AND VALIDATION 

  

4.1. First Validation 

The maximal temperature has been calculated of high 

temperature point focus under laser inside the selective 

laser sintering process, using finite-difference code that is 

programmed to resolve the mathematical thermal model. 

For the first validation, it’s important to validate the 

thermal model and numerical simulation with the 

experimental methodology of the author [32] described in 

paragraph (A) (Parameters Calculations Methodology) 

whose conditions used in the author's experiment [32] are 

given in Table 1. 

Figure 4 shows the numerical simulation of the laser 

projection of a layer of PA12 powders. The Figure 4a 

shows the temperature evolution at the upper surface (z = 

0) and along z of the powder bed of Polyamide12 (Figure 

4b). The temperature fields recorded at these points are 

close enough to be able to consider that it quickly reaches 

the steady-state.  

It is also noted that That the high value temperatures is 

close to the value of liquidus temperature of the 

Temperatures, (178 °C) of the Polyamide12 which is 

correct as thermal modulization, high and restricted 

detected in the inside of SLS machine the passage of the 

laser source. The comparison of our result with the 

methodology study of the author [32], gives us the 

validation of our thermal model taking into consideration 

the radiation and convection boundary conditions which 

the progression of temperature is proposed to be 10% 

under the fusion point (185 °C) [32], at exposure time           

t = 0.023 s calculated by Equation (15). The maximal 

temperature under the laser spot was founded in our 

simulation is 172.2 °C and this is very close enough of the 

result of work [32]. 

 

 
 

Figure 2. General organigram application of numerical method process 

based on the finite difference method 

 

 
Figure 3.  The situation of the point at the surface of the powder bed 

Material properties 

K: Constant thermal conductivity 
Cp: Specific heat depend of the 

temperature 

         ρ: Constant bulk density 

 

Pre-processor Reads input data 

 

Numerical solution 
Solve the conduction equation using 

finite difference  method 

 

Start 

 

Temperature simulation T(time) 

 

No 

 

Initial condition 

T0: Preheating temperature 
Boundary condition 

h: heat transfer coefficient convection 

 radiation terms 

Yes t < tf 

Stop 
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Table 1. Parameters of laser source for the first validation 
 

Thermo-

physical 

properties 

Full name Value Unit Ref 

Ke 

Effective 

thermal 

conductivity 

0.23 W/mK [32] [30] 

T0 
Initial bed 

temperature 
150 °C [32] 

Cp Specific heat 1700 J/kg/K [32] 

  
Stefan-

Boltzmann 
coefficient 

5.67×10-8 W/m²/K4 [32] 

 porosity 0.8  [32] 
  Initial density 1130 Kg/m3 [32] 

h 
Convection 

coefficient 
25 J/cm²K [32] 

Te 
Temperature 

of the chamber 
150 °C [32] 

P 
Mean laser 

power 
1.2091 W [32] 

r 
Laser beam 

Rayon 
0.00035 m [32] 

 

 
 

Figure 4. (a) Development of the temperature at the upper surface,  

(b) along z of the powder bed of PA12 inside SLS at exposure time  
t = 0.023 s by finite difference method 

 

 
Figure 5. The simulation of the evolution of the temperature at top 

surface (z = 0), at the middle (z = 0.5 mm), and bottom powder bed  

(z = -1 mm) at exposure time t = 0.023 s by finite difference method 
 

 

Figure 5 shows the high-level degree temperature of 

PA12 is (172.2 °C), but at the bottom, the temperature is 

constant at 171 °C, while the temperature become constant 

(172 °C) at the center of powder bed. 

 

 
 

Figure 6. Temperature distribution along z and x-axis in the covering 

powder of the SLS of polyamide 12 at exposure time t = 0.023 s by 

finite difference method 
 

Figure 6 shows the temperature along z and x, and the 

variable temperature is especially along z axes and a little 

constant along x-axes, the temperature along z is between 

170.6 °C and 172.2 °C. 

 

 
 

Figure 7. Temperature distribution along z and x-axis in the covering 

powder of SLS of Polyamide12 

 

In this simulation, the maximum temperature is 

calculated in this point which is used as a reference point 

for the temperature gradient is in the center point of the 

fusion bed which is the maximum temperature. The Figure 

7 shows the temperature evolution at the upper surface       

(z = 0) and along z at exposure time = 0.023 s and the 

variation temperature is especially along z axes and a 

constant along x axes and along y axes, the temperature 

after reaching the maximum temperature will remain 

constant. 
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4.2. Second Validation 

For the second validation, the validation of our thermal 

model and our numerical simulation with experimental 

work [14] is chosen which we use the parameter in Table 

2 and we measure the maximum temperature under the 

laser spot inside the selective laser sintering process. 

