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RAMP MD/Metal Additive Manufacturing Overview
Chris Cosgrove, SURVICE Engineering
In recent years, advances in additive manufacturing (AM) have made
it possible to print metal parts that stand up to rigorous standards.
Additively manufactured metal parts are being produced across many
industries, from power generation to medical, aerospace, and defense.
Chris Cosgrove is Metrology Group Manager for SURVICE Engineering. In this
role, he provides leadership for SURVICE’s dimensional inspection, reverse
engineering, and rapid prototyping support services for customers in many
industries with commercial and government applications. Cosgrove has a
degree in mechanical engineering from Lafayette College.
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Selecting Parts for Additive Manufacturing
Kyle Adams, SLM
As metal additive manufacturing continues to expand as a viable
production process, many companies are assessing the viability of
producing parts with Selective Laser Melting. Join our application
engineering team as we discuss what types of parts, features and
geometries are best suited to be optimized for additive manufacturing
and tips of what may makes the process unfeasible. Attendees will gain
an overview of how to assess their components to take the first steps of
implementing a metal additive manufacturing strategy.
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New Systems & Materials
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Kyle Adams is an Application Engineer with SLM Solutions North America.
A lifelong car enthusiast, he’s applied his automotive background to his
career spending four years reverse engineering transmissions and driveline
components before joining SLM. He is currently responsible for operating the
company’s Technology Center, pushing the limits of what is capable with the
five metal powder bed fusion machines in the lab while consulting customers
on the feasibility and optimization of their selective laser melting projects.

0930

Development of Army Relevant Metal AM Feedstocks
Brandon McWilliams, Army Research Lab
The Combat Capabilities Development Command Army Research
Laboratory (ARL) is developing defense relevant metal additive
manufacturing feedstocks to support mission readiness of existing
legacy platforms and to facilitate integration of AM components
into future systems as part of our ongoing modernization strategy.
There are currently a limited number of vendors provided feedstocks
available for commercially available powder bed fusion AM systems
on the market today. The limited range of material properties afforded
by these feedstocks has made the transition of AM to the defense
community a slow process due to the traditionally high strength and
toughness required for use in applications ranging from munitions
to ground vehicles. As such, an opportunity exists to develop high
strength alternative feedstocks with increased strength and toughness
for both military and dual use applications. ARL is pursuing an
integrated approach to metallic AM which seeks to link materials,
manufacturing, and design development concurrently. These tools
include modeling and simulation, advanced characterization and nondestructive evaluation, and in-situ monitoring combined with machine
Continued next page
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learning algorithms to automatically detect and classify defects. In this talk, recent
developments in ultra high strength (>1500 MPa yield) steel feedstock and high
strength aluminum alloys for PBF for defense applications will be highlighted.
Dr. Brandon McWilliams is the lead for metallic additive manufacturing at the Army
Research Laboratory. Brandon earned his PhD in Materials Science and Engineering
from Drexel University in 2008. His research interests include multi-scale modeling and
experimental validation at relevant length and time scales, constitutive modeling, process
modeling for virtual manufacturing, electric field assisted sintering phenomena, and
additive manufacturing.
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1015

New Systems and New Materials from EOS to Drive Applications Further 		
Into Production
Lester Hitch, EOS
New systems and new materials from EOS to drive applications further into
production. This will highlight new materials and processes being developed for
the M290 and M400 systems. I will also highlight the new M300 system coming to
market in 2020.
Lester Hitch has worked within the Additive Manufacturing industry for 17 years. Most of
this career was served locally at Aberdeen Proving Ground where he supported numerous
DoD projects, STEM programs, and local businesses. For the last 4-years Lester has
been with EOS, the industry leader for Polymer and Metal laser sintering systems. Lester
currently serves as the Life Cycle Solutions Sales representative for the Mid-Atlantic and
East regions of North America.

