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



 A group of technologies that can automatically 
construct physical models directly from Computer-
Aided Design (CAD) data

 Common characteristic: Additive material vs removal 
of material (drilling, milling, etc.) to shape a part

 Other names: 3D Printing, Additive Manufacturing, 
Rapid Prototyping, Layered Manufacturing and Solid 
Freeform Fabrication 2



 Prototypes are made faster and cheaper 
(without tooling)

 Create objects with complicated internal 
features that cannot be manufactured by other 
means

 Produce customized parts
 Make parts lightweight
 Build entire assemblies
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Purpose: 
Visual aids for communicating, planning purpose
 Prototyped part for design testing to verify form, fit and function
 Finished part for direct use 

3rd Industrial Revolution? 
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 Limited range of materials
 Speed is still considered slow
 Resolution limits certain applications eg 5 major organs
 Too expensive machines and materials
 Etc.

http://3dprint.com/60963/3d-printing-obsolete/
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 Lower cost due to increased applications
 Printing on demand reduces eliminates difficulty and high cost 

in procuring hard-to-find parts
 Potentially revolutionize how manufacturers manage their 

supply chain and inventories

http://3dprint.com/60963/3d-printing-obsolete/
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 Companies stock up on spare parts
 High-value slow-moving parts, usually obsolete parts, are 

gathered
 Industrial automation has accelerated the obsolescence 

process

http://3dprint.com/60963/3d-printing-obsolete/

Will 3D printing make 
obsolescence obsolete?
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 Demand for spare parts hard to 
calculate

 Spare parts require huge storage 
space and capital

 Benefits of 3D Printing:
- Light weight (significant fuel 

savings)
- New design features
- Simpler design (less number of 

parts required)
- Shorter manufacturing process 

(see video)

3D Printed Jet Engine by GE
http://www.ge.com/stories/advanced-
manufacturing
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 Spare parts not easily available 
in the sea 

 Leads to delayed shipment, loss 
of productivity and money 

 Benefits of 3D Printing:
- Ability to print spare parts on 

board   
- Reduce lead time and costs
- Customizable spare parts 
- Ability to print complicated 

joints  with shorter processing 
time

http://3dprintingindustry.com/2015/07/08/3d-
printing-sought-to-improve-spare-parts-
manufacturing-for-marine-industry



 Made in Space launched the world’s first zero-gravity 3D printer 
in 2014
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http://www.madeinspace.us

 Benefits of 3D Printing:
- Overcome environmental 

limitations (absence of 
gravity)

- Manufacturing replacements 
of tools and spare parts can 
meet the needs of astronauts 
on long duration space 
missions

- Overcome limitations in 
inventory space and shelf life



Kazzata: The First Marketplace for 3D Printed Spare Parts
 Variety of 3D printable files available 
 Request that the part be designed or supplied by a 

manufacturer
 Receive the file for printing at home 
 Kazzata can also set you up with the nearest 3D printer in their 

network to have it printed 

http://www.kazzata.com/

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


models
prototypes

plastic aircraft parts

low-cost  consumer 
products

medical 
implants

batteries and 
electronics

custom
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unimaginable 
applications

construction

Marine and Offshore
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World Rankings

2013 2014 2015
41 39

Top 50 under Age of 50

A Young and Fast Rising University

ABOUT NTU
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University 2011 2012 2013 2014 2015
University of Oxford 6 9 12 9 9
California Institute of Technology 
(Caltech) 9 21 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

Engineering – Mechanical, Aeronautical and Manufacturing
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SCHOOL OF MECHANICAL & AEROSPACE ENGINEERING

A Young and Fast Rising University



Financial 
support to 

present 
research 

findings at 
international 

and local 
conferences

PHD SCHOLARSHIP

Scholarship

Worth 
S$260,000 for 
up to 4 years
(inclusive of

S$2000-S$2500 
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 
international 

and local 
conferences
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Construction
4.4%

Wholesale & Retail Trade
18.2%

Transport & 
Storage

7.0%

Hotels & Restaurants 2.5%

InfoComms 4.0%

Finance & Insurance 
12.2%

Business Services
15.6%

Other Services
Industries

11.1%
Others
6.4% Electronics

5.6%

Chemicals 1.3%

Biomedical Mfg
3.8%

Precision Engineering
2.4%

Transport Engineering
3.1%

General Mfg Industries
2.3%

Manufacturing
18.6%

Singapore’s Economy Today

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

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



Why Singapore Wants to Play
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AM is an enabler for our 
manufacturing industry

2011 2015

US$1.7B

US$3.7B

2019

US$6.5B

Source: Wohlers Associates

Tapping on the projected global 
industry growth1.

Knowledge-intensive industry 
matches Singapore’s focus2.

Aerospace Offshore 
O&G

Tool & 
Die

Medtech

APPLICATIONS

ADVANTAGES

Advanced 
Prototyping

Enable New 
Design

Direct 
Manufacturing

Speed to 
market

Product 
Performance

Increased 
Productivity

AM is a new growth industry 
for Singapore

ADDITIVE MANUFACTURING IN SINGAPORE



Introduction to the Global AM Ecosystem

Service bureau:
Contract AM production

• Build-to-print or co-designed
• Optimise equipment and 

production process

Consumer end users

• Consumers create designs or 
purchase designs online for 
printing and delivery

Standardisation and Certification • Terminology, materials, 
measurement methods etc

AM Equipment
• Components integration e.g. 

lasers, actuators, nozzles, 
heating elements

Third party software for AM
• Design software for AM
• Generation of structures 

to optimise printing

Materials
• Metal powders, polymer 

resins

Industrial end users

ADDITIVE MANUFACTURING IN SINGAPORE



Talent Landscape

PhDs in AM-related fields

Training of at least 140 PhDs in the field of AM

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,
EBM for offshore applications

BEng and BA with AM design exposure

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

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

BEng  - Engineering Product Development, 
Engineering Systems & Design

BSc - Architecture & Sustainable Design

SUTD-MIT International Design Centre
Facilities for engineering and architectural projects
have a complete range of fabrication equipment,
including desktop and full-scale AM equipment.

