Additive Manufacturing
3D Printing
Year in Review
2020-21

TABLE OF CONTENTS
Trends............................................................................................................................................................................2
Community Developments...............................................................................................................................................3
Hardware..............................................................................................................................................................3
Materials........................................................................................................................................................................4
Software&Processes........................................................................................................................................................5
Applications..........................................................................................................................................................6
Qualification & Standards..........................................................................................................................................9
Technology Watch & Funding.............................................................................................................................11
Collaborations, Acquisitions, & Investments....................................................................................................11
Community Survey...........................................................................................................................................................13
Aerospace AM/3DP Advisors............................................................................................................................................17
Appendix......................................................................................................................................................................18

©Metrix Connect, LLC
Metrix and America Makes collaborate to support the Aerospace Additive
Manufacturing/3D Printing Community.

COVER: Antenna Bracket for RUAG’s Sentinel Satellite produced on the
EOS M400 with aluminum AlSi10Mg; SOURCE: EOS

1

s the largest additive manufacturing/3D
printing sector, aerospace and
defense represent revenues of AM
equipment, materials, and services of
$2.897 billion.1 This diverse community
includes ground, air, space, and launch systems
applying AM for both structural and non-structural
applications in both commercial and military use.
Understanding how AM enables design and
production goals is key to aerospace’s leadership.
With so many complex components produced in
relatively low volumes, AM is a good fit for production.
With an estimated 14,000 gallons of fuel saved for
every pound removed from the weight of an airplane,
lightweighting is critical. Using AM to redesign,
combine components, and reduce material needed
through topology optimization, can create significant
weight reduction.

This ability to adjust was clearly demonstrated
in 2020 and 2021 as the commercial aerospace
industry’s 10 years of growth felt the impact of the
pandemic. With revenue passenger miles dropping
by 66%2 and supply chain bottlenecks created
by border closures, aviation experienced a very
challenging period. Like Raytheon, others used
these challenges and the resulting excess production
capacity to innovate new processes and materials,
test distributed manufacturing networks utilizing AM,
and focus on new applications.

...Boeing reported
more than 100,000
AM parts in flight…

In addition to technology benefits, growth of AM use
is driven by strong government support through the
U.S. Department of Defense, including research at
NASA, Air Force Research Laboratory, and programs
funded and facilitated by America Makes. With new
designs and performance requirements, satellites
and UAVs development along with commercial space
vehicles, are also pushing the limits of what can be
done with AM.

In 2021, Boeing reported more than 100,000
AM parts in flight, most of which are non-metal
components driven, in part, by developments
featured in this AM/3DP year in review. These include
flight certification of AM parts, projects announced by
both government and commercial entities, expanding
consensus standards work, AM platforms to
manufacture both larger and micro components, and
availability of materials to meet performance needs.

The aerospace AM/3DP community’s leadership
has driven technology, systems, and resources for
the entire AM/3DP community. Allowing aerospace
professionals to reach beyond the aerospace sector,
to support healthcare needs during the last two years.
Raytheon Technologies was just one example, using
its 3D printing capability across the globe to build
medical face shields, with 10,000 created in less than
a month.

All of this is creating an environment of growth with
more than 90% of the aerospace AM/3DP community
expecting growth within a year. The two application
areas for greatest growth expected are development
and prototypes at 43% and production at 33%.
Considering that nearly 90% already use AM/3DP for
development and more than half use the technology
for production, growth of AM/3DP in aerospace
applications could be substantial.
l
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In reviewing the
year, several trends
were seen…
Production: The use of AM as a production is still
the strongest force in the aerospace community. All
significant developments pointed to the need to reach a
broad range of reliable processes. Increased production
use was demonstrated by several applications. A RollsRoyce compressor case, spacecraft heat exchangers,
wing structures, Saab’s exterior hatch, and Relativity
Space’s reusable launch vehicle plans, all point to
production efforts.
Hardware: New 3D printers introduced addressed
both ends of the build size spectrum; from the ability
to build large components on machines with smaller
footprints to the need for micro-scale features and parts.
New machines also covered diverse materials: metals,
polymers, and composites.
Materials: New materials were introduced for nearly
every AM process expanding the possible applications.
As expected, several metals are available for powder bed
fusion. In the nonmetallic area, new composite material
and high-performance polymers were launched.

