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The advantages of Additive Manufacturing technologies are swiftly 
becoming evident to the private sector, with growing applications in 
the pharmaceutical, automotive, and electronics industries.  
 
Future predictions gauge the Additive Manufacturing Market will 
grow to $11 billion, with the materials market following suit to break 
$1 billion, by 2020. [1]  
 
But the growth of these tools does not stop at private industry. The 
benefits offered by the technology have a slew of military 
applications, with the potential to revolutionize the front line and 
grant heretofore inaccessible capabilities to all branches United 
States Military, through the lens of army engineer operational 
objectives and capabilities.  
 
We have assembled this whitepaper to outline the Four Potential 
Benefits Additive Manufacturing offers across all branches of the 
military.  
 
These benefits will be explored in full at the Additive Manufacturing 
for Defense & Aerospace Summit, September 28-30 in Sheraton 
Pentagon City, Arlington, Virginia.  
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SHAPE (Phase 0) 

The following definitions are quoted 
directly from the January 2016 Joint 
Engineer Operations Publication. [2] 

Effort during shape phase missions, 
tasks, and actions will focus primarily 
within the geospatial and general 
engineering functions. Engineer 
activities may include production 
and distribution of terrain data; real 
estate acquisition, environmental 
services, and construction to support 
the theater campaign plan; and 
terrain analysis for urban, suburban, 
and rural area development and 
management.  

Engineer Support Across All 
Phases of Military Operations  

DETER (Phase 1) 
In this phase, the engineer effort will 
focus on geospatial and general 
engineering functions with activities 
to include establishing lines of 
communication (LOCs), continued 
terrain analysis in support of 
mobility assessments, and preparing 
for potential construction and 
support for basing.  

Seize Initiative (Phase II) and 
Dominate (Phase III) 

During phases II and III, all engineer 
functions (general, combat, and 
geospatial) have a key role. 
Operations will require engineers 
who can integrate their activities 
with the fires and maneuver of land 
combat forces and the air and naval 
forces supporting those land combat 
forces to ensure the mobility of 
friendly forces, degrade the mobility 
of adversaries, and enhance the 
protection of friendly forces.  

Stabilize (Phase IV) 

Engineer effort in stability operations 
shifts to the general and geospatial 
engineering functions. Stability 
operations is a core mission of the 
US military and requires proficiency 
equivalent with combat operations 
to restore or provide essential 
services and to repair critical 
infrastructure.  

Enable Civil Authority (Phase V) 

Engineer effort continues to focus on 
the general and geospatial 
engineering functions and may 
include facility development.  

This key to be used throughout to designate how each facet of Additive 
Manufacturing relates to an engineer’s objectives in military operations.  
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The earliest stage of a design item – the 
prototype – is often the most time-consuming to 
execute.  The time and cost investment in an 
intrinsically repetitive and iterative prototype 
process, can inhibit the experimentality which is 
critical to staying ahead.  
 
Rapid prototyping is a coined term which 
describes arriving at a trial product via 3D 
printing. Additive manufacturing lessens 
production time, giving designers the freedom to 
redesign prototypes. essentially on the fly. 
 
This is because a handful of engineers can make 
alterations  quickly in the computer aided design 
(CAD) files and produce the components rapidly, 
without the need to acquire any special new 
tooling. Whereas in traditional manufacturing, 
the whole assembly line would need a  to be 
halted and retooled (an investment of both lost 
production time and significant employee man-
hours) to produce even a small amount of 
prototype parts. 
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TIME 
PHASES AFFECTED: 

To use an example from the private sector, 
General Motors made significant redesigns to 
their 2014 Chevrolet Malibu by using additive 
manufacturing instead of traditional clay 
sculpting. The end result was an updated center 
console, which reportedly weighs less than its 
traditionally prototyped predecessor. [3] 
 

 
 
 
 

RAPID PROTOTYPING 

COROLLARY 
Additive manufacturing is still slower 
than traditional manufacturing when 
it  comes to mass production of 
simple components on an industrial 
scale. This is because 3D printing 
requires an item to be assembled one 
layer at a time. Once the technology 
matures, this inhibitor may be 
overcome.  
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Additive manufacturing has the capacity 
to significantly decrease the time from the 
drawing board to the assembly line. This 
enables rapid research both in proactively 
anticipating technological vulnerabilities 
and reacting to enemy innovations, and 
will prove critical in the Shape phase of 
combat operations. 
 
