
Laser Metal Deposition (LMD) is a metal blown powder bed Additive Manufacturing (AM)
process capable of fabricating large parts and parts with graded materials, adding engineering
features onto parts, and cost-effective part repair. Unfortunately, as compared to the more
popular metal powder bed AM processes, it is quite challenging to regulate the morphology of
LMD builds. There are a variety of sources that cause variation in the process and can lead to
builds of high-value parts failing. Process control is seen as a means to account for variations
such that high-value parts can be certified, which is critical for the aerospace, defense, and
biomedical industries. A number of research studies have investigated the use of feedback
control where a process parameter is automatically adjusted to regulate a measurement signal.
While some success has been demonstrated in the laboratory, most additive manufacturing
machines have closed control architectures, limiting the usefulness of these approaches. Our
research concentrates on layer-to-layer control where measurements gathered during and
immediately after the fabrication of a layer are used to automatically adjust the process
parameters for the subsequent layer. These algorithms can be easily implemented on industrial
machines. In this talk we will describe our work in the two-dimensional (space and layer)
modeling of the LMD process. The models characterize the important features of the LMD
process needed to understand the part’s fabricated morphology and elucidate critical dynamic
properties. Layer-to-layer control strategies are constructed for the LMD process to regulate the
part morphology. Experiments are conducted to identify critical process model parameters,
stability is analyzed, and the control strategies are applied to an LMD process.
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