Collaborations and Acquisitions: Aerospace applications
involve new technologies, integrated supply chains,
and critical certification requirements. To accelerate
advancement often means bringing together a broad
range of expertise. The community saw this through
several development collaborations as well as
acquisitions to bring the needed capabilities together
including aerospace manufacturer, Agile Space, bringing
AM capabilities in house through the acquisition of
Tronix3D.
Quality: With reliable and standardized processes
continuing to be a challenge, the aerospace AM/3DP
community saw efforts. New standards were published
covering design and processes for metal powder bed
fusion and material extrusion. New standard development
efforts were initiated for nonmetallics, documentation for
certification, qualification of designers and operators, as
well as processing for more metals processes.

Software: Expanding the digital thread connected to
AM, software introduced demonstrated the importance
of integration with other systems like ERP, MES, and QA.
Integration of functionality and improvements for build
planning also added to the effectiveness of AM.
Technology Development & Funding: The importance
to advance AM and enabling applications was
demonstrated by funding and contracts with government
agencies including NASA, United States Air Force, United
States Department of Defense and European Space
Agency. Work began or progress was announced for 3D
printed batteries in space, predictive thermal simulation,
and software improvements.
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Community Developments
Realizing the potential of AM/3DP takes determination. With dozens of innovative
products, materials, software, and applications being launched constantly, keeping up
can be challenging. The AM Aerospace Advisors took this on, gathering and reviewing
what are believed to be the best developments from July 1, 2020 through June 31,
2021. From new machines and materials to collaborations and new resources that
facilitate quality processes, the group considered whether a development increased the
aerospace AM/3DP community’s impact on aerospace and whether it qualified as new.

Hardware

SLM Solutions Announced NXG XII 600 with 12 Lasers
SLM Solutions launched the SLM® machine, NXG XII 600. The machine
has 12 lasers with 1 kW power each and a square installation space
of 600x600x600 mm. Compared to an SLM ® machine in single laser
configuration 1 the NXG XII 600 is twenty times faster. MORE

SLM® NXG XII 600; SOURCE: SLM Solutions

Formlabs Launched Fuse 1
Formlabs released a benchtop industrial selective laser
sintering (SLS) 3D printer, the Fuse 1. Additionally, the
company launched Fuse Sift, a post-processing system for
the Fuse 1, and Nylon 12 Powder, Formlabs’ first powder
material for Fuse 1. MORE

Nylon 12 components manufactured on the Fuse 1; SOURCE:
Formlabs

3D Systems Introduced ‘High Speed Fusion’ 3D Printing System
3D Systems announced a High Speed Fusion(HSF) industrial 3D printer platform and material portfolio. Developed in
collaboration with Jabil Inc., the HSFTM family of products includes the RoadrunnerTM 3D printer, an industrial fusedfilament machine. MORE
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Thermwood Announced Smaller LSAM AM Machines
Thermwood released smaller additive manufacturing machines using the same technology as their large-scale machines for
a variety of reinforced composite thermoplastic polymers. The new LSAM Additive Printers are fixed gantry, moving table
designs with table sizes of 5’x5’ and 5’x10’ and are capable of printing parts up to 4’ high. MORE

Optomec Granted Patents for 3D Micro-Printing with
Aerosol Jet
Optomec received patents covering the use of Aerosol
Jet for producing 3-dimensional micro-structures. This
capability enables the production of miniature elements
with a resolution down to 15 micron features with 100
nanometers layer thickness for a range of materials,
including polymers, metals and composite structures.
MORE
Examples of Aerosol Jet 3D Printed Micro-Structures; SOURCE:
Optomec

Materials
EOS Expanded Range of Premium and Core Metal Materials
EOS expanded its range of PREMIUM and CORE metal materials for the
EOS M 290, EOS M 300-4 and EOS M 400-4 systems.
•
•
•
•
•
•

ToolSteel 1.2709
AlSi10Mg
Aluminum AlSi10Mg
Titanium Ti64 Grade 5 and Grade 23
NickelAlloy IN718 and
MaragingSteel MS1

MORE
Isar Aerospace Technologies, Exhaust outlet
built with Titanium Ti64 Grade 5 and Grade 23;
SOURCE: EOS

