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Modern development level of 3D printing,
Advantages and Disruptive potential

Professor Chua Chee Kal
Executive Director

17 October 2016
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Advantages of 3D Printing
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Prototypes are made ftaster
without tooling)

Create objects with complicated’internal
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3D Printing
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What can you print: Applications
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Conyentional Manutacturing
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+* Benefits of 3D Printing:

3D Printed Jet Engine by GE
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+* Benefits of 3D Printing:




30 Printing In Space

** Benefits of 3D Printing: 3D PRINTING
IN SPACE

s . € The2ure-g \
3D Printer
begins printing | |\1 1
aboard the

International
Space Station

1 Printing
instructions
are beamed
from Earth

www.madeinspace.us et

lulh‘DF

http://www.madeinspace.us




3D Printing of Spare Parts

{azzata: The First Marketplace for 3D Printed Spare Parts



http://3dprintingindustry.com/wp-content/uploads/2014/05/kazzata-3D-printed-replacement-parts-for-consumers.jpg
http://3dprintingindustry.com/wp-content/uploads/2014/05/kazzata-3D-printed-replacement-parts-for-consumers.jpg

‘medical
implants

i

etal aircraft pa

electronics

&intin*g in
outer space
A 'L { ‘..n

organs o
applications

Lo




Staying ahead of the 3D printing curve

NTU Additive Manufacturing ; . W
Centre focuses on research
to sharpen Singapore's

competitive edge
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Broken

heart?

a patch
to mend it

Singaporean taking
further by ‘printing

By CHEONG SUK-WAI
SENIZR WRITER

SINGAPOREAN engineer Chua
Chee Bai drearms of the day when
vou can walk into a shop b
Valentine's Day and as
x5 Lo print oul & chocolite rase
for your spouse on the spot.

if you meed replacement
seles for speakers, yau can get
thems o print them sut pronte,
ow, whiat if you needed a cor-
ablsdder or heart tissue?
. Professor Chua will be able
to print all these cut for you too
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Print

-D tech a step

sign, The 5-D printer that enabies
this bias a built - in computer
whic!

directs a seuped -up inkjel
printer to lav ane il ice af
‘malten material, wsuaily a plastic.
stap another as one would stack
pancakes. When these slices coal
down, they harden intoa salid ob
ject.

Prof Chua, 53, ehairs NTU":
school of mechanical and aero
space engineering, and has distin-
guished himself glabally in this
field of building things up layer by
Laver, similar to hew 2 plant ac
person grovws,

His biggest idea to date has
een to erack the compuater farmu-
hienesded to direet 3 3-D printer
effectively to make tissue scaf-
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These seaffolds e tiny hicde—
radable grids that can be implar

Prof Chea with 2 3
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3-D hioprinter will ar-
viveat his new $30 million centre

Lz can latch
grow into tissue, Once the new tis-
suehakds together well, the grid

nte the grid and

will diss olve harmlessly.
American industry

‘At ibems that Prof Chua has mads

Same of
Fe will be getting 2 new 3-0 bioprinter by the

material 2s “mk” in his new 3-D beogr

of the year.

a 3D printer in his labsratory.

TG MLIGLAN RAWSE

nelagy wasted alol of mat erials,

“501 got to thinking: What if
there was 2 way tobuild things
fast llze how na-

taco-muthor a critically ac-

NTU den Lea
former  collesgue  Lim

w
their

wide in 3DP today, Prof Chua says
that it would be the Gov-
ment set up 3 national insti
tute soon to educate all Singapare-
ans on the dangerous pitfalis af
3DP, such as:

B copyright concerns, as 3DP has.
made ripping off anat her's de—
signs enly too casy
™ Securily concerns, as this
enhanced pawer to make things

Do you stil
need cows,
if you can
3D print
beef slices?

Chua Chee Kai

For The Straits Times

Addicive manufacmuring (AM) or
ADprinting as it s more
conunonly Knowr, s aterm that is
becoming more familiar, used not
anlyby large corporations and
insticutions butalso smaller
enterprises and even individuals.
Simply put, 30 printing refers o
processes that produce a 3D part
from a computer-aided design
miodel by adding materials

costsand waste.

