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Additive vs. subtractive
• AM processes, particularly that of polymer materials, lead 

to a no/very low waste manufacturing system.

https://3dmatic.com.au/

More green manufacturing



q Technology invented in 
1984 by Charles Hull, 
who named it

Stereo lithography 
Apparatus (SLA)

Historical perspectives



Many technologies/companies are appearing

Source



The process
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Commercially available
In R&D stage
Not yet developed

Polymer materials are the most developed due to the ease 
of manufacturing. 

Seven major material processing categories: 
American Society for Testing and Materials (ASTM)

Process Classification

Source: Landscape of AM Research by Imperial College Network (2016): https://core.ac.uk/download/pdf/77018324.pdf



Transformative technologies are 
the stuff of history. The steam 
engine, the light bulb, atomic 
energy, the microchip—to name a 
few … changed our world. 
Such breakthroughs often take 
decades from initial invention to 
changing the way we do things 
and their potential impact can 
be nearly unimaginable early in 
the process. It is doubtful that 
even Tim Berners-Lee in his 
wildest dreams imagined what 
the World Wide Web would do to 
our global “operating system” 
when he invented it 20 years ago. 
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Transformative technologies are the stuff of history. The 

steam engine, the light bulb, atomic energy, the 

microchip—to name a few—unalterably changed our 

world. Such breakthroughs often take decades from initial 

invention to changing the way we do things and their 

potential impact can be nearly unimaginable early in the 

process. It is doubtful that even Tim Berners-Lee in his 

wildest dreams imagined what the World Wide Web would 

do to our global “operating system” when he invented it 20 

years ago.  

Now another new technology is gaining traction that may 

change the world. 3D Printing/Additive Manufacturing (AM) 

is a revolutionary emerging technology that could up-end 

the last two centuries of approaches to design and 

manufacturing with profound geopolitical, economic, social, 

demographic, environmental, and security implications. 

As explained in this brief, AM builds products layer-by-

layer—additively—rather than by subtracting material from 

a larger piece of material like cutting out a landing gear 

from a block of titanium—that is, “subtractive” 

manufacturing. This seemingly small distinction—adding 

rather than subtracting—means everything. 

• Assembly lines and supply chains can be reduced 

or eliminated for many products. The final 

product—or large pieces of a final product like a 

car—can be produced by AM in one process 

unlike conventional manufacturing in which 

hundreds or thousands of parts are assembled. 

And those parts are often shipped from dozens of 

factories from around the world—factories which 

may have in turn assembled their parts from parts 

supplied by other factories. 

• Designs, not products, would move around the 

world as digital files to be printed anywhere by any 

printer that can meet the design parameters. The 

Internet first eliminated distance as a factor in 

moving information and now AM eliminates it for the 

material world. Just as a written document can be 

emailed as a PDF and printed in 2D, an “STL” 

STRATEGIC FORESIGHT REPORT

Could 3D Printing Change the World?
Technologies, Potential, and Implications of Additive Manufacturing

STRATEGIC FORESIGHT INITIATIVE

OCTOBER 2011

THE STRATEGIC FORESIGHT INITIATIVE

The Strategic Foresight Initiative seeks to enhance 

understanding of the potential impact and policy 

implications of long-term global trends, disruptive 

change, and strategic shocks. The Initiative publishes 

articles, blogs, and reports and convenes workshops 

that bring together policymakers, academic and think 

tank specialists, and business leaders to analyze 

long-term threats and challenges ranging from climate 

change, water and food shortages, and resource 

scarcities to the impact of urbanization and new 

technologies. It also analyzes how these trends 

interact with social, political, economic, and security 

factors, often to produce disruptive changes to the 

global strategic environment affecting all nations. The 

Initiative provides a hub for an expanding international 

community of global trends experts that seeks to 

enhance public policy making in the United States and 

other key countries. The Initiative has been working 

with the US National Intelligence Council for the last six 

years on preparation of its long-term trends reports, 

including Global Trends 2025: A Transformed World, 

and the upcoming Global Trends 2030 report that will 

be released in late 2012.

The Foresight, Strategy, and Risks Initiative (FSR) provides actionable foresight and 
innovative strategies to a global community of policymakers, business leaders, and citizens.

Global Trends 2025: A 
Transformed World, 

Worked with US 
National Intelligence
Council



Although still in its infancy, the
3D printing revolution has 
already transformed our daily
lives—from 3D-printed shoes
and clothes to custom-printed
exteriors and interiors for 
green, low-energy cars

.. there is now a capacity
to print living tissues and some
kinds of replacement organs.