Velo3D Qualified Hastelloy® X for Sapphire® 3D Metal Printer
Velo3D announced a production process for additively manufactured parts in Hastelloy® X, a nickel-based alloy, suitable for
laser powder-bed fusion. Hastelloy® X is most often used to manufacture parts for gas turbine engines for combustion-zone
components due to its high temperature strength. MORE

AdditiveManufacturing.com

5

Forward AM Launched Ultrafuse® 17-4 PH Material for Metal 3D Printing
VUltrafuse® 17-4 PH released by Forward AM is a filament comprising metal powder with a polymer binder for Fused
Filament Fabrication. After a debinding and sintering process, the final 3D printed part is 17-4 stainless steel. MORE

3D Systems Announced Composite Material
3D Systems announced the availability of Accura® Composite PIV (Particle Image Velocimetry) – a material designed to
address PIV wind tunnel testing applications. Developed in collaboration with Alpine F1 Team (formerly Renault F1 Team),
Accura Composite PIV can be used for stereolithography processes. MORE
AHTi Developed Titanium for Metal AM
Aerospace Hiwing Titanium Industrial announced development of TA32 material (titanium powder) and its processing
parameters on Farsoon’s FS271M system. TA32 Titanium alloy is a composition of Ti-5.5Al-3.5Sn-3Zr-1Mo-0.5Nb-0.7Ta-0.3Si.
MORE

3D Systems Introduced Four Figure 4 Resins
3D Systems announced the addition of four
resins to its Figure 4® portfolio designed for
batch-run, end-use part manufacturing, and
prototyping applications. The company has
added Figure 4 High Temp 150C FR Black,
Figure 4 Tough 65C Black, Figure 4 Tough 60C
White, and Figure 4 Rigid Gray. MORE

Flame-retardant consumer electronics and aerospace housings printed in Figure
4 High Temp 150C FR Black; SOURCE: 3D Systems

Software & Processes
3D Contol Systems Launched ZAP Software
3D Control Systems announced ZAP.am, an autonomous platform for advanced manufacturing built for optimization
of additive manufacturing. Functionality includes CRM (Customer Relationship Management), PLM (Product Lifecycle
Management), ERP (Enterprise Resource Planning), QA (Quality Assurance), and MES (Manufacturing Execution System), for
AM. MORE
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3D Systems Released Updated Version of 3D Sprint®
The latest release of 3D Systems’ 3D Sprint® software enables high-density part stacking and new strut support structures,
which facilitates a 40% improvement in productivity. MORE

Thermwood Released Layer Time
Control for the LSAM
Thermwood unveiled a new LSAM
additive print technical capability for
complete fusion between large scale
thermoplastic printed layers and the
ability to make print temperature
control automatic. MORE

Thermal Sensor Layer Automation System; SORCE: Thermwood

Argonne Scientists Used Machine Learning to Predict Defects in 3D Printed Parts
A team of researchers from Argonne National Laboratory and Texas A&M University developed an approach to defect
detection in 3D printed parts. Using real-time temperature data, together with machine learning algorithms, the scientists
were able to make correlative links between thermal history and the formation of subsurface defects during the laser
powder bed fusion process. MORE

Protolabs Launched Digital Quoting Platform in U.S.
Protolabs launched its digital quoting and design analysis platform in the U.S., following a successful European launch. The
platform lets engineers manage their project requirements, collaborate with colleagues, have detailed transparency of their
orders, and conduct design for manufacturability (DFM) analysis. MORE

Applications
Saab Tested 3D-printed Exterior Part on Gripen for Battlefield Damage Repairs
Saab successfully conducted a trial which marked the first
time an exterior 3D-printed part was flown on a Gripen. The
purpose of the trial was to test how additive manufacturing
could be used in battlefield damage repair. Gripen was fitted
with a replacement hatch that had been 3D-printed in a nylon,
PA2200. This work represented a step towards 3D-printed
spares being used for rapid repairs to fighter aircraft that have
sustained damage while deployed on remote operations.
MORE
3D printed hatch on Gripen fighter aircraft; SOURCE:
SAAB

AdditiveManufacturing.com

7

RHP Technology 3D Printed Prototype ‘Eye’
for ESA’S Athena Space Telescope
RHP Technology 3D printed a set of
demonstrator parts that could become the
‘eye’ of the European Space Agency’s Athena
X-ray telescope. An additive manufacturing
process called plasma metal deposition
was used to produce six test parts in
collaboration with Aerospace and Advanced
Composites (AAC) and FOTEC Forschungs und
Technologietransfer. MORE

