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Abstract: Design for additive manufacturing (DfAM) provides a necessary framework for using novel 
additive manufacturing (AM) techrnologies for engineering innovations. Recent AM advances include 
shaping nickel-based superalloys for lightweight aerospace applications, reducing environmental 
impacts with large-scale concrete printing, and personalizing food and medical devices for improved 
health. Although many new capabilities are enabled by AM, design advances are necessary to 
ensure the technology reaches its full potential. Here, DfAM research is reviewed in the context 
of Fabrication, Generation, and Assessment phases that bridge the gap between AM capabilities 
and design innovations. Materials, processes, and constraints are considered during fabrication 
steps to understand AM capabilities for building systems with specified properties and functions. 
Design generation steps include conceptualization, configuration, and optimization to drive the 
creation of high-performance AM designs. Assessment steps are necessary for validating, testing, 
and modeling systems for future iterations and improvements. These phases provide context for 
discussing innovations in aerospace, automotives, construction, food, medicine, and robotics while 
highlighting future opportunities for design services, bio-inspired design, fabrication robots, and 
machine learning. Overall, DfAM has positively impacted diverse engineering applications, and 
further research has great potential for driving new developments in design innovation. 

Keywords: design; engineering; additive manufacturing; 3D printing; materials; processes; optimiza 
tion; mechanics; modeling; applications 

1. Introduction 

As additive manufacturing (AM) technologies continue to advance, there is a need for 
design methods to guide innovations that benefit from AM's capabilities for fabricating 
complex structures with novel materials [1]. Unfortunately, recent research suggests that 
AM technologies remain underutilized [2]. For designers to achieve AM innovations, they 
must do more than simply possess AM technologies-both the effective use of resources 
and information management for decision making are crucial. Design for additive manufac 
turing (DfAM) provides a framework that facilitates decision making with AM technologies. 
DfAM is a multifaceted field of study in which diverse topics such as creativity [3], bio 
inspiration [4), materials (5), optimization (6], and validation [7] are all considered for 
enhancing AM design with integrated approaches. Advances in DfAM are necessary to 
keep up with the exponential increase in interest for AM applications [8), esperially in fields 
such as medicine that benefit from on-demand design and manufacturing for personalized 
solutions [9]. Here, DfAM research is surveyed by considering perspectives from stages 
across the design process and discussed for diverse application areas that may foster AM 
design innovations. 

An important aspect of DfAM is the establishment of a framework for learning and 
implementing relevant tools and techniques for a particular design application. A DÉAM 
product development framework subdivided into the stages of process selection, functional 
redesign, and optimization has been demonstrated as an effective approach for both re 
search and industry case studies (10]. These stages enable designers to reason about the 

Designs 2023, 7, 83. https://doi.org/10.3390/ designs7040083 https://www.mdpicom/journal/ designs 
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