Bioprinting



Industrial AM market growth, projected 2015 - 2025 

H. Blum, The future of 3D printing to 2025, (2015). http://www.smitherspira.com/news/2015/june/3d-
print-market-expected-to-reach$49b-by-2025. 

2018



Top 20 Countries Working on AM Research

Landscape of AM Research by Imperial College Network (2016): 
https://core.ac.uk/download/pdf/77018324.pdf

Total number of publications 
worldwide of various AM techniques 



Research funding (received in UK organizations)

Production of publications



3DP LAB AND FACILITIES

Design modeler, 2008

Prototyping, 
2012

Functional part 
fabrication, 2016

3D Printing in 
Education, 2018

Markforged Mark Two
nylon with continuous fiber of 
karbon, glass fiber or kevlar

Markforged Metal X
Stainless steel, Al., Inconel, 
Tool Steel and Titanium 

3DP Lab

3D
 

Sca
nn

ing



Education
MSK 550 Computer-aided Engineering
q Rapid prototyping and additive manufacturing 

technologies (lectures 2 x 4 hrs)

q Practical exercises on 3D printing

q Semester projects 
– literature review
• Medical applications
• Functional part fabrication

Introductory lectures and demos in other courses



Education: Student projects

Examples

§ Functionality risks associated with Dimensional, 
Geometrical and Strength deviations in 3D printed parts, 
MSc 2016

§ Design of Propeller and Shroud for 
Remotely Operated Underwater 
Vehicle using Additive Manufacturing 
Processes, BSc 2016 

§ Comparative study of material properties of 3D printed 
parts using FDM technology, BSc 2017

§ Investigation of design solutions for additive 
manifactured thruster for ROV, BSc 2018



3D Printing for Education project (2018 -2019)

Under3DP

Funded by Faculty of Science and Technology, UiS

NOK 300 000

§Stimulating innovation

§Problem-based learning
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Primary objective
Improve the educating and learning process in the 
Mechanical Engineering program at UiS using 3D 
printing technology.

q 3D print difficult-to-grasp objects for use in class 
examples/demonstrations/ explanations

q Allow students to fabricate their 
design concepts, evaluate and present

q Support learning by doing 
à hands-on experience

Why 3D Printing Technology in Education?
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Why 3D Printing Technology in Education?
Additional objectives
§ Contribute in stimulating students for 

STEM education

§ Contribute in creating better awareness 
about the technology in local industry
à Transform to digital manufacturing



Local/national initiatives and creating awareness in the industry
Organized a number of seminars and demos in the period 2015 - 2018
Nov. 2015
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Research related activities

Design
for AM

Materials
&

Processes

Applications
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Focus areas for research
(1) Design for AM or design to print (procedures, 
standards ...), benchmarking the process, …

q Design optimization – real topology optimized design

q Geometry considerations 
– which parameters/changes give impact on 

productivity?

q Manufacturing digitalization and digital control: 
§ position, motion and orientation of part and the nozzle, 
§ rate of material deposition/speed of nozzle

§ sharing digitalized product data …
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Focus areas for research …
(2) Materials: 
Material behavior characterization (modeling, testing), 
influence of parameters, multimaterial printing

(3) Process simulation and numerical analysis: 
use of computational methods to predict behavior

(4) Process control and monitoring: 
achievable accuracy, surface quality, … how to influence

(5) Structural integrity: friction, lubrication, fatigue life, ….

(6) Others: 
Economic impact for companies, environmental impact 
of the process …



Consumable 
products, Jigs & 

fixtures
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R&D Focus … Application Areas

q on-demand production
q Lower downtime
q Simplification of 

offshore logistic 
– raw materials are 
transported, not parts 
- reduced rework and 
transport costs

Offshore 
applications

Medical 
sector

• On-demand production –
easily customized to 

patient needs
• No limitation of geometry 

complexity
• Applicable technologies: 

SLS/SLM, FDM, Polyjet
and SLA (transparent)

Particularly
one-of-a-kind
products



International collaborations



Thank you for 
your attention! 

In summary, 
Our ambition has been 
q to develop sufficient knowledge, competence and 

facilities within AM to support the technological 
development at regional and national level

q to contribute in the potential transition of 
industries from subtractive to additive 
manufacturing business


