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Abstract
 
Polymer additive manufacturing (AM) is mostly relegated to the space of rapid prototyping. New approaches for
transitioning polymer AM to the production of end-use parts will be discussed. Moreover, processing-structure-failure
relationships in AM polymer parts will be elucidated. Carbon fiber has been identified as a potential solution to
overcome several shortcomings of polymer AM, where it improves polymer properties, reduces the time required to
manufacture functional parts, and lowers warping to lead to a larger build envelop. The effects of carbon fiber
reinforcement on the processability, structure, and properties of AM parts will be discussed. In particular the effects of
fiber length, orientation distribution, polymer type, and AM technology for various applications will be discussed.
Despite several advantages, AM composites suffer low interlaminar mechanical properties due to poor layer-to-layer
adhesion and voids. Failure mechanics of AM composites will be explained and new post-processing methods to
alleviate their poor interlaminar performance will be introduced. From a structural standpoint, AM allows for the
implementation of specially designed fiber placement within the parts. With a knowledge of the loading profile, parts
with unprecedented performance and weight can be designed and manufactured. In this regard, a framework for the
design optimization of AM composite parts will be introduced and demonstrated for a few benchmark problems.
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