The works of [14] shows the entry of the laser which 

applied in the surface on the powder bed. The laser scan 

passes over the long surface of the powder, and at the end 

of each scan a second layer has been added, and the scan 

is repeated until all four layers are sintered [14]. In our 

simulation only the first passage of the laser is taking into 

consideration, in the first layer of the Polyamide12 

powder, which start between S and F and the time is about 

0.00005 s [14]. 

 

 
Figure 8. The simulation of the temperature at top surface (z = 0), at the 

middle (z = -0.5 mm), and bottom powder bed (z = -1 mm)) at 0.00005 s 

by finite difference method 
 

The Figure 8 shows the numerical simulation of the 

laser projection of a layer of PVA powders using the 

parameters values in Table 2. Figure 8 shows the 

temperature evolution at the upper surface (z = 0), The 

temperature fields recorded at these points are close 

enough to be able to consider that we quickly reach the 

steady state, also high and restricted temperature reach   

390 °C, seen while the entry of the laser source, The 

comparison of our result with the experimental work of the 

author [14], confirm the validation of our thermal model 

taking into consideration 

The radiation and convection boundary conditions, 

which the maximal temperature in the surface of the spot 

of the first layer is exactly 395 °C, founded by 

experimentally work of the author [14] (Figures 9 and 10). 

In our simulation the maximum temperature was 

calculated, in the center point of the sintering pool. 

The Figure 10 shows the temperature evolution at the 

upper surface (z = 0) and along z and x and y at exposure 

time= 0.00005 s of the laser in the middle of the spot laser 

On PVA powder inside the selective laser sintering process 

and variable temperature is especially along z axes and a 

constant along x-axes and along y-axes. 
 

Table 2. Parameters of laser source and physical proprieties of PVA 

material used for the second validation 
 

Thermo-

physical 
properties 

Full name Value Unit Ref 

Ke 

Effective 

thermal 
conductivity 

0.15 W/mK [14] 

T0 
Initial bed 

temperature 
338 °C [14] 

Cp Specific heat 1090 J/kg/K [14] 

  
Stefan-

Boltzmann 

coefficient 

5.67×10-8 W/m²/K4 [14] 

 porosity 0.8  [14] 
  Initial density 1290 Kg/m3 [14] 

h 
Convection 

coefficient 
15 J/cm²K [14] 

Te 
Temperature of 

the chamber 
338 °C [14] 

P 
Mean laser 

power 
4 W [14] 

r 
Laser beam 

Rayon 
0.2e-3 m [14] 

 

The maximum temperature of PVA is (395 °C), at the 

bottom, the temperature is constant at 380 °C, while the 

temperature becomes constant (390 °C) at the center of the 

coat powder. 
 

 
Figure 9. The volume distribution of temperature along z and x axis in 

the point focus under the spot laser in the selective laser sintering of 
PVA powder at 0.00005 s by finite difference method 

 

The Figure 9 shows the temperature along z and x, and 

the variation temperature is especially along z axes and a 

little constant along x axes, the temperature along z is 

between 380° and 395.5 °C. 

In the experimentally work of the author [14], the 

Figure 10 shows the passage of the laser which applied in 

the surface on the powder bed. This scan is repeated over 

the full scan of all layers is complete [14]. The simulation 

is run until all four powder layers are scanned. 

The temperature solution is sampled as a function of 

time at the point in the domain which is the center of the 

x-y plane on the top surface of the initial layer of powder. 

The results are shown in Figure 10. 
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Figure 10.  The volume distribution of temperature as a function of time 
in the center of the spot laser in the selective laser sintering of 

polyamide 12 process at 0.00005 s by finite difference method 

 

Our simulation takes into consideration, only the first 

start of the passage of the laser, which the value of the 

maximal temperature is 395 °C at 0.00005 s, so using the 

same value of the physical proprieties of the material 

chosen by [14], and also the same parameter of the 

machine (Table 2). In this work, the same result has 

founded which the maximal temperature founded is 395 

°C. Figure 10 shows (a) development of the temperature at 

the upper surface using the data of author [14] (z = 0), and 

(b) along z of the powder bed of PVA inside the SLS 

machine at 0.00005 s, the temperature after reaching the 

maximum temperature will remain constant. 

 

4.3. Third Validation  

In the literature, the analytical solution was proposed 

by the author [17] with the same thermal model with not 

taking into consideration the convection and radiation 

terms and is represented by the Equation (20). 

( )
1 2

2
0 1

2

, 2 ( ) exp( ) .erfc
4

2( )

q t z q z
T z t T z

K t K
t



 


 
    
 = + − −   

  
 

 (20) 

 
Table 3. Parameters of laser source for the third validation 

 

Thermo-

physical 
properties 

FULL NAME Value Unit Ref 

Ke 
Effective thermal 

conductivity 
0.23 W/mK [30] 

T0 
Initial bed 

temperature 
150 °C  

Cp Specific heat 1090 J/kg/K [30] 

  Stefan-Boltzmann 

coefficient 5.6710-8 W/m²/K4 [30] 

  porosity 0.8  [30] 

  Initial density 1030 kg/m3 [30] 

h 
Convection 

coefficient 
15 J/cm²K [30] 

Te 
Temperature of the 

chamber 
150 °C  

P Mean laser power 10 W  

r Laser beam Rayon 3.5e-4 m [32] 

 

 
Figure 11. Comparison between analytical solution without taking into 

consideration the radiation and convection of the author Franco [17] and 
our finite difference method simulation 

 

The Figure 11 shows the distribution of the 

temperature at the at the upper surface using the analytical 

solution, the maximal temperature equal to 210 °C. 

