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Additive Manufacturing in the Context of Structural Integrity

Dr. Michael Gorelik

Federal Aviation Administration
Scottsdale, Arizona

“The development of aerospace materials has offered up many lessons over
the past 50 years, and all too often these lessons have come the hard way --
particularly those associated with the development of revolutionary materials”

Materials Needs and R&D Strategy for Future Military Aerospace Propulsion Systems, NRC, 2011

Abstract

Additive Manufacturing (AM) applications are poised to rapidly expand in aviation, driven by a significant number of
business and technical benefits that have been extensively discussed in the media. Due to its inherent flexibility, AM is
being considered for a variety of application domains that span new parts, repairs and aftermarket. At the same time, a
number of implementation challenges have been identified by multiple researchers-and organizations, including the
complexity of manufacturing process controls, the questionable applicability of conventional NDI (non-destructive
inspection) methods and the lack of industry standards and design allowables, etc. These technical challenges are further
exacerbated by the current lack of field experience with AM components as well as limited full-scale production experience,
at least in commercial aviation applications. Analysis of historical lessons learned for introduction of new material
technologies suggests that appropriate application of fracture mechanics-based damage tolerance (DT) principles can offer
an effective risk mitigation mechanism against the inherent material flaws, as well as manufacturing and service-induced
defects. This paper outlines an assessment framework for AM parts based on the combination of zoning considerations and
probabilistic fracture mechanics. The proposed methodology is discussed in the context of a “system-level” approach to
structural integrity of AM components, and is compared and contrasted with established risk mitigation frameworks for
other material systems, such as the use of casting factors for cast aircraft components, or probabilistic life prediction systems
for powder metallurgy (PM) turbine engine components. Potential implications for regulatory guidance and certification,
including linkage between the DT criteria and levels of parts criticality are briefly discussed as well.

Disclaimer

The views presented in this paper are those of the author and should not be construed as
representing official Federal Aviation Administration rules interpretation or policy.

1. Introduction

Additive Manufacturing (AM) applications are poised to rapidly expand in aviation, driven by a significant number
of business and technical benefits that have been extensively covered in the media. ASTM F2792—12a defines AM
as “‘a process of joining materials to make objects from 3D model data, usually layer upon layer, as opposed to
subtractive manufacturing methodologies”. To limit the scope, this paper is focused only on metal AM parts and
processes, due to their potential of being used in the higher criticality aviation applications, as compared to the
plastic or polymer AM parts.

Due to their inherent flexibility, AM processes are being considered for a variety of application domains that span
new parts, part repairs and the aftermarket. At the same time, there are a number of implementation challenges
identified by multiple researchers and organizations, including the complexity of manufacturing process controls,
the applicability of conventional NDI inspection methods, the lack of industry standards and design allowables, etc.
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