Once 3D printing matures and speed and 
volume of throughput catch up with 
traditional methods, this technology may 
be used to manufacture specialized 
equipment to react to emerging threats in 
real-time.  

MILITARY APPLICATIONS 

Tech. Sgt. David Harvey, 402nd 
Redistribution Property Assessment Team, 
inspects the top hatch of a Humvee for 
defects. By Tech. Sgt. Christopher 
Marasky, Public Domain.  
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One of the chief strengths of this technology is 
the fact years of expertise are not needed to 
produce complex designs—in fact it’s so simple, 
3D printers for schoolchildren to print their own 
toys are emerging in the civilian sector. [4] 

 
Common sense would dictate that printing a 
firearm is a world away from printing a matchbox 
car, but the principle is identical.  
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PHASES AFFECTED: 

UTILITY 

EASE-OF-USE There are several tricky areas in manufacturing 
that 3D printing resolves. [5] 

 
• Allows the printing of separate moving 

components, like hinges, all at once without 
requiring assembly 

 
• Enables the printing of multiple parts 

simultaneously in the same build 
 
• Reduces the number of links in the supply 

chain, making it less vulnerable to disruption 
(see following page for private sector chart of 
supply chain difference vs traditional 
manufacturing) 

 
• Mitigates a need for a varied inventory of 

machined parts, replacing it with a stockpile of 
raw materials  

 
• Allows the printing of custom or spare parts , 

including legacy components which may 
otherwise take weeks or months to machine 
and ship to the front line 

COROLLARY 
The chief obstacle to printing 
components for extant tools is 
intellectual property law. It would take 
significant negotiation with rights-
holders, such as automotive OEMs, for 
example, to gain their permission to 
print replacement automotive parts—
they would lose money on this and 
are unlikely to be forthcoming. 
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An engineer in the field armed with a 
portable 3D printer, an inventory of raw 
materials, and a library of CAD files is the 
ideal here.  
 
Such an arrangement would enable an 
unprecedented level of flexibility in the 
field. Engineers would be able to repair 
broken vehicles with specialized parts, 
manufacture ammunition and ordinance 
to supplement supply lines, and stabilize 
local infrastructure.  
 
All without requiring advanced 
manufacturing knowledge—just search for 
the desired components in the CAD file 
library and load the material. 

MILITARY APPLICATIONS 

Engineers with the 1023rd Vertical Engineer 
Company, 528th Engineer Battalion, Louisiana Army 
National Guard lay blocks. By TSgt Kali Gradishar - 
Public Domain 

Source: NIST [5] 
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The list of materials suitable for Additive 
Manufacturing continues to grow, but currently 
services most industry needs already. Where this 
technology outshines traditional manufacturing is 
its lightweighting capability. It is feasible to print 
designs with a porous structure, which retains the 
structural integrity necessary for safety and utility, 
but dramatically cuts the weight,  
 
Some projects, such as the NanoMaster [8] are 
able to reduce the amount of plastic used to 
create a part by 50%, thereby also decreasing its 
weight by the same factor. This already sees 
considerable use in the pharmaceutical industry, 
where medical engineers are able to recreate the 
porous structure of bone for complex procedures 
such as cranial fractures. 
 
All of this is accomplished with significant waste 
reduction. Since this method adds material 
instead of cutting material away, energy.gov 
estimates a potential material cost reduction of 
up to 90% due to elimination of waste. [9] 
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PROCESS 
PHASES AFFECTED: 

To ensure waste reduction, consider the below 
factors put forward by NIST[5] 

 
1) Overproduction: occurs when more is 

produced than is currently required by 
customers  

2) Transportation: transportation does not make 
any change to the product and is a source of 
risk to the product  

3) Rework/Defects: discarded defects result in 
wasted resources or extra costs correcting the 
defect  

4) Over-processing: occurs when more work is 
done than is necessary  

5) Motion: unnecessary motion results in 
unnecessary expenditure of time and 
resources  

6) Inventory: is similar to that of overproduction 
and results in the need for additional 
handling, space, people, and paperwork to 
manage extra product  

7) Waiting: when workers and equipment are 
waiting for material and parts, these 
resources are being wasted  

MATERIAL-ISM 
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An elimination of waste and weight has 
profound implications, not just for the 
engineering corps but for all aspects of 
military hardware production. Think: 
cheaper, lighter, faster-to-produce 
vehicles which retain the stability and 
strength to meet military requirements.  
 
