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This white paper is part of AMT’s resource library on transformative 

technologies. There is enormous opportunity for learning, collaboration, 

and investment between the manufacturing and technology communities to 

accelerate innovative solutions and product development in the coming decade. 

Industry leaders agree that every part of the manufacturing value chain will 

be transformed by technology — R&D, the supply chain, factory operations, 

sales, and service. Digital connectivity among designers, managers, workers, 

customers, and physical industrial assets will unlock enormous value and change 

the manufacturing landscape.

AMT spoke to leaders and innovators 
throughout the manufacturing and technology 
ecosystems to get their perspectives on 
transformative technologies and where they 
see the key opportunities and challenges in the 
coming decade. 

Our purpose is not to reach definitive 
conclusions about the future of technology in 
the manufacturing ecosystem since there is no 
single technology or type of manufacturer, but to 
delineate patterns that industry leaders observe 
and, where relevant, point out similarities and 
parallels with past advancements to try to shed 
some light on future developments. 

As technology continues to transform the 
manufacturing ecosystem, companies will use the 
new technologies to create new, more flexible, and 
higher quality products; increase ROI; and create 
more efficient manufacturing processes. Those 

companies who are able to successfully leverage 
technology advancements to create new market 
opportunities, or to increase company productivity, 
are more likely to succeed in this transformation. 

AMT sees the advancement of technology as 
a primary avenue of exploration. We regularly 
partner with industry leaders to host various 
events, meetups, and programming. This 
creates networking opportunities to position 
the innovative groups within the manufacturing, 
technology, start-up, and investor communities to 
build alliances, networks, and support structures. 
Such connections will facilitate the creation 
of new solutions and further strengthen the 
manufacturing technology world. 
 
At AMT, we look forward to the next generation of 
manufacturing technology and welcome hearing 
your opinions and experiences on this topic on our 
news website: www.AMTnews.org. 
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In the past five years, the market has seen a real 
acceleration of additive manufacturing (AM). While the 
medical device industry has had both polymer and 
metal applications in commercial production for the 
past decade, it has only been in the past few years 
that AM has moved from polymer-based prototypes to 
production-quality metals in other industries. 

“The aerospace and medical device markets were 
both early adopters of AM. It has been adopted faster 
in the aerospace and medical device industries than 
others for two main reasons — because of the high 
degree of customization both industries require, 
and because both markets have relatively high 
margins, which helped in terms of risk-taking and 
growth,” said Bob Marshall, Senior Quality Manager, 
Becton Dickinson.

The aerospace industry saw early on that parts could 
be produced with lower weight, leading to cost savings 
in fuel usage. These early adopters bought machines, 

experimented, and developed their own processes 
around building parts. “Based on their own work, they 
would tell us what types of features they wanted to 
see in our printers, and we developed our machines 
to better support these needs. For the most part, they 
figured out how they wanted to use AM themselves 
and did not get a lot of help from us in terms of 
solutions. It would be fair to say that we developed AM 
before the larger market was paying much attention,” 
said Scott Killian, Account Manager, Aerospace, EOS 
North America. 

The medical industry has used AM to create patient-
specific solutions in orthopedic implants, medical 
devices, dental applications, and surgical tools. 
Orthopedics initially used materials that were already 
established and understood in the subtractive world 
because of the way the regulatory pathways work. 
It is easier to work with materials and products that 
are already approved in the market and that have 
established clinical history. To date, the large medical 

Introduction



4

AMT TRANSFORMATIVE TECHNOLOGIES SERIES

device manufacturers like Johnson & Johnson, Stryker, 
and Zimmer Biomet have made most of the devices 
and own the patents. 

“The primary reason it has taken many years for AM to 
gain a foothold in the medical device and equipment 
industry is the conservative, slow-moving nature of 
a regulated industry. I expect additive to grow more 
linearly than exponentially in the medical market 
given regulatory requirements. Each new product and 
device must be individually reviewed and approved, 
which prevents exponential growth, although a single 
product cleared by the FDA may grow exponentially,” 
said Marshall. 

Medical applications represent some of the most 
mature applications using AM. Today, companies 
are differentiating themselves by creating different 
porosities, surface roughness, and a wide variety of 
other characteristics. In the spinal market, for example, 
manufacturers are coming out with their second, 
third, or fourth devices in the market. Growing market 

demand from patients and doctors is continually 
pushing AM manufacturers to develop new applications. 

