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Introduction and objective 
In Selective Laser Sintering (SLS), polymer powder is 

repeatedly spread out to form a thin layer and heated 

locally by a laser to bind the material, until a 3D structure is 

built on a layer-by-layer basis. In this work we develop a 

computational model of the sintering process of 

viscoelastic particles, to unravel problems related to SLS, 

and provide solutions to prevent the “orange peel” 

phenomenon[1]. 

 

 

 

 

 

 

 

Figure 1: “Orange peel” phenomenon shown in a PA12 SLS product. 

 

Method 
To assess the process in detail, we study the sintering of 

two particles; they are assumed to be spherical, are initially 

connected by a neck, and are in the liquid state. Due to 

axisymmetry, we may consider a cross section.  
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Figure 2: a) Layer of powder particles, with a close-up of two spherical 

particles connected by a neck; b) Derived geometry for the 

computational model. 

 

The flow is isothermal, inertia can be neglected, and we 

assume a constant surface tension. The rheology of the 

particles is modeled by Giesekus constitutive behavior. 

The system of equations is solved with the finite element 

fillerfiller 
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method, with state-of-the-art numerical techniques[2]. For 

the Newtonian limiting case, the model is validated using 

Hopper’s analytical solution[3]. 

 

Results 
The problem is solved for different Deborah numbers                

b          , which is the ratio of the time scale of the fluid 

response    to that of the process    . If           , the fluid is 

Newtonian. Tracking the contact radius, initially given by      

biii, and tracking the radial stresses of a geometry with 

bbbbbbbbbb, bbbbbbbi, and         bbbbbi[4] yields: 
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Figure 3: a) Contact radius in time for different       ; b) Radial stresses in 

the neck region in time for different    ; c) Dynamic evolution of the 

viscoelastic stresses in radial direction for                  . 

 
The position, height, and width of the radial stress peak is 

a combined action of the stresses due to the surface 

tension, the solvent stresses, and the build-up of elastic 

stresses, and demonstrates the complex nature of the 

problem. 

 
Conclusions and future work 
A novel computational model to describe the viscoelastic 

sintering process in SLS is designed and validated. With 

this model the first step towards the prediction and 

circumvention of the “orange peel” phenomenon is made. 