Prototype 3D-printed metal part for space telescope;
SOURCE: European Space Agency

GKN Produced Rolls-Royce Engine Compressor
Case
GKN Aerospace manufactured a partially 3D
printed intermediate compressor case (ICC) for
Rolls-Royce. To be used in a demonstrator program
for Rolls-Royce’s upcoming UltraFan engine, the
ICC was developed using a sectorized fabrication
concept with castings that uses a welding method
based on computer simulations. The process
included optimized bleed system, aerodynamics,
and acoustics; 3D printing of attached parts; and
model-based design methods. MORE
Intermediate Compressor Case (ICC) for the Rolls-Royce UltraFan™ engine;
SOURCE: GKN Aerospace

Fully Reusable, Entirely 3D-Printed Rocket
Relativity Space revealed plans for Terran R, a fully reusable, entirely 3D-printed launch vehicle utilizing Relativity’s Stargate
3D printer, a robotic metal DED technology. As a two-stage, 216-foot-tall rocket with a 16-foot diameter, and a 5-meter
payload fairing, Terran R will be entirely reusable and capable of launching 20,000kg to low Earth orbit (LEO). MORE
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Ultrasonic Welding Produced Parts for NASA
Missions
NASA Jet Propulsion Laboratory worked with
Fabrisonic to use ultrasonic additive manufacturing
(UAM) to produce redesigned heat exchangers for
spacecraft. The new design replaced dozens of
small parts and joints that could fail during a longterm mission or under extreme conditions. MORE

Radiator for a CubeSat combines aluminum and a small bit of copper to
allow heat to spread more evenly across the face; SOURCE: NASA Jet
Propulsion Laboratory

CF3D Used for Lockheed Martin and AFRL’s Wing
Structure Design
Continuous Composites successfully completed
the Air Force Research Laboratory’s two-year
Wing Structure Design for Manufacturing (WiSDM)
contract through Lockheed Martin to manufacture
a Low Cost Attritable Aircraft (LCAA) wing. The
project focused on a new structural design
paradigm to reduce costs and lead times for
attritable airframe structures. Continuous Fiber 3D
Printing (CF3D®) technology was used to print the
structural carbon fiber spars of the wing assembly.
MORE
Low Cost Attritable Aircraft (LCAA) wing manufactured with Continuous
Fiber 3D Printing (CF3D®) technology; SOURCE: Continuous Composites

AdditiveManufacturing.com

9

Qualification & Standards
EOS and Materialise Qualified Flight Ready Polymer Sintered Parts for Airbus
Materialise and EOS qualified flight-ready parts using laser sintered flame-retardant polyamide PA 2241 FR for Airbus. With
this development, Materialise and EOS became the first suppliers to be qualified by Airbus to produce laser sintered parts
under the Airbus Process Specification AIPS 03-07-022. MORE

GE 3D-Printed Metal Part Received Air Force
Airworthiness Qualification
GE Aviation received Engineering Change
Proposal (ECP) approval from the US Air Force
(USAF) for an F110 additively manufactured sump
cover. The F110 component is the first engine
component designed for and produced by metal
additive manufacturing to be qualified by any US
Department of Defense entity. MORE
F110 sump pump cover; SOURCE: GE Additiv

ASME
ASME launched a new subcommittee on additive
manufacturing under the Manufacturing and Advanced
Manufacturing (MAM) Standards Committee.
The subcommittee’s goal is to develop standards or
related products that provide rules, guidance, and
examples of the design, manufacture, and quality
assurance of additively manufactured parts. Initial focus
is in three areas:

•
•
•

Design for Additive Manufacturing Workflow Practices
Documentation Requirements to Meet Government
and Regulatory Certification Criteria
Additive Manufacturing for Nonmetallic Materials
Applications

MORE
ASTM F42
New Standards Development Begun
• ASTM F3434-20 Guide for Additive manufacturing —
Installation/Operation and Performance Qualification
(IQ/OQ/PQ) of Laser-Beam Powder Bed Fusion Equipment for Production Manufacturing
• ISO/ASTM52915-20 Specification for additive manufacturing file format (AMF) Version 1.2
• ISO/ASTM52950-21 Additive manufacturing — General principles — Overview of data processing