As products are manufactured
ondemand, this reduces tooling
costsand the need tomaintain
amassive product inventory
typical of traditional
manufacturing methods

Froma business perspective, we
also see companiesevoling
towards more fexible and
cost-effective business models,
Some may choose tofocus solely
on design and leave customers 1o
manufacoure theactual product
Conversely, smaller play ers can
now nanubacture theirown
products instead of relying on
larger manuacring chains.
Along with lower investmentcosts
and risks, thishasopened doors
and created opportunities for new
entrants within the manufacturing
ficld. These will shakeup
maniufacturing as weknow it today.

hushandry or slwaghrer.
Bioprinting feod will also

minimise the risk of discases such

as mad cow disease or bird flu by

/

4D prineing might also be useful
For printing structures for
transporting across dramatically
different environments, suchas



ABOUT NTU

A Young and Fast Rising University

WORLD
UNIVERSITY
RANKINGS

2013 2014 2015
FEESOEN 2014 & ﬂ@t

Top 50 under Age of 50

World Wide



ABOUT NTU

Lee Kong Chian ob Earth
servator
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National
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SCHOOL OF MECHANICAL & AEROSPACE ENGINEERING

A Young and Fast Rising University

WORLD

gANm(E'ﬁSéEY Engineering - Mechanical, Aeronautical and Manufacturing

University 2011 2012 2013 2014 2015

University of Oxford 6 9 12 9 9
(Cg;ili(;::r;]i; Institute of Technology 9 51 19 13 11
Nanyang Technological University 33 16 11 12 17
The University of Melbourne 17 19 25 17 23
Princeton University 15 15 28 23 34

The University of Manchester 18 26 30 44 41




PHD SCHOLARSHIP

Scholarship

Worth
$$260,000 for
up to 4 years

(inclusive of
$$2000-S52500
monthly
allowances for
international
students and
tuition fees)

Teaching
Opportunities

Add value to your
CV, and provide
valuable
exposure and
teaching
experience

]

Overseas
Attachments

Attachments
at reputable
overseas
universities/
institutions
available

.

Overseas/
Local
Conferences

Financial
support to
present
research
findings at
INEGEILE]L
and local
conferences




ADDITIVE MANUFACTURING IN SINGAPORE

Singapore’s Economy Today

Transport & Other Services

Storage Inf:slt;ies
7.0% = Others e
ectronics

6.4%

5.6%

Business Services
15.6%

Biomedical Mfg

. 3.8%
Manufacturing

18.6%

Hotels & Restaurants 2.5%
Transport Engineering

InfoComms 4.0% 3.1%

Precision Engineering

. 2.4%
Finance & Insurance ?

12.2% Chemicals 1.3%

General Mfg Industries
2.3%

Constructio

: 4.4%
Wholesale & Retail Trade

18.2%

2013 GDP growth: 4.1%
2014 GDP growth forecast: 2% — 4%

Sources: EDB Research & Statistics Unit, Ministry of Trade and Industry (Feb 2014)



ADDITIVE MANUFACTURING IN SINGAPORE

Why Singapore Wants to Play

AM is an enabler for our AM is a new growth industry
manufacturing industry for Singapore

Aerospace | Offshore | Tool &
A — 0&G Die
e f f \ :_;. |
R A Ay g - ,”ﬁ L1 A— —‘ b =

APPLICATIONS

Tapping on the projected global
e industry growth

USS$1.7B
Advanced Enable New Direct
Prototyping Design Manufacturing
ADVANTAG ES Source: Wohlers Associates

Speed to Product Increased 2 Knowledge-intensive industry
market Performance Productivity e matches Singapore’s focus
21




ADDITIVE MANUFACTURING IN SINGAPORE

Introduction to the Global AM Ecosystem

Third party software for AM

* Design software for AM
* Generation of structures
to optimise printing

mE
o

AM Equipment

i i \1‘ ;/ hﬂ"/
Mat'e'”an’se"? ~ B.':!.i.!".;;!?ﬁ {\ AUTODESK
* Components integration e.g.

