The 3D printing ‘revolution’

Dominik Deradjat, Phill Dickens, Simon Ford, lan Hutchings,
Finbarr Livesey, Tim Minshall, Letizia Mortara, Chander Velu.
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3D printing ‘Bigger than internet’
FT 21.6.12

3D printing: ‘The PC all over again?’
Economist 1.12.12

“3D printing [..] has the potential to revolutionize

the way we make almost everything’
President Obama, State of the Union Address 2013
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expectations

Wireless Power
Internet TV

3-D Printing
gmented Reality
Surface Computers

Mobile Robots
Behavioral Economics

Video Search

2009

Cloud Computing
E-Book Readers

Social Software Suites
Microblogging

Green IT
Video Telepresence

Mesh Networks: Sensor

Speech Recognition

Online Video
SOA

Corporate Blogging Location-Aware Applications

Home Health
Monitoring

Public Virtual Worlds

Wikis

Electronic Paper

Tablet PC

Idea Management

Web 2.0

Social Network Analysis

QOver-the-Air Mobile Phone Payment Systems,
Developed Markets

Context Delivery Architecture
Quantum Computing

3-D Flat-Panel Displays

Human Augmentation RFID (Case/Pallet) As of July 2009
Peak of
Technology Trough of . Plateau of
Trigger E égfé?;fi?)ns Disillusionment Slope of Enlightenment Productivity

Years to mainstream adoption:

time v

obsolete

Olessthan2years O 2to5years @ 5to10years A morethan 10 years & before plateau
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2010

3D Flat-Panel TVs and Displays

expectations g ne
hi--ver e Activity Streams
@ la ]
Augmented Reality ¥ QCloud Compuling

L CloudANeb Platforms
Private Cloud Compuling
| internet TV =0

Translation
30 Prinfing

L} Gesture Recognition

ial Analytics :
Mabile Robots e AMesh Networks: Sensor
Pen-Centric Tablet PCs 1,
Video Search L2 Microblogging i
N Electronic Faper )
Auinml:rrnnq.m Vehicles O 7 Speech Recognition
Extreme Tranagrminn Processing 4 (y— E-Book Readers Location-Aware Applications
Tangible User Interfaces A «— Video Telepresence (] Predictive Analytics
) Interactive TV
Terahertz Waves . ~ Internet Micropaymeani Systems
Computer-Brain Interface —fi _ = - Biomeftric Authentication Methods
Context Uar'ruar:,rf.ﬂ.rchitgmure Broachand ?.::-.rml p.s;.sﬂ.“nﬁ Maobile Application Stores
Consumer-Generated Media
Public Virtual Workls
A of August 2010
Peak of
Technology Trough of Plateau of
Trigger Exmﬂgﬂna Disillusionment Slope of Enlightenment Productivity
time >
Years to mainstream adoption: obsolete

Olessthan2years O 2toSyears @ Sto10years A morethan 10 years @& before plateau
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expectations

Group Buying
Gamification
30 Printing
mage Recognition
Copext-Enriched Services

Speech-to-Speech Translation

| Internet of Things

Matural Language Question Answerning

Activity Streams
Vifireless Power

Social Analytics

Y

2011

Internet TV
MFC Payment
Private Cloud Computing
o gl Augmented Reality
wi=— Cloud Computing
Media Tablet
- Virtual Assistants
In-Memory Database Management Systems
D Gesture Recognition
Machine-to-Machine Communication Services

Oy Mesh Networks: Sensor

Mobile Robots = O Location-Aware Applications
“Big Data” and Extreme Information )
Processing and Management ~
O -
Speech Recognition
Social TV Predictive Analytics
Cloudieb o , N
Wideo Analylics for Customer Service o Platforms ~ L M_DIJ-IIE .ﬁ.pplll:ﬂlmr! E'tl:_sres
C:::mpuler-!Brain Interface & Hosted Virtual 12 Biometric Authentication Methods
Quantum Computing £ Desklops - Idea Management
- A Virtual Warlds QR/Color Code
an Augmentation — &2 Consumerization
3D Bioprinting
E-Book Readers
Ag of July 2011
Technology m::: Trough of Slope of Enlightenment Plateau of
Trigger Expectations Disillusionment Productivity
time v
Years to mainstream adoption: obsolete

Olessthan2years O Z2toSyears @ 5to 10 years
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expectations

Wireless Power
Hybrid Cloud Computing

2012

3D Printing
BYOD
Complex-Event Processing

HTMLS \D @~ Social Analytics

Gamification
Big Data
Crowdsourcing
Speech-to-Speech Translation
Silicon Anode Batteries
Matural-Language Question Answering A

Internet of Things
Mobile Robots

i— Private Cloud Computing
Application Stares
0 Augmented Reality

_ 0 In-Memory Database Management Systems
Activity Streams
e Inlen}?j . WFC Payment
) Audio Mining/Speech Analytics
NFC Q)