•

ISO/ASTM52903-2-20 Additive manufacturing —
Material extrusion-based additive manufacturing of
plastic materials — Part 2: Process equipment

New Standards Published
• WK72938 Additive manufacturing -- Design -- Part 3:
Electron-based powder bed fusion of metals
• WK78115 Additive Manufacturing -- Design -Post-Processing for Metal PBF-LB1
• WK75265 Additive Manufacturing of Polymers
-- Powder Bed Fusion -- Guidelines for Feedstock
Recycling and Sampling Strategies
• WK74932 Additive Manufacturing of metals -- Qualification principles -- Qualification of designers
• WK74930 Additive manufacturing -- Post-processing
methods -- Quality assurance and post processing of
powder bed fusion of metallic parts
• WK74931 Additive Manufacturing of Metals -- Feedstock Materials -- Powder Life Cycle Management
• WK76983 Additive Manufacturing -- Powder Bed
Fusion -- Best Practice for In-situ Defect Detection
and Analysis
• WK71616 Additive manufacturing -- Qualification principles -- Part 2: Requirements for industrial additive
manufacturing sites
• WK72457 Additive manufacturing processes -- Laser
sintering of polymer parts/laser-based powder bed
fusion of polymer parts -- Qualification of materials
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•
•
•
•
•
•
•
•
•
•
•
•
•

•
•

WK72458 Additive Manufacturing -- Qualification
principles -- Qualification of coordinators for metallic
parts production
WK73236 Additive Manufacturing -- Qualification
principles -- Qualification of coordinators for metallic
parts production
WK73239 Additive manufacturing -- Qualification
principles -- Classification of part properties for additive manufacturing of polymer parts
WK75184 Additive Manufacturing of Metals -- Powder
Bed Fusion -- Guidelines for Feedstock Recycling and
Sampling Strategies
WK76048 Additive manufacturing -- Powder bed
fusion -- Standard specification for maraging steel
(UNS K93120)
WK78224 Additive Manufacturing -- Vat Photopolymerization -- Next Generation Tensile Test Method
WK72391 Additive manufacturing -- Environment,
health and safety -- Standard guideline for use of
metallic materials
WK73227 Additive Manufacturing -- Investigation for
Additive Manufacturing (AM) Facility Safety Management
WK74933 Additive manufacturing of metals -- Environment, health, and safety -- Part 1: Safety requirements for PBF-LB machines
WK78378 Additive Manufacturing for Automotive -Qualification Principles -- Generic Machine Evaluation
and KPI Definition for PBF-LB/M Processes
WK71375 Additive Manufacturing Qualification principles Part 1: Qualification of Machine operators for
metallic parts production
WK71376 Additive manufacturing -- Qualification principles -- Part 2: Qualification of machine operators for
metallic parts production for PBF-LB
WK77186 Additive Manufacturing -- Finished Part
Properties -- Specification for Niobium-Hafnium Alloy
UNS R04295 via Laser Beam Powder Bed Fusion for
Spaceflight Applications
WK77236 Additive manufacturing for aerospace
-- Process characteristics and performance -- Part 2:
Directed energy deposition using wire and arc
WK78636 Additive Manufacturing -- General Principles -- Standard Practice for Creating Data Sets Used
in Metal Additive Manufacturing Standards

AdditiveManufacturing.com
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Technology Watch & Funding
Inkbit Awarded Research Contract from The U.S. Air Force
Inkbit was awarded a Small Business Innovation Research (SBIR) contract for $1.7M from the United States Air Force to build
three Inkbit systems for use at USAF bases across the country. The contract funds the development of technical improvements and software tools, builds upon work funded by DARPA (Defense Advanced Research Projects Agency) to develop
Inkbit’s vision system. The first unit is expected to be deployed by the Texas National Guard. MORE
Desktop Metal Received Multi-Million Dollar Award From DoD
Desktop Metal was awarded Phase I of a three year $2.45 million dollar project from Department of Defense (DoD) to
develop an additive manufacturing process capable of mass producing cobalt-free hard metals, developed by the U.S.
Army. MORE

NASA Awarded Contract to Build 3D Printed Batteries in Space
KULR Technology Group was awarded a contract from NASA’s Marshall Space Flight Center to build 3D printed battery
systems for both robotic and manned space applications. KULR manufactures and licenses next-generation carbon fiber
thermal management technologies for batteries and electronic systems. MORE

