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EXECUTIVE SUMMARY
Additive manufacturing provides an alternative approach for manufacturing products across the supply chain. Some of the benefits of using 
additive manufacturing are inventory reduction in the supply chain yet increasing supply chain resilience through alternate options, quicker 
response to surge demands and warfighter readiness, and manufacturing products with complex design while actively reducing the number of 
serviceable components.  

The following aspects of the research activity (i.e., Decision Support Tool, Use Cases 1-3, and Digital Engineering Strategy) are distinguishing 
features accomplished in the research in support of the sponsor’s needs.  

Decision Support Tool for Additive Manufacturing: We developed a “Decision Engine,” which forms the basis of an additive manufacturing 
decision-support tool. The Decision Engine provides the users with an algorithmic view of the variables to make an optimized decision 
regarding where and how additive manufacturing can have the most impact. More specifically, in the Decision Engine that we developed, each 
decision by a decision maker can be split into the objectives of the decision maker and the alternatives. Each alternative comprises the relevant 
attributes to the decision problem. As a part of the user interface, the final output from the Decision Engine is a visualization allowing the 
decision-maker to see the relative performance of each alternative considered. The tool is intended to assist the decision-maker by providing 
them with quantitative information about the usefulness of each alternative relative to others. The process of using the Decision Engine is 
described in the context of decisions being made in an organizational hierarchy, where 1) one individual makes the final decision and 2) a team 
of engineers determines the information relevant to the decision context. Once the decision maker has established the decision context, the 
technical engineers may begin translating this information into data usable by the engine. Finally, the decision support tool described herein is 
demonstrated using three use cases.  

Use Case 1: Aircraft Fleet Maintenance using Additive Manufacturing: Use Case 1 identified a unique relationship among three variables:  
the cost of utilizing additive manufacturing, the penalty incurred due to mission delay, and the utilization of additive manufacturing. If the cost 
of utilizing additive manufacturing per unit is constant, this results in 1) the increased cost of penalty due to mission delay and 2) the increased 
utilization of additive manufacturing. On the other hand, if the cost of the penalty is constant, this results in 1) the increased cost of utilizing 
additive manufacturing for aircraft maintenance and 2) the decreased utilization of additive manufacturing.  

Use Case 2: Spacecraft Applications: Use Case 2 demonstrated how the Decision Engine could be integrated into the mission engineering 
process of designing and manufacturing satellite components – specifically to identify the optimal machine-material pair for an additive 
manufactured component. Decision-makers often also need to tackle “manufacturability” considerations at a portfolio level. Based on our 
research, we identified the possibility of enhancing the Decision Engine to support additive manufacturing use decisions pertaining to a 
portfolio of parts (e.g., which combinations of additive manufacturing options best support the production of a variety of satellite or spacecraft 
parts). In addition, as portfolio selection problems are likely to involve more stakeholders, the Decision Engine interface can also be expanded to 
be customizable for different decision-makers (e.g., project manager vs. component engineer) to support hierarchical decision-making within  
an organization.  

Use Case 3: Design, Manufacturing, and Maintenance of Aircraft Components: Use Case 3 applied the Decision Engine to compare the 
utility of several manufacturing approaches for producing small-batch custom aircraft components. More specifically, we looked at scenarios 
where an aircraft manufacturing company is looking for aircraft replacement components (i.e., aileron bellcranks) using both additive and 
traditional manufacturing. We analyzed the use case by incorporating the two scenarios, where the objective of the first scenario was to explore 
the replication of the original component design and material across different manufacturing processes (i.e., original design, original material, 
and various manufacturing processes). In contrast, the objective of the second scenario was to explore topology optimized design compared 
to the original design and material across different manufacturing processes (i.e., new design, original material, and various manufacturing 
processes). In addition, as we improve the Decision Engine, we are looking at the possibility of changing both the design and material of the 
aircraft components in the future.  

Digital Engineering Strategy: The Digital Engineering Strategy section of this report aimed to review the recommendations and requirements 
proposed by the DoD for metal additive manufacturing adoption and to develop guidance for AIRC ’s use case. This review originated a sample 
roadmap and a suggested data package framework for metal additive manufacturing methods and tools, which supports the AIRC in developing 
data packages necessary to support the adoption and continued use of metal additive manufacturing techniques within the DoD acquisition 
functions. These recommendations have been developed based on the review of standards, literature, and DoD recommendations. The results 
of this report can (and should) be validated and refined by conducting case studies of AM implementation through the suggested roadmap and 
data packages. 
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