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The selective laser melting (SLM) process is prone to porosity, defects arising from lack of fusion, 

thermal stresses (including residual stresses), and irregular surface quality.  These factors have a 

significant combined effect on the fatigue strength of components produced with this manufacturing 

technique.  The adjustments to the SLM process parameters and additional post-processing procedures 

necessary to improve the fatigue strength of the printed components also tend to increase build time 

and manufacturing cost [1-3].  This situation is similar to that of casting design, whereby assuming a 

defect-free casting in fatigue dimensioning would lead to expensive manufacture of such components.  

Instead, the standard practice in castings is to allow for the existence of manufacturing and material 

defects at e.g. low stress regions of the component and revise the design based on casting simulation 

and structural optimization.  A similar approach can be utilized in the design of SLM components.  

An overview of the proposed defect tolerant fatigue design concept for the SLM process is illustrated 

in Figure 1.  

 

Figure 1.  Defect tolerant fatigue design concept for use with SLM manufactured components [4]. 
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The numerical simulation of the SLM process and post-treatments has been identified as a key 

component in the workflow.  The ability to obtain estimates of the thermal stresses, distortions and 

defect distributions in the manufactured component early in the design phase is crucial for enabling 

the designer to create a part that meets all specifications and is manufacturable at a reasonable cost.  

The goal of the present paper is to investigate the use of commercially available SLM process 

simulation software for prediction of thermal build-up during printing and geometric accuracy of the 

final component.   

A challenging geometry was chosen for study (Figure 2) that includes design features suitable for 

SLM (e.g. self-supporting elliptic cross section of horizontal pipes, added ribs and local details to 

make overhanging members self-supporting), and features such as thick sections and overhangs that 

are challenging to manufacture due to thermal distortions [4].  The component was manufactured 

using optimized process parameters for the materials used.  During manufacturing, time-lapse video 

and thermal imaging were recorded, and after printing a FARO laser scanner was used to determine 

the geometric accuracy of the printed components as compared to the CAD model. Commercially 

available AM process simulation software was used to predict thermal build-up of the part during 

printing, predict cases where build failure would occur, and determine the geometric accuracy of the 

built component before and after post-processing procedures.    Simulated and measured results are 

compared and discussed, along with plans for uptake of these methods within the defect tolerant 

fatigue design concept. 

 

Figure 2. Images of test component CAD geometry, thermal imaging during printing, final printed 

component, and FARO geometric accuracy measurement. 
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