NASA Selected Open Additive to Improve Quality of AM Parts
Open Additive was selected for a Small Business Technology Transfer (STTR) Phase I contract to accelerate metal additive
manufacturing. The project, Predictive Thermal Simulation for Laser Powder Bed Fusion, was one of 365 proposals selected
for contract negotiations through NASA’s 2021 SBIR/STTR solicitation. MORE

Bell Unveiled New Manufacturing Technology Center
Bell Textron Inc. unveiled a 140,000-square-foot Manufacturing Technology Center (MTC) in Fort Worth, Texas. The MTC is
an innovative proving ground where Bell will test and refine technologies and processes—demonstrating manufacturing
readiness and ability to successfully build and support Future Vertical Lift (FVL) aircraft. MORE

Collaborations, Acquisitions, & Investments
Nexa3D Partnered with Siemens to Automate Additive Manufacturing
Siemens and Nexa3D announced a collaboration designed to bring their polymer production system up to Industry 4.0
preparedness. Through this collaboration, Nexa3D’s Quantum Laser Sintering (QLS) product line will be standardized to
Siemens’ state-of-the art factory automation and edge computing technologies. MORE

Henkel Expanded Relationship with Carbon
Henkel and Carbon announced a partnership agreement to collaborate for Loctite branded resin formulations validated
for use with Carbon’s additive manufacturing process. As part of the collaboration, the Loctite 3D IND405 Clear material
became available to Carbon customers. MORE
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Progress Announced in 3D Systems and ARL Collaboration
3D Systems announced significant progress in the creation of the world’s largest and fastest powder metal 3D printer. The
collaboration’s goal is to provide the Combat Capabilities Development Command (DEVCOM) Army Research Laboratory
(ARL) with technology to address needs for long-range munitions, next-generation combat vehicles, helicopters, air and
missile defense capabilities. MORE
ADDMAN Engineering Group Acquired 3rd Dimension Industrial Printing
ADDMAN Engineering group, an American Industrial Partners company, acquired 3rd Dimension Industrial Printing. With this
acquisition, ADDMAN added a range of metal printing capabilities as well as traditional subtractive processes. MORE
Agile Space Industries Bought Tronix3D
Agile Space Industries acquired 3D printing service bureau, Tronix3D. By purchasing its long-term supplier and rebranding
it ‘Agile Additive,’ Agile Space Industries has the goal of optimizing performance of the propulsion systems used to power
NASA and SpaceX’s upcoming lunar missions, while also ramping up development of exotic 3D printed metal alloys. MORE

Firehawk Aerospace Raised New Round of Funding
Firehawk Aerospace, a rocket propulsion startup, announced closing of a $2 million seed round. The funds will be used to
test Firehawk’s engine at operational scale, grow its partnerships with leading government and commercial entities, and
expand research and manufacturing facilities to Texas and Oklahoma. MORE
Continuous Composites and Saint-Gobain Executed a Joint Development Agreement
Continuous Composites executed a Joint Development Agreement with Saint-Gobain. The collaboration was formed to
advance and certify Continuous Composites’ Continuous Fiber 3D Printing (CF3D®) for commercial aerospace applications.
MORE
NIAR and Essentium Announced Research Collaboration
Essentium announced a commercial venture with Wichita State University’s National Institute for Aviation Research (WSU/
NIAR) in order to speed up the advancement of 3D printing in the US aviation industry. Through collaborative research, the
two will use a multi-stage process to advance extrusion AM. The collaboration is part of the Kansas Aviation Research and
Technology Growth Initiative (KART). MORE
GE and Safran Announced Project to Build Open Rotor Jet Engine with 3D Printing
GE Aviation and Safran announced a demonstrator project to test-build a new open-bladed jet engine with metal 3D printed
parts. The engine is intended as a successor to the previously developed LEAP model, which is used on the Boeing 737
MAX and some Airbus A320neo aircraft. MORE
Purdue University Announced Thermwood LSAM Research Laboratory
Purdue University’s Composites Manufacturing Simulation Center (CMSC) and Thermwood Corporation agreed to
establish a large-scale additive manufacturing laboratory to perform industry-funded research into large scale composite
thermoplastic additive manufacturing. MORE
Stratasys Acquired Origin
Stratasys completed the acquisition of Origin effective as of Dec. 31, 2020. The acquisition added software-centric additive
manufacturing solution with digital light processing for production-oriented polymer applications to the Stratasys portfolio.
MORE
NASA Announced Partnerships to Mature Commercial Space Technologies
NASA selected 17 U.S. companies for 20 partnerships to mature industry-developed space technologies for the Moon and
beyond. The NASA and industry teams will design a 3D printing system for NASA’s Artemis lunar exploration program,
test a simple method for removing dust from planetary solar arrays, mature a first-stage rocket recovery system for a small
satellite launch provider, and more. MORE
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Community Survey
With strong community and government support, aerospace AM/3DP leaders are active
in developing new applications and processes. To better understand these applications
and the challenges, the aerospace AM/3DP community was surveyed during the
second and third quarter of 2021. A total of 444 responded from diverse application
areas. Their responses have been shared with some perspectives on the results.
APPLICATION AREAS
Aerospace’s use of additive manufacturing is recognized as being one of the two most mature sectors. Survey responses
support this with just over half indicating use for end-use production along with tooling, patterns, jigs, and fixtures. With all
the advancement of applications, prototyping and development remains the top application with nearly 90% indicating use
of the technology for development.