lasers, actuators, nozzles,

heating elements — I

3 _O%0 sLMia

SDSYSTERMMS ¢-Man

Stratasys

apply innovation™

N

Materials
e Metal powders, polymer
resins

Cookson©= Sonkas @ evonik
NISI- il | Intemational

National Institute of Crganization for
Standards and Technology standardization
U.5. Department of Commerce v

Industrial end users
Rolls-Royce’ LG 1
MAKINO @) Znnmmer

’_; € sy I

Service bureau:

e Build-to-print or co-designed
e Optimise equipment and
production progess

LayerWise c ) S
[ materialise shapeways
Consumer end userjs
rE=
=me
D
E ®
®

* Consumers create designs or

Standardisation and Certification

purchase designs online for
printing and delivery

e Terminology, materials,
measurement methods etc



ADDITIVE MANUFACTURING IN SINGAPORE

Talent Landscape

Developing multi-disciplinary talent equipped with AM skills

o &
95

PhDs in AM-related fields

TECHNOLOGICAL National University

UNIVERSITY i

NANYANG NUS

BEng and BA with AM design exposure

Collaboration of the School of Engineering and
School of Design & Environment in the Engineering

Training of at least 140 PhDs in the field of AM . .
Design & Innovation Centre

Focus areas of AM processes, materials & equipment.
Sample projects: Cognitive functional model for
reasoning in 3D design and AM, Fundamental study of
thermal and stress fields in SLS, Cornea Bioprinting, EI_I
EBM for offshore applications

Strengths in medical applications and surgical tools,
work with National University Hospital

:I

o
P

I OR!: UNIV&F?S
_LOGY AND

| L
(_ DES

E
IGN

MSc in Precision Engineering
MSc in Manufacturing Systems & Engineering
MSc in Mechanical Engineering
MSc in Smart Product Design

BEng - Engineering Product Development,
Engineering Systems & Design
BSc - Architecture & Sustainable Design

Establishment of new AM specialisations SUTD-MIT International Design Centre
Includes elective courses in Virtual Design & Facilities for engineering and architectural projects
Manufacturing, Advanced Manufacturing Processes, have a complete range of fabrication equipment,

Biofabrication, Optical Metrology & instrumentation including desktop and full-scale AM equipment.



ADDITIVE MANUFACTURING IN SINGAPORE

Talent Landscape

Developing multi-disciplinary talent equipped with AM skills

m Nanyang
Polytechnic

Diploma in Digital Precision Engineering
Diploma in Manufacturing Engineering
WSQ Diploma in Precision Engineering

Trains ~180 students yearly with basic AM skills
AM skills incorporated into Master Craftmen
curriculum

AM Innovation Centre
Centre to collaborate with industry on AM projects

Facility equipped with top industrial-grade AM and
peripheral equipment. Centre has completed projects
in aerospace, tool & die, medical devices and
consumer industries.

SINGAEDR

TEMASEK
POLYTECHNIC

POLYTECHNIC

EJNGEE ANN

Fabrication labs equipped with various AM
equipment for fabrication of prototypes for
engineering, design and digital media courses

Makerspace @ sP MAKERSPACE™"

Tinkering space for students /nclude desktop AM
equipment

NATIONAL
DESIGN
CENTRE

IDA Labs @ NDC

Prototyping Lab @ NDC

Work with industry and schools to build skills and
invent, coupled with accelerators to spur
entrepreneurship



g NANYANG NTU voted one of the 15 most beautiful

TECHNOLOGICAL _
UNIVERSITY campuses in the world

Singapore Centre for 3D Printing
The Singapore Story
1990 — SLA from Ministry of FInance
1998 — SLS & SGC from Ministry of Education & NSTB (predecessor of AStar)

2003 — Polyjet from Ministry of Education
2012 — Briefing to Officials from Ministry of Finance & Ministry of Trade and Industry
2013 — Mission trips to the USA and Europe
2013 — Grants from Economic Development Board and AStar
2014 — Grant from National Research Foundation (SC3DP)
2015 — Grant from National Research Foundation (NAMIC)

25



Research Facilities

Selective Laser Melting (SLM), 1 large
and 2 small

Polyjet, 1 large and 1 small
Multi-Jet Printing Machine
Fused Deposition Modeling (FDM)