-~ Cloud Computing
Machine-to-Machine Communication Services

Autonomous Vehicles =~ Mesh Networks: Sensor ~
. 0 Sr;an.r.-srs Gesture Control 7 Predictive Analylics
Automatic Content Recognition : N
» Speech Recognition
0 Consumer Telematics
alographic Displays T \dea Management
' a = [ 0
3D Bioprinting /A In-Memory AnalyticsQ i Ei:uff'letrllc Authentication Methods
uantum Computing £\ Text Analytice 0 e J Consumerization
Human Augmentation £ . Media Tablets
Home Health Monitoring Mobile OTA Payment
Hosted Virtual Desktops
Virtual Worlds
As of July 2012
Peak of
Technology Trough of . Plateau of
- Inflated T Slope of Enlightenment -
Trigger Expectations Disillusionment Productivity
time -
Plateau will be reached in: obsolete
Olessthan2years © 2toS5years @ 5to10years A morethan 10 years & before plateau
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2013

expectations
A Big Data We;rablell.rseErlnte;rLaces .
Matural-Language Question Answering omplex-cvemiTocessing
Internet of Things Content Analytics
Speech-lo-5peech Translation In-Memory Database Management Systems
Mobile Robots Vinual Assistants
30D Scanners
Meurobusiness
Biochips

Autqncnmnus Vehides

Augmeanted Reality
Machine-to-Machi

Mobile Health Mo
NFC

Mesh Mebworks: Se

Cloud
Computing

Frescriptive Analytics

Affective Computing

Electrovibration

Volumelric and Holographic Displays

uman Augmentation
omnputer interface
3D Bioprinting

nication Services Predictive Analytics

Speech Recognition
Location Intelligence
Consumer Telematics
Biometric Authentication Methods

Enterprise 30 Printing
Activity Streams

Cuantified Self

auanim Sompuin Gesture Control
In-Memory Analytics
Smart Dust Wirtual Reality

Binacoustic Sensing
Az of July 2013

Innovation Peak of Trough of

\ Plateau of
Trigger Ex:;:;l::ﬂtfi?ms Disillusionment Slope of Enlightenment Productivity
time g
Plateau will be reached in: obsolete

Olessthan 2years ©2to5Syears @5to10 years A morethan 10 years @ before plateau
[Gartner's 2013 Hype Cycle for Emerging Technology]
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expectations

Internet of Things
E Natural-Language Question Answeg
@ Wearable User Interfaces

Speech-to-Speech Translation Q Consumer 3D Printing

2014

Autonomous Vehicles Cryplocurrencies
Smart Advisors ‘ Complex-Event Processing
Data Science O @ Big Data
Prescriptive‘Analytics g O In-Memory Database Managemen
Neurobusiness O Content Analytics
iochips 1
Affective Computing Q (zl-gbndﬁth)ud Computing p—
Smart Robots 0 ® Air;:n‘;tlgg Reality - I Speech Recognition
3D Bioprinting Systems 0 \ Michinasto:-Machiits (a <3 Consumer Telematics
olographic Displays \ ~ Communication "~ L3D Scanners
are-Defined Anything v/ Services (E’
Quantum Computing ; s
Human Augmentation ~/@~ quantified Self Q— mgg:ltce)rl;rl\(;alth i Enterprise 3D Printing
Brain-Computer Interface _/. - rd Activity Streams
Connected Home Gloud Gompuling S —— In-Memory Analytics
NFC Gesture Control
Virtual Personal Assistants ._ Smart Workspace Virtual Reality
Digital Secunty
Bioacoustic SensmgA
As of July 2014
. Peak of
Innovation Trough of s Plateau of
f Inflated st ¥ Slope of Enlightenment e
Trigger Expectations Disillusionment Productivity
R |
time
Plateau will be reached in: obsolaia

Olessthan2years O2to5years @ 5to10years A more than 10 years & before plateau
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expectations

Caonsumer 30 Printing
2D Printing in Manufacturing Operations

|Retail 30 Printing
30 Printing for Oil and Gas
30 Printing and Supply Chain
Classreom 30 Printing

3D Bioprinting Systems

30 Printing for Prototyping

3D Scanners

3D Printing Service Bureaus
Enterprise 3D Printing

3D Print Creation Softwara

Macro 30 Printing

Intellectual Property
Protection (3D Printing)

As of July 2014

Peak of
Innovation Trough of Plateau of
Trigger Exlnﬂnlud Disillusionment Slope of Enlightenment Productivity
pectations -
time
Plateau will be reached in: obsolete

Olessthan2years O 2toS5years @ 5to10years A morethan 10 years & before plateau
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Three projects

1. ‘Bit by Bit’: Capturing value from 3D
printing

2. 3D printing-enabled re-distributed
manufacturing

3. UK National Strategy for Additive
Manufacturing / 3D Printing
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Three projects

1. ‘Bit by Bit’: Capturing value from 3D
printing
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Research model time
—3

Value , Market demand
context (pull) dynamics

—

4 )

value > Value capture >
capture
\. Y,
Value , Capability supply R
creation (push) dynamics