Development & Prototypes

88%

Tooling & patterns

53%

End/in use, flight production

51%

Jigs & Fixtures

51%
32%

MRO/Sustainment
Other
I do not use AM/3DP for
aerospace applications
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90%

END-USE PRODUCTION APPLICATION TYPES
With aerospace’s high use of AM for end-use production, survey participants indicated three-quarters are for non-structural
parts and two-thirds are for more critical structural components with nearly the same level indicating multi-functional use
suggesting that nearly all structural uses also serve a non-structural use.

75%

Non-structural

67%

Structural

65%

Multifunctional
Other
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40%

50%

60%

70%

80%

14

62%

Propulsion

END-USE PRODUCTION
APPLICATIONS
Propulsion systems including
turbines, is the largest production
use of AM followed by interiors.
Supported by advancements in
metal AM systems and related
standards, production use for
airframes and electronic systems
are also significant applications.

48%

Interiors
Airframe

41%

Electronic systems

40%
18%

Other

0%
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20%

40%

63%

Power Bed Fusion

Directed Energy
Deposition
Vat photo
polymerization

35%
24%
15%

Material Jetting
Hybrid Systems

13%

Binder jetting

13%
8%

Sheet Lamination

7%

Other

10%

20%

MATERIALS USED
Reflecting the production use
for propulsion systems and
structural applications, metals are
used by just over three-quarters
of respondents. Followed by
nearly two-thirds using polymers
with the highest application
areas being manufacturing aids
(tooling, patterns, jigs, fixtures)
and development. Production
use of polymers is just over
50%. Although systems for
composite and ceramic AM are
limited, aerospace applications
are taking advantage of these
reflecting the unique material
properties needed in aerospace.

30%

40%

50%

60%

50%

60%

70%

PROCESSES USED
With the diversity of application
areas and high use for
production, powder bed fusion
is the most used AM process.
More than 70% of PBF’s use
is for end-use production
followed closely by MRO at
67%. Development is also a
strong use of PBF at just under
60%. Material extrusion is used
by nearly half of aerospace,
primarily for manufacturing
aids: tooling, patterns, jigs and
fixtures.

49%

Material Extrusion
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CHALLENGES TO USING AM IN AEROSPACE
The top challenges indicated by survey respondents reflect a need for understanding best practices to assure reliable
processes to meet performance and regulatory requirements. When asked for only the most important challenge, the lack
of standards remains at the top, but economics jumps to the second biggest challenge. This is likely a reflection of the
need for better understanding the processes, certification, and material characterization for AM. With many advancements,
nearly a third still cite available materials, accuracy of machines, and build envelope as challenges. Some of this reflects
limited availability of processes for composites and ceramics, as well as the need to create larger structures in metal and
composites.

59%

Lack of standards specific to AM

51%

Understanding process validation & verification for AM

42%

Understanding qualification/certification

41%

Understanding materials characterization/properties

36%

Economics: Scalability & cost

34%
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32%
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Accuracy of machines

31%
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30%
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How Much Growth is Expected
GROWTH IS EXPECTED
Despite all the challenges, growth is expected
for the use of aerospace AM applications.
More than 90% expect growth in AM usage,
with more than 40% expecting more than 10%
growth. Where that growth will be may be a
little surprising. While 88% already us AM for
prototyping and development, 43% reported
they expect it to see the largest growth with 33%
expecting the most growth in production use.