1045

Effects of Atomization Gas on 17-4 PH Stainless Steel Build Properties
Frank Kellogg, SURVICE, Army Research Lab
Additive manufacturing (AM) presents many new possibilities that range from
easier manufacturing of near net shape parts, to enabling manufacturing at the
point of need, to the redesign of parts for improved performance. However, in
order for these advantages to be realized, it is imperative to understand how the
characteristics of the powder feedstock (microstructure, chemistry, morphology,
and processing history, including powder creation or reuse) can affect mechanical
properties (hardness, strength, ductility, etc.) of the part being built. An example
of how important this knowledge is AM of 17-4 precipitation hardened stainless
steel (17-4). 17-4 is a well-studied, widely used steel that readily lends itself to
AM processing. Unfortunately, powder feedstock variability of 17-4 reduces build
plate and mechanical property repeatability. These variations in build properties
make it difficult to use AM 17-4 parts in theater and often arise due to how the
powder feedstock was manufactured. The material properties, in particular
tensile strength, elongation, and hardness of AM 17-4, are dependent on
whether the feedstock powder was manufactured through nitrogen or argon gas
atomization. Here we will present some of the research the U.S. Army Research
Lab has produced to characterize the differences in powder microstructure, build
properties, and weldability that illustrate the role of the atomization gas on the AM
17-4 behavior.
Frank Kellogg graduated with a Master’s Degree in Materials Science and Engineering
from Drexel University in 2003 and has been working at the Army Research Laboratory
for the past 10 years, the last 3 years as a contractor with SURVICE engineering. During
this time, he has primarily worked as a powder metallurgist working on characterization,
processing, and consolidation of lightweight, ferrous, and refractory metallic powders as
well as physical simulations of forming and forging processes. He is currently working on
powder processing for the development of alternative feedstock materials for additive
manufacturing.
Continued next page
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Chris Cosgrove
SURVICE Engineering

The continuous refinement of x-ray computed tomography (CT) technology and
three-dimensional volumetric analysis tools have helped advance the additive
manufacturing (AM) revolution. A majority of ongoing efforts in this area focus
on the enormous challenge of quality inspection and final acceptance testing.
While this is certainly an important challenge, other critical applications for x-ray
CT include rapid parameter optimization, material, and structural analysis. All
AM processes require careful optimization of the processing parameters and
powder composition in order to manufacture a quality component. The complex
underlying physics of AM manufacturing requires large amounts of empirical
data in order to qualify the input parameters. Streamlined CT scanning, paired
with automated volumetric data processing, enables efficient inspection of
large quantities of test samples. By measuring material characteristics, such as
porosity content, and dimensional accuracy, optimum input parameters may be
selected with high confidence. Embedded defects, such as voids and pores, are a
common occurrence in many AM processes. Understanding the causes and effects
of defects is of great interest to the AM community. This includes not simply
detecting flaws and defects, but also understanding what causes them and their
ultimate effect on mechanical performance. Complete spatial porosity data, when
paired with mechanical testing results can offer unique insights into the failure
mechanics of AM structures. This information may ease the burden of large-scale
quality inspection and final acceptance testing.
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Chris Peitsch leads the non-destructive materials testing laboratory at the Johns Hopkins
University Applied Physics Laboratory in Laurel, MD. Mr. Peitsch is a subject matter
expert in the field of x-ray computed tomography and works to further its application in
materials research and testing. His most recent work has focused on improved methods
for characterization and qualification of materials and structures in additive manufacturing.
Mr. Peitsch earned a B.S. in Electrical Engineering from the University of Maryland,
College Park, and a M.S. in Electrical & Computer Engineering from the University of
Delaware.
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Not Just for Qualification: Applications of X-Ray CT Scanning in Metal
Additive Manufacturing Research & Development
Chris Peitsch, Johns Hopkins University Applied Physics Lab

