


Methodologies for product optimization with and for Additive Manufacturing 

 

 An optimal use of all the described potentials, opportunities and advantages of AM for product 

development needs a careful use of methodologies to determine feasible parts and potentials and the actual 

geometry of a part as well as the correct manufacturing planning including process parameters (see Figure 24). 

 

 

Figure 24: Methodologies for product optimization with and for Additive Manufacturing 

 

 For the part selection a methodology called “Trade-off Methodology” (TOM) (see Figure 25) was 

developed including different phases for screening the product portfolio of a company to select feasible part 

candidates. In a first step for unexperienced users the information phase gives the company enough knowledge 

on the technology and its potentials as well as the drawbacks to screen their portfolio internally and thus reduce 

the number of parts of their overall company to a scale easy to manage in the further process.  

This phase is followed by the most important assessment phase. In this phase the parts are discussed and checked 

towards K.O. criteria like size, price, material, etc. For those parts that still seem to be feasible a detailed 

assessment supported by a matrix is done (see Figure 26). In this matrix different criteria are checked whether the 

part is feasible and will profit from AM. [LRJK15] 

 

 
Figure 25: Process of Trade-off Methodology, more readable figure size in [LRJK15] 

 
Figure 26: TOM-Matrix for part selection, more 

readable figure size in [LRJK15] 
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 In the third phase, the decision for a part and to be used potentials will be made. This is supported by so-

called “InfoForms” that are used to collect as much information on the part as possible. These information can be 

used for the later redesign process as well as for the selection of potentials (see Figure 27). For each column a 

rating for the applicability of the six main potentials regarding the parts information can be given as shown in 

Figure 29Figure 28. A visual bar chart evaluation directly gives a hint for further development.    

 Though, best results for optimization can only be achieved if not only the single part but the overall 

assembly or product is reconsidered. Therefore additional InfoForms for the adjacent parts and for the assembly 

have to be filled out. Based on the ratings before the assembly function InfoForm gives another diagram 

summarizes the other parts (see Figure 28). As for the shown example rating, a big conformity of the rating 

function integration recommends a function integration of the adjacent parts into one part. Furthermore if one part 

may be not allowed to be integrated, a very low rating for monolithic design would appear. Thus the engineer is 

aware of all potential applicability in one view. 

 

 
Figure 27: InfoForm “key part characteristic” for gathering of part 

information and potential selection 

 
Figure 28: InfoForm “Assembly function characteristics” for gathering 

of assembly information and potential selection 

 

 Figure 29: Rating of the six main potentials for each column for potential selection 

 

 

The third step of product optimization is the determination of optimal geometry. As described above, 

topology optimization is a powerful tool to obtain the optimal material distribution in an allowed space. With 

current tools multiphysic optimizations are possible, to integrate objectives like frequencies, heat radiation or 

pressure loss. Though, especially for considering all potentials, the engineer has to interpret the results carefully 

and combine the geometry proposal with the requirements for potential integration. For example special areas for 

marking should be available outside critically burdened volumes to avoid stress risings due to sharp marking 

edges.  

 

In the last step a successful product optimization needs a successful build job. Therefore many influence 

factors have to be considered during build job preparation. Figure 30 shows some of these influencing factors but 
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is not an exhaustive consideration of all quality influencing factors of an AM-build job. It shows those points that 

can be influenced by the engineer directly via build job preparation and mainly influences the orientation and 

positioning of parts inside the build chamber.  

 
Figure 30: Influencing factors for build job preparation 

 

 

Summary and Outlook 

 This paper gives a detailed view on potentials for product optimization with and for additive 

manufacturing. The number of potentials and opportunities offered by the two core characteristics of AM “1D-

2D-3D” and “tool less manufacturing” is very high and thus the product designer needs to be advised and guided 

during product development. Hence this work has clustered the great number of potentials into six main potentials 

and ordered them hierarchic, building up on each other. Guidance during product development is outlined by 

methodologies for selection of right products and appropriate potentials. Further work was done by interpreting 

the potentials with regard to economic effects. This has to be worked out in detail and to be interconnected with 

the selection from technical view. 
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