This is also likely to become useful in post-
conflict scenarios where assistance in 
rebuilding local infrastructure in allied 
territory.  
 

MILITARY APPLICATIONS 

COROLLARY 
Additive manufacturing on this kind of 
scale is still a long way away – but the 
capability is there. Though it is evident 
that the sooner the Military gets 
heavily involved in 3D printing R&D, 
the faster the technology will develop. 
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Additive manufacturing has the potential to effect 
dramatic cost savings over traditional 
manufacturing as the technology matures. A 
recent study reports cost savings of 60% in the 
next 5 years, and 30% over the following five.[6] 

Whereas NIST[5] estimates a labor cost of 2-3% 
over traditional methods, not counting material 
and machine cost.   
 
NATO put forward a list of suggested rules of 
thumb for determining whether additive 
manufacturing would help with cost reduction in 
any given case. [7] Additive Manufacturing would 
reduce cost if the project: 
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PHASES AFFECTED: 

Another way of evaluating cost was put forth by 
ScienceDirect. [6] Any cost model should consider: 
 
• Integration of recycling and waste of material. 
• Integration of support structures of products 

including a general appraisal for different 
additive manufacturing processes. 

• Calculation of the printing time. 
• Maximum possible number of products that 

can be printed simultaneously in the 
workspace (differentiation between 2D and 3D 
disposal of products). 

• Level of complexity of the product. 
• Duration of the post-processing. 
• Integration of modern quality management 

methods for the protection and monitoring of 
product and process quality. 

COST 

PENNY WISE 

• Has a high buy to fly ratio. 
• Has a complex shape which involves a lot of 

machining. 
• Has a high cost of raw material used for 

machining from solid. 
• Has slow machining rates.  
• Is difficult and expensive to machine  

COROLLARY 
Additive manufacturing’s cost is also 
heavily dependent on a given actor’s 
power saving procedures.  
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The benefit of dramatically lower cost of 
manufacturing and repairs, especially 
when coupled with the capabilities 
presented in earlier points, is self-evident.  

MILITARY APPLICATIONS 
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SHAPE (Phase 0) 

• More cost efficient 
• Quicker 
• More options, streamlined 

 

DETER (Phase 1) 

Seize Initiative (Phase II) and 
Dominate (Phase III) 

Stabilize (Phase IV) 

Enable Civil Authority (Phase V) 
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Using Additive 
Manufacturing for Low Cost 
Rapid Tooling and Mold 
Development 

• More cost efficient 
• More accessible 

 

• More cost efficient 
• Quicker 
• More accessible 

• More cost efficient 
• More options, streamlined 
• More accessible 

 

• More cost efficient 
• More options, streamlined 

RELEVANT SUMMIT SESSION RECAP 

Increasing Aircraft Efficiency 
with Lightweight Titanium 
AM Components 

Expeditionary 
Manufacturing: Component 
Development in Austere and 
Combat Environments  

Additive Manufacturing: Why 
Now, Why the Army 

September 30th - 1300 

September 30th - 1515 

Carl Johnson  
SVP Technology for 
Engineering and Quality  
Norsk Titanium 

September 29th - 1345 

September 29th - 0945 

LTC John Schmitt  
Military Deputy  
US AMRDEC 
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The Additive Manufacturing for Defense & 
Aerospace Summit,  September 28-30 in 
Arlington, Virginia will convene to determine the 
feasibility of Military investment in Additive 
Manufacturing technologies.  
 
We want to encourage dialogue between the US 
Military and the private sector—be advised that 
active duty military get in for free.  

DOWNLOAD THE AGENDA 
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