“The tools that we use today for both design and 
manufacturing allow us to create geometries and 
parts that function in a way that is different from 
anything that we’ve ever made before. For example, 
we can change the global stiffness of an implant 
simply by way of design rather than relying on the 
stiffness of the material or the properties of the 
material. Lower stiffness means that the implant may 
affect adjacent segments less, improving the outcome 
of the patient,” said Chris Collins, Chief Operating 
Officer, Tangible Solutions.

“There are many medical implant designs that cannot 
be manufactured any other way except through 
AM. For example, AM can create stochastic lattices 
with complex geometries that mimic the internal 
features of bone that cannot be designed through 
solid materials,” said Laura Gilmour, Global Medical 
Business Development Manager, EOS North America. 

“The aerospace and medical device markets were both early adopters 
of AM. It has been adopted faster in the aerospace and medical device 
industries than others for two main reasons — because of the high degree 
of customization both industries require, and because both markets have 
relatively high margins, which helped in terms of risk-taking and growth.” 

—Bob Marshall, Senior Quality Manager, Becton Dickinson
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Hybrid  
applications

The hybrid AM applications leading the market are 
applying coatings, repairing equipment, adding 
features, and growing parts, in that order. In short, 
the less material you have to add in AM, typically, the 
better the business case. 

It only takes a few minutes to put an additive coating 
on a part or piece of equipment, and this greatly 
extends its life. Coatings, for example, are added to 
impart desired characteristics such as hardness. 
Adding a strong nickel-based superalloy to the edges 
of bronze molds makes them last much longer, while 

retaining bronze for most of the rest of the mold 
still allows the desired heat transfer capability. New 
coatings reduce part replacement frequency which 
alone justifies the cost. In many applications, because 
of the locations of the parts, the time required to 
disassemble the machine and take out a part is worth 
more than the part itself.

Repairing equipment also benefits from the addition 
of a higher performance material to increase its life, 
similar to the ROI for coatings. For instance, if an outer 
edge is the only area that must be repaired, such as 
on a blade, it is more cost effective to repair that than 
to buy a new blade to replace it. 

“The low-hanging fruit is repair operations of 
expensive parts — machining out the worn or damaged 
portion and adding new material to that area,” said 
Joe Wilker, Hybrid Multi-Tasking Manager, Mazak. “For 
example, turbine blades and blowers used in mining 
equipment get destroyed very quickly due to their use 
in harsh mining environments. When adding the new 
material, the part can often be made harder by adding 
a new alloy or multiple alloys.”

“The low-hanging fruit is repair 
operations of expensive parts — 
machining out the worn or damaged 
portion and adding new material to 
that area.”  

—Joe Wilker, Hybrid Multi-Tasking Manager, Mazak
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Hybrid  
manufacturing

Another opportunity in AM right now is hybrid 
manufacturing. Combining both subtractive 
manufacturing with AM is an opportunity for 
customers, machine tool manufacturers, distributors, 
and integrators alike. AM is both compatible and 
complementary with CNC multi-tasking machines 
where solutions range from retrofitting to new hybrid 
offerings. Hybrid machines then combine the design 
freedom of additive with the precision, accuracy, and 
speed of machining. 

“What we have with machine tools is a very accurate, 
highly tuned motion platform that moves cutting tools 
around, and most 3D printers need a motion platform. 
It is a perfect combination and opportunity to merge 
AM into machine tools,” said Jason Jones, CEO, Hybrid 
Manufacturing Technologies. “Some are easier to 
integrate than others. For example, directed energy 
deposition (DED) is easy to integrate, and the machine 
tool is preserved as a mainstream machine tool, so 
additive functionality can be used as needed. Powder 
bed fusion (PBF), on the other hand, is more involved 
integration, and the result is a highly dedicated, 
specialized machine. The majority of the hybrid 
machines on the market now are using DED.” 

Adding AM functionality to single CNC machines 
can yield many benefits and efficiencies. Operating 
costs are reduced because one machine can do the 
work that previously required multiple machines, 
and setup time is reduced since hybrid CNCs 
typically require just one setup for multiple additive 
and subtractive processes. It also saves floor 
space and reduces the need to send work out for 
additional processing.

“What we have with machine tools is 
a very accurate, highly tuned motion 
platform that moves cutting tools 
around, and most 3D printers need 
a motion platform. It is a perfect 
combination and opportunity to 
merge AM into machine tools.”  

—Jason Jones, CEO, Hybrid 
Manufacturing Technologies
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AM growth hampered by lack of  
standards & qualification challenges
Despite growing market demand, the AM industry is 
experiencing several important challenges to more 
rapid growth. These include the development of 
standards and quality assurance (QA). 