Selective Laser Sintering (SLS), 1 large
and 1 small

Electron Beam Melting (EBM)
Bio Printer

Stereolithography (SLA), 2 large and 1
small

Inkjet Printer (Dimatix)
Chocolate Printer
Optomec Aerosoljet

2 scanning devices (Artec Eva and
Skyscan 1173)

Hybrid Manufacturing Equipment




SC3DP Vision

The Singapore Centre for 3D Printing aims to become a world
leader in 3D Printing and a wellspring of knowledge by
attracting leading researchers to the Centre and nurturing a
skilled talent pool, establishing strong linkages with and
delivering state of the art and innovative solutions to the
Industry (corporate video)

Faculty Visiting Full-time PhD MSc
Members Professors Researchers Students Students
per year o

5/

* 10 year target

40 |

B NANYANG
TECHNOLOGICAL
UNIVERSITY




SC3DP Funding

A S$150M Centre supported by:

 National Research Foundation (NRF)

 Economic Development Board (EDB)

« SPRING Singapore

 Agency for Science Technology and Research (A*STAR)
e Ministry of Education (MOE)

 Nanyang Technological University (NTU)

e Industry Partners

TECHNOLOGICAL

B NANYANG
‘ UNIVERSITY




Consolidating Capabilities in 3D Printing

Singapore Centre for 3D Printing

|
LAk

L

Future of Aerospace & Building & Marine & Biomedical &
Manufacturing Defence Construction Offshore Food

* Modeling & * Lightweight UAVs * New printable ECC- * Novel process for * Bioprinting — bionic
Prototyping  Parts on demand materials large joints constructs, retina
e Sustainable  Part certification for » Modular systems * Printing of high tissue, organs
Manufacturing Quality System for multiple build aspect ratio * Medical Implants
« Precision Management materials structures « Food printing —
Engineering » Novel robotic 3D * Large scale laser pureed food,
printers for cladding for chocolate, etc.
construction component repair

NAMIC @ NTU

Innovation Cluster to perform translation of upstream research into applications for commercialization,
and to collaborate with key partners for industry development




Broad Based Research Programmes

Aerospace & Marine &
Defence Offshore

s

Building &
Construction

Materials

Machines

Output

Future of
Manufacturing

Polymer

Biomedical &
Food

Electronics

Electronics

Standards B Qualification




World’s Top 5 Scientists in 3DP

Publications Citations

Chua Chee Kai
(NTU)

Leong Kah Fai
(NTU)

Hutmacher DW
(QUT)

Li Dichen
(Xi'an Jiaotong)

Yong Chen
(USC)

"H!l!

TECHNOLOGICAL
UNIVERSITY




Where are we in the World? Top 25 Centres

@® Top5

curope (E)

® Second 5

@ Third 5

@ Fourth 5

® Fifths ¥\
Asia/Australi

Source:

Ranking Table

Compilation of Data from DMRC Report: Prof. Dr.-Ing. Jurgen
Gausemeier, Thinking Ahead the Future of Additive Manufacturing, -
Exploring the Research Lal ) a

NANYANG

25 TECHNOLOGICAL
UNIVERSITY




Number of Publications
3D Printing OR Rapid Prototyping OR Additive Manufacturing

NANYANG TECHNOL UNIV 265
GEORGIA INST TECHNOL 243
CHINESE ACAD SCI 212
UNIV CALIF BERKELEY 167
HUAZHONG UNIV SCI TECHNOL
UNIV MICHIGAN 140
UNIV ERLANGEN NURNBERG 137
0 50 100 150 200 250 300

% NANYANG
TECHNOLOGICAL

Source: Web of Science UNIVERSITY



http://apps.webofknowledge.com.ezlibproxy1.ntu.edu.sg/WOS_CombineSearches_input.do?search_mode=CombineSearches&product=WOS&product=WOS&SID=Z1lTYUmwKRNwldpwWwK&goToPageLoc=SearchHistoryTableBanner&prev_search_mode=CombineSearches&action=remove&y=16&x=46#SearchHistoryTableBanner

Joint Labs

1.