1230

Leveraging the Freedom of AM through Design Optimization
Jamie Guest and Justin Unger, Johns Hopkins University
Additive manufacturing (AM) has dramatically changed the game for designers
who now can create geometries that were previously unrealizable. This provides
tremendous opportunities for improving structural efficiency of components for
light-weighting, or part consolidation, including combining multiple functionalities
typically distributed across multiple materials or components into a single
multifunctional material or component. While these opportunities are tremendous,
design tools are needed to systematically explore this now expanded design
space and aid designers in discovering high performance solutions. This talk will
discuss Topology Optimization (TO) as a powerful design tool for addressing this
need. Using TO, material is computationally added and/or removed from the
design domain until desired performance objectives and constraints are satisfied.
Design decisions are driven by mathematical optimization algorithms, with physicsbased constraints embedded within the formulation. We will demonstrate the TO
approach on various design problems, including design considering mechanical
properties (stiffness, strength, vibration, mass, etc.), fluidic properties (pressure
drop, flow rates, etc.) and thermal properties (conduction, thermal transport, etc.).
The presentation will pay particular attention to coupling TO algorithms with AM
such that optimized components may be sent directly for fabrication, without
requiring manual post-processing design clean-up.
Continued next page
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Jamie Guest is Deputy Director of the Johns Hopkins Center for Additive Manufacturing
and Architected Materials, Associate Professor of Civil Engineering and Materials Science
and Engineering at Johns Hopkins University, and leads the Topology Optimization
Research Group. Jamie’s research group develops topology optimization design
algorithms for architected materials, devices and components used in defense, energy,
and medical applications, specifically optimized for combinations of manufacturability,
mass and performance in multi-physics environments. He serves on the Editorial Board
of multiple journals, is on the Executive Committee of ISSMO, and received the 2015
Engineering Mechanics Institute (EMI) Leonardo da Vinci Award and the ASCE Walter L.
Huber Research Prize in 2017.

ABOUT RAMP MD
RAMP MD was formed
by the Maryland General
Assembly in 2014 to
expand the state’s
capabilities in additive
manufacturing. Additive
manufacturing represents
a significant opportunity
for the state of Maryland
to be at the leading edge
of a technology that is
dramatically changing how
we live, work, and play.
This is because Maryland
is home to federal lab
facilities that have made
multi-million dollar
investments in additive
manufacturing equipment
and resources.
RAMP MD streamlined the
process for businesses to
partner with these federal
labs. In addition to helping
businesses take advantage
of this unique partnership
opportunity, RAMP MD also
works to create educational
pathways into additive
manufacturing careers,
and to build a strong
additive manufacturing
infrastructure that
promotes businesses’
success. For more
information about RAMP
MD, visit www.rampmd.org
or contact Rick Decker at
rick@rampmd.org.
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1300

MELD Technology Presentation
Nancy Hardwick, MELD Manufacturing
This presentation will introduce MELD, a solid-state thermo-mechanical process
for deposition of metal or metal matrix composites. Due to its additive nature,
MELD can be used for coating, repair, joining, or additive manufacturing of similar
or dissimilar materials. MELD is differentiated from other additive manufacturing
technologies because it is a highly scalable, open atmosphere process with a high
deposition rate that offers flexibility with material sets and yields a near wrought
microstructure. It offers a method for building large parts quickly with superior
mechanical properties.
Nanci Hardwick is CEO of MELD Manufacturing Corporation, a woman-owned
small Virginia business. Nanci has led MELD technology from a research concept to
commercialized technology. MELD has broad use across a wide range of materials and
applications and has received significant industry awards, including R&D100 award and
Edison awards. The company holds 13 issued patents with additional patents pending on
the process and equipment.

1330

Model-Based Enterprise and Additive Manufacturing: Is it really that
unique?
Paul Witherell, National Institute of Standards and Technology
Additive manufacturing (AM) has come on strong in recent years, maturing from
niche manufacturing processes to processes that have become increasingly
mainstream. Additively manufactured parts have become less taboo as industry
and government alike become more comfortable with the technologies. Parts
created using AM processes are showing up across industries, from aerospace
to defense to medical to nuclear. With this seemingly new level of comfort,
government and industry alike are suddenly being faced with the potential
conundrum of how to incorporate AM parts into their supply chain. In this session
we review recent efforts that back the notion that AM parts require special
attention in a model-based enterprise. We then discuss whether that attention is
warranted or not, presenting scenarios that advocate for both sides of the story.
Paul Witherell, Ph.D. is a Mechanical Engineer in the Systems Integration Division of the
Engineering Laboratory at the National Institute of Standards and Technology (NIST).
Paul received his Ph.D. from the Department of Mechanical and Industrial Engineering
at the University of Massachusetts Amherst in 2009. Paul manages a project on DataDriven Decision Support for Additive Manufacturing and serves as the Associate Program
Manager of the Measurement Science for Additive Manufacturing program in the
Engineering Laboratory. Research efforts aim to leverage engineering and information
sciences to benefit design flexibility, cost, and cycle times in additive manufacturing
(AM). Paul is active in ASTM F42/ ISO TC 261 standards efforts and is Vice Chair on
ASME’s Y14.46 subcommittee on Product Definition for Additive Manufacturing. His
research interests include: Design for Additive Manufacturing, Digital Thread for Additive
Manufacturing, Design Optimization, Knowledge Representation in Product Development,
and Ontology and Semantic Relatedness for Design and Manufacturing.
Continued next page