Comparing with our numerical solution by finite 

difference using the same data in the Table 3 which the 

maximal temperature equal to 175 °C but with 

consideration of radiation and convection terms, so the 

difference between two results is due to the heat losses by 

convection and radiation phenomena and this heat losses 

is about 35 °C. 
Figure 11 shows a Comparison between analytical 

solutions without taking into consideration the radiation 

and convection of the author Franco [17] and our finite 

difference method simulation, The error between to result 

are:  Error = (|210-175|/175|)×100, Error = 20%, so the 

error is due to the dissipation of temperature by the 

phenomenon of convection and radiation. 

Figure 13 represent the distribution of the temperature 

at the upper surface using our numerical simulation by 

meshfree method, the maximal temperature equal to 177 

C°. Comparing with our numerical solution by finite 

difference (Figure 12) using the same data in the Table 3 

which the maximal temperature equal to 175 °C. So the 

difference between two results is just Error = (|177-

175|/175|)×100, Error = 1.14%, and it’s shows that a 3D 

meshfree method give us as always, a good result.  

 

 
Figure 12. The volume distribution of temperature as a function of time 

in the point focus under the spot laser (in the center) in the selective 
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laser sintering of polyamide 12 process tf = 0.000001 s by finite 

difference method 

 
 

Figure 13. The volume distribution of temperature as a function of time 
in the center of the spot laser in the selective laser sintering of 

polyamide 12 process tf = 0.000001 s by meshfree method 

 

This numerical simulation also allows us to study the 

influence of machine parameters as P and D as well as the 

influence of physical properties like thermal conductivity 

and heat capacity, preheating temperature [36], [41], etc. 

 

5. CONCLUSIONS 

          High-Temperature Laser Sintering machine is a 

powder bed fusion technique employed to manufacture 

polymers with high service temperature, usually above 150 

°C. The aerospace, automotive, and medical industries 

have driven the demand for processing high-performance 

polymers, as they could offer a lighter and cheaper 

alternative while maintaining the mechanical and chemical 

performance required to replace metallic parts in particular 

environments. In this paper, a one and three-dimensional 

mathematical model solving by the finite difference 

method is programed to anticipate the heat fields inside a 

first a coat of Polyamide12 and other polyamides like PVA 

powder, and to calculate the maximal temperature in the 

center of the spot laser of the powder bed this problem is 

based on the solving of the equation of heat transfer with 

the consideration of the term describes convection as heat 

loss on the surface of the powder and including also the 

term of radiation which make the problem nonlinear and 

more difficult in the progradation.  

The evolution of the temperature over time was 

calculated on the surface, After the laser beam has passed, 

the temperatures drop very quickly and become constant. 

All the values of maximal temperature in the covering 

polyamide  of the laser spot of the major polyamide 

powder are between (174-184 °C), a comparison of the 

results was made with methodology calculation 

experimental results of the author [32] and [14], and also 

with the input data from [30] and comparing our result 

with other analytical solution proposed by franco [17] our 

model was approved and give a good result, and we 

validate the suggestion of the existent of convection and 

radiation phenomena inside of powder bed.  

Also, a validation of our finite difference method 

simulation has been successfully done with our simulation 

by three-dimensional meshfree method that has been 

programed for the polyamide powder bed laser fusion 

process by Matlab software, in particular for SLS. The 

model considers Powder bed sintering process to analyze 

the heat transfer mechanism with the existence radiation 

and convection phenomena, it is clear that materials it is 

very apparent that the nature of the sintered part. 

Three-dimensional mathematical model was 

developed to understand the heat transfer behavior in the 

SLS machine from the outcomes, it is very that the material 

properties and handle boundaries have a big role in the 

quality of the sintered part, and to test other different 

materials, to conclude a radiation and convection 

phenomena must be always taken into consideration in 

these thermal phenomena in the SLS process. This study 

facilitates after the study of Particle coalescence for 

different polymer materials used by the SLS machine. 

Therefore, thermal simulation plays an important role in 

improving material and process performance. The 

modeling showed a reasonable agreement with the 

methodology of which we can measure the parameters 

such as the energy density which is a key factor of the 

process, it allows a better understanding and optimization 

of this process. These simulations show the influence of 

the parameters used in this study in the SLS processing 

window, also these studies will be used to investigate ways 

to reduce the effects of high temperatures on polymer 

powders is presented. 
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