Decrease

1%

Stay the same

7%

Increase by
more than 20%

19%

Increase by
up to 5%

16%

Increase by 10-20%

23%

Increase by 5-10%

34%

Where Growth is Expected
Other

1%

End/in use, flight
production

33%

Development &
Prototypes

43%

MRO/
Sustainment

7%

Jigs & fixtures

9%

Tooling &
patterns

7%

AdditiveManufacturing.com
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AM Aerospace Advisors
Thank you to the Aerospace AM/3DP Advisors for their contribution to this Year in Review and for their commitment to improving flight and space exploration through the
benefits of additive manufacturing/3D Printing.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Mark Barfoot, Director of AM Programs, EWI
Eric Barnes, Additive Manufacturing Fellow, Northrop Grumman
Jesse Boyer, Additive Manufacturing Fellow, Pratt & Whitney
Jeramie Broadway, Formulation Manager, Advanced Manufacturing, NASA
Sally Chan, Enterprise Computing Architect – Additive Manufacturing, Boeing
Ryan DeHoff, Group Leader, Oak Ridge National Laboratory
Ruben Del Rosario, Senior Director, Aerospace, Crown Consulting
Robert Ghobrial, Technology Fellow, Lockheed Martin
Todd Grimm, Principal, TA Grimm & Associates
Rick Neff, Consultant, Rick Neff LLC
Paul Oldroyd, Technical Fellow, Mfg. & Eng. Process Dev., Bell
Brandon Ribic, Technology Director, America Makes
Todd Spurgeon, AM Project Engineer, America Makes
Anna Tomzynska, Director Additive Mfg. & Chief Engineer, Boeing
John Vickers, Manager Advanced Materials & Mfg, NASA
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Appendix
Survey Respondent Profile
Survey conducted during the second and third quarter of 2021 with 444 respondents.
ORGANIZATION TYPE
US Government,
including DOD

5%

Other
University/
Academia

9%

10%

Supplier or
service provider

40%

Original Equipment
Manufacturer (OEM)

36%

ORGANIZATION APPLICATION SECTOR
53%

Flight Systems

40%

Space & launch Systems

32%

Research organization/university

30%

Ground Systems

29%

Testing Facility

19%

Other

0%

10%

20%

30%

40%

50%

60%

AdditiveManufacturing.com
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AM/3DP PROCESSES
Process

Includes

Binder jetting

CJP, CBJ, SPJ

Bioprinting

Printing with cells

Directed Energy Deposition

LMD, LENS, EBAM, DMD

Hybrid Systems

Combines additive & subtractive

Material Extrusion

FDM, FF

Material Jetting

MJM, MJP

Powder Bed Fusion

SLS, DMLS, SLM, DMO,
EBM, MJF

Sheet Lamination

UAM, SLCOM, CBAM

Vat photopolymerization

SL, DLP, CLIP

About AdditiveManufacturing.com
Realizing the potential of AM takes determination. With dozens of
innovative products, materials, software, and applications being
launched constantly, you can rely on AdditiveManufacturing.com
to keep you ahead of the curve. With freshly curated content,
and exactly what you need to know about the very latest in
3D technology, AdditiveManufacturing.com is your go-to place
for anything related to the additive manufacturing/3D Printing
community.
AdditiveManufacturing.com
About Metrix
Metrix is an events and content platform for collaboration in the
new world.  We host content, thought leadership, communities, and
innovation both on-line and off-line. This is place where you get the
latest objective views on the future of engineering.
A new innovation curve has just begun as the world has forever
changed and will continue to evolve rapidly. There are no barriers,
only opportunities to connect and progress together.   
Metrix welcomes the industry with a host of ideas.
Metrix-Connect.com
About ASME
ASME helps the global engineering community develop solutions
to real world challenges. Founded in 1880 as the American Society
of Mechanical Engineers, ASME is a not-for-profit professional
organization that enables collaboration, knowledge sharing
and skill development across all engineering disciplines, while
promoting the vital role of the engineer in society. ASME codes
and standards, publications, conferences, continuing education,
and professional development programs provide a foundation for
advancing technical knowledge and a safer world.