About Our Host
Towson University in
Northeastern Maryland
offers transfer students
the flexibility to pursue a
four-year degree after they
complete an associates
degree at a community
college. Located on
the grounds of Harford
Community College, the
building offers state-ofthe-art classrooms, labs
and educational resources.
Through innovative
partnerships with Maryland
Community Colleges,
transfer students in
northeastern Maryland
are offered the flexibility
to pursue a bachelor’s
degree after completing
an associates degree. For
more information about
the facility, contact John
Desmone at jdesmone@
towson.edu.
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1415

Metal Additive Manufacturing Technologies and Applications Overview. We review
the many types of additive manufacturing processes and distill the options into
several main applications that each different technology is useful for. This includes
powder bed, friction stir, directed energy, ultrasonic welding and several others.
Jim Snodgrass has been advising a wide variety of companies, from consumer goods
starts ups to defense multinationals, in various industries on 3D Printing, 3D CAD and 3D
Scanning for nearly 10 years. He resides in Richmond, Virginia with his wife and two kids.

1445 Machine Learning in Metals AM Data Streams
Christian Gobert, Army Research Laboratory
Machine learning tools can leverage and process the large datasets generated
with AM process monitoring and related-data streams. Commercial webcams and
high-resolution DSLR cameras can monitor PBF AM processes whereby machine
learning tools can interpret and qualify build history, automatically. X-ray computed
tomography (XCT) is widely used in AM to obtain discrete analysis of internal
material discontinuities, including the porosity of AM parts. A convolutional neural
network was developed to segment porosity from XCT images of metallic AM
samples. The tool was validated using multiple specimens, XCT users, and metrics.
Fiduciary markers are recognizable features that are identified by registration
tools to enable alignment of data domains. Cylindrical test specimens embedded
with fiduciary markers are built through the PBF AM process, with post-process
XCT information registered with STL and in-situ layerwise imaging information
automatically to facilitate latter supervised machine learning.
Gobert is an ORAU research fellow at Army Research Laboratory with the laser additive
manufacturing team. Research interests include machine learning, additive manufacturing
and process monitoring. Gobert has a B.S. and M.S. in Mechanical Engineering from
Pennsylvania State University and stars a Ph.D. at Carnegie Mellon University this fall.
1515

RAMP MD is
collaborating with
the Army to create
a new advanced
manufacturing
apprenticeship
program. We are
looking to partner
with businesses and
organizations who
are interested in
hiring apprentices
from this program.
Please contact joan@
rampmd.org for more
information.
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Metal Additive Manufacturing Technologies and Applications Overview
Jim Snodgrass, Cimquest

Open AM Data Management through AM Material Database
Yan Lu, National Institute of Standards and Technology
Data plays the most critical role in linking additive manufacturing (AM) lifecycle
and value chain activities and streamlining the AM development process. While
the AM data from a single build is essential for establishing part traceability, when
methodically collected, the full processing history of thousands of components
can be mined to advance our understanding of AM processes. This presentation
explores the use of a collaborative data management system, the NIST Additive
Material Database (AMMD), for AM data modeling, curation, visualization and
sharing as well as the data analytics functions on the exemplary data captured in
https://ammd.nist.gov/.
Dr. Yan Lu is a member of the System Integration Division of the Engineering Lab
at National Institute of Standards and Technology. She is a project lead for the Data
Integration and Management for Additive Manufacturing research at National Institute
of Standards and Technology. Her research interest also includes smart manufacturing
reference model and reference architecture, and service-oriented manufacturing. Dr.
Lu graduated from Tsinghua University with a BS and MS in automation control theory
and from Carnegie Mellon University with a PhD in electrical and computer engineering.
Before joining NIST, Dr. Lu was the head of Grid Automation and Production Operation
and Optimization Research Group at Siemens Corporation, Corporate Technology. With
Siemens, she led and corporate and government funded research projects in the areas of
survivable control systems, energy automation and building energy management systems.
She has published more than 50 peer reviewed journal and conference papers and was
granted more than 10 patents in industry and building automation technology. Dr. Lu also
worked for Seagate Research Center for two years on developing hard disk drive servo
control. Dr. Lu is expert in IEC TC 65. A member of ASME, STM and IEEE. She is active in
developing smart manufacturing and additive manufacturing standards.