SLM Solutions @ SC3DP
» Metal-based selective laser melting

* Next generation machines with bigger build volume, multi-material platforms and novel
metals

NTU-SUTD Joint Lab
« 3D design and printing, visualization and prototyping
» Large-scale prototyping, multi-material 3D printing and embedded sensor technology

SIMTech Joint Lab
» Remanufacturing technologies and sustainable manufacturing

Underwriters Laboratories Joint Lab
» Safety and quality of 3D printed parts and products

DMG MORI Joint Lab
» Hybrid manufacturing technology for complex part fabrication

Emerson-NTU Joint Lab
« Next generation control valve solutions M NANYANG

TECHNOLOGICAIL

% UNIVERSITY



Blacksmith Group — Spin-off from SC3DP

BLACKSMITH GENESIS

* Invented by the Blacksmith
Group, a spin-off from

SC3DP
e Singapore’s first All-in-One
3D scanner + +

* Crowdfunding campaign on
Indiegogo.com from 11 Aug
to 10 Sep 2014

e $81,935usp raised (109%)

A NANYANG

A | TECHNOLOGICAL

$5 UNIVERSITY



2017 Singapore
International
3D Printing
Competitions

E MANYANG
v EE N R
Li CLNIVERSITY

ol Wh 30 e we
nive prduce imigue hat designs with
tadiored fitings that are hitherto difficuit to
achisve with cidar manidacturing
{=chnigues. This year, we challeng=
#spirEng hat designens 1o 30 print
fashicnabie, creative =nd yet Functicannl
hats that pefebrate the human spli

Clock

GthSingapore .o i

N -0 s Dy
International il
5, ‘W challenga
technobog|cad

featise an

Submicgian
Threr competitions anly accrpt printed physical POFTE or subimlecions
The design should be submitted fo: Singapord Centrefor 30 Priatiag by 31M March 2017

Srgapcre Tartiary Fuden Caiepory Qpen Caiegory Srgppore Sohasold Shodent Category
Tog Friza! T Prizia I:l-!.li.'.nE: T Friza:

$$5,000 $510,000 SS$5,000




Pro-AM 2016

WELCOME TO PRO-AM 2016

Riding on the success of the 1% Pro-AM Conference in 2014, the biennial conference will be held in Singapore for the 2™ time from
16 to 19 May 2016. In this conference cum exhibition, Pro-AM 2016 brings to you the latest commercial and scientific progress in
Additive Manufacturing. Learn about scientific breakthroughs and technological advances in Additive Manufacturing from global subject

matter experts and researchers. Witness the latest technologies and applications that will be displayed by commercial market players
at the trade exhibition.

Be part of this international event now!

GUEST OF HONOUR KEY DATES

- Camera Ready Paper

= Papers for Pr

ntation Only
{Papears will NOT be published in P

Mr S Iswaran

Minister (Industry)
Ministry of Trade and Industry




Publicity & Outreach

Industry Conferences
e.g. Quality & Standards Conference 2016 (Singapore), The International Conference on
Sustainable Smart Manufacturing (S2M) (Lisbon, Portugal) and Additive technologies in Russian
market: from scientific developments to manufacturing of the future (Moscow, Russia)

Industry Seminars Industry Talks at Junior Colleges

by World-renowned Visits iy Calloga & 1atomshin Ouportunitioe
I uni [ uniti
Academics >180 per year



Visits by VVIPs

Visit by Mr Stanislaw Tillich,
President of the German
Federal Council (Bundesrat)
and Prime Minister of the
Free State of Saxony,
Germany and Delegation

30 April 2016

' --."":,'
Visit by Minister for Trade and Visit by Deputy Prime Minister
Industry (Industry), Mr S Iswaran Teo Chee Hean
17 May 2016 16 June 2016



Undergraduate Innovative Projects

NTU’s 3D Printed Car!

THE STRAITS TIMES, TUESDAY, 3 FEBRUARY 2015, PAGE AB

green car
to blaze
a trail

By AUDREY TAN

THE future of green car Lechnolo-
gy could lie in a0 printing-

Two eco-friendly cars, one of
which is the first in Singapore to
be made USIOE 3D-printed parts,
wera unvelled yesterday by Nan-
yang Technologival University.