Due to the lack of universal standards, companies 
need to validate their own processes and get approval 
from regulatory authorities such as the FAA in the 
case of aerospace or the FDA in the case of medical 
devices and implants. 

“If an aerospace company wants to build an AM part 
for a plane, they have to go to the FAA to get approval 
for that part. It’s a very lengthy process just to get a 
single part certified. It’s a multimillion-dollar task that 
takes a minimum of 18 months and usually about two 
and a half years,” said Killian.

In aerospace, standards and qualification are holding 
many manufacturers back because they cannot afford 
to pursue regulatory review and approval by themselves. 
Tier 1 and 2 companies can’t afford to independently go 
through a multimillion-dollar qualification process and 
then possibly not have the support of the OEM to which 
they supply parts. For this reason, many of them are 
waiting for the OEMs to adopt AM parts and then push 
their own standards down to the supply chain. Yet at 
the same time, many OEMs do not want to manufacture 
additive parts themselves and make the necessary 
capital outlay for hundreds of machines if they can 
instead push it down to the supply chain. 

The industry is still in the relatively early stages 
of developing standardized testing methods, 
protocols, and reference data to qualify AM 
materials, processes, and parts. It will take many 
years for a consistent set of national and, ultimately, 
international AM standards to be established and 
adopted globally. ASTM International’s Committee 
F42 is the main standards body for AM in the United 
States. As of 2018, F42 has 22 standards and has 
defined seven printing processes. The independent, 
international organization ISO has also developed 
AM standards under Technical Committee (TC) 261; 
ISO and ASTM have a cooperative agreement to 
fast-track development between the two standard 
developing organizations (SDOs). ASTM and ISO are 
jointly working on standards that will be applicable 
worldwide. To coordinate standards development 
between many of the main standards organizations, 
the Additive Manufacturing Standardization 
Collaborative (AMSC) was created, a collaboration 
between America Makes and American National 
Standards Institute (ANSI). 

Additional standards have been established by AMST, 
SME, National Aerospace and Defense Contractors 
Accreditation Program (NADCAP), the 3MF Consortium, 
SAE International Additive Manufacturing Committee 
AC7101’s Aerospace Material Specifications (AMS), 
NASA, the Department of Defense, the U.S. Navy, the 
U.S. Army, as well as different nations.
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Quality   
assurance

The quality assurance (QA) of AM-produced metal 
parts is probably the greatest obstacle affecting 
the speed of AM technology adoption right now. 
Powders, print processes, and final parts are subject 
to a level of variability in terms of material and 
mechanical quality that cannot be tolerated in a 
production environment. Rigorous quality standards 
and inspections are necessary to ensure that the 
consistency, repeatability, and reliability of final 
parts is met. Planning, building, and implementing 
a certifiable QA process requires time, training, and 
resources as well as investment in new technologies, 
processes, and talents.

Metal powder properties must be consistent in 
every batch, including particle size distribution, 
composition, size, and shape of particles. Additionally, 
for safety-critical applications such as aircraft parts 
or medical devices, the material used must be 100% 
free of contamination because impurities can alter 
the properties of the final part. Metal powders can 
become contaminated during the printing process, 
storage, transportation, and handling.

“AM is turning out to be more complex than people 
realized,” said Dr. Marcin Bauza, Head of ZEISS 
Additive Manufacturing Process and Control. “There 
are so many variables that affect the production of 
a part. The same batch of powder from the same 
vendor can produce different mechanical properties 
in different locations of the final product depending 
on how the powder is processed. For example, 
the size distribution of individual powder particles 
influences how the powder is compacted and the 
density of the build, possibly creating defects visible 
later in the process.” 
 
Destructive testing of hundreds of copies of final 
parts to ensure quality is cost-prohibitive for any type 
of production and cancels many of AM’s operational 
advantages. Non-destructive testing is the only 
viable option, and these methods and standards are 
still evolving. 

One of the most precise ways to qualify metal 
powders is by using non-destructive Computed 
Tomography (CT) scanning which can capture 

The above figure shows a schematic of the holistic, integrated process monitoring the workflow covering the powder stage 
to the final part quality assurance stage. This workflow-based approach utilizing CMM, 3D scanning, x-ray CT, and light and 
electron microscopy aims to reduce the number of iteration cycles, thus enabling progress from prototyping to production-
scale additive manufacturing.
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details down to microns. High-resolution micro-
CT scanners can reach down to 0.05-micron 
voxel size. CT scanners provide in-depth data on 
powder microstructure and can measure material 
composition, particle size, shape distributions, 
porosity, density, substrate bonding issues, grain 
structures, and uneven material flow, as well as 
dimensional accuracy and surface roughness inside 
and outside of the part.