TITANIUM SPONSOR

Maryland Department of Commerce
Maryland’s Department of Commerce works to stimulate private investment and create jobs
by attracting new businesses, encouraging the expansion and retention of existing companies,
and providing workforce training and financial assistance to Maryland companies. Commerce
offers numerous partnerships and incentives to businesses looking to grow in Maryland,
particularly in the manufacturing sector. Contact todd.sabin@maryland.gov.

Sponsors

GOLD SPONSOR

Harford County Office of Economic Development
Harford County, Maryland is strategically located on I-95 in the heart of the Mid-Atlantic
markets. Harford County’s location, highly skilled workforce, and progressive, business-friendly
environment offers the ultimate setting to diverse companies and industry sectors. Harford
County Office of Economic Development provides a variety of programs and services to foster
business retention, growth and new investment for business of all sizes. Contact Steve Overbay
at ssoverbay@harfordcountymd.gov.

GOLD SPONSOR

DWE Plastics

HARFORD
COUNTY

ECONOMIC DEVELOPMENT
BARRY GLASSMAN, COUNTY EXECUTIVE
KAREN HOLT, DIRECTOR

D. Wheatley Enterprises, Inc. (DWE) is a plastics engineering & manufacturing company that
services the medical, defense, bio-tech, and aerospace industries. DWE offers over 25 years
experience integrating injection-molded plastic products into medical, aerospace and defense
systems, particularly engineered plastics for the NBC protection/detection field and its fullcapability factory is located in Belcamp, MD. Contact dwheatley@dweplastics.com.

GOLD SPONSOR

TU in Northeastern Maryland
Towson University in Northeastern Maryland offers students the flexibility, convenience, and
cost savings of pursuing a four-year degree after they complete an associates degree at a
community college. Located on the grounds of Harford Community College, the new building
offers state-of-the-art computer centers, wet labs, classrooms, break-out meeting rooms, study
areas, offices, a café, and book store. For more information about the facility or programs, visit
www.towson.edu/tunemd or email TUNEMD@towson.edu.

NICKEL SPONSOR

SURVICE ENGINEERING
The SURVICE Engineering Company was founded in 1981 to provide specialized survivability services
(hence, the name SURVICE). Specializing in combat system survivability, weapon system effectiveness,
and system safety, SURVICE is a small business that has provided the Department of Defense and
other customers with high-quality analytical products and services for more than 35 years. Through the
years, we have continued to expand our capabilities in air, ground, and sea system support and have
successfully supported a large number of the major U.S. combat systems currently in use. Today, we are
a recognized single-source provider for Government and industry organizations involved in all phases of
the systems engineering process. Contact chris.cosgrove@survice.com.

BRONZE SPONSOR

RePliForm

RePliForm provides post processing solutions to enhance the strength, visualization and overall
value of a 3d printed project. We stay abreast with the current material developments in the
industry, to be prepared to work on the newest technologies. Creating different methods and
uses for the plating is also key to push the boundaries of our technology reach our customer’s
needs. Let us use our experience to help guide you to the best end product possible.

BRONZE SPONSOR

Government Entrepreneur
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The Government Entrepreneur training and coaching program helps public sector professionals
develop the entrepreneurial skills and judgment appropriate for use in the government sector–identifying new opportunities, deepening customer relationships, calculating risk, creating
a narrative, and closing the deal. Government Entrepreneur is a program of Profile Partners, a
small woman-owned business based in Baltimore. Contact joan@g2gmarketing.com.