The 3D-printed prototype.
catled the MTU Venturs B has a
cgbin made of printed compo-
nents ghued together USiNg CpOXY
adhesive. A total of 150 panels
were used in its construction
the larpest assemobly of 3D-print-
ed parts to be put tegether here.

Each of the 3D-printed compa-
nents is made from acrylonitrile
tutadiene styrene, 4 lightweight
plastic. Coupled with the aerody-
namic design of the vehiele, it 1e-
duces drag, which makes the
120%g car more enorgy-efficient.

While the plastic shell is only
Lo Fhick, it is strong enongh to
nandle the weight of the vehicle
and the driver, because of the hon-
wycomb siructure nsed by the sta=
dent designers from NTU's Cel-
lege of Engineering.

“The stynctisre's properties pro-
ide the strength and stiffness re~
quired, saisl stodent Mg Jun Wen,
24, part of 4 team of 16 that budt
the cars.

Said Associate Professer NE

Heong Wal, whe mentored the Currently, S0-printing techinol-  for the Hiting mechanism from Asin in Maniia, an annual competi-
students: “We are extremely  ogy i used for amaller items such  motorcyele Tacing, where recers  tion that challenges student teams
proud to have designed and assem- 25 architertural models. fean loft or Tight during sharp  from around the world to design,
bled a 3D-printed body shell for The gecond car s @ theee- turns to maintzin their handling Yuild and test energy-efficient ve-
the electric car, which &  wheeled vehicle that, with a sleek and speed.” hicles. Another Singapare team,
Singapore's firsl and probubly  shaps resembling a bullet, has a Hoth cars are powered partially from [TE College West, will alsn
Asla's first. The 3D -printest car nmique tting ability. by solar cells meamted atop their be taking part.

hody wus pushing pxisting technal- Team member Winston Tan, [eames, and will vace at month's udreyt@sph.com.sg

ogy to the timits.” 27, sabd: "We took our inspiration  end the Shell Eco-marathon SEE WAORLD A2

NANYANG

TECHNOLOGICAL

UNIVERSITY



Upcoming Courses

13, 16, 17 & 18 January 2617
17, 20, 21 & 22 March 2017

Upcoming run:
Jan-13, 16, 17 & 18 January 2017
Mar — 17, 20, 21 & 22 March 2017

Time: 9:00am to 5:00pm
Venue: Fusion @ MAE Seminar Room,
Nanyang Technological University, Singapore

Centre for 3D Printing Labs

Registration Deadline: 2 weeks before course
starts

Learn about 3D Printing, from the world's most
published and most cited researcher in 3D
printing, Dr Chua Chee Kai, over a 4-day course
conducted at the Singapore Centre for 3D
Printing, Nanyang Technological University. The
course includes a 1-day workshop where you will
get to watch and understand 10 3D Printing
systems.

Course Objectives

To understand the motivation behind 3D Printing,
Rapid Prototyping (RP) or Additive Manufacturing
(AM)

To familiarise with the various 3D Printing techniques
S0 as to compare their strengths and limitations

To be acquainted with STL (StereoLithography), its
format, problems and repair

To know the application areas and be exposed to
industrial case studies

To learn about bureau service, benchmarking
methodology, growth and trends

Visit the website http://sc3dp.ntu.edu.sg for more details and to register now!

QUALIFICATIONS




I NANYANG

TECHNOLOGICAL

‘9‘5’ UNIVERSITY



3D PRINTING
= AODITIVE
MANUFACTURING

.

X

Book Title: 3D Printing and Additive Manufacturing Price
Principles and Applications [with Companion Media Pack) (direct from author):

Fourth Edition of Rapid Prototyping S$60 (2800 RUB
4th Edition, Published in 2014 $60 ( )

By (author):
Chua Chee Kai (Nanyang Technological University, Singapore),
Leong Kah Fai (Nanyang Technological University, Singapore)

Book Title: Bioprinting: Principles and Applications _

Published in 2014 Price

By (author): (direct from author):
S$55 (2500 RUB)

Chua Chee Kai (Nanyang Technological University,
Singapore],
Yeong Wai Yee (Nanyang Technological University,
Singapore)

5 NANYANG
2 5;-_ TECHNOLOGICAL
33»/ UNIVERSITY
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