Maintaining the consistency and repeatability of 
the printing process to ensure build quality over 
time is another challenge. Process control must be 
established for printing equipment to ensure that 
end products are consistent from part to part. It 
is not uncommon to need to measure more than 
100 initial samples before the tools are adjusted 
sufficiently to enable volume production to start. For 
example, a laser powder bed machine can drift from 
its optimal settings. 

Next, final parts need to be examined for their 
material properties to ensure they have not 
experienced changes in microstructure during 
processing. This includes examination of 
crystallographic composition, density, porosity, 
mechanical strength, tensile strength, stiffness, 
internal and external part geometry, surface 
quality, and finish. 

“An additional cost that needs to be factored 
into AM is the need for post-processing,” said 

Jones. “3D printing was developed in isolation 
from manufacturing and was initially a design and 
prototype-oriented activity based on polymers where 
post-processing could be done pretty easily and 
cost-effectively. But since metal is now being used for 
actual production parts, substantial post-production 
finishing is always a requirement. This takes time and 
requires inspection.”

“There are so many variables that 
affect the production of a part. The 
same batch of powder from the 
same vendor can produce different 
mechanical properties in different 
locations of the final product 
depending on how the powder is 
processed. For example, the size 
distribution of individual powder 
particles influences how the powder 
is compacted and the density of 
the build, possibly creating defects 
visible later in the process.”  

—Dr. Marcin Bauza, Head of ZEISS Additive 
Manufacturing Process and Control
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ROI  
considerations

The aerospace industry established ROI for using 
AM due to the very high “buy-to-fly ratio” of AM 
(cost savings derived from the reduced weight 
of AM-produced parts), and the medical industry 
has realized ROI due to the complex, customized 
geometries, lattice structures, and porous materials 
not possible using any other manufacturing process. 
Yet in most markets, the ROI is not as clear, and 
estimating the ROI for production-quality AM can be 
a challenge. Direct costs include everything from 
design concept and print recipe development through 
final part qualification. The difficulty in quantifying 
some of these elements, combined with the technical 
challenges, is still too great for many companies. 

However, an important consideration in evaluating the 
ROI of AM needs to be the cost of the entire supply 
chain, including work-in-process inventory, so that a 
manufacturing process experiences no downtime due 
to supply chain interruptions. “If a manufacturer buys 
$50 parts from China and must have $1 million worth of 
parts on the water at all times to meet production needs, 
the cost is much higher than $50 a part. There is great 
value in having parts manufactured as close to the point 
of ultimate use as possible. A company with $15 million 
a year in revenue should not have $1 million in working 
capital tied up at all times in inventory, and currently this 
is what happens,” explained Dave Burns, former CEO of 
Gleason Manufacturing and ExOne Company. 
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The future  
looks bright
The future of AM looks extremely positive. Dozens of 
colleges and universities now offer degrees in AM, and 
hundreds offer classes. Students today are all digital 
natives, and AM technology is a given in their engineering 
ecosystem. It is likely that some of the most innovative 
and creative ideas in AM are yet to come. 

“As with the evolution of any complex technology, 
there is a point where it transitions from hope to 

confidence about its value in the market. We are at 
that point with additive manufacturing. That said, it is 
still immature in many respects. There will need to be 
continued significant investments in R&D to bring it 
to its full potential. I have been around manufacturing 
technology for 40 years — and AM for more than 15 
years — and never have I been more optimistic about 
the future,” said Burns.

The Bottom Line
The past five years has seen an acceleration in the use and adoption of AM. 
•  AM has been adopted faster in the aerospace 

and medical device industries than others for two 
main reasons — because of the high degree of 
customization both industries require, and because 
both markets have relatively high margins.

•  Hybrid AM applications leading the market are 
applying coatings, repairing equipment, adding 
features, and growing parts, in that order.

•   Hybrid manufacturing — combining both subtractive 
manufacturing with AM — is an opportunity 

for customers, machine tool manufacturers, 
distributors, and integrators alike. AM is both 
compatible and complementary with CNC multi-
tasking machines. 

•  AM growth remains hampered by lack of standards 
and qualification challenges. 

•   In most markets, the ROI on AM is not clear, and 
estimating the ROI for production-quality AM can 
be a challenge. 

The future of AM looks extremely positive. Dozens of colleges and universities now offer degrees in 
AM, and hundreds offer classes. It is likely that some of the most innovative and creative ideas in AM 
are yet to come.
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