Phaal, R., E. O'Sullivan, M. Routley, S. Ford and D. Probert (2011). "A framework for mapping industrial emergence." Technological Forecasting and Social Change 78(2): 217-
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Structuring the big issues

e || DSIL

context

Value \ e, g
capture
" shapeways e%s " MakerBot
e-Manufacturing Solutions InDUSTHIES
\_ __ y
Value T, go  \ [
creation :
= I
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Looking backwards and forwards

tM

1. Emergence

Mapping the
emergence of
3DP,
identifying
enablers and
barriers to
growth

MANAGEMENT
TECHNOLOGY
POLICY

2.
Disruptions
Analysing the
potential
disruptive
effects of 3DP
In specific
industrial

contexts

3: Scenarios
Developing
future
scenarios for
3DP,
supporting UK
manufacturing
firms
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Three projects

2. 3D printing-enabled re-distributed
manufacturing




3DP-RDM: Defining the Research Agenda for 3D
printing-enabled re-distributed manufacturing

_ Provides opportunities for _
Medical/ Repairs/

pharma f spares

Economics
Standards / QA
Materials
Skills
IPR

3D Printing /
Additive
Manufacturing

MANAGEMENT Enables

T\ [ricinsioes 4% CAMBRIDGE

Re-Distributed
Manufacturing

Food Retail




tM

MANAGEMENT
TECHNOLOGY
POLICY

3DP-RDM CALL FOR
PARTICIPATION -
SCOPING WORKSHOP

Friday 30 Januiry 2015 M, Cambridge

A SCOPIng workatay [0 $13401e The e
ST GO B 1w rovgh &% o
.

Graup participant Name N Ve LY
Background and
research intarast

Tntereata Titeresta Tntereats Tuetereats

Nane

Tnteveats

L o
L] Pricrityrank 1§ 2 §3 Priority rank 1’3@

i 4. Areas of research need and posgible research questions A
Res | G2 ®el | RN qyz B
—
- {ngs_' o m
R4 RE3 R RNE 4 vo

Sa. Feazbility study idea &#] k. Feasbility study idea 82

iu, ‘&at,? u%y? u‘&ﬁt—? ﬂ’ﬁy,?
| |

FHouw? Fow?

S, Feasibility study idaa 83

What? u@?
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34 proposals > 4 funded

eInvestigating the Impact of CAD Data Transfer Standards for
3DP-RDM — Dr Eujin Pei, Brunel University

¢OPTIMOS PRIME: Organising Production Technology Into
MOst Responsive States — 3D PRInt Machine Enabled Networks
— Prof. Duncan McFarlane, University of Cambridge, and
Edinburgh University

*The enabling role of 3DP in redistributed manufacturing: A
total cost model — Dr Martin Baumers, University of
Nottingham, and University of Oxford

eRedistributing Material Supply Chains for 3D printing — Dr
Matthias Holweg, University of Oxford
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Three projects

3. UK National Strategy for Additive
Manufacturing / 3D Printing
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Lessons from the past
The Strategy
“[..] the personal computer will fall flat on its
face in business”
Ken Olsen, Digital Equipment Corporation e

[ -
L ACE  MICROPROCESSOR X BYTES RAM

N s 0
APPLE Computer Company *+ 770 Welch Rd., Palo Alto, CA 94304 + (415) 326-4248
CCTOBER 1978 CISCLE NG, 7 0N INGRY CARD NTERFACE AGE 11

Images: http://www.computerhistory.org/; oldcomputers.net; Konstantin Lanzet; Evan-Amos; Apple Inc.
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Scoping - Call for - Analysis of - Production
Workshops Evidence Evidence of Strategy

March April - June July - September October - February
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Emerging issues

e Education
— Industry uptake
— Skills required
— STEM awareness

e Materials

— Quality, availability
e Processes

— RP-RM, Hybrid, Scale-up
e Finance

— Support for experimentation / scale-up
e |P/Liability
TEMA e
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www.amnationalstrategy.uk

UK National Strategy for Additive Manufacturing / 3D Printing

LATEST NEWS STRATEGY DEVELOPMENT PROCESS HOW TO SUBMIT YOUR EVIDENCE

SCOPING WORKSHOPS STEERING GROUP

Latest News

The Call for Evidence to support the development of a UK National Strategy for Additive
Manufacturing / 3D Printing is now open. To learn more about how the strategy is being
developed, click here. To view the different options for submitting evidence, click here. The
deadline for submission of initial evidence is 15th June 2015.

If you have any queries regarding this Call for Evidence, please email
evidence@amnationalstrategy.uk.
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Tweets " % Follow |

e’ Scott Leslie %h
VL‘ S8 @tinkerology

At US hub: New factory with 100 printers,
only 3 employees | Impact Lab -
impactlab.net/2015/05/11/new...
#3dprinting #AdditiveManufacturing

13 Retweeted by DigitalFabrication
Expand

Jonny Williamson 11h
S @Jonny_Will_28

.@ArupGroup photograph reveals future
potential of #AdditiveManufacturing
@TheManufacturer - bit.ly/1L1z0pW
pic.twitter.com/LbTBIMZIiU

13 Retweeted by DigitalFabrication
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Three projects

1. ‘Bit by Bit’: Capturing value from 3D
printing

2. 3D printing-enabled re-distributed
manufacturing

3. UK National Strategy for Additive
Manufacturing / 3D Printing

www.dfab.info
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