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Additive Manufacturing: 
Making it Real

How to take advantage of trends, 
technologies, and economics to 
profitably adopt Additive 
Manufacturing

Heat exchanger
Autodesk Within software was used 
in the design process
Courtesy of Autodesk Inc.
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Reality, not Hype

Media coverage of additive 
manufacturing (AM) often focuses on 
consumer applications, and as a 
result, misses the true impact of AM. 
The reality is that AM is already
transforming product development 
and manufacturing, and its role is 
expected to grow stronger in the 
near future.

Customers in industries ranging from 
aerospace to consumer goods are 
actively using AM today. Although 
the most common application for 
AM is rapid prototyping to accelerate 
development, the technology is 
increasingly being used to produce 
aftermarket and production parts.

Improving Economics

AM is already competitive for many 
applications, and costs are improving 
rapidly. A 2014 report from Roland 
Berger estimated that total costs for 
AM production will decline by 11% 
annually through 2018, and another 
32% by 2023.1

Beyond the Tipping Point

Industry statistics highlight the rapid 
growth of AM applications:

 According to the 2016 Wohlers
Report, the AM market grew to 
$5.2 billion in 2015, a 25.9% 
increase from 2014.2

 A 2016 PwC report shows that 
the percentage of U.S. 
manufacturers using AM for 
prototyping and/or production 
rose from 37.7% in 2014 to 
53.7% in 2015.3

Industrial applications of additive manufacturing are expanding across many 
industries, driven by rapidly improving capabilities and economics

Additive Manufacturing: Rapid Industry Expansion

General Electric: All In on AM

GE opened its Center for Additive 
Technology Advancement (CATA) in 
April 2016 to drive the adoption of 
AM. GE invested an initial $40 
million in the 11,613 m2 (125,000 
ft2) facility, with room to expand.

GE is also now using AM in 
production. In April 2016, CFM 
International, a joint venture 
between GE and Safran, delivered 
production LEAP-1A jet engines with 
fuel nozzles manufactured using 
AM. Each engine uses 19 nozzles, 
and CFM has orders for more than 
10,000 engines. The new nozzle is 
25% lighter and 5 times more 
durable than its predecessor, while 
the parts count is cut from 18 to 1.
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Don’t Use Traditional Assessment Frameworks

Most manufacturers have robust processes to evaluate 
products and business cases before committing funding. 
Companies vet economics, design for manufacturability, 
and a myriad of other factors. AM upends many of these 
frameworks, and requires a new way of thinking about 
design, production, and even service.

To successfully adopt AM, a company must consider the 
tradeoffs among the unique, and the very different 
advantages and compromises associated with AM. Only 
then is it possible to identify the intersection of 
applications and technologies that promise the best
opportunities for success. Combining additive and 
traditional manufacturing is often advantageous.

Where Does Additive Excel?

For some applications, AM may be the only feasible 
option because traditional manufacturing techniques 
sometimes aren’t capable of creating complex internal 
geometry. In other cases, AM—by itself or in combination 
with traditional manufacturing—may still be the best 
option. AM excels for applications where business or 
product needs include:

 Production of unique or custom products
 Complex internal geometry
 Reduction of parts count or assembly operations
 Lower volumes that can’t justify specific tooling
 Short lead times
 Avoiding warehousing of products

Tradeoffs and optimal applications for AM are completely different from 
traditional manufacturing techniques, and call for fresh thinking
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New Opportunities

AM can enable manufacturers to 
pursue high-margin market 
opportunities that would not be 
feasible using traditional 
manufacturing techniques alone.

A few examples of these 
opportunities include:

 Custom tailored products (e.g., 
medical implants)

 Co-creation, where the 
customer is responsible for 
some elements of design

 Lightweight components using 
lattice structures

 Complex tooling with internal 
mechanisms and cavities

 Additive Manufacturing as a 
Service (AMaaS)

 Aftermarket/spare parts on 
demand

AM enables these opportunities, but 
it doesn’t stand alone. Design tools, 
business systems, quality systems, 
operations, and service must also 
adapt. In many cases, combining AM 
with traditional manufacturing can 
be the most competitive option.