MSc in Precision Engineering
MSc in Manufacturing Systems & Engineering 

MSc in Mechanical Engineering
MSc in Smart Product Design

Establishment of new AM specialisations
Includes elective courses in Virtual Design &
Manufacturing, Advanced Manufacturing Processes,
Biofabrication, Optical Metrology & instrumentation

Developing multi-disciplinary talent equipped with AM skills

ADDITIVE MANUFACTURING IN SINGAPORE



Talent Landscape
Developing multi-disciplinary talent equipped with AM skills

Makerspace @ SP
Tinkering space for students include desktop AM 
equipment

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.

IDA Labs @ NDC
Prototyping Lab @ NDC
Work with industry and schools to build skills and 
invent, coupled with accelerators to spur 
entrepreneurship

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

ADDITIVE MANUFACTURING IN SINGAPORE



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)

Singapore Centre for 3D Printing

NTU voted one of the 15 most beautiful 
campuses in the world
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• 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

Research Facilities



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)

Visiting 
Professors 

per year

12

Faculty 
Members

44

PhD 
Students

102
140

to
 d

at
e

ta
rg

et
 *

MSc 
Students 

57
40

to
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at
e

ta
rg

et
 *

* 10 year target

Full-time
Researchers
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SC3DP Funding

Funding
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)
• Ministry of Education (MOE)
• Nanyang Technological University (NTU)
• Industry Partners



Biomedical & 
Food

• Bioprinting – bionic 
constructs, retina 
tissue, organs

• Medical Implants
• Food printing –

pureed food, 
chocolate, etc. 

Consolidating Capabilities in 3D Printing

NAMIC @ NTU
Innovation Cluster to perform translation of upstream research into applications for commercialization, 

and to collaborate with key partners for industry development 

Consolidating Capabilities in 3D Printing
Singapore Centre for 3D Printing

Future of 
Manufacturing
• Modeling & 

Prototyping
• Sustainable 

Manufacturing
• Precision 

Engineering

Building & 
Construction

• New printable ECC-
materials

• Modular systems 
for multiple build 
materials

• Novel robotic 3D 
printers for 
construction

Aerospace & 
Defence

• Lightweight UAVs
• Parts on demand
• Part certification for 

Quality System 
Management

Marine & 
Offshore

• Novel process for 
large joints

• Printing of high 
aspect ratio 
structures

• Large scale laser 
cladding for 
component repair



Consolidating Capabilities in 3D PrintingBroad Based Research Programmes

Marine & 
Offshore

Building & 
Construction

Future of 
Manufacturing

Biomedical & 
Food

ElectronicsAerospace & 
Defence

Design

Materials

Machines

Output

Lightweight8

3D Scanning5

Metal Printing23

Hybrid AM5

Standards Qualification
8

4D
Printing

3
13

Electronics

11

Polymer

14Concrete4

Robotic
AM

5

1
Food

Biomed



World’s Top 5 Scientists in 3DP

60

53

50

63

121

Yong Chen

Li Dichen

Hutmacher DW

Leong Kah Fai

Chua Chee Kai

Publications

6

11

21

25

32

H Index

105

389

3263

3066

3821

Citations

2015

2014

2013

2012

2011

(NTU)

(NTU)

(QUT)

(Xi’an Jiaotong)

(USC)



Top 5
Second 5
Third 5
Fourth 5
Fifth 5

7

5

4

9

Number of Centres

USA

UK

Europe

Asia/Australia

Singapore

Source：
Compilation of Data from DMRC Report: Prof. Dr.-Ing. Jurgen
Gausemeier, Thinking Ahead the Future of Additive Manufacturing, -
Exploring the Research Landscape (2013) and various internet sources 

Ranking Table

Where are we in the World? Top 25 Centres

25



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

137

140

160

167

174

194

212

243

243

265
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GEORGIA INST TECHNOL
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Source: Web of Science

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 

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

3. SIMTech Joint Lab 
• Remanufacturing technologies and sustainable manufacturing

4. Underwriters Laboratories Joint Lab
• Safety and quality of 3D printed parts and products

5. DMG MORI Joint Lab
• Hybrid manufacturing technology for complex part fabrication

6. Emerson-NTU Joint Lab
• Next generation control valve solutions 



Blacksmith Group – Spin-off from SC3DP

BLACKSMITH GENESIS
• Invented by the Blacksmith 

Group, a spin-off from 
SC3DP

• Singapore’s first All-in-One 
3D scanner + printer +
copier

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

• $81,935USD raised (109%)



2017 Singapore 
International 
3D Printing 
Competitions



Pro-AM 2016



Student Outreach

Industry Seminars 
by World-renowned 
Academics

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 
Visits

>180 per year

Publicity & Outreach

Talks at Junior Colleges 
e.g. Hwa Chong Institution and Raffles 

Junior College & Internship Opportunities



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 Deputy Prime Minister 
Teo Chee Hean
16 June 2016

Visit by Minister for Trade and 
Industry (Industry), Mr S Iswaran

17 May 2016



NTU’s 3D Printed Car!

Undergraduate Innovative Projects



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

Course Objectives
• To understand the motivation behind 3D Printing, 

Rapid Prototyping (RP) or Additive Manufacturing
(AM)

• To familiarise with the various 3D Printing techniques 
so 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

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.

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

Upcoming Courses

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





Books

Price 
(direct from author):
S$60 (2800 RUB)

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