New Challenges

Opportunities to pursue high-margin 
business using AM aren’t restricted 
to established manufacturers. In fact, 
AM can lower barriers to entry by 
dramatically reducing tooling costs. 
New entrants can leverage AM to 
pursue opportunities that 
established competitors either don’t 
see or can’t serve efficiently.

Capital costs to invest in AM 
equipment could be an obstacle for a 
small manufacturer trying to break 
in, but even this barrier can be 
overcome by using a supplier that 
provides AMaaS.

The Best Defense is a Strong Offense

AM is here, and it will become 
increasingly attractive and pervasive 
as capabilities increase and costs 
decline. Any manufacturer without 
an AM strategy risks being left 
behind as more nimble competitors 
learn to use the technology.

Future success will depend on 
incorporating AM as a core 
manufacturing capability.

AM creates both opportunities and threats by opening new market 
opportunities and lowering barriers to competition

A Double-Edged Sword: Competitive Implications

Lightweight load bearing block with 
internal fluid passages “liquid 
lattice”
Designed and fabricated by 
Autodesk Advanced Consulting 
Courtesy of Autodesk Inc.

AM as a Core Capability

Adopting AM can open up new 
business opportunities:

 Produce high performance and 
lightweight products

 Efficiently compete for high-
margin custom business

 Produce aftermarket parts on 
demand

 Provide complex tooling with 
quick turnaround and highly 
competitive costs
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Bottom-Up Business Case Analysis

Conventional business case analysis evaluates a breakeven 
point by determining the minimum volume needed to 
justify investment in tooling. AM is different. Business 
case analysis with AM evaluates the maximum volume 
that is economical with AM.

Costs for AM are declining rapidly and are becoming 
increasingly competitive with established manufacturing 
processes. For many additive processes, the maximum 
cost effective volume in 2020 is expected to be 50% 
higher than in 2016. By optimizing designs for AM, costs 
can be improved further. Even with current economics, 
the maximum cost effective volume for some AM 
processes using plastics can be as high as 100,000 units.

Faster, More Flexible, and Less Business Risk

The implications are obvious. Combining AM and 
traditional manufacturing is a winning combination for 
both the top line and bottom line.

With AM, business case risk no longer hinges upon 
achieving minimum volumes. In addition, manufacturers 
can profitably win high-margin incremental business by 
leveraging AM’s added flexibility and reduced lead times.

It’s also feasible to use AM and traditional manufacturing 
together. Combining additive and traditional techniques 
together with modular design and production strategies 
could prove to be a powerful competitive advantage.

By dramatically reducing tooling costs, AM can turn traditional business models 
upside-down

Economies of Scale Turned Upside-Down

Maximum
Cost Effective

Volume for AM

2016          2020

Traditional

AM 2016

AM 2020

The Role of Design

The economic advantages of AM for 
low volume production apply for 
manufacturing any product, but the 
benefits of AM don’t stop there.

Optimizing designs for AM—with 
lattice structures for example—can 
reduce weight, material cost, and 
machine cycle time.

Design tools with generative design, 
analysis, and manufacturing 
preparation capabilities are key to 
optimizing designs for AM.

Additive Manufacturing: 
Rapid Industry Expansion

Changing the Game: New 
Technology, New Rules

A Double-Edged Sword: 
Competitive Implications

Economies of Scale 
Turned Upside-Down

Unscrambling the 
Alphabet Soup of Additive

Square One: Taking the 
Next Step

Make Informed Decisions: 
Know Where to Look

Take Action



6

Selecting an AM Process

Choosing the most appropriate AM 
process must start with an 
understanding of product function 
and the implications for materials 
selection. Models and mockups can 
use low cost processes such as LOM, 
while parts which need strength and 
temperature resistance may need to 
be fabricated with SLS or SLM using 
an engineering thermoplastic, 
metal, or ceramic material.

Selection of a specific AM process 
can then be driven by the following 
considerations:

 Required production rate
 Maximum part size
 Ability to pack multiple parts 

into a single build
 Need for mixed materials
 Resolution, which is related to 

layer thickness and defines the 
minimum feature size that can 
be produced

 Material cost
 Equipment cost
 Secondary processing (e.g., 

removing temporary supports)

Additive Manufacturing Categories

Deposition processes use a moving 
nozzle or similar device to deposit 
thin layers of material. Extra material 
is often needed to temporarily 
stabilize unsupported geometry.

 Fused Deposition Modeling 
(FDM) extrudes plastic filament 
through a heated nozzle, and is 
alternately called Fused 
Filament Fabrication (FFF)

 Material Jetting is used to jet 
either wax or a photopolymer 
(cured with a UV light) to build 
up an object—the PolyJet
process is one example

 Directed Energy Deposition uses 
a laser or electron beam to 
directly fuse material supplied 
as a jet or wire—it is usually 
used with metals, sometimes 
with ceramics and polymers

Sheet lamination uses sheets of 
paper, plastic, or metal which are 
laser cut, layered, and bonded to 
produce a non-structural model.

 A common form is Laminated 
Object Manufacturing (LOM)

Vat polymerization uses a vat of 
liquid and localized curing (typically a 
directed UV light source) to cure 
material layer by layer.

 Stereolithography (SLA) is a
common form of this process

 Continuous Liquid Interface 
Production (CLIP) is a newer and 
much faster variant of SLA

Powder bed processes use localized 
binding to solidify layers of 
powdered material, and often do not 
require support structures. Electron 
beams are an alternative to lasers.

 Selective Laser Sintering (SLS) 
uses a laser to sinter materials 
including plastics, glass, and 
ceramics—Direct Metal Laser 
Sintering (DMLS) is an alternate 
name when using metal powder

 Selective Laser Melting (SLM) is 
similar to SLS but is used to fully 
melt metal powders to achieve 
optimal material properties

 Binder Jetting sprays or jets a 
binder material into a sand, 
ceramic, or metal powder bed 
to create a solid form, which 
may be sintered later

Any AM strategy needs to be founded on a fundamental understanding of the 
technology and its implications for performance and materials selection

Unscrambling the Alphabet Soup of Additive
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Begin with the Current State

Before taking the next step with AM, 
it’s important to first define a starting 
point and priorities. Begin by 
identifying any AM work that may 
already be taking place, and identify 
and absorb any lessons learned. 
Next, look across the organization for 
any bottlenecks that AM may be able 
to untangle.

Consider Rapid Prototyping

Organizations just starting with AM 
may want to consider first using the 
technology for rapid prototyping. AM 
can demonstrate a very high ROI for 
this application because of the high 
cost of traditional prototypes, 
combined with the potential for AM 
to compress development 
timetables.

Although it’s not mandatory to invest 
in equipment for AM rapid 
prototyping—service bureaus can 
produce prototypes—it is essential 
for product and manufacturing 
engineers to gain a thorough 
command of the technology.

Develop Engineering Capabilities

AM isn’t just a different way of 
making things—it is a way of making 
different things. Engineers need to 
identify ways in which AM can 
combine with new geometry 
concepts and materials to develop 
transformative new products.

A key enabler is selecting the right 
engineering tools. Technologies such 
as generative design, simulation 
based optimization, and model 
preparation software (e.g., slicers) 
are necessary to take full advantage 
of AM. The right tools can also help 
optimize the economics of AM.

Identify Production Priorities

Ultimately, the greatest value will 
come from production applications 
of AM. Once a company develops its 
prototyping and engineering 
capabilities, the next priority is to 
select production applications.

Several applications are good 
candidates for production usage of 
AM. Aftermarket/spare parts 
represent a low-risk option to gain 

valuable production experience while 
preserving a safety net in the form of 
existing service tooling.

Another option is to select a low 
volume production program for AM. 
This has the advantage of avoiding 
upfront tooling costs, taking direct 
advantage of one of the key financial 
benefits of AM.

Scale Production

The greatest benefit can be obtained 
from AM when it is integrated into 
core operations. To achieve optimal 
efficiency, a manufacturer must 
integrate across systems so that 
custom and configured designs can 
be quickly validated, sold, and 
released for production using AM.

Square One: Taking the Next Step

Success depends upon building organizational capabilities, and it is critical to 
start building those capabilities in the right places

The Role of Software Solutions

Taking full advantage of AM requires 
the right tools. Generative design, 
goal-seeking optimization, model 
preparation, and integrated analysis 
capabilities are key enablers to 
capture the benefits of new 
geometries and materials using AM.
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Questions to Ask

Each company will have different 
needs and priorities when it comes 
to AM, but the following are useful 
factors to consider when 
establishing a plan for AM:

 Needed capabilities for design 
and analysis beyond the 
capabilities of existing toolsets

 Integrating new technology 
with existing toolsets

 Process capability metrics (e.g., 
tolerances and defect rates)

 Equipment costs
 Equipment reliability and 

specialized maintenance
 Productivity and factors which 

impact productivity
 Range of available materials
 Material costs
 Need for secondary operations
 Facility requirements to 

support processes
 Safety considerations including 

Material Safety Data Sheets 
(MSDS)

 Process waste and disposal 
practices

Knowns and Unknowns

It’s important to have a strategy in 
place before making decisions, but 
it’s equally important to identify gaps 
in knowledge.

A good place to start is by sketching 
out a business case for implementing 
an AM strategy. Next, systematically 
identify assumptions and the degree 
of uncertainty around those 
assumptions.

From that point, it’s straightforward 
to identify who to ask to fill in or firm 
up these knowledge gaps.

Technology Solution Providers

A good place to start is by talking to 
technology solution providers. 
Companies who provide software for 
modeling, optimization, 
manufacturing preparation, and 
related applications are a good 
source of knowledge. This is also an 
opportunity to evaluate providers of 
new capabilities that will be 
necessary to implement AM 
successfully.

AM Material Suppliers

AM material suppliers are often at 
the forefront of advancements in the 
AM industry. These companies are a 
good source of information about 
different processes, material 
properties, production rates, 
material costs, and other important 
factors.

AM Equipment Manufacturers

AM equipment manufacturers are 
another good source of information 
about the latest advancements, and 
can provide critical details about 
performance and pricing. They often 
also have strong relationships with 
technology solution providers.

Industry Experts

Industry experts including 
technology consulting firms can be 
invaluable for providing independent 
advice and technology insight.

Peer Benchmarking

As with any initiative, consider 
benchmarking with industry peers.

AM is a rapidly changing field, so it’s important to gather information from 
multiple sources and to identify the best partners for the future
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AM will transform the manufacturing industry, and any 
manufacturer unprepared for this transformation risks 
being disrupted by the changes AM will unleash. 
Companies are advised to adopt a proactive approach to 
AM instead of reacting to changes once they become 
widespread.

The steps to take are clear, however, and within the reach 
of any company, large or small:

 Learn how the capabilities and economics of AM 
differ from traditional manufacturing

 Map out the competitive opportunities and threats 
created by the growth of AM

 Understand how the “upside-down” economies of 
scale for AM can create new opportunities

 Explore and understand the fundamental technology
 Develop a strategic plan to take the next step in 

implementing AM
 Identify gaps in knowledge and actively engage with 

industry stakeholders to close those gaps
 Actively develop and reinforce new organizational 

capabilities
 Implement the plan by taking action!

It’s not a question of whether to adopt AM, it’s a question of where and how to 
include this technology as part of your core manufacturing capabilities

Take Action

Copyright © 2016 by CIMdata, Inc.

Explore Software Capabilities

AM requires a deep integration among design 
capabilities, manufacturing preparation, and processes. 
Any plan to implement AM must consider software 
technologies used to support product design and 
manufacturing engineering.

Combining advanced design techniques with the 
geometry and material flexibility of AM can open up new 
avenues to innovation and productivity.

1 Langefeld, Dr. Bernhard.  “Market Opportunities and Potentials of Additive Manufacturing.” Roland Berger. September 2014.
2 Wohlers, Terry. 2016 Wohlers Report. Wohlers Associates. 2016.
3 McCutcheon, Robert, et al. “3D printing comes of age in US industrial manufacturing.” PwC. April 2016.
Further reading—A CIMdata Dossier: Additive Manufacturing http://www.cimdata.com/en/resources